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K YATATENHO

Passutne
OTEYeCTBEHHOMN
9NEKTPOHNKM  He-

.- ~ MbICANMO 6e3 COB-

J PEMEHHOI 31eMeH-
THOW 6asbl, 0Tna-
)KEHHbIX TEXHOJ0-
A Npou3BOLC-
TBa, HO B MEPBYI0
o4epenb 6€3 YHUKANbHbIX TEXHUYECKIX
pewieHnid. MHxeHepbl-paspaboTHnKm —
He No6oKCb M36MTOro LWTamna — no-
KOMOTMB OTEYECTBEHHOr0 MPOU3BOLAC-
TBA 9MEKTPOHHON TEXHWUKN CO3LAIOT 3TW
TEXHUYECKMe peLleHus. VimeHHo paspa-
60T4MKaM afipecoBaHa KHUra, KOTopyto
Bbl, YBRXAEMblil 4nTaTeNb, AEPXMTE
cemnyac B pykax.

[JanHas  KkHura  npepcrasns-
€T CO00M COOPHUMK CTaTel, HammcaH-
HbIX WHXEHepamu Komnauuu Texas
Instruments, NOCBALEHHbIX Pa3nny-
HbIM acnektam MNpUMEHEHUs MUKPO-
KOHTponnepoB cemeiictea MSP430.
OnbIT WHXEHepPoB OZHOMO WX NuUAe-
POB MMPOBOr0 MPOWU3BOLCTBA BbICOKO-
WHTENNEKTYaNIbHbIX 371EKTPOHHBIX KOM-
NOHEHTOB 663 COMHeHMs OygneT nose-
3eH O0TEYECTBEHHbIM pPaspabdoTHMKaM.
Ha caiite komnaHuu Texas Instruments
http.//www.ti.com TpeACTaBneHo or-
POMHOE KONNYECTBO WHTEPECHON Tex-
HWYECKOW MH(OPMALMK, 0JHAKO A3bl-
KOBbI 6apbep MOpOii MeLLaeT pyccKo-
A3bIYHBIM WHXEHEepam B MOSHOM 00b-
eMe MoNib30BaTbCA 3TUM PECYpPCOM.

bubnuoteka Komnana

9TOT (hakT 6bIN OJHUM U3 NOBYXKAAK-
LLMX MOTMBOB, AN Ha4yana nyonukauui
Mo JaHHOW TeMaTUKe.

«PekomeHaauum no  npuMeHe-
HWIO MUKPOKOHTponnepos MSP430» —
3TO Y)Xe BTOPOE W3[aHue, MOCBSALLEH-
HOE  MWUKPOKOHTpONNepaM [aHHOro
CEMEIiCTBA, BbINYLLIEHHOE HALLUEA KOM-
naHueir. Tlepsas kHura «CemencTBo
MUKPOKOHTponnepoB MSP430x1xx —
PYKOBOACTBO MOMb30BaTENs» BbILLMA
13 neyatun B ceHTs6pe 2004 ropa u Bbl-
3Bana X1BON UHTEPEC CO CTOPOHbI UH-
XKEHEPHO-TEXHUYECKUX  COTPYAHUKOB
pasNuYHbIX NPeAnpUATUA, paspabdatbl-
BAKOLLMX U NPON3BOAALLMX PAAMO3NeK-
TPOHHYIO annaparypy, npenojiasatesneil
W CTYQEHTOB PAfa TEXHWHECKUX YHW-
BEPCMTETOB. TaKoil 3HAYUTENbHbIA WH-
Tepec K MUKpokoHTponnepam MSP430
006YCNOBMEH  YHUKaNbHbIM  HabOPOM
Ka4eCTB, CBOMCTBEHHbIX JAHHOMY Ce-
MeCTBY: CBEPXHM3KOoe noTpebneHne
3HEePriK, BbICOKAs HALlEXXHOCTb 1 HU3-
Kas LeHa, Npu OAHOBPEMEHHOM 06ec-
NeYeHnn LWMPOKOro Habopa (yHKLMO-
HaNbHbIX BO3MOXXHOCTEIA.

YyutbiBas 3Ty NOMYSPHOCTD,
Mbl MfaHUPYeM PeryfasipHo ny6niuKo-
BaTb Marepuarbl, MOCBSILLEHHbIE MUK-
POKOHTpONepaMm [aHHOro CemencTBa.
MpakKTU4ecKn roToBa K W3AAHWIO KHU-
ra, NOCBSLLEHHas MMUKPOKOHTPOMnepam
MSP430x4xx, a B 6nvKaiinx nnaHax
OMCaHNe KOHTPOEPOB HOBeLLEl ce-
pun MSP430x2xx.
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INGTOGENTS 1. 061yne Bonpocs!

Bbl160p MUKPOKOHTpONNEpa CO CBEPXHU3KUM
norpeénexuem

Mike Mitchell [saa207.pdf (AHrn.)]

B gaHHOM npumMepe NMpUMEHEHUs OMUChIBAETCH, KaK CPaBHUTb MUKPOKOHT-
ponnepbl CO CBEPXHU3KUM MoTpebnieHneM. byayt 06CyXaeHbl OCHOBHbIE pasni-
4ug Mexay nonynspHbIMU MUKPOKOHTPOSIEpAMK CO CBEPXHU3KUM MOTPe6IIeHu-
€M, a TakXXe PaCCMOTPEHO KaK MHTEPNPETNPOBATb XapPaKTeEPUCTUKN N TEXHUYECKINE
TPe6OBaHNS 11 COOTHECTU UX C TEXHNYECKMMU TPeO6OBAHUAMM K YCTPOMCTBY.

BsepeHue

[na COBPeMEHHbIX YCTPOMCTB C aBTOHOMHbIM MUTaHUEM NoTpebneHue yn-
PaBNSIOLLEr0 MUKPOKOHTPOMNEPA CTAHOBUTCS BCE 60Mee BaXHbIM MapameTpoM.
BONbLWMHCTBO NOCTABLLYMKOB NPeAnaratoT psag MUKPOKOHTPOSIIIEPOB CO CBEPXHU3-
KUM noTpe6neHnemM, HO BbIGOP HaumnyyLllero Ans Bawero yctpoictea peLueHus
60nee CnoXeH, 4em NpPoCTOe NpPOCMATpPUBAHWE W CPABHEHWE NEepBON CTPAHULbI
TEXHW4eCKoro onucanus. [ng soibopa Hanbosiee ONTUMANbLHOTO C TOYKU 3PEHUS
noTPe6sieHns peLleHnst He06X0AMMO 04eHb NOLPO6HO CPaBHUTL XapaKTEPUCTUKM
MUKPOKOHTPOMNEPOB BO BCEX PEXMMAaX paboThl (BKITHOHAA PEXUMbI MOHVKEHHOTO
noTpe6sieHns), pacCMOTPETb CNOCOObLI CUHXPOHU3ALNM, XapakTepucTuku obpa-
60TKM COObITUIA, BCTPOEHHbIE NepudepniiHblie YCTPONCTBA, Han4mne yHKLUM 06-
HaPYXXeHUS 1 3aLLUMTbI OT KPAaTKOBPEMEHHOMO NPONafaHns Hanps>KeHnsa nuTaHus,
BE/INHUHY TOKA YTEYKN 1 3(PEKTUBHOCTb BbIYUCAUTESILHOIO Apa.

CpepHee 3Ha4YeHne noTpe6nsaemoro Toka

B HM3KONOTPEONAOLLNX YCTPONCTBAX CPEHEE 3HAYEHIE NOTPEOIAEMOro TOKa
OMNpeaensieT cPok cnyxoObl akKymynatopa. Hanpumep, ecnu fns nUTaHWa ycTpomnc-
TBa UCMONb3YETCH UCTOYHUK NUTAHMA ¢ eMKOCTb0 400 MAY, TO, Ang TOro 4TOObI
npopaboTaTh 63 3aMeHbl NN NOA3aPSAKA MCTOYHIKA NTAHWS OfIUH roj, CUCTEMA
JOJKHA UMETb CPefiHee 3HadveHne noTpedbnsemoro Toka meHee 400 MA4/8760 4 =
45.7 mKA. Ha pucyHke 1 nokasaHo, YTO Ans BbINOMHEHUS 3TOrO YCOBUS cucTema
MOXXET NOTPe6NIATL 60MbLLEE 3HAYEHME TOKA B TEHEHNE KOPOTKUX UHTEPBAnoB, a B
0CTanbHOe BPEMS AOMKHO UMETb MeHbLLIee NOTpedneHue.
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Inaga 1. Bb160p MHKPOKOHTPONNEPA CO CBEPXHU3KUM NOTPEGNEHHEM

MoTpebneHne kaxayto cekyHay 1 MA B TedeHne 1 MC B aKTUBHOM pexxume
YBENU4YNBALT CPEAHUNA TOK NOTPe6seHNs Ha 1 MKA

yw

CpeaHuii TOK
Tok noTpe6iieHns noTpeGneHus

4 B IEXYPHOM pPexume /

Tok noTpe6nexus, MKA

AN

05 1,0 1,5 2,0
Bpewms, ¢

Pue. 1. CpefiHee 3HadeHune noTpe6nsemMoro Toka

PeXu1Mbl NOHWKEHHOT0 NoTpe6nexus

Hanuune pexxumoB NOHWXEHHOr0 NOTPE6NeHNs — camasi BaXKHas XapakTepuc-
TUKQ, JatoLLas BO3MOXHOCTb MUKPOKOHTPONEpaM YAO0BSETBOPUTL TPEOGOBAHUAM K
CPeLHEMY 3HAYEHMI0 NOTPEe6seMOoro Toka. HuakonoTpebnatLLe MUKPOKOHTPOM-
1epbl UMEOT PeXMMbI NOHMKEHHOT0 NOTPEONeHMs, B KOTOPbIX OHU, TEM HE MeHee,
CMOCO6HBI BbIMOMHATL PA3NNyYHbIe (OYHKLMM. Hanpumep, MUKPOKOHTPOMNEPDI Ce-
meiictea MSP430 nmetoT nsTb PEXXMMOB MOHMKEHHOTO MOTPebneHus. B pexume
Low-power mode zero (LPMO0) 0TK/IH04a€eTCA BbIMMCIIMTENBHOE AP0, HO BCE OCTalb-
Hble (DYHKLMM OCTAOTCA akTMBHbIMU. B pexxumax LPM1 n LPM2 B cnucok oTkiito-
YeHHbIX PYHKLMIA [06ABNAIOTCA Pa3niuyHble PYHKLUN CUHXpOHM3auun. LPM3 — Ha-
160see 4acTo MCMONb3YEMbI PEXUM MOHKEHHOTO NOTPEBEHIUS, B KOTOPOM OC-
TAETCS AKTUBHbIM TOJIbKO HW3KOYACTOTHbIA aBTOreHepaTop W BCe nepudepuiiHbie
YCTPOICTBA, UCMOMb3YOLLME AN PaboTbl CUHXPOCUTHANBI 3TOr0 aBTOreHeparopa.
LPM3 4acto npumeHsetcs ang paboTbl B MPEpPbIBUCTOM PEXWUME, KOrha HU3KO-
YaCTOTHbINA TeHepPaTop NPUMEHSIETCA B KAQ4EeCTBE 4aCOB PeasibHOr0 BPEMEHU BBUIY

bubnuoteka Komnana 17



NS 1. O6wme Bonpocsi
TOro, YT0 OH pabotaer oT 32768 'y KBapLEBOro pe3oHartopa ¥ NoTpebnsaeT MeHee
1 MKA. B pexxume LPM4 BbIKNtO4atOTCA BCE BCTPOEHHbIE 3afal0LL/e reHeparTopsl,
4TO MPUBOAMT K aBTOMATUYECKOMY OTKIOHYEHUIO BCEX CUHXPOHHBIX NepuepuitHbIx
YCTPOIACTB. B 3TOM peXume aHanorosble nepudepuiiHbie YCTPocTBa MOryT 0cTa-
BaTbCS B aKTUBHOM PEXWME, HO EC/IN OTKOUUTb 1 UX, TO MUKPOKOHTPOSIIED (DaXxe
ocyLuectensas pereHepaumio 03Y) 6ynet notpe6nsts Bcero 100 HA.

CucTeMbl CUHXPOHU3ALUA

Bo MHorom notpe6neHue MUKPOKOHTPONEPa 3aBUCUT OT CUCTEMbI CUHXPO-
Hu3aLuu. YCTPOCTBA MOTYT BXOUTb B PEXXIM MOHMKEHHOT0 NOTPEBNEHNS 1 Bbi-
XO[IUTb N3 HEr0 OT HECKONbKMX Pa3 B CEKYH.Y 10 HECKOMbKNX COTEH Pa3 B CEKYH-
ay. Cnoco6HOCTb 6bICTPO BXOANTH B TaKWe PEXWUMbI 1 BbIXOAUTL U3 HUX, A TAKXKE
6bICTPO 06pabaTbiBaTh [aHHble NOCNE aKTUBM3ALMW, SBSETCS KPUTUYECKIM na-
paMeTpOM, TaK Kak nocne «npobyXxaeHus» MUKPOKOHTPOMNEP HEKOTOPOE Bpems
NpoCTauBaeT, 0XK1Aas yCTaHOBNEHNS CTabUNbHbIX CUHXPOUMITYALCOB 1 NOTPe6NAs
[0BOMbHO 60MbLLION TOK. BONbLWIMHCTBO HN3KONOTPEOASIOLNX MUKPOKOHTPONIIE-
POB COAEPXXaT TaK Ha3blBaeMble «MrHOBEHHbIe» (“instant-on”) aBTOreHepaTopbl,
KOTOpbIE BbIXOAAT HA CTabUIbHbIA pexxum MeHee vyem 3a 10-20 He. Ho BaxKHO no-
HATb, Kakne reHepaTopbl ABAAIOTCA «MTHOBEHHbIMI», @ Kakue — HeT. HekoTopble
MUKDPOKOHTPOMEPbI UMEHOT [1BE CTYNEHU CUHXPOHM3aLMN NpK NPO6YXAEHUN: CHa-
yana CUHXPOHU3aLMS 006eCcrneYnBaeTcs 0T HU3KOYACTOTHOrO (06bI4HO 32768 IL)
3a/aloLLEero reHepatopa, B T0 BPEMS KaK BbICOKOYACTOTHbI FeHepaTop BbIXOAUT
Ha CTabWUMbHbIA PEXMM FeHepauui TONbKO Yepe3 HeCKOMbKO MUMIMCEKYHA Un
AaXe Aonblie. B Taknx MUKPOKOHTPOMepax Bbl4UCINTENBHOE PO MOXET Ha4aTb
paboTy yKe 4epe3 15 MKC, HO ¢ 60/1ee HU3KOI UNK HECTabUTLHON YacToTON. Ecnn
BbIYMUCANTENBHOE IO JOMKHO BbIMOMHUTL HECKONIbKO KOMaH, Hanpumep 25, 1o
noTpebyeTcs NpuMban3nTenbHO 763 MKC npu vactote 32768 'u. BbiqucnutensHoe
p0 NOTPe6NseT Ha HU3KOW 4acTOTe 3HAYMTENIbHO MEHbLle, HO W MPOWU3BOAM-
TeNbHOCTb €ro TaKXe CYLLECTBEHHO HIbKe. G Apyroil CTOPOHbI, BbIYMCIATENbHOE
1p0 MOXET paboTaTh Ha BbICOKOW, HO HEMPaBUMbHOI UMM HECTabUMbHOI YacToTe.
B atom cnyyae Bpems 06paboTKum Mano, HO NMPUNOXEHUE HE MOXET BbIMONHUTH
TOYHbIA PacyeT BPEMEHHbIX MapameTpoB. Ecnu Tpe6yeTcss TOYHAs CUHXPOHM-
3aUms, TO BbIYUCIMTENbHOE AP0 AOMKHO OXWUAATb YCTAaHOBNEHUS CTabUMbHbIX
cuHxpocurHanoB. MukpokoHTponnepsl cemeiictea MSP430 umetoT Bpemsi Bbixoaa
BbICOKOYACTOTHOMO 3afat0LLEro reHepatopa B CTabUMbHbIA PEXUM MeHee 6 MKC
(a4acTo naxe MeHbLLE), 4TO NO3BOMSET BbIMOMHUTbL Te Xe 25 KoMaH[ Bcero 3a 9
MKC (6 MKC npobyx/eHue + 25 KomaHg * 125 MKc). Ha pucyHke 2 nokasaHbl Bpe-
MEHHbIe Marpammbl 3anycka «MrHoBeHHoro» 8 MI'L reHepaTtopa, KOTopomy Ans
BbIX0/1a B PEXIM CTabUNbHON reHepaumn Tpebyetcs Bcero 292 Hc.
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Inaga 1. Bb160p MHKPOKOHTPONNEPA CO CBEPXHU3KUM NOTPEGNEHHEM
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i W Ch1: HacToTa
l'eHepaTop BKIKOYEH 1 cTabuneH 8,059 Mry,

M A [Ch2

Puc. 1. BpemeHHble anarpammbl 3anycka BbICOKOYaCTOTHOrO «MrHOBEHHOT0» 3a[atoLLiero
reHepatopa MUKPOKOHTponnepos cemeiictea MSP430

Kpome TOro, ecnu CUCTEMA CMHXPOHM3ALIMM MUKPOKOHTPOMepa crnocobHa
thopmMmpoBaTh HECKOMbKO CUHXPOCUTHANOB, TO NepudepuiiHbie YCTPOICTBA MOTYT
paboTaTtb NP1 0CTAHOBMNEHHOM Bbl4YUCIUTENLHOM fape. Hanpumep, AL MUKPOKOH-
Tponnepa TPeBYTCS BbICOKOYACTOTHBIE CUHXPOUMMYMbLChI. ECAN cucTeMa CUHXPO-
HW3aUMN MUKPOKOHTPOMepa cnocobHa popmMmnpoBaTh HECKONBbKO CUHXPOHU3NPY-
tOLLMX MOCNe0BaTeNbHOCTER, TO Npu paboTe AL BbIMUCAMTENbHOE AP0 MOXET
ObITb OCTAHOBMEHO, YTO MO3BONT CHU3NUTb NOTPEONEHIE CUCTEMbI B LIEMOM.

MpepbiBanus

Cuctema 06paboTKu COOBITUIA MOET pyka 06 PyKY C CUCTEMON CUHXPOHU3A-
L. MNpepbiBaHUs CNOCO6HBI BbIBECTU MUKPOKOHTPO/EP U3 PEXMMA NMOHKEHHOTO
noTpe6neHuns, NoaToMy, 4em 60MbLLIE UMEETCS NPepbiBaHUIA, TEM B0JbLUE TMOKOCTH
MUKPOKOHTPOIIIEP UMEET N5 06eCneyeHuns CHnKeHus o6Lero notpebnerus. Onpoc
COCTOSIHWIA BbIBOLOB M NepucpepritHbIX yCTPONCTB NPUBEAET K MOBbILLEHNIO NOTPe6-
NeHns, TaK Kak 310 NoTpebyeT JONONHUTENBHOTO BPEMEHN HAXOXIEHUS MUKPOKOH-
Tponnepa B aKTUBHOM PEXUMe. XOPOLLUA HU3KOMOTPEONAOLLMIA MAKPOKOHTPONNED
LOMKEH UMETb PA3BUTYIO CUCTEMY NPEPbIBAHNIA Ans 06pa6OTKN BHELLIHUX COObITUIA.
MukpokoHTponnepsl cemeiictea MSP430 umetoT 06paboTyMk npepbiBaHus 0T 16
JIMHUIA NOPTOB BBOLA-BbIBOAA OOLLEr0 HAa3Ha4eHNs U OT BCEX NepUEPUiHbIX yCT-
POICTB. HekoTopble nepudepuidtHble YCTPOICTBA, Kak HanpumMep Tanmepb Timer_A

bubnuoteka Komnana 19



NS 1. O6wme Bonpocsi
n Timer_B n ALIM ADG12, ansa o6ecneyeHns 60MbLUen rOKOCTU UMEKT HECKOJTbKO
npepbIBaHUIA.

Han60/1bLUYHO BbIFOAY OT PA3BUTON CUCTEMbI NPEPbIBAHNSA MOJSTY4aoT YyCTPONCTBA
C KHOMKamw ynpasneHus Ui KnasuaTypon Ans BBoAA AaHHbIX. He uMetoLLme passu-
TOW CUCTEMbI MPEPbIBAHNS MUKPOKOHTPOJI1EPbI AOMKHBI NEPUOANYECKM ONpaLluBaTh
Knasuarypy unm kHorku. Masno Toro, 410 310 TpebyeT BPEMEHN, TaK 3T0 BeJET eLLe 1
NOBbILLEHNIO NOTPe6aeHUs. MUKPOKOHTPOEPbI C PA3BUTOM CUCTEMON NPepblBaHNSA
MOryT 6e3/[eCTBOBATL BCE BPEMS, NOKA He OYEeT Haxara Kakas-Huoyab KHomka.

Mepudhepuitble ycTponcTBa

MoTpebneHne 1 cMCTEMA yNpaBNeHUs MUTaHUEM NMepUAepPUItHBIX YCTPOCTB
TaKXe AOKHbI Y4UTbIBATLCS NPU BbI6OPE MUKPOKOHTPONNepa. HekoTopble HU3KO-
NoTpeBnsAtoLLNe MUKPOKOHTPONNEPbI M3TOTABNMBAOTCS HA OCHOBE apxuTekTyp 20 —
30 neTHeli JaBHOCTH, KOTOPbIE He BbINN paccynTaHbl Ha 066CMeYeHIe HIU3KOrO NoT-
pebneHns. MukpokoHTponnepsl cemenctea MSP430 nsHavanbHo pa3pabartbiBanuch
Kak HM3KOMOTPEONSAILLME, N NOITOMY WX NepudIepuitHble MOAYNN TaKXe MMET
Hn3Koe notpebneHue. 06 aTOM CBIUAETENbCTBYET HA4YNE BO3MOXHOCTI MHANBNY-
anbHOTO MX BKITHOYEHNS — BbIKMOYEHNS UMK, YTO elle 60nee BaXKHO, aBTOMATUYEC-
KOro BK/HOYEHUS — BbIKN04eHNS nepudpepuiiHbix moaynei. ALM ADG12 MUKPOKOHT-
ponnepos cemeiictea MSP430 — npumep Takux UHTENNEKTyanbHbIX NepuepuitHbIx
YCTPOIACTB. ECn OHO He BbINOMHSET Npeo6pa3oBaHmsi, TO OHO He NOTPe6NsAeT TOKa.
Mpw oTCyTCTBMM NPE06PA30BaHIISt OHO aBTOMATUYECKM 61I0KUPYET CBOIA BCTPOEHHbI
3aat0LLMIA reHepaTop 1 LMdpPoBYH cxemy 06paboTku. Mepen Havanom npeobpaso-
BaHNS MOJlyNb aBTOMATUYECKMN BKITHOHAETCS UAN Nepe3anyckaeTcs.

Kpome Toro, nepudepuiiHble YCTPOIACTBA MOTYT YNPaBASTLCA NPEPbIBAHUAMM
0T Apyrux nepudpepuitHbix ycrponcts. Hanpumep, ALM ADC12 MUKpOKOHTPONNEPOB
cemenctea MSP430 moxeT 6biTh 3anyleH Taiimepom Timer_A unu Timer_B. 370
MO3BOJNIAET CUHXPOHM3NPOBATb BbIGOPKM ALIM 1 BbINOMHATL MX 6€3 UCMOSb30BaAHUS
BblyMCnMTENbHON MoLiHOCTY fapa. AL ADG12 MOXeT akTUBM3MPOBATh BbIYUCN-
TeNbHOe AP0 Y>Ke NOCNe OKOHYaHNS NPeobpasoBaHus.

HekoTopble MUKPOKOHTPosNepbl cemerictea MSP430 umetoT doyHKLUMIO nps-
moro foctyna K namsati (DMA), KoTopasi No3BonseT aBTOMaTU4ecky 06pabaTbiBaTh
NaHHble 663 BMeLLAaTeNbCTBA BbIYUCAUTENBHOMO SApa. Vicnonb3oBaHue KOHTpOnepa
DMA no3BosisieT He TObKO YBENNYUTb CKOPOCTb 06PabOTKM [aHHbIX, HO, HYTO eLle
6oree BOXHO, U CHWU3UTL MOTPE6GNSEMY0 MOLHOCTb. Mcnonb3oBaHue DMA fns
ABTOMATWYECKOIA 3anncu AaHHbIX, Hanpumep B 03Y, No3BONSET BbIYUCANTENBHOMY
SApY O6bITb OTKNHOYEHHbIM, 2 AL B 9TO Bpems paboTaTh U BbINOMHATL Npeobpaso-
BaHWS. Bbl4ncnuTenbHoe AP0 akTUBM3NPYETCA Y>Ke NOCNe TOro, Kak Bce He0BX0au-
Mble Npeo6pa3oBaHf BbIMOMHEHI.
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Inaga 1. Bb160p MHKPOKOHTPONNEPA CO CBEPXHU3KUM NOTPEGNEHHEM

YnpasneHue CUHXPOHN3aLMen nepudepuitibIX MOAyNen — fpyras BaxHas xa-
PaKTEPUCTMKA, KOTOpas MO3BOMSET CHWU3WUTb CPEAHWIA TOK NOTPEBNEHUs CUCTEMBI.
12C moaynb MUKpOKOHTponnepoB cemenctea MSP430 umeeT HenocpenCTBEHHOE
yrpaBneHne CUCTEMOI CUHXPOHMU3ALMI. ITO 03HAYaEeT, 4TO, ecnu 12C Moayno HyX-
Hbl CUHXPOCUTHaIbI, TO OH aBTOMATUYECKI aKTUBM3NPYET 3a[jakoLLil reHepaTop. 310
TaKXe MO3BONSET BbIYUCIUTENBHOMY 1Py 0CTaBaTbCA OTKMOYEHHbIM. [pn 3TOM
IMEeeTCs BO3MOXHOCTb fiekoanpoBath 12C agpec faxe npu OTKIK4YEHHOM BblHMC-
NIMTENBHOM SApe.

3awuTa oT KpaTKOBPEMEHHOr0 NPONaAaHusa HaNPSXEHUs NUTaHUS

MHOrMe MUKPOKOHTPOIEPbl UMEIOT BCTPOEHHYIO 3aLIMTy OT KPaTKOBPEMeH-
HOrO NponafaHns HanPsHKeHNA NUTaHNS, KOTOpas nepesanyckaeT ero B Tex Cryyasx,
KOrJa HanpsbKeHue MUTaHNSA CHKAETCS HIKe HOPMaSTbHOM0 YPOBHS. Y 60/bLUNHCTBA
MWUKPOKOHTPONIEPOB 3Ta cxema 3awwmTbl notpebnset ot 10 go 70 mkA. HekoTopbie
MUKPOKOHTPOJMEPbI C LIeSIbt0 CHYDKEHNS NOTPE6SIEHNS UMEOT BO3MOXXHOCTb OTKJTHO-
YeHMs CXeMbl 3aLLUTbI OT KPaTKOBPEMEHHOI0 NPOMAAaHNA HaNPsKEHNS MUTAHUS, HO
ans o6ecneyeHns aheKTUBHOCTI PaboThl 3TO CXEMbl HEOBXOAUMO, HTOObI OHA
paboTana BCe BPeMs, Bellb KPATKOBPEMEHHbIE NMPOnafaHus HanpsXKeHus nuTaHus
HEBO3MOXHO MNpefickasatb. [103TOMy TOK NOTPe6SIeHNs TakOM CXeMbl 3aLLUThI [O-
6aBNsAETCA K MUHUMASIbHOMY NOTPE6ISeMOMY CUCTEMON TOKY.

Cxema 3aWwmTbl OT KPaTKOBPEMEHHOrO MponafaHus HanpsXKeHus nuTaHns B
MUKPOKOHTpOsnepax cemerictea MSP430 He MOXET ObITb OTK/IHO4EHA, NPU 3TOM
OHa He NoTPe6IsSeT JONOHUTENBHOIO TOKA. 3Ta MHA)OPMALIMS COLEPXUTCS BO BCEX
TEXHUYECKIX OMUCAHUAX ITUX MUKPOKOHTPOSINIEPOB.

Tok yTeukun BbIBOJ0B

Horga npu BbIGOPE HWU3KONOTPEONSIOLLEr0 MUKPOKOHTPOIEPA TOK YTEYKM
BbIBOJIOB HE YYWUTHIBAETCA, HO ANS GONbLUMHCTBA MPUIOXEHWNA OH O4EHb BAXKEH.
BOMbLLUNHCTBO HU3KOMOTPEONSAOLLUX MUKPOKOHTPOSIEPOB UMEET TOK YTEYKM BbIBO-
108 A0 1 MKA. Takum 06pa3om, CyMMapHbIA TOK YTeYKN MUKPOKOHTPONNEpa, uve-
towiero 20 BbIBOAOB, MOXET A0CTUIHYTb 20 MKA! MUKpPOKOHTpOnepbl ceMeincTaa
MSP430 nmeroT TOK yTeuKn BbiIBOA0B He 6onee 50 HA, N0aToMy TOK yTeukn 20 Bbl-
BOJHOI0 MMKPOKOHTPOMEpa 3TOr0 CemMelicTaa He npesbicuT 1 MKA.

JdpchekTMBHOCTL 06Pa6OTKM

HakoHeLl, 4acTo HenpaBuibHO UCTONKOBLIBAETCH 3h(EKTUBHOCTb 06PABOTKM
MUKPOKOHTPONIePoB. Yacto aymarot, 4to 16-paspsiaHble MUKPOKOHTPONEPbI Tpe-
OytoT B /1Ba pa3a 00MbLUe namaTh, Yem 8-pa3psiHble MUKPOKOHTPOSSIEPbI, HO 16-
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pa3paaHbIM MUKPOKOHTPOMIEPAM MOXET NOTpe60BaTbC HAMHOIO MeHbLLE NamsTh
nporpammbl, a, KPOMe TOro, OHU 00bIYHO BbIMOSHSAIOT 3aa4n 6bicTpee. Hanpumep,
B cuctemax, rae umeercs 10- 6uTHbIn AL unn Tpebyetcs BbinosiHeHWe 16-paspaa-
HOI MaTeMaTuKu, BbIMUCINTENBHOE SAPO 8-paspsiAHbIX MUKPOKOHTPONNEPOB CUlb-
HO 3arpyxeHo. [lanee, MHorune 8-paspsfHble MUKPOKOHTPONNEPbI UMEKT TOSbKO
OZIMH paboyuii PerncTp (akkymynsaTop), Npu NOMOLLY KOTOPOro 1 NPOM3BOAATCA BCe
BblyMcneHus. B Tabnuue 1 nokasaHbl KOMaHAbl, KOTOPbIE HEOOXOANMO BbIMOMHNTL
MUKpOKOHTponnepam cemeiictea MSP430 1 06bI4HOMY 8-pa3psiiHOMY MUKPOKOH-
Tponnepy Ans nepemMeLLeHns pesynsrata npeobpasoBaHus 10- 6utHoro AL, Pa-
6oTas Ha 4Yactote 1 MIu, mukpokoHTponnepbl cemeinctea MSP430 BbINOMHAT 3T0
nepemeLLeHue 3a 6 MKC, a 8- paspAafHbIA MUKPOKOHTPONNEP — 32 24 MKC.

Tabnnya 1. CpaBHenne aghghekTnBHocTH 06paboTkn 16- n 8-pa3papHbIX
MHKDPOKOHTPOJINIEPOB

16-pa3pagHblit MUKPOKOHTpONNEp 8-pa3psaaHbIi MUKPOKOHTpONNEP
movf ADRESH, W

movwf RAML

bsf 0x20

movlf ADCHRESL, W

bef 0x20

movwf RAMH

mov.w &ADC1OMEM, &RAM

3akntoyevue

lMpu BbIGOPE HU3KOMOTPEONAIOLWEro MUKPOKOHTPONepa Hafo M3y4uTb BCE
MYHKTbI 0 TEXHUYECKOro onucaHus. Ho ycunus, 3aTpadyeHHble Ha 9T0, NMO3BONAT
NPOANNTbL CPOK CNYX6bl aKKyMyNsTOPa U YAOBIIETBOPUTL TEXHUYECKME TPEOOBaHNSA
K TOKY NOTPe6IIeHnst CUCTEMbI.
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CpaBHeHne MuKpokoHTponnepos cemeictea MSP430 ¢
APYrMMU MUKPOKOHTPONIEPAMK

Greg Morton [slaa205.paf (AHrn.)]

B panHOM npumepe npuMeHeHus NpuBeLeHbl Pe3ynbTaTbl CPABHEHNUS MUKPO-
KOHTponnepoB cemerictea MSP430 ¢ MUKPOKOHTPOIIEpamMu Apyrix Npom3BoauTe-
neit. [inq pa3paboTku Kofa passimyHbIX NPOCTEALLMX ONepaLmit U BbINOJTHEHUS ero
B pexxume cumynsatopa 6bina Ucnonb3oBaHa nnatgopma paspaboTtynka Embedded
Workbench™ komnanun IAR Systems. [1nsi BbISICHEHWUS Pa3fnyHbIX NapameTpoB
MUKPOKOHTPOJIIEPOB 3TN PA3SINYHbIE YACTO UCTONb3YeMble NPUN0XKeHUs ObISn Bbl-
MOJIHEHbI HA KXXA0M MUKPOKOHTpOs/epe. [1ns Bcex pacCMOTPEHHbIX MPUMEHEHNIA
ObINn NocYUTaHbI CyMMapHble pasMep Kofa nporpamMmbl U KONIMYECTBO KOMaHLHbIX
LMKIOB, Tpe6yemMblx 1 BbINONHEHNS. Ha pucyHke 1 1 pucyHKe 2 npuBefeHs! ana-
rpammbl CPaBHEHUS pa3MepoB KOAOB NPOrpamm 1 KONMYECTBO KOMaHAHbIX LIUKNOB
Ins KOKLO0ro UCCefoBaHHOr0 MUKPOKOHTPOIIepa.

10000
9000
8000
7000

6000
5000
4000
3000
2000 -
1000 A
0 - T T T T T

MSP430F135  ATmega8 PIC18F242 8051 H8/300L MC68HC11
MukpokoHTponnep

Pa3mep kopa (6aiiT)

Pue. 1. [Inarpavma cpaBHeHns CyMMapHbIX pasmepa Kof0B Mporpamm
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Inaga 2. CpaBHeHne MUKPOKOHTPonnepoB cemesictea MSP430 ¢ gpyrumn...
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400000

KonuyecTBo KoCaHAHbIX LUKNOB

MSP430F135  ATmega8

300000
200000
100000 -:. I
0 T T T T T

8051 H8/300L  MC68HC11
MukpokoHTponnep

Puc. 2. [lnarpamMma CpaBHeHNs CyMMapHOro KOINYeCcTBa KOMAHAHbIX LMKMI0B

B tabnuue 1 npuseaeHbl KOIPMULNEHTbI AENEHUS YaCTOTbl 3a[atOLLEro re-
HepaTtopa Ans oOpMUPOBAHUS CUFHAMOB CUHXPOHU3ALNK BbIYUCIIUTENLHOIO fapa
CCNEA0BaHHbIX MUKPOKOHTPONNEPOB. [ofHOe BPems BbINOMHEHUS N60ro Koaa
MOXHO pPaccyuTaTh Kak Npou3BeaeHne KONN4ecTBa KOMaHIHbIX LIMKMOB 1 KO3hdu-

LMeHTa AeneHns.

Tabmmya 1. KoaghghnymenTs! feneHns 4acToTbl 3aaroLero reHeparopa ansa
hopMUpOBaHNs CUrHanoB CHHXPOHN3ALMN BbIYUCTUTENLHOIO AApa

MukpokoHTponnep KoathcomumenT penenns
MSP430F135 1
ATmega8 1
PIC18F242 4
8051 12
H8/300L 2
MC68HC11 4

B Tabnuue 2 nokasaHbl CyMMapHble pa3mep KoAa 1 KONMUYeCcTBO KOMaHIHbIX
LIMKII0B, NPUBEAEHHBIE K COOTBETCTBYIOLLIIM CYMMapPHbIM pa3mepy KOAa 1 KONn4ec-

TBY UMKNOB MUKPOKOHTpOonnepa MSP430.
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Tabmmya. 2. [puBefeHHbIE PE3YNbTaTbI

puBeaeHHbIA CYyMMapHbIN

MpuBegeHHoe cyMmapHoe

MukpokoHTponnep pasMep koaa KOJIM4ECTBO KOMaHAHbIX
LIMKNOB
MSP430F135 1.00 1.00
ATmega8 1.82 1.26
PIC18F242 3.31 1.98
8051 245 1.58
H8/300L 2.45 1.78
MC68HC11 2.36 3.76

Tabnuua 3 comep>xuT pasmepbl KOLOB NporpamMm (B 6aiTax) U KOnnU4ecTsa Ko-
MaH/HbIX LMKNOB NCCNEeN0BaHHbIX NPUKNaAHbIX TPOrPamMm Afs KXA0r0 MAKDOKOH-

Tponnepa.
Tabnnya 3. Pa3mep Ko[0B U KOJIMYECTBO KOMAaHAHbIX UHKIIOB
MSP430F135 | ATmega8 | PIC18F242 | 8051 | H8/300L | MCG8HC11
MpumeHenne 6ant
LMKNoB
8- 6UTHas matema- 172 116 386 141 354 285
THKa 299 157 318 112 680 387
8- BUTHBIN KOMMY- 180 342 404 209 362 387
Tatop 50 131 109 84 388 214
16- 6uUTHas marte- 172 174 598 361 564 315
martuka 343 319 625 426 802 508
16- GurTHas MaTOMLL 156 570 846 825 450 490
puL 5784 24426 27021 29468 | 15280 23164
16- 6UTHBIN KOMMY- 178 388 572 326 404 405
Tarop 49 144 163 120 398 230
32- 61THas mate- 250 316 960 723 876 962
MaTvka 792 782 1818 2937 1756 1446
Onepauuu ¢ nnaBa- 662 1042 1778 1420 1450 1429
foLLielt TOYKOI 1207 1601 1599 2487 2458 4664
Ounso ¢ KUX 668 1292 2146 1915 1588 1470
p 152193 164793 248655 206806 | 245588 567139
MepemMHOXeHNe 252 510 936 345 462 499
MarpuL 6633 16027 36190 9454 | 26750 26874
Wroro: 2808 5114 9302 6880 6866 6622
: 170249 213680 336543 269638 | 303198 640038

26
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Inaga 2. CpaBHeHne MUKPOKOHTPonnepoB cemesictea MSP430 ¢ gpyrumn...

Bnusnue annapaTtHoro yMHOXUTENS W NONHOH ONTUMU3 ALK
KomnunarTopa

[Ong Toro, 4T06bl NOKa3aTb BAMAHME annapaTHOro YMHOXWUTENS W MOSHON
ontummaauuu komnunstopa MSP430, 66110 Npon3BeaeHO CPaBHEHME KOA0B Npu-
meHeHun ana MSP430F135 n MSP430F149. MSP430F149 conepxuT annaparHbii
ymMHOXUTENb, @ MSP430F135 — HeT. [Ina c034aHus 1 BbINONHEHWUS UCCReayeMbIX
NPUNoXeHwii 6bin ncnonb3oBaH nocneaHuin G komnunatop sepcun 3.10A KomnaHum
IAR ans mukpokoHTponnepos cemeiictea MSP430. B tabnuuie 4 npueefeHbl peaynb-
TaTbl TECTOB.

Tabnunya 4. Bnnsnne annapaTtHoro yMHOXHUTENA 1 NOJIHOA ONTUMHU3aLNH

KomnuiiaTopa
MSP430F135 MSP430F149 MSP430F149
OnTumMu3aums: HeT | OnTumu3auus: HeT | OnTUMM3aums: nonHas
AnnapartHblii AnnapatHblii AnnapartHblii
Mpumenexne . . .
YMHOXMTESIb: HET | YMHOXMTEJb: fia YMHOXMTENDb: Aa
6ant
LIMKI0B
8- 6uTHas matemaruka 172 156 136
299 268 249
) 118 118 124
8- 6utHas 2 Dim matpuua 2899 2899 1110
8- 6UTHbIN BbI6OPOYHBIN 180 180 178
KOMMyTaTop 50 50 49

16- 6UTHas maTemaTuka 172 156 134
343 268 248
16- 6uTHas 2 Dim 156 156 112
marpuua 5784 5784 1174
16- 6UTHBIN BbIGOPOYHBINA 178 178 176
KOMMyTaTop 49 49 48
32- 6UTHas MaTemartuka 250 248 222
792 607 583
Onepauuu ¢ NnaeatoLLei 662 702 678
TOYKON 1207 1012 993
688 728 732

Gunsrp ¢ KX 152193 143694 137161
epemMHOXeHe MaTpu 252 236 166
p i 6633 5399 2847

! 2828 2858 2658

Wroro: 170249 160030 144462
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Mpunoxenune

TecToBble npuknagHole 3agaqm

[ns cpaBHeHNs NapamMeTPOB PasnnyHbIX MUKPOKOHTPOSIIEPOB AMs KOXKAOro 13
HUX B PeXNUMe CUMYRSLMM BbIni BbINOSIHEHbI NPUBEAEHHbIE HUXKE TECTOBblE Mpu-
KnagHble 3afa4u. VIcXoaHble TEKCTbl NPOrpamMM 3TUX MPUKNafHbIX 3a4ad npuBefeH
HIDKeE.

8-hit_math.c — ncxogHbIn thain, cogepxatlpnii Tpu MaTemMaTnyeckux PYHKLUN,
OpHa oyHKLMS BbIMOMHAET COXEHUe ABYX 8- OUTHbIX YXCES, OfHA BbIMNOHAET YM-
HOXEHWEe N OAHA — JeneHne. BbI30B aTUX (DYHKLWA OCYLLECTBASETCS M3 (OYHKLMK
«main()».

16-bit_math.c — vcxoaHbIli dhaiin, cofepxalinin Tpu MaTeMaTuyeckmx gyHK-
uumn. OaHa OYHKLMS BbINOMHAET CHIOXEHMe ABYX 16- GUTHBIX YNCEST, OAHA BbIMOJIHS-
€T YMHOXXEHWe 1 0fHa — [ieneHne. BbI30B aTUX (PYHKLMIA OCYLLECTBASETCA U3 (PYH-
KUK «main()».

32-hit_math.c — vcxoaHbI haitn, cogepxaLini Tpyu MaTemaTnieckux qyHK-
L. OgHa OyHKLMS BbIMONHSET CNOXKEHNe [BYX 32- OUTHBIX YICEN, OIHA BbINOMHS-
€T YMHOXEHWE 1 0fHa — [ieneHne. BbI30B aTUX (PYHKLMIA OCYLLECTBASETCA U3 (PyH-
KUK «main()».

floating_point_math.c — ncxogHblin (hain, cogepxxaliuin Tpu MaTeMaTu4eckmnx
hyHKUMKM. OgHa hYHKLMS BbIMOMHSET CHOXEHWE BYX YNCEN C NNaBaoLLel 3ansTo,
OfiHa BbINOSTHAET YMHOXKEHME 11 OfiHA — fieneHe. BbI30B aTX (PYHKLMIA OCYLLECTBASA-
eTca 13 OyHKLMM «main()».

8-hit_switch_case.c — ncxofHblil haitn ¢ 0AHON (PyHKLMEN, COAepXKaLlen
WHCTPYKLMIO KOMMYTaTOpa, MMetoLero 16 BapuaHToB Bbi6opa. B 3aBucumocTtn ot
8- 6WUTHOr0 3Ha4eHNs BbIGUPAEBTCSH OAMH 13 BapUaHTOB Bbi6opa. DyHKUMSA «main()»
BbI3bIBAET DYHKLMIO «Switch» C BbIGpaHHbIM BXO4HbIM NapameTpomM.

16-hit_switch_case.c — ncxoaHbliil haiin ¢ oaHON (PyHKLMER, CoaepKaLlen
VHCTPYKLMIO KOMMYTaTOpa, UmetoLero 16 BapuaHToB Bbi6opa. B 3aBMcUMOCTI OT
16- GUTHOrO 3HA4eHUS BbIOUPAETCA OAMH U3 BApUaHTOB Bbi6opa. OYHKLMs «main()»
BbI3bIBAET OYHKLMIO «Switch» ¢ BbIGPaHHbIM BXOAHbIM NapamMeTpomM.

8-hit_2-dim_matrix.c — ncxoaHbI doaiin, cogepxatiuin 3 AByMepHbIX MaccuBa
8- GUTHbIX 3Ha4eHUI, OAUH U3 KOTOPbIX MHULMANU3UPOBaH. DYHKUMSA «main()» KO-
MUPYET NepBblil MacCKB BO BTOPOIA, a NOTOM BTOPOIi — B TPETUIA.

16-bit_2-dim_matrix.c — ucxofHoiin haitn, cogepxxaiinii 3 AByMepHbIX Maccu-
Ba 16- GUTHBIX 3HAYEHNIA, OMH U3 KOTOPbIX UHULMANU3UPOBAH. DYHKUMA «main()»
KONupyeT nepBblin MaccuB BO BTOPOI, @ NOTOM BTOPOW — B TPETUM.
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fir_filter.c — ncxomHbIi hain, cofepxallnii Ko, KOTOPbIN BbIMUCISET OTBET HA
BbIX0ZE dounbTpa 17- 0ro OT UMUTUPOBAHHOIO BXOAHOM0 Bo3aencTeus AL,

matrix_multiplication.c — ucxogHblit haiin, cogepxalnin Kog, KoTopblii nepe-
MHOXaeT Matpuuy 3x4 n matpuuy 4x5.

Komnunsarop

Ons dhopMupoBaHns TeCTOBbLIX NPUKNAAHBIX 3ada4 1cnonbaosancs «G» kom-
NUIATOP, BCTPOEHHbLIA B MHTErpupoBaHHyt0 cpefy paspabotku (IDE) Embedded
Workbench komnanum IAR Systems. [lemoHcTpaunoHHbie Bepcun IDE ans Bcex
MUKPOKOHTPOJIIEPOB BbliM NOMyYeHbl Ha cainTe kKomnanun IAR Systems no agpecy
http://www.iarcom. B Tabnuue 5 npueesieHbl BEPCUN NPOrpaMmbl, UCMNOSb30BAHHbIE
Ons pa3paboTkn NpUKNagHbIX 3afad 418 KaKA0ro KOHKPETHOr0 MUKPOKOHTPOSIIe-
pa. [Ins Kaxnoro NpuKNagHoro peLleHns Obi nocyuTaH pasmep nporpammbl. Bee
npuKnagHble 3agadn 61 CHOPMUPOBAHBI NMPY YCTAHOBIIEHHOM 3HA4YEHWUN ONTU-
MI3aTOpa KOMMMASTOpA «none». 310 6bIN0 CAENaHO Ans TOro, YT0ObI NCKIYUTL
BNUSHWE ONTUMN3ATOPA KOMMIIATOPA HA PesyribTaThl TECTOB. Hanpumep, npu BKI0-
YEHHOM ONTUMM3ATOPE KOMNUNATOP AN MUKPOKOHTPOMNNEpOoB cemelicta 8051 6bin
CMOCOGEH BbIMUCNNUTL PE3yNbTaThbl ANA HEKOTOPbIX MATeMaTUHecKux (YHKUWA BO
BPEMS KOMNUAALMU. ANrOpUTM ONTUMM3ALMK Bbli HACTONBKO CII0XKEH, 4TO CroCo-
6eH 6blf1 ONPEAENUTL, YTO BXO[HbIE 3HAYEHNS MATEMATIHECKIX HE N3MEHSITCS. 3TO
NO3BONIUIIO0 KOMMUMATOPY BbIYUCIUTL MATEMATUYECKYO (DYHKLMIO U 3aMEHUTH ee
pesynbTaToM BbIYUCTIEHUS.

Bce npuknagHeie 3a4a4v Oblnin BbIMOHEHb! B pexume cumynaynn. [py aTom
PErncTpUpoBanoCch KONN4eCTBO KOMAaHJ, TPEOYEMbIX /15 BbIMOTHEHNS KAXLO0M Mpy-
KNazHou 3a4a4u.

Tabnmya 5. cnonb30BaHHbIe Bepeun C-komnunaTopa

MKpOKOHTpOANED Bepcus «C» komnunsTopa
komnanuu IAR
MSP430F135 2.21B
Atmel ATmega8 3.10C
Microchip PIC18F242 6.10A
Generic 8051 2.12A
Renesas H8/300L 4.20A
Motorola MC68HC11 4.45A
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WcxoaHble TEKCTbI TECTOBbIX NPUKNAAHLIX 3aAau

Hxe npuBeaeHbl UCXOAHbIE TEKCTbI HA «C» TECTOBbIX NPUKNAAHbIX 3ada4, UC-
NOJIb30BaHHbIX AJ1A TECTUPOBAHNA, OMUCAHHOI0 B dHHOM [JOKYMEHTE.

8-bit Math.c
/******************************************************************
* VMa: 8-bit Math
* HasHaueHue: TeCTOBasd MNPUKIIaIHas 3anada 8-OMTHEIX
* MaTeMaTUUeCKMX OQYHKLIMM .
*'k***********************'k'k**************************/
typedef unsigned char UIntS8;
UInt8 add(UInt8 a, UInt8 Db)
{
return (a+b);
}
UInt8 mul (UInt8 a, UInt8 Db)
{
return (a*b);
}
UInt8 div (UInt8 a, UInt8 b)
{
return (a/b)
}
void main (void)
{
volatile UInt8 result[4];
result[0]=
result[1]
result[2]
]
]

3
=add (result[0], result[l]);
=mul (result[0], zresult[2]);
div(result[1l], result([2]);

result[1l
result[3
return;

}
8-bit 2-dim Matrix.c

/*k*k**********************k*k****************************
* VMsa: 8-bit 2-dim Matrix

* Has3HadeHMe: TecToBas NpMKJamHasd NporpamMa

* KONMPOBAHMS 8-OMUTHBEIX BHAUSHUM.
*****************************************************/
typedef unsigned char UIntS8;

const UInt8 ml[16][4]={
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{0x12, 0x56, 0x90, 0x34},
{0x78, 0x12, 0x56, 0x90},
{0x34, 0x78, 0x12, 0Ox56},
{0x90, 0x34, 0x78, 0x12},
{0x12, 0x56, 0x90, 0x34},
{0x78, 0x12, 0x56, 0x90},
{0x34, 0x78, 0x12, 0x56},
{0x90, 0Ox34, 0x78, 0x12},
{0x12, 0x56, 0x90, 0x34},
{0x78, 0x12, 0Ox56, 0x90},
{0x34, 0x78, 0x12, 0x56},
{0x90, 0x34, 0x78, 0x12},
{0x12, 0x56, 0x90, 0x34},
{0x78, 0x12, 0x56, 0x90},
{0x34, 0x78, 0x12, 0x56},
{0x90, 0x34, 0x78, 0x12}

}:

void main (void)

{
int i, 3
volatile UInt8 m2[16][4], m3[16][4];
for (1=0; i<16; 1i++)
{

for (3=0; J<4; j++)
{

}

return;

}

8-bit Switch Case.c
/*****************************************************
* Yvss: 8-bit Switch Case

* Hasuauenme: TecToBasd MNpuKJamHas 3ariada,

* ocymecTBISOmAasS KOMMYTALMIO 10 MNOJIyYeHHOMY 8-OUTHOMY

* B3HAUEHUIO.
**************************k*************************‘k‘k/
typedef unsigned char UIntS8;

UInt8 switch case(UInt8 a)

{
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UInt8 output;

switch (a)

{
case 0x01:
output=0x01;
break;
case 0x02:
output=0x02;
break;
case 0x03:
output=0x03;
break;
case 0x04:
output=0x04;
break;
case 0x05:
output=0x05;
break;
case 0x06:
output=0x06;
break;
case 0x07:
output=0x07;
break;
case 0x08:
output=0x08;
break;
case 0x09:
output=0x09;
break;
case 0x0a:
output=0x0a;
break;
case 0x0b:
output=0x0b;
break;
case 0x0Oc:
output=0x0c;
break;
case 0x0d:
output=0x0d;
break;
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case 0x0Oe:
output=0x0e;
break;
case 0x0f:
output=0x0f;
break;
case 0x10:
output=0x10;
break;
} /* KoHel KOoMMyTaumm*/
return (output) ;
}
void main (void)
{
volatile UInt8 result;
result=switch case (0x10);
return;

}
16-bit Math.c

/*k***************************************************
* VMmsa: 1l6-bit Math
* HasnaueHue: TecToBas NpuKJamHasd 3anava,
* OCYHECTBJISKIAS BHUMCIIEHME 16—-0OMTHBEX MaTeMaTudeCKUX
* QYHKLMM.
*****************************************************/
typedef unsigned short UIntlé6;
UIntlo add(UIntl6 a, UIntlé b)
{
return (atb);
}
UIntl6 mul (UIntl6 a, UIntlo b)
{
return (a*b);
}
UIntl6 div(UIntl6 a, UIntl6 b)
{
return (a/b);
}
void main (void)
{
volatile UIntl6 result[4];
result[0]=231;

bubnuorteka Komnana 88



j
INGTOGENTS 1. 061yne Bonpocs!

result[l]=12;
result[2]=add(result[0], result[l]);
result[1l]=mul (result[0], result[2]);
result[3]=div (result[l], result[2]);
return;

}

16-bit 2-dim Matrix.c

/**~k***********************~k**************************
* YMsa: 16-bit 2-dim Matrix
* HazHaueHme: TecToBad NpuKIalHasd 3alada KONMPOBaHMUA
* 16-OMTHEIX 3HAYEHUM.
*****************************************************/
typedef unsigned short UIntlé6;
const UIntlo ml[lo][4]={
{0x1234, 0x5678, 0x9012, 0x3456},
{0x7890, 0x1234, 0x5678, 0x9012},
{0x3456, 0x7890, 0x1234, 0x5678},
{0x9012, 0x3456, 0x7890, 0x1234},
{0x1234, 0x5678, 0x9012, 0x3456},
{0x7890, 0x1234, 0x5678, 0x9012},
{0x3456, 0x7890, 0x1234, 0x5678},
{0x9012, 0x3456, 0x7890, 0x1234},
{0x1234, 0x5678, 0x9012, 0x3456},
{0x7890, 0x1234, 0x5678, 0x9012},
{0x3456, 0x7890, 0x1234, 0x5678},
{0x9012, 0x3456, 0x7890, 0x1234},
{0x1234, 0x5678, 0x9012, 0x3456},
{0x7890, 0x1234, 0x5678, 0x9012},
{0x3456, 0x7890, 0x1234, 0x5678},
{0x9012, 0x3456, 0x7890, 0x1234}
bi
void main (void)
{
int i, J;
volatile UIntl6e m2[16][4], m3[16][4];
for (1=0; i<16; 1i++)
{
for (3=0; 3<4; j++)

{
m2 [
m3 [
}

il 3]
i] (3] = m2[1i][3];
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}

return;

}
16-hit Switch Case.c

/**~k***********************~k*************************
* Vma: 16-bit Switch Case
* HasnaueHue: TecToBas NpuKJamHasa 3anauda,
* OCYyWEeCTBJIAoNAA KOMMYTALMIO IO [NOJIyYeHHOMY 16-OMTHOMY
* 3HAYEHUD.
******~k‘k***********************‘k*********************/
typedef unsigned short UIntlé6;
UIntl6 switch case (UIntl6 a)
{
UIntl6é output;
switch (a)
{
case 0x0001:
output=0x0001;
break;
case 0x0002:
output=0x0002;
break;
case 0x0003:
output=0x0003;
break;
case 0x0004:
output=0x0004;
break;
case 0x0005:
output=0x0005;
break;
case 0x0006:
output=0x0006;
break;
case 0x0007:
output=0x0007;
break;
case 0x0008:
output=0x0008;
break;
case 0x0009:
output=0x0009;
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break;

case 0x000a:
output=0x000a;
break;

case 0x000b:
output=0x000b;
break;

case 0x000c:
output=0x000c;
break;

case 0x000d:
output=0x000d;
break;

case 0x000e:
output=0x000e;
break;

case 0x000f:
output=0x000f;
break;

case 0x0010:
output=0x0010;
break;

}/* KoHel, KoMMyTalmm*/

return (output) ;

}

void main (void)

{

volatile UIntl6 result;
result=switch case (0x0010) ;

return;

}

32-bit Math.c

/*****************************************************

* MMma: 32-bit Math

* HasHaueHue:

TecToBas MNpuUKJaOHas Baladva BBUMUCIIEHVS
* 32-OUTHBIX MaTeMaTHUUEeCKMX OQYHKLIMM.

******~k‘k********‘k‘k*‘k********************‘k‘k***********/

#include <math.h>

typedef unsigned long UInt32;
UInt32 add(UInt32 a,

{

36 |

UInt32 b)
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return (a+b);
éInt32 mul (UInt32 a, UInt32 Db)
{ return (a*b);
éInt32 div (UInt32 a, UInt32 b)
{ return (a/b);
ioid main (void)
{ volatile UInt32 result[4];

result[0]=43125;
result[1l ]:14567
result[2]=add(result[0], result[l]);
result[l]=mul (result[0], result[2]);
result[3]=div (result[1l], result[2]);
return;

}

Floating-point Math.c

/*k**************************************************‘k*

* Umsa : Floating-point Math
* HaszaueHue: TecToBas NpMKJIAOHAS 3alada BBIIOJIHEHMUS
* MaTeMaTHUUeCKMxX OQYHKLMM C I1IJIaBallel =3algaTou.
*k'k'k****k********‘k‘k‘k‘k‘k*********************************/
float add (float a, float b)
{
return (a+b);
}
float mul (float a, float b)
{
return (a*b);
}
float div (float a, float b)
{
return (a/b);
}
void main (void)
{
volatile float result[4];
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result[0]=54.567;
result[1]=14346.67;
result[Z]:add(result[O], result[1l]);
result[1l]=mul (result[0], result[2]);
result[3]=div(result[l], result[2]);
return;

}

FIR Filter.c

/*k*k‘k***********************'k'k*************************

* Uma : FIR Filter

* HasHauenmue: TecToBad NpuKIlalHas 3alada OuiIbTpa

* ¢ KUX. BxXOZIHBIM 3HaueHMEM IJid QUIbTpa SBJISeTCS MacCUB

* 13 51 16-OMTHOTO 3HAUEHMA.

* OuIBTP MMeeT 17-blM HOPAHOK

***************************~k*************************/

#ifdef MSP430

#include <msp430x13x.h>

#endif

#include <math.h>

#define FIR LENGTH 17

const float COEFF[FIR LENGTH]=

{
-0.000091552734,
0.000305175781,
0.004608154297,
0.003356933594,
-0.025939941406,
-0.044006347656,
0.063079833984,
0.290313720703,
0.416748046875,
0.290313720703,
0.063079833984,
-0.044006347656,
-0.025939941406,
0.003356933594,
0.004608154297,
0.000305175781,
-0.000091552734

}i

/* Texkyumii MAaCCUB CUMYJIMPYET BXOMHBIE 3HaueHusa oT AlIl*/
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const unsigned int INPUT[]=
{
0x0400, 0x0800, 0x0C00, 0x1000, 0x1400, 0x1800,
0x1C00, 0x2000,
0x2400, 0x2000, 0x1C00, 0x1800, 0x1400, 0x1000,
0x0C00, 0x0800,
0x0400, 0x0400, 0x0800, 0x0C00, 0x1000, 0x1400,
0x1800, 0x1cO00,
0x2000, 0x2400, 0x2000, 0Ox1C00, 0x1800, 0x1400,
0x1000, 0x0CO00,
0x0800, 0x0400, 0x0400, 0x0800, 0x0C00, 0x1000,
0x1400, 0x1800,
0x1C00, 0x2000, 0x2400, 0x2000, 0Ox1c00, 0x1800,
0x1400, 0x1000, 0x0C00, 0x0800, 0x0400
}i
void main (void)
{
int i, y; /* CueTumk LUKIIOB*/
volatile float OUTPUT[36];
#ifdef MSP430
WDTCTL=WDTPW+WDTHOLD; /*OcTaHOoBKa
CTOPOXEeBOT'O TammMepa*/
#endif
for (y=0; y<36; y++)
{
for (i=0; i<FIR_LENGTH/2; i++)
{
OUTPUT [y]=COEFF[1]* (INPUT [y+16-1]+
INPUT [y+i]);
}i
OUTPUT [y]=OUTPUT [y] + (INPUT [y+16-1] *
COEFF[i]);
}
return;

}
Matrix Multiplication.c

/***~k~k**********************~k*************************
* YMs: Matrix Multiplication

* HasHaueHue: TecToBas MNPUKJAIHasa IpoTpPaMMa

* nepeMHOXeHMS MaTpul, 3x4 m 4x5.

* MaTPULEL comepxaT 16—OMTHEE 3HAUEHUS.
*****************************************************/
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typedef unsigned short UIntlé6;
const UIntl6e ml[3][4]=({
{0x01, 0x02, 0x03, 0x04},
{0x05, 0x06, 0x07, 0x08},
{0x09, 0x0A, 0x0B, 0x0C}

}r
const UIntlo m2[4][5]={
{0x01, 0x02, 0x03, 0x04, 0x05},
{0x06, 0x07, 0x08, 0x09, OxOA},
{0x0B, 0x0C, 0x0OD, O0x0OE, OxO0F},
{0x10, Ox11, Ox12, O0x13, 0Ox14}
}r
void main (void)
{
int m, n, p;
volatile UIntlo m3[3][5];
for (m=0; m<3; m++)
{
for (p=0; p<5; p++)
{
m3 [m] [p]=0;
for (n=0; n<4; n++)
{
m3 [m] [p]+=ml[m] [n]*m2 [n] [p];
}

return;
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Mopknioyenne EEPROM k moaynto I2C MMKpOKOHTpONNEpoB
MSP430

Christian Hernitscheck

B 3TOM npumMepe NpUMEHEHUs OnucaHa opraHusauns 06MeHa no npoToKony
12C mexay annapatHbiM moaynem I°C mukpokoHtponnepa MSP430F169 u BHe-
wHeir EEPROM-namsti (24xx65). lMpuBeaeHbl npuMepbl peanusauun npouemyp
3anucs baira (Byte Write), Yrenue Tekywiero Agpeca (Current Address Read), Yte-
Hue MpownssonbHoro Agpeca (Random Address Read), n Onpoc MoatsepxaeHus
(Acknowledge Polling).

1. Mpumep noaknroyeHus

Cxema, n306paxEHHas Ha puc. 1, NokasbiBaeT NPUMEp MOLKKYEHNS NaMSTI
EEPROM k annaparHomy mogysio 12C mukpokoHTponnepa MSP430F169.

Ve Voo Veo
A MSP430F169 g1

* AVge
0.1 Mk®
,|3B AVss R2 | |Ri

| DVCC
DVsg P3.3/SCL A4 )
l LWuHa 1“C
1 P3.1/SDA
R3 [] N
24xx65 1C2
— A0 SCL (—
RST/NMI V,
Al sDA I
A2
Vee

) =]

Puc. 1. Mogkntoyenne namatn EEPROM tuna 24xx65 k MSP430F169 no wwuxe 1°C

Monb3oBatensb BbibupaeT 12C-agpec nofkntoyeHHbix EEPROM Ha wuHe npn
nomoLuy agpecHbix BoiBofoBs (A0, A1, and A2). Hanu4ume Takux BbIBOLOB NO3BONSAET
NOLKMIOYNTL HA LUWUHY HECKOSIbKO YCTPOICTB OAHOBPEMEHHO. JIOrnyeckue ypoBHM
Ha apeCHbIX BbIBOJAX ONPEAENAOT 6/10K aIPeCOB, 3aHMMAeMbIX YCTPONCTBOM B 06-
LLieM afipecHOM NpocTpaHcTBe. KOHKPETHOE YCTPOWCTBO BbIGUPAEBTCS MPOrpaMmHO,
nepenayen cooTBeTCTBYIOLLMX 6UT (AQ, A1, 1 A2) B KOHTPONLHOM GaliTe.
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2. UcxopHbivt Kop ana MSP430

9TOT NpUMep NPOrpamMMbl NOKa3bIBAET UCMOJIb30BAHME annapaTHOro Moayns
[2C mukpokoHTponnepa MSP430F169 ans pabotbl ¢ EEPROM namsTbio no LunHe
[2C. B 3aBucumocTi ot 06bEMa MuKpocxembl namatn EEPROM agpecaums Moxet
BNAOM3MEHATbCS. CYLLECTBYIOT pa3HOBMAHOCTI MUKpocxem namsatn EEPROM, ko-
TOPbIE MCMOMbL3YHOT TONTbKO OUH 6ainT Ang agpecauun (06bEm namaT 256 baint unm
MeHee). B npuBeieHHOM HWXKe npumepe AN1s afpecauuy ucnonbayeTes asa 6anta.
lMoka3aHbl npumepbl Ha A3bike G 1 Ha accemobnepe, PYHKUMM UX UAEHTUYHBI. Mof-
pobHoe onucaHue moayns 1°C mukpokoHTponnepos MSP430 npuseaeHo B [2].

®ainbl “12Croutines.c” n “12Croutines.s43” MoryT 6bITb MCNOMb30BaHbI B Ka-
yecTBe 61ONNOTEK. OHU COAepPXaT crefytoLme yHKUMY:

e Initl2C()
NHuumanusauus annapatHoro moayns 12C mukpokoHtponnepa MSP430.

e EEPROM_ByteWrite(<address>, <data>)
BbinonHeHne komanapl 3anuck baiita (Byte Write). Mepen 3anyckom ykasbl-
BAETCA aAAPEC M JaHHbIE, KOTOPbIE CefyeT 3anucarb.

e EEPROM_AckPolling();
Onpoc Moarsepxaenus (Acknowledge Polling) ucnonb3ayetcsa ans onpege-
NeHUs OKOHYaHus npouecca 3anucu B EEPROM. ®yHKUMIO cneayeT Bbi3bl-
BaTb Nocsie 3anucu aaHHbIx B EEPROM.

e Result = EEPROM_RandomRead(<address>)
Komanpga Ytenue no lMponssonsHomy Agpecy (Random Read) nossonser 4u-
TaTb cofepxumoe f4einkn namat EEPROM ¢ ykasaHHbIM agpecom.

e Result = EEPROM_CurrentAddressRead()
Ytenue no Tekywemy Agpecy (Current Address Read), ncnonbayeTcst BHyT-
peHHWi ykazatenb agpeca EEPROM. Mocne BbINOMHEHNS 0nepawmin YTeHus 1
3anncu BHYTPEHHNIA YKa3aTemnb aBTOMATUHECKN UHKPEMEHTUPYETCS.

B [paHHOM npumepe noKa3aHO WCMOMb30BaHWe MYHKUWIA U3 haitnos
“I2Croutines.c” n “I2Croutines.s43”:

#include <msp430xl6x.h>

/*——-—— BHemHmre OQyHKUUM Oaiuia «I2Croutines.c» —----——-- *x/
extern void InitI2C(void);

extern void EEPROM ByteWrite (unsigned int Address,
unsigned char Data);

extern unsigned char EEPROM RandomRead (unsigned int
Address) ;

extern unsigned char EEPROM CurrentAddressRead (void) ;
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extern void EEPROM AckPolling(void);

[Fmmmm TEJIO MPOTPaMMBl———== === ———————————————————— */
void main (void)

{ ... // VHMLManmMsalums

InitI2C(); // VHuumanmsauuda MomyJsia 12C
_EINT(); // PaspeumeHyre IpepBaHnii

EEPROM ByteWrite (0x0000, 0x12);

EEPROM AckPolling(); // OxumaHue 3aBepleHus
// umkia sanmcu EEPROM

EEPROM ByteWrite (0x0001, 0x34);

EEPROM AckPolling () ; // OxumaHue sBaBepleHMA
// umkia 3anvcu EEPROM

EEPROM ByteWrite (0x0002, 0x56);

EEPROM AckPolling(); // OxumaHue 3aBepleHus
// umkia sanmcu EEPROM

Data[0] = EEPROM RandomRead (0x0000); // Urenme
// no ampecy 0x0000
EEPROM CurrentAddressRead(); // UreHnue
// mno ampecy 0x0001
Data[2] = EEPROM CurrentAddressRead(); // Urenue
// no ampecy 0x0002

Datal[1l]

2.1. 3annce baita (Byte Write)

Ha puc. 2 nokasaH npotokon 3anucu bairta (Byte Write). O6patute BHUMA-
HUe, 470 B cocTosHUM STOP o6Hynsetcs 6ut MST B ynpasnstowiem peructpe UOCTL
MuKpokoHTponnepa MSP430. Mepen Ha4anom cneaytoLLein npoueaypsl (Hanpumep,
3anucw baitta), mogynb ?C TpebyeT pekoHurypaumm B Beaywmii pexxum (master
mode) yctaHoBKow 6uta MST.

VnpasnsioLmi Cnoso agpeca CnoBo agpeca
6aitr ) )

[ [ [ [
[ [} [ [
[ [} [ [
[ [N [ [
SCL iRk []: (i i
[ [} [ [
[ 1
L ! L L
[ [} [ [
v v v v

[aHHble

MoaTBepXaeHue MopTBEpXaeHNe MoaTBepxaexne MonTeepxaeHue
(Ack) (Ack) (Ack) (Ack)

Pue. 2. 3anuck baitta (Byte Write)
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Takxe crefyer 06patTb BHAMaHWE Ha 0CO6EHHOCTb DOPMUPOBAHUS YNpaB-
nawowwero 6aiTa I°C. Moaynb 1°C mukpokoHTponnepa MSP430 oTnpaBnseT aapec Be-
JOMOro YCTpOcTBa (Slave), KOTopbIi onpefenéH B ynpasnswowem peructpe 12CSA.
O6patnTe BHMMaHWe, 4TO afpec BeLOMOro YCTPOMCTBA PAcMonoxeH B 6urax 1...7
ynpasnatoLlero 6anta. [1na dopmuposanus ynpasnstowero 6arita EEPROM agpec,
Haxopawwmics B peructpe I2CSA [omKeH ObITb CABUHYT HA OAMH OUT BNEBO (puc. 3).
Hanpumep, 4To6bl Nony4uTh ynpasnswowmin 6aint 0xAQ creflyet onpeaenuTb agpec
Begomoro yctponctea (B peructpe I2CSA) 0x50. but R/W, Takxe pacronoxXeHHbIi
B ynpasnstoLLem 6ainte (6ut 0), ynpaBnseTcs aBTOMaTU4eCKM Npu BbIGOPE pexumMa
nepefadu nuoo npuéma. Pexxum Bolbupaetcs ¢ nomotpto 6uta I2CTRX B ynpasns-
towem peructpe [2CTCTL.

Anpec segomoro I°C
yorpoiersa s MSP430 o [0 [0 [0 [0 [0 [0 [0 [0 [se]ss]sass]s2]s1]s0]

(peructp 12CSA) / / / / / / /

Ynpaenstowpit 6aiiT namst EEPROM 24xx65 | 1 | 0 | 1 | 0 |A2|A1 |A0 |R/\N|

Pue. 3. Npeo6paszosaxue copepxumoro pernctpa I2CSA B ynpasnstoLwmii 6aiiT 1°C

2.2. Yrenne Tekywyero Aapeca (Current Address Read)

Ha puc. 3 nokasaHo dhopmupoBaHiie afpeca BeJOMOr0 YCTPOIACTBA B ypaBns-
towiem 6aiTte. CtapLune YeTbipe 6uTa NPeAcTaBAAIOT COO0M PUKCUPOBAHHbIN afpec
(1010). Mnapgwmmn 6utamn agpeca BblbMpaeTcs BeOMOE YCTPOIACTBO. BeayLiee yc-
TPOMCTBO (Master) MOXeT afpecoBaTb pas3nmyHble MUKpocxembl EEPROM Ha ofHoi
wuHe I°C nyTém Bbibopa 6ut A0, A1, n A2 (agpec yctpoiictea EEPROM). Ha puc. 4
nokasaHa onepauus 4YTeHns no Tekyliemy agpecy (Current Address Read). lMepeq
Ha4anom o6meHa moaynb 1°C mukpokoHTponnepa MSP430 fomkeH 6biTb NePeKOH-
thurypuposaH. CneayeT BbIGpaTh BeAYLLNA PeXIUM (Mmaster) 1 paspeLLnTb Npuém.

Ynpasnsiowuit
6ant

1 [ [lanHble
1 1 1
1 T Stop
1 1 1
1 1 1
1 1
1 1 1
1 1 1
1
1 1

1 1
| |
i i
SCL ! i
L !
on T elwlo] | [TTTTTTIT[[
1
1
1

: 1 1 1 1 :
i Crapr | b b

Cron

MoaTBepXaEHME HeT noaTeepxaeHus
(Ack) (No Ack)

Puc. 4. Ytenne Tekywwero Agpeca (Current Address Read)
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INGTROGENTS 1. 061yne Bonpocs!
®opmMupoBaHKe yNpaensioLLero 6ainTa 0CyLIECTBASETCS TaK Xe, Kak OMMCaHo

B naparpadpe 3anuch bairta (Byte Write). B npumepe npuHuMaeTcs TOMbKO OAMH

6anT. [1ns onpeaenexns MoMeHTa 3aBepLuieHns o6meHa no 1°C u npuéma 6aiita nc-

MOJb3YETCS MOSUIAHT.

2.3. Yrenne lponssonsHoro Agpeca (Random Address Read)

Ha puc. 5 nokasaHa peanusauus npotokona YteHue MponssonibHOro Agpeca
(Random Address Read). MpoTokon npefcTaBsieT CBOEro poja CMecb NPOTOKONOB
3anucs baiita (Byte Write) n Ytenne Tekywlero Anpeca (Current Address Read).

YnpasnstoLumii CnoBo agpeca CnoBo agpeca Ynpasnsiowmit [aHHble

6ant (1) (0) Gant

1 [} 1 (B} 1
1 [} 1 (I} 1
1 [} 1 (B} 1
1 1_1 1 11 1
SCL | it | o] i
1
1 1 11 1 11 1
SDA | Rl L [TTTOTITTTTT | [T
1 [} 1 (I}
1 1 1 (B}
1 ()

MogTeepxaenne [oaTBepxaeHNe MoaTBepxaeHne HeT noaTBepXaeHUs
(Ack) (Ack) (Ack) (No Ack)

=3
S
S

ol

Puc. 5. Yrenve MNMponssonsHoro Anpeca (Random Address Read)

lMpexne BCero, [OMKEH OblTb BbICTABMEH AAPECHbIA CHETYMK MAMATU
EEPROM. 370 ocyuiectBnsercsa npu nomow onepauun 3anuch baita (Byte
Write). Mpu atom B EEPROM npepaértcs HoBoe 3Ha4eHue agpeca. locne atoro
BbINOHAETCA Nepe3anyck 1 0CyLLecTBsfeTcs onepauus YreHune Tekyulero Aapeca
(Current Address Read).

2.4. Onpoc IMogreepxpexns (Acknowledge Polling)

Mocne Toro, Kak 6bina npuHATa kKomasaa sanucu u MSP430 creHepupoBan
ycnosue octaHosa (stop), B EEPROM 3anyckaetcs npouefypa sanucu ¢ cobc-
TBEHHOM CUCTEMOI TaKTUPOBaHUA. Bpems, HeobXoauMoe Ans 3aBepLleHuns 3Toil
npoueaypbl, 3aBMCUT OT TUNa ucnonbayemoii EEPROM. B 1o Bpems, kak EEPROM
Haxo4uTCA B COCTOSIHWM 3anucu, OHA He 6yaeT Bblgasatb [lofaTBepXxAeHue
(Acknowledge). 91a 0CO6EHHOCTb MOXET ObITb CMOSIb30BAHA A ONpeLeneHns
MOMEHTa 3aBepLLUeHIs npoLiecca 3anucu.

3. Cebinku:

1. MSP430F169 Data Sheet (SLAS368)
2. PykoBofcteo nonb3osatenii MSP430x1xx  (MSP430x1xx Family User’s
Guide) (SLAU049)
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INGTOGENTS 1. 061yne Bonpocs!

MSP430F21x1 0630p apxuTekTypbl
Mark Buccini [slaa217 pdf (AHrn.)]

1. BBepenue

CemelictBo MukpokoHTponnepos (MK) MSP430 couvetaet B cebe Hu3Koe
9HepronoTpebneHne n BecbMa rubKyl0 apxXuTekTypy, 4To JeNaeT ero He3ameHu-
MbIM I8 LUKPOKOrO Kpyra NpuMeHeHui, rae Tpebyetcs 0Co060 HU3KMIA NOTpedns-
eMblii TOK. TakKuMy NpUMEHEHUAMU ABNAKOTCH CHETYUKU SNEKTPOIHEPrum, nepe-
HOCHbIE U3MepUTeSibHble YCTPONCTBA 1 ObITOBbIE NPUOOPLI, ApYyriue YCTPONCTBA,
paboTarLime AnnuTeNbHOe BPemMs 6e3 CMeHbl 6atapeii. [MaBHble MpeumyLLecTBa
cemeinctea MSP430:

e 0c060 HM3KOEe aHepronoTpedneHne

e KomnnekcHas cuctema 06paboTKu CMeLIaHHbIX curHanos (SoC) Ha ofHOM
Kpucranne

e lIcnosib30BaHMe COBPEMEHHbIX TEXHONMOMMIA NPOrpaMMMpoBaHis

Co BpemeHn nosBneHus nepebix ycTpoiicte cepum MSP430, 6onee 30,000
pa3paboT4MKOB MO BCEMY MUPY BblOpanu AaHHY apxXMTEKTypy, CO34aB 3a 370
BPEMS OrPOMHOE KOJIMYECTBO Pa3HO06Pa3HbIX YCTPOMCTB, OT NPOCTbIX, TAKNX, KaK
TEPMOCTaTbl 11 CYETYNKN 3NEKTPOIHEPTU, [0 W3MEHWUBLUNX XU3Hb MUINOHOB
[NabeTMKOB BO BCEM MUPE NEPEHOCHbIX U3MEPUTENEN YPOBHS TMOKO3bl B KPOBU.
Bbicokas nonynsapHOCTb CeMeicTBa 06YCNOBMNA HEOOXOAMMOCTb AanbHEnLLIero
pas3suTusa cepuin. Tpe6oBaHNA K pa3padoTkam NOCTOAHHO PacTyT W 3a4aCTyto ABNA-
t0TCA NPOTMBOPEYMBLIMY, HANPUMEP NMOBbILLEHWE NPOM3BOANTENBHOCTI COYETAET-
CSl C MOHWKEHWEM JHEPronoTpebneHuns, CHIKEHUEM LIeHbI U PabOTON B XECTKUX
KNUMaTUYECKIUX YCITOBUSAX.

[ns obecneyeHns Taknux TpeboBaHmin K pa3paboTkam Gblna paspaboTaHa Ho-
Bas cepus MSP430F2xx, B KOTOPOM OblK y4TeHbl TPEOGOBAHUA CHUKEHUS LieHbI
1 MOBbILLEHNA NPOU3BOANTENBHOCTU 419 PA6OThI KaK B YCTPONCTBAX C MOHUKEH-
HbIM NOTPe6NeHNeM, Tak 1 B npubopax obLuero npumeHeHus. Motpebnas mexee
1 MUKpoamnepa B JeXYPHOM pexumMe 1 0651aas npu 3ToM Cnoco6HOCTLIO nepe-
KNOUYNTLCS B PEXIUM CUHXPOHHOM paboTbl CO CKOPOCTLD 16 MUMNNOHOB UHCTPYK-
Ui B cekynay (MIPS) 3a Bpems MeHee OfIHOW MUKPOCEKYH/bI, HOBOE CEMENCTBO
MSP430F2xx 06ecne4ynBaeT yaBOEHHYO MPOU3BOAUTENILHOCT NPU NONOBUHHOM
3HepronoTpebneHnn nNo cpaBHeHno ¢ 6onee paHHen cepuein MISP430F1 xx.
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2. 06HoBNEHUA

2.1. Mukponotpebnarowymii mogyns copoca Brownout Reset

Bce ycTpoiictBa cepun MSP430F2xx comep)<at MUKPOMOTPEONSOLWMiA MO-
Aynb coépoca no noHwkeHuto nutaHus (BOR). Moayns BOR onpeaenser noHu-
XKEHUE NUTAOLLEr0 HanpsHKeHUs HUKE YPOBHSA, 6€30MacHOr0 Ans BbIMOHEHUS
nporpamMmmbl 1 NepeksoYaeT npu aToM YCroBUMU MUKPOKOHTPOSISIEP B COCTOSIHUE
cbpoca (reset). 9ta (hyHKUMSA NpefOTBPALLAET HEMpeCcKa3dyemMoe NOBefeHNe yCT-
policTBa. KpaTkoBPEMEHHOE NOHMKEHME MUTAKOLLEr0 HaNpsHKeHUs — BeCbMa CNOX-
HO AMarHocTupyemas npooénema. Hanpumep, OHa MOXET BO3HMKATb Npu NpoCTOM
onepauuu 3ameHbl 6atapei. Mpu 3TOM MOTYT NOABAATLCA ClyYaliHble KpaTKoBpe-
MEHHbIe 6POCKM MUTALOLLEro HanpshxeHus. MukponoTpebnstoLwunii Moaynb cépoca
no NoHwkeHnto nutanus BOR, npucytcTBytowwmin B cepun MSP430F2xx, BnepBble
nosisuncs B cemeiictee MSP430F4xx 1 TakxKe NpMCYTCTBYET B HOBbIX YCTPOCTBAX
cepumn MSP430F1xx.

e Hann4ne moayns BOR noBbILAeT yCTOAYNBOCTb Pab0Thbl YCTPOMCTBA B THHXKE-
TNbIX 3KCMyaTaLMOHHbIX YCNOBUSX, FOe MOXET NpUCYTCTBOBATH HECTAbUIb-
HOCTb NUTAIOLLET0 HaNPSXKeHN.

e OyHkuma BOR 8 MSP430 nocToAHHO BKMKO4eHA. AHANIOTNYHbIE PELLEHNs Apy-
rvX oupm NOTPe6ST TOK BeNNYMHOK 6onee 10 MKA, YTO OrpaHn4mMBaeT nx
NPUMEHeHNe B MUKPOMOTPEONAIOLLAX YCTPOICTBAX.

2.2. [loBbIlLEHHE TAKTOBOW 4aCTOTbI

[insg o6ecneyeHns Tpe6OBaHWI NOBbILLIEHHOW NPON3BOAUTENBHOCTW HAPSAAY C
HU3KUM 3HEpronoTpe6yeHnem, HoBas yIyyLIeHHas cucTemMa TakTuposanus (BCS+)
cemencTBa MSP430F2xx (TaK e, Kak 1 B Apyrux yctpoincrsax cepum MSP430), kak
Mnpasusio, UCMOMb3YeT [1Ba TAKTOBbIX CUrHaNa. H3K0YaCTOTHbI BCNOMOraTesbHbIN
NCTOYHUK TakTMpoBaHus (ACLK) paboTaeT HEMoCpeACTBEHHO OT 0ObIYHOr0 Yaco-
BOro KBapua yactotoin 32768 'ty 63 [ONONHUTESIbHbIX BHELLUHUX 3/1EMEHTOB U UC-
noNb3yeTcs Ans NOCTOSHHO BKIKOYEHHbIX HU3KOMOTPEONAOWMX NepudepuitHbix
MOZynei. BbICOKOYACTOTHbIN CUTHAM TAKTUPOBAHUSA FTEHEPUPYETCS HEMOCPEeCTBEH-
HO BHYTpU MK, BK/HOYEH MOCTOSHHO W UMeeT LndpoBoi KoHTponb (DCO). leHe-
patop DCO ucnonb3ayetca npoueccopom (CPU) n ocTanbHbIMU nepudepuitHbimMmn
MOAYNAMU TOMbKO N0 HeobxoAumMocTu. [ns o6ecneqeHns HU3KOro aHepronoTpeon-
neHus ynpasneHue reHepatopom DCO MOXET OCYLLECTBNIATLCS NOSIb30BATESIEM MO
npepbIBaHNAM, OCHOBHOE XXe BPeMs Nprubop MOXXET NPoBOANTb B pexxume standby,
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NepeKnoyasch B PEXXUM MakCMMasnbHOM NPOU3BOAUTENILHOCTM Ha TpebyeMoe Bpe-
M$ ULLb N0 HeobxoaumocTi. Cuctema TakTupoBaHus BCS+ coBmecTuma ¢ 6onee
PaHHUMK cUCTEMAMU TaKTUpOBaHWA cemeinctea MSP430F1xx, HO npu aTOM BKNtO-
YaeT B Ce0S HOBble (DYHKLMW, NMO3BOMAOLLIME eLlé 6osiee NMOHU3NUTL NOTpebrieHne
3HEeprum, NOBbICUTb MOMEXOYCTONYMBOCTb 11 CHU3UTb CTOMMOCTb Npubopa.

o [ToHMKeHHOe NoTpebrieHne B pexume standby — B 3TOM pexume (Takxe
HasbiBaemom real-time clock mode) 3aHepronoTpe6neHne CHKEHO [0 <1
MUKpOammnepa npu HanpshkeHun nutanms 3B, no cpaBHeHWo ¢ »1.6 MUK-
poamnepamu B cemeiictee MSP430F1xx. 3TOT pexum WUMeeT Ha3BaHue
«PEXMM MOHWKEHHOro 3HepronoTpebnerns 3» (LPM3), akTuBHbIMU mpK
9TOM SIBIAIOTCS HU3KOYACTOTHbIN reHepatop ACLK, taiimep, 03Y 1 npepbi-
BaHMA. [TOHMKEHHBbI NOTpebnsemblii TOK B pexxuve LPM3 asnsetcs 601b-
LUMM NPEMMYLLECTBOM B U3MEPUTENbHbIX, MPOMbILLNEHHbIX 1 MEANLUHCKUX
npubopax, B KOTOPbIX OCHOBHOE BPEMS MPUXOAUTCS HA AEXKYPHbIA PEXUM
standby B oxuaaHum ncnonb3oBaHus. Hanpumep, B HEKOTOPbIX TEPMOCTa-
Tax WAK pacnpegennTensx JOCTaTO4HO M3MePSATb TemMnepaTypy ¢ 4acToTo
HE BblLLEe OJHOr0 pasa B HEeCKOSIbKO CeKkyHd. Takum 06pa3om, npuéop Ha-
xonautca B pexume LPM3 Ha npotsxkeHun 6onee 99% pabo4ero BpemeHu.
YMeHbLUEeHNe ToKa noTpe6rneHus B pexxume LPM3 nmeet B 3TOM cyyae on-
pefenstoLlee BAUSHUE HA CYMMApHbIA TOK NOTPe6neHus 1 Bpems paboTbl
0T KOMMNJIeKTa 6arapeii.

e BCTpOEHHbIE KOHAEHCATOPLI C NPOrpamMMuUpyemMoli EMKOCTbIO — A06aBfeHNe
3TOi DYHKLMM NO3BONAET UCMOMNL30BATH GOJIEe WMPOKIIA 1ana3oH KBapLe-
BbIX PE30HATOPOB 6€3 HEOBXOAUMOCTN NMPUMEHEHNS BHELLHNX KOMMNOHEHTOB,
cTabunuanpyroLmx reHepauuto. B cemeiictee MSP430F1Xx BOSMOXHO TOMb-
KO 1CMOJIb30BaHNE BCTPOEHHBIX KOHLEHCATOPOB EMKOCTbLIO 12 NO.

e YCTONYMBbLINA K C60SM KBApLIEBbLINA reHepaTop — CO0M B reHepauuin Bbl3blBa-
eT HeMacKMpyemoe npepbiBaHne 1 3anyckaeT BCTPOEHHbIN reHepaTop Ans
6ecrnepe6OoiHON paboTbl. ITa (DYHKUMA AOCTYyNHA 6€3 [OMOSHUTENIbHOr0
9HepronoTpebeHuns, Kak B PeXXMMe BbICOKOYACTOTHOMO reHeparopa, Tak 1 B
H3KOYACTOTHOM Pexxume. YCTO4MBbINA K CO0SIM KBapLIEBbIN reHepaTop 06ec-
neynBaeT 6onee HaaEXHoe (PYHKLUMOHMPOBAHNE Nprbopa B THKEMbIX YCIO-
BUAX 3kcnnyataumn. Panee, B cemeinictBe MSP430F1xx aTa chyHKums Obina
[OCTYMHA TONbKO B BbICOKOYACTOTHOM PEXUME.

e BcTpoeHHbIn dounetp (de-glitch) Ha Bxofe reHeparopa — 91a PYHKLUMUSA CHU-
)KaeT YPOBEHb BbICOKOYACTOTHbIX MOMEX, HABOAMMbBIX HA BXO[ reHepatopa,
MOBbILLIAS YCTONYNBOCTb CUCTEMbI.
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e Bbi6op Amana3oHa KBapLEBOrO Pe30Hatopa B BbICOKOYACTOTHOM PEeXU-
Me — 9Ta (DYHKLMS 06eCreymBaeT NoBbILEHHYIO CTABUIbHOCTb U NO3BONAET
CNONb30BaTh 60Jee [eLEBbIE PE30HATOPbI C BbICOKUM 3KBUBANEHTHbIM CO-
npotusneHmem (ESR).

e VNyYLLUEHHbIV BCTPOEHHbIN reHepatop ¢ LumdposbiM ynpasneHuem (DCO) —
06HOBNEHHbIN Mofynb DCO, Bxoaswmid B coctaB BCS+ ¢ rapaHTUPOBaHHbIM
BPEMEHEM 3arnycka MeHee 1 MUKPOCEKYH/IbI, MOrpeLHOCTbIO He 6osiee £2.5%
1 paboyeli yactotoii o 16MIL Bo BCEM AnanasoHe paboyux Temneparyp u
HanpspkeHun. MoBbileHHasn TO4YHOCTb reHepatopa DCO no3BonsieT BO MHO-
TUX CNYYaaX M36aBUTHCA OT BHELUHEr0 KBApLEBOro Pe3oHaTopa W CHU3NTB,
Taknm 06pa3om, CTOUMOCTb cucTembl. CrieflyeT OTMETUTb, YTO reHepaTop
DCO 3anyckaeTcss HenocpefCTBEHHO Ha 3anporpamMUPOBAHHON YacToTe,
He Tpebys [OMOHUTENbHOrO BPEMEHMN ANs CTabunmsaunm. 3To BaXHO B 3a-
Javax, roe Tpebyetcs MOMEHTaNbHbIA AOCTYN K reHepaTopy ¢ M3BECTHON 1
CTabWUNbHOM 4aCTOTOM, Takmx, kak o6meH aauHbiMu no VAIM (UART). bes
06ecneyeHns CTabubHOCTY, ObICTPBIN 3aMyCK TAaKTOBOIO reHeparopa B Ta-
KnX 3afja4ax He UMeeT CMbICria.

2.3. Yny4wennasn BcTpoerHas Flash-namars

Beuay Toro, 4to croumocTs Flash-namsTtu B nocnegHee Bpems BMAOTHYHO Npu-
6nmannock K ctoumocT oaHokpatHomn M3Y (ROM) a Takxe 6narofapst BbICOKOW
rMOKOCTM, MPUCYLLE CuCTEMaM C BHYTPUCXEMHbIM nporpammupoBannem (ISP),
Flash-namsatb ne-ghakto ctana ctaHaapTom B Hanbonee coBpeMeHHbix MK. B 60nb-
LUMHCTBE YCTPOIICTB, 0CHOBAHHbIX HA MUKPOKOHTpOnnepax cepun MSP430, B HacTo-
silee Bpems Ymnbl ¢ flash-namaTbio MCNONb3YETCS Kak 415 NPOTOTUMOB, TaK 1 4N
MaccOoBOM MPOAYKLML.

1I3mMeHeHus B nporpamMmy npuéopa MoryT BHOCUTLCSA W NMPOBEPATLCA OT AHS Ha-
yara pa3paboTkm BNOTb A0 [HA ero HeNnoCPeLCTBEHHOO BbiNycKa. Takxe UMeeTcs
BO3MOXXHOCTb /151 0GHOBJIEHNS MPOLLKBOK HEMOCPEACTBEHHO HA MECTe JKcnnyara-
UMM 1 CamMuM 3aKas4qukoMm. Lcnonb3oBaHne BHYTPUCXEMHOMO NMpOrpaMmMmMpoBaHns
Flash-namsTu Hapsify CO BCTPOEHHbIM AMYNATOPOM NMO3BOSISET OTNAXKMBATL CUCTEMY
Ha KOHKPETHOM 4une, 3anasHHOM B KOHKPETHOE YCTPONCTBO, paboTaroLLiee npu on-
peaenéHHbIX 3KCMyaTaUMOHHBIX YCOBUSIX.

Bcs Flash-namste mukpokoHTponnepos MSP430 pabotaeT BO BCEM Anana-
30HE paboymx 4acToT, MUTAKOLLMX HAMPSXKEHUA N TOKOB MOTPEBNEHNs, NPUCYLLNX
AaHHbIM ycTpoicTBam. B cemeiictBe MSP430F2xx npumeHeHa ynydiueHHas Flash-
TEXHOMO0rus €O CreayrLM1 HOBbIMI 0COOEHHOCTAMN:
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e MuHMManbHOE HanpsXKeHWe nPOrpaMMUPOBAHUA/CTUPAHUS MOHKEHO
¢ 2.7 B 1o 2.2B — 370 n3ameneHne Ha 0.5B umeeT BaXKHOE 3Ha4YeHMe B TeX
cnyyasx, Koraa npuoop nuTaeTcs oT ABYX ankanuHoBbix (alkaline) 6atapeit.
MuTatoLLee HanpsPKeHKe B 3TOM Clyvae UMeeT auanasoH ot 3.3B no 1.8B. C
YY4ETOM TOr0, YTO KpUBas pa3psma Takux 6atapeii UMeeT xapaktep, 6IM3KuUM
K JIMHEAHOMY, NOHWKEHWE HaNpPsHXKeHNs NporpaMmmMupoBanns ¢ 2.7B 1o 2.2B
yBenn4nBaeT no4Tn Ha 50% Bpems, B TeHeHNe KOTOPOro MOXHO UCMONb30-

BaTb ISP.

e Bpems nporpammupoBaHus CHXKEHO A0 17 MKC Ha 6aiT, Bpems MosHOro CTu-
paHus — [0 20 MC. YCKOPEHHbIN NPOLECcC 3anuck/CTupaHns BKyne ¢ YMeHb-
LUEHHbIM [0 64 6aiT pasMepoM CEKTopa W npepbiBaeMbiM anroputmom ISP
MO3BONSIOT B 60SIbLUMHCTBE Cy4aeB 0TKA3ATbCS OT UCMONb30BAHUS BHELLHEI
EEPROM. lMpwn aTOM CHUXAETCS LieHa YCTPOIACTBA 1 €ro pa3mep.

2.4. Yny4weHnas 3awymta nporpaMmmHoi namsaTyn

lporpamMmmarop Ha OCHOBe 3arpy304Horo cekropa (BSL) gaét BO3MOXHOCTb
noctyna K pecypcam MSP430 ¢ ucnonb3oBaHuem cTaHaapTHOro npotokona YA
(UART). B ocHOBHOM OH ucnonb3yetcs Ans nporpamMmmupoBadus Flash-namsatu.
Joctyn 4epe3 BSL 3awniiéH ¢ nomoulblo 256-6UTHOrO Naponsi, 3Ha4eHMeM Ko-
TOPOro SBMSETCA COAEPKMMOE LeCTHaaUaTn 16-6UTHbIX BEKTOPOB MpepbiBaHUI.
B HesanporpaMmnpoBaHHOM 4une 310 3Ha4eHue 13BecTHO M pasHO OXFFFF, HO B
3TOM CJly4ae YCTPOWACTBO He COAEPXXMT HUKAKOM nosie3Hon nHdopmauum. locne
nporpaMMMpPOBaHNs KpKUcTanna, TONbKO MPOrpaMMUCT 3HAET COLepXKaHue Bek-
TOPOB NPepPbIBaHWIA, a, CefOBaTeNIbHO, U CaM 256-6MTHbIN Naposib K 3arpysquky
BSL. B cepun MSP430F2xx 3awiuta nporpamMmHOI namsTi ynyyieHa 6narogaps
MOBbILLIEHNIO NMPOTMBOB3NOMHOCTI anroputma BSL, o6napatollero cnegyrowmmm
HOBbIMI 0COGEHHOCTAMN:

o [1n9 ymMeHbLLEeHNs BEPOSTHOCTYM B3N0Ma, 3arpy34nk BSL B cepun MSP430F2xx
NPOWU3BOAMT MOJTHOE CTUPaHUE Yuna nocsne OJHOKPATHOrO Npuéma HeBEPHOro
256-6uTHOro napons. B 6onee paHHux Bepcusix BSL B JaHHOM cy4vae npocTo
3anpeLuancs Joctyn.

o [1ns1 CHVXEHWUS BEPOSTHOCTU CNy4anHOro BbI3oBa nporpammaropa BSL u3-
32 OLWKOKM B Nporpamme, CTUPaHUe U NporpamMmmmpoBaHue cpeacteamn BSL
BO3MOXXHO TOJIbKO NPy NoAa4e KOPPEKTHOM CTapTOBOW NOCNe0BaTeNbHOCTH,
nocne Kotopoui 6ynet 06HynéH 6ut LOCK B KOHTpONIbHOM peructpe. 310 ae-
NaeT CNyvanHoe CTMpaHue nporpaMmbl NOCPECTBOM BbI30Ba NPOrpamMmmaro-
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pa BSL npaktuyeckn HeBO3MOXHbIM, T.K. flash-namsTb MOXeT 6bITb CTEpPTa
UK 3anporpaMMipoBaHa TONTbKO B TOM Cyyae, kKorga BSL 6bin 3anyLueH B
pesynbsrate Nofaqn KOPPEKTHON NoCrefoBaTeNlbHOCTH, U MOCNe 3Toro 6bina
noJaxa npasuiibHas KOMaHzJa.

2.5. Yny4wenns, kacarowymecs cropoxesoro (Watchdog) Taiimepa

OCHOBHOW (PYHKLMEN CYLLECTBYIOLLEr0 B NPeablayLux Cepusix CemencTsa
MSP430 ctopoxesoro TanmMepa (watchdog) fiBnsieTcsi reHepaums CUCTEMHOrO
cbpoca B crydyae MpeBbILLEHNs OnpeaenéHHOro BPEMEHHOro HTepBarna, B Teye-
HWe KOTOPOro OTCYTCTBYeT Tpebyemas mporpammHas 06paboTtka. YnyuLleHHbIii
ctopoxesoit Tanmep (WDT+) B cepun MSP430F2xx 6bin BriepBble NpesCcTaB/ieH B
mMukpocxeme anektpocyétdnka MSP430FE42x. OH no3BonseT 06paboTath 60Jb-
LLee KONMYeCTBO NPOrpamMmMHbIX npo6sem. Huxe NpuBeAeH CMUCOK YNyHLIEHW,
[106aBneHHbIX B Mofynb WDT+ Ans NOBbILIEHNS HALEXHOCTN CUCTEMBI:

e [lo6aBneHa hyHKLMA YCTONYMBOrO K CO0AM TaKTUPOBAHUSA, KOTOpas 3anpe-
LLIAeT OCTAHOBKY WMCTOYHMKA TakTUpoBaHusa moayns WDT+ B pexume cTo-
POXEBOro Taiimepa. Hanpumep, eCnn B Ka4eCTBE UCTOYHIMKA TAKTUPOBAHUS
monyns WDT+ BbiGpaH HencnpasHbI KBApPLEBbI FeHepaTop, TO YHKLMS
YCTOYMBOrO K COOSIM TAKTPOBAHIUS aBTOMATNHECKI NEPEKITIOHNT UCTOYHNK
TakTupoBaHus moayns WDT+ Ha BCTPOEHHbIV reHepatop, o6ecneynsas yc-
TONYMBOE K CO0SIM (DYHKLIMOHMPOBAHNE CUCTEMBI.

e HeBO3MOXHO NPOrpamMmMHO OTK/KYUTb AKTUBHbIA UCTOYHUK TaKTUPOBAHUS
mozynsa WDT+. [penmmyLLecTBO TakOro peLleHns BUGHO Ha npumepe o6pa-
00T4MKa npepbiBaHnii (ISR), B KOTOPOM B CTEK COXPAHAETCS COAEPXMMOe
cTatycHoro peructpa (SR). B Tom cnyyae, ecnu nporpamma CiyyainHo Ha-
PYLIUT COAEPXXMMOE COXPaHEHHOro B cTeke SR Takum 06pa3om, 410 BCE
MCTOYHUKM TAKTUPOBAHNA BYLYT 3anpeLLeHbl, N0 BO3BPATY U3 NpepbIBaHmMs
CTOPOXXEBOI Taitmep 6yaeT HaBcerga octaHoBneH. Moayns WDT+ uckntoya-
€T NoA06HbIe cUTYaLmN.

e 3anpeLLeHo BbIMOJHEHME NPOrpamMmMbl ¢ apeca nepudiepunHoro Moayns.
denasce npeactasutenem ®oH-HelmMaHOBCKOW apxuTekTypbl, MSP430
MMeeT o6Llee aapecHoe NMpPOCTPaHCTBO AN NPOrpaMMHON MamsTu W ne-
pudbepuitHbix Mogynen. HecmMoTps Ha 310, Nepexof nporpaMmbl no ajpe-
cam, 3ape3epBupoBaHHbIM 3a nepudepuitibiMu Mogynamm (o1 0x0000 go
0x01FF) He nmeeT HUKAKOro cmbicna. B criyqae cny4ailHOro BO3HUKHOBEHUSA
Takom cutyauum, ctopoxesoi Tanmep WDT+ 0OCYLLECTBUT NPOrpamMmmMHbIi
cépoc.
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2.6. [lononxutenbHbIe BO3MOXHOCTH

Cemencteo MSP430F2xx Takxe o6nafaeT psaom A0NONHUTENbHbIX BO3MOX-
HoCTel. BbiBOAbI NOPTOB 1 1 2 Tenepb UMEOT BO3MOXXHOCTb BKITHOYEHUS BCTPOEH-
HbIX NOATATMBAOLLMX pe3ucTopos (pull up/down). icnonb3oBaHne Takux pesuc-
TOPOB M03BOJIAET 060ATUCL 6€3 AOMOSTHUTESIbHBIX BHELUHUX 3/1eMEHTOB, YMEHb-
LUas LieHy 1 pasmep npuoopa, Y10 0CO6EHHO BXXHO A NOPTATUBHLIX YCTPONCTB.
Mukpokontponnep MSP430F21x1 B 24-BbiBogHOM koprnyce QFN 3aHumaeT Ha
nnate naowanb 4x4 mMm, T.e. NPUMEPHO CTOSNIbKO XXe, CKOJIbKO BCEro 2 pe3ncropa
TunoHomuHana 1206. Takum 06pa3oM, BO MHOTUX CAy4asx naolaib, 3aHUMae-
Mast BHELUHUMI KOMMOHEHTaMW, 3HAYUTENbHO MPEBbILIAET NOLaLb, 3aHUMaeMyto
camum MK.

B 20/28-biBOAHbIX ycTpoiicTBax cepum MSP430F2xx BblBOAbI KBApLEBOrO
reHepartopa XIN/XOUT Tenepb COBMELLIEHbI C BbiBOAaMI nopTa P2.6 n P2.7, KoTo-
pble npexze 6binn HeJocTynHbl. CnefoBaTesibHO, B YCTPOICTBAX, HE TPEOYHOLLNX
BHELLHEro KBapLieBOro pe3oHaropa, CTaHOBATCSA AOCTYMHbIMU ABA AOMONHUTES b-
HbIX BbIBOJA.

Mogaynb komnapatopa B cemeiictee MSP430F2xx Tenepb CHabXEH BXOAHbIM
MYTbTUNNEKCOPOM, NO3BOAIOLLM PACLUINPUTL YACI0 U3MEPSEMbIX aHaNI0r0BbIX
CUTHANOB.

3. ApxutekTtypa saapa MSP430

Obrnagas pagoOM HOBbIX [OMOSHWTENbHBLIX BO3MOXHOCTEl, CeMeicTBO
MSP430F2xx coxpaHseT COBMECTUMOCTb C NpeAblayLLMMI YCTPOCTBAMU CEpUm
MSP430 n ncnonb3yer Takoe xe mMoLHoe 16-6utHoe RISC-nogo6Hoe aapo. Aapo
MSP430 6b1510 CNPOEKTUPOBAHO C Y4ETOM CaMbIX COBPEMEHHbIX TPEOOBAHNIA NPo-
rpammunpoBaHus. Pa3paboTynkn CTPEMIUNUCH CAeNaTh ero npo3payHbiM — B TOM
CMbICNE, 4TO [aXe MakCUMaIbHO CMOXHbIA KoL CO3LaéTC 6e3 3HaYMTENbHbIX
3aTpart BpeMeHN Ha Co3JaHue NporpaMmHbIX PyHKUKA. IDEEKTUBHOCTb UCMOSb-
30BaHus A3blka C Ha AaHHbII MOMEHT ABNAETCA KITH04eBbIM TPe6OBaHNEM, T.K. BCE
6oblUee KOMMYEeCTBO Pa3pabOTyMKOB MPEAnoYUTalOT WCMOMb30BaTh B paboTe
TONbKO 3TOT A3bIK A1 06eCneYeHns NepeHocMMOCT KoAa.

Moyemy Takoe BHUMaHUe ynensercs apekTuBHoCT nporpamMmbl? GoBpe-
MEeHHOe 21po, Takoe, kak MSP430 sBnseTcs [0BOSbHO KOMMAKTHbIM W 3aHUMaeT
0KOM0 4 ThICAY NOTMYECKNX BEHTUNENA — 3TO NPUONN3UTENIbHO 3KBUBANEHTHO 4-M
Kunobantam BCTPOeHHOM Flash-namatu. Takum 06pa3om, ecnn BCTPOEHHas namaTh
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3aHumaet 32Kb 1 BbliLLe, YTO ANUKTYETCS TPe6GOBaHNUAMY 06CITYKNBAHUS BO3POCLLEN
CNOXHOCTW NPOrpamMMmbl, TO pa3mep KpucTanna v ero LeHa 6yayT B 0CHOBHOM Mepe
onpeaenaTbCs UMEHHO NamATbHO.

YunTbiBas 3T0 06CTOATENbCTBO, apXUTEKTYPa, 06ecrneymBaroLLas Makcumanb-
HYI0 MIOTHOCTb Kofa (T.e. WCMOMb3YHOLAA MUHUMATbHBIA 06bEM NPOrpaMMHON
namaTi ans KOHKPeTHOW (yHKUMK) AaéT B pe3ynbraTe MakCUMarbHOE CHUKEeHWe
CTOMMOCTH YMna.

Tak kak cemeiicTBo MSP430 B 0CHOBHOM MpefiHa3Ha4eHO ANs HU3KONOTPpeo-
NAOLWMX YCTPOICTB, apxuTeKTypa, obecneynBatolas 3y eKTUBHOCTL Nporpam-
Mbl TaK)Xe NO3BOMSET AONONHUTENIbHO CHU3UTb NOTPe6eHNe aHepriy Gnarogaps
YMEHbLLIEHNIO Y1CNa TaKTOB, 3aTpadnBaeMblX Ha onpefenéHHyo dyHkuuto. Ce-
melictBo MSP430 o6ecneynBaeT HanBbICLLYIO NNOTHOCTb KoAa 6arogaps ABycTo-
POHHEMY MOAXO0MY — UHTENNeKTyanbHbIM NepuepuinHbiM MOaynsaM U COBPEMEH-
Homy RISG-nogo6Homy sapy.

e [IHTenneKTyanbHble nepudepuitHbie MOAYN — BCe MOAYNW, BXOASLNE B
coctaB MSP430 pa3pa6oTtaHbl ¢ Y46TOM MWHKUMANbHOr0 MPOrPaMMHOr0
obenyxmsanus. Hanpumep, ALM uMetoT aBTOMaTU4ECKOE CKaHWpOBaHWe
BX0/10B, annapaTHblii 3anyck npeobpa3oBaHMs W, 3a4acTyld, MeXaHWU3Mbl
npamoro goctyna K namati DMA. Takoin Habop annapaTHbIX BO3MOXHOC-
Ten npepocTtasnseT LMY BO3MOXHOCTb NepeHanpaBuTb PECYpChbl Ha Cre-
LUMdnYeckme 3aaadn, He OTBNEKASCh HA MEPeMeLLeHMe AaHHbIX. 3T0 AaéT
BO3MOXHOCTb Pa3paboTku 60see JeLéBbIX CUCTEM, TPEOYHOLLMX MEHbLUNX
MPOrpamMmMHbIX PECYPCOB 1 NOTPEONSIOLLNX MEHbLLIE SHEPIUN.

e GCoBpemeHHoe RISC-nogo6Hoe sapo, 06nagarollee MakCUMasnbHOWM NnoT-
HOCTbIO Kofia 6narofaps CBOUM 0COBEHHOCTAM (KOTOpble GYAyT paccmoT-
PEHbI HUXKE)

[na paccmoTpeHus 3agadqn NosiydeHust MakCUManbHOW 3EKTUBHOCTM
Koaa Ha a3blke G, nonpobyem B3rnsHyTb Ha Npo6ieMy CO CTOPOHbI KOMMUAATOPA.
/Tak, 4T0 e «ntobut>» Komnunatop? O4eBUAHO, 3TO OPTOTrOHANBHOCTb KOMaHS 1
60bLLIOE KOMNYECTBO MAEHTUYHBIX PETUCTPOB, HE MMELOLLIX OFPaHIYEHMI Ha Xpa-
HUMbIE pecypcbl. Takxe emy TpebyeTcs CTeK 419 nepefadun napamMeTpoB U XpaHe-
HIS BDEMEHHbIX nepeMeHHbIX. Apxutektypa MSP430 6bina pazpaboTtaHa ¢ y4éTom
3TUX NOXKENAHWUIA 1 BbIMMALUT CNeayoLmm 06pasom:

o [10/THOCTbO OPTOrOHaNbHbIA HAOOP KOMAH — HECMOTPS Ha TO, YTO apXNUTEK-
Typa MSP430 conepXut BCero 27 MHCTPYKLUMIA, KKAAA N3 HUX MOXKET OblTb
CNONb30BaHa C NOOLIM TUMOM afpecauun B Npefenax BCero afpecHoro

bubnuorteka Komnana 55



NS 1. 061ne Bonpocs!
MPOCTPAHCTBA. 3Ta 0COOEHHOCTH NO3BOJIAET NONYYNUTH LUMPOKUIA HA60P CDYH-
KUWid Npu Manom Habope KoManz, ynpocTuTb 1 yaewuesnts LIMY.

e bonbLUIOe YNCN0 PErncTpoB — KPOMe MPOrpamMmMHOro CHETHMKA M yKasaTte-
ns cTeKa Aapy AOCTYNHbl 12 MAEHTUYHBIX 16-OUTHBLIX PErUCTPOB 0OLLEr0
HasHa4yeHus. J1tobol perncTp MoXeT ObITb WCMONIb30BAH [ XPAHEHNA,
KaK [aHHbIX, TaK 1 ykasartens. [pu 3TOM onepaumn «peructp — perucrp»
BbIMONHAOTCA 3 OAUH TaKT. B 9TOM NpUHUMNMAIIBHOE OT/INYIE CEMEICTBA
MSP430, ot mHorux gpyrux MK, ncnonb3yroLwmx eanHCTBEHHBIA PerucTp
UNN «aKKyMynstop».

e OTCYyTCTBME pa3bueHns Ha CTpaHuLbl — 16-61UTHAsA apXuTeKTypa ceMencTBa
MSP430 ponyckaeT HemocpeACTBEHHYIO aapecauuto noboi A4k BCEero
64-Knno6aiiTHOro aapecHoro NpoCcTpaHcTea. B Tom yucne, aTo KacaeTcs Ao-
CTyna K BCTPOEHHbIM NepuepuitHbiM MOZYNAM, TakuM, Hanpumep, Kak 16-
OUTHbIE NPeo6pa3oBaTeny AaHHbIX. 3Ta 0COOEHHOCTb YNPOLLAET paspaboTky
MPOrpaMmmMHOro 06ecrneyeHus.

e llcronb3oBaHne CTeKa — ykasarenb CTeka 06/1ajaeT TeMu XKe BO3MOXHOCTSA-
MU afipecauum, Y10 U PerucTpbl 06LLEro HasHaqeHus. Npn 3ToM HeT Heo6Xo-
AMMOCTI NepemMeLLeHns faHHbIX B 6asupytoiemcs B 03Y cteke. KomnunsTop
MMEET BO3MOXXHOCTb MOMELLIATH MapamMeTpbl B CTEK U MAHWMYNMPOBATbL UMK B
Lensx pacLumpeHns BoamoxxHoctern 03Y.

e llcnonb3oBaHne NepexofoB — aHanu3 CpPeaHecTaTUCTUYeCKON nporpammbl
MoKasblBaeT, Y10 0kosio 10% Kkoda COCTaBNAOT YCII0BHbIE nepexoAbl. [ns
06neryeHns nx peanusaunuy Sapo noaaepXKMBaeT BOCEMb OHOCNOBHbIX YC-
NOBHbIX NEPexX00B C MaKCUMAIIbHOMN «AanbHOCTbIO» 512,

o [lpumepHo 20% CpenHecTaTUCTUYECKON NporpamMmmbl 06bIYHO COCTABMSAET
npocTas onepauus 4TeHue — MOAepPHU3aLUMs — nocneaytoLlas 3annuch one-
paHga. B knaccuyeckoit RISC-apxuTekType 9T0 MPUBOAUT K HU3KOW MAOTHOC-
TV KOa, T.K. OMepaHA B 3TOM Cfy4ae 006513aTefibHO NPOXOAUT Yepes pPerncTp
LMY, ncnonb3yembiin e peructp TpebyeTcs COXPaHATb U BOCCTAHABNNBATb.
Takum 06pa3om, MCronb30BaHWe TPEX Croco6oB afpecauun (Henocpeac-
TBEHHAS, OTHOCUTESIbHAsA 11 KOCBEHHAs) 00eCne4nBaeT MUHUMN3ALMIO 3aTpar
Ha onepauun TUna «namsTb < NamaTb» NPU COXPAHEHUW MOJTHOO Habopa
VHCTPYKUMA. Hann4me Takux MeTOLOB afpecauni no3BoNseT CyLLeCTBEHHO
COKpaTUTb pa3mep KofJa W NOBbICUTb NPOM3BOANTENBHOCTb.

e Pabora ¢ 6antamu 1 cnosamu — nt06as MHCTPYKLMS MOXKET UCMOMb30BaTh Kak
16-6MTHblE, TaK 1 8-6WTHbIE AaHHbIe. 3TO 0CO6EHHO YA06HO Ans 06paboTKK
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Tabnunu, T.K. NO3BONISAET UCMONb30BATh HANGONee YA06HbIN B KOXOOM KOHK-
PETHOM Cry4ae chopmart [JaHHbIX.

e [eHEpaTop KOHCTAHT — OJHUM M3 (DAKTOPOB, BIMSIOLLMX HA BbICOKYH 3(-
thekTmBHOCTL nporpamm ans MSP430, aBnseTcs reHepaTop KOHCTaHT, KOTO-
pbIiA annaparHo reHepupyeT 6 Hanbonee 4acTo UCMOMb3yeMbIX KOHCTAHT. [ns
3TON LieNV aBTOMATUYECKN NCNOSb3yeTcs 0anH n3 peructpos LMY. bnaroga-
pA TOMY, YTO KOHCTaHTbI FeHEPUPYHOTCA HEMOCPEeLCTBEHHO B A4pe, Npu 3TOM
He TpebyeTcs YTeHMe onepaHAa M3 NamsaTi, Y4TO SKOHOMMT MPOrPAMMHYHO
namaTb W NOBbILLAET CKOPOCTb BbIMOMHEHUS NporpaMmbl. YHKLMSA reHepa-
TOPa KOHCTAHT SIBNSIETCA MOSIHOCTbI0 aBTOMATUYECKO 1 «MNPO3paqHoi» Ans
nosib30Barens.

4. Pecypcbl AN 0TNaaKu

Mpouecc pa3paboTKn ¢ UCMONb30BaHUEM YCTPONCTB cemeiicTBa MSP430F2xx
MOSHOCTbIO COBMECTUM C HbIHE CyLiecTBYtoLMM cemenctBom MSP430F1xx. Otnaa-
YMK annapaTHO BKITIOYEH B YCTPOWCTBA, AOCTYN K HEMY OCYLLECTBNSIETCA NpuW Mno-
MOLLUM CTaHAapTHoro uHTepdpeica IEEE 1149 JTAG. Bo3MOXHOCTW BCTPOEHHOO
otnaginka MSP430 Bknto4atoT B Ce65 NOMHOCKOPOCTHOI M MOLWAr0BbIA PEXNMBbI,
annapartHble TOYKM OCTaHOBA U KOHTPOJb CUCTEMbl TakTUpoBaHus. lpu aTom BCe
3TN (OYHKLMI OCYLLECTBNSIET BCTPOEHHAs annapaTtHas Noruka, HUKaKux A0MOMHM-
TeSIbHbIX PECYpCOB He TpebyeTcs. TOT hakT, 4TO OTnafKa BeAETCs HenocpencTBeH-
HO Ha CamOM YCTPOICTBE, BCTDOEHHOM B PEasbHYH CUCTEMY UCKITOYAET pPa3BuTME
COObITUI MO HEXenaTenbHOMY CLEHapUl0 «4EpT, HO Beflb OHO Xe BCE paboTano B
amynatope!» ©

BCTPOEHHbI amMynaTop ABNSETCA O0CO6EHHO BaXKHbIM B ManorabapuTHbIX U
«@HasI0roBO-HaCbILLEHHbIX» NPUOOPax, rae MCMoIb30BaHNE BHELLUHEro aMyNnaTopa,
MOAK/OYEHHOr0 A/IMHHBIMI KabensiMu, CroCOOHO MOMHOCTbIO UCKA3UTh KapTUHY.
MporpammupoBanue no uHtepdreincy JTAG ncnonb3yetcs He TOMbKO B MpoLecce
pa3paboTKK, HO 1 NPW NPOrpaMMUpOBaHNI B MPOLIECCE NPOM3BOLACTBA, a TaKKe MO-
KT ObITb ICNONb30BAHO A/S MOCAEAYHOLLIMX MPOrpaMMHbIX anrpeiioB.

5. 3akntoyenue

CemeiictBo MSP430F2xx 06ecneynBaeT yaBOEHHYH MPOM3BOANTENBHOCTL NP
NOMOBUHHOM NoTpebneHun B pexume stand-by no cpasHeHuto ¢ 6onee paHHUMU
ycTponcTeamu cemeiictea MSP430F1. Kpome Toro, cepusi MSP430F2xx obnagaet
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3HAYNUTENbHLIMU YAYYLLEHUAMM, NO3BONAIOLMMN CHU3UTL OBLLYH CTOUMOCTb NpU-
60pa 1 NOBbICUTb €ro PYHKLMOHANBHOCTb, YTO [1eNaeT MUKPOKOHTPOSIIEPbI JAHHOTO
CeMeNcTBa naeanbHbIM BbIGOPOM KaK [Nl YXKe CYLLECTBYHOLLMX HIU3KONOTPeONso-

Lmx npu6opoB Ha 6a3e MSP430, Tak 11 B Ka4eCTBe OTNPABHON TOYKM AN MHOXECTBA
HOBbIX pa3paboToK.
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OrnnuntenbHbie 0COBEHHOCTH NPOrpammaropa
Ha ocHose 3arpy304Horo cextopa MSP430
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lerEJXQ%NTs II. Ucnonb30BaHne BHYTPEHHHX hYHKUNA, NepUGHEPHIHBIX OTI0KOB...

OTnnuuTEnbHbIE 0COOEHHOCTH NPOrpamMMaTopa Ha 0CHOBE
3arpy3ouHoro cektopa MSP430

Franz Graf [slaa089b.pdf (AHrn.)]

lporpammarop Ha 0CHOBe 3arpy304Horo cektopa MSP430 (BSL) nossonser
nosib30BaTeNto 06paLlaTbCs K BHYTPEHHEN namatn MUKpokoHTponnepa MSP430 B
NpoLLecce MakeTUpoBaHus, MPOU3BOLCTBA UK 06CNYXUBaHUA. [N MoaudukaLlmm
LOCTYMHbI KaK nporpammHas (dpniewlr) namare, Tak 1 namMate gaHHbix (03Y).

[nsa ceasu ucnonb3yetca o6Len3secTHolit npotokon YAMM (UART) ¢ untep-
(heiicom RS232, o6ecneynsaroLnii rnbkoe 1Cnonb30BaHNe Kak nporpaMMHOro, Tak
11 annapaTHOro o6ecrneyeHus.

[na ncnonb3oBaHUs NporpaMmaropa Ha OCHOBE 3arpy304HOro CeKTopa che-
JYeT noAatb CrewLyanbHy0 NocneaoBaTeNibHOCTb curHanos BSL Ha onpeaenéHHble
BbIBO/bI MpoLeccopa. lMocne aToro nofaéTcs onpeaenéHHas nocnenoBaTeslbHOCTb
KOMaH[, B COOTBETCTBUM C TPEOYEMbIM PEXUMOM. PexKum 3arpy3ku MOXeT 6biTb
npepsaH NepexofoM Mo onpenenéHHoMy Mosib30BaTesieM afpecy SiMbo 0CyLLecT-
BNIEHMEM annaparHoro cépoca (reset).

O6pauleHne K gaHHbIM B namsatn MSP430 yepes nporpammarop Ha OCHOBe
3arpy304HOr0 CeKTopa 3alMiléHO OT HECAHKLIMOHWMPOBAHHOMO AO0CTYNa Nosb30Ba-
TeNIbCKUM Maposiem.

1. BBepenue

lporpammarop Ha OCHOBe 3arpy3o4Horo cekropa (BSL) npencraenser BO3-
MOXHOCTb MpOrpaMMUpOBaHna  dorielw-namsTn MUKpokoHTponnepa MSP430 B
npoLecce pa3paboTkn NM60 A1 06HOBNEHNIA. AKTVBI3ALMS TAKOr0 PeXnma MOXeT
ObITb OCYLLECTBMIEHA YTUIUTON, Nepejarollern KOMaHAbl M0 LWMPOKOU3BECTHOMY
npotokony YAMM (UART). BSL gaért Bo3MOXXHOCTb M0JIb30BATENIO KOHTPOIMPOBATH
yHKUMoHMpoBaHue MSP430 1 ocyLLecTBNIATL 06MEH AaHHbIMU C MepCOHaNIbHbLIM
KOMMbIOTEPOM NGO APYriiM YCTPONCTBOM, NoAAepXuBaroLLym npotokon UART.

[Onsa 3awutsl nporpamMmbl BSL 0T cnyvanHoro CTupaHust OHa COAEPXWTCS B
CcreumanbHOM, MaCO4HO 3anporpaMMMPOBaHHOM HA 3aBOJE 3arpy304HOM CEKTOpe
M3Y. Mporpamma BSL He MOXET 6bITb CTEPTA HUKAKUMU MeTOAamMu. Kog 3arpy3yu-
Ka TLlaTeNbHO ONTUMMU3MPOBAH MOA HYXAbl BSL, A0CTYN K HEMY OCYLLECTBNAETCS C
NOMOLLbK KOMAHZ, OMUCAHHBIX HUXKE B JAHHOM JOKYMeHTe. B Lensax 6esonacHoc-
TW 6bINI0 06paLLieHO 60MbLLOE BHUMAHME HA 3aLLMTY MOSb30BaTENbCKOro Koja ot
HECaHKLIMOHMPOBAHHOIO CHUTbIBaHM. Jlio6as Komanaa BSL, nossonsowas Henoc-
PefCTBEHHOE MW 0NOCPEA0BAHHOE YTEHIE JAHHbIX 3aLLMLLEHa Naposem.
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[ns aKTMBM3aLUuy NporpammMaropa Ha OCHOBE 3arpy304HOr0 CEKTopa creayet
nofatb CrneunabHy NocefoBaTensHOCTb CUrHanos BSL Ha onpeaenéHHbIe BbIBO-
Ibl npoueccopa. ocrne atoro, nepefaéTcs CUMBON CUHXPOHU3ALMI, CONPOBOXAAE-
MbIiA NOCbINKOW JaHHbIX, ONPEAenatoLLMX BbINOIHEHNE XKeJlaeMOoil onepauum.

2. CtanpaptHasa dpyHkuus copoca (RESET) u akTuBn3auus BSL

2.1. MukpokoHTponnepbi ¢ ginew-namaroro MSP430 B 20- u 28-BbIBOgHOM
xopnyce ¢ BbiBogami JTAG, 06be41HEHHBIMY © NOPTaMK 06LYEro Ha3HaYeHNs

®opmupoBaHue onpeaenéHHON NOCnea0BaTeNbHOCTU CUTHAIOB Ha BbIBOAAX
-RST/NMI n TEST nepesoaut MSP430 B pexKum BbINOSIHEHWS NPOrPaMMbl C af-
peca copoca BSL, B oTnn4me ot 06bI4HOr0 BEKTOpa C6POCA, PACMoSiOKEHHOr0 No
appecy FFFEh.

Ecnu B npu6ope ucnonbayetcs cBasb ¢ K vyepes YA (UART), aTn 2 BbiBOAR
MOryT ynpaensaTecs no AnHmam -DTR n -RTS nocnegosatensHoro nopta (RS232)
nocne COOTBETCTBYIOLLEr0 Npeodpa3oBaHus ypoBHel. [leTanbHoe onucaHue anna-
paTHOro o6ecrneyveHnss U COMyTCTBYHOLLMX BONPOCOB [aHO B OTLENbHOM [JOKYMEHTE
(cm. Cebinkm, pasnen 14). 06bI4HbIN BeKTOP cOpoca no agpecy FFFEh ncnonbayetcs
B TOM Cfyyae, korga BbiBog TEST Haxoautcs B cocTosiHUK fior. «0» B TO Bpems,
korga BbiBog RST/NMI nepeBoautcst u3 nor. «0» B nor. «1» (CTaHAApTHbIA METOA,
cm. puc. 1).

BbinonHeHne nporpammbl BSL HaunHaeTCcs ¢ TOro MOMEHTa, kak Ha BXOA TEST
OyLeT NofaHo Kak MUHUMYM 2 NONOXUTENbHbIX UMMYbCA U TOMLKO B TOM CIly4ae,
ecnn Bxon TEST Haxomuncs B COCTOSIHUM for. «1» BO Bpemsi ppoHTa 0 — 1 Ha
Bxone -RST/NMI (meTop aktmemuaauuu BSL, cm. puc. 2). Takas cxema akTuBmu3auun
MOBbILIAET HAAE&XHOCTb 3anycka BSL.

sl AN

(-RTS) Nb30BaTENbCKONA NPOrpamMmbl

Pue. 1. CTaHaapTHas nocnefoBatenbHOCTb curHanos copoca (RESET)

Bxoa TEST 06bI4HO MCMOMb3YETCS TONLKO ANS NepeKkntoYeHns BbIBOJOB NopTa
P1.7 — P1.4 mexay ux 06bl4HbIMU YHKUMAMU 1 YHKUMAMI nHTepdeica JTAG.
Ecnu no Bxoay TEST npuHAT BTOPOI NONOXMUTENbHbIA UMNYMLC BO BPEMS TOF0, Kak
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Bxod -RST/NMI Haxoautes B cocTosiHum nor. «0», curHan Ha Bxoge TEST nepeBo-
ZuTce B nor. «0» BHYTPEHHEN CXeMON (MPUKNALHON PEXUM).

Pexxum BSL He 6yfeT akTuBM3npoBaH (¢ agpeca sekropa copoca BSL RESET)
B TOM CIly4ae, ecnu:

e [TpucytcTyeT meHee 2-x ppoHTOB 0 — 1 Ha Bxoge TEST Bo Bpems nor. «0»
Ha Bxoje -RST/NMI

e Bxon TEST Haxogutcs B cocTosHum nor. «0» Bo Bpems nepexoga 0 — 1 Ha
Bxoae -RST/NMI

e Pecypcbl MSP430 yxxe KoHTponupytotcs Yepe3 uHtepdpeiic JTAG

o Hanpsbxenmne nutanns VCC «npoceno» HuKe JoNyCTUMOro YPOBHS, HYTO Bbl-
3BaJ10 C6pOC No BKK4eHNo (POR)

e Bxop -RST/NMI ckoHdpurypupoBaH kak NMI (yctanosneH 6ut NIMI)

-RST/NMI

(DTR) v v ] A I |

- sunnnnwsurSOARRNRARRRARNARNRIN]

(RTS) ) . ‘IL-Iaqano paboTbl 3arpy34nka BSL
EENRRERERE

Pue. 2. Npoueaypa aktuemaauun BSL ¢ ucnonb3oBaHnem BbiBoAoB JTAG, 06beAMHEHHBIX
¢ noptamu 06LLEro Ha3Ha4eHus

22. MukpokoHTponnepsi ¢ ghnew-namareto MSP430 ¢ 060co6neHHbIMU
BbiBogamu JTAG

YcTpoiicTBa ¢ 060C06JIEHHbIMU BbIBOAAMY MHTepeica JTAG UCMOMb3YHOT Bbl-
BoA TCK BmecTo BbiBoga TEST.

BbinonHeHne nporpammbl BSL HaynHaeTcs nocse Toro, Kak Ha Bxofe TCK no-
ABATCA KaK MUHUMYM [Ba OTpULATeNbHbIX nepenaga 1 — 0 U, Kpome 3TOro, BX0[,
TCK HaxoauTcs B coctosiHuy nor. «0» Bo Bpems nepexoaa 0 — 1 Ha Bxoae -RST/NMI
(npouenypa aktueuzaumn BSL, cm. puc. 3). Takas cxema akTUBMU3aLMY NOBbILIAET
HanéXHoCTb 3anycka BSL.

e ey AT
(_;%() H ‘rHaH_aJ'IO_D;G(;T_bI ;ar;)ya_qm:(a -BS_L _______
LT

Pue. 3. Mpoueaypa akTuen3aumn BSL ¢ ncnonb3oBaHnem 060c06/eHHbIX BbIBOLOB JTAG
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Pexxum BSL He 6yfeT akTuBu3npoBaH (¢ agpeca sekropa copoca BSL RESET)
B TOM CIly4ae, ecnu:

e [IpucyTcTByeT MeHee 2-x ppoHToB 1 — 0 Ha BXoae TCK Bo Bpems nor. «0»
Ha Bxoje -RST/NMI

e Bxon TCK HaxomuTcs B COCTOSHMM or. «1» BO Bpemsi mepexoga 0 — 1 Ha
Bxoae -RST/NMI

e Pecypcbl MSP430 yxxe KoHTponupytotcs Yepe3 uHtepdpeiic JTAG

o Hanpsbxenme nutanns VCC «npoceno» Huke JoNyCTUMOro YPOBHS, HYTO Bbl-
3BaJ10 C6pOC no BKK4eHNo (POR)

e Bxop -RST/NMI ckoHdpurypupoBaH kak NMI (yctanosneH 6ut NIMI)

3. Mpotokon YANMN (UART)
Vicnonb3ayembliit B 3TOM criy4ae npotokon YAITT umeeT criefytoLLme napameTpbi:

e CkopocTb 06meHa 9600 604, pexxum nonyaynnekc (OAMH NepesaTyuk B -
00l MOMEHT BPEMEHN).

o CTapToBbLIN 61T, 8 6GUT JaHHbIX (NepebiM nepeaaércs M3P), 61T KOHTPONA Mo
4éTHoCTY (even), 1 cTon-6uT.

e VCcreLUHbIn Nprém NOATBEPXAAELTCA Nepeaadeil COOTBETCTBYIOLLEr0 CMMBONA
(acknowledge).

Mpumeyanue:

Yecnonb3oBaHne ckopocTest 06MeHa Bbilue, yem 9600 604 MOXET MPpUBECTH K
c60aM B CBA3N MO0 OLLINOKAM 3anucu ¢heLL-namsaTi U3-3a HecobI0AeHNs Bpe-
MeHHbIx napameTpoB. @neL-namsTh B PE3YNbTaTe 3TOr0 MOXET ObITb N04BEPrHy-
Ta HEAOMYCTUMBIM Harpy3kam, a onepauyny CTupaHus/3anicu He 6yayT HafgéxHo
BbIMOJTHATHCA.

4. NocnepoBaTeNbHOCTb CUHXPOHU3ALUM

Mepen nepepayei Nto6oi U3 KOMaHL, cneayet otocnarb B BSL cumBon cuHx-
poHuzaummn (SYNGC), paBHbin 80h. 3TOT CMBOM HEOOXOAMM LIS BbIYUCNEHUS TPe-
OyeMbIX BHYTPEHHIX NapameTpoB, onpeaenatoLmx speMeHHble napametpbl YA n
CTMPAHWS/NPOrpaMMUpPOBAHIA (hreLl-NaMaTi. 31a onepawus hopmMupyeT OnopHoe
cuctemHoe Bpems BSL.

[Hanee, BSL otnpasnset cumaon noateepxxaeHns DATA_ACK = 90h, coobLuato-
LLWiA 06 yCMeLwHoM npuéme.

Mpumeyanue:
CUMBOT CUHXDOHM3ALMN HE BXOAWT B [0C/EA0BATENbHOCTL AaHHbIX Data
Frame, onvcaHHyo Huxe.
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5. Komanpbi

CyLLECTBYIOT f1Ba TMNa KOMaHZ: TpeoytoLLme v He TpebytoLLme napons. Bee Ko-
MaHzbl, NOTEHLMANBLHO [ONYCKAMOLLNE NPAMOIA AN KOCBEHHbIA AOCTYN K AaHHbIM
3aLLULLEHbI NapoNem.

5.1. Hesalyniéxnble KOMaH bl

o [IpUHATL Naposb

e [ToniHOE cTMpaHKe (CTUPAET BCH (hMeLL-NamMATh, Kak OCHOBHYIO, TaK U NamsTb
[aHHbIX)

e CunTarb Bepcuio BSL (komanga nopgepxmsaercs B BSL Bepcun V1.60 unn
BbiLLe, NGO B 3arpyxaemoii sepcuu BL_150S_14x.txt)

e CMeHUTbL CKOpoCTb 06MeHa (Komanaa noaaepxusaetcs B BSL sepcum V1.60
Unu BbILLE, NGO B 3arpyxaemoil Bepcun BL_150S_14x.xt)

52. Komanppl, 3awnuyénnbie naponem

e [IpnHATL 610K JaHHbIX A9 NporpaMmmpoBanna drew-namsaT, 03Y nuéo
nepucepuitHbIX MOAynen

o [lepenatb 610K JAHHbIX

o CTEPeTb CerMeHT

e [IpoBepka cTupaHus (komaHga nognepxusaercs B8 BSL sepcumn V1.60 nnu
BblLLIE, 1IM60 B 3arpyxaemoit Bepcuu BL_150S_14x.ixt)

e 3arpy3utb NPOrpamMmMHbI CHETYMK U 3aMyCTUTb MOSb30BATENLCKYIO NPo-
rpammy

6. Mpouecc nporpaMmmupoBaHua

Mpouecc 3anucn (komanga «MpuHaTb 610K AaHHbIX» (RX data block)) Bo
new-namatb, 03Y unn B nepucpepuiiHble MOAYNN BbINOMHAETCA B PEXUME pe-
anbHOro BPeMeHW. 3T0 03Ha4yaeT, 4To 6ailT NNBO COBO [aHHbIX 06pabaTbiBaeTCcs
HENOCpPe[CTBEHHO CPa3y MOCMe WX MPUHATKSA, @ MPOLIECC 3anucil 3aBepLUaeTcs [0
TOr0, Kak NOSIHOCTBIO NPUHSAT CAeaytoLLniA 6aiT/cnoBo. Takum 06pa3om, 06LLee Bpe-
M$i 3aM1CK ONpeensieTcs CKOPOCTbI0 06MeHa, HIKakue cnocobbl 6ydepraaumm He
NPUMEHSIOTCA.

Bnokn aaHHbIX, pacnonoXeHHble BHE aApecHoii 06MacTn qneLl-namsTy, cHu-
TaTCa 3arpyxaembiMit B 03Y unu nepudepuitHbie MOAYNM, No3TOMY 6UTbI JaHHbIX
KOHTPONS dhMeL-namMsaTi UTHOPUPYHOTCA.

Mpumeyanue:

lpu notepe cBasu no YAII B pesynetare noMex Ha JIMHUN JIN60 HapyLLeHn!
BPEMEHHbIX TPEOOBaHWi K nepefaqe 6/I0KOB JaHHbIX, 6ANHCTBEHHBIM COCOOOM
BOCCTaHOBJIEHNS1 0OMEHa SBJIAETCS MOBTOPHAA uHUYmam3auyns BSL.
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7. dopmar nocbiIKu

dopmar nocbINKN JaHHbIX, UCTONb3YEMbIA NMPOrpamMmMaTopom, NpescTasnaer
€000/ CTaHAAPTHbI nocnefoBatesbHbIA NpoTokon (SSP) dupmel Tl ans MSP430,
LOTMOJTHEHHDINA NpefBapsIoLLeli CUHXPOMNOCNEA0BATENbHOCTLIO (SS), KaK ObI0 onu-
CaHo Bbllwe. B Tabnuue 1 BSL aBnseTcs npuémMHUKOM.

OyeBuaHaa M30bITOYHOCTH HEKOTOPbIX MApPamMeTpOB SBNAETCA CNEACTBUEM
afantauuu nof SSP a TaKkxke Cyxut i akoHomun 06béma M3V 3arpysunka.

JononHuTenbHas WHGOpMauMs no CTaHAAPTHOMY MOCNEeA0BaTeNsHOMY Npo-
ToKOMy (SSP) cogepxutcs B LOKyMeHTe «[TpuMeHeHue nporpammbl HaqanbHoOM 3a-
rPy3kn B MUKPOKOHTpOMnepsl MSP430 ¢ doniaLu-namaTbio: NporpamMmmHble 1 anna-
paTHble npeanoxexus (sepcus B)», Application of Bootstrap Loader in MSP430 With
Flash Hardware and Software Proposal (SLAA096).

7.1. CTpyKTYpa faHHbIX

e [lepsble 8 6aiT (0T HDR go LH), KoTopble SBRAOTCA 0653aTeNbHbIMU (XX
03Ha4aET, YTO [aHHbIE HEe ABNAOTCA SHAYUMbBIMY).
e Heobs3aTenbHble 6aiiTbl AaHHbIX o1 D1 go Dn.
e [1ga 6aitTa (CKL n CKH) KOHTPOSIbHOW CyMMBbI (SIBNSOTCS HEOOXOAMMBIMN).
MoateepxaeHue oT BSL, Heo6x0auMoe Ans BCeX KOMaHA, KpoMe nepefaqu
6510Ka JaHHbIX 1 nepefayn Bepcun BSL.

7.2. KontponbHas cymma

16-6uTHaa (2 6arTa) KOHTPOSIbHAs CyMMa BbIYUCNSAETCS MO BCEM MPUHATLIM/
nepejaHHbIM 6antam B1 ... Bn B NoCbiIKe 32 UCKNOYEHNEM COOCTBEHHO BaNT KOH-
TPONbHOM CymMMbl MyTEM BbInONHeHUs onepauum XOR Hap onepaHgamu-CioBamu
(2 6ariTa) n MHBEPCUEI pesynbrara.

®dopmyna:

CHECKSUM = INV[(B1 + 256 x B2) XOR (B3 + 256 x B4) XOR ... XOR (Bn-1
+ 256 x Bn)]

nnn

CKL = INV[B1 XOR B3 XOR ... XOR Bn—1]; CKH = INV[B2 XOR B4 XOR ...
XOR Bn]
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Tabnnya 1. @opmar nocelikn KomaHg BSL

Mpunstas komanga BSLHDRICMD| L1 | L2 |AL |/AH| LL |LH|D1|D2.Dn|CKL CKH ACK

MpuHATL 610K faHHbIX D2..

(RX data block) 80 12 | n|n |AL|AH| n4 | 0 |D1 D4 CKL |CKH | ACK

MpuHATL Naponb D2..

(RX Password) 80 10 | 24|24 | xx | xx| xx | xx|D1 D20 CKL |CKH | ACK

Crepers cerme 80 | 16 | 04|04 |AL|AH|02/04|A5| — | — |CKL|CKH|ACK

(Erase segment)

Monoe crupatie 80 | 18 | 0404 |xx|xx| xx |xx|-| - |CKL|CKH|ACK

(Mass erase)

Mposepka CTupais 80 | 1C |04 04 |AL|AH| LL |LH| - | - |CKL|CKH|ACK

(Erase check)

CmeHnTs CKpOCT 06MEHa| gy | o | 04 | 04 D1 |D2| D3 |xx | - | - |CKL|CKH ACK

(Change baud rate)

lMepepatb 670K AaHHbIX

(T data block) 80 14 (04|04 |AL|AH| n 0] - — |CKL|CKH| -

OtBet BSL 80 XX | n|{n|DtD2.] ... |...|...|]...Dn |CKL|CKH| -

Mepeaatb Bepcuto BSL

(TX BSL version) 80 1E |04 {04 | xx [ XX | XX |XX|— — |CKL|CKH| -

Oteet BSL 80 | xx |10(10|D1D2.| ... |...|...|...D10|CKL|CKH| -
Mpumeyanue:

Bce yncbpei B TabnnLe — 6aiiThl B LLIECTHAALATEPUYHOM BULE

ACK nepegaétcs o6patHo o1 BSL.

CUHXPOMOCe0BaTe/IbHOCTb HE BXOAUT B O710K MOCHITKA.

KomaHge! «[poBepka cTupanusi» u «llepenatb Bepcuro BSL» He BXOAAT B CTaH-
AapTHbiv Habop komarg (V1.50 wm BbiLLe).

KomaHza «CMEeHUTb CKOPOCTb 00MEHa» He BXOAUT B CTaHAAPTHbIA HA60p KO-
mang (V1.60 wm Bbite n1n6o 3arpyxaempiii BL_150S_14x.txt).

A66pesuatypbl:

HDR DATA_FRAME = 80h o03Ha4aeT 0)upaetcs nocbiika AaHHbIX B COOT-
BETCTBMM CO CTaHAAPTHbIM MOCHeA0BaTeNbHbIM NPOTOKONOM (SSP) dhupmbl Tl ans
MSP430.

CMD WpeHTndonkatop KomMaHzp!

L1, L2 Yucno 6ait B nocbinke ot AL ao Dn OrpaHuyenms: L1 = L2, L1 < 255,
L1 4éTHOe.

AL, AH Azpec Hayana 6J10ka 160 agpec (NpoBepKM) 3anucu mbo aLpec nepe-
X0Aa, MNaaLLImnia/cTapLumnii 6anTbl

66 buénuoreka Komnana



Inasa 1. O1nnYnTENbHBIE OCOBEHHOCTH NPOrPaMMaTopa Ha OCHOBE 3arpy304HOrO...

LL, LH Yucno 6ainT fanubix (Makc. 250), nm60 nHdopmaums o cTupaHnm, mnag-
LumMiA/cTapLUniA 6aiTbl, NGO ANNHA 6/10KA NPOBEPKM CTUPaHUs (Makc. FFFFh)

D1 ... Dn baitTbl gaHHbIX

CKL, CKH 16-6uTHast KOHTPONbHAs CyMMa, MyaALwnii/cTapLunii 6anThbi

XX [1aHHbIe MOryT 6bITb J1H06bIMK

-- baiTbl fJaHHbIX HE NPUHUMAIOTCS W HE NepeaaroTes

ACK CvmBon nofTeepxaeHns, Bo3BpaLLaemblii BSL, MOXeT 6bITb 160

DATA_ACK = 90h: Bnok npuHAT KOPPEKTHO, KOMAaHAA BbIMOMHEHA YCMELLHO,
nm6o

DATA_NAK = AOh: HekoppekTHblil 610K (Hanpumep: oLwnbKa KOHTPOSbHOM
cymmbl, L1 # L2), Heu3BecTHas, HejonycTuMas iMbo BbINOSHEHHAs C OLUMOKamm
KOMaHfa.

n Yucno 6aiT B nocsinke ot AL 1o Dn

7.3. Komanpbi - peranoHoe onncanne
Cwm. Tabnuuy 1.

7.3.1. 06wMe nonoxeHus

Cnepytome 3a 6aiitom npeam6ynbl HDR (80h) n naeHTUOrKaTOpOM KOMaHbI
CMD, 6aitTbl fauHbl nocblnku L1 1 L2 (KoTopble JOMKHbI ObITb PaBHbI MEXAY CO-
6011) copepXxar Y1cno 6anT, cneaytoLwmx 3a L2, 3a UCKITHo4eHnem 6aiiT KOHTPONbHON
cymmbl GKL 1 CKH.

Baiitel AL, AH, LL, LH, D1...Dn 3aBucat 0T Tna komanapl. HecMoTps Ha aTo,
6anTbl KOHTpOsbHOM cymmbl CKL (Mnagwwin) n CKH (cTaplunit) sensiotcs 06s3a-
TeNIbHbIMN.

Ecnu nakeT AaHHbIX NPUHAT KOPPEKTHO 1 BbIMOMHEHNE KOMaH/bl 3aBEpLLEHO
ycnewHo, BSL Bo3spatuaet cumson noareepxaeHns DATA_ACK = 90h. Mpu Hekop-
PEKTHO MPUHSATBIX MOChINKAX, ONepaLusx, He 3aBepPLUEHHbIX YCNELIHO, 3anpeLLHHbIX
11 HeonpeaenéHHbIX KomaHaax Bo3spataetcs cumson DATA_NAK = AOh.

Mpumeyanue:

Bepcun BSL, Hmke, yem V1.30 nofaepxuBaroT 101bk0 6anlToBble onepalum
Joctyna. V13-3a atoro, nepugpepuiiHbie mogymm ¢ agpecamu 0100h-01FFh Hego-
CTYIHbI, T.K. OPUEHTUPOBAHbI HA [10-C/I0BHBIN JOCTYI.

HaduHas ¢ Bepcuu V1.30 agpeca 0000h—00FFh gocTynHbl no6aiTHO; BCe OC-
TanbHbIe JOCTYMHbI NO-CMOBHO.

7.3.2. MpunaTb 6nok panHbIx (RX Data Block)

KomaHpa «[puHATb 6510K JaHHbIX» UCMONb3YETCS 1 BCeX onepauuii 3anucu
BO hnewl-namstb, O3Y Nn6o perncTpbl KOHTPOA NepUGEPUnHBIX MOLYMEeNA No aj-
pecam 0000h—-01FFh. KomaHaa 3aLumLLeHa naponem.
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16-0MTHBIV 4ETHLIN agpec Hadana 6roka 3afaércq 6anTamu AL (MnaaLumin) u
AH (cTapLumi).

16-61THaq 4éTHaq AnuHa 6r10ka onpegenaercs 6aitamu LL (mnagwmin) u LH
(cTapLunit). Beuay TOro, 4To 4ncno cO6CTBEHHO 6ANT AAHHbIX OrpaHu4eHo o 250,
LH Bcerga paseH 0.

Mocneaytowine 6aiThl JAHHbIX 3aBepLUAIOTCA GalTamMu KOHTPOSIbHONM CyMMbI
CKL (mnapwwi) n CKH (ctapiunit). Ecnu npném n nporpamMmnpoBaHine CoOOTBETCTBY-
toLLero 6510Ka aHHbIX 6blnn yenelwHbIMy, BSL nepefaét cumBon noaTBepXaeH!s
DATA_ACK. B npoTusHom cnyyae BSL Bo3spatiaet DATA_NAK.

Mpumeyanue:

Bepcun BSL V1.40 n BbiLe nogaepxuBaroT BEPUMDUKALNI B PEXUME Peasb-
Horo Bpemeru BHyTpU MSP430 ansa agpecos 0200h—FFFFh, 4to Ha 50% cHmwxaet
BPeMS nporpaMmupoBaHns/BepUUKaLy.

B cnyyae owwnbKy 3arpyxxaemas Bepcus NporpamMmmaropa Ha 0CHOBE 3arpy304-
Horo cektopa BL_150S_14x.txt RONONHNTENLHO COLEPXUT aAPecC NepPBO HEKOPPeK-
THO 3anucaHHol s4eitkn +3 B 6ydepe 03Y no agpecy 0200h (nu6o 021Eh ans MK
cemeiicTsa F14x).

7.3.3. MpunsaTb naponb (RX Password)

Komanpga «[puHaTb Naponb» UCNONb3YeTCs AN CHATUSA 3aLLUTbI C KOMaH[, 3a-
LLMLLEHHBIX NApOneM, BbINOMHAIOLLMX YTEHIE, 3an1Chb NOO NMOCEKTOPHOE CTUPaHIe
namsTin. [JaHHas kKoMaHaa naponem He 3alLuLLEHa.

CTapToBbIit aapec, paBHO Kak AnvHa 6noka, Ans 4aHHOW KOMaHAbl He TPebytoT-
¢4, T.K. 32-6aiTOBbIA Naponb BCeraa pacnonoxeH no agpecam FFEOh—FFFFh. baitbl
JaHHbIX 0T D1 no D20h comepxxart naposb, HaquHarowmidcs ¢ D1 no agpecy FFEOh.

Ecnu npuém n Bepudnkaums napons BbINOMHEHbI yenewHo, BSL Bo3spaluaet
noateepxxaeHne DATA_ACK, a KomaHabl, 3aLLuLLEHHbIE Naponem, pasbnoknpyTcs.
B npotnBHom cnyyae, BSL Bo3spataet DATA_NAK.

OpHOKpaTHas pa3b0KNPOBKa 3aLLULLEHHBIX KOMAHA COXPaHAET CBOE AeiCTBIE
BNIOTb [0 CNEeAyHLLEei nHuupnann3aumm ceccum BSL.

7.3.4. TlonHoe cTupanue (Mass Erase)

KomaHpa «[TosnHoe cTupaqme» npou3BOANT CTUPaHUE BCeil 061acTh doneLu-na-
MATU (OCHOBHaA MamsATh MOC UHAOPMALMOHHAS NaMATb, CM. COOTBETCTBYIOLLYHO
JOKYMeHTauuo). KomMana He 3aLmiLeHa naposiem.

Bce napametpsl, ykasaHHble B Tabnuue 1, aBnswTcs 06s3atenbHbiMu. ocne
cTupanus BSL Bo3spatuaet cumson noareepxxaeHuns DATA_ACK.

[MonHoe CcTMpaHue WHULMAnM3upyeT 061acTb Napons co 3HadeHnem 32 6aita
OFFh.
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7.3.5. CtepeTb cermeHT (Erase Segment)

KomaHpa «CTepetb CermMeHT» Npou3BOAUT CTUPaHUE ONPeaeNéHHbIX CermeH-
TOB (p/1eLU-NamMAaTi 1 ABNIAETCA 3ALLUMLLEHHON Naponem.

banTbl agpeca AL (Mnagwuit) n AH (cTapLuuiz) onpeaensitoT COOTBETCTBYHO-
LMt cermeHT. KOppeKTHbIM fBNSieTCS J10601 YETHBIN afipec B Npefesiax CermMeHTa,
npeAHasHa4eHHoro K ctupaxmio. Mo 3asepLueHun onepaunm BSL (V1.40 unu Huxe)
Bo3BpaLLaet cumeon noareepxaeHus DATA_ACK.

BSL Bepcuii V1.60 nnu Bbille BbINOMHAET aBTOMATUYECKYHO NPOBEPKY CTUPa-
HUS COOTBETCTBYtOLLEro cermeHTa W Bo3spallaeT DATA_NAK, ecnu ctupaHue He
ObIS10 BbIMOHEHO YCNELLIHO. B aToM cnyyae, agpec +1 nepBoro HeCTEPTOro CermeHTa
xpaHutcs B 6ychepe B 03Y no agpecy 0200h (unn 021Eh gns cemerictea F14x).

CtupaHue cermenTa 0 o4uLLaeT 0651acTb Napons, Takum 06pasom, Naposib npu-
HUMaeT 3Ha4eHne 32 6aita OFFh.

3apanue LL = 0x04 n LH = OxA5 npuBoAnT K NOSTHOMY CTUPaHWUO OCHOBHOM
namsTi.

BbinonHeHne Takoi KOMaHpbl AOMKHO BbITb MOBTOPEHO Kak MUHUMYM 12 pas,
4yTo6bI 06€CneYnTb 06LLee Bpems cTupaHus He MeHee 200 mc. lMocneayrowias as-
TOMATUYeCcKas NPoBepKa CTUPAHUS He NPOM3BOANTCS, CiedyeT AONONHUTENBHO UC-
nosib30BaTb komManmy «lposepka cTupanus» (Erase check).

Pa36uBka namatit MUKPOKOHTponnepoB MSP430Fxxxx no cermMeHTam BbIrns-
QNT CrefytoLwmm 06pasom:;

OFEQOOh - OFFFFh: CermeHT OCHOBHOM INIaMSITHU
O0FCO0Oh - OFDFFh: CermeHT
OFA0OOh - OFBFFh: CermeHT

0F800h — OF9FFh: CermeHT

WN RO

01200h — 013FFh: CermeHT n-1

01100h — 011FFh: CermMeHT n

01080h — 010FFh: CermeHT A MHOOPMAIMOHHOM NAMSITU
01000h — 0107Fh: CermeHT B MHOOPMAIMOHHOM IaMSITU

7.3.6. Nposepka ctupanus (Erase Check)

KomaHnga «[TpoBepka cTupaHus» NpoBepseT CTUPaHne (reLl-naMaTi B npese-
nax 3aaHHOro Amanas3oHa agpecos. KomManaa 3alluileHa naposnem.

16-6UTHbIA CTApTOBbIN aapec 6510ka onpenensercd 6artamu AL (MnagLwmi)
n AH (cTapwmwit). 16-6uTHas anuHa 6rioka 3apaérea 6amramu LL (Mnagwwin) n LH
(cTapLuuii). 06a MOryT BbITb KaK YETHBIMI, TaK U HEYETHBIMU L1151 06ecrneyeHuns npo-
BEPKM rPaHuLbl YETHOCTM.
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Ecnn npoBepka CTMpaHWUs COOTBETCTBYHOLLErO 6JI0KA BbIMOSIHEHA YCMELIHO
(ce 6anTbl umetoT 3HaveHue OFFh), BSL Bo3Bpallaet cumBos NOATBEPXAEHUSA
DATA_ACK. B npotnsHom cny4ae, BSL Bosspaiyaer DATA_NAK v nepBbiii HeCTEp-
ThIi agpec +1 coxpansetcs B 6ycpepe 03Y no agpecy 0200h (unu 021Eh ans ce-
meiicTea F14x).

Mpumevanue:
31a KomaHga He BXOAUT B HAO0P CTaHAAaPTHbIX KoMarg. OHa BK/04eHa B BSL,
Ha4nHas ¢ Bepcun V1.60 u B 3arpyxaemyro Bepcuto BL_150S_14x.ixt.

7.3.7. CmeHuTb cKopocTb 06meHa (Change Baud Rate)

Komanga «CMeHUTb CKOPOCTb 06MeHa» No3BOMSET BECTI 06MEH HA CKOPOCTSX,
BbiLLe, Yem 9600 60[, ABNSAIOLLEACS CKOPOCTbO 06MEHa N0 YMOMYaHUI0. YCKOpeH-
HbIi 06MEH AaHHbLIMY NO3BOMIAET YKOPOTUTL LMKIbI NPOrPaMMUPOBaHMS, YTO BOKHO
ONs YCTPOWCTB ¢ 60MbWIMM 00LEMOM (hrewl-namsaTin. 3Ta KOMaHAa He 3aliuLleHa
naponem.

Tpu 6aiita ot D1 go D3 onpenenstoT Bbl6Mpaemyto cKopocTb 06meHa. D1 n
D2 onpepensatot ckopocTb npoueccopa (f > fmin), D3 KocBeHHO 3aaéT 4acToTy re-
Hepatopa KoHTponnepa dnew-namatu (fFTGmin < fFTG < fFTGmax) cnefyrowwmm
o6pasom:

Fixx: VYnpasnsioLLmii PerncTp 0CHOBHOrO MoAyns TakTuposaHua (Basic clock module)
D1 " |DCOCTL (DCO.2 ... DCO.0)

Fdxx: |VYnpasnstoLmin peructp ymHoxutens yactotbl FLL+ SCFIO (D, FN_8 ... FN_2)

Flxx: YnpasnsroLwmin perucTp 0CHOBHOro Moayns Taktuposanus BCSCTL (XT20ff, Rsel.2
D2: " |... Rsel.0)

Fdxx: [Ynpasnatowwmin pernctp ymHoxutens sactotel FLL+ SCFI1 (NDCO)

0: 9600 607
D3: 1: 19200 60p
2. |38400 6op

Mocne npuéma 3ToM KOMaHAHOI nocneoBaTeNbHOCTM BSL Bo3BpaLLaeT cum-
Bon nogreepxaeHnst DATA_ACK Ha ckopocTi 06MeHa, COOTBETCTBYHOLLEI BbIOPaH-
HoW. [ns nporpammbl 06MeHa, paboTatoLeid ¢ BSL pekomeHayeTcs BblAepKMBaTh
naysy (npumepHo10 Mc) Mexay CMeHOI CKOpocT 06MeHa 1 nocrefyroLm obme-
HOM J@HHbIMM 15 CTAbMAM3aLMA CUCTEMbI TAKTUPOBAHUS.

Mpumeyanue:

BepxHsis MakcumanbHo 4OMYCTUMAs CKOPOCTb 0OMEHA 3aBUCUT OT PA3/INYHbIX
napameTpoB CaMoii CUCTEMbI U OKPYXArOLLENA CPELbl, TAKUX, KaK HanpsyKeHne -
TaHus, ANana3oH TeMneparyp U MUHUMATbHON U MaKCUMAabHO Paboyes 4acToTbl
npoueccopa. CM. JOKYMEHTALNIO Ha KOHKPETHbIN MK.
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Mpumeyauue:
31a KomaHzAa BXoAuT B Habop KkomaHg BSL, HauuHas ¢ Bepcum V1.60 u B 3arpy-
Xxaemyro Bepcuto BL_150S_14x.ixt.

Tabnnya 2. Pexomergaymn ans MSP430F149 [F449]

(T, =25°C,V = 3.0B,1 = 6.7 MIy) (cm.[2])
Bpems
Cropocts | _ ‘:]a':::: , | D1DCOCTL | D2 BCSCTLY D3 "g:;ﬂ:;"/’;:
o6MeHa, | _TDUECCOp SCFI0 SCFI1 p -
e F . (Mru) (cm. (em. (1) (em. 1) (cm. [1]) puthukaumum
[4]) ’ ' 60Kb (cek.)
(cm. [3])
9600
(evanoHas) 1.05 80 (00) 85 (98) 00 (00) 78+3.7 (0.0)
19200 2.1 E0 (00) 86 (B0) 01 (01) 39+3.7(2.4)
38400 42 E0 (00) 87 (C8) 02 (02) 20+3.7 (2.4)

[1] D1...D3 - 6aitTbl B LWeCTHALLATEPUYHOM BUE

[2] 3Ha4eHuns B ckobKax () npueedeHsl Ans npoueccopa MSP430F449.

[3] JononHutenbHble 3.7 (2.4) CeKyHb! CBA3aHbI C 3arpy3Koil, BepudukaLimei
11 3anycKoM 3arpy»aemoro BSL.

[4] MuHMManbHas YacToTa NPoLEccopa MeHblUe, Yem B cTaHAapTHoM BSL M3Y
(cm. Cratyc nocne nHULmManusaunn, rmasa 12.3).

7.3.8. 3arpy3utb nporpammHblii c4éTunk (Load PC)

KomaHaa «3arpy3uTb NporpaMMHbIi CHETYMK» HEMNOCPECTBEHHO 3arpy)xaeT B
nporpamMmmHbIii cHETYMK (permcTp RO) ntoboe 3Ha4eHne B Npeenax BCero afpecHoro
npocTpaHcTBa. Koman[a 3allmiieHa naponem.

lMocne npuéma faHHO KOMaHAHOI nockinku, BSL Bo3BpallaeT cumBon noj-
TBepxaeHns DATA_ACK.

[Tocne 3Toro, BbIGPaHHbIA afiPec 3arpy>aeTcs B NPOrpaMmHbIiA CHETHMK. Haum-
HAeTCs BbINOSIHEHWE NPOrPaMMBbl C 3TOr0 afpeca, a ceccust BSL npepbiBaetcs.

CnenyeT y4nTbIBATD, YTO 3aLLMTA NAPOSIEM B 3TO BPEMS YKe He [IeNCTBYET.

7.3.9. Mepepatb 6nok AauHbIX (TX Data Block)

Komanpga «[lepefatb 650K AaHHbIX» UCMOMb3YETCA [N OCYLLECTBMEHMUS One-
pauun 4teHus u3 dneww-namati, 03Y, nM60 PerucTpoB KOHTPONA NepudepuiiHbIX
moayneii no agpecam 0000h—01FFh. KomaHaa 3alumileHa naposem.

16-0MTHbIV CTapTOBbLIN agpec 6r10ka onpegenserca 6aintamu AL (MnagLuni)
n AH (ctapwui). 16-6uTtHas anuHa 6noka 3agaérea 6antamu LL (mnagwwin) n LH
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(cTapLunit). 3-3a Toro, 4To H4Mcno 6aiT JaHHbIX orpaHuyeHo go 250, 6aiT LH Bcerga
paseH 0. B KOHLE NOCbIKK nepepatoTcs 6aiTbl KOHTPONbHON cyMMbl CKL (mnag-
wui) u CKH (cTapLumi).

B oTBeT Ha koman/y BSL Bo3BpaLLiaeT 3anpoLLeHHbI 610K JaHHbIX. [locne ne-
pefadn HDR, He3Hadawero CMD, L1 v L2, BSL nepenaét 6aiTbl AaHHbIx ot D1 o
Dn, 3aBepLuarowymecs 6ainTamu KOHTpOsIbHOM cymMmbl CKL (mnagwmin) u CKH (ctap-
wmit). CuMBON NOATBEPXKIEHUS B JAHHOM Cry4ae He TpebyeTcs.

7.3.10. Nepepatb Bepcuto BSL (TX BSL Version)

Komanpa «[lepenatb Bepcuto BSL» B0o3BpaLLiaeT nosib30BaTesio MHgopmMaLio
06 naeHTUdMKaTope Y1na 1 NporpamMmHyt0 Bepcuto 3arpysduka BSL. MMapons ans
[aHHOI KOMaHAbl He TpebyeTcs.

3HaueHns AL, AH, LL, n LH moryT 6bITb 106bIMIA, HO, BCE PaBHO, AO/MKHbI ObITh
nepefadsl ans obecrnedeHuns Tpe6oBaHNii npoTokKona. Mockika 3aBepLuaeTcs banTa-
MU KOHTpOsbHOI cymmbl CKL (Mnagwwumit) n CKH (ctapLumi).

Mocne atoro, BSL Bo3BpaLLaeT 610K AaHHbIX AuHOA 16 6aiT. CHavana nepe-
naérea HDR, noTom HesHayawme napameTtpsl CMD, L1 v L2, nocne 4ero BSL nepe-
cbinaet 6aiTbl AaHHbIx 0T D1 o D16 (BecATUYHbIX), 3aBepLUAETCS NoChInka 6anTamu
KOHTpOnbHOI cymmbl CKL (Mnazwwmit) n CKH (ctapumi). CMBon NoATBEPXKAEHMS B
JIAHHOM Cy4ae He TpebyeTcs.

bainTbl D1, D2 n D11, D12 (mecatnyHble) cofepxxar creyuanbHyto nHgopma-
LuHo:

DI1: Tun cemericTBa (crapumrs 6anT)
D2: Ty cemericTBa (MIanumii 6aiT)
D11: Bepcwms BSL (crapupmi 6anT)
D12: Bepcms BSL (mmangmpai 6amiT)

OcTanbHble 12 6aiiT cofepxat MHAopMaLOANS CNyXXe6HOro nosib30BaHus.

8. 3arpyxaembie BSL

[1ns noBbILLEHUS OYHKLMOHANbHBIX BO3MOXHOCTEN BSL, nHoraa 6biBaeT yao6-
HO 3arpy3nTb 60nee ceexxyto Bepcuto BSL B O3Y ycTpoincTBa ¢ Lienbi MCNOoNb30Ba-
HWS1 AONOMHUTENbBHbBIX BO3MOXHOCTEA. 3TO OCYLLECTBASETCA NYTEM nepeaayn cne-
AyoLLmMX KomaHa BSL:

e [Tpunate naponb (RX password) (CHATL 3aLuMTy Naponem s HKecneLyo-
LLUMX KOMaHL)

o [IpuHATb 610K AaHHbIX (RX data block) (kog 3arpyxaemoro BSL, cTapToBblil
anpec > 220h)

e [lepefatb 6rok fanHbix (TX data block) (ans sepudhmkavmm)

o [IpuHATbL 610K aaHHbIX (RX data block) (nepenatb cTapToBbIn agpec)
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e 3arpy3nutb nporpammHblin cyétyuk (Load program counter PC) (3anucatb
CTapTOBbIN afpec 3arpyxxaemoro BSL)

e [1puHATL naponb (RX password) (CHATb 3aLuMTy naposieM Ans 3arpy>KeHHoro
BSL)

e BbINoHUTB N06YI0 KOMaHAY (MCNosb3ys 3arpy»KeHHblit BSL)

JocTynHbl cnepytowime Bepcum 3arpyxaembix BSL:

e BL_150S_14x.txt 910 nonHbii BSL ans cemeiict F14x/F13x ¢ npowuTbim
BSL Bepcum 1.10. TMopmepxuBaer Bce (PyHKUMM 3arpy3dmka BSL Bepcun
V1.60. Beugy Toro, 4to pa3mep kofa npesbiiaet 1 Kb, a10T 3arpy34mnk Mox-
HO mcnonb3oBath ToMbKo ¢ MK cemeiicts F1x8 n F1x9. Agpec 6ydepa owuu-
60K Ans Komanp «Mepegatb 6510K» («RX Block»), «GtepeTb cermeHT» («Erase
Segment»), n «[Tpoepka ctupanus» («Erase Check») — 021Eh. BL_150S
14x.txt Takke MOXeT Ncnosnb3osatbes B3ameH PATCH.ixt.

e BS_150S_14x.txt 370 ype3aHHblit BSL ¢ HenonHbIM Habopom KOMaH[ ans ce-
mencTB F14x/F13x ¢ npoLumtoit Bepcuert 3arpysyuka BSL 1.10. Tak kak pasmep
KOZa He npeBbILlaeT 512b, aT0T 3arpy34mK MOXXHO UCMOJb30BATL COBMECTHO C
nobbIMK ycTpoiicteamm ot Fi1x4 no F1x9. Mopaepxusatotcs credytoLne Ko-
MaHzpl 3arpy34uka BSL Bepcumn V1.60: «CmeHnTb ckopocTb 06MeHa» (Change
Baudrate), «[puHsTb 6510K» (RX Block) (¢ BepudukaLmeil B pexxrme peaibHOro
BpemeHn), «[Tposepka cTupaHus» (Erase Check) u «3arpy3uTb NporpammMHbIi
cyétunk» (Load PC). Ecnn Tpebyetcs komaHga «[lepepatb 6nok» (TX Block)
(nepenanpasnsiemas K BSL, npowwtomy B M3Y), (Hanpumep, ans nepegadu
a[pecoB OLWUGOK unu Bepudukaumn) 3arpy34uk BSL gomkeH 6biTb N0 HOBOW
3anyLieH 13 03Y ¢ NOMOLLBI0 KOMaHAb! «3arpy3uTb NPOrpaMMHBIA CHETHUK>
(Load PG). Anpec 6ychepa owunbok ans komaHg «lepegatb 610k» («RX Block»)
1 «lposepka cTupaHus» («Erase Check»)— 021Eh. BS_150S_14x.ixt Takxe
MOXET ObITb MCMOMb30BaH B KA4€CTBE YacTUYHOIA 3aMeHbl Ans PATCH.xt.

Mpumeyanue:
aponb He Tpebyetcs, komaxaa «[IpuHATb naposnib» oTcyTCTBYET!

bonee noapo6Has uHgopmauus no 3arpyske pasnnyHbix Tunos BSL, cm. npu-
Mep npuMeHeHns «[puMeHeHne NporpaMmbl Ha4albHOW 3arpy3kn B MUKPOKOHT-
ponnepbl MSP430 ¢ donaw-namsaTbio: NPOrpamMMHble U annapatHble NPeanoXeHus
(Bepcus B)» (Application of Bootstrap Loader in MSP430 With Flash Hardware and
Software Proposal) (SLAA096).

[MporpammHoe 06ecrneyeHne TPEeTbUX PUPM 06bI4HO UCMONb3YET 3arpy>Kaemble
BSL ans o6ecneyeHns MakcuManbHOM GYHKLMOHASIbHOCTY, B YaCTHOCTU, UCMOSIb30-
BaHUS BepUAMKaLMN B PEXUME PealTbHOr0 BPEMEHH, W /151 MOBbILIEHUS CKOPOCTH
npu paboTe ¢ COOTBETCTBYHOLLMMM YCTPONCTBAMU.
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9. Bbixop u3 BSL
CywiecTBytoT 2 cnocoba BbIxoaa u3 pexxuma BSL:

o MUKPOKOHTPOINEP NPOLOKAET PaboTy C ONpeaenéHHOro aapeca, 3aaaBa-
eMOro KOMaH/0ii «3arpy3uTb MPOrPAMMHBIN CHETYMK>. CrefyeT Y4UTbIBATb,
YTO 3aLLUTa NApONeM B 3TO BPEMS YXKe He [IeCTBYeT.

e BbinonHuTh cTangaptHyto npoueaypy RESET (cm. Puc. 1), 4To npuBenér K
BbINOSIHEHUIO MUKPOKOHTPONIEPOM MPOrpammbl CO CTaHOAPTHOr0 ajpeca
BekTopa coépoca OFFFEh.

10. 3awmra naponem

3alumTa naponem 3anpeLyaeT BbiMNOsHeHNe N060A KOMaHAbl, NOTEHLMANBHO
JONyCcKatoLLLeil HenoCPeACTBEHHbIA TN KOCBEHHbI AOCTYN K AaHHbIM. be3 npea-
BapUTENTbHOrO NpUEMA KOPPEKTHOrO Napons nocne akTnemsauun BSL, moryT 6bITb
BbINOJIHEHbI TOJbKO HE3ALUMLLEHHBIE NAPOeM KOMaH[bl, Takue, Kak «[ofHoe CTu-
paHue» 1 «[TpuHATb Naponb>» (OnNuMoHansHo — «Mepedatb Bepcuto BSL» n «Cme-
HWUTb CKOPOCTb 06MEHa»).

BbinonHeHne komaumbl «[TpuHATL Naposb», CONPOBOXAAEMOE Nepejayeil Kop-
PEKTHOr0 Napons pasbriokMpyeT BbINOHEHNE 0CTNIbHbIX KOMAHA,

[enctene pa36bnoKMpPOBKN COXpaHAETCS BNIOTb A0 CleAytoLLen uHuunannaa-
unn ceccun BSL. Onepaums copoca (-RST/NMI =0 — 1, VCC =0 — 1) He 0ka3bIBaeT
BAMSAHUA HA (DYHKLIY 3aLLNTI.

Maponb npefcrasnser co6oi 3Ha4eHne 16-Tu BEKTOPOB MpepbIBaHNiA, pacno-
NOXEHHbIX No agpecam ot FFEOh go FFFFh (256 6uT), Ha4uHas ¢ nepeoro 6anta no
agpecy FFEOh. Mocne BbinonHeHus npouenypbl «[1ofHoe CTupaxne» 1 B He3anpor-
PaMMUPOBAHHBIX YMNax 3HA4eHNe Napons COCTONUT U3 BCeX Jior. «1»

Mpumeyanue:

[onb3oBartenb [40KeH 06palLatb BHUMaHUE Ha TOT (hakT, YTO naposib 6yAeT
W3MEHEH B CIly4ae W3MEHEHUSI BEKTOPOB MPEPbIBAHNI U NHNLMATIN3ALNN CRIEAYIO-
1jevi ceccum BSL. Kpome 3T0ro, HacTosTeIbHO PEKOMEHYETCA MHNLNATIN3UPOBATh
HEeUCroNb3yeMble BEKTOPA NIPEPbIBAHNI /15 [TOBbILLIEHNS 3aLUNTbI AHHBIX.

11. MpepoxpanuTtenn 3awmTbl AaHHbIX (Code Protection Fuse)

Mocne Toro, kak npegoxpanutens JTAG (code protection fuse) nepexokéH, noc-
nepyrowmnin goctyn K dyHkumn JTAG/test HeBO3MOXEH. EAMHCTBEHHbIM CNOCO6OM
[0CTyNa YTeHNS/3anuciy K NnamaTi BASETCA UCMOMb30BaHNe NPorpammMaropa Ha oc-
HOBE 3arpy304HOro CeKTopa C nepefadeil KOPpPEKTHOro napons.
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Mpu aTom, nepexxuranue npegoxpanutens JTAG nocpenctsom BSL HeBO3MOX-
HO. Ecnu TpebyeTca nepexkuraHue npepoxpaHuTens, cneayeTr UCMnosb3oBaTb Mpo-
rpaMmumpoBaHue Yepes nHtepgelic JTAG.

12. BHyTpEeHHWe HacTPoiikn U pecypcbl BSL

HuxecnefytoLme naparpadobl ONUChIBAIOT BHYTPEHHNE HACTPOIKN U PECYPChI
BSL. Beuay T0ro, 4to oanHakoBble MK MOryT CyLIECTBOBATb C Pa3n4HbIMU MPO-
lwnTbiMK Bepeuamu BSL, ang nporpammbl, paboTatollein ¢ BSL, TpebyeTcs 3HaTh
COOTBETCTBYHOLLIE HACTPOWKI 1 PECYPChI, KOTOPbIE MOFYT 3aBUCETb KaK OT TUNa yCT-
poiicTBa (Hanpumep, Ha3Ha4eHKe BbIBOAOB RX/TX) Tak 1 0T Bepcuun BSL (Hanpumep,
No6anToBbIA/NOCNOBHLIA AOCTYN). PasnnyHble BOSMOXHbIE KOMOUHALWN NapameT-
pOB GYAYT PaCCMOTPEHbI HIKE.

12.1. Upentngbnkatop ynna n Bepeus BSL

Crapwue 16 6aiiT B M3Y 3arpy34uka (no agpecam OFFOh—OFFFh) copepxat nH-
thopmaumio 06 yCTPOICTBE 1 Bepcum 3arpy3yinka BSL B ABONYHO—AECATUHHOM BUAE.
970 cnpaseanmeo ans Beex BuaoB MK v Bcex Bepcuii BSL:

e OFFOh-OFF1h: VpeHtndomkartop 4mna (Hanpumep, F413h ana MK cepun
F41x).

e OFFAh-OFFBh: Homep Bepcum BSL (Hanpumep, 0130h ans Bepcum BSL
V1.30).

Cm. TaKxe Tabnuuy cooTBeTCTBUS Mexay cemencteamun MSP430 n Bepcueit
BSL B Mpunoxexun A.

12.2. Bektopa
CrapToBast 4yacTb [13Y 3arpy3unka COAepXXnT BEKTOPa NPOrpaMMHOro BbI30Ba:

¢ 0C00h: BekTop fns «xonofHOro» 3anycka (MHemoHuka: BR &0C00h) \

e 0C02h: Bektop ans «ropsyero» 3anycka (MHemoHuka: BR &0C02h). Bepcus
V1.30 unu Bbiwwe. \

¢ 0C04h: Bektop(a) ans 6yayLuero mcnonb3oBaxus. Tabnuua MoXeT 6bITb pac-
LumpeHa. \

12.3. CTatyc nocne nHuYnanm3aymm
Mocne nHnumanusauum BSL, B cuny BCTYNAKOT CrieLytoLLe HACTPOKN:
e OcTaHOBUTL CTOPOXEBON Taimep Watchdog Timer
e 3anpeTuTb BCe npepbiaHus (GIE=0)
o B Bepcuu V1.10: ykasaresib cTeka He M3MEHSETCS, KpOMe TeX Cnyyvaes, Koraa
OH YKa3bIBAET Ha HECYLLECTBYIOLLLYH0 0651acTb NamMaTi. B aTom cnyyae, oH 6y-
JeT nHnuMannu3npoBaH no agpecy 021Ah.
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e B Bepcusax V1.30 n BblLe: yKasatenb CTeka He W3MEHSETCS B Clyyae npo-
rpaMMHOro Bbi3oBa BSL no agpecy «ropsyero» 3anycka. B cnyyae 3anycka
BSL npu nomoLLy annapaTHOR akTUBIM3aLMK IGO0 NPOrpamMMHOro BbI30Ba Mo
a[Ipecy «X0NI04HOro» CTapTa, ykasaresb CTeKa MHULMANU3UPYETCS Mo agpecy
0220h
o F1xx:
ba30BbIit MOAYNb TaKTUPOBAHWA HACTPANBAETCS CleAyHOLLUM 06pa3oM ( MUHU-
MaJibHas YactoTa npu 3Tom pasHal.oMIu):

BCSCTL1 = 85h (RSEL = 5, XT20ff = 1)

DCOCTL = 80h (DCO =4, MOD =0)

BCSCTL2 = 00h ToNbKO B Cry4ae «x0f0[HOr0» 3amycka

SR: SCG1 = 00h (SMCLK BKn) TONbKO B Cy4ae «x0N0AHOr0» 3anycka
F4xx:

YMHOXUTENb 4acToTbl FLL 1 MoAyNb TakTMpPOBaHMS HACTPaMBAETCA Crledyto-
LM 06pa3om ( MUHMManbHas YactoTa npu aTom pasHal.5MIw):
SCFI0 =00h (D=0, FN_x=0)
SCFI1 =98h (N_DCO)
SCFQCTL: (M =0)
SR: SCGO =1 (netns 3axBata FLL oTknto4eHa)
FLL_CTL1 = 00h TonbKO B CMly4ae «X0NOAHOr0» 3anycka

e [porpammubiin YAMM (SW-UART): Timer_A hyHKUNOHWUPYET B HEMPepPbIBHOM
pexxume (continuous mode), Ucto4HMK TakTuposanns — MCLK (Div = 1)
CCRO ncnonb3yetca ans cpaBHeHNs
CCTLO ncnonbayetca ans nonnudra GCIFGO

e BbiBoa TX CKOH(UryprpoBaH Kak BbIX0[, Ha BbIX0/e NOr. «1» Ansg COCTOAHUS
rotoBHocTH RS232

e BbIBog RX CKOHOOMIyprpoBaH Kak BXof

e 3alMLLEHHbIE NaposieM KOMaH/bl 3a6/10KMPOBaHbI (TObKO B Cly4ae «X0noj-
HOro» 3anycka)

locne cuctemMHOM MHMLManm3aumn, BSL rotos K paboTe 1 Haxo4uTCs B 0XKUAa-
HWUY NEPBO CUHXPOMOC/ELO0BATENIbHOCTY (SS), CONPOBOXAAEMON MOCHINKOA AaH-
HbIX, COAepXaLLux nepeyto KomaHay BSL.

12.4. Pacnpegenexne namaTi U UCMOJb3YEMbIE PECYPChI

e [IporpammHbIii Koa 3arpy3ynka BSL pacnonoxeH B 3arpy3oyqHom M3Y no aa-
pecam 0COOh—OFEFh.

o [1o agpecam OFFOh—OFFFh pacnonoxeH naeHTUmkaTop yuna

e [lepemeHHble BSL pacnonoxeHsl 8 03Y no agpecam:
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0200h-0213h (V1.10)
0200h-0219h (V1.30 n BbILe).

o CTek 3arpy3yuka BSL pacnonoxer B 03Y no agpecam:
0214h-0219h (V1.10)
021Ah—021Fh (V1.30 unu BblLLe, TONBKO B CIy4ae «X0N04HOr0»
3anycKa).

e llcnonb3yemble perncTpsl:
R5-R9 (V1.30 n Huxe)
R5-R10 (V1.40)
R5-R11 (V1.60).

CopepX1moe perncTpoB He COXPaHSIeTCs.
o FIxx:

e /Icnonb3yemble PerucTpbl 6a30BOr0 MOAYNS TAKTUPOBAHMS:
DCOCTL no agpecy 056h
BCSCTL1 no appecy 057h

o F4xx:

e [lcnonb3yemble permcTpbl YMHOXMTENS YacToThl FLL 1 Moayns TakTupoBa-
HUS:
SCFIO no agpecy 050h
SCFI1 no agpecy 051h
SCFQCTL no agpecy 052h

e l/icnonb3yemble yrpasnsioLme peructpsl Tanmepa Timer_A:
TACTL no agpecy 0160h
CCTLO no agpecy 0162h
TAR no agpecy 0170h
CCRO no agpecy 0172h

o BninaHus Ha 06paboTKy NpepbiBaHMil He 0Ka3bIBAET.

13. OTnnuuTenbHble ocobenHoctu Bepcun BSL 1.10

MNepsas odmumanbHas Bepcus V1.10 3arpysymka BSL Tpe6yet He60MbLIOMO
3arpyxaemoro gononHesus PATCH.TXT, ons KOppekTHOro BbIMOHEHUS KOMAHAb
«[pnHaTe 610K JaHHbIx>» (RX block). Beugy atoro, nocne 3anycka BSL cnefyet Bbi-
NOSIHUTL CNEAYOLLME JEeNCTBUS:
e OtnpaBuTtb KomaHay «MpuHaTb naponb» (RX password) u pa36nokmpoBarh
BbINOSHEHVE MOCNEAYIOLLMX KOMAHL,

e OTNpaBuTb KOMaHAy «3arpy3nuTb NpPOrpammHbli CHETYMK» (Load program
counter (PC)) co 3Ha4eHuem 0C22h (MHMUMANN3MPOBATh YKa3aTesb CTeKa Ha
0e30nacHbIi apec)
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e [loBTOPUTL KOMaHAy «[1puHATL naponb» (RX password) (unlock password
protection for subsequent commands)

o OTnpaBuTb KoMaHgy «[MpuHaTh 610K faHHbIx» (RX data block) (koa 3arpyxa-
eMOro [JoNnosiHeHus, cTapToBblid agpec 0220h)

e OTnpasuTb koMaHay «Mepefatb 650K AaHHbIX>» (TX data block) (kog 3arpyxa-
eMOro A0MNOSHeHUs Ans BepuduKaLmm)

e G fjaHHOro MoMeHTa KomaHgbl «[TpunaTth 6710K AaHHbIX» (RX data block) n
«lepepatb 610K JaHHbIx>» (TX data block) moryT 6bITb NCMOMB30BaHbI C 0f-
HUM YCIIOBUEM: MEePes X BbINONHEHWEM CNedyeT YCTaHOBUTL NPOrpamMMHbIN
CYETYMK Ha CTApTOBbINA afipec 06HOBMEHMS.

e OTnpaBuTb KOMaHay «3arpy3uTb NPOrpamMmMHbIA cHéTYMK» (Load program
counter (PC)) co 3HayeHnem 0220h cTapTOBOro ajpeca 3arpyxaemoro 06-
HOBMNEHUS

e OTnpaBuTb KoMaHAy «MpuHATb 610K AaHHbIX> (RX data block) (kop, 3anuchl-
BaeMblil N0 N060MY afpecy) — unm —

e OTnpasutb komangy «[lepegatb 6510K AaHHbIX>» (TX data block) (c no6oro
afpeca)

e bonee nogpo6Has nHopmauums no 3arpy3ke 06HOBNEHWUS WUNK APYruX 3a-
rpy34ukoB BSL cofepxutcs B npumepe npumeHeHus «[TpumeHeHne npo-
rPamMMbl Ha4anbHO 3arpy3ki B MUKPOKoHTponnepsl MSP430 ¢ hnaw-nams-
TbI0: MPOrPaMMHbIe 1 annapartHble NpeanoxeHus (Bepcua B)», (Application
of Bootstrap Loader in MSP430 With Flash Hardware and Software Proposal)

(SLAAQ96).
14. Cebinku:
1. «PykoBoacteo nonb3osatens MSP430x1xx» (MSP430x1xx Family User's
Guide) (SLAU049)
2. «PykosoactBo nosnb3osarens MSP430x4xx» (MSP430x4xx Family User’s
Guide) (SLAU056)

3. «[lpuMeHeHne Nporpammbl Ha4anbHOW 3arpy3ku B MUKDPOKOHTPOIIEPbI
MSP430 ¢ oniaLu-namsTbio: NPOrpammHble 1 annapatHble NPeanoXeHns
(Bepcusi B)», Application of Bootstrap Loader in MSP430 With Flash
Hardware and Software Proposal (SLAA096)
Cnncok TpeTbux dompM, npeanaratoLx nporpaMmMHble U annapatHble peLue-
HUA ang paboTbl ¢ BSL, pacnonoxeH Ha caiite, NOCBALLEHHOM MUKPOKOHTPONNEPY
MSP430 no agpecy http://www.ticom/sc/msp430 (> Design Resources > Third Party
> Tools).
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Mpunoxenne A.
Pasnuuus mexay sepcuamu BSL B pa3nuyHbIX MUKPOKOHTpOIEpax

B Tabnuuax gaHHoro pasgenia cobpaHa MHGOpMaLmMs 0 COOTBETCTBUM pasfiny-
HbIX Bepcuit BSL pasHbim MukpokoHTponnepam cepun MSP430 1 ncnonb3yemblx
MMM NPOTPAMMHbIX W annapaTHbIX Pecypcax.

Ta6nunya 3. Bepcus BSL 1.10 B MUKPOKOHTpONNEPax
cepmii F13x, F14x(1), F11x,u F11x1

T MUKDOKOKTDORAEDA F13x F11x (yctapeswume)
p p p F14x(1) | F11x1 (ycrapesLme)
Bepcus BSL 110
«X0N0AHbIA» 3anycK 0C00h
Anpec BekTopa BSL -
«[opsunii» 3anyck -
Azpec naeHTncmkaropa ynuna OFFOh
laeHTndomkarop yuna F149h F112h
Anpec Bepcun BSL OFFAh
Bepcms BSL 0110h
HomnHanbHoe Bpems NOMHOMO CTUPAHNS, MC 17,2
[octyn ytenus/3anucu no agpecam 0000h-FFFFh No6ANTHbIN
Bepuchukaums B pexume peanbHoro BpeMeHu oTCyTCTRYeT
(B0 BpeMs 3anucu)
Heponyctumbliii agpec SP 021Ah
NHnumannsauns ykasarens creka
[onyctumblii agpec SP He U3MeHseTcs
Pecypcbl, ucnonb3yembie BSL
Bbisog nepeparymnka(TX)/BbiBog npuémunka(RX) P1.1/P2.2
Mcnonb3yemblit gnanasoH 03V/cTeka 0200h-0219h
Paboune pernctpebl R5-R9

1I3MeHsieMble PerncTpbl ynpasnieHus CUCTEMHbBIM TaKTUPO-
BaHWEM

BCSCTL1, DCOCTL

lI3meHsieMble perncTpbl ynpasnexus Taimepom Timer_A

TACTL, TAR, CCTLO, CCRO

mov #00h, &CCTLO

bic.b #02h, &P1SEL

bic.b #04h, &P2SEL
nO,U,l'OTOBKa K NpOrpammHoMy BbI30BY bic.b #32h, &IEL

mov.b #00h, &BCSCTL2

mov #00h, SRbr &0C00h
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F13x F11x (ycTapesLuue)
THN MHKpOKOHTROANEPA F14x(1) | F11x1 (ycrapesLmue)
Bepcusa BSL 110

KommeHTapui 1

06s3aTenbHas jopaboTka

3arpyauTtb dpaintn PATCH.TXT ans uc-
npasnexuns oLmnokn B M3Y.

Cm. pasgensl «OTnn4MTENbHBIE 0COOEH-
HocTy Bepcum BSL 1.10» n «3arpyxae-
Mble BSL»

KommenTapuii 2

OnunoHanbHas gopaboTka
nns F148 n F149:
1NCMOMb30BaTh 3arpyXxae-
Mblit BSL

(Tpebyetcs > 1 kb 03Y)

3arpyautb hainn BL_150S_14x.txt, 4to
MO3BOJUT UCMOJb30BaTb BCE BOSMOX-
HocTy Bepcum V1.60 1 KOPPEKTHO mC-
nonb3oBaTh KOMaHAy «CTepeTb CermMeHT»
(Erase segment)

Cm. pasgen «3arpyxaemble BSL»

KommeHTapuin 3

OnumoHanbHas fopa-
60Tka ana F1x4...F1x9:
CMOMb30BaTh ManeHbKUiA
3arpy»aemblit BSL
(Tpebyetcs < 512 b 03Y)

3arpyautb dhainn BS_150S_14x.txt , 4to
MO3BOMUT UCMOMb30BATb YaCTb BOSMOX-
HocTeil Bepcun V1.60.

Cm. pasgen «3arpyxaemble BSL»

Tabmmya 4. Bepcns BSL 1.30 B mukpokoHTponnepax cepui F41x, F11x,u F11x1

F11x
Tun muKpoKoHTpONNEepa Fa41x (ycTapeBLuue)
F11x1A
Bepcus BSL 1.30
«XONOAHbIA» 3anycK 0C00h
Anpec BekTopa BSL .
«[opsa4uir» 3anyck 0C02h
Apnpec naeHTudukatopa Ymna OFFOh
NoeHTnchukarop ymna F413h F112h
Anpec sepcun BSL OFFAh
Bepcms BSL 0130h
HomuHanbHoe Bpems NoIHOro CTUpaHns, Mc 206,4
HOCTyn YTeHus/3anucy no 0000h-00FFh no6anTHbIN
afpecam 0100h-FFFEh MOCOBHbIN
Bepudhukaums B pexume peanbHOro BpemeHu (B0 Bpems oTCyTCTRYET
3anucn)
«XONOAHbIA» 3anycK 0220h

MHnumannsaums ykasatens creka

«[opsaYuii» 3anyck

HEe N3MEHAETCA
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F11x
Tvn MUKpOKOHTpONNEpa F41x (ycTapesLuue)
F11x1A
Bepcus BSL 1.30
Pecypcbl, ucnonb3yemble BSL
BbiBoz nepenarynka (TX) P1.0 P1.1
Bbioa npuémuunka (RX) P1.1 p2.2
icnonb3yemblii ananasoH 03Y/cTeka 0200h-021Fh
Pa6ou4ne pernctpsl R5-R9
[13MeHsieMble PerncTpbl ynpasneHus CUCTEMHbIM TaKTU- SCFI0, SCFI1, BCSCTLY, DCOCTL
poBaHuem SCFQCTL
1I3meHsieMble perncTpbl ynpasneHus Taimepom Timer_A TACTL, TAR, CCTLO, CCRO
mov #00h, | ov #00R, sccTLO
&CCTLO
mov.b #00h, &BCSCTL2
[MoAroToBKa K nporpaMMHOMY BbI30BY mov.b #00h, nov #00h, SR
&FLICTL1 ’
br &0C0O0h
br &0C00h

Tabmmya 5. Bepcusa BSL 1.40 B MukpokoHTponnepax cepmi F12x

Tun mukpoKkoHTpoNNepa F122, F123x
Bepcus BSL 140
«XONOAHbIA» 3anycK 0C00h
Anpec BekTopa BSL -
«[opsyuii» 3anyck 0C02h
Azpec naeHTumkaropa ynna OFFOh
laeHTndomkarop Yuna F123h
Anpec Bepcun BSL OFFAh
Bepcus BSL 0140h
HomuHanbHoe Bpems NoIHOro CTUpaHns, Mc 206,4
JlocTyn YTeHWs/3anu1cK no 0000h-00FFh no6anTHbIN
afpecam 0100h-FFFER MOCOBHbIN

Bepudhukaums B pexxume peanbHOr0 BpeMeHu (B0 Bpemst
3anucu)

[ns ananasona agpecos 0200h — FFFEh

«X0MOAHBIA» 3aMycK

0220h

Hnumannsaums ykasatens creka

«[ops4nii» 3anyck

He N3MeHAeTCA

Pecypcol, ucnonb3yemble BSL
BbiBog nepeparyuka (TX) P1.1
BbiBog npuémHmka (RX) p2.2
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Tun MMKPOKOHTpONNEPa

F122, F123x

Bepcus BSL

1.40

Mcnonb3yembiit gnanason 03Y/cTeka

0200h-021Fh

Pa6ou4une pernctpbl

R5-R10

N3meHsieMble PerucTpbl YNpaBneHNs CUCTEMHBIM TaKTUPO-

BaHnem

BCSCTL1, DCOCTL

VI3meHsieMble perucTpbl ynpasneHus Taimepom Timer_A

TACTL, TAR, CCTLO, CCRO

MoAroToBKa K NporpaMMHOMY BbI30BY

mov.b #00h, &BCSCTL2
mov #00h, SR
br &0C00h

Tabnunya 6. Bepcus BSL 1.60 B MUKPOKOHTPOJIIEPAX
cepuii F11x2, F12x2, F43x, F44x, FE42x, FW42x, FG43x

Tun MUKpOKOHTpPONNEpa

F1122,| F1222, | F43x, | FE42x,

F1132 | F1232 | F44x | FW42x Fa43x

Bepcus BSL 1.60

«XONOAHbIA» 3anycK 0C00h
Anpec BekTopa BSL

«[opsa4uiA» 3anyck 0C02h
Azpec naeHTuhmkaropa ynuna OFFOh
VineHTucKaTop Yuna 1132h | 1232h | Fadon | Fa27h | Fa3on
Anpec Bepcun BSL OFFAh
Bepcmsa BSL 0160h
HomuHanbHoe Bpems NoHOr0 CTUpaHns, Mc 206,4
Doctyn ureHus/zanucy no |0000h-00FFh no6aiTHbIi
aapecam 0100h-FFFER MOCMOBHbIN

Bepuchukaums B pexume peanbHoro Bpemexu (B0
BpeMS 3anucu)

[ns ananasona agpecos 0200h — FFFEh

Komanpa «posepka cTupanus» (Erase check)

MpucytcteyeT

Komanpga «Ctnpanue cermenta» (Erase segment)

C Bepuchmkaumeii cTupanuns, agpec bydepa

owm6ok 0200h
Komanga «[epefada naeHtudukaropa»
(TX identification) MpucyTcTeyer
Komanpa «CMeHuUTb CKOpOCTb 06MeHa» N
(Change Baud Rate) pucyTcTBy
VHnumanu3auns ykasatens |“XONOAHbIR> 3anyck 0220h

CTeka «[opsunii» 3anyck

He U3MEHAETCA
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Tvn mukpokoHTpoNNepa hiees llaers) (B ) A b FG43x
POKOHTpOANE F1132 | F1232 | F44x |FW42x
Bepcus BSL 1.60
Pecypcbl, ucnonb3yembie BSL

BbiBog nepegaryuka (TX) P11 P1.0
BbiBoa npuémuunka (RX) p2.2 P11
icnonb3yemblii ananasoH 03Y/cTeka 0200h-021Fh
Paboune pernctpel R5-R12
[13meHsieMble PerncTpbl ynpasieHus CUCTEMHbIM TakK- BCSCTLY, DCOCTL SCFI0, SCFI1,
TUPOBaHNEM SCFQCTL
VI_3w|eHﬂeMb|e PErucTpbl ynpasneHus TaiiMepom TACTL, TAR, CCTLO, CCRO
Timer_A

mov.b #00h, &BCSCTL2 | mov.b #00h,
MoaroToBka K NporpaMMHOMY BbI30BY mov #00h, SR &FLLCTL1

br &0C00h br §0C00h

Anpeca o1 1000h o 11FFh ;
o VicnonbayiiTe Takxke komanay «MpoBepka

KommeHTapuit BEPUULIMPYIOTCA COBMEC-

cTupanus» (Erase check)

THO (3 cermeHTa)

Tabnmya 7. Bepcus BSL 1.61 B mukpokoHTponnepax cepui F15x, F16x, F161x

pegBaputenbHas
F15x,
Tun MUKpOKOHTpONNEpa F16x unchopmaums ans F1610,
F1611, F1612
Bepcus BSL 1.61

«XONOAHbIA» 3amycK 0C00h
Anpec BekTopa BSL -

«[opsa4uir» 3anyck 0C02h
Azpec naeHTnukaropa 4ynna OFFOh
NneHTnchmkarop yuna F169h F16Ch
Arnpec Bepcun BSL OFFAh
Bepcus BSL 0161h
HomuHansHoe Bpems NOMHOMO CTUPAHNS, MC 206,4
[locTyn YTeHus/3anmcy no 0000h-00FFh OGEVAGTNT
aapecam 0100h-FFFER MOCOBHbIN
Bepudhukaums B pexxume peanbHOro Bpemenu (80 Bpems [nq nnanasoxa appecos
3anucn) 0200h — FFFERh
KomaHga «posepka ctupaHus» (Erase check) MpucyTcTByeT

. , C Bepudpmkaumeii CTupaxus, aapec

Komanpga «CTupanue cermeHTa» (Erase segment) Sychepa ownGoK 0200h
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MpeasaputenbHas
F15x,
Tvn mukpokoHTponnepa F16x unchopmaums ans F1610,
F1611, F1612
Bepcus BSL 1.61

KomaHpa «Mepepada upeHtudpukaropa» (TX identification) MpucytcTeyet
KomaHpga «CmeHuTb ckopocTb 06MeHa» (Change Baud Rate) MpucytcTeyeT

«XONOAHbIA» 3anycK 0220h
WNHuumanunaaums ykasarens creka .

«[ops4uii» 3anyck He 3MeHsieTCs

Pecypcbl, ucnonb3yemble BSL

BbiBoz nepenarynka (TX) P1.1
BbiBog npuémunka (RX) p2.2
Vicnonb3yemslii ananasoH 03Y/cTeka 0200h-021Fh
Paboune pernctpebl R5-R12

13meHsieMble PerncTpbl YIpaBneHns CUCTEMHBIM TaKTUPOBa-
HUeM

BCSCTL1, DCOCTL

VI3MeHseMble perncTpsl ynpaseHns Taimepom Timer_A

TACTL, TAR, CCTLO, CCRO

MoAroToBKa K NporpaMMHOMY BbI30BY

mov.b #00h, &BCSCTL2
mov #00h, SR
br &0C00h

Appeca ot 1000h go 11FFh
BEpPUULIMPYIOTCS COBMECT-
HO (3 cermeHTa)

KommeHTapuit

VicnonbayiiTe Takxke KOMaHay
«posepka cTupanus» (Erase check)
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Peanu3auums 4acos peanbHoro spemexu Ha MSP430
Mike Mitchell [slaa076a.pdf (AHrm.)]

B naHHOM npumepe MPUMEHEHUs OMUCHIBAETCS CO3[aHNe 4acOB PeanbHOro
BpemeHu (RTC) Ha mukpokoHTponnepe MSP430 npu noMoLLM BCTPOEHHOTO Taiime-
pa Timer_A unu cTopoxkeBoro Taiimepa. GemencTBo MUkpokoHTponnepos MSP430
npon3eoacTBa KomnaHun Texas Instruments aBnseTcs cemMeiicTBOM 16-pas3psfHbIX
RISC MMKPOKOHTPOMEPOB CO CBEPXHU3KIIM NOTPE6EHNEM, YCOBEPLLEHCTBOBAHHOI
apPXWUTEKTYPOIA n 6oraTbiM HaBOPOM NepudepUitHbIX YCTPONCTB. B npumepe npume-
HEHWS [AeTCs KpaTKMii 0630p MUKPOKOHTponnepos cemernctea MSP430 v 6onee
noapo6bHO 06CYXKAAaeTCs MPUMEHEHNE UX B Ka4eCTBE 4YACOB PeanbHOr0 BPEMEHMU.
B naHHOM onucaHum npuBeAeHbI MPUMEPbI CXEMHOW peanusauui, [Ba npumepa
KOAa NMPWKNAAHONA MporpaMmbl 1 PacCMOTPeHbl 06LLne BOMPOChl N0 npobremam
066CneyeHs TOHHOCTN 1 CTaBUITbHOCTH.

1. BeegeHue

CemeinctBo MukpokoHTponnepoB MSP430 npow3soAcTBa komnaHun Texas
Instruments asnsetcs cemencTsom 16-pa3psgHbix RISC MUKPOKOHTPONNEPOB €O
CBEPXHM3KUM MOTPEeBSIeHNEM, YCOBEPLUEHCTBOBAHHOM apXMUTEKTYpPOM 1 60raTbim
HabopoM nepudepuiiHbIX YCTPONCTB. APXMTEKTYPa MUKPONPOLIECCOPOB peani3oBa-
Ha Ha OCHOBE HOBATOPCKOW CXeMbl TaKTUPOBAHUS W NEPeaoBbIX KOHCTPYKTOPCKIX
PELLEHNIA, TaKNX KakK BbICOKO OPTOrOHamnbHas CTPYKTYpa, AenatoLias npubop 04eHb
MOLLHbIM 1 T6KUM. MukpokoHTponnepbl MSP430x1xx notpebnsatot meHee 350 MKA
npw pabote Ha Yactote 1 My npu 3 B nutaHum 1 MoryT npobyauTbecs U3 pexmma
«CHa», B KOTOPOM MOTPe6N0T MeHee 2 MKA, MeHee 4em 3a 6 MKC. Takue HU3Koe
noTpe6rieHne 1 Manoe Bpems BbIXOAA U3 PeXXnMa «CHa» N03BONSAIOT U3r0TaBNMBaTh
Ha OCHOBE 3TWUX MWUKPOKOHTPONNEPOB YCTPOMCTBA, PaboTatolime 0T aBTOHOMHOMO
MCTOYHMKA NUTaHMS.

Kpome TOro, MUKpOKOHTponnepbl cemeiictea MSP430 nveeT 06LLMPHBIA Ha-
60p BCTPOEHHbIX NepuepuinHbIX MoayNeii 1 60MbLIOA 00bEM BCTPOEHHOW NamsTy,
4TO MO3BOMSIET U3rOTABNMBATL HA X OCHOBE PeasibHble «CUCTEMbI HA KpucTane».
MUKpOKOHTpONNIEPb! COAEpXKaT Takue nepuepuitiblie moaynu kak 12- n 14- out-
Hble ALLM, rpagmeHTHble AL, mynsTunavumpyemble TaimMepsl (HEKOTOPbIE C permc-
TPOM 3axBara/CpaBHeHUs 1 cnocobHOCTbI0 thopmuposatk LLUVM curnan), apaisep
KK, BCTpoeHHbIn 3apatowimin reHepatop, H/W nepemHoxutens, USART, cTopoxe-
Boi1 Tanmep, GPIO u T.4.

Moapo6HOe onucaHne MUKPOKOHTponnepoB cemeiicTea MSP430 MOXXHO HalTy
B MHTEpHEHTe no agpecy hitp://www.ticom.
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Inaga 2. Peanusayns 4acos peanbHoro spemenn Ha MSP430

1.1. [lpuMeHeHne 4acoB peanbHoro BPEMEHN

Hacbl peanbHoro BpemeHu (RTC) MCnonb3yroTcs B PasnnyHbIX YCTPONCTBAX —
0T Hapy4HbIX YacOB [10 CUCTEM PErucTpaLum cobbITnil. B faHHOM npumepe npume-
HEHUs OMUCbIBAETCA CMOCO6 peann3aLym 4acoB peasibHoro BPEMEHN Ha MUKPOKOH-
Tponnepe MSP430F1121. B HekoTopbix npunoxeHusx MSP430, paboTarowwmin B
PEXMME 4aCcoB PeasibHOro BPEMEHN MOXET 3aMeHUTb annapatHble RTC, 4T0 No3Bo-
JINT YyNPOCTUTb Pa3paboTKy CUCTEMbI U CHU3UTb e CTOMMOCTb. B JaHHOM onucaHuu
noKasaHbl NpUMepbl peanmsaunn 4acoB PealibHOro BPEMEHU Ha OCHOBE Taiimepa
Timer_A 1 cTopo>eBoro Taiimepa; 0[JHaKo, MOXHO UCMONb30BaTh W NOOOI APYroi
Tarimep MSP430.

Bce mukpokoHTponnepb! cemerictea MSP430 cnoco6HbI BbINOMHATL OYHKLNN
4acoB peasibHOr0 BpemeHu. [0MOSHUTESbHbIE MOBbILLIEHWE CTEMeHU CUCTEMHON
WHTErpauuu, CHWKeHWe noTpe6neHns u CTOMMOCTI MOrYT 6bITb JOCTUMHYTHI 1 3a
CYeT BbINONHEHUs MUKPOKOHTposiepoM MSP430 doyHKLMIA fpyrux nepucepuitHbIx
Mogynen. Hanpumep, MUKPOKOHTPOSIEPbI "33X CEPUM MOTYT BbINOSHATL (OYHKLMK
4acoB PeanbHOro BpeMeHu, CynepBn3opa HanpsKeHus NUTaHus cucTembl, apaisepa
XKW v UART, 06beinHsAs BCE 3TW 4YeTbipe (PYHKUUM B OAHOM NpuBOpe CO CBEPX
MasbIM NOTPeBIeHNEM.

1.2. 3agarowmii reneparop MSP430

BCTpOeHHbI 3afatoLuii reHepaTop — 0f4Ha U3 00bIYHO HENpaBuibHO UCTON-
KOBbIBaeMbIx nonb3oBatensmu MSP430 Tem. OCHOBHOW MPUYMHOI 3a6nyXXaeHNs
ABNSAETCA HEMOHUMAHWE TOr0, KaK BbIPabaTbIBAKOTCA CTAOWUIIbHbIE CUCTEMHbIE CUH-
Xpoumnysnbehl. Bce MukpokoHTponnepsl cemeiictea MSP430 cogepxar n RC-reHe-
paTop ¢ UUpoBbLIM yNpaBneHnem, 1 KBapLeBbii reHepatop. RC-reHepatop 06bI4HO
1CMONb3YEeTCA AN CUHXPOHU3ALMM BbIYUCIUTENBHOTO AAPA, @ KBAPLEBbIA reHe-
patop — Ans CUHXPOHM3auuu nepudepuiiHblX YCTPOUCTB. B onmcbiBaembIx Yacax
peanbHOr0 BPEMeHW KBapLLEBbIil FreHepaTop WUCMOomb3yeTcs B KA4eCTBE reHeparopa
TaKTOBbIX MMYNbCOB ANs TalMepa/CyeT4uKa, KOTOPbIA SBIAETCH BPeMA3aaaioLLum
(taiimep Timer_A nunu cTopoxxeBon Taiimep). [103TOMy 3[1eCb He BO3HUKAET Npo6iem
HECTabunbHOCTW, 06bI4HO NpucyLmx RC-reHepatopam.

2. UuchpoBas koppekuus ha3oBoro casura

O6was upes peanusaumn RTC BecbMa npocta. Yackl peanbHOro BPeMeHu
COCTOAT M3 TailMepa/cHeTynKa, BbipabartbiBatoLLero 1-cekyHaHble NPepbiBaHMs W
HEbOJIbLLOK NporpamMmMbl 06paboTKM 3TUX NPepbIBaHUA. Bbl4ncnuUTeIbHOE SAPO
MOXeT 6e3eNCTBOBATL U/ BbINOMHATL APYrue (DYHKLMN MEXLY NpepbiBAHUAMMU.
[laHHbIi nprMep NpUMEeHeHUs W NpukiagHas nporpaMmma paspaboTaHbl Ans MuK-
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pokoHTponnepa MSP430F1121. B HkecneayoLwmx pasaenax Aaetcs nosiHoe onu-
CaHwue 3Toro ycTpoincTaa.

2.1. dopmupoBaHNE CHHXPOUMIYIILCOB

[Ona popmupoBaHus cunxpoumnynsbcoB B RTC ncnonb3yerca LFXT1 aBTore-
Hepatop, paboTatoLnii B pexxume LF ¢ 32768 I KBapLieBbIM pe30HaTOpPOM. Bbixog,
reHepatopa LFXT1 nogkntodeH Kk chopmuposatento ACLK. B csoto ovepeap ACLK
CMONb3YETCH B Ka4eCTBE 3aJal0LLero reHepatopa 1 TainMepa/cyeT4unka, KoTopbIi
AIBNAETCA OCHOBO 4aCOB PeIbHOr0 BPEMEHMN.

DCO BblpabatbiBaeT CurHan Ans CUHXPOHWU3AUWK BbIMUCIUTENBHOMO fapa U
MCLK. ®akTuyeckn BbMMCIUTENBbHOE AP0 Pab0OTaeT acUHXPOHHO C nepudepuii-
HbIM Tailmepom/cyeT4nkom. ToyHocTb RTC He n3MeHseTCs [0 Tex nop, Noka Bbl4mMc-
NINTENTbHOE SAP0 CMOCOBHO 06CIYXNBATh KX0€ NPepblBaHNe [0 BO3HUKHOBEHUS
cnegytowlero. [ns 6onee NOMHOTO 03HAKOMIEHUS C OCHOBHbIM CUHXPOHU3NPY-
oMM MOZynem 06paTtuTech K PyKOBOLCTBY MOSb30BATeNs N0 MUKPOKOHTPOJIIE-
pam cemeinctBa MSP430x1xx (OOCTYNHOMY B WHTepHeTe mo agpecy http://www.
ti.com/sc/msp430) M TeXHU4ECKOMY OMMCaHWUO MUKPOKOHTPONNEPOB CEMENCTBA
MSP430x11x1.

2.2. Bvibop Taiimepa

MukpokonTtponnep MPS430F1121 cogepxuT apa TaiMepa: CTOPOXXEBOIA Talimep
1 Tanmep Timer_A. B jaHHOM npumMepe NpUMEHEHUS OMUCHIBAOTCS Yacbl PEANbHOM0
BPEMEHI, Peann3oBaHHbIe Ha 0CHOBE 060X TailMepoB. B 06oux cryyasx Taiimep Ha-
CTPOEH Tak1uM 06pasom, 4To6bl paboTaTb HEMpPepbIBHO 1 (POPMUPOBATL MPEPbIBAHNA
TOYHO B 1-CEKYHAHbIX MHTEpBaNax. Tak Kak TalmMep HacTPoeH Ha paboty oT ACLK, a
reHepaTop TakTOBbIX UMMYNbCOB PaboTaeT 0T 32768 I KBapLEeBOro pe3oHaropa, To
TanMep NPOCTO A0CHUTBIBAET 10 32767 1 06HYNSAETCS, BbipabarbiBas npu nepenonHe-
HWW 3anNpOC Ha npepbiBaHns. [ns BbINOHEHNs (OYHKLMM HacOB PearibHOro BPeMeHM
BbIYUCNUTENIbHOMY PO HEOBXOAMMO TOJIbKO 06paboTaTh 370 NPEPbIBAHME.

Jlto60i1 Tarimep, CNOCO6HBIN BblpabaTbiBaTh 1-CeKYH/HbIE NPEPbIBAHUA MOXET
CNOJIb30BATLCA C MPUKMAZHOM NPOrpamMmoil, NPUBEAEHHON B LAHHOM MpUMEpe
npumeHeHus. Kpome Toro, nporpamMmma MOXeT 6bITh JIErko nepefenana ans padotsl
C NMto6bIM ipYriM TaliMepoM, (DOPMUPYIOLLIMM NepPUOSNYECKIe NpepbiBaHus. Hanpu-
Mep, ecnu Taiimep opmupyeT npepbiBaHns kaxaple 0.5 CeKyH[ibl, TO BbIMUCINTESb-
HOe A4po Ans (POPMUPOBaHMS 1-CeKyHAHbIX MpepbiBaHWA MOXET WUCMOosb30BaTh
TO/bKO KQXX[10€ BTOPOE NpepbiBaHue, 1 TaK fanee.

2.3. BHewwHni uHTepgheric

lpuBeaeHHbIE B NPUNOXEHUN NpUKNagHble nporpammsl RTC He 06ecneynsaroT
BHELLHEro uHTepdeiica. Ecnn ncnonb3oBatb BMECTO OFOBOPEHHOMO NH060M Apyron
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MUKPOKOHTponep cemerictea MSP430, To nmeeTcs BO3MOXHOCTb Bbi6opa 06¢ny-
XuBaemoro untepdenca: 12C, napannensHbiit, UART, nocnenoBatenibHbIii 1 T.4. Ans
MUKPOKOHTPONepoB cemencTsa MSP430 nmetoTcs nporpammMHble MOAYNH, NO3BO-
NAOLWNe peann3oBartb 3TN UHTepdIeAckl. 119 N3roToBneHus 3aKOH4YeHHbIX 4acoB
peanbHOro BpeMeHu Ha 6a3e 0NMChbIBAEMOro YCTPOMCTBA HEOOX0AUMO NPOCTO A06a-
BUTb B NPUBEAEHHbIN KOZ NPUKMAAHON NPOrpammbl KOZ NPOrpammbl 06CTyXMBAHNA
HY)XXHOr0 MHTepderica. bonee AetarnbHble 06CYXAEHUS HEKOTOPLIX U3 BO3MOXHbIX
UHTEPdericoB MoryT 6bITh HaingeHsl B MSP430 FamilyApplication Report Book u
JpYrux npumepax npuMeHeHus.

2.4. Onncanne npuHLKNNAaNbHON CXEMb]

Ha pucyHke 1 npuBefeHa npuHUMNManbHas Cxema 4acoB peasibHOro Bpeme-
HU. O6paTuTe BHUMAHUE, YTO EAMHCTBEHHbIA TPEOYeMblil BHELIHUA KOMMOHEHT —
32768 I' KBapLieBbI pe3oHaTop.

\Vice
A
; WP P17 fg
‘—3 VCe P1.6 18
*—— (P25 P15 147
® VSS P14 To Host Processor:
L | 2 xout P13 H& 12
i 15 SPI
Ioe Ty I:I 2 A A Parallel
3 RST P1.1 13 E
*——3P2.0 P1.0 =5 C.
W P2.1 P2.4 1
———P2.2 P2.3
:; MSP430x111

Puc. 1. TpuHUMNUanbHas cxema 4acoB peanbHOro BpemMeHu

2.5. lloTpe6naembii Tok

Tunosoit TOK noTpedbneHus MukpokoHTponnepa MSP430F11x1 npu pa6ote B
aKTUBHOM pexxume Ha vactote 1 My o1 3 B uctoyHuka nutanms — 300 MkA. Tunosoi
TOK NOTPE6JIeHNSA B TPETHEM PEXMME MOHVKEHHOT0 NOTPe6IeHNs (pexxume cHa) — 1.6
MKA npu 3 B nutaHum. MnkpoKOHTpOSINep BbIXOAUT U3 TPETbEr0 PEXXIMA MOHMKEH-
HOro NoTpe6ieHns MeHee YeM 3a 6 MKC, a NoAnporpamMmma CUHXPOHM3aLMK BbINOSI-
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HAeTCs npuMepHo 32 130 MKC. Y4nTbiBask CBEPXHWU3KUIA TOK NMOTPEBSEHNs N Manoe
BPeMs BOCCTAHOBEHUS paboTocnoco6HoCTH, MuUKpokoHTposiep MSP430F11x1,
pa6oTatomii B kayectse RTGC noTpebnsieT 04eHb MarneHbKWid CpeiHUiA TOK, a N03T0-
My Cnoco6eH paboTatb ANNUTENIbHOE BPEMS OT aBTOHOMHOMO UCTOYHMKA NUTAHMS.

2.6. [Ipo6nembI 06ecnevyeHns TOYHOCTH

To4HocTb RTC 3aBMCUT OT TOYHOCTW MCMONb3YEMOr0 KBapLIEBOrO Pe30HATOpa.
970 N03BONSET BbI6paTh TAKOM KBAPLIEBbI PE30HATOP, KOTOPbIA 06ecneqmnT Tpedy-
eMYt0 TOYHOCTb.

2.6.1. Bbi6op TOYHOCTH KBApLEBOro pe3oHaTopa

TOYHOCTb KBApPLIEBOTO Pe30HAaTOpa ONPeaenseTcs, NPexae BCero, CreayoLm-
MU BYMS napaMeTpami: CTabuibHOCTbIO PE30HAHCHOM YacTOThI 1 eMKOCTBH Ha-
rpy3Ku.

BnmsHue cTabunbHOCTM Q4EBMAHO: YeM Bbllle CTAbUNbHOCTb PE30HAHCHOM
4acTOTbl KBAPLLEBOr0 pe3oHaTopa, Tem Boile 6yaet To4HocTh RTC. Hanpumep, RTC,
CNOSb3YIOLLME KBAPLLEBbIA PE30HATOP CO CTAbUSIbHOCTbIO PE30HAHCHOW YacToThl
30 ppm, 6yayT 60r1ee TO4HbIMU, YEM Yacbl, UCMONbL3YIOLLNE KBAPLIEBbIA PE30HATOP
CO CTabUIIbHOCTBLIO PE30HAHCHOI YacToTbl 200 ppm.

EMKOCTb Harpysku Takxe BUsieT Ha TO4HOCTb xofa RTC. EMKOCTb Harpysku
KpucTtanna — 370 eMKOCTb, TPEOYIOLLAACH Pe30HATOPY, @ He CO6CTBEHHAA EMKOCTb
pe3oHatopa. [ns paboTbl HA YKa3aHHOW 4acTOTe Pe3oHaTopy HeobXxo4uma emMKoc-
THaa Harpyska. 32768 [l aBTOreHepatop BCEX MUKPOKOHTPONEPOB CEMENCTBA
MSP430 cofepXnT BCTPOEHHbIE HArPy304HbIE KOHLEHCATOPbI C HOMUHANILHON eM-
KocTbto 12 n®. Tak Kak 3TW KOHAEHCATOPb! BKJHOYEHbI NOC/eJ0BATENIbHO, TO CYyM-
MapHas eMKOCTb Harpy3Kku nony4yaercs 6 nd.

Kpome Toro, eMKOCTb, ChOPMIPOBAHHAS aBTOreHEPaToOPOM, YBETMYNBAETCS 32
CYET CYLLECTBYHOLLMX MAPa3nUTHBLIX EMKOCTEN NevaTHOM nnatel U BbIBOLOB. Hanpu-
mep, 2 n® napasunTHas eMKOCTb He ABSIETCA PeLKOCTbIO Ha nedvaTHoi nnate. [Jo6as-
neHmne 2 n® K 6 n® yBenn4nNBaLT NOJHYI0 EMKOCTHYIO Harpy3Ky 41 pesoHaropa o 8
nd. B HEKOTOPbIX Cy4YasX, B 3aBUCUMOCTI OT TEXHNYECKMX NapaMeTpOB pe3oHaTopa
1 NapasuTHbIX EMKOCTEI, B CXeMy LO/MKHbI ObITb 406aBNEHbI NapaifiesbHble KOH-
JeHcatopbl Ansg obecneveHns TpebyeMor eMKOCTHON HarpysKu.

2.7. PaciumpsaemocTb

MSP430x11x — Hefoporue MUKPOKOHTPONMEPbl CO CBEpXMarbiM noTpeo-
NIeHNEM, KOTOpbIe MOTYT MAeanbHO 3aMeHUTb annapatHO peasin30BaHHblE Yachl
peanbHOro BpemeHn. OCHOBHbIM MPEMMYLLECTBOM OT Ucnonb3oBaHusa MSP430 B
KayectBe RTC ABnseTcs paclumpsemMocTb (OyHKUWiA, BbinonHsembix MSP430 no
CPABHEHUIO C 0OLIKHOBEHHbLIMM Yacamit PeasibHOro0 BpeMeHu. Bece MUKPOKOHTPOI-
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nepbl MSP430x11x cofiepxar 16-pa3psagHoe BblyucnutenbHoe 8apo ¢ RISC apxu-
TeKTypon, 16-paspsafHblii CTOpOXeBoW Tainmep, 16-pa3psaHbii TaimMep Timer_A
(c Tpems perucTpamu 3axeata/CpPaBHEHNS U aHANIOrOBbIM KOMMNApaTopoM), MUHN-
mym 128 6aiTHoe 03Y, muHumym 2 K6aritHoe M13Y u MmuHumym 14 nuHui noptos
BBOZA-BbIBOA 061Lero HasHadeHna (GPI0). He Bce 3Tu (hyHKLMOHAMBHbIE BO3MOX-
HOCTW JOCTYMHbI OAHOBPEMEHHO Y 0JJHOTO MUKPOKOHTPOJ1/1IEPA, HO OHU MO3BONSAKT
06€eCcneynTb YCTPONCTBY 6ONbLUYID TMOKOCTb, YeM [at0T CTaHAAPTHbIE annapaTHo
peann3osaHHble RTC.

Kpome Toro, mofynb Taiimepa Timer_A crnoco6eH BbIMNOHATL aHanoro-Luud-
poBoe npeo6pasosaHue, hopmuposatb curHan ¢ UM n paboTath B pexxume UART
C NponyckHom cnoco6HocTbio Ao 115 200 604. CTOPOXXEBOIA TaiiMep CnoCo6eH pa-
60TaTh Kak NPOCTON Tarimep, a Bce BbIBOAbI GPIO 1 Bce nepuepuitHble yCTPOCTBa
VMEIOT LLIMPOKME BO3MOXXHOCTY N0 (DOPMUPOBAHMIO MPEPbIBAHMIA.

3. 06cyxaeHue NpMKNagHoN NporpaMmmbl

Kof npuknaaHoi nporpammbl YacoB peanbHOro BpeMeHn npuBeaeH B ABYX Ba-
puaHTax B npunoxxeHun A. B Kaxpom npumepe ectb NoanporpamMma uHuLmauuy,
OCHOBHas BETBb, NOANPOrpamMma pacyeta BpeMeHHbIX nokasaTenei (4acos, MUHYT 1
CeKyHA) W noanporpamma 06paboTKu NpepblBaHNs, OTCAeXMUBatoLas 1-cekyHaHble
npepbiBaHus OT TanmMepa.

Moanporpamma MHULMALKMK NPOU3BOAUT HacTpoiiky moaynein MSP430. Mo-
JyNb TalMepa HaCTPauBaeTCs Ha HenpepbIBHbIN c4eT 0T 0 1o 32767 1 hopmupoBa-
HIe NpepbIBaHUS NPY NepenonHeHnn. Takxxe NoAnporpaMma npou3BoAMT YCTaHOBKY
HE06X0AMMbIX NapaMeTPOB OCHOBHOrO MOAYNS CUHXPOHU3ALIN.

OCcHOBHas BETBb — NPOrpamma, BbINOSHAEMas KaxXAblii pa3 nocne opmMupo-
BaHUS NPepbIBaHMS, 1 UHULMANU3NUPYIOLLAS PEXUM CHA MUKPOKOHTpOMepa. Jaxe
TOraa, KOrAa BbIYUCIUTESIbHOE AP0 MEPEXOAUT B PEXUM OXUAAHUSs, TanmMep BCe
PaBHO NPOJOSMKALT paboTaTh.

Mopnporpamma o6cnyxusaHus npepbiBaHus (interrupt service routine — ISR)
Tailmepa 06pabatbiBaeT 6UTLI PerncTpa coctTosHns (status register — SR), koTopble
3aM1CbIBAKOTCA B CTEK [0 BbIMOSHEHWUS NOANPOrpaMMbl 0BCAYXXWUBAHUS MPepbIBa-
HUS. 3TO NO3BONSET BbIYUCNTENBHOMY ALPY HAXOAUTLCS B aKTUBHOM PEXUME, a He
B PEXMME CHa, MO BbIXOAY U3 MOANPOrpaMmbl 06Cy)KMBAHUSA NPepbIBaHUS.

Moanporpamma pacyeta BpeMeHHbIX NapaMeTpOB BbIMOMHAETCA KaXAblA pas
nocne 1-cekyHAHOro npepbiBaHns Tailmepa. OHa NepecHUTbIBAET 3HAYEHNS CEKYHA,
MUWHYT 11 4aCOB B [IBOMYHO-AECATUYHONA cpopMe. B onncaHny BCTPOEHHbIX nepude-
PUAHBIX MOJynei MUKPOKOHTponnepoB cemeinctea MSP430 mMoXHO HaiTi 6onee
CNOXHYI0 NOANPOrpaMmy, KOTOpas BbICYUTbIBAET W 3HA4EHUS JHEN, MecsLeB 1 neT
(y4uTbIBAs M BUCOKOCHbIE rofibl).
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4. 3aknioyeHue

MukpokoHTponnepbl cemenctea MSP430 moryT paboTatb B KaiecTBe 4acoB
peanibHOro BPEMEHN C AOMOMHUTENbHbIMU (DYHKLUMOHAMBHLIMA BO3MOXHOCTAMU,
4TO AaeT AOMNOSHUTESNIbHYI MMOKOCTb YCTPOWCTBY U MOBbILLAET CTEMNEHb MHTErpaLmm
Ha CMCTEMHOM YPOBHE.

CebInku:

1. MSP430x1xx Family User’ Guide, literature number SLAU049
2. MSP430x11x1 data sheet, literature number SLAS241C
3. MSP430 Family Application Report Book, literature number SLAA024

Mpunoxexune A: npumep nporpamMmmbl

A.1 Ucnonb30Banne cTopoxesoro Taimepa - hain RTC11xWD.s43

R i i i b b S S b e b b b i i b b g S S i b i i b b b S S S b b b b b b S
7

; OTA [IPOI'PAMMA IIOCTABJIAETCHA B BUIE «KAK ECTb». KOMIIA-
HVA TI HE JJAET HUKAKUX T'APAHTUN

; M HE HECET HUKAKOJM OTBETCTBEHHOCTH 3A BO3MOXHBIE HE-
; TOYHOCTNM PAEOTH MJIM HEIIPABMJIBHOCTBE PABOTEH IIPOI'PAMMEI.
; IIPY KOMMEPYECKOM MCIIOJIb3OBAHMY JJAHHOV ITPOI'PAMMEI

; KOMIIAHVMA TI OTKABBIBAETCAHA OT ABTOPCTBA ¥ CHUMAET

; C CEBA BCAKYD OTBETCTBEHHOCTBE.

; KOMIIAHVMA TI OTKABBBAETCA OT JIOBIX I'APAHTHMI B OTHOIIE-
; HIi TOI'O, YTO IIPOI'PAMMA HE MOXET IIPMHECTHM IIPAMBIE VI
; KOCBEHHBIE YEBITKNM MJIM IIOTEP JJOBEPHUA JVJIM IIPVBBLUIN

; 1PV VCIOJIBBOBAHUNM EE TEOPUNM WM AJII'OPUTMOB.

; OTBETCTBEHHOCTBE IIPV KOMMEPYECKOM MCIIOJIBBOBAHMI

; JAHHOM MPOI'PAMMEI [IOJIHOCTBI JIEXUAT HA JMIE, WCIOJH30-
BABIIEM JJAHHYK IIPOI'PAMMY

; Ecsm He ykazaHO MHOE, HNporpaMva, CO3IaHHAs KOMIIaHMUEMN
; Texas Instruments HOCTaBJISIETCS Ha YCJOBUSIX «CBOOOIHO
; PAaCHOpOCTPaHIEMOI'O MIPOIPaMMHOI'O OOECIEeUEeHMI .

; Brl MOxeTe CBOOOIOHO M3MEHSTE HOporpamMy 6e3 BCSIKUX OI'—
paHMYEHMI

; llepenaBaTe HNPOIrpPaMMy TPETBEMM JIMLAM MOXHO TOJIBKO IIPU
; IOOBEOEeHMM IO MX CBENEHMI DTUX YCJIOBMM M IIPHU

; ero corviaCmyu C STHUMX YCJIOBUSIMHA.

; BBl OOJDKHEI NPMBOIOMTE JIMIIEH3MIO B KaXOOM KOIIMM MU

; YaCTMYHOM KOIIMM.
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AR PR PR PR P DR D PR PR PR PR PR PEER PR PR PR PR PR PR 1Y

Brel mpmsHaeTe u corvialmaerech, 4To I[IporpaMMa COLEPXIUT
BalMIeHHEN aBTOPCKMM IPABOM MaTepuajl, KOMMEPUECKYI
TamHy M OPYTY YaCTHYI MHOopMarpio xoMraHm TIT

M 3alpmeHa B COOTBETCTBMM C 3aKOHaMy 06 aBTOPCKOM
npaBe, MeXOYyHapOIOHEIM COIVIalleHueM O6 aBTOPCKOM IIpaBe
M BAaKOHOM O KOMMEPYECKOM TauHe, a TakK Xe 3aKOHOM 00
OXpaHe MHTEJUIEKTYAJbLHOM COOCTBEHHOCTM. [T 3alpiTe
aBTOPCKMX HNpaB KoMmnadmy TI Brl corviamaeTech

He IOeKOMIMIMPOBATE, NepepabaTbBaTb, WM
npeobpas30BEBaATE HPOI'PAMMYy K yHOOOUMTaeMOMYy BUILY .

Brel corviamiaeTeck HM B KOEM CJlydae He M3MEeHSATH M He
YyHaJIaTh BHECEHHYK B NPOI'PaMMy WHQOOPMA L0

06 aBTOpCKOM mpaBe. Koummamms TI oocTaBiasgeT 3a CoOOM
BCe mpaBa, HEe OI'OBOPEeHHEIE B IaHHOM JMIeH3ur. Kpome
TOr'O, YTO OI'OBOPEHO B ,HaHHOﬁ JINMIJeH31r, He MOXeT
paccMaTpuMBaTECSH HPY BO3BMOXHOM CyLOeOHOM
pasbuparesyECTBE.

Bel He MoOXeTe MCIOJIE30BaThL IIPOI'PAaMMY IOJIS MUKPOKOHT—

pPOJIIEPOB, KOTOPEE HE IIPpOM3BOOMT KoMMIaHus TI.

Ne Yo N

Neo Yo N N NN,

Ne Yo N N NN,

7
’

LR R R R S B R S R S B R S R S i b i I i b i b i b b i i g g

RTC, wmMCHOJIBE3YyRIME CTOPOXEBOM TarMep

Ommcanme: 5Ta nporpaMMa HEMOHCTPHPYET BO3MOXHOCTE
peasmzanmy 4acoB peajlbHOI'O BPEMEHM.

B ocHOBHO¥ nporpamvme MSP430 nepeBOOMTCsS B PEXUM
LPM3.

CTOpOXeBOM TarMepr (GopMUPYeT MNPEPBBAHME KaXIyio
cexyHny m nepeBomnT MSP430 B aKTUBHEDI PEXMM, KOTOPBIL
IIO3BBOJISET BEBIIOJIHUTE OCHOBHYI IIPOIPaMMY .

OCHOBHas HporpaMMa BEIBEIBAET HNoAnporpamvy uyacoB Clock
¥ BHOBE [EPEBOOUT MUKPOKOHTPOJUIEP B pexmM LPM3.

S5Ta mporpamMmma HamiMcaHa IJIsS MUKPOKOHTPOJLIIEPA
MSP430F1121, HO JIETKO MOXeT OBITE HepepaboTaHa Ijid
YICIIOJIBB0BAHMSI B JIOOOM MUMKPOKOHTPOJIIEPE CEMEMCTBA
MSP430.

i xXpaHeHus mMHQOpMalpM O Yacax, MUHYTax M CeKyHOax
MCIIONBEB3YITCS TPU PEermcTpa.

IR R R R S R R S R S S R S S S S B S b S B R i b b b b b i i g
7

#include <msp430x11x1.h> ; BKIOUMTE (Qari 3aIrOJIOBKOB

7

nepemeHHEle RTC

#define SEC RI13
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#define MIN R14
#define HR R15

RESET MOV #02FEh,SP ; VHMIMamm3aimsa yKas3aTeJis
; CTeka

CALL #Setup ; IonroroBxa XKW M OCHOBHOI'O
; TarmMepa

; OCHOBHasA HNporpamMMa

Mainloop BIS #LPM3, SR ; YcraHOBKaA OMTOB SR
; s pexnma LPM3

CALL #Clock ; OOHOBJIEHME COCTOSHMS YacCOB

JMP Mainloop ; OKOHYAHME OCHOBHOM IIPOIPaMME

; Clock: oBOHOBJIEHME COCTOSHMS IIEPEMEHHERIX CEKYHI,
; MMHYT M yacoB (SEC, MIN m HR)

; ABTOop: Lutz Bierl.

; STa nopmporpamMa, KOTOpas CUMTaeT KOJMYECTBO YacoOB,
; MMHYT M CEeKYHI.

; OHa MOXeT MCIOJIE30BATLCS C JIOOBM IIEPMpEPpMIIHBM

; CUeTuMKOM JI0OOI'0 MUKPOKOHTpOJIIEpa ceMmericTsa MSP430,
; MMenIyM Nepuol HNepenoJiHeHms 1 cek.

; STa moamnporpaMMa BeCbMa CHELMPUUECKAST.

; OHa pacCcumMThBAET CEKYHIB, MMUHYTE M YaCE TOJIBKO

; B IOBOMYHO-OECSATUYHOM KoOe. IIpm HEOOXOOMMOCTH MOIYT
; OBITH PaCCYUMTAHB 3HAYEHMS M B IMECTHANIATEPUYIHOM KOIE.

; Cpemm nprvepoB mpuMeHeHms MSP430 mMenTCs OmMCaHmsS
; peajymBanmy 4acoB PEeAaJIbHOI'O BPEMEHM, KOTOPEE

; TakKXe PaCCUMTEIBAIT M I'OI C YYETOM KOPPEKLIMMI

; BMCOKOCHOI'O I'OHa.

7

Clock SETC ; YCTaHOBKa OmTa HnepeHoca

DADC.b SEC ; YBEJIMUYEHME INECATUYHOI'O SBHAYEHMST
; CEeKYHI]

CMP.b #060h,SEC ; OKOHUMJIACE MMHYTA?
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JLO Clockend ; HeT, BO3BpaT

CLR.b SEC ; Jla, oumMcTrKa CEeKyHI]

DADC.b MIN ; YBeJIMYeHMre IeCcCATHUYHOI'O
; BHaA4YeHMd MUHYT

CMP.b #060h,MIN ; mpomto 60 MMHYT?

JLO Clockend ; HeT, BO3Bpar

CLR.b MIN ; Jla, oumMcTKa MUHYT

DADC.b HR ; YBEeJIMYEHME OEeCSATUYHOI'O
; BHaAYeHMs 4YacCoOB

CMP.b #024h,HR ; npomto 24 wyaca?

JLO Clockend ; Her, BO3Bpar

CLR.b HR ; lla, oumMCcTKa YacoB

Clockend RET ;

Setup BIS.b #BIT0,&IE1 ; Paspenienne npepeBaHmI

; OT CTOPOXEBOI'O TamuMepa
MoV #WDTPW+WDTTMSEL+WDTCNTCL+WDTSSEL , §WDTCTL

; OCTaHOBKa CTOPOXEBOIO

; TanMepa

; YCTaHOBKa MHTEpBAJla

; pexmMa TanMepa M yCTaHOBKA

; MHTepBaJia NPEPEBAaHNT

; 1 cexyHma c ACLK.

ClearRTC MOV.b #00h,SEC ; OumcrTra cexyHrn (SEC)
MOV.b #00h,MIN ; OumcTrka mmHYT (MIN)
MOV.b #00h,HR ; Oumcrka yacos (HR)
EINT ; Paspemenne

; IIpepbBaHMA
RET ; YCTaQHOBKM BEIIIOJIHEHE]

; Iogmporpamvmma o6pabOoTKM HPEPEBaHMA OT CTOPOXEBOIO
; TarnMepa:
; LIl mpocTo mepexommT B aKTMBHOe cocTosHme B RETI
; IOyTeM MaHUIYJIMPOBaHms OwmTamy SR B HnepeMeHHOM SR,
; KoTopas IOMelleHa B CTEK.
; @uar npepreBaHysa OYMIIAeTCS aBTOMAaTHUYECKHU
WDINT BIC #LPM3,0(SP) ; Oumcrra SR LPM3 6uTOB

; B BEPXHEM YacTM CTEeKa
RETI ;
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RSEG INTVEC ; BEKTOpa NpephBaHUIA

DW RESET ;

DW RESET ;

DW RESET /

DW RESET ;

DW RESET ;

DW RESET ;

DW RESET ;

DW RESET ;

DW RESET /

DW RESET ; Tammvep Timer A (CCIFGO)

DW WDINT ; CTOpOXEeBOM TarmMep

DW RESET ;

DW RESET ;

DW RESET ;

DW RESET ; NMI, moBpexneHrme aBTOI'€HepaTopa
DW RESET ; POR, BHemmHmy c6poC, CTOPOXEBOM TamMep
END

A2 Ucnonv3osanue Taiimepa Timer_A - ¢hasin RTC11xTA.s43 File
; R R i e b b b b b b b b b b b b b b b S b b P g b g b b b g b b S b S b g b S b g b b b g g b g g 4
; BTA IIPOI'PAMMA IIOCTABJIAETCS B BUIE «KAK ECTB». KOM-
HAVMA TI HE JAET HUKAKMX TAPAHTWUI M HE HECET HUKAKOV
; OTBETCTBEHHOCTW 3A BOSMOXHKRIE HETOYHOCTM PABOTH VI
; HEIIPABVMJIBHOCTE PABOTHI [IPOI'PAMMEI.
; TPV KOMMEPYECKOM MCIOJIB30BAHMM JAHHOV I[1POI'PAMMEI
; KOMIIAHMA TI OTKABRBAETCS OT ABTOPCTBA ¥ CHUMAET
; C CEBA BCAKYD OTBETCTBEHHOCTH.

; KOMIIAHVA TI OTKASBBBAETCA OT JIOBBIX T'APAHTHUI

; B OTHOIEH) TOI'O, YTO IIPOI'PAMMA HE MOXET IIPMHECTH/
; IIPAMBIE JJIMM KOCBEHHBIE YEBITKM JJIM IIOTEPO JJOBEPUA

; WM [IPUEBUIM IIPY MCIIOJIBBOBAHMY EE TEOPMI WA

; AJIT'OPUTMOB.

; OTBETCTBEHHOCTE IIPM KOMMEPYECKOM MCIIOJIBBOBAHUU

; JAHHOV IIPOI'PAMMEI TIOJIHOCTERD JIEXUT HA JIMIE,

; MCIIOJIB3OBABIIEM JAHHYK IIPOI'PAMMY

; Ecumm He ykKas’aHO MHOE, MNpoIrpaMMa, CO3IaHHAaS KOMIIAHMEN
; Texas Instruments HOCTaBJISETCS HA YCJOBUSIX «CBOOOIHO
; PacCHpoOCTpaHIeMOI'0 HOPpOIPaMMHOI'O OOeCHedeHMsI».
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Ne Yo Y. N. NN

Ne Yo Yo N N Ne Yo Yo Yo N NN,

AR PR PR R D D)

Ne N N

Ne N

Neo Yo N N NN,

Neo Yo N N NN,

Ber MoxeTe CBOBOMOHO M3MEHSTE MNPOIpaMMy 0e3 BCSIKUX
OrPaHMYEHII

IllepenaBaTes OpPOTPaMMy TPETBMM JIMI[AM MOXHO TOJIBEKO DM
IOBEIEHMM IO MX CBENEeHMM STUX YCJIOBMM M IIPU

ero CoIviacmm C STHUMM YCJIOBMUSIMIA.

BBl OOJDKHEI IPUBOOUTE JIMIIEH3MIO B KaXIOM KOIIMM A
YaCTHMYHOM KOIIMM.

Bel mpuBHaeTe M CcorviamaeTechk, 4UToO I[porpaMMa COIEPXUT
BaIMIeHHEM aBTOPCKMM IPABOM MaTepuajl, KOMMEPUECKYI
TanHy M OPYTY YacTHYI0 MHOopMarpio xoMmmaHm TIT

M 3ampieHa B COOTBETCTBMM C 3akKoHaMM 00 aBTOPCKOM
npaBe, MeXIyHapOIHEIM COIVIalleHMeM OO0 aBTOPCKOM IIpaBe
M BaKOHOM O KOMMEPUYECKOM TamHe, a TakK Xe& BaKOHOM

006 OXpaHe MHTEJUIEKTYAaJIEHOM COOCTBEHHOCTM. JIIS 3alpATh
aBTOPCKMX HNpaB kKoMnaHmy TI

Brl corviamaeTechk He IEKOMIIMIMPOBATE, HIepepabaTeBaThb,
i Ipeobpal’30BEBATE NpOI'paMMy K yOOOOUMTaeMOMY BUIY .
BEl corvianmaeTeck HM B KOEM CJyyae He M3MEeHSTH M He
YyOaJjIaTh BHECEHHYI B IIpOoI'paMMy MHQopMarpmo o6
aBToOpCckoM npaBe. Kommnanms TI oocTaByseT 3a cobou
BCe mpaBa, HE OI'OBOPEHHEEe B IAaHHOM JIMIeH3mr. KpoMme
TOI'O0, YTO OI'OBOPEHO B IAHHOM JIMLIEH3MM, HE MOXET
paccMaTpuMBaTECS HOPM BO3BMOXHOM CyOeOHOM
pasbuparesECTBE.

BEI HE MOXETE MCIIOJIE30BATE IIPOI'PaMMY IJIS
MUKPOKOHTPOJJICPOB, KOTOPBIE HE MNPOM3BOIUT

roMriaHus TI.

ok ok ke kS kA A Ak ok ok ok ok ok ok Sk b b ke ok ok ok ok ok ok b b A A A ok ok ok ok ok ok ok b b b ok ok ok ok ok ok

RTC, wmcnosesyioupe Tarep TIMER A

Onmcanme: 5Ta nporpaMMa OJEMOHCTPUPYET BO3MOXHOCTB
peammzanmMy 4acoB PeaJIbHOI'O BPEMEHM.

B ocHOBHOM mnporpamvmve MSP430 mepeBOOMTCS B PEXVM
LPM3.

Tarivep Timer A QopMMpyeT NpepEBaHMe pas B CeKYHAY,
1o xoTopoMy MSP430 mepexommT B AKTUBHEDI PEXMM

Y OKaHYMBAET BBIIOJIHEHNE OCHOBHOM IIPOIPaMMBI
OCHOBHas HNporpaMMa BEIBEBaeT noxnporpamvel Clock,

a BaTeM IepeBOIUT MUKPOKOHTPOJIIEp B pexnMm LPM3.

STa nporpamMa HanMcaHa IJIS MUKPOKOHTPOJIIIEpa
MSP430F1121, HO JIEI'KO MOXET
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; OBITE HmepepaboTaHa Ijid MCIOJIE30BAHMA B JIOOOM

; MHUKPOKOHTpoOJIIEPE cemericTtBa MSP430.

;

; Ing xpaHeHms mMHQOpMaIpM O dYacax, MMHYTax M CeKyHIax
UCHOJIBBYITCA TPU PervucTea.

R e i b e b e b S b e b b b i b b i b b b i i b e e S S i b b b b b i i S
7

7
#include <msp430x11x1.h> ; BKIOUMTE Qary 3aIOJIOBKOB
; omnpernejieHys nepeMeHHEx RTC

#define SEC RI3
#define MIN R14
#define HR R15

; Illporpamma RESET

RSEG  CODE
RESET MOV #02FEh,SP ; VHMIMamm3aimsa yKas3aTeJls
; CcTeka
CALL #Setup ; IongroroBxa XKW M OCHOBHOI'O

; TanMepa
; OCHOBHasdA HNporpaMMa

Mainloop BIS #LPM3,SR ; ycTaHOBKa 6mTOB SR
; Oys pexwma LPM3

CALL #Clock ; OOHOBJICHME UaCOB

JMP Mainloop ; OKOHUAHME OCHOBHOM

; [IPOrPaAMME
; Clock: OGHOBJIEHME MNEPEMEHHBIX CEKYHII, MUHYT M YaCOB
; (SEC, MIN u HR)

; ABTOop Lutz Bierl.

; DTa mommporpamma, KOTopas CYMTaeT KOJIMYeCTBO 4YacoB,
; MMHYT M CEeKYHI.

; OHa MOXeT MCIOJIE30BATLCS C JIOOBM IIePMpEpMIIHBM

; CUYeTUMKOM JI0OOI'0 MHUKPOKOHTpOJIIEpa ceMmericrTsa MSP430,
; mMMenIyM Nepuon HNepenosiHeHms 1 cek.

; DTa mommporpaMmMa BecCbMa CHelU(UUEeCcKasd.

; OHa paccumMThBAE€T CEKYHIBl, MMHYTBE M YacChkl TOJIBKO

; B IOBOMYHO-IECATUYHOM Koe. Ilpy HeoOXOommMMOCTy MOIYT
; OBITE pPaCCYMTaHEl
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; BHaAQUYeHMsd ¥ B LIeCTHaAllaTepPHdYHOM KoIe.

; Cpemm nprvepoB mpmuMeHeHms MSP430 mMenTCs OmMCaHmsS
; peajymBanmy 4acoB PEeaJIbHOI'O BPEMEHM, KOTOPEE

; TakKXe PaCCUMUTEIBART M I'OI C YYETOM KOPPEKLIMI

; BMCOKOCHOI'O I'OHa.

Clock SETC ; YcTaHOBKa 6uTa
; IepeHoca
DADC.b SEC ; YBeJIMYeHMue
; OEeCSATHUYHOI'O BHAUEHMUS CEKYHIT
CMP.b #060h,SEC ; Ipomna onHa MMHYTA?
JLO Clockend ; Her, BO3Bpar
CLR.b SEC ; Ha, oumcTka CeKyHI
DADC.b MIN ; YBeJmMuyeHMme IeCSaTHUIHOI'O
; BHAYEHMS MUHY'T
CMP.b #060h,MIN ; Ipommo 60 MuHYT?
JLO Clockend ; Her, BO3Bpar
CLR.b MIN ; Jla, oumcTKa MUHYT
DADC.b HR ; YBeJmMyeHre OecATHUYHOI'O
; BHAUEHMS 4YacCOB
CMP.b #024h,HR ; Ipommo 24 wyaca?
JLO Clockend ; HeT, BO3Bpar
CLR.b HR ; Jla, oumMCcTKa YacosB

Setup MOV #WDTPW+WDTHOLD, §WDTCTL ; OcTaHOBKAa
; CTOPOXEeBOI'O
; TanMepa
setupTA MOV #TASSELO+TACLR, & TACTL ; ACLK —
; MCTOYHMK IJIsS
; Timer A.

BIS #CCIE, &CCTLO ; Paspemenne

; npepsBaHmg oT CCRO.
MOV #07FFFh, §&CCRO ; Barpyska B CCRO

; BHauveHus 32,767.
BIS #MCO, &TACTL ; Banyck TA B pexnMe

; “up to CCRO”
ClearRTC MOV.b #00h,SEC ; OuncTka HepeMeHHOM
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SEC

MOV.b #00h,MIN ; Oumcrrka nepemeHHOM MIN
MOV.b #00h,HR ; OumcTka nepeMeHHOM HR
EINT ; PaspenieHme HnpeprBaHUA
RET ;

; Iommporpamma o6pabOoTKM HNpepeBaHus OT TarMepa Timer A:
; LIl mpocTo nepexommT B aKTMBHOE COCTOoSHMe B RETIT
; IIyTeM MaHUIyJIMpOBaHms OwmTamm SR
; B mepemMeHHOM SR, KOTOpas [NOMEIEHa B CTEK.
; @nar npepeBaHus CCRO oummaeTcs aBTOMaTHUYECKU
CCROINT BIC #LPM3,0(SP) ; OumcTrka 6mToB SR

; LPM3 nepexom B Bepx ]
; yKasaTejid CTeka

Dw RESET ;

Dw RESET ;

DWw RESET ;

Dw RESET ;

Dw RESET ;

Dw RESET ;

Dw RESET ;

Dw RESET ;

DWw RESET ;

DW CCROINT ; Tarmmvep Timer A (CCIFGO)

Dw RESET ; CTOpOXeBO¥ TarmMep

Dw RESET ;

Dw RESET ;

Dw RESET ;

D RESET ; NMI, noBpexrneHwme aBTOI'€HepaTopa

DW RESET ; POR, BHemmHmyi cB6poc, CTOPOXEBOM
; TarMep

END
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WUcnonb3oBaHue WNMPOTHO-UMNYNbCHOW MOAYNALUM
Taiimepa B B kayectse LAl

Mike Mitchel [slaa116.pdf (Aur.)]

B aTOM npumepe NpUMEHEHUs OMUCaH CMocO6 OAHOBPEMEHHON reHepauni
CWHYCOUAANBHOM0, NM006PA3HOr0 U CUrHana ¢ NOCTOSHHLIM YPOBHEM C UCMOSb-
30BaHNEM CUrHaoB WMPOTHO-UMNYNbCHON Mogynauuu (LLIAM), nosny4aembix ¢ no-
MoLLbto Taimepa Timer_B cemeiicTBa MUKPOKOHTPOJIIEPOB CO CBEPXHU3KIM 3HEp-
ronotpe6nennem MSP430. Curtanbl UM 06b14HO UCMNONb3YIOTCA A NOMy4eHNs
aHaJI0roBbIX CUTHANIOB BO BCTPAMBAEMbIX MPUMEHEHUAX. Himke 6yaeT paccMoTpeH
Cnoco6 noy4eHns, Kak nepemMeHHbIX, TaK 1 MOCTOSHHbIX HANPSXKEHUA NPY NOMOLL
Bbixogos LLUM.

B [OaHHOM npumepe ucnonb3oBaH Taimep Timer_B  MWKPOKOHTposiepa
MSP430F149, aHanornyHbIM 06pa3omM MOXHO TakXXe MCMoNb30BaTh Tanmep Timer_A.

1. BBepenue

Bo mMHOrux BcTpamBaemblx NpuMeHEHNAX Ha 6a3e MUKPOKOHTPOJIEPOB Tpe-
OyeTcs reHepalins aHanoroBbIX CUrHAaN0B. B HEKOTOPbIX Cnyyasx Ans 3TUX Lenen
CMOMb3YITCA BCTPOEHHbIE NGO BHELIHME LMpOo-aHanorosble npeobpasosare-
nn (LAM).

Tem He meHee, curHanbl LUVIM Takxe MOryT ObITb UCMOMB30BAHbI 411 NOJY-
4eHUs TPebyeMbIX aHanoroBbiX curHanos. G 1X NOMOLLbIO MOXHO CUHTE3MPOBATH
AHAIIOroBbIe CUTHANBI, KaK C NMepeMeHHbIM, Tak U C NOCTOSHHLIM YPOBHEM. B 3T
cTarbe 06Cyxaaerca ucnonb3osanue LLIM-Taiimepa B kaqectse LIAI 1 npusoauTes
npuUMep OJHOBPEMEHHOI reHepauuy CUHYCOMAANbHOMO CUrHana, nunoo6pasHoro
CUTHANA 1 CUrHana ¢ NOCTOAHHLIM YPOBHEM, & TAKXXe CYMMUPOBAHUE CUHYCOMAmNb-
HOrO CUTHara ¢ NMOCTOSAHHLIM YPOBHEM /151 CO3aHUA CMELLeHUs. B jaHHom npume-
pe 1cnosib3oBaH Taiimep Timer_B, aHanorn4yHbIM 06pa3omM MOXXHO TaKkXKe UCMoNb30-
Batb Tamep Timer_A.

2. Teopus (OYHKLLMOHNPOBAHUA

CurHanbl LWUAM npeactaBnstoT co60i LM POBbIE CUTHAMBLI C MOCTOSAHHON
4aCcTOTON 1 MEHSAKLWMMCS KOIMULNEHTOM 3anofHeHus. [pumep Takux CUrHanos
npuseneH Ha puc. 1. Ecnu koadpchuumeHT 3anonHenns LLUNM-curHana nsmenser-
€Sl CO BpEMeHeM, TO, OTCDUILTPOBAB €ro, MOSTY4UM Ha BbIXO/e aHAJIOr0BbIA CUTHAST.
bnok-cxema LIAM Ha 6a3e LUVIM ¢ ucnonb3oBaHuem Takoro croco6a npuseaeHa
HIDKEe Ha puc. 2. B npumepe nporpammbl B KOHLE 3TOW cTaTby Tailmep Timer_B
MuKpokoHTponnepa MSP430F149 ucnonb3yetcs A1 0AHOBPEMEHHOW reHepaLum
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CUHYCOMZANLHOr0 1 NMNo06Pa3HOro CUrHanoB C PasHbIMK 4acTOTamMm W cUrHana ¢
nocTosiHHbIM ypoBHeM. LIATbI, ocHoBaHHble Ha LLUVIM Takxe no3BONAOT CUHTE3MU-
poBatb Apyrue curHanbl. HekoTopble ayauonpoueccopbl dompmbl Texas Instruments
Inc. TakxKe ncnonb3ytoT curHanel LUVM 115 reHepauun peveBbIX CUrHamMOB.

[oCTOAHHbIN

<« nepuop

P

V13meHaoWwmnca KoatuLneHT 3anonHeHus

Pue. 1. LUNM-curnan

MukpokonTponnep
MSP430
Bouixog LM AHanoroBbli

thunbTp

Pue. 2. bnok-gmarpamma LIAT Ha 6a3e LM

2.1. Paspewenne

Paspeluenne LIAM Ha 6a3e LM, noctpoeHHoro Ha taiimepe Timer_B akBu-
BAJIGHTHO JJIMHE CHETYMKA, KOTOpasi, Kak npaBuio, NpeacTaBieHa 3Ha4eHeM B pe-
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ructpe CCRO. M3P LIAM Ha 6a3e LUVIM npeacTaBnsieT cob0i eAMHNYHBINA OTCYET, a
paspeLleHne COOTBETCTBYET 06LLEMY YMCIY OTCYETOB:

Rcounts = Lcounts

l'ne Rcounts — paspeLueHue (B 0TCYéTax),

Lcounts — anuHa c4éT4mKa (B 0TCHETAX)

Hanpumep, B 9T0ii cTaTbe paccmarpuBaetcs 8-6uTHbIN LIAT, Takum 06pa3om,
JJIMHA CHETYMKA 8 61T unn 256 0TCHETOB.

B o6uiem Buae, paspewienue LIAM Ha 6a3e LLUVIM, nocTpoeHHOro Ha Taiimepe
dhunbTpe aKBMBaANEHTHO pa3peLleHuto LUIM-curnana, ncnonsdyemoro LIAM-om. Ta-
Kum 06pasom, paspeweHne LLUNM-curHana 3aBucuUT OT J/INHBI CYETYMKA N HAUMEHb-
LLIEro BO3MOXHOI0 N3MeHeHNs KoadhdmumenTa 3anonHeHns B LUAM-cyétyuke. Ma-
TeMaTN4eCcKM 3T0 MOXXHO 3anuncatb Kak:

R L

COUNTS C

[ne Rcounts — paspeLueHue (B 0TCYéTAX),

L — nnvHa cyétymka (B 0TcHéETaXx),

C — HauMeHbLLee BO3MOXHOE U3MeHeHMe Ko3pULMeHTa 3anosiHeHns (B OT-
cYérax)

PaapeLueHne, BbIpaXXeHHOE B KONNYeCTBe OUT, BYOET BbIMMAAETb CleayHLImnM
o6pasom:

L
, In(F)
Reirs = L0g, (Reounrs) = Logz[?] ) In(2)
nnn
In (Reounrs)
Rirs = Log, (Reounrs) = @

Hanpumep, ecnu cHét4uk LLUIM nmeet anuHy 512 0Tc4HETOB, 2 KOIMULNEHT
3an0/HEHNS MOXKET M3MEHSATLCS KaK MUHUMYM Ha 2 0TCYETa, pe3ynbTupytoLLee pas-
peLueHue B oTcyéTax LIAM Ha 6a3e LLUVIM 6ynet cocTaBnaTh:

L _ 512
R =~ =222 956
COUNTS C 2

Pa3peLueHue B 61uTax COCTaBMSET:

Rgrs = L0g, (256) = = 8 bits
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2.2. Yacrora

Yactota, Tpebyemas ans hopmMupoBaHus BbIXoaHoro curHana LUVM akBuBa-
NIeHTHa YacToTe 06HOBeHNs LIATT, a kaxaoe n3meHeHne K03 uLMeHTa 3anosiHeHus
LM akBuBaneHTHo ogHomy otcuéty LIAM. Tpebyemas ans LUM-Tainmepa 4acTota
3aBucut ot Tpebyemont HacToTbl LUM-curHana n Heo6xoaumoro paspeLleHus:

Faoce = Foum < 2"
fne F, . — Tpedyemas 4acTtoTa TakTpoBaHus LLINM-Taiimepa,
Fouy — vacTora LUVIM-curHana, cooTeeTcTBytoLLas HacToTe 06HOBNeHNA LIAT,

n —Tpebyemoe paspetueHue LIAI B 6uTax

B aTo0ii cTatbe onucaH cnoco6 noctpoeHns 8-6utHoro LIAM Ha 6a3e LUVM n
OAHOBPEMEHHAs reHepauns ¢ ero NMOMOLLbIO CUHYCOMAANBHOrO CUrHana 4actoTon
25001 n nunoo6pasHoro curHana vyactotomn 1250y, Tpebyemas yacToTa ans JaHHOTO
npumepa — 8kl (32 0TCYETA HA KX AbIV NepUoA CUHyca (nepeamckpeTusaums 16x),
1 64 oTc4éTa Ha KaXIbIA nepuog nubl (nepeauckpeTmsaums 32x). 310 COOTBETC-
TBYET Tpebyemon Yactote curHana LUVIM B 8kl u TpebyemMoii YacToTe TakTpOBa-
Husa LM B 2.048MTI L.

Kak npasusio, HaumysLlmne pesynbratbl NOSTy4atOTCs B TOM Cllyyae, Koraa yac-
Tota UMM HamHOro npesbiliaeT TpebyemMyto 4acToTy CUHYCOMAANbHOMO CUrHana,
nnéo Tpebyemyto Nonocy CUHTE3MPYEMbIX 4acTOT. ATO 06YCNOBMEHO TEM, Y4TO YEM
6onbLue Yactota LM, Tem MeHbLLe nopsagok Tpebyemoro domnstpa u npoLle pea-
nn3aunsa noaxoasLLero ounestpa.

2.3. Ucnonb3yembie pecypcel MSP430

[pumep NporpaMmbl, NPUBEAEHHbIN B KOHLE 3TON CTaTby, JEMOHCTPUPYET 0-
HOBPEMEHHbI CUHTE3 CUHYCOMAANIbHOMO CUrHana YactoTor 25001, nunoo6bpasHoro
CuUrHana yactotoit 125 1 NOCTOSAHHOE 3Ha4eHue C ypoBHeM 2/3 Ve, 1cnonb3ys
ans atoro Tainmep Timer_B n BHewWHNWe unbTpbl. AHaNornyHbIM 06pa3omM MOXHO
TaKXXe MCcnosb3osarb Taimep Timer_A.

Taiimep Timer_B ucnonb3yetcs B 16-6UTHOM peXxxume U CKOH(PUIYPUPOBaH
Ons paboTbl B PEXMUME UHKPEMEHTA, HO MPU 3TOM CYETYMK CHUTAET [0 3Ha4YeHs,
3anucaqHoro B pernctp 3axsara-cpasHenus 0 (CCRO), nocne yero copacoiBaeTcs B
0. B peructp CCRO 3arpyxxaercs 3Ha4eHue 255, Takum 06pasom, 3dhdheKTuBHas pas-
PAOHOCTb CYéT4MKa coctasnset 8 6ut. Peructp CCR1 u Bbixog TB1 ucnonb3aytotes
ans chopmuposanus cunycoupbl. CCR2 u TB2 ucnonb3aytotes Ais nunoo6pasHoro
curHana, a GCR3 un TB3 — /19 NOCTOAHHOIO 3Ha4eHms. [ BCex BbIXOLOB BblGpaH
BbIXOJJHOI PeXum 7 «COpoc/ycTaHoBKa» (reset/set mode).

B aTom pexkume Kaxzaplil BbIXOA cOpackbiBaeTcs B «0» B TOT MOMEHT, KOraa
3Ha4eHne CYETYMKA OOCTUraeT 3HadeHus B COOTBETCTBYHOLLEM peructpe CCRx u
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YCTaHaBMBAETCSA B «1», KOrAA 3HA4YeHWe CYETYMKA PABHO 3HAYEHUIO B PEruCTpe
CCRO. 3710 06ecne4nBaeT Ha COOTBETCTBYIOLLMX BbIXO4AX UMMYNbChI NOSIOXUTENb-
HOI1 NONSIPHOCTU C ANNTENBHOCTbIO, 3KBUBANIEHTHOM 3HAYEHMIO B COOTBETCTBYHOLLIMX
peructpax GCRx. B ka4ecTBe UCTOYHMKA TaKTUPOBaHWA Taimepa Timer_B Bbi6paHa
yactota SMCLK.

Takxxe B npuMepe 1CMoJib30BaHbI:

e KBapLieBblii pe3oHarop 4actoTon 32768 Iy

o BCTPOEHHbIN reHepatop ¢ LudposbiM ynpasneHnem (DCO), paboTarowyumin Ha
yactote 2.048 Mry

e YacToTbl SMCLK 1 MCLK, paBHble 2.048 My

e Timer_A ans kanubposku reHeparopa DCO

e [1ga peructpa LMY

2.4. [puHynnnansHaa cxema v ocynnorpamMmsl

lMonHas NpuHUMNManbHas cxema ycTpoicTBa npuBeaeHa Ha puc. 3. feHepupye-
Mble e/l NepeMeHHbIe CUTHaNbl NOKa3aHbl Ha puc. 4. CUrHan ¢ NOCTOSHHLIM YPOBHEM
MOKa3aH Ha puc. 5 COBMECTHO ¢ curHanom LLM.

VCC

MSP430F149IPM A
DV¢e
AV e

R1=2 kOm R2=1 MOm

] XIN P4 1/TB1 4:1—:—1—> M
32768 My

C1=0,1 mk® (2 =200 nk®
L XOUT/TCLK —r—f

2kOM  1MOmM
P4.2/TB2 4:1—:—1—> /I

0,1 mk® —[ ]— 200 nk®

DVss 330Kk0M

AVss P4.3/TB3 —:1—> DC
0,05 mk® 1—

Pue. 3. TIpuHUMNUANbHas cxema
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Cmiv
EI.!T!!

Cls4 Fieg
1253 Hr

'...ﬁ.'.ﬂ.ﬂﬂ.FFHFF-F'F'F.-F,F'H'
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W g0y

0300 %
Pue. 5. Curtan LM 1 noCTOSHHbIA curHan
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CrHycoupanbHbIid curHan, opMupyemMblii B 3TOM npumMepe, Ucrnonb3yer 32
0TCYETA Ha Nepuof. 3Ha4eHUs 0TCHETOB XPAHATCA B TabNLE B Ha4ane nporpaMmel.
[ns onpeneneHuns TekyLLen s4enkn NCnonb3yeTcs ykasaTeslb, B KOHLE KaXA0ro ne-
puoga LLUNM B pernctp cpasHeHns-3axsata LUVIM-Taiimepa 3anncbiBaeTcs HOBOE
3Ha4eHue.

[ns reHepauun nMnoo6pasHoOro curHana B 3TOM npumMepe TabnuyHble 3Ha-
YeHUs He Ucnonb3yTes. «[una» opmMupyeTcs 00bI4HBIM MHKPEMEHTOM K03g)-
(huumeHTa 3anonHeHns Ha kaxgom nepuoge LLUVIM mo Tex nop, noka He 6yaeT fo-
CTUTHYTO MakCUMaibHOe 3Ha4eHue. locre 3TOro MHKPeMEHT Ha4MHAETCs CHOBA C
MUHUMANbHOrO 3Ha4YeHus. Takoe nocriefoBaTeslbHOe YBeSinyeHne KoapduLenTa
3anonHeHus LWWM-curnana nocne ero punibTpoBaHUs (hOPMUPYET Ha BbIXOE Mu-
N006pPa3HbINA CUrHa.

CurHan ¢ nocTOHHBIM YPOBHEM B [JAHHOM NpuMepe hOpMMPYETCs 3anuchio
HEN3MEHHOro 3HaveHns Koadduumenta 3anonHenus LLUNM-curnana. MocTosiHHbIN
YPOBEHb MPAMO MPONOPLMOHANEH 3HaYeHUD KoadduumeHTa 3anonHeHus LLIMM-
curHana. Takum 06pas3om, pa3 3HadeHue Koadpduumenta sanonHeHus LUMM-curna-
na Ha Bbixoge TB3 He u3meHsieTcs, nocne unbTpoBaHns RC-Lenbio Nonyyum Ha
BbIXO/le NOCTOSHHOE 3HAYeHNe.

2.5. Tpe6oBaHnA K hunpTpam

@ubTPbI, MCMOSb3YEMbIe 1S BOCCTAHOBJIEHNS CUrHANIOB, MOKa3aHb! BbILLE Ha
puc. 3. PunbTpbI 4715 NepeMeHHbIX CUrHaNoB NpeACcTaBnsoT co60M NPOCTble ABYX-
MOJTKOCHbIE KackaaupoBaHHble RC-Lenoyku. 3T0T BbIGOP 06YCMOBAEH MPOCTOTOM
peanu3aLmmn 1 HeXxenaTesbHOCTbI0 UCMOb30BAHUS AKTUBHbIX 3/1EMEHTOB B NpK60-
pax ¢ HU3KUM 3HepronoTpebsieHnem. OAHaKo, Npu 3TOM TpebyeTcs 60see BbICOKas
4acToTa AMCKPETM3aLmm, 4em Npu 1Cnonb30BaHUU OULTPOB 6OJEe BbICOKOrO Mo-
pagka. [ns unsTpoB, NOKa3aHHbIX HA pUC. 3 PEKOMEHYETCs nepeanckpeTnsauus
anst LLATT He meHee, 4em 16X.

HacrtoTa cpe3a qomnbTpa BblMMCAETCS CreaytoLm 06pasom:

’
F =
C” 2mRC

me R1C1=R2C2 = RC

Hamny4iive xapaktepucTuki dounbstpa nonyyaiores npu R2 >> R1. Kpowme 310-
ro, BbIGOP 4aCTOTbI CPE3a, CIMLLKOM B/IU3KOIA K FPAHULLE MOSIOCkI CUTHANA, NPUBELET
K CYLLECTBEHHOMY 0CflabneHunto. [ns yMeHbLUEHUs TaKoro 0cnabieHnsi, BHOCUMOro
(hunsTpoM, CresyeT BbI6UpaTh YacTOTY Cpe3a Bbille rPaHuLLbl MONOCkI CUrHANa, HO
HaMHOro Hxe Yactotsl LUNM-curHana.
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B omnnymse OT (PubTPOB NEpPeMEeHHbIX CUrHANOB, OULTP As NMOCTOSAHHOMO
CUTHANa UCNOJb3YETCS TONMLKO ANs XpaHeHus 3apsaa. [o3Tomy B 3TOM Cny4ae npu-
MeHeHa npoctas ogHonontocHas RC-Lenb.

2.6. CymmupoBaHne NocTOSHHOIo W NEPEMEHHOI0 CHrHa0B

CurHansl, cunteaupyemble LIAM-om Ha 6a3e LLUVIM, MOXHO cnoxutb. Cxema
Ha puc. 6 AEMOHCTPUPYET (DOPMUPOBAHIE CMELLEHHOMO CUHYCOMAANIBHOMO CUrHana
fi06aBnieHnem NocTOSHHOro cmelLieHns B 2/3V, . K CUHyCcOMfanbHOMy curtany. Kpo-
Me 9TOr0, CUHYCOMAANbHbIV CUrHaN 0CNabseH NPUMEPHO Ha 2/3, 4T06bl 06ecrneynTs
BO3MOXXHOCTb €ro CMELLEHMs N0 NMOCTOSAHHOMY HanpsXKeHUto 6e3 neperpysku cym-
MUPYIOLLIEro yeunutens. B peaynbrate nony4aem CUHYCOMANbHbIA CUTHAN aMnin-
Tynoit 1V,, ¢ NOCTOSAHHBIM CMELLEHNEM NPUMEPHO B 2 B, Kak NokasaHo Ha puc. 7.
Ha 3aHem nnaxe Takxe nokasaH LLUVM-curHan.

VCC
MSP430F1491PM A

DVee 0,05 Mk®
Aee

CnHyconaanbHbIi
CUrHan
CO CMeLLEH1em

XIN P4.1/TB1
32768 [y ——
XOUT/TCLK
P4.3/TB3
DVgs 0,05 MK®

AVss I

Pue. 6. CymmupytoLas cxema

CnoXkeHne cUrHanos Takum 06pa3oM, Kak OMMCaHO B MPUMEpPE Bbille, No3-
BOMSET NIErKO PerynmpoBatb NOCTOAHHYIO U NMEPEMEHHYI0 COCTaBNAOLLYO MO OT/ae-
nbHOCTK Yepes LUM-BbIxoabl. Hanpumep, CUHYCOMAANbHASA COCTABNSAOLLAN MOXKET
0CTaBaTbCsA MOCTOSIHHOIA, a NOCTOSIHHAA COCTABAAOLLIAA MPKU 3TOM U3MEHATHCA B
60MbLUYIO MW MEHbLLYIO CTOPOHY NPOCTbIM N3MEHEHNEM KO3 ULIMEHTA 3an0NHe-
Hus LUM-curHana, oTBeyaroLLero 3a NoCToAHHbIN curHan. 06paTuTe BHUMaHME Ha
T0, 4TO CPUNILTP, NCMOMB3YEMbIA AN CUHYCONAANBHOIO CUTHANA, HEMHOO N3MEHEH.
Tak KaKk B cxemy 6b11 J06aBNEH CYMMUPYIOLLAIA YCUnuTesNb Ans Jo0aBneHns CMeLLe-
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2. kDms

Wl 0100 %

Pue. 7. CUHYCOMAANbHbI CUTHAN CO CMELLIEHIEM

HUSA K CUHYCOMZANbHOMY CUrHaITYy, 4acTb 3/1EMEHTOB (PUbTPa Gblfia COBMELLEHA CO
cxemoi yeunutens. [ns nony4eHns aHanornyHbIX pesyrbTaToB TakKe MOXHO WC-
MnoJsib30BaThb APYrue Cxembl OUNLTPOB M aKTUBHBIX CYMMATOPOB.

3. Onucanue nporpamMmbl

[MOMHbIA IUCTUHT NporpaMmbl NpuseaeH B MpunoxxeHnun A. MpoLecc BbINosHe-
HWS NPOrpamMmbl NPOUKOCTPUPOBAH Ha puC. 8.

lMocne cbpoca (reset) npoM3BOAMTCS OCTAHOB CTOPOXXEBOr0 TarmMepa watchdog,
KOH(UrypaLms BbIXOLHbIX NOPTOB M CUCTEMbI TaKTUPOBaHUA. [anee opMupyetcs
nporpamMmmMHas 3agepxka s ctabunusaunm KsapLuesoro pesoHaropa 327680w, 4to
Heobxoaumo ans kanuoposku reHeparopa DCO. [Janee BbI3blBAaeTCA NOANPOrpamMmma
crabunusauun reHeparopa DCO. Mocne eé 3aBepLueHus, Taiimep Timer_B, pernuctpbl
CCR1 n CCR2 koHurypupyroTes ans reHepauun curianos LM u ocyliecTenset-
€4 3anyck TanmMepa.

B 3aBepLueHune, MSP430 nepeBoANTCS B PEXIM MOHMXEHHOTO S3HEPronoTpeo-
nexns 0 (LPMO) ans coxpaHenus aHepruw. LMY «npocbinaetcs» ang 06paboTku
Kaxgoro npepbisaHns CCIFGO, nocne yero Bo3spallaetcs B pexxum LPMO.
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3anpeTuTb CTOPOXXEBOA
Tailmep Watchdog

NPOMHULMANM3NPOBATL
NOPTHI U CUCTEMY
TaKTUPOBaHNA
¢ MpepbiBaHite OT TaiAMePA | ukpeMeHT 1 JIOTUHECKOe
Timer_B CCIFGO "' ykazatens u3 Tabnuy
MporpamMmHas naysa CMHYCa 1 3anncb HOBOrO
Ana cTabunusaun 3HaveHus B CCR1

KBapLIEBOTO Pe3oHaTopa

v

BbI30B MoAnporpammbl

5 ‘" nunoo6pasHoro
cra ”””3%%”6" HacToTb! curHana n 3anuce 8 CCR2

v v

VHnynanusauns Taimepa
Timer_B n Hayano
reHepaumm cUrHanoB
LM

v

Mepexopn B pexum _—
NOHWXEHHOro
3HepronoTpe6nexus

LPMO <

v

AHKpeMeHT 1 noru4eckoe

BosBpar 13 npepbiBaHus

Puc. 8. TIPOLLECC BbINONHEHMS MPOrpaMMbl

3.1. Kanubposka reHeparopa DCO

leHepaTop DCO mukpokoHTponnepa MSP430 npeactasnset cob6oi reHepaTop
RC T1na n o6napaet cxoxmumm ¢ RC-reHepaTtopom XapakTepucTUKamu, B YaCTHOC-
TV TaKUMU, KaK HETO4YHAs YCTAHOBKA 4acTOThbl U €€ yxod. Tem He MeHee, LnpoBoe
ynpaBieHne 3TUM FeHepaTopoM MO3BONSIET HACTPOUTb €ro Ha CTAOUMbBHYIO 4aCTOTY,
CMONb3Ys UCTOYHNK TAKTUPOBAHMS CO CTAOUMbHBIM U3BECTHBIM 3HA4YEHNEM, TaKOA,
KaK KBapLeBblii pe3oHaTop 32768IL. HekoTopble MUKPOKOHTPONMEPb! CeMeNcTBa
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MSP430 uMetoT BCTPOEHHbIN reHepaTop C aBTOMOACTPONKON 4YacToTkbl Frequency
Lock Loop (FLL), no3sonsiowmii OCYLLIECTBUTL 3TO aBTOMATMYECKM, OLHAKO, YC-
Tpoiicta noacemeiictea MSP430x1xx Takoro mofyns He uMetoT. 3a 6onee noj-
po6HbIMK cBefieHnsaMu 0 reHepatope DCO u cucteme TakTupoBaHus MSP430 06-
partutechb K pasgeny «Cuctema taktuposanus» (Clock system) COOTBETCTBYHOLLEMO
PYKOBOZCTBA NOJb30BATENS.

Beuay Toro, 4to MukpokoHTposnepsl MSP430x1xX He UMEKT BCTPOEHHOrO
FLL, renepatop DCO pomkeH 6bITb NPOrpaMmMHO OTKannMbpoBaH Ans TOro, YToobl
WCTOYHUK TaKTUPOBAHUS UMEST CTabUIIbHYK0 M M3BECTHYKO 4acToTy. [porpammMHoe
obecreyeHue, NpuBeieHHOE B 3TOM MPUMEpe, peannsyeT cTabunusarop 4acToTbl
FLL ana kanuéposkm reqeparopa DCO. OcyLlecTBnseTcs 310 NyTEM CPaBHEHUS HuC-
na TaktoB reHepatopa DCO 3a oauH nepuof reHepatopa 327680, To4Hee roBops,
B aHHOM npumepe 4acToTa 32768y (ACLK) nenutcs Ha 4, no3ToMy nporpamMHbIi
FLL noacunTbiBaeT KonuyecTBo TakToB reHepatopa DCO 3a 1/4 nepuopa ACLK. Moc-
/e 3TOro, NOACYATAHHOE YUCNO CPABHWUBAEGTCHA C HOMUHAMTbHBIM 3HAYEHUEM U 3Ha-
yeHne DCO yBenn4mBaeTcs fIM60 YMEHbLUAGTCA HA OJHY CTYNeHb B 3aBUCUMOCTY OT
pe3ynbrara c4éTa, Nocne Yero CHET NOBTOPSETCA CHOBA. [MpoLeaypa noBTOPSETCs 40
Tex Nnop, Noka He 6yaeT JOCTUrHYTO Tpebyemoe KONM4YeCTBO TaKToB.

Mo BbINOMHEHMM 3TOrO YCNOBKA YacToTa reHepatopa DCO saBnseTcs oTkanmo-
POBAHHON K TPe6YEMOMY 3HAYEHMIO.

B atom npumepe nporpamMmHbIi FLL BbINONHAGTCS TOMbKO OAMH pas, T.K. yCT-
POICTBO HE NOABEPraeTcs aTMoCq)epHOMY BO3LEACTBUIO, KONEBAHWUAM NUTALOLLIEr0
HanpsbkeHus Vee unu anTenbHOMY UCnosb3oBaHuto. OHaKo, B peasibHbIX YCI0BU-
X aKcnyaraumu, nognporpamma FLL fomKHa BbINONHATLCA NEPUOANYECKU s OT-
cTpoiikmn reHeparopa DCO oT BbiLenepeymcrieHHbIX BO3AENCTBUIA U TPaaULMOHHOMO
yXo[ia 4acToTbl reHepatopoB RC-Tuna.

3a [0MN0HUTESbHO UHEopmaLmeit no nporpammHoi peanusauun FLL o6pa-
LaiTech K NpuMepy NpuMeHeHIs «YnpasneHue 4acToToil reHepatopa ¢ LMQpPoBbLIM
ynpasneHnem (DCO) mukpokoHTponnepoB MSP430x11x» («Controlling the DCO
Frequency of the MSP430x11x» literature number SLAAQ74).

AnbTepHaTBOI NporpaMMHoON Kanuéposke reHepatopa DCO MOXET CnyXuTb
ICMONb30BaHNE BHELLHUX KBapLeBbIX pe3oHaTopoB ¢ Tpebyemon ans LUVM-Taii-
Mepa 4acTOTOW. ITO MPUMEHUMO [N MUKPOKOHTPONNEPOB cemercts 13x n 14x
6narogaps HanMyKK BbICOKOYACTOTHOMO KBapLieBoro XT-reHeparopa. lMpu ncnons-
30BaHuK Takoro metoda, SMCLK pomkHa TakTupoBatbest 0T XT-reHepatopa, a He
oT reHepatopa DCO. Cm. rnaBy 7 pykoBoAcTBa nonb3osatens MSP430x1xx Family
User’s Guide, literature number SLAU049, no Bonpocam MCMosib30BaHUs CUCTEMbI
TaKTUPOBAHWA MUKPOKOHTPONNEPOB CceMencTBa 1xX. TakxKe CM. JJOKYMEHTaUMUIO Ha
KOHKPETHbIE YCTPOIACTBA MO BONPOCAM MaKCUMAITbHbIX pabo4ux 4acToT.
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InaBa 3. Hcnonb30BaHne WnPOTHO-MMIYSbLCHON MORYNALMK TaimMepa B...

CebInkKu:

1. MSP430x13x/14x data sheet (SLAS272)

2. PykoogcTteo nonb3osatens MSP430x1xx (MSP430x1xx Family User’s
Guide (SLAU049))

3. MSP430x3xx Family User’s Guide (SLAU012)

4. Controlling the DCO of the MSP430x11x (SLAAQ74)

Mpunoxenue: JINCTUHI NporpaMmbl

,-****************************************************

; Ilporpamma peasmsaipms [[AIl Ha 6asze MM

; I'eHepupyeT cuHycouny ydacToror 250T1 C MCHOJIBE30BaHMEM

; MM mHa Gase Tarmepa Timer B.

; OmmcaHme: nOporpaMMa HeMOHCTPHUPYET MCIOJIE30BAaHME

; IMM-TariMepa COBMECTHO C BHEMHMMM OMIBTOAMM IJIS

; peasmsarpm [AII. [lokazaH crnocob (QOopMMpOBAaHMS

; CmHycounel yacToroy 25011, mmmoobpasHOI'O CHUIHAJIA

; yacroror 125 I'ty m curHaja C [HOCTOSHHBEM YPOBHEM

; C mMcCHoje30BaHMeM Tarmepa Timer B.

; BOBMOXHO aHaJOTMYHOe MCHIOJIE30BaHMe TarMepa Timer A.

; B mabumre sine table holds the xpaHITCS OTCYETE

; BHAYEHMM CHHYCOMObl. IS (QOpMUPOBAHMS «IIMJIIED

; MCIOJIBBYETCS MPOCTON MHKPEMEHT 3HayYeHms VM.

; IOCTOSIHHEDT YPOBEHE (GOPMHUPYETCS 3apsOoM KOHIEHCATOPa

; RC-penm mpwm nomoups Breixoma IM. 3BHayeHme HalpsDKeHMU

; Py STOM HPSMO HNPONOPLMOHAJIBHO KOBQQUIIMEHTY

/ 3BamnojiHeHys curHasia M. Iocjie MHUIMAaIM3aLii,

; UIIY nepeBoOMTCHA B PEXMM IIOHVKEHHOI'O

; BHepronorpebiseHms LPMO. OH ocTaércs B 5TOM PEXMME

; no mpmxona npepemasns CCIFGO or Tarmepa Timer B.

; B nomnporpamme o06paboTKM HNPEpPBBAaHMSI TanMepa

; Time;ﬁB ISR B permcTp CCR1 3arpyxaerTcs cJjenyouee

; BHadYeHue IJiT CHUHYCOMOEl, 3HAaYeHMEe IMJIED»

; MHKPEMEHTHUPYETCS M 3arpyxaercs B permuctp CCR2.

; Ilo BoO3BpalleHmy M3 HNpeprsBaHus lIIY CcHOBa NepexonmnT

; B PEeXuM INOHWXEHHOI'O sHepromnorpebienms LPMO.

,-****************************************************

#include <MSP430X14x.H> ;BKJIOYMTEL B IPOEKT Qari
;CO CTaHOapTHEMI
; onpenejie HUIMU

Delta EQU 250 ;Delta = Tpebyemas yacToTa
;DCO/8192
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; Tpebyemas yacTorTa IreHepaTopa DCO = 2.048MI'1

; 5TO BHaueHMEe MCHOJIE3YEeTCs B HPOIPAMMHOM

; crabwmmsaTope FLL nng xKaJaMOpOBKM YAaCTOTE I'€HEPATOopa
; DCO c mcrnojie30BaHMEM KBAapIleBOI'O pe30HaTopa

; ¢ yvacToror 32768I1 B KauyecTBE OIOPHOIO. Bojee

; nogpobHas mHpoOpMaLyMsa HO CTabumamM3aryy 4acCTOTE

; IeHeparTopa

DCO m mporpamvme crabmmzaTopa FLL

; CM. IpHMEp IHIPMMEHEHMS [0 HAa3BaHMEM «YIPaBJICHME

; Y4acToTOM T'€HeparTopa C

1M@POBEM yHnpaBjeHueM (DCO)

; MUKPOKOHTPOJIIEPOB MSP430x11x»
; ( «Controlling the DCO frequency of the

; MSP430x11x»

Literature number SLAAQ074)

,-****************************************************

RSEG CODE

,-****************************************************

Sine Tab ;Tabgmiia cuHyCca, OTCUETE

D 254 ; OECATHUYHRIE 3HAYEHMUS

DW 246 ;3arpyxaemeie B permctp TBCCRI
;OJIST MBMEHEHMST

Dy 234 ;KOBQduIMeHTa 3anojHeHus VM.

DV 219 ;BvecTo GanrT Tpebyercs
;MCIIOJIE30BATE CJIOBA

DWW 199 ;T.K. B permuctpsl TB

D 177 ; TpebyeTcs 3amMChBaTEL CJIOBO
; LIEJIMKOM

D 153 ;Bravenme ‘0’ MCHOJIBL30BATh
; HEeJIBL 35T

DW 128 ;UHaYe TauMep OyneT IVIOYATE.

DW 103

Dw 79

DW 57

D 37

DW 22

Dw 10

Dw 2

Dw 1

D 2

D 10

DW 22

DW 37

DW 57

Dw 79
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Inaga 3.

Hcnonb30BaHne WnPOTHO-MMIYSbLCHON MORYNALMK TaimMepa B...

hoh ok ok k kA A AKX A& KA SHGCB HauMHAaEeTCs HpOl"paMMa doh ok okk kA A A A XA

Dw 103
Dw 128
DW 153
DW 177
DW 199
DWW 219
Dw 234
Dw 246
DW 255,
RESET
StopWDT
SetupP4
SetupBC

bubnuoteka Komnana

mov #02FEh,SP ;

#WDTPW+WDTHOLD

’

mov

bis.b #00Eh,&P4SEL ;

7

bis.b #00Eh,&P4DIR ;

mov.b #0A6h,&BCSCTLI1

call #Delay ;

, &WDTCTL ;

WHMIIMaam3armsa
yvKazarejsad CTeKa
OcTaHO—
BUTE CTOPOXEBOM
Tarmep WDT

BreibpaTte TB1, TBZ2

; 1 TB3 BMECTO NOPTOB

P4.x, m HaAB3HAYUUTE UX

; BEIXOIamMit

; ACLK pgemmrcs Ha 4.
RSEL=6, MCLK m SMCLK
He pgeJisaTcs,
mcTouHmroM MCLK

u SMCLK gBisgeTrcs DCO
reHepaTop XT2
BBIKJIOUEH .
[IPVIMEYAHIUE : 11
onpenesyieHMsS 3HAYEeHMUT
Rsel s Tpebyemort
yacToTel DCO,
obpaTtuTecr K Tabjuiie
DCO B HOOKYyMETHTALMMI
Illayza png crabmmmi3a-—
Ipa4 KBapla.
Heobxomgmva m3-—3a
TOI'O, YTO

KBAPILIEBEI PE30HATOP
32768I1 MCHOIB3yeTCs
B KauyecTBEe OIIOPHOI'O
IS CTabmmmM3alin
YyaCcTOTE

reHepaTopa DCO.
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; IlosTOMy pesoHaTop
; Ha 32768
; IOOJDKEH  ORITH
; CTabuJIBEHEBM.
call #SW FLL ; BEI3OB HNOONPOI'PAMMBL
; CcTabmamn3aims 4acCTOTh
; reHepaTopa DCO.
call #TB SETUP ; MHMIDIaamsammsa
; Tarmepa Timer B mis
; I'eHepalmy CHUI'HaJIOB

;MM
clr R15 ; R15 m R14 mcnoinezy-—
; OTCS KakK yKal3aTeJu
clr R14 ; Ha TabJmily CHUHYCOB

; M OJId XPaHeHMA
; BHAUYEeHMA <KIIMJIBD>
; rocJjie cTabmim3anin

; DCO
eint ; Paspemenmne

; IIPEPEIBAHIIT
bis #LPMO, SR ; KYCBRIIMTEY» IIIY.

; BaBepleHre nporpaMMel
; ocraérca obpaboTdmK
; npepsBanns CCIFGO

; I'Ie OOHOBJIANTCA

; BHauveHus MM

,-****************************************************
Delay ; IporpammvHas naysa

; Ui CcTabuiimM3arimn

; KBapiia
,-****************************************************

mov #0004h,R15

L1 mov #0FFFFh,R14 ; ~ 1 cexkyHza .
L2 dec R14 ;

jnz L2 ;

dec R15 ;

jnz L1 ;

ret ;

;
R i b i b b S S b i b i b b i g S S b b i i b S b S S S b b b b b b S
7

SW_FLL ; HogmporpamvMa crabuimsamy dacToTel DCO.
; KBapreBrepi renepaTop 3276811 MCHOJIBE3YyEeTCsS
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InaBa 3. Hcnonb30BaHne WnPOTHO-MMIYSbLCHON MORYNALMK TaimMepa B...

; B KayeCcTBEe OIOPHOM YaCTOTE IJIS CTaOMIM3aliin

; M HOOCTPOMKM TeHepaTopa DCO mo TpebyemMor: uacCTOTE

; 2.048 MI'tr. 5710 TpebyeTcs B YCTPOMCTBaAX I'IE HYXHA

; GurcmpoBaHHas yactora DCO m g Tex momesiert MSP430
; I'ge HeT anmnapaTHoro mMmonyJssa FLL. CM. pyKOBOLCTBA

; nospzoBaTesss MSP430x3xx m MSP430x1xx Family

; User’s Guides (literature number SLAU012 mu

; SLAU049 cooTBeTCTBEHHO) IIO BOMNPOCAaM, KaCaWIMCS

; CHCTeMEl TaxTupoBaHms MSP430

; llporlenypa ocHOBaHa Ha norcuére TaxkToB DCO

; 3a nepmon ACLK (rounee, 3a 1/4 nepmoma ACLK

; T.K. wacrora ACLK nomeseHa Ha 4). Tarmep Timer A

; MCIOJIB3YEeTCS IJjsd nomcuéra TaxkToB DCO

; IlosmyyeHHOe 3Ha4YeHMe CPaBHMBAETCS C HOMMHAJIIBHBIM

; (Delta). Ecism umcijo cjnaukoM OoJismoe, DCO meKpeMeHTH—
; pyercsa. Ecim umciio comankoMm MajieHexkoe, DCO mMHKpeMeH-—
; TUPYeTCH.

; Jajiee cpaBHeHMe HNOBTOPSACTCH.

; Ilporiecc mponpoJrxkaeTcsa OO TexX IIop, [OKa 3HAadeHMS He
; cpaBHSOTCsS. Ilocse sToro DCO reHepupyeT Ha TPeOyeMoi
; gacrore
; CM. mpmMmep NpMMEHEHMsS <«YIPpaBJIeHMNe YacCTOTOM
; I'eHepaTopa C LMPPOBEM yrnpaBjeHmueM (DCO)
; MUKPOKOHTPOJIIEPOB MSP430x11x»
; ( «Controlling the DCO frequency of the
; MSP430x11x» Literature number SLAA074) mo
; BOIIpocaM, CBABaHHEIM C ylpaBJieHreM I'eHepaTopoMm DCO.
; STa mpornenypa BEI3BBACTCH TOJBKO OOMH pPas
; B KauvecTBe IpuMepa, B PeaJbHEIX YCJOBUIX €& TpebyeTcs
; BEIIOJIHATE HNEPUOOUYECKM, YTOOEl OBITEH YBEPEHHBIM,
; 4TO reHepaTop DCO ocraércsa oTKajIMOpOBaHHEIM.
;****************************************************
clr RI1I5 ;
Setup TA mov #TASSEL1+TACLR, §TACTL
; JCcTOYHMK
; TaKTUPOBAHMUI
; TA — SMCLK
Setup CC2 mov #CCIS0+CMO+CAP, §&CCTL2
; Onpenesmrs
; CCR2,CAP,ACLK
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Test DCO

AdjDCO

DecDCO
IncDCO

DoneFLL

bis #MC1,&TACTL ; 3BamycTuThb
; Tarmep timer A
; B HENPEPEIBHOM
; pexmnme
bit #CCIFG, &CCTLZ2 ;IpoBepka ¢ara
; 3BaxBaTa
jz Test DCO ;
bic #CCIFG,&CCTL2; OumcTra ¢uara
; BaxBaTa
mov &CCR2,R14 ; B R14 wumcio
; TakToB SMCLK
sub R15,R14 ; B R14 paszxmia
mov &CCR2,R15 ; B R15 umcio
; TaxkToB SMCLK
cmp #Delta,R14 ; Delta =
; SMCLK/ (32768/4)
jlo IncDCO ;
jeqg DoneFLL ;
dec.b &DCOCTL ;
Jmp Test DCO ;
inc.b &DCOCTL ;
Jmp Test DCO ;
clr &CCTLZ2 ; oumcTuTes CCRZ2
clr &TACTL ; OCTaHOBUTE
; Tarmep timer A
ret ; BO3BpaT M3

’

; IOJHPOIPaMME

,-****************************************************

TB_SETUP

; Iommporpavmva MHUIMAJIA3AIMA TauMEPA
; Timer B msa reHeparpma IIVM
;****************************************************

mov

mov

mov

7

7

#CCIE, & TBCCTLO
; B PEeXnM CPAaBHEHMS,

’

#0FFh, &TBCCR0O; Bammcate 255d
s B CCRO. 5T0

7

#TBSSEL1+TBCLR, &TBCTL
; SMCLK — wmcTou-—
; HUK TaKTHUPOBA-—

Hus TB.
;lepeBecT CCRO

praspelinTs IIPEePBhIBAHMA
oT HeIro
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; COOTBETCTBYyET
; meprony
; IIMM-BEIXOOOB
; B 256 orcuéToB
; (8 6ur). T.e.
; I[oJIyyaem
; 8—-6urHers IJAII.
mov #02EOh, §TBCCTL1 ; IepeBecTy CCRx
; B PEeXrM CPpaBHEHMA,
mov #02E0h, § TBCCTL2 ; BaNpeTuTh
; IDEPEIBAHMS, PEXVM
; BeIXOma ‘77, T.e.
mov #02E0h, §TBCCTL3; c6poc/ycTaHOBKA.
; CurHan EQUO
; YCTaHABJIMBAET BEIXOI
; B «1», a EQUI B «0».
; YCTaHOBMUM YCJIOBUSI
; CPaABHEHMS IJIS
; permcrpa Kakx ero
; PaBEHCTBO HYJIO
mov #Sine Tab,&TBCCRI
; 3arpy3mMTE [EPBEI
; orcuér B CCRI1
mov #01h,R14 ;3arpy3uTE HavyaJlbHOEe
; BHAUEHME «IIVMJIIB»
; B R14.
mov #0AAh, §TBCCR3 ;M 3BHayveHme mOJiS
; HOCTOSIHHOI'O YPOBHS
; KOTOpOE& COOTBETCTBY—
jer ~ 2/3 Vec T.K.
; #0AAh »TO nprMepHO
; 2/3 or #0FFh.
bis #MCO, &TBCTL ;3anyCTuTs TamMep
; timer B B pexmme
; MHKPEMEeHTAa
ret

,-****************************************************

TB ISR ;llogmporpamva o6paboTkKy IpephBaHMiI TarMepa
;Timer B: m3MeHSeT 3HadYeHMS B PerucTpax
; CCR1 m CCR2 nmis mM3MeHEeHMS KO2)QuImMeHTa
; BanosiHeHys VM [0jid CHMHYCOMOBl M KIIVJIBD.

bubnuoteka Komnana 119




le’rEJXQ%NTs Il. Ucnonb30BaHne BHYTPEHHUX (hYHKLUMI, NEPUGHEPHITHBIX BIIOKOB...

; BHauvenme B CCR3 He MBMEHSeTCS IS

; GopMHMpOBaHMS NOCTOSHHOI'O YPOBHSI
,-****************************************************

incd RI15

and

mov

add

and
mov

reti

#03Fh,R15

Sine Tab(R15),

#04h,R14

#0FFh,R14
R14,&TBCCR2

7

’

B CCRI1

7

’

’

’

; BOBBpAT, HNPEPLBAHUSI

7

7

VHKpeMeHT yKasaTeJisd
B R15 to

IJIS Caenyilmero
BHaAUeHMUsS B TabJmMIIe
CHHYyCa

VHKpPEMEHT OBOMHOM,
T.K. BHaQUEeHMsd B
Tabsmile OBYXOarTOBEIE
Oneparpsa Jor. <«W»

c umcgom 03Fh nmaér
CUéTumMK 110 MoOyJio 32
IS yKaszaHus Ha
BHAUYEHMs B Tabjmiie
&TBCCRI1

BarpysmuTe cienyomee
BHAYEHME CHHYCa

; VIHKpEeMeHTHPOBAaTh

BHAUEHNE  «IIMJIBL»
UsmeHeHmMe mara B R14
OpuBenéT K M3MeHEeHMIO
YaCTOTEl «IIVJIBDS

HckumounM  JivanHme  OmTEl
Barpysmum HOBOE

sHauveHne el B CCR2

; paspemeHs!

,-****************************************************

COMMON INTVEC

; Bekxropa npeprBanmy MSP430x14x

IR R R R S R R S R S R S S S S B B b b b b b b i i g
7

ORG TIMERBO_VECTOR
DW TB ISR

ORG RESET VECTOR
DW RESET

END

120

7

’

’

IIpepeBaame or CCIFGO

POR, BHem. Reset,
Watchdog
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lerEJXQ?:NTs II. Ucnonb30BaHne BHYTPEHHHX hYHKUNA, NepUGHEPHIHBIX OTI0KOB...

TexHuka camonporpammupoBanusa pnaw-namatn MSP430
Anton Muehlhofer [slaa103.pdf (AHrn.)]

CamonporpammupyemocTtb Flash cTaHoButcs Bce 6omnee 1 60nee BaXHOM
(byHkumein. ORHAKO NP BbIMOMHEHU NPOrpamMMMpoBaHus/cTupanns Flash namatn
nporpaMmbl MUKPOKOHTPOMNEP He MOXXET OAHOBPEMEHHO BbINOHATL NPUKNALHYIO
nporpaMmy, pacronoXeHHyt0 B TOM e MaccuBe namsrtu. Takum 06pa3om, MUK-
POKOHTPOMSIEP TONIbKO C OAHWUM BCTPOEHHbIM MaccuBom Flash namsati He MoXeT
OZHOBPEMEHHO BbIMOSIHATL NPOrpaMmy U U3MeHATb ee. [pobrema MOXeT ObiTh
peLueHa aByms crnocobamu:

1) Komangbl ctupanus/nporpamMmuposaqus Flash namaTu nepeq BoINONHEH-
eM JI0/KHbI KonupoBaTbes B 03Y.

2) Mpu BbINOMHEHUN CTUPAHMSA/MPOrPaMMUPOBAHUSA BbIYUCIUTENBHOE SAPO
nepexonut B pexkum Idle. B gaHHOM npumvepe NpuMeHeHNs ONuUChbIBAETCS, Kak Bbl-
NOJTHUTL Onepauuu cTupaHus/mporpaMmmuposaqus Flash namati, a Takxe npuso-
ANTCA He06X0AMMOE NporpaMMHOe 06ecreyeHue.

1. BBepenue

Camonporpammupyemoctb Flash ctaHoButcs Bce 6oniee U 60Mee BaKHOMN
(pyHKumen. OgHaKo npuy BbIMOMHEHUM NPOrPaMMUPOBaHUs/cTUpanus Flash namartu
Nporpammbl MUKPOKOHTPOSINIEP HE MOXXET OJJHOBPEMEHHO BbIMOSTHATb NPUKIALHYIO
nporpammy, pacnosioXXeHHY0 B TOM Xe MaccuBe namMsaTi. Takum 06pa3om, MUKpO-
KOHTPOJ11ep TOSbKO C OJHWUM BCTPOEHHbIM MaccBoMm Flash namsaTi He MOXeT 0fiHO-
BPEMEHHO BbIMOSIHATL MPOrPAMMY 1 U3MEHSATb ee.

EcTb [IBa N0AX04a K PELLEHNO 3TOM 3ajadu. [1epBblii COCTOMT B TOM, YTO KO-
MaH[bl CTUpaHus/nporpamMmmpoBanns Flash namsTu nepep BbINOSHEHWEM KONUPY-
totcs B O3Y. Bropoit — B TOM, YTO Npu BbINOHEHWN CTUPAHNA/MPOrpaMMMpPOBaHNs
BbIYUCANTENBLHOE AP0 NepexoaunT B pexkum ldle.

Bce mukpokoHTponnepbl cemeinctBa MSP430 komnanum Texas Instruments
MMeIOT BCTPOEHHbI KOHTposniep Flash namati, KOTOpbIA NO3BOSET BbINOSHATH
NPUKNaZHY0 NporpaMmy 1 U3MeHsTb COLLEPXKMMOe OIHOTO M TOro ke Moayns Flash
namsTu.

9TOT NpUMep NPUMEHEHWUS OMIUCbIBAET CMOCO6, KOTOPbIA MO3BONSET CTUPATL/
nporpammupoBatb Flash namaTb, a Takxxe NpUBOAATCS TEKCTbI NPOrPAMMHbIX MOAY-
neit, He0OXOANMBIX [/151 BbIMOSTHEHNA TUX Onepavii.

122 bubnuoteka Komnana



Inaga 4. Texxuka camonporpammupoBanna gonai-namarn MSP430

2. Cocras Flash-mopyns
Cocrtas Flash moayns MSP430:
o VnpaBnmomaﬂ JIOTUKaA: aBTOMAT COCTOAHUA U 3ana+ou4vn7| reHeparop ynpasng-

t0T CTUpaHuem/3anucoto Flash namatu
e Jloruka 3awwmtbl Flash: 3aiiuTa OT HEKOPPEKTHbIX [eNCTBUIA Npu CTUpaHUK/

3anucu
e [IporpavMmu1pyemblii ICTOYHUK HAMPSXKEHNS: BCTPOEHHbIN Npeo6pa3oBaTenb

HanpsHKeHNs, KOTOPbIA BbipabaTbIBAOLLMIA HANPsSHKeHWe, Heobxoaumoe ans
nporpammMupoBanus Flash namsTu

Tpu 16-paspsgHbix ynpasnstowwmx peructpa FCTLT, FCTL2 n FCTL3 nonHocTbio

ynpasnatoT Flash mogynem (cm. puc. 1). bonee fetanbHOe onucaHue aTux peruct-

MynbTunnekcupyemas LwnHa agpeca
]

MynbTunnekcupyemas LWnHa AaHHbIX

U 0 .

Ynpasnsawownit | 3auenka » 3auenka
peructp FCTLA afgpeca [laHHbIX
N\
NN
Ynpasnstowyuit

peructp FCTL2

YnpasnatoLmi Q:ngmaum \ FLASH
peructp FCTL3 anpeca v fawAT
3apatowuii
reHeparop AKTUBM3ALMS
3aLUenkn
# agpeca A

[porpammupyemblit
NCTOYHUK
HanpskeHus

Pue. 1. CocTas Flash moayns
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POB MOXHO HaMTW B PYKOBOLCTBE MONb30BaTENS M0 MUKPOKOHTPOSIIEPAM CeMENC-
T8a MSP430 (mokymeHT SLAU049).

3. Crupanue u nporpammupoBanue Flash-mogynsa

O6bI4HO BbIYMCIUTENBHOE AP0 CYUTLIBAET U3 Flash namaTy faHHbIe unu Koa
npuknagHomn nporpamMmel. OfHaKo, MHOMAA faHHble BO Flash namaTu Heo6xoanMo n3-
MEHWTb MPU BbINOSTHEHWW NPOrpaMmbl. B Te4eHWe 310 onepauuy CTUpaHus-3anucu
(TO ecTb mepenporpamMmmupoBanns) Flash namsaTu ynpasneHue OCyLLECTBASETCA OT
3a/a0LLIero reHepatopa, uMetoLLerocs B Mogyne Flash. B 310 Bpems BbI4UCIIUTESTb-
HOE AP0 He MOXXET NoNy4uThb Aoctyna K Flash namstu u, cnefoBatenbHo, Nporpam-
Ma [0JKHA Haxo4uTbCs B ApYrom mecte, Hanpumep B O3Y, Unu BbI4UCIUTENIbHOE
A0p0 JomkHO nepeiTu B ldle pexxum. Mocre 3aBepLueHus nporpammuposanus Flash
NamsATh BbIYUCIUTENBHOE AP0 BHOBb GEPET ynpaslieHne Hag Heil Ha cebs. 06a aTun
METO/ia MMEt0T CBOW NpenMyLLEecTBa.

B HacToslee Bpems MUKPOKOHTponnepb! cemerictea MSP430 nmetoT oauH
mMogaynb Flash ong xpaHeHns AaHHbIX U NPUKNaAHON NPOrpaMmbl. 3TO 03HAYAET, HTO
npu NporpammMupoBaHun Flash namsatu BeKTOpbl NpepbIBaHNA HEAOCTYMHbI 1 HIKA-
Kne 3anpochbl Ha NpepbIBaHne He MoryT 6bITb 06paboTaHsl. [1oaTomy, npu Moaudu-
Kauuu Flash namati Bce NCTOYHUKN NPepbIBaHMS, BNIOTb 40 CTOPOXEBOI0 Tanmepa,
LOMKHbI ObITb OTKITO4EHbI. ITO MOXHO CAeNaTh Npu MOMOLLM NporpaMmbl, Npuse-
JEeHHOI Ha PUCYHKe 2.

dint ; OJIOKMPOBKa BCexX
; MaCKMPYEMBIX
; TIPepEBaHMUM

clr.b &IEL ; OjoxupoBka NMI, ACCV
; n OF mnpepblBaHUM
mov #5A80h, &WDTCTL ; DOJIOKMPOBKA

; CTOPOXEeBOTO TamMepa

Pue. 2.TIporpamMma 6110KMPOBKN BCEX NPEPbIBAHMUIA 1 CTOPOXXEBOIO Talimepa

3.1. liporpammupoBarne Flash namsTv ¢ KonUpPoBaHUEM NPHKNALHON
nporpammsl B 03Y

Mpw nporpammupoBanuy Flash namsatu 03Y — efUHCTBEHHAsA NaMATh, U3 KOTO-
POi1 BbIYUCIUTENIbHOE AP0 MOXET BbINOMHATL NPUKNAZHY0 nporpammy. Mpumep
nporpammbl, NPUBEAEHHBIN HA PUCYHKE 3, KONMUPYET (hYHKLMI0 NporpaMMupoBaHus
Flash namsatn B cTek s BbINONHEHWUS NPUKNaLHORA nporpammel B u3 03Y. Korga
Flash namsaTtb cTaHOBMTCS CHOBA AOCTYMHOM, CYETYUK KOMaH[ yKa3sblBaeT Ha Flash
NamsTb W yKazaTenb CTeka BocCTaHaBnuBaetcs. but Busy (6ut 0 8 FCTL3) yka3biBaeT
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JoctynHocTb Flash namatu. B npunoxenuu A npusefeHa npuknagHas nporpaMma
flash _ram.s43, KoTopas MOXeT BbINOSHATE TPU PYHKLUY:

e CTMpaHNe 0JHOr0 CermMeHTa
e [pOrpaMmMupoBaHue 0HOro 6anta
e IPOrpaMMMpPOBaHIE OHOTO CI0BA

BbinonHeHne nporpammbl 13 03Y no3BONSET BbIMUCAUTENLHOMY SAPY pabo-
TaTb B npouecce u3meHeHus Flash mamstu. 310 no3sonser MSP430 BbINONHATL
nporpammupoBanue Flash namatu u, Hanpumep, npuHUmaTth faHHble Yepe3 UART.
KoHe4Ho, B 3TOM cutyauuy 06HapyeHe NpUHSATLIX LaHHbIX MOXET 6bITb peann3o-
BaHO TOMbKO MyTem onpoca dnara npuHaTua gaHHbIX UART.

MODULE flash ww
PUBLIC Flash ww
RSEG CODE
#define CPU_ 5 /* 5=MSP430F1121, 6=MSP430F149 device*/
#include <Std def.s43>
,-*k*k**********************k*k*k**************************
; Banmce BO Flash mamaTes ciioBa
,-****************************************************
; Bammch 1 cyoBa BO Flash myTem xomnmpoBaHMs HeOOJIBIION
byukumm (18 Oamnt)
; B O3Y mpm noMmony IVMHAMUMYECKOM MMaMSTM, PAaCIIOJIOXEHHOM
B CTekKe.
; OnpenesieHrve QyHKLMM:

void Flash ww(int*Data ptr, int word)
; CkpaTu-permcTp: R12 = int *Data ptr
; R14 - int cjoeo
; R13, R15 - ofmero HasHauUeHUSA
; Ipennosioxernme: Ilpm 3anmcu Flash He 3aHATa
(Flash ww_start)

ek Ak Ak kA ARk Ak kA kA kA hkk kA hk Ak Ak kA kA h Ak kh kA kA kA hkkk kK kK k%
’

Flash ww

dint ;3amyTa CTekKa OT IIOBPEXIEHMS
clr.b &IEL ; OnmokupoBka NMI, ACCV m OF
; IPEPLIBaHMI
mov #5A80h, &WDTCTL; GJIOKMPOBKA CTOPOXEBOTO
; TavMepa
mov #Flash ww end, R13 ;ompemejieHMe KOHEWHOT'O

;ampeca UM IOJIMHBL
mov #Flash ww length, R15 ;dyHkumMa, xoTopas
OyneT ckonmpopaHa B 0O3Y
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mov #0A500h, &FCTL3 ; LOCK =0

copy push (@R13 ; KONMpOBaHME OQyHKLMM

; B O3Y

decd RI13

dec R15

jnz copy

mov SP,R15

mov #0A540h, &FCTL1 ; WRT =1

call RI15 ; BBEI3OB M3 0O3Y GyHKUMU
; Banmucu Flash

mov #0A500h, &FCTL1 ; WRT = 0

mov #0A510h, &FCTL3 ; LOCK =1

add #2*Flash ww length, SP ; obcruyxusBaHme
; CTeka

ret;

,-*k*k*k**********************k*k*k'k************************

;*********** @yHKHMH 3armcu Flash IaMsaTim *khkkhkKkkkhkkk kK
Flash ww start

mov R14,0 (R12) ; Bamnmcb bamra BO
; Flash mamars
wait bf Gur #1, &FCTL3 ; OoxumaHue o¢Jyara

; BaHATOCTU
jnz wait bf
Flash ww end
ret
; BBUMCJIEHVE HOMepa
; ciyora Flash nawmaru,
; KOTOpoe HeobxommMo
; Bamnmcars B 03Y
Flash ww length EQU (Flash ww end-Flash ww
start+2) /2
ENDMOD

Puc. 3. NporpamMma KonmpoBaHus Kofja NpukiagHon nporpamMmel U3 Flash namsti B cTek

3.2. lipamoe nepenporpammupoBanmne Flash namarn

Flash mogynb MSP430 umeeT yHuUKanbHyt0 OYHKLMIO — camonporpamMmmupy-
eMOCTb. ITa (PYHKLMSA NO3BOMSET Nepenporpammupoath Flash namsaTb 6e3 Konu-
POBaHNA NPOrpamMMbl B Apyryto namsTb. Korga B Te4eHne nepenporpaMmmnpoBaHins
Flash namatu BblMucnuTeNIbHOE AP0 Bbl6MpaeT KoMaHabl U3 Hee, Flash mogynb
BO3BpALLAET BblYUCAUTENbHOMY fapy Komanay 3FFFh (JMP $). 3ta komaHaa «3a-
LMKMBAET» BbIYMCIIUTENBHOE SAPO [0 TeX Mop, Noka nepenporpaMmupoBaHune
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Flash namatu He 6yneT 3akoH4eHO. [10 OKOHYaHUK nepenporpaMmupoBaHns Flash
MOZYNb BO3BPALLAET CNEAYOLLY0 KOMaHAY, U BbIMOIHEHWE NPOrpaMmbl NPoLoSI-
Xaetcs.

Kak MOXHO yBUAETb U3 KOAA NporpaMmbl, NPUBEAEHHON Ha PUCYHKe 3, 3TO —
Camblii NPOCTON Croco6 nepenporpamMmuposartb Flash namMsaTe MUKPOKOHTPO1EPOB
cemenctea MSP430. OgHako y 9TOro MeToaa MMeeTcsi OAWH HeJ0CTaToOK — NPy nepe-
nporpammupoBaHumn Flash namaTi BbIMUCANTENBHOE AP0 HAXOANTCS B PEXUME OC-
TaHOBA U HUKaKas Mporpamma unu nognporpamma 06paboTkn npepbiBaHUs He MO-
)KET B 3T0 BPEMS BbINONHATLCA. KpOMe TOro, 3T0T METO/, N03BOJIAET Nepenporpam-
mupoBsartb Flash namatb Tonbko Gartamu unu cnosamu (7 6ut B FCTL1T c6poLueH),
a 3HAYUT He MOXET MCMOJb30BATLCS PEXIM ObICTPOIA 3anucu cermeHTamu. bonee
MOJIHbIE NMPUMeEPbI Nporpamm Ang cTupaHus u 3anucy Flash namatu npu nomoilm
9TON (hYHKLMM NpuBeLeHbl B npunoxernn A (dainn Flash _idle.c) n npunoxxeHumn B
(cpann Flash _test.c).

/ ********~k******************************************/
/* Flash ww */

/* samnmch omHOoTro cjoka (16 6mur) BO Flash mamarn*/
/ **‘k*~k~k*************k*k*k*k*k****k************************/

void Flash ww(int *Data ptr, int word)
{
FCTL3 = 0x0A500; /* Lock = 0 */
FCTL1 = OxO0A540;/* WRT = 1 */
*Data ptr=word;/* samnuce cyosa */
FCTL1 = 0x0A500;/* WRT = 0 */
FCTL3 = 0x0A510; /* Lock =1 */

Puc. 4. NognporpamMma 0CTaHOBKM BbIYUCANTENBLHOIO SApa Npu nepenporpammMypoBaHni
Flash namsTn

4. [leMOHCTpaLMOHHaA nporpamMma
BbiNo peanu3oBaHo ABa MeToAa nepenporpamMmupoBaqis Flash namaru:

e nporpammupoBaxue Flash namatn n3 03V,
e NpAMOe nepenporpavMmuposanue Flash namati.

®aiin Flash _ram.s43 copepxut nporpammy nepenporpammuposasus Flash
namat u3 03Y, KoTopas HanucaHa Ha accembnepe 1 MOXeET ObiTb Bbi3BaHa U3 C
komnunatopa. ®aiin Flash _idle.c cogepxut nporpammy npsmoro nepenporpammu-
poBaHus Flash namsTu. 3Tn thaiinbl COAepKaT OANHAKOBbIE (DYHKLNN:

e void Flash_wb( char *Data_ptr, char byte );

e void Flash_ww( int *Data_ptr, int word );

e void Flash_clr( int *Data_ptr );
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[MOCKOMbKY OHW UMEOT OAMHAKOBBINA (HOPMAT BbI30BA, TO OHI B3aUMO3aMEHS-

eMbl, YTO 1 M0Ka3aHO Ha PUCYHKE 5.
[leMOHCTpaLUMOHHOI NporpavMme Heo6X04UMbl TPU CrefyHoLLUX hanna:

e Flash _ram.s43 unu Flash _idle.c — cogepxar qoyHKLMM nepenporpamMmmpo-
BaHus Flash namsaTu

e Flash _test.c — ocHOBHas nporpamma, KOTopas BbI3blBaeT (DYHKLMW nepe-
nporpammMupoBanus Flash namsru

e Flash _var.s43 — nporpamma, nokasblBaroLLas Kak onpefennTb peanbHble aj-
peca rnobabHbIX NepeMeHHbIX A3bika C B 06/1aCTH NamaTi.

B Naah_idle_pig
Tagets [Detug -] = Targets: [Distnig o = -
o .
-} 1= Comimon rourcey =3 Common masces
= [B Masei_ram 543 = B Nach_idis.c
[B oid_def 143 [wl #d_delh
i [B ek tost o E 420 by
sld_def b flazh_piog b
Ind30k = Nach =i c
Histh_i=sth [ =d_delh
[ fash_mogh AR
fash_vai 243 [E fash_iesih
[& fash_progh
m azh_war vl

Puc. 5. OkHa npoekToB nporpammupoBanns Flash namsati u3 03Y u npsmoro
nporpammupoBanus Flash namstu

5. 3aknoyenue

B [aHHOM npumepe NpuUMEHeHWs OmucaHbl 4Ba METOAA nepenporpammmpo-
BaHmsa Flash namati n npuBefeHbl NPUMepbl UX NPOrPaMMHON peanu3auun. B Tom
cnyyae, Korga Heobxogumo 06ecneyqnTb (DYHKLMOHWPOBAHWE BbIYUCIMTENLHOMO
anpa (Hanpumep, npuem gaHHbix npu nomoLyy UART), HY>XXHO MCMONb30BaTh METOS,
nepenporpammuposanus 13 03Y. Mpu aToM MeTOAE Heo6xo4uMa AOMNOSHATENbHASA
namstb. bonee NpocToil MeToA COCTOMT B OCTAHOBKE BbIYMCINTENBHOMO SApa npu
nepenporpaMmmmpoBanui Flash namsTb. JnnTenbHOCTb 3anmcu O4HOr0 CoBa npu-
61m3unTeNbHO paBHseTca 80 MKC, 2 04HOr0 cerMeHTa — 12 mc.
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CebInkKu:

1. MSP430x1xx Family User’s Guide, SLAU049, 2000
2. MSP430x11x1 Datasheet, SLAS241C, June 2000
3. MSP430x13x,MSP430x14x Datasheet, SLAS272A, July 2000

Mpunoxenue A: chain flash_ram.s43

;****************************************************

; flash ram.c 2000-06-20

; OTOT MOOYJIb COHEPXUT OQYyHKLMYM, HeOOXOIMMEIE IJIS

; mporpamMypoBaHMa Flash nmamMaTy npy IDOMOWM IPOTPaMMEL,
; paboramumen m3 03Y. IIpu nporpaMmvmpoBaumy Flash namsaTu
; BBUMCJIMTEJIbHOE SIOPpO OCTaeTCsa AaKTUBHEIM M MOXET

; MCIIOJNIL30BATLCs, HaAIPMMEpP, IJiS NPUHSTUS IAHHBIX [IPU

; nomMount UART. HeobxommMas QyHKLMS KONMPOBAHMUSA

; COIEePXMTCsS B OIpeleJIeHHOM npoIpaMMe BO Flash mamaTu
; WM B QYHKUMM CTUPAHUL.

; PeanmzoBaHHBIE QYHKLMM:

; void Flash wb( char *Data ptr, char byte );
; void Flash ww( int *Data ptr, int word );

; void Flash clr( int *Data ptr );

; ArTop: Anton Muehlhofer, xowummanHmsa Texas Instruments
; Incorporated
;~k**k*************************************************

MODULE Flash wb

PUBLIC Flash wb
RSEG CODE
#define _CPU_ 5 /* omnpepeyieHMe MUKPOKOHTPOJIIEPA :

5=MSP430F1121, 6=MSP430F149 */
#include <Std def.s43> /* noptTer */

,-****************************************************

; Banmce OamrTa BO Flash mamsars
,-************‘k**********'k'k'k'k'k********‘k***************
; Iporpammyporanue 1 BGamTa BO Flash mamMaTe myTeM KOIM-—
; poBaHmMsa HebOosbmwom (18 Gamt) obyHkuMy B O3Y IMHaMMUeC—
; KOV IaMsaTM, PAacCIOJIOKEHHOM B CTEKe.
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; Omnpepernenme ¢yHxumm: void Flash wb( char *Data ptr,

; char byte)

; paboumt permcTp: R12 = char *Data ptr

’

I

R14 = CUMBOJILHEII OamT
R13,R15 = ofmero Has3HaueHUd

PRE R R R I S S S b e S S S S R b b b S S S S I b b b b b S 4
’

Flash wb
dint ; [NpenoTBpalleHre MCKaXeHNA
; CcTeka
mov #Flash wb end,R13 ; ompenesneHune
; KOHEUHOTO aIpeca ¥ IJIMHEL
mov #Flash wb length,R15; dysxumm,
; kommpyemom B O3Y
mov #0A500h, &FCTL3 ; LOCK = 0
copy push @R13 ; komnmpoBaHue QyHKUUM B O3Y
decd RI13
dec R15
Jnz copy
mov SP,R15
mov #0A540h, &FCTL1 ; WRT =1
call RI15 ; BBEIZOB M3 03Y QyHKUMM
; Bammcu Flash nmamartu
mov #0A500h, &FCTL1 ; WRT = 0
mov  #0A510h, &FCTL3 ; LOCK = 1
add #2*Flash wb length,SP; OOciyxmBaHue CTexa
ret

jom——————— dyHKIMA B3anucu Bo Flash namars —————————-—-

Flash wb start

mov.b

wait bf

Flash wb end

R14,0(R12) ; Banmch OarTa IOaHHBIX
; BO Flash mamsats
bit #1, &FCTL3 ; oxmmaHue Grara

; MHIVKaAUMM «CBOOOIHO-—
; TO» COCTOSHMUS
jnz wait bf

ret
; BHUMCJIEHVE HOMepa
; CJIoBa, KOoTopoe OyHeT
; BammcaHo BO Flash
; [aMAaThb
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Flash wb length EQU (Flash wb end-Flash wb start+2)/2
ENDMOD

’

MODULE flash_ww
PUBLIC Flash ww
RSEG CODE

#define CPU_ 5 /* ompegnesieHre MMKPOKOHTPOJUIEPA :
5=MSP430F1121, 6=MSP430F149 */
#include <Std def.s43>

R R I I S S S S b b S S S S e I R b I b b S S S I b b b b S S S S
’

; Banmce ciora Bo Flash mamatob
,-****************************************************
; IporpammmporaHme 1 cioea BO Flash mamaTe nyTem

; KomupoBaHMA HebosibmoM (18 Gawnt) byHkuum B 03Y

; IVHaMMYEeCKOM IaMaTM, PAacCIIOJIOKEHHOM B CTeKe.

; Onpepernenme ¢yHxumm: void Flash ww( int *Data ptr,
; int word)

; paboumnt permucTp: R12 int *Data ptr

; R14 = cJyioBo

; R13,R15 = obmero Has3HaueHUd
;****************************************************

Flash ww
dint ; TpemoTBpalleHMe MOBPEexXIeHMe CTeKa
mov #Flash ww _end,R13 ; omnperneyeHue

; KOHEeUHOT'O anpeca
; U pasmepa

mov #Flash ww length,R15 ; oyHkUMM, KOTOpas
; xonmpyercsa B O3Y

mov #0A500h, &FCTL3 ; LOCK = 0
copy push (@R13 ; KONMpoOBaHME OYHKLIMM

;B 0O3Y

decd RI13

dec R15

Jnz copy

mov SP,R15

mov #0A540h, &FCTL1 ; WRT = 1

call RI15 ; BBI3OB QYHKLUMM 3allCU
; BO Flash mamares mu3
; O3Y

mov #0A500h, &FCTL1 ; WRT = 0

mov #0A510h, &FCTL3 ; LOCK =1
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add #2*Flash ww length, SP ; ObcnyxuBaHme

; CcTeka
ret
J o ———— dynkuma zanucu Bo Flash namsares ————————--—-
Flash ww start
mov R14,0(R12) ; Banmchk OarTa IOaHHBIX
; BO Flash mamsars
wait bf bit #1,&FCTL3 ; OXMIOaHMe YyCTAaHOBKM OuTa

; «CBOOOIDHOI'O» COCTOSHUS
jnz wait bf
Flash ww end
ret
; BHUMCJIEHME HOMepa CJIOBa,
; KOTOpoe OyIeT 3anMcaHoO
; Bo Flash mamsars
Flash ww length EQU (Flash ww end-Flash ww start+2)/2

ENDMOD
MODULE Flash clr
PUBLIC Flash clr
RSEG CODE
#define CPU_ 5 /* ompeneJyieHre THUMa MUKPOKOHTPOJIJIE—

pa:
5=MSP430F1121, 6=MSP430F149 */
#include <Std def.s43>

,-*k****k*k*********‘k‘k‘k‘k******k**************‘k‘k***********

; OumcrTka cerMeHTa Flash namsatum
;****************************************************
; Oumcrtka 1 cermeHTa Flash mamMaTy nyTeM KONMPOBaHUS

; HeboJspmom (X GamT) oyHkUMK B O3Y OMHaAMMUECKOM

; TaMsaTM, PACIIOJIOKEHHOM B CTEKe.

; ompepenenme QyHxum: void Flash clr( int *Data ptr )
; paboumi permcTp: R12 = int *Data ptr

; R13,R15 = ofmero HasHaAUEHUS
;****************************************************

Flash clr
dint ; HpenoTBpalleHMre
; TIOBpeXIeHMe CTeKa
mov #Flash ww end,R13 ; ompenejeHre KOHEUHO-—

;7O ampeca M pasMepa
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mov #Flash ww length,R15; ®yHKIMM, KOoTOpas

mov #0A500h, &FCTL3

copy push @R13

decd RI13
dec R15
Jnz copy

mov SP,R15

mov #0A540nh, &FCTL1

call R15

mov #0A500h, &FCTL1
mov #0A510h, &FCTL3

; xonmpyercsa B O3Y

; LOCK = 0

; KonMpoBaHMe QYyHKLUU
; B 0O3Y

; WRT =1

; BBIBOB OQYHKLMM 3alucCu
; BO Flash mamsars

; ERASE = 0

; LOCK =1

add #2*Flash clr length, SP; obcriyxuBaHMe

ret

; CTeKa

jm—————= OyHKUIMS OuMCTKM Flash mamMary-—--—--——-——-——————-————

Flash clr start
mov #0,0(R12)

wait bf bit #1, &FCTL3
jnz wait bf

Flash clr end
ret

’

;s BBIUMICJIEHME HOMepa CJIOBa,

Flash namsaTu
Flash clr length EQU
start+2) /2

END

Mpunoxenue B: chain flash_idle.c

cTupaHre cerMeHTa Flash
namMsaTn

oOXMIaHMe ycTaHOBkM Oiara
«CBOOOOHOT'O» COCTOSHUA

KoTOpOEe OyneT CcTepTo BO

(Flash clr end-Flash clr

/***************************************************/

/* flash idle.c 2000-06-20 */

/%

/* OYHKUMM CTMPaHMS M NOporpaMMMpoBaHumsa Flash mavsaTm */

VA

/* IpyBeNeHHEEe HuKe OYHKLUMY UCIIOJNbL3YIT aJlOPUTM
/* HENOCPpEenCTBEHHOTO npoIpaMMmpoBanus Flash namarm. */
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/* Tlocrne =amnycka LMKIa SBanucy Wiy IpOoTpaMMUPOBaHMUS,

/* BHUMCIIUTEJIbHOE AIOpo OyIeT OXuIaThb*/

/* mo Tex mop noka Flash mamarTs He cTaHeT CHOBa

/* HOCTYNHOM IJI UTEHMS, [IO3TOMY HEeT HeOoOXOIMMOCTM */
/* xomypoBaThL mporpamMy B O3Y. TakuMm oBpasoM,

/* BHUMCIIUTEJIbHOE SOpO HaxomuTcsa B */

/* pexnmve ”idle”. */

/*x/

/* Bameuanme: Tak KaK BCE BEKTOpAa I[IPEpPLHBAHMSA HEIOCTYII—
/* HE Opy OporpaMmvmpoBanum Flash*/

/* namaTy, [0STOMYy BCe I[PEPBBAHUSA JIOJDKHBE OBITHL Balpele-—
/* Hel. */

/* o x/

/* ABTOp: Anton Muehlhofer, xoumnanmsa Texas

/* Instruments Incorporated */

/***************************************************/

#define CPU_ 5 /* OmnpenesyieHre MUKPOKOHTPOJIIIEPaA :
5=MSP430F1121, 6=MSP430F149 */
#include <std def.h> /* noptTer */

#include <flash prog.h> /* npoToTuUrsl byHKIMIA */
/‘k‘k************‘k‘k‘k******‘k‘k‘k************‘k*‘k‘k*****‘k***/
/* Flash wb */

/* TlporpammypoBanme 1 GarrTa (8 6mr) BO Flash mamsars */
/***************************************************/

void Flash wb(char *Data ptr, char byte)
{

FCTL3 = 0x0A500; /* Lock = 0 */

FCTL1 = 0x0A540; /* WRT = 1 */

*Data ptr=byte; /* NpoTrpaMMMpPOBAHME CJIOBA

BO Flash mamars*/

FCTL1 = 0x0A500; /* WRT = 0 */

FCTL3 = 0x0A510; /* Lock =1 */
}
/***k***********************k*************************/
/* Flash ww */
/* HpOPngMMpOBaHMe 1 cioBa (16 6mur) BO Flash nmamars
*/

/***************************************************/

void Flash ww( int *Data ptr, int word )

{
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FCTL3 = 0x0A500; /* Lock = 0 */

FCTL1 0x0A540; /* WRT = 1 */

*Data ptr=word; /* NpoTrpaMMMPOBAHME CJIOBA
/* Bo Flash mamare */

FCTL1 = 0xO0A500; /* WRT = 0 */

FCTL3 0x0A510; /* Lock =1 */

}

/**k*k************************************************/

/* Flash clr */

/* CrupaHue 1 cermeHTa Flash namaru */
/***************************************************/

void Flash clr( int *Data ptr)
{
FCTL3 = 0x0A500; /* Lock = 0 */
FCTL1 0x0A502; /* ERASE = 1 */
*Data ptr=0; /* cTupanme cermeHTa Flash
/* mamvaTu */
0x0A500; /* ERASE = 0 */
0x0A510; /* Lock =1 */

FCTL1
FCTL3

}

Hpunox(eHue C: chaiin flash_var.s43

R R R e S S S I I I b b A e S S e S R b S S S S S S S b b A 4

; File: flash var.s43 30. masa 2000

; onpeneJyieHMEe OBYyX OINHOOAMTHEIX II€PEMEeHHHX, VMEIX

; crneuubmyeckme anpeca Bo Flash mamsaTy, KOTOphle MOTYT
H OBITH IJOCTYIIHEL B C kak CTaHIapTHEIE BHEUHME CYMBOJIbHBIE
; nepeMeHHbHe (cMm. odamn “flashd.h”) :

; extern unsigned char SegA last; /* aBcosuoTHENI ampec
; 0LO0FFh */
; extern unsigned char SegB last; /* aOCOJIOTHENI ampec
; 0107Fh */

; ABTOop: Anton Muehlhofer, xommanmsa Texas Instruments

; Incorporated
hhkk Ak khhhhkhhhkhhhhkhhhhkkhhhrhkhhhrhhhhkhhhhkkhhhrhkhkhkhrkhhrkkhx*x

; extern unsigned char SegA last; /* aOCoOJIOTHBII ampec
; 010FFh */

bubnuoteka Komnana 185,



i
le’rEJXQ%NTs Il. Ucnonb30BaHne BHYTPEHHUX (hYHKLUMI, NEPUGHEPHITHBIX BIIOKOB...

NAME SegA last

PUBLIC SegA last

ASEG 010FFh
SegA last DS 0

ENDMOD

; extern unsigned char SegB last; /* abCoJIOTHBII ampec
; 0107Fh */

NAME SegB last

PUBLIC SegB last

ASEG 0107Fh
SegB last DS 0

ENDMOD

END
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Noakntoyenne ADS1100 k MSP430F413
Andreas Dannenberg [slaa206.pdf (AHrm.)]

B naHHOM npumepe NpUMeHEHIUs ONNCHIBAETCS, KAk MOXXHO MOAKMYUTL And)-
dhepeHumanbHbli 16-pa3paaHblii curma-aensta ALM ADS1100 K MUKpPOKOHTpOne-
py MSP430F413. ina npumepa 0CYLLECTBNAETCS U3MEPeHne 1 nHankaums Ha XKKI
BbIXOAHOI0 CONPOTMBAEHIUS MOTHOMOCTOBOrO TEH30PE3NCTUBHOIO aT4uKa.

OnucaHue annapaTHOM YacTu

MukpokonTponnep MSP430F413, ucnonb3yemblii B 3TOM NpuMepe npume-
HEHWsS — 3TO HeJOPOro MUKPOKOHTPONEP CO BCTPOEHHbIM fpansepom XK. OH
OCYLLECTB/SAET CYMTbIBAHNE AaHHbIX OT ALIM 1 nHAnKaumio pesynbrara U3MepeHus
Ha >KUAKOKPUCTANM4YeckoM aucnnee. [ns noAkmo4eHns K BeayLlemy YCTpOMc-
T8y ADS1100 nmeeT I12C uHTepdeiic. Tak Kak WUCMONb3YeMbli MUKPOKOHTPOMEP
MSP430F413 He nmeeT annapaTtHoro nepudepunitHoro moayns 1°C uHtepdeiica, To
ONs peanin3aumm ero 3afeincTeoBanbl NHUM P2.0 n P2.1 BTOpOro noprta BBOAa-Bbl-
BOJA 06LLEro HasHa4eHus. Bbl6op 3TUX NMHWIA OblN CHenaH NPOU3BOSLHO, U OHW
MOryT ObITb MEepeHa3Ha4eHbl NyTeM W3MEeHeHWUs OCHOBHOrO (haiina 12G_Master.h.
K nnHnam I2C wuHbl nogkntoyeHsbl 10 kOmM nofgTaruBaroLLme pesanctopbl. Ha pucyH-
Ke 1 nokasaHa cxema 3fieKTpuyeckas NpuHUMNUanbHas onncbiBaemoro yCTpomcTea.

MTaHMe MOCTOBOrO AaTyMKa OCYLLECTB/IAETCA OT BbIBOAOB MopTa BBOAA-
BbIBOAA. TO MO3BOSIAET CHU3NUTb NOTPEOSIEHNE NYTEM OTKITIOYEHUS NUTAHUS MOC-
TOBOr0 faT4ynka nocne OKOHYaHUs n3mepeHus. [na peanusauun WUHbI NUTAHUS
MOCTOBOIO JaT4uKa no TpW JIMHWN MOPTOB MUKPOKOHTPONEPa ObISin NOAKITIOYEHbI
napannenbHo.

3.5-undpposoii cratnyeckuit KK mapkn VI-302 npou3BoAcTBa KOMMaHWN
Varitronix ucnonb3yercs A1 0T06paXeHUs pesynbrata U3MepeHus 1 NoAKNoYaeTcs
HenocpeaCcTBEHHO K MUKpOKOHTponnepy MSP430. KHonku PB1 n PB2 nogkntoyeHsl
K uHuAM P1.6 n P1.7 n noaTanyThl K nuHum nutaHus 100-kOm pesnctopamu.

Onucaxue nporpammbl

Kpartxwii 0630p

[eMOHCTpaLoHHOe NporpamMmMHOe 06ecrneveHne aHHoro npumepa nprmeHe-
HUS HanucaHo kak Ha G, Tak 1 Ha accembnepe. 06e nporpaMmbl (YHKLMOHANBHO
WAGHTWNYHbI 11 UCNOMb3YIOT 00LLYt0 6ubnunoteky Beaylero 1°C uHTepdeiica, koTo-
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pasi HanmcaHa Ha accemosepe. [poekT, chOPMUPOBAHHBIA TONBKO M3 MpOrpamm,
HanuCcaHHbIX Ha accembrepe, UMeeT pasMep Npuenu3nTenbHo Ha 20% MeHbLLE, Yem
CMEeLUAHHbIA NPOEKT, CCHOPMIUPOBAHHBIV U3 NPOTrPaMMb, HANUCAHHO Ha C 1 61bu-
0TeKM, HanN1CcaHHOoI Ha accemonepe.

Tabmmya 1. Onucanne ghainos

Wms dhaiina Onucauue

[leMOHCTpaLKoHHas NporpamMma cunTbiBaHns AaHHbIX n3 ADS1100, Hanncaw-

ADS1100_Demo.c
Hasi Ha C

[leMOHCTpaLKMoHHas Nporpamma cunTbIBaHns AaHHbIX n3 ADS1100, Hanucaw-

ADS1100_Demo.s43
Has Ha accembnepe

12C_Master.s43 Bubnuoteka peannsauum seayiuero I°C uHtepdeiica
12C_Master.h OcHoBHO chain npoleaypbl Beayilero 1°G nHtepdeica
Pab6ota nporpamMmbl

Mocne c6poca npu Nogade NUTaHNs NPOUCXOLNT UHULMANM3ALUS Nepuddepui-
HbIX ycTpoiicte MSP430. lMpu 3TOM NPOUCXOANUT OTKOYEHUE CTOPOXXEBOro Tail-
Mepa, HacTpolika Harpy304HblX KOHAeHcaTopos reHepatopa LFXT1 ans pa6otel ¢
BHELLHIM 4aCOBbIM KBAPLEBbIM PE30HATOPOM U UHULMANM3aLmUs KoHTponepa XXKI
11 OCHOBHOTO Taiimepa. B CXOQHOM TeKCTe Anst XpaHeHWs KaMbpOBOYHbIX JaHHbIX
pesepBupyeTcsa aga 16- 6uTHbIX cnosa B cermenTe A Flash namatn MSP430. Ecnm
06a CrnoBa cofepXar OAMHAKOBOE 3Ha4eHue (Hanpumep, Kak nocne cépoca npu
BK/NtOYeHnN nuTaHns — OXFFFF), To akTusnanpyeTcs pexxum kannbposku. B npoTus-
HOM C/ly4ae MUKPOKOHTPOJIIEP BXOLNT B PEXXUM U3MEPEHUS.

ADS1100 HacTpoeH Ha paboTy B HENPEPLIBHOM PexxiMe npeobpa3oBaHns ¢ 16-
Pa3pALHONA TOYHOCTBIO. [ns YCUNeHUs BbIXOAHOTO HaNpshxeHus anddepeHumnanb-
HOr0 MOCTOBOTO JaT4nKa KO3(DULIMEHT YCUIEHUS YCUNUTENA C NPOrpaMMUpyemMbIM
Koadpdpuumentom ycunenus (YINKY) ALIM yctaHosneH pasHbiv 8. boniee noapobHoe
onucaxme pexxcuma pa6otbl ADS1100 MOXKHO HaliTK B TEXHUYECKOM ONMUCAHWN [aH-
HOro npubopa. 3anuch KoHgMrypaumoHHoro 6aiTta B AL no 12C nHtepdeiicy ocy-
LLiecTBNSET 61oNnoTeHHas pyHKums 12CWrite8().

3arem, MSP430 nepexoaut B pexKumM NOHWKEHHOro noTpebneHns LPM3, npu
9TOM NpepbIBaHINA paspeLleHbl. C 3TOro BpeMeHu nporpaMmma ynpasnseTcs TONbKO
Mo npepbiBaHnsAM. PaspeLueHbl [Ba UCTOYHMKA npepbiBaHus. OcHOBHON Taiimep ISR
thopmupyeT curHan npepbiBaHns kaxable 0.25 Ce. u, B OCHOBHOM, UCMO/b3YeTCs
Ans TOro, 4T06bl NONY4NTb 1 0TO6PA3UTL peaynbTathl 3amepeHus. Mopt 1 ISR uc-
NONb3YeTCs 415 OTCNEXUBAHUA HAXKATUSA KHOMKMU.

bubnuoteka Komnana 139



U Texas . .
INSTRUMENTS lll. UuTepdberic ¢ BHELIHUMY YCTPOHCTBAMHU

B pexume kanubpoBKW 3a[aloTcs ABE KOHCTaHTbl. 310 HuxHUIA (CAL LO) n
BepxHuit (CAL HI) noporu guanasoHa usmepeHuit. [pn Haxatuu OLHOM W3 KHO-
noK peaynsrar npeobpasosaHus ALM ADS1100 cyuTbiBaeTCS MpU NOMOLUM (DYH-
Kumn 12CRead16() u coxpaHsieTcss B COOTBETCTBYIOLLE BPEMEHHON MepemMeHHOI.
Mo OKOH4aHWK KanmMbpoBKK 06e 3TW nepeMeHHble coxpaHstoTes cermeHTe INFOA
Flash namatu npu nomoLLn YHKLNAN BHYTPUCUCTEMHOTO CaMONPOrpamMmmMupOBaHus.
[Mocne 3T0Oro cUCTEMA NEPeXoaNT B PEXUM U3MepeHUs. B aTom pexume pesynbrat
npeo6pasoBaHus ADS1100 c4uTbIBAETCS U CPaBHMBAETCS C NpefblayLLuM Kaxable
0.25 cek. Ecnu 3Ha4yeHWs OTNNHAIOTCS, TO COCTOSIHUE WHAMKATOpa OGHOBNSAETCS.
970 N03BONSAET N36eXaTb HEHYXHbIX 32-paspAfHbIX LieSI0YUCIEHHbIX YMHOXEHMI
1 JerneHnii npyu HeUM3SMEHHOCTU U3MEPSAEMOro CUrHana. 3Ha4yeHne WHAULMPYEMOro
3Ha4YeHNA PacCYUTBLIBAEGTCA N0 CriefytoLLen opmyne:

) CurrentADCValue — CalMin
DisplayValue = - x CAL_MIN_MAX_SPAN
CalMax — CalMin

OnanasoH ot CalMax go CalMin nepecuutbiBaeTcs B 3HaveHue ot 0 go CAL_
MIN_MAX_SPAN. Mo ymon4axuto CAL_MIN_MAX_SPAN yctaHosneH pasHbim 1,000.
[Mpn nomoLy kHonku PB2 M0XKHO B N1t060€ BpeMs MepemnTit B PeXxnm KarmobpoBKu.

Haxatne kHonku PB1 BbI3bIBaeT 0CTaHOBKY Npeo6pa3oBanus, oTkto4aet XXKI
1 nepesoaut MSP430 B pexxum NoHWKeHHOro notpebneHus LPM3. B aTom pexume
YCTPOICTBO NoTpe6nseT meHee 1 MKA, npu atom 32 KI'L, reHepartop 0cTaeTcs B pabo-
4eM COCTOSIHWW. ECnM HEOOXOLMMO, TO MOXHO 331eNCTBOBATL PEXXIM MOHKEHHOTO
notpe6nenns LPM4. IMpn noBTOpHOM HaXkaTuu KHonkn PB1 npoucxoaut nepexog B
HOPMabHbIA PEXIUM PaboTbl.

bubnnoreynasn chynkyns segywyero FC nnrepghesica

JT1a 61bnnoTeKa bbina co3gaHa ans Toro, 4To6bl MUKPOKOHTPOIEPbI CEMENiC-
t8a MSP430, He nmetowwme annapatHoro moayns I°C uHTepdbeiica, MOrnn Bce e
BECTU 06MEH JaHHbIMU C BHELLHUMI YCTPOWCTBAMM N0 3TOMY UHTepdericy. [Ins ne-
pedayn 1 nprema faxHbix no 12C nHtepdelicy ata 6nbnnoTexa Ncnosb3yeT TEXHOMO-
ruto bit-bang. Mo ctanpapty 2C TpebyeTtcs BbIXOA C TPeMS COCTOAHUAMMI. 1S 3TOro
JINHWW NEPEeBOAATCA B PEXIM BXOJ0B, @ BbIBOJbI NMPUTATUBAIOTCS K JIMHAN NUTAHUS
Nnpy NOMOLLM BHELLUHUX MOATArMBAOLLMX PE3UCTOPOB. [py 3TOM TOSIbKO NpU HEoo6-
X0OUMOCTI (DOPMUPOBaHMS Hyns Ha nuHun MSP430 nepeBoauT BbIBOL B PEXMM
BbIX0O/a V1 YAEPXKIBAET €ro B HU3KOM COCTOSHNN

[ng Toro 4T06bI MMETH BOSMOXHOCTL NMPaBUIbHO (DOPMUPOBATL BPEMEHHbIE
napametpsbl, 6M6nMOTEKA HanucaHa Ha accembnepe. Ecnu Hanucartb ee Ha C, To Bpe-
MEHHbIe MapaMeTpbl OyOyT 3aBWUCETb OT KOMMUATOPA W HACTPOEK ONTUMU3ATOpa.
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Korga MUKpOKOHTpOsep paboTaeT Ha 3afjaHHOM no ymonyanuio Yactote 1 048 576
l'U, BCE BPEMEHHbIE NapameTpbl CreHepupoBaHHOro I°C nHTepdeiica yaoBNeTBOPSOT
TPeb0oBaHUAM K paboTe B HOPManbHOM pexxume. brbnnoTeka MOXXET UCMNONb30BaThb-
cA Nt06bIMU MUKPOKOHTPOsepamu cemerictea MSP430.

113 0CHOBHbIX Mporpamm, HanucaHHblX Ha G unu accembrepe, MOXHO Nerko
OpraHn30BaTb BbI30B NMtOObLIX NOANPOrPamMM MNosb30Batens. [ns ynpoLeHns uHTer-
pauuu B cpefy G cyLLecTByeT 0CHOBHOM (haiif. FIMeeTcst BO3MOXHOCTb BbI30Ba TPEX
yHKLNiA:

void I2CSetup (void)

9Ta YHKUMSA MHUUManu3upyeT BbiBoabl MSP430, npeaHa3HaqeHHble Ans Be-
JeHus obmeHa aaHHbIMK no 12C nnTepdbeiicy. Bbioabl noptoB SDA n SCL, Tak xe
Kak 1 onpeneneHns coctosHus noptos PI2CG_DIR, PI2C_OUT u PI2C_IN, moryT 6bITb
3MeHeHbl B 0cHoBHOM (anne 12C_Master.h. [1ns o6cnyXnBaHus NUHUA UHTEp-
(heiica peKkoMeHAyeTCs MCMONb30BaTh 4 MNafLLNe NIMHUK NOPTOB. B 3TOM cnyyae
Ans MaHunynauun éutamn BblyucnutensHoe aapo MSP430 cnoco6HO 1cnonb3o-
BaTb XapaKTepPUCTMKY NOCTOSHHOIO reHepaTopa, Y4To NO3BOMAET YMEHbLUMTL PasmMep
KoJa 1 MoBbICUTb BbICTpoaeicTBMe. bonee Noapo6HO 06 3TOM MOXXHO MPOYMTATh B
PYKOBOACTBE Monb3oBatens no 16-6utHeiM RISC MUKPOKOHTpORNepam cemencTea
MSP430x4xx.

unsigned int I2CReadlé6 (unsigned char Addr)

J1a pyHKUMS cYnTbIBAET 16-pa3psaHble JaHHbIE U3 YKa3aHHOrO BHELLHEro
nopuuHeHHoro I2C yctpoiicTsa. LSB nepefasaemoro agpecHoro 12C 6aiita yctaHas-
NIMBAETCS BHYTPEHHE U CYXWT AN YKa3aHWs 3anpaluBaeMoro ycTpolicTea. [JaH-
Hble CYUTHIBAKOTCA C LUMHBI CTAPLUAM 3HAYALLMM 6UTOM Brepeg.

void I2CWrite8 (unsigned char Addr, unsigned char
Data)

Mpu BbI30BE 3TOI PYHKLMM OCYLLLECTBASETCS Nepeaada 8-6UTHbIX AaHHbIX Data
YCTPOIACTBY C aapecom Addr.

Kpome TOro, 6ubnuoteka COAEPXMUT [OMNOSHUTENbHbIE BCMOMOraTesbHble
(byHKLMKM, NO3BONSAIOLLME FeHeprpoBaTh I°C yCnoBus cTapTa, 0CTaHOBA 1 MOATBEPX-
neHuns (ACK nnu nACK). Kak 6b1510 CKa3aHo BblLLE, 3TU (DYHKLMUM MOTYT BbI3bIBATbCS
11 PasfINYHBIMI NONb30BATENIbCKUMU (OYHKUMAMW. [Ins YAOBNETBOPeHUs creuudu-
4eCKMX TPeOOBAHMIA MOXHO CO3/aThb U CBOU BapUaHTbl OYHKLWA.

Ha pucyHke 1 npuBefieHa cxema 3feKTpuyecKas npuHLMnuanbHas onmcaHHoro
YCTPOMCTBA.
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Mopakntouenne 3-BoNbTOBbIX MUKPOKOHTpONNEpoB MSP430
K 5-BONIbTOBbIM CXeMaM

Lutz Bierl [slaa148.pdf (AHrn.)]

B atom npumepe NpuMeHeHNs paccMaTpuBaeTCs NOLKII0YEHNE 3 BOSIbTOBbLIX
MUKPOKOHTponepoB MSP430x1xx n MSP430x4xx K cxemam C nuTaHuem 5B unu
Bbile. ONucaHo cornacoBaHne BXOLOB, BbIXOLOB U ABYHANPAB/EHHbIX JIMHUIA. Tam,
rfie 370 He06X0LNMO, JAIOTCA NPUMEPbI PACHETOB. Takxke NokasaHbl NPUMepbI NoCT-
POEHUS MPOCTbIX UCTOYHMKOB NMUTAHNS HA 062 HaNPSXKeHNs.

1. BBepenue

CoBpemeHHble  MUKpPOKOHTponnepsl  MSP430, Hanmpumep, CcemeiicTBa
MSP430x1xx 1 MSP430x4xx paboTatoT B [Mana3oHe MUTAKLLNX HANPSXKEHWA OT
1,8 B 1o 3,6 B. 370 06yCn0OBNEHO MCMOb3YEMbIM TEXHONOMMYECKM MPOLECCOM 1
MMeeT psif NPeuMyLLEecTB, B YaCTHOCTU — MUKPOKOHTPOMEPb! 3TUX Cepui NoTpeod-
NAOT MEHbLUNIA TOK, 4em 5-BonbToBbIe MSP430C3xX.

CnoXXHOCTM BO3HMKAIOT NPW HEOOXOAMMOCTI COMPSHKEHNS TaKUX YCTPONCTB C
5-BOMLTOBLIMY UMY eLLE 60Nee BbICOKOBOIBTHLIMU CXeMamu. B 3TOM npumepe npu-
MEHEHUs MOKa3aHo, KaK COrnacoBarb 5-BOMLTOBbIE MHTEPMENCH CO BXOLAMMU, Bbl-
X0LaMK W [BYHANPABAEHHbIMI NNMHUAMI MUKPOKOHTponnepoB MSP430. Ha puc. 1
MnoKasaHbl NPUMepbI TaKKUX COrNacoBaHWiA. B aTom npumepe paccmatprsaroTes yCT-
POICTBA, MOMEYEHHbIE HA PUCYHKE TEMHO-CEPbIM LIBETOM.

3B
b T T
e comln| 3100 18
Aec oo 1
5B 5B 3B 3B 58 58
? ? ? Q Q ?
5-Tn BONbTOBAs N %XOAHOM Bxo, Mopt [lByHanpasneHHbli 5-T1 BONbTOBAS
nepudepus npeg Bpgogagenb A BBO/A/ [« npeobpasosatens [ nepHcepus
BLIBOAA 38> 58 pateEp
S 8 ) !
08 0B 0B 0B
5B MSP430x4;
? SP430x4xx 3?B S?B 55\)/
TLL-KMON BbixoaHom ~
nepucpepus | Beixon Bbixoz; —»-| npeobpasosatens —- oTH 80710547
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Pue. 1. Nutepdpeiic mexay 3 B MSP430 v 5 B ycTpoiicTBOM
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Inaga 2. Mogkntoyenne 3-B0nbTOBbIX MUKPOKOHTPONNEPoB MSP430...

Mpumeyauue:
Hanee no tekcty TepmuH MSP430 03Ha4aeT MUKDOKOHTPOIIEPb! CEMENCTB
MSP430x1xx n MSP430x4xx.

Mpumeyanue:
[pnBesieHHbIE HOPMYIIbI 15 BHELLHEr0 UCTOYHUKA MUTAHUS V(sys) TaKxe crpa-
BELUTBbI Y MOTYT ObITb UCIO0/Ib30BAHbI [U1S1 HANPSXKEHWN BbiLLE, YeM 5B. VIX MOXHO

UCMOJIb30BaTh J/151 JIH0ObIX YPOBHEVN BHELLIHEr0 HarpsKeHus, Hanpumep, I/(Sys )= 128B.

B chopmynax 6ymyT MCMONb30BaHbI CHEAYIOLLINE 3aMeHbl [ YIPOLLEHUS Bbl-
YUCTIEHNI MPY MasIbIX 3HAYEHUAX ax (HanpUMep,[s HavanbHOro pasépoca p).

1 1 1+a,
e, 078 g r ) 9

1-a,
~(1v2a) X ~(1-2a)

X X X X

Mpu Taknx 3aMmeHax oLum6Ka OyaeT HUYTOXHO npu laxl < 0,1.

2. Onpepenexuns

2.1. 3naqenns n3 cneyngbnkaymi MSP430

HucneHHble 3Ha4YeHNS ANS pPacYETOB HAaUXYALWUX Cry4aes B3ATbI U3 [4]. Ecnu He
YKa3aHo UHoe, 3Ha4eHusi npuBefieHbI npu DV, = 3 B:

MwuHuManbHbIA YPOBEHb MUTAHKS LMGPOBOIA HacTu

DV et MSP430x4xx 188
DV MaxkcnmarnbHbIn ypoBEHb NMUTAHUA LMGPOBOI HacTu 368
CCmag  MSP430x4xx ’
N MakcumanbHbIit NOpor ypoBHS Jor. «1» Ha BXofe nopTa 19B
Mmax— MSP430 ’
N MuHuMarnbHbIA nopor yposHs Jior. «0» Ha BXOAe nopTa 0.9B
mmn) - MSP430 ’
MuHuManbHOe HanpshxeHue for. «1» Ha BbIXOAe nopTa
Vormn npn 10 =-1,5 MA DV -0258
MakcumanbHoe HanpsbkeHue nor. «0» Ha Bbixofie nopTa
VoL ma npi 10 = 1,5 MA DV, +0258B

Tok yTeykun no Bxogy MSP430 +50 HA

AGCONIOTHBLIN MaKCUMYM TOKA Yepe3 3aLLUUTHbIE AN0fbl JIH060-
ro BbiBoga MSP430 (V, <-0.3 Bum V,>V .+ 0.3 B)

Mpumeyanue:

BbixogHoe conpotnsrgHme r (o) BbIXOA0B MSPA430x4xx BO BHUMAHNE HE Mpu-
HUMAETCS, BBUJIY BbIO0OPA BbICOKOOMHbIX PE3NCTOPOB B pac4étax. 10 cpaBHEHMIO O
3Ha4eHUAMM NCTIOMb3YEMbIX PE3UCTOPOB BbIXOAHOE CONMPOTUBIIEHNE Iy (He 6osnee

167 OM) peHeBbpEeXXNTENIbHO Maso.

I\kg

+2 MA
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2.2. Onpepenexna 4ns BHELUHEH CHCTEMbI

V(Sys) Hanps)keHne nuTaHns BHELLHEN CUCTEMbI [B]

V(SysH) BbIx0AHOE HanpsXKeHne Nor. «1» BHELLHEl CUCTEMbI [B]

V(SysL) BbixoaHoe HanpskeHne nor. «0» BHELLHEl CUCTEMbI [B]

V(%) BxofHoe HanpshxeHue Nnor. «1» BHELLIHen CUCTEMbI [B]

p HadyarnbHbIin pa3bpoc MHTEPMENCHbIX PE3NCTOPOB [%]

v MuHumanbHoe HanpshxeHne nutanus ansg MSP430 [B]
ccmin)— npn DV, = 3.0 B +10% (3,0 B =< 0,9=2,7 B)

3. BxogHble npeobpasoBarenu

lNoKa3aHHble BXOAHblE NMPeobpa3oBaTenu B NepByKD OYepefb PacCHnUTaHbl Ha
COrnacoBaHme 5-Ti 1 3-BONLTOBbIX CUCTEM. TeM He MEHee, X TaKXe MOXHO NpumMe-
HATb W NpK 6051ee BbICOKMX 3HAYEHUSIX BHELLIHEr0 NUTAHUS, HAaNpUMep, AN1s cornaco-
BaHMS BX0Ja MUKpOKoHTponnepa MSP430 ¢ 12-BoNbTOBbIMM CUTHANaMu.
3.1. BxogHble npeobpa3oBaTeny Ha PE3UCTHBHbIX JESUTENAX

BHewwHuiA undoposoi yposeHb VI(sys) nogaéres Ha MSP430. ®opmynbl ans
HauxyaLwmx cyyaes ans pacyéra peanctopos R1 u R2 nokasaHHbIX Ha puc. 2:

R1 V(sySH yMin=Virmay ~ RT N Visyst ) MaX = Vir (i) i RAIIR2 << DV,
R2 ¢ Virmagx (1420) " R2 V(i ¥ (1-20) !

lNepBble [1Ba HePaBEHCTBA 06ECMEYNBAIOT NPEBbILLIEHNE BXOAHBIM HANPsKeHN-
em VI(430) Ha Bxoge MSP430 cOOTBETCTBYHOLLMX HAUXYALUNX MOPOrOBbIX 3HAYEHUIA.
TpeTbe HepaBeHCTBO 06eCMeYBALT OTCYTCTBIE BIUAHUA TOKA YTe4KN |IKg BXOHbIX
AnonoB Ha HanpskeHue VI(430). [Ing UCKMI0YeHNA NPOTEKaHWs TOKA Yepes 3alnT-
Hble AnoAbl BxofoB MSP430, Heo6x0aumo, YT06bI BbIMOMHSANOC:

R 2 max

V max x
(sysH) R1min + R2 max

< DVCC(mm) +0,3

"
R2 min
V mnx ——— > - 0,3
(st ) T B max + R2min
MPUMEP: BxoaHble Hanps)eHust OT BHELLHEH CUCTEMb: V(SysH) =5.0 B +10%
" Vs o = =0,5B £ 0,5 B. Ha4anbHbIi1 pa3dbpoc pe3ncTopos p = = 5%. MuHumanbHoe
Hanpsxene nutaxus MSP430 B atom npumepe DV, =27 B (3,0 B - 10%).
YunTbiBasi NpuBeAeHHbIE BbILLE 3HAYEHUS cneumcpMKaumm Ha on,qule noporoBble

ypoBHu® V nv 11 BENNYMHY BXOJHOIO HanpshxeHus V

IT(max) IT(min) (sysH)min*
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3B

Vl(sys) ?

DVee
AV¢e

R1
MSP430x4xx

Bxon

VI(430) DVSS

Vs
l 0B

Pue. 2. Pe3nCTMBHbIN BXOLHON npeo6pasosatenb 5B — MSP430

R1 . Visys yMin = Vit (may ~ 4,5B — 1,9B R1
ol _ Ll
R2 Vir (max) X (1+2p) 1,9Bx(1+0,1) R2

< 1,244

Yenosue Ansi BXOAHOTO HAMPSDKEHNS HIKOTO YPOBHS V,

sysL)max”

Vv max — Vi i -
R Vst men  1,08-09B  RT 01234
R2 Vit (miny % (1-2p) 0,9B x(1-0,1) R2

[ns 06ecneyeHns He3HA4YUTESIbHOCT BIIMAHNA TOKA YTEYKN ||ng

R1IIR2 << DVee _ 3B - R11IR2 << 60MOm

[RENETY

9TV TpU pacyéTHbIe (hOPMYIbl LOMYCKAOT AOCTATOYHO WMPOKMIA ANaNa3oH Ans
Bbi6opa R1 v R2. Ecnu Bbibpats R1/R2 = 1,0 n R11IR2 = 600 kOm, T0 R1 = 1,2 MOm
1 R2 =1,2 MOm. Ing npefoTBpaLLeHs NPOTEKaHNS TOKA Yepe3 BXOLHbIE 3aLLNTHbIE
anoabl MSP430 Heo6xoanmo, YT06bI BbIMOMHSANOCH:

R 2 max

V max x ———
(sysH) R1min + R2max

< DV min) +0.3
n

R 2 min
V minx —— > -0,3
(sysL.) . R1max + R 2 min

bubnuoteka Komnana 147



i
le'r-ll;}%Jxﬁ?zNTs lll. UuTepdberic ¢ BHELIHUMY YCTPOHCTBAMHU

1,26 MOm

5,5Bx
1,14MOm +1,26MOm

<2,7B+0,3 — 2,8875B < 3,0B

y 1,14MOm
1,26 MOm +1,14MOm

BbinonHeHne AByX NOCNEAHUX HEPABEHCTB HE MMEET B0MbLLOIA BAXKHOCTHA, ECIN
3HayeHue Toka 4Yepes BbiBOA MSP430 ropasno meHbLue, Yem = 2 MA (a6CONOTHbIN
MaKCUMyM OMYyCTUMOrO 3Ha4eHNs BXOAHOMO TOKA). VIMeHHO Takoi cry4aii umeet
MecTo B Hawem npumepe: R111R2 = 600 kKOm.

MpuBeAeHHbIE BbiLLE pacHéTHbIE (DOPMYIbI CNPaBEeAIMBbI AN CELYHOLLAX Bbl-
Bo0B MSP430, HaCTPOEHHbIX Ha BBOS:

e Bce noptel BBOAA/BbIBOAA (P1...P6)

e Bxozb! kBapLesoro pesoHaropa XIN n XT2IN: VlL(X)max =0,2x DV,
V) pmin = 0.8 x DV,

e Bxoa RST/NMI: V, max = DV, + 0,6 B, V, min = 0.8 x DV,

e Bxopnpl komnapatopa Comparator_A CAO u CA1

e Bxonpbl UART/SPI URXDx, SOMIx, SIMOx, UCLK

e Bxopp! Taiimepa Timer_A TACLK, TAO...TA2

e Bxopp! Taiimepa Timer_B TBCLK, TBO...TB6

e Bxombl AL ADG12: Bpemst BbIGOPKM t(sample) JIOJKHO ObITb COMMACcOBaHO C UM-
negadcom pesuctusHoro genutens R11IR2. HononHutenbHas nHopmawms
copepxutcs B rmase ADC12 B [2] unn [3].

0,08

>-0,3 > +0,0B > -0,3B

3.2. BxogHoii npeo6pa3oBaresib Ha TPAH3UCTOPE

BxoaHoi npeo6pasosaresib Ha TpaH3MCTOPE NPeAcTaBnseT co60i BeCbMa Npo-
CTYO CXeMy, NO3BOMAOLLYH0 COrNacoBaTh PasfnyHble BHELLHUE YCTPOICTBA C MUK-
pokoHTponnepamu cemerctea MSP430. lMpumep peanusauuy WHBEPTUPYHOLLErO
BX0AHOro 6ychepa npusedeH Ha puc. 3. Peanctop RC MOXET 6biTb OTKNHOYEH Npu
NOMOLLM BbIX0JA KOHTPONNEpPa Ans CHIKEHUS NOTPEBASEeMOro ToKa B pexxKume no-
HKEHHOr0 aHepronotpe6neHns 3.

PacuétHble chopmynbl ans pesuctopos RC, RB1 1 RB2 nmetoT cnefytoLiuii
BML;:

Ro<tsmn ~Vromn Ry (Vo MX_ ) o
A+ pxlthom) Ry | V.

BE(off)

Tpetbe HepaBeHCTBO 06ECMeYnBaET BK/OYEHWE TPAH3MCTOPA MPU BXOLHOM

YpOBHe V(SysH)mln:
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3B

7

Bbixog DV
AV .

MSP430x4xx

Bxop

DVgs
AVgg

. 08

Pue. 3. TpaH3MCTOPHbII BXOAHON Npeobpas3osatesb U3 5 B okpyxeHus

. R;
Vigsry MM = Vg (1+R (1+2p))
% x Bmin xR, min
DV,

Rg; <

(max)

e Vi oy — HANPSIKEHUE 6a33-3MUTTEP TPAH3UCTOPA, NP KOTOPOM OH rapaH-

TMPOBAHHO BbIKITHOYaeTCs [B]

Vg on) — HAMPSHKEHIE 63a-9MUTTEP TPAHIUCTOPA, MPU KOTOPOM OH FrapaHTUpO-
BaHHO BKIto4aetcs [B]

B — Ko3thMLMEHT yeuneHus no ToKy TpaH3ucTopa

IIkg m — TOK YTe4Ki TpaH3ucTopa [A]

Mpumep: BxogHoe HanpshxeHne ¢ ypOBHEM VIs o) nofaércs Ha Bxog MSP430 ¢
TOKOM yTeuku |, I = +50 HA. MuHumansHoe HanpﬂmeHme nor. «1» V(SysH)min =458,
MaKcmmaanoe HanmeeHme nor. «0» V(SysL)max = 0,7 B. Ha4anbHbI pa3bpoc Bcex
pesncTopoB p = +5%. HanpsxeHue nutatus DV, = 3 B +10%. Xapaktepuctuku
Tpansucropa V.. =0,75B, VBE off) = =028, P 100, I‘kg(Tr 10 HA.

BE(on) min

MakcumanbHoe 3Ha4eHune R, paBHo:

DVCC(min) - VIT(max) _ 2,7B — 1,98

¢ =12,7MOm
(14+9)X (g +hgry)  (1+0,05)x(50nA +10nA)

MUHMManbHOe COOTHOLLIEHME HOMUHANbHbIX 3Ha4eHWit Ry, v Ry, pasHo:
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v
Eﬂ>[Jﬂyﬂﬁ—1Jxﬁ+2m=(%%g—1)xu+av=2js

Rsz BE(off)

MakcumanbHo aonycTumoe 3HaveHue ana R :

R
Vgyepy MIN = Vi ) X (1+RB‘><(1+2p)

Ry, < 2 )meianCmin

B1 DV

CC(max)

4,5B - 0,75B><[1 +2,75x(1+ 0,1)]
B1 < DV,

CC(max)

x100x 2MOMx (1 0,05) = 85,3MOM

C y4éTom 3Havenuna Ry, = 39 MOm nony4aem ansi R,,:

RB1 _ 39MOm
2 < 275 275

=14,18MOm

3.3. BxogHoii npeo6pa3oBatesnb Ha ONepaynoHHOM YCHITUTENE

OnepawmnoHHbIe YCUNUTENN ABMSIOTCH ONTUMASIbHBIM PELLEHUEM 15 BXOAHBIX
npeobpasoBaresieil B TeX Cly4asx, KOrfa OHW yXKe UCMOJb3YHTCA B CUCTEME (B Ka-
4eCTBe MHTErparopa, komnaparopa, yeunutens, UAM v 7.4.). Ong QY TLC27L4 He-
06X01MO OrpaHN4i1Tb BXOAHbIE HANPSXKeHWUst 10 YPOBHS He Bbilue, Yem V  + 0,3 B.
MuHumanbHoe HanpskeHne nutatns TLG27L4 V. (min) = 3 B.

®opmyrnbl Ans BbIMUCNEHUS HOMUHAMOB pe3ucTopos R1 n R2 no cxeme, npuse-
JEHHOI Ha puc. 4 Npu HaMXyawux ycroBusx:

E < V(sysH) min Vref(max) E V(sysL) max Vref(min) " R1 ” R2 DVC(;
R2 Vref (max) (1 zp) R2 Vref (min) (1 zp) IkgI
Rg, max R, min
DJ,e Vef (max) = DVCC(max) % ref(min) = DVCC(min) X -

R;; min+ Ry, max Rg;max + Ry, min

Mpumep pacyéra npusefeH B rnase BxofHble npeo6pa3oBareni Ha pe3ncTuB-
HbIX genutensx, naparpad 3.1.

3.4. BxogHoii npeobpasosarenb Ha mukpocxeme ULN2003A

B neson yactu puc. 7, Tpu 6ydepa mukpocxemsl ULN2003A ncnonb3yrotes
B Ka4eCTBe BXOAHOro npeobpa3oBatens s COrMacoBaHWUA C 5-BOMLTOBbIMU W 12-

150 bubnuoteka Komnana
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33B 338 338
? TLC27L4 ?
R Vop DV
AV e
>
OT BHeLLHMX Lieneit
* Bxoa
Vit 16B—
0V-5B O—_—¢ +
Bxopn
R1
- oO—(—1e
Vl(sys)o B-12B + Bxoa
DVgg
GND AV g5
R2
RB2

Pue. 4. BxogHoWM npeo6pas3oBatesib Ha OnepauuoHHOM YCUnnuTene

BONbLTOBbIMM cucTemamu. ocnenosatesibHblil peauctop RV (p = +5%) ans Bxop-
HOro curHana amnnutygon 12 B (V( )min = 11 B) paccyuTbIBaeTCS CrefyoLmm
o6pasom:

sysH

< V(sysH) min — Vl(on) min _ 11B-2,4B
(14p) Xl oymax  1,05x1,35mA

v — R, max < 6,06k0m

on)

«MopTarmsatowwmin» peauctop Rp Ha Bxone MSP430 Bbi4ncnseTcs Tak:

Vee = Virmey _ 3B—19B

(14p)xlemax  1,05x50uA

5 — R, max < 20,9k0Om

[ns ymeHbLIeHUs NOTPe6NSeMOro Toka, peancTopbl Rp noakntovatotes kK DVee
TONbKO N0 HEOOXOANMOCTH.

3.5. BxogHbie npeo6pa3oBaTesnin Ha HTErPanbHbIX MUKPOCXeMax

[Ins npeo6pa3oBaHmns 5-BOMbTOBbIX CUTHAMNOB B 3,3-B0OJILTOBbIE MOXHO UCMOSTb-
30Batb Nto6ble KMOI-MUKPOCXeMbI, YA0BAETBOPAOLLNE CNEAYHOLLIMM YCIOBUAM:

e [IpeaHa3HaveHa 4515 paboTbl C NUTAKOLLWM HanpskeHnem 3,3 B unu meHee.
e fIBHO yKa3aHa BO3MOXXHOCTb pab0Thbl C BXOAHbIMI YpOBHAMM 6onee 3,3 B.
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YKazaHHbIM TPe6OBaHUAM COOTBETCTBYIOT MUKpPOCXeMbl ceMeicTs AHC u
LVC. Nx MOXHO nofkn4aTb K WCTOYHMKY nuTaHus 3,3 B MUKPOKOHTpoOnsepa
MSP430.

Mpumeyauue:

0653aTe/1bHO MPOBEPLTE, ACACTBUTESILHO JIN BbIOPAHHAS BAMU MUKDOCXeMa 0Ty CKa-
€T 1104a4y BXOAHbIX CUTHasIoB ¢ ypoBHem VI, BbiLLie, Yem ypOBeHb NCTOYHMKA nTaHus 3,3 B.
B paszene npegesnbHbie ycriosus akcriyaraymm (absolute maximum ratings) JokymeHTauymm
JHOIDKHA MPUCYTCTBOBATL M0JOOHAS 3aINCh!

Lnanazon BxogHbix Hanpsxennii (Input voltage range) V, 01 0,5 B fo 7 B

Lns «06b14HbIX> e KMOIT mukpocxem 3annce 0y[eT BbIrFAETb TakK:

Lnanazon BxogHbix Hanpsoxenwii (Input voltage range) o1 0,5 B jo V,+0.5 B

WM TaK:

BxozHoii Tok 3aumtHbix anogos (Input clamp current) |, (V< 0w V, > V, ) +20 MA

3.6. BxogHble npeo6pa3oBareny aHanoroBbIX CHrHanoB

[ns cornacosaxus Bxoa08 ALIM ADC12 MOXHO CMNONb30BaTh TaKIe XXe Pe3ic-
TUBHbIE JENUTENN, KaK 1 PACCMOTPEHHbIE BblLLIE Ans LMGPOBbLIX CUTHANOB. Ha puc. 5
NoKa3aHo NOAKII0YeHNe 5-BOSLTOBOrO Aat4uka Toka Xosna K sxofy Ax ALIM ADGC12.
PacuéTHble hopmynbl NS HAUXYALLNX YCHOBUIA NPUBELEHDI B rase BXoaHbIe npe-
06pa3oBaresin Ha Pe3NCTUBHBIX AenuTensx, naparpad 3.1.

5B 3B XapakrepucTuka npeobpasoBaHns
Q Q Jatyuka Toka Xonna
Vee DViee
Tok JlaTuuK ToKa Avee Beixon ¢
Xonna R1 MSP430x4xx 40B
Bxoa~ Bbixon Ax 3.0B
Bbixog~ 20B
R2| |V, DVss
GND G| AVss ~_|108 >
[ 0B v T e T T
0B -15A 0A 15A [ToK

Pue. 5. AHanorosbIil BXoHOI npeobpasosatens 5 B — 3 B ana ALIM ADC12

Ecnn BHelHAs cxema He CnOCO6HA 3annTbiBaTb BbITEKAKOLM TOKOM pe-
3UCTUBHbIA JeNUTeNb, CefyeT NPMMeHATb NOBTOPUTENb Ha OY, pacnonoXeHHbIi
MeXay BbIX040M MepudepuitHoro ycTponcTaa 1 pesuctopom R1. Bpems BbIGOpKK
AL ADC12 t(sample) LOMKHO 6bITh COMMACOBAHO C UMMEAAHCOM PE3UCTUBHOIO
nenutens R11IR2. JononHutenbHas uHdopmauuns cogepxutca B rmase ADC12 B
[2] nom [3].
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4. BoixogHble npeo6pa3soBatenu

[Mpeo6pazoBatenu He TpebytoTcd ans padboTbl ¢ XKW v ¢ naccuBHbIMKM aat-
4nKamm. X MOXKHO COOTBETCTBYHOLLMM 00PA30M NOAKIIH0YATb HEMOCPEACTBEHHO K
MSP430. Cwm. [2].

4.1. BoIXxogHOA Npeo6pa3oBaTesnb Ha TPaAH3NCTOPE

lMpocToii npeobpa3oBatenb A1 CUCTEM C paboynUm HanpshkeHuem 6onee 3 B
noKasaH Ha puc. 6. Harpyska TpaHauctopa RL MOXeT 6bITb Camoil pa3HO06Pa3HOIA:
PE3MCTOPbI, HArPeBaTENU, BEHTUNATOPbI, pene 1 T.4. Pe3uctop B Lenu 6a3bl RB BbI-
ynucnseTes cneaytowmm 06pasom:

-V

R, minx Bminx (V, becon))

OH(min)
(14 p) X Vg, Max

sys

fne R min — MuHMManbHOe conpoTuBeHue Harpysku [Om]
Bmin — MUHUMAnNbHbIA KO3AMULNEHT YCUIEHUS MO TOKY TPAH3NCTOPA
V(Sys)max — MaKCUMaIbHOE HanpsXKeHe NUTaHus BHeLIHeR cuctemsl [B]

VBE(OH) — HanpshKeHue BKIKOYeHNA 6a3a-aMUTTep TpaHanucTopa [B]

bnaropaps Hu3Komy HanpshxeHuto Ha Bbixofe nopta MSP430, peanctopa Mex-
ny 6a3oii TpaHsuctopa u 0 B He TpebyeTtcs.

3B

? v

DV
Ao
Ry IL
MSP430x4xx

Re K BHeLLHel cucteme

Mopt

2\\//:: Vo o Veran ® Visys)

l

Pue. 6. BbixoiHOI Npeo6pa3oBaresib Ha TPAH3MCTOPE /19 COracoBaHus
C 5-BOJILTOBOW CUCTEMONA

Mpumep: Harpy3ka R = 100 Om +3% nopaknioyeHa K V(Sys) =5B +10%. Havans-
Hblii pa3bpoc peanctopa RB p = +10%. MuHumanbHoe Hanps»keHue nuTaHus DVCC(mm)
=2,7 B (3.0 B—10%). Xapaktepuctuku Tpansuctopa: V.. = 0,7 B u fmin = 100.

BE(on)
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_ 1000mx(1-0,08)x 100 (2,780,258 —0,78)

RB
(1+0,1)x5Bx (1+0,1)

—>R, <2805,80Mm

4.2. BvixogHoii npeo6pasosarens i xonos KMOI - TTL

Bce uHTerpanbHble Mukpocxembl co Bxogamu TTL-KMOIT moryT 6bITb UCMONb-
30BaHbl B Ka4eCTBe BbIXOAHbIX Lenei ang MSP430x1xx n MSP430x4xx. BxoaHble
ypoBHU ans atux C:

Vymin  MuHumanbHoe BX0[HOE HanpshkeHue for. «1» 20B

V, max MakcumanbHoe BxofHOE HanpsbxeHue nor. «0» 0,8B

06a HanpshKeHWs HaxXo#ATCH B Mpefenax BbIXOAHbIX HanpsXKeHUA MopToB
MSP430: DV, -0,25Bn DV, + 0,25 B npu DV, =2,7 B... 3,6 B. Hukakux cornacyto-
LLIMX 3NEMEHTOB B JaHHOM criy4ae He Tpebyetcs, TTL-KMOI mukpocxembl cogepxxar
BCTPOEHHbIN npeobpasosatens 3-B/5-B.

4.3. Cornacoanwe co BXogamu mukpocxemb! ULN2003

[nsyBenn4eHns BbIXOAHbIX TOKOB AW AN15 YPABAEHNS HECKOSTbKUMI (10 CeMK)
5-BOMLTOBbIMU BbIXOJAMU MOXHO MCMOJb30BaTh BbIXoAHOW 6ychep ULN2003A. Ero
XapaKTePUCTUKMN NPUBEAEHbBI HIKE:

I, max MakcumanbsHbIii BbIXOSHO TOK 500 mA
V max MakcmanbHoe BbIXOAHOE HanpsXKeHne 50B
ViyMax  MakcumanbHoe BXofHoe Hanpskenue (I, = 200 MA) 24B
Il(m)max MakcumanbHblit BXoaHo Tok (V, = 3,85 B) 1,35 MA
l;max  MakcumanbHblil TOK yTeuku Bbixoda (V. = 50 B) 50 MKA

B npagoit yactu puc. 7, ULN2003A ncnonb3yetcs B Ka4eCTBe BbIXOAHOIO 6y-
(hepa ans cornacoBaHus ¢ 5-B0bTOBbIMY U 12-BOSLTOBbIMY NEPUEPUAHbIMU YCT-
porcTBamu. 3awwmTtHble anoapl Ha Bbixoge ULN2003A ncnonb3yemble ans 12-onb-
TOBbIX NEPUEPUNHBIX YCTPOICTB HE BAIUAIOT HA 5-BOJILTOBbIE CUTHANbI.

BxopnHoli npeo6bpasoBaresib B JIEBOW 4acTy puc. 7 ONUCaH B pasgene BxoaHon
npeobpasosatenb Ha Mukpocxeme ULN2003A, rnasa 3.4.
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3awuTHbIe Anoap!

3B 128 5B
|
3/7 ULN2003A 3xR e e
/ xnp AVCCACLK || I> Byhepu3oBatHblii
Bxogb! Ij [’] [’] 20 Kl " ] (ACLK )
T Morop 1 (BexTunstop
08 - 58 0——{]>0 Boa 181 —{>o1———W—o 128
— Harpyska
B-5BC B Mopt |— 5B
n R >0 xon 1o ‘[>O_20KFHM 2 (Hacoc)
. 1T Morop 2 (Hacoc
Vl(sys)o-:}-l>c Bxoga TB2 —-[>o— 12B
0B- 128 DVgg
GND AVss GND_| 4/7 uLN2003A

l .

Puc. 7. VIHTepdpeiichbl ¢ CUITbHOTOYHbIMI BbIXOAHbIMU 6ydhepamu ULN2003

4.4. BbixogHoii npeo6pa3oBaTtesib Ha ONepayuoHHOM YCHITUTENE

CornacoBaHue ¢ cucTeMamil, UMeroLLIMMI HanpsbkeHne nutaHus V(sys) 4o 16 B
MOXHO peanu3oBatb Ha 6a3e cyeTBepéHHOro OV TLC27L4. Pe3ncTuBHbIe AeNUTENN
Ha WHBEpTUPYOLWMX BXofax TLC27L4 o06pa3yroT HanpshxeHus =1.5 B. HomuHansl
pe3ncTopos Ry, 1 R, NOMKHBI YI0BNETBOPATL YCIIOBUSM:

DV, 3B

R.,lIR., << =
BLE D hgon  4%0.70A

=1,07T0Om

4.5. BbixogHble npeo6pasoBatenn Ha HTErPabHbIX MUKPOCXEMaX

B kadyecTBe BbIXOAHbIX Mpeo6pa3oBatesieil 3-BOMbTOBLIX C 5-BOMLTOBbIMY
CXeMaMi MOXXHO MCMOJb30BaTb NpakTyeckn mobbie TTL-coBmecTumble UG, Ha-
npumep, Takue, kak cemeictea HCT u AHCT. To xe camoe cnpaBeanvBo U ns
ounonsapHbix NC. Ecnm nctouHmnk nutanma 5 B MOXKET BbIKIHO4ATLCS B TO BPEMS,
KaK 3-BOMbTOBbIN UCTOYHNK OCTAETCA BKITHOYEHHbIM (Hanpumep, B CUTyauuu, n3o6-
paxEHHOM Ha puc. 11), To Ans KoMMyTauuUn V. MOXHO UCNoNb30BaTh TONbKO UC,
He COoflep>KaLLime BCTPOEHHbIX 3aLUTHBIX ANOLO0B. B npoTuBHOM Cnyyae, Yepes 3a-
LUMTHBIA nof OYAeT NPOTeKaTb TOK C 3-BOMLTOBOIO UCTOYHMKA NUTAHWSA HA 3EM-
N10. ATO 03HAYAET, YTO B TAKMX CITy4asx MOXHO MCMONb30BATb TOSIbKO CEMENCTBO
AHCT wnmn 6unonspHble UC.
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3B 3B Visys)
| Q Ticers
DVee R Voo Bbixogbl
AVee
A
~1,5 B\ > 0'V(sys)
Bbixog h
> 0-Visys)
Bbixop +
i 0-Visys)
Bbixoa +
> 0-Visys)
DVgg
AVgg . GND
B2

Pue. 8. BbIx0iHOM Npeo6pasoBaresib Ha OMepaLMoHHOM YCUuTese

5. [isyHanpaBneHHble NnpeobpasoBarenu

5.1. lpocroii AByHanpaBneHHbIi npeobpasosartenb Ha 0Y

38 Visys) (5 B)

? MSP430x4xx [lByHanpasneHHbI MHTEpheinc ? 5-B0/IbTOBASA CUCTEMA
DVee 1/4 TLC27L4 Vee
r’;\s’(cuf; ) Visys) Tosion)

DV,
0TV Vret = DVge/2
00— Tl

e —1> —(QD-0—0— o 1/0 Pin
n
Digs ~AAT S LA Ves
DS(on) rDS(on)

DV
AV: Vss
0B l l 0B

Pue. 9. [IByHanpaBneHHbIA MHTEPMEC Mexay 3-BONLTOBON 1 5-BOMNLTOBON
cucTemamu
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Inaga 2. Mogkntoyenne 3-B0nbTOBbIX MUKPOKOHTPONNEPoB MSP430...

VHTepdoelic, 306paXXeHHbIN HA puC. 9 MOXHO MCMOSb30BATL B Cryyae, ecriu
TpebyeTcs AByHanpaBneHHbIn 06MeH Mexay MSP430 1 5-B0nbTOBbIMY CUCTEMAMMN.
OnepaumoHHbIA yCunuTeb UCNOJIHAGT POSib TPUITEPA: MNOPT BBOAA-BbIBOAA, padoTa-
IOLLMIA B PEXIME BbIX0J, KOHTPOMUPYET COCTOAHME Tpurrepa. Bropoit nopt BBOAR-
BbIBOJIA [I0JKEH ObITb CKOH(PUIYPUPOBAH KaK BXO.

®opmynbl pacyéta pesnctopos R3, R4 1 RS ons Hanxyawmx cny4aes:

Ve MiN V. . Max
E < (1 2p) (sysH) -1 E > (1 + 2p) (sysH) -1
R5 ref(max) R5 CC(min)

CnepnytoLlee HepaBeHCTBO rapaHTUPYET BbICOKII ypoBeHb Ha Bxoae MSP430 ¢

y4éTom ToKOB yTeukn MSP430 n onepaumnorHoro ycunutens |, I IIkg o0

R4
\/(SysH min — Vrefmax (1+R5><(1+2p))

(Ilkg + lIkg(Op )X (1+p)

R4 <

[ne V., — 0nopHoe HanpsikeHwe Ans AeTEeKTMPOBAHNS BXOAHOIO YPOBHS [B]
L , — TOK yTeuKu BX0/a MSP430 [A]
I — TOK yTeukm Bxoga QY [A]

lkg(Op)
kasys) — TOK YTEHKM BXOAA 5-BONbLTOBOI CUCTEMbI [A]

Mpumep: nByHanpaBneHHbIA MHTEPENC Co cneayoLLMMU NapameTpamu:
V_ . =5B+10%,V,__ min=4B,V(sys+)max=3,5B, | =1 MKA,

( yS) (sysH) 7 Tlkg(sys)

+700nA, 1, =+50HA, V  =1,5B £5%.

Ikg op) — » g
HayanbHbIn pa36poc pesucTopa p = +5%.

MwuHumManbHoe HanpskeHne nutaHus DV =2,7B(3,0V-10%).

CC(min)

V min
E<(1 2p) x G LU =(1-2x0,05)x 48 -11=1,386
\ 15758

R5 ref(max

DV,

CC(min

Vigysh) Max
Re s (v amx| e ™ 414 2x0,08)x[ 228 _1)=114
R5 ) 2,78

R4 138+114

— =126
R5 2
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Vit M0 = Vo (”%‘X(Hzp)) 4,0B—1,575Bx (141,26 % (1+ 20,05
R4< -0 - X( +1, X( +2X0, ))=4,55MOM
(g +ligion) X (14 D) (50nA +700pA) % (1+0,05)
R4  2MOm
== =159MOm
126 126
V m|n V —
R3< - v Wmax VoY = 355583 Tagem ) oKOM
Joyon) TR Tl | (44.0,05) x| A 4 om0
(1+p)x (Ikgsys)+ R4 x (1+p) ) ( ) (uA 2MOMX(1+0,05)]

HomuHanb! Tpéx pesnctopos pasHbl: R3 = 330 kKOm, R4 =2 MOwm, R5 = 1,6 MOwm.

52. [IByHanpaBneHHbli Npeobpa3oBatefib Ha MHTErPanbHbIX MUKPOCXEMaX

[ns AByHanpaBeHHOro MHTepenca MOXXHO NPUMEHSTb CreLnann3npoBaH-
Hble Npeobpa3oBaTenu ypoBHeii, Takne, kak SN74LVCC4245A. 3ta IMC npeactas-
nsieT o601 8-6UTHBIN [BYHANPABEHHbIA NPe0bpa3oBaTesb d-BOSILTOBLIX YPOBHEN
ans scero nopta MSP430. Ha puc. 10 nokasaH npumep ucnonb3osanus aton UC.

MSP430 onpepenseT HanpasneHue nepefayn npu nomouyy Bbisoaa DIR.
LLInHa A MOXET 6bITb NPU HEOOXOAUMOCTM OTKIIKOYEHA OT WNHbLI B npu nomouu
BbiBoaa OE.

3.3B 3.3B 5B
g I B
0BO— OE
MSP430x4xx SN74LVCC4245A
8 [1ByHanpaBieHHbIX
BBI-(I)?E 5= 51 AI! = JINHWIA K 5-BONbTOBbIM
W w e
Bbixop, » DIR
DV
Ase

S T

Puc. 10. [1ByHanpasieHHbIN Npeo6pasoBaTterib Ha MHTErpanbHbIX MUKPOCXEMAX

158 bubnuoteka Komnana



Inaga 2. Mogkntoyenne 3-B0nbTOBbIX MUKPOKOHTPONNEPoB MSP430...

6. cTOYHMKM NUTaHUA

Mpumevanue:

@opmysbl [ PacyETa PacCMAaTPUBAEMbIX HUXKE UCTOYHUKOB MUTAHWS [IPUBELAEHDI
B paspesie VIcTouHnkuy nutanmns 4is cuctem Ha 6ase MSP430 (Power Supplies for MSP430
Systems) B [1]. Takxxe B ITOM pasfjesie paccMoTPEHbI APyrvie TUMbl UCTOYHUKOB MUTAHWS,
Hanpumep TpaHcghopmatopHbie VIl v mpuBeaeHbI COOTBETCTBYIOLLME GHOPMYJTbI.

Ha puc. 11 nokasaH KOHLEHCATOPHbIA UCTOYHUK MTAHWS Ha [Ba BbIXOAHbIX
HanpsbkeHus, V., = 3 BuV, ., =5 B. Ecnm BbIxoaHOro Toka TLC27L4s HE0CTaTO4HO,
TO MOXXHO UCMOMb30BaTh BbIXogHo! 6ydhep NPN, kak HapucosaHo Ha puc. 12.

Cetb

Cm

K 5-BONbTOBbIM

p—> nepucbepuiiibiM
YCTPOWCTBaM
K 3-BONbTOBbIM
—» nepudepuitHbivM
CTPOMCTBAM
> Vet 3.5 yew
> w
L Ceh| 1258 Ve
~ 0B — DVCC
LMx85 1
R | | R=1MOm MSP430x4xx
. >—o DV
1/2 TLC27L4 0B ¢ AV
K nepucbepuitibiv

yCTpOicTBaM
Puc. 11. KOHAEHCATOPHbIA UCTOYHUK MUTAHWSA C ABYMS BbIXOAHbIMU HANPSXKEHUAMU

Vicnonb3ays BbiBOS BbiKMOYeHNs PD, MSP430 MOXeT 0TKN4aTh 5-BONLTOBbI
MCTOYHUK HA BPEMS HAXOXIEHUS B PEXKUME NOHIKEHHOr0 noTpebnenus (LPM3):

o AKTMBHbIN pexxum (Active mode): Bbixog MSP430 nogkntoyenHsii k PD nepe-
KNO4aeTCA B BbICOKOUMMEJAHCHOE COCTOSIHNE

o PexKum NoHWKeHHOro aHepronotpebnexns (LPM3): Bbixog MSP430 noaknto-
YeHHbI K PD nopkntoyaetcs kK DVCC. Ha Bbixoge 5-BONLTOBOr0 perynsropa
HanpsbxeHue, 6rmskoe K 0.

Ha puc. 12 nokasaH UCTOYHMK MUTAHWSA HA [1BA BbIXOAHbIX HanpshkeHua V. =

CCH

3BunV,,=5B.3-B0oNbTOBbIA MCTOYHNK NUTaHNS Gychepu3oBaH NPN-TpaH3ncTopom

ONnga yBennyeHns Toka.
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K 5-BONbTOBbIM NEPUHEPUNHBIM NCTOYHMKAM

8Bk12B
K 3-BONbTOBbIM

—» nepucepnitibiv
MCTOYHNKAM

1/4 TLC27L4 —| AVg

L—» K nepudepuitHbiv
yCTpoiicTBaM

Puc. 12. ACTOYHNK NUTAHMS C NBYMS$ BbIXOAHbIMW HaNPAXXeHUAMN

1. 3aKnoyeHue

Kak nokasaHo B [JaHHOM NpUMepe MPUMEHEHNs, CYLLLECTBYIOT pasfiNyHbIe He-
[0porue cnocobbl MOAKNOYeHUs 3-BOMLTOBbIX MUKPOKOHTPOSMIEPOB CEMENCTBA
MSP430 k 5-BOMNbTOBLIM CXeMaM. B HEKOTOPbIX Cry4asx BHELUHWE 5-BOSILTOBbIE YC-
TPONMCTBA YXKe COAepXXaT HeoOX04UMble NEMEHTbI COMPSHKEHNs. ABTOP BbIpaXaeT
6narogapHocTb Eilhard Haseloff 3a ero LigHHble 3amedaHuns.

CebInkKu:

1. MSP430 Family Mixed-Signal Microcontroller Application Reports, Literature
Number SLAA024

2. MSP430x4xx Family User’s Guide, Literature Number SLAU056

3. MSP430x1xx Family User’s Guide, Literature Number SLAU049

4. MSP430x43x, MSP430x44x Mixed Signal Microcontroller data sheet,
Literature Number SLAS344

5. TLGC27L4, TLGC27L4A, TLC27L4B,TLC27L4Y, TLC27L9 LinCMOS™ Precision
Quad Operational Amplifiers data sheet, Literature Number SLOS053

6. ULN2001A, ULN2002A, ULN2003A, ULN2004A,ULQ2003A, ULQ2004A
High-Voltage High-Current Darlington Transistor Array data sheet, Literature Number
SLRS027

7. SN74LVCC4245A Octal Dual-Supply Bus Transceiver With Configurable
Output Voltage and 3-State Outputs data sheet, Literature Number SCAS584
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Mopakntouenne MSP430 n TeMnepaTypHOro AaT4ymka
TMP100 ¢ untepdpeiicom I°C

Zack Albus [slaa151.pdf (AHrn.)]

B gaHHOM npumepe NpuUMeHeHUs ONUCbIBAETCA annapaTHblil U NPOrpamMMHbIiA
nHTEpdeiic mexay 16-paspsaHbiM MUKpoKoHTponnepom MSP430F413 n undpo-
BbIM TemnepaTypHbimM gatinkom TMP100. Cuctema, NnoCcTpOEHHas Ha OCHOBE 3TUX
MUKPOCXEM Mpon3BoACTBa KomnaHuu Texas Instruments, cnoco6Ha pa6oTark 0T 0A-
Ho 3 B 6ataperiku 6onee 10 net. B HuKecneoyoLWwmx pasaenax onucaHo Kak anna-
paTHO COEAMHMUTL 3TI MIUKPOCXEMbI 11 MPOrPaMMHO peanin30BaTb NPOTOKON 06MeHa
no AByXnpoBoAHoM [?C wuHe. HecmoTps Ha TO, YTO B AaHHOM MpKUMepe NpuMeHe-
HUS MCMonb3yeTes TemneparypHbin gatimk TMP100, onucaHHbIn uHTEpMEnc Mo-
XKET ObITb NPUMEHEH A NOAKITHYEHNS K JI060MY MUKPOKOHTPONSIEPY CemeiicTea
MSP430 nto60ro nepuchepnitHoro yCTpOICTBa ¢ NOAYUHEHHBIM 12C nHTEpdencom.

1. BBepenue

Bo MHOXeCTBe cucTeM TPEBYETCS OTCIEXIBATL 1 U3MEPATb TemMnepatypy. 4acto
TaKue 13MepeHus JOIMKHbI BbINOSHATLCS YAAEHHO 1 MPY UCMONb30BAHNN @BBTOHOMHO-
r0 MCTOYHNKA NUTaHWS, a, CIeS0BaTeNbHO, 1S YBENMYEHUS CPOKA CNY>XObl NOTPE6ATh
CMCTEMA [OIKHA MUHUMATBHO. B 60M1bLUNHCTBE CUCTEM U3MEPEHUE TeMMepaTypbl Npo-
3BOAMTCS MPU MOMOLLM JUCKPETHBIX TPAaH3UCTOPOB, TEPMOPE3UCTOPOB K TepMonap
1 «cucTem Ha kpuctanne» (SoC). TMP100 npegcrasnset coboi SoC, a npu 06beamnHe-

MSP430F413 VI-302-DP-§
DVge (B-0)S23—3 -", w-w -
33_50'1 uF:: [‘] [‘] | AVgg S§22(——32
- RST/NMI  S21——31
ofiofese RSN S0 -
Ags S19—10 I ' I
RO3 18— 11
TMP100 S8 Ty our $17—29 o am' am
4000 Vil = |y, 8161130 « 1 40 2 272613141524 251623 221718192021
ADD1SDA TE (P20 COMO
GND SCL P21 (515
St4
s13
S12
S11
510
9
S8
(2DP)S7
S6
e

Pue. 1. Cxema coepntermns MSP430F413 n TMP100
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InaBa 3. Mogknroyenne MSP430 u temneparypHoro garynka TMP100..

HUK CO CBEPXHU3KO NOTPeONSOLLMM MUKPOKOHTponnepom MSP430, kak 3To nokKasaHo
Ha prCyHKe 1, CTAHOBUTCS NOSHOMYHKLIMOHAIBHONM CUCTEMOI 3MEPEHNs Temrepary-
Pbl, CNOCOBHOIA paboTath OT OfHOI 6aTapeiiku 6onee 10 nier.

2. Teopus (PyHKLLMOHNPOBaAHUA

Cuctema namepenus Ttemnepatypbl MSP430-TMP100 npeaHa3HadeHa Aans
MOCTOSAHHOIO 0TOOpaXeHus Temnepatypbl gatymka TMP100. B pexume 0aHOBUG-
patopa TMP100 nocne Kaxaoro W3MepeHns NepexoauT B LeXYPHbIA PEXUM, TOK
notpe6neHus B Kotopom cHkaetces 1o 0.1 mxA. Bmecte ¢ MSP430, KoTopbIi noT-
pebnset B pexume LPM3 scero 0,9 MkA, 1 3.5 undposbim ctatudeckum XKKIU nony-
4aeTCs CMCTEMA U3MEPEHIS TEMMEepaTypbl C paspeLuatoLLeil cnocobHocTbio 0.5°C n
cpefHuMm noTpebrieHnem meHee 2,45 mkA. [Inarpamma notpe6sieHns Toka CUCTeMOii
NpuBeLeHa Ha PUCYHKe 2.

744 mKc uTenue + 580 MKC 3anuch

1 mKkA — KK, 10 mKA — TMP (pexim o6mena
aHHbIMK) N

300 MKA - I'C noaTArvBaloLLMe pe3ncTopbl
300 MKA — MSP430 (aKTiEHbIit pexum) 301,1 MKA*(275 mKc)
Boero: 621MKkA AR

2 MKA* (5.9582 MKc)

621 MKA* (744 KA + 580 MKA)

[ [N
[ T

275 mkc —
1 mkA = KKW, 0,1 mkA — TMP (xaywumit 14.697 MKA — ¢/6 C = CpeHmii TOK
A Pexum) 2,45 mKA

300 MKA — MSP430 (aKTnBHbIit pexum)

Beero: 301,1 MkA

40 mc

1 KA — KK, 45 1KA — (pexum 5.9582 ¢
npeo6pasosanus) 1 MKA = KKIA, 0,1 MkA — TMP

0,9 kA — MSP430 (LPM3 pexum) (Kaywwit pexim)
Bcero: 46,9 MKA 0,9 MKA — MSP430 (LPM3 pexum)
Bcero: 2.0 MKA

Tok noTpe6nenns

3ameyaHue: MacLuTab He coxpaxeH!

0 Bpems, ¢ 6

Pue. 2. [Inarpamma noTtpe6ieHns cUcTemon Toka

lMuTaHne cuCTeMbl OCYLLECTBASIETCS OT 0AHOI 3 B 6atapeikn Tuna CR-2032,
KoTopas uMeeT eMKocTb nopsaka 220 MA*4acoB. [pu cpefHeM TOKe NOTpe6neHus,
paBHOM 2.45 MKA (CM. PUCYHOK 2), U3MEpPEeHIEe 1 NHOMKALMUA TemnepaTypbl MOXeT
OCYLLECTBNATLCS B Te4eHue 6osee yem 10 net:

220 mA*4/ 2.45 mKA = 89 796 yacos = 10.25 net

[ns o6ecneyeHns 3TOro NPULLIOCh N03a60TUTLCH 0 MUHUMANbHOM KOMUYEeCT-
Be pabo4unx umknos MSP430. Bpems Bbixofa U3 AeXXypHOro Pexxuma, paBHoe 6 MKC,
nossonuno MSP430 ynpaensath uuposbiM TemnepatypHbiM aartqukom TMP100,
paboTatoLLeM B PeXUMe OJHOKPATHOrO NpeobpasoBaHus. Ha pucyHke 3 npusefeHa
6110K-cxema anroputma pa6otsbl MSP430 v uncpoBOro TeMnepaTypHOro farymka.
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MHuumanuzaums
MSP430

v

Bbinonxnexne TMP100
0[IHOKpaTHOro
npeo6pasoBaHns

(6¢)

B
25
= w

(1,6 mc) CynTbiBaHNE
NaHHbIX
13 TMP100

v

06paboTka

ol
ol
ol
ol
o
o
ol
ol
ol
ol
o
o
! : NaHHbIX U
1
ol
ol
o
o
ol
ol
ol
ol
o
o
ol

06HoBneHne XXKI

v

Boinonnexne TMP100
O0/IHOKpaTHOrO
npeo6pa3oBaHus

Puc. 3. briok-cxema anroputma pa6otbl MSP430F413/TMP100

3a cYeT CHMKeHus BpemMeHn aktueHocT MSP430 B 1,6 mc Lukne npeo6paso-
BaHUA MOXHO J0OUTLCA YMeHbLUeHUs noTpebneHuns. Manoe Bpems Bbixofa uU3 ae-
XypHoro pexxuma LPM3 nossonsiet MSP430 BbinonHATh Tpebyemble 3aga4u 1 BO3-
BPALLATLCS B [EXYPHbIA PEXUM 32 04eHb KOPOTKUIA NPOMEXYTOK BpemeHu. B ae-
XKYPHOM PEXUMe MUKPOKOHTPONNEP 0XKUAAET MOSBNEHUS NpepbIBaHMs 0T TaiMepa
11 MO ero BO3HUKHOBEHUIO HA4YMHAET BbIMNOMHATL OCHOBHOM anroputm. [lanbHeiLlee
onucaHue paboTbl CUCTEMbI JAETCS B pa3pes3e pa3fesios, COOTBETCTBYHOLLMX MOLY-
nam npuknagHoi nporpamMmbl MSP430 Ha accemo6nepe. O6patiTe BHUMAaHWe, 4TO
JanbHenLas onTuMIU3aLmns Koa BO3MOXHA NPK CHUKEHUN KONMYECTBA Bbl3blBae-
MbIX nognporpamm. [ns ynpoLeHus noHMMaHms nporpamMmma pasoura Ha nognpo-
rpamMmbl. K CyLLecTBYIOLLMM NOANPOrpamMmam, NpuUBESEHHbIM Ha PUCYHKE 3, MOX-
HO [06aBUTb eLLe MOJSb30BaTeNIbCKIE MOAMNPOrpaMMbl, Hanpumep MoAnporpaMmmy
nepesofa rpagycos Llenbcus B rpagycsl dapeHrerita unm nognporpaMmmy obmeHa
JaHHbIMU C NepudepnitHbIMKU YCTPONCTBAMN.
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InaBa 3. Mogknroyenne MSP430 u temneparypHoro garynka TMP100..

3. AnnapatHblil MHTEpCheic

Kak nokasaHo Ha pucyHke 1, cuctemHblil untepdpenc mexay MSP430 n
TMP100 TpebyeT AONONHNATENBHBIX OUCKPETHbIX KOMMOHEHTOB. [UTaHne CUCTEMbI
ocyLlecTensetcs ot 3 B Li+ 6atapeiku, a B Ka4ectse (uibTpa NUTaHNS PeKOMeHy-
etcs ucnonb3osatb 0.1 MK® koHaeHcaTop. Bxog copoca RST pekomeHayetcs noj-
Knto4muThb Yepes 68 KOm pesuctop, a 32.768 k' ucnonb3yetcs A1s opmMmMpoBaHns
TaKTOBbIX MMMNY/bCOB B A&XXYPHOM pexxkume. [1Ba fononHutenbHbix 10 KOm pesncto-
pa UCMosb3YIOTCA B KA4ECTBE NOATATMBAIOLLNX PE3NCTOPOB NMHUIA G nHTepdeiica.

/HanKaums n3MepeHHoi Temnepatypbl OCYLLECTBIAETCA npu nomowm 3.5
uncpposoro craruydeckoro XK. Betpoentbin gpaiisep KK MSP430F413 nosso-
nseT 06CnyXuBaTh 0 24 CErMeHTOB, a 4 BbIX0Aa 006CYXXIBaHNA 06LLMX JIMHWIA pac-
LUMPSIET MaKCMMarnbHO BO3MOXHOE KONIMYECTBO 06CNYXIMBAEMbIX CErMEHTOB 10 96.
B maHHom npumepe NpuMeHeHNs UCMoNb30BaH 24 CermMeHTHbI cTatnyecknii KK
NpoKu3BOACTBA KOMMaHMK Varitonix. XoTd B JaHHOM npumepe NpUMEHeHIUs UCrosb-
30BaH MUKpokoHTponnep MSP430F413, HO MOXET 6bITb WCMONb30BAH W KOO0
Jpyron MuKpokoHTponnep cemeiictea MSP430 cepun 4xx.

4. Pa6ota cucTeMbI

[>C wHTepdeiic ¢ TMP100 peanu3oBaH NOMHOCTbKO NPOrpamMMHO U UCMONb3Y-
6T BCEro JBe NMHUM BBO/A/BbIBOJA NOPTOB 06LIEro HasHaveHus MSP430. 3a cuet
Hanuyus y TMP100 noamepXkn KOHDUIypUpoBaHus aapeca, K oaHoi 12C wnHe
MOXHO NOAKNOYUTbL 10 BOCbMU TakMX Npu6opoB. B gaHHOM npumepe npuMeHeHns
BXOAbl YCTAHOBKM afpeca NoAKM4eHbl K 06LLER IMHUK, N NO3TOMY CEMUOUTHBIN
anpec TMP100 nmeet 3HaveHne 1001000.

Mpu no6bix 3anpocax K TMP100 cHavana Heo6xoAMMo nocnarb agpec (7 6ut +
6ur 3anucy WR), a notom 8 6UTHbIN yKasarenb afapeca. Ykasarenb agpeca onpenenser
OZIH 13 TPex 06HOBJISAEMbIX MUKPOKOHTPOJ1/1IEPOM PErucTPOB. B aTOM NpumMepe nprume-
HeHUA KoHdUrypaumoHHbIn peructp TMP100 06HOBNSIETCA B KaX0M LIMKIE OCHOBHOM
nporpammbl 11 YCTaHaBNMBAET LMKPPOBOI TEMMEPATYPHbIN JAT4UK B PEXXUM OIHOKpAT-
HOro Npeo6pa3oBaHms. TOHYHO TaKXKE OCYLLIECTBISETCA CHUTbIBAHME AAHHbIX.

3anpoc Ha cynTbiBaHMe AaHHbIX 13 TMP100, Kak 1 B pexkuve 3anucu, HadnHa-
eTca ¢ nepefadin 16 6UTHbIX faHHbIX. CHaqana nepedaeTcs afpec Aaryuka, a notom 8
6UTHbIN yKa3aTenb peructpa TMP100. [ToTom cHOBa nepefaeTcs aapec AaT4nka, nocne
4ero CHMTBLIBAKOTCA AaHHbIe. [pu BTOpoii nepeaade aapeca 6ut RD/WR B 6alite agpeca
[0JKeH ObITb YCTAHOBIIEH, YTO YKa3bIBAET HA NPEACTOSALLEE CYUTBIBAHMIE JAHHbIX.

Peaynbrar npeobpa3oBaHns nepefaetca B Bue 16 6UTHbIX faHHbIX. 06a 6aitTa
nepejatoTcs CTaplumMm 3Haqalum 6utom Briepef. IMeeTcs BOSMOXHOCTb HaCTPOMKM
NPeLCTaBNeHNs pe3ynbsrara NpeobpasoBaHns B BUAE ABOMYHOO Y1CIA C KONYECTBOM
pa3psazos o1 9 o 12. Mo ymon4aHuio JaHHble NPeAcTasnaoTes B 9 6UTHOM popmare,
KOTOpbIN 06ecneynsaet paspeLlenne 0.5°C/M3B. 310T dhopmart 1 Mcrosnb3yeTcs B onu-
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CbIB2EMOM MpumMepe nprmeHerns. OcTanbHble Mnafne 3Haqallme 6UThl, nepesjasae-
Mble TMP100 c4uTbIBAOTCA Kak HOJb 1 MOTYT UFHOPUPOBATLCS.

[ns yH1BEpCANbHOrO U3MEPUTENA TeMNepaTypbl PaspeLLaroLas cnoco6HOCTb B
1°C BnomHe focTatoyHa. B 3T0M Cny4ae MOXHO He CHMTbIBaTh BTOPON 6aiiT. Ho Toraa He
0CyLLIeCTBNIAGTCA NpeobpasoBaHus rpagycos Lienbcus B rpamycel dapeHreiita ¢ npuem-
NIEMOW TOYHOCTBIO, 3aTO CHIDKAETCS BPeMS paboThbl CUCTEMbI B aKTUBHOM PEXMME.

Mocne npuHATAA JaHHbIX 0T TMP100, MSP430 BbInomnHAeT ux npeobpasosaxme n
0TO6paXaeT n3mepeHHyto Temneparypy Ha XK. Mpu aTom ocyLecTBnseTcs 06pabot-
ka C3b, HecyLLero MHHopMAaLMIo 0 3HaKe 3MEPEHHO TemMnepaTypbl, 1 NpeobpasoBa-
HUe [IBOMYHOr0 KOJA B ABOMYHO-JECATUYHbIA, KOTOPbIA 1 0To6paxaeTcs Ha XK.

Mo okoH4aHUM 06paboTKM AaHHbIX MSP430 nepexoaut B AEXYPHbIA PeXxum
LPM3, Tok notpebneHns B KOTOPOM CHiKaeTes 10 2.0 MKA. Yepe3 6 cekyHn op-
MUPYETCA NpepbiBaHUe No NepenosiHeHN0 TaiMepa, KOTOPOe BbIBOAUT MUKPOKOH-
TPOSEp U3 eXXYPHOro PeXnma 1 OCHOBHash NporpaMma Ha4MHaeT BbIMOSIHATLCA C
Hadvana. [Inq reHepauum 2 CeKyHAHOr0 CUrHarna NpepbIBaHNa UCMOSb3YeTcs MOAYb
OCHOBHOrO TalmMepa, KOTopblii noTpe6bnset 3.55 MKA, 4TO N0O3BOSUT CUCTEME Pabo-
Tatb 0T 3 B 6arapeiku Bcero 7.5 ner. [insg yBenuyieHus cpoka ciy>x6bl MOXHO CHU-
31Tb 4ACTOTY CUTHAMA NPepbIBAHWA WX MCMONb30BaTh MOAYNb Taimepa A. B no6om
Crny4ae, 4acToTa NpepbIBaHNs NOIHOCTHIO NMPOrpaMMUpyemMa 1 MOXET ObITb OTpery-
NIMpOBaHa B COOTBETCTBUN C TPE6OBAHUAMU K CUCTEME.

5. 3aknoyenue

Kak 6b1710 CKa3aHO paHbLLe, U3MepeHne TemMnepaTypbl MOXET OCYLLECTBNATLCA
pasnuyHbIMK cnocobamn. Cnoco6, NpUMeHsieMblil B KOHKPETHOM 3afjade, 3aBUCUT
0T (DU3MYECKNX OTPAHNYEHNIA, HANOXEHHbIX HA CUCTeMy. HacTo NOPTaTUBHOCTbL W
HI3KOE NOTPe6eHne ABNSKOTCSA OCHOBHbLIMMU OrPaHNYUTENbHbIMU hakTopami. Onu-
CaHHas cuctema, coctoswias n3 MSP430 n TMP100, aensaetcs apeKTMBHbIM pe-
LUEHEeM TaKom 3afa4n.

[py NOMOLLYM ONMCAHHBIX annapaTHbIX U NPOrpaMMHbIX PELUEHN MOXHO pea-
NIN30BaTb 3aKOHYEHHbIA HN3KOMOTPEONAOLLMIA U3MEePUTENb TEMMEpaTypbl. 3Ta CUC-
Tema He NPOCTO N3MepseT Temneparypy, a lenaeT 310 Tak, 4T0 MOXET paboTath 0T 3
B Li+ 6arapeiiku 60nee 10 nert.

CebInKu:

1. MSP430F413 Device Datasheet, Literature Number SLAS340C

2. MSP430 4xx User’s Guide, Literature Number SLAU056B

3. TMP100 Datasheet, Literature Number SBOS231B

4. “THE 12C-BUS SPECIFICATION VERSION 2.1 JANUARY 2000, Philips
Semiconductors

5.VI-302 LCD Datasheet, Varitronix International Ltd
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Peanusauua cpynkuum UART ¢ ucnonb3osaHuem taimepa A3
Mark Buccini [slaa078a.paf (AHrn.)]

B maHHOM npumepe NpUMeHeHNs ONUCHIBAETCS KaK NpuW NOMOLLY MOAYns Tan-
mepa timer_A3 peanusosarts yHkumio UART. MpuBeseHHbIe npumMepbl npeHasHa-
YeHbl 41 MUKPOKOHTponnepoB cemericta MSP430x11x (1), HO MOryT 6bITh afan-
TUPOBaHbI AN1A NHOObLIX MUKPOKOHTPONNepoB cemeiictea MSP430, KoTopble coaep-
xat moaynb Tarmepa timer_A. UART peann3oBaH Ha OCHOBE anmnapaTtHOro Moayns
Taimepa timer_A3 v npuknagHoil nporpammbl. Peann3oBaHHbIin npreMonepesar4mk
SIBNAETCA NONYAYNIEKCHbIM, YNpaBnseMbiM COObITUAMU, MOAAEPXKUBAET NPOTOKON
8N1 1 paboTaeT Ha ckopocTsx o1 1200 go 115200 604.

BsepeHue

B mukpokoHTponnepe MSP430x11x (1) BO3MOXHOCTb BefieHUs NOCNea0Ba-
TeJIbHOW aCUHXPOHHON Nepeadmn AaHHbIX MOXKET ObITb peaii30BaHa 3a CHET UCMOSTb-
30BaHUA BCTPOEHHOrO Moayns Tarmepa timer_A3. B faHHOM npumepe npuMeHeHus
OMMUCbIBAETCA HECKONbko dhyHKumiA UART, nemoHcTpupytowmx RS232 uHtepdeiic
MeXay MUKpokoHTponnepom ¢ Flash namsatbto MSP430F1121 u nepcoHanbHbIM
KOMMbIOTEPOM (CM. PUCYHOK 1). Takxe OMMCbIBAETCA KakK MCMOJb30BaTh annapar-
Hblil MoayNb Tanmepa timer_A3, KOTOpbI 06eCrneYnBaeT aBTOMATUYECKOE [eTEKTU-

TPS77033

MSP430F1121 EN GND
3,58 My 3 2
6
2 v Xin
5 —

4,7 Mk®

cC

100 KOM Xour /;\
5 -0
7| — 14 2 4 RX
RST/NMI P1.1 l\>c 2 ‘o]
5 L13 L4 S
10 2 X
p2.2 —c></I — : o
4 ?‘ 1 kOm -0
4
e}
_O
v |4 5

88 I o

DB9

Puc. 1. [leMOHCTpaLmMoHHas cxema peannsaumm UART Ha MUKPOKOHTpoOSIepe
MSP430x11x (1)
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Inaga 4. Peanusauuns ghynkymm UART ¢ ncnonb3oBannem Taimepa A3

pOBaHMe CTapTOBOro YC0BUS, POPMUPYET 3aJjaHHYH0 YacTOTy nepefaqn JaHHbIX W
3aXBaTbIBAET OUTHI AaHHbIX. ANnapaTHbIn MOAy/b Tailmepa timer_A3 no3BonseT cy-
LLIECTBEHHO COKPATUTbL KO, NPUKMIALHON NPOrpaMmbl U YMEHbLUNTb 3arpy3Ky BbI4UC-
NIUTENBHOTO A4pa MUKPOKOHTPO/EPa. TakKe NapameTpbl 3TOro MOAyns No3BoNAKT
UART pa6otatb B peasibHOM BPeMeHU B (DOHOBOM PeXuMe.

Onucanune UART, peanu3oBaHHOro Ha mogyne taimepa Timer_A
MuKpokoHTponnepa MSP430x11x (1)

Kak nokazaHo B pucyHke 1, MSP430F1121 BeeT nocneaoBatenbHblii 0OMeH 1aH-
HbIMU C APYTOI CUCTEMON, B HaLLeM cnyyae ¢ MK, no RS232 nHtepdeiicy. 06mMeH AaHHbI-
MU MEX[Y CUCTEMAMI BEAETCS MO TPEXNPOBOAHOMY Kabesito, KOTOPbI COAEPXMUT NINHUK:
nepega4u, npuema u o6LLyto. Mpn aTom ncnonbayeTcs npotokon 8N1: kaxxaoe coooLe-
HUe COOePXUT 8 MH(HOPMALMOHHBIX OUT, HE COLEPXXUT OUTA MPOBEPKM HA HETHOCTb W
3aKaHYMBABTCS OfHAM CTON-6UTOM. [1ns NOALEPXKN APYruX MPOTOKOMOB HY>KHO BHECT
HebonbLUne n3MeHeHus B doyHKUmoHan UART. Onuckisaembiil UART ncnonb3yeT Hyne-
BOVI perucTp 3axsarta-cpaBHeHus (CCRO), ofnH 13 Tpex JOCTYNHbIX, 1 Taimep timer_A3.
CCRO ncnonb3yetcs s 06HapY»KeHIs CTapT-01Ta, 3afaH1s CKOPOCTI 06MEHa AaHHbIMM
11 3axBata [aHHbIX. [lBa HE3a[eNCTBOBAHHbIX PErUCTpa 3axBaTa-CPaBHEHUSI MOTYT UC-
nonb30BaTbes ana apyrix 3agad. Pernctp CCRO 6bin BbIGpaH COBEPLLEHHO NPOM3BOSb-
Ho. [ina peanusaumm UART MoryT 6bITb BbIOpaHb! fto6ble peructpbl CCRX. Mpu nomoLum
(pyHKUMK BbIGOPA NEpUcdepuiHbIX 3atad nuHun P1.1 n P2.2 noptos 06LLero HasHade-
Husa noakntoyeHbl K GCRO timer_A3. JTuusa P1.1 BbiGpaHa ans nepeaadi MHgopmaumm,
a P2.2 — nna npuema. MepudpepuiiHble 3apadn Ans BbIBOAOB HA3Ha4eHbI NPyt MOMOLLM
peructpos P1SEL n P2SEL. Mockonbky BbiBoA P1.1 ucnonbayeTcs ans nepeaadu, To OH
JO/MKEH ObITb HACTPOEH HA PAbOTY B Ka4eCTBE BbixoAa. OCYLLIECTBNAETCA 3TO YCTAHOBKOI
COOTBETCTBYHOLLIEr0 OKTa PerucTpa ycTaHoBKa HanpasneHHocTy nuHuiA noptos (P1DIR).
P2.2 pnormkeH paboTath Kak BXof. [10 yMOMYaHWKO y MUKPOKOHTPOMNNEPOB CEMENCTBa
MSP430 Bce BbIBObI HACTPOEHbI HA PaboTy B pexxumMe Bxoda. Timer_A3 HacTpOeH Ha
paboTy B HEMpepbIBHOM PEXME, 4TO NO3BONSET UCMOMb30BATH Er0 OAHOBPEMEHHO 1 AN
Jpyrux cpyHkumia. Pernctp R4 vcnonb3yeTcs B kadecTse Gydoepa npremonepegarymka
(RXTXData). Peructp R5 (BitCnt) ncnosnb3yeTcs B Ka4eCTBe pernctpa nofACTpOiKM CMeLLle-
Hust. Pernctpbl R4 1 RS 6bin BbIGPaHbI NPONU3BOSIBbHO. [y BbIMOSHEHNS 3TUX (DYHKLMIA
MOryT ObITb CMOMb30BAHbI NHOObIE PETMCTPbI BbIMACTMTENBHOIO AApa uin sueiikn 03Y.

B pexxume npuema Hynesoii ynpasnsioLwnin pernctp 3axeara-cpasHeHus (CCTLO)
CHavana ycraHasnueaeT Modynb CCRO B pexum 3axBata JaHHbIX M0 CrafaroLLemy (poH-
Ty curHana Ha Bxoge P2.2. Cnapatolmin (opoHT Ha 3TOM BXO[E YKa3biBaeT Ha Hayana
crapt-6uta. Mocne Toro, kak UART yCTaHOB/EH B peXKum nprema LaHHbIX, OT BbIHMCIN-
TeMbHOro SApa He TPeOYETCS HUKAKMX PECYPCOB Ayt 06eCMeHeHs FOTOBHOCTM NPUHSATUS
KOLOBOr0 CrioBa. Pecypcbl BbIMUCIUTENBHOMO siApa OyayT BOCTPEOOBaHbI TOMbKO NOCHe
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MoCTynneHus cTapT-61ta Ha Bxop P2.2. Mo cnaparoLemy dopoHTy Ha Bxofe P2.2 Tekyliiee
3HadeHue padoTaroLLero B csoboaHoM pexxume Taitmepa timer_A3 (TAR) coxpaHsetcs B
peructpe CCRO. 3axBar JaHHbIX OCYLLIECTBASETCA annapatHbIMM CPeacTBaMu Taimepa
timer_A3 6e3 11Crosb30BaHKs NPOrpamMmHbIX CPEACTB. Takke hopmMupyeTcs npepbIBaHiie
L7191 BbIMUCUTENBHOIO sapa. Bpemsa 3anepxku 06paboTky NPepbiBaHNA He UMEET 3Haqe-
HIS, TaK KaK MOMEHT NOSIBNIEHS CNaAatoLLIEro hpoHTa TOYHO 3adOUKCMPOBaH B PErmcTpe
CCRAO. lMocne 06Hapy»xeHns crafatoLLLero opoHTa cTapT-6mTa nporpamMmHoe 06ecnese-
Hue nepecTpanBaeT CCTLO Takum 06pa3om, 4to6bl CCRO cpaBHMBan faHHbIe B CepeanHe
nepBoro MHopmaLmoHHoro 6uta. GmelteHne Ha 1.5 61Ta OCYLLECTBIAETCS 3a CHET YBe-
nndeHuns copepxumoro CCRO Ha coOTBETCTBYHOLLIEE 3HA4EHME. MoMny4eHHbIe JaHHbIe 3a-
wienkumeatotes B SGCI. SCCI - cuntbiBaemas 3atuenka peructpa CCTLO. Mpu pab6ote UART
SCCI cuHxpoHHo ¢ CCRO 3aLLienKmBaeT noruy4eckuin ypoBeHb, NPUCYTCTBYHOLLMIA HA BXOJE
P2.2. UART npuHumaeT faHHble, 3aenkHyTble B SCCI. MporpamMmHoe obecrieyeHne He
KOHTPOMMPYET HEeMnoCPeACTBEHHO COCTOsHME Bxofa P2.2.

RX Bit bit.w #SCCI, &CCTLO ;mosyuyeHue OuTa,

N ; 3aleJIKHyToro B SCCI
rrc.b RXTXData ; COXpaHeHMe MNPUHATOTO
; buTa

Mocne npuHaTMs neporo 6uta conepxumoe CCRO yBenn4mMBaeTcs Ha BENNYNHY,
MO3BOJIAOLLLYIO BbINOMHUTL 3aXBAT B CEPEAMHE CrIefyHOLLEro MH(OPMALIMOHHOrO bUTa.
8 MHOPMALMOHHBIX BUT COXPaHAOTCA NporpamMmmHo B peructp RXTXData.

3afaya nepefadn AaHHbIX 6onee npocTas, Tak kak MSP430 cam peLuaeT, Korga
nepenaBathb [aHHble, U NPK 3TOM He TPeBYeTCs OCYLLECTBNATb MOUCK HUKAKNX PPOH-
TOB CUrHanoB. [laHHble, coxpaHeHHble B 6ydpepHom peructpe RXTXData, annapaTtHo
capuratotcs Ha Bbixod P1.1 npu nomouy peructpa CCRO Taiimepa timer_A.

CCRO nepecTpamBaeTcs B PEXIUM CPaBHEHUS ANs Nepeaadu cneayroLlero buta
npy NOMOLLM BbIX0[A PEXUMHO-yNpasfemMbix 6utoB B CCTLO. PexkumHo-ynpasns-
toLLme 6UTbI ONPESENAtOT COCTOSAHME BbIXOLa, KOTOPOE OYAeT YCTaHOBMEHO anna-
paTHO B MOMEHT MOC/eAyOLEero cpaBHeHus. pu 3ToM 0TnagaeT HeobxoaumocTb
NPOrPamMMHO OTCNEXMBATb MOMEHT YCTaHOBKM 3HAYEHMS CrIefyIOLLero BbIXOAHOM0
61Ta 1 BbINOMHATL CaMy YCTaHOBKY. [pOrpaMmmMHO OCYLLECTBSETCA TOSbKO 3arpyska
3Ha4YeHUs CneayroLLero nepesasaemoro 6ura:

TX_Bit rra.b RXTXData ; cMmenieHre LSB niig
; IlepeHoCca
Jjc TX Mark ;repexon ecam ouT = 1
TX Space bis.w #O0UTMOD2, &CCTLO;oGnacte TX
reti;

TX Comp bic.w #CCIE, &CCTLO ;BCe OMTH NPUHATEHL,
; OJIOKMPOBKA I[IPEPEIBaHMSA
TX Mark Dbic.w #OUTMOD2, &CCTLO;meTxa TX
reti;
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Inaga 4. Peanusauuns ghynkymm UART ¢ ncnonb3oBannem Taimepa A3

MNepen nepefayeit Kaxxaoro 6uta nporpamma npokpy4usaeTt peructp RXTXData
ONs YCTAHOBKM 61UTa nepeHoca. BbinomHAETCA COOTBETCTBYHOLIMIA NEPEXOS U Mof-
rotaBnueaetcs pexxum Bbixoga CCTLO, nocne 4yero k CCRO go6asnseTcs annTenb-
HOCTb OJHOr0 6UTA.

BbluncneHne ckopocTH nepefayu faHHbIX

CCRO Tainmepa Timer_A3 ucnonb3yetcs A1 DOPMIUPOBAHMS CKOPOCTH nepe-
[Ja4u [aHHbIX. B 3aBucMMocCTy 0T TpebyeMoil CKOPOCTU PaccyUTbIBAETCS HE0OX0au-
Mblil UHTEpPBANT ANUTENIbHOCTM 6uTa (Bitime). Bitime — BennMyuHa, Ha KOTOpYO LONI-
)KEH YBENIMYUTb CBOE COCTOSAHME Tarimep timer_A3 3a Bpems, paBHOe LIUTeNbHOCTY
OAHOro 6uTa (CM. pUCYHOK 2). BenuyuHa Bitime paccyuTbiBAETCA Kak OTHOLUEHUE
4acToTbI yBENu4eHus Tanmepa timer_A3 n Tpebyemoii CKOpoCTU nepesadn JaHHbIX.

Cron D7 D6 D5 D4 D3 D2 D1 DO Crapt v

A A

<l
"
Bitime

Bitime1_5
Puc. 2. \uchopmaumoHHoe c¢noso B popmare UARTEN1

Timer_A3 nmeeT HeCKOJIbKO AOCTYMHbIX UCTOYHUKOB CUHXPOUMMYJILCOB U AeSN-
Tenen (CM. TEXHN4YeCKOe OnmcaHne MUKPOKOHTPONNepa). K BO3MOXHbIM UCTOYHMKA
CuUHXpocurHana Tanmepa timer_A3 mukpokoHTponnepa MSP430x11x (1) oTHocsaTcA
MCTOYHMK BCMOMOraTenbHbIX CUHXpoUMMNYNbCOB (ACLK), MCTOYHNK CUCTEMHBIX CUH-
xpoumnynbcoB (SMCLK) 1 aBa MCTOYHMKA BHELLHUX CUHXPOUMMYSIbCOB.

Mpumep: PaccmMoTpum chopMmUpoBaHue CKOPOCTM nepefadn gaHHbx 9600 604
npu nomoLuy Tanmepa timer_A3, CUHXPOHU3UPYIOLLErocs 0T UCTOYHIKA BCMOMOra-
TenbHbIX cuHXpoumMnynbcoB ACLK, koTopbiid paboTtaet ot 3.579545 MIu kBapLieBoro
pesoHaTopa:

Bittime = 3 579 545 /9600 = 372.9 ~ 373
dakKTnyeckas CKopocTb nepegadn ganHbix = 3 579 545 /373 = 9597

3HadeHune 373 MCMoNb3yeTcs NOTOMY, YTO TOMbKO LIESIOYUCIIEHHOE 3HA4YeHe
Bitime moxet 6biTb f06aBneHo K CCRO. MorpelHocTb (hOpMMPOBaHMsS CKOPOCTM
nepeaadn aaHHbIx 9600 604 Npy YacToTe CUHXPOUMMYNbCoB 3.579545 MIL, BO3HU-
KatoLLas BcneacTeme okpyrneHus Bitime, He npesbiwaeT 0.03 % Ha 6uT.

lMporpammHas 3arpy3ka

Mpu BbIGOPE NporpamMmHoi U annaparHon peanusauu UART pa3paboTymku
NCXOAAT U3 CTENEHN 3arpy>KeHHOCTU CUCTEMbI B TOM WAW UHOM ciyyae. OnucaHHas
B JaHHOM npumMepe npumeHeHus peanusauus UART ncnonb3yet BO3MOXHOCTK an-
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napatHoro Tarimepa timer_A3, 4TO N0O3BONAET CHU3UTb 3arpy>KEHHOCTb BbIYUCIN-
TenbHOro afpa. Moaynb TanimMepa Timer_A3 aBTOMaTW4eCcKM OnpejenseT crnajato-
LLMIA CHPOHT CTApT-61MTa 1 3aLLESKNBAET COEPXUMOe NHDOPMALMOHHBIX 61T, [N
npuema unu nepegadn 0JHoro 6uta Tpebyetcs He 6omee 26 NPOrpaMMHbIX LUKIIOB
(BKJIHO4AsA LMKIbI MOANPOrPaMMbl 06paboTKK NpepbiBaHns). TakuM 06pa3om, CTe-
NeHb 3arpy>KeHHOCTU BbIYUCIUTENBHOMO A4pa 418 06CITY)KIBAHUA PEATU30BAHHOIO
UART saBnseTcs goyHKLMei, 3aBUCALLEN OT 4acTOTbl OCHOBHbIX CUHXPOUMMYJIbCOB
1 CKOPOCTM nepefayn AaHHbIX. Mpu ncnons3osanmm Yactotsl MCLK, pasHoii 3.58
MTu, ons BeneHns obMeHa gaHHbIMK Ha ckopocTti 9600 604 3arpy3ka COCTaBUT:

lporpammuas 3arpy3ka = (26 LMKIO0B Bbl4MCnuTeNbHOMo agpa) * (9600 6og) /
3579545=6.9 %

JlemMoHcTpaLuMoHHas cxema

[leMOHCTpaunoHHas cxema, NpuBeaeHHas Ha PUCYHKe 1, NUTaeTcs Henocpenc-
TBEHHO OT nocneaosatenbHoro nopta MK, npu atom 3.3 B HanpshxeHne nuTaHus MuK-
POKOHTpOJepa hopMuUpyeTcst CTabun3aTopomM C HAKUM MafeHWeM HanpshKeHus
TPS76033. [Ins npeo6pa3oBaHust YPOBHEI CUrHanoB MHTepenca MCrnosib30BaHbl
nBa nxeeptopa SN74AHC1G04 nponssoncTsa komnanuu Tl. Ecnn Heo6xoaumo pea-
NM30BaTh MHTEPAENC, MOMHOCTbIO OTBEYAOLLMIA CTaHaapTy RS232, To Heo6X0anmMo
1Cnosib30BaTh HU3KonoTpeobnsowwme 3 B npeobpasosareny yposHs tuna MAX2331,
KOTOpble TaKXXe NpoM3BoaATCA Komnanueii Tl. Bxoa cépoca NoATAHYT K UHUK NuTa-
HUS, a 3a[ak0LLMIA reHepaTop paboTtaeT oT 3.58 Ml Kepamn4eckoro pe3oHaropa.

JlemoHcTpauuMoHHas ynpasnsaiowasa nporpamma 11x1_uart1.s43

[leMoHcTpaumroHHas ynpaenatowas nporpamma 11x1_uart1.s43 npeaHasHadeHa
LS NCNONb30BAHMS B KQYECTBE YNPaB/SIOLLEN NporpaMmbl MUKPOKOHTPONEPA, Npu-
CYTCTBYIOLLIErO B CXeMe Ha pucyHke 1. 310 nporpamMma hopMMpOBaHMS 3Xa NPUHSTOrO
curHana. T.e. MK nepefaet AaHHbIe B JEMOHCTPALIMOHHYHO CXeMY, KOTOpas nocse npu-
HATUA BO3BPALLAET MX Ha3af. [py MHULManM3aumMm NPpOUCXOAUT HACTPOIKA BCEX Bbl-
BOZI0B M CUHXPOHI3aLMs BCEX reHepaTopoB C KBapLieBbIM reHepatopom LEXTT. LFXT1
HACTPOEH Ha paboTy B BbICOKOYACTOTHOM (HF) pexxume. Ecnu, kak B 3TOM npumepe, Ans
hopmuposanus MCLK ncnonb3ayetcsi BY pe3oHatop, T0 OH JOMKEH ObITb CTaOUIbHbIM
UNK XXe B PexXMMe 3aLLuTbl 0T c60eB OyaeT ncnonbaosatbest DCOCLK ans dhopmmpo-
BaHus MCLK. OSCFAULT mMOXeT onpaiunBatbCs Ans rapaHTMPOBaHMSA CTabUNbHOCTY
paboTbl aBTOreHeparopa nepej BblI6opom ero ans doopmmpoanus MCLK.
SetupBC bis.b #XTS, &BCSCTL1;ACLK = LFXT1 BY XTAL
SetupOsc bic.b #OFIFG, &IFGl ;cBpoc otsmara oumbxrm
;aBTOTeHepaTopa
mov.b #0FFh, R15
SetupOscldec.b RI15 ; bopMMpOBaHME 3aOEPXKI
; AJI4 T'APaHTUPOBAHMA
; Bamnycka
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jnz SetupOscl
bit.b #OFIFG, &IFGl ;dbmar oumbOKM
; aBTOT'eHepaTopa
; YCTAHOBJIEH?
jnz SetupOsc;
bis.b #SEILM1+SEILMO, &BCSCTL2;MCLK = LFXT1

Pexxum 3aLLmthbl 0T C60€B OMMCaH B PYKOBOLCTBE MO UCMOSIb30BAHNI0 MUKPOKOHT-
ponnepoB cemenctea MSP430x1xx (gokymeHT SLAU049). OcHoBHas nporpaMma MHLma-
nuaupyet UART npu nomoLm noanporpammbl RX_Ready, a 3atem nepeBoauT MUKPOKOH-
TPON/EpP B PEXNUM MOHWKEHHOro noTpedneHns LPMO, B KOTOPOM BbIMUCIUTESIbHOE AP0
OTKJT04eHO. B 3TOM pexxume akTBHbI ToNbKO timer_A3 1 ACLK. [laxe npu OTKMO4EHHOM
BblumcnuTeNbHOM sape UART paboTaet B pexxuime 0XXnaaHNs NocTynatoLmx JaHHbIX Kak
(hboHoBast noanporpaMma 06CAyXUBaHUS MpepbIBaHms. [1ocne NPUHATIAS NpuemMonepe-
JaT4NKOM MHCOPMALMOHHOIO Crl0Ba NoAnporpamMma 06¢nyxsanus npepbisaHus UART
AKTUBU3MPYET BbIMUCIUTENBHOE AP0 W 3aryCKaeT OCHOBHYO Nporpammy. Mognporpam-
ma nepefadun AaHHbIX BO3BpaLLaeT B MK npuHsTbIe JaHHbIe, KOTOPbIE M 0TOOPKAIOTCA HA
ero MoHuTope. locne 3Toro LUMKI Ha4MHAETCs CHa4ata: MUKPOKOHTPOMEP BHOBb Nepe-
XOOUT B PEXUM OXMAAHUA NOCTYNIEHUA JaHHbIX. [JaHHas AeMOHCTPALMOHHasA Nporpam-
Ma OMTUMU3MPOBAHA C TOHKM 3peHMs MoBbILEHNs ObicTpogencTams. B CCRO_ISR BitCnt
CMOMb3YeTCs [11 aBTOMATMYECKOr0 YBENMYEHUs aapeca KOCBEHHOW ampecauun, YTo
Tpeobyetca Ans 06paboTKK NepeaaBaembIx v MPUHUMAEMbIX O1TOB. [porpamme He Tpedy-
€TCs OMpaLuKBaTh onark UM yMeHbLLIATb PEricTpbl A4S onpeaeneHns Kakon MexaHu3m
HY>KHO MCMOJb30BaTh. ABTOMATIHECKOE YBENUYEHME afipeca UCTONb3YEeTCs COBMECTHO C
MOMCKOBOW TabnuLeit 1t MTHOBEHHOIO OMpefeneHns aapeca noanporpavmbi.

add.w #Bitime, & CCRO;Bitime miga
; crlenyoumero omuTa

br @BitCnt + ;IIepexol K COOTBETCTBY-—
Jomer MNoAnporpaMMme

MpenmMyLLeCTBO aBTOMATUHECKOr0 YBENNYEHUS aapeca COCTOMUT B ObICTPOAENC-
TBUM 1 3PCEKTUBHOCTI B YCNOBMSAX OrPAHNYEHHOTO KOSIMYECTBA JOCTYMHbIX MPo-
rPAMMHbIX LIMKI0B.

IlemoHcTpaumonHas ynpasnsiowas nporpamma 11x1_uart2.s43 -
ucnonb3osanue DCO ansa 3afaHna CKOpPOCTH 0OMEHA faHHbIMMU

[emoHcTpaumoHHas nporpamma 11x1_uart2.543 nokasbIBaeT, Kak peann3osarb
BbIcokockopocTHOI UART Ha mukpokoHTposnnepe cemeiictea MSP430, pabotaroLuem
B PEXWUMe CBEPX HU3KOro NOTPeBsieHns 1 UCMOSb3YHOLLEro Tosbko oauH 32 768 ki
4acoBOW KBapLEBbIA pe3oHaTop. [1ns 3amaHus CKOpPOCTW 06MeHA AaHHbIMUA MOXET
1CMOMb30BATLCS BCTPOEHHbI B MSP430 3apatoLLnii reHepatop ¢ LMd)poBOR perynm-
poskoii (DCO). DGO — RC reHepatop C LMAPOBOIA perynmpoBKoi, CNOCO6HbIA pabo-
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Tatb B Anana3oHe 4actot oT 100 Iy fo 5 My 1 Bbile 1 UMEKOLLMIA BpeMS 3anycka
meHee 6 Mkc. DCO no3BonsieT BECT 0OMEH AaHHbIMI JaXe B PEXIME CBEPX HU3KOTO
noTpebneHns: cnagatoLLnii OPOHT cTapT-6uTa 3anyckaeT OTKNo4eHHbIn DCO meHee
4em 3a 6 MKC. [lemoHcTpaunoHHas nporpamma 11x1_uart2.s43 no3sonser Bectn 06-
MeH AaHHbIMK Ha ckopocTi 9600 604, ncnonbays DCO ans 3aaaHns ckopocTt 06MeHa
JaHHbIMW. 32 768 I, 4acoBOI KBapLEBbI pe3oHaTop 3ameHsieT 3.58 ML, pe3oHartop,
CNOMb30BaHHbIN B cxeme Ha pucyHke 1. DCO paboTaet Ha HactoTe 1228 800 'y, v uc-
nonb3yeTcs 4ns (hOPMUPOBAHNS NOACUCTEMHBIX CUHXpOMMNYNbCOB (SMCLK), aBnasch
MCTOYHWUKOM CUHXpOCUrHana ans mogyns taimepa timer_A3. DCO HacTpansaetcs Ha
BbICOKYO 4aCcTOTY Mpu NOMOLLM nporpamMmmHoit cuctemsl @AY, MporpammHas GAMNY
CYNTAET KONn4ecTBO cuHXponumnynbcoB SMCLK (cuHxpocurnan, hopmupyembiii DCO)
3a nepuof curHana ACLK (cuuxpocurnan, hopmupyembii 32 768 Iy KBapLieBbIM reHe-
paropom). [locne 3T0ro ocyLLecTBASETCS perynuposka 4actotel DCO. npu cTabuibHbIX
Temneparype 1 HanpsbkeHuu nutaHus yactota DCO ocTaeTcst HeM3MeHHON. Tporpam-
MHas GAMY MoXeT 6bITb 3anyLLeHa B N060e Bpems ans NoacTpoiku yactotsl DCO.
MoppobHee 0 nporpammHoil GAMY MOXHO NPOYUTATb B TEXHUHECKOM OMUCAHWI MIK-
pokoHTposnepoB cemerictBa MSP430x11x1 (nokymeHT SLAS241). B naHHOM npumepe
OCHOBHasi Nporpamma BbInonHseTcs B pexxumve LPM3, Tinosoii Tok noTpe6eHus B Ko-
TOpOM MeHee 2 MKA, npu aTom UART roToB K npuemy JaHHbIX. 9Ta NporpaMma, Takxke
KaK 1 OnucaHHas BbiLLe, (DOPMUPYET 3X0 NPUHATOrO curHana. B aaHHom npumepe ans
npmema KOA0BOI KOMBUHaLMK ncnonb3yetcs permctp BitCnt.

IlemoHcTpaunoHHas ynpasnsiowas nporpamma 11x1_uart3. s43 -
ucnonb3oBauue 32 kl'y KBapLEBOro pe3oHaTopa Ang 3afaHus
CKOpOCTH 06MEHa iaHHbIMK

B HeKOTOPbIX Cry4asx MCTOMHUKOM CMHXPOCUTHana Ans TainMepa timer_A3 gon-
XKEH BbITb 32 768 'l 4acoBOW KBAPLIEBbIV PE30HATOP. B 3TOM Cny4ae TakKe MOXHO
peanu3oBatb UART, HO pa6oTatoLimin Ha 605ee HU3KOW CKOPOCTW, HTO MO3BOMNT
136exarb OLWMOOK MPUHATUA AaHHbIX. [leMOHCTpaumoHHas nporpamma 11x1_uart3.
s43 nossonset peanuzosarb UART, pa6otarownii Ha ckopocti 2400 604. Mporpam-
mHas QAMY ana noactpoiikn DCO He TpebyeTcs, Tak Kak cuHxpoHu3auus UART
ocyLuectenserca ot 32 Kl KBapLEBOro aBToreHeparopa. B akTuBHOM pPexume Bbl-
4nUCnUTENbHOE AP0 CUHXPOHU3MPYETCS OT BbicOKoYacToTHOro DCO. Takxe B 3TOM
npumepe, pernctpsl RXTXData u BitCnt conepxarcs B 03V.

CebInKu:

1. MSP430x11x1 Mixed Signal Microcontroller, Data Sheet, Texas Instruments
Literature Number SLAS241.

2. MSP430x1xx Family, User's Guide, Texas Instruments Literature Number
SLAU049.
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Mopkniovenue 12C-untepcpeitca k ACMNMN3Y cepumn 24Cxx

Brian Merritt [slaa115.pdf (AHr.)]

[aHHbIi Npuvep NPUMEHEHNUs ONUCHIBAET Kak, UCMOMb3ys CTAHAAPTHYIO LWNHY
[°C, peanu3oBatb MHTEpIEC Mexay MUKPOKOHTponnepom cemeiictea MSP430 u
BHewwHelr EEPROM namsaTbto. [puBeaeHHbIe Cxema BKMHOYEHWS W YnpaBhstoLLas
nporpamma MoryT 6bITb UCMOb30BaHbI AN 06eCneveHns UHTepdierica Mexay Jio-
6bIM MUKpoKoHTponnepom cemeiictea MSP430 n EEPROM namstbio unu apyrum
BHELUHIM YCTPOICTBOM C I2C nHTepdheiicom.

BeepeHue

MukpokoHTponnepbl cemeinctea MSP430 umetoT nporpammMupyemMyto B cxe-
me Flash unu OTP namsaTb. Ho MHOTUM NpUoXXeHnsaM TpebyeTcs [ONOSHUTENbHAsA
BHewwHsAs EEPROM namsTb. Takasi nOTPeOGHOCTb MOXKET BO3HUKHYTb NpK 60MbLLIOM
pasmepe NpuKIaLHOi MporpamMmmbl UK NMPYU HEOOXOAUMOCTN XPaHEHUS BOJTbLINX UH-
(hbopmMaLMOHHbIX MacCcMBOB. Y MUKPOKOHTPOMepoB ¢ OTP namsTbio nnn ROM nams-
Tbt0 EEPROM MOXeT noHagobutbCst Ans XpaHeHUst 06HOBIEHHOTO NMPOrpaMMHOro
06ecreyeHns, KannbpoBOYHbIX KOHCTAHT, CEPUNHBLIX HOMEPOB UMW JaHHbIX HAT4u-
KoB. Vicnonb3oBaHue I°C LWnHbI — Hanbonee 4acTo NCnonb3yeMblii METOJ, BeeHNS
06MeHa JaHHbIMK Mexay EEPROM namsTbio U MUKPOKOHTpOSIIEpaMi.

MukpokoHTponnepbl cemerictea MSP430 cnocobHbl 3MynupoBaTh BbIX0[ C
OTKPbITbIM KOMNEKTOPOM, KOTOpbIA Heobxooum ans peanuaauun 1°C uHtepdeiica.
B aHHOM npuMepe NpUMEHeHIs ONMCbIBAETCA, KaK peann3oBaThb TakoM UHTEpPdIeiic
mMexay MukpokoHtponnepom MSP430x11x1 n 512 6aiitHoit EEPROM namaTtbio
241L.C04. Ina peanusaummn nntepdoeica He TpebyeTcs AOMOHUTESbHbIX Crneundu-
4eCKMX NPUOOPOB, a TOMBKO MCMOJb3YHOTCS annaparHble nepudepuitiole MOAynu
MSP430. MpuknaaHas nporpamma AeMOHCTPALMOHHOM CXeMbl CHUTBIBAET U 3anu-
CbIBAET CMy4aitHble A4eiky BHewwHein EEPROM namsTu.

MNpuknagHas nporpamma paspaboTaHa s BefeHUs 06MeHa JaHHbIMU C BHELLHEN
EEPROM namsiTbto, HO HebosbLLIMe LOPABOTKM NO3BONAT BECT OOMEH LAHHbIMU U C
Zpyrumn npuéopamu, umetommn 12C uxtepdoeiic. Ons peanusaumnn G uHtepdeii-
ca 3ajencTeoBaHo Bcero 420 6anT namsaTi nporpamMmbl. OCTanbHas 4acTb NamsT
nporpaMmbl UCMOSb3YeTes Ans obecredveHns uHTepdenca MUKpokoHTponnepa ¢ MK
(momb3oBarenbCckoro uHTepderica). [nsg aton noanporpammbl Tpebyetcs okono 520
GanT namaTi nporpammel. [ns peanusauun I°C nHtepcheiica nosb3oBaTenbCKuid MHTep-
(helic He Hy)XeH, OH peann3oBaH TOSbKO AN1S IeMOHCTpaLMK paboTbl YCTPOIACTBA.

Teopus (DyHKUMOHNPOBAHMA

Mcnonbays fge ntobble LOCTYMHbIE SIMHAN NOPTOB BBOLA-BbIBOAA 06LLIEr0 Ha3Ha-
yeHusi, MSP430 cnocobeH amynmpoBaTh BbIXOAbl C OTKPbITbIMI KONMEKTOpamm Ans
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ynpasnenus nunnamn SDA 1 SCL nHTepdoeiica IC. 310 focTrraeTcs 3a CHET YCTaHOBKM
QNS 3TUX BbIBOLOB HU3KOMO BbIXOJHOrO CUrHana u 1cnosib30BaHms NpsiMoi YCTaHOBKM
Hanpas/eHHOCTI BbIBOJOB /1S 3alaHNs IOMMYECKOro YPOBHS CUrHana Ha nuHun. Bes-
KU pas, Korga Heo6xoauMo YCTaHOBUTL Ha BbIXOZE BbICOKWIA JIOTNHECKUIA YPOBEHb,
YCTaHaBNNUBAETCS GUT HAaNPaBJIEHHOCTY NIVHIAV NOPTA, KOTOPbINA NEPEBOAMT SINHUI NOp-
Ta B PEXWUM BXofa. A NMOATATUBAIOLLMIA PE3NCTOP CUrHAMIbHOWM NUHWW YCTaHABNMUBAET
Ha Hell BbICOKWIA NOTMYEeCKnin YpoBeHb. Ecin TpebyeTcs YCTaHOBUTL Ha JIMHUN HU3KMI
YPOBEHb, TO BbIBOL, NEPEBOANTCA B PEXIUM BbIX0fa. A TakK Kak NpeBapuTesibHO B NOPTh
bl 3aM1CaH HOMb, TO HA JIMHIW YCTAHOBUTCS HUSKWIA TOTMHYECKIAI YPOBEHb.

Mepen 3anucbio cnyyaiiHoro 6ainta MSP430 nocbinaet EEPROM ctapToBoe
ycnosue. [locne 3T0ro nepeaaeTcs ynpasnstoLLnii 6aiT. YnpasnstoLia 6aint cocto-
UT U3 Koda npubopa, K KOTopomy maeT obpalleHue, agpeca 61noka namati u 6uta
onpefeneHns nocneayollen onepauun (cm. pucyHok 1). Mocne atoro EEPROM
NOATBEPXAAET nosydeHue 6anta. B oteeT MSP430 nepefaeT agpec S4enKn naMaTi,
B KOTOpYto OyayT 3anucbiBaThes gaHHble. EEPROM cHOBa nepeaaet nMoaTBep)ae-
Hue npuema. Mocne atoro MSP430 nepefaeT AaHHble, KOTOPbIE 3aNMCbIBAIOTCS B
yKa3aHHy0 f4eliky namatu. TMocne Toro, kak EEPROM noateepanT npuem AaHHbIX,
MSP430 nocbinaet ycnosue 0cTaHoBa.

1 0 1 0 X X Ao R/W
(A2) (A1)
4-6uTHbII K0g Ang 24L004 aapec 6noka namaTi yTeHue/
3anuch

Mpumeyanue: butel, nomeyeHHble "X" He UMeIOT 3HaueHUs Ang cemeictea 24LC04

Pue. 1. Ynpasnstowimn 6aint ansa 24L.C04 EEPROM

CYmnTbIBAHME NPOM3BONBHOIO 6aliTa HECKOSIbKO OTIMYaeTcs 0T 3anuck. OCHOB-
HOE OTAINYKE COCTOUT B TOM, YTO YNpaBnAoLLWiA 6aiiT nepegaeTcs ABaxabl. CHava-
na— Ans ycTaHoBKW TPeOyemoro aapeca, a noToM — Ans WHULMANN3aUmnm YTeHns.
B nepBom cnyyae 6UT YTeHNS/3aNNCK UMEET 3Ha4eHNe JIOTMYECKOro Hyns, a BO BTO-
POM — NIOTMYECKON eANHNLI.

lpuknagHas nporpamma [eMOHCTPALMOHHON CXeMbl paspaboTaHa ans 06ec-
MeveHNs BO3MOXXHOCTH CHMTbIBaHUMs/3anncn 512 6aint EEPROM namstu 24LC04, Ho
MMUKPOCXEMbI MaMATU C MEHbLIMM 06bEMOM TaKXe BYayT CYMTbIBATLCS MPU YCNO-
BWU, YTO CTapLLmne BUTbI ByAYT UrHOPUPOBATLCA. [Mpn He6OMbLLIMX [OpabOTKaxX 3TON
Nporpammbl MOXXHO OCYLLECTBAATb 0OMEH AAHHbIMW U C MUKPOCXEMaMW MamsTy
60nbLLUero o6bema.

VHTepdoeiic nonb3oBatens 06ecneymBaeT CBA3b AEMOHCTPALMOHHON CXEMbI C
TepPMUHANbHOI NporpaMmoii, 3anyLieHHon Ha K. 06meH gaHHbiMu BeaeTcs B ASCII
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Kopax. TepMuHanbHas nporpamMma [O0SkHa ObITb HACTPOEHA Ha BefeHue 06MeHa
JaHHbIMK co ckopocTbio 9600 60p no npoTokony 8N1.

IlemoHcTpaLMoHHana cxema

[emoHCTpaunoHHas cxema, NpuUBELEHHAs HA PUCYHKe 2, NMUTAETCA Henoc-
peacTBeHHo 0T RS232 nocnenosatenbHOro nopra NepcoHabHOr0 KOMMboTepa.
lMpeobpa3oBaHne ypOBHEN CUTHANOB BbLINOMHAKT fBa WHBepTopa SN74AH1G04
npoussoacTBa komnaHuu Tl. Ecnu Tpebyetcs nonHoctblo RS232-coBMeECTUMbIN
UHTEPCeNiC, TO MOXHO 1CMONb30BaTh MUKpocxemy MAX3221, KoTopas Takxe Bbl-
nyckaetcs komnanuei Tl. [1ga pesucropa He06X0AUMbI A NPUBA3KN CUrHANBHBIX
NIMHUIA K WiHe nuTaHus. TPS77033 — nponsBoammblii Komnaxueid Tl ctabunusatop
C HU3KUM NajeHNeM HanpsXKeHus, KOTopblii hOpMUPYET U3 CUrHaNoB NocnenoBa-
TeNbHOr0 NOPTA HANPSHKEHNEe NUTAHNUS MUKPOKOHTPOSIIEPA 1 NamATy.

TPS77033

_L1 moouT Py
e
E Nl GND | T 47mko
MSP430x11x (1) - T
32,7681y
2|y ane—
’ o —_ —
| = -

100 KOm Xour = [o\

[! 5 -0
_ 4 RX
8l  10k0w T { RS Tinmi prif | 2ING 2L 9

10KOM %6 7

201004 "y Oy
5 . P2.2 —o<j2 —3 o

SDA P2.0 ‘N fon -0
scLf8 91pg 0

-0
Vss 5 o)

7 7

l DBY

Purc. 2. [leMOHCTPaLMOHHas cxema

MpuknapHas nporpaMma

MpuknagHas nporpamma ang MSP430 gocTynHa B WHTEPHEHTE MO agpecy
http://www.ti.com/sc/msp430. HasbiBaetcs oHa 12C_EEmem. S43 n ynakosaHa B zip
apPXVB C TaKMM XXe nMeHeM. Kofi nporpammbl HanncaH Ha accemobnepe B MHTErpupo-
BaHHOW cpefe paspaboTku IAR Kickstart.

CebInku:

1. MSP430x11x1 Data sheet (SLAS241C)
2. MSP430x1xx User’s Guide (SLAU049)
3. 24xx Data sheets (various companies)

178 bubnuorteka Komnana



lIl. UuTepdrenc
C BHELUHUMU YCTPOUCTBAMM
Imasa 6.

Peann3aynsa wuxbl SMBus Ha 6a3e
MukpokoHTponnepa MSP430

*’? TEXAS

INSTRUMENTS



i
le'r-ll;}%Jxﬁ?:NTs lll. UuTepdberic ¢ BHELIHUMY YCTPOHCTBAMHU

Peanu3zauusa wuHbl SMBus Ha 6a3e MUKpOKOHTpONNepa
MSP430

Richard Baker [slaa073.pdf (AHrn.)]

[aHHbIA npumMep NPUMEHEHUs ONMChIBAET NPOrPAMMHYIO Peanu3aunio LNHbI
cucTeMHoro ynpaeneHns (system management bus (SMBus)) Ha 6a3e MUKPOKOH-
Tponnepa MSP430. PaccmoTpeHbl NPOTOKOMbI BefyLlero (master) ycTpoiicTBa,
6asMpytoLLerocs Ha npepbiBaHUAX BEAOMOro (Slave), a Takxe npumepbl UCMonb-
30BaHWA BefyLlero yctpoiicta. LnHa SMBus sBnseTcs nogsuaom WwnHbl 12C u
LUNPOKO MUcnosib3yeTcs B cmapT-6arapesx (smart batteries) n apyrux cucteMHbIX
YCTPOMCTBAX.

1. BBepenue

SMbus 3T0 [BYXNPOBOAHON CUHXPOHHbIA NOCMEL0BATENbHbIA NPOTOKON, AB-
nsoLwniics nponasoaHbiM 0T I°C. Tak xe, kak 1 I°C, oH MCnonb3yeT NNHNAK NOCNea0-
BaTeNlbHOro TakTupoBaHus (SCL) u fanHbix (SDA). [ns uckoYerus Heonpeaené-
HOrO COCTOAHUS HA NIMHWN UCTONb3YIOTCA noATtarusatoLLue (pullup) pesucTopsbl unm
WCTOYHUKU TOKA, @ YCTPONCTBA, NOLKMIOYEHHbIE K LUMHE LOSKHbI UMETh BbIXOLbI
TUNA «OTKPbIThIA KOMNEKTOP>» NMNO0 «OTKPbIThIA CTOK». 3TO COOTBETCTBYET MOHTAX-
HOMY «/1» BCeX YCTPOWCTB, YTO 03HAYaeT, YTO Kax[Joe U3 YCTPOWCTB MOXET NM60
NepeBecTy WUHY B COCTOAHME nor. «0», N1160 0CBOOOAMTD e6. Tak Kak NMoaKo4EH-
HbI€ K LLMHE YCTPOWCTBA MOTYT ObITh 3aNUTaHbl OT Pa3NNYHbIX HANPSXKEHWIA, OHYU He
LOMKHbI NEPeBOANTL NIUHUIO B COCTOSAHNE NOT. «1».

Bce ycTpoiicTea pasgenaiotca Ha Befylume (master) v Befomble (slave). Be-
Jylliee YCTPOICTBO MOXET MHULMMPOBATL nepefady u popMMpyeT TakTOBbIA CUT-
Han. Begomoe npuHumMaeT nM6o nepefaéT AaHHble, HO NPK 3TOM NPOLECC nepeaayu
VHULMUPYETCA BeAyLMM. YCTPOACTBA MOTYT UMETb Kak MPU3HaKW BELyLLEro n Be-
JOMOro OLJHOBPEMEHHO, TaK 1 ObITb UCKMYUTENIbHO OHUM NM60 apyrum. Hanpu-
Mep, BeLOMOE YCTPONCTBO MOXET B KPUTUHECKIX CNy4asx CTAHOBUTLCA BEAYLLUM W
nepefasatb CUCTEME COOOLLEHUA O HEMCTPABHOCTW. ANrOPUTM Takoro noBefeHns
LLeNMKOM ONpefenseTcsa KOHKPETHON 061aCTbi0 NPUMEHEHUS.

Kaxgoe yCTPOCTBO Ha LUNHE UMEET YHUKANbHbIA 7-6UTHbIA aapec. 3T0 N03B0-
NSET NOAKI0YATb K NIMHUK [0 128 yCTPOICTB, 0AHAKO HEKOTOPbIE afpeca ABNA0TCS
3ape3epBupoBaHHbIMU. Pasnn4Hble KOMMEPYECKN AOCTYMHbIE YCTPOACTBA UMEOT
aapeca, NPMCBOEHHbIE KOOPANHALIMOHHLIM KOMUTETOM SMBUS.

MNpu npuéme v nepefade JaHHbIX UCMNONb3YIOTCA CEMb Pa3niYHbIX MPOTOKOJIOB.
910 «bbicTpas komanga» (Quick Command), «Otnpasutb 6aiT» (Send Byte), «[Mpn-
HATbL 6anT> (Receive Byte), «3anucatb Cnoso/baitt» (Write Byte/Word), «Mpoyntats
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Cnoso/baiit» (Read Byte/Word), «3anpoc coctosHus» (Process Call), n «HteHue/3a-
nuck bnoka» (Block Read/Write). Kaxabii NnpOTOKON UMEET COBCTBEHHbIN KOHKPET-
HbI HABOP AENCTBUIA, HO 06LLAA CXeMa CX0Xa /11 BCeX MPOTOKOJIO0B.

lNepenaya Bceraa Ha4MHaeTes ¢ cumaona «Grapt» (S). 3TOT cMBOS nepefaéTes
nepeBooOM 06enx JIMHUIA B COCTOSAHME NOT. «1», MOCneaytoLuM nepeBooM JIHUK
SDA B cocTosiHue fior. «0» 1, HaKOHeL, BbicTaBneHuem nor. «0» Ha wuHe SCL. Moc-
ne nepejadn cTapTOBOM NOCIeA0BATENbHOCTM, HaYMHAETCS nepeaada 8-Mu 6510K0B,
3aBepLuatoLascsa noareepxxaeHuem (ACK). MoateepxaeHue nepeaaércs Be4OMbIM
yCTpOoMcTBOM NMyTéM nepesofa NuHun SDA B cocTosHMe nor. «0» BO Bpems nepeaadn
BeayLm curHana SCL. Ecnu nuHns SDA He 6bina nepesefieHa B Takoe COCTOSIHUE
32 Bpems umMnysbca Ha WwuHe SCL, 3T0 COCTOSHNE Ha3bIBAETCA HEMOATBEPXKAEHNEM
(NACK). MepBblit 8-6UTHBIN 6J10K ABNAETCS 7-6UTHLIM aApPecoM BeOMOro YCTpOMc-
TBa BKYMe C OUTOM, OMpefensioLnM HanpasieHne nepesjadn Bo BCEX NPOTOKONAX,
32 UCKITI0YeHNeM «bbICTpoi KOMaHbl». B nocneaHeM »e AaHHbIA 6UT COOCTBEHHO
ABNAETCA KOMaHoi. lMocne nepefadn afpeca v HanpaseHNs, BeAyLIUA 0Xuaaet
NOATBEPXAEHNS OT BeLOMOro. [Tpu 3TOM OH (hOPMUPYET OAMHOYHBIA UMMYMbC Ha
nnHun SCL 1 KOHTpONMpyeT nepeBoj BefOMbIM B 3T0 Bpems nuHuu SDA B cocTo-
fHKe nor. Hyna. Ecnn noaTeepXxeHne He NosyyeHo, BeayLlee YCTPONCTBO Npekpa-
LLAeT nepefadyy v NnoBTOpPsET eé nosaHee. 3Ta onepauns TakxKe MOXET UCMOSb30-
BaTbCA AN ONpefeneHus NpucyTcTBUA BEAOMOr0 Ha WuHe. [locre mosy4eHns
NOATBEPXAEHNSA, NepeaéTcs Mbo noslyyaeTcs o4epeaHomn 650K U3 8-mu 6ut, 6o
nepefaércs cumBon octaHosa (P). 3T0T cumBON chopMUpyeTcs nepeBooM 06eux
NINHWIA B COCTOSAHWE nor. «0», nocneayrowum nepesogom nuHum SCL B cocTosiHue
nor. «1» 1 3aBepLuaeTca nepesofom B fior. «1» nuHun SDA. OcTanbHble 8-6UTHbIE
6710KM MOTYT 6bITb AHHbIMK, KOMaHAAMM NGO CrefytoLLei KomouHauuein agpeca
1 6uTa YTeHns/3anncu. ToYHbIA hopMaT Kaxaoro M3 NpoTOKONOB MOXHO HaliTh B
nokymeHTe System Management Bus specification Ha caiite . Beugy Toro, 4o Ha
LUMHE UCMOSb3YeTCS NOAKITI0YEHNE YCTPOICTB N0 NPUHLAMY «MOHTaXHOE «/1»», OHa
o6rafjaeT MexaHM3mMoMm apouTpaxa. Ecnu 6onee 04HOr0 BeAyLLEro YCTPOMCTBA Mbl-
TalOTCS NepeaBathb JaHHbIe, NEPBbI U3 HUX, «OTNYCTUBLLUIA» LWIKHY BO BPEMS TOrO,
Kak OCTaBLLUWIACA YAEpXXMBAET eé B COCTOAHWN Nior. «0» JOMKeH 0TAaTb apouTpax.
Y106b! 06ecne4nTb 3MEKTUBHOCTL TAKOr0 METOA, KOXXA0€e BefyLee YCTPOICTBO
JO/MKHO NPOBEPATb COCTOSHME LUMHBI KX[bIA pa3 nocse nepesofa eé B COCTOSAHME
nor. «1», Eciv nocsne 3Toro LUMHA yaep>XMBaeTCs B COCTOAHUM nor. «0», BeflyLliee
YCTPOMCTBO AO/DKHO MPEeKpaTuTh nepegady U noBTOPUTL MOMbITKY no3fHee. B pe-
3ynbTaTe Takoro PeLLeHust CUCTeMbl apouTpaxa, yCTPONCTBA C MEHbLUMMI afpecamm
MMEIOT NPUOPUTET HAZ YCTPOICTBAMM CO CTapLwuMK aapecamu. Ecnm aBa BefyLumx
NbITAIOTCA HAa4aTb Nepefayy OJHOBPEMEHHO, TOT U3 HUX, KOTOPbIA nepeaaér crap-
LUK afpec, NepBbiM 0CBOOOANT SIMHUIO U NOTEPSET, TaKUM 06PA30OM, NPUOPUTET.
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Paboynmu vactotamu wuHbl sensioTes 10 kMy n 100 ky. 370 aHanoruyHo
wuHe I°C, 3a MCKMKOYEHNEeM TOro, 4TO 12C He MMEET OrpaHnyeHns CKOPOCTU CHIA3Y, MPK
9TOM YCTPOMCTBA MOTYT 3aHUMATh LLUNHY Ha HEOrpaHuyeHHoe Bpems. SMBus umeer
60r1ee XECTKME OrpaHnyeHus, OrpaHNiMBas MUHUMAanbHYO CKOPOCTb. HeCcMOTps Ha
9T0, BEJJOMbIE YCTPOICTBA He 00513aHbl pab0TaTh C TOM e YaCTOTOM, 4TO U BedyLUue.
ELVHCTBEHHbIM OrpaHuyeHneM sBNSETCA MUHUMATTbHAsS CKOPOCTb UX paboTkbl B 10
K. BO3MOXHOCTb paboThl C pa3HON CKOPOCTbIO peani3oBaHa crefytowmm obpa-
30M: eC/vi BELOMOMY YCTPOMCTBY TPEOYEeTCs JONONHATENBHOE BPEMS [15 3aBepLLe-
HIS OMepaLmmn, OHO NPUHYXIAET BeAYLLEro K OXuaaHuio yaepxaruem nuHum SCL B
COCTOSAHUM for. «0». 3T0 Ha3bIBAETCA «YANMHEHNEM TaKTOBOrO curHana» (clock-low
extending). Befylee YCTPONCTBO [OMKHO A0XAATbCS, NMOKA BEAOMOE «OTNYCTUT»
nuHno SCL, Ho , ecrnu 370 3aliMET 60JbLLE BPEMEHU, YeM Pa3peLLeHo crneumdmnka-
LIeli, NpOM30AET TaMM-ayT. ITUM 06€CMeYMBABTCA MUHUMANbHAS CKOPOCTb LLKHBI.
[lononHuTenbHYt0 MHGOpMaLMI0 No npoTokony SMBUS MOXHO HaliTh Ha popyme
Smart Battery System Implementers Forum (SBS IF). Komutet SBS IF 06pa3oBaH
npencrasutenamu upm Benchmarqg Microelectronics Inc., Duracell Inc., Energizer
Power Systems, Intel Corporation, Linear Technology Corporation, Maxim Integrated
Products, Mitsubishi Electric Corporation, National Semiconductor Corporation,
Toshiba Battery Co., 1 Varta Batterie AG. KomuteTom ony6skoBaHa cneuugukalms
SMBus, gocTynHas ans ckadmeaHus Ha caite B ghopmare pdf.

2. AnnapatHas 4acTb

Ha puc. 1 npueaeH npumep noakntoyeHus wuHbl SMBus. B atom cnyyae
MSP430 noagkntoyeH K cmapT-6atapee. batapes nutaet winHy u MSP430, Ho 3T0 He
IBNAETCS 063aTeNbHbIM, HEOOXOAUMbIM YCNOBMEM SBASETCS ML 06L1as «3eM-

Ve 9% 5B Smart Battery
Rp [I]Rp {
. Li-lon,
e Rl ur i
MSP 430 P scL [ ] ] E Bt sattery

E2 -

Smart Battery
Module
PS100Z-200

Vss GND i

Pue. 1. Tipumep opraHudaumum WwuHsl SMBus
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ns». Moprarusatowwme (pull up) pesnctopbl 0603Ha4eHb! Kak RP. [Ins yMeHbLUeHUS
noTpe6semMoro Toka, 3Ha4eHust RP BbiGpaHbl MakcMaibHO BO3MOXXHbIMU B paMKax
TpeboBaHuin cneundukaumn. CyLiecTBYIOT TakXe CreunanbHble Lpansepa LWWHbI
SMBus, ucnonbayemble BMECTO MOATArMBAOLLMX PE3UCTOPOB. Takue YCTpolicTea
06€crneymBatoT MakCUMaIIbHbIA TOK HA (DPOHTE U MUHUMATTbHBIA NPU HU3KOM YPOB-
He Ha LUMHe.

Mpumevanue:

Heucronb3oBaHHbii BbiBOg T 310 Tépmuctop. OH ncrosb3yercs B 6/10kax Li-
lon 6atapeii 515 aBapuiiHbIX U3MEDEHWI B CJTyHae HeUCNPaBHOCTY MOLY/S b6atapen
nin wuHbl SMBUS.

3. Peanu3aums BegyLuero ycTpoictsa wuHol SMBus

lporpamma BeayLLero ycTponcTsa wuHbl SMBus ans MSP430 peanu3yet Bce
CYLLIECTBYIOLLIME TUMbI MPOTOKOMOB. [1151 3KOHOMUW PErncTpoB, NapameTpbl nepesa-
toTcs Yyepes crek. MakcumanbHas rny6uHa creka 40 6aiT. MamsTb BHe CTeKa He 3a-
TparneaeTcs, KpOMe cny4as onepauuii Hag 6nokamu. Bo Bpems nepefadu 6110ka ero
Ha4Yano nepefaércs Kak napameTp (610K pacTéT B CTOPOHY BEPXHUX afipecoB nams-
). Bo Bpems 3anucu 6110ka ero pasmep U3BECTEH [0 Havarna nepefadu, BO Bpems
npuéma 6s10ka ero pa3mep nepepaércs BeAoMbIM YCTPOACTBOM. [1pn atom cneayet
co6ntoaTh 0CTOPOXKHOCTb, HTOObI AaHHbIE U3 6710Ka He 3aTEpSIv NPOrpamMMHYI0 Unn
OnepaTuBHy NamsTb.

[porpamma cOCTOUT U3 1BYX OCHOBHbIX YaCTeN: NOANPOrpaMm BEPXHEro ypoBs-
HS 1 NOLANPOrpaMm HIKHEro ypoBHSA. HU3KOYpOBHEBbLIE NOLNPOrpaMmbl 06padarbi-
BAIOT CABUI OUT, BpeMeHHble xapakTepucTuku 1 paboTy ¢ nopTamMu BBOAA-BblBOAA.
MpoTokonbl SMBUS, N0 CyLLECTBY, COCTOSAT U3 HECKOMbKUX CTaHAAPTHbIX BII0KOB,
KOTOPbIE BbI3bIBAIOTCSA 11 MOBTOPSOTCA B ONPeSeNeHHOM NopsaKe. 3Ti CTaHAAPTHbIE
6110K1 06pabaTbIBAOTCA NOLNPOrpPaMMamMut HYXKHEro YPoBHs. [lognporpamMmsl Bep-
XHEro ypoBHsi 06ecneyuBatoT nosib30BaTeNbCKIUIA MHTEPCIEIC 1 COXPAHAIOT PErncT-
pbl. Ha KOX[blil NPOTOKOM NMPUXOAUTCS OAHA Takasa NoAnporpamma, B HIX YCTaHaB-
NIMBAIOTCS NapamMeTpbl, @ 3aTeM BbI3bIBAIOTCS NOAMNPOrPAMMbI HUXHErO YPOBHS. [ns
o6ecneyeHus Tpe6oBaHuns Npotokona SMBUS K BbIX0AaM («OTKPbITbIA KOSIEKTOP»),
BbIBOLbI MPOLIECCOPA NEPEKN0YAITCH CO BXOAA HA BbIXOA W HA000pOT. B BbIXOA-
HbIX 3aLlénKax nopToB BCerga NpucyTcTByeT nor. «0». 310 o3Havaet, yto MSP430
MOXET «0CBOOOAMTL> JINHUIO MEPeKoYeHneM BbIBOAA HA BXO[, SIMO0 «3aHATb» €8
(T.e. BbICTaBUTL Tam Jior. «0») NyTéM NepekIio4eHus BbIBOAA HA BbIXOA. Bbibop Tpe-
OyeMbIX BbIBOLOB OCYLLECTBAETCS «MPUBA3KON» WX B HA4ase nporpammbl K KOHK-
peTHbIM nuHuam SDA, SCL n DNC. SDA n SCL cOOTBETCTBYIOT JIMHWAM AaHHbIX W
TakTpoBaHus WiHbl SMBus. DNC sBnsieTcs ogHoBpeMeHHO nuHuamin SCL n SDA.
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CooTBeTcTBYtOLLMIA MOPT Bbi6upaetcs HasHadeHnem OUT, DIR u IN. B 3aBucumocty
0T KOHKPETHOr0 NMPUMEHEHUS, MOTYT UCMONb30BaTbCS HE BCE MPOTOKOSbL. HeHyxX-
Hble MoANPOrpamMMbl MOTYT ObITb «3aKOMMEHTUPOBAHBI», YTO YMEHbLIUT pasMep
Koda. YoaneHue noAnporpaMm BbICOKOTO YPOBHS ABMSIETCA 04EBUAHBIM, NPU 3TOM
BO3MOXHO TaKXe yAaneHne HeKOTOPbIX HEeMCMosb3yeMblX NOAMNPOrpamMm HU3KOro
YPOBHS.

Tak kak SMBus noanepxuBaeT HECKOSIbKO BefyLUMX YCTPOWCTB HA LUMHE
(multimaster) n «rops4yee Bknto4eHue» (hot-plug), 3T0 MPUBOAMT K MOABMEHNIO
OLUNGOK. UX npuymHamn SBNAKOTCA 3aHATOCTb LUMHBI, OTCYTCTBME BEAOMOr0 YC-
TPONCTBA, KOHPANKTBI MEX[Y HECKONMbKIMUN BeLyLMMMN YCTPOIUCTBAMM W MOMEXH
Ha LWKHe. [porpamma BK04YaeT 06paboTKy OLINOOK W donar ook, Mpn o6Hapy-
XKEHWUU OLUMOKM Nepeaada NpekpaLLaeTcs, nporpaMma BbiCTaBnseT donar owmueKm 1
BO3BPALLAETCA U3 NOANPOrPaMMbl BEPXHEro ypoBHA. onb3oBatesibckast nporpam-
Ma [0/DKHA NPOBEpsATb [aHHbI donar Ans onpefenieHns yenewHoro (Bo3spatlaer
1) unu owm6o4Horo (so3spaluaet 0) 3aBeplueHns. 06paboTKA COOLITUS OLIMOKN
OCYLLIECTBJIAIETCA M0JIb30BATESbCKO NPOrpaMMmoil.

OcHoBHas mporpamma BK/4aeT B Ce6s NMOANPOrpaMmbl BEPXHErO U HUXKHE-
ro YPOBHEN U pacronaraeTcs 0TAeNbHO OT N0Mb30BaTeNbCKONM nporpaMmbl. MecTo,
rAe JO/HKHA pacrnonaratbCs Nonb30Barenbckas nporpaMmma 0CTaBfieHO CBOOOAHBIM.
[ns nepefadn AaHHbIX no wuHe SMBuUS, NpoCTO BbI3bIBAETCS COOTBETCTBYHOLLAS
NOANpOrpaMma BepXHEro ypoBHs.

lpumepsl Nepeaayyn napameTpoB NpUBEAEHbl B KOMMEHTAPUAX K KXA0i Noj-
nporpamme. VlcxofHble KoAbl NpUBeAeHbl B NpUioxeHnn A. Takxxe B NPUNOXKEHUSX
NPUBOLATCA [LEMOHCTPALMOHHbIE MPOrpaMmbl, MAMOCTPUPYIOLLME PasfinyHbIe Mpo-
TOKOIbI 1 NpUMepbl paboTkl ¢ cMapT-6aTapeeii.

4. Mpumepb! peanu3auuu NPorpaMmmbl BeAyLLEro YCTPOMCTBA LHHbI
SMBus

4.1. [onck ycTpoicTB Ha LWNHE

MepBblit NpUMep [OBOLHO NPOCT. B HEM NPOM3BOANTCSA NONUCK YCTPOIACTB, NpU-
CYTCTBYIOLUMX HA LKMHE 1 0TO6paxkeHWe afpeca nocneaHero HanaeHHOro yCTpoc-
TBa. 3TO BECbMA yA06HO BO BPEMS MPOBEPKM COEAMHEHNIA WKHBI. [1epBOHAYanbHO
npumep 6bIN HANNCaH 4715 NOUCKA aAPECOB YCTPOICTB, OH HArMSAHO NEMOHCTPUPYET
BO3MOXXHOCTb YMeHbLUEHUS pa3Mepa KOAa npu NOMOLLM YOANEHUs HEMCMOMb3ye-
MbIX MOANPOrPaMM.

Beuay npoctoTbl npumepa, 6bina yaaneHa 3HaquTenbHas 4actb koga. Ocras-
LUKIACS KOA MOXHO 3anyckaTb U3-nof NporpaMmMbl MOHATOPA OTAL04HOM0 MOAYANS
MSP430x33x (EVK part number MSP-EVK430x330).
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4.2. Yrenne faHHbIX cMapT-6arapen

ITOT Npumep 3Ha4YUTENIbHO 06bLEMHEE MepBoro. B HEM MCNOMb3YOTCA NPOTO-
KOnbl «YTeHKE crnoBa», «3anuchb CroBa» u «4teHne 6noka» Ans CBA3W €O CMapT-
6arapeeii. B npumepe cuuTbLIBAIOTCSA TeMneparypa, Hanps>kKeHue, NpouU3BOANUTENb,
XUMUYECKast Pa3HOBUAHOCTb 1 BMKOCTb 6aTapeu.

Takxxe ncnonb3yeTcs 3annucb 3HaYeHus B peructp «MpeaynpexaeHne 06 oc-
TaBLweics émkoctu» (RemainingCapacityAlarm), 3anucaHHoe 3Ha4eHne NpoBepseT-
c. 3TV onepauun NPOM3BOAATCA LMKNUYECKK, pesynbrar oTtobpaxaetcs Ha XK.
[Mpumep [EMOHCTPUPYET UCMONb30BaHUe 6051ee CNOXHbIX NPOTOKOMOB U NPOLLECC
06paboTKM BO3BPALLAEMbIX [jAHHbIX. B AaHHOI KOHMUrypauum nporpamMma npoTo-
konos SMBus sanyckaetcs n3 EPROM otnagoyHoro mogyns MSP430x33x (EVK
part number MSP-EVK430x330), a nonb3oBatesibckast nporpamMma 3anyckaercs 13
MOHMTOPA 3TOr0 MOJYIIS.

5. Peanu3auus BefomMoro yctponcTea WwuHbl SMBus

JTa nporpamma npeacTaBifeT npuMep peann3auuu BeLOMOro YCTPOACTBA
wmnHbl SMBus 1 nocTpoeHa Ha 6a3e NpepbIBaHNiA. HazHa4eHus npy NoOMOoLLKM onepa-
TOpa. equ B Ha4ase NporpamMmbl NO3BOJNIAOT BbIOPATL afpec BeJOMOro yCTPONCTRa,
BbIBObI 1 NOPTbI. B nporpamMme peanu3osaH npotokos «0Tnpaska 6arita» (4710 ans
BEZOMOro YCTPOICTBA O3HA4YaeT nepefady 6aita K Hemy OT BegyLlero). B npome-
XKYTKE MexX[ly NpepbiBaHNAMY BEJOMOE YCTPONCTBO MOXET HaX0AUTLCA B PEXIME
MOHKEHHOr0 NoTpe6neHus 160 BbINOMHATL Apyrie 3aja4u. Tak Kak npepbiBaHue
NPOUCXOAMUT KaXAbli pa3 npu nepexofe nuHuu SDA 13 coCTOSAHUA fnor. «1» B for.
«0», BE[lOMOE YCTPOWCTBO MpW 3arpy>XEHHOCTW LUUHbI NPOBOAUT 3HAYUTESTBHYHO
4acTb BPEMEHU B nofnporpammve 06paboTku npepbiBaHUIA.

41006bI UCKITHOYUT KOHTPOMb LUMHBI BELOMbIM YCTPOCTBOM BO BpPEMS paboThl
C pyrumu BeAOMbIMU MOTYT ObITb MCMOJIb30BAHbI BHELLHWE 3J1IEMEHTbI, KOHTPO-
NMpYioLLMe WVHY 1 (hOPMUPYIOLLIE PEePbIBaHNS TONBKO NpU COBMajeHun agpeca
BEAOMOro yCTponcTea. EWg oaHMM HeJ0CTaTKOM MCMONb30BAHUS NPepbiBaHUin 663
LOMOMHUTENbHBIX BHELLHUX YCTPOWCTB ABMAETCA BPeMs 00pabOoTKW NpepbiBaHus.
Tak KaKk OHO COCTaBNSET HECKOSIbKO TaKTOB, MPW 3TOM CYLLECTBYET BEPOATHOCTb
nponycka CTapToBOW NocnefoBarensHOCTU. [pu peanusauun NONAUHIA BEPOAT-
HOCTb MPONYCTUTb CTAPTOBYO MOCHLIIKY CHUXKAETCH, HO MPOLLECCOP MOCTOSAHHO 3a-
HAT OTC/IEXMUBAHNEM COCTOSHWUA LWWHbI. BbIGOP ONTUMANILHOMO PELLeHUs 3aBUCUT
0T KOHKPETHOW peanusaumnu. BapmaHT ¢ npepbiBaHnaMu No3BOSIAET NPoLeccopy 06-
CNYXWBaTb APYrue 3afa4u BO BPEMS HEAKTUBHOIO COCTOSAHUSA LUWHBI, HO NPU 3TOM
€CTb BEPOATHOCTb MPOMYCTUTL MEPBYHO MOMbITKY YCTAHOBIEHUA CBA3W. BapuaHT ¢
MNOJIIMHIOM He OCTaB/SET NPOLIECCOPY BO3SMOXHOCTYM 00pabaThiBath Apyrue 3ajaqu
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BHE 3aBMCUMOCTU OT COCTOSIHUSA LUMHBI. [10TPe6IeHne TakxKe Npu 3TOM BO3pacTaer,
TaK Kak npoLeccop He MOXET ObITb NMepeBefieH B PeXXUM MOHMKEHHOrO 3HepronoT-
pe6eHns BO BpeMS HEaKTUBHOMO COCTOSHUSA LUNHBI.

Ha 6a3e [aHHOro nNpoTokosia BO3MOXHA peanu3auns ocTaibHbIX. B Hallem
npumepe 06pabaTbIBAIOTCA CTAPTOBbLIE W CTOMOBbLIE MOC/EA0BATENBHOCTH, NPUEM
7-6UTHbIX 6710K0B afpeca 1 8-6UTHbIX BSI0KOB [aHHbIX / KoMaHf. Vicnonb3oBanue
9TUX NpoLesyp B TpebyemoM nopsiake No3BONSET peann3oBaTb HEKOTOPbIE Apyrue
NPOTOKOJbI.

Pernctpbl He COXpaHsIOTCS B CTEKe C Liefblo 06ecneveHns TpeboBaHunii cre-
uMdomkauum B 06nacTi Hanbosnee BbICTPOI CTAPTOBOI NOCNeA0BaTENIbHOCTI. Bpe-
ms mexay nepexogom nuHuit SDA n SCL B coctosiHMe nor. «0» MOXET COCTaBNATh
Bcero 4 mc. Ecnu n3BecTHO, 4TO BeflyLLee YCTPONCTBO BblAABT CUrHASbI C 6OMbLLEN
LNNTENBbHOCTBIO, MOXHO COXPaHSTb PErUCTPbl B CTEKE B Hadasie npoLefypbl, HO 310
MOXXET MPUBECTU K MPOMYCKY CTapTOBOM MOCHIIKMA Nnpu paboTe ¢ 60nee GbICTPbIM
BEAYLLMM YCTPONCTBOM.

6. 3aknto4eHue

Heo6X0aMMOCTb YBENMYEHUS BPEMEHI KU3HW GaTapeii B MepeHOCHbIX YCT-
poiCTBax MpiuBena K pa3paboTke GaTapei Co CNOXHbIM XMMUYECKUM COCTaBOM I
MOBbILLEHMI) TPEOOBAHUIA K TEXHONOrMAM MOHUTOpUHra. Lnia SMBus npepocrtas-
NAET YAOOHbIN 1 YETKNA MHTEPCIeC AN MOHWUTOpMHra cMapT-6aTapei, a cBepx-
HU3KOe NoTpebneHne MUKPOKoHTponnepa MSP430 aenaet ero He3ameHUMbIM AN
TaKuUX CUCTEM.

CebInkKu:

1. SBS Implementers Forum, System Management Bus Specification, Version
1.1,12/11/98.

Mpunoxenue A. lporpamma Begyuiero ycTponcTaa WwuHbl SMBus
,-****************************************************

; IlporpamMa Benymero ycTpoMcTBa mmHEL SMBus, apamMeTpsl

; lepernarnTcd depes CTeK
KRR KK K kK ok kK kK ok ok kK ok ok Kk ok ok ok ok ok ok kK ok ok ok ok ok ok ok ok ok kK

RAM orig .set 00240h ; CraproBemt ampec B 03Y
SP orig .set  005DEh ; YkasaTesb CTeKa

EPROM .set 08850h ; Pasmemenye EPROM

;——— OnpeznesieHus yNpPaBJISOIMX PETUCTPOB———————————————
WDTCTL .equ 0120h

WDTHold .equ 80h

WDT wrkey .equ 05A00h
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Inaga 6. Peanunsayns wunb! SMBus Ha 6a3e mukpokoHTponnepa MSP430

; PORT O

POIE .equ 015h
PODIR .equ 012h
POIN .equ 010h
POOUT .equ 011lh
; port 2

P2IN .equ 028h
P20UT .equ 029h
P2IE .equ 02Dh
P2SEL .equ 02Eh
P2DIR .equ 02Ah
SDA .equ 020h
SCL .equ 080h
DNC .equ 0AOh
ouT .equ P20U
TDIR .equ P2DIR
IN .equ P2IN
LCD1 .equ 031h
LCDM .equ 030h
IEl .equ Oh
IE2 .equ 0lh
IFG1 .equ 02h
IFG2 .equ 03h
block .equ 0550h
alcd .equ 0B500h ; PasmemeHyre TaOIMLE

; cumMmBoJioB ASCII pimsa XKU

;****************************************************

; Reset : mHMUManmzaumsa Opoleccopa
;****************************************************
.sect ”MAIN”,RAM orig
RESET
MOV #SP orig,SP; MHMUMaIMU3aUUA
; yKaszaTeJd CcTeka

;****************************************************

; Hauasio nosib30BaTEJIECKOM MNPOIPAMMEL
,-****************************************************
; 3mech moipkHa OBITH PACIIOJIOXEHa [OJIb30BaTesibCckas

; IpoTrpamMa
;**~k*******‘k****************~k************************
; 3BaBepumeHyre I10JIb30BATEJIECKON TPOTPaMMEL
;****************************************************
;****************************************************

.sect "smbus”, EPROM

,-****************************************************
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lnsrgjxﬁ?:ms lll. UuTepdberic ¢ BHELIHUMY YCTPOHCTBAMHU

; lommporpaMMbl BEPXHET'O YPOBHS, I1/II HIKHEI'O YPOBHS
; BBI3BIBAIOTCHA MHOMBUIYAJIBHO IJIS peajn3alyy pPasJIMUHBIX
; TIPOTOKOJIOB

; IpoToxos «BricTpas koMaHzma» 1

; BimaHMe Ha PEermcTphl: HET
; BaugHme Ha naMmaTb: CTek, MakcuMmyM 40 GamntT

; OnmcaHue llar HanpasreHne
; crapT (start) us3

; anpec (address) jZic)

; uTenne/3anmch (R/W) ns3

; nonreepxieHyre (acknowledge) B

; cron (stop) jZic]

; IlapaMeTpel B CTeke

; Gnar ommbCkmerror flag milanuas obJacTb HNaMaTU
low mem

; HEe UCIOoJIb3yeTCcd unused

; He UCIOJIb3yeTCs unused

; He MCIOJIb3yeTCH unused

; azmpec address cTapuas ob6JylacTh IaMAaTU
high mem
; lpyMep MCIIOJNBb30BaHUA
; PUSH #00h ;MECTO IJIA KOIa OUMOKM
; PUSH  #00Bh ;IIOMECTUTH alpecC B CTeK
; SUB #06h, SP ; OCTaJIbHEIE IIapaMeTphl He
; VICIIOJIb BYIOTC S
; CALL  #qgcp
; ADD #08h, SP ; BEIUECTL OOBEM
; IapaMeTpoB
; POP R9 ;UMTATh M3 CTeKa KOI
; OIIMOKM

; CMP #00h, RO

; JZ error ; oIMOOYHOE 3aBeplleHre —
BEHIBOB 0O0OpaboTumMkKa OmMOOK

,-****************************************************

qcp

PUSH SR
PUSH R7
PUSH R8
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Inaga 6. Peanunsayns wunb! SMBus Ha 6a3e mukpokoHTponnepa MSP430

PUSH R9

PUSH R14

PUSH RI15

PUSH RI10

PUSH RI11

PUSH RI12

PUSH R13

MOV.B 28(SP), R7 ; TOJIy4MTH anpec
; U3 CTeka

CALL  #sbit ; OTINPaBUTb
; CTapTOBYK IOCEUIKY
; U azpec

;CALL #sendone ; OTIPaBUTb «1» mim

CALL #sendzero ; oTnpaBUTb «0»

CALL #ack ; KOEM MOOTBEPXICHUA
7 (ACK)

CALL  #pbit ; OTIPaBUThL CTOIOBYIO
; TIOCBUIKY

MOV.B #01h, 30(SP) ; Bos3BpamaeT «1»
; IPpM yCIeHlHOM
; BaBepleHUM

POP R13

POP R12

POP R11

POP R10

POP R15

POP R14

POP RO

POP R8

POP R7

POP SR

RET

ehkk kA hkh kA hhk kA hhk kA hhk kA hhkhkhAhhkhkdAhhkhkdAdhhkhkhArhkhkhkrhhkhkrhkhkkrkhkx*x
’

; IpoTroxos «OTHPaBUTbE OauT» 2

;
; BimMaHMe Ha PEerucTphl: HeT
; BimdgHuMe Ha naMAaTbh: CcTek, MakcuMmyM 40 Gant

; Onmcanme Har HanpasyieHue
; crapT (start) JZic]

; anpec (address) jZic]

; ureHne/3anmce (R/W) us

; nonTBepxneHre (acknowledge) B
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; xKoMaHIa (command) jZic]
; nonreepxreHyre (acknowledge) B
; cron (stop) us

; IlapaMeTpel B CTeke

; Qnar oumbCkmerror flag MIlanmas oBJacThb NaMATHU
low mem

; HEe UCIOoJIb3yeTCcd unused

; HEe WUCIIOJIb3YyeTCs unused

; IAHHBE data
; azmpec address cTapuas ofOJylacTh IaMAaTH
high mem
; lpyMep MCIIOJb30BaHMUA
; PUSH #00h ; MeCTO OJid KOoIa OUMOKMU
; PUSH #00Bh ; TIOMECTMTH aIpecC B CTEK
; PUSH #055h ; OTHIpaBJIgeMble IaHHBE
; SUB #04h, SP ; OCTaJlbHBIE MNapaMeTphl He
; MCIIOJIb3YITCS
; CALL  #sbp
; ADD #08h, SP ; BBIUECTb OOBEM NapaMmeT-—
; poB
; POP R9 ; UMTaTbh M3 CTeKa KOI
;  OUMOKM
; CMP #00h, RS
; JZ error ; ouMOOUYHOE 3BaBepleHMe —
; BEI3OB OOpaboTumka
; oumMoOoK
sbp
PUSH SR
PUSH R7
PUSH R8
PUSH R9
PUSH R14
PUSH R15
PUSH R10
PUSH R11
PUSH R12
PUSH R13
MOV.B 28(SP), R7 ; TMOJIydMTh anpec u3
; CcTeka

MOV.B 26(SP), RS8 ; TIOJIyYMTH HOAHHBIE U3
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Peanunsayns wunb! SMBus Ha 6a3e mukpokoHTponnepa MSP430

CALL  #sbit ;
CALL #sendzero ;
CALL  #ack ;
CALL #sbyte ;
CALL  #ack ;
CALL  #pbit ;
MOV.B #01h,30(SP) ;
POP R13

POP R12

POP R11

POP R10

POP R15

POP R14

POP RO

POP R8

POP R7

POP SR

RET

cTexa
OTIPaBUTL CTAPTOBYIO
IIOCBUIKY U aIpec
ornpaBuTsh «0» nis
3anmcu

XOEM MONTBEPXISHMSA
(ACK)

OTIPaBUTL OamT
KOMaHJEL

XOEM IONTBEPXISHMSA
(ACK)

OTIPaBUTL CTOIOBYI
IIOCBUIKY

BO3BpaumaeT «1» npu

YCIICIIHOM 3aBepleHNN

,-****************************************************

; Iporoxon «llpmHSTE BamT» 3

; BimsaHue Ha PEeTrmMCTPRL:
; BimdHMe Ha NaMAaTh:

HeT
crek,

ar
crapT (start)

anpec (address)
ureHmne/3anmcek (R/W)

makcumyMm 40 Bant

HamnpasJisieHue
us
"3
us

nogreepxreHre (acknowledge) B

naHHele (data)
HenontTeepxneHue (NACK)
cron (stop)

; IllapaMeTprl B CTEKe
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INSTRUMENTS

lll. UuTepdberic ¢ BHELIHUMY YCTPOHCTBAMHU

; Quar ommbOxmerror flag

; IAaHHBE data

; He WUCIIOJIb3YyeTCs unused
; KoMaHIa command
; azmpec address

; PUSH #00h

; PUSH #00Bh

; PUSH #08h

; SUB #04h, SP
; CALL  #rcbp

; POP R8

; ADD #06h, SP
; POP R9

; CMP #00h, R9
; JZ error

milammass oBJIacThb IIaMaTU
low mem

cTapuas obJjlacTh IaMsaTu
high mem

; MEeCcTO mJid KOIa OUMOKMU
; TIOMECTMTH aIpecC B CTEK
; KOI KOMaHIEI

; Bapes3epBMpOBATb MECTO
; TIOn MNpPMHMMaeMble IaHHEBE

; TIepeMeCcTUTb IaHHEBE
; B R8

; BHUECTb OOBEM

; IapamMeTpoB

; UMTaTh U3 CTekKa KO
;  OUMOKM

; ouMOOYHOE 3BaBepleHMe —
; BEI3OB OOpaboTumka
; oumboK

;*****************************************************

rbp
PUSH SR
PUSH R7
PUSH R8
PUSH R9
PUSH R14
PUSH R15
PUSH R10
PUSH R11
PUSH R12
PUSH R13

MOV.B 26(SP), RS
MOV.B 28(SP), R7
CALL #sbit

CALL #sendzero
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; MapaMeTp KOMaHIIEL

; NapaMeTp ampeca

; OTIPaBUTL CTAPTOBYIO
; IOCBUIKY M amzpec

; ornpaBuTh «0» myisa

; 3zanucu
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CALL fack ; KOEM IMONTBEPXICHUA
i (ACK)
CALL #sbyte ; OTHNPaBUTb KOI KOMAaHIEL
CALL #ack ; XKOEM MNOOTBEPXICHUA
7 (ACK)
CALL #rsbit ; OTIPAaBUTL IIOBTOPAKIME—
; CA CTapTOBYK INOCEUIKY
; U ampec
CALL #sendone ; OTIPaBUTb «1» mIjsd
; YTeHUs
CALL #ack ; KOEM MNONTBEPXICHUA
; (ACK)
CALL #rbyte ; TPMHATH OaMT HOaHHBIX
CALL #nack ; OTINPaBMUTL HENOITBEPX—
; nmenue (NACK)
CALL  #pbit ; OTIPaBUTL CTOIOBYI
; TIOCBUIKY
MOV.B R14, 22 (SP); xomupoBaTb OauT IaHHBIX
; B CTEK

MOV.B #01h, 30(SP); Bo3BpamaeT «1l» mnpu
; YCIEHOM 3aBeplleHNM

POP R13
POP R12
POP R11
POP R10
POP R15
POP R14
POP RO

POP R8

POP R7

POP SR

RET

ek kA hkhhk Ak hk kA hhk kA hhk kA hh kA dh kA rhhkhkrhhkhkrhhkhkrhhkhkrhhhkdhkhkkx*x
’

[IpoTOKOJI «IIPpMHATE CJIOBO» 7

;
; BimMaHMe Ha PEerucTphl: HeT
; BimdgHuMe Ha naMAaTbh: CcTek, MakcuMmyM 40 6Gant

; Onmcanme Har Hanpasiienue
; crapT (start) us

; anpec (address) bZic]

; ureHne/3anmce (R/W) us

; nonTBepxneHre (acknowledge) B
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INSTRUMENTS

lll. UuTepdberic ¢ BHELIHUMY YCTPOHCTBAMHU

; xKoMaHIa (command) jZic]
; nonreepxreHyre (acknowledge) B

; crapT (start) us
; anpec (address) jZic)
; uTenne/3anmch (R/W) ns3

; nonreepxreHyre (acknowledge) B

; maHHele (data) B
; nonTBepxneHre (acknowledge) B

; naxuHele (data) B
; nonreepxieHre (acknowledge) B

; cron (stop) us3

; IlapamMeTpel B CTeke

; Qnar ommbCkuerror flag

; MIlamum ©anT
;  IAHHBIX

; CTapumy OamnT
; IOaHHBIX

; KOMaHIa

; anpec

; PUSH
; PUSH
; PUSH
; PUSH
; PUSH
; CALL
; POP
; POP
; ADD
; POP

194

low data byte

Mianmas obJjacTh NaMaTu
low mem

high data byte

command
address

#00h
#00Bh
#008h
#00h
#00h

#rwp
R10

R11

#04h, SP

R9

cTapuas objlacTb IaMsaTu
high mem

MEeCTO IJIS KOoZa OUMOKM
[IOMECTUTH aZpecC B CTEeK
KOI KOMaHIHl “‘Temrepa-
Typa OaTapeun”
3ape3epBUPOBATE OamT
IO MNPpMHMMaeMsle IaHHBE
3apesepBUPOBaATL OamT
[IOI MNPMHYMAaeMule IaHHBE

[IepeEMeCTUTL OaHHEE
B R10

[IepPEeMeCTUTb IaHHBE
B R11

ocBoOOIUTE MECTO,
3aHMMaeMoe KOMaHI oM
¥ ampecoMm

UMTaTh U3 CTeKa KOnI
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; CMP
; Jz

#00h, RO
error

’

’
’
’

OUMOKIM

ouMOOYHOEe BaBeplleHre —
BEI3OB OOpaboTumka
ouboK

;*****************************************************

rwp
PUSH
PUSH
PUSH
PUSH
PUSH
PUSH
PUSH
PUSH
PUSH
PUSH
MOV.B
MOV.B
CALL

CALL

CALL

CALL
CALL

CALL

CALL

CALL

CALL

MOV.B

CALL

CALL

CALL
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SR

R7

R8

R9

R14

R15

R10

R11

R12

R13

26 (SP), RS
28 (SP), R7
#sbit

#sendzero
fack

#sbyte
#ack

#rsbit

#sendone
#ack

#rbyte

R14, 22(SP);
#sack
#rbyte

#nack

’

’

’

rnapamMeTp KOMaHJIE
napaMeTp azmpeca
OTIPaBUTL CTaPTOBYI
IIOCEUJIKY M azIpec
oTnpaBuUTb «0» misa
3anncu

XKIOEM IONTBEPXIOSHUA
(ACK)

OTIPABUTL KOI KOMaHJIE
KIOEM TONTBEPXISHUA
(ACK)

OTIPABUTL ITOBTOPSNIIE—
CS CTapTOBYI IOCHUIKY
" ajpec

OTINPaBUTH «1» mjidg
UTeHud

XIOEM MONTBEPXISHMS
(ACK)

OPMHATE MIaaumy O6amT
IaHHBIX

COXPAaHUTL MIaIumy OanT
IOaHHEIX B CTEeKe

XKIOEM IONTBEPXIOSHUA
(ACK)

IPUMHATE CcTapumi OanT
IaHHBIX

OTIPAaBUTEL HEMNOATBEPX—
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? Texas
INSTRUMENTS

lll. UuTepdberic ¢ BHELIHUMY YCTPOHCTBAMHU

CALL

MOV.B

MOV.B

POP
POP
POP
POP
POP
POP
POP
POP
POP
POP
RET

#pbit
R14,
#01h,

R13
R12
R11
R10
R15
R14
RO
R8
R7
SR

’
’

’

24 (SP) ;

’

30(SP) ;

’

neHue (NACK)

OTINPaBUTL CTOIOBYIO
[IOCBUIKY

COXPaHUTL CTapwmi OamT
IaHHEIX B CTeKe
BO3BpalaeT «l1» npu
YCIIEIIHOM 3aBeplIeHNN

,-*****************************************************;

[IpoTokoJy «3ammce Oyioka» 8

; BimsaHMe Ha PEermucTphl: HET

; Bimghnume Ha naMAaTbh: CcTek, MakcuMmyM 40 OanT, OJIOK
; IaMsaTu

; OnmcaHue ar HanpasieHue
e
; crapT (start) us3
; anpec (address) jZic)
; ureHue/3anmck (R/W) us

; nonreepxreHyre (acknowledge) B

; KoMaHnma (command) us
; nonTeepxneHre (acknowledge) B

; cuérumk OanT (byte count) n3
; nonreepxreHre (acknowledge) B

; maHHBle (data) us3
; nonTeepxneHre (acknowledge) B

;

; maHHele (data) B

; nonrBepxneHue (acknowledge) B

;

; naHHele 1 ACK HOBTOPAKTCA N pas

; cron (stop) jZic]

; llapaMeTprl B CTeke

196
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Inaga 6. Peanunsayns wunb! SMBus Ha 6a3e mukpokoHTponnepa MSP430

; Qunar ommbCkmerror flag

Mianmasg obJjacTh naMaTu
low mem

; Cuérumk OamnT byte count

; ykKaszsaresb 0OJoka block pointer
; KoMaHIa command

; ampec address

; PUSH #00h

; PUSH #00Bh

; PUSH #0020h
; PUSH #00550h
; PUSH #00h

; CALL #bolkw

; POP R10

; ADD #06h, SP
; POP R9

; CMP #00h, R9
; JZ error

crapuas ofJacCTb NaMAaATHU
high mem

; MeCToO OJid KoIa OUMOKMU
; TIOMECTUTb aIpec B CTeK
; KOI KOMaHIEl “‘TeMiepa-—
; Typa barapemn”

; yKaszaTeJlb Ha HaudajJlo

; OJioka

; 3ape3epBUpPOBaTH OamT

; OO CUETUUK

H HepeMeCTMTb IIaHHEBIE
; B R10

; UMTaTh M3 CTeKa KOoI
;  OUMOKM

; ouMOOUHOEe 3aBepleHre —
; BEI3OB OOpaboTumka
; OUMOOK

,-****************************************************

blkw
PUSH SR
PUSH R7
PUSH R8
PUSH R9
PUSH R14
PUSH R15
PUSH R10
PUSH R11
PUSH R12
PUSH R13

MOV.B 26(SP), RS8
MOV.B 28 (SP), R7
MOV 24 (SP), RS
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; MapaMeTp KOMAaHIIEL
; NapaMeTp ampeca

; CTapTOBBI ampec OJoKa
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MOV.B #00h, R15 ; UMKIMUYECKMI OalTOBLIL
; CUETUMK
CALL #sbit ; OTIPAaBUTL CTAPTOBYI
; TIOCBUIKY M aIpec
CALL #sendzero ; ornpaBuTh «0» mia
; Banmucu
CALL #ack ; KOEM MNONTBEPXICHUA
; (ACK)
CALL #sbyte ; OTIPaBMUTL KOI KOMAaHIEL
CALL #ack ; KIOEM MOOTBEPXICHUA
i (ACK)
MOV.B 22 (SP), R8 ; xommMpoBaThb CUETUUK
; Bautr
CALL #sbyte ; OTNPaBUTL CUETUMK OamT
CALL #ack 7 KOEM MOOTBEPXICHUA
; (ACK)
blk rep MOV.B O0(R9), R8 ; mnepemaTb IaHHBE
; n3 OJIoKa
CALL #sbyte ; OTHNPaBUTb OalT HOaHHBIX
CALL #ack ; XKOEM MNOOTBEPXICHUA
; (ACK)
INC R15 ; VHKPEMEeHT CUE&TuMKa
; THOJIOXeHMs OJIoKa
INC R9 ; VHKPEMEHT yKazaTejsd
; OJioka
CMP 22 (SP), R15; mnpoBepka 3aBeplEHNUI
; IHaHHEIX
JINZ blk rep ; TIOBTOP OO 3aBepleHUS
CALL  #pbit ; OTIPaBUTL CTOIOBYI
; TOCBUIKY

MOV.B #01lh, 30(SP); BoszBpamaeT «l» opu
; YCIIEIIHOM 3aBepleHUn

POP R13
POP R12
POP R11
POP R10
POP R15
POP R14
POP RO

POP R8

POP R7

POP SR

RET

,-**k*k*‘k*k*k*k‘k‘k‘k****k*************************************
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; IpoToxosn «UYreHue OJoxa» 9

; BiaugHMEe Ha PEeTUCTPH: HET
; Bimghnme Ha naMAaTbh: CcTek, MakcumyM 40 OanmT, OJIOK
; TaMaTu

; Onmcanme llar HamnpasJiieHue
; crapT (start) Zic]
; anpec (address) JZic]
; 3anmuch (W) us
; nonTreepxneHre (acknowledge) B

; koMaHma (command) jZic)
; nonTeepxneHre (acknowledge) B

; crapT (start) jZic]
; ampec (address) jZic]
; yTeHue (R) m3
; nonTeepxneHre (acknowledge) B

; cuérumk OanT (byte count) B
; nonTeepxreHre (acknowledge) us

; nausele (data) B

; nonTeepxneHre (acknowledge) u3

; nanHele M ACK NOBTOPATCA N pas
; HenonreepxneHue (NACK) m3
; cron (stop) ns

; IllapaMeTpEl B CTEke

; Quar ommbOxmerror flag Mlagmas obJlacTh NaMATH
low mem

; Cuérumk OanT byte count

; ykaszsaTejb OJoKa block pointer

; KOMaHIa command

; azmpec address cTapuas obJjlacTh IaMsaTu
high mem

; PUSH #00h ; MEeCTO IJIS Koma OUMOKM’
; PUSH  #00Bh ; IOMECTUTHL ampeC B CTEK
; PUSH #0020h ; KOI KOMaHIEl “‘TeMiepa-—
; Typa barapeu”
; PUSH #00550h ; yKasaTeJsib Ha HaudaJo
; OJoka
; PUSH  #00h ; 3apesepBUPOBATHL OalT
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? Texas
INSTRUMENTS

lll. UuTepdberic ¢ BHELIHUMY YCTPOHCTBAMHU

CALL
POP

ADD
POP

CMP
Jz

#blkr
R10

#06h, SP
R9

#00h, RO
error

’

’
’

’

100 CUETUMK

repeMecTUTb CUETUUK
B R10

ymuTaTh M3 CTEeKa KOI
oMo KM

oUMOOYHOE BaBepleHMe —
BHIBOB OOpaboTuMka
(SliiiZiele):N

,-****************************************************blkr

200

PUSH
PUSH
PUSH
PUSH
PUSH
PUSH
PUSH
PUSH
PUSH
PUSH
MOV.B

MOV.B
MOV.B
MOV
CALL
CALL
CALL

CALL
CALL

CALL

CALL

CALL

CALL

SR
R7
RS
R9
R14
R15
R10
R11
R12
R13
#00h, R15

26(SP), R8
28 (SP), R7
24 (SP), RS
#sbit

#sendzero

fack

#sbyte
#ack

#rsbit

#sendone
#ack

#rbyte

LMKJIMUECKUY OalTOBLI
CUETUMK

napaMeTp KOMaHIE
napamMeTp anmpeca
CTapTOBBIL ampec OJioka
OTINPaBUTL CTAPTOBY
IIOCEUJIKY M ampec
oTnpaBuUTs «0» misa
3anucu

XKIOEM IONTBEPXISHUA
(ACK)

OTIPABUTHL KOI KOMaHIIE
XIOEM IONTBEPXISHUS
(ACK)

OTIPaBUTEL [TOBTOPSIIME—
CS CTapTOBYI IOCHUIKY
n azmpec

OTINPaBUTL «1» mjidg
UTeHUS

XOEM MOOTBEPXIOEHMSA
(ACK)
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Inaga 6. Peanunsayns wunb! SMBus Ha 6a3e mukpokoHTponnepa MSP430

MOV.B R14, 22 (SP); InoMeCTUTh CUETUMK

; B CTEK
CALL #sack ; OTIPAaBUTL MNOOTBEPXIE—
; Hume (ACK)
rblk rep CALL #rbyte ; NPMHATb OaMT IOaHHBIX
MOV.B R14, O0(R9) ; mnepeMeCcTuUTb IaHHBE
; mn3 OJoKa
INC R15 ; VHKPEMEHT CU&TuMKa
; TIOJIOXeHMA OJioka
INC RO ; MHKPEeMeHT yKas3aTejisd
; OJoka
CMP 22 (SP), R15; mpoeepka 3aBepueHMUS
; IaHHEIX
Jz blk done ; HOBTOP IO 3aBeplleHus
CALL #sack ; OTINPaBMTL [IOOTBEPXIES—
; Hue (ACK)
CMP 22 (SP), R15; mpoBepka 3aBeplleHUS
; IaHHBIX
JINZ rblk rep ; TIOBTOP OO 3aBeplIeHMA
blk done CALL #nack ; OTHNPaBUTb HENOOTBEPX—
; OeHue (NACK)
CALL #pbit ; OTINPaBUTL CTOIOBYIO
; TIOCBUIKY

MOV.B #01h, 30(SP); Bo3BpamaeT «1» mnpu
; YCIEIHOM 3aBeplieHNM

POP R13
POP R12
POP R11
POP R10
POP R15
POP R14
POP RO

POP R8

POP R7

POP SR

RET

,-****************************************************

; IlommporpaMMel HMXKHEIO YPOBHS, ofuMe Ojis BCex

; MPOTOKOJIOB
,-****************************************************

;****************************************************

; OTIIPaBKa CTapTOBOIZ IIOCJIeJOBATEJIBHOCTM M alpeca
KRR KK Kok ok kK ok ok ke kK ok ok ok Kk ok ok ok Kk ok ok ok kK ok ok ok ok ok Kk ok ok ok kK ok ok ok ok ok ok

sbit ; «OTIIYCTUTBL» obe JIMHUM
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? Texas
INSTRUMENTS

lll. UuTepdberic ¢ BHELIHUMY YCTPOHCTBAMHU

wait

rsbit

ashift

one
zero

202

; TIPOBEPKa OCBOOOXIEHMS IMMHEL

BIC.B #DNC, DIR
MOV #05h, R10
MOV.B 1IN, R11
AND #DNC, RI11
CMP #DNC, RI11
JINZ busy

DEC R10

JINZ wait
BIC.B #DNC, DIR

’

cuérumk Ha 50 MuKpoce-—
KYHI

KONMPOBaTh COCTOSHME
BxXOmoB B RI11

MacKa BXOIOB

ecim JimHUM SDA mym SCL
B Jior. «0O»TO mmHa
3aHATa

IOeKpEeMEeHT CUéTurKa

IOONIOJIHUTEJIbHOE
OCBODOXIOEHME JIMHUN

C LEeJIbI0 MCIIOJIb30BaHMSI
3TOM X€ [NOIIPOIPAMMEL
IOJI9 KOMaHIBl IOBTOPSII—
merocs crapTa

; OTIpaBKa CTApPTOBOY IOCJIENOBaTEJIbHOCTU

BIS.B #SDA, DIR
BIS.B #SCL, DIR
; OTIpaBKa anpeca
MOV.B #07h, R13
MOV.B R7, R11
RIA.B RI11

MOV.B RI11, RI12

’

; 0e3 [oTepy IaHHBIX

AND.B

CMP.B
JINZ
CALL
JMP
CALL
DEC
JINZ

#080h, R12

#00h, R12
one
#sendzero
zero
#sendone
R13
ashift

’

’

’

’

CUéTumK Ha 7 OuUT
ampeca

KOOMpoBaTe ampec B R11
CIBUT' BJIEBO, I[PV 3TOM
C3P 7-BbuTHOTO ampeca
OyoeT HaxoOUTbCS Ha
7-11 TIO3ULIUM
CKONMPOBATHL €TI0 IJIid
BOBMOXHOCTM MacCKMpOBa—
HUA

MaCKMPOBATEL BCe OMTH
xkpoMe C3P

cpaBHUTL C 0
OTINPaBUTL «1»
OTNpPaBUTb «0»

OEeKPEMEHT CUETUMKa
ecim cuérumk <7 Our,
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Inaga 6. Peanunsayns wunb! SMBus Ha 6a3e mukpokoHTponnepa MSP430

RET

’

IIOBTOPUTE CIOBUT

;****************************************************

; nonreepxzeHue (ACK)

sbusy CALL
ADD

He MPUHSTO,
shhkhkhkhkhkhkhkhkhkhhkhkhkhhkhkhkkhhkhkhkhhkhkhkhhkhkhkhhhkhkhhrhhkhkhkhkhkhkhkhhkhhxhkkhx
’

#pbit
#02h, SP

’
’
’
’

’

MOV.B #00h, 28(SP)

POP

POP
POP
POP
POP
POP
POP
POP
POP
POP
RET

R13

R12
R11
R10
R15
R14
RO
R8
R7
SR

ormpaeuTs STOP m busy

ornpaeuTe STOP m Dbusy
YyIOAJNUTL HOaHHBE U3
cTeka, TaK Kak
MHCTpyKUMa RET

He MCIIOoJIb30Bajlach

; KOO OoumoOKu

; BOCCTAaHOBJIEHUE

; PermMcTpoOB

,-***********************k‘k****************************

; OxypmaHue OATBEPXIEHVS

(ACK)

;****************************************************

ack

BIC.B #SDA, DIR

BIC.B #SCL, DIR

’
’
’

’

BEICTABUTL JIOT'. «1»
Ha JmH¥M SDA
BREICTABUTEL JIOT'. «1»
Ha JmHMM SCL

; TPOBEpKa YIJIMHEHUS TAaKTOBOTO CUTHAJA
; (clock low extending), uToOH He
; olmepexaTb BeIOMOe YCTPOMCTBO

; MOV
MOV

clkex MOV.B
DEC
JZ

AND.B
Jz

bubnuoteka Komnana

#008h, R11

’

#02FFh, R11;

IN, R10
R11
busy

#SCL, RI10
clkex

’

cuérumk Ha ?50 MKC
YVIOJIVHEHHB CU&TUNK
; Iona Sarapen

; PS100zZ-200

; NpOBEepKa UMHE

; apburpax — BpeMdA

; MCTEKJIO
nposepka JmHMM SCL

203




i
lnsrgjxﬁ?:ms lll. UuTepdberic ¢ BHELIHUMY YCTPOHCTBAMHU

; oxmumaHme nonTBepxneHus (ACK)
; (SDA mepexommuT B JOT'. «0»)
MOV #05F6h, R11; cuérumk TanMmayTa

; oya NACK
wack
MOV.B 1IN, R10 ; TPOBEpKa UMHEL
DEC R11
JZ sbusy TarmMmayT NACK-- oTnpa-

; BUTb OUT P 1 NOBTOPUTH
; TOIBITKY
AND.B #SDA, R10 ; MackmupoBaThb BCE, KpOMe
; SDA
JINZ wack ; nopméM ACK mnm oxmmaHue
; TamMayTa
BIS.B #SCL, DIR ; BEICTABUTHL JioT'. «0»
; Ha JmmHum SCL
RET
;****************************************************
; OrmpaBKa CTOIOBOM IOCJIEINOBATEJIEHOCTH
,-****************************************************
pbit
BIS.B #SDA, DIR ; BBICTABUTB JIOT'. «0»
; Ha JimHMuM SDA
BIS.B #SCL, DIR ; BHICTABUTL JIOT'. «0»
; Ha JmHuu SCL
NOP
BIC.B #SCL, DIR ; BEICT@BUTHL JIOT'. «1»
; Ha JwmHMM SCL
NOP
BIC.B #SDA, DIR ; BEICT@BUTL JIOT'. «1»
; Ha JimHMuM SDA
RET

;****************************************************

; OrmpaBka OamTa (MCHOJIB3YKTCS Takxe sendzero
; u sendone)
;****************************************************
sbyte
; OTHpaBKa OaHHBIX

MOV.B #08h, R13 ; cuérumk Ha ?50 MKC

MOV.B R8, R11 ; KONMpOBaThb IaHHBEIE

; B R11

dshift

MOV.B R11, R12

AND.B #080h, R12 ; MackumpoBaTh BCEe OUTEH],

204 bubnuoteka Komnana




Inaga 6. Peanunsayns wunb! SMBus Ha 6a3e mukpokoHTponnepa MSP430

; Kpome C3P
CMP.B #00h, R12 ; cpaBHuts c 0
JINZ on
CALL #sendzero ; OTHpPaBUTH «1»
JMP zer
on CALL #sendone ; OoTnpaBUTb «0»
zer
RLA.B RI11 ; CHOBUT' BJIEBO, OTIIPAaBIIS—
; emem1 OuT B C3P
DEC R13 ; IOEKpPEeMEeHT CU&TumMKa
; Ha 8

JINZ dshift
RET
K KK KK K K K K ok ok ok ok ok ok ok ok ok kXK K K K ok ok ok ok ok ok ok ok K K K K K Kk ok ok ok ok ok ok ok kK X K K

; Ilpuém BanTa
,-****************************************************

rbyte
MOV.B #08h, R12 ; cuérumk Ha 8 OuUT
;  IOaHHBIX
BIC.B #SDA, DIR ; BEICT@BUTBL JIOT'. «1»
; Ha JguHMM SDA
rrep
BIS.B #SCL, DIR ; BLHICTABUTL JIOT'. «0»
; Ha JumHum SCL
BIC.B #SCL, DIR ; BBICTABUTB JIOT'. «1»
; Ha JmHMuM SCL
MOV #0035h, R13; yIJIMHEHHBI CUETUMK [JI4

; Barapen PS100Z-200

; YHOJIMHEHME TaKTOBOI'O CHI'HaJla

clkxtn MOV.B 1IN, R10 ; TIPOBEpPKAa UMHE
DEC R13
JZ busy ; BBIXOI IO TamMayTy
AND.B #SCL, R10
J7Z clkxtn ; oxmpmaHue, ecym SCL
; He «1»
MOV.B 1IN, R10 ; TPOBEpKa UMHEL
RLA.B RI11 ; BxXOonm = M3P
AND.B #SDA, R10 ; npoBepxa SDA
Jz inzero
BIS.B #01h, R11 ; YCTaHOBUTHL «1» B M3P
inzero DEC R12
JINZ rrep ; MNPOLOJIKEHME IJId OCTabB-—
; mweycs yacTu OanTa
MOV.B R11, R14 ; KONMpPOBaHME IaHHBIX
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i
lnsrgjxﬁ?:ms lll. UuTepdberic ¢ BHELIHUMY YCTPOHCTBAMHU

BIS.B #SCL, DIR ; BHCTaBuUTb JIOT'. «0»
; Ha JimHMmM SCL
RET

,-****************************************************

; OrnpaBka HenonreepxzeHusa (NACK)
,-****************************************************

nack
BIC.B #SDA, DIR ; BEICT@BUTB JIOT'. «1»
; Ha JimHMM SDA
BIS.B #SCL, DIR ; BEICT@BUTHL JioT. «0»
; Ha JmHMm SCL
BIC.B #SCL, DIR ; BBICTABUTL JIOT'. «1»
; Ha JguHMu SCL
; IpOBEepKa YyIUIMHEHMHA TaKTOBOI'O CMI'Hala
; (clock low extending), dYTOGH He
; olepexaTb BeIOMOE YCTPOMCTBO
; XIEM YyCTaHOBKM «1» Ha JmHMM SCL
clkn MOV.B 1IN, R10
AND.B #SCL, R10 ; mnpoBepxa JmHum SCL
Jz clkn
BIS.B #SCL, DIR ; «oTnycTuTb» SCL
RET

;****************************************************

; Ornpaeka nonTeBepxneHus (ACK)
,-*********k*‘k*k*k**k*k**********k*‘k*k*k*‘k*k*******************

sack ; KOEM, IIOKa BEIOOMBI «OTIIYCTUT» JIMHMIO SDA

MOV #000Fh, R11; cuérumk Ha 2?50 MkC
swaita MOV.B 1IN, RI10 ; NPOBEepKa UIMHEL

DEC R11

JZ busy

AND.B #SDA, R10 ; npoBepka SCL

JZ swaita

BIS.B #SDA, DIR ; mepeBecTs SDA B «0O»

BIC.B #SCL, DIR ; mnepeBectu SCL B «1»

MOV #000Fh, R11; cuérumk Ha 250 MKC
swait MOV.B 1IN, RI10 ; NPpOBEepKa UIMHEL

DEC R11

Jz busy

AND.B #SCL, R10 ; npoBepka SCL

Jz swait

BIS.B #SCL, DIR
BIC.B #SDA, DIR
RET

nepeBect SCL B «0»
KOTITYCTUTBL» SDA
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Inaga 6. Peanunsayns wunb! SMBus Ha 6a3e mukpokoHTponnepa MSP430

;——— oumcTka KKU-—————-———————
show clr
MOV #15, r5 ; OUMCTKAa OUCILISHON
; [aMaTu
show clrl
MOV.b #0, LCD1-1(r5)

DEC r5
JINZ show clrl
RET

,-****************************************************

; Onpenenenua nna XKU
;**~k*************************************************

LCD _TYPE
; ———XKN Momysiss STK/EVK-—————————————————

a .equ 0lh

b .equ 02h

c .equ 10h

d .equ 04h

e .equ 80h

f .equ 20h

g .equ 08h

h .equ 40h

;——— OIpenesyieHUs CUMBOJIOB————————————————————————————

LCD Tab .byte atbtct+dte+f; orobpaxaer 0”7
.byte b+tc ; orobpaxaetr 1"
.byte atb+d+e+g ; orTobpaxaetr “2"
.byte atbt+ct+d+g ; oTobpaxaetr 3"
.byte btct+f+g ; oTobpaxaeT 4"
.byte atc+d+f+g ; orobpaxaetr 5"
.byte a+ct+td+e+f+g; orTobpaxaer 6"
.byte atb+c ; orobpaxaetr "7

.byte atbtc+dtet+f+g ; orobpaxaer ”8”
.byte atbtct+d+f+g; orobpaxaer 9"

.byte 0 ; orTobpaxaetr “:”

; TIyCTOM
.byte g ; orobpaxaetr “;” -
.byte atdte+f ; orobpaxaeTr <" [
.byte dtg ; oTobpaxaetr ="
.byte at+b+c+d ; oTobpaxaeT >" ]
.byte atbte+g ; oTobpaxaeT 7"

.byte atbt+td+e+f+g; oTobpaxaer @
.byte atbtcte+f+g; orobpaxaer A"
.byte ct+d+e+f+g ; orobpaxaeT “B” b
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? Texas
INSTRUMENTS

lll. UuTepdberic ¢ BHELIHUMY YCTPOHCTBAMHU

LCD Tab End

,-**k******************‘k**k*k*****************************

.byte
.byte
.byte
.byte
.byte
.byte
.byte
.byte
.byte
.byte
.byte
.byte
.byte
.byte
.byte
.byte
.byte
.byte
.byte
.byte
.byte
.byte
.byte
.byte

.even

at+d+e+f ; orTobpaxaetr “C”
b+c+d+e+g ; orTobpaxaeTr “D” d
atd+et+f+g ; orobpaxaeT "E”
ate+f+g ; orobpaxaetr “F”
atb+ctd+f+g; orobpaxaer "G”
b+c+e+f+g ; oTobpaxaeTr “H”
b+c ; oTobpaxaeTr “I1”
b+c+d+e ; orobpaxaetr “J”

0 ; orTobpaxaetr “K”
d+e+f ; oTobpaxaetr “L”
atb+cte+f ; orobpaxaeT “M”
ctetg ; orobpaxaeTr “N” n
ctd+e+g ; orobpaxaeT “0” o
atbt+e+f+g ; oTobpaxaetr “P”

0 ; oTobpaxaetr Q"
e+g ; orobpaxaer “R” r
atc+d+f+g ; orTobpaxaetr “S”
d+e+f+g ; orobpaxaetr “T” t
c+d+te ; orobpaxaetr “U” u
0 ; orTobpaxaetr V"

0 ; orTobpaxaeT "W’

0 ; oTobpaxaetr X"
b+c+d+f+g ; oTobpaxaetr "“Y”
atb+dt+et+g ; orobpaxaetr 7" 2

; BexTopa NpepEBaHUM

;*****************************************************

“Int Vect”,0FFFFh-1 ; ©es mporpammer

’

208

.sect

.word

.end

.sect

.word

.end

RESET

“Int Vect”,05FFh-1 ;

RESET

; MOHMTOpPA

; POR,

BHell.

; Reset,
; Watchdog

C IporpaMMon

; MOHMTOpPA

; POR,

BHeEII.

; Reset,
; Watchdog
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Inaga 6. Peanunsayns wunb! SMBus Ha 6a3e mukpokoHTponnepa MSP430

Mpunoxenue B. [porpamma noucka agpecos

,-*****************************************************

; IporpamMMa IOMCKa aIpecoB
,-*****************************************************
; IlporpamMma ckaHMpyeT umMHYy SMBus Ha OpenMeT NOOKIIUYeH—
; HEIX YCTPOMCTB.

; Haumuaer c ampeca 0x00 m nepebupaerT BCce 128 BO3MOX—
; HEIX aIlpecoB.

; Texyummyi ampec NPpM CKaHMPOBaHMM OToOpaxaeTcsd Ha Opa-
; BOM dacTu XKU

; Ha s;eBoy uacTu oTofpaxaeTcsa ampec IOCJIeOHero M3 Hal-—
; IOEHHBEIX YCTPOMCTB.

; Korma yCcTpoMCTBO HAMOEHO, IpoTpaMMa IIPpMOCTAaHaBJIMBA-—
; eTcs, aIpec IIepPeHOCUTCH

; B Jiepyn udacTb XKI, mocjie uero BBIIOJIHEHME IIPONOJDKaeT—
; cAa.

; Hammume yCTpOMCTBA Ha WMHE [IPOBEPSeTCHS IIOCBUIKOM

; CTapTOBOM IOCJIENOBATEJIBHOCTM, alpeca yCTPpOoMCcTBa U

; OXMIOaHMA [IONTBEepXIeHMA. Jlajiee; TeCTHPpyeTCs CJeIyolyit
; azpec.

; IlporpamMmMa nomcka ampeCcoB ABJIAETCH NPMMEPOM yHaJleHUd
; HEMCIIOJIb3YEMBIX YacTeM Koma. T.K. €M He TpedyionTcd
; HEKOTOPEIE MNPOTOKOJIBI, HEKOTOPHE MOMNPOTPaAMME BEPXHETO

; VI HWKHETIO YPOBHEM ObUIM yIaJIeHH.
,-*****************************************************

RAM orig .set 00240h ; CrapToBEMM ampec
SP orig .set 005DEh ; yKaszaTeJjlb CTeKa
;——— OnpenesieHMs yNPaBISOIMX PETUCTPOB———————————————
WDTCTL .equ 0120h

WDTHold .equ 80h

WDT wrkey .equ 05A00h

; PORT O

POIE .equ 015h

PODIR .equ 012h

POIN .equ 010h

POOUT .equ 01lh

; port 2

P2IN .equ 028h

P20UT .equ 02%h

P2IE .equ 02Dh

P2SEL .equ 02Eh

P2DIR .equ 02Ah

SDA .equ 020h
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SCL .equ 080h

DNC .equ 0AOh

ouT .equ P20UT

DIR .equ P2DIR

IN .equ P2IN

LCD1 .equ 031h

LCDM .equ 030h

IEl .equ Oh

IE2 .equ 0lh

IFG1 .equ 02h

IFG2 .equ 03h

address .equ 0500h ; Ampec B O3Y mns
; TIepeMeHHOM CKaHMpOBa-—
; HUSA

,-*****************************************************

; Reset : VHuMumanmsaumsa poleccopa
,-*****************************************************
.sect ”MAIN”,RAM orig
RESET
MOV #SP orig, SP; MHMuMammsalMsa ykKasa-
; Teyd creka
,-*****************************************************
; Hauajso mosib30BaTeJIbCKOM IMPOIPAaMMEL
;*****************************************************
CALL #show clr
; Cbpoc anmpeca
res MOV.B #00FFh, address ; ampec HauuHa-—
; ercsa c OxFF
; Hauano umkia nepebopa aIpecoB

retry
INC.B address ; Tepexon K CJlenyileMy
; ampecy m3 O0xFF B 0x00
CMP.B #080h, address ; ampec = 807
JZ res ; cbpoc anmpeca Mo
; TIePEeIlOJIHEHUIO
; raysa
MOV #02Fh, R7 ; LMKJI ay3bl
dela? MOV #031Fh, R6
dela DEC R6
JINZ dela
DEC R7

JNZ dela?
; OToOpaxeHMe CKaHMPpyeMOT'O ampeca
MOV #0000h, R5 ; oumcrTka (y6emuTbcd, dTo
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Inaga 6. Peanunsayns wunb! SMBus Ha 6a3e mukpokoHTponnepa MSP430

; oummaeTcs CTapumi
; Gant)

MOV.B address, R5; R5 ? muamumi OamnT

AND #000Fh, R5 ; Macka Ha CTaplyo

; TeTpany
MOV.B LCD Tab (R5),LCD1+1
; orTobpasuTe miamumyil Terpany 0-F
MOV.B address, R5; R5 ? mjuammmi OamT

AND #00FOh, R5 ; Macka Ha MJIamuyo
; TeTpany

RRA R5 ; CIOBUI' BIPaBoO

RRA R5 ; CHOBUT' BIIPaBO

RRA R5 ; CHOBUT' BIIPaBoO

RRA R5 ; CIOBUI BIIPaBO
MOV.B LCD Tab(R5), LCD1+2

; orTobpasuThs crapuyi Terpany 0-F
PUSH  #00h ; MecTo Ijig KoIa OuMOKMu
PUSH address ; HIOMECTUTHb aIpecC B CTeK
SUB #06, SP
CALL #hunt

POP R10 ; BepHyTb naHHele B R10
POP R11 ; BepHyTb nHaHHee B RI11
ADD #04h, SP ; OCBODOIMTHL MECTO IJjid
; ampeca M KOMAaHI
POP RO ; BEPHYTbH KOJI OUMOKM/
CMP #00h, RS
Jz retry ; IOBTOP INpM Heyoaude
MOV #0FFh, R7
delad MOV #0B4Fh, RO
dela3 DEC RO
JINZ dela3
DEC R7
JINZ delad
MOV #0000h, R5 ; oumcrka (ybemmurbcHd,
; UTO OuMllaeTCs CTaplmi
; Bamnr)
MOV.B address, R5; R5 ? muamumi GamnT
AND #000Fh, R5 ; Macka Ha CcTapuyo
; TeTpany

MOV.B LCD_Tab(RS),LCD1+4
; oTobpaszuTh Mmuanmyio Terpany 0-F
MOV.B address, R5; R5 ? muamumi OamnT
AND 00FOh, R5 ; Macka Ha MJanuyio
; TeTpany
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RRA R5 ; CIBUI' BIIPaBoO
RRA R5 ; CIOBUI' BIPaBO
RRA R5 ; CIBUI' BIIPaBO
RRA R5 ; CIBMI' BIIPABO

MOV.B LCD Tab(R5), LCD1+5
; oTobpaszmuTh crapuyio Terpany 0-F
JMP retry ; NOBTOPp IJiA CJlenymoue-—
; TO ampeca

;*****************************************************

; 3aBeplleHMe I[0JIb30BaTeJIbCKOM MNPOTPaMMEL
,-******************************************‘k**********

;*****************************************************
; TMommporpaMMel BEPXHET'O YPOBHS, I1/I1 HUXKHETO YPOBHS

; BBIBLIBATCSA MHIOMBUIOYAJBHO IJIS PEaIM3aLMM PaBIJIMUHEIX

; IPOTOKOJIOB

;*****************************************************

PR e i S S I e A S S e S e I S I b I S e I S e I S S I b S S b b S S b b S S b
’

; Ilomck 31O MO,H,M(I)MLLMpOBaHHaFI YacCThb IIPOTOKOJIa «YTeHne

; OanTa»
,-**‘k**‘k‘k***‘k***‘k***‘k‘k***‘k*******‘k***‘k***‘k***‘k‘k***‘k**‘k‘k

hunt PUSH SR
PUSH R7
PUSH R8
PUSH R9
PUSH R14
PUSH R15
PUSH R10
PUSH R11
PUSH R12
PUSH R13
MOV.B 26(SP), RS8 ; IIapaMeTp KOMaHIEBL
MOV.B 28 (SP), R7 ; rapamMeTp anpeca
CALL #sbit ; OTIPaBUTHL CTAPTOBYIO
; MOCJIEIOBATEJIBHOCTbD
; U amzpec
CALL #sendzero ; ormpaBurs 0 ONg 3anmcu
CALL #ack ; KIOEM MOAOTBEPXICHUA
7 (ACK)

MOV.B #01lh, 30(SP) ; BO3BpamaeT «1» mnpu
; YCIIeIHOM 3aBepleHNN

POP R13

POP R12
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POP R11
POP R10
POP R15
POP R14
POP R9

POP R8

POP R7

POP SR

RET

,-*****************************************************

; TonmporpaMMel HWXHET'O YPOBHS, oOmMe IJjisd BCeX
; TIPOTOKOJIOB
;******************‘k**********************************

ehk kA hkh kA hhk kA hhk kA hhk kA hhk kA hh kA rh kA rh kA rhkhkhkrhhkhkrhkkhkxhkk*x*x
’

; OTIIpaBKa CTap’I‘OBOﬁ IIOCJIeOBATEJIBHOCTM UM alpeca
KRR KK Kk kK ok ok kK ok ok ok kK ok ok o kK ok ok ok ok ok ok kK ok ok ok ko ok ok Rk R Rk ok

sbit ; «OTIYCTUTL» 00e JIMHUU
BIC.B #DNC, DIR
; TIpPOBEPKa OCBOOOXIEHMS IMMHEL

MOV #05h, R10 ; cuérumk Ha 50 Mmkpoce-
7 KyHI
wait
MOV.B 1IN, RI11 ; KONMPOBATL COCTOAHME
; BxXomoB B RI11
AND #DNC, R11 ; Macka BXOIOB
CMP #DNC, R11 ; ecsm smHMmM SDA wmym SCL
; B Jgor. «0O»To mmHa
; 3aHATa
JINZ busy
DEC R10 ; IeKpeMeHT CUéTulrKa
JINZ wait
rsbit BIC.B #DNC, DIR OOIIOJIHUTEJIBHOE

4
; OCBODOOXIEHME JIMHUU
; C LEeJIbI0 MCIIOJIb30BaHMI
; DTOM Xe IMOIONPOTIPaMMEL
; IJIS KOMaHIE! NTOBTOPSI—
; merocs crapTa
; OTIpaBKa CTApPTOBOY IOCJIENOBATEJIbHOCTU

BIS.B #SDA, DIR

BIS.B #SCL, DIR
; OoTmpaBkKa ampeca

MOV.B #07h, R13 ; CuéTuuk Ha 7 6uT
; azmpeca
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MOV .
ashift RLA.

MOV .

AND.

CMP.
JINZ
CALL
JMP
one CALL
zZero DEC
JINZ

RET

R7, RI11
R11

R11, R12

#080h, R12

#00h, R12
one
#sendzero
zero
#sendone
R13
ashift

’

’

’

’

KOonMpoBaTh ampec B R11
COBUT BJIEBO, IIPU 3TOM
C3P 7-BbuTHOTO ampeca
OymeT HaxoOUTbCH

Ha 7-¥ [I03ULMM
CKONMPOBATbH €TI0 IJid
BOBMOXHOCTM MaCKMpOBa-—
H1a 0e3 IoTepyr OAaHHBIX
MaCKMPOBAaTE BCe OUTH
kpoMe C3P

cpaBHUTE C O

OTIPaBUTL «1»

oTnpaBuUTb «0»
IeKpeMeHT CUéTurKa
ecim cuérumk <7 Our,
[NOBTOPUTbL CHOBUT

;*****************************************************

; noanreepxneHue (ACK)

; n busy

He IPMHATO,

ornpaeuTbk STOP

,-*****************************************************

sbusy CALL
ADD

#pbit
#02h, SP

’

Ne N Ne N

MOV.B #00h, 28(SP)

POP

POP
POP
POP
POP
POP
POP
POP
POP
POP
RET

R13

R12
R11
R10
R15
R14
RO
R8
R7
SR

~e

ornpaeuTe STOP m busy
YIOaJIUTh IaHHBEE U3
cTeKa, TakK Kak
MHCTpyKUMa RET

He MCIIOJIb30BajlaChb

; KOO OoumoOKU
BOCCTAaHOBJIEHNME PEeIUCT—
poB

ek k kA hkh kA hhk kA hhk kA hkhk kA hhk kA hhk kA dkh kA rhk kA rhkhkhkrhhkhkrhhkkxhkkx*
’

; ObpaboTka 3aHATOCTU CUCTEMBL

214
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ehk kA hkh kA hhk kA hhk kA hhk kA hhk kA hh kA rh kA rhhkhkrhkhkhkrhhkhkrhhkkhkxhkkx*x
’

busy3 ADD #06h, SP ; yOaJleHUe JIMIHUX

; IAaHHBEIX [IPOLENnyP

; sendone M sendzero
busy ADD #02h, SP ; YIOAJIUTb JIaHHBE

; U3 CcTeka, TakK Kak

; uHCTpykuuda RET

; He UCIIOJIb30Bajlachb

MOV.B #00h, 28(SP) ; xom OuUMOKM

POP R13 ; BOCCTAaHOBJIEHME PETMUCT-—
; poB

POP R12

POP R11

POP R10

POP R15

POP R14

POP R9

POP R8

POP R7

POP SR

RET

,-*****************************************************

; OTnpaBuUTh «1»
;*****************************************************

sendone PUSH R10
PUSH R11
BIC.B #SDA, DIR ; YCTAQHOBUTL JIOT'. «1»
; Ha JiHMM  SDA
BIC.B #SCL, DIR ; yCTaHOBUTL JIOT'. «1»

; Ha JmHMM SCL
; IpOBepKa YIUIMHEHMI TaKTOBOI'O CUI'Haja
; (clock low extending), uToOOH He onepexaTb BeIOMOE
; YCTPOMCTBO
MOV.B #04h, R11 YCTAaHOBUTH UMCIIO

TAaKTOB IJIA BEPHOTO

~e NeoNe

BpPEeMeHU
clkext MOV.B 1IN, R10 ; TIPOBEpKa UMHE
DEC R11
Jz busy3 ; apbuTpax — BpeMs
; MCTEKJIO
AND.B #SCL, R10 ; npoeepka JmHUM SCL
Jz clkext

; apburpax: ybemmuTbCcs, 4YTO Ha JHMM SDA HNeMCTBUTEJIBHO
; JIOT'. «1», MHaue MNPUOPUTET OTIAETCH IPpyI'oMy BelylleMy
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; YCTPOVICTBY
MOV.B
AND.B

Jz
BIS.B
MOV.B

AND.B
Jz
POP
POP
RET

,-*********k*k*****************k**************************

; OrnpaBuTb «0»

;*****************************************************

sendzero
PUSH
PUSH
BIS.B

BIC.B

; TIpOBEpKa YyIJIMHEHUS TaKTOBOIO
; (clock low extending),

; YCTPOMCTBO

MOV
clke MOV.B
DEC
Jz

AND.B
Jz
BIS.B
POP
POP
RET

;*****************************************************

; Oxmpmanme nonreepxneHmsa (ACK)

ek k kA hkhk kA hhkhk Ak hk kA hhk kA hkhk kA hhk kA hh kA rhhk kA rhkhkhkrhkhkhkrhhkkxhkkx*
’

ack

216

IN, R10
#SDA, RI10

busy3
#SCL, DIR
IN, R10

#SDA, R10
busy3

R11

R10

R10
R11
#SDA, DIR

#SCL, DIR

#04h, RI11

IN, R10
R11
busy3

#SCL, R10
clke
#SCL, DIR
R11

R10

; TIpOBEpKa UMHE
; MaCKMpOBaTb BCE,
; Kpome SDA

; ocBobomuTb JimHMIO SCL
onpenejieHMe IIOBTOPI0—

4
; WEeNCs CTapTOBOM IIOCJIE
; IOBATEJILHOCTU

; BEICTA@BUTL JIOT'. «0»
; Ha JimHMuM SDA
; BEICT@BUTBL JIOT'. «1»

; Ha JumHum SCL
CuUTrHajJla

4TOOBl HE OIepexXaTb BeIoOMOe

; CU@TUMK BpPEeMeHU
; nepexona SCL B «1»
; TpOBEepKa UMHE

; apburpax — BpeMdA
; VMCTEKJIO
; npoeepka JmHMM SCL

; ocBobomuThb JmHMIO SCL
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BIC.B #SDA, DIR ; BHCTaBUTb JIOT'. «1»
; Ha JuHMM SDA
BIC.B #SCL, DIR ; BEICTABUTL JIOT. «1»

; Ha JmmHum SCL
; NpOoBepKa YyIJIMHEHMS TaKTOBOI'O CHI'Hala
; (clock low extending), uToOOE He oOnepexaTb BEeOOMOE
; YCTPOMCTBO
MOV #008h, R11 ; cuérumk Ha 250 MKC

MOV #02FFh, R1ll; yOMHEHHEIL CUETUMK [JId

; Oarapem PS100z-200
clkex MOV.B IN, R10 ; NPOBEpKa UIMHEL

DEC R11

Jz busy ; apbuTpax — BpeMs
; MCTEKJIO

AND.B #SCL, R10 ; npoeepka JmHUM SCL

JZ clkex

; oxmmanHme nonTeBepxneHus (ACK) (SDA nepexonuT
; B Jor. «0»)
MOV #05F6h, R11l; cuérumk TamMayTa

; niasa NACK
wack

MOV.B 1IN, R10 ; TpOBEepKa UVHEL

DEC R11

JZ sbusy ; TamvayT NACK-— oTnpa-—
; BUTb OMUT P U IIOBTOPUTH
; TIOIBITKY

AND.B #SDA, R10 ; MacKuMpOBaTh BCE,
; Kpome SDA

JINZ wack ; nopméM ACK mnm oxmmaHue
; TamMayTa

BIS.B #SCL, DIR ; BEICTA@BUTL JIoT'. «0»
; Ha JmmHum SCL

RET

;*****************************************************

; OTmpaBka CTONOBOM INOCJIENOBATEJIbEHOCTU
,-***************************************‘k*************

pbit

BIS.B #SDA, DIR ; BBICTA@BUTB JIOT'. «0»
; Ha JmHMM SDA

BIS.B #SCL, DIR ; BHICTABUTL JIOT'. «0»
; Ha JmHuuM SCL

NOP

BIC.B #SCL, DIR ; BEICTABUTHL JIOT'. «1»

; Ha JmHMM SCL
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NOP

BIC.B #SDA, DIR ; BBICTABUTBH JIOT'. «1»

; Ha JimHMuM SDA

RET
;——— oumcrka XK--——————"—"—"—""""""""""""""""" o ————
show clr

MOV #15, r5 ; OUMCTKAa OUCIUIEMHON

; mamMsaTu

show clrl

MOV.b #0, LCD1-1(rb5)

DEC r5

JNZ show clrl

RET

,-*****************************************************

; Onpenenenua nma XKU
,-**~k************~k*************************************

LCD _TYPE

; ———KKV MOmysia STK/EVK-—————————m—mm e e

a .equ 0lh

b .equ 02h

c .equ 10h

d .equ 04h

e .equ 80h

f .equ 20h

g .equ 08h

h .equ 40h

LCD Tab .byte atbt+ct+dtet+f ;orobpaxaer “0”
.byte b+c ; orTobpaxaeTr 1"
.byte atbt+dte+g ; oTobOpaxaetr 2"
.byte a+b+c+d+g ; orobpaxaer 3"
.byte btct+f+g ; oTobpaxaeTr 4"
.byte atc+d+f+g ; orTobpaxaeT 5"
.byte a+tct+dte+f+g ; oToOpaxaer 6”7
.byte atb+c ; orobpaxaetr 7"
.byte atbtct+d+et+f+g ; orobpaxaer ”8”
.byte atbt+tc+d+f+g ; orobpaxaer 9"
.byte atbtctet+f+g ; orobpaxaer “A”
.byte ct+dte+f+g; ;oTobpaxaeTr “B” b
.byte atdte+f ; oTobpaxaeTr “C”
.byte btctdtetg ; oTobpaxaeT “D” d
.byte at+dt+tet+tf+g ; oTobpaxaeTr "E”
.byte atet+f+g ; oTobpaxaeTr “F”

LCD Tab End
.even

218
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ehk kA hkh kA hhk kA hhk kA hhk kA hhk kA hh kA rh kA rhhkhkrhkhkhkrhhkhkrhhkkhkxhkkx*x
’

; BexTopa NpepHBaHUM
,-**********‘k******************************************
.sect ”“Int Vect”,05FFh-1 ; c mporpammon
; MOHMTOpPA
.word RESET ; POR, BHew.
; Reset,
; Watchdog
.end

Mpunoxenue C. Mporpamma paboTbi cO cMapT-baTapeei

ehk kA hh kA hhk kA hhk kA hhk kA hh kA hhk kA rh kA rhhkhkrhhkhkrhhkhkrhhkhkrhkk*x*
’

; Ilporpamma SBData

; UuTaeT TeMmIeparypy, HaIpsXeHMe, NPOM3BOIUTEJIHA,

; XUM. KOHOUIYypalLuo, EMKOCTb, M IpenylpexIeHMe

; 00 ocraBumeNcs EMKOCTM U3 MOHUTOpa OaTapeu C WMHON

; SMBus.

; Takxe NPOM3BOOMTCS 3alMCb B peIrmcTp «lIpenymnpexneHue
; 00 ocrTaBmerncsa éMKocTM» RemainingCapacityAlarm) .

; B IQaHHOM UYaCTHOM CJlydae IpMMeHAJICA OaTapeyrHB

; cMapT-MomyJib PowerSmart;PS100Z-200

; IOpyTme maHHBE M3 OaTaper MOXHO UMTaThb, MeHSsS KOMaHIH.
; KoHTposustep cMapT-OaTaper PowerSmart nommepxmeaeT

; craHmapT SMBus V1.0 m cneumbmkaumo Smart Battery

; data

; HacTosmas xoHQUI'ypalLMd NpOoTpaMMbel HanycaHa OJjid

; VCIOJIb30BAHMA C IIOJIb3OBATEJIBCKOM IPOIPaMMON 0T

; YIpPapBJIEHMEM IIPOI'PaMMEl MOHMTOPA Ha OTJIAIOYHOM IJlaTe

; 337 EVK, nomnporpamMel SMBus Haxomarcsa B EPROM. Taxxe
; Tpebyerca Tabmmua ASCII cuMmposios g XKU

; Bmech mcnosb30oBaH ¢ary ASCII.txt. Ha Hero cchulaercd
; ykazarejyb alcd.
;*****************************************************

RAM orig .set 00240h ; CrapToBBEM azpec
SP_orig .set 005DEh ; yKasaTeJsb CcTeKa
EPROM .set 08850h ; Pasmemenme EPROM
;——— OnpenesyieHUsa yIHIPaBJIFOIMX PETUCTPOB———————————=———
WDTCTL .equ 0120h

WDTHold .equ 80h

WDT wrkey .equ 05A00h

; PORT 0

bubnuoteka Komnana 219




i
lnsrgjxﬁ?:ms lll. UuTepdberic ¢ BHELIHUMY YCTPOHCTBAMHU

POIE .equ 015h
PODIR .equ 012h
POIN .equ 010h
POOUT .equ 011lh
; port 2

P2IN .equ 028h
P20UT .equ 029h
P2IE .equ 02Dh
P2SEL .equ 02Eh
P2DIR .equ 02Ah
SDA .equ 020h
SCL .equ 080h
DNC .equ 0AOh
ouT .equ  P20UT
DIR .equ P2DIR
IN .equ P2IN
LCD1 .equ 031h
LCDM .equ 030h
IE1l .equ Oh
IE2 .equ 0lh
IFG1 .equ 02h
IFG2 .equ 03h
block .equ 0550h
alcd .equ 0B500h ; PasmemeHure TaOIMLE

; cumMmBOJioB ASCII nisa XKU

;*****************************************************

; Reset : Initialize processor
,-**************‘k**k*‘k‘k**‘k****‘k***********‘k***‘k‘k**‘k****‘k
.sect ”MAIN”,RAM orig
RESET N
MOV #SP orig,SP; MHMUMaIM3auMa yKasa-—
; Tejya cTreka
,-*****************************************************

; Hauaso mosb30BaTEJIbCKOM MNPOTPaMMEbL
,-**‘k**‘k‘k***********‘k****************‘k***‘k***‘k********‘k

repeat
CMP.B #0FFh, RS8
JINZ skp
INC.B R7 ; VHKPEMEeHT CcTapuero

; OanTa 3HaA4YeHUA
; IJIA NIPOTOKOJIa BalycCu CJIOBa
MOV.B #00h, R8
skp
INC.B RS ; VHKPEMEHT 3HAaueHUs
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skpO

; UTeHre TeMIepaTypr

CALL
PUSH
PUSH
PUSH

PUSH

PUSH

CALL
POP
POP
ADD

POP
CMP
Jz

RLA
RLA
RLA
RLA
RLA
RLA
RLA
RLA
XOR

MOV
SUB

CALL

’

’

#show clr

#00h
#000B
#008h

#00h
#00h

#rwp
R10
R11
#04h,

R9
#00h,
skpO
R11
R11
R11
R11
R11
R11
R11
R11
R10,

R11,

h ;

SP ;

RS

’

R11 ;

R12

#0AAAh, R12;

#disp

’

lay ;

XOR.B #40h, LCD1+1
; 1DoOaBUTH HOEeUVMAaJIbHYK TOUKY

MOV.B alcd+'T’,

CALL

skpl
CALL
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#dela

Yy ;

’

#show clr

IJI4 NPOTOKOJIa 3allCH
CJIOBa

MeCTO IJIA KOIa OWMOKU
[IOMECTUTH aIpecC B CTeK
IOMECTUTL KOMaHITY
UTEeHMS TeMIlepaTypsl
Oarapeu
3apes3epBUPOBATE OamT
U1 IAaHHBIX
3ape3epBUpPOBaTHL OamT
IJIS IaHHBIX

MIOMEeCTUTHL maHHele B R10
MIOMECTUTH HOaHHBle B R11
ocBrOBOIUTE MECTO
KOMaHIEl M ampeca
YUTATE KO OIMOKM

[IOBTOP MpM Heymaude

oObeOMHUTL 2 OanTa
IaHHBIX

nepeBOn B T'panyCH
Henbcua

BHI3OB MOONPOTPaMMEL
OTODPaXeHM A

LCD1+5

BBEI3OB IMOIIIPOIPaMMEL
3alepPXKI
YTeHUEe HalpsXeHN
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PUSH  #00h ; MeCTO IUIS KOIa OMMOKM
PUSH  #000Bh ; NOMECTUTb aZpeC B CTek
PUSH #009h ; TIOMECTUTB B CTEK

; KOMaHIy UTEHMS Hanpsa-
; XeHuda OaTrapen

PUSH #00h ; 3apes3epBUpPOBaATH BamT
; IJIS IaHHBIX
PUSH  #00h ; 3ape3epBUPOBATL OalT

; IJIS OaHHBIX
CALL  #rwp

POP R10 ; MIOMEeCTUTbL maHHele B R10
POP R11 ; TIOMEeCTUTbL IaHHele B R11
ADD #04h, SP ; OCBODOOIOUTH MECTO
; KOMaHIEl M azpeca
POP RO ; UMTaThb KOI OWMOKNU
CMP #00h, R9
Jz skpl ; TIOBTOP IIpM Heymaude
RLA R11
RLA R11
RLA R11
RLA R11
RLA R11
RLA R11
RLA R11
RLA R11
XOR R10, R11 ; obbpemmHUTHL 2 OanTa
; IAaHHEBIX
MOV R11, R12
CALL  #display ; BBISOB IOIIIPOIPaMMbL
oToOpaxeHns

XOR.B #40h, LCD1+3
; 10GaBUTH OEeLUMMAJIbHYID TOUKY
MOV.B alcd+’U’, LCD1+5

CALL #delay ; BBI3OB IONNPOT'PAMMELI
; 3alepXKu
skp2 ; UTeHMe Ha3BaHUSA [NPOM3BOIUTEIIS
CALL  #show clr
PUSH  #00h ; MecTo IJid KoIa OuMOKM
PUSH  #000Bh ; IOMECTUTb aZpecC B CTEK
PUSH  #0020h ; NOMECTUTL B CTEK
; KOMaHIy UTEHMS MMEHU
; NPOM3BOOUTEJSA
PUSH #block ; 3ape3epBUpPOBaATH OamT

;y IJIAd IOAaHHEBIX
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; oToOpa3mUThb

; oTOoOpasmUTh

; oToOpasmTh

; oToOpa3mUThb

; oTobpasuTh

; OoTOOpPasmUTh

; oToOpasmTh

skp3

; UTEeHUS XVMUUEeCKOU
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PUSH

CALL
POP
ADD
POP
CMP

Jz
MOV.B
MOV.B
CHMBOJI
MOV.B
MOV.B
CUMBOJI
MOV.B
MOV.B
CVIMBOJI
MOV.B
MOV.B
CVIMBOJI
MOV.B
MOV.B
CVMMBOJI
MOV.B
MOV.B
CUMBOJI
MOV.B
MOV.B
CVIMBOJI
CALL

#00h ; 3apesepBUPOBATH OAUT
; IJIS IaHHBIX

#blkr

R10 ; noMecTuThb HOaHHbEEe B R10

#06h, SP

RO ; UMTaTh KOI OUMOKM

#00h, RO

skp2 ; TIOBTOP IIpM HeyHmade

block, R5 ; KOIMPOBATH CHMBOJI

alcd(R5), LCDl+6

block+l, R5; xomnmpoBaTb CUMBOJI

alcd(R5), LCD1+5

block+2, R5; xonmpoBaTh CHMBOJI

alcd(R5), LCD1+4

block+3, R5; xonmpoBaTh CHMMBOJI

alcd(R5), LCD1+3

block+4, R5; xomnmupoBaTb CHMBOJI

alcd(R5), LCD1+2

block+5, R5; xomnmpoBaTb CHMBOJI

alcd(R5), LCD1+1

block+6, R5; xonmpoBaTh CMMBOJI

alcd(R5), LCD1+0

#delay ; BEI3OB INOANPOI'PaMMEL

’

; UTeHMEe XVMUUEeCKOM

CALL
PUSH
PUSH
PUSH

PUSH

PUSH

CALL
POP

#show clr
#00h ;
#000Bh ;
#0022h ;
KOHQUT'YypaLun
#block ;
#00h ;
#blkr

R10 ;

3aOEePXKU
KOHOUTypaLmn

MEeCTO IJId KoIa OUMOKU
IIOMECTUTb ampec B CTeK
MIOMECTUTL B CTEK
KOMaHIy

3apesepBMUpPOBaTL OamT
IJ19 IOaHHBIX
3apes3epBUpPOBaTHL OamT

IOJI9 OAaHHBIX

MIOMEeCTUTHL maHHele B R10
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; oToOpa3mUThb

; oTOOpPasmUTh

; oToOpasmTh

; oToOpas3mTh

skp4
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ADD
POP
CMP

Jz
MOV.B
MOV.B
CVMMBOJI
MOV.B
MOV.B
CVMMBOJI
MOV.B
MOV.B
CVIMBOJI
MOV.B
MOV.B

CVIMBOJI
CALL

#06h, SP
R9

#00h, R9
skp3
block, R5
alcd(RD5),

block+1,
alcd(RD5),

block+2,
alcd(R5),

’

’

’

R5;
LCD1+5

R5;
LCD1+4

block+3, R5;

alcd(RY5),

#delay

’

’

UMTaTh KOI OUMOKM

[IOBTOPp [P Heymaue
KONMPOBATHL CUMBOJI

LCD1+6

KOInIMpoBaTb CHMMBOJI

KOIIMpoBaThb CHMMBOJI

KOIIMpOBaThb CHMMBOJI

LCD1+3

BBEIZOB IIOIINPOIPAaMMbBL
3a0EPXKN

; dTeHue EMKOCTM OaTapeun

CALL
PUSH
PUSH
PUSH

PUSH

PUSH

CALL
POP
POP
ADD

POP
CMP
Jz

RLA
RLA
RLA
RLA
RLA
RLA
RLA

#show clr
#00h
#000Bh
#0018h

#00h
#00h

#rwp

R10

R11
#04h, SP

R9

#00h, RO
skp4

R11

R11

R11

R11

R11

R11

R11

MEeCTO IJiA KOIa OWMOKU
[IOMECTUTHL aIpecC B CTeK
[IOMECTUTH B CTeK
KOMaHIy 4YTeHMs EMKOCTU
Oarapeun
3apesepBUPOBaATL OamT
IJIs IaHHBIX
3apes3epBUPOBaATEL OamT
IJI9 IAaHHBIX

MIOMECTUTHL mHaHHele B R10
MOMEeCTUTH HOaHHEle B R11
OoCBOOOIUTE MECTO
KOMaHIEl M ampeca
UYTaTh KOI OWMOKM

[IOBTOP IpM Heymaude
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RLA R11

XOR R10, R11

MOV R11, R12

CALL  #display ; BBI3OB IOIOIIPOTPAaMMEL
; OTODpaXeHUsS

XOR.B #40h, LCD1+3

; 10GaBUTH OEeLUMMAJIbHYD TOUKY

skpb5

MOV.B alcd+’A’, LCDI1+1

MOV.B alcd+’H’, LCD1+0

CALL #delay ; BBI3OB IOONPOI'PAMMEI
; 3alepXKu

;3aIMCh NpedynpexIeHNS

; 0B ocraBmelcsa E&MKOCTM

(RemainingCapacityAlarm)

CALL  #show clr

PUSH  #00h ; MecTo IJis KoIa OmMOKM
PUSH  #000Bh ; IIOMECTMTbL ampec B CTeK
PUSH #001h ; TIOMECTUTBb B CTEK

; KOMaHIy
PUSH R8 ; Bape3epBUpPOBATH OanT

; IJI4 IIaHHBIX
PUSH R7 ; 3ape3epBUPOBaThH OalT

; IJIS IaHHBIX
CALL  #wwp

POP R11 ; IIOMEeCTUTL »aHHble B R11
POP R10 ; MIOMEeCTUTL maHHele B R10
ADD #04h, SP ; OCBODOIMTL MECTO
; KOMaHIH U ajpeca
POP R9 ; UMTaThb KOI OIMOKN/
CMP #00h, RS
JZ skpb ; TNOBTOP IIpM HeyIaue
RLA R11
RLA R11
RLA R11
RLA R11
RLA R11
RLA R11
RLA R11
RLA R11

XOR R10, R11

MOV R11, R12

CALL #display ; BBI3OB IOONPOT'PaMMEI
; OTODpaxXeHUsS

MOV.B alcd+’S’, LCD1+6
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skp6

CALL #delay ; BEI30OB [OANIPOTPAMMEL
; 3aIepXKu

; CUMTBIBAHME OCTABIIENCH EMKOCTU

; (RemainingCapacityAlarm)

CALL  #show clr

PUSH #00h ; MecTo IJid KoIa OumMOKM
PUSH #000Bh ; TIOMECTUTH aIpecC B CTEK
PUSH #001h ; TIOMECTUTH B CTEK

; KOMaHIy
PUSH #00h ; 3apes3epBrpOBaThH OamT

; IJIS IaHHBIX
PUSH  #00h ; 3ape3epBUPOBATL OalT

; IJIS OaHHBIX
CALL  #rwp

POP R10 ; MIOMEeCTUTbL maHHele B R10
POP R11 ; IIOMEeCTUTL nmaHHele B R11
ADD #04h, SP ; OCBODOOIOUTH MECTO
; KOMaHIEl ¥ azpeca
POP RO ; UMTaThb KOI OWMOKM/
CMP #00h, RO
Jz skp6 ; TIOBTOP IIpM Heymaude
RLA R11
RLA R11
RLA R11
RLA R11
RLA R11
RLA R11
RLA R11
RLA R11

XOR R10, R11
MOV R11, R12

CALL  #display ; BBI3OB IOIOIIPOIPAaMMEL
; OTODpaXeHUS
MOV.B alcd+’R’, LCD1+6
CALL #delay ; BBI3OB IOONPOTPAMMEI
; BaIOepXKU
JMP repeat ; 3aBepleHre NPOI'PaMMEL,

; OECKOHEUHEBI LIMKJII

,-*****************************************************

; OKOHUAHME I[10JIb30BATEJILCKOM IPOIPaMMEL
,-*****************************************************

delay
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PUSH R6
PUSH R7
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MOV #00DFh, R7 ; BJIOXEHHBII LMKJI

; BaOepPXKU
dela4 MOV #0D40h, R6
dela3 DEC R6
JINZ dela3
DEC R7
JINZ delad
POP R7
POP R6
RET
display ; HoanporpaMMa OTOOpaXeHMUs
PUSH R5
PUSH R12
PUSH R13
PUSH R14
PUSH R15
MOV #16, R15 ; Ipouenypa npeobpasoBa-—
; Hua hex ? BCD
CLR R14 ; BXOIHBEIE 3HAUYEHMSA
; B R12, BEXOOHEIE B R13
; um R14
CLR R13
1s1 RLA R12
DADD R13, R13
DADD R14, R14
DEC R15
JINZ 1s1
MOV.B R13, R5 ; TIOMECTUTL 2 MJIamlx
; BCD-paspsana B RS
AND #000Fh, R5 ; MackKuMpoBaTh BCE, KpoMe

; Mlafmel TeTpamnsl
MOV.B LCD Tab (R5),LCD1+0
; OToOpaszmMTh MIaOuyld TeTpany
MOV.B R13, R5
; moMecTMTh 2 Miamumx BCD-paspsana B RS

AND #00FOh, R5 ; MackKuMpoBaTH BCE, KpOME
; CcTapumey TeTpamnsl

RRA R5 ; CIOBUI BIPaBO

RRA R5 ; CIOBUT BIPaBO

RRA R5 ; CHOBUT' BIIPaBO

RRA R5 ; CHOBUT' BIIPaBoO

MOV.B LCD Tab(R5), LCD1+1
; OToOpasmuTh CTapuyi TeTpany
SWPB R13 ; obmeH OamTamMmu B R13
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MOV.B R13, R5 ; TIOMECTMUTb 2 CTaplmx
; BCD-paspsana B RO
AND #000Fh, R5 ; mMmackupoBaThb BCE, KpoMe

; MIlammey TeTpamnsl
MOV.B LCD Tab(R5),LCD1+2
; OToOpasmTh MIAOUYI TeTpany
MOV.B R13, R5 ; TIOMECTMUTH 2 CTaplmx
; BCD-paspsana B RS
AND #00FOh, R5 ; MackuMpoBaThb BCE, KpoOMe
; CTapmely TeTpamns

RRA R5 ; CIOBUI' BIPaBoO
RRA R5 ; CHOBUT' BIIPaBO
RRA R5 ; CHOBUT' BIIPaBoO

RRA R5 ; CIOBUI BIIPaBO
MOV.B LCD Tab(R5), LCDI1+3

; OToOpas3mMTh CTaplyln TeTpany

MOV.B R14, R5 ; TNOMECTUTL 2 MJIamiMx
; BCD-paspsana B RO
AND #000Fh, R5 ; MackKuMpoBaTH BCE, KpOME

; Milamumey TeTpamnsl
MOV.B LCD Tab (R5),LCD1+4

; OTobOpazmuTh MIAIUYI TeTpany
MOV.B R14, R5 ; T[IOMECTUTL 2 MIIamlnx
; BCD-pazpsana B RS
AND #00FOh, R5 ; MacKuMpoBaTH BCE, KpoOMe
; CcTapmey TeTpalns

RRA R5 ; CHOBUT BIIPaBO
RRA R5 ; CIOBUI' BIPaBO
RRA R5 ; CIOBUI BIPaBO
RRA R5 ; CIOBUI' BIPaBoO

MOV.B LCD Tab(R5), LCDI1+5
; OToOpasmMTh CTapUyln TeTpany

POP R15
POP R14
POP R13
POP R12
POP R5
RET

.sect ”smbus”, EPROM
,-*****************************************************

; lMommporpaMMel BEPXHET'O YPOBHS, II/II HUXHETO YPOBHS
; BHIBHIBATCH MVHIOMBUIYAJILHO IJIS PEaM3alMM Pas3JIMUHBIX
; IPOTOKOJIOB
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Peanunsayns wunb! SMBus Ha 6a3e mukpokoHTponnepa MSP430

ehk kA hkh kA hhk kA hhk kA hhk kA hhk kA hh kA rh kA rhhkhkrhkhkhkrhhkhkrhhkkhkxhkkx*x
’

;*****************************************************

; IpoTokos «BricTpas koMaHma» 1

; BimsaHME Ha PEerucTphl: HEeT
; BimaHme Ha maMaTb: CTek, MakcuMyMm 40 OanT

Iar HanpasJsieHne
crapT (start) pZic]
anpec (address) us3
ureHne/3anmce (R/W) nus
nonTeepxneHre (acknowledge) B ?

cron (stop) jZic]

; IlapamMeTpel B cTeke

; Quar ommbCkmerror flag milanuas obJjacTb HaMaTU

low mem

; He WUCIOJIb3yeTCs unused
; HEe UCIOoJIb3yeTCcd unused
; He UCIOoJIb3yeTcd unused

; ampec

address cTapuas objiacTb NaMATH
high mem

H HpMMep MCIIOJIE 30BaHMA

PUSH #00h ; MEeCcTO IJid KOIa OWMOKN

PUSH  #00Bh ; IOMECTUTH ampeC B CTeK

SUB #06h, SP ; OCTaJlbHBIE IapaMeTPH He
; UCIIOJIb3YITCS

CALL  #9cp

ADD #08h, SP ; BBHUECTb OOBEM MapaMeT-—
; PoB

POP R9 ; UMTaTb M3 CTEeKa KO
;  OUMOKU

CMP #00h, RO

JZ error ; oumbOOouHOE 3aBepleHue —
; BEI3OB OOpaboTumka
; oumbok

PR e i I b e I e I S I e S e I e b I S I b S S I b S S I b S S I b b S S b b S S b
’

qcp

PUSH SR
PUSH R7
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PUSH R8

PUSH R9

PUSH R14

PUSH R15

PUSH R10

PUSH R11

PUSH R12

PUSH R13

MOV.B 28 (SP), R7 ; nojayumTb ampec U3
; CTeka

CALL #sbit ; OTIPAaBUTL CTAPTOBYI
; TIOCBUIKY U anpec

CALL #sendone ; OTIPaBUTb «1» MM

CALL #sendzero ; ornpaBuTb «0»

CALL #ack ; KOEM MNONTBEPXICHUA
; (ACK)

CALL  #pbit ; OTIPaBUTb CTOIOBYIO
; TIOCBUIKY

MOV.B #01lh, 30(SP); BozBpamaeT «1l» opu
; YCIIEHHOM 3aBepleHUn

POP R13
POP R12
POP R11
POP R10
POP R15
POP R14
POP RO

POP R8

POP R7

POP SR

RET

,-***********************k******************************

; IpoTokoJy «3ammcaTrb BamT» 4

; BimsaHMe Ha PEermucTphl: HET
; BimahHume Ha naMAaTbh: CTek, MakcuMmyM 40 Gant
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Mar HanpasieHue
crapT (start) pZic]
anpec (address) jZic)
ureHne/3anmce (R/W) us
noareepxneHre (acknowledge) B ?

koMaHIa (command) jZic)
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; nonTreepxneHre (acknowledge) B ?

; maHHele (data) us
; nonTreepxneHre (acknowledge) B ?
; cTon (stop) jZic)

; IlapaMeTpEl B CTeke

; bmar ommbxmerror flag milamuas ofJlacTb NaMaTU
low mem

; HE MCIOoJIb3yeTcs unused

; IAHHBE data

; KOMaHIa command

; azmpec address cTapumas obJjylacTh IaMsaTu
high mem

7

; IlpyMep MCHIOJIB30BaHUA

e

; PUSH #00h ; MEeCcTO IJig Koma OWMOKM

; PUSH #00Bh ; [IOMECTUTH aIpecC B CTeK

; PUSH #001h ; TIOMECTUTH KOMAaHIy
; B CTEeK

; PUSH #055h ; OTIpaBJiSeMble IaHHBE

; SUB #02h, SP ; OCTaJlbHEE [apaMeTpH

; HE MCIOJIb3YITCH
; CALL #wbp

; ADD #08h, SP ; BBUECTb OOBEM NapaMmeT-—
; POB
; POP R9 ; UMTaTbh M3 CTEeKa KOI
;  OUMOKM
; CMP #00h, R9
; Jz error ; omMOOUWHOEe 3aBepleHre —
; BEI3OB OOpaboTumka
; oumbOoK
wbp
PUSH SR
PUSH R7
PUSH R8
PUSH R9
PUSH R14
PUSH R15
PUSH R10
PUSH R11
PUSH R12
PUSH R13
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MOV.B 26(SP), R8 ; mnapamMeTp KOMaHILI
MOV.B 28(SP), R7 ; mapamMeTp ampeca

CALL #sbit ; OTIPaBUTL CTAPTOBYI
; TIOCBUIKY M azpec
CALL #sendzero ; ornpaBuTh «0» g
; 3anmcu
CALL #ack ; KOEM MOOTBEPXIESHUS
7 (ACK)
CALL #sbyte ; OTIPaBMTEL KOI KOMAaHIEL
CALL #ack 7 KIOEM MOOTBEPXICHUA
i (ACK)
MOV.B 24 (SP), R8 ; oTnpaBKa IaHHEBIX
CALL #sbyte ; OTNPaBUTL OalT LOaHHBIX
CALL #ack ; KIOEM MOOTBEPXICHUA
i (ACK)
CALL  #pbit ; OTNPaBUTL CTOIOBYI
; TIOCBUIKY

MOV.B #01h, 30(SP) ; BO3BpamaeT «1»
; [P YCIIENHOM 3apeplie-—

; HUM
POP R13
POP R12
POP R11
POP R10
POP R15
POP R14
POP R9
POP R8
POP R7
POP SR
RET

;*****************************************************

; [POTOKOJN «3ammMcaTb CJIOBO» 5

; BiugHMEe Ha PETMCTPHI: HET
; BavgHMe Ha naMmaTb: CTek, MakcumyM 40 GamT
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Iar HanpasJsieHne
crapT (start) jZic]
ampec (address) bZic]
ureHne/3anmce (R/W) nus
nonTBepxneHue (acknowledge) B ?

naHHele (data) us
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; nonTreepxneHre (acknowledge) B ?

; naxHHele (data) n3
; nonTreepxneHre (acknowledge) B ?
; cTon (stop) jZic)

; llapamMeTpH B CTeke
; bmar ommbxmerror flag

; He MCIIOJIB3yeTCHA unused

; IAaHHBIE data
; KOMaHma command
; azmpec address

; PUSH #00h
; PUSH #00Bh
; PUSH #001h

; PUSH #0AAh
; PUSH #055h

; CALL Fwwp

; ADD #08h, SP
; POP R9

; CMP #00h, RO
; JZ error

wilamuas ofOJIacTb NaMaTU
low mem

crapumasa oBJIaCThb INaMATHU
high mem

; MEecTo IJid KoIa OUMOKMU
; TIOMECTMTH aIpec B CTEK
; KO KOMAaHIEI

; MJIaOMi OTIIPABJIISAEMBIL

; OanT

; CTapwmil OTIPaBJIAEMBIL

; Baur

; OCBODOIUTL MECTO,

; BaHMMaeMoe IMapaMeTpaMu
; UMTaTh M3 CTekKa KOI

;  OUmMOKM

ouMOOYHOEe BaBeplleHre —
BEI3OB OOpaboTumka
OUMOOK

~e Ne o Ne

;*****************************************************

WWP
PUSH SR
PUSH R7
PUSH R8
PUSH RO
PUSH R14
PUSH R15
PUSH R10
PUSH RI11
PUSH R12
PUSH R13
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MOV.B
MOV.B
CALL

CALL

CALL

CALL
CALL

MOV.B

CALL

CALL

MOV.B

CALL

CALL

CALL

MOV.B

POP
POP
POP
POP
POP
POP
POP
POP
POP
POP
RET

26(SP), R8
28 (SP), R7
#sbit

#sendzero

#ack

#sbyte
#ack

24 (SP), R8
#sbyte
ifack

22 (SP), RS
#sbyte
#ack
#pbit
#01h,
R13
R12
R11
R10
R15
R14

R9

R8

R7
SR

30 (SP)

’

napamMeTp KOMaHZIE
napamMeTp ajpeca
OTIIPABUTH CTaPTOBYIO
[IOCBUIKY M aIpec
oTnpaBuUTh «0»

IJisa 3anmcu

XIOEM INONTBEPXISHUS
(ACK)

OTIPAaBUTE KOI KOMaHZIE
XOEM MOOTBEPXIOEHMSA
(ACK)

IOaHHEIE IJIg Banucu —
MIIaOumMy OamT
OTHIPABUTL MIaIuMY OanT
IaHHEBIX

XKIOEM IONTBEPXISHUA
(ACK)

IOaHHBEIE IJIg Balucu —
crapumt BamT
OTINPaBUTL CTapPWMM OamT
IaHHEIX

XOEM MOOTBEPXIOEHMSA
(ACK)

OTIIPABUTE CTOIIOBYIO
[IOCBUIKY

; BO3BpamaeT «1» npu

YCIIEIIHOM 3aBepleHVN

;*****************************************************

; Ilporokos «UmTaTs OanT» 6

’

; BimaHue Ha PETUMCTPERL:
; BrimaHme Ha [IaMsaTh:

HeT
crTex,

MakcumyMm 40 GamT
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; OnmcaxHue llar HanpasreHne
; crapT (start) us
; anpec (address) jZic)
; ureHue/3anmck (R/W) "3

; noareepxaeHre (acknowledge) B ?

; xoMaHnma (command) us3
; nonTBepxneHyre (acknowledge) B ?

; crapT (start) JZic]
; anpec (address) pZic]
; yTeHue/3anmcek (R/W) 3

; nonTBepxneHre (acknowledge) B ?

; naHHele (data) B ?
; HenonreepxieHre (NACK) jZic]
; cron (stop) jZic]

; IlapaMeTpel B CTeke

; Gnar ommbCkmerror flag milanuas obJacTb HNaMaTU
low mem

; MIlamum 0anT

; IOAHHBIX data

; HEe MCIOoJIb3yeTcs unused

; KOMaHIa command

; azmpec address cTapuas obJjylacTh IaMsaTu
high mem

e

; IlpyMep MCHIOJIB30BaHUA

’

; PUSH  #00h ; MeCcTo IS KOoIa OMMOKM

; PUSH #000Bh ; [IOMECTUTH aIpecC B CTeK

; PUSH #008h ; KOI KOMAaHIBl UTeHUS
; TeMIepaTypel DaTapewn

; PUSH #00h ; 3apes3epBHpOBaATH BamT
; IJIS IAHHHEIX (HE MCIIOJIb-—
; 3yeTcsa)

; PUSH  #00h ; 3ape3epBUPOBATH OalT
; IJIS IaHHBIX

; CALL #rbp

; POP R10 ; TIepeMeCcTUTb IaHHEBE
; B R10

; ADD #06h, SP ; OCBODOIUTHL MECTO
; KOMaHIBl M azmpeca

; POP R9 ; UMTaTbh M3 CTeKa KoI
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CMP
Jz

#00h, RO
error

’

’
’
’

OUMOKIM

ouMOOYHOEe BaBeplleHre —
BEI3OB OOpaboTumka
ouboK

,-*****************************************************

rbp
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PUSH
PUSH
PUSH
PUSH
PUSH
PUSH
PUSH
PUSH
PUSH
PUSH
MOV.B
MOV.B
CALL

CALL

CALL

CALL
CALL

CALL

CALL

CALL

CALL
CALL

CALL

MOV.B

MOV.B

SR

R7

R8

R9

R14

R15

R10

R11

R12

R13

26 (SP), R8
28 (SP), R7
#sbit

#sendzero
#ack

#sbyte
fack

#rsbit

#sendone
#ack

#rbyte
#nack

#pbit
R14,

#01h,

22 (SP) ;

’

30(sP);

’

rnapaMeTp KOMAaHIEL
napaMeTp azpeca
OTIIPaBUTE CTapPTOBYIO
IOCBUIKY M ampec
orTnpaBuUTb «0» mnisa
3anyrcu

KOEM IONTBEPXISHUA
(ACK)

OTHNPaBUTb KOI KOMAaHIEL
XKIOEM IONTBEPXISHUA
(ACK)

OTIIPaBUTL IIOBTOPAKLIME—
CA CTapTOBYI IIOCBUIKY
1 anpec

OTNPaBUTh «1» Ijidg
UTEeHUS

XIOEM IMOOTBEPXICHMA
(ACK)

OPYHATL OalT IaHHBX
OTIIPaBUThL HEINONTBEPX—
nenme (NACK)

OTIIPaBUTE CTOIMNOBYIO
IOCBUIKY

KOIMPOBATEL OaMT HOaHHBIX
B CTeK

BO3BpamaeT «1l» npu
YCIIEIIHOM 3aBeplLeHNN
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POP R13
POP R12
POP R11
POP R10
POP R15
POP R14
POP RO

POP R8

POP R7

POP SR

RET

,-*****************************************************

; IlpoTokos «YmMTaTb CJIOBO» 7

; BimaHMe Ha PEerucTphl: HeT
; BavgHMe Ha naMmaTb: CTek, MakcumyM 40 GamtT

; OnmcaHue lar HanpasJsieHre
; crapT (start) jZic]
; ampec (address) bZic]
; yTeHue/3anmcek (R/W) 3

; nonTBepxneHre (acknowledge) B ?

; koMaHzma (command) jZic)
; noareepxaeHre (acknowledge) B ?

; crapT (start) us3
; anpec (address) jZic)
; uTeHMe/3anmck (R/W) jZic)

; noareepxaeHre (acknowledge) B ?

; maHHBle (data) B ?
; nonTBepxneHre (acknowledge) B ?

; naHHele (data) B ?
; noareepxaeHre (acknowledge) B ?

; cron (stop) us

; IlapaMeTpEl B CTeke

; bmar ommbxmerror flag milamuas ofJlacTb NaMaTU
low mem

; Milamumi 6amT

;  IOAHHBIX low data byte

; CcTapumi OamT

; HOaHHBIX high data byte

; KoOMaHIa command
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’

ampec

cTapumas o0JaCThb NaMATHU
high mem

PUSH
PUSH
PUSH
PUSH
PUSH

CALL
POP

POP

ADD

POP

CMP
Jz

#00h
#00Bh
#008h
#00h
#00h

#rwp
R10

R11

#04h, SP

RO

#00h, RO
error

; MecTO IJid KoJa OUMOKM
; IIOMECTUTH aIpecC B CTeK
; KOI KOMaHIEl “‘TeMiepa-—
; Typa barapeun”

; 3ape3epBUpPOBaTL OamT

; [OI INPpMHMMaeMele IaHHBE
; Bapes3epBUpPOBATH OanT

; [OI MNPpMHYMAaeMble IaHHBE

; TIepeMeCcTUTb IaHHBE
; B R10

; IepeMeCTUTh OaHHBIe
; B R11

; OCBODOIMUTHL MECTO,

; 3aHMMaeMoe KOMaHIIOM
; U aIpecoM

; UMTaThb U3 CTeKa KOI
; OUMOKM

; ouMOOUHOE 3aBeplleHre —
; BEI3OB OOpaboTuMmKa
; ommbOOoK

,-**k***‘k*k******k**k****k***‘k***‘k************‘k***‘k*********

rwp

238

PUSH
PUSH
PUSH
PUSH
PUSH
PUSH
PUSH
PUSH
PUSH
PUSH
MOV.B
MOV.B
CALL

CALL

SR

R7

R8

R9

R14

R15

R10

R11

R12

R13
26(SP), R8
28 (SP), R7
#sbit

#sendzero

; rapamMeTp KOMaHJIE

; rapamMeTp ampeca

; OTHNPaBUTL CTAPTOBYIO
; TIOCBUIKY ¥ ampec

; oTnpaBuTh «0» misa
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; 3anmucu
CALL #ack ; KIOEM MOOTBEPXICHUA

i (ACK)
CALL #sbyte ; OTINPaBMTL KO KOMAaHIEBL
CALL fack ; KOEM IMOOTBEPXICHUA

i (ACK)

CALL #rsbit OTIPaBUTh IIOBTOPAKILME—
CsS CTapTOBYI IIOCBUIKY
¥ anpec
CALL #sendone ; OTHIPaBUTb «1» Ojsd
; UTeHUus
CALL #ack ; XKOEM MNOOTBEPXICHUA
7 (ACK)
CALL #rbyte ; NPMHATbE MIamaum OanT
; IaHHBIX
MOV.B R14, 22(SP); COXpaHMUTb MIamumi OamT
; IaHHBEIX B CTeKe

~e NeoNe

CALL #sack ; KOEM MOOTBEPXICHUA
i (ACK)

CALL #rbyte ; NPMHATbH CTapumit OamT
; IOaHHEBIX

CALL #nack ; OTINPaBUTL HENOATBEPX—
; nmenume (NACK)

CALL  #pbit ; OTINPaBUTL CTOIOBYI
; IOCBUIKY

MOV.B R14, 24 (SP); COXpaHMUTH cCTapumy OamnT
; IAHHBEIX B CTEKe
MOV.B #01h, 30(SP) ; BO3BpamaeT «1» Ipu
; YCIIEUIHOM 3aBeplUeHUN

POP R13
POP R12
POP R11
POP R10
POP R15
POP R14
POP R9

POP R8

POP R7

POP SR

RET

;*****************************************************

; HpoTokon «3amuch Ojoxa» 8

’

; BrmmaHwme Ha PermMCcTpel: HET
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; BimdgHue Ha naMAaTbh: CcTek, MakcumyMm 40 Gant,
; OJIOK MaMAaTu

; OnmcaHue Iar HanpasJsieHne
e
; crapT (start) bZic]

; ampec (address) jZic]

; ureHne/3anmce (R/W) nus

; nonTeepxneHyre (acknowledge) B ?

; KoMaHIa (command) jZic]

; noareepxaeHre (acknowledge) B ?

; cuérumk BamT (byte count) jZic)

; nonTeepxneHre (acknowledge) B ?

; naxHHele (data) jZic]

; noareepxneHre (acknowledge) B ?

7

; nauHele (data) B ?

; noareepxaeHre (acknowledge) B ?

; naHHele 1 ACK NOBTOPAKTCA N pas
; cron (stop) jZic)

; IllapaMeTpEl B CTEke

; Quar ommbOxmerror flag Mlagmas obJlacTh NaMATH
low mem

; Cuérumk OanT byte count

; ykKasaTejb OJioKa block pointer

; KOMaHIa command

; azmpec address cTapuas obJjlacTh IaMsaTu
high mem

; PUSH #00h ; MEeCTO IJIS KoIa OUMOKM’
; PUSH  #00Bh ; IOMECTUTL ampeC B CTEK
; PUSH #0020h ; KOI KOMaHIEl “‘TeMiepa-—
; Typa barapeu”
H PUSH #00550h ; ykKaszaTeJlb Ha HauvajJlo
; OJoka
; PUSH  #00h ; 3apesepBUPOBATHL OauT
; [IOJ CUETUUK
; CALL #blkw
; POP R10 ; TIepeMeCTUTb IaHHBE

; B R10
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; ADD
; POP
; CMP
; Jz

#06h, SP
RO

#00h, R9
error

’
’

’

UyTaTh M3 CTeKa KOJI
oumoOKM

OoUMOOYHOE BaBepleHMe —
BHIBOB OOpaboTunka
(SliiiZiele):N

PR R R e I e I e S S S I I S I b I S I I I S I I S S I b S S b S S b b S S b
’

blkw

PUSH
PUSH
PUSH
PUSH
PUSH
PUSH
PUSH
PUSH
PUSH
PUSH
MOV.B
MOV.B
MOV
MOV.B

CALL
CALL
CALL

CALL
CALL

MOV.B

CALL
CALL
blk rep MOV.B

CALL
CALL

INC
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SR
R7

RS

RO

R14
R15
R10
R11
R12
R13

26 (SP),
28 (SP), R7
24 (SP), R9
#00h, R15

R8

#sbit
#fsendzero
#ack

#sbyte
fack
22 (SP), R8

#sbyte
#ack
0(R9), R8

#sbyte
#ack

R15

’
’
’

’

~.

rnapamMeTp KOMaHZIE
napamMeTp ajpeca
CTapTOBBIL azpec OJioka
UMKJIMYUECKMM OaNTOBBI
CUETUMK

OTIPaBUTL CTAPTOBYIO
IOCBUIKY M aZpec
ornpaeuUTb «0» g
3anmcu

KIOEM IMOIOTBEPXICHUA
(ACK)

OTIIPABUTH KOI KOMaHJIE!
XKIOEM IONTBEPXIOSHUA
(ACK)

KONMMPOBATE CUETUUK
BanT

OTIPABUTH CUETUMK OamT
KIOEM IONTBEPXICHUA
(ACK)

rnepenaTb IaHHHE

n3 OJIoKa

OTHPABUTEL OaMT IaHHBIX
XIOEM IMONTBEPXISHMS
(ACK)

VHKPEMEHT CUETUMKa
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; TIOJIOXeHMdA OJioKa

INC RO ; MHKPEeMEeHT yKasaTejs
; OJoka

CMP 22 (SP), R15; mnpoBepkxa 3aBepleHUs
; IAaHHBIX

JINZ blk rep ; TIOBTOP OO 3aBeplIeHMA

CALL #pbit ; OTINPaBMTL CTOIIOBYIO
; TIOCBUIKY

MOV.B #01h, 30(SP) ; Bo3BpamaeT «1» mOpu
; YCIEHOM 3aBeplieHnn

POP R13
POP R12
POP R11
POP R10
POP R15
POP R14
POP R9

POP R8

POP R7

POP SR

RET

,-*****************************************************

; IpoToxosn «UreHume OJoxa» 9

; BiMaHMEe Ha PETMCTPHI: HET
; BimghHume Ha maMaTbh: CTek, MakcumyM 40 Gamnt,
; OJIOK [aMaTu

; Onmcanme llar HamnpasJiieHue
; crapT (start) us
; anpec (address) jZic)
; 3anmcek (W) jZic]
; noareepxaeHre (acknowledge) B ?

; KoMaHnma (command) us
; nonTBepxneHre (acknowledge) B ?

; crapT (start) jZic]
; ampec (address) bZic]
; uyreHne (R) 3
; nonTBepxneHyre (acknowledge) B ?

; cuérumk OanT (byte count) B ?
; noareepxreHre (acknowledge) us

; maHHBle (data) B ?
; nonTeepxneHre (acknowledge) n3
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; naHHele 1 ACK moBTOpSAKRTCA N pas
; HenonreepxieHre (NACK) us

; cron (stop)

; IlapaMeTpel B CTeke

; Qnar ommbCkuerror flag

; cuérupk GamT byte count

; ykaszarejb OJoka block pointer
; KOMaHIa command

; azmpec address

; PUSH #00h

; PUSH #00Bh

; PUSH #0020h

; PUSH #00550h
; PUSH #00h

; CALL #blkr

; POP R10

; ADD #06h, SP
; POP R9

; CMP #00h, R9
; JZ error

mus3

Mianmas obJjacTh NaMaTu
low mem

cTapumas oBJacCThb NaMATHU
high mem

MECTO IJid KoIa OWMOKM
IIOMECTUTL aIpecC B CTEK
KOJI KOMaHIBl “TeMIepa-—
Typa OaTapeu”
ykKaszsaTeJyib Ha Hadajio
BJioKa

3apesepBUPOBATL OamT
104 CUYETUMK

[IepeMEeCTUTb CUETUMK
B R10

yMyTaTh M3 CTeKa KOOI
OommMOKIM

ouMOOYHOEe BaBepleHre —
BEI3OB OOpaboTumka
OUMOOK

,-*****************************************************

blkr
PUSH SR
PUSH R7
PUSH R8
PUSH R9
PUSH R14
PUSH R15
PUSH R10
PUSH R11
PUSH R12
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lll. UuTepdberic ¢ BHELIHUMY YCTPOHCTBAMHU

rblk rep

blk done

244

PUSH
MOV.B

MOV.B
MOV.B
MOV
CALL
CALL
CALL

CALL
CALL

CALL

CALL

CALL

CALL
MOV.B

CALL

CALL
MOV.B

INC

INC

CMP

Jz
CALL

CMP

JINZ
CALL

R13
#00h, R15

26 (SP), RS
28 (SP), R7
24 (SP), RS
#sbit

#sendzero

#ack

#sbyte
#ack

#rsbit

#sendone
#ack

#rbyte
R14, 22(SP)

#sack

#rbyte
R14, 0 (R9)

R15
RO
22(SP), R15

blk done
#sack

22 (SP), R15

rblk rep
#nack

’

LMKJIMUECKUM OalTOBLIM
CUETUUK

napamMeTp KOMaHJIb
napamMeTp ampeca
CTapTOBBIL azpec OJoka
OTINPaBUTL CTAPTOBY
TIOCBIIKY ¥ ampec
ornpaBuTh «0» mysg
3anucu

XIOEM MOOTBEPXIEHUS
(ACK)

OTIPABUTE KOI KOMAaHIIE
KOEM MOATBEPXIOEHMSA
(ACK)

OTIPABUTL ITOBTOPSANIIE—
CS CTapTOBYI IOCHUIKY
n azpec

OTIPABUTEL «1» mjisa
UTEeHUS

KIOEM IONTBEPXIOSHUA
(ACK)

TIOMECTUTH CUETUMK

B CTekK

OTMNPaBUThL [IOOTBEPXIEe—
Hue (ACK)

OPMHATE OanT OaHHBIX
IepeMeCcTUThb IOaHHBE

u3 BJoKa

VHKPEMEHT CUETUMKA
NoJIOXeHmsa OJIioKa
VMHKPEMEHT yKaszaTess
BJioka

NpoBEepKa 3aBEepleHNI
IaHHBIX

[IOBTOP LO 3aBepleHMUS
OTINPaBUTh [IOOTBEPXIe—
Hue (ACK)

IpoBEepkKa 3aBepleHUS
IaHHBIX

IIOBTOP IO 3BaBepleHMs
OTINPaBUTh HENOATBEPX—
neHme (NACK)
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CALL

MOV.B

POP
POP
POP
POP
POP
POP
POP
POP
POP
POP
RET

#pbit
#01h,

R13
R12
R11
R10
R15
R14
RO
R8
R7
SR

30(SpP) ;

; OTIPaBUTb CTOIOBYIO
; TOCBUIKY

BO3BpamaeT «1» npm
; YCIIEWHOM 3aBeplUIeHUN

PR e e i I S e I e S S S S S I S A I b I S I b S S I b S SR S b b S b b b S b b b S
’

; HomnmporpaMMel HWKHEI'O YPOBHS,

; TIPOTOKOJIOB

obupe g BCex

,-*****************************************************

;*****************************************************

; OTIIpaBKa CTapTOBOIZ IIOCJIeNOBATEJIBHOCTM UM alpeca
KRR KK Kk Kk ok ok Kk ok ok kK Sk ok ok ok kK ok ok kK ok ok ok kK ok ok ok Kk ok ok ok kR ok ok

; KOTIIYCTUTB» obe JMHUMU

#DNC, DIR

#05h, R10

MOV.B 1IN, RI11

#DNC, R11
#DNC, R11

busy
R10
wait

sbit
BIC.B
; TPOBEpPKa OCBOOOXIEHMS UIMHEL
MOV
wait
AND
CMP
JINZ
DEC
JINZ
rsbit

BIC.B #DNC, DIR

; cuérumk Ha 50 MmMKpoce-
r KyHIO

; KOIMPOBATH COCTOsSHUE
; BxXomoB B R11

; Macka BXOIOB

; ecym JsmHuM SDA miau

; SCL B Jjior. «0O»TO mmHa
; BaHaTa

; IOEKpEeMeHT CUéTurKa

; DOIIOJIHUTEJILHOE
; OCBOOOXIEHME JIMHUM C
; LeJIbI0 MCIIOJIb30BaHMUsA
; DTOM Xe IMOIONPOTPaMMEL
; IJI9 KOMaHIEBl [IOBTOPSI0—
; Hmerocs crapTa

; OTHIpaBKa CTapTOBOM I[IOCJIENOBATEJIbHOCTU
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BIS.B

BIS.B
; oTmpaBka ampeca

MOV.B

MOV.B

ashift RLA.B

MOV.B

AND.B

CMP.B
JINZ
CALL
JMP
CALL
DEC
JINZ

one
zZero

RET

#SDA, DIR
#SCL, DIR

#07h, R13
R11

R7,
R11

R11, R12

#080h, R12

#00h, R12
one
#sendzero
zero
#sendone
R13
ashift

~e

Ne Ne Ne N

~e Ne N

cuéTumyk Ha /7 OuT
azmpeca

KONMMpoBaThk azpec B RI11
CIBUT' BJIEBO, MNPV 3TOM
C3P 7-BUTHOTO

anpeca OynoeT HaxXOOUThb-—
ca Ha 7-M [Do3uLUMU
CKONMPOBATbL €TI0 OJIid
BO3MOXHOCTM MaCKMpOBa-—
Hysa 0es3 noTepy HOaHHBIX
MacCKUpPOBaTbk BCe OWTH
kpoMe C3P

cpaBHUTL C 0

OTHPAaBUTE «1»

oTnpaBuUTh «0»
IOeKpEeMeHT CUéTurKa
ecim cuérumk <7 OuT,
IOBTOPUTE CHBUT

,-*****************************************************

; INIOOTBEPXIeHVE
; u busy

(ACK)

He IPUMHATO,

ornpaeuTbk STOP

,-*‘k****k*************k***‘k****************‘k***‘k***‘k*****

CALL
ADD

sbusy

MOV.B #00h, 28(SP);

POP

POP
POP
POP
POP
POP
POP
POP
POP
POP

246

#pbit
#02h, SP

R13

R12
R11
R10
R15
R14
R9
R8
R7
SR

’
’
’
’
’

’

ornpaeuTe STOP m Dbusy
YIOAJUTh IaHHBEE U3 CTe—
Ka, TaK KaK MHCTPYKLMUA
RET He wmcrnojbzoBajiaChb
KO OImMOKM
BOCCTaHOBJIEHM/E PEeIuCT-—
pPOB
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RET
;**********‘k**‘k****‘k********‘k*************************
; ObpaboTka cocTosaHMsA 3aHaToCcTM (busy)
;*****************************************************
busy3 ADD #06h, SP ; YOAIUTH JIMIIHME IaHHEE

; OT IIOANPOIPaMM
; sendone uim sendzero
busy ADD #02h, SP ; YIOAJIUTb JIaHHBE
; U3 CcTeka, TakK Kak
; uHCTpykUuusa RET
; HEe MCIOJIb30Bajiachb
MOV.B #00h, 28(SP) ; xom oumdKwu

POP R13 ; BOCCTAHOBUTH PEI'VCTPEL
POP R12
POP R11
POP R10
POP R15
POP R14
POP RO
POP R8
POP R7
POP SR
RET

;*****************************************************

; OrnpaBuTh «1»
,-**‘k****************************‘k***‘k************‘k***‘k

sendone PUSH R10

PUSH R11

BIC.B #SDA, DIR ; yCTaHOBUTL JIOT'. «1»
; Ha JmHMM  SDA

BIC.B #SCL, DIR ; YCTAQHOBUTBL JIOT'. «1»

; Ha JmHum  SCL
; TIPOBEpKa YyIJMHEHMS TaKTOBOT'O CUTHAaJa
; (clock low extending), uTOOB He OIepexaTb BeIOMOE
; YCTPOMCTBO

MOV.B #04h, R11 ; YCTaQHOBMTB UMCJIO TaK-—
; TOB IJII BEPHOT'O BpeMe-—
; HM

clkext MOV.B 1IN, R10 ; TIpOBEpKa UMHE

DEC R11

JZ busy3 ; apbuTpax — BpeMd
; MCTEKJIO

AND.B #SCL, R10 ; mnpoBepkxa JmHum SCL

JZ clkext
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; apburpax: ybemmMTbCsd, YTO Ha JMHMM SDA
; OEMICTBUTEJIBHO JIOT'. «1», MHauye IPHOPUTET
; oTmaéTrcsa OpyTOMy BemOylleMy YCTPOMCTBY

MOV.B 1IN, R10 ; TIPOBEPKAa UIMHE

AND.B #SDA, R10 ; MackupoBaTh BCE,
; KpoMme SDA

JZ busy3

BIS.B #SCL, DIR
MOV.B 1IN, RI10

ocBobomuTe JiHMIO SCL
ornpenesieHye I1OBTOPS—
; WEVCs CTapTOBOM IOCJe-—

’
’

; IOBATEJIbHOCTU
AND.B #SDA, R10

Jz busy3

POP R11

POP R10

RET

,-*****************************************************

; OrnmpaBuTb «0»
,-*‘k‘k***‘k*******‘k‘k**‘k‘k**‘k‘k***‘k***‘k*******‘k********‘k***‘k

sendzero
PUSH R10
PUSH R11
BIS.B #SDA, DIR ; BBICTABUTL JIOT'. «0O»
; Ha JmHMM SDA
BIC.B #SCL, DIR ; BBICTABUTL JIOT'. «1»

; Ha JimHmuM SCL
; IpoBepKa yIJIMHEeHMs TaKTOBOT'O cmurHana (clock low
; extending), uTOOH He OlepexaTh BeIoMOe YCTPOMCTBO

MOV #04h, R11 ; cuéTumMk BpEeMeHU
; nepexoma SCL B «1»
clke MOV.B 1IN, RI10 ; TIPOBEpPKa UMHEI
DEC R11
JZ busy3 ; apbuTpax — BpeMd
; VICTEKJIO
AND.B #SCL, R10 ; mpomepka JmHuM SCL
JZ clke
BIS.B #SCL, DIR ; ocBobomuTb JmHuo SCL
POP R11
POP R10
RET

;*****************************************************

; Oxmpmanme nonreepxneHmsa (ACK)
,-~k~k~k****************k‘k*~k~k~k*****************************

ack
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BIC.B #SDA, DIR ; BHCTaBUTb JIOT'. «1»
; Ha JuHMM SDA
BIC.B #SCL, DIR ; BEICTABUTL JIOT. «1»

; Ha JmmHum SCL
; NpOBepKa yIJIMHEHMs TaKTOBOT'O curHalla (clock low
; extending), YTOOH He olepexaTb BeIOMOE YCTPOMCTBO
; MOV #008h, R11 ; curumk Ha 2?50 MKC
MOV #02FFh, R1l; yIJMHEHHBIT CUETUUK
; nna Sarapen PS100Z2-200

clkex MOV.B 1IN, R10 ; TIpOBEpKa UMHE
DEC R11
JZ busy ; apbuTrpax — BpeMs
; MCTEKJIO
AND.B #SCL, R10 ; npoeepka JmHUM SCL
Jz clkex

; oxmmanme nonTBepxneHus (ACK) (SDA nepexommT B JIOT.
;5 «0»)

MOV #05F6h, R11; cué&Tumk TanMayTa IJid

; NACK
wack

MOV.B 1IN, R10 ; TpOBepKa UMHE

DEC R11

Jz sbusy ; TamMayT NACK-—- otTmnpa-
; BUTb OMT P M INOBTOPUTH
; TIONBITKY

AND.B #SDA, R10 ; MaCKupOBaTb BCE, KpOMe
; SDA

JINZ wack ; npméM ACK MM OXmIoaHue
; TanMayTa

BIS.B #SCL, DIR ; BEICT@BUTL JIOT'. «0»

; Ha JimHum SCL
RET

,-*****************************************************

; Ornpaeka CTOIOBOM I[OCJIeNOBaATEJIbLHOCTU
KRR KK Sk Kk ok ok kK ok ok ok Kk ok ok ok Kk ok ok kK ok ok ok kK ok ok ok ok ok ok ok ok R kR ok

pbit

BIS.B #SDA, DIR ; BBICT@BUTH JIOT'. «0»
; Ha JwmHMmM SDA

BIS.B #SCL, DIR ; BEHCTaBMUTHL JIOT'. «0»
; Ha JwmHMM SCL

NOP

BIC.B #SCL, DIR ; BBICTABUTBH JIOT'. «1»
; Ha JmHMuM SCL

NOP
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BIC.B #SDA, DIR ; BHCTaBUTb JIOT'. «1»
; Ha JimHMM SDA

RET
,-*k*k****************k*k‘k******k*‘k*k************************
; OrnmpaBka OanTa (MCHONB3YITCS Takxe sendzero
; 1 sendone)
,-*****************************************************
sbyte
; OTmpaBKa HOaHHBIX

MOV.B #08h, R13 ; cuérumk Ha ?50 MkC

MOV.B R8, R11 ; KOIMPOBATH JIAHHEE
; B R11
dshift
MOV.B R11, R12
AND.B #080h, R12 ; MackupoBaTb BCe OWUTH,
; Kpome C3P
CMP.B #00h, R12 ; cpaBHuTrs c 0
JINZ on
CALL #sendzero ; OTHPaBUTH «1»
JMP zer
on CALL  #sendone ; oTnpaBUTb «0»
zer
RLA.B RI11 ; CHOBUTI BJIEBO, OTIPAaBIIg—
; eme1 OuT B C3P
DEC R13 ; IEKPEMEeHT Cu&TuMKa
; Ha 8

JINZ dshift
RET
PEKKKKKKK KKK KKK KKK KKK KKK KKK KKK KKK KKKk KK KK XXX KKK

; lpuém Gamra
,-**k‘k****************k*k**k*k******************************

rbyte
MOV.B #08h, R12 ; CuéTumkK Ha 8 OuT
; IOaHHBIX
BIC.B #SDA, DIR ; BLHICTABUTL JIOT'. «1»
; Ha JuHMM SDA
rrep

BIS.B #SCL, DIR ; BEICTA@BUTHL JioT. «0»
; Ha JmHMM SCL

BIC.B #SCL, DIR ; BBICTABUTHL JIOT'. «1»
; Ha JguHMuM SCL

MOV #0035h, R13; yOIMHEHHBEIT CUETUUK IIJIS
; Barapem PS100Z-200

; YIJIMHEHME TaKTOBOT'O
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; curHala
clkxtn MOV.B 1IN, R10 ; TIpOBEpKa UMHE
DEC R13
JZ busy ; BEIXOI IIO TamMayTy
AND.B #SCL, R10
JZ clkxtn ; oxmmaHme, ecyam SCL
; He «1»
MOV.B 1IN, R10 ; TIPOBEpPKa UMHE
RLA.B RI11 ; move over for input
; as LSB
AND.B #SDA, R10 ; npomepka SDA
JZ inzero
BIS.B #01h, R11 ; YCTAHOBUTH «1» B M3P
inzero DEC R12
JINZ rrep ; MNPOIOJIKeHME IJId OCTaB-—
; memncsa yacTtu Oamra
MOV.B R11, R14 ; KOIMPOBaHME OaHHEIX
BIS.B #SCL, DIR ; BEICTA@BUTL JIOT'. «0»
; Ha JguHMu SCL
RET

;*****************************************************

; Ornpaeka HenonreepxneHusa (NACK)
,-**k***************************************************

nack

clkn

BIC.B #SDA, DIR ; BEICT@BUTL JIOT'. «1»
; Ha JwmHMM SDA

BIS.B #SCL, DIR ; BHICTABUTL JIOT'. «0»
; Ha JumHum SCL

BIC.B #SCL, DIR ; BBICTABUTBH JIOT'. «1»

; Ha JuHMuM SCL
; IpOBepKa YIUIMHEHMI TaKTOBOI'O CUI'Haja
; (clock low extending), uTobrl He ornepe-
; XKaTb BeIOMOe YCTPOMCTBO
; XIEM YCTaHOBKM «1» Ha JmHMM SCL
MOV.B 1IN, R10

AND.B #SCL, R10 ; npoBepka JmHum SCL
JZ clkn

BIS.B #SCL, DIR ; «ornycTuTb» SCL
RET

;*****************************************************

; Ornpaeka nonreepxneHmsa (ACK)
;*****************************************************

sack

; KOEM, IIOKa BEIOOMBIM «OTIIYCTUT» JIMHMIO SDA

bubnuoteka Komnana 251




? Texas
INSTRUMENTS

lll. UuTepdberic ¢ BHELIHUMY YCTPOHCTBAMHU

MOV #000Fh, R11l; cuéruumk Ha 250 MKC
swaita MOV.B 1IN, R10 ; NpOBepKa UMHEL

DEC R11

JZ busy

AND.B #SDA, R10 ; mnpoeepka SCL

JZ swaita

BIS.B #SDA, DIR ; nepeectu SDA B «0»

BIC.B #SCL, DIR ; mepeBects SCL B «1»

MOV #000Fh, R11l; cuérumk Ha 250 MKC
swait MOV.B 1IN, R10 ; [pOBepKa UMHEL

DEC R11

JZ busy

AND.B #SCL, R10 ; mnpoeepka SCL

JZ swait

BIS.B #SCL, DIR ; nepeBectr SCL B «O0»

BIC.B #SDA, DIR ; KOTIIYyCTUTbB» SDA

RET
;——— oumcrka KKf-—-———-"="=""""—"——— e —
show clr

MOV #15, r5 ; OUMCTKAa OUCILIENHOM

; naMsaTH

show clrl

MOV.b #0, LCD1-1(r5)

DEC r5

JINZ show clrl

RET

ek k Ak hhkhkrhhkkhkrhkkhkdxhkhkkxhkkxk
’

; Onpenesnienma nna XKU
,-************************

LCD TYPE
; ———XKI Mmonyinsa STK/EVK

a .equ 0lh

b .equ 02h

c .equ 10h

d .equ 04h

e .equ 80h

f .equ 20h

g .equ 08h

h .equ 40h

;——— OmnpenesieHrsa CUMBOJIOB

LCD Tab .byte atbt+ctdte+f;

.byte b+tc

.byte atb+d+te+g

252

hhkkhhk kA hh kA rhkhkhkrhkhkhkrhkhkkhkxhkhkk*xx

kA Ak hhkkhkhhhkkhkhkrhkkhkhkrhkkhkhkrhkhkkhrkkhkkxx

oTobpaxaer 0"
oTobpaxaeT 1"
oToOpaxaeT 2"

’

’
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.byte atb+c+d+g ; orTobpaxaeT “3”
.byte btct+f+g ; oTobpaxaeT 4"
.byte a+ct+d+f+g ; oTobpaxaeT ”5”
.byte a+ctd+e+f+g; orTobpaxaer 6”7
.byte atbtc ; oTobpaxaer 7"

.byte atbtct+dte+f+g ; oTobpaxaeT 8"
.byte atbt+ct+d+f+g; oTobpaxaer 9"

.byte 0 ; oTobpaxaeTr ”:” mycTom
.byte g ; orobpaxaer ;" -
.byte atdte+f ; oTobpaxaerT “<” [
.byte d+g ; oToOpaxaeT ="

.byte atbtc+d ; oTobpaxaetr ">" ]
.byte atbte+g ; oTobpaxaeT 2?7

.byte at+bt+d+e+f+g ; oTobpaxaer “@”
.byte atbt+ctet+tf+g ; orTobpaxaetr "A”

.byte ct+dt+te+f+g ; orobpaxaer “B” b
.byte atdte+f ; oTobpaxaer “C”
.byte btct+d+etg ; oTobpaxaer “D” d
.byte atdt+e+f+g ; orobpaxaer "E”
.byte atetf+g ; oTobpaxaer "F”
.byte at+btc+d+f+g ; oTobpaxaer ”“G”
.byte btctet+f+g ; oTobpaxaer "“H”
.byte b+c ; orobpaxaeTr “I”
.byte Dbtct+d+e ; oTobpaxaer “J”
.byte 0 ; oTobpaxaer K"
.byte dt+e+f ; orobpaxaeTr “L”
.byte atbtctet+f ; orobpaxaer “"M”
.byte ctetg ; orobpaxaer “N” n
.byte ctdte+g ; oTobpaxaer “0” o
.byte atbt+e+f+g ; oTobpaxaer "“P”
.byte 0 ; oTobpaxaeT ”“Q”
.byte e+tg ; orobpaxaer "R” r
.byte a+c+d+f+g ; orobpaxaer ”S”
.byte dtet+f+g ; oTobpaxaer “T” t
.byte ctd+te ; oTobpaxaer “U” u
.byte 0 ; oTobpaxaer V"
.byte 0 ; oTobpaxaeT "W
.byte 0 ; oTobpaxaeTr ”X”
.byte btct+d+f+g ; oTobpaxaer "Y”
.byte atb+d+te+tg ; oTobpaxaer "Z” 2
LCD Tab End
.even

,-*****************************************************

; BexTopa NpepEBaHUM
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ehk kA hkh kA hhk kA hhk kA hhk kA hhk kA hh kA rh kA rhhkhkrhkhkhkrhhkhkrhhkkhkxhkkx*x
’

;.sect “Int Vect”,O0FFFFh-1 ; ©e3 mporpammel

; MOHMTOpPAa
; .word RESET ; POR, BHem.
; Reset,
; Watchdog
; .end
.sect ”“Int Vect”,05FFh-1 ; C IpoTrpaMMOM
; MOHMTOpPAa
.word RESET ; POR, BHew.
; Reset,
; Watchdog
.end

Mpunoxenue D. lMporpamma BefoMOro ycTpoicTea wuHbl SMBus

ehk kA hkh kA hhk kA hhk kA hhk kA hhk kA hhk kA dkh kA rhkhk kA rhhkhkrhhkhkrhhkhkrhkhkkx*
’

; IlporpamMMa BeIOMOT'O YCTPOMCTBa WMHE SMBUS
,-*****************************************************

USER END .set OFFFFh

Device .set 325
;——— OnpemesieHVs yNpaBJAgOIMX PEeIMCTPOB————————————=———
SRE .equ Oh
IEl .equ Oh
IE2 .equ 0lh
IFG1 .equ 02h
IFG2 .equ 03h
WDTCTL .equ 0120h
WDTHold .equ 80h
WDT wrkey .equ 05A00h
CPUOFF .set 10h
OSCOFF .set 20h
;llopT PORT O

POIE .equ 015h
PODIR .equ 012h
POIN .equ 010h
POOUT .equ 011lh
POIES .equ 014h
POIFG .equ 013h
;llopT port 2

P2IN .equ 028h
P20UT .equ 029h
P2IE .equ 02Dh
P2SEL .equ 02Eh
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P2DIR .equ 02Ah
LCD1 .equ 031h
LCDM .equ 030h
ouT .equ POOUT
IN .equ POIN
DIR .equ PODIR
SDA .equ 010h
SCL .equ 020h
DNC .equ 030h
; PacnosioxeHue TabamMLEI
Table .equ 0300h

;*****************************************************

; Reset : mHMLManIM3auMsa Npoleccopa
,-~k~k~k*~k~k~k**********************************************
.sect "onreset”,OFFFEh
.word INIT
.sect “intv”, OFFEOh
.word rbp
.sect ”MAIN”,0C000h
INIT
Lif Device = 325
MOV #03C0h, SP

.endif

Lif Device = 337
MOV #05D0h, SP
.endif

MOV # (WDTHold+WDT wrkey) , §WDTCTL
; OcTaHOBUTH CcTOpOXeBOM TamMep Watchdog

; Timer

; VHMUManmszauus nopTra port2
BIC.B #DNC, DIR ; Burel 1 m 0 - BXOOH
BIC.B #DNC, OUT ; YCTAQHOBUTL JIOT'. «1»

; Ha JsmHmax SDA m SCL
BIS.B #SDA, POIE ; pa3peumMTb [IPEPHEBaHUS

; o PO.4
BIS.B #SDA, POIES; mnpepelBaHue MO CHany
; Ha PO0.4
RESET
nready ;UMHA HE HAXOIMTCS B COCTOSHMM T'OTOBHOCTU
;/ HEeT CTapTOBOWM MNOCBUIKU
waddr ; BOBBpAT CoIa, €CJIM HEBEPHHBI alpec
; yCTpoMCTBa
MOV.B #000h, error ; cbpoc obmara
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OUMOKM

anpec = 55h
naHHele = 0%h
ofuee pa3z3peue-—
HYE I[PEPBIBAHUNA

MOV.B #055h, address
MOV.B #09%h, data
EINT

Ne Ne Ne Ne SN

,-*****************************************************

; Hauano mosib30BaTEsIbCKOM IPOTPaMMEL
,-*****************************************************

repeat
JMP repeat ; OXMIaHMe I[PEepPEBaHUA

;*****************************************************

; 3aBeplleHye I[10JIb30BaTeJIbCKOM MNPOTPaMMEL
,-*k‘k‘k‘k*k‘k‘k‘k*k*‘k**k*‘k‘k*k*‘k‘k******k‘k‘k**k*‘k‘k******‘k***********‘k*

;*****************************************************

; HnpuéMm BalnTa (3mechb oOpabaTeBaeTCsa NPEpPEBaHUE)
,-*****************************************************

rbp

;PUSH RI11 ; eCJM M3BEeCTHO, UYTO
; CcTapToBas IOCBUIKA
; IOJMTEeJIbHas, MOXHO
; DODaBUTH B3TU CTPOKMU

;PUSH RI12

;PUSH RI13

;PUSH R14

BIC.B #SDA, POIFG; oumcTuTh OJjar
; TpepBBaHus

,-*****************************************************

; NpoBepKa CTapTOBOM [IOCJENOBATEJIEHOCTU
;*****************************************************

wait2 MOV.B 1IN, RI11 ; KONMPOBATB COCTOAHMUE
; BxomoB B RI11
DEC R9
JZ done

AND #DNC, R11 MacCKUpOBaTbk BCe OWUTEH,
KpoOMe BXOIOB
ybenmMTeCcsa, UTO Ha
JuHuy SDA Jior. «0»

a Ha SCL Jjior. «1»

€CJIM HeT — OXrIaeM

CMP #SCL, RI11

JINZ wait?2

Ne Ne Ne Ne Ne N Ne N

wait3 MOV.B 1IN, R11 KONMPOBATHL COCTOSHUE
BxOHmoB B R11
DEC R9
JZ done
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AND #DNC, R11 ; MackKmMpoBaTh BCe OUTH,
; KpoMe BXOIOB
JINZ wait3 ; €CJIM HeT — OXuIaeM

,-*****************************************************

; CraproBasa MNOCJENOBATEJIbHOCTL [OJIydYeHa
,-*‘k‘k***‘k***‘k*******‘k‘k***‘k***‘k***‘k***‘k********‘k***‘k***‘k
MOV #007h, R13 ; cuérumk Ha 7 aIpPeCHBX
; ouT
MOV #0000h, R12; permcTp OJig COXpaHe-—
; HMA ampeca
taddr MOV.B 1IN, R14 ; ybemmTbCcsa, 4UTO Ha
; gy SCL jior. «0»
DEC R9
JZ done
AND #SCL, R14
JINZ taddr

addr MOV.B 1IN, R14 ; dTeHue [opTa

DEC RO9

JZ done

MOV.B R14, R11 ; KONMPOBaThb IaHHBEIE

AND #SCL, R14 ; MacCKupoBaTb BCe OWUTEH,
; kpoMmMe SCL

JZ addr ; XKOéMm JIor. «1» Ha SCL

AND #SDA, R11 ; MacKuMpoBaTh BCe OUTH,
; Kpome SDA

JZ szero ; ecim «0» — mpocTo
; COBUT

RLA.B R12 ; CIOBUI' BJIEBO

BIS.B #0001h, R12; ecmu «l» yCTaHOBUTH
; «1» B M3P m coBur
JMP sone

szero
RLA.B RI12 ; apubmMeTHMUecKMy CIOBUT
; Bieso ? 0
sone DEC R13 ; IeKPEMEeHT CU&TuMKa
JINZ taddr ; TIOBTOP, €CJIM MeHee
7 Bur

MOV.B address, R13 ; konmpoBaTh ampec
; ycTpormcTea B R13

CMP.B R13, R12 ; VM CPaBHUTbL €TI0 C IIpu-—
; HATBEIM aIpecoM

JINZ waddr ; [epexon, eCiM anpec
; HEeBEpPHHM

;*****************************************************
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; ampec NpaBUJIbLHEIL,

IPOOOJDKAEM

;*****************************************************

; dreHue 6ura R/W

rwait2 MOV.B
DEC
JZ
AND.B

JINZ
MOV.B
DEC
Jz
AND.B

rwait

Jz
MOV.B

AND.B

JINZ

IN, R11
R9

done
#SCL, RI11

rwait?2
IN, R11
R9

done
#SCL, R11

rwait
IN, R11

#SDA, R11

done

(uTenye/3amnmco)

’

xoém Jior. «0» Ha SCL

MaCKUpOBaTk BCe OWUTEH,
kpome SCL

XKOEM Jior. «1» Ha SCL

MaCKMPOBATEL BCe OWUTH,
kpoMe SCL

KOIIMPOBATL IaHHEE
n3 nopra
MaCKMPOBATL BCEe OWUTH,

KpoMme SDA
0 ecimm zammch, nepe-—
xom, ecyu 1 (uTeHue)

;*****************************************************

; OTnpaBuUThL OUT MNOOTBEPXISHUS
,-*‘k***‘k***‘k********‘k*******‘k****k**********************

MOV.B
DEC
JZz
AND.B

rwait3

JINZ
BIS.B

MOV.B
DEC
Jz
AND.B

rwaité

Jz
DEC
Jz
MOV.B
AND.B

rwaith

JINZ

258

IN, R11
R9

done
#SCL, R11

rwait3
#SDA, DIR

IN, R11
R9

done
#SCL, R11

rwaitd

R9

done

IN, R11
#SCL, RI11

rwaith

’

(ACK)

xmém Jior. «0» Ha SCL

MaCKMPOBAaTEL BCe OWUTH,
kpoMe SCL

nepesecTy JiMHMO SDA
B Jior. «0»

XOéM Jior. «1» Ha SCL

MAaCKMPOBAaTE BCe OWUTH,
kpoMe SCL

xném Jior. «0» Ha SCL
MacCKMPOBATL BCE OWTEH,
kpome SCL
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BIC.B #SDA, DIR ; «OTIIYCTUTBb» JMHMUIO SDA
,-********‘k‘k‘k***‘k***‘k****‘k*****************************

; TOTOB MPMHATH BamT
,-******‘k***‘k***‘k*******‘k‘k**‘k‘k***‘k***‘k***‘k********‘k****
MOV #008h, R13 ; cué&rumk Ha 8 OuT
IaHHBIX
MOV #0000h, R12; permcTp OIS COXpaHe-—
; HUA azpeca
tdat MOV.B 1IN, R14 ; ybemmTbCcs, 4YTO Ha
; gy SCL jior. «0»

~e

DEC RO

JZ done

AND #SCL, R14
JINZ tdat

dat MOV.B IN, R14 ; YMTaeM HOaHHBE U3 IIopTa

MOV.B R14, R11 ; KONMPYEM IaHHEBE

DEC R9

JZ done

AND #SCL, R14 ; MackupoBaTb BCe OWUTH,
; KpoMe SCL

JZ dat ; XOéMm Jior. «1» Ha SCL

AND #SDA, R11 ; MacKuMpoOBaTh BCe OUTH],
; KpoMme SDA

Jz szeroc ; ecou «0» — mpocTo
; CIOBUT

RLA.B RI12

BIS.B #0001h, R12; ecmu «l» yCcTaHOBUTH
; «1» B M3P m cOBur
JMP szerob

szeroc RLA.B R12 ; apubmMeTHUeCcKMM CIOBUT
; BJIEBO
szerob
DEC R13 ; IeKpPEMeHT CU&TuMKa
JINZ tdat
MOV.B R12, data ; xomnmpyeM B O3Y

,-*****************************************************

; OrnpaBuTs OuT nonmrBepxneHus (ACK)
,-*****************************************************

rwaite MOV.B 1IN, RI11 ; xoéMm Jior. «0» Ha SCL
DEC R9
JZ done
AND.B #SCL, R11 ; MaCKUpOBaTb BCe OWUTEH,
; kpoMmMe SCL
JINZ rwaité
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BIS.B #SDA, DIR ; mnepeBecTu JimHMo SDA
; B Jor. «0»

rwait? MOV.B 1IN, RI11 ; kxmém Jior. «1» Ha SCL
DEC R9
Jz done

AND.B #SCL, R11 ; MaCKuUpoOBaTb BCe OWUTEH,
; Kpome SCL

JZ rwait?

rwait8 MOV.B 1IN, RI11 ; xmém Jior. «0» Ha SCL
DEC R9
JZ done

AND.B #SCL, R11 ; MackupoBaTb BCe OWTH,
; KpoMe SCL

JNZ rwait8
BIC.B #SDA, DIR ; «OTHOYCTUTL» JIMHMIO SDA
done
; POP R14 ; eCJM M3BEeCTHO, UYTO
; CTapToBas IOCBUIKA
; IJIMTEJIbHAasS, MOXHO
; DOOaBUTb 3TU CTPOKMU
; POP R13
; POP R12
; POP R11
MOV #0FFh, RO
RETI

,-*****************************************************

; TepeMeHHEBe
;*****************************************************

address .equ 0248h ; ampec yCTpoMcTBa
data .equ 0242h ; OTHpabJigeMEle HOaHHBE
datin .equ 0244h ; TIPMHMMaeMble IaHHEBE
error .equ 0246h ; Gbrar oumbxm

Mpunoxenue E. Copepxumoe cpaiina ASCIl.txt

@B500

00 00 00 00 00O OO 0O 00 OO OO OO OO0 OO OO0 0O 00
00 00 00 00 00 OO 0O 00O OO OO OO 00O OO OO0 0O 00
00 00 00 00 00 OO 0O 00 OO OO OO 00O 0O 0O 0O 00
B7 12 8F 1F 3A 3D BD 13 BF 3F 00 00 00 00 00 00
00 BB BC A5 9E AD A9 3F BA 12 96 00 A4 B3 98 9C
AB 00 88 3D AC 94 00 00 00 3E 8F 00 00 00 00 00
00 BB BC A5 9E AD A9 3F BA 12 96 00 A4 B3 98 9C
AB 00 88 3D AC 94 00 00 00 3E 8F 00

Sl
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masa 7.

IrDA SIR xopep-aexogep
Ha MSP430C112
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INSTRUMENTS



i
le'r-ll;}%Jxﬁ?zNTs lll. UuTepdberic ¢ BHELIHUMY YCTPOHCTBAMHU

IrDA SIR kopep-aexkoaep Ha MSP430C112
Juergen Mayer [slaa044.pdf (Axrm.)]

B maHHoM npumepe NpUMEHEeHWs OMIUCbLIBAETCS WUCMOMb30BaHNE MUKPOKOH-
Tponnepa MSP430x112 B kayecTtse IrDA SIR komep-aekomepa. AnnapaTtHas 4actb
06CyX1aeTcsa Ha YPOBHE BII0K-CXEMbI U MPUHLMNMANLHOM cxembl IrDA moayns. Tak-
Xe 06Cy)XAAt0TCsA BONPOCHI NPOrpaMmMUpOBaHmMs 1 Npo6emMbl NONb30BaTENbCKOIrO
UHTepdoeiica. B npunoxenun A npuseneHa npuknagHas nporpamma IrDA kopepa-
Jekogepa.

1. BBepenue

Cnctembl nepefjayn JaHHbIX MO UHGIPAKPACHOMY KaHasy CBA3U MOSBUIUCH B
CBA3M C HEOOXOMMOCTBIO BeJleHNs 06MeHa [JaHHbIMU MEeXAY NepeHOCHbIMU KOM-
nbtoTepamu 1 nepucpepuitibiM 060pynoBaHuem. IrDA ctanfapT sBnsetcs felle-
BbIM W MPAKTUYECKUM MPOTOKOIOM Nepeaadn AaHHbIX N0 UHGIpaKpacHoOMy KaHany
CBA3N.

MSP430 — MOLLHbIN MUKPOKOHTPOSINIEP, CMOCOBHbIA BbIMOMHATL PasnnyHble
NpUKNagHble NPorpammsbl, B TOM YUCIE 1 pean3oBath NocneoBaTenbHblil NpoTo-
Kon nepefadn aanHbIx IrDA. MukpokoHTponnep nmeet 16- paspsigHyto apxuTekTypy
1 HU3KOE NOTPe6IIeHNe, Y4TO NO3BOSIAET eMYy BbINOHATL 0OMEH JaHHbIMU HA Cpef-
HUX U1 BbICOKUX CKOPOCTSX B CUCTEMAX C aBTOHOMHBIM NUTaHWEM. B laHHOM npume-
pe NPUMEHeHUs OMUCHIBAETCS MCMONb30BaHMe MUKPOKOHTponnepa MSP430x112 B
kadectse IrDA Koaepa-aekoepa, peanm3oBaHHOMoO Ha 0TnaaoyHoi IrDA nnare.

Mogyrnb IrDA npuemonepefarynka MoXeT UCMOSb30BaThCs Ans 06MeHa [aH-
HbIMU MeXy KomnbtoTepamu no RS232 nopty. [ns 3T0ro Kaxmablil KOMMbOTEp
JO/MKeH UMeTb CTaHAapTHbIN RS232 nopt v HekoTopoe 06bI4HOE TepMUHANbHOE
nporpammMmHoe o6ecreyeHue, Tmna nporpammbsl Hyperterminal, Kotopas umeercs B
onepauuoHHbix cuctemax Windows 3.11, Windows95 n WindowsNT.

lpuBeaeHHas npuknagHas nporpamMmma MOXET MCMOJb30BATLCA U Ha APYrux
MUKpPOKOHTponepax cemeinctea MSP430, comepxaluumx apaisepsl XKKI, aHanoro-
UMpoBble Npeobpa3oBaTeny 1 annaparHble YMHOXUTENN.

2. Texunyeckue Tpe6osanus K IrDA udtepcpency Ha pM3n4eckom
ypoBHE

TexHuyeckme TpedoBaHus K IrDA nHTepdoeicy Ha nu3n4eckom ypoBHe npej-
Ha3Ha4eHb! 419 onpejeneHns napaMeTpoB nonyaynnekcHoOro MHPaKpacHoro KaHa-
na CBA3M, NO3BOSIAOLLEr0 BECTM 06MEH AaHHbIMU Ha paccTofHus [0 1 M. TMonHbIi
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CTaHAapT TpebyeT BeAeHUs 06MeHa AaHHbIMI Ha ckopocTsax Ao 4 Méwut/c. OnHako, B
JaHHOM MpUMepe NMPUMEHEHNS Mbl PACCMOTPUM Nepefady JaHHbIX HA CKOPOCTAX OT
2.4 xout/cek no 115.2 k6ut/cek.

lMocnemoBatesNibHbIA MHGPaKpacHbIi uHTepdderc IrDA [omKeH UMETb MUHU-
MaJbHYIO MPOMYCKHYI0 CNOCO6HOCTb 9.6 KOUT/CeK. MapameTpbl CKOPOCTY MOTOKA 1
JNNTENBLHOCTU UMNYSbCOB NpUBELEHbI B Tabnuue 1.

Tabmya 1. Texun4yeckne Tpe60BaHNA K CKOPOCTH NOTOKA M [NINTENIbLHOCTH
umnynbca IrDA nutepeberica

IrDA PULSE IrDA PULSE IrDA PULSE

DATA RATE BIT TIME DURATION DURATION DURATION

MINIMUM NOMINAL MAXIMUM
2.4 kbit/s 416 ps 1.41 ys 78.13 ys 88.55 s
9.6 kbit/s 104 ps 1.41 ps 19.53 ps 2213 ps
19.2 kbit/s 52.0 us 1.41 ps 9.77 ys 11.07 ps
38.4 Kbit/s 26.0 s 1.41 s 488 pis 5.96 is
57.6 kbit/s 17.3 s 1.41 ps 3.26 s 4.34 s
115.2 kbit/s 8.68 us 1.41 s 1.63 s 2.23 s

MuHumansHaa AnuTeNbHOCTb UMNYNbCA A0MKHA ObITh Ta XE Camas, YTo U npu
nepefaqn LaHHbIX Ha ckopoctu 115.2 k6ut/cek. MpuynHa COCTOMT B TOM, YTO Ha
(husnyeckom yposHe IrDA nHTepdeiica MoXeT 6biTb Peanu3oBaHo [Ba BuAa UM-
MyNbCHOM MOAYNALMN: C JNTUTENBHOCTBIO UMMYNbca 61ta 3/16 unu ¢ MUHUMAanNbLHOI
JUTUTENbHOCTBIO UMMynbea 1.63 mc MuHyc gonyck 0.22 mc.

[Mpu nepefa4yn OaHHbIX HA CKOPOCTAX 40 115.2 KGUT/CEK HEeT HIUKAKOI HeobXo-
JMMOCTV NepesiaBarhb NOCNeA0BaATENbHbIA UHPAKPACHbIA UHTEPAKTUBHDIA UMNYILC
(serial infrared interaction pulse — SIP), KOTOpbI rapaHTMpOBan 6bl COBMECTUMOCTb
c 6onee meaneHHon VK cuctemoit. 310 NpoBOANT K YNPOLLEHUMIO CTPYKTYpbI IrDA
Kazpa npu paboTte Ha ckopocTsx 4o 115.2 k6uT/cexk.

[na ckopocTeli nepeaadn aaHHbIX 4o 115.2 KGUT/CeK 3NeKTPUYECKUIA CUTHAM K
MOZYNI0 KOZep-AeKoaepa nepesaetcs B BUAE NOCNeA0BATENIbHOr0 6UTOBOrO NOTOKA.
Norunyecknin 0 B 6uTOBOM NOTOKE NpeAcTasneH K umnynbcom ¢ QIUTENIbHOCTbIO,
yKa3aHHoi B Tabnuue 1, a norndeckas 1 nepuogom 6uta 6e3 VK nmnynbea.

BMTOBbLIA MOTOK MMEET KaApOBYO OpraHu3auunio. Kamp, Kak nokasaHo B pucyH-
Ke 1, Ha4MHaeTCca CTapToBbIM OUTOM, 3aTeEM CNeaytoT 8 MHAOPMaLMOHHBIX BUTOB, a
3aKaH4MBAETCS KaLp CTOMNOBbLIM GUTOM.
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CrapT UART Frame Tron
RS232 [ DUT UART Data Bits Bur
| L T 1 ]
IrDA - IrDA Frame
bl IrDA Pulse Duration
| [ 1 [
I e 12tbur

Puc. 1. 1rDA n UART kagpsl

Mo IrDA cTtaHpapty UK umnynbc Ha4MHaeTcs B LiEHTPe 6UTOBOrO nepuoga
VMeeT AnnTeNbHOCTb 3/16 ANNTENbHOCTI GUTOBOrO Nepruofa Ui UKCUPOBaHHYH
LNNTENbHOCTb, 3KBMBANEHTHYO 3/16 ANUTENbHOCTM GUTOBOMO Nepuoaa npu CKopo-
cTu nepedayn 115.2 kbut/cek.

Vicnonb3oBaHue OUKCUPOBAHHON ANNTENBHOCTI PEKOMEHAYETCS AN CHUXKe-
HIS NOTPEBIEHNs B CUCTEMAX C aBTOHOMHbIM MUTAHUEM.

3. MSP430x112 - MUKPOKOHTpONNEP CO CBEPXHU3KUM NOTpebnenuem
M MUHUMAJIbHBIMK (DYHKLMOHANbHLIMU BO3MOXHOCTAMM

MSP430x112 — 16-paspsagHblii MUKPOKOHTponnep cemenctea MSP430, nveto-
LLMIA CBEPXHM3KOE NOTPEBIEHIE U MUHUMATTbHBIE (DYHKLMOHANbBHbIE BO3SMOXHOCTMY,
pa3paboTaHHbIil AN NPUMEHEHNS B YCTPONCTBAX C aBTOHOMHbIM NUTaHNeM. Kaxabin
4JIeH 3TOr0 CEMeNCTBA MEET Habop pasnnyHbIX nepudepnitHelx Moaynein. B otim-
4ne OT BONBLUNHCTBA LPYTiX Y4neHoB cemelicTBa MSP430 3T0T MUKPOKOHTPONIEP He
umeeT Hu apansepa XKI, vy ALIM.

MSP430x112 cofepXXuT MOLLHBbIA 16-pa3psaaHblil TakMep C TPEMS PerucTpami
3axBaTa/CPaBHEHS, YeTbIpHAALATb JIMHIIA NOPTOB BBOLA-BbIBOAA W HOBbIA MOZYMb
aBTOreHepaTopa.

AsToreHepatop cnocobeH paboTtatb 6e3 BHELUHWX KOMMOHEHTOB C OfHUM
TO/MbKO HW3KOYACTOTHBIM (32 KI'L) Unu BbICOKO4ACTOTHbIM (80 6 MI'L) KBapLeBbiM
PE30HATOPOM WIN TaKTUPOBATHCA OT BHELLHEr0 MCTOYHMKA CUHXPOUMMYSbCOB C Yac-
ToTOI Ja 6 MIw.

4. IrDA xopep-pekoaep Ha mukpokoHTponnepe MSP430x112

4.1. Kpatkwii 0630p mogyna

Ha pucyHke 2 npusefeHa CTpYKTypHas cxem IrDA mogyns npuemonepegaryu-
ka. OCHOBOII MOAYNs ABNAETCA MUKPOKOHTPonnep MSP430x112, koTopbIii BbINON-
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HAET 3344 KOLMPOBAHMA W 1eKOAMPOBAHNS JAHHbIX, & TAKXXe 00MeHa AaHHbIMU N0
RS232 nntepdeitcy. Mukpocxema TSLM1100 o6ecrnedmBaeT Tpebyemblii noruyec-
Kuin nHtepdoeric mexxay MSP430 u K kananom cesasu. 31oT VIK npuemonepearymk
Cnoco6eH Ha (Hn3n4eckoM YpoBHe 06ecreymBaTh [ABYHANPABIEHHbIN NOMyAYNIeKkc-
HbIl IrDA nnTepdeiic sepcun 1.1. C LieNbio CHUXKEHUS NOTPE6eHNs B MOAYyne ycTa-
HOBJIEHA ANUTENBHOCTL UMNynbea 1.63 MKC.

MSP430x112
TSLM1100

IR Transmit l
Encoder
<: IR -
RS232 RS232 . o
Interface Transceiver

IR Receive
Decoder

Pue. 2. CTpyKTypHas cxema IrDA moayns

Mopynib MOXXET ObITb HENOCPECTBEHHO NOAKIOYEH K 00b14HOMY RS232 nopty
yepe3 pasvem Tuna DBIS. Beneactsue To0ro, 4to IrDA uHTepdeiic saBnseTca nony-
JYNNeKCHbIM, TO NOC/e copoca MOLY/b AO/MKEH ObITb MHULMANM3UPOBAH 15 pabo-
Tbl B KadecTBe [rDA npuMemHuKa unm nepeaaTyunka, Yto 1 onucaHo B pasgene 4.3.2.

4.2. Ynpasnarwowasa nporpamma MSP430x112
B crefytowiem paszene onucaHbl HEKOTOPbIE NMPO6eMbl MPOrpaMMupoBaHus
1 [eTanbHO 06CYXAeHbl BOMPOCH! UCMNONb30BaHus Momyns Tainmepa TIMER_A ana
KOAMPOBAHWA U JeKOLMPOBAHMS NOC/eL0BATENbHOr0 NOTOKA AaHHbIX.
3aKOHYEHHbIA NUCTUHT NPUKNAAHON NPOrpammbl Ans YNpaBastoLero MUKpo-
KoHTponnepa MSP430x112 npueeneH B npunoxexuu A.

4.2.1. 06wue Bonpochbl

Mocne copoca cuctembl MSP430 gomKeH 6bITb MHALMANU3UPOBAH. [py UHK-
uranusauu DCO moaynaums OTKIIOYAETCS, a BbICOKOYACTOTHbIA FeHepaTop WHU-
Umnanuampyetcs. 3T0 MO3BONSAET MOAKMOYATh K BbiBOAaM Xout 1 Xin KBapLeBbli
PE30HATOP C PE30HAHCHOI 4acToTOM 40 6 MIL. BbICOKOYACTOTHbIN reHepaTop dop-
MUPYET CUHXPOUMMYSbChI, UCMOMb3yeMble 1 Nepeaadyn nocnefoBaTesibHoOro no-
TOKa AaHHbIX. [NS CHKEHNS CTOUMOCTI MOXXHO 1CMoMb30BaTh 32 KI'L, KBapLiEBbIil
PEe30HaTOP COBMECTHO C NporpaMMmHoii cuctemoii GAMY. 3ta nporpammuas OAMY
ynpasnseTr MoaynaunoHHbiM DCO perncTtpom 1 NoACTPONKOIA 4acTOTbl, CPABHUBAS
JeNeHHbIe CUHXPOUMMYIbChI C 0NOpHbIMK 32 KI'L, Kone6aHnaMU.
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[anee npon3BoauTCS MHMLMaNN3aLMs NOPTOB BBOJA-BbIBOAA M OMPOC COCTO-
AHUSA nepemblyek. COCTOAHME Nepemblyek coxpaHseTcs B nepemeHHoin BAUDRATE
1 UCMOMb3YeTCs Ans onpefieneHns CKOpoCTy nepefadn AaHHbIX B 060MX Hanpas-
NIEHMAX.

Mo RS232 nHTtepdeicy nepeaaeTcsa CTpoka MHMLMAIM3aUmn. Tak Kak cOCTo-
aHue curdana CTS Ha nuHum RS232 He npoBepsieTcs, TO Mexay MOCbINKamMn He-
06Xx0MM0 (POPMMPOBATHL 3a1ePXKKY. ITO NPeoTBPALLAET NepenonHeHne BXOLHOM0
6yhepa RS232 nopta y HEKOTOPbIX KOMMbLIOTEPOB Ha BbICOKIX CKOPOCTSX Nepeaqu
JaHHbIX.

B 310 Bpems pa3peLLeHo TONIbKO NpepbiBaHue no nuHuu nopta P1.0 n obecne-
41BAETCA FOTOBHOCTb MPUHATAS CTPOKW WHULMANN3aumMu *r unu . B 3aBucumocty
0T 0TBeTa nosb3osarenia MSP430 nHuumanusnpyet Bce NOPThbl U NPepbIBaHNA 411
pa6oTbl B pexume IrDA npuemHuka unu IrDA nepegarynka. Kpome Toro, MUKPOKOH-
TpOsep NochinaeT NoaTeepXaeHne Yepes nuHuto nopta P1.1. 3o noaTeepxaeHne
0TO6paXAeTCs B TEPMUHANIbHOM OKHE.

4.2.2. IrDA-SIR kopep (nepeaarumk)

Ecnu nonb3oBatenb BBOAMT KomaHay t, To MSP430 paboTaeT B Ka4ecTBe Ko-
nepa mexay RS232 BxoaHbIM nopTom 1 VK BbIxoaHbIM nopTom. Taiimep Timer_A n
MOPTbl MHULNANM3NPOBAHLI CEAYIOLLNM 06pa30M (CM. TaKXKe OMUCaHWe CXeMbl B
rnase 5):

e RS232 Bxop (curHane TXD) = nopt P2.5
e IrDA BbIxof (TSLM1100) = nopt P2.4 (CCR2)

[nutenbHOCTb monynepuoga 6uta 3arpyxeHa B peructp CCRO, a Taimep
Timer_A ycTaHOoBnEeH B pexxum yeenndeHus/ymenbenns (Up/Down). Bropoit mo-
JyNb 3axBara/CpaBHEHNs NMOAKITIOYAETCS K NMUHUKM P2.4 1 OCYLLECTBASET 3axBar pe-
ructpa cpasHeHus CCR2, B KOTOPbIA 3arpy»eHo 3Ha4yeHue pernctpa CCRO 3a MuHy-
COM 3Ha4€eHusl, COOTBETCTBYtOLLEro anutenbHocTy VK umnynbsca 1.63 Mkc.

Mpu nepeaaye BTOPON yNpaBnsatoLLMi perncTp 3axsara/cpasHeHns (CCTL2) ye-
TaHOBJIEH B pexxume hopMupoBaHmns copoca. 3T0 03Ha4aeT, HTO Kax /bl pas, koraa
B peructpe Tanmepa Timer_A (TAR) ycTaHaBnMBaeTCa 3Ha4eHMe, PaBHOE 3HAYEHUIO
B peructpe CCR2, T0 Ha nnHUN P2.4 ycTaHaBNIMBAETCS HU3KWIA JTIOMUHECKUIA YPOBEHD,
a Korfja ycTaHaB/BaeTCs 3Ha4eHue, paBHoe 3HaqeHuto B peructpe CCRO, To Ha aToi
JINHWW YCTAHABIBAETCS BbICOKUIA TOMNHECKIUIA YPOBEHb.

Korga tanmep Timer_A 3anyckaeTcsi, TO OH YBENUYMBAET CBOE 3HAYEHUe [0
3HadeHus, paBHoro CCRO, a noToM BefeT 06paTHbIi OTCYET, NOCNE Yero onsTh 3a-
MyCKaeTcs M CHOBA yBenu4mBaeT cBoe 3HaveHne no CCRO. Moka Tanmep Timer_A
paboTaeT, B KaX/bl OUTOBbIN Nepuof, 663 BMeLLATeSIbCTBA BbIYUCIMTENIbHOMO Apa
hopmupyeTcs UMNYNbC ANUTENLHOCTbIO 1.63 MKC.
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RS232 o ¢— tprpsozy ——W
P2.5
Timer A A Up/Down Mode.
GCRO
CCR2
» t
IrDA Reset/Set Mode.
P2.4/CCR2 | | __
|_w >t
—> & {DA Pulse

Pue. 3. icnonb3oBaHue Taimepa Timer_A npu RS232/IrDA npeo6pa3oBaHun

JInHeinbin apansep RS232 nntepdpeiica (HIN232) npon3soanT MHBEPTMPOBA-
HIe NOTOKA JaHHbIX, (DOPMUPOBAHME NIOrMYECKUX YPOBHEN CUrHana u nofady ero Ha
NnHN P2.5. BbICOKNIA YPOBEHb Ha NMHUK P2.5 npeacTasnseT co6oi norunyeckuii 0 u
Hao6opoTt. CornacHo IrDA ctanaapty nornyeckuii 0 Ha nuHu RS232 npefcrasnseT-
¢ VK nmnynbcom. 310 03HAYaeT, 4TO HapacTaroLmil (DPOHT Ha NnHUKM P2.5 [omKeH
3anycTuTb Taimep Timer_A, a cnagatoLmili — 0CTaHOBUTb ero. 310 06eCneynBaeTCs
YCTaHOBKOI1 61Ta pa3peLLeHns NpepbiBaHnsa ans nuHum P2.5.

Kaxgoe n3meHeHue COCTOSHWA Ha nuHUM RS232 BbI3bIBAET NpepbiBaHue, 1
MSP430 HaunHaeT BbINOMHATL NOANPOrpamMmy 06paboTkyi npepbiBaHns (interrupt
service routine — ISR): TekcT nporpamMmbl BBepxy 11 cTp. onucanns
H AhkkAhkhkhkkhhhhkhhhkhhhhkkhhhhkkhhhkhkkhhhkhhrhhkhhhdhhhhkkhhkhkhkkhhkrkkhhxk*x

’

TRANSMITTER RS232

’

[loonporpamMma OOPabOTKM MPEPEBAHMA IIepenaTdrka
(P2.5)

— IrDA (P2.4)

R R R b S S S R b b S S S S S e I R b I b b S S S S b b b b S S S S
’

TX_Ol BIS #04h, &TACTL ; 5
LIMKJIOB
XOR R14, &TACTL ;3anyck/OCTaHOBKA
;Tavmepa Timer A
; (pexum nepenaun/
; IpreMa) 4 umkiia
XOR.B R13, &P2IES ;3MeHeHre QpoHTa
;BEIOOPa IR 4 uykia
BIC.B #0FFH, &P2IFG ;ouncTka QJaros
; IPEPLIBAHUS 5 UMKJIIOB
RETI ; 5 LMKJIOB
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Yepes WecCTb LMKIIOB NOCNe YCTAHOBKW NpepbiBaHus (Bpemsi, Heo6X04MMoro
Ha COXpaHeHUs COCTOAHUA MUKPOKOHTponnepa), MSP430 3anyckaeT ISR. [1ns name-
HeHus cocTosHus ynpasnatoLlero peructpa TACTL taiimep Timer_A #0mKeH 6bITh
OCTAHOBJIEH.

[anee Mbl 3anyckaem Ui 0CTaHaBNMBaeM TaliMep MyTeM YCTaHOBKM HEOOX0-
JMMOro 3HadeHus ynpasnstowlero 6uta B peructpe TAGTL. Mocne atoro B pernctpe
P2IES nsmeHsiem 6uT, onpeaensatoLmnin (PoHT hopMMPOBAHNA NPEpbIBaHNS.

lonHOCTBIO BCA NOANporpamma 06paboTKy NpepbIBaHNS BbINOHAETCA 32 23 +
6 unknos. Moatomy, npu pa6oTe Ha yactote 3.6864 MI'y (nepuog 271.2 He) ISR BbI-
nonHseTcsa 3a 29 x 271.2 He = 7.865 MKc. [Mpu paboTe €O CKOPOCTLIO Nepefadin aaH-
HbIX 115.2 K6UT/CEK BpeMs Mexay hopMUpPYeMbIMU MPEPbIBAHUAMU MUHUMATTbHOE
1 paBHsietcs 8.68 MKC. BbileynomsaHyTas nognporpamma 06paboTKu NpepbiBaHNs
BbINOJSTHAETCA BbICTPee, N03B0NAA 06ecneyqnBaTh nepefady faHHbIX 6e3 NoTepsb.

4.2.3. IrDA-SIR gekopep (npUeMHMK)

Ecnu nonb3oBatenb BBOAUT KOMaHAy r, To MSP430 paboTaeT B Ka4eCTBe fe-
Kopepa mexay VK Bxogom u Bbixogom RS232. Taiimep Timer_A nproctaHaBn1Baet-
€41, a NOPTbI MHULMANM3MUPYKOTCA CRefyoLm 06pasoM (CM. TaKXKe ONMCaHNe CXEMbI
B naBe 5):

e IrDA Bxoa (TSLM1100) = nopt P1.2
e RS232 Bbixof (RXD) = nopt P1.1 (CCRO)

OnntenbHOCTb BUTOBOrO Nepuofa 3arpyxaetca B peructp nepuoga CCRO, a
Timer_A ycTaHaBIMBaeTCsH B PEXUM YBESIMYEHUS COCTOSHNUA [0 3HAYEHUS, PaBHO-
ro cogepxumonmy peructpa GCRO, nocne 4ero oH c6pacbiBaeTCs 1 CHOBA HaYMHAET
cyuTatb A0 3HaveHns GCRO. HyneBoii moaynb 3axBaTta/CpaBHEHUS NOAKHOYAETCS K
nopty P1.1.

Mpu npueme peructp ynpasneHus 3axsatrom/cpasHenuem (CCTLO) HaxoguTes
B PEXWMe YCTaHOBKM. 3TO O3HAYaEeT, YTO KX[bIA Pas, KOraa 3Ha4yeHue peructpa
Tailmepa Timer_A (TAR) cTaHoBUTCS paBHbIM 3Ha4eHuto permctpa GCRO, Ha nopty
P1.1 ycTanaBnmBaeTcs BbICOKMI IOTMHECKMIA YPOBEHb.

Ecnn mbl 3anyckaem Taidmep Timer_A, TO OH YBeNW4YMBAET CBOE 3Ha4eHUe, a
KOrfa ero CoCTOsIHWE CPABHUBAETCS CO 3HA4YeHUeM, 3anucaHHbIM B peructpe GCRO,
TO Ha NUHMK P1.1 ycTaHaBNMBAETCS BbICOKMIA YPOBEHb, MNOCNE YEro OH nepesanyc-
KaeTcs  cHoBa cymtaeT 10 CCRO cHoBa. B Te4eHMe BCEro BpeMeHn paboThl TanmMep
Timer_A nocTosiHHO ycTaHaBNMBaeT Ha nopTy P1.1 BbICOKUI YpOBEHb.

VK npuemonepenatimk coopMupyet Ha nopty P1.2 MHBEPTUPOBAHHbIA CUrHAN.
370 03Ha4aeT, 4To cnafatoLLi PPOHT ycTaHaBnMBaeT Ha nopty P1.1 HU3KuiA noru-
YeCKWIA ypOBEHb 1 nepe3anyckaeT Taimep. Mocne atoro Tanmep Timer_A CUHXPOHM-
aupyetcs ¢ VK curnanom. Korga taitmep gocturaet 3HaqeHns CCRO (anuTenbHOCTb
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IDA o l€— tgrpp ——H

P1.2/CCR1
» t
Timer A~ A Up to CCRO, Restart
CCRO
P
RS232 A Set Mode, Reset by ISR.
P1.1/CCRO
» t
— lgrpszzz ——W

Pue. 4. Vicnonb3oaHue Taiimepa Timer_A npu IrDA/RS232 npeo6pa3oBaHnn

RS232 6uta), OH aBTOMAaTU4eCKI YCTaHABNMBAET Ha NopTy P1.1 BbICOKMIA ypOBEHb
11 MOCTOS\HHO NepefaeT BbICOKMIA YPOBEHb [10 TeX Nop, noka He 6yaeT cchopmMupoBaH
HOBbIN CMAJAOLLINIA (OPOHT.

IR R R R i R B S R R R I I I S S R R b b b b S S S S
’

; Iloonporpama o0Opab®oTKM NpepblBaHMAa npreMHrka RECEIVER
; IrDA (P1.2) — RS232 (P1l.1)

IR R R R R S R I S S S R R R I I I S S S b b b b S S S S
’

RX 01  CLR &CCTLO ;CCO B pexmmMe Brxoma/
;Ha BEIBOme P1.1
; HUSKUM YyPOBEHDb 5 LMKIIOB
BIS #04h, &TACTL ; cBpoc Tarmepa
; Timer A 5 LMKJIOB
MOV #20h, &CCTLO ;CCTLO ycTaHaBIMBaeT

;Ha nopry Pl.1 Hu3KMM
;ypoBeHb U “pexum — P1.1

; BEICOKMI” 5 LMKJIOB
BIC #01h, &CCTL1 ; cOBpoc dnara

; TIpepBIBAHUS

;CCTL1! 5 LMKJIOB
RETI ; 5 LuKIIOB
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Kaxplil cnafaroLmii poHT Ha nopty P1.2 Bbi3biBaeT npepbisadie,  MSP430
Ha4MHAET BbINOMHATL NOANPOrpamMmy 06paboTKn NpepbIBaHNS.

BbinonHeHne noanporpaMmbl 06pabOTKM MPEpPbIBaHUS HAYMHAETCA 4epes
LUeCTb LMKIIOB Nocsie nosiBfeHus npepbiBaHus. CHavana Ha nuHun P1.1 ycTtanas-
NINBAETCA HU3KUI JTIOrMYECKMI YPOoBeHb, a MoAynb CCRO ycTaHaBMBaeTCs B peXum
TO/bKO BbIBOR. [ocre aToro Tanmep Timer_A copacbIiBaeTcs nyTem yCTaHOBKM 6UTa
CLR B peructpe TACTL, a conar npepbisanus CCR1 copacbiBaetcs.

ISR BbInonHseTCs 32 25 + 6 UMknos. Moatomy npu pabote Ha yacTtoTe 3.6864
My (nepuog 271.2 He) noanporpamma BbinosHsetcs 3a 31 * 271.2 He = 8.407 MKc.
[Mpu 06MeHe JaHHbIMU CO CKOPOCTbio 115.2 KOUT/CeK MUHUMANbHOE BPEMS MEXAy
npepbiBaHusmMun — 8.68 MKC. BbiLeynomsaHyTas nognporpamma 06paboTkm npepbisa-
HUS BbINOJHSAETCS GbICTPEE, N03BONAA 06eCneYBaTh NPUEM AaHHbIX 683 NOTepb.

TaK Kak Kaxaplil cnagatowin opoHT Ha nopty P1.2 dhopMupyeT npepbiBaHie
11, CNeoBaTeNIbHO, HU3KNIA NOTNYECKNiA curHan Ha nuHun RS232, To cBeYeHme dny-
OPECLEHTHbIX JlaMn 1 MOMeXu 0T Lpyrux npréopoB MoryT hOpMUPOBaTL OLUINGOY-
Hble 6UTbl. Bpems Mexay cnafatoLnm 1 HapacTaoLLM DPOHTaMM MOXKET ObITb N3-
MEpEHO Npum MoMOLLM BTOPOro MOy 3axBata/CpaBHEHUsS U COMOCTABNEHO C A1U-
TeNIbHOCTb0 DA UMnynbea, 4T0 NO3BOMANUT YCTPAHUTL OWIUGKK. [N LOCTUXKEHUS
aToro Moaynb GCR2 fomkeH 6bITb YCTAHOB/EH B PEXIUM 3axBara Nno HapacraloLlemy
(poHTy. Tak kak CCR1 cpabatbiBaeT no cnagatoLlemy POHTY, TO 3HAYEHUS 3TUX
PErucTpoB MOryT ObITb CPABHEHbI B MOANPOrpamMmme 06paboTkn npepbiBaHus. Ecnu
LNNTENBbHOCTb UMMYSbCA MeHbLUe, H4eM 1.6 MKC — 0.22 MKC, TO UMMYNbC NPU3HAETCH
NOXHbIM. OIHAKO 715 3TOr0 TPEOYEeTCs NOBLICUTL PA6OYYH0 HaCTOTY MUKPOKOHTPON-
fiepa U CHU3UTb CKOPOCTb Nepefiadn AaHHbIX.

4.3. YeraHoBkn

4.3.1. Boi6op ckopocTi nepefayu AaHHbIX

[rDA Mofyrib MOXET paboTaTh Ha LLIECTU PA3NMYHbIX CKOPOCTAX nepesadn AaH-
HbIX B npeaenax ot 2.4 k6ut/cek fo 115.2 k6ut/cek. CKOPOCTb nepeaadn AaHHbIX
J0/KHA ObITb BbIGpaHa Nnepe[ Ha4anom ceaHca CBs3u.

Tabnnya 2. YcTaHoBKa cKOPOCTH NEPERAYMN [JaHHbIX

JUMPER
DATA RATE
J3 J2 J1
2.4 kbit/s L L L
2.4 kbit/s L L H
19.2 kbit/s L H L
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JUMPER
DATA RATE
J3 J2 J1
38.4 kbit/s L H H
57.6 kbit/s H L L
115.2 kbit/s H L H

CkopocTb Mepefayy AaHHbIX YCTaHaBMMUBAETCA TPems mepemblykamu J1, J2
1 J3 — cmoTpm Tabnuuy 3. ECnv NONoXXeHNs Nepemblvek N3MEHSOTCS npu paboTe
CUCTEMbI, TO HEO6X0AMMO BbINOMHUTL ee nepe3anyck. Mocne aToro MOAyb MOXET
ObITb MOAKMYEH K RS232 nopTy KomnbloTepa, U NUTaHUE MOXET ObITb NOAAHO.
Yn0CTOBEPLTECh, YTO B TEPMUHANBHOI NpOrpaMmme YCTaHOBIEHA Ta XKe CKOPOCTb Mne-
pefayn AaHHbIX, Y4TO 11 B MOAYTeE.

4.3.2. uteppeiic nonb3osatens

O6bI4Has TepMUHanbHas Nporpamma Tuna runeptepmuHana (Hyperterminal),
KoTopas umeeTcs B onepauuoHHbix cuctemax Windows 3.11, Windows95 u
WindowsNT, MoXeT ncrnonb3oBatbcs 418 BefeHnss obMeHa aaHHbiMK ¢ IrDA mo-
Jynem.

MapameTpbl HacTpoiki COM nopTa A0MKHbI ObITb CREAYIOLLMN:

CM. MOJNOXEeHMe nepembidex J1, J2 n

CkopocTb (61T B CEKYHAY): J3 Ha DA Moyne

Konuyectso HOPMALIMOHHBIX pa3psgos: 7

Mposepka: Ha YETHOCTb
Konun4ectso CTONOBbIX OUT: 1
YnpaBneHue nNoToKOM: HeT

YN0CTOBEPbTECh, YTO Bbl UCMONb3YETE OfHU W Te Xe napameTpbl TepMUHamNb-
HbIX NPOrpamMm Ha 0601X KOMMbIOTEPAX.

Haxatne kHonkn copoca (RESET) Ha IrDA moayne npuBefeT K 0TO6GpaXKeHUto
B OKHE TePMUHANbHOI NPOrpamMmbl CTPOKM MHULMANM3ALMK, KaK 3TO MOKa3aHO Ha
PUCYHKe 5.

lMocne aToro cneayet onpeaenuTb, Kakoin Mofynb OyAeT paboTaTb B pexxume
nepefaryuka, a Kakoii B pexxume NpueMHIKa.

Mocne Habopa KoMaHAbl "r, MOAYNb NEPEXOANT B PEXMM Npuema 1 BblaaeT
NOATBEPXKAEHNE (CM. PUCYHOK 6).
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B E s Lol Towmiwmi sl

L] i3] i) )

Tawsan Inatrasants J000

HARIOx1ly Trld-CEsG
ERCETVER
T TALHAHTITTERN

I E N U e
Pue. 5. CoobLueHune 06 nHuumanusauum IrDA momyns

=}
Tamap Tpetrusants 1996
HAPQIE =11y Trih-DEMD
“EERECEIVER
LTTPAHARLTTER
ORECEIVEE
-
L]
Corwrmminih | (i T T ol |1 = e e

Pue. 6. CoobLLeHne 06 nHuumanmsauum IrDA moayns

[ns nepefadqn faHHbIX 0T OAHOTO NEPCOHANIBHOrO KOMMbIOTEPA B LPYroi yeTa-
HoBUTe oAuH IrDA mMoaynb B pexxum nepeaarynka, a Apyron — B peXxum npuemMHuKa.

Ons U3MeHeHWs HanpasneHus nepefadn HaxXmuTe KHomnky copoca RESET u
NOBTOPUTE NPOLIELYPY NHALMATN3ALNN.

5. OnucaHue cXembl

Ha pucyHke 7 nokasaHa npuHumunuansHas cxema IrDA mogyns.
Mpu ncnonb30BaHU KBApLEBOTO PE30HATOPA C PE3OHAHCHOW 4aCTOTO BblLLE
3 My, MSP430x112 Tpebyetca 5 B nutanue. Tak kak RS232 gpaiisep (HIN232)
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Vee
c4 A1
6 0.47 Mk® L 4.7k0m

R5 = ; = 10

4.7 kOm TSLM1100

Y

7

MSP430x11x

8

Vee

\fc ——{Test p1.7f =
= Vee Pin o~
Vee p1.6f- R7 q 4 B\as
R8 o [MKe 25 p15 2
100 KOM pes Pl 10 KOm
Re | &= Vss plal- Adaptive
1 : 6]| Threshold
100 KOm| = i 3.6864 % 13 _L_ and squelch
o =1y ouT p1.3
10 [Jioviou [ipo| T L0t P = 39 3__cl |2
R2 ] 1 o LXIN pl2|— 08 4.7 KO 02-47”‘““’
7 0.1 mk® 1C3 Vee PT
10 kOm —I_%:mp RST piA RXD o 2012 [5 10 MK® *
o = 2.0 p1.0 o 3 DBoF
Ji] p2.0 p1. 4 0.1 MK®
Rata & 12 2.1 p2.4 ggﬁ s hf'
i i 7
1 2 p2.2 p2.3 TN T1our14r, 100
J05 = Eﬁm TZRO1U 13 I CIS
= L ouT RN .
X0 “8[Roour RamfS I
HIN232
1 oo U2 tps725000 s %ﬂ— J:'_
1 Erase oUTl IN4148 IN4148
C18 Reset/" PG ouT— A D3 _L D1
1 nk® S1 250 kR13_ GND N 1
c15 DI N 2™ [Power |C14
10 MKD 10 mk®
= = St =

Pue. 7. TlpuHumnuansHas cxema IrDA mogyns

IMEEeT [0BOJIbHO BbICOKOE MOTPe6sieHne, TO He BCE MEePCOHalIbHbIE KOMMbIOTEPbI
€nocobHbI 06ecneyuTb nuTaHue momyns no RS232 nopty. [103TOMY B HEKOTOPbIX
CNyYasx npuaeTcs UCMonb30BaTh BHELUHWIA UCTOYHWUK MUTAHWS WK aKKyMynsTop.
[ns cHXeHUs NoTPe6IseMOil MOLLHOCTH ClieflyeT Bbi6MpaTh Hanbonee HU3KYH pa-
604yt0 yacToTy.

NS CHWXEHWS1 BNNUSIHWSA LIYMOB CrefyeT MCMONMb30BaTb AOMOMHUTENbHbINA
unbtp nutanua UK mogyns TSLM1100. [Ins noBbllLEHMS NOMEX0YCTONYMBOCTH
KoHfeHcaTopbl C6 1 G7 fomKHbI 6bITb pasMeLLeHbl y camblx BbiBogos TSLM1100.
Ona nonydeHns 6onee feTanbHOW WMHG)OPMALMKU CM. TEXHWYECKOe OnucaHue
TSLM1100.

Tak kak TSLM1100 m3rotaenuBaetcs B MpO3pa4yHOM MiacTMKOBOM KOpMyce,
PEKOMEHAYIOT 3aLLUTMTL MPMOOP OT BO3LENCTBUS U3NY4EHUS, OCOOEHHO OT M3Nyye-
HUS iyopecueHTHbIX namn 1 VK nynbToB ANCTAHLWOHHOTO YNPaBeHus.
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6. 3akno4eHue

IrDA cTaHAapT CTaHOBMTCA BCe 607ee NonynspHbIM B NOCHEAHee BPems, Tak
KaK Bce 60/IbLLe 1 60NbLUEe NPUNOXEHNA TPeBYOT 06ecneyeHns 6ecnpoBOJHOIO Ka-
Hana cBs3n. B gaHHOM npumepe NpUMeHeHUs NokasaHo, 4To HU3KOe NoTpedneHue n
6ecnpOoBOAHON KaHan CBA3M MOTYT UATU pyKa 00 PyKY.

Mpu ncnonb3oBaHun MSP430C112 cTaHOBWUTCS BO3MOXHbIM M3roTaBANBaTh
YCTPOMCTBA C aBTOHOMHbIM NUTaHNEM, 06eCrneymBatoLLme nepeaady AaHHbIX N0 6ec-
MPOBOAHbLIM KaHanam cBs31 €0 CKOpOCTbto A0 115.2 KOGUT/CeK.

Mporpamma ynpaenstoLLero MUKpokoHTponnepa IrDA moayns, npuBefeHHas B
NPUNOXeHUN A, MOXXET ObITb NIErKO afanTMpoBaHa Ass BbINONHEHUs chneundmryec-
KnX 3agay.

CebInku:

1. Texas Instruments, Data Transmission Seminar 1998, SLLDEO1C Texas
Instruments 1998.

2. Infrared Data Association, Physical Layer Link Specification, Version 1.1,
17.10.1995.

3. Texas Instruments, Datasheet MSP430x110, Texas Instruments 1998.

4. Texas Instruments, MSP430 Family Architecture Guide and module Library,
Texas Instruments 1996.

5. Texas Instruments, MSP430 Family Software User’s Guide, Texas Instruments
1994,

6. Texas Instruments, Datasheet TSLM1100, Texas Instruments 1997.

Mpunoxexune A: UCXOAHLIA TEKCT NPOrpamMmMbl
;****************************************************
; Ilporpamma IrDA SIR komepa — Hekomepa Ha Oase

; MSP430x112 (C) xommnaHumm TEXAS INSTRUMENTS 1998

; Vms damnina: IrDAl1X.asm

; IllpoekrT: MSP430x112 IrDA Demo

; ABTOpP: Jurgen Mayer (I'epMaHCKOe OTIeJISHUE
; xoMnaHum Texas Instruments)

; OnmcanHue: IrDA SIR xomep - Iexozmep physical,
; Bepcusa 1.1

; RX = RS232 — IrDA

; TX = IrDA — RS232

; RX/TX ompernesnseTcs

; cuMmBoJslamm T ( = RS232 — IrDA )

; m "R( = IrDA — RS232)
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; YCTaHOBKM NPOTPaMMbl TEPMMHAaJA :

; 1 crapr 6ur/7 6uT maHHex/1 crom GutT/
; NpoBEpKa Ha UYeTHOCTb

; IlocrenHee OOHOBJIEHUE:

; Bepcus 2.1 / 28.05.98

; Bepcusa 2.2 / 23.07.98

,-********k*k*******************************************

SP orig .set 0300h ; yKasaTeJjb CTeKa
WDTCTL .equ 0120h

WDTHold .equ 080h

WDT wrkey .equ 05A00h

IEL .set 000h

IFG1 .set 002h

P1IN .set 020h

P10OUT .set 021h

P1DIR .set 022h

P1IFG .set 023h

P1IES .set 024h

P1IE .set 025h

P1SEL .set 026h

P2IN .set 028h

P20UT .set 02%h

P2DIR .set 02Ah

P2IFG .set 02Bh

P2IES .set 02Ch

P21E .set 02Dh

P2SEL .set 02Eh

TACTL .set 160h ; Tavmep Timer A
CCTLO .set 162h

CCTL1 .set 164h

CCTL2 .set 166h

TAR .set 170h

CCRO .set 172h

CCR1 .set 174h

CCR2 .set 176h

DCOCTL .set 056h ; yCTaHOBKa YacTOTel DCO
BCSCTL1 .set 057h

BCSCTL2 .set 058h

TRANSMIT .set 028h ; TX cumeom "~T”
RECEIVE .set 048h ; RX cmmeom ”“"R”
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PR e e S b b b b S S S S S b b b b b S S S S I e R b b S S S S S S e b b b b O A S
’

; OcCHOBHasd HNporpaMMa
ekhkhkhkhhh kA hhkhhhhkhhhhkhhhhkkhhkrhkhhrkhhhhkhhhhkhhkhkhkkhkhkrkkhhxkkhx
r

.sect
RESET MOV

MOV

main 1 call
CLR.B
CLR.B
CLR.W
call
call
MOV

RRA
SUB

MOV

MOV
MOV
call
call
MOV.B
EINT

main 2
MOV.B

BIC
MOV.B

CMP.B
JEQ
DINT
JMP
main 3 JMP

276

”ROM”, 0OF000h
#SP orig, SP ;

’

MHMLIMaJIn3alunma
yKasaresid CcTekKa

# (WDTHold+WDT wrkey) , &WDTCTL ; OCTaHOB-—

’

Ka CTOpOXeBOTO

; TarMepa
#init sys
STATUS 1
STATUS 2
BAUDRATE
#init Px
#init BAUDRATE
BAUDRATE, R5 ; COXpaHeHMNe CKOPOCTHU
; oOMeHa HOaHHEMIM
; B peructpe RS
R5 ; HeJIeHHOe Ha 2
#02h,R5 ; HACTpOMKAa IJid CUHXPO
; HM3aumm
R5,R8 ; KOIMPOBaHME
; B perucTp R8
#0,R9 ; TEeKCT CcTapTa..
#28,R10 ; TEKCT OCTAHOBKIA...
#TEXT OUT ;zamuch B IIK. ..
#init RXTX

STATUS 1, STATUS 2

’

§P2IN,R5 ;
#0FFF8H, R5
R5, STATUS 1 ;

’

ofllee pas3peleHre
[IPEePEIBaHNMI

CKaHMPOBaHME COCTOS—
HMS [IePEMBEYKM

M TIEPECHUIKa €TI0

B perucTtp RS

COXpaHeHMe CKOPOCTHU
obMeHa IJaHHBMM

STATUS 1,STATUS 2;mo0ele M3MEeHEHUS

main 2 ;HeT
main 1 ;restart
main 3
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PR e e S b b b S S S S S b b b b S S S S I R b b S b S S S e b b b 2 O A 4
’

Cbpoc:

VIHMLIMAJIM3aUMs [Ipolieccopa
,-'k'k'k"k"k*k*********‘k‘k‘k**‘k*k**'k'k'k"k"k*k*********‘k************

init sys

SMCLK

MOV.B #00h, DCOCTL

BIS.B #040h,BCSCTL1

MOV.B #0C8h,BCSCTL2

CLR.B IEl
CLR.B IFG1
CLR R5
CLR R6
CLR R7
CLR R8
CLR RS9
CLR R10
CLR R11
CLR R12
CLR R13
CLR R14
CLR R15
RET

; OTKJIOUEHME MONYJISLUU
; DCO

; l-oe: BKJIOUEHUE

; HF- aBTOreneparopa,
; paboTamumero

; OT BHEMHEeI'O KBaple-
; BOTO pes30oHaTopa
;2-o0e: LFXT1 = MCLK /

DR IR b b S 4 db e A 2 b e S I b e S S S I b e S I b A b b e A b b S I b S I b S b b e I b b S I 2 g 4
I

; VHuumanmsauyda IeHepaTopa CKOpOoCTM OOMeHa HOaHHBMU
; — CKaHMpPOBaAHME II€PEMBIYKN
; — YCTAQHOBKAa CKOPOCTM BeIeHMrsa OOMeHa IaHHBMM

KRR KKK KK KK KR KK KK K K R K KK K R KKK K K ok R K K Kk Ok R R Rk ok Rk R Kk

init BAUDRATE
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PUSH RS
CLR R5
MOV.B &PZ2IN,R5

BIC #0FFF8H,R5
MOV.B R5,STATUS 1

; CKaHMPOBAHME COCTOS—
; HMSA [IEPEMBUKM U

; IlepeceUIKa ero

; B permucTp RS

; 3allOMMHaHMEe CKOpOCTHU
; oBMeHa IOaHHBIMU
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RLA
ADD
MOV

POP
RET

R5
#BAUD2400,R5
@R5, BAUDRATE

R5

3arpys3Ka LUKIIOB
B HepeMeHHy BAUDRATE

,-*k*k*‘k*********************k*k'k**************************

; VHMumanmzauuda — Px

; SW - BAUDRATE - P2.0/1/2 BxOX
; RX/TX - P1.0

; RX — P2.5 obumm Bxom RS232

= BxXom — BHIOOpP ¢poHTa IR — P1.0
; BEICOKMI HU3KUMI

; P2.4 Brmxonm momyJsia IrDA
; TX — P1l.2 oOumii mopT BBOMA/BHEIBOIA < BXOI MOIYJIA

; IrDA

; P1.1 obumit nopT BBOHA/BHIBOIA <& BXOI MOIyJsa RS232

PR R S S S R I I I S S R R R S b S S S S S b b b b a4
’

init Px

BIC.
BIS.
BIC.

BIS.

BIC.

BIS.

BIS.
BIC.
BIC.

BIS.
BIC.

BIC.

RET

278

B
B
B

W oW w

#0DH, &P1DIR
#02H, sP1DIR
#07H, sP1SEL

#02H, §P10OUT
#0FFH, §P1IFG

#001H, §P1IES

#001H, &PLIE
#10H, &P20UT
#027H, &P2DIR

#010H, §P2DIR
4274, §P2SEL

#0FFH, §P2IFG

P1.0/2/3 BxOnO

P1.1 BEXOI

P1.0 obumit nopT
BBOma/BmBOmA P1.1/2
[IOPTEl MOIYJIS IIPU
nepenaue

YCTaHOBKa Ha BEIXOIE
P1.1 BEHICOKOI'O YypPOBHSA
ourcTKa (QJIaros
NPEepPEBaHMUA

BEIOOP CIazamuero
¢poHTa IR Ha BHBOIE
P1.0

pas3pelleHre NpepbeBa—
Hua ot P1.0
YCTaHOBKa Ha BEIBOIE
P2.4 HMBKOTO YPOBHSHA
P2.0/1/2/5 Bxon
P2.4 BHXOZn
P2.0/1/2/5 mopTa
BBOIIa—BEIBONA OOWeIro
Ha3Ha4YeHMA

oumcTkKa ¢ryaros
TPEPLIBAHUI
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PR e e S b b b b S S S S S b b b b b S S S S I e R b b S S S S S S e b b b b O A S
’

; VHMumanmsaumsa DOANPOIpPaMMel 08paboTKM MPEPHBaHNMA

; — RX/TX

; — P1.0 - Bxom RS232
; — KOJIMYEeCTBO OUT COINEPXUTCS B perucrpe R6

PR e e S b b S S S S S b b b b b S S S S I R b b S S S S S e b b b S A 4
’

init RXTX
MOV

RRA
SUB
MOV

MOV

MOV
MOV
call
RET

BAUDRATE, R5
R5

#02h,R5
R5,R8

#08h,R6

#25,R9
#79,R10
#TEXT OUT

COXpaHeHye CKOPOCTU
obMeHa IaHHBIX

B permucTpe RS
neJjieHye Ha 2
HACTPOMKA IJis
CUHXPOHM3ALNU
KOMNMPOBaHME

B perucTp R8
3arpy3Ka CueTuMrKa
OUTOBR B permcTp R6(n)
— CM. noanporpamMdy
O0OpabOoTKM MNPEPBEBaHUA
RX/TX

; TEKCT Hauaja...
; TEKCT OCTAHOBKMU. ..
;3anmcek B IIK. ..

,-*k*k*‘k***********************k*k*k'k***********************

; momnporpaMMma ob6paboTku mpepeBaHms RX/TX

; — BXom P1.0

; — CKOpOCTbL OOMeHa HaHHEMM B perucTpax R5/R8

; — CuUeTuyyMK OMTOB B permcTpe R6
; — BXOIHEIE JIaHHHE

(DATA in) B permctpe R7

;***k‘k**********************'k'k*k'k***********************

RXTX_01 MOV
MOV
RXTX_02 MOV

RXTX 03 MOV
DEC
JNZ
RRC
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R8,R8
R8,R8
R8,R5

R8,R8
R5
RXTX_03
&PLIN

MIyCTOWV LIMKJI
IyCTOWV LIMKJII
3arpy3Ka CKOPOCTHU
oOMeHa IOaHHBIMU

B perucTtp R5
MyCTOV LIMKJI

JIVIHVS BEIOOPKM?
nepemada Ha OurTa
Ha eemonm P1.0 LSB
Briepen!
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RLC
DEC

JNZ
CMP.B
JEQ
CMP.B
JEQ
BIC.B

CLR

call
RETI
init TX CALL

MOV
MOV
call
BIC.B

BIC.B
RETI
init RX MOV
MOV
call
BIC.B
BIC.B
call

RETT

,-*******k*k*********************************************

R7
R6

RXTX_02
#RECEIVE, R7
init RX
#TRANSMIT, R7
init TX
#0FFH, &sP1IFG

R7

#init RXTX
#init TATX
#66,R9
#79,R10
#TEXT OUT
#0FFH, &P1IFG
#001H, &P1IE
#53,R9
#63,R10
#TEXT OUT
#0FFH, &P1IFG
#001H, &P1IE

#init TARX

; Iepermada B IIEePpeMeHHYIO

DATA in

YMeHBIIEHVE CUeTuUlMKa
OUTOB

rnocjieoHuy OuT?

— Ilpuem?

— llepemaua?

oumcTkKa Gyaros
[IPEPBIBAHNA

OuMCTKa CTaporo
3HAUEeHUs IIepeMeHHON
DATA in

HayaJlo IIepelaun
RS232 — IrDA
HayaJjo TEeKCTa. ..
KOHEll TeKCTa. ..
3ammce B IIK. ..
ouycTka ¢Jjara
IPEPLBAHUA
Interrupt disable
P1.0

Hayvajio TekKcTa...
KOHEL, TeKCTa. ..
sanmce B IIK. ..
oumcTka ¢ijara
[IpEepPLIBaHL A

3arpeT IIPepbBaHmg
or P1.0

HauyaJio nepemaum
IrDA — RS232

; VHuMUManmsaumssa Timer_A — TRANSMITTER

; — pexum TX (RS232 — IrDA)
; — P2.5 - Bxom RS232
; — P2.4 CCR2 - BeIxXOm IrDA

(TSLM1100)

,-*******k*k*********************************************
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Inasa 7.

IrDA SIR kogep-aexonep Ha MSP430C112

init TATX
MOV

CLR

MOV

MOV

MOV

MOV
SUB

MOV

MOV

BIC.B

BIS.B

BIS.B

MOV

bubnuoteka Komnana

#0200h, §TACTL

CCTL1

#0080h, &CCTLO

BAUDRATE, &CCRO

#00EOh, &CCTL2

BAUDRATE, R15
#006h,R15

R15, &CCR2

#030H,R14

#0FFH, §P2IFG

#020H, &P2IES

#020H, &P21E

#020H,R13

’

; (MCLK, Timer

’

[logroroBka Timer A

halted...)

3anpeT IpepLBaHMg
or CCTL1

YCTaHOBKa perucTpa
yIpaBJieHUs HYJIEBOTO
MOmyJisa 3axsaTa/
CpaBHeHUs

B PEruMCTp HYJIEBOTO
MOmyJisa 3axsaTa/
CpaBHEHMS 3arpyxaer-—
Ccsa nepuon

YCTaHOBKa perucTpa
YIpaBJIeHUS BTOPOTO
MOmyJisa 3axsaTa/
cpaBHeHUsa — padboumn
peXmMM

BEUMTAHME : MMITYJIbC
UMKJIa > IJIS yBeJmde-—
HUA/yMeHbIIEHNA — I[e-—
pexiodeHye ! !

PETUCTP BTOPOTO
MOIyJis 3axBaTa/cpaB-—
HEHUS — IJIMTEJILHOCTD
MMITyJIbCa 6h

;3anyck/0OCTaHOBKA

’
’

’

TaMepa Timer A
(pexyM yBesmueHuns/
YMEHBIIeHT )

,quCTKa dylaros npepsl-

BaHMM OT IOPTOB 2.X
¢poHT IR yCcTaHaBIU-
BaeT Ha BEBOIEe P2.5
BEICOKUIM MJIM HUSKUN
CUT'HAJI

pas3pelieHre NpepbsBa—
HUS oT P2.5
usMeHeHre ¢poHTa IR
M3MEeHSeT COCTOSHUE
Ha BEIXOZme P2.5




Texas
INSTRUMENTS

lll. UuTepdberic ¢ BHELIHUMY YCTPOHCTBAMHU

BIS.B #010H, &P2SEL
RET

MOIyJlb IopTa P2.4

,-*k*k*‘k*********************k*k'k**************************

I
’

’

’

Timer A

VHMLuManm:3aums Timer_A — RECEIVER
— pexuM RX (IrDA — RS232)

- P1.2 CCR1 - Bxom IrDA

- P1.1 CCRO - BrIXOm RS232

;*k*k*‘k*********************k*k'k**************************

init TARX

282

MOV #0200h, TACTL

MOV #0000h, &CCTLO

BIS #00004h, &CCTLO
BIS #0020h, &CCTLO

MOV BAUDRATE, &CCRO

RLA CCRO

BIS.B #06H, &P1SEL

MOV #8110h,CCTL1

BIS.B #010H, TACTL

RET

(TSTLM11001!)

llogroroBka Timer A
(MCLK, Timer
halted...)

CCTLO B pexmMe BEIXO-—
oa IJig yCTaHOBKU

Ha P1l.1 BHICOKOTO
YPOBHS

P1.1 BHCOKUM YPOBEHBb
CCTLO B pexuMe ycTa-—
HOBKM — P1l.1 BHCOKUM
YPOBEHDb

3arpy3ka B CCRO
ckopocTM oOMeHa
IaHHBIMM

YMHOXEeHre Ha 2
COIEePXUMOe MOIYJIS
P1.1/2 — CC1!

— VIMITYJIbC HapacTamo-—
mero ¢poHTa IrDA +
MPEPLIBaHME

3alyCck TanMepa

000h = ocranoB

010h = yBenmueHue 1o
CCRO mnepesanyck 0
020h = ypesmMueHue IO
65536

030h = pexum nmodar-—
JIEHUSA / BEIUUTaHNA
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Inaga 7. IrDA SIR kopep-pexonep Ha MSP430C112

PR e e S b b b b S S S S S b b b b b S S S S I e R b b S S S S S S e b b b b O A S
’

; lomnporpamMmMma o0OpabOTKM MNPEPEIBAHUSA IIepelaTurKa
; RS232 (P2.5) — IrDA (P2.4)

DIE IR b b dh A db e A 2b b e S I b e S S S I b e S I b e I b b e A b b S S b S I b b S b b S I b b S I db b4
I

TXiol BIS #04h, §TACTL
XOR R14, §TACTL ; 3amnyck/ocTaHOBKAa
; TarMepa Timer A
; pexuM nobasjeHns/
; YMEHbIIeHMS)

XOR.B R13,&P2IES ; m3MeHeHMe OQpoHTa IR
; VBMEeHSeT COCTOSHUE
; P2.5

BIC.B #0FFH, &P2IFG ; oumcTka GJIaros

; INpPepBBaHUS
RETI

,-*****************************************************

; lNonnmporpamva 06pa®OTKM IPEPHBAHMS IPUEMHVKA
; IrDA (P1.2) — RS232 (Pl.1)

;*************************k*k'k**************************

RX 01 CLR &CCTLO ; CCO B pexmmMe BHIXOHOa/
; Pl.1l HUBKMI ypPOBEHb

BIS #004h, &TACTL ; cbpoc TarmMepa Timer A
MOV #0020h, &CCTLO ; CCTLO ycrTaHaBJMBaeT

; Ha BeIBOZIe Pl.1 HuU3-
; KUV ypoBeHb, a "pe-
; %M — Pl.1 BBEICOKUMI
; ypoBeHB”

BIC #01h, &CCTL1 ; ourcTka Giara npepb-
; Banusa CCTL1!

RETI

PR e i e R b S S S S b b b b S S S S S e R b b b b b S S S S I b b b b 2 S 4
’

; HommporpaMMa: 3ammcb CTpoku m3 TEXT (R9) B nporpammy
; TepMMHasa

; — BBIXOHD P3.3 — CcM. momnporpaMmMy MVHUOMATIM3ALWN .

; — HaudajlbHaAs [IO3MUMA CTPOKM B perucTpe R9 / koHeuHas
; HosuuMsa CTpoku B permctpe R10
,o**~k*~k~k**********************~k************************

TEXT OUT PUSH RS8

PUSH R7
PUSH R6
PUSH RS
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? Texas
INSTRUMENTS

lll. UuTepdberic ¢ BHELIHUMY YCTPOHCTBAMHU

MOV

RRA
SUB

TEXT 02 BIC.

MOV.

MOV.
MOV.

JMP
TEXT 03 MOV

TEXT 04 MOV
DEC

RLA.

Jc

BIC.

DEC
JNZ

TEXT H BIS.

DEC

TEXT 05 BIS.

MOV
TEXT 06 DEC

INC
CMP

POP
POP

BAUDRATE, RS

R5
#03h,R5

#02H, &P1OUT

TEXT (R9) , R7

#08H, R6
#08H, R6
TEXT 03
R8,R5

R8,R8
R5
TEXT 04

R7
TEXT H
#02H, §P1OUT

R6

TEXT 03
TEXT 05
#02H, §P1OUT

R6
TEXT 03
#02H, §P1OUT

#0F000h,R5
R5

TEXT 06

RS

R10,R9
TEXT 02

R5

R6

COXpaHeHMue CKOPOCTHU
oOMeHa IOaHHBMM

B perucTtpe RS
nejieHyie Ha 2
IIOOCTPOMKAa K CUHXPO—
HMUBaUUN

3anncb CTAPTOBOTO
BrTa — HUBKUM ypO-—
BEHb

3arpy3ka OanTa
naHHeIX Data byte
CUeTUMK OUTOB
TOJIBKO IJIS. ...

... .Ba0OEPXKN
KOIMPOBAHME B pe-
rucTp R8

MIyCTOWV LIMKJI

3anmMch CJIenynuero
ura?
PasBOPOT IJIS Nepelnaun

3allChb HUBKOIO
COCTOSAHMA OUTa

crenyoumy oantT?

3alliCb BBICOKOI'O
COCTOSHUA OuTa

crenyomm 0anT?
3anmchb BEICOKOT'O
COCTOSHMA CTON OUTa
3anepXKa MeXIy
KaxXIbeM CUMBOJIOM
...10 Mmc

unbpa x?
crenyommi 0anT
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Inaga 7. IrDA SIR kopep-pexonep Ha MSP430C112

POP R7
POP R8
RET

,-*****************************************************

; llepeMeHHEIE POTPaMMEL

; — STATUS

; - BAUDRATE .WORD #0200h
,-**“k“k“k**********************k*k*k************************
.sect ”RAM”, 0200h

STATUS_l .BYTE #00H

STATUS 2 .BYTE #00H

BAUDRATE .WORD #00H

; .sect "ROM” ;MCLK = 3.6864 MI'u/t=271.2 Hc
;BAUD2400 .WORD  #0300h ;1536/2 UMKJIIOB

; BAUD9600 .WORD #00COh ;384/2 uUKIIOB

;BAUD1920 .WORD #0060h ;192/2 uukioB

;BAUD3840 .WORD  #0030h ;96/2 umkiosB

;BAUD5760 .WORD  #0020h ;64/2 UuKIIOB

;BAUD1152 .WORD  #0010h ;32/2 uUMKJIOB

; .sect "ROM” ;MCLK = 4.194 MI'u/t=238.4 HC
;BAUD2400 .WORD #036Bh ;1750/2 uukJIOB

;BAUD9600 .WORD #00DAh ;436/2 LUMKIIOB

;BAUD1920 .WORD  #006Dh ;218/2 UMKJIIOB

;BAUD3840 .WORD  #0037h ;110/2 uwmxsos

;BAUD5760 .WORD  #0024h ;72/2 uUMKJIOB

;BAUD1152 .WORD #0012h ;36/2 LUMKIIOB

; sect ”ROM” ;MCLK = 5.0000 MI'u/t=200 HC
;BAUD2400 .WORD  #0412h ;2083/2 uUMKJIOB

;BAUD9600 .WORD  #0104h ;520/2 umxios

;BAUD1920 .WORD #0082h ;260/2 uUUKIIOB

;BAUD3840 .WORD #0041h ;130/2 uUMKJIIOB

;BAUD5760 .WORD  #002Bh ;86/2 UUKJIIOB

;BAUD1152 .WORD  #0016h ;43/2 UMUKJIOB

.sect ”"ROM” ;MCLK = 6.144 MI'u/t=162.8 Hc
BAUD2400 .WORD #0500h ;2560/2 uukIIOB

BAUD9600 .WORD  #0140h ;640/2 uukJIOB

BAUD1920 .WORD  #00AOh ;320/2 uMKJIOB

BAUD3840 .WORD  #0050h ;160/2 uuxsos

BAUD5760 .WORD #0035h ;107/2 uukIOB

BAUD1152 .WORD #001Ah ;53/2 UUKJIIOB

; .sect ”ROM” ;MCLK = 7.3728 MI'u/t=135.6 HC
;BAUD2400 .WORD #0600h ;3072/2 uUMKIIOB

;BAUD9600 .WORD  #0180h ;768/2 uUMKIIOB
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? Texas
INSTRUMENTS

lll. UuTepdberic ¢ BHELIHUMY YCTPOHCTBAMHU

;BAUD1920
;BAUD3840
;BAUD5760
;BAUD1152
TEXT

.WORD  #00COh
.WORD  #0060h
.WORD  #0040h
.WORD  #0020h

.BYTE

.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE

TXT 28

.BYTE

.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE

286

005h
OB1lh
050h
02Bh
0A6h
01lEh
087h
0CFh
005h
093h
077h
0CFh
02Eh
04Eh
OAFh
0B7h
0A6h
077h
02Eh
0CFh
005h
08Dh
09Ch
09Ch
01Dh
005h
0OBlh
050h
0B2h
0CAh
00Ah
02Dh
0CCh
00Ch
01Eh
08Dh
08Dh

;384/2 uukIIOB
;192/2 UMKJIIOB
;128/2 uukios
;64/2 UUKIIOB
; "CRL”

;"CR2"”

A%

;e

s

;rar
srsn

oo
’

; i

//n//
; IISII
; //t//

/N
’

r

7
’

u
;Ilm
; NG
; "
; g

/g
’

S
oo
:.Illll
;//9//
;11911
,'”8”
;II ”
,'”CR]_”
; "CR2”
,'”M”
;IISII
,'”P”
;II4II
;//3//
;IIOII

7
’

”

X
;Illll

;//l//
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Inasa 7.

IrDA SIR kogep-aexonep Ha MSP430C112

.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
TXT 50 .BYTE
.BYTE
.BYTE
TXT 53 .BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
TXT 62 .BYTE
.BYTE
.BYTE
.BYTE
TXT 66 .BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE

TXT 78 .BYTE
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01lEh
005h
093h
04Eh
022h
082h
0B4h
022h
0A3h
0B2h
0F3h
0OB1lh
050h
07Bh
04Eh
0BDh
04Bh
0A3h
0C3h
0A3h
093h
06Ah
0A3h
04Bh
OBlh
050h
07Bh
02Eh
0BDh
02Bh
04Bh
082h
072h
0CAh
0B2h
093h
02Bh
02Bh
0A3h
04Bh
0OB1lh
050h

7
14

X

oo
’

;IIIII
;Ilrll
;IID/I
’.//A//
rr_nm
:.//D//
;IIEII
;IIMII
;Iloll
;//CRl//
;IICR2//

SITAIT
’
/N
’

r

1
’

; IIR/I
; IIE/I
; IIC//
; //E//
; "
; g
; IIE/I
; IIR/I
; IICRl r”
; ”CRZ ”

N4
’

; Iltll
o
:. e
; "R
; "
; IINII
; IISII
: "V
; nr
; e
; oy
; IIEII
; IIRII
: "TCR1"”
; "TCR2"
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? Texas
INSTRUMENTS

lll. UuTepdberic ¢ BHELIHUMY YCTPOHCTBAMHU

PR e e S b S S S S S S b b b b S S S I R b b S b S S S e b b b 2 A A 4
’

; BEeKTOpPH IpPEepHBaHUN
,-'k'k***‘k‘k********‘k‘k‘k‘k*****'k'k***‘k*********‘k‘k************

288

.sect
.word
.word
.word

.word

.word
.word
.word
.word
.word
.word
.word
.word
.word
.word
.word
.word

”Int Vect”, OFFEOh

RESET ; or moproB P0.2 — PO.7
RESET ; OT OCHOBHOI'O TayMepa
RXTX 01 ; OT JIMHUM BBOIA/BHBOIA

; mopra Pl
TX_Ol ; OT JMHMI BBOIA/BHIBOIA

; nopra P2
RESET ; oT TamMepa/nopra
RESET ; HeT MCTOUHMKA
RESET ; HeT MCTOUHMKA
RESET ; HeT MCTOYHMKA
RX 01 ; oT Tarmepa Timer A
RESET ; or Mmomynsa Timer A/CAP/CMP
RESET ; OT CTOPOXeBOI'O TalMepa
RESET ; HeT MCTOUHMKA
RESET ; or PO.1
RESET ; or P0O.O
RESET ; oT NMI
RESET ; or POR, BHemHero c6poca

; M CTOPOXEBOI'O TaIZMepa

bubnuorteka Komnana




IV. Mpumepsbl
KOHKPETHbIX NPUMEHEeHNH

Imasa 1.

Ucnonv3oBanne TPS3619 coBmecTHO
¢ mukpokonTponnepamu MSP430
MOXET YMEHbLUNTb CUCTEMHOE
3HepronoTpebnexHne

*’? TEXAS

INSTRUMENTS



i
le'r-ll;}%Jxﬁ?zNTs V. [Ipumepbi KOHKPETHBIX NPUMEHEHMI

Wcnonb3oBanue TPS3619 coBMecTHO ¢
MuKpokoHTponnepamu MSP430 MOXET yMEHbLLUTb
CUCTEMHOE 3HepronoTpe6nexue

Dennis Hudgins [sbva014a.pdf (AHrn.)]

MukpokoHTponnepb! cemeiictea MSP430 npeansHbl Ans npUMEHeHUs B TeX
YCTPOWCTBAX, ANd KOTOPbIX Bpems paboTbl 663 noAsapanku akkymynaropa fs-
NAETCA KPUTUYECKUM MapameTpoM. AT MUKPOKOHTPOSIEPbI UMEIOT AeXYPHbIii
PeXIUM «C coXpaHeHnem cogepxxumoro O3Y», B KOTOPOM TOK MOTPeONEHNs He
npesbiwaer 0.1 MKA. B HeKOTOpbIX cUCTEMAX, UMEKLMX NpeobpasoBaresb Ha-
NPSOKEHUS MUTAHNSA, MOXET 1CMNoNb30BaThCs npubop TPS3619, KoTOPLI N03BO-
NSeT OTKNIOYUTL 3TOT Npeobpasosaresib, YTO NO3BOMUT CHU3UTL NOTPEONAEMYIO
CUCTEMOI MOLLHOCTb.

[N MHOrMX YCTPOICTB C aBBTOHOMHbIM MUTaHWEM TOK NOTPe6NeHNs B LIexyp-
HOM peXuMme gBMfeTcs 6051ee KPUTUYECKUM NapaMeTpoMm, Yem TOK NoTpebrieHus B
paboyem pexume. ITO 0COOEHHO CNpaBeanNBO A1 NEPEHOCHON KOHTPObHO-M3-
MEepPUTESIbHOM annaparypbl ¢ aBBTOHOMHbIM MUTaHUEM TUNA LU POBbIX TEPMOMET-
POB, U3MepUTENeii COLePXKAHNA caxapa B KPOBW M TOHOMETPOB. 3TN YCTPONCTBA
NPOU3BOLAT W3MEPEHUS W BbIYUCIEHUS, PE3YNbTaT KOTOPbIX O0TOOPAXAETCH Ha
XKKW nnu coxpansercs B namatu. [1nq yBenuyeHns cpoka cnyxobl 6atapeek unm
AKKyMYyNSITOPOB MEXZY U3MEPeHUAMU CUCTEMA HAXOAUTCS B LEXYPHOM PexXume
UMW peXXumMe MOHMKEHHOro noTpebneHuns. Tak Kak Takue YCTPOMNCTBA 60JbLUYIO
4acTb BPEMEHU HAXOJATCHA B LEXYPHOM PEXUME, TO CHUKEHWe NoTpebrieHns B
9TOM pPEXumMe NMo3BOJIAET CYLLECTBEHHO YBEJIMYUTL CPOK CIYXXObl aKKyMynsTopa.
TaK Kak MUKPOKOHTPOMIEP XPaHUT AaHHble B dHeprodasucumom 03Y, T0 1 B pe-
Xume 6e3[eiCcTBUA JOMKHO 06eCnevnBaTbCs ero nutaHue. B cucrtemax, KOTopbie
1CNOJb3YIOT NPeobpasoBatenb HaNPSXKEHWS NUTAHWSA, CYnepBM30p UCTOYHUKA
aBTOHOMHOrO nutanus (SVS), Hanpumep TPS3619, N03BONAET B [EXKYPHOM pe-
XXUMeE OTKNto4YaTh NpeobpasoBaresb HaNPsSXeHUs NuTaHus. B LexypHoM pexnume
TPS3619 no3sonseT nuTath MUKpokoHTponnep MSP430 HenocpeacTBEHHO OT 6a-
Tapeikn, a npeobpasoBaTesib HaNPSXKEHUS NUTAHUA OTKNKOYATb, YTO NO3BOMSET
CHM3UTb 0bulee noTpebrieHne cuctembl. Ha pucyHke 1 nokasaHa Tunosas cxema
BK/04eHns TPS3619 n npeobpa3oBatens HaNPsHKeHNUS Ansg NUTAHNS MUKDPOKOHT-
ponnepos cemeiicTa MSP430.

B cxeme, npuBefeHHOM Ha pucyHke 1 ucnonb3oBaH npeo6pas3oBaresib Ha-
npshxennss REG710, KoTopbIn npu paboTe OT ABYX LLENOYHbIX/HNKENb-KaaMUEBbIX
(NiCad) 6atapen copmmpyet 3.3 B HanpskeHue. Mpu HEOOXOAMMOCTI MOXHO UC-
nosib30BaTh W Apyrue NpeobpasoBaTenit HANPSHKEHUS NMUTAHUS.
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Inaga 1. Ucnonb3oBanne TPS3619 coBMECTHO ¢ MUKPOKOHTpONEPamu MSP430...

0.22uF
— TPS3619-33 MSP430
o e Ve BFo )
¢ Viy Vour —o Vop
le le RESET 0
2ell £ 2 | REGT1033 z
Al l & _|Enable o PA Vour| e Voo /o
Batteries GND GND 1 GND
_-|—_ $ J_ IO.1 MKD J_

Pue. 1. Tunosas cxema BktodeHns TPS3619 n npeobpasosatens HANPSHKEHNS A1 NUTaHUA
MUKPOKOHTPONNepoB cemerictea MSP430

Mocne okoHYaHWs Npeo6pa3oBaHns n CoXpaHeHns JaHHbIX MSP430 moxet oT-
KnounTh npeobpasosarens REG710. Mocne otkntoyeHns REG710, HanpsxeHue Ha
€ro BbIX0e Ha4MHaET yMeHbLUaTbCs. KOrfa OHO AOCTMraeT yCTaHOBIEHHO0 NOPOro-
BOro 3HaveHus VIT, To CynepBM3op HanpsKeHWs NUTaHUs NepekoyaeTcs Ha paboTy
OT HanpshkeHus nofaHHoro Ha ero Bxog VBAT, T.e. HanpamMyto OT 6atapeek. B ato
Bpems Ha BbIxoe Reset ycTaHaBNNBaeTCH HU3KUIA YpOBEHb. CUTHAN HAa 3TOM BbIXOAE
MOXET 1CNOMb30BATLCA ANs OTCNEXMBAHUA pexuma paboTbl SVS. Ho aToT curHan
He [O/MKeH ucnonb3osartbes Ans copoca MSP430, Tak Kak MUKPOKOHTPOMEP Npo-
LO0/KaeT paboTarb, NUTasACh HeNOCPEACTBEHHO OT 6aTtapeek. Ecnu xxe Heobxoaumo
thopmMmpoBatb curHan c6poca MMKPOKOHTPONepa, To BMecto TPS3619 MOXHO uc-
nons3osartb TPS3606.

TPS3619 kpome TOro, 4T0 06€CMNEYMBAET BbIOOP UCTOYHMKA MUTAHUSA, eLle
CMoCcO6eH OTCNeXuBaTb CHUXKEeHUS HanpshxkeHus Ha Bxoge PFI. Bxop PFI nog-
KNKOYeH KO BHYTPeHHeMy Komnapatopy TPS3619, KoTopblii UMeeT nopor cpaba-
ToiBaHua 1.15 B. Korpa HanpshkeHue Ha Bxofe PFl nagaet Huxe 1.15 B, T0 Ha
BbIxoAe nonPFO ycTaHaBnmBaeTcs HU3KWIA ypoBeHb. Pesuctopbl RA 1 RB moryt
CNOMb30BaTLCA /11 YCTAHOBKM NMPOU3BOSIBHOIO Nopora cpabartbiBaHWs AETEKTO-
pa paspsfa 6atapeu, Npu 3TOM He crefyet 3abbiBatb, 410 MSP430 nmeeTt MuHN-
marnbHoe paboyee HanpsxxeHue 1.8 B. opmupyemblii 3TUM JETEKTOPOM CUrHaN
MOXET MCMOJb30BaThCA A1 (hOPMUPOBAHUS NPEAYNPEXAEHNS NONb30BaTeNs 0
paspsge 6arapeil uau Ans nepesoa MUKPOKOHTPOSIEPA B PEXIUM MOHMKEHHOTO
noTpe6nenns. [ns NCKN04eHNs BIUSHUS BXOAHOMO TOKA BbiBofa PFl Ha To4HOCTD
PE3NCTUBHOIO LENUTENs CyMMapHOe COMPOTUBAEHUE PE3UCTOPOB LOSMKHO ObiTh
He meHee 1 MOwm.
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OVYHKUMA OTCNeXuBaHus paspsja 6artapeil ABAAETCH BCMNOMOratenbHOIA.
Cnefyet y4uTbIBaTh, YTO PE3UCTUBHBIN [eNNUTeNb [ETEKTOpa Takxe noTpebnser
TOK. [1pn OroBOPEHHbIX YCIIOBUAX CPEAHWIA TOK NOTPe6sieHns Yepes pesucTopbl
paBHsieTca npuénuautensHo 2 MKA (2 B/1 MOMm). MHorve MUKPOKOHTpOSSIepsI
cemenctea MSP430 nmeloT BCTPOEHHbIV [eTEKTOp paspsafa 6atapei, KOTOPbIA
He NOTPe6sIAeT NOCTOAHHOIO TOKA, YTO BELET K CHUXKEHMIO 00LLero notpebneHns
CUCTEMbI.

Mpu ncnons3oBaHn TPS3619 B pexxrme NOHWKEHHOTO NOTPE6IEHNS MOXHO
YMEHbLUNTb TOK NOTPE6NEHNS CUCTEMbI MPUMEPHO Ha 65 MKA. B pexxume paboTbl
oT 6atapeiiku TPS3619 notpebnset He 6onee 0.5 MKA. B aKTUBHOM e pexume
TPS3619-33 nmeet TMNOBOIA TOK NOTpe6ieHns Bcero 17 MkA.

292 bubnuorteka Komnana



IV. Mpumepsbl
KOHKPETHbIX NPUMEHEeHNH

maBa 2.
YnbTpa3BykoBoe namepeHne fanbHocTH

Ha MSP430

*’? TEXAS

INSTRUMENTS



i
le'r-ll;}%Jxﬁ?:NTs V. [Ipumepbi KOHKPETHBIX NPUMEHEHMI

YnbTpa3sykoBoe usmepexue ganbHoct Ha MSP430
Murugavel Raju [slaa136a.pdf (Axrm.)]

B aTom npumepe npuMeHeHMs ONKUCaH YNbTPa3BYKOBOW AajibHOMEp Ha 6a3e
mukponotpeo6nsatowiero MK MSP430F413. Mpu6op nepefaéT «nayky» BOSH YIib-
TPa3BYKOBOW 4acTOTbl MO HanpaBfeHWUto 00bekTa W NPUHUMAET COOTBETCTBYHO-
WA OTPKEHHDLIA curHan. BetpoeHHbit B MSP430 aHanoroBblii komnaparop
Comparator_A ucnonb3yertcs Ans onpejeneHns MOMeHTa NPUHATUS OTPaXKEHHOMO
curHana. MUKpOKOHTPOMEP C BbICOKOM TOYHOCTBIO U3MEPSIET BPeMs NMPOX0X[e-
HUS YNbTPA3BYKOBOW «Ma4yKoM» PacCTOSHUSA OT U3Jly4aTens [0 06beKTa 1 06paTHO.
[Mp1HUMas BO BHUMAHWE, YTO CKOPOCTb 3BYKA NPU KOMHATHOI TeMnepaType paBHa
1100 cpytos/cek, MSP430 BbI4MCASET pacCTOSHUE MEXY NPUOOPOM U 06bEKTOM
1 BbIBOAWT 3Ha4YeHne Ha 2-uucpposoit XKKU co ctatmyeckum ynpasfieHuem npu
nomoLm BCTpoeHHoro YKK-apainsepa. PacctosiHne 0TO6PaXaeTcs ¢ TOYHOCTbIO
1 nwoim. MuHUManbHO M3MepseMoe paccTosiHWe — 8 AKAMOB, OHO OrpaHUYeHo
husnyecknmmn xapaktepuctukamn nany4arens. MakcumanbHoe n3mepsiemoe pac-
CTOSAHME — 99 AtoiiMOB. AMNIUTYAA OTPKEHHOIO CUrHana 3aBUCUT OT MaTepuma-
na 06bekTa, ero oopmbl 1 pa3mepa. 3ByKONOrnoLalLLIMe NPpeMeThl, Takune, Kak
KOBPbI 11 OTpaXKaroLLMe 00bEeKTbI MIOLLAb0 MeHee 2-X KBapaTHbIX (PYTOB NI0X0
OTpaXatoT CUrHas, Ans Takux npefMeToB MakcuManbHO U3MepsieMoe pacCcTosHue
MeHblUe. Ecnn BennymMHa oTpaEHHOro cuUrHana MeHblle nopora cpabarbiBaHUsA
Comparator_A, npn6op nepenmér B pexxum neperpy3ki. Ha akpaHe 6yaet nokasa-
HO coo6LLleHMe 06 oLnbke E.

1. Teopus paboTbl

Mpn60op 0CHOBAH Ha 3hheKTe OTPAKEHUS 3BYKOBbIX BOSIH. ITI BOMHbI MOX-
HO MPeACTaBUTb Kak NPOAONbHbIE KoNebaHus JaBNeHNs B cpefe Ux pacnpocTpa-
HeHus. [peameTbl, pa3Mepbl KOTOPbIX NPEBbILIAKT AAWHY NafaloLlei 3BYKOBOK
BOJIHbI, OTpaXatoT eé; OTpaxEHHAsA BOSIHA Ha3blBaeTCs 9xoM. Ecnu ckopocTb
3BYKa B CPe/ie U3BECTHA 1 MOXXHO U3MEPUTb BPEMS PAcNpPOCTPAHEHUS BOMHbI OT
MCTOYHMKA 10 00bEKTA U 06paTHO, TO PacCTOSHME MeXay W3nyvatenem u npep-
METOM MOXET 6bITb TOYHO BbI4NCNEHO. Ha 9TOM NPUHLMNE U3MEPEHNS U OCHOBAH
JaHHbIN npnbop. Cpefon pacnpocTpaHeHWs 3BYKOBbLIX BOSH B AaHHOM Clly4ae
SIBNIAETCA BO3AYX, a 3BYKOBbIE BOJSIHbI U3y4atOTCA YNbTPA3BYKOBOM AMana3oHe,
T.K. OH He BOCMPUHMUMAETCS YenoBevYeCcKUM yxoM. MpuHuMas CKOpoCTb 3BYKa B
Bo3ayxe paBHon 1100 cpyTam B CEKYHAY NpW KOMHATHOW TemnepaType n 0603-
Ha4MB BPEMS pacnpocTpaHeHWUs 3BYKOBOWM BOSHbI OT WU3fy4yatens 4o 06bekta u
06patHO 4epe3 t (cek), paccTosHue d Bbluucnsetca no popmyne d=1100 X 12

294 bubnuoteka Komnana



InaBa 2. YnbTpa3BykoBoe namepenne ganbHoctn Ha MSP430

X t (atonmoB). Tak Kak 3BYKOBbIe BOJMHbI NMPe0A0SeBaAOT YABOEHHOE PACCTOSHME
MEeXAy n3nyyatenem v npeLmMeToM, peaibHoe pacCTOsHUE MeXAy UCTOYHUKOM W
06beKTOM OyzeT paBHO d/2.

2. OnucaHue cxembl

B naHHoM npu6ope MCMOMb30BaHbl KEPaMMYeCKUEe YrbTPa3BYKOBbIE W3Ty-
yartenu Ha vactoty 40 kl'u. MSP430 nogaért Ha uanyyatenb nadky u3 12 umnynb-
coB y4actoToit 40 Ky NpsAMOYronbHON OPMbl CTAOUNN3UPOBAHHOI MPU MOMOLLIA
KBapLIEBOro Pe30HaTopa M NPUHUMAET «3X0» C MOMOLLbI0 Y3-npuéMHnka. Taiimep
Timer_A B MSP430 ckoHturypupoBaH ans noacyérta 40-KunorepLoBbiX UMNynb-
COB OT KBapua, Takum 06pa3oM, BDEMEHHOE pa3peLleHne N3MepeHus CocTaBnsieT
25 MKC, 4TO 60Mee Yem [0CTaTOYHO NS JaHHbIX LieNeid. TakToBas yactoTa ans 13-
MEpEeHNii MonyveHa Np1 NOMOLLY KBApLIEBOr0 reHepaTopa, 4To 06ecneynBaeT eé Bbl-
COKYH CTabunbHOCTb. OTPaXEHHbIA CUrHAN, NPUHATBIA NPUEMHIKOM YCUIMBAETCS
OMepaLMoHHbIM YCUINTENEM, BbIXOf KOTOPOro MOAKOYEH K BXOAy komnapatopa
Comparator_A . Komnapatop

Comparator_A onpefensieT Hanu4ue curHana Ha Bxofe v (hOpPMUPYET CUr-
Han 3axgara Ans Taimepa Timer_A, pe3ynbrar c4éTa npu 3ToM «3allénKnBaeTcs»
B peructpe 3axsarta-cpaBHeHus GCR1. Bpems OCYLLECTBNEHUS «3alLENKNBAHUS»
B TOYHOCTU COOTBETCTBYET BPEMEHM MPUXOAA UMMYNbCOB OTPAXKEHHOTO CUrHana.
3anOMHEHHbIN B PEruCTpe peaynbTaT CYéTa COOTBETCTBYET BPEMEHU, 3aTPAYEHHO-
My Ma4Koi yNbTPa3ByKOBbIX MMMYNbCOB HA MPEOJO0MEHIE PAcCTOSHMS OT npubopa
10 06beKTa 11 06paTHO. PaccTosiHMe B AtoiiMax BbIYUCNSETCH MUKPOKOHTPOMIEPOM
MSP430 ucxoas n3 n3MepeHHOro BPEMEHN 11 BbIBOAUTCS Ha 2-X LndpoBoii XK
CO cTaTuyeckum ynpasneHuem. Cpady nocne atoro MK nepexogut B pexum mno-
HWKEHHOro noTpebneHns LPM3 ans cHmXeHus notpebnsemon MoLHOCTH. Taii-
mep Basic Timer1 3anporpammupoBaH Ha (HOPMUPOBAHKE MPEPbIBAHWIA KXKAble
205 mc. lMpepbiBanne ot Basic Timer1 nepesoant MSP430 B aKTUBHbIA PeXuMm,
npy 3TOM MOBTOPSOTCS LUMKN M3MepeHns 1 BbiBog Ha XK. Ha puc.1 nokasaHa
npuHumMnuanbHas cxema npuéopa. MK MSP430F413 (U1) siBnsieTcs rnaBHbIM ane-
MeHTOM cxeMbl. Mo ccbinike [1] HaxoguTes data sheet Ha faHHbIn MK. LCD1 — 2-x
UMOpoBOi HN3KOBONBTHBIA KK co cTaTn4eckum ynpaBneHueM, ynpansieMblid
BCTPOeHHbIM fpaiisepom XKI. RO3 nogkntoyeH K VSS, a R13 n R23 ocTaBneHsl
HEeNOAKIIOYEHHbIMI, TaKM 06Pa30M 0PraH1M30BaHO CTaT4eckoe ynpasneHne XK.
KBapueBbiii peaoHaTop Ha 40 kI X1 cneumanbHo BbiGpaH ANs UCMNOSIb30BaHMS B
COCTaBE HW3KOYACTOTHOTO KBApLIEBOr0 reHeparopa As 06ecreyqeHus pe3oHaHc-
HOIA YacTOTbl MCMONb3YEMbIX B MPKUBOPE YNbTPa3ByKOBbIX U3nyyartenen. R12 apns-
eTCA «MOATArMBALOLLMM>» PE3MCTOPOM Ans BbiBoAa Reset, a 3a paboynm ypoBHeM
HanpsPXKeHUs CneauT BCTPOEHHbIA cynepsu3op. Konaencatop C9 obecnevuBaeTt
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PunbTPALMIO NUTAHNA 1 BOXOKEH ObITb PACMONOXKEH KaK MOXHO 671UKe K BbIBOJAM
nuTaHns. 14-BbIBOAHbIA pasbém J1 npeaHasHadeH A1 NOAKNOYeHUs NHTepdierica
JTAG k MSP430 19 BHYTPMCXEMHOMO NPOrpaMMMPOBaHIS U OTIAZAKM MPU NOMOLLMA
MSP430 flash emulation tool. Ceetoanoa LED1 curHanuanpyet o Luknax uamepe-
HUS. BbiBog nopta P1.5 ckoHDurypupoBaH Kak Bbixof 4actotsl AGLK, Tpebyemoit

ans Y3-usnyyarens.
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2 1
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Pue. 1. Cxema npnbopa
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Llenb BbIXOAHOrO ApaiBepa packadku Uasy4atens 3anutaHa HenocpeLcTBeH-
HO 0T 9-BONLTOBOW 6Gartapewn 1 06ecre4vnBaeT Ha Bbixode pasmax curHana 18 VPP.
9TO HanpspKeHWe Mosiy4aeTcs Npu NOMOLLUM MOCTOBOI CXeMbl Ha 4-X WHBEPTOpax
U4-CD4049. Data sheet Ha CD4049 no ccbinike [6]. OAMH 13 MHBEPTOPOB BpaLLaeT
(hasy curHana Ha 180° ans 0fHOr0 U3 niey panBepa, Ha BTOPOE Ne4o nocTynaer
HEWHBEPTUPOBAHHbIIA CcUrHan. pu Takom NOCTPOeHUN ApaliBepa Ha Bbixome 06ec-
neymeaertcs pasmax curdana 18 VPP, Heobxoaumbln ansa nany4arens. 1o gsa uH-
BEPTOpPa COEAMHEHbI B Mapannens [ YABOEHUS BbIXOAHOMO TOKa. KOHAEHCATOpbI
(6 n C7 obecneymBatoT pa3Bs3ky n3nydaTens no noctosiHHoMy Toky. T.K. CD4049
3anutaH o1 9 B, a MSP430 o1 3.6 B, ypoBeHb N0rM4ecKoro curHana He CornacoBaH.
bunonapHbiii TpaxsucTop Q1 cnyxuT NpeobpasoBaTenem ypoBHs.

OnepauuoHHbIn yeunutens U3 310 5-BbIBOAHBINA OV € BbICOKOI CKOPOCTHIO Ha-
pacTaHus BbIxogHoro curHana TLV2771 npoussonctea Tl, JOKYMeHTaUmMs Ha KOTO-
PbIV PacnonoXeHa no cebiske [5]. ATOT yecunuTeNb MMEET LIMPOKYH NOMOCY CUrHana
11 06eCneynBaeT BbICOKOE yeuneHne Ha Yyactote 40klL. OV BKKOYEH N0 UHBEPTUPY-
towien cxeme. KY yctaHasnmeaetcs peauctopamu R7 n R5 u paseH 55, C5 cnyxut
ONs 4acToTHOW Koppekuun. R3 v R4 co3hatoT CMeLLgHNe Ha HEWHBEPTUPYHOLLEM
Bxofe OV ans KOppekTHOM paboTbl C OFHOMONSPHBIM UCTOYHKOM MUTaHUS. Ycu-
NIEHHbIN YNbTPA3BYKOBOI CUrHAN ABASETCS ABYXNOMSPHLIM OTHOCUTENTIbHO MOCTOSH-
HOr0 YPOBHSA B JaHHOI TOYKe. BbicOKast [06POTHOCTL NpuéMHIKa RX1 06ecneynsaet
Tpebyemyto n36upaTenbHOCTb 1 ocnabneHune Yactot, kpome 40 kl'u. Boixog OY noa-
Knto4eH Ko Bxoay GAO komnapatopa Comparator_A yepe3 BbiBog nopta P1.6. Onop-
HOe HanpsbkeHne komnapatopa Comparator_A BbIBPaHO OT BHYTPEHHEr0 UCTOYHMKA
0.5 VCC. Moka He NpuHATO YNbTPa3BYKOBOE «3X0» YPOBEHb HANPSXKEHWUS Ha BXOAE
CAO HeckosbKO MeHblLUe, 4em Ha onopHom GAT. Mpu npuéme curHana ypoBeHb Ha
BXOZle BO3PACTAET BblLLIE OMOPHOIO, MPU 3TOM MePeKITHYaeTCs BbIX0] KOMnaparopa
Comparator_A CAOUT. Peauctopom R3 ocyLLeCTBASETCA TOYHASA NMOLCTPOIKA YyBC-
TBUTENIbHOCTU W, COOTBETCTBEHHO, ONTUMANTbHOMO Anana3oHa U3MepeHus.

MSP430 n ycunutens curHana Y3-npuémHuka nutaroTcs 0T ynpasBnsiemoro
UCTOYHUKA 3.6 B, NOAKMO4YEHHOIO K 9-BONLTOBO 6atapeiike. MICTOYHIK BbINONHEH
Ha CTabMNN3aTOPe C HU3KIM NafleHNEM HaNPSKEHNS HA PerynnpyoLLEM 31eMeHTe
mapkn TPS77001. [JaHHas m/cx Bbinyckaetcs doupmoit TI, MHhopmauuio MOXXHO
HaiTn no ccbinke [4]. Peauctopsl R1 1 R2 ycTaHasnuBaoT HanpsKeHne Ha BbIXOAE
crabunusaropa Ha yposHe 3.6 B. Kongencaropsl G1 n C2 pekomeHAY0TCS TUMOBOIA
CXeMOM BKMKYeHNs cTabunnaatopa. [Nepefatynk NnuTaeTcs HeMmocpeacTBEHHO 0T 9-
BONIbTOBOW 6aTtapen. Boiknoyatens S1 ynpasnser nutaHuem npubopa.

Ha puc.2 npusefigHa ocuuniorpamma nadku u3 12 umnynbcos yacToTomn 40 KIu,
O6patiTe BHMMaHME, YTO HaNpsHXKeHUe «OT MiKa A0 nuka» coctasnset 19.2 B. Cu-
HYCOWAANbHbIV «3BOH>» HA BEPLUHAX NPSMOYTOMbHbIX UMMYbCOB BbI3BaH PE30HAH-
COM n3ny4atens.
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BbIXOAe M3nyyartens. Ha cnefyoweid ocumniorpaMmme nokasaH YCUNEHHbIA BbIXO
npuémuuka (BoiBog 1 QY). lMepsas «nayka» — 310 CUrHaM, NPUHATLIA Henocpeac-
TBEHHO C MepefaTinka 1 NPOUrHOPMPOBAHHbBIA MUKPOKOHTPOMepoM. CreaytoLas
«Mayka» — aT0 OTPAKEHHOE 3xX0, 3TOT curHan ucnonbayetcs B MSP430 ans uame-
peHusi. Ha nocnefHei ocuunnorpamMme nokasaH n3MepeHHbI MUKPOKOHTPOMIEPOM
NHTepBas BpemeHn. OH COOTBETCTBYET BPEMEH PACMNPOCTPAHEHUS YIIbTPA3BYKOBOTO
CUrHana ot npuéopa o 06beKTa 1 3aBUCUT OT U3MEPSAEMOr0 PacCTOAHUS.

3. Mporpamma Ultrasonic.s43

3.1. Unnynann3ayms Init_Device

B 3Toii nognporpamme WHULMANM3UPYETCSA M KOHAUTYpUpYeTcs nepudepus
KoHTponnepa. lMpexae Bcero 3anpeulaetcs ctopoxkeso Watchdog Timer. [Ons
cTabunuaaLyy HU3KO4aCTOTHOrO KBApLLEBOrO reHepaTopa BBOAMTCS NpOrpaMmmMHas
3a7epxKa. YMHOXIUTENb 4acToTbl FLL+ nmeeT 3HaveHue 64, 4To aaét vyactoty MCLK
2.56 Mr'u. BoiBoa P1.0 ckoHMrypupoBaH Kak BbIX0[ Ans YNpaBieHus CBETOAMO-
nom. Heucnonb3yemble BbIBOJbI CKOH(OMIYPUPOBaHbI Kak BbIxofpl, a BbiBOg P1.5
HAcTPOeH Ha BbiBoA 40-kunorepLosoi 6ydepnaoBaHHoi YacToTbl AGLK. ba3oBblit
Tanmep Basic Timer1 BKNOYEH U CKOHMUIYpUPOBaH Takum 06pa3om, 4To6bl dop-
mupoBatb Yactoty 150 'y ans XKKW n BbI3biBaTh npepbisaHus LMY kaxabie 205
MC IS NPOBeAeHNS LMKna uamepeHuii. Komnapatop Comparator_A mcnonb3yert
BHYTPeHHe onopHoe HanpspkeHue 0.5 VCC , a 6utbl CAPD ycTaHOBNEHbI B «1», 4TO
OTKM04aeT 6ydhepa Ha Bxogax komnapartopa. Moaynb XKK KOHTponnepa BKIHYEH
I CKOHCOMIYpPUPOBaH B PEXWUME CTaTUYeCKOro YnpaBneHus s NOAKNoYeHNs 2-
uncposoro XK npubopa. ucnnenHas namMmsTb 04ULLEHA, T.€. N0 yMonyaHuto KK
nokasbiBaeT 3Ha4yeHne 00. 3aTem pa3peLuatoTcs npepbiBaHNs 0T 6a30BOro Talime-
pa Basic Timer1 v BKnto4aetcs o6Luee pa3peLleHne npepbiBaHnii Global Interrupt
Enable (GIE), 4To npuBOANT K Nepuoanyeckum npepbiBaHmam LIMY.

3.2. OcxoBHoii ynkn Mainloop

B ocHoBHOM LmKe Ha XKK BbIBOAUTCS HOBOE 3Ha4eHWe, KOTOPOE XPAHUTCS B
6ydepe DIGITS, nocne 4yero MSP430 nepexoauT B peXKum NOHUKEHHOMO NOTPe6-
nenms LPM3. MSP430 octaéTcs B 3TOM pexxume A0 Tex nop, Noka He BO3HUKHET
npepbiBaHne 0T 6a30B0ro TaiMmepa Basic Timer1, nocne 4ero npoueccop nepenaér
K BbIMOMHEHNO 06paboTyMKa npepbiBaHuin 6a3oBoro Tanmepa BT_ISR. Mpu atom
Ha4YMHaeTca UuKn namepenus. Taiimep Timer_A pa6oTaeT B 16-6UTHOM pexume un
TakTupyetcsa vactotoin ACLK. Peructp CCR1 Haxoautcs B pexxume CpPaBHEHMS C
4ucnom 12, Takum 06pa3om, Ha Bbixoge P1.5 nonyydaem «nayky» u3 12 umnynbcoB
yacTotoii 40 kl'u. [Janee dhopmupyeTcs 3aaepxka U3 36 TaktoB 4actoTbl ACLK ans
npekpalleHus KonebaHuii Ha BbIXoAe U3ny4yatens. 3T0 OCYLLECTBNALTCSA MepeBo-
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nom peructpa GCR1 B pexxum cpaBHeHust ¢ yucnom 36. Bo Bpems aToil nayabl,
npoueccop MSP430 npe6biBaeT B pexkume HU3KOro notpebnenus LPMO.

Tenepb npu6op roToB K NPUéMy OTPXEHHOIO curHana Y3-npmémHukom. Kom-
napatop Comparator_A CKOHMrypupoBaH Ha OXWIaHWe curHana axa, nocne no-
Ny4eHns KOTOpOro cpOpMUpPYeTCs NpepbiBaHne Ans «3axBara» 3Ha4eHus TanmMepa
Timer_A B peructpe 3axsata-cpasHeHuss GCR1. 310 3HayeHWe COOTBETCTBYET U3-
MEepPEHHOMY BPEMEHU, B Te4eHIe KOTOPOro YNbTPa3BYKOBbIE BOSIHbI NPe0oneBanu
paccTosiHue 0T u3nyyarens 4o 06bekTa u 06patHo. K nosny4eHHOMY 3Ha4eHUo npu-
6asnsercs 48 4na KOMNeHcaUum BpeMeHr (popMupoBaHns 12 MMNySbCOB «MavKu» 1
36 TaKTOB OXWAAHWA YCTAHOBNEHUS nepefartynka. CKOppeKTUPOBAHHOE 3HA4EeHNe B
peructpe CCR1 npeacTasnser co60M TO4HbIA BPEMEHHON MHTEPBAN MEXAY Ha4asiom
«MaYyKu» U BPEMEHeM NPUHATKA 3xa. [lanee BbI3bIBAETCA NOANPOrpaMma Marema-
TU4ECKON 06PA6OTKM, BbIMUCNAOLIAA 3HAYEHNE PACCTOSAHWA B [HOIMAX U BO3Bpa-
LU0l COOTBETCTBYHOLLNIA pe3ynbTat. B cnyvae neperpy3ku (06bEKT BHE 30HbI
JelicTBMsA) 9X0 He OyaeT nonyy4eHo n komnaparop Comparator_A He cdhopmupyet
curHan npepbiBaHus. MSP430 octaHeTcs B peXXuMe MOHKEHHOr0 aHepronoTpeo-
nenus LPMO po cnegytollero npepbiBaHus 6a3oBoro taimepa. B atom cnyyae npo-
Bepsietcs 6ut CAIFG B pernctpe CCTL1 ans yctaHOBeHMs TOro hakTa, YTo aX0 He
6bI110 MosTy4eHo. 4T06b1 0TO6PA3UTL AAHHOE COCTOsIHME, B 6ypep DIGITS 3anuckiBa-
etcs 3HaveHne 0xBE , 4to npmBeféT K nuaukaumm 6ykebl E Ha akpaHe XKKI. Janee
nporpamMmma BO3BpaLLAeTCA K Ha4yany 0CHOBHOMO Lukna Mainloop, 06HOBNSET MHAN-
Kauuro Ha KK 1 nepexoauT B pexxmm MoHWKeHHOro notpedneHus LPM3. Cneayto-
LLiee npepbiBaHne 6a30Boro TanmMepa Basic Timer1 Bo3spatut MSP430 B akTUBHbIN
PEXMM U BbINOSTHEHWE NPOrpaMmMbl MPOAOIKUTCA.

3.3. Marematnyeckune Bbryncnenna Math_calc

Moanporpamma Math_calc oTBeyaeT 3a BbINOMHEHME MaTEMaTUYECKNX Bbl-
YUCNEHNIA, HeO6XOANMbIX B Npubope. CKOppPeKTUpoBaHHoe 16-6MTHOE 3HaYeHue B
peructpe CCR1 coxpaHsieTcs B nepemeHHon Result. 370 3HayeHMe npeacTaBnser
13 cebs BPeMs, B Te4eHUe KOTOPOro yIbTPa3ByKoBbIe BOSIHbI NPeojosieBann pac-
CTOSIHWE OT U3ny4aTens A0 06bekTa 1 06paTHoO. Tak kak Taimep Timer_A cyuTaet
BpeMA 25-MUKPOCEKYHAHbIMI WHTEpPBaNamu, TO peasibHOe BPEMS BblYUCNSETCA
Kak Result X 25 mMKc. [TpuHUMas BO BHUMAHWE, 4TO CKOPOCTb 3BYKA NPY KOMHATHON
Temnepatype coctaenser 1100 dyTos/cek, 3Ha4eHune Result, nony4eHHoe 13 Tan-
mepa Timer_A cOOTBETCTBYET 6-T OTCYETAM HA OAUH [OAM PacCTOAHUSA. Takum
06pa3om, pa3fenus 3HaveHue Result Ha 6, nony4um 0XKUaaemoe 3Ha4YeHue pac-
CTOAAHUA B Atoiimax. [ns obecrneveHns TpebyemMorn TOHHOCTM NPK UCMOSTb30BAHUM
LienoyncneHHbix Bolyucnenuin 8 MSP430, 16-6utHoe 3Ha4yeHue Result cHavana ym-
Hoxaetcs Ha 100, noTom aenuTcs Ha 6. YMHOXeHue 16X16-6UT oCyLLECTBNAETCA
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nognporpammon Mul100. 32-6UTHbIA pe3ynbTaT YMHOXEHUs COXPAHAETCA B nepe-
MeHHbIX htX100_msw n htX100_Isw. Mocne aToro 32-6UTHbIIA pe3ynbTaT AenuTcs
Ha 6 1 nony4eHHoe 3Ha4eHue 3anucbiBaeTcs B A4eiky DIGITS. B aToit nepemeHHom
3Ha4eHWe XpaHUTCS B LUeCTHaaLaTepuyHom Bufe. Moanporpamma hex2bcd koH-
BEPTUPYET ero B IBOMYHO-AECATUYHbIN dhopmart (BCD), npu atom fiBe nocnegHue
UM pbl ABOMYHO-AECATUYHOrO Yucna 0T6pachIBatoTCa YT0ObI CKOMMEHCUPOBATL
npenbiayLiee ymHoxeHue Ha 100. [onyyeHHoe ABYXpaspsAHOe YACNO 3anuChIBa-
eTcs 06patHo B A4eliky DIGITS.

3.4. 06pa6otynk npepoiBaxnsa 6a3oBoro Taimepa BT_ISR

Mopnporpamma 06paboTkM MpepbiBaHnii 6a3oBoro Tanmmepa Basic Timerl
BT_ISR nameHsiet 6uthbl ctatycHoro peructpa SR, HaxoAsLLErocs B CTEKE TakuM 06-
pa3oMm, 4TobbI 06ecneyqnTs yHKUMoHMpoBaHue MSP430 B akTMBHOM pexxume noc-
ne BO3BpaTa 13 noAnporpamMmmbl 06paboTKK npepbiBaHnin. 3TO TpebyeTca Ans Toro,
410661 MSP430 npoLosKus BbINOSHEHUE NPOrpamMMbl, CNEAYHOLLEN 32 UHCTPYKLMEN
LPM3 B ocHoBHOM Luknie Mainloop.

3.5. Ungnkayns Display

JTta noanporpaMma 06HOBNSAET MHAOPMALMIO HA ABYXLMDPOBOM CTATUHECKOM
XKW uncnonbays nHdopmaumio, cofepxatlytocs B nepemenHoii DIGITS. [anHble
INS INHUIA cermeHToB cTatndeckoro XKW xpanstcs B Tabnuue LCD_Tab. 3arpy3ka
B namaTb KK TpebyembIxX [aHHbIX A5 CErMEHTOB OCYLLECTBMIAETCA BbIOOPKOM 13
Tabnuupl LCD_Tab 3Ha4eHus, COOTBETCTBYIOLLIErO YUCIY, XPaHALLEMYCS B NEPeMeH-
Hoit DIGITS.

3.6. 3apepxka Delay

Jta nognporpamMma 06ecreymBaeT NPOrpamMmMHYI0 3aiepXKy C Tpebyembim
16-6MTHBIM 3Ha4eHneM. 3Ha4YeHMs B PErUCTPax He U3MEHAITCA, T.K. Ans cHéTa uc-
nosib3yeTcs NepemMeHHas, pacnonioxxeHHas Beepxy creka (TOS). Mocne oKoH4aHus
3a/lepXKKU yKaszatenb cTeka (SP) WHKpeMeHTUpyeTcs, Takum 06pa3om, nepef BO3-
BPATOM 13 NOANPOrpaMmMbl My BO3BPALLAETCS NepBOHAYaIIbHOE 3HA4EHNE.

4. 3aknioyeHue

Takwe nepudhepuitHble YCTPOIICTBA, Kak aHanoroBblii Komnapatop Comparator_
A, 16-6uTHbIA Taiimep Timer_A ¢ annapatHbIMU PerucTpamu 3axsara-cpaBHeHus, 6a-
30BbI Tanmep Basic Timer1 u apaisep XKW 3Ha4TeNbHO yNPOLLAKT pa3paboTKy
YNbTPa3BYKOBOr0 AanbHOMEpa 11 066CMeY1Bat0T OAHOKPUCTabHOE peLleHune. Cpef-
HUN NOTPebnsemMblii TOK npuéopa 1.3 MA npu n3MepeHun paccTosHus B 15 AOIAMOB.
Ctoga BxoauT cobetBeHHoe notpebneqne LDO-ctabunmusatopa U2, onepaLmoHHOro
yeunutens U3, n KMOIM-uxseptepa U4. Tonbko OY notpe6nset 1 MA, Takum obpa-
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30M, BCA OcTaBluasics cxema notpe6nsiet 300mMKA. Tok CBETOANOAA BO BK/OHEHHOM
cocTosHuu — 5 MA. MSP430 notpe6nset B cpeaHem 2.1 MKA ¢ y4ETOM NOCTOSIHHO
BK/t04eHHOro XKKI. 310 cTano Bo3MOXHbIM 6/1arofaps 1Cnonb30BaHUI0 Npeumy-
LLeCTB (OYHKLWIA ynbTpaHu3koro aHepronotpedneHns MSP430. OcHoBHOe Bpems
MSP430 Haxogutcs B pexxume MOHMKeHHOro notpedbnenus LPM3, pecypebi LMY
CMOMb30BaHbI BCEr0 Ha 5.6%.

T.K. CKOPOCTb 3BYKa 3aBMCUT OT TEMNePaTypbl, U3MePEeHNe paccTosHua 6yaeT
MMeTb 60JIbLIYI0 NOTPELLHOCTL NPU Temmneparypax, OTINHAIOLLMXCS OT KOMHATHOA.
[1ns NOBbILLEHNS TOYHOCTI U3MEPEHUS BO BCEM AManas3oHe Temnepatyp npuéop
MOXXET 6bITb A0MOJIHEH NPOCTbIM U3MepUTENeM TeMepaTypbl Ha TePMIUCTOPE U CO-
OTBETCTBYIOLLIEN KOPPeKLMen nokazaHuii. IsmepeHHoe paccTosHue 1 Temnepatypa
TaKXe, N0 XXeNaHM, MOryT ObITb COXPaHeHbl BO BCTPOEHHON doneLu-namaTi. [o6as-
NIeHe JOMOSHUTENLHOTO Kackada YCUNeHus curHana npuémHmnka u ucnosib3oBaHue
MynbTUNNeKcMpoBaHHoro XKKI ¢ nto6bIM XkenaembiM KONMYeCTBOM LUEP N0o3BOAUT
YBEJIMYUTb ANANa30H U3MEPEHUs.

CebInKu:

1. MSP430x41x Mixed Signal Microcontroller data sheet SLAS340

2. MSP430x4xx Family User’s Guide, SLAU056

3. MSP430 Family Mixed-Signal Microcontrollers, application report SLAA024

4. TPS770xx Ultra Low-Power LDO Linear Regulators, data sheet SLVS210

5. TLV277x Family of High-Slew-Rate Operational Amplifiers, data sheet
SLOS209

6. CD4049UB, CMOS Hex Inverting Buffer/Converter, data sheet SCHS046A

Mpunoxenue: JINCTUHI NporpaMmbl

’-*****************************************************

;*k*‘k‘k*k*k***************‘k‘k*k~k*‘k‘k*k*k*k**********‘k****‘k***‘k‘k*

; HdeMoO — mporpaMMma yJbTPasByKOBOT'O HaJlbHOMepa Ha 0Oase
; MSP430Fr413
;*****************************************************
#include <msp430x41x.h> ;CTanmapTHEE ONpeneJieHNA
;HasHaueHne permcrpon
;~k*‘k‘k*************‘k******k*k*‘k‘k*k*k‘k**********‘k***‘k‘k***‘k‘k‘k
#define DIGITS R11

#define Result R10

#define IRBT R9

#define IROP1 R4

#define IROP2L R5

#define IROP2M R6
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#define IRACL R7
#define IRACM RS

ek hhhkhkh Ak kA bk hkhhkhhhhkkhkhhhkhkhrhkhhhkkhhhhkkhhhhkkhhhkhkhkhdrkhkhrhxkkhxx
I

; OnpenesieHre IepeMeHHBIX
,-**~k~k*************************************************

RSEG UDATAO

htX100 msw: DS 2 ; CJIOBO IIO ampecam
; O3Y RAM 200h & 201h
htxX100 Isw: DS 2 ; 202h & 203h
;*****************************************************
RSEG CSTACK ; Hauasio cermeHTa CTeka
DS 0
RSEG CODE ; Hauamo nporpaMMHOTO

; CeTrMeHTa
RESET mov.w #SFE (CSTACK),SP ; VYkaszsaTeljb CTekKa

call #Init Device ; VHMuManmMsaums
; YyCTpOMCTBa

mov.w #0,DIGITS ; Oumcrka 6ybdepa
; DIGITS

Mainloop

bic.b #CAON, &CACTL1 ; OTKJIOUMTE KOMIIapaTop
; Comparator A

call #Display ; BrIBECTM IaHHBIE
; Ha XKI

bis.w #LPM3, SR ; llepeniTy B pexmm

; IIOHIXEHHOT'O IoTpeb-
; Jenusa LPM3

;*** OTHpaBUTh [IAUuKy MMIIYJIbCOB M HAudaThb M3MEPeHMUs ***

clr.w &CCTL1 ; Banperurs CCTLI1
clr.w &TACTL ; BanpeTuTb TamMep
; timer A
bis.b #BITO, &P10OUT ; BKIIOUMTL CBeTOOMOI
SetupTimerA

mov.w #TASSELO+TACLR+MC1, &TACTL
; TACLK = ACLK, 16 ©wut
; pexuM up mode

bis.b #BIT5, &P1SEL ; BeleOnm ACLK Ha P1.5

mov.w #12,&CCR1 ; 12 ¥MMIOyJabCOB YaCTO-—
; Tom 40KHz

mov.w #CCIE, &CCTL1 ; IlpepeBAHMA B pPEexXrMe

; CpaBHEeHMS
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bis.

bic.

TimerCLR

bis.
mov.

mov.
bis.
bis.
bic.

mov.

push
bis.

clr.
bic
bit.

jz

mov.
sub.
add.

s =

=

w

W
.b
b

=

#1PMO, SR
#BIT5, &P1SEL
#TACLR, §TACTL
#36, &CCR1
#CCIE, &CCTL1
#1LPMO, SR
#CAON, §CACTL1

#CAIFG, &CACTL1

’

’

’

’

XoéMm npepelBaHMAa OT
CCR1

OrxsirounTe ACLK Ha
nopty P1.5

[layza mojsg yCcTaHOBJIe—
HUA [epenaTdrKa
[IpeprBaHMUA B PEXVMe
CpaBHEHUA

XoéMm npepelBaHMAa OT
CCR1

BKIIIOUMTE KOMIIapaTop
Comparator A
OumcTuTe QJar npeps—
BaHua oT Comparator A

#CMO+CCISO+SCS+CAP+CCIE &CCTL1

§TAR
#1.PMO, SR

&CCTL1
#BITO, &§P1OUT
#CAIFG, &CACTL1

Next
&CCR1,Result
@SP+,Result
#48,Result

[IpepelBaHMe 10 QPOHTY
OT KOMIlapaTopa

TOS = TAR B Hauaje
V3MEPEHMI

XoéMm npeprelBaHmAa

or CCR1 (3x0)
Banpemaem CCTL1
BeIKJIIOU@EeM CBETOIMOL
[lpoBepsaeM, NOPUHATO
JIM 3XO

eCcJiM HeT — Ieperpys3Ka
Result = TAR (CCR1)
Result = Bpewmsa
KoMmnieHcupyeM BpeMA
Ha M3JIydeHMEe [adKU
VIMITYJIBCOB U 3aLOEPXKY
36 UMKJIOB Ha ycCcTa-
HOBJIEHME I[lepenaTuMKa

************** 3aBepLLIeHI/Ie MBMepeHMH khkkkkhkkhkkhkAkAkAkhkhkhkk Kk k%

304

call

swpb

#Math calc

DIGITS

;

BeI3OB mOLNIPOIPaMMEL
MaTeMaTH4e CKUX
BHUMCJIEHUI

CoBur Ha nOBe UUOPEL
0J18 SMyJIauuy OeJIeHUS
Ha 100
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Inaga 2.

YnbTpasBykoBoe

uamepenne ganvHoct Ha MSP430

Jmp Mainloop ;
Next mov.w #0beh,DIGITS ;
Jmp Mainloop

Crieoyoummin LIUKJII
M3MEepPEeHNsa

BeiBecTr Ha XK «E»
eCJIM He IIPUHSATO 3XO

,-********k*********************************************

Init Device

mov.w

bis.b

call
mov.b

call

SetupPl mov.

bis.

bis.

SetupP2 mov.

bis.

SetupP6 mov.

bis.

SetupBT mov.

bubnuoteka Komnana

; Vanumyanmszaumsg MSP430x41x
;*************************‘k'k‘k‘k************************

#WDTPW+WDTHOLD, &WDT
#030h, §FLL_CTLO ;

#Delay ;
#03fh, &SCFQCTL ;

#Delay ;

#000h, &P1OUT ;

#0bfh, &P1DIR ;
#040h, &§P1SEL ;

#000h, &P20UT ;

#0ffh, &P2DIR ;

#000h, &P6OUT ;

#0ffh, &P6DIR ;

#BTFRFQO+BTFRFQ1+BT

’

CTL

OCTaHOBUTE CTOPOXE—
BOM Tavmep WDT
BxImounMTs BCTPOEHHEE
KOHIEHCAaTOPEl I'eHepa-—
TOpPa

Banepxka 1njg crabu-—
JMBauuy reHeparopa
MCLK 40KT'uX64d =
2.56MI'1

3anepxka g crabu-—
JIM3al YMHOXUTEeJIA
yacToTe FLL
OUMCTUTE BBIXOIHYI
3amenKy nopra Pl
Hewmcnone3syemele
BEIBOIIBI HA3HAUYMTH
BBIXOIOaMM

Beieon OyIeT MCIOJb—
30BaH IJIA KOMIIapaTo-—
pa Comp A

OUMCTUTE BBIXOIOHYI
3aménKy nopra P2
Hewncnone3yemee
BEIBOIIBl HA3HAUMUThH
BEIXOIIaMM

OUMCTUTE BBIXOOHYI
3amenKy nopra P2
Hewncnone3syemele
BEIBOIIBI HA3HAUYMTDH
BEIXOIIaMM

IP2+BTDIV, &BTCTL
PaspeumTs ©a30BLEMA
Tarvmep BT ¢ uyacToTon
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; obuoryienmsa XK 150 I
; U TIPEPHEBAHUSMMU
; kKaxmele 250 mc

SetupCA mov.b #CAPD6, &CAPD ; Banpeturs Oydep
; B KoOMIlapaTope
mov.b #P2CA0, &CACTL2 ; P1.6 - BxXOO xoMIapa-
; Topa

mov.b #CARSEL+CAREF1+CAON &CACTL1
; BriOuUmMTE KOMIIApaTop,
; BHyTp. omnopa 1/2Vcc
SetupLCD bis.b #LCDON+LCDSON+LCDSGO 7, LCDCTL
; BKJI. MonmyJib XK
; B CTATUUECKOM PEexXyMe
ClearLCD mov #15,R15 ; Oumcrka 15 3HakoMecCT
; XKU
mov.b #LCDMEM,R14
Clearl mov.b #0,0(R14) ; Banmchk HYJIeM B OUCII—
; JIeVHYI IIaMAThb

inc.b R14
dec R15 ; Bce cerMeHTH OUMIIEHHI?
Jnz Clearl ; Eciam HeT — umMcTHUM
; Oanblie
bis.b #BTIE, & ; PaspemmTb IpepEBaHMS

; oT 6as0BOTO TaymMepa
; Basic Timer
eint ; Ofmee paszpeumeHre
; TIPEPBIBAHUMN
ret
,o***~k*************************************************

BT ISR ; O0paboTumMK IpepeBauMy 0az30BOTO TanMepa
;Basic Timer ;nocisie RETI LIIY ocTaércsda

;B AKTVMBHOM pexXmMe
;**************************'k'k'k************************

bic #LPM3, 0 (SP) ; OumcTuTb OMTE LPM3
; B crekxe TOS
reti ; TIPM BO3BPATE M3 IIpe-—

; PBIBAHMUA
;*k****************************************************
TAX ISR ; O0umt 0BpaboTUMK I[IPEPHBAHUSA OJIS

; pPeruMcTpoB 3axBaTa cpaBHeHus CCR1-4
; ¥ INeperoJiHeHMA TanMepa
,-'k'k'k***********************'k'k'k‘k***********************
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add.w

reti
Jmp
reti
reti
reti
TA over reti

§TAIV,PC  ;

CCR1 ISR  ;

JlobaBUTL CMeleHre, COOT—
BeTCTByKIlee MCTOUHMKY IIpe-—
PEIBAHMSA K IPOTPAMMHOMY
cuéruyky PC

CCRO - He oOpabaTelBaeTcs

1o CCR1 BesbBaeTca obpaboTka
CCR2 - He oOpabaTblBaeTcd
CCR3 - He oOpabaTelBaeTCHd
CCR4 - He oOpabaTblBaeTcd
nepenojiHeHue Tavepa Timer A

CCR1_ISR bic.w #CCIFG, &CCTL1

bic.w #LPMO,O0 (SP)

reti

’

;o reti BEIXOHD U3
; pexuMa IIOHMXEHHOTO
; norpebieHusa LPMO

PR R b S S R b b S S S e S R b b b b b S S S I b b b b 2 S S S S
’

Display

; TommporpaMMa MHOMKAUMY 3HAYEeHUN

; DIGIT1 & DIGIT2

; LY wmcnosp3yeT permcTpel R15, R14, R13
; n R12, OHM He COXpPaHSKTCH

;**k‘k**********************k*k************************‘k**

mov.w

mov.
OutLCD mov.
rra.
rra.
rra.
rra.
and.
and.
mov.

OO0 0000000

mov.b
rra.w

inc.b
mov.b
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#LCDM1,R15 ;

’

B R15 ykaszaTesb Ha [EPBYIO
nosuumn XK

DIGITS,R14 ;3HaueHMe konupyercsa B R14

R14,R13 ;

R13 ;
R13 ;
R13 ;
R13 ;

#0Fh,R14 ;
#0Fh,R13 ;

R14 xomnupyercs B R13
Coeur BHOpPaBoO

4 pasa

oja obMeHa

TeTpaln MecTaMu
mianmas Terpaza — R14
crapmas TeTrpaza — R13

LCD_Tab (R14),R12

R12,0(R15) ;

’

R12
R15

R12,0(R15) ;

BrlBOZ MJlalIiey TeTpPamb

B l-10 umbdpy XKU

BEIBOII CET'™MEHTOB a & b wMmuan—
mey Terpans B KKI

BeIBOT CeT'MEeHTOB C & d mjam—
mey Terpans B KKU
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rra.w R12

inc.b R15

mov.b R12,0(R15) ; BeBOm cerMeHTOB e & f
; Milammey TeTpamnsl B KKU

rra.w R12

inc.b R15

mov.b R12,0(R15) ; BelBOO CeIMeHTOB g & h
; Miammey TeTpans B XKU

rra.w R12

inc.b R15

mov.b LCD Tab(R13),R12 ; BeeOm cTapumen

; TeTpansl BO 2-10 LuUbpy
; XKU

mov.b R12,0(R15) ; BelBOm CerMeHToB a & b
; cTapmey TeTpamnel B XKU

rra.w R12

inc.b R15

mov.b R12,0(R15) ; BelBOm cerMeHTOB C & d
; crapmey TeTpans B XKU

rra.w R12

inc.b R15

mov.b R12,0(R15) ; BeIBOm cerMeHTOB e & f
; crapmey TeTpamsl B XKKU

rra.w R12

inc.b R15

mov.b R12,0(R15) ; BeIBOO CeI'MeHTOB g & h
; cTapmey TeTpamnel B XKU

rra.w R12

ret

,-*k*k*‘k*********************k*k'k**************************

; Onpenesnenme XK
I-******~k~k******************~k~k~k************************

; OnpenesieHe CEeIMEHTOB

a equ 001h
b equ 010h
c equ 002h
d equ 020h
e equ 004h
£ equ 040h
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g equ 008h

h equ 080h

Blank equ 000h

LCD Tab db atbt+ct+dte+f ; OroBpaxaeT “0”
db b+c ; Orobpaxaer ”1”
db atb+d+e+g ; OrobBpaxaet 2"
db atb+c+d+g ; OrTobpaxaetr 3"
db bt+c+f+g ; OroOpaxaetr 4"
db atc+d+f+g ; Orobpaxaet ”5”
db atctd+e+f+g ; OrobBpaxaeT ”6”
db atb+c ; Orobpaxaetr “7”
db atbt+ctd+et+f+g ; Orobpaxaer ”8”
db atb+c+d+f+g ; OTobpaxaetr ”9”
db atbt+cte+f+g ; Orobpaxaetr “A”
db Blank ; IlycToM sKpaH
db atd+e+f ; Orobpaxaet ”C”
db b+c+d+etg ; Orobpaxaetr “D”
db atd+et+f+g ; Orobpaxaetr "E”
db atetf+g ; Orobpaxaetr "F”

;**k‘k**********************k*k************************‘k**

Delay ; IllporpaMMHasa 3amepxkKa
,-******~k********************~k*************************

push  #0FFFFh ; Bamepxxka — TOS
DL1 dec.w O0(SP) ; IexpemeHT TOS
jnz DL1 ; 3amepxka BBIIOJIHEHA?
incd SP ; Oumctka TOS
ret ; Bosepar m3 nonmnpo-
; T'PaMMEL

DIE IR b b i 4 2 e A 2b b e S I b e S S b e I b e S I b e I b b e A b b S S b b A b S b b e I b b S I db b3
I

Math calc ; TommporpaMMa MaTeMaTUUeCKUX BBUMCIIEHUN
,-*k*k‘k*k*k************************************************

mov.w #0h, DIGITS ; OumcTurs DIGIT
cmp.w #0h, Result ; IlpoBepka pesyibTaTa
; cuéra Result Ha O
jeq calc over ; Ecoim 0 — Ha BEIXOZX
call #Mull0O0 ; Result ymHOXaeTcd Ha
; 100
call #Divide ; Tlorom mesmrcs Ha #06d
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call #Hex2bcd ; IlpeobpaszoBanue

; 16-0MTHOT'O IOBOUUHOI'O

; uMciylia B IBOWUYHO-IE—

; caTmuHoe (BCD)

; Result xx.xx
calc over ret ; Bosepar m3 nonnpo-

; TpaMME
,-*k*k*k**************************************************
Mull00 ; TlommporpamMa yMHOXeHMs Ha 100

; BXOHOHBIE IaHHBEEe Result 16 OMT M KOHCTaAHTAa
; 64h (100d) 16 OmT Ha BEIXOHmEe 32 OUT
; mepeMensele htX100 msw & htX100 lsw
,-*****************************************************
mov.w #100,TIROP1 ; 3arpy3uTb l-bBli MHOXUTEJb
; 100 B IROP1
mpyu clr.w htX100 lsw ; Oumcrure Oydep mjid MiIamuen
; dacTu CJioBa
clr.w htX100 msw ; U mna crapmen

macu clr.w IROP2M ; OUMCTUTBL 2-V MHOXUTEJb
L$002 bit.w #1,IROP1 ; IlpoBepka Myammero oOuTa
jz L$01 ; Ecom 0, He »mejlaTe HMUUETO

add.w Result,htX100 lsw ; Ecmim 1, mo6aBuTh
; Result x npousseme-

; HMO
addc.w IROP2M,htX100 msw ;
LS01 rla.w Result ; IlpomsBeneHme X 2
rlc.w IROP2M ;
rrc.w IROPL ; IlpoBepka ciemynumero omura
jnz LS002 ; Ecomm B carry “17,

; TO 3aBepuaeMm
ret

PR B R b S S b b b b S S S S I R b S b S S S S b b b 2 b O 4
’

Divide ; Iomnporpamma nejieHus 32-OMTHOT'O UMCJIa Ha

; l6-0OuTHoe

; BxOomHele JaHHele 32-06uT htX100 msw & htX100

; lsw u 16-6urTHasa koHcTaHTa #06, Ha BHIXOIE

; 16-6urTHas nepemeHHas DIGIT
;*****************************************************

clr.w DIGITS ; Oumcrka Oybdepa Ojig HOBOTIO

; pesyibTaTa
mov.w #17,IRBT ; OpraHmszauMsa LUKIa
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Inaga 2. YnbTpa3sykosoe nsmepexne fanbHocti Ha MSP430
divl cmp.w #06,htX100 msw ; CpaBHUTbH IeJIUTelb
; CO CTapumM CJIOBOM
; OeJIMMOoTO
jlo div2 ; Ecoy MeHblIle — IMepexon
; Ha div2
sub.w #06,htX100 msw ; BeH¥ecTb 6 M3 CTapme-
; TO cyoBa
div2 rlc.w DIGITS ; COBMHYTH pe3yJbTaT BJIEBO
; depe3s OUT IepeHOoca
Jjc div4 ; Ecom B carry “1”, TO BaBep-
; maeM
dec.w IRBT ; JexpeMeHT Cu€TurkKa LMKIa
Jjz div3 ; Ecim cuérumk = 0:3aBepleHyre
rla.w htX100 lsw ; Iemmmoe X 2
rlc.w htX100 msw ;
jnc divl ; Ecom B carry «0» mepexon
; kK divl
sub.w #06,htX100 msw ; BruecTh 6 M3 CcTapme-
; TO cJoBa
setc ; YCTaHOBUTBH carry B «1»
Jmp div2 ; ITloBTOP
div3 clrc ; OUMCTUTBL Ccarry
div4 ret ; BoszBpaT M3 HOONPOIPaMMBL

PR i i S I b S S S S e b b b b S S S S S e R b b S b S S S S I I b b b b O S 4
’

Hex2bcd ; Iommporpamma mnepeBoma 16-0OMTHOTO MecCTHaOlaTe
; PUYHOT'O 3Ha4YeHMHA
; DIGITS, B mBomuHO-mecaTuuHoe (BCD) BXOIHEIE
; HOaHHBle 16-0OUT WeCTHaOLaTEePMYHBIE B BBIXOIHEE

; Tam xe B BCD
ek kA kA Ak kA hhhkhhhhkhkhkhhkhhkhkhkhkhAhkhkhkhkhkrhkhkrhdhhhhkhkhkhkhhkhkhkhkkhk*x*k
’

mov
clr
clr
LS1 rla

dadd
dadd

dec
jnz
mov
ret

bubnuoteka Komnana

#16,1r9 ; B R9 uwmcyio 6ur

r8 ; OBHysmTb RS

r7 ; ObnymnuTe R7

DIGITS ; ApudMmerTmueckmy caeur DIGITS
; BJIEBO

r7,r7 ; JecaTnyHoe CJIOXeHUe

r8,r8 ; source + carry —
; destination

r9 ; IexpemMeHT cué&Tuyka OuUT

LS1 ; Bce 16 Our oBpaboTaHb?

r7,DIGITS ; PesynbTaT — DIGITS
; BosBpaT M3 nOOnporpaMME]
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PR e e S b S S S S S S b b b b S S S I R b b S b S S S e b b b 2 A A 4
’

COMMON INTVEC

; BekxTopa mnpepwBaHum MSP430x41x

,-*k*k*************‘k*‘k*******k*k*************‘k*‘k***********

ORG
BT VEC DW

ORG
TIMA VEC DW

ORG
RESET VEC DW

BASICTIMER VECTOR
BT ISR ; BexTop 0aszs0BOTO TamMepa
; Basic Timer
TIMERA1 VECTOR ; BexTop TanMepa
; Timer A

TAX ISR ;
RESET VECTOR
RESET ; POR, BHemHMmM Reset,

; crTopoxerom Tanmep Watchdog

PR e e S e S S S S S S b b b S S S S I R b b S S S S S e b b b b 2 S 4
’

END
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Nexoauposanue TB UK [1Y-curuanos ucnonb3ya Taiimep A3
Mark Buccini/Stefan Schauer [slaa134.pdf (AHrn.)]

B maHHOM npumMepe NpuMeHeHNs ONuUChbIBaeTCA UCMOb30BaHNe MOayNs Tan-
mepa Timer_A3 Ans JeKOAMPOBaHUS CUTHANIOB TENEBU3NOHHbLIX UHAIPaKPACHbIX
(MK) cuctem puctaHumoHHoro ynpasnenus craspaptos RC5 m SIRC. [ekogep,
OMMCaHHbIA B 3TOM [JOKYMeHTe, (DOPMUPYET NnpepbiBaHne 1 paboTaeT B (DOHOBOM
peXxume, NCnonb3ys cneunpuyeckmne xapakTepucTuk moayns Tainmepa Timer_A3.
[Mpu 3TOM MCNONb3YeTCA TONbKO 04EHb Manas 4acTb PECYPCOB BbIYUCIIUTENIbHOIO
anpa mukpokoHtposnepa MSP430. Cneundpuyeckas annapatHas BO3SMOXHOCTb
NOBUTHOrO 3allefikneaHusa Tainmepa Timer_A3 no3BonifeT 4eKoAMpoBaTb MPUHS-
Toii VIK curHan B peasibHOM Maclutabe BpeMeHU, He3aBUCKMO 1 aCUHXPOHHO C
BbIYMCIIUTESIbHLIM A4POM. AKTUBHOCTb BbIYUCAUTESIbHOTO fAPa U, COOTBETCTBEH-
HO, NOTpe6JsieHne Npu 3TOM OCTAIOTCA HA MUHUMASTbHOM ypoBHe. CnocoBGHOCTbL
moayns Timer_A3 npoBOAMTb [€KOAMPOBAHWE [aHHbIX MO3BOJIAET BbINOHATH
npu Heo6X04NMOCTU OZHOBPEMEHHO U Apyrue 3afa4qn. OnucbiBaemblii B JaHHOM
npumMepe NPUMeHeHUs AeKoLep OPUEHTUPOBAH )1 peann3aluum Ha OCHOBE MUK-
pokoHTponnepoB MSP430x11x (1) n MSP430x12x, HO Takxxe MOXET 6bITb JIerko
peanu3oBaH 1 Ha NtoboM Apyrom MUKPOKOHTponnepe cemenctea MSP430, comep-
Xalem moaynb Tanmepa Timer_A3.

1. BeegeHue

JlononHuTenbHas BO3MOXHOCTb [16KOAMPOBAHWS YCTPOWCTBAMM HA OCHOBE
MUKPOKOHTponnepos cemeiictea MSP430 curHanos TeneBusmoHHbIX VK cuctem
JVNCTaHLMOHHOIO YNpaBneHns — Hanbornee AeLleBblii cnocob peanuaauumn 6ecnpo-
BogHoro MK kaHana cBsizn. Cnoco6HOCTb AekoanpoBath VK curHanbl MOXET ObiTh
no6asneHa B N11060e YCTPOMCTBO Ha 6a3e MUKPOKOHTponiepa MSP430x11x (1), npu
3TOM WCMOJb3YETCH TOMbKO OAWH ero Taimep 3axsarta/cpaBHeHus Timer_A3 n 200
6aiT NamMaT NPOrpamMmbl, NOC HEOOXOAUM JOMONHUTENbHbINA AELLEeBbIA BHELLIHURA
VK npuemHuk. Ha pucyHke 1 MOXHO yBUOETb AEMOHCTPaALMOHHY0 cxemy UK neko-
Jepa. nga nemoHcTpauuu paboTsl aekoaepa noctynuelune Ha nuuuio P1.0 nopra
BBOJ1a-BbIBOJA MOCNE0BATENbHbIE NAKETbl JAHHbIX MEPeaaldTcs B NePCOHANbHbIN
KOMMbIOTEP, a TaK Xe NPy NPUHATAM CUTHANA «yBeNMYeHne KaHana» («channel +»)
3aKNraeTcs CBETOAMOL,.

B RC5 n SIRC npoTtokonax nepefaya nocnefoBaTenbHbIX MAKeTOB AaHHbIX
ocyuiectanserca nytem moaynsauuu VK Hecywein curdanom ¢ yactotoid 40 k. J1o-
rnyeckas eauHuua nepegaerca MK umnynscamu ¢ yactotoin 40 kl'u, a oTCyTCTBME
3TUX UMMNYNbCOB MHTEPNPETUPYETCS Kak nepepada Hyns. Moaynsumsa VK curnana
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1 TPS77033 5
_I_ IN ouT
MSP430F1121 30,768y kD e
XN —_|6 3 2 4.7MK®
2 V —=
100 kOm ce 5_—,— —
Xout /o\
_ 9 —ORX
Vool " rsnm prald 23 2l 5
40 kI mopynatop NOK 13 1
15 X
Vout P1.2 -0
S
GND 3 p10 4 o
680 Om -0
Vss 4 5 o
4 = DBY

Pue. 1. JlemoHcTpaumoHHas cxema VIK pekogepa

yactotoit 40 k' ncnonbayercs A 06ecneyeHns BO3IMOXHOCTM (QUNbTPALNN ec-
TECTBEHHbIX LUYMOB, BO3HUKAIOLLMX NPK paboTe PyOPECLEHTHbIX namn JHEBHOIO
cBera. Hanbonee 4acTo ucnonb3yerca yactora Mogynauuu 40 kI, HO B HEKOTOPbIX
Lpyrux cucTemax Ucnosib3yeTcs Apyras 4actota Mooynsumu B auanasoHe ot 32 o
64 kl'u. [Ins gekoanposaxus curHanos ctaHaaptoB RC5 unm SIRC cHadvana gomkHa
ObITb OCyLLecTBneHa aemomynaumns 40 k' curHanos, a TonbKO NOTOM — JeMOAyns-
LA MHXDOPMALMOHHOTO CUrHana. B onucbiBaemom yCTPOIACTBE AN npeobpas3oBa-
HUs VK curHana B 9neKTpU4ecKnii CUrHan u yeunexus, ounstpauum u SeMoayni-
POBaHMS 3TOr0 CUTHANA UCMOMb3YeTCA NPOCTENLLNiA TpexsbiBOAHOM 3 B VK patunk
TSOP1840SS3V npomussoactea komnaHun VISHAY. Ha Bobixoge atoro VK npuem-
HUKA MPUHATBIA CUTHAN NPUCYTCTBYET B BUE NOTMYECKOr0 CUrHaNa, COOTBETCTBY-
fOLLIero nepefaHHoMy nocrnefoBatesibHOMY NakeTy daHHbIX. Mpu otcytcteum UK
curHana ¢ vacroton mogynauuu 40 'y Ha Bbixoge VK npuemHuka npucyTtcTsyet
BbICOKMI TOMMYECKMIA CUTHAN, a npu Hanu4um VK curHana ¢ 4actoTon Moaynsaummn
40 kl'y Ha BbIXOJe NPUCYTCTBYET CUrHAN C HU3KUM NOTUYECKUM BbIXOAOM. Takum
06pa3oM BMIHO, 4TO Kpome Aemomynsauuun, VIK npuemMHUK OCYLLECTBNSET UHBEp-
CW0 NpuHATOro curHana. GurHan ¢ Boixofa VK npmemHuKa nogaeTcs Henocpenc-
TBEHHO Ha BXx04 nopta P1.0 mukpokoHtponnepa MSP430x11x (1). MporpammHo
nuHNA nopta P1.2 HacTpoeHa Ha paboTy B PeXxume 3axBata/CpaBHEHUs Tarmepa
Timer_A3. Vicnonb3oBaHne yHKLMM 3axBaTa/cpaBHeHus Taiimepa Timer_A3 nos-
BOJISIET CYLLECTBEHHO YNPOCTUTb [EKOAMPOBAHME NPUHATBIX AaHHbIX. CCR1 BbINON-
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HAET NPYeM 1 Nepefady faHHbIX annapaTtHo 6e3 1CMNoSIb30BaHUSA BbIYUCINTENBHOMO
A1pa 1 JpYrux CUCTEMHbIX PECYPCOB OMePaLMOHHON CUCTEMbI MUKPOKOHTPOSSIEPA.
[ns nepefayn NPUHATBLIX JAHHbLIX B NMEPCOHANbHbLIA KOMMbIOTEP HA 6a3e perncrpa
3axsarta/cpaBHeHus CCRO peanusosaH UART, KOTOPbIA NCMONb3YET B Ka4ECTBE Bbl-
X042 nuHuto nopta P1.1.

2. Boibop paboyei 4acToTbl

CkopocTb nepefadqn MHGOPMaLKMOHHbIX nakeToB B cuctemax RC5 n SIRC ot-
HOCUTENbHO HM3Kas (< 1 KOWUT / ¢) No cpaBHeHMIO ¢ paboyer YactoToin MSP430.
B IEMOHCTPALMOHHOM CXeMe MCMOMb3YeTCs BHELLUHNIA KBApLEBbIA PE30HATOP C Yac-
ToTOM 32 768 'L, ANsi hopMMUPOBaHIS BCOMOraTesbHbIX CUHXPOMMNYNbCOB (ACLK)
1 TaKTMpOBaHMa Mogyna Tammepa Timer_A3. [pn Takoil 4acToTe CMHXPOHWU3ALMUM
Timer_A3 nmeet paspeLuaroLLyto cnocobHocTb 30.5 MKC — 60siee Yem AocTatoyHas
TOYHOCTb /11 AeKOANPOBaHNS curHanoB cTaHaapToB RC5 unu SIRC 6e3 oLwn6ok.
BCTpoeHHbIN 3apatolwimin reHepatop ¢ uudposoi cuctemoin ynpaesneHus (DCO) Bbi-
pabatblBaeT 0CHOBHbIE cuHXpoumnynbebl (MCLK) ¢ HactoToi nopsagka 1 M. Tak
kak ans VK nekogepa Ha ocHoBe Tanmepa Timer_A3 ncnonb3yeTcs CBON OTAENbHbIN
32 768 Iy KBapLeBblil pe30HATOp, TO ObICTPOLEACTBME BbIMUCIUTENILHOTO AAPA He
ABNAETCH KPUTMYECKMM NapameTpoM. BbiumcnutenbHoe 34p0 JOMKHO paboTaTh Ha
TaKOil 4acToTe, KOTOPAA NO3BOMUT BbINOMHATL BCE TPEOYIOLLMECH OT HEro 3ajaqu.
Vicnonb3osaHue MeaneHHoro cuHxpocuridana ACLK ans K aekopepa n 6onee BbICO-
koyactoTHoro DCO fns TakTUPOBaHMS BbIYMCNTENBHOMO A4pa NO3BOMAET COBMEC-
TUTb HWU3KOE NOTPe6sIeHNe B AEXKYPHOM PEXWUME 1 BbICOKOE ObICTPOLENCTBME NP
06paboTke nakeToB. Ecnn He cuHxpoHnaupoBatb MSP430 LM 0T HU3KO4aCTOTHOMO
4aCcOBOro KBapLieBOro pe3oHaTopa, To NoTpebyeTcs UCMONb30BaTh 60JEe BbICOKYHO
paboyyto 4acToTy, YTO MPUBELET K YBENNYEHWUO NOTPeBNeHns. BblyucnuTenbHoe
AP0 LOMKHO paboTaTb Ha BbICOKOM YACTOTE HO B TEYEHWE KOPOTKMX MHTEPBAroB
BPEMEHM, 4TO U NO3BOJIUT HANTU ONTUMAITLHOE PEeLLEeHNe MEeXAY ObICTPOLEACTBIEM
1 NoTpe6ieHnem.

3. [leMoHCTpaUUOHHaAnA cxema

[emoHcTpaunoHHas cxema nutaetca Yepes 3.3 B cTabunusatop ¢ HU3KUM
nafeHnem HanpsbkeHus TPS76033 oT nocnenoBatenbHOro nopra nepcoHanbHoro
KoMMbtoTepa. TONbKO OfMH ManoMOLLHbIA CBETOAMOL UCMOSb3YETCA AN UHANKA-
LK1 NpUemMa KoOMaHfbl «yBennyeHue kaHana» («channel +»). Nepegaya gaHHbIX 0T
nunaum nopta P1.1 ocywectensetcs Yepe3 uxseptop SN74AHC1G04 npoussonc-
TBa KOMnaHum TI. Ecnu Heob6xoaumMo peann3osatb nosiHbIA RS232 uHTepdeiic,
TO MOXHO WUCMONb30BaTh HWU3KOMOTPebnsdoWwmin 3 B npeobpasoBartenb ypoBHEil
MAX3221. cpasy nocne cépoca 3anyckaerca 32 768 'y aBToreHeparop, KOTopo-
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MYy He TPebyIoTCS AaXe BHELUHMEe KOHEHCATOpb! cABMra ¢hasbl, TaK Kak OHU YyXKe
BCTpoeHbl B MSP430.

4. Mporpamma gexopMpoBaHus

JlaHHbIN DOKYMEHT COEPXUT ABa npumepa nporpammsl. Mporpamma «11x1_
rch.s43» npeaHa3HadeHa ansg aekoguposaHus curHanos RC5 npotokona, a «11x1_
sirc.s43» — anga nekoauposaHusa curdanos SIRC npotokona. OCHOBHbIE YacTi 06emx
nporpaMm Hebonblune W paboTaoT UAEHTUYHO. TONbKO (POHOBOE MPOrPaMMHOE
o6ecneyeHue K gekoaepa yHUKaNbHO.

Mainloop call #IR Ready ; BEI30B NOONPOI'PaMMEL
; nomroroBku MK mexko-—
; Jepa
bis.w #LPM3, SR ; llepexon B pexmM
; LPM3, ocTaHOBKA,
; CHIDKEHME IOTpeOJyIeHMUA
call #TXIR 2 PC ; llepenaTumMK IIPUHSAI
o ; KOMaHIy
call #LED Disp ; I[IpoBepka Ha COOT-—
N ; BeETCTBME KOIOY KHOIIKM
; «Channel +»
Jmp Mainloop ;

VK nekoziep akTnBn3MpyeTcs M3 OCHOBHOM 4acTy NyTeM 3anycka noanporpam-
mbl IR_Ready. 3aTem B OCHOBHOI# nporpamMmme MaeT yCTaHOBKa PerucTpa CoCTosHNSA
(SR), B pesynbTate 4ero MUKpPOKOHTPONNEP NMEPeXoaunT B TPETUI PEXUM MOHMKEH-
Horo notpe6nexns (LPM3). B LPM3 pexume BbiqucnutensHoe aapo n DCO ocra-
HoBneHbl, HO Timer_A3 pa6otaet ot ACLK ¢ nofHOCTbHO aKTMBHOW JIOMMKON Mnpe-
pbiBaHnii peructpa CCR1. [axe, HeCMOTPSA Ha TO, 4TO cuCTeMa HaxoauTes B LPM3
pexxume, Timer_A3 fekofiepa 6yaeT pabotarb B )OHOBOM PEXUME U BbipabaTbiBaTh
ynpasnatoLime npepbiBaHus. Apxutektypa MSP430 aBToMaTnyeckn aktmeusupyet
BbluncnuTenbHoe aapo n DCO nocrne 06HapyxeHus n60ro paspeLLeHHoro npepsbl-
BaHus. DCO 3anyckaetcs 1 BbIXOAUT B Pabounii pexxum MeHee, 4em 3a 6 MKC. 310
no3BosnifeT 3hheKTMBHO 06pabaTbiBaTh KOPOTKME NaKeTHbIE COObITUSA. Kpome Toro,
nocne TOro, Kak npou3oLsIo paspeLleHHoe npepbiBaHne, cucTeMa aBToMaTu4ecku
COXPAHSET OPUrMHAIbHOE COCTOsIHME pernucTpa SR B CTeKe 1 cOpachIBAET B HEM OUTI
aKTUBU3ALMN PEXUMOB MOHUKEHHOro noTpebreHus. lMocne Toro, Kak nporpamMma
06paboTKu npepbiBaHus Obina 06paboTaHa, KomMaHaa reti (BbIXoL U3 NpepbiBaHUs)
BOCCTAHOBWT COXPaHEHHOE 3HadeHme peructpa SR. Ecniu 310 COXpaHeHHOe B CTeke
3Ha4YeHNe He U3MEHSIOCh MPU BbINOSIHEHWUN NMOANPOrpaMmbl 06pabOTKN NpepbIBa-
HWS, TO CUCTEMA BEPHETCS B TO COCTOSAHIE, KOTOPOE ObINO0 A0 NPepbiBaHUS.
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B naHHOM npumepe MpUMEHeHUs NOcne TOro, Kak OKaH4ymBaetcs npuem MK
nakeTa npu nomoLyy gooHOBOI nognporpammsl, npepsisadue ot CCR1 Bo3spalya-
€T BbIYUCNIUTENbHOE AP0 B aKTUBHBIA PeXumM nyTem c6poca 6UTOB aKTUBM3aLMN
LPM3 pexuma B coxpaHeHHOM 3Ha4eHum pernctpa SR. 370 04eHb ya06HbIN Cnoco6b
yrnpasneHns paboToii OCHOBHOW Nporpammbl ¢ 06paboTKo COObITUIA MO NPepbIBa-
Huto. TMonyyeHHbIi naket VK aaHHbIX npeo6pasyeTcs B YeTbIpe ABOMYHbIE KOJO0BbIE
kom6uHaumm B ASCII kofie v nepefaeTcs B nepcoHanbHblil komnbrotep no UART co
ckopocTbto 2400 60108 B chopmare 8N1 npu nomolum nognporpammsl TXIR_2_PC.
HeTbipem ASCIl KofoBbIM KOMOWHALMAM MpPefLWecTBYOT KOAOBble KOMOUHALMM
nepeBofa KOPPeTKM 1 nepexoja Ha HOBYK CTPOKY. AKTUBHAs CTajusi OCHOBHOM
nporpammbl 3akaH4YvBaeTCs BbI30BOM noanporpamMmbl LED_Disp. Ecnu npuHsaTa
KOMaHga yeenuyeHus kaHana «channel +», To nognporpamma LED_Disp 3axoker
CBETOAMOA, MOAKIOYEHHbI K nnHun nopta P1.0. Mocne 3Toro MUKpoKoHTposep
nepexoaut B pexxum LPM3, 0xuaas crnefytoLiero naketa gaHHsbIXx.

5. Mpotokon RC5

RC5 npoToKON OCHOBaH Ha Mepefjade AaHHbIX NPy NOMOLL MaHYeCTePCKOro
koaa. MaH4ecTepckuil Ko YHKaNeH TeM, 4TO JaHHbIe NepeaatoTcs N3MEHEHEeM Co-
CTOSIHUS B cepeaunHe 6uTa. Jlornyeckas 1 uHtepnpetupyetcs MSP430 npu nepexoae
nocTynumeLuero ot VK npuemMH1Ka NHBEPTUPOBAHHOIO CUTHanNa B cepefinHe 6uta u3
BbICOKOr0 COCTOSIHWSA B HU3KOE, a 0 — Npi Nepexofe U3 HI3KOro COCTOSIHUS B BbICO-
Koe. K naket B ctaHpapte RC5 coctout u3 14 6uT: aBa ctaptoBbix 6uta (S1, SO),
OAMH cnyxe6Hbl 6UT (C), NATb afpecHbix 61UT (A4 — AO) 1 KOA KOMaHAbI 13 LUECTH
6ut (G5 - C0). MakeT nepefaeTcs cTapLinm 61UTOM Brieped, T.e. nepBbiMu 6yayT Npu-
HATbI CTAapTOBbIE 6UTHI. Ha pucyHke 2 noka3aH RC5 naket Ha Bxone MSP430 nocne
nemoaynauun n uHBepcun ero VIK npuemnnkom. CtapToBble 61UTbI BCEraa UMeHT

MepBbIil 3axBat
CpaBHeHue

| S1 S0 | C | A4 A3 A2 Al A0 | C5 C4 C3 G2 C1 co

CtapT KOHTpONbHbIN Kop agpeca Kog Komangbl
out

Puc. 2. IHBepTUPOBAHHbIN NAKeT AaHHbIX cTanaapTa RC5, noctynatowmin Ha Bxoa MSP430
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3Ha4eHe NTOrN4ecKol eanHULbl. KOHTPONbHBIA GUT M3MEHSIET CBOE 3Ha4eHue npu
KXKIOM HaXKaTuu KHOMKU Ha MyJyibTe AUCTAHLUMOHHOMO ynpassieHus. M8Tb apecHbIx
6UT NpefHasHaveHbl AN uaeHTMdMKauun 32 pasnnyHbIX TUNOB YCTPOMCTB. LLlecTb
KOMaHZHbIX GUT NpeJHa3Ha4eHbl Ana nepefadn 64 Komaxg ynpasneHus. Qnutenb-
HOCTb 61Ta B cTaHaapTe RC5 A0BOMLHO BbICOKas — 1.78 MC, Npnuyem NONIOBUHY 3TOM0
nepnofa nepefaeTcs BbICOKWIA CUTHA, @ APYTYH0 NOSTOBUHY — HU3KWIA curian. nu-
TeSIbHOCTb BCEro 14 GUTHOMO NakeTa JaHHbIX PaBHa NPUGTU3NTENBHO 25 MC.

Mporpamma 11x1_rc5.243

Mporpamma 11x1_RC5.s43 ucnonbayet Asa peructpa. Peructp IRData (R6)
npuHumaet VK naketsl, a peructp IRBit (R7) ncnonb3yercs Kak BPEMEHHbI CHeT-
YUK, OTCNEXMBAOLLNIA 6UTbI VIK faHHbIX KaK OHW Obinin Nony4eHsl. Bbibop pernc-
TpoB R6 1 R7 6bin cAaenaH npon3BonbHO, BMECTO HIUX MOTYT UCNOMb30BaThCS JIH0-
Oble apyrue perucTpbl unu syeiiku namatn 03Y. B nporpamme onpefeneHsl age
KOHCTaHTbI: Bit_50 — KOHCTaHTa, COOTBETCTBYIOLLAS NOMOBUHE ANNTENLHOCTY BUTA,
1 Bit_75 — KOHCTaHTa, COOTBETCTBYIOLLAS TPEM HETBEPTAM ANUTENIbHOCTU BuTa.
Mockonbky ana popmuposamus cuHxpocurHana ACLK ncnonb3yeTcs KBapLeBsbii
pe3oHaTop ¢ yactoTon 32 768 'y, To koHcTaHTh! BIT_50 u Bit_75 6yayT umeTs cne-
JyloLLNe 3HAYEeHNS:

Bit 50 equ 29 ; 890 mrc npm uwacrtore ACLK
; 32768 T

Bit 75 equ 44 ; 1348 wmxc mpm yactore ACLK
; 32768 T'y

Mopnporpamma IR_Ready nossonsetr CCR1 3axBatbiBaTh CHETHUK Taiimepa
Timer_A3 (TAR) u 3anpaluuBatb npepbiBaHue no cpesam curHana Ha soixoge VK
npuemHuka. TAR 3axBaTbiBaeTCcs Mo cnagatoLiemy (POHTY U aBTOMATUYECKM CO-
xpaHsietcs B CCR1, npu aToM NponcxoauT hopM1poBaHue 3anpoca Ha npepbiBaHue
TA1_ISR. B Moanporpamma o6pa6oTku npepsisanns TA1_ISR onpegensiet 6biio
/N BbI3BAHO NPEPbIBaHNE 3aXBAaTOM WU CPAaBHEHMEM. ECiu npepbiBaHne ObIN0 Bbl-
3BaHO 3axBatoMm, T0 BIT_75 (3/4 pnuHbl 6uTa) [06ABNAETCA HEMOCPELCTBEHHO B
CCR1, KOTOpbIV XpaHUT TOYHOE BpeMs crafatoLLero opoHTa UMMysbca Ha BbIXOAeE
VIK npuemHuKa B cepefuHe nepoBoro 6uTa. Tak Kak 3axsaT [aHHbIX NPOU3OLLEN
B CepeanHe nepBoro 6uTa, T0 AobasneHne 3/4 ANUTENbLHOCTM BUTA NPUBELET K
cmelleHuio CCR1 B cepeauHy nepsoii nonoBuHbI cneayroLlero 6uta. Tenepb GCR1
HACTPOEH Ha PaboTy B pexxume cpaBHeHUs AaHHbIX. CrefytoLLee npepbiBaHue ot
CCR1 Tenepb YCTaHOBMEHO B CEPEAMHE MEPBO MOMOBUHLI BTOPOr0 CTapTOBOrO
6uta. B COOTBETCTBMU C HAcTponkamu, B pexume cpasHeHus GCR1 npoucxoant
COXPaHeHne NPUCYTCTBYIOLIEro Ha Bxode P1.2 NOrMYyeckoro ypoBHS B 3alLlenKe
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peructpa 3axsara/cpasHeHus (SCCI). SCCI o6ecneynBaeT 04eHb BXHYHO annapar-
Hyto posib CCR1, no3BonsoLLy0 3aN0OMUHATL MPUHATBLIA JIOTMYECKNIA YPOBEHb Ha
Bxoge P1.2 no cuuxpocurHanam, BblpaboTaHHbIM TaimMepom Timer_A3 He3aBucu-
MO OT BbIYUCNNUTENBHOIO fApa. B Hallem npumepe NpUMEHeHUs BbIYUCIUTESIbHOE
PO NpakTyecku 6e3aeicTByeT, B TO Bpems Kak VIK aekoaep pabotaet. [Jaxe npu
OTKJTHO4EHHOM BbIYUCIUTENIBHOM ffipe JIOrMYeCcKnii ypoBeHb Ha Bxofe P1.2 byaer
3adoukcupoBaH u coxpaHeH B SCCI B MomeHTbI, korga GCR1 BbINOSIHSAET CPaBHEHME.
[MpuknagHas nporpamMmma He CYMTbIBAET [JaHHble HENOCPEACTBEHHO CO Bxoaa P1.2;
BMECTO 3TOr0 NMPOMCXOANT CYUTbIBaHME 3aLlenkHyTbix B SCCI ganHbIx. [porpamma
MOCTENeHHO BO3BPATUT nosiydeHHble 0T SCCI aaHHbIe U COXPAHUT WX B PErUCTPE
namsaTun IRData.

RX Cont bit.w *SCCI, *CCTLl ; Carry = Data 6wur
; B SCCI
rlc.w IRData ; Carry — IRData

Mocne Bo3spaleHus kaxgoro 6uta CCR1 nepectpanBaeTcs Ha 3axsat W Mo
HapacTatoLLemy 1 1o nagaroLiemy poHTy. CneayoLmil 3axBar AaHHbIX NPOU30naeT
TOYHO B CepeauHe BUTOBOrO Nepuoja, YTo NPUBEAET K aBTOMATUYECKON CUHXPO-
HU3aUMM C NPUHUMAEMBIM NMOTOKOM JaHHbIX 0T VIK npuemHuka. 10 Toro 4toobsl
rapaHTUpoBaTh NPaBUIbHbIA NPKUeM AaHHbIX, NpepbiBaHne o1 CCR2 Takxe paspeLue-
HO 1 B HEro 3arpy><eHo 3Ha4eHue MonoBMHbI ASIMTENIbHOCTU GUTA, COXPAHEHHOTO B
CCR1. Ecnn nakeT npuHMMAaeTCcs NpaBubHO, TO CeaytoLLee U3MEHEHNe NpuHuMa-
emMoro 6uTa JOKHO NPON30MTK Yepes HeTBEePTb JINTENbHOCTI Nepuoaa buta. Mpu
npasunsHoM npueme noanporpamma CCR1_ISR o6pa6oTku npepbiBaHus ot CCR1
npom3BoauT copoc 3anpoca Ha npepbisaHue ot GCR2. Ecnu CCR1_ISR He oTcneant
npepbiBaHue, To nognporpamma CCR2_ISR 06paboTku npepbiaHns o1 GCR2 copo-
CUT [leKofiep, NPeanosioxXmne oWnOKY B MPUHUMAaeMOM nakeTe. B HopManbsHOM pexu-
Me 6anaHc oTpULATEeNIbHBIX 1 NOSTOXKUTENbHBIX 6UTOB COXPAHAETCA, U MPUHUMAEMble
JaHHble coxpaHstotes B peructpe IRData.

Mpotokon SIRC

B npotokone SIRC gaHHble KOAUPYHOTCA ANUTENIbHOCTbIO NakeTa. JnnTenbHOCTb
6uTa onpeaenseT ero f0ruyeckoe 3HavYeHne. CTapToBbIA OUT UMEET ANUTESIbHOCTb
2.4 mc, nornyecknin Hosb — 600 MKe, a fiornyeckas eguHuua — 1.2 mc. Takxe Bce
MH(OPMaLMOHHbIE BUTBI, 32 UCKIOYEHNeM CTapToBOro 6ura, cogepxar 600 Mkc
cuHxpoumnynbc. [Moatomy norudeckuin Homnb nepegaetcs 3a 1200 mMkc, a nornyeckas
eanHuua — 3a 18000 mkc. MonHblii nakeT B npoTokone SIRC cOCTOMT M3 CTapTOBOroO
6uta 1 12 MHOPMALIMOHHBIX 6UT. ATY 12 MHAOPMALIMOHHBIX OUT COCTOAT U3 CEMU-
6uTHOro Koaa komanzbl (C6 k CO) n natu-6uTtHOro koaa yetpoiictea (D4 k DO). IMepe-
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Ja4a JaHHbIx B npoTokose SIRC Beaetcs mnaawwum 6uTom Breped. Mepsbiv nocne
CTapToBOro 6uTa NpuHMMaetcs 6ut CO.

Ha pucyHke 3 nokasaH nHeepTupoBaHHbIil VIK npremHmnkom naket ganHbix SIRC
npoTtokona Ha Bxoge MSP430.

Last Capture First Capture
Second Capture

Sy Jduude o

0" 17 "7 0" Crapt
1.2 mc 1.8mc 1.8mc 1.2mc 2.4mc
| D4 D3 D2 D1 DO | C6 C5 C4 C3 c2 C1 co | S |
Koa ycTpoiicTa Kopn komaHp Crapt

Puc. 3. VIHBepTMPOBaHHBIA NakeT AaHHbIX SIRC npoTokona Ha Bxoae MSP430

Mporpamma 11x1_SRC.s43

B nporpamme 11x1_SIRC.s43 3ageiicteoBaHo Tpu peructpa: IRData (R6) npu-
HUMaeT faHHble, IRBit (R7) ucnonb3yetcs Ang XpaHeHUs LaHHbIX B TOM BUfE, B
KOTOpPOM OHM NpuHATHI, a [Rlength (R8) ncnonbayetcs 419 XxpaHeHNs LIUTENbHOCTH
MPUHATLIX UHGOPMALMOHHBIX 6UT. TakXXe onpefenieHbl Tpu KoHcTaHTbl: IR_Mid —
COOTBETCTBYET MOJIOBWUHE ANUTENIbHOCT 6UTa OTHOCMTENIbHO nepuofa Tanmepa
Timer_A3, IR_Start — co0TBETCTBYET ANUTENLHOCTYA NPUGAU3NTENBHO 2.3 MC (MU-
HUManbHas AANUTENbHOCTL MPaBUIbHOMO CTapToOBOr0 6uTa), u IR_Start2 — coot-
BETCTBYET NPUONU3NUTENLHO 2.5 MC (MakcumanbHas ANUTENbHOCTb MPaBUbHOMO
CTapToBOro 61Ta).

IR Mid equ 49 ; 1500 mxc mpm uactore ACLK 32768 TI'n
IR Start equ 75 ; 2300 mxc npm uacrtore ACLK 32768 Iy
IR Start2 equ 82 ; 2500 mxc mpm uwacrore ACLK 32768 T'u

Moanporpamma IR_Ready nossonset CCR1 3axBaTbiBaThb N0 CnagaroLiemy
hpoHTy AaHHble 0T VIK npuemHuka. 310 no3sonset MSP430 HaxoanTbes B pexxume
MOHWKEeHHOro notpebnexns LPM3, npu atom Tonbko ACLK 1 Timer_A3 ocTatotcs
akTUBHbIMU. 10 NepBoOMY cnafatoLemMy OpoHTY, YKa3blBaKOLLEMY Ha Ha4ano cTap-
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TOBOro 6UTa, Moaynb CCR1 ocylecTenseT 3axeat cogepxumoro TAR 1 3anpatum-
Baet npepbiBanne TA1_ISR. CocTosiHue TAR 3axBaTbiBaeTcs annaparHo, Bbl30Ba
noanporpamm 06paboTKM NpepbiBaHUA NpK 3TOM He Tpebyertcs. lMocne 3axBarta
CCR1 nporpammHo coxpansietcs B peructpe IRLength. Mocne nepeoro cnagatolie-
ro qopoHTa ocyLLecTBNseTCA M3MeHeHne opoHTa 3axBata GCR1 Ha HapacTatoLum
(PPOHT, 4TO NMO3BOSUT OTCNEAUTb KOHEL, CTapTOBOro 6uta. [nuTenbHOCTb NHAOP-
MaLMOHHOr0 6uTa BbIYUCIAETCSH MyTEM BbIYUTAHUS W3 COLEPXMUMOro peructpa
TAR, coxpaHeHHoro B peructpe GCR1, npenpigyiiero 3HavyeHus IRLength. Ecnn
MONyYeHHas ASIMTENbHOCTb HE NIEXUT B Npeaenax ot 2.3 Mc [0 2.5 mMc, To npo-
rpaMma NpuUHUMAET peLleHne 0 NNOXKHOM 3axBaTe CTapToBOro 6uTa. MpaBunbHbIN
CTapTOBbIN OUT AOMKEH UMETb LJIUTENIbHOCTb 2.4 MC. B nognporpavMme 06paboTku
npepbiealus TAT_ISR IRBit ucnonb3ayercs ans cy4utbiBaHUs B 06paTHOM nopap-
Ke 12 MH(HOPMALMOHHBIX GUT B TOM BWAE, B KOTOPOM OHU MOMy4YeHbl. Kaxzapli
MH(OPMALMOHHBIA BUT PaccyuTLIBAETCA NMYTEM CPABHEHUS ero AIUTeSIbHOCTH C
koHcTaHTon IR_Mid. KoHcTtanTa IR_Mid cootBetcTBYeT anutensHoctit 1500 MKc,
KOTOpas ABNAETCA CPELHUM 3HAYEHUEM MeXY ANUTENIbHOCTAMM 6UTa MHKDopMa-
UMOHHOW efMHNLbI 1 MHKDOPMALMOHHOTO Hyns. Ecnu AnuTeNbHOCTb NPUHATOrO
6uta 6onblue IR_Mid, TO NpUHUMAETCS PELLEHEe 0 TOM, YTO MPUHATA eANHMLA,
a eC/NN MeHblLe — TO HOMb. AnnapaTHas 3alenika moayns Timer_A3 rapaHTupyer,
4TO noAnporpaMma 06paboTKu NpepbIBaHNs CHUTAET NPABUbHOE 3HA4eHNe Bpe-
MEHHOro MHTepBana. MporpaMmma He CYUTLIBAET HEMOCPEACTBEHHO COLEPXUMOe
peructpa moayns Timer_A3, a cuutbiBaeT 3axBayeHHoe B GCCR1 3HayeHue Tanme-
pa. Takxe 19 BpeMeHHOro xpaHeHus cogepxumoro CCR1 ucnonb3yercs npo-
TPaMMHbI CTeK.

IR ST Test push.w &CCRI1 ; CoxpaHenue
; COIEPXMMOT'O
; CCR1 B cTeke
sub.w IRlength, 0 (SP) ; IociyenmHu
; 3axBadeHHbBI
; BPEMEHHOM
; VHTepBaJ

IR Bit cmp . w #IR Mid, 0 (SP) ; C=1 ecomn
;7 IR RXed Our=1
IR sShift rrc.w IRData ; Carry — IRData

AnnapatHas 3awenka CCR1 moayns taiimepa Timer_A3 no3BonseT 0AHOBPe-
MeHHO ¢ K nekofepom BbIMOMHATLCA APYrUM nporpaMmam 06paboTku CoObITUI
B peanbHOM BpemeHu. [ognporpamma K mekogepa BbINOSHAETCA B (DOHOBOM
pexume. locne NpoBepku Npruema Kaxgoro 6uta AaHHbIe NOMELLAIOTCS B PErmcTp
IRData.
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6. Mporpamma UART

®yHkums UART peanusosaHa npu nomoLLm moayns 3axsara/cpasHeHns CCRO
1 ncnonb3yeT ABa peructpa: RXTXData (R4) n BitCnt (R5). MonHoe onucaHme dyH-
KunoHuposaHus UART MOXXHO HaiiTu B Apyrux npumepax npumeHeHus. OTcnexmsa-
HIE MPUHATBIX JaHHbIX NPW MOMOLLM NEPCOHANBHOI0 KOMMbIOTEPA.

[Ons NpUHATUA NaKeTOB AaHHbIX, NepefaHHbIX OMUCaHHbIM AEMOHCTPALMOH-
HbIM YCTPOWCTBOM, MOXET ObITb UCMOJIb30BAHA Nt06as TePMIUHANbHAA NPOrpamMma.
Copmepxumoe 16-paspsaHoro peructpa IRData nepenaetca B chopmate ¢ npasbiM
BbIpaBHMBaHNeM B Buze HeTbipex ASCII cumBonoB. Mporpamma TepMiuHana fomkHa
ObITb HACTPOEHA Ha npuem JaHHbIX B popmate 8N1 co ckopocTbio 2400 60p.

CebInku:

1. MSP430x11x1 Mixed Signal Microcontroller datasheet, Texas Instruments
literature number SLAS241

2. MSP430x1xx Family Users Guide, Texas Instruments literature number
SLAU049

3. Implementing a UART Function with Timer_A3, Texas Instruments literature
number SLAAQ78

4. Photo Module for PCM Remote Control System, VISHAY literature number
82052

Mpunoxenue A: nporpamma 11x1_SIRC.s43.ixt

R R b I i S S R b I S S S S R b I b 2 S S S S b b b b S S S S S
’

; OTA IIPOTPAMMA IIOCTABJIAETCA B BUIE «KAK ECTb».

; KOMIIAHVA TI HE OAET HMKAKMX TAPAHTVIA ¥ HE HECET
; HVKAKOM OTBETCTBEHHOCTM 3A BO3MOXHHE HETOUYHOCTHU
; PABOTH WJIM HEIPABMIIBHOCTE PABOTH [TPOI'PAMMEIL.

; TIPM KOMMEPUYECKOM MCIIOJIb3OBAHMY IAHHOM [IPOT'PAMMEL
; KOMIIAHVA TI OTKASBHBAETCA OT ABTOPCTBA U CHVMAET
; C CEBA BCAKYI0O OTBETCTBEHHOCTE.

; KOMIIAHMA TI OTKASHBAETCA OT JIOBHX T'APAHTHIA

; B OTHOIEEHMM TOI'O, YTO IMINPOI'PAMMA HE MOXET IIPVMHECTU

; [PAMBEE JJIM KOCBEHHBE YEBRTKIN VJIM [IOTEPKO HOBEPVA WIIN
; IIPVBBUJIM IIPU MCIIOJIB3OBAHVIN EE TEOPVNM VI AJITOPVTMOB.
; OTBETCTBEHHOCTL I1PY KOMMEPUYECKOM VCIIOJIb30BAHVIN

; IOAHHOWM IIPOT'PAMMH TIOJIHOCTBIO JIEXMT HA JIMIE,

; VICIIOJIB3OBABIIEM JAHHYIO I[TPOI'PAMMY

; Eciv He ykasaHO MHOe, [poTpamMa, CO3IaHHAS KOMIIaHUen
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Ne Ne Ne Ne Ns Ne Ne Ne Ne Ne Ns Ne Ne Ne Ne Ne Ne Ne Ne Ne Ne Ne Ne Ne Ne Ne Ne Ne Ne Ne o~

Texas Instruments nocrTasjgeTCcd Ha YCJOBUAX
«CBOOOOHO PAaCIPOCTPAHAEMOT'O MNPOTPaAMMHOTO obecrieue-—
HUST .

Bel MOxeTe CBOOOOHO M3MEHATH NporpaMMmy Oe3 BCAKMUX
OT'PaHUUEHUN

[lepemaBaTh NpoTpaMMy TPETBMM JIMLIAM MOXHO TOJIBKO IIPU
OOBEIEeHUM IO UX CBENEHMM 3TUX YCJIOBUM UM IIPU €TI0
COTJIaCuM C BTUMU YCIJIOBUSAMMA.

BEI IIOJDKHEI MIPUBOIMTE JIMLIEH3MI B KaXIOW KOMNUM WU
YaCTUUHOM KOIIUMU.

Bel npmsHaeTe M coIviallaeTechb, 4YTO I[IporpaMMma COHOEPXUT
BAUMIIEHHBEII AaBTOPCKMM IIPABOM MaTepuall, KOMMEepUYeCKYIO
TavHy ¥ IPYyTyR YaCTHYK MHbopMalmo KoMmraumy TIT

Y 3alMilleHa B COOTBETCTBMM C 3aKoHaMM 00 aBTOPCKOM
npaBe, MEeXIyHapOIHBM COIVialleHMeM OO aBTOPCKOM IIpaBe
¥ 3aKOHOM O KOMMepdeCKOM TalHe, a TaK Xe 3aKOHOM

06 oOxpaHe MHTEJJIEKTYaJIbHOM CODCTBEHHOCTM.

JJ14 3alMTE aBTOPCKMX Npab KoMmmnaHmum TI

Bel corvlamaeTrech He OEeKOMIWJIMPOBATH, lepepabaTeBaTh,
WM NpeoOpas30BEBaATE NPOTPaMMy K yHODOUMTaeMOMYy BUIY .
Bel corjylamliaeTech HM B KOEM CJlydae He M3MEeHATb

Y He yIaJIiTb BHECEHHYK B IIpor'pamMMmy MHOoOpMaumio OO
aBTOpcKoM mNpase. Kommanmsa TI ocTaBjisgeT 3a CoOOM BCe
npaea, He OTOBOPEHHBE B IaHHOM JIMLUEeH3MM. KpoMme ToTo,
YTO OT'OBOPEHO B IAHHOM JIMIIEH3UM, HE MOXET pPacCMaTpr-—
BaTbCHA IIPM BO3MOXHOM CyHOeOHOM paszsbupaTesibCTBE.

Bel He MOXeTe MCIOJIB30BaTh NPOTPaMMy IOJIS MUKPOKOHT-—
POJINIEpOB, KOTOPBIE HE MNPOM3BOOUT KoMIaHmda TI.

#include <msp430x1lxl.h>

Ne Ne Ne Ne Ne Ne Ne Ne Ne N

Ak kA Ak hkhhhkhkhhkhkhkhhkhkhhkhkhkhhhkhkhkhkkhkhhhkhhhhkhkhhkhkhkhhkkhkh ok khxx*k

MSP-FET430X110 Demo - SIRC mexonep, Iepelaioumi
npuHATeEe koMaHOe VK cmcrem IIY B I[IK Ha CKOpOCTH
2400 6onm

Ommcanue: JexonmupoBaHue 12-0uTHEIX SIRC KOMaHI

VK cuctem Y mpu nomoum Tarmepa Timer A. CCR1 TanMe-
pa Timer A mcnombsyeTcsa Ojd OexkomupoBaHusa VK naxe-
TOB, PEeXMM 3axBaTa MUCIOJb3yeTCd IJIA M3MEPEeHNA
mmTesibHoCTH MK Oura.
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; llpMHATHE HakeTH nepenaklTcd B [IK npm noMomm MOIYJia
; CCRO Taimvepa Timer A, paborammero B kadecTse UART.

; TlaxkeTel nepemawnTca B Bume 4 ACITI GanTos,

comepxauyx

; cymMBoJiel CR m LF. Ecim npmMHATa KOMaHIa «Cchannel+»,

; To Ha BEIBOOe P1.0 ycTaHaBJIMBAaeTCS BBICOKUM YPOBEHBb,
; a ecnu Juodas mpyras — TO HUBKUMA.
; VK DnaHHBIE NPMHMMAaTCS MIaIlMM 3HadaulMM OMTOM BIEpel.
; CHauajla nepenaeTcd CcTapT-0muT,

; IAHHBIX :

a noroMm — 12 Our

D4-D3-D2-D1-D0-C6-C5-C4-C3-C2-C1-CO0-Start

; HeMoHcTpauua ¢ nomMoupion VMK MOHMTOpa — IIepelaHHBE
; VK maHHEle comepxaT cuMmpeoJiel CR, LF m 4 ASCII Gamnrta

; IR Receiver —>

MSP430F1121
. XIN | -
l XOUT | -
:P1.2/CCR1 l

| P1.1

; InmuTenbHOCTU OUTOB
t =2.4 Mmc ~ 79 npu ACLK =
;1 = 1.2 MC HUSKUM
0.6 MC HU3KUM

; Star

P2 =
; sync

= 0.6 MC BBICOKUMA
sync snyc
+ t———  ———
| N
| [
t———\\————+ ———+ =
~ 0 " 1

; VIcrioJsib3yeMele PeTMCTPE

#define
#define
#define
#define
#define

’
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RXTXData
BitCnt
IRData
IRBit
IRlength

R4
R5
R6
R7
R8

P1.0|-—> LEDO
|-—> 2400 8N1

32 kI

snyc snyc

~ 0

Start
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; s Toro, 4TOOBEl CKOPOCThH OOMeHa naHHbMM IO UART Obllia
; 2400 Som HeobOxomuMo, uToOH ACLK = 32768

Bitime 5 equ 06 ; .ovHa 5 6uT + HeOoJbllasg
; TOHNCTPOMKA .
Bitime equ 014 ; Opu OoavHe OuTa 427 MKC

; CckopocTb ~ 2341 ©oxn

IR Mid equ 49 ; 1500 mrxc mpm ACLK=32768 T'u

IR Start equ 75 ; 2300 mxc mpm ACLK=32768 I

IR Start2 equ 82 ; 2500 Mxc mpm ACLK=32768 I

LEDO equ 00lh ; LEDO mHa BmBOme P1.0

TXD equ 002h ; TXD nonwxJiouaeTcs K BHBOIY
; P1.1

IRIN equ 004h ; Bxoxnm MK maHHEIX — P1.2

Ch up equ 16 ;

Ch dwn equ 17 ;

LF equ 0Oah ; Cumpon LE (rneperBon CTPOKM)
; B ASCII xozme

CR equ 0dh ; CumBosmt CR (BO3BpaAT KapeTKM)

; B ASCII xome

; ABTOp: M. Buccini
; Komnanmsa Texas Instruments, Inc
; Uions 2001

;*k*k~k**********************k*k'k'k************************

RESET mov.w #0300h,SP ; VHuuManmm3alumus yKaszaTeis
; CTeka MUKPOKOHTPOJLIIEPOB
; cepum 'x112x
call #Init Sys ; VHuUMa;mMsauMsa CUCTEMHEIX
; HepubepuHEIX yCTPOMCTB

Mainloop call #IR Ready ; Ilopmroroexa MK mexomepa
bis.w #LPMO, SR ; Bxom B pexuMm LPMxX, OCTaHOB-—
; Ka, CHIWXeHMe MNOTpelJIeHMA
call #TXIR 2 PC ; Ilepenada NPMHATOM KOMaHIEI
call #LED Disp ; [pMHAIM KOMaHOY
; «Channel +/-»
Jmp Mainloop ;
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’
Init Sys ; VHUMLMaIM3alumMsa CUCTEMHEX TeprbepmUIMHEIX
; YCTPOMCTB

StopWDT mov.w #WDTPW+WDTHOLD, &WDTCTL ; OcTaHOBKa

; CTOPOXEBOT'O
; TarMepa
SetupTA mov.w #TASSELO+MC1, &TACTL ; ACLK,
; TIPOOOJDKEHUE
SetupCO mov.w #OUT, &CCTLO ;
SetupPl bis.b #IRIN+TXD, &P1SEL ; P1.2 CCR1,
; P1.1 CCRO
bis.b #LEDO+TXD, &P1DIR ; P1.0,
; TXD BBIXOIEL
bic.b #LEDO, &P10UT ; P1.0, Hus3kwMi,
; CBeToImon
;  BHEIKJIIOUEH
eint ;
ret ; Bexonm mus
MOANPOTPaAMMEL

IR Ready ; IloamporpamMa MNOATOTOBKM K IPMHATUIO
; 12-6umrHeix SIRC (nmocyemoBaTesibHBEIX VK KOMaHI)
; B Oybep IRData

clr.w IRData ;

clr.w IRlength ;

mov.b #14,IRBit ; IBa HauvaJIbHBIX QPOHTAa
; 12 mHOOPMaluMOHHBIX
; our

SetupCl mov.w #CM1+SCS+CAP+CCIE, &CCTL1 ; CAP CCI1A,

;  Cllazarommm
; OPOHT, mNpepHBaHKE

ret ; Belxonm ms
; TIOINPOIPAMMEL

TXIR 2 PC ; IlommporpamMa nepenadu B IIK cumsosios CR, LF
; u manHBEIX IRData B Bune uetrepex ASCII Ban-—
; ToB R15 mcnosmesyeTcsd B KadecTBe padouero
; permcTrpa, HO er'o COCTOfAHME He COXpaHAeTCcHd
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mov

call

mov

call

TX Word ASCII

swpb
call
swpb

TX Byte ASCII

NUM ASCIR rrc.

NUM_ASCIA and.

NUM _End

mov.

call
mov.

jmp

rrc.
rrc.
rrc.

add.
cmp.
jlo

add.
mov.

b

b

b

b
b

b
b

#CR, RXTXData
#TX Byte
#LF, RXTXData

#TX Byte

; llepenmaua ciioBa
; B BUIOE UETHPEX
IRData

#TX Byte ASCII
IRData

; Tlepemaua OGamnTa
IRData,R15

#NUM ASCIR
IRData,R15

NUM _ASCIA

b R15
R15
R15
R15

b #0fh,R15
#030h,R15
#03ah,R15
NUM_End
#039,R15
R15,RXTXData

nnepecsika cuMmBoJia CR
B Oybep UART

cumBosi CR — IIK/noJib-
30BaTEI0

repecsUika cuMmpojsia LFE
B Oybep UART

cuMmBoJl — IIK/mosb30-
BaTEJIO

n3 perucTtpa IRData
ASCII Ganr

r
’

’

’

IRData = 3412

IRData = 1234

n3 perucTtpa IRData
; B Bume nByx ASCII Gawnt

r

rnepelada 3Ha4dYeHUA
X

nepenada 3HaUeHUS

X

nyrs 1. m 3.

nyTs 2. u 4.

3arpy3ka oOybepa
nepenaum

; HommporpaMmMma Iepenaun Gamnra u3 Oybepa
; RXTXData mpm nomoum CCRO UART

mov.w &TAR, &CCRO

’

’

Tekyllee COCTOSHUE
cueTumka TA

328
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add.w #Bitime, &CCRO

bis.w #0100h, RXTXData

rla.w RXTXData

mov.w #10,BitCnt

’

’

BpeMeHHOY MHTepBall
OO HepBOTO OuTa
IobaBjieHre eOUHUYHO—
IO CTOIIOBOT'O OMTa B
perucTp RXTXData
JIlobaBjeHMEe HYJIEBOTO
CTapTOBOTO OUTa
3arpyska CcUeTuMKa
ouToB, 8 OUT HaH-—
HBIX + SP

mov.w #OUTMODO+CCIE,&CCTLO ; TXD = 1 = idle

TX Wait tst.w BitCnt

jnz TX Wait
ret

’

’

OxmmaHye OKOHYAHUA
rnepenaumn

add.w #Bitime, &CCRO

UART TX bic.w #OUTMOD2, &CCTLO

rra.w RXTXData

jc TX Test

TX Space bis.w #0UTMOD2, &CCTLO

TX Test dec.w BitCnt

jnz TX Next

bic.w #CCIE, sCCTLO

TX Next reti

’
’
’
’
l
’
’

’

’

’

Bpema pmo cremymoumero
ouTa

[IPVHATME eOUHULIEL
LSB cneuraerca B OUT
repeHoca

[lepexon — OuT = 1
[lpyeM HyJ1Aa

Bce OuTh nepenaHH
(mpmHATEL) ?
Crnenmymoumit OuT?

Bce OuTH nepenaHs/
IPVHATE, OJIOKMPOBKA
[IPEPEIBAHMN .

TAX ISR ; IommnporpaMMma OOpabOTKM NpepEBaHUMl
; or CCR1-4 u HO HepenoJIHEHMIO

add.w &TAIV,PC

reti
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I
’
’

I

JobaBJjieHre K permcT-—
py TamMepa Timer A
BEKTOpa CMelleHUs
CCRO He gmjdgeTcs
VMCTOUHMUKOM
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Jmp TAl ISR ;
; Jmp TA2 ISR ;
; reti ;
; reti ;
;TA over reti ;

TA1 ISR mov.w #CMO+SCS+CAP+CCIE,

IR ST Test push.w &CCRL ;

sub.w IRlength, 0 (SP) ;
cmp.b #14,IRBit ;
jeq IR Next ;

cmp.b #13,IRBit ;
Jne IR Bit ;

; cmp.w #IR Start2,0(SP) ;
H jge IR error ;

cmp.w #IR Start,0(SP) ;
Jjge IR Next ;
IR error incd.w SP ;

call #IR Ready ;

reti ;
IR Bit cmp.w #IR Mid,0(SP) ;
IR shift rrc.w IRData ;

IR Next mov.w &CCR1,IRlength ;

330

CCR1

CCR2

CCR3 He MCIOJIL3YyeTCH
CCR4 He mucCHoJb3yeTcCHd
[lepenosiHeHME

TA - He MCIOJIb3yeTCHd

§CCTL1 ; CAP CCI1a,

criamaommy GpoHT,
peprBaHue

BpeMeHHO coxpaHseM

B CTEeKe COIepXrMoe
CCR1

Bpema oT nocrienHero
3axBaTa

[lepBBEDL CIla AU
dpOoHT?

llepexon — NEPBB
crnazmaouyt QPoHT
CTapTOBEIL OUT?
[lepexonm — He CTapToO-
BEDI OUT

CrapToBeElL OUT>2.5 MC
llepexonm — IRlength >
2.5 McC

MyHMMAJIBHEIL CTapTO—
BED OuT ~ 2.3 MC
[lepexon — IRlength >
2.3 McC

OuncTKa BepxXyLUKM
cTeka

Oumbka — nepesanyck
IPVHATOM I[I0CJIeOBa—
TeJIbHOCTU

BeIxO@ M3 IpPepEBaHMUS

C=1 eciy HOPUHATHIL
our VK maHHBEIX = 1
Bur nepenoca —
perucTtp IRData
CoxpaHeHre 3BaxpadeH-—
HOT'O (QPOHTa

bubnuoteka Komnana




InaBa 3. Jexoguposanne TB UK [1Y-curnanos ncnons3ys Taimep A3

incd.w SP ; OuMCTka BEpPXyUKM CTeKa

dec.b IRBit ;

Jnz IR Cont ; Tlepexonm — He TOCJIEIHWN OUT

IR Comp clr.w &CCTL1 ; OrkuioueHre CCRI1

rrc.w IRData ; 12-6urHele IRData BEPOBHEHEL
; TIO IpaBoOMy Kpaio

rrc.w IRData ;

rrc.w IRData ;

rrc.w IRData ;

and.w #O0FFFh, IRData ; VBommpoBaHue 12-06uT-—

; HOT'O IMaker

mov.w #GIE,O(SP) ; HeKOoOMPOBAHHEI OalT = ak-—
; TMBHOMY B OCHOBHOM
; IporpamMmMme

IR Cont reti ;

LED Disp ; Bximouenue ceeTommoma (P1.0) ecnu npuHATEeE
; VIK maHHBIE COOTBETCTBYKT KOIY KOMAaHIEI
; «Channel+» (16)

and.w #07Fh, IRData ; VBosmmpoBaHMe 7-0OUT-—
; HOTO KOIa KOMAaHTIEI
LED off bic.b #01h, &P10UT ; BHIKJIIOUEHME CBETOIMO-
;7 Hda
LEDO tst cmp.w #Ch up,IRData ; IllpoBepka Ha cooT-

; BETCTBME KOOy KOMaH-—
; el «Channel+» (32)
jne LED exit ;

bis.b #01h, &P10UT ; BxJyOUeHME cBeTOIMOIa
LED exit ret ; BeIXOm M3 mnomnporpam-—
; MBI

ORG OFFFEh ; BexTop cbpoca MSP430
DW RESET ;
ORG OFFF2h ; BexTop MnpepeBaHMS

; or Tammepa Timer AQ
DW TAO ISR ;
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ORG OFFFOh ; BexTOp NIpepHBaHUM

; orT TamMepos Timer AX
DW TAX ISR ;
END

Mpunoxenue B: nporpamma 11x1_RC5.543.txt

PR R I S S R b b b S S S S S e b b b b b S S S S b b b b S S S S S
’

; OTA IIPOTPAMMA IIOCTABJIAETCA B BUIE «KAK ECTb».

; KOMIIAHVA TI HE JAET HVKAKUX TAPAHTUMIA ¥ HE HECET
; HMKAKOM OTBETCTBEHHOCTM 3A BO3MOXHHE HETOUHOCTH
; PABOTH WJIM HENPABWIBHOCTE PABOTH ITPOI'PAMME.

; TIPY KOMMEPUYECKOM MCIIOJIb3OBAHMY HAHHOM I[IPOT'PAMMEL
; KOMIIAHVA TI OTKASHEBAETCA OT ABTOPCTBA ¥ CHUMMAET
; C CEBA BCAKYIO OTBETCTBEHHOCTE.

; KOMIIAHVS TI OTKABHBAETCS OT JIOBHX TI'APAHTMIA B OTHOIIE-
; HIM TOI'O, UTO IMIPOT'PAMMA HE MOXET IIPMHMCTNM IIPAMEIE WMIIN
; KOCBEHHHE YEHTKM WM IIOTEPIO HOBEPVIA VUM IIPVIBEUIM IIPU
; VCIIOJIb3OBAHVNM EE TEOPVIM WJIM AJITOPVTMOB.

; OTBETCTBEHHOCTL IIPM KOMMEPYECKOM VKCIIOJIb3OBAHUN

; JAHHOV MPOT'PAMMH IIOJIHOCTBI JIEXMT HA JIMIE, WCIOJIB30-
; BABIIEM IOAHHYIO ITPOI'PAMMY

; Ecimv He ykasaHO MHOe, IIpoTpaMMa, CO3IaHHasd KOoMIIaHUeM
; Texas Instruments nocTaBJdgeTCHd Ha YCJIOBUAX «CBOOOIHO
; PacCHIpPOCTPaHsaeMOTO MNPOIPaMMHOTO OOECIECUEeHMI» .

; Bbl MOxeTe CBOOOIOHO M3MEHATH MNpoTpamMMmy 0Oe3 BCAKUX

; OTPaHMYEHUN

; IlepemaBaTh OpoOTpPaMMy TPETBMM JIMIIAM MOXHO TOJIBKO IIPpU
; HOOBEIEeHMM IO MX CBEeIeHUM 2TUX YCJIOBUM M IIPU eT'o

; coTJlacuM C 2TUMM YyCJIOBMSMM.

; BBl IOOJDKHHEI NPMBOIOUTL JIMUEH3MIO B KaXIOM KONWU WJIU

; YAaCTUYHOM KOIIUM.

; BBl mpuMBHaeTe M corJjlallaeTechb, UYTO [lporpaMma CONEPXUT
; BalMIEeHHE aBTOPCKMYM IIPaBOM MaTepHualjl, KOMMepueCKYIo
; TarvHy M IPpYyTyl dYacTHy mHbopMauwo xomnaumm TI

; ¥ BamMieHa B COOTBETCTBUMM C 3aKoHaMy 00 aBTOPCKOM

; TpaBe, MEeXIyHapOIHBM COTIJlameHreM 00 aBTOPCKOM IIpaBe
; ¥ BaKOHOM O KOMMEPUYECKOM TarHe, a TaK Xe 3aKOHOM
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Ne Ne Ne Ne Ne Ne Ne Ne Ne Ne N

Ne Ne No

06 oxpaHe MHTEJUIEKTYaJIbHOM COOCTBEHHOCTM. JJisg 3allTH
aBTOPCKMX Ipab koMmnaHmm TI Bel corJlamiaeTechb He
OEeKOMIWIMPOBATEL, lepepabaTeBaTh, WM NPeobpa30BHBATH
nporpaMMy K ynofoumTaeMoMy BUIY. BEI corjlamiaeTechb

HM B KOeM CJlydae He M3MEeHATb UM He yIOaJIaTbh BHECEHHYK
B IporpamMMmy MHOOpMauMio OO aBTOPCKOM Ipabe. KoMNaHMA
TI ocTamysgeT 3a coOo¥ BCe IpaBa, He OT'OBOPEHHHE

B IOaHHOM JMleH3uM. KpoMe TOTO, YUTO OT'OBOPEHO B INaH-
HOM JIMLIEH3MIM, HEe MOXET pacCMaTpMBaTbBCHA IIPM BO3MOXHOM
cynebHOM pas3bupaTelibCTBE.

Bel He MOXeTe MCIOJb30BaTh MNPOTPaMMy IOJIA MUKPOKOHT-—
POJIJIEPOB, KOTOPHIE HE MNPOM3BOOUT KoMmnaHma TI.

#include <msp430x14x.h>

Ne Ne Ne Ne Ne Ne Ne Ne Ne N Ne Ne Ne Ne Ne Ne Ne o~

Ne Ne Ne Ne Ne N

Ne Ne No

LR R R R S S S e e I I R b b b S S S S S I R b b b S I S S S S b b b b b S S S S

MSP-FET430X110 Demo - [Jexozmep KomaHn MK cucremsl Y
RC5, mepemamoumit mx B [IK Ha ckopoctm 2400 6ox;

Ommcanue: JexonmupoBaHMe 12-0MTHHX VK naxeToB
tudazHoro popmaTa RCSH mpm nomouns MOIyJiS TarMepa
Timer A.

CCR1 momyna TanMepa Timer A UCHOOJNB3YyeTCA OJA HeKO-
oypopaHma VK makeToB, pexyM 3axpaTa — IJid OeTeKTUPO-—
BaHMAa MeXOMTHOTO QPOHTa, a PexuM CpaBHEeHMS — IJid
3amesIkmpaimsa OmTa maHHeix. CCR2 mcrnosbsyeTcsd s
OEKOIVPOBaHMSA Ilepesallycka. [IpMHSATEIM [NakeT IepelaeTcs
B [IK mpm nomoum CCRO momysis TimerfA, BBEIIIOJIHAKLIETO
dyuxumio UART. IlakeT nepenaeTcsa B Bule dYeTelpex ASIT
BanTor, comepxamx cumBOJiEl CR u LF.

Ecom nmpmHsaTa koMaHma «Chanel+», To Ha BeExOme P1.0
YCTaHAaBJIMBAETCH BHCOKUM YPOBEHBL, a ecim Jumodas

opyras — TO HUBKUM.

VK maHHBIE IEepemnanTCAa HauMHasg CO CTaplero sHaudalero
BarTa. [lakeT COCTOMT M3 2—- yX CTAPTOBHX Our, Oura C
n 11 6wt mavHex: S1-S2-C-A4-A3-A2-A1-A0-C5-C4-C3-C2-
C1-CO0

IemMoHCTpUpyeTCcAa pabora npu nomouy VMK MoOHMTOpPA,
B KOTOPEI IepenaiTcsa maHHele cuMmpeoJil CR, LF m 4 ASCII
Barra
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; MSP430F1121

; /1N XIN| -

; | | | 32 xI'n
; ——|RST XOUT | -

; IR Receiver—>|P1.2/CCR1 P1.0|—-—> CeTommon
; | P1.1|-—> 2400 8N1

; InuTesbHOCTM OUTOB

; 1.78 Mc

;= == —_—— ———t +——

; [ 0 [

; ———t ———F t——F——— 4=t + 4=

;  “Crapr”Crapr” 1 ~ 0 ~ 0 °
; lVcrnosib3yeMble PEerMCTPhl BEUMCIIUTEJILHOTO AOpa
#define RXTXData R4

#define BitCnt R5
#define IRData R6
#define IRBit R7

; s Toro, 4TOOBl CKOPOCTH OOMeHa HaHHeMM 110 UART
; paBHanacb 2400 ©onm HeoOxommMo, dYToOOBl ACLK = 32768 T'u
Bitime 5 equ 06 ; IIMTesIbHOCTE 5 OmT + Hebosbluad
; TOIOCTPOMKA
Bitime equ 014 ; pmurenbHOCTb OuTa 427 Mk ~ 2341

; bon

LEDO equ 001h ; HymneBoy CBeTOOMOXL MONKJIOUEH
; k mopty P1.0

TXD equ 002h ; Bexon nepepatumka UART [DOIKIOUEH
; kx mopry P1l.1

IRIN equ 004h ; VK nmaHHBE [OCTyIAlT Ha HnoptT Pl.2

Bit 50 equ 29 ; 890 mxc mpm ACLK = 32768 I
Bit 75 equ 44 ; 1348 mrxc mpm ACLK = 32768 T'u
Ch up equ 32 ;
Ch dwn equ 33 ;

LF equ Oah ; ASCII xon cuMBOJIa IepeBOIa CTPOKM
7 (LF)
CR equ O0dh ; ASCII xonm cuMBOJIa BO3BpaTa

; xaperxu (CR)
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; ABTOp: M. Buccini
; Kommnianma Texas Instruments, Inc
; mione 2001

PR e e S b b S S S S S S b b b b b S S S S R b b S S S S S e b b b 2 O O 4
’

RESET mov.w #0300h,SP ; MuuMumanmmMs3auus yKasaTeis
; CTeka MMKPOKOHTPOJIEPpa
; cemericrBa’x112x
call #Init Sys ; MHMUMaIM3AUUSA CUCTEMHEIX
; nepubepuHEIX MOIyJIen

Mainloop call #IR Ready ; Ilopmroroexa MK mexomepa
bis.w #LPM3,SR ; Ilepexon B pexuM LPMx,
; OCTaHOBKa, CHIKEHUE
; HoTpebJieHusa
call #TXIR 2 PC ; llepernada NPMHATOM KOMaHIIE
call #LED Disp ; IlpoBepka, SABJIAOTCA JIU

; TPVHATHE IOaHHBIE KOMaHIOM
; «Channel +» wmnm HeT
Jmp Mainloop ;
2
Init Sys ; VHuMuManmMs3aluMa CUCTEMHEIX NepMOepMIIHEIX
; YCTPOMCTB

StopWDT mov.w #WDTPW+WDTHOLD, &WDTCTL ; OcTaHoBKa

; CTOPOXEeBOI'O
; TarviMepa
SetupTA mov.w #TASSELO+MC1, &TACTL ; ACLK HeNIpepbIBHBI
SetupCO mov.w #OUT,&CCTLO ; YcTraHoBKa Ha

; BBEIXOIOEe Ilepe-—
; JdaTuMKa eOVHMIIBEL

SetupPl bis.b #IRIN+TXD, &§P1SEL ; P1.2 - CCR1,
; P1.1 - CCRO
bis.b #LEDO+TXD, &P1DIR ; P1.0 - BHXOZ&
; repernaTurka
bic.b #LEDO, &P10OUT ; Ha P1.0 HuskMi1
; YpOBEHbL — CBe-
; TOIVOI BHIKJIOUEH
eint ;
ret ; BrlIxonm m3 nom-—

; MNPOT'PaMMBl
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IR Ready ; IlloamporpamMa MNOATOTOBKM K IPMHATUIO
; 12-OuTHEIX maHHEX B GopMaTe RC5 B permcTp
; IRData

clr.w IRData ;
mov.w #014,IRBit ; 12 6uT HmaHHEIX + 1 CTAPTOBLIA
; OuT + 1 OKOHUATEJILHBI
SetupCl mov.w #CM1+SCS+CAP+CCIE, &CCTL1
; CAP CCI1A, crnagjamoumm QPOHT,
; TIpepuBaHye

TXIR 2 PC ; TloamporpamMa mnepenaur cmMmBojioB CR, LF
; n comepxmMoro permcrpa IRData B BuOEe dYeTH-
; pex ASCII GawmT B IIK R15 mcnomb3yercs
; B KadecTBe paboduero permcrpa M He COXpaHa—
; €T CBOeI'0 COCTOSAHUA

mov #CR, RXTXData ; cumMpoJl CR mepecslia-—

; erca B Oybep UART
call #TX Byte ; CR — IIK/moJsb30BaTeso
mov #LF,RXTXData ; cmMBOJI LF mepeckuia-—

; erca B Oybep UART
call #TX Byte ; LF — IIK/nosyb30BaTero

TX Word ASCII ; mnepepmada cjoea u3 IRData B BuIe
; ueTppex ASCII BauT
swpb IRData ; IRData = 3412
call #TX Byte ASCII  ;
swpb IRData ; IRData = 1234

TX Byte ASCII ; Ilepemaya Gaira m3 IRData B BuIe OBYX
; ASCII ©Gawnt

mov.b IRData,R15 ; Iepemaya 3HauyeHUd
HE

call #NUM ASCIR ;

mov.b IRData,R15 ; Iepenayva 3HadYeHUS
;o..X

jmp ~ NUM ASCIA ;
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NUM ASCIR

NUM ASCIA

NUM _End

rrc.b R15 ; 1. » 3. mponyckalnTCcsd
rrc.b R15 ;
rrc.b R15 ;
rrc.b R15 ;
and.b #0fh,R15 ; 2. u 4.
; MPOIyCKAanTCs
add.b #030h,R15 ;
cmp.b #03ah,R15 ;
jlo NUM End ;
add.b #039,R15 ;
mov.b R15,RXTXData ; Barpys3ka
; Oybepa nepe-
;  IDaTyuKa

TX Byte ; IlomnporpaMva nepenadu Gaura us Oydepa
; RXTXData mpm nomoum CCRO UART

bis.

rla.

mov.

mov.
TX Wait tst.

jnz
ret

W

W

&TAR, &CCRO ; Tekylee COCTOSHUE
; cueTumka TA
#Bitime, &CCRO ; HexoTopas mnaysa

; Iepen IepBbM OUTOM
#0100h, RXTXData ; IoBaBjieHME eOVHMUUHO-—
; TO CTOIOBOTO OMUTa B

; RXTXData
RXTXData ; IobamiieHMe HYJIEBOT'O
; CTapTOBOTO OMTa
#10,BitCnt ; Barpyska cueTuukKa

; 6uTomB, 8 OuT
; IaHHBIX + SP
#OUTMODO+CCIE, &CCTLO ; TXD = 1 = idle

BitCnt ; OxmmaHne OKOHYAHMA
; Tmepemnaum
TX Wait ;

add.w #Bitime, &CCRO ; VHTepBajl OO CJenyio-—
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UART TX bic.

rra.w

Jjc
TX Space bis.
TX Test dec.

Jnz

bic.

TX Next reti

#OUTMOD2, &CCTLO ;
RXTXData ;

TX Test ;
#OUTMOD2, &CCTLO ;
BitCnt 7

TX Next ;
#CCIE, §CCTLO ;

[lepenava enOVHMLIEL
M3B (LSB) croBuraercs
B OMT nepeHoOCca
[lepexon ——> OuT = 1
llepenaua HyJA

Bce OwuTEl nepenaHe
(M IPUMHSTHL) ?
Crnenymoumit OuT?

Bce OutH nepenaHs/
NIPVHATE, OJIOKMPOBKA
IIPEePEIBa NN

TAX ISR ; Obmasa noamporpamMMa OOpabOoTKM NPEPLBaHMM
; CCR1-4 um nepenoJiHeHMuA

add.w &TAIV, PC ;

reti

Jmp

jmp
; reti
; reti
;TA over reti

’

TA1l ISR ;
TA2 ISR ;

TAl ISR bit.w #CAP,&CCTL1 ;

jc
RX Bit dec.w
jz
RX Cont bit.w

rlc.w

mov.w
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RX edge ;

IRBit ;
RX Comp ;

#SCCI, &CCTL1 ;

IRData ;

’

IobaBJjieHe CMeleHMs
B BEKTOP IPEePHEBaHUI
or Timer A

CCRO - He gBysgeTca
VCTOUYHMUKOM

CCR1

CCR2

CCR3

CCR4

Beixonm mno mnepenojsiHe-—
HWIO

[lepexon — 3axBaueH
dpOoHT

[lpoBepKa OKOHYAHNA
naxkerTa

Bur nepenoca =
OaHHeIX B SCCI
Butr nepenoca —
IRData

ouT

#CM1+CMO+CAP+CCIE+SCS, &CCTL1
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JHexoaupoBanne TB UK [1Y-curnanos ucnonb3ya Taimep A3

RX Comp

RX edge

’

TA2 ISR

push.w &CCR1
add.w #Bit 50,0 (SP)
pop.w &CCR2
mov.w #CCIE, &CCTL2

reti

clr.w &CCTL1
and.w #O0FFFh, IRData

mov.w #GIE,O(SP)
reti

clr.w &CCTL2

mov.w #CCIE, &CCTL1
add.w #Bit 75,&CCRI1

reti
clr.w &CCTL2
call #IR Ready

reti

; CAP CCI1lA, oba o¢poH-—
; Ta, IpepbBaHue

; MakcumaJslbHOE BpeMda

; IO cienymoumero ¢poHTa

; PaspeumeHre npepeBa-
; HUA IO TamMayTy

; OrxumouenHme CCRI1
; VsomnmpoBaHue
; 12-BuTHOTO TMakeTa

; OTKJIOUEHME TauMayTa
; CCR2

; PeXyM CpaBHEHUSI

; Bpema mo ceepnmHe

; OMTa HaHHBIX

; BiloxkupoBka TamMayTa
; CCR2

; Oumbka — nepesanyck
; [PUEMHMKa

; BeIxom w3 nomnporpam-—
; MBI

LED Disp ; BrJOUeHME CBETOIMOIa
; TPV OPMHATUY KOMaHIE!

(ycranoBka P1.0)
«Channel+» (xom 32)

LED off

and.w #03Fh, IRData

bic.b #01lh, &P10OUT

LEDO tst cmp.w #Ch up,IRData
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; VsommporaHMe

; 6-0OMTHOTO KOmIa

; KOMaHJIEI

; BrIKJIIOUEHUE

; cBeTommona

; IlpyHAaTa KOMaHIa

; «Channel+» (xonm 32)
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Jjne

bis.b #01h, &P10UT
LED exit ret

LED exit

’

BkuitoueHme cepeTOmmona
Breixonm m3 nonnporpaMm-—

MBI
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ORG
DW
ORG
DW
ORG
DW
END

OFFFEh
RESET
OFFF2h
TAO ISR
OFFFOh
TAX ISR

BexTop cBpoca MSP430

BekTop TanmMepa Timer A0

BexTop Tammepor Timer AX
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KomneHcauusa ha30B0ro caBura 1 KanubpoBka TOKOBOI0
TpaHcchopmartopa

Kes Tam [slaa122.paf (AHrn.)]

B aToM npumepe NpUMeHeHUs OnMUChbIBAETCS LMgpoBas TEXHOMOMS KOMMEH-
cauum pa3oBoro CABKra u KanmbpoBKK TPAHCOPMATOPOB TOKA W HAMPSKEHNS, UC-
NONb3YeMbIX 151 UISMEPEHMS 3NEKTPUYECKON MOLLHOCTI U 3HEPruun. TpaguLnoHHas
aHaNoroBas KOMMEHCALMOHHas CxeMa 3aMeHsIeTCs LM POBbIM KOPPEKTUPYHOLLMM
(unbTPOM C KOHEYHON UMMYNbCHOM XapaktepucTukon (KIX). TexHonorua amyns-
LM HArpy3KmM C HeeanHYHbIM akTopom MoLyHocTi (non-UPF — HecornacosaHHom
Harpys3Ku) No3BOSISET cAenatb KannbpoBKY NONHOCTbIO aBTOMATUYECKON. Bpems Ka-
NIMGPOBKM NMPW 3TOM CYLLECTBEHHO CHUKAETCH, @ TOYHOCTb W MOBTOPSEMOCTb MOBbI-
Lwatotes. Vicnonb3oBaHue aMynsaumm nNo3BonseT UCKNIOYUTL AOPOroCTOSALLYI0 non-
UPF Harpy3sky. 16-pa3psaHblii cMeLwaHHo-curHanbHbil RISC npoueccop MSP430
Npon3BoACTBa KoMNaHuM Texas Instruments fBnseTcs ahPEKTUBHLIM PeLLeHeM
LN BbINOSHEHWS BbIYUCNEHUIA, HEOOX0AUMBIX AN NPOBELEHUS KOMMEHCALUN 1 Ka-
NINOPOBKN.

1. BBepenue

[ng n3mepeHus Toka n 06ecneveHuns passaskm no NOCTOAHHOMY TOKY B 3Jiek-
TpOCYeTYMKaX 06bI4HO NCNONb3yTCs TpaHcopmatopsl Toka (CT). OgHako, Bce CT
BHOCAT (Da30BbIN CLABUT, KOTOPbIA N3MEHAET BEJIMYUHY MOLLHOCTU Ha WX BbIXOZE.
VIHOYKTVBHbIE 1 EMKOCTHbIE HAarpy3KI BbI3bIBAKOT B3BELLEHHYIO OLLIUOKY N3MEPeHNs
MOLLHOCTM NMEePEeMEHHOro TOKa, KOTOpas 3HAYUTENTbHO YBESIMYMBABTCA M LOCTUraeT
HEZONYCTUMOIA BEINYUHBI NPU CHIDKEHUN N3MEPSEMOIN MOLLHOCTM.

TpagnunoHHbIM peLLeHnemM NPeoaoneHns npobemMsl ha3oBoro cAsura sBfs-
eTcs npuMeHeHne aHanorosoro RC dounbtpa; ogHako, RC ounbTpbl He CNOCOG6HI
YIOB/ETBOPUTL COBPEMEHHbLIM TPEBOBAHUAM, 1U13-32 BbICOKOW CTOMMOCTH, BO3HUK-
HOBEHUS NPOOJSIEM C YCTOWYMBOCTbIO 1 HEOOXOLMMOCTU MPOBEAEHUSA TPYLOEMKON
PY4HOI KanuobpoBku. [pumMeHeHe LMGPOBOI KOPPEKLMM 1 aBTOMATU3UPOBAHHOM
KanubpoBKM NO3BONAET U36aBUTHCA OT 3TUX HELOCTATKOB.

B 3TOM npumepe npuMeHeHNs paccMaTpuBatoTCA [Ba BOMPOCA: KOPPEKLUS 1
Kanubposka. Pazaern no KOppekLmn onucbIBaeT pa3paboTky OAMHOYHOIO punbTpa ¢
HYNEBOI KOHEYHON MMMYNbCHOMN XapakTepucTukoi (zero-FIR — Hynesoi KIX). 3tot
(hunsbTp UMEeT rpynnoBoe BPeMs 3afepXKKu, N03BOMSIOLLEE KOMMEHCUPOBaTh (a-
30Bbli CABUI TOKOBOrO TpaHcdopmartopa. K coXarneHuto, OH TakXe U3MEeHSIeT Ko-
3 MLNEHT Nepeaayn no noCToSHHOMY TOKY, KOPPEKLMUSA KOTOPOro TaKKe A0/KHA
ObITb NPOKU3BELEHA BNOCNEACTBUN.
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B pazpgene no kanubpoBke ONMUChLIBAETCS pacyeT napameTpos dounstpa ¢ KNX
NS Pa3NUYHbIX BPEMEH 3aIepXKKi, 3aTemM paccMaTpuBaroTCs BOMPOCHI aMyNALUM
non-UPF Harpysku, onpegenexue owmn6kn non-UPF n nokanusaums ncrnonb3yembix
akTyanbHbIx napameTtpos KX dunbtpos.

2. LuchpoBas koppekuus hasoBoro casura

2.1. Onucanmne 3agadn

113-32 Hanm4us MHAYKTUBHOM U eMKOCTHOW COCTaBASIOLLMX Harpy3Kku, nepe-
MEHHbIE HaNpsHKEHWUE 1 TOK B CETU UMEIOT PacxXoxaeHus no gase, Takum o6pasom,
npu MCMOb30BaHMM TOKOBOMO TPaHCopmaTopa n3mepsieMblin TOK onepex<aeT (0T-
CTaeT) Mo hase OT peasibHOro ToKa.

Ha pucyHke 1 BX0AHOW TOK I(m) onepexxaeT HanpskeHne V Ha yron 6, a BbIX0[-
HOW TOK | OMepexaeT HanpsHKeHWe Ha yron ¢. PeanbHas MOLLHOCTb B 3TOM CITyyae

(out)
paBHsieTcs

/
/ / lin

/(out)

Pue. 1. ®azoBas xapaktepuctuka GT

P =V, cos®

rae Vo — amnnuTyaa nepeMeHHOro HanpspkeHus, 10 — aMniuTyaa nepeMeHHoro
TOKa, C0SO — (haKTop MOLLHOCTW. I3MepeHHas MOLLHOCTb OYeT PaBHATHCSA

P’=K, o K, Iy cos(6+¢)

roe K(v) — koadhdpuumeHT 3atyxanus HanpsoxkeHus (Vo = K(v)*V'o0), K(i) — Ko-
ahpmumeHT TpaHctopmavmm Toka (lo=K(i)*I'0), a coS(0+¢) — N3MepeHHbIN HaAKTOp
MOLLHOCTK. Takum 06pa3om, OLIMOKa N3MepeHnst OyAeT PaBHATLCS
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P_’_1_ cos(0 + ¢)
m P cos0

OwmbKa SBNSETCH HENMHEHON (PyHKUMeld T (hakTopa mowHocTu. Ons UPF
(cornacoBaHHOM) Harpysku BEIMYMHA Yra ¢ 06bI4HO HEBEMMKA 1 OLLIMOKON MOXHO
npeHe6bpeyb, 0AHAKO C YMEeHbLLIEHNeM (DaKTopa MOLLHOCTK, OLUMGKA CTAHOBUTCA YXKe
3aMeTHOW. Hanpumep, npu Benu4uHe aktopa MOLLHOCTK, pasHoil 0.5, n dhazoBom
casure, pasHom 1°, owmbka coctasnser 3 %.

22.FIR chunptp

Ons pewenus npo6nemsl ha3osoro casura B CT, HEOOXOAMMO 06€CneynTh
TaKyl 3afepXKy BbIXOLHOrO TOKQ, YTOObl BEINYMHBI PEANIbHOrO 1 M3MEPEHHOr0
(hakToOpPOB MOLLHOCTY ObIN paBHbI. OfHAKO, 3Ta 3aiepXKKa BePOSTHEE BCEro He Oy-
[eT KpaTHa Nepuogy AUCKPETU3aLnK, YTO He MO3BONUT PELLNTH 3Ty 3afady NpoCTOil
32/18PXKKOM HA OJMH NN HECKOSTbKO TaKTOB.

Camblit NpocTOIt CNOCO6 06eCNeYeHIs 3a8ePXKKN Ha APOBHOE KONNYECTBO TaK-
TOB AAB/AETCA UCMOSIb30BaHMS (PUILTPa ¢ Hynesoit KNX:

y[n]= x[n]+ Bx[n - 1]
31ech X — BXOHOW TOK, Y — 3aiep>KKa BbIXOAHOr0 TOKa, N — ANCKPETHas nepe-
MEHHas, a P — KOS MULIMEHT YCUNEHNS 3a[EPXKKIA.

HacToTHas XapakTepucTika MOXET ObITb MONyHeHa B Pe3yribrate Z-npeo6pasosaHis
XapaKTepuCTUKMN 3aepkiu. OyHKLMA D ABNSETCA NPOU3BOAHON (Da30BOI XapPaKTEPUCTUKIA:

B(B + cosw)

1+ B2 +2Bcosm

rfe m — Kpyrosas 4acTtoTa nocne LUCKPeTU3auum, IKBIUBAIEHTHASA 3HAYEHUIO
27X (OCHOBHAs 4acToTa/4acToTa AMCKPETU3aLmK).
PeLueHnem ypasHeHns (5) OTHOCUTENbHO 3 ABNAETCS CNeLyHOLLEe BbIPKEHNE:

B (1-2D)cos =+ /(1— 2D)? cos’ o+ 4D(1-D)
- 2(1-D)

®asoBbIi CABUT ABASETCH NPOEKLIMEIA rPYNNOBOro BPEMEHU 3afepKKu Ha yr-
NI0BYIO MIOCKOCTb. OHY CBSI3aHbI CNIBAYIOLIMM BbIPAXKEHNEM:

p=?

()

re (hasoBblil CABUT ¢ M3MEPSETCS B paauaHax. [Ins KOMNeHcaLun HeeauHmy-
HOTO KO3(h(MLMEHTA YCUNEHUS (PUNBTPA BbIXOAHON CUrHAM YMHOXAETCS Ha Beu-
YUHY, 06PATHO MPOMOPLMOHANBHYI0 MOAYITI0 KO ULIMEHTA Nepeaaym:
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A= [(cosco+ B)® + sin® mT/Z

Hanpumep, ans 3nekTpocyeTynKa, paboTatoLLero ¢ 4acToTon AMCKPeTU3aLmum
995.025 ', n3mepstoLLEro BXOAHON curHan ¢ Yactotoii 50 'y u cogepxatero GT,
BHOCALWMIA ha3osbin casur 1°, B=0.0611975, a A-1=0.944873.

3. Kanu6poska CT

CHayana [omkHa 6bITb BbIMNOMHEHA KannbpoBKa JIMHENHON YacTL, TaK Kak OHa
BAMseT Ha kanuoposky CT. C apyroit CTopoHbl, (ha3osblii caBur CT He MeeT NoyTH
HUKAKOr0 BNNAHNA HA KaIMOPOBKY JIMHENHOIA YacTu.

®akTnyecki kannoposka CT Ha4MHaAETCA ¢ POPMUPOBAHIA BHYTPEHHEI 3afIepXKKMN
OCHOBHOI0 BXOZHOM0 TOKA C Liefibio aMynsumuy non-UPF Harpy3ku. 310 OCHOBHas Tex-
HOMOrKA, UCMosb3yemas BO BCEM NpoLiecce KanmbpoBky. HebonbLuor ¢ha3oBblil CABUT
CT co3paeT 0THOCUTENbHO 6ObLLYIO OLLUOKY B 3TOM cryqae. Ownokn Ans auanasoHa
BPeMeH 3aJepXKKi1 1 NapameTpoB TOKOBbIX TPAHCGIOPMATOPOB ANt COOTBETCTBYHOLLIMX
KoppekTupytowwmx KX paccuutaHbl 1 cBedeHbl B Tabnuupl. Ownbka, BO3HMKAKOLAA
npu amynauun non-UPF Harpyskn n3mepseTcs atanoHHsIM u3mepurenem. [locne atoro
UCTUHHbIE KO3 puLMeHTbl KX MOryT 6bITh HaiaeHbl N0 TabnuLe.

3.1. 3mynaynsa non-UPF Harpy3skn

Mockonbky (ha3osbiv casur CT 06b14HO HEGONBLLON, TO M3 ypaBHeHus (3) BUA-
HO, 4YTO OLIMGKa ToXXe ByaeT HebonbLon npu UPF Harpy3ke. [ToaTomy ans obecnede-
HIS 60MbLLIOK OLUNOKW NPW TOYHO KaIM6POBKe NOTPe60oBanich 6bl 04eHb 60/bLLIOK
KOHZEHCATOP WIN NHOYKTUBHOCTb.

Vicnonb3oBaHue BHYTPEHHEN 3afepxKn Ans amynsuum non-UPF Harpysku He
TO/bKO YCTPAHAET HEOOXOAUMOCTb MCMOMb30BAHUS TakuX AOPOruxX U 60SbLUNX Ha-
PY30K, HO 3TO TAaKXXe NMO3BOJISAET NPOU3BOLNTL ABTOMATUYECKYHO Kanu6pOoBKy npu
MOMOLLIM TONbKO oaHon UPF Harpysku.

3afiep>KKa BXOAHOr0 TOKA MW HanpshKeHNs 3KBUBANEHTHA U3MEHEHI0 (PaKTo-
pa MOLLHOCTW, YTO NM03BONSAET aMynuposatb non-UPF Harpysky. HeT Hukakux cTpo-
rux TpeboBaHWi K Benu4nHe amynupyemoit non-UPF Harpyske, Tpe6yeTtca TOMbKo
4T0ObI OHA Bbina [OCTATOYHO GOMbLUAA A1 06ECreYeHus BbICOKOW TOYHOCTMU Ka-
NIMGPOBKM (HO HE CIIULIKOM 60/bLLION, YTOObI AaTb HEOOMbLLOI ()aKTOP MOLLHOCTHY).
[na npocToThl 3MyNALMU BPEMS 3aepXKKN MOXET ObITb BbIOPAHO KPATHBLIM Nepuo-
Oy onckpeTtusaunn. 3apepxka no dase &:

f
E=""xN

fi
rae f(m) — yacToTa OCHOBHOrO curHana, f(s) — yactota amckpetusaumm, a N —

KONMN4€CTBO LNKNOB 3af€PXKKN.
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®akTop cosE — hakTop aMynMpyemoil MOLLHOCTW. Hanpumep, npn 4acToTe oc-

HOBHOro curiana 50 'y 1 yactoTe anckpeTusaumn 995.025 'y 3afiepxka Ha TpU TakTa
9KBBANEHTHA (a30BOMY CaBMIY Ha 54.27°, 4TO BMOMHE JOCTATOYHO ANS KaNGPOBKM.

3.2. Boryncnexue oLwn6xn

ECTb MHOXECTBO CMOCOOO0B MONYHUTb 3TANOHHBIA BXOAHOW CUrHAN OT BHELLHEro
STANOHHOrO N3mepuTens. MeTof, UCnosb3yemblil B HALLIEM Crly4ae 04eHb MPOCT: 3TANIOH-
HbIVl U3MEPUTENbHBIA NPUOOP NOAAET HA CBETOAMOL UMMYSbChI, YaCTOTA KOTOPbIX MPO-
NOPLIMOHANIbHA U3MEPSEMON 3Heprun. Hanpumep, nponssoauTenibHocTb 1600 nvnynb-
COB/MAC [ KK0rO0 KIIOBATT-4aca 03HavaeT, 410 1600 umnynbcoB GyayT cdhopMmupo-
BaHbl 32 Yac Npu paboTe Ha Harpy3ky, NOTPe6SOLLYO OAMH KUNOBaTT. [ns KanubpoBKu
U3MEPUTENS MOXET UCMOSb30BATLCS NPOCTELLMIA ONTUYECKIIA NPe0bpasoBatesib. IToT
METOJ] 06eCNeYNBaET 04eHb MPOCTON WHTEPEIC U TPEBYET TOSbKO OHOW BXOAHON
nmHAK. MpeanosnaragTcs, 4To U3MepUTeNb Npu KTIMOPOBKe hOPMUPYET CUrHaNbI s
YNpaBsieHns CBETOAMOLOM TEM XKe METOLOM, YTO U 3TAJIOHHbIN U3MEPUTESTb.

Ownobka, Bbi3BaHHas (pa3osbiM caurom GT, nony4aetcs B pesyrbrate HOp-
Manu3auuu pasHuLbl BpeMeH, HeobXoanmbIx 0601M npubopam ans opmMupoBa-
HWUS OJMHAKOBOrO KOMMYECTBA UMMYSbCOB. Mbl Mosy4aem UMNySbCHO-BPEMEHHYHO
OLLINOGKY E(p), KoTOpast He ABNAETCA OLUMOKON N3MEPEHNUS SHEPrUM UK MOLLHOCTH,
onpefensemoii no dopmyne (3):

Ep) = (tiny — )/ L

roe t'(int) — npuBedeHHas LNUTENbHOCTL MMMYMbCHOW MOCNef0BaTeNbHOCTH,
pasHas t(int)/cosE, t(int) — u3mepsHHas ANNUTENbHOCTb WMMYNbCHON NOCNeLoBa-
TeNbHOCTY, a t(ref) — LNUTeNbHOCTL UMNYNILCHON NOCNEA0BATENIbHOCTU TANIOHHOIO
nameputens. O6patute BHUMAHWE, YTO ANS BHELUHEr0 3TaNIOHHOM0 U3MEPUTENs He
hopmupyeTcs BHYTPEHHSAS 3a[epxKa, N03TOMYy He06X0AMMO Npeobpa3oBaTb BHYT-
PEHHW BPEMEHHON MHTEPBan B COOTBETCTBUW C YCMOBUAMI COIMAacOBaHUs, pasfae-
JINB €ro Ha 3aMynMpyemblii (DakTop MOLLHOCTH.

3.3. YeranoBka tabnmybi napameTpos KUX

Mapametpbl KX ons paHHoro asoBoro cAagura mMoryT ObiTb PAacCyMTaHbl
ncnonb3ys ypasHeHus (6) — (8). BbluncreHus ny4ylle BCero Aenatb B 3NEKTPOH-
HOW Tabnuue, YTO MO3BOAUT MOJHOCTLIO ONPEAeNUTb TabnuLy NpenBapuUTesbHbIX
pac4eToB. [1ns onpefeneHns MakCUMansHOro 1 MAHUMAanbHOrO (ha3oBoro chgura
JO/MKeH ObITb N3BECTEH Jonyck (ha3osoro casura CT. Lar n3ameneHns da3oBoro
CABUra BbIGUPAETCSA TaKUM, YTOObI HETOYHOCTb OMNpefeneHns OLWNBKM 0CTaBanach B
JOnycTUMbIX npegenax. Hanpumep, ecnn pasamep Luara Boiépad 0.1°, @ MuHMManb-
HbIl pakTop MOLLHOCTM — €0S(60°)=0.5, TO MakcumanbHas oLnbKa coctasut 1-
[cos(60°+0.1°)/c0s(60°)]=0.3 %.
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Mocne npeobpasoBaHns ypasHeHUs (10) MOXHO NOMy4UTb CrlefyHoLLee Bblpa-

XKEHue:
_ cosg

P T ane(E _ )

cos(E—9)

C Lernbio MUHUMU3ALMK pasMepa NPUKNagHoR NporpamMmbl U BPEMEHW Noncka

Ins E(p) MoxeT ncnons3osarbes HeaBHas Tabnuua. Ownoku E(max) u E(min), coot-

BETCTBYIOLLME MAKCUMabHOMY 1 MUHUMATTbHOMY (ha30BOMY CLBUTY LOIKHbI ObITh

paccyuTaHbl nepsbiMi. Torga pasmep Lwara gra3oBoro CABUra MOXeT ObITb Npeod-

pa3oBaH B pasmep Luara owunoKm:

E(step)=(E(max)-E(min))/(06LLee KON14eCTBO LLIATOB).

[nsa kaxporo 3HaveHus E(p) dhakTyeckmit oa3osbIin CABUM PACCHUTBLIBAETCS MO
thopmyne (10), a pe3ynsrar UCNONL3YETCA B ypaBHeHUAX (6) — (8) Ans Bbl4UCIEHUSA
OKOHYaTesbHbIx napameTpos KUX. Mockonbky E(p) MOXET ObITb JIErKO pacc4uTaHo
no n3BsectHblM E(min) n E(Step), To HET HEO6XOAMMOCTY €ro COXpaHsATb — Crefyet
XPaHUTb TONbKO 3Ha4eHuna E(min), E(max) u E(step).

3.4.CT ¢ 6onbLUunM ¢ha30BbIM CLBUIOM

B HekoTopbIx cnyyasax GT moryT uMmeTb 60/bLLIOK (ha30BbIi caBur. Hanpumep,
BbICOKWE NPOMbILLIEHHbIE YaCTOTbl UMW HU3KAS 4ACTOTA AMCKPETU3ALMU NpUBERYT
K YBENMYEHMIO (Pa30BOro chpura Aaxe y TOKOBbIX TPaHC(HOPMATOPOB, UMEHOLLMX
HEe60MbLLOIA COBCTBEHHbIN (Da30BbIVi CABUT. ITO BbITEKAET U3 BbIpaXXeHUs (7).

CT ¢ 60nbLUNM (DA30BLIM CABUTOM MOXHO TaKXXe KOMMEHCUPOBATb U Kanubpo-
BaTb €C/IN CPEeLiHee 3Ha4eHne Pa30BOro CABUMA HAXOAMTCA B NPUEMIIEMOM Ananaso-
He OTKNOHeHUs. CT 3TOro TMna cHavana KOMNEeHCUPYTCS NPY NOMOLLM (DUNLTPOB C
KX, paccuuTtaHHoi anq cpeaHero hasosoro cagura h, otkanuéposanHoro npu UPF
Harpy3ke. Ecnu h 60nbLUe nepruoja AUCKpeTnaauuu, To He06X0AMMO UCMOMb30BATh
3a/1ePXKKN, CPOPMUPOBAHHBIE B PE3YTIbTaTe YMHOXEHUS 1 AeNeHUs Nnepuoaa Anck-
petu3aumm npu nomoLuy KNX. B aTom cny4ae:

n =N(a)‘l’+§

roe v — (basoas 3ajepxka 0AHOr0 nepnoja AUCKPeTU3auni, paBHas OTHO-
LLEHWIO 4aCTOTbl OCHOBHOIO CUrHana K 4actote auckpetusaumuu, a N(d) — konuyec-
TBO 3a/epXMBaeMbIX BbIGOPOK ¢ <. Toraa BenmynHa ha3oBoro CABMra TOKOBOro
TpaHcdhopmaropa 6yaeT paBHATLCS:

’
¢=06-m
roe ¢ — co6CTBEHHbIN (Pa3oBbIn cagur CT. Tak Kak ¢’ 04eHb Mano, T0 OHO MO-
XKET UrHOpUpoBaTbCA npu kanubéposke ¢ UPF Harpy3koii.
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lMocne KanMbpoBKK C COrNacoBaHHON Harpy3KOI BbIMOMHAETCS KannobpoBKa C
HECOrNacoBaHHON Harpy3kon. B 9TOM Cry4ae 3KBUBANEHTHbIA (Da30BbIA CABUT ¢’
CMONb3YEeTCH BMECTO peasibHOro ha3oBoro cAgura ¢ TOKOBOro TpaHcopmaropa.
Takum 06pa3om 3KBMBaANEHTHAA (Pa30Bas 3afepXKka OyaeT paBHATLCS:

g=E-n
rae é - (baKTVILIeCKaﬂ amMynupyemas 3afepxka no (pase, dam — CpenHaa Benn-

4nHa pasosoro cagura GT. Mocne aToro Ans Kanubéposki phi’ MOXHO UCMNONb30BATH
OMUCaHHYIO BblLLE METOAMKY.

3.5. UsmeHeHne 4acToTel H3MEPAEMOro cUrHana

OyeHb BXHO, 4TOObI (haKTMYeCKas 4acToTa N3MEPSEMOro CUrHana coOTBeTC-
TBOBAJ1a 4acToTe KanubpoBKu. JTr060€e OTKIIOHEHWE BbI3bIBAET OLLUOKY KannbpoBKM
thazosoro cagura GCT. OgHako, NOCfe OKOHYaHMS KannobpoBKM KOPPEKTMpYtoLLas
KX o6ecneymBaet He06X0AMMYO TOYHOCTb U3MEPEHNS AaXe NMPU N3MEHEHUN Yac-
TOTbI UI3MEPSEMOr0 CUrHana.

4. 3aknoyeHue

Boo6Le rosops, uudposas 06paboTka WMEET HeoCnopyuMoe MpenMyLLEecTBo
nepes aHaIoroBbIMW WUHTErpaibHbIMU CXeMamn 06paboTKM CUTHANOB B OTHOLLEHUM
TOYHOCTM 1 NOBTOPSIEMOCTH; OAHAKO, 4aCTO UMEET 60mee BbICOKYH CTOMMOCTb. Metog,
OMWCAHHbIA B 3TOM NPUMEPe NPUMEHEHUA UCTONb3YET LMPOBbIE TEXHONOrUU AN
KOMMeHcauun 1 kanuéposki CT, npy 3TOM OH [OCTATOYHO MPOCT, YT06bI ObITh peany-
30BaHHbIM [IELLIEBbIM MUKPOKOHTPOIEPOM. [IaHHOE PeLLeHue ObIro C YCrexom peani-
30BaHO HAa MUKPOKOHTponnepe MSP430 npon3BoacTBa koMnaHuy Texas Instruments u
Mnony4uro 0f00PeHNe s UCMOMb30BaHNS 3NEKTPOCHETHMKAX NEePBOro Knacca.

CebUku:

1. A Low-Gost Single-Phase Electricity Meter Using MSP430C11x, Application
Report, Texas Instruments Literature Number SLAAQ75

2. MSP430x1xx Family User’s Guide, Texas Instruments Literature Number
SLAU049

3. MSP430 Family Mixed-Signal Microcontroller Application Reports, Application
Book, Texas Instruments Literature Number SLAA024

4. Bureau of Indian Standards , AC Static Watt-Hour Meters, Class-1 and -2
Specification, Reference Number ET13 (1379)
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TeepaoTenbHbIA AUKTO(OH ¢ ucnonb3osanuem MSP430
Murugavel Raju [slaa123.pdf (AHrn.)]

C BBefieHNeM BCTPOEHHOIA nporpamMmupyemoii B cucteme (ISP) Flash namstu
peanu3oBanach 06eLlaHHas peHTabeNbHOCTb NepenporpamMmMmpyembiX MIUKPOKOHT-
ponnepoB MSP430. BcTpoeHHOe nporpamMmMHOe 06ecneyeHme, 3aLliBaeMoe B MUKPO-
KOHTPONNEP Ha aTane nNpon3Bo/ACTBa, N03BONAET 0OHOBNATL NPOrpamMmmy B YCTaHOB-
NEeHHbIX B YCTPOIICTBO MUKPOKOHTPONEpax 6e3 1Cnob30BaHNs JOMOMHUTESNbHbIX
BHELLHMX 3NIeMEHTOB. B jaHHOM npumepe npyMeHeHNs AeMOHCTPUPYETCA TNOKOCTb
BHYTPUCUCTEMHOIO NPOrpaMmMupoBaHus Flash namsti Ha npumepe TBEPA0TENLHOMO
anktodoHa. Kpome Toro, yto MSP430 ocylecTBnisieT aHanoro-ungposoe n und-
pO-aHaNnoroBoe Npeobpa3oBaHus 3BYKOBOTO CUrHana, Tak OH ELLE 1 3aMChbIBaeT ero
BO BCTPOEHHYHO Flash namsiTb MUKPOKOHTPONNEPA B peaibHOM MacLuTabe BpeMeHMU.
B aTOM npumepe NpMMEHEHMs ONUCHIBAETCS BO3MOXXHOCTb MCMOMNb30BaHUS NamMATy
Mporpammbl Anst XpaHeHUs AMHAMUYECKI N3MEHSIOLLIMXCS AaHHbIX.

1. BeegeHue

BeeneHune mukpokoHTponnepos MSP430 ¢ Flash namsaTbio npuHecno 60nbLLUY0
MMBKOCTb Pa3nnyHbIM YCTPONCTBAM. BOSMOXHOCTb BHYTPUCUCTEMHOMO NPOrpammit-
POBAHUS 1 CPOK XPAHEHWS AaHHbIX NPK OTKIKOYEHHOM NiTaHuMK He MeHee 10 net
WAeanbHO YA0BMETBOPAIOT TPEOOBAHUAM CaMbIX PA3fIMYHbIX YCTPOMCTB. B AaHHOM
npumMepe NPUMEHEeHUs UCMoNb30BaH MUKpokoHTponnep MSP430F149, asnstoLuii-
€A YneHom cemeiictBa 1xx MukpokoHTponnepos MSP430 ¢ Flash namstbio. 10T
npuoop 6bin BbIGPaH noTomy, 410 OH UMeeT 60 Kb BCcTpoeHHO Flash namsTu, cno-
CO6HOIA XpaHutb B ce6e 00 10 cekyHA peyeBbiX COOOLIEHNIA, 1 12 6uTHbIA ALIM,
NPOU3BOASALLNA OLUNGPOBKY CUrHana. B JaHHOM npumepe NpuMeHeHus paccmarpi-
BalOTCA CrefyHoLLe BONPOChI:

e BHyTpucmcteMHoe nporpamMmmpoBaHie Flash namsTn MUKpOKOHTPONIEpPOB

cemeiictea MSP430
e [IporpammupoBaHue Flash namstu MSP430 B peanbHOM MacLLTabe BPEMEHN
e Pabota mukpokoHTposnepa MSP430x13x/14x ¢ BbICOKOYACTOTHbIM KBapLie-
BbIM PE30HATOPOM

e llcnonb3oBaHye BCTPOEHHOro 12 61UTHOrO aHanoro-uUMpoBoro npeobpaso-
BaTens B peasbHOM MacLuTabe BPEMEHM

e 06meH aaHHbIMKn MSP430 ¢ TLV5616

e [lpumeHeHne onepaunoHHoro yeunutens TLV2252 n yeunutens MOLLHOCTH
TPA721 nponssoacTea komnasum Tl coBmecTHO ¢ MSP430

e Pa6ota MSP430 B cMeLLaHHO-CUTHANBHOM pexxume 0T 3 B nuTaHus
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2. AnnapatHas 4acTb

2.1. Kpatknii 0630p cHCTEMDI

MSP430F149
ADC

12
Serial
[KCH CPU P =
CFCH cpuj—er]
}e AHanorosblit e‘% Lnchposoii %}% AHanorosblit %{

Puc. 1. CTPYKTYpHas cxema

MUKDOhOH [uHamukn
poc Pregmp Active
Filter Filter

Ha pucyHke 1 nokasaHa CTpyKTypHas Cxema OMMCbIBAEMOro YCTpoiicTBa. Ha
Hell 0TAeNbHO NOKa3aHb! LNGPOBbIE 1 aHaNoroBble y3nbl. CTpenkamu nokasaHo Ha-
npaBneHue nepeaadn CUrHanoB oT MUKpOoHa A0 AnHamuka. icnonb3oBaHHbIe ne-
puchepuitHbie MOAYNI MUKPOKOHTPONEpa NokasaHbl BHyTpu 6noka MSP430F149.
06patuTte BHUMAHME HAa BCTPOEHHbIN 12 BUTHBIN aHanoro-LudpoBoii npeobpa3oBa-
Tenb ADC12. BetpoeHHbiii B MSP430F149 aHanoroBbIii MynbTURNEKCOP NO3BONSET
KoMMyTMpoBaTh ko Bxoay ADC12 BoceMb aHanoroBbIxX KaHanos. B qaHHOM npumepe
npuUMeHeHNs oLMPOBbLIBAETCS TOMbKO aHANoroBbIi curHan Ha Bxofe AQ. Npeasapu-
TeNbHO YCUNEHHbIA N OTQUNLTPOBAHHbI aHANOrOBbIN CUTHAM C BbIXOAA MUKPO(OHa
nogaetcs Hanpsamyto Ha Bxoa A0 mukpokoHTponnepa MSP430. lMpwu 3anucy akTme-
Hbl TOMbKO 3TV [iBa 6roka. Mpy NpoUrpbIBaHUM COXPaHEHHbIE AaHHbIe MOCTYNatoT
13 MSP430 B LIAMN no nocnenosatenbHoMy USART SPI nopty. AKTUBHbIA ounbTp
CrMaXmnBaeT BbIxoAHoW curHan LAM. [anee oTchunbTpoOBaHHbIA CUrHAMN NOAAETCS Ha
YCUNUTEMb MOLLIHOCTU, K BbIXOAY KOTOPOr0 NOAKMTHOYEH AMHAMUK.

2.2. AHanoroBas annapatHas 4actb

Ha pucyHKe 2 nokasaH npefBapuTenbHblil MUKPOOHHBIA YCUITUTENb U DUALTP.
INEKTPETHBIA MUKPODOH NPeobpasyeT akyCTUYEeCKUA Pe4YeBON CUrHAN B aHanoro-
BblIV 3NEKTPUYECKMIA CUTHAM, KOTOPbI 3aTeM YCUNUBAEGTCS NPeABapPUTENbHbIM YCU-
nuTenem Ha 6ase onepaunoHHoro yeunutens TLV2252. TLV2252 — HU3KOBOJLTHbII
HU3KONOTPEONSAIOLLNIA CABOEHHbIA ONepaLMOHHbIA YCUNNTENb, OfJHA YaCTb KOTOPOr0
1CNONbL3YETCA 4115 YCUIeHU MUKPOGOHHOr0 CUrHana, a apyras — Ans nocTpoeHns
AKTUBHOIO (OMNbTPA HUSKKX YacToT (PHY), KOTOPbIN UCMONb3YETCS ANA CrNAXUBa-
HUS BbIxogHOro curHana LAM. TLV2252 Bbi6paH n3-3a T0ro, 410 OH Cnoco6eH pabo-
TaTb OT OJHOMONAPHOro 3 B UCTOYHMKA NUTAHUS 1 UMEET HU3KII TOK Nokos. Mepen
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R5 56 kOm

C4

._| |_.
AVee 470n®
AV

R2
C1 1.1k0m
l_: - N R6 18 kOM To A0 Channel
I01a\>—|:Iﬁ 0ADC12

4,71k
AVge L7 TLv2252 Pin590fF149

' c3
5.6 HO
= R3
18 kOm
+ J
c2 R4 —
4. 7mKk® 18 kOm

MukpodoH

Puc. 2. TIpeiBapuTENbHbIA MUKPOQOHHbIA YCUINTENb 1 PUILTP

nojayeii aHanoroBOro curHana Ha BXo BCTpoeHHoro ALLM Heo6x0anmo OrpaHnynTb
ero nonocy. G aToi 3afja4eli BMosIHe CNpaBnseTcs NpocToil aHanorosbli RC dousbtp,
KOTOPbI B HALIEM Crly4ae BK/HOYEH Ha BbIXOe NpeaBapuTenbHOro MUKPOGOHHOM0
YCUNUTENS U UMeeT nonocy nponyckanus 2.7 kl'u. KonaeHcarop C4 B Lenn 06patHoi
CBS3M OMepauMoHHOr0 YCUNTENS TakKe 06ecrneYmBaeT HeKOTOPbIA cnafg koadhdu-
LMeHTa nepefiadn Ha BEPXHUX YacToTax. PakTU4ecku 3TOT PUILTP NpeaHasHayeH
ONs VCKII0YeHNs npoLecca nepeauckpuT3aun nocre 0CyLLeCTBIEHNs BbIGOPKM
curHana. YactoTa cpesa (ounbrpa, paBHas 2.7 KU, yaoBNeTBOPSET TPe6OBaHUAM
TeopeMbl KOTebHIKOBA TaK Kak AMCKPETU3aLMs B HALIEM Crly4ae OCYLLECTBNSETCS
C yactoTon 5.5 KI'u. HacToTa gnckpetmsauun 5.5 Kl BbiOpaHa B Ka4ecTBe KOMMpO-
MUCCHOI0 PeLLeHNs Mexy Ka4yeCcTBOM 3anucbliBaeMoil peqn 1 MakCumanbHO BO3-
MOXHOW [IUTENbHOCTLIO 3anucu. Mpu ynomMsaHyTbIX BbILLe NapameTpax BO BCTPOEH-
Hyto Flash namsaTb MOXHO 3anucatb 0KON0 6 CEeKYHA peyn. PeyeBoii curHan nocne
12 6UTHOro Npeobpa3oBaHns 6€3 BCAKOr0 CXXATWs 3annCbIBAETCH BO BCTPOEHHYH
Flash namsTb. Cxatue rosioca no 8- 6UTHOMY A- Ui |i- 3aKOHY NO3BOSIAT YBENYNTD
JNNTENBHOCTb 3annChbiBaeMoro rosioca o 12 cekyHm.
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PaisiMoo =N 11 o, g o ?é’gigv&/rp
SCLK =
7 v
P3.3UCLK0%T§ L " TLv2252  Amplifier
— 5616 6 ce 2HO
P3.0 FS1, DAC 5 [AGND |
RS
18kOm
R7| [+L_C7

Pue. 3.TlocnenosarensHblin LA v domnbtp

Ha pucyHke 3 nokasaHbl nocnegosaresibHbln LIAT 1 crnaxusarowmin oussTp.
icnonb3oBaHHbIN B J@HHOM MpuUMepe NpUMeHeHus nocneaosarenbHbin  LIAT
TLV5616 npom3BoacTBa komnaHuu Tl cnoco6eH paboTath OT 0AHONONsSPHOro 3 B
ncToyHuka nutanus n umeet DNL = 0.5 LSB. LIAI nosiy4aeT fjaHHbIe OT BCTPOEHHO-
ro 8 MSP430 USART no SPI uxtepdpeitcy. MSP430 nepegaet B LIAMN no SPI uxtep-
(heitcy 16-pa3psHOe 32 CYET UCMONb30BAHUA (PYHKLMM JBONHON OydhepusaLmm
BcTpoeHHoro USART moayns. LIAM TLV5616 chopmupyeT NOTeHUMaNbHbIA CUrHan,
KOTOPbIA HENOCPEACTBEHHO C BbIXOAA MOJAETCA HA CrNXMUBAKOLLMA PUILTP, U3r0-
TOBMEHHbIA HA OCHOBE ONepaLnoHHOro ycunutens TLV2252. 10T y3en fBnseTcs
aKTUBHBLIM OMBTPOM BTOPOro nopsgka. Mepefn nogayen nony4yeHHOro curHana Ha
JUHAMUK, ero He06X0AMMO elLLle YCUNUTb.

Ha pucyHke 4 nokasaH ycunuTesib MOLWHOCTM 3BYKOBOM YacToTsl (YM34). O
peann3oBaH Ha 0CHOBe ycunutens mowHocTn TPA721 nponssoacTea komnanuu Tl
TPA721 nmeeT amanasoH HanpspkeHus nutaHms ot 2.5 B 1o 5 B. BbIxoaHo MOCTO-
Boi ycunutenb (BTL) TPA721 npu 3 B nutaHun obecredqnsaet Ha 8 Om auHamMuke
CWUrHan ¢ pasmaxom npuénusutensHo 6 B. Takxe BTL ycTpaHsieT He06Xx04nmMocCTb
ICMONb30BaHNS Pa3aennTeNnbHO-HAKONUTENBHOMO KoHAeHcaTopa. TPA721 Bbinyc-
kaetca B 8 BbiBogHOM MSOP kopnyce, Ha3biBaemom elle PowerPAD kopnycom,
L5 NOBEPXHOCTHOMO MOHTaxa. 06paTuTe BHUMAHWE, YTO HA PUCYHKe 4 nokasaH RC
pUNbTP HU3KKUX 4aCTOT, cocToALwmii U3 peanctopa R13 u koHaeHcatopa C9, koTo-
PbIA NPeAHa3Ha4YeH ans pasBa3kiu No NUTaHKIo.
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Pue. 4. Ycunutens MOLLHOCTY 3BYKOBOWN 4acTOThI

2.3. Unghposas annapatHas Yacts

Lindhposas annapartHas 4acTb COCTOMT U3 MUKPOKOHTponnepa MSP430F149
11 NACCUBHBIX 3/1EMEHTOB €ro 06BA3KW. BCTpOEHHbIE nepudepuitHble MOAYAN MUK-
POKOHTpOnnepa 06neryatoT pas3paboTky LUpOBON YacTi YCTPOMCTBA W MO3BO-
NS0T Ha3BaTb €ro «CMCTeMON Ha Kpuctanne» («System in a Chip»). 3apaiowwnii
reHepatop MSP430 pa6otaet ¢ BHewHuM 3.58 MIL kepamn4eckum pe3oHaTopoM.
Pe3oHarop, ncnonb3yemblii B 3TOM Npumepe NpuMeHeHus, UMeeT BCTPOEHHbIE Ha-
rPy304Hble KoHAeHcaTopbl. TaimMep B7 ucnonbayetes Ang oOpMUpoBaHus curHana
npepbIBaHNA, N0 KOTOPOMY MPOMCXOANUT BbIGOPKA aHanoroBoro curHana. Taimep
B7 Taktmpyetcs o1 cTabunibHbIx 3.58 MIL Kone6aHumin. TakTupoBaHue ero curHa-
JIOM CO CTabWNIbHOW 4aCTOTOM BbI3BAHO TEM, YTO HECTABWUIIbHOCTb YaCTOTbl [UC-
KpeTusauun BNUSET Ha Ka4yecTBO 3anucu U BOCMPOU3BEAEHUS peyu. BblbpaHHbIi
AHasoroBbIil pPeyeBoil CUrHan OUMUMPOBbLIBAETCA BCTPOEHHbIM 12 GUTHBIM ALIM
ADC12 mukpokoHTposnepa MSP430. O6patute BHUMaHWe, 4TO NTaHWe aHanoro-
BOVA 1 LMCDPOBOIA annapaTHbIX YacTel pasaeneHo. Takke AoMKHbI ObITb Pa3fesneHsbl
W Lenu 0BLLMX NINHUA.

OuncpoBaHHbIN PeveBON CUrHaN COXPaHAeTCs BO BCTPOEHHON Flash namsaTu
nporpammbl MUKPOKOHTPONIepa. B pexxume BOCNPOM3BEAEHNS B TON XXe CamoWn
MOCne0BaTeNIbHOCTY 1 C TOM XXe 4acTOTON AaHHble U3 namaTu noctynarT B LIAM
yepe3 USART, pa6oTtatowmin B pexume SPI nutepdoeiica. LLAM npeo6pasyeT faHHble
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Pue. 5. Cxema nopgkntoveHus MSP430F149

B aHANIOrOBbI CUrHAM, CrAXNBAIOLLNIA hUNbTP BOCCTaHaBNMUBaeT ero, a YM3Y ycu-
NNBAET W NOJAET €ro Ha JUHaMUK.

3. MporpammHoe obecnevexue

lMpuknagHas nporpamma s JaHHOro nprmepa NPpUMEHeHUs HanncaHa Ha ac-
cembrepe B UHTErpupoBaHHoI cpeae pa3paboTku IAR KickStart. OcHoBHast namsTh
MSP430F149 pa3neneHa Ha 120 cermMeHTOB, afipeca KOTOPbIX fexaT B npeaenax
ot 1100 po FFFFh. G HyneBoro no 118 cermeHTbl UMetOT pa3mep 512 6aiT, a 119
CerMeHT — 256 6aiiT. Hynesoii CEerMeHT COIePXXMT BEKTOPA NPEepbIBaHNIA 1 NO3TOMY
OH He JOMKEH U3MEHATLCA NPU BbINOSIHEHUI NporpaMmbl. Ele ABa cermeHTa (A n
B), umetowime pasmep no 128 6aiT, NCnonb3yrOTCA B Ka4eCTBE UH(OPMALOHHON
namati npuéopa. MNonb3oBaresib MOXET UCMOSb30BATh 3TY NaMATh A1 XpaHEeHUs
WAEHTUUKALMOHHOTO KoAa npubopa. Takke WH(OPMALMOHHAA NamsATb MOXET
CMONb30BaThCs B KadecTBe 3ameHbl EEPROM namstu unu ans xpaHeHus BbInosn-
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HAeMOro Koja. OfHaKo B JaHHOM NpUMepPe NpUMeHeHNs UHDOPMALMOHHAA NaMATh
He CNOSb3YeTCs.

Koz npuknafHoil nporpammbl 3anmcaH B naMaTe HavuHas ¢ agpeca 1100h — Ha-
YarbHOr0 aapeca 0CHOBHO NaMATK. OTKOMNUIMPOBAHHASA NPOrpamMmma UMeeT 06bem
346 6anT 1 3aHuMaet 119 (256 6anT) 1 118 (90 6ainT n3 512 6aitT) cermeHTbl. B Hy-
NIeBOM CErMeHTe 3anucaHbl BeKTopa npepbiBaHnil. OCTaibHble CErMeHTbI C NepBoro
no 117 npegHas3Ha4eHbl 4015 XpaHeHWs 3anucaHHoi peveBoil MHdpopmaumu. 3t 117
CErMeHTOB 3aHUMatOT 06beM namsaTu ¢ agpecamu ot 1400h no FDFFh. Mpu 3anucu
OLMPOBAHHBIN PEYEBOII CUrHAN 3anuCcbiBAETCA NOCNen0BaTeNibHO BO Flash namstb,
a py BOCMNPOU3BELEHNN — CHATLIBAETCA OTTYAA.

lporpamma BbINOSHSAETCS B IBYX PeXKuUMax — 3anuch 1 npoussefeHme. Boibop
PEXMMa OCYLLIECTBIIARTCS HAXKATUEM KHOMKM YnpassieHus. [1pu BKITKOYEHMN cucTeMa
NepexoaunT B PEXXUM BOCMPONU3BEAEHUS 1 Cpasy NPOUrPLIBAET 3anCaHHOe PeyeBoe
c000LLeHNe. Bo BKIHOYEHHOM COCTOSIHUW B PEXIME BOCMPOU3BELEHNS AUKTOMOH
HENpepbIBHO MOBTOPSAET 3anuUCaHHOE B HEro CooOLLeHMe. [ nepexoaa B pexum
BOCMPOU3BeeHNs He06X0AMMO BbIMONTHUTL CNeaytoLme aeiictems. Mpu npourpel-
BaHMM COOBLLEHNS HEOOXOAMMO HaXaTb 1 YAepXKnUBaTb KHOMKY 3anuci. ocne 31oro
CBETOAMOA HAa4YHEeT MUraThb, NoKasblBas, 4to Flash namsTb o4uLeHa u rotoBa K Ho-
Bou 3anucu. OTnycTUTe KHOMKY U roBopute B MUKPOOH. CoobLLeHre 3anuiueTcs
B0 Flash namsaTb, a Korga namsTb 3arnosHUTCA MOSTHOCTbIO — CBETOAMOA MOracHeT,
MNOKasblBas, 4TO 3annCb OKOHYeHa. [1oce 3T0ro CMCTeMa BHOBb MEPEieT B PEXUM
HEnpepbIBHOr0 NOBTOPA 3aM1CAHHOI0 COOBLLEHUS.

O6patnte BHUMaHKe, 4TO Flash namaTb MOXET NporpaMmmMupoBaThCs U CTUPATb-
CSl TONbKO B TOM CJly4ae, ecnu HanpshxkeHue nutaHus MSP430 6osibLue unu paBHo
2.7 B. 370 0NMCaHO B TEXHMYECKOM OMUCAHWI HA AAHHBIA MUKPOKOHTpONNep. Ecnm
HanpsXKeHne NUTaHUs nagaet Huke 2.7 B n3-3a pa3psaga 6atapeu, TO CUCTEMA HE
CMOXeT 3anucarb peyb. OaHaKo, BOCMPOW3BEEeHNe BO3MOXHO [ja TOr0 MOMEHTA,
MnoKa HanpshKeHne UCTOYHNKA MUTAHNA He CTaHET HuKe A0MyCTUMOro 1 UCMOSb-
30BaHHbIX aHANOr0BbIX MUKPOCXEM.

Mpumeyauue:

Vetpovictso, onvucaHHoe B JAHHOM NPUMEDPE MPUMEHEHUS, HE MPEAHA3HAYEHO
CreynanbHo 4715 3anucu PeyeBbiX COOOLYEHUMIA. 3T0 TONbKO NPUMEP BHYTPUCHC-
TEMHOro nporpavmupoBarus (ISP) Flash namstn B peanbHOM MaciuTabe BpeMEeHn
W BbINONHEHNS MUKPOKOHTposnepom MSP430 onepayuii, cBOACTBEHHbIX 47151 DSP.
[na ynpoiyenns peanusayny B JaHHOM MPUMEPE NPUMEHEHUS HE OCYLLeCTBIISET-
A cxarme peyesoro curHana. Komnanus Tl Bbinyckaet psg npubopos, creLnanbHo
NpeHa3Ha4eHHbIX 4115 3anucu peyun. O3HAKOMUTLCS C HUMU MOXHO B UHTEPHETE 110
agpecy http://www.ti.com/sc/docs/products/speech/index.htm.
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4. lemoHcTpauuoHHasa nporpamma F149VoiceDemo.s43

,-*k***‘k***********‘k‘k******k*k***k*k*k***********************

; OTA IPOT'PAMMA IIOCTABJIAETCA B BUIE «KAK ECTb».

; KOMIIAHVS TI HE JAET HVKAKUX TAPAHTUIA ¥ HE HECET
; HUKAKOM OTBETCTBEHHOCTM 3A BO3MOXHHE HETOUHOCTHU
; PABOTH WM HEIIPABMIIBHOCTB PABOTH ITPOI'PAMMHL.

; TIPM KOMMEPUYECKOM MCIIOJIb30BAHMY HAHHOM I[IPOT'PAMME
; KOMIIAHVA TI OTKASHBAETCA OT ABTOPCTBA M CHMMAET
; C CEBA BCAKYIO OTBETCTBEHHOCTE.

; KOMIIAHVA TI OTKASHBAETCSA OT JIOBBIX T'APAHTUV B OTHOIIE-
; HVM TOT'O, 4YTO IPOI'PAMMA HE MOXET IIPVMHMCTN IIPAMBIE I
; KOCBEHHHE YBHTKIM WM [OTEPKO INOBEPVA IV [TPUBEJINA

; PV VCIIOJIB3OBAHMM EE TEOPVUM WJIM AJITOPUTMOB.

; OTBETCTBEHHOCTLH IIPV KOMMEPUYECKOM MCIIOJIb3OBAHUN

; IAHHOM MPOT'PAMMH IIOJIHOCTBIO JIEXAT HA JIMIE, MCIIOJIB30-
; BABIIEM JAHHYIO INTPOI'PAMMY

; Ecim He ykasaHO MHOE, MOpoTpaMMa, CO3IaHHAaS KOMIIaHUEeM
; Texas Instruments nocTaBJIgeTCda Ha YCJIOBMAX «CBOOOIHO
; PacCIpoOCTpPaHSeMOTO MNPOTPaAMMHOTO OBEeCIeUueHUs .

; BeI MOXeTe CBOOOIHO M3MEHSATH NporpamMy 6e3 BCAKUX

; OT'pPaHMYeHUMN

; llepenmaBaTh nNporpamMMy TPETBUM JIMIIAM MOXHO TOJIBKO IIPU
; IOOBEIeHVM IO VX CBEIeHUM BTUX YCJIOBUM ¥ MPU eTo

; COIvlIaCuMm C STUMM YCJIOBMAMNA.

H Brr ITOJDKHBL HpI/IBO,D;VI'I‘b JINLIEH3MII B Ka)K,HOﬁ KOIIMM WMJIn

; UACTUUHOW KOIMM.

; BHI npmsHaeTe M corJjlamaeTechb, 4YTO llporpamMma COOEPXUT
; SalMIEeHHED aBTOPCKMM IIPaBOM MaTepualsl, KOMMEPUYECKY
; TavHy ¥ IPYyTYyKR YacTHYK MHbOpMaumio koMraHum TI

; M 3alMlleHa B COOTBETCTBMM C 3aKOHaMM OO0 aBTOPCKOM

; IpaBe, MeXIyHapOIHBIM COIJIalleHreM OO0 aBTOPCKOM IpabBe
; U B3aKOHOM O KOMMEPUECKOM TaMHe, a TakK Xe 3aKOHOM 00
; OXpaHe MHTEeJUIEKTYaJIbHOM COOCTBEHHOCTM. IJIsS BalpTe

; a@BTOPCKMX NpaB koMmnaHmm TIT

; BBl corjlamaeTechb He IeKOMIMIMPOBaTh, IepepabaTeBaTh,
; WM NpeoOpas30BHBATE NPOIPaMMy K yIOOOUMTAEMOMY BMIY .
; BBl corjlamaeTech HM B KOEM Cllydae He M3MeHATb UM He

; yHOaJlATb BHECEHHYI B MpOTrpaMMy MHOOPMAaLIMIO

; 00 aBTOopckoM mnpaee. Komnanmsa TI ocraBjgeT 3a cobom

bubnuoteka Komnana 357




i
lnsrgjxﬁ?:ms V. [Ipumepbi KOHKPETHBIX NPUMEHEHMI

BCe IpaBa, He ONOBOPEHHBE B IAaHHOM JMLEH3MM. Kpowme
TOT'O, YTO OT'OBOPEHO B IOaHHOM JIMILEH3MM, HE MOXET pac-—
CMaTPUBATBHCHA IPM BO3MOXHOM CyHeOHOM pas3bupaTellbCTBE.

Bel He MOXeTe MCIOJIB30BAaTh NPOTpaMMy IOJIS MUKPOKOHT-—
POJINIEpPOB, KOTOPHBIE HE MNPOM3BOOUT KoMnaHmda TI.

Ne Ne Ne Ne Ne N

,-'k'k**********************'k'k**************************
NAME F149VoiceDemo ; LudpoBol IMKTOOOH Ha MUKPOKOHT-—
; posuiepe MSP430F149 ¢ FLASH maMsaThbO

; ABTOp: Murugavel Raju

; Komrnianmsa Texas Instruments, Inc

;*k*k***********************k***************************

#include <msp430x14x.h>

LR R R R b b S S e S I b b b S S S S S R b b b 2 b S S S S S b b b b O S 4

MukpoxkoHTpoJlep paboraeT Ha yacTtore 3.58 MI'n

; OnpenesieHre KOHCTAHT
FS equ 001lh
Memstart equ 1401h
Memend equ 0feOlh

,-****************************************************

RSEG CSTACK

DS 0
3¢ ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok Sk K S K K K K K K K K K KKK KKK KKK KKK KKK K X
RSEG CODE

PR e e b I S S R b b S S S S S e I b I b b S S S I b b b b b S S S S
’

RESET mov.w #SFE (CSTACK),SP onpeneJieHVe yKasaTe-—
JIsS CTeKa
VHMLIManm:3aumsa
CUCTEMEI

IpoBepkKa COCTOSHMUSA
BEIBOIa Pl.1 misa
ONpeneJieHus pexmMa
MackupoBaHue Bit4
IJIs TIPOBEPKM COCTOS—
HMS KHONKM ‘Record’
[lepexon mo MeTKe
Play ecsm KHOIKa

He HaxaTa

BeI3OB nomonporpaMMEL
oumcTkMy Flash namsaTm

call #Init Sys

mov.b &P1IN,R5

and.b #BIT4,R5

jnz Play

call #Erase

Ne Ne Ne Ne Ne Ne Ne Ne Ne Ne Ne Ne Ne Ne N
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Xor.w #FXKEY+WRT, &FCTL1; AxTMBM3aumsa FLASH
IIaMATYM IOJId 3alliCU
BrioueHme cBeTOOMOLA
PaspemeHnre npepeBa-—
HUM

[lepecsUika Ha4YaJIbHOT'O
ampeca HaMAaTu

B perucTp R14
BalUKIIMBAHME, BBEIXOI
TOJIBKO I10 IIPEPBIBaHMIO

bis.b #BITO, &P10UT
Play eint

mov.w #Memstart,R14

Mainloop Jmp $

Ne Ne Ne Ne Ne Ne Ne Ne N

ek hkhhk kA Ak kA Ak hkhhhkkhkhkhhkkhkhhhkkhkhrhkkhhrhkhhhkhhhhkkhhhkhkkhkhrhkhhxkkx
I

TB7 ISR [TlomnmporpaMmMa oBpaBoTKy MNPepHBaHMA TarMepa
Timer B7, coxpaHeHME IJIMTEJIBHOCTM 3allMCU

VI TePeCHUIKa 3TMX OaHHEIX OJIA [IPOUTPEBaHUA
,-****************************************************

bit.b #BIT4,R5

Ne Ne N,

[lpoBepka HaxaTuda
KHOIIKM BHIOOpa pexmMa
Ecam He HaxarTa, TO
nepexonyM K MeTKe
Playl

bic.w #ADC12SC,&ADC12CTLO ; Hauasyo mpeoBpaso-—

; BaHUAa

Conv_tst bit.w #ADC12BUSY,&ADC12CTL1 ; OxunaHue
OKOHYaHMA Ipeobpas3o—
BaHMA
BalUKIIVBaH/E
IO OKOHUYaHMA Ipeob-—
PasoBaHUA
0 ; BO3BpPAT B DPEXUM
BEIDOPKM
3anmch CJoOBa
BO FLASH namMsaTb
YBeJIMUeHre CUYeTuMKa
[l[poBepsaeM, 3aloJIHEHA
JIV TIaMATh
Ecin nmamMarb He
3aroJjiHeHa, TO Iepe-—
xoouM k obpaboTke
Ecam nmamMATh 3amnojiHe-—
Ha, TO BHKJIOUaeM
CBETOINOL

Jnz Playl

Ne Ne Ne Ne N

jc Conv_tst

bis.w #ADC12SC, &ADC12CT
mov.w &ADC12MEMO, 0 (R14)

incd.wR14
cmp.w #Memend,R14

jnz Proceed

bic.b #BITO0,&P1OUT

Ne Ne Ne Ne Ne N Ne Ne N o Ne Ne S [Ne Ne Ne e N
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Playl

Go_on
L1

360

XOor

XOor

W #FXKEY+WRT, &FCTL1;

W #FXKEY+LOCK, &FCTL3

Jmp RESET

mov.w @R14,R15

Incd.w R14

cmp.w #Memend,R14

jnz Go_on

Jmp RESET

bit.b #UTXIFGO,&IEL

jc Ll
bis.b #FS, &P30UT

bic.b #FS, &P30UT

swpb R15

mov.b R15, §TXBUFO

swpb R15

mov.b R15, §TXBUFO

BamnpemaeM 3annch

Bo FLASH namMaTs

; Brnoxmpoeka FLASH
IaMaTy

HaumHuaeMm cHauajsia
(ecyim xHOIIKA OTXaTa,
TO Ha4HeM BOCIPOM3—
BeIeHMe)

CumMTEIBAHME OAaHHBIX U3
yKaszaTesd [DaMaTu
IybnmpoBaHue yBeJIU—
UeHMe yKas3aTeJyd OJid
nepexoma K clenyoine-—
My CJIOBY IaHHBIX
[lpoBepka OOCTWXKEHNUA
KOHLIa MaccCHBa IaMaTHU
[lepexon K MeTKe

GO _on ecyiM KOHel He
OOCTUTHYT

nepexonyM K Hadajly
eCJIM OOCTUIHYT KOHEeIl
MacCCHBa [HaMATU

BalUKIIMBAHME OO Tex
op, [OKa MNpenHOylas
nepenaua

He 3aKOoHuuTca u Oydep
HE OUMCTUTCS
KampoBEDZ MMITYJIBEC
CUHXPOHM3ALUU

IJ1s Haudajla 3arpy3Ku
B TLV5516 crenyoumero
CJIoBa IAHHBIX

MEHSEeM MeCTaMy OaMTh
B perucTtpe R15
[IepecHUIKa CTaplero
farira B TXBUF MomyJig
SPI

MeHgeM MecTamy OanTh
B perucTtpe R15
[lepecsika MJIaOuUero
Barira B TXBUF MomyJig
SPI
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Proceed reti ; BEIXOD M3 NOONPOTPAMMEL
; ODOpaboTKM IpPEePBEBAHUA

;****************************************************
Init Sys ; HacTpovka nepudepuiHEIX MOOyJIeN
,-***************************k*************************
StopWDT mov.w #WDTPW+WDTHOLD, &WDTCTL ; OcTaHOBKa
; CTOPOXEBOT'O TamMepa
SetupBC bic.b #XTOFF,&BCSCTL1 ; AKTMBMB3ALUMSA aBTOTEe—
; HepaTopa Ha XT2
call #Delay ; Bamepxka mjg obecrie-
; UeHMS BHIXOLa aBToIe-—
; HepaTopa B CTabuib-—
; HBI DPEXMM

mov.b #SELM1+SELS, &BCSCTL2 ; MCLK=SMCLK=XT2CLK
bic.b #OFIFG, &IFG1 ; Oumcrka OFIFG
SetupPl mov.b #0h,&P10OUT ; OumMCcTKa BHEIXOIHOIO
; perucTpa nopra Pl
bis.b #0ffh, &P1DIR ; HacTpomka BCeX JIMHUM

; nopta Pl mng paboTh
; B PEeXyMe BEIXOIA

; BerBom P1.0 mcrnonpsy-
; eTcd nJd ylIpaBJleHUs

; CBETOIMOIOM
bic.b #BIT4, &P1DIR ; g nepexsiodyeHuS
; BREIXOIIOB
SetupP2 mov.b #0h,&P20UT ; OUMCTKa BBIXOOHOI'O
; perucTpa nopra P2
bis.b #0ffh, &P2DIR ; Hewmcnosb3yemele BEIBO—

; IBl I€PEeBOOLTCH
; B PEeXMM BBIXOIOB

SetupP3 bis.b #00ah, &P3SEL ; JluHVM TIopTa
; P3.1 & P3.3
; ucnoJp3yirca g SPI
; MOIYJIA
bis.b #FS, &P30UT ; YcraHoBka FS

bis.b #0feh+FS, &P3DIR ; P3.0,3.1,3.3 u Heuc-—
; TIOJIb3YyEeMbe BBEIBOIE
; TIEepeBOOATCS B DPEXUM
; BHIXOIOB
SetupP4 mov.b #0h, &P40UT ; OumMCcTKa BHEIXOIHOTIO
; perucTpa nopta P4
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bis.b #0ffh, &P4DIR ; Hemcrnosb3yeMele BBIBO-—
; Ibl [IEPEeBOOSTCS B
; PEeXyM BEIXOIOB

SetupP5 mov.b #0h, &P50UT ; OumMcTKa BRXOIHOI'O
; perucTpa nopra P5
bis.b #0ffh, &P5DIR ; HewmcrnoJsib3yeMble BBIBO—

; OBl IIEepPeBOOATCA B
; PEXVMM BEIXOIOB

SetupP6 bis.b #BITO, &P6SEL ; P6.0 = A0 BXOQXO
; momyusis ADC12
mov.b #0h, &P60OUT ; BrixomHele JmHUM P6
; VCIIOJIL3YITCA OJIg
; cbpoca
bis.b #0feh, &P6DIR ; P6.1 — 6.7 BHEIXOIE
;  (HemcnoJsb3ynTCs)
SetupADC Call #ADCset ; VHuumanmzaumsa MonyJis
; ADC12
SetupUSART bis.b #040h, &ME1 ; AKTUBU3ALUUS MOOYJII
; USART
mov.b #CHAR+SYNC+MM, &UOCTL ; 8—OMTHBIA
; MonmyJsib SPI B pexmume
; BeIylmero

mov.b #CKPL+SSEL1+SSELO+STC, &UOTCTL
; SMCLK nmda nepenaumu,
; 3-TIPOBOIHBII MHTEP-—

; deric

mov.b #02h, §sUOBRO ; SMCLK/2 pia 3anaHuda
; CckopocTu obMeHa HaH-—
;  HBMU

clr.b &UOBRL ;

clr.b &UOMCTL ; OumMcTKa MOOYJISLIUU

SetupCCRO bis.w #CCIE, &TBCCTLO
Mov.w #649, §TBCCRO ; VHuLMvanusaumsa TarMe-—

; pa TBCCRO nsiss BHOOPKM
; ¢ wacrtoroy 5.5 kI
SetupTB7 bis.w #TBSSEL1+MCO, &TBCTL ; llepeBon Tarme-—
; pa TimerB B pexum UP
SetupFlash xor.w #FXKEY+FN2+FN1+FNO, &FCTL2
; YCTaHOBKa 4YaCTOTH
; TeHepatTopa FLASH
; navsaTm 447.5 kI
ret ; BBIXOI M3 MOANPOIPaMMEL
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PR e i e R R b S S S S S S b b b e I S S S e R b b I S S S S e b b b db b S 3
’

ADCset ; UMumumanmszaumsa MonyJsiga ADC12, VCC mcnonbsyeTcsa
B KaueCTBe OIOPHOT'O HATPSIXEHMUS
OnHoxaHasbHEN (AQ) pexrM ONHOKPATHOI'O IIpeofpaszsoBaHMSI
Ak hkhkkhkhkhkhhhhhhhhkhkhkhkhkhkhkkhkhhkhhhh bk hkhkhkhkkhkkhkhhkhkhkhkhkhhrhkx k%
bis.w #ADCI120N+ADC12SC+ENC, &ADC12CTLO
; Brumouenme AlIl m BHIOOPKAa
; BXOIOHOT'O CUI'Hajla
call #Delay ; Bamepxka s crTabunmsanmnm
bis.w #ADC12SSEL 1+ADC12SSEL 2, &ADC12CTL1
; ADCl2 CHMHXPOHUBUPYETCS
; or SMCLK
; BEIXOI M3 IOONIPOIPaMMEL

Ne Ne N

ret
;~k~k~k~k********************~k~k~k~k************************

Erase ; VMnmimanmzauva FCTL m crupaHme FLASH namaTum
0JIs1 HOBOM 3aluUCU
,-****************************************************
dint ; 3BamnpeumeHyre MIpepLBaHU
xor.w #FXKEY+LOCK, &FCTL3 ; PaszsfioKupoOBaHUE
; FLASH namsaTu IOJjid 3anmcu
Test Busyl bit.w #BUSY, &FCTL3 ; IlpoBepka ¢mnara BUSY
jnz Test Busyl ; 3auMkimMBaHue
mov.w #1400h,R13 ; Ampec Hadajla MaccuBa NaMATH
; TepeceylaeTcsa B permucTp R13
NextSeg mov.w # (FWKEY+ERASE), &FCTL1 ; YCTaHOBKM

Clr.b 0(R13) ; BRIIOJIHEHME MakeT 3alucu Ojs
; aKTUBU3ALUMM CTUPAHUSA
; cerMeHTa
Test Busy2 bit.w #BUSY,&FCTL3 ; Ilpoeepxa ¢smara BUSY

Jnz Test Busy2 ; 3auuKIMBaHMUE

add.w #200h,R13 ; YcTaHOBKa yKas3aTess Ha
; CJenylomuli CeIMEeHT

cmp.w #0feO0h,R13 ; Bce CEerMEeHTH OUMIIEHE?

jnz NextSeg ; Ecim HeT, TO mnepexommMm
; K OUMCTKEe CJIeIyilero

; CceTrMeHTa

ret ; BeIXxOO M3 HOONpOIPaMMbl

;*k*k~k**********************k*k'k'k************************

Delay ; TNonnporpamva GOPMMPOBAHMSA 3alePXKMU
;****************************************************

push.w #0FFFFh ; Bamepxka mo TOS
DL1 dec.w 0(SP) ; YmenbumeHme TOS
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jnz DL1 ; Banepxka OKOHYeHa?
Incd.wSP ; Oumctka TOS
ret ; BeIXOI M3 NOONPOTPaMMEL

R R R I b I S S S b b S S S S S e I b I b b S S S I b b b b S S S S
’

COMMON INTVEC ; BexTopel npepeBanmy MSP430F14x

’-****************************************************

ORG TIMERBO_VECTOR

WDT VEC DW TB7 ISR ; OOpaboTka MpepeBaHrA
; TamMepa Timer B7

ORG RESET VECTOR

RESET VEC DW RESET ; Obpaborka POR,

; BHemWHeTo cbpoca
; ¥ cOpoca CTOPOXeBOIO
; TavMepa

END

CebInKu:

1. MSP430x13x, MSP430x14x Mixed Signal Flash Microcontroller datasheet
(SLAS272B)

2. MSP430x1xx Family User’s Guide (SLAU049)

3. TLV225x Rail-To-Rail Low-Voltage Low-Power Operational Amplifier
(SLOS185B)

4. TLV5616 Low Power 12-Bit Digital-To-Analog Converters (SLAS152B)

5. TPA721 700-mW Mono Low-Voltage Audio Power Amplifier (SL0OS231B)
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LUWM-ynpaBnexue aBuraTenem NOCTOAHHOIO TOKa
Brian Merrit/Murugavel Raju [slaa120.pdf (Axrm.)]

B naHHOM npumepe NprUMeHeHUs ONUCbIBAETCS TEOPUs Yrpas/ieHns ABurare-
NIeM MOCTOSAHHOrO TOKA MPW MOMOLLYM LWMPOTHO-UMMNYNbCHOM Mogynauun (LLIIM).
[ns dopmuposaHus ynpasnstowiero curdana ¢ LM ncnonb3yetcs momynb Tai-
mepa Timer_A.

1. BeegeHue

Muorue n3 MuUKpokoHTponnepos cemeiictea MSP430 umetoT unn mMoaynb
Tanmepa Timer_A, unu moaynn apyx Taimepos Timer_A n Timer_B. 3t moaynu
cofiepxar 16-pa3psaHbli CHETHNK, KOTOPbIA MOXET YBENYNBATLCS OT PA3NNYHbIX
MCTOYHUKOB CUHXpocurHana. OHW mMoryT paboTaTb JaXe B PeXuMe MOHMKXEHHOro
noTtpe6neHns. Takxe 3T TaiMepbl MMEKOT PErucTPbl 3axBara/CpaBHEHNS, KOTOPbIE
MOTYT NPUMEHSATLCA MO-PA3HOMY B Pa3HbIX NPUNOXEHNUAX. OAHUM U3 TaKuX Npuso-
XKEHUIM ABNSAETCA aBTOMATUYeCcKoe popmupoBanmne curHana ¢ LUAM ans ynpasne-
HUS ABUraTesiemM NOCTOSHHOIO TOKA. B JaHHOM npumepe NPUMeHeHNs OncbIBaeTCs
ynpasJieHue npu nomoLn mogyneii tainmepos Timer_A w/unu Timer_B ogHoi n3
MHOXXECTBA CYLLIECTBYHOLLIMX CXEM YNpaBfeHns ABKUraTesiemM NoCTOSHHOrO ToKa.

2. Teopus (hyHKLMOHUPOBAHUA

Mpu paboTe AEMOHCTPALMOHHAsA CXeMa, NPUBELeHHas Ha pucyHke 1, nocto-
IHHO ONPALLNBAET KHOMKW YNPABMIEHNS HA [BYX BXOAAX M MPU HAXATUM HA HUX
YBEJIMYMBABT WN YMEHbLUAGT COAEPXIMMOe perucrpa 3axsarta/cpasHenns CCR1
Tarimepa Timer_A. [Ing T0ro 4106bl HE NPOM30LLIA UHBEPCUS HA3HAYEHUS KHOMOK,
yNpasnsiLLas nporpamMmma npoBepsieT PerucTp Ha MakCUManbHOe N MUHUMATTbHOE
3HaueHue. Timer_A HacTpoeH Ha yBenuyeHue no curHany MCLK, a Bbixoa moayns
Out1 B pexxume 7 nogkntoyeH K Boisofy P1.2/TA1 MUKPOKOHTPONNEPA, Ha KOTO-
pom n chopmupyetca curHan ¢ LWAM. B pernctp CCRO 3anucano 3HaqeHue 255,
KOTOpoe 1 onpegenset nepuof tanmepa Timer_A. VI3meHeHne 3Ha4eHNs peruc-
Tpa CCR1 n3meHsieT AnuTenbHOCTb Paboyero UMMynbca (CKBAXHOCTb CUrHana),
chopmmpoBaHHoro mogynem tainmepa Timer_A. Curvan ¢ LWAM ucnonb3yetcs
Ins KOMMYTaLMM COCTaBHOTO TPAH3UCTOPA, BKIHYEHHOr0 no cxeme [apnivHrTo-
Ha. B cBOO 04epesib 3TOT TPAH3UCTOP NOAKIHYAET ABMraTeNlb NOCTOAHHOMO TOKA.
Tak KaK U3MEHSIETCS CKBXXHOCTb CUrHana ynpasneHus, T0 OYAeT U3MEHATHCA Y
CpefHAs MOLLHOCTb, NOfaBaemMan Ha ABuratenb. A CpefHss MOLLHOCTb, B CBOH
04epenb, 1 onpefienseT CKOPOCTb BPaLLeHNUs aBuratens. 4actora BpalleHus ABu-
ratens U3MeHseTcs LUCKPeTHO 256 waramu B npegenax ot 0 40 MakCMMasibHOro
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3Ha4eHus. BCTPOGHHbI B MUKPOKOHTPOSI/IEP aBTOreHeparop ¢ LMgpoBbIM ynpas-
nexuem (DCQ) paboTaet Ha yacToTe NpuonusuTeNibHo 5 My, o6ecne4nsas 4acTo-
Ty LUWAM curnana npuénusutesnbHo 20 Ky, 4T0 NO3BOMSET ABMraTesio pabortarb
He NPOU3BOAS aKyCTUYECKMX LLYMOB.

O6patute BHUMaHMe, 410 K MSP430 He NoAKNIOYeH HUKAKON KBapLEBbIii pe-
3oHatop. Yactota DCO ucnonb3osaHHoro mMukpokoHTponnepa MSP430x11x (1)
3aBUCUT OT TEMNEPATYPbI U HANPSHKEHNA MUTaHUSA. [103TOMY U3MEHSIETCA 1 YacToTa
LM curnana. Tak kak gnutenbHoCTb paboyero umkna LM curHana Takxe 3a-
BucuT oT YacToTbl DCO, TO CKBOXXHOCTb CUTHANa He u3MeHUTCA. Moatomy cpefHas
MOLLLHOCTb, NOJIaBaeMas Ha iBUraTesib, He U3MeHUTCS. Ecriv xxe TpebyeTcs cTabusib-
Has yacToTa curHana ¢ LUVM, To K MUKPOKOHTPOSIIEPY He06X04MMO NOAKMOHUTL
KBapLeBblii pe3oHaTop.

lokasaHHbIN Ha cxeme npu6op TPS77133 npoussoacTea Komnanuu T, hop-
MUpYeT CTabunuaMpoBaHHoe HanpsbkeHuwe VCC ons nutaHWs MUKPOKOHTpOI/epa
MSP430 u dopmuposaHme curHana cépoca. Ecnm Heobxoanmo HopmupoBatb 1
CUrHan yCTaHOBKU HanpshkeHus nutaHus (Power Good), To MOXHO MCMOMb30BaTH
npuéop TPS77233, KOTOPbINA TaKXKe NPOM3BOANTCS KOMNaHuen TI.

MSP430x11x(1
TPS77133 SP4soxitx()
5 —|2 7 [surarens
+9BO IN  RST +— RST/NMI noctosktoro| 7\, AA
6 = WoTTkn
o—|{IN 1 2 ToKa
FB/SENSE S
01 mMKO—— ouT 7 — 2 v
cC
- OUTu
EN_GND . P1.2/TA1 FZT603
3[4 22m0
1
o1 Vg
P2.1 P2.0

YMEHbWATb ¢ YBENMYUTL ¢
CKOpOCTh CKOpPOCTh
BpaLLEHUs T BpaLLEHUS T

Puce. 1. [leMOHCTpaLOHHas cxema ynpassieHNs ABUraTesieM NoCTOSHHOIO TOKa NpU NOMOLLM
curHana ¢ LM
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3. [lemoHCTpaLKUOHHAA ynpaBnaioLias nporpamma

[leMOoHCTpaLnoHHas ynpasnsatoLwaa nporpaMma Aia npuBeLeHHONM Ha PUCYH-
Ke 1 cxeMbl Ha 0CHOBe MUKpPOKOHTponnepa MSP430 goctynHa Ha casire http.//www.

ti.com/sc/msp430. Tporpamma HanmcaHa Ha accemornepe B UHTErpUPOBAHHOI cpeae
06pa6oTku IAR Kickstart.

CebInku:

1. MSP430x11x1 Datasheet (SLAS241C)
2. MSP430x1xx User’s Guide (SLAU049)
3. TPS77xxx Datasheet (SLVS225B)
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lerEJXQ?:NTs V. [Ipumepbi KOHKPETHBIX NPUMEHEHMI

MunnusonbTMeTp curma-genbta tuna Ha MSP430F11x1
Mark Buccini [slaa104.pdf (AHrn.)]

B LaHHOM npumepe NpUMEHEHUs ONNChIBABTCA METOJ peann3auni LeLeso-
ro 12 6utHoro curma-gensta AL Ha ocHoBe MUKpokoHTponnepa MSP430F11x1
cemelictea 16-paspsagHbIX cMeLlwaHHO-curHanbHbix RISC npoueccopos. Onuckl-
BaeMoe YCTPOWCTBO WCMOJNb3YeT nepudpepuiiHbin Moaynb comparator_A. [ns
LEMOHCTpaLMn BO3SMOXHOCTE Ha MUKPOKOHTPOS/IEpe peann3oBaH BOMLTMETP,
nepejaroLLin pe3ynstar u3MepeHns B munnusonstax no UART npoTokony co cko-
pocTbio 9600 604. OnucbiBaeMoe YCTPOCTBO PeanM30BaHO HA MUKPOKOHTPOIIe-
pe MSP430F11x1, HO MOXeT 6bITb IErKO aAaNTUPOBAHO NOA MO0 MUKPOKOHT-
ponnep cemeiictea MSP430, umetowuii Mogyns comparator_A.

1. BBepenue

Vicnonbays mukpokoHTponnep MSP430F11x1 cemeiicTa 16-pa3psagHbIx cMe-
LUIAHHO-CUTHAMbHbIX MPOLIECCOPOB, MOXKHO NIErKO peani3oBaTh AeLLEBbIi aHanoro-
UMcpoBOI Npeobpa3oBaTenb C BbICOKUM pa3peLleHneM Ha 0CHOBE BHYTPEHHEro
Komnapatopa comparator_A MMKpOKOHTponnepa. OnucaHHbINA aHanoro-LudpoBsoin
npeo6pasoBartesib UCMOMb3YeT TEXHONOrn curma-gensra ALM. [eMoHCTpaumoH-

1 [ TPS77033
IN ouT|
3578545 L [en anp

2 MSP430F11x1 6 1 MKkD T3 2147 ko
Vee Xin
7 5 @ /—\

ol

RST/NMI Xout

DBY ©
8 Fo
P2.0 14 o™ 4 o | RX
470 kOm P1.1/TAO '04>o o
Vout " I/ 3 ..7__0
P2.3 1P
10 KOM CA 3 o
» 12 CAOUT
[ n po.4 CAO a°
R P1.1/TAO °©
—0.047 Mk® o
- 4 5 Gnd
L 4 O
1— Vss %

Puc. 1. MunnusonstMeTp Ha 6a3e MSP430F11x1
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Inaga 7. MunnusonsTmeTp curma-gensta una Ha MSP430F11x1

Hasl CXema, NpuBefieHHas Ha pucyHke 1 umeet paspeweqre 1 MB npu 3.3 B ogHo-
nonspHom nutaHun. AL Takoro Tuna, MMeroLLMe BbICOKOE pa3peLleHune, aealb-
HO NOAX0AAT ANs U3MePeHNs MeANEHHO MEHAIOLLNXCH IU3UYECKUX BENNYNH TUNA
TemMnepaTypbl, [JaBEHUS, UHTEHCUBHOCTI OCBELLEHUS W HanpskeHns. Bbicokas
TOYHOCTb monyyaemoro ALI n ceepx manoe notpe6neHne MSP430 nossonstoT
3roTaB/IMBaTh U3MEPUTESIbHbIE YCTPOINCTBA C aBBTOHOMHBIM NiUTaHneM. Knto4esble
xapaktepuctinkn sctpoenHoro AL mukpokonTponnepa MSP430F11x1:

e 1 MB /12 6uUTHOE pa3peLLeHne

e |lHTerpnpoBaHHoe peLueHne, o6ecrneynBaioLLee NpeBoCXx0AH0e NojaBeHne
LUYMOB

e He TpebyeTcs kanmbpoBka komnaparopa

o [Ing peanusauuu AL Tpe6yeTcs TObKO [1Ba BHELUHWUX KOMIMOHEHTA.

2. Teopus (hYHKLMOHUPOBAHUA

KoHuenuua uuterpuposaHHoro AL coctouT B CpaBHEHUM HEU3BECTHOrO
BXOAHOro HanpsbkeHus Vin ¢ W3BECTHbIM BbIXOLHbIM HanpsbkeHuem Vout. Vc-
MoNb3ys OMH e ANHCTBEHHbIIA LU poBoi Bbixod, MSP430F11x1 ocywectnseT 1
6uTHOE LMdpo-aHanorosoe npeobpasosanue. Ha soixoge LIAI nogcuuTbiBaeTcs
CKOMbKO UMMNYINbCOB 6bINI0 CPOPMUPOBAHO A1 TOFO, 4TOObI BBIXOLHOE HANPSXe-
Hue Vout cpaBHANOCH C BXOLHbIM HanpsxxeHuem Vin. [porpammHoe obecredeHune
(hopmMupyeT 1 CHATAET BbIXOAHbIE UMMYNbChI LIATT npu nomoLLm KomnbLeBoro pe-
ructpa. Ha Boixoge ®HY LIAT chopmmpyetcs nocTosiHHOe Hanpshxenue Vout (cm.
pucyHok 2). lMporpammuas crnefqian cBa3b CPaBHUBAET CPOPMUPOBAHHOE Bbl-
XOZHOEe HanpsxeHue Vout ¢ n3mepsieMbIM BXOAHbIM HanpshxeHuem Vin npu no-
MOLLM BCTPOEHHOrO MOAYNS Komnaparopa comparator_A. VI3menas anuuy peruc-
Tpa cnepsilei CBA3M MOXHO U3MEHUTb paspeLuaroLLyo cCnocobHOCTb. Hanpumep,
KOMbLIEBOW PErucTp, uMetoLnii gnuHy 256, obecrnedqnt 8 6UTHOE paspeLLeHie, a
umeroLwni anuHy 4096 — 12 6utHoe paspeLleHue. B onncbiBaemoli Cxeme BbiopaHa
JJIMHA cHeTymnKa, pasHas 3300, 4TO NO3BOJIAET U3MEPATL HANPSXKEHWE B Ananaso-
He oT 0 0o 3,3 B ¢ paspewiennem 1 mB. B nto6om cnyyae pesynbrar npeobpasosa-
HUS NPONOPLIMOHANEH HANPSHKEHUIO NUTaHUsA. He creflyeT 3abblBath, 4TO Amana-
30H BXOZHOr0 CWUTHana orpaHN4n1BaeTCcs AMana3oHoM LOMyCTUMOr0 CUH(A3HOIo
CWUTHana Ha BXofe BCTPOEHHOr0 Komnaparopa Moayna comparator_A.

Monoxum, 410 HanpsxeHue Vout yCTaHOBMEHO B NPeAbILyLLeM LnKne npeoo-
pa3oBaHus PaBHbIM HaNpsXXeHuto Vin, a BbIXOAHOE COMPOTUBIEHIUE OTKPbITbIX TPAH-
3ucTopos nopta Beoga-BbiBofa MSP430 oueHb Huskoe (RDSon <300 mOm), 4To
06€creymBaeT ypoBeHb IOMNYECKO efuHULbI BIUSKUM K HANPSHXKEHUIO NMUTaHNS, a
YPOBEHb JI0rM4ECKOr0 HyNs — 6NN3KUM K HYITHO:
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if Vin(t) = Vin, then solving...
t t

Vin(t) = Vin +n(VCC — Vin)(1—e 7€) — (3300 —n)(Vin)(1—e °);

Vin=VCC—: Vin(mv)=n
3300

( BHe wkanbi!!)

P2.0/DAC
Vee

Vin [ b o

Puc. 2. Tpadhyk BbIXOAHOIO HaNpspKeHNs BCTpOeHHoro LIAT

2.1. Pacyer HomnHanos anemeHToB ®HY 1 6utnoro LAIT

Bbi6op peanctopa u koHaeHcatopa ®OHY LIAM o4eHb BaxeH. 3TOT hunbTp
JOMKeH o6ecneynBaThb nynbCcaLuto BbIXOAHOr0 HanpshxeHus Vout He 6onee 1 LSB.
Takoli ManeHbKu1in ypoBeHb NynbCaLn BbIXOAHOO HAMPSXKEHMS U rapaHTUpYeT ToY-
HOCTb Npeo6pa3oBaHus +1 LSB. lMepuoa cnefoBaHus MMnynbcoBs, hOPMUPYEMbIX
NporpamMmmHoii 06paTHOM CBA3bI, B NPUBEAEHHON Nporpamme paBHseTcs 14 TakTo-
BbIM LIUKIIaM MUKPOKOHTponnepa. B paHHom npumepe npumeHenns MSP430F11x1
paboTaeT OT BHELUHEro KBapLIeBOro pesoHatopa ¢ Yactoron 3.578545 Mlu. Torpa
nepuog cnefoBaHusa uMNynbcoB OyaeT paseH 14/3578545 cek = 4.9 mkc. Pasmax
HanNPsHKeHUs Nynbcaunit fomkeH 6biTb MeHee 1 LSB (1/3300). Mpu Takux ycnoBusx
MOXHO paccyuTaTb HoMUHanbl anemeHToB ®HY LIAIM:

t ; .
Vi =V(i-e %) ﬂnﬂ—€%;éﬁ=F¥9;
b YOy _gee t _ 49us
RC_In(1 v ) —RC= VD). 3299, 0.01616
in(1— Ty 13299,
\ 3300

if R=470k thenC=0.035uf use = 0.047uf
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Inaga 7. MunnusonsTmeTp curma-gensta una Ha MSP430F11x1

2.2. Ucnonb3yembie pecypcsl MSP430F11x1

Onsa peanusaumu BcTpoeHHoro ALM Tpe6yetcs 04eHb Mano pecypcos
MSP430F11x1:

e Mopaynb comparator_A 1 cBA3aHHble C HUM BX0Abl P2.3 n P2.4 komnapa-
Topa.

e OnuH UMdpoBOIA BbIXoA Ans peanudaummn 1 — 6utHoro LIAT, Hanpumep BbIXOA
P2.0 B npumepe.

Ona peannsaumn ogHo6uUTHOro LIAM MOXeT 1cnonb3oBatbes 10601 AOCTyN-
HbIA LMcpoBoii Bbixog MSP430F1101. B onucbiBageMoM YCTPOCTBE MCMONb3YeT-
ca nuHua P2.0 nopta BBofa-BbiBoga. JIuHMg P2.0 HacTpoeHa Ha paboTy B pexume
LMHPOBOro BbIX0AR, MCMOMb3YHOLLEr0 BbIXOAHOI perucTp BToporo nopta (P20UT).
Nunnnn P2.3 n P2.4 moryT ncnonb308atbCa B KA4ECTBE NNHUIA NOPTa BBOAA-BbIBOAA
06LLero HasHa4eHns WK, Kak B HALLEM CIly4ae, B Ka4ecTBe BXOLOB aHanorosoro
Komnaparopa mogynsa comparator_A. Bbibop pexxuma paboTbl NMUHWIA OCYLLECTBNS-
TCS MyTeM YCTAHOB/IEHNS HY)XHOT0 3Ha4eHMs perncTpa BToporo nopta (P2SEL). Mpu
NOMOLLY PerucTpa ynpasneHus HanpasneHHoCTbio NuHWA BToporo nopta (P2DIR)
nnHUN P2.3 1 P2.4 [omKHbI 6bITb HACTPOEHbI HA PAbOTY B Ka4eCTBe BX0L0B. Komna-
partop mofyns comparator_A, HacTpanBaemblii Npy MOMOLLM YNPaBAOLLUX peruc-
TpoB CACTL1 n CACTL2, ncnonb3yetcs Ans CPaBHEHWUS aHANOrOBbIX HANPSXKEHNIA
Vout n Vin. Pe3ynbrtar nsmepeHus nepefaercs npu nomoriy UART, ncnons3yroLLero
mMogaynb Tanmepa Timer_A, Ha ckopocTu 9600 604 no nuHun P1.1.

2.3. TpebyroLynecs BHELUHNE KOMIOHEHTbI
[ns peanu3auuu ALIM Tpe6yeTca ToNbKO [Ba BHELLHWX KOMMOHEHTA:

e OanH pesnctop
o OANH NONMAICTPOBBIN MAEHOYHbI KOHAEHCATOP C HA3KUM TOKOM YTEYKM

MakeTHasi cxema yCTpOWCTBa, NpUBeLeHHas Ha PUCYHKe 1, UMeeT CBA3b C
NepCcoOHAIbHbIM KOMMbIOTEPOM U MUTAETC HenocpencTBeHHO oT RS232 nHTep-
(heiica. [Ans cornacoBaHms YPOBHEN JIOrMYECKUX CUTHAIOB MUKPOKOHTpOSIepa
n RS232 uHTepdpelica ucnosb3yeTcsd MUKpocxema UHTepdeiica tuna MAX232.
Takxxe MOXHO UCMONb30BaTh OAHO-BEHTUIIbHbINA UHTepdenc Tuna SN74AH1GCO4.
Kpome 3T0ro B cxeme MpUMeHeHbl HU3KOMOTPEONALWMIA CTabUIM3aTOp Hanps-
XKEHUS C HU3KUM nageHnem HanpskeHus TPS77033 u KBapLEBbIii pe3oHaTop ¢
yactotoi 3.578545 Mrwu,.

2.4. CHUXEeHne cUCTEMHOM OLUNGKN

06Las TOYHOCTb aHanoro-LUMcpoBoro npeobpasoBatens onpeaenseTcs To4-
HOCTblO ofHo6uTHOro LIAM. LIAM dhopmupyeT BbIXOAHOE HamnpsikeHue B Ananaso-
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He ot HanpskeHus nutauua (VGC) po Hyna (GND). O6ecnedmBaetcs aTo Tem, 4To
BbIXOZHbIE MOJEBbIE TPAH3UCTOPbI LMGPOBOro NopTa, ucnonbaytoulerocs nog LIAMT,
VIMEIOT 04€Hb HU3KOE COMPOTUBIEHNE OTKPLITOrO KaHana. Takxe To4HocTb LIAM 3a-
BMCUT OT TOYHOCTM cTabunuaaumn Hanpshxenus nutanus MSP430. B nemoHcTpauu-
OHHOW cxeme HanpspkeHue nutaHus VCG 6bIo YCTaHOBNEHO TOYHO pasHbIM 3300
mMunmeosbTam. 31o 3HadeHne 3300 3anomuHaetcs B peructpe VCC_Cal u Bbi3bl-
BaeTcs B noanporpamme cneasuieii ces3n Meas_ADC. AHanoro-unpoBoii npeo6-
pa3oBartenb SBMSETCH MACLUTABUPYEMbIM MO OTHOLIEHWIO K HAMPSXKEHNIO NUTAHUS.
Ecnn HeobxoaMmo NpoM3BOANTL N3MEPEHUe HanPsHXXeHUs, T0 TOYHOCTb AL 6ynet
0npefensTbCs TOYHOCTBI0 CTAOMUIN3ALIMMN HANPSKEHNS NUTAHNS.

Komnaparop MMeeT Hanps)keHue CMeLLeHus, KOTOPOe BbI30BET OLIMOKY.
YHuKanbHas 0c06eHHOCTb Mofyns comparator_A — Hanuyue BXOLHOTO MYIbTU-
nneKcopa, No3BOAOLLEr0 MEHsTb MecTamMu BX0fbl. ITOT NPOCTOIA, HO MOLLHbINA
MYNbTUNIEKCOP YCTPaHAET HEOOXOAMMOCTb KOMMEHCALIMM HANPSHXKEHNS CMELLLEHNS
Komnaparopa. KoppekLms CMeLLeHNUs NPOU3BOAUTCA MyTEM BbIYUCIIEHUS CPEAHEr0
3Ha4eHus OBYX Pe3ynbTaToB, MOMYYEHHbIX B Pe3ynibTate MepekslioyeHns BXOLOB.
/nmn, kak B aTom npumepe npumeHenus, 50 % npeobpasytoLlen nocnesoBaTesib-
HOCTW (DOPMUPYETCS MPW OJHOM COCTOSHUM MYNLTUNEKCOPa, a 50 % — npu Apy-
rom. [epekntoyeHne BXoA0B Moayns comparator_A 0CyLLEeCTBASETCA nyTeM U3me-
HeHus 6uta CAEX B ynpasnatowem peructpe CACTL1. Ins 6onee nonHOro onuca-
HUS CM. TEXHWYECKOe ONncaHe Ha MUKPOKOHTpOSIep. ECnn yCTPOICTBO [OSIKHO
MMETb BHELUHIOK KanubpoBKY, TO TOYHOE 3Ha4YeHUe MOXET ObiTb COXPaHEHO BO
Flash namatu MSP430F11x1 nnu HenocpenctBeHHO B 03Y (ecnm yCTpOMCTBO 6y-
JeT UMETb HenpepbIiBHOE NUTAHMUSA.

3amevanue: [JeMOHCTPaUNOHHAs cXema MUTAeTCcA HeMmocPeACTBEHHO OT M0cC-
J16J0BATE/IbHOr0 N10PTa MEPCOHATILHOIO KOMMbIOTEPA. VMY IbCHbIE O710KW NUTa-
HUSI HEKOTOPbLIX KOMIbIOTEPOB ABJISKOTCS UCTOYHUKAMY CUITbHBIX TOMEX, KOTOPbIE
MOryT 110nacTe 4€pe3 Moc/ae40BatTe/bHbIi MOPT HENOCPEACTBEHHO Ha MSP430.
Kpome Toro, He cregyer ynyckatb U3 BHUMAaHUA v BOMPOCH! PABUTILHON TPACcCH-
POBKY 171aTb.

lporpammHas crefaiias cBi3b A0/HKHA ObITb 9KBUBANIEHTHA TPAKTY U He 6110-
KMPOBaTbCA NP BbIMOHEHUN aHANOro-LUMUpPoBOro npeobpasosaxns. lNporpamma
HanucaHa TakuM 06pa3oM, YTOo Nepuog crefoBaHus uMmnynscos LIAM pasHsieTcs 14
TakTam, 4T0 NO3BONIAET 06ECMeYUTb CUMMETPUIO ASUTENIbHOCTM BCEX UMMYNbCOB
LIAM. Ecnm npw BbINOHEHUM NOANPOrPAMMbl U3MEPEHNS NPOUCXOLUT NPepblBaHue,
TO [0 M NOCNE BbINOMHEHNSA NOLNPOrpaMmbl 06CTYXKUBAHNA NPEPLIBAHUSA LOKHBI
aHanuanposatbest 3Ha4eHnst DINT u EINT. 310 no3BonuT n3bexatb 06CyKUBaHUS
NOXHBIX NPEPbIBAHNI.

374 bubnuoteka Komnana
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3. Onucanue nporpammol fet_intADC.s43

JemoHcTpauuoHHas nporpamma fet_intADC.s43 cOCTONUT U3 HECKOMbKIX Npo-
ueayp. Mocne cépoca BbINOHAETCA noanporpamMma Init_Sys, nHuumannampytoLlas
nopThbl BBOAA-BbIBOAA U MOAYNI MUKpOKoHTponnepa MSP430.

B ocHoBHoi nporpamme LIAM BbI3biBaeTcs noanporpammoi Meas_ADC. Moa-
nporpamma Meas_ADC ocyLLecTBNSET BbIOOPKY M Npeobpa3oBaHie aHanoroBoro
curHana, a peaynerat npeobpasosaHus nometiaet B peructp ADCData. BcTpoeHHas
crnepdwan ceasb ¢ Koadpduumentom nepecyera 3300, HENOCPEOCTBEHHO B Tene
nognporpammbl Meas_ADC BbICHUTbIBAET HEOOXOAMMOE KOSMYECTBO WMMY/bCOB
B AECATUYHOM BMAe 715 BbINOMHEHMS LNDPO-aHaNoroBoro npeobpasosanns. 310
no3sonser MSP430, paboTatoliemy ot 3.3 B nutaHus BbigaBaTth pe3ynbrat npeot-
pa30BaHus HEMOCPEACTBEHHO B MUNSIMBOSIbTAX.

Meas ADC ; IlomnporpamMa: M3MepeHrsa npu nomoum Allll,
; pes3yrnbTaT npeobpaszsoBaHmsa AlIl
; B IOBOMYHO-IOIOJIHMTEJIbHOM kome — ADCData
; R15 wmcnosmbzyeTcsa B kauecTBe pabouero
; pPerucTpa M He COXpaHdaeT CBOe COCTOSHME

mov.b #CAON, &CACTL1 ; BxumoueHMe KoMapaTopa
clr ADCData ; OumcTka permcrpa
; ADCData
call #Sample ADC ; pesyJibTaT BEOOPKM —>
; ADCData
call #Sample ADC ; pesynbTaT BEHOOPKM —
; ADCData + mnpeznsplmyume
; IaHHBEE
Meas Over clr.b &CACTL1 ; BBIKJIOUEHME KOMIlapa-—
; Topa
ret ; BeIxOn M3 NOANPOIPaMMEL
Sample ADC mov &VCC Cal,R15 ; ~3300
rra R15 ; VCC/2
; IPeIBapMTEJIbHBI 3apsal KOHIEeHCATopa ;
Pre ADC bis.b #DAC Out, &P20UT ; 3apan KOHIeHCaTopa
C1l bit.b #CAOUT, &CACTL2 ; Ha BRIXOImE KOMIIAPaTO-

; pa CHUTHaJI BEICOKUI
; VM HUBKUI?
Jjz Ccl ;
; HacTpovka M HaKOIJIEHVE WUMITYJIbCOB IIAIl H
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Test DAC bit.b #CAOUT, &CACTL2 ; Ha BEXOHE KOMII&PaTO-

; Pa CUT'HAJI BBICOKUM
; VM HUBKUIL?

jnc Lowl ;
High bic.b #DAC Out, &P20UT ; Paspsan KOHIOEHCaTopa
Jjmp Meas ;
Lowl bis.b #DAC Out, &P20UT ; 3Bapsan KOHIEHCaTOPa
setc ;
dadc ADCData ; yBesmueHme ADCData
; B IBOMYHO-IECATUYHOM
; xoome
Meas dec R15 ; YMeHblleHMe CUeTuMKa
; LMKJIa CJIeXEeHUS
Jnz Test DAC ; LUKJI CJIeXeHMS
; 3aKOHUeH?
bic.b #DAC Out, &P20UT ; paspsan KOHOEHCATopa
xor.b #CAEX, &CACTL1 ; VHBEPTMPOBAHME BBIBO-—
; OB KoOMIapaTopa
ret ; BeIXOO M3 NOIONPOIPaMMBL

3atem BbI3biBaeTca noanporpamma TX_2_PC, ocyllecTBnsioLlwas nepenady
JiaHHbIX B NEPCOHANbHbINA KOMMbIOTEP CO cKOpoCTb0 9600 604. Mocne atoro onaTth
Ha4MHAET BbINOMHATLCA OCHOBHAs NporpamMma.

3.1. llporpammuoe obecneyeqne gna ocHoBHoro 12 6utroro AL

Huxe npuBefeHa nporpamma, koTopasi MOXET WCMONb30BaTbCA ANS peanu-
3aUW OCHOBHOMO MPOMOPLIMOHANBHOMO HanpspKeHWo nutaHus 12 6utHoro ALIM.
lporpamMma noyTy UAEHTMYHA AEMOHCTPALMOHHOA NporpamMme, 3a UCKITHHEHNEM
BbIMOJIHEHUSA [IBYX BOUYHBIX BbIGOPOK (MPU NEPEKHYEHHbIX BXOAAX KOMMapaTopa)
1 ycpeaHeHus. Peaynbrar, npeobpa3oBaHus coxpaHseTcs B peructpe ADCData v ne-
Xut B npeaenax ot 0000 no OFFFh.

Meas ADC ; lomnporpaMMa: M3MEPEHMA P IIOMOIM
; AlIll, pesynbTaT npeobpaszsoBaHuma Allll
; B OBOMYHOM kozme — ADCData
; R15 wmcnosmbpzyeTcsa B kadecTBe pabouero
; pPermcTpa M He COXpaHsaeT CBOe COCTOA—
; HUe

mov.b #CAON, &CACTL1 ; BrimoueHye KoMIapaTopa
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clr ADCData ; OumcTka permucrpa
; ADCData
call #Sample ADC ; BBRIDOPKA — ADCData
call #Sample ADC ; BEIODOpKaA — ADCData +
; Npelplyllee 3HadeHMe
rra ADCData ; ADCData/2
Meas Over clr.b &CACTL1 ; OTKJIOUeHMe KoMIapa-—
; Topa
ret ; BEIXOI M3 NOAONPOIPaMMEL
Sample ADC mov #04096,R15 ; 12-6ur

; TIpenoBapMUTEJIbHEIM 3apal KOHOeHcaTopa ;

Pre ADC bis.b #DAC Out, &P20UT ; 3apan KOHIeHCaTopa

C1l bit.b #CAOUT, &CACTL2 ; Ha BBIXOIE KOMIIAapaTo-—
; Pa BBICOKMM MJIM HU3—
; KU CHUT'HaJ?

Jjz Cl ;

; HacTporka 1 HakoOIJIeHMEe MUMIYyJbCOB LAIl ;

Test DAC bit.b #CAOUT,&CACTL2 ; Ha BEXOIE KOMIapaTO-
; Pa BBICOKMM MJIM HU3—
; KUM CHUT'HaJ?

jnc Lowl ;
High bic.b #DAC Out,&P20UT ; Paspsan KOHIEHCaTopa
Jmp Meas ;
Lowl bis.b #DAC Out, &P20UT ; 3Bapsan KOHIeHCAaTopa
nop ;
inc ADCData ; YBemmueHre ADCData
Meas dec R15 ; YMeHblIeHVEe CUeTuMKa
; LUMKJIa CJIeXEeHUSI
jnz Test DAC ; HUKJI CcrlexeHuda
; B3aKOHYeH?
bic.b #DAC Out, &P20UT ; Paspsan KOHIOEHCATOpa
xor.b #CAEX, &CACTL1 ; VIHBepTMPOBAHME BBIBO-—
; IOOB KoMIlapaTopa
ret ; BeIXOH M3 MNOANPOTPAaMMEL

3.2. Ucnonb30Banmne cTaHgapTHbIx npoyeayp komnanmy TI

Kon ans aToro npumepa npumMeHeHns Obii pa3pabotaH npu nomowm MSP-
FET430X11X 1 BCTPOEHHbIX WHCTPYMEHTASTbHbIX CPEACTB MHTErPUPOBAHHOM Cpefp!
nporpammupoBanus. Kof nporpammbl HanucaH Ha accemonepe (.s43). Bce npume-
pbl NPOrpamMm 3TOr0 NpumMepa NPUMEHeHUs UCMONb3YIOT CTaHAAPTHbIE NPOLEaYpPbI
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Komnaxum TI. [puBefieHHasA HUKe KOMaHa KOMupyeT 3aperucTpupoBaHHble CTaH-
JapTHbIE NPOLELYPbl B UCXOLHbIN KOA:

*include <msp430x11x1.h>

Komnaxus Tl nooLpseT UCMoNb30BaHMe MPOrpaMMUCTaMU CTaHAAPTHbIX MPo-
Lieayp, 470 N03BONAET 06beANHITL Pa3PaBbOTUIKOB B 6AUHOE COOGLLECTBO U YNPOC-
TUTb NPOLIEAYPY PaspadoTKIA 1 OTNAAKY NPUKNAAHbIX MPOTPaMM.

4. 3aknioyeHue

CoBpemeHHas 16-paspsaHas RISC apxutektypa MSP430 o4eHb XOpOLLO Nnof-
XOOWUT AN YCTPOWCTB, MAHWUMYNMPYIOLLMX C AaHHbIMU, UMEIOLLMMU BOMbLLYID pa3-
psagHoCTh. 16-pa3psagHas apxutektypa MSP430 no3sonset npy NOMOLLM OAHOI KO-
MaH[bl MaHunynupoBatb AL ¢ BbICOKUM paspeLueHremM, UCronb3yembiM B JaHHOM
npUMepe NPUMEHeHMS.

TexHonorus aHanoro-uudgpoBoro npeobpa3oBaHus, OMUCaHHAs B AAHHOM
npuMepe NpPUMEHeHUs 04eHb NPOCTA, HeJopora  He TpebyeT 60JbLINX PECYPCOB
MSP430. 310 no3sonseT n3rotasnmeath AelleBble AL ¢ BbICOKUM pa3peLLeHit-
em. 9Ta TexHonorus uHterpupytollero ALIM He o6ecneymBaeT BbICOKOTO ObICTPO-
Jenctans. focne TOro, Kak BXOJHOE U BbIXOAHOE HAMPSHKEHWUS CPABHAOTCS Mpe-
06pa30BaHue BbINONHSAETCA Npu paboTe Ha YacToTe 3.578545 MIy 3a 13 mc. [Ans
CHVDKEHUSA ANUTENbHOCTU LMKA Npeo6pa3oBaHns MOXHO, ecu npeobpasoBaxiue
MPOLUNO YCMELUHO, 0CTaBNAT HAKOMMUTENbHbIA KOHAEHCATOP 3aPAXKEHHBIM UM UC-
noNib30BaTh 60Iee BbICOKYIO paboyyto 4acToTy MUKpokoHTponnepa MSP430. Mak-
cumanbHas paboyas yactota MSP430F11x1 HamHoro Bbiwe Yem 3.578545 M,
ICMONb30BaHHas B AaHHOM MpUMepe NPUMEHeHUs. BbICTPOAECTBIUS UHTErpupy-
towux AL goCTaTO4HO AN M3MEPEHUS CUrHANOB OT TENIEMETPUYECKNX AaT4YMKOB,
cucTem c6opa AaHHbIX U OPYruX OATYMKOB MEANEHHO MEHAOLLMXCH (PUSNHECKUX
BEJIMYMH (Temneparypa, JaBneHue n 1.4.).

ImeroTes 1 AONONHUTENbHbIE MPENMYLLECTBA NCMONb30BAHNS UHTErpUpYHo-
wwyx LA ¢ KOpoTKUM NeproaoM CUMMETPUYHOTO UMMynbca. AHanoro-umpoBoe
npeobpa3oBaHue, BbINOMHAOLLLEECH Ha 0CHOBe 06bl4HOMA LM, LM ¢ oguHoy-
HbIM 6OJIbLUNM MEpUoAOM UK NEepPeMeHHOro LKKIa, TpedyeT RC Lenoyku ¢ OTHO-
CUTENTbHO 60/bLUMM BpeMeHeM npeo6pasoBaHus. OTKANK Ha KOPOTKIE MMNYIIbCI,
NPUMEHSIOLLNECS B JAHHOM NPUMEPE NPUMEHEHUS, YCTaHABNNBAETCS ObICTPEE, YTO
no3BONSET Mcnonb3oBatb RC LiENoYKy ¢ MeHbLLUed NOCTOSHHON BpeMeHW. Moatomy
uHTerpupyowmin ALIM hakTyeckn HakannmBaeT HECKONbKO OJHOOMTHbIX Npupa-
LLIEHWUIA, YTO NO3BOMSAET CHU3UTH OLUNOKM, BbI3BAHHbIE LUYMAMMU.

378 bubnuoteka Komnana



Inaga 7. MunnusonsTmeTp curma-gensta una Ha MSP430F11x1

#include <msp430x11x1.h>
**k‘k***********************************************‘k*
NAME ;FET intADC MSP430F11x1 Demo
; OmMcaHme: DTa NPOTPaMMa IEMOHCTPUPYET KAK PEajiM30-
; BaThb Ha MUKpPOkKOHTpoJuiepe MSP430F1l1lxl MMIIIMBOJIETMETP,
; MCIOJIb3YIIMM KOMIapaTop comparator A. HamnpsxeHMne
; CUMTEIBAeTCHS U Iepenaercsa B IIK co ckopocteion 9600 Goxnm
1 no mporoxoiry 8N1.
Vicnionb3yeMele PEIMCTPEl BHUMCIIMTEJIBHOTO AOpa
#deﬁne ADCData R11
#define BitCnt R6
#define RXTXData R5
; YcrnoBuga mia ofecrieueHusa ckopocTu HW/SW UART 9600 6on
; nmpy MCLK = 3.579545MHz

Bitime 5 equ 0186 ; OJIUTEJIbHOCTL IIOJIOBMHEI OMTa
Bitime equ 0373 ; 104 wmxc
TXD equ 002h ; TXD noznkJiodeH k HopTy Pl.1
DAC Out equ 001h ; k nopty P2.0 nomkJimoueH

; BeEIXOnD [AII
CR equ 0dh ; ASCII cuMBOJI IIepeBona

; KapeTKu

; MSP430F1121

H 3.3B] XIN| -

; | | | 3.58 MI'
; -——|RST XOUT | -

; | !
; AIN--->|P2.4 !
; | !
; + -470 x-|P2.0

!

; \ | 9600 8N1
; e |P2.3 Pl.1|-—=—=———- >
; \ | !
; ===.047 | [
; \ | !
;o TTTTTTT |VSS [

; ApTOop M.Buccini
; Komnanmsa Texas Instruments, Inc
; CeHTsabper 2000 r.

,-*k*k*‘k*********************k*k'k**************************
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VCC Cal DW 03300 ; AKTyaJlbHOe HallpsXeHMe
; muranua (VCC)

RESET mov #300h, SP ; VMHumumanmzaumsa ykaszsaTess
; CcTeka
call #Init Sys ; MHMUMaAIM3AUUSA CUCTEMHEIX
; nepubepmHEIX MOIyJIen
Mainloop call #Meas ADC ; Ilpeobpasomanme AlIl,
call #TX 2 PC ; Ilepecwulka pesyibTaTa
; maMepeHua AlIl B IIK mim
; TOJIb30BAaTEJI

Delay push  #0FFFFh ; IlporpammMmHasa 3anepxka no TOS
Ll dec 0(SP) ; YmeHbmeHue TOS

jnz Ll ; 3BamepxkKa OKOHYMJIACH?

incd SP ; OumcTxa TOS

Jmp Mainloop ; TloBTOpP

mov #WDTPW+WDTHOLD, SWDTCTL ; OcTaHOBKAa
; CTOPOXEBOTO TarnMepa
SetupCO mov #OUT, &CCTLO ; TXD ocBOBOXIEeH IJid
; MApPKUPOBKM
SetupPl 2 bis.b #TXD,&P1SEL ; P1.1/TAO mnsa dysuxumm TXD
bis.b #TXD, &P1DIR ; Pl.1 = Bmxonm TXD
bis.b #DAC Out,&P2DIR ; P2.0 = Bmxonm LAI
SetupCA mov.b #P2CA0+P2CAl,&CACTL2 ; P2.3+ P2.4-
SetupBC bis.b #XTS, &BCSCTL1 ; ACLK = LFXT1 HF XTAL
; pesoHaTop
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SetupOsc bi

mov
SetupOscl b

Jnz
dec

Jnz

bic.

bis.

mov

bis

ein

ret

c.b #OFIFG, sIFG1 ;

#0FFh,R15
it.b #OFIFG, &IFG1 ;

Oumcrka ¢jgara oOB-—
pexneHus aBTOT'eHepa-—
TOopa

dylar noBpexmeHud

; aBTOI'eHepaTopa
; YCTaAHOBJIEH?
SetupOsc ;
R15 ; IOIOJIHUTEeJIbHAad
; 3Bamepxka mia ybexne-—
; HMS B 3allyCKe
SetupOscl
b #OFIFG, &IFG1l ; OumcTka Qsara
; I[OBPEXIEeHMA apTore—
; HepaTopa
b #SELM1+SELMO, &BCSCTL2 ; MCLK = LFXT1
#TASSELO+TACLR, &TACTL ; OumcTka Timer A,
; ACLK, TAR
#MC1, &TACTL ; Banyck TA B Hemnpe-—
; PEIBHOM pPeXrMme
t ; I'mobBajipHOe paszpeme-—
; HYE MpepbBaHuM
; BEIXOI M3 NOONPOTPAaMMEL
[lognporpaMMa : M3MepeHua npu nomomy Alll,

Meas ADC ;

pesynbTaT npeobpaszoBaHmsa Al
B IOBOMYHO-IHOOIOJIHMTEJIbHOM kKome —» ADCData
R15 mcnosbsyeTcsa B KadeCcTBe pabouero permc-

TPa M He COXpaHAeT CBOe COCTOAHME

mov
clr

cal
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1 #Sample ADC ;

#CAON, &CACTL1 ;
ADCData ;

BrurroueHmre koMmrapaTopa
OumcrTka permcrpa
ADCData

pes3yJbTaT BEOOPKU —>
ADCData
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call #Sample ADC

Meas Over clr.b &CACTL1
ret
Sample ADC mov &VCC Cal,R15

rra R15

Pre ADC bis.b #DAC Out, &P20UT
Cl bit.b #CAOUT, &CACTL2

Jz C1l

’

’

pPesyJbTaT BEOOPKU —>
ADCData + npeznenmyumme
IaHHBIE

BriksmoueHre xoMrapa-
TOopa

BeIXO M3 MNOONPOIPAMMEL

~3300

vCe/2
MPEeIBaPUTEIIbHEI
3apsal KOHIOeHCATopa;
3apsal KOHIOeHCcaTopa
Ha BEIXOIE KOMIApPaTO-
pa CuTHaAJI BEICOKUM
VI HUBKUI?

; HacTporika M HakOIJIeHMEe MMITyJIbCOB LIAIL;

Test DAC bit.b #CAOUT, &CACTL2

jnc Lowl

High bic.b #DAC_Out,&PZOUT
Jmp Meas

Lowl bis.b #DAC Out, &P20UT
setc
dadc ADCData

Meas  dec R15
jnz Test DAC

bic.b #DAC_Out, &P20UT
xor.b #CAEX, &CACTL1

ret

382

’
’

’

Ha BBEIXOIE KOMIIapaTo-—
pPa CUTHAJI BEICOKMI
VI HUBKUMI?

Paspan xoHOeHcaTopa

Bapsana KoHIeHcaTopa

yBeymmueHue ADCData B
OBOVUYHO-OECATUUYHOM
KoIe

YMeHblIeHMe CcueTuMKa
LMKJIa CJIEXEeHUS

LMKJI CJIEXEHVS 3aKOH—
ueH?

paszpsal KOHIeHCcaTopa
VIHBEPTVPOBAHME
BEIBOIOB KoMIlapaTopa
BEIXO M3 MOOMNIPOIPAMMEL
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TX 2 PC ; Tlopecruika CR u 16-6buTHOTO ciioBa ADCData
; (permcTp R11) B IIK/m00OJB30BaATEO

mov #CR, RXTXData ; hepecsuika CR B Oydep
; UART
call #TX Byte ; CR — IIK/nosyb30BaTero

; Ilepexon k HMXeCJemyolel IONNpoIpamMMe

TX Word ASCII ; Illepemaua cjosa u3 ADCData B Bume
; uyeTppex ASCII BauT

swpb  ADCData ; ADCData = 3412
call #TX Byte ASCII ;
swpb ADCData ; ADCData = 1234

TX Byte ASCII ; Ilepemaua GaiTa m3 ADCData B BHUIE IBYX
; ASCII Gant

push  ADCData ; IHepenada 3Ha4YeHMA
;..X

call #NUM ASCIR ;

push  ADCData ; nepenada 3Ha4YEeHMA
P 4

call #NUM ASCIA ;

ret ; BEIXOI M3 NOONPOTPAMMEL

NUM ASCIR ; IpeobpasoBanue umcia ot 0 mo F

; B ASCII cuMMBOJ C JIEBBIM
BEIPaBHMBaHUEM 2 (SP)

rrc 2 (SP) ; 1. » 3. mpomyckawnTcs
rrc 2 (SP) ;
rrc 2 (SP) ;
rrc 2 (SP) ;
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NUM ASCIA
add
cmp
jlo
add

NUM End mov

mov

and #0fh, 2 (SP) ; 2. m 4. OpoIyCcKanTCd
#030h, 2 (SP) ;

#03ah, 2 (SP) ;
NUM_End ;
#039, 2 (SP) ;
2 (SP) ,RXTXData ; 3arpyz3ka Oybepa

; nepenmarumka, FALL
@sp+, 0 (SP) ; OumcTka w\ BO3BpAT
; anmpeca TOS

TX Byte ; Ilogmporpamma, KOTOpasd HepenaeT OamnT, Haxoma-
; micsa B Oybepe RXTXData.

push
add

pop
mov

TX Wait bit

#TX Count,BitCnt ; TX Count — YxasaTess

; Iepexozna
&TAR ; Texyumwee 3HaueHue TA
#Bitime, 0 (SP) ; COBUT K clenyouemy
; outy
&CCRO ; Bpemsa mya cienymoumero oura
; B CCRO

#0OUTMOD2+0OUTMODO+CCIE, &CCTLO
; TXD = mycToM cTapT OuT
#CCIE, &CCTLO ; OxmmaHMe OKOHYAHMUSA
; IHepenaumn
TX Wait ;
; BeIXOn M3 monnporpaMMbl

TAO ISR ; Ilomnporpamma obpaBorky mnpepemanms CCRO/UART
ISR: b6ydep RXTXData comepxmuT
; naHHele myia UART.

add #Bitime, &CCRO ; Bitime mo craenmymomero
; Buta
mov @BitCnt+, PC ; BeTmiyleHMe OpOTrpaMMEL
TX Bit rra.b RXTXData ; LSB coBuraercsa B OUT

; TepeHoca

384
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jc
TX Space bis

reti
TX Comp bic

TX Mark bic
reti

even
TX Count DW

DW
DW
DW
DW
DW
DW
DW
DW

TX End DW

TX Mark

#OUTMOD2, &CCTLO

#CCIE, &CCTLO

’

#OUTMOD2, &CCTLO  ;

TX Bit

TX Bit
TX Bit
TX Bit
TX Bit
TX Bit
TX Bit
TX Bit
TX Mark

TX Comp

[lepexon ecau OuT = 1
[lepenaua HyJA

Bce OWMTEI NPMHATEH,
3alpeT NPepbBaHMA
nepenauva 1

[lepenmaua nepeoro
oura

nepemada CTOII
oura = 1
[lepenava 3aBeplieHa
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RESET ;
RESET ;
RESET ;
RESET ;
RESET ;
RESET ;
RESET ;
RESET ;
RESET ;
TAO ISR  ;
RESET ;
RESET ;

HeT MCTOYHMKAa

HEeT MCTOYHMKAa

Pl.x
P2.x

HET MCTOUHMKA
HET MCTOUHMKA
HET MCTOUHMKA
HET MCTOUHMKA
Timer AX
Timer AQ

CropoxeBor Tarmvep / Tarnmep
Kommaparop Comparator A
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DW
DW
DW

DW

END

CebInkKu:

1. MSP430x11x1 Data Sheet (SLAS241C)

2. MSP430x1xx Family Users Guide (SLAU049)

3. MSP430 Application Report, Lutz Bierl (SLAA024)

4. Implementing a UART Function with Timer_A3, Mark Buccini, (SLAAQ78)

386

RESET
RESET
RESET

RESET

; HEeT MCTOYHMKA

; HEeT MCTOYHMKA

; NMI, noBpexneHue

; aBTOT'eHepaTopa

; POR, BHemHMM cobpoc,
; CTOPOXEBOM TanMep
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Hepoporoit ogHo(ha3HbIA CHETYNK INEKTPOIHEPrum
Ha MSP430C11x

Kes Tam [slaa075.pdf (AHr.)]

B faHHOM npumMepe NpUMEHEHUs ONUCbLIBAETCA NMOCTPOEHWE HeLopororo 0j4-
HODA3HOr0 CYETYMKA 3NEKTPO3HEPrun Ha 6a3e MUKpoKoHTponiepa MSP430C11x,
NO3BOMSIOLLEr0 06eCMeYnTb aHanoro-Lupposoe npeobpasoBaHne, BHYTPEHHIOKW
KannobpoBKy 1 3aLLNTy OT BHELLUHEro BMeLLaTeNbCTBa.

1. BBepenue

B Te4eHne MHOruX JecaTurneTuii ansg n3mepeHus noTpebrieHns anekTpoaHep-
T MCMONb30BANINCL MEXAHUYECKNE CHETYMKN 3NEKTPOIHEPTUU (311eKTPOCHeTYN-
Ku). HoBblg, MOMHOCTLIO 3M1EKTPOHHBIE 37IEKTPOCHETHNKM 3aMEHSIOT MeXaH4eckue
9NEKTPOCYETYMKI, HO [0 CUX NMOP MACCOBOE PACMPOCTPAHEHUE 3NIEKTPOCHETHUKOB
TOPMO3UIOCh U3-32 UX BbICOKOI CTOMMOCTM, 4YTO ObI10 BbI3BAHO TEM, YTO B HUX UC-
MnoJib30BaNMCh aHaNoro-uuposble npeobpasosarenu (ALIT) n mukponpoueccop.

MSP430C11x — pelwueBblii 4neH cemenctBa MSP430 MUKPOKOHTPOMNEpOB
npou3BOACTBA KOMNaHmm Texas Instruments. OH He MeeT BCTPOEHHbIX annapar-
HbIX 6/10K0B TUna ALM v nepemHOXuUTeNen, KOTopble 06bIYHO MPUMEHSUCH B
9NEKTPOHHbIX 3NeKTpOCcHeTYMKax. OfHAKO, HanMnymMe y Hero TPex PerucTpoB 3axBa-
Ta [JaHHbIX NM03BOJIAET peann3osath Tpu Aellesbix AL ¢ BbICOKUM paspeLLeHuem.
A ero BbICOKONPOWU3BOAUTENbHOE 16-pa3psagHoe BblyucnuTensHoe a4po ¢ RISC
APXMTEKTYPOI MO3BOMAET PEann3oBath BbICOKOTOYHbIA [ELUEBbIi MONHOCTHIO
9NEKTPOHHBIN 3MIEKTPOCYETHUK. BOT HEKOTOPbIE 13 OCHOBHbIX XapaKTEPUCTUK 3T0-
ro 3/1eKTPOCHEeTHMKaA:

o TpexkaHambHbI rpagueHTHbIn ALM, ncnonb3ytownii BCTPOBHHbINA TaimMep
3axBara

o [1ByxMana3oHHbIA TOKOBBI BXOL C aBTOMATUYECKIM YNPABeHNeM, obecne-
YuBaroLLmMmM nepekpbiTie Toka 4o 400 %

e Tpebyemas Ansg u3MepuTenen nepBoro Kacca BbICOKass TOYHOCTb (OLIMOKA
meHee 1%)

e 3awnTa OT BHELUHEro BMELLaTenbCTBa, NO3BOMSIOLIAN NPeJoTBPaTUTL BO-
POBCTBO 3NEKTPOIHEPr UL

e [IpocTas n Nnerkas BHyTPEHHAS KanmopoBka

o OHOKPUCTANbHOE PeLLeHIe, He TPebYHOLLEe BHELLHEr0 BbIYUCIUTENS

e YCTpaHeHne CMeLLIeHNs N0 NOCTOSAHHOMY TOKY B 0001X KaHanax (HanpsxKeHus
11 TOKQ)

e ®HY an19 MrHOBEHHbIX 3Ha4eHUI MOLLHOCTH
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lpeo6pasoBaHue NOTPe6ISEeMON SHEPrM B 4aCTOTY UMMYSIbCHOM NOCNeA0Ba-
TeNbHOCTH

2. AHanoro-uucpoBoe npeobpasosanue

B anekTpocyeTyMKax 4OMKHbI NPUMEHATLCS creumanbHble Kackadsl ALM. [Ons
BbIYMCNEHUS MOLLIHOCTW B peanbHOM BPEMEHN Heo6X0AMMO OJJHOBPEMEHHO BbIOU-
paTb MrHOBEHHbIE 3HAYEHUS HANPSPKEHUS 1 Toka. Hanbonee npocToii cnocob oaHo-
BPEMEHHOr0 BbI60pa HAaNPSHXeHUs 1 TOKa ONUCaH B AAHHOM NpUMepe NPUMEHEHNS.
B onucbiBaeMoM YCTPOMCTBE UCMONb3YETCs TpexkaHanbHbIN AL (HazHa4eHue Tpe-
Tbero kaHana 6yaet 06bACHEHO HIKE). TPy MCNONb30BaHMM TEXHOMOTM OJHO-Tpa-
aneHTHoro AL cTaHOBKTCS BO3MOXHBIM CO3[jaHIe PEHTABeNIbHOr0 TpexkaHanbHO-
ro AL ¢ BbICOKIM pa3peLueHnem (11 61T) 1 afieKBaTHOM 4acTOTON AMCKPETU3ALIMM
(1 000 kSPS Ha kaHan).

2.1. 0gHo-rpagnentHeii AU

V()
Vref f . TAX

SELECT

l'eHepatop
HOLD 0MOpHOro
HanpsHKeHns

Pue. 1. OgHo-rpaameHTHbIn AL

[na aHanoro-undposoro npeobpa3oBaHus UCMONb3YETCA CTaHAAPTHAA OAHO-
rpafneHTHas TeXHONOrMA. AHaIOr0BbIN MYNLTUMNEKCOP B MEPBOM LiMKNE BbIGMpaeT
CUTHANTbHBIN BXO[, @ BO BTOPOM — OMOPHbIVA curHas. focne BbI6OPKK CUrHan cpas-
HWBAETCH C ONOPHbLIM MII006Pa3HbIM CUrHANOM. B MOMEHT, Korfa nunooobpasHbIi
CUTHANT JOCTUTAET 3HA4YEHNS BbIOPAHHOr0 MyJLTUMIIEKCOPOM CUTHAMA, NPOUCX0auT
nepekntoYeHne Taimepa 3axsara. Takum 00pa3om, UMest BDEMEHHbIE UHTEpBabl,
NPONOPLMOHANbHBIE BENMYMHAM BXOHOMO U OMOPHOr0 HAMPSXKEHWA, Mbl MOXET
paccyuTaTh BEJIMYUHY BXOAHOIO HAMPSXKEeHUs No popmyne:

Vin)=V,, x tt_v

ref

[me V [n] — nocnenoBarensHOCTb, COCTOALLASA U3 MTHOBEHHbIX 3Ha4eHni V (n x tc).
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2.2. dopmupoBaHne Nunoo6pasHoro curHana

ctrl -
ramp

Vhias — ¢

Puc. 2. Tenepatop nunoo6bpasHoro curHana

leHepaTop NKI006Pa3HOro CUrHana nocTPoeH Ha 6a3e MHTErpaTopa Ha 0CHOBE
onepauunoHHoro yeunutens (0OY). Mpu nopaye Ha BX0[L MOCTOAHHOrO HAMPSKEHUS,
yepes emkocTb G MOTEYeT MoCTOsHHbIA TOK, pasHblil (Vbias — Vctrl)/R. 3ToT ToK
cchopmupyet Ha Bbixode QY nuHeiHoe Nunoo6pasHoe HanpsXKeHue.

2.2.1. Mepuop nunoo6pasHoro curHana

Viamp

max

ty t)

Pue. 3. Tepnof nmnoo6pasHoro curHana

PaccmoTpum pucyHok 3: ecnu V_ yCTaHaBNUBAETCA B HOMb B MOMEHT BpeMme-
HU t = 0, TO Ha BbIXOZE OMEPALMOHHOTO yeunuTens V- HaunHaeT (hopMMpOBaTLCA
NNN006PA3HbI CUTHAM, HAYNHAIOLLNIACA C HYNA. B MOMeHT Bpemenm t1, Ha Bxoge V,,
YCTAHaBNUBAETCSH HANPSIKEHIE NUTaHNA V/, 1 BbIXOAHOE HanpsbkeHue V., AOCTHT-

HYB CBOEro MakCMMasibHOro 3Ha4eHus Vmax, Ha4MHaET NUI006Pa3HO yMeHbLIATLCA. 1
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3a Neproz BPEMEHN, PaBHblii 2, Ha BbIxode V- CHOBA YCTaHOBMTCS HYNeBoe 3Have-
Hue. Mopas Ha BxoA V. HyNeBOii NOTEHLMAN, Mbl 3aMyCTIAM LIMKI 3aHOBO.

Ecnn C=Q/ Ve,

Torga C =lc/ (dVc/dt),

nnn C = ((Vbias - Vetrl) /R) / (d (Vramp — Vbias)/dt),
nnm At = RC x AVramp / (Vbias — Vetrl),

cneposatenbHo t1 = RC x Vmax / Vbias,

at2 = RC x Vmax / (Vcc — Vbias)

Takum 06pasom, AnMTENbHOCTb LKA 6yaeT PaBHATLCS:

tC=t1+t2 ZRCXVmaxX L'}'ﬁ

bias ( cc bias )

tc =11 +12 = RC x Vmax x ((1/ Vbias) + (1 / (Vcc-Vbias)))

970 ypaBHeHNe No3BoNseT Bbi6paTh 3Ha4eHne RC no 3agaHHoN YacToTe ANCK-
petusauun. Kpome Toro, crieflyert y4uTbiBaTh CeAyoLLMe 3aMevaHus:

JIng MakcMMm3aLmm BX0OAHOM0 ANHAMUYECKOro ananasoHa Vmax 4omKeH ObITh
KaKk MOXHO 60MblUMM. OHO JOMKHO PaBHATHCA BbIXOLHOMY HAMPSHKEHWIO HACI-
weHns OY unm makcumansHOMY BXOLHOMY HanpshKeHUo komnaparopa (ecnu OHo
MEHbLLIE HANPSHKEHNA HACBILLEHNS).

113 pucyHka 2 BuaHo, 410 Vhias g0mKHO 6bITb Kak MOXXHO MeHbLUe. [Ans 0AHO-
rpagneHTHoro ALM Hac nHTepecyeT TONbKO OTPE30K HapacTaHus Nunoo6pasHoro
CUrHana, a No3ToMy Bpems cnaza LOoMKHO 6bITb MUHUMATTbHBIM (HE0OX0AUMO 066C-
neuuntb t1 >> 12). ManeHbkoe 3HaveHue Vbias no3BonseT nony4nTs GosbLioe t1 un
maneHbkoe t2.

HebonbLUoe YnyylleHne MOXET ObiTb JOCTUTHYTO MyTeM BblGOpa HEMHOrO
MeHbLLero 3HaqeHus RC, 4em 6b1s10 N0My4eHHO B pesynbrare pacyera. 3o N03BOIS-
€T rapaHT1pOoBaTh NPy 3apsme 1 paspsae Ha4anbHele ycnosus 0 n Vmax. Heussect-
Hble Ha4alnbHbIe YCI0BUA MOTYT BbI3BaTh CMELLEHWe NT006pa3HOro CUrHaa BBEPX
NN BHU3.

113-3a nporpammHOI perynupoBKu 3afepxku qpaktudeckas cymma t1 + t2 6y-
JeT MeHblLe, Y4eM tc. IT0 Apyras npuynHa, BbI3bIBAKOLLAS HEOOXOAMMOCTL 06ecre-
YeHNs MeHbLLero 3HadeHus RC.

2.2.2. lpaKTnyeckuii npumep
Vce=58
Vmax =358

Vbias = 0.6 B
Yacrota guckpetusauun = 995 My = tc = 1/(2 x 995)
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Ecnu BbiGpatb C = 1000 n®, To nonyyaem R = 75.8 kKOm. [1ns CHUXeHUs 3Have-
Hua RC Bbi6epute R = 68 kOM (nnn paxe 62 kOm).

2.2.3. U3mepeHne BpeMeHHbIX NapaMeTpoB NMNoo6pa3Horo curHana

Tarimep 3axsata MSP430 MoXeT ObITb 1ErKO HACTPOEH Ha (PUKCALMIO JaHHbIX
Mo BbIXOLHOMY CMrHany komnaparopa. Ho HeT HMKAakoro BHELUHero annaparHoro
ynpasneHnus Ans 3anycka TaiiMepa B Hadane nepuofa nuinoo6pasHoro curHana.
B Hawem cryyae Hauno nunoobpasHoro curHana puKCUpyeTcs NyTem CpaBHEHWs
nunoo6pasHoro curHana ¢ HebonbLUUM (OMKCUPOBAHHLIM MOPOrOBbIM HAMPSXKEH!-
em. Bpems HapactaHus nuioo6pasHoro curHana Lo noporoBoro 3Ha4eHus onpene-
NFETCA NpU NoJa4e Ha BXOL OMOPHOr0 curHana.

Vref
Vin
V*
0
e 1, —H
D — tref’ —»

Puc. 4. \3amepeHie BpeMeHHbIX NapaMeTpoB Ninoo6pa3Horo curHana

113 pucyHka 4 nonyyaem:

Vref / (tref’ +tt) = Vi / 1t

Otcropa cnepyer tt = tref’ x (Vt/ (Vref — Vt))

Vnu tt = tref’ x Kt

lne Kt =Vt / (Vref — Vit)

Kak BuUAHO 13 popmyribl, NOCe U3MePeHNs Heo6X0aUMO NPOU3BOANTL YMHO-
XKEHWe, No3TOMYy PEKOMEHJYeTcs Bbl6paTb napameTpbl Takum 06pasom, 4To6bl Kt
6bIS10 MPOCTLIM 3HAYEHWEM, YTO MO3BOSIUT 3aMEHUTL NPOCTLIM CABUTOM UM CyMMU-
POBaHMEM/BbIYUTAHNEM MOANPOrPaMMy BbIYWUCIEHUS NPOU3BEAEHNSA, TPEOYIOLLYHO
BbICOKOW NPOWU3BOANTESIbHOCTY MUKPOKOHTPOJI/Epa.
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2.3. [iByxgnana3onnbii ALIT ana kaHana namepeHns Toka

CpefHee KBafpaTM4YHOE 3HAYEHWE HAMPSHKEHUS HA BXOLE U3MEHSETCS B He-
6onbLunx npefenax. OgHako cpefHee KBaapaTyHOe 3HAYEHNEe TOKA HA BXOJe W3-
MEHSETCS B LUMPOKNX Npeaenax B 3aBUCUMOCTY OT BEIMYMHbBI U TUMA HArpy3Ku.
113 atoro cnefyet, 4T0 HEo6x0AUMO npuMeHsTb AL ¢ BbICOKUM pa3peLLeHuem
unn AUM ¢ HU3KUM paspeLLeHiem, HO U3MEHSHOWNMMCS BXOAHbIM ANHAMUYECKIAM
ANana3oHoM. YT06bl NepekpbiTh BXOAHON Anana3oH ot 5 % A0 400 % ¢ owunbKoi
n3mepeHus He 6onee +1% Tpebyetca 06ecneynTb MUHUMANbHbIA AUHAMUYECKUR
ananasoH 400/5 x 100/ (1+1) = 4000. Ins atoro Tpebyetcs ALM ¢ paspelueHnem
He MeHee 12 6ut. [Ina ogHo-rpaameHTHoro AL nmeeTcs 3aBMCMMOCTb Mexay
paspeLuaroLen cnocobHOCTbI0, YacToOTON AMCKPeTU3aumum u wymami. Hambosnee
yno6Ho pabotatb npu 10 6UTHOM paspelleHni. 12 GUTHOE paspeLleHne MOXET
6bITb 06€CMNeYeHO 32 CHET J00aBNEHUS BHELUHEr0 YeTbIPEXKPATHOMO YCUEHUs ans
MaJibIX CUrHasnoB. [laxke ¢ y4eTOM TOro, YT0 peasibHas pa3peLuatoLLas cnocobHOCTb
pasHa 10 6utam, B ON1CbIBAEMOM YCTPOICTBE 00€CreHnBaeTcs aPMeKTUBHAA pas-
peLuarLas cnocobHOCTb, paBHas NPUOIN3UTENBHO pPa3peLuatoLlell cnocobHOCTM
11 6utHoro ALIM.

1164 ¢,

Vger I —e
BHeLLIHEE YCTPOVICTBO
-3 I Iper
e ¥

I(t) Komnaparop ’ 4l[n]

I Gy I I

N “

LOW_GAIN _i.._.._.._.._.._.!._.._.._.._.._.._.i

Puc. 5. CTPYKTYpHas cxema AByxanana3oHHoro AL

Ha pucyHke 5 nokasaHa CTPyKTypHas cxema Asyxamana3oHHoro AL, OH
COCTOMT M3 0aHOAMana3oHHoro AL v BHELLUHEro yCTpoiicTBa, 06ecneynBatoLLe-
ro YeTbIpexKpaTHOe YCUNeHNe MarblX CUrHanoB. TeopeTn4ecku, KoadhhuLMNeHTbI
ycuneHus Bcex nepemHoxutenein G1, G2, 1/G1 u 1/G2 0omKHbI paBHATLCS eANHM-

bubnuoteka Komnana 393



lN’erJXQ?:NTs V. [Ipumepbi KOHKPETHBIX NPUMEHEHMI
Lie, OIHAaKO Ha NpakTuke 06eCrneYnTb 3TO He yaaeTcs 13-3a pasbpoca napameTpos
BHELLHUX ANCKPETHbIX KOMIMOHEHTOB. [4ns KOMMeHcaLmn 3T0ro pacxoXaeHns BBO-
OAT gononHuTesibHble y3nbl G1 1 G2. 3T0 N03BONIAET YBEIMYUTL COMNaCOBAHHOCTb
KaHasos.

C1 1 C2 komneHCMpYOT OTKIIOHeHWe KoadhduumeHTa ycunenus G1' n G2’ ot
Koadpdmupmentos yeunenus G1 n G2. Moatomy cTaparoTcs A06UTbCS MCTUHHOCTY
paBeHcTB C1 = G1/G1’ n C2 = G2/G2’. Tak KaK KoadppuumneHT ycunenus yanos G1’ un
(G2’ HEN3BECTEH N U3MEHSIETCS OT YCTPOICTBA K YCTPOICTBY, TO NOC/E N3rOTOBMIEHUS
HEob6X041MO NPOU3BECT KanMOPOBKY, a Bbl4nCNeHHbIe 3HaYeHus C1 n G2 gomkHbl
6bITb coxpaHeHbl EEPROM namstu ans fanbHeiLwero ncnosb3osaHus. B Hopmans-
HOM pexume (MK pPeXUMe Manoro YCWUNEHWS) HDKHUE HA CXEME BbIK/H4aTeun
3aMKHYTbI, 2 BEpPXHWE — Pa30MKHYTbI. [py UCMOMb30BaHNI B Ka4eCTBE OMOPHOrO
curHana HanpsbxeHue Vref nonyyaem:

I [n] = Vref x (ti / tref).

lpe:

I'[n]=1[n]x G2,

a Iref = llow = Vref/G2 x C2=Vref/G2’.

CneposatenibHo | [n] x G2’ = (Iref x G2) x (ti / tref),
T0 ecTb | [n] = Iref x (ti / tref)

B npasoii yacTn ypaBHeHWUs 3anucaHo CTaHLAPTHOE PABEHCTBO ANA BbIYUCIIE-
HUS 3HA4YEHNSA, N3MEPEHHOr0 NP NMOMOLLY 0AHO-rpagueHTHoro ALM npu ucnonb3o-
BaHWW OMOPHOro ToKa Iref. 310 03HA4aET, 4TO Ha BbIXoAe Mbl nosy4um lad [n] =1 [n].
11 okoHyatenbHbIi pesynstar: lout [[n] =4 x lad [n] = 4l [n].

B pexxume 60MbLLOr0 YCUIEHNs BEPXHIE MO CXEME BbIKNOYATENM 3aAMKHYThI, &
HIDKHIE — PASOMKHYTbI. TOTAA, NCMOMb3YSA Te XKe BbIPXKEHUS, MoSy4aem:

I [n] = Vref x (ti / tref).

Ho Teneps I [n] =41 [n] x G1,

aIref = lhigh = Vref / G1.

CnepnosatenbHo 41 [n] x G1 = (Iref x G1) x (ti / tref).

Torpa 41 [n] = Iref x (ti / tref)

unn 41 [n] = lad [n]

B peaynbrare Yero nosiydaem: lout [n] = lad [n] = 4l [n].

B 060mx cny4asax mMbl 06ecneqnnn Ha BbIXOAE OLMHAKOBbIE PE3yrbTar U T04-
HOCTb. [JONONMHMTENbHOE YETbIPEXKPATHOE YCUNIEHUE B PEXWUME MaNoro YCuneHus
KOMIMEHCUPYET BHELLHEE YCUTIEHNE B PEXUME BbICOKOr0 ycuneHus. Jpyroi cnoco6
pacLMpeHns MHAMIUYECKOro uanasoHa COCTOUT B MOAABIIEHUN BONbLUNX CUTHA-
710B, NMPW 3TOM Marible CUTHANbI He U3MEHSITCA. HO 3TO HeXXenaresbHO, TaK Kak 310
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YMEHbLUAeT amninTyay n Konm4ectso 3Hadallnx LLM(bp, 4YTO BeleT K YBEJIN4eHUH0
OLUNOKM BbIYUCTIEHUS.

2.4. ABTOMaTH4YecKoe NepexsoYeHne Ko3PUUNEHTA YCHeHNs

MepekoyeHne KoadduLmeHTa yeuneHus y AByxamanasoHHoro AL gomx-
HO BbIMOJHATLCA aBTOMATUYEeCKU. B Havarne pasgena 2.3, roBopusioch, 4To Makcu-
MarnbHoe BbIXxo[HOoe 3Ha4YeHue ALLM, pasHoe 4000, cooTBeTcTBYeT 400 % BXOAHOIO
TOKa. B pexxume BbICOKOr0 KO3hMLMEHTA YCUNIEHUS MAIIOr0 BXOAHOMO CUrHana
10 6uTHbIM ALIM nepekpbiBaeT ananas3oH, pasHblii 1024, unu npumepHo 100 %. B
pexxume Manoro KoauumreHTa yeuneHus 60sbLUnxX BXOAHbIX curHanos 10 6uT-
Hblit AL ¢ KoadhdomumMeHTOM ycuneHus, paBHbIM 4, cnoco6eH NepekpbITh Anana-
30H 0T 4 10 4096 unn npnbnuauTensHo ot 4 % a0 400 %. 3To 03HAYaeT, YTO Jit0-
6on curHan B guanasoHe ot 4 % o 100 % moxeT 6bITb OLMGPOBAH NpU NOOOM
KO3 (DULIMEHTE YCUTTEHMS.

B naHHOM npumepe NpUMeHeHWs, auanasoHbl Npyu padoTe B PeXxume Manoro
1 60MbLLOTO KO3PMULMEHTA YCUNEHUS NEPEKPbIBAKT APYr Apyra. IT0 N03BONsAET
06ecrneymnTb rmcTepesnc, UCKMYatoLLMIA YacTble NePeKoYeHNs MeXAy ABYMS ana-
nasoHamu. B cucteme peann3osabl Ba amanasoHa: o1 5 % A0 80 % Ans 605bLIoro
KoadhhuumeHTa yeunenus, u o1 60 % o 400 % ang manoro KoaduumeHTa yeu-
neHus. Bbibop aTux ananasoHoB Obil CAeNiaH NPoKU3BOSbHO, HO J0BOMbHO Pa3yMHO,
TaK Kak o6ecnednBaet 20%-0e NepekpbIThe N MakcUMarnbHOe 3HadeHne Ha 20 %
HIKe rpaHnyHoro 3HadeHus (100 %-80 % B pexxume 60/bLIOT0 KO3(hULMEHTA
yCUNeHus).

3. 3awmra o1 BHELHEro BMeLIaTenbCcTBa, NpefoTBpaLLatoLas
BODOBCTBO 3JJIEKTPOIHEPrun

B HeKoTOpbIX CTpaHax BOPOBCTBO 3NEKTPOIHEPrUAM MYTEM HE3AKOHHOTO BME-
LaTenbcTBa B paboTy 3NeKTPOCYETYNKA SBNAETCS Cepbe3Hoi npobnemoil. Huke
MoKa3aHbl HEKOTOPbIE BO3MOXHbIE METO/bl BMELLIATENbCTBA.

OCHOBHbIM CMOCO60OM BMELLIATENbCTBA ABMSETCA CHUKEHIE U MOMHOE 3aKpbi-
TMe NPOTEeKaHWe TOKa Yepe3 JaTuiK, YCTAHOBNEHHbIA Ha ()ase unm HeiTpane. Ecnu
TOK B3SITb TOMIbKO OT OJIHOW NUHMK (Cha3bl UNN HeiATpanm), TO ANeKTPOCHETYMK ByneT
13mepsTh 60Nee HU3KOE UK BooOLLEe HyNneBoe NoTpe6neHne. GambiM NPOCTbIM CMO-
c060M NpeaoTBPaLLEHIs NOCNEACTBIIA 3TUX AEACTBUI SABMSETCA M3MEPEHME TOKaA B
006eMx NIMHUAX W UCMOMNb30BaHKe NS pacyeTa 60Mbliero Toka. OfHaKo s aToro
noTpebyeTcs MCMNOMb30BaTh [AONONHUTENbHbIA KaHan aHanoro-LUudpoBoro npeob-
pa3oBaHus. [lo6aBneHue ete oaHoro kaHana AL 06bI4HO BEAET K CYLLECTBEHHOMY
YAOPOXaHU cucTembl. K cyactbto, Taiimep 3axeata MSP430C11x obecneynsaeT
Tpu kaHana AL noyTn 3a Ty e camyto CTOMMOCTb, 4TO 11 [Ba KaHarna.
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Live

Neutral Live Yrenne Neutral Live Yrenne
(b) BmeLuatensCcTBO NyTeM NONOBUHHOTO (c) BmewarenbcTBo nyTem nNoaHoro
3a3emnenus Harpysku, 1<, 3a3emneHns Harpyaku, ly=0

Pue. 6. [pumepbl BMeLLATeNbCTBA B PA6OTY 3M1EKTPOCHETHNKOB

4. TloTOKM AaHHbIX B cUCTEME

[TOHWMaHWe HanpaBneHNUs ABVXEHWUS 1 HA3HAYeHWUs MOTOKOB — K4 K MO-
HUMaHUK paboTbl CMCTEMbI. Ha pucyHKe 7 nokasaHbl BCE BHYTPEHHWUE MOTOKM
JaHHbIX BO BCEX Y3nax 3a UCKIIHYEHNEeM BbICOKOBOSILTHOMO npeobpa3oBaTens u
npeo6pa3oBaTensi aHeprug-uMnynse. GHaYana 0T OKOHEYHbIX YCTPOMCTB BXOAHOE
HanpskeHne 1 062 BXOAHbIX TOKA MOCSEe MOHKEHUs (MNK NOBbLILIEHUS) NOCTY-
natT B TpexkaHanbHbln AL, roe npou3BOANTCS UX OJHOBPEMEHHAs BbIOOPKa.
B KaHane n3mepeHus Hanps>KeHUs WCnonb3yeTcs 04HOAMAn030HHbIA ALIM. A B
0601X KaHanax u3amepeHns Toka ncnonbaytotes ALIM ¢ 4ONONHUTENbHBIMKW YCUIIU-
TenaMu. Perynatop ycuneHus o6ecneynBaeT aBTOMaTUYECKYH0 PerynnpoBKy ycu-
nexns yeunuteneit o6oux ALIM. Cxema noaaBneHns NOCTOAHHOW COCTaBNSHOLLEN
NO3BONSAET BbIAENUTb NMEPEeMEeHHbIe COCTaBNALWMe HanpsxeHus u Toka (V [n],
4i1 [n] n 4i2 [n]). Cxema BbIGOpA TOKA 06€CNeYMBaeT NOLKNIOYEHNE TOr0 KaHana,
TOK B KOTOPOM 607bLuie. Mpu nomouy ®HY MOXXHO BbIAENUTL CPeaHee 3HaYeHne
noTpebnsemon aHeprun 4VA. 370 3Ha4eHNe NoJaeTcs Ha BbIXOAHOI npeobpaso-
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BaTeslb IHEPrUS-UMMYNbC, KOTOPbIA YNPaBAAeT AUCKOBbIM 3JIEKTPOMEXaHUYECKUM
UAN [PYTUM UHINKATOPOM.

[leTekTop L *
KafpoB

V.

* de

V(t) V[n] Mogasnenve | V[n]
AN . i

*

41, [n] Mogasnenve 4i; [n]

" | MeyxKaranbhbiii ‘
T _oreonlelw

I2(t) [1ByXKaHaNbHbI i 4l,[n] Mopasnetue 4iy[n]
AUN |

*

*

Cxema Bbl6opa
TOKa

*

YcTaHoBka
)3thhULNeHT:
YCUneHus

Puc. 7. CTPYKTYpHAst CXema BHYTPEHHUX MOTOKOB JaHHbIX

4.1. JletrekTnpoBaHne Kagpos

Kazpom Ha3blBaeTC HEKOTOPOE KOMIMYECTBO MOJHbIX NEPUO0B BXOAHOMO Ha-
npshxeHns. OH onpefenseT neprnor 06HOBNEHNS AaHHbIX B MOLYIe. B KOHLE Kaxao-
ro Kazpa 06HOBNAKTCA 3HA4YEHUS 0 NOCTOAHHO COCTABNSIOLLEN BXOLHBIX HANPsXKe-
HUS 11 TOKA, NPOUCXOAUT BbI6OP KaHana N3MepeHns Toka 1 Bblbop koadhduLmeHTa
YCUNEHU TOKOBbIX KaHanoB. Konu4ectBO MepuojoB MEPeMEHHOr0 HanpsXeHus
OnpefenseTcs no nepexofam Yepes HoMb BXOAHOM0 HanpsxeHus. Beibop Konuyec-
TBa NEPUOLOB B KaLipe ABNAETCA NPOU3BOSIbHBLIM, HO 3TO KOIMYECTBO AOIKHO ObITh
[0CTaTo4HO 60nbLLKUM. B onucsiBaeMoM yCTPOMCTBE Kaap cocTout u3 90 nepuonos.
970 yCpeaHseT BO3MOXHbIE OLUNOKM MPK NOAABAEHNN NOCTOAHHON COCTABNSIOLLEI
11 BbIMUCNEHUM KONIMYECTBA NEPUOSOB. B HEKOTOPBIX Cly4asix ypOBEHb MOCTOSAHHON
COCTaBNSAIOLLEN MOXET NMPEBbICUTb aMNIUTYAY KonebaHuid. B 3aTom crny4ae ans Bbl-
YNCNEHUS KONNYECTBA NEPUOL0B UCTONb3YETCH BPEMEHHOE OrpaHuYeHue.
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4.2. UcknroyeHne nocToAHHON COCTABNAIOLLEH

locTosiHHAs COCTABAOLLAS BXOJHOMO CUTHANA UCKITKOYAeTCs NyTeM Bbl4MTa-
HIUS ee U3 BXOAHOrO curHana. [ns HEKOTOporo KoiM4ecTsa nepuofoB NOCTOSAHHAA
COCTaBnAlLWaa paBHAETCA CpeaHEMY 3HA4EHUIO.

To ectb. Vdc =XV [n] /N

aldc=Xl[n]/N

[ne N — KonM4ecTBO OTCHETOB B Kazpe.

Ecnu konm4ecTBo NeprooB B Kaape BESIMKO, TO TOYHOCTb BbIYMCIIEHUS NOCTO-
SHHOM COCTaBNAOLLEN ByaeT N0BOSIbHO BENUKA.

VIcknto4eHne NOCTOSAHHOW COCTaBNIAOLLEN B KaHANaxX U3MEPEHs TOKa HEMHOIO
C/IOXXHEE, YeM B KaHane 13MepeHns HanpsXkeHns. Bo3MoXXHO nosiBneHne 06paTtHOro
TOKA NPy PEBEPCMBHOM BKMHOHEHI OCHOBHOIO BX0O[A U Harpy3ku. 3T0 MOXET npu-
BECTU K OTPULLATENIbHOMY 3HA4YEHUI0 BbIYWUCEHHOM MOLLHOCTW. [1ns npefoTBpaLLe-
HIS 3TOr0 B KOXAOM Kafipe Nponu3BoauTCA NpoBepKa 3Haka MoLLHocTh (X4VA). Ecrin
MoJTy4eHHOe 3Ha4eHNe SBMSETCA 0TPULATENbHBIM, TO B CEAYHOLLEM Kagpe Npoun3oii-
JeT N3MeHeHNe 3HaKa Bbl4ucneHus Tokos 4i1 [n] unu 4i2 [n].

Boob6Le rosops, ecnu UMeeTcs BO3SMOXHOCTb HAX0XAEHUS MOCTOSHHOIO
3HAYEHMS HANPSXKEHUs, TO NOCTOAHHYIO COCTABNAOLLEr0 TOKA UCKITI04aTb Heo64-
3aTesbHO.

N3naqansHo v (t) = Vde + Vo x sin (wt)

ai(t)=Idc + lo x sin (wt +6)

Torpa XZvi =2Vdc x Idc + (Vdc x lo+ldc x VO) x X sin (wt) +Vo x 1o x X sin (wt)
sin (wt + 0)

Tak Kak 3a nepuog

> sin (wt) =0

Torpa Zvi = X Vdc x Idc+Vo x 1o x X sin (ot) sin (wt + 6)

Ecnu Vdc nssecTHo, T0

2 ((v-Vdc) x i) = Vo x lo x sin (ot) sin (wt + 6)

He COLIePXXUT NOCTOSAHHOI CoCTaBnstoLLel |dc.

KoHe4Ho, Bceraa UMeeTcst HebosbLLIAs OLnbKa B BblMucneHumn Vdc, Ho OHa Be-
[T TOMbKO K HE6OMbLLOMY YBEIMYEHNIO OLUMOKM BbIHUCIIEHNS NOTPE6NSEMON 3Hep-
ruu. Ecnv Takas oLunbka JonycTUMa, TO UCKITHYeHIEe NOCTOSHHON COCTaBNAOLLEN B
KaHanax u3MepeHus Toka MOXXHO He NPON3BOAUTb.

OpHako cneayeT pacCMOTPETb OAUH BONPOC OTHOCUTENIbHO MOCTOSIHHOI COCTaB-
nsloLLen. B paccmarpruaemMoM YCTPOMCTBE HAB/OLAETCSA N3MEHEeHNe NOCTOSAHHOM COo-
CTaBNAOLLEN, KOTOPOE MOXKET MOB/INATL HA TOYHOCTb. YPOBEHb MOCTOSAHHOM COCTaB-
NAIOLLEN YBENNYNBAETCA B 4 pasa B PeXUMe BbICOKOr0 Ko3agpuumeHTa yeunenus. B

398 bubnuoteka Komnana
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pesynbTate 3TOr0 NPOUCXOAUT CMELLEHME W OrpaHnyeHne BXOAHOrO curHana. 113-3a
3h(heKTa HaCbILLEHNS M3MEPEHIE 60MbLUMX BXOAHbIX CUHANOB OYAET NPOMCX0aUTb C
oLun6KoA. Ecnu, Hanpumep, anana3oH ALM ot 0 go 3.5 B, cmellieHne pasHsetcs 1.75 B,
10 0.2 B cMeLLIEHME M0 MOCTOSHHOMY TOKY B pexKume 601bLIO0ro KoadduumeHTa ycune-
HWa 6yaeT paBHATLCA 0.8 B. 310 NpuBELET K TOMY, 4TO HanpsHKeHWe CMELLIEHIS CTaHeT
paBHbIM 2.55 B, a AnanasoH namepsemMblx amnutys ymensiuntes ¢ 1.75 B go 0.95 B.

4.3. bnok Bbibopa KaHana Toka

bnok Bbl6opa KaHana ToKa NpefHasHayeH 1S 3aWMUTbl OT BHELUHEro BMeLua-
TeNbCTBa. BHELLHee BMELLATENbCTBO MOXET COCTOSATb B YMEHbLUEHWW WKW MOSTHOM
UCKNIOYEHUN TOKOB OIHOMO 113 KAHAmoB, HO He TOKOB 060X KaHanoB. bonbLuui TOK no-
npeXxHemy 0To6paxxaeT peanbHoe NoTpedneHne. Gamblid IPOCTON CcNOCO6 HAXOXAEHNS
60J1bLLEro TOKa COCTOUT B BbIYUCIIEHWN CYMMbI TOKOB 060MX KaHanoB. B KOHLIE KaXo0-
ro Kagpa npou3BoanUTCS 0OHOBIEHIE Pe3yribTata BblYMCeHNs 60/bLUIEro TOKa, nocne
4ero npou3BOAMTCS BbIOOP KaHana, UCMosb3yemMoro Ans AanbHeALwmnX BbIYUCTEHUIA.

4.4. Perynarop ycunexmns

Kak onucaHo B pasaene 2.4, aBTOMaTM4ecKas perynuposka ycuneHus Tpedyet
06HAPYXKEHIs NPEBbILLIEHNS BXOAHLIM TOKOM 33[jaHHOro rnopora. Puc. 8 nokasaHo
Kak 9T0 NPOMCXOMNT.

Mpeanonoxum, 4To TPEBYBTCS 06HAPYXKUTh MPEBLILIEHNE CUTHATIOM HEKOTOPOro
nopora y. Camblii IPOCTON CrOCO6 COCTOMUT B [IETEKTUPOBAHIM MAKCUMaTIbHOTO 3Ha4e-
HUSt curHana. MpoGema NPUMeHeHNA 3TOr0 METOJa COCTOMUT B TOM, YTO [I6TEKTUPOBa-
HUE YCIOXKHSAETCA NPY YCOBIUN PaBOThI B CPELE C BLICOKUM YPOBHEM LuyMa. st yiyy-
LLIEHWst 3TOr0 Cnoco6a MPON3BOAATCA BbIGOPKM CUTHANA B COCEAHMX C MAKCUMYMOM

y
Y1

Bbi6opka Bx. cUrHana
MPEBbILIAIOLLIETO Y,

0 X /2

Puc. 8. TloporoBoe AeTeKTUPOBaHNe
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To4Kax. Paccmarpusaetcs nopor y1 = sin (X), KOTOPbIA HEMHOIO HUKE, YeM Y, MPY 3TOM
BXO[Hble OTCHETbI, NexalLine B UHTepBane (1/2-x) [omKHbI 6biTb 60nbLLUe y1. [Jpyrumu
CroBamu, ecit HoMep 0TCHETOB, 60/bLLKX Y1, BOMbLUE YeM (1/2-X), TO MakCUMaTIbHOE
3Ha4eHne JOMKHO ObITb BOMbLUE Y. XOTA 3Ta TEXHOMOMA He MO3BOMAET HATK MakK-
CUMAIIbHOE 3HaYeHWe, HO OHa MO3BOJISIET OnpeaennTb, GYAeT N NpeBbilleH nopor. B
KOHLIE KaXI0r0 Kagpa UAET CPaBHeHWe KONMU4ECTBA OTCHETOB, NPEBbICUBLLMX NOPOT Y1
C KONM4ECTBOM BCEX OTCHETOB. ECIM NPOLIEHT TakMX OTCHETOB BbILLIE UAN HIDKE 3a[aH-
HOr0 3Ha4YeHUs, TO KO3DAULMEHT YCUNEHNS JOSMKEH ObITb U3MEHEH.

4.5. OuAbTP HWKHUX YacToT

locneaHUin 3NEMEHT Ha PUCYHKE 7 — COUNBTP HUXKHUX 4acTOoT.

Ecnn v (1) = Vo x sin (ot)

ai(t) =loxsin (mt)

10 p (t) = Vo x lo x sin2 (wt) = (1/2 x Vo x 10) x (1-cos (2mt))

13 3TOro BbIpXKEHUS CNefyeT, YTO0 MTHOBEHHOE 3Ha4eHue NoTpe6IiemMoin MOoLL-
HOCTM ABNSIETCA (DYHKLMEN C NOCTOAHHOM COCTABMAOLLERA M NEPEMEHHO COCTABNIAN-
LLIEVA, UIMELOLLIEN YABOEHHYIO HacTOTY KonebaHuid. Pasmax konebaHuii B jpa pa3a npesbl-
LLIAeT CpefHee 3Ha4eHne MOLLHOCTU. Ho npu 10Nr0CPOYHOM HAKOMIIEHUM 3TO He UMEeT
HWUKAKOT0 3HYEHS, TaK KaK 3a [IMTeNbHbIA Nepruos 6yaeT Npou3BeLeH0 YCpeaHeHue.
®HY TONbKO NOBLILLAET YCTONHMBOCTL CUCTEMBI 1 HE BAIUSET HA O6LLYH) TOYHOCTb.

5. Mpeobpa3oBartenb 3Heprua-uMnynbc

KoathdomuneHT ycuneHus Mexzay OKOHEYHbIM KackafioM W HWU3KOBOSLTHbIM
AL, a TakXKe BHYTPEHHME MacLLTabupyoLLne KO3 MULMEHTbI (/UK ApYrine KOHC-
TaHTbI) JOMHKHbI ObITb U3BECTHbI MPU PEANIbHBIX BLIYUCTEHUAX 3EKTPOIHEPTUN.

Ecnu Ha BbIX0Je OKOHEYHOr0 BbICOKOBOMLTHOIO NPeobpasoBaresnisi Mbl UMeeT

Vh (1) =Kvx v (t)

[1h (t) = Kix i1 (1)

12h (t) = Ki xi2 (1)

a Npu BHYTPEHHUX BbIYUCIIEHNAX NPOW3BOAUTCA MacLUTabupoBaHue ¢ Koag-
douupnentom Ks:

V(t) =Ks x v (1)

1 () =Ksxi1 (1)

12 (1) =Ks xi2 (1)

10 ecTb Vh (t) = Kv/ Ks x V(1)

[Th (1) =Ki/Ks x 11 (t)

12h (1) = Ki/Ks x 12 (t)

Torga notpe6nsemast MOLLHOCTb:

E =X Vh x Ah x tc, roe tc — nepuop BbI6OPKKM, @ Ah — HanbonbLLIWA 13 TOKOB |1h
unm 12h
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=X VA x Kv x Ki/ Ks2 x tc, rae A — HanbonbLumnin n3 TokoB 11 unn 12

=X Es/4 x Kv xKi/ (Ks2.1s), rue Es = 4VA u fs = 1/tc — yacToTa guckpeTusa-
uun

[MoTpebnsemyto 3/1eKTPOIHEPrM0 NMPUHATO 0TOBPaXaTb C TOYHOCTbIO A0 0.1-
KBT*y (Kunosarr-yac)

Torga Ed=E /(0.1 x 1000 x 3600) =X Es/ J, rge 6 = 0.1 x 1000 x 3600 x 4 x
Ks2 x fs / (Kv x Ki)

04eBnaHO, 4TO & — KOAdhhmLmeHT Nnpeobpa3oBaHns N3MepeHHON aHeprun Es =
4VA. Ecnn Kaxayto eanHnLy o NpeacTaBuTb B BUAE OLHOMO UMMYNbCA, TO BbIYUC-
NIEHHYK0 MOLLIHOCTb MOXHO 0TO6Pa31Tb Ha AMCMSIEe CYETYMKA UMMNYIIbCOB. VICnosb-
30BaHMe O B Ka4eCTBe Mopora CyLEeCTBEHHO YNpoLLaeT pa3paboTky UMMYNbCHOMo
reHepatopa. Ha pucyHke 9 npuBefeHa 610K — CXema nporpamMmmbl npeo6pas3oBarens
SHEPrus-umMnysbC.

Mocne Kax[oi BbIGOPKWU CUrHana npoUCXOAMT BbIYUCIIEHWUE MOTPE6NEeHHON
3Heprum Es = 4VA, 310 3Ha4eHMe J06ABMAETCA K BbIHUCIIEHHO paHee CyMMe, 1 ecin
OHa CTAHOBWTCS BbILLE MOPOra d, TO MPOUCXOAMUT BbIYMTAHWE U3 CYMMbl 3HAYEHMS
& 1 hopmuposaHne umnynbca. Mo aToMy UMNYNbCY MHANKATOP YBENMYMBAET CBOE
3HA4YEHNE Ha efuHNLY.

06bI4HO B Ka4eCTBE MHANKATOPA NPUMEHSETCS 3NEKTPOMEXAHNYECKNIA JUCKO-
Bblli CHeT4MK. OfHAKO OH MOXXET ObITb 3aMEHEH NPOrpaMmoii, 0TOOPKAKOLLEN 3Ha-
yeHne Ha XKW unn cBeTognoAHOM NHAMKATOPE.

wait for next
sample Ea= Egt 4A
Her
Ey> 87
Ja
Eqa=Ea-3

pulse count
give a single pulse display

Pune. 9. bnok-cxema nporpammbl ynpasnieHns YBeNUYNBaOLLIMMCS NHANKATOPOM
nOTPe6IeHHON 3HEPrum

bubnuoteka Komnana 401



U Texas .
INSTRUMENTS V. [Ipumepbi KOHKPETHBIX NPUMEHEHMI
Ecnu TpebyeTcs 60nee BbICOKas TOHHOCTb M3MEPEHNS, TO MOPOr & MOXKET BbITh

YMEHbLLIEH, YTO NPUBEAET K MOBbILUEHNO YACTOTbI CNeJ0BaHNS UMMYNbCOB NPY TOM
)K€ NOTPe6NeHNHN.

6. Kanubposka

X0Ts 60/bLUMHCTBO PE3NUCTOPOB, HOMMHAM KOTOPbIX BAMSET Ha KOIGULIMEHT
YCUNEHMS, UMEIOT BbICOKYHO TOYHOCTb, KanubpoBKa YCTPOICTBA BCE PaBHO AOIMKHA
ObITb MpOK3BeAeHa. HecMOTPS Ha TO, YTO KaHamnbl U3MEPEHUS HaNpsKEHUs 11 TOKa
pa3fieneHbl, KanbpoBKa A0MKHA NPOU3BOANUTLCA NPY MOMOLLA N3MEPUTENS MOLLL-
HOCTU. TaK KaK MMEeeTCs [1Ba KaHana U3mMepeHus Toka, TO MoJy4aeM HeTbipe TOUKN
KannobpoBKu. Takne onepauumn JOPOru 1 TpyAoeMKu. [103ToMy aBTOMATINHECKNIA Me-
TOZ KannMbpOoBKM NO3BONSET YNPOCTUTb YCTPONCTBO.

Npes metona kanmbpOBKM COCTOMT B U3MEPEHUN BPeMeHU (DOPMUPOBAHMS
3a/1aHHOT0 KONMIYECTBA MMY/bCOB 3TaNOHHbIM N3MEPUTENEM, MOAKMHOYEHHbIM Na-
pannenbHo. OTHOLLIEHE BPEMEH MO3BOMUT CKOPPEKTMPOBATb OLIMGKY U3MEPEHNS.
KoadhdmumeHTbl KOppekLmn MoryT 6bITh 3anucaHbl B EEPROM namsTb 1 ncnonb3o-
BaHb! NPW JanbHERLLNX BbIYUCTEHNSAX.

1. 3aKknoyeHue

B JaHHOM npumepe NPUMEHEHWs OMUCAHO MOCTPOEHME LELLEBOro 3M1eKTPo-
cYeT4MKa Ha 6a3e MuKpokoHTponnepa MSP430C11x. CyliecTBytoT 1 60/ee CroX-
Hble YCTPOWCTBA, HO OHU 60s1ee JOPOrk, TaK KakK He UMEtOT LELLeBbIX Bbl4ACUTENb-
HbIX MUKPOKOHTPOJIIEPOB 1 0AHO-rpagneHTHbIX ALIM. B faHHoM npumepe npumeHe-
HUA fewesblii ALM Ha 0CHOBE BCTPOEHHOrO TaMepa U MOLLHOE BbI4UCUTENIbHOE
AP0 MUKPOKOHTPOSIIEPA NO3BOMAOT CNPABUTLCA C 3aJa4€M CNOXHBIX BbIYUCTEHMIA.
MSP430C11X, npuMeHeHHbIN B ONCAHHOM 3M1EKTPOCHETHIKE, NO3BONSET 06ecne-
YUTb BbICOKO KOHKYPEHTHYHO LIEHY.

CebInKu:

1. Bureau of Indian Standards, AC Static Watthour Meters, Class 1 and 2
Specification, Reference number ET13 (1379)

2. MSP430 Family, Architecture Guide and Module Library User's Guide,
Literature Number SLAUE10B

3. MSP430 Family, Metering Application Report, Literature Number SLAAE10C

4. MSP430 Family, Software User’s Guide, Literature Number SLAUE11

5. MSP430 Family, Assembly Language Tools User’s Guide, Literature Number
SLAUE12
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Linchposoi TepmomeTp Ha 6a3e MSP430
Brian Merritt [slaa038.pdf (AHr.)]

B atom npumepe onucbiBaeTcs pa3paboTka UMG)POBOr0 TEPMOMETpPA C UG-
noNnb30BaHMEM BO3MOXHOCTEN Slope-aHanoroBo-UMdpoBoro npeobpasoBaHns
Ha 6a3e moayns Taimepa-nopta Timer Port MukpokoHTponnepoB MSP430x3xx. B
06LLEM NNaHe MOXHO paccMaTpuBaTh [jaHHYt0 pa3paboTKy Kak NpuMep NOAKIH-
YeHMs Pe3UCTUBHBIX JATYMKOB 1 OMOPHBIX PE3UCTOPOB K MOAYNI0 TaiMepa — nopTa
Timer Port.

1. BeepgeHue

B atom npumepe onucbiBaeTcs pa3paboTka LMGPOBOro TEPMOMETpPA C UG-
NnoNnb30BaHMEM BO3MOXHOCTEN Slope-aHanoroBo-UKUdpoBoro npeobpasoBaHNs
Ha 6a3e moayns Taimepa-nopta Timer Port MukpokoHTponnepoB MSP430x3xx. B
06LLIEM NNaHe MOXHO paccMaTpuBaTh [laHHYt0 pa3paboTKy Kak MpuMep NOAKIH0-
YeHMs PE3NCTUBHbIX ATYMKOB 11 OMOPHbIX PE3NCTOPOB K MOAYMH TaiMepa — nop-
Ta Timer Port. Takoi MOAynb BXOAUT B COCTaB BCEX MUKPOKOHTPONNEPOB Cepii
MSP430x3xx. Taiimep — MOPT MO3BONAET NOAKNHYATb HECKONTbKO PE3UCTUBHbIX
[aT4NKOB 1 OMOPHbIX PE3UCTOPOB, Kak U CAieNaHo B JaHHOM npubope. Heucnonb-
3yeMble BbIBOAbI MOAYNS MOrYT ObITb MCMONb30BaHbl B KA4ECTBE HE3ABUCUMbIX
BbIXO/]0B.

1.1. Kpatkoe onucanne MUKPOKOHTPOJINIEPOB CO CBEPXHN3KUM 3HEPIONOTPEGNEHN-
em cemerictea MSP430

MSP430 ato 16-pa3psgHblii MUKpoKoHTponnep ¢ RISC-apxutekTypoil, 06-
najavoLLnii LONONHUTENIbHbIMI DYHKLMAMN, 06/1er4atowmmm paspaboTky 1 opTo-
roOHanbHOW CTPYKTYPOR, 06ecneynBaroLLen SApPY NOBbILUEHHYH BbIYUCIUTENbHYIO
MOLLHOCTb Hapsily C BbICOKOW TMOKOCTbK) WCMONb30BaHMSA. AT 0COBEHHOCTM
no3BonAtoT MUkpokoHTposnepy MSP430 notpe6nsats Bcero 400 MKA B akTUBHOM
pexume B TUNOBOIA 3-BONLTOBOI cxeme. MSP430 noTpe6nseT T0bKO 2 MKA B CNsi-
LLIEM PEXUME W BbIXOAWT U3 HEr0 B MOMHOCTbI0 CUHXPOHU3MPOBAHHbIA aKTUBHbIN
pexum He 6onee, 4em 3a 6 Mkc. Mopcemeiictea cepun MSP430 BKntoYatoT pas-
NINYHbIE HABOPb! NepudepuitHbIX MOSyrel, NpeLcTaBnfa co60i BbICOKOUHTErpu-
POBaHHbIE CUCTEMbI. Ha puc.1 nokasaHa 650K-Anarpamma MUKPOKOHTPOMNEPOB
MSP430x32x.
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XIN  XOUT ~ XBUF Ve Vss  RST/NMI P0.0 PO.7
I_ cme cmme |loame come come come come smse ]
I OSCFiHElOF |- ACLK 8/16 kB ROM| [256/512 B Power-on- 8 Blt Timer/ 110 Port I
System Glock [ MCLK 16 K EPROM RAM Reset Serica?tnﬁ:w TXD; 8 \I/n?:h/xg:znn_
'C’: ROM :
I P OTP Support W 3 Int. Vectors [ I
00 PN ﬂ N PN I
MAB, 16 Bit MAB, 4 Bit I
CPU Test T i1 McB
16 Bit With [ a6 — m . >
16 Registers| MDB, 16 Bity_» 1 MDAB, 8 Bit L R
Bus
N | Conv | v
s II \Z II A4 II II II v I
ToK ADC  [|Watchdog Timer/Port [~ | Basic [~ | LCD

12+ 2Bit[—] timer Applications:[— Timer1 [~]84 Segments
6 Channels Slope ADC RTC 1-4 Mux

I currents.| | 1%/168it Timer, O/P Capability ™ Digital 0/P —T—l—

[ fLCD
L 6, 6,
A0-5_| SVec
R

TP.0-5
ext CIN F‘33F§23R1 3R03

Com 0-3
Seg 0-19
Seg 20

Pue. 1. Dazosas xapakrepuctuka CT

1.2. Onncaxne cxembl

Cxema coctouT u3 Tepmuctopa (Radio Shack #271-110), onopHoro pesucro-
pa conpotusneHnem 10kOm u kongeHcatopa 0.1 Mk®. [leTanu noaKN04a0TCs He-
nocpeacTBeHHo K MSP430, kak nokasaHo Ha puc.2. Ecnu TpebyeTcst BU3yanbHoe
0TO6paXKeHMe NHpopMaLK, TO MOXET 6bITb noaknoyeH XKKI. Mpubop ocyuect-
BNSET N3MepeHns nyTém 3apsfa KOHAeHcatopa [0 YPOBHS NMPUMEPHO PaBHOrO
VCC, nocneaytoLLero paspsia ero 4epes OrnopHbIi Pe3NcTop ¢ 0JHOBPEMEHHbIM
NOACYETOM BHYTPEHHUMX TakTOB [0 TOr0 MOMEHTa, noka Ha Bxofe CIN He nosBuTcs
nor. «0». [lanee KOHAEHCATOP CHOBA 3apsXXaeTcs A0 3HaveHus, 6nmskoro K VCC
W pa3psHKaeTcs Yepes TEPMUCTOP, NPU 3TOM TaKXXe MOACHUTHIBAKOTCA TAKTOBbIE
UMNyNbCbl. HeN3BeCTHOE COMNPOTMBIIEHME PE3UCTOPA BbIMUCANETCA KaK OTHOLLE-
HIe YnCna TaKToB NP paspsiae KOHLeHcaTopa TepMUCTOPOM K YMCAY TaKTOB Npu
paspsifie 4epes OMopHbIA PE3UCTOP 1 NOCNEAYOLLUM AOMHOXEHWEM Ha N3BECTHOE
3Ha4eHne COnpOTUBNEHNS OMOPHOro peaucTopa. MporpaMmma BbIYMCNSET CONpo-
TUBMEHNE TEPMIUCTOPA, NEPEBOANT 3TO 3HAYEHUE B TEMMEPATYPY, NepeBoanT eé B
rpagycbl GapeHreiTa n 0To6paxaeT 3HaveHune Ha XKKIW. HecmoTps Ha To, 4TO Te-
KyLLiee 3Ha4eHue oTobpaxkaeTcs HenpepbiBHO, MSP430 npoBOAUT OCHOBHYIO 4acTb
BPEMEHN B peXumMe MOHMKEeHHOro notpebneHns 3 (LPM3). 310 Bpemsi MOXeT
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ObITb MCMONb30BAHO NS NPOBEEHIUS AOMOMHUTENbHBIX N3MEPEHWIA, ANs CBA3N C
APYrAMIA YCTPOMCTBAMM UMW J1St OCYLLECTBIIEHUS BbIYMCTEHNIA.

-—, -, Nl
e
MSP430x3xx "- '
S0-20 21 i
GIN COMO0-3
TPA
to
TP.O
10 KOm

0.1 Mk® //WI\

Bce Tpu anemeHTa CXemMbl MOTYT ObITb NMOAKMHOYEHbI HEMOCPEACTBEHHO K 0TIa-
Lo4Hoi nnate Texas Instruments MSP430 starter kit (STK) unw evaluation kit (EVK).
OcTanbHble coeiHeHNs, B TOM 4ucne, Tpedyemble ans XKKI yxxe npucyTcTBytoT Ha
nnarax STK n EVK. TMpuBefeHHbIA npuMep Nporpammbl MOSIHOCTbIO NOMELLAETCs B
512 6ainT 03Y, umetoLLiencs B HaNM4umM Ha 0TNagoyHbIx nnatax STK n EVK, 6a3npyto-
LmMXcs Ha MukpokoHTponnepax MSP430x325. Mporpamma MOXeT 6bITb 3arpy»xeHa
B 03V yepes nocnefoBateNbHbIA NOPT KOMMbIOTEPA C MCMOMb30BAHNEM MEIOLLErO-
€S Ha nnarax uHTepdeiica.

Pue. 2. Cxema uMpoBoro TepmMomeTpa

2. Onucaunue paboTbl
®opmyna BpemMeHu paspsga KoHAeHcaTopa UMeeT CriefytoLnii Bus;

t=—RxCxIn£
cC

t=Nxtg o (N—=41CNO TAKTOBLIX UMNYNLCOB)

—R><C><Inh
cC

Nxt

clock —

><InE
CC

N=—-RxCxf

clock
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Inaga 9. Uundgppooii TepmomeTp Ha 6ase MSP430

3Hadenus G, fclock, n Vref/\Vcc n3BecTHbI. 3Ha4yeHMe Pe3UCTUBHOIO AaTyuka
MOrYT ObITb MONYYEHbI U3 CNEAYOLLel OpMyribl, C Y4ETOM TOrO, YTO COMPOTUBIIE-
HIe OMOPHOro PE3NCTopa 3TO U3BECTHAA U MOCTOAHHAS BENNYUHA:

v
f
N _Rsensor xCx fclock X lnvl
sensor _ cC
N V
o _Rref xCx fclock X |nVr7ef
cC
Nsensor — Rsensor . =R Nsensor
’ sensor ref
Nref Rref Nref
OkoHyartesibHas oopmyna ans CXembl Ha puc. 2 6yaeT UMeTb BUA;
N

sensor

R = 10 KOM—S150
N

ref

3. BoamoxHocTu Taimepa - nopta Timer Port

Mopynb Taiimepa — nopTa NoAAepXXnBaeT pasnnyHbie KOMOUHALMN PE3nC-
TUBHbIX [JaTYUKOB U OMOPHBIX PE3UCTOPOB. ECN TPEOYETCA NPOBEAEHNE HECKOMb-
KX Pas3ninyHbIX U3MEPEeHUIi B Npeaenax 04Horo AnanasoHa conpoTUBIEHIIA, MOX-
HO UCMOMb30BaTh TOMLKO OAMH OMOPHbIA Pe3ncTOp. B NPOTUBHOM Cry4ae, Ans
KaX/A0ro JaTinka HYXHO MCMOmb30BaTh CBOW OMOPHbIA pesnucTop. (CM. puc 3).

R
e — o
Rsense 0
q TPA
R 1
P P2
R MSP430x3xx
— 5 11ps3
R RECHARGE
TP.4
CIN
(=S Vss Ve
0B /< 0% l—o
AGND | |
EY:

Puc. 3. Npuvep npuMeHeHnst MOAyNns TailMepa-nopTa
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Bce Heucnonbayemble BbIBOLbI MOrYT ObITb UCMOMb30BAHbI B Ka4eCcTBe LUPo-
BbIX BbIX0A0B. Mogynb Timer Port Takxxe BKt04aeT B ce6s 2 8-6UTHbIX CHETYMKA
C BO3MOXXHOCTbO KackaaupoBaHus B 1 16-6UTHbIA CYETHMK. B criyyae, ecnu atu
CHETYMKM He NCMONb3YITCH TalMepoM — MOpTOM, OHWU MOTYT 6biTb MCMOMb30Ba-
Hbl ANna apyrux uenei. JononHUTENbHYIO MHKDOPMALIMIO MOXHO HainTu B Metering
Applications Report (dpaiin SLAAE10C) u Architecture Guide and Module Library
User’s Guide (cpaiin SLAUE10B).

4. 3aknoyeHue

Timer Port, npucytcteytownii B cemeinctee MSP430x3xx, npeacTtasnseT co6oim
BeCbMa YHUBEPCanbHbIA MoAYSb. G ero NoMOLLbK MOXHO U3MepPSTb NMOKa3aHUs pas-
HOOOPA3HbIX PE3NCTUBHBIX [ATYNKOB B KOMOUHALIMSX C OMOPHLIMMU PE3NCTOpaMu.
[letanun cxembl MOryT 6bITb HEMOCPELCTBEHHO MOAKIOYEHbI K Moaynto Timer Port,
dhopmupys, Takum 06pa3oM, NOSTHOLIEHHYIO U3MEPUTESTbHYIO CUCTEMY C MUHUMANb-
HbIM KONYECTBOM HaBECHbLIX 3/1eMeHTOB. COBMECTHO C MOAyNeM Taimepa-nopra,
16-paspsagHoe LMY ¢ ynsTpaHnskum notpe6neHnem 4eMOHCTPUPYET HeNpeB30aEH-
Hble xapaktepuctuku MIPS Ha BarT.

CebInKu:

1. MSP430 Family Architecture Guide and Module Library User's Guide,
SLAUE10B, Texas Instruments Incorporated, 1996
2. MSP430 Family Metering Applications Report, SLAAE10C, 1998

Mpunoxenue: JINCTUHI NporpaMmbl

ek hkhhhhhhhhkhkhhhkkhkhkhhhhhrhrhhhhhhhhhkhkhkhkkhkkhkhkhkhkkhkhkhkhkhkrrrhrrhhkx
’

;llporpamMa  UMQPOBOTO TepMOMeTpa
;******************************************************
; OTa nporpamMMa IEMOHCTPMPYET IIPMMEP MCIIOJIb30BaHMSI

; MOIyJisa TalMepa-NopTa IJjig M3MEPEeHMS BHAaUEHMM PesUCTUB—
; HEIX DATUMKOB. [IporpamMMma s3anyckaeTrcsa B 03Y OTJIamo4HOM
; maTel STK mim EVK gys MSP430. IlporpaMMy TakKXe MOXHO

; BanycTuThb M3 I[I3Y, Ijag 3TOrO OOJDKEH OBITh YCTAHOBJIEH

; 6ur “TOOL”, paBHEDI OByM. llpu 3arpys3ke mu3 I[I3Y Tabmmia
; BHaYEeHMM COIPOTMBJIIEHMS MOXET OHTb pacllMpeHa OJisd yBe-—
; JIMYEeHMS M3MEepSAeMOI'o TeMIIepaTypHOT'O IMalla3oHa.

; JacTu 2TOM NpOoTrpPaMMbl B3SATH M3 KHUIM «MSP430 METERING
; APPLICATIONS REPORT», arTop LUTZ BIERL, m 3 IOpuUMEpOB
; NporpaMM, HaOMCaHHBIX MapkoMm ByuumHu.

; TEMPDEMO Bepcmsa 1.1, 4/1998
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InaBa 9.

Uundgppooii TepmomeTp Ha 6ase MSP430

,-*‘k******k**k******‘k*‘k********************‘k**************

; Cucrewmuele onpemesieHusa miisa 320 STK/EVK
,-‘k**‘k'k***k'k***k*‘k*******‘k**‘k'k**‘k'k******‘k*‘k***************

TOOL .SET 0

STACK .EQU  003DEH
RAM ORIG .EQU 00200H
ROM ORIG .EQU 0C100H

JIF TOOL = 0
I VECTORS .EQU 003FFH

MAIN .EQU RAM ORIG+20H

BTLOAD .EQU 035H ;
.ELSEIF TOOL = 1

I VECTORS .EQU OFFFFH ;

MAIN .EQU  ROM ORIG ;

BTLOAD .EQU 011H ;
.ELSE

I VECTORS .EQU OFFFFH ;

MAIN .EQU  ROM ORIG ;

BTLOAD .EQU 035H H
.ENDIF

; 0 = STK/EVK 03Y
; 1 = CumynsaTop
; 2 = BcrpoeHHoe [I3Y

; YkaszaTesb cTeka
; HauasnbHBII azpec
; namaTtm 03Y
; HauamnbHBI azpec
; namaTtm [13Y

; BexTopa NpepuBaHMI

; B O3y

; CTapTOBEII ampec

; nporpaMMel B O3Y
lIpepuBanusa pas B 0,5 cek.

BexTopa npepeBaHum B [13Y
CTapTOBBI alpecC IPOIPaMMbl
B [I3Y

YJacTele OpepbBlBaHng

(He 1 cek)

BekToOpa npepeBaHui B I[13Y
CTapTOBEI ampecC MPOTPaMME
B [I3Y

lIpepuBanua pas3 B 0,5 cek.

;******************************************************

; Onpenenenusa ninsa Alll Ha 6aze momyna TIMER PORT
,-~)<~k*****************~k~k~k~k~k~k~k~k***************************

TPCTL .EQU 04BH ;
TPSSELO .EQU 040H ;
ENB .EQU 020H ;
ENA .EQU 010H ;

bubnuoteka Komnana

Perucrp ynpaBJieHMS MOOYJIEM
TIMER PORT (04BH)
VICTOUHMK TaKTVPOBAHNUA :

0=CMP,

1=ACLK (Bur 6 B TPCTL)
KouTposne curHana ENL

B TPCNTI1

1 (+ENA=1)=CMP (But 5 B
TPCTL)

Kourpose curHasa EN1

B TPCNT1

1 (+ENB=1)=CMP (But 4 B
TPCTL)
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EN1 .EQU 008H ; CurHas ENABLE B TPCNT1
; TOJIbBKO IJia uTeHus (Bur 3 B
; TPCTL)

RC2F .EQU 004H ; ®nar nepenojiHeHus TPCNT2
; (Bur 2 B TPCTL)

EN1FG .EQU 001H ; ®mar EN1 (Bur 0 B TPCTL)

TPIE .EQU 004H ; PaspemeHye NpepelBaHul OT
; TIMER PORT (Bur 3 B IE2)

TPCNT1 .EQU 04CH ; Mmamumin OamT CcuéTuurka

TPCNT2 .EQU 04DH ; Crapumi GamT CU&TUMKa

TP .EQU 04EH ; PermcTp mauneix TP (0-5 =

; Beixom TP, 6=CPON,7 = Bl6 =
; 2x8 Bur mym 1x16BuT cuér-—

; UMK)

B16 .EQU 080H ; Paspernbnele TamMeps (0) wmim
; omuH 16-0uTHenr (1)

CPO .EQU 040H ; Kommaparop Beiks (0)/Bxi (1)

TPDMAX .EQU 002H ; Tosuuusa 6ura BeIxOIa TPD.MAX
; (2=Burl=TPD.1)

TPE .EQU 04FH ; PermucTp paspeleHusa BHXOIOB

; (0-5 = Bute paspemeHus TPD
; 6-7=MCTOYHUK TaKTMPOBAHNI

; TPCNTZ2)
MSTACK .EQU 03D2H ; l-e cyoBO cTeka pesylibTaTa
PRESET .EQU OE8H ; Ilpenycranoska TPCNT2 s

; 3apdana C cué€T ocTaHaBIMBa-—

; eTCd OpM [NePeNOJIHEHUN

; TPCNT2, 3BHaueHMNEe PACCUMTAHO

; Ha IOCTOSHHYK BpeMeHu 6RC
,-******************************************************

; OnpenejyieHus yHpPaBJISOIMX PEeTUCTPOB
,-*‘k‘k**‘k‘k***‘k************‘k***‘k************‘k*******‘k*****

IEl .EQU 0H ; PerucrTp paspelleHMA OpepbBa—
; Humm 1
IE2 .EQU 01H ; PerucTp paspelleHMs IpepeBa—
; HUM 2
PO1IE .EQU 08H ; PaspelieHye npepelBaHUM OT
; PO.1 B IEL
BTIE .EQU 080H ; PaspelieHyre MpepblBaHUM OT
; BASIC TIMER B IE2
IFG1 .EQU 02H ; PermcTp dmaros npepeBanmy 1
IFG2 .EQU 03H ; PermucTp GaroB npepeBaHUM 2
LCDCTL  .EQU 030H ; Permcrp ynpasieHusa XKIU
LCDM1 .EQU 031H ; llepBas sguenka namsaTu XKU
BTCTL .EQU 040H ; Permcrp ynpasjeHus BASIC
; TIMER
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Inaga 9. Uundgppooii TepmomeTp Ha 6ase MSP430

BTCNT1 .EQU 0046H ; Cuéruyx 1 BASIC TIMER
BTCNT2 .EQU 0047H ; Cuéruyk 2 BASIC TIMER
WDTCTL  .EQU 0120H ; PermcTp ynpaienus WATCHDOG
WDTHOLD .EQU 080H ; Macka ocraHoea WATCHDOG
WDT KEY .EQU 05A00H ; Kmou pocryna xk WATCHDOG
WDT STOP .EQU 05A80H ; WATCHDOG mMacka + KJod
GIE .SET 8H ; Oflee paspelleHre IPEePBBaHUN
CPUOFF .SET 10H ; Bur pekinoueHua CPU
OSCOFF  .SET 20H ; BUT BHKJIOUEHMA I'eHepaTopa
SCGO .SET  40H ; KOHTpOJIb CUCTEMHOTO
; TakTupoBaHusa, 6uT0O
SCG1 .SET 80H ; KOHTpOJIBE CHMCTEMHOTO TaKTU-—
; pomBaHus, OuTl
LPMO .SET CPUOFF ; BuTel ycTaHOBKM pexyvMa LPMO
LpPM1 .SET SCGO+CPUOFF ; BuTE yCTaHOBKM pexrMa LPMI1
LPM2 .SET SCG1+CPUOFF ; BuWTE yCTaHOBKM pexrMa LPM2
LPM3 .SET SCG1+SCGO+CPUOFF ;BUTE yCTAHOBKM PEXMMA
; LPM3
LpM4 .SET OSCOFF+CPUOFF ; BUTH yCTaHOBKM pexmMa
; LbPM4

;******************************************************

H CJ'IY)KGGHI:IG PETMCTPR IIJIA BBIUMCJIEHMA COIPOTUBIIEHMA

; HJaTdlMKa
;******************************************************

MLTPLR HW .EQU R5
TEN K .EQU R6
BITTEST  .EQU R7

MRESLT HW .EQU R8
MRESLT LW .EQU R9
LPCNTR .EQU R10
RESULT .EQU R11
,-******************************************************
; Hauasio nporpammel
,-******************************************************

.SECT ”“MAIN”,MAIN
RESET MOV #STACK, SP ; VHMUMammM3auMsa yKasaTessa

; CcTeka

;******************************************************
; Konourypauus nepudepum
;******************************************************
SETUP
SETUPINT MOV.B #PO11IE, &IE1 ; Paspemmres PO.1/UART
; IJig MOHMTOpa RS232
MOV.B #BTIE+TPIE, &IE2 ;PaspeumTb IpepeBa-—
; Hug or B.TIMER, &
; TMR. PORT
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CLR.B &IFG1 ; OumcTuTh BCe QJarum
; TPEpPEBAHUNI
CLR.B &IFG2 ;
EINT ; PaspeummTb NpepeEBaHMA
SETUPWDT MOV #WDT STOP, &WDTCTL
; OcraHoBUTb WATCHDOG
; TIMER

SETUPLCD MOV.B #0FFH, &LCDCTL ; XK STK, BCe CeTMeH-—
; TeI, 4MUX

SETUPBT MOV.B #BTLOAD, &BTCTL ; 3arpysmuTh Tpebyemyio
; 4YacTOoTy IIPepBBaHMUI
; B BASIC TIMER

CLR.B &BTCNT1 ; OQuucTurh cuéTtumk BT 1
CLR.B &BTCNT2 ; OuucTuTh cuéTumk BT 2
CLEARLCD MOV #15,R6 ; OumcTuTh 15 gueek
; namaTtm XKU
CLEAR1 MOV.B #0,LCDM1-1 (R6) ; =ammcar Tyma «0»
DEC RO ; Bcsa nmamaTu XKU
; oumeHa?
JINZ CLEARL ; HeT, YuCTMM JaJible

;*****************************************************

Hauajyio OCHOBHOM MNPOI'PaMMBL
;*****************************************************
BEGIN BIS #LPM3, SR ; YcTaHoOBUTE SR-OMTH

; miia LPM3
,-*****************************************************
[lonnmporpaMMa M3MEPeHMsa C BalpellEHHBMM [TPEPEBAHMAMM .
TP.2-.5 He MCHOJIb3YITCSA [IO3TOMYy I[epenyCaHH.
JcnonbsyloTcsa Tojpko TPD.O & 1.
HauasbHasa mMHMLUMaIM3auusa: Ykasareyb crexa = 0,
Hauaso ¢ TPD.1
16-6uTHEDI TalMep, TakTupoBaHme oT MCLK, CIN paszpema-
erT Cuér
;*****************************************************
MEASURE PUSH.B #TPDMAX ; CoxXpaHuUTb B CTeKe

; IJId IOCJIelyomeIo

; MCIIOJIb30BaHUSA

CLR R8 ; Ykaszaresb OJg CTeKa
pe3yiabTarTa

MEASLOP MOV.B #(TPSSELO*3)+ENA &TPCTL

; TPCNT1 CLK=MCLK,

; EN1=1
;****‘k***‘k********************************************
KonpmeHcaTtop C 3apaxaeTcda Ha NPOTaxeHum t > 52.

JICTIONBE3YIOTCS BHXOIE N—1
;*****************‘k***‘k***‘k***************************
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MOV.B #B16+TPDMAX-1, &TPD ;omuH 16-0OUTHBIA

; Cu&Tumk,

; BBEIOOP BEIXOIOB 3apAla
MOV.B #TPDMAX-1, &TPE ; PaspeumTb BBIXOIEL

; 3apAana

MOV.B #PRESET, &TPCNT2; 3arpy3muTb BpeMs
; 3apAana

BIS #CPUOFF, SR ; PexuM MOHMXeHHOTIO
; HnorpebiieHus

MOV.B @SP, &TPE ; PaspeumTb TOJIBKO

; TeKyUM IaTuukK
CLR.B &TPCNT2

ek hkhhhhhhhhkkhkhhkhkhkhkhkhkhkhrrhkhhhhhhhhhkhhkhkkhkhkhkkhkkhkhkhkhkhkrrrhrhhhkkx
’

; 3BanpeTuTb BCEe MNPEepHBaHMA, YTOOH OOECHNEeUUTH HENPEPHB-—

; Hy paboTy TalMmepa UM paspsal KOHOeHCAaTopa
;*‘k*******‘k*******‘k************************‘k***‘k******

DINT ; 3BamnpeT NpepbBaHUM

CLR.B &TPCNT1 ; OUuMCTUTL MJIa UMM
; DbanT TanMepa

BIC.B @sp, &TPD ; IlepexkyoumnThs BCe

DaTumky B «0»
MOV.B #(TPSSELO*3)+ENA+ENB &TPCTL
; TPCNT1 CLK=MCLK,
; paspeunTh BxXOom CIN

ETINT ; PaspeumTrs npepeBa-
; Hug, obumy cTapT
BIS #CPUOFF, SR ; PexuM [OHMXEHHOT'O

; HnorpebieHus
,-*‘k***‘k************k********k***‘k‘k***********‘k***‘k***‘k**

; EN=0:3aBepmenre npeodpaszoBaHus: 2X8 OUT pes3ysbTaTa
; B MSTACK
; BKIIOUMTHL CJenOyoMi OaTuMK : eCjy OoJiblle HeT,
; 3aBeplleHre
;*****************************************************
MOV.B &TPCNT1,MSTACK (R8)
; COXpaHWuUTL pes3yJibTaT B CTEKe
MOV.B &TPCNT2, MSTACK+1 (R8)
; COXpaHWuUTL CcTapumii GanT pes3yiibTaTa

L$301 INCD R8 ; VHKpeMeHT ampeca
RRA.B @sp ; Crnenytommii Beixonm TPD.X
JNC MEASLOP ; Ecom C=1 - =zaBepue-
; Hue
INCD Sp ; Ybpars crapumy TPD

; M3 CTeKa
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,-*‘k******k**k*******k*k‘k**********k**k********‘k***‘k***‘k***‘k*

; BrlumMCIIeHMEe CONPOTHMBIIEHMS HOaTdMKa
,-*****************************************************
; INommporpaMma Oe33HAKOBOTO yMHOXeHMsa: MSTACK X TEN K?
; MRESLT_ HW/MRESLT_LW

; VcnombsoBanel perucTpul MSTACK, TEN K, MLTPLR HW,

; MRESLT LW, MRESLT HW, BITTEST

; lonmnporpamMma 6e33HAKOBOT'O YMHOXEHMS C HaKOIIJIEHMEM:

; (MSTACK X TEN K) + MRESLT HW|MRESLT LW —

; MRESLT HW|MRESLT LW

,-****‘k**;*********;***********************************

CALC_RES

MOV #10000,TEN_K ; Barpysmrs 10,000
; mecarnyHoe B TEN K
MPYU CLR MRESLT LW ; 0? LSBS pesyinbTaTa
CLR MRESLT HW ; 0? MSBS pesysbTara
MACU CLR MLTPLR HW ; 0? MSBS MHOXMUTEJIS
MOV #1,BITTEST ; PermucTp NpoBEepKM OUT
L$002 BIT BITTEST,MSTACK ; IIpOBEPUTH TEeKyLMA
; ouT
JZ Ls01 ; Ecim «0» HMuero He
; IejaTb
ADD TENiK,MRESLTiLW ; Ecim «1» moBaBuUTb
; MHOXMUTEJIb K pe3yJib-—
; Tary
ADDC MLTPLR HW,MRESLT HW
LS01 RLA TEN K ; MuHOxmTesip X 2
RLC MLTPLR HW ;
RLA BITTEST ; [poBEepPUTL CJIemy UM
; ouT
JNC L$002 ; Ecym 6uT B CARRY:

; 3aBepumTb
,-*‘k**k**k**k******************‘k****k**********************

; HomnporpaMma Oe33HAaKOBOI'O HejleHusa 32-0uTa Ha 16-0uT
; VcnompsoBanel perncTper (MSTACK+2), MRESLT LW, RESULT,
; LPCNTR, MRESLT HW MRESLT HW MRESLT_LW/(MSTACK+2)?

; RESULT Ocraroxk B MRESLT HW

; IMo BeIXOmy: CARRY = 0: OK CARRY = 1: YacTHOe > 16 Bur

;*****************************************************

DIVIDE CLR RESULT ; OumcTturnr RESULT
MOV #17, LPCNTR ; VHMLIManmaumsa
; CUéTumMkKa
DIV1 CMP MSTACK+2,MRESLT HW
JLO DIV2
SUB MSTACK+2,MRESLT HW
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DIV2 RLC
Jc
DEC
Jz
RLA
RLC
JNC
SUB
SETC
JMP

DIV3 CLRC

RESULT

RES 2 F ; Oumbka: RESULT>16 But
LPCNTR ; IeKpeMeHT CU&TuuKa
DIV3 ; 0: BpXOm 6e3 oumbKU
MRESLT LW

MRESLT HW

DIV1

MSTACK+2,MRESLT HW

DIV2
; Ommbxu HeT, C = 0

,-****‘k***k‘k***k*k*k**k*k*k*******‘k‘k**k'k*k**********************

H HepeBon COIIPOTUMBIIEHMA IOaTdlMKa B I'balyChl @apeHreﬁTa

; IOJIA OTOOpaxeHMsa

,-*****************************************************

RES 2 F
CLR

MOV

JMP

CHECK_R INCD

DADD

FIRST CMP CMP

JNC

R12 ; YkaszaTejlb Ha 3Haue-—
; Hue B Tabiuue R
#064H,R13 ; IloMecTuTs MMH.

; TeMmrl.—-1 B TeMIl. MH-—
; IVKaTOp

FIRST CMP ; Ilpy nepBOM CpPaBHEHUN
; 1 He HmoOaBIATH
R12 ; VIHKpEMEeHT ykas3aTessd

; Ha 3HadeHMe B Tabau-
; 1le COIPOTUBJIIEHUMN
#1,R13 ; JeCATHYHBM MHKPEMEHT
; CUETUMKa
RESIS TAB(R12),RESULT
; CpaBHMTBH TabimMuHOe
; BHaAUEeHWUE C BBUMUCIIEH-—
; HBIM COIIPOTMUBJIEHMEM
CHECK_R ; llepexonm, ecim R mar-
; umka < TabJIMUYHOTO
; BHauyeHMA IO anpecy
; ykaszarens

ek hkhhhhhhhhkkhkhhkhkhkhkhkhhAhhrhrhkhhhhhhhhkhkhkhkkhkhkhkkhkkhkhkhkhAhkrrrrhhhhkx
’

; OroBpasmTh “F” u 3HaK «°» Ha XKU
,-*****************************************************

DISPLAY MOV.B

MOV.B

bubnuoteka Komnana

#A+E+F+G, LCDM1+1 ; ”“F” ? moucnien-
; Hasa namarb XK
#A+B+F+G, LCDM1+2 ; ”°” (3Hak Tpaly-—
; ca)? IucrjierHas ra-
; MaTe XK
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Texas
INSTRUMENTS

’
’
’

’

’
’

’
’

’

’

LR R e e e e I e e e e S S e I e e I I e I S I i Y

OTobpa3uTh 3HaueHMe, xXpaHdAumeecda B R13 B dopmarTe BCD
Ha XKU

Ak hkhkhkhkhkhkh kA h kA AAAA A A A A Ak hkhkhkhkhkhkhk kA hhkhk kA A A A A A A A Ak hk

MOV R13,R12 ; KommpoBaTb umMciio

; B Bume BCD B R12
MOV #LCDM1+4,R14 ; Mmammas umbpa

; B namatu XKM? R14
BIC #0FFFOH,R13 ; IloracuTb BC&, KpoMe

; Milammer LQpE
MOV.B LCD TAB(R13),0(R14)

; OTnpaBKThE MIIAOUIYIO

; umbpy B XKKIU

MOV R12,R13 ; BoccTaHOBUTH
; BHaueHue B R13
RRA R13 ; 4 cnoBura
RRA R13
RRA R13
RRA R13
BIC #0FFFOH,R13 ; IloracuTb BC&, KpoMme

; MIlammuey UMOpeL
MOV.B LCD TAB(R13),1(R14)
; OTnpaBUThL CTapWyo
; umubpy B XKKU
JMP BEGIN ; llepexon xk Haudaly
; IPOI'PaMMBL
R R R I S 2 b i I i S b b S b b S b b e I b S I b S b b S S b e S b e S b e S b I S b i S 3 e
[loonporpaMma oBpa®oTKM NPEepEBaHUM 0az30BOTO TarMepa
BASIC TIMER:
HIIY mo BO3BpalleHMM OCTa&TCA B aKTMBHOM PEeXrMe
Braronaps O4YMCTKe OUTOB

LPM3 B CTaATyCHOM permcTrpe SR B CTeke.
LR i I S I e S I S S S S e S I e S S I S S S S I S S 4

BTINT BIC #1LPM3, 0 (SP) ; OumcTuTres B SR OMUTE

’
’
’
’
’

’

; LPM3, BBepxy cCTeka
RETI
Ahkhkhkhhkhkhkh kA A kA AAAA A A A Ak A Ak bk hkhkhkhkhkhkhkhkhkhkhk Ak A A A A A A A Ak kK
[lonomporpaMMa oOpabOoTKM MPEepHBaHMM TakMepa — [IopTa
TIMER PORT:
UIlY npm Bo3ppaleHumM 1o RETI ocTaé€rcsa B aKTMBHOM

pexnme
* %k ko ko kK sk ok sk ok sk ke sk ok ok ok ok sk ok sk ke sk ok ok ok ok sk K ok ke sk ok ok ke ok ok ok ke k ke ke sk ok ok ok ok ok ok ok

TPINT CLR.Db &TPCTL ; OumcTuTh daaru

; npepeBaHu TP, ocTa-
; HOBUTH CUET
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BIC #LPM3, 0 (SP) ; OumcTuTh B SR OUTH
; LPM3, BBepxy cCTeka
RETI

PR R b i e I S e S S I e S I e I S b b S I b S S b S S I b b S I b b S S b b S
’

; XK monmysis STK

,-****************************************************

LCD TYPE

A .EQU 01H

B .EQU 02H

C .EQU 10H

D .EQU 04H

E .EQU 80H

F .EQU 20H

G .EQU 08H

H .EQU 40H

LCD TAB .BYTE A+B+C+D+E+F ; OroGpaxaer “0”
.BYTE B+C ; Orobpaxaetr ”1”
.BYTE A+B+D+E+G ; Orobpaxaetr ”2”
.BYTE A+B+C+D+G ; Orobpaxaer 3"
.BYTE B+C+F+G ; Orobpaxaetr 4"
.BYTE A+C+D+F+G ; OTobpaxaeT ”5”
.BYTE A+C+D+E+EF+G ; Orobpaxaet 6"
.BYTE A+B+C ; Orobpaxaetr 7"
.BYTE A+B+C+D+E+F+G ; Orobpaxaet 8"
.BYTE A+B+C+D+F+G ; Orobpaxaet 9"

;*****************************************************

; Tabmua conpoTweiieHwn 65-99 °F. 3nauenua = KOMEL

; X1000 - B 3 meumMaJibHBIX LUMOPEHL
,-*************k**k**************************************

.EVEN ; BrlpaBHUMBaHME
; TI0 4YETHOMY alpecy
RESIS TAB .WORD 12953 ; 65 F

.WORD 12666
.WORD 12378
.WORD 12090
.WORD 11858
.WORD 11626 ; 70 F
.WORD 11393
.WORD 11161
.WORD 10929
.WORD 10697
.WORD 10464 ; 75 F
.WORD 10232
.WORD 10000
.WORD 9813
.WORD 9625
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.WORD
.WORD
.WORD
.WORD
.WORD
.WORD
.WORD
.WORD
.WORD
.WORD
.WORD
.WORD
.WORD
.WORD
.WORD
.WORD
.WORD
.WORD
.WORD
.WORD

9438
9250
9063
8875
8688
8500
8313
8161
8008
7856
7703
7551
7398
7246
7093
6941
6817
6694
6570
6446

’

’

80 F

85 F

90 F

95 F

99 F

,-*****************************************************

; BekxTopa NpepEBaHMU
,-**~k*************~k~k~k**********************************

418

.EVEN

.SECT
.WORD
.WORD
.WORD
.WORD
.WORD
.WORD
.WORD
.WORD
.WORD
.WORD
.WORD

.WORD
.WORD
.WORD
.WORD
.WORD

.END

; BHIpaBHMBaHME [0 YETHOMY

; ampecy
“INT VECT”,I VECTORS-31
; PORTO, Buter 2...7

RESET
BTINT
RESET
RESET
RESET
TPINT
RESET
RESET
RESET
RESET
RESET

RESET
RESET
RESET
RESET
RESET

; BASIC TIMER
; HeT mcTOUHMKa

HeT mcTouHMKAa
HeT mcTouHMKAa
TIMER PORT

HeT mcToOuHMKAa
HeT mcTOUHMKAa
HeT mcTOUHMKA
HeT mcTOUHMKA
WATCHDOG/TIMER,
PexuM TamMepa
HeT mcToOuHMKA
UART

PO.0O

NMI, C6om TeHepaTopa
POR, Brew. Reset,
WATCHDOG
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masa 10.

FSK mogynayna n gemogynaynsa

C MCNOJb30BaHWEM MHUKPOKOHTPOMNEPA
MSP430
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FSK mopynauua u gemogynauums ¢ Uucnosb30BaHUem
MUKpokoHTponnepa MSP430

[s1aa037 .paf (AHrn.)]

B 9TOM npumepe NpUMeHeHUs ONMCLIBAETCA NPOrpamma, No3BONALLAA MUK-
pokoHTponnepy MSP430 BbinonHATb hyHKUMK npuemonepefatynka FSK mopema
cTaHgapta V.23. 3aecb MCMnonb3yeTcs (UbTP C HOBOM apXWUTEKTYPOW, NO3BONSIO-
LLMIA BbINOMHATL (hyHKLMK DSP npu nomoLu 06bI4HOr0 MUKpONpOLLEccopa, cnocoo-
HOrO TOMbKO CABUraTh 1 CyMMUPOBATL AAHHBIE.

1. BBepenue

MHorne n3mepuTesnibHbIe YCTPONCTBA (HanpyUMep, ANeKTPOCHETHUKN 1 CHETHN-
KW rasa) JOKHbl UMETb BOSMOXXHOCTb YCTAHOBKW CBA3M C LEHTPaNIbHON CTaHLMen
Lns nepefayn pesyrnbTaToB U3MepeHus 1 nosy4eHns HoBbIX TapudoB. Takas CBA3b
MOXXET ObITb JIErKO YCTaHOBJIEHA N0 TeNedhOHHON NIUHUN.

Mepepada AaHHbIX NPU NOMOLLM CUTHAMA C 4acTOTHON MaHunynsauneid (FSK) n
[BYXTOHaNbHOro MHoroyactotHoro (DTMF) curHana — fga Hauboree nonynsapHbIX
METO/a NPeCTaBeHNs LBOUYHBIX JAHHBIX 1 Nepefadin no TeneOHHbIM NUHUAM.
B maHHOM npumepe NpuMeHeHus onucsiBaeTcs nporpamMma V.23-cosmectumoro FSK
npueMonepesaryuKa.

VHTerpauus B 0LZHOM Hune U3MEPUTENbHBIX U KOMMYHUKALMOHHBIX (OYHKLMA
BEZET C YBEIMYEHUO CTOUMOCTI 1 NOTPe6sieHnto. icnonb3ys BbICOKOCKOPOCTHOM
HU3KONOTPEONAOLLMIA MUKPOKOHTPONNep MSP430, BO3MOXHO M3rOTOBUTL MOEM,
NUTAIOLLMIACA OT TeNed)OHHOI NUHUN.

B paHHoM npumepe NpUMEHEHWs NpuUBeAeHbl mMatematuyeckue hopmyrbl
Ons nepegayn 1 getektupoBaHus FSK curnanos. K nucTuHry ynpasnstoLien npo-
rpaMmbl NPUMOXEHbI TUMOBbIE CXeMbl TeNed)OHHOr0 MHTepdenca n [eLesoro
aHanoro-umposoro npeodbpasosarens. [JaHHble CXeMbl SBIAIOTCA TUMOBLIMU 1
LN UCMOMb30BAHUSA UX B HEKOTOPbIX CTaHaX HE06XOAMMO NPOBECTU COOTBETCTBY-
toLne LopaboTKu.

2. Teopusa aemoaynauuu

Oemogynauma FSK curdana o6ecneyqnBaeTcs KBafpatypHbIM LEMOLYIATOPOM.
B atom gemoaynatope Npou3BOAUTCS NEPEMHOXEHME NPUHATOrO M 3a[epXKaHHOro
CUTHana ¢ nocneaytoLen HU3KOYACTOTHOM (OUNbTpaLIMei peaynbrata nepeMHOXe-
HUA. Ecnn Bpems 3aziepxku T yCTaHOBUTL B COOTBETCTBUM C BbIpaxxeHuem Wearrier x
T=?/2, 70 Ha BbIX0OZe (hUbTPA HUXKHUX 4acTOT BYAET NPUCYTCTBOBATH CUrHAN, NPo-
NOPLMOHANbHBIA OTKIOHEHUIO YaCTOTbl, KOTOPbIA W ABAAETCA MHGOPMALMOHHBIM.
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Ecnn w = Wearrier + Wdelta u T x Wcarrier = pi/2, rae w = 2 x pi x f (kpyroas
4acToTa), TO NPOLECC EMOAYNALUN MOXKHO OMCATH C MOMOLLBIO CeaytoLLero Ma-
TEMaTN4YeCKOr0 BbIPKEHUS:

cos| wt Jx cos[ w(t — T) ]=coswT + cos(2wt — wT) — ®HY — coswT
coswT = sin[ +Wdelta |=+ sin[ Wdelta ]

2.1. Bbi6op 4yacToTbl AUCKPETUIALUN

[na ynpoLueHns hopMUpoBaHnUS 3aJepKKn 4acToTa AUCKPeTM3aLmum Boibrupa-
eTcs pasHon Fearrier x 4. [ina ctangapta V.23 yactora Hecywen F=1700 'y, noaTo-
My 4acToTa AuUcKpetusauny fomkHa 6bimb 6800 . Mpu ucnons3osanun 32768 Iy
KBapLieBOro pe3oHatopa 06ecne4nBaeTcs 4acTora aguckpetusaumm 6793.3 'y, koTo-
pas otnuyaetcs ot Tpebyemoit Ha 0.1 %. YacToTa auckpetusauum safaercs 8- 6uT-
HbIM VHTEPBANTbHLIM TalMepPoOM. Tak Kak TaiiMep UMEET KO3(PMULMEHT Nepecyera,
paBHbIil 256, TO NPepbiBaHIe YCTaHABNNBAEGTCA ABaX/bl 3a OfHU NEpU0] ANCKPETU-
3auuu, Npu 3TOM BbIGOPKA OCYLLECTBNSETCSA OAUH pa3 3a [iBa nepuoja.

2.2. YnpaBneHne OKOHEYHbIMM YCTPOHCTBAMHU

BOMbLUNHCTBO aHaNoro-UMdgpoBbIX Npeo6pasoBatesieil, BKNOYAA aHanoro-
uncposoit Npeobpasosatenb MOCIELOBATENbHOMO MPUONKEHNS MUKPOMPOLLEC-
copa MSP430C325, HyxzaaeTcs B 066CNeYeHNUN CMELLEHNS N0 NOCTOSAHHOMY TOKY;
911 AL BbIZAOT pesynbrar NpeobpasoBaHus B BUJE CMELLEHHOr0 NONOXMUTENbHOTO
Lieno4ucneHHoro Ynucna. Mpexnae, 4em Bbl6paHHbIn curHan 6yaer obpaboTaH garnee
Heo6X04MMO NoLaTh ero Ha (MnbTP, NOAABNSIOLLNNA MOCTOAHHYIO COCTABMSIOLLYIO,
YTO NPMBEET K NPe06pa3oBaHnio KOAA B LIENOYMCIIEHHOE 3HAYEHME CO 3HAKOM. ATOT
Xe dounibTp obecrneynBaeT nogasneHue nopsaka 30 b curHana 0CHOBHOM YacTOThl.

2.3. lemogynayna FSK

[puHATLIE NPAMOIA U 3afepXKaHHble CUrHanbl HEOOXOAUMO MEPEMHOXMUTb; B
HaLleM crny4ae 1 3TOro NpUMEHSIETCA MyNbTUNNULMPYOLWIMA 878 KOMbLEBOW pe-
TUCTP CO 3HAKOM.

Lleno4ka, COCTaBNEHHOE [BYX 4aCTOTHO-3aBUCUMbIX 3/1IEMEHTOB, SBISAETCH
(puUnLTPOM HUSKKX 4ACTOT, NPEAHA3HAYEHHBIM 151 NOLABIIEHIS CUTHANA YABOEHHOM
4acToTbl. Ha BbIX0OLe 3TOr0 YCTPOMCTBA MPUCYTCTBYET LIENOYUCIIEHHOE 3HA4YEHNE CO
3HAKOM, NPeSCTaBNsAIOLLee COO0i 3Ha4EHIE NOSy4eHHOro buTa.

OULTP HMKHNAX YACTOT UCTOSb3YET TEXHONOMMIO LM(OPOBON PunbTpaLun Ko-
nebaHuii. Ita TeXHONOrUs 06eCNeYnBaET YCTONYMBbIE XapPAKTEPUCTUKM C 04EHb XO-
pOLLEl TOYHOCTBI0. BCe nepeMHOXEHUA BbIMOMHSAKTCA NPY MOMOLLYM Onepawuii co-
XKEHWA 1 CABUra Mpu HEKOTOPbIX OKPYrTeHNaX. [TOCKOMbKY (MnbTP UMEET BbICOKYHO
TOYHOCTb KO3Ch(hULIMEHTA nepesiadn, TO 3TO OKPYINEHNe He BIIMAET Ha napameTpbl
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thunsTpa. Gunbtp batTepsopTa, MCMOMb3YeMbli B JAHHOM Cny4ae, AaeT Koadduum-

eHT ocrabneHns npubnusuTensHo 40 ab B nosoce 3atyxaHns U HepaBHOMEPHOCTb
A4X B nonoce nponyckanus nopsaka 1 ab.

2.4. CunxpoHn3aymns 6uta

[ns 06paboTKM BXOLHOr0 NOTOKA [JaHHbIX 3HAYEHNUS 1eMOAYIMPOBAHHBIX OU-
TOB [O/DKHO ObITb ONPeeneHo N CUHXPOHU3MPOBAHO. 3Ta TEXHONOTUS TaKXe 13-
BECTHA NOJ Ha3BaHNEM BblAeSIeHNs BUTOB U BOCCTAHOBNEHUS CUHXPOUMIYNbCOB.
Tak kak yactoTa aguckpetusauuu (6800 ly) He KpaTHa CKOPOCTW MOTOKA [aHHbIX
(1200 6uT/c), TO HEO6XOAMMbI AOMOSTHUTESIbHbIE LArK 1 00beJUHEHUs 3TUX [BYX
CKOPOCTelA. 3T0 peani30BaHO Npu NOMOLLY CYMMUPYIOLLE-BbIYUTAIOLLEr0 CHETYU-
Ka C MOoCNefoBaTesIbHOCTbIO NpeABapuUTeNibHO 3arpy>KeHHbIX 3HadeHuin (5,6,5).
Kaxzble 17 0TCYeTOB YacTOTa AUCKPETU3ALMN U CKOPOCTb NMOTOKA BOCCTaHABMN-
BAKOT CUHXPOHM3aLMI0. CUHXPOHU3ALNA BUTA UMW PereHepalns CUHXPOUMMNYSbCOB
BbIMOMHAKTCA 3a CYET OTCMEXMBAHUA U3MEHEHNS 3Ha4YeHus 6uta. locne 3Toro
MHopMaLns 06 OnepeXxxeHnn Uni 3anasabiBaHun 06pabatbiBaeTCcs, U CyMMUPYIO-
LLie-BbIYUTAOLLNIA CHETYMK KOPPEKTUPYET CBOE 3Ha4YeHme. [13-3a pasHoCTH Mexay
4acTOTOM BbIOOPKU 11 CKOPOCTHIO MOTOKA [AHHbIX BbI6OP 6UTA AaHHbIX HUKOTAA He
OCYLLLECTBIAETCSA TOYHO B CEpeanHe Neprofa noToKa JaHHbIX, @ UMEET OTKNOHeHe
0T -5 % 10 +13%. SKCnepuMeHTaNbHO J0Ka3aHo, YTO 3TO HE 0Ka3bIBAET BIIUSHIE
Ha TOYHOCTb PabOThl CUCTEMBI.

3. Teopuu moaynauuu

Mpu FSK Moaynsiummn ocyLLeCTBSAETCS OTKIIOHEHe HECYLLei YacTOTbl Ha Benu-
Y1HY, PaBHYIO [IeBUALAK YACTOTbI, MPYU 3TOM 3HAK U3MEHEHUS 4aCTOTbl 3aBUCUT OT
3HAYeHNs NepefaBaemoro MHGopmaLMoHHoro 6uta. B cranaapte V.23 uHdopma-
LIMOHHBIN HOMb MepeaaeTcs OTKNOHeHWeM 4acToThbl Ha 400 My, a nHopmaLlnoHHas
e[NHNLA — OTKJIOHeHuem Ha -400 .

FSK curHan = Amnnutypa x cos [t x 2 x pi x (Fcarrier + Fdelta)]

CrHyconaanbHbIi CUrHAN reHepupyeTcs B COOTBETCTBUN C TaONLIEN 3HAYEHNIA,
KOTOpas COAePXNT 3Ha4eHMs KocuHyca B npeaenax ot 0 4o 2 X pi paauaH. MapameTp,
Ha3biBaeMbli PHASER cOOTBETCTBYET CNeaytoLLmM YrioBbiM 3Ha4eHusm: 0 = 0 rpa-
nycos, 8000h = 180 rpapycos, 10000h = 360 rpaaycos. [ocne KaXaon BbIGOPKY
9TOT Yron nepemMeLLaeTcs K CneaytoLiemy 3Ha4eHNo B COOTBETCTBUM C BEMNYMHON
16 6utHOro napamerpa DELTA, koTopblit onpefensieT 4acToTy curHana (Haubornb-
Lwee 3Ha4eHne DELTA cooTBeTCTBYET HauBbICLLEN YacTOTe). YacToTHAs MOaynaums
OCYLLIECTBIAETCA 3a CYET M3MEHeHUs BennyuHbl napametpa DELTA, koTopoe onpe-
JenseTcs no opmyne:
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DELTA = Fdesired / Fsampling x 65536.

lpenmMyLLeCTBO 3TOr0 METOLA N0 CPaBHEHWIO C METOAOM LiPOBOro aBTore-
HepaTopa COCTOMT B TOM, YTO 3TOT METOZ COXPaHseT ha30B0oe COOTHOLLIEHUE, AaXxe
KOrfa 4acTtoTa U3MeHSIeTCs OT BbIGOPKU K BbIOOPKE.

3.1. Bbi6op 4acToTbl UCKPETUIALUN

8-OUTHbII MHTEpPBaNbHbIA Talmep YCTaHABNMBAET HaCTOTY AWUCKPETU3aLum
19200 BbIGOPOK/CEK. 3Ta CKOPOCTb KpaTHa TpebyeMoi CKOPOCTM MOTOKA LaHHbIX
1200 60f. Takxe, 9T0 NO3BONAET YNPOCTUTb NOCTPOEHUE YCTPONCTBA BbIOOPKU-XPa-
HeHua (YBX) ALIM.

3.2. NocTpoexne Tabnlbl 3Ha4YeHHA

H1006bI COXPaHATL 06beM NamsaTy M3Y B TabnuLe 3aK0ANPOBAH TONTbKO NepBbIN
KBagpaHT B chopmare Q7 (ot 0 o 127). 370 cenaHo nyTem AefieHns nepeoro Keag-
paHTa (90 rpazycos) Ha 128 uHTepBasoB ¢ warom npubnuautensbHo 0.7 rpagyca.
BoccraHoBneHne 3Ha4eHU Tpex ApYrux KBafpaHTOB BbINOSHAETCA NyTeM JONOSHU-
TeSIbHbIX BbIYUCTIEHNIA.

3.3. FSK mogynsauyns

MapameTp PHASER n3mensietcs Ha BenuyuHy DELTA npu Kaxaom npepbiBaHuu.
Mepsble 9 6uToB Napametpa PHASER ncnonb3ytotcs, Ans BOCCTAHOBMEHUS 3HAYe-
HUA KOCUHYCA. Tak Kak (DyHKLMS KOCUHYCA SBNAETCH CUMMETPUYHON, TO 3HA4YEHNS
€€ B TPETbEM 1 HETBEPTOM KBAZIpaHTAX TakuWe Xe, KaK 1 BO BTOPOM 1 NepBOM KBaj-
PaHTax, a 3Ha4UT TaKXKe UCMOJb3YHTCA TOMIbKO a6CONIOTHAA BENMYMHA, 3ajaBaemas
nepsbiMn 9 6utamn napametpa PHASER.

3arem, BCIO 3Ha4eHWs BTOPOr0 KBaZpaHTa BbIYMCIAKOTCA U3 3HAYEHMIA NEPBOro
KBafpaHTa, CoAepxallnecs B TabnuLe.

8 GUTHbIN pe3ynbTar 3awenkueaetcs B nopty P0.OUT.

Kaxnple 16 npepbiBanui, napametp DELTA 06HOBNSETCS B COOTBETCTBUM C Be-
JINYMHOM YACTOTbI CrIefyHOLLEro Nochliaemoro 6ura.

4. Npeo6pa3oBaHue AaHHbIX

B 5TOM pasfene OnuChIBAIOTCA HEOOXOAMMbIE aHANOro-LMMpPoBoe 1 LMdpo-
aHanoroBoe npeobpasoBaHist AaHHbIX.

4.1. AHanoro-ynghpoBoe npeobpa3oBaHne

Hanbornee npoctoit cnocob oundpoBki BxoasLiero FSK curHana cocrtout B
TOM, 4YTO6bI UCMO/b30BATh 12 GUTHBLIN PEXMM BCTPOEHHOro 14 GUTHOrO aHanoro-
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undpposoro npeobpasosatens MUKpOKoHTponnepa MSP430C325. OpHako, ans
06€ecneyeHns O1MHaMNYecKoro amanasoHa, Heo6XoAMMOro Ans LeMoaynauum npu-
HaToro FSK curHana 12 6utHbIA NpeobpasoBatenb He HyXXeH. Pesynbratbl ncecne-
[0BaHMIA MOKA3bIBAIOT, YTO A/A 06pabOTKM BMOJHE JOCTATO4HO 8 6UTHOrO Npeo6-
pa3oBaHus 1 NPorpamMmmMHo peannaoBaHHoil cuctembl APY. lMpu aTom o6ecneynsa-
eTCS AMHAMNYecKniA guanasoH 25 ab. Mpu ncnonb3oBaHWUK BHELLHER cucTembl APY
ONHAMUYECKUA A1ana3oH MOXET ObITb paclumpeH. Tak Kak CyLLecTBYeT 60JibLUoe
KONMYeCTBO AELLUEBbIX PeLUeHNiA NocTpoeHns 8 6utHbIx ALLM, TO nmeeTcs BO3MOX-
HOCTb MPUMEHSTb BCE MMKPOKOHTPOM/epsl cemeinctBa MSP430. B npuknagHoit
nporpamMmme OMWUCLIBAEMOro npumMepa npumeHeHns ucnonb3yercs ALM Ha ocHose
YHUBEPCAbHOIO TaMepa W BHELLHEro komnaparopa. 310 N03BOJISET UCMONb30BaTh
JaHHYI0 NPUKNAAHYI0 NPOrpaMmy B YCTPOMCTBAX HA OCHOBE BCEX MUKPOKOHTPONe-
POB [1aHHOI0 CEMeNcCTBa.

4.2. nchpo-ananorosoe npeobpasoBaxne

[ns dopmupoBaHus 6 6GUTHOrO LMGPO-aHANOroBoro nNpeobpasosatens uc-
nonb3yercs BHelwHsAs R-2R uenoyka. Tak kak 4actoTa nepeksitodennint 19200 Iy, 4to
B [€BATb pa3 60/bLuUe, 4eM MakcumanbHas Yactota FSK curnana, pasras 2100 Iy, To
peanu30BaTth CrNXUBAOLLMIA PUILTP 04eHb NPOCTO. B NpuBEJEHHOI CXEME NpUMe-
HEH (OUIBTP HU3KMX YACTOT NepBoro NopsaLKa Ha 0AHOM KOHAEHCATOpe, HO Npu He-
06XOAMMOCTY KOSINYECTBO 3BEHLEB (PUNLTPA MOXET ObITh YBENMYEHO NMPY MOMOLL
JOMOMHUTENbHbBIX MACCUBHbIX LIEMOYEK.

5. MoTpebnsemas MOLLHOCTb

KoHuenuus FSK paspa6oTaHa ¢ Liefibto CHUKeHUs NoTpebneHus. demoaynarop
FSK pa6oTaet ¢ npou3soanTenbHocTbld MeHee 2 MIPS. BmecTte ¢ HU3ko moTpe6-
NALWMM ONepauyoHHbIM YCUNUTENEM, UCTOMNb30BaHHbIM B KQ4ECTBE OKOHEYHOro
Kackaga, noTpe6reHne CUCTEMbI He JO0MKHO npeBbicuTb 1.5 MA. Takum o6pasom,
BO3MOXHO NUTaHWe CUCTeMbl OT TeSIeCPOHHON NMHWK. B npuBedeHHON B [AHHOM
npuMepe NPUMEHEHUs CXeme UMeeTCs 1 UHTepdieiic ¢ TenedoHHON NuHnen. Oa-
HaKo, B 3aBMCUMOCTW OT CTaHAApTa KOHKPETHOM CTPaHbl NPUMEHEHUS, BO3MOXHO
NOTPeobyeTcs M3MEHUTb CXEMOTEXHIKY JJAHHOMO Y3na.

6. lMporpammHoe o6ecneyexne
B maHHOM pasfaene onucbiBaeTcs npuknagHas nporpamma FSK mogema.
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6.1. FSK npnemHuK

FSK curHan noctynaet oT TeneOHHON NHTEPMENCHON CXEMbI. ITOT CUrHan
JO/MKEH UMETb CMeLLieHMe Mo NocTostHHoMy Toky 1.2 B 1 pa3max 400 mB. lMporpam-
MHOe 0becneyeHne aekoaupyet atoro FSK curHan v BbICTaB/IseT Ha TPEX BbIXOAax
NIOrMYecKne CUrHasbl, NO3BONAILLME NONb30BATENO OTCIEAUTb [eMOYIMPOBaH-
Hble [jaHHble.

Ha Bbixozie TP.3 BbljaeTCcs BOCCTAHOBSEHHBIN 13 BXOAHOr0 FSK curHana cuH-
XpOCUrHa.

Ha Bbixoge TP.5 npucyTCTBYIOT BOCCTaHOBNEHHbIE U3 BXOAHOr0 FSK curHana
JaHHble, KOTOpbIe 3aLLUeNKMBAOTCA MO KaXA0MY HapacTaiolemy (OpOoHTY curHana
Ha BbIxoge TP.3.

Ha Bbixogax P0.2-P0.7 npucyTCTBYET Pe3ynsTar HU3KOYACTOTHOM uibTpauun.
OTCounbTPOBAB 3TOT CUTHAM NPY NOMOLLUM BHeLLHeR R-2R Lenoyku, MoXHO 0TChe-
XKMBaTb YPOBEHb AemofynupoBaHHoro FSK curHana. 3ToT curHan dhopmupyertcs
TOMbKO 13 6 CTapLUMX 6UT 8 BUTHBIX JAHHBIX, 3arpy>XeHHbIX B nopT PO.

6.2. FSK nepeparunk

Mporpamma nepenarynka BbiBoguT FSK curHan B cootetcTBuu ¢ BITMAP paH-
HbIMW, onpegeneHHbiMu B Tabnuue TX_DATA_TABLE. 06pa3 HaunHaeTcs ¢ Hadanb-
HOI 30HbI 3anucu (npeambynsl), conpoBoxpaemon AnuHHbIM MARK nepuogom.
Mocne aToro MAeT nepefada AaHHbIX. 3Ta Tabnuua NCNoNb3yeT HyneBoe CroBo B
Ka4ecTBe OKOHEYHOro MapKepa, a nporpamma repesaryckaetcs nocre OCTUXEeHNs
HYJIEBOr0 3Ha4eHUs JaHHbIX 6UTOBOr0 MaccuBa.

7. TunoBas cxema
B atom pasaerne npuBeneH 1 onucaH npumep CXEMHOW peann3auun moaema.

7.1. Ucnonb30Banne MSP430C325 B Ka4yecTBe LeHTPanbHOro npoyeccopa

Ha pucyHke 1 npuBefeHa cxema anekTpuyeckas npuHumnuanbHas FSK mo-
[eMa, UCMOMb3YHOLLEro B Ka4eCTBE LEHTPASIbHOr0 NPoLeccopa MUKponpoLeccop
MSP430C325. Cxema 6b151a NpoTecTpoBaHa npu nogaye Ha Bxoa FSK curHana ¢
pazmaxom 400 MB. HYTo6bl nony4uTh T€ Xe Camble pe3ynsratsl, Ha Bxod Rx gon-
XeH 6bITb nogaH FSK curHan ¢ noctosiHHOI cocTasnstowler 1.2 B n paamaxom
400 mB.

7.2. [Tpumep TeneghoHHOro nHTepghelca

Ha pucyHke 2 npuBefeH npumMep CXeMHON peann3aumnn Tefed)OHHOro MHTep-
(elica, a B Tabnuue 1 npueefeHbl napameTpbl FSK npuemonepeparynka.
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J_ T Vss
= —P0.2
RIT1P93 MsP430E32s
T~ — P05 TP5 |—[—> RX_DATA
R2 [—]P0.6 ’ -
P07 TP1 TP4 CIN TP3
! | I—D RX_CLK
ConpshXeHue ¢ NnH1e 4066
x> iy B
X | C
Hook ¢~ 13
Voo

1N4148

33 kOm 6

JInHeHo-n3me-
Haoweecs I

HanpsxeHune

Sample_Hold [—>—4
1n®

Puc. 1. LieHTpanbHbIi NpoLeccop n aHanoro-Luuposoil npeobpasosaresib

8. 3akntoyeHue

06bl4HO FSK npuemonepeaaTynki peanuayloTcs aHanoroBbiMi CpPeacTBamMu
unn npu nomowm DSP npoueccopoB u annapatHbix MAC moaynei. Vicnonb3osa-
Hue RISC mukponpoueccopa MSP430 6e3 MAC mogmynein ans peanu3auun qyHk-
UK NpuemonepeaaTymnka — 04eHb Heobbl4Has TexHonorns. GCnocobHOCTb CO3MaBaTh
unbTPbI MPY NOMOLLW TEXHONOTM LMPOBOI (HUNLTPALMM KOSebaHWiA COBMECTHO
C [JONOSTHUTENbHBIM HA60POM KOMAHZ W 16 GUTHONM apXUTEKTYPON MUKPOKOHTPOI-
nepa MSP430 nenaet koA MpuUKIagHoOA NporpamMmmbl BeCbMa KOMMAKTHbIM 1 MPo-
13B0ANTENbHBIM. Kpome TOro, ceepxHuakoe notpedneqne MSP430 no3sonser nu-
TaTb MOJEM OT TeNeOHHOI IMHUK. 3TO NO3BOJISET CAeNaTh YCTPOMCTBO C MasibiM
YNCIIOM KOMMOHEHTOB. bbinv NpoBeAeHbl AOMOSHUTESbHbIE UCCef0BaHUSs, N03-
BONMBLUKE CAeNaTh 3akntoyeHune, 4to FSK npueMHNK MoXXeT paboTtarb ¢ 8 GUTHbLIM
aHanoro-unpoBbIM Npeobpa3oBateseM U UMeTb [OCTaTOYHO BbICOKYK YyBCTBU-
TenbHOCTb. Moatomy FSK npuemonepenatink MoXeT 6biTb Peani3oBaH Ha n6om
MUKPOKOHTponnepe cemerictea MSP430.
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TenedoHHas NuHUS
A

20 kKOm B
3300

33 kOm 6-8 B Zeners

400 mV pk—pk 1 kD

S

CebInku:

150 kOm

L2

Koppekuma
20 kOm MUHUManbHOro
TOKa

6-8 B Zeners

130nupytowmii
TpaHcopmatop

33 kKOm
33 kOm

680 Om
Hook
150 KOm =

Puc. 2. TenedOHHbI NHTEPGIEIC

1. Texas Instruments: MSP430 Family, Architecture User's Guide and Module

Library.

2. Texas Instruments Digital Signal Processing Application with the TMS320

Family Volume 2.

3. Gaszi, L: Explicit Formulas for Lattice Wave Digital Filters; IEEE Trans. On
Circuits and Systems VOL. CAS-32, NO. 1, January 1985

Mpunoxenue A: nognporpamma FSK npuemHuka

CPUOFF
SCGO

SCG1

IE1

IE1 POIE1
IE1_POIEO
IE1 OFIE
IE1 WDTIE
IE2
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.equ
.equ
.equ
.equ
.equ
.equ
.equ
.equ
.equ

010h
040h
080h
Oh
08h
04h
02h
0lh
0lh
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IE2 BTIE
IE2_TPIE
IE2_ADIE
IE2 UTXRIE
IE2 URXIE
IFGL
IFGL 2
IFG2

ME1

ME?2

POIN
POOUT
PODIR
POFLG
POIES
POIE
LCDCTL
LCDM

BTCTL
BTCTL_SSEL
BTCTL Hold
BTCTL_ DIV
BTCTL FREQL
BTCTL FREQO
BTCTL_IP2
BTCTL IP1
BTCTL_IPO
BTCNT1
BTCNT2
BTIFG
TCCTL

TCCTL SSEL1
TCCTL_SSELO
TCCTL_ISCTL
TCCTL_TXE

TCCTL_ENCNT
TCCTL_RXACT
TCCTL_TXD

428

.equ
.equ
.equ
.equ
.equ
.equ
.set
.equ
.equ
.equ
.equ
.equ
.equ
.equ
.equ
.equ
.equ
.equ

.equ
.equ
.equ
.equ
.equ
.equ
.equ
.equ
.equ
.equ
.equ
.equ
.equ

.equ
.equ
.equ
.equ
.equ
.equ
.equ

80h
08h
04h
02h
0lh
02h
04h
03h
04h
05h
010h
011lh
012h
013h
014h
015h
030h
030h

040h
80h
40h
20h
10h
08h
04h
02h
0lh
046h
047h
080h
042h

080h
040h
020h
010h
008h
004h
002h

’
’

; KK

’

Anpec pe

TucTpa

YIIpaBJIEHMA UM PpexXuMa

driar npepeBaHusa BT
Anpec ynpaBJIgKRIEeIro

permncTpa
cueTurKa

Tarvepa/
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TCCTL RXD .equ  00lh

TCPLD .equ 043h ; Ampec perucTpa nOpen-—
; BapUTEJIbLHOM 3aIrpy3KU
; TaliMepa/cueTunka

TCDAT .equ 044h ; Anpec TanMepa/cueT-
; UMKa

TPD .equ 0O4eh

TPD B16 .equ 080h

TPD_ CPON .equ 040h

TPE .equ 04fh

TPE O .equ 0lh

TPE 1 .equ 02h

TPE 2 .equ 04h

TPE 3 .equ 08h

TPE 4 .equ 10h

TPE 5 .equ 20h

TPE TPSSEL2 .equ 40h

TPE TPSSEL3 .equ 80h

TPCTL .equ 04Bh

TPCTL ENIFG .equ 0lh

TPCTL_RC1FG .equ  02h

TPCTL RC2FG .equ 04h

TPCTL ENI .equ 08h

TPCTL ENA .equ 10h

TPCTL_ENB .equ 20h

TPCTL TPSSELO .equ 40h

TPCTL TPSSEL1 .equ 80h

TPCNT1 .equ 04Ch

TPCNT2 .equ 04Dh

SCFIO0 .equ 050h

SCFI1 .equ 051h

SCFQCTL .equ 052h

CBCTL .equ 053h

CBE .set 1

AIN .equ 0110h

AEN .equ 0112h

ACTL .equ 0114h

ACTL_CSTART .equ 0001h

ACTL_SVCC_OFF .equ 0000h

ACTL SVCC _ON .equ  0002h

ACTL 2 .equ 0004h

ACTL 3 .equ 0008h
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ACTL 4 .equ 0010h
ACTL 5 .equ 0020h
ACTL SEL A0 .equ 0000h
ACTL SEL Al .equ  0004h
ACTL SEL_A2 .equ  0008h
ACTL I SRC A0Q .equ 0000h
ACTL I SRC Al .equ 0040h
ACTL RNG B .equ  0200h
ACTL RNG AUTO .equ  0800h
ACTL POWER UP .equ  0000h
ACTL_ POWER DOWN .equ 1000h
ACTL CLK MCLK .equ  0000h

ACTL CLK MCLK 2 .equ  2000h
ACTL CLK MCLK 3 .equ  4000h

ADAT .equ 0118h

ADIFG .equ 04h

WDTCTL .equ 0120h

WDTHold .equ 80h

WDT wrkey .equ 05A00h

STACK .set 300h ; HauajbHOE 3HaUeHUue
; CUCTEMHOT'O CTeKa
; 280h

,-***k************************k**************************

; OuIIb TPEL
,-~k***********************~k~k***************************

WDF PARMS .usect “FILTMEM”,10,0200h
IN 7 .set 0

z1 1 .set 2

z1 2 .set 4

Z3 1 .set 6

73 2 .set 8

end of parms .usect ”FILTMEM”,2

data word .usect ”“FILTMEM”, 2

last sample .usect ”“FILTMEM”, 2

bit lead lag .usect “FILTMEM”,2

cycle counter .usect ”“FILTMEM”,1 ; Ilonbp30BaTesb-

; CKasa CcepBMCHad

; IIporpaMMa
;****************************************************
; OHM mcnoJsbs3yiTcsa misa FSK memonmyiisauum

; NPV IHNPEepBBaHuM OT 8- OMTHOT'O TayMepa
;*************‘k‘k‘k*********************‘k****‘k**********
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PR e i e R R b S S S S S S b b b e I S S S e R b b I S S S S e b b b db b S 3
’

; DYNAMIC: PermcTphl MapKMPOBKM (MCIOJIb3yemble WDE')

; He IOOJIXHEI MCIIOJIB30OBATBCA IJIA IIE€peMEleHVA .
,-**~k***********************~k*************************

currenty .set R6 ; Vcnonb3yetTcsa WDF
currentx .set R7 ; VWcnompsyeTrcsa WDF
IROP1 .set currenty ; Vcnomesyerca
; WDF

TROP2L .set R7 ; VcnombpzyeTcsa WDF
IRACL .set R8 ; Vlcnombsyercs WDF
IRBT .set R9 ; Vlcnnosbsyercsa WDF
lastx .set R10

bit data .set R11 ; Vcnombzyerca WDE
mem ptr .set R15 ; Vicnosnbzyerca WDF

ekhhkhk kA Ak kA Ak hkhkhhkhhhhkkhkhhhkhkhrhkhhrhkhhhkhhhhkkhhhkhkkhkhrkhhxkkx
I

; STATIC

,-***k************************k**************************

bit sync_timer .set R12 ;
global status .set R13 ;
bits count .set R14 ;
INTERRUPT TOGGLE .set 1
FALLING .set 2
CLOCK .set 4

;*k*k***********************k***************************

; VHyanmsaumusa CUCTEMEBL
,-****************************************************

;RAM NORMAL DEMOD .sect  “RAM CODE”,02f0h

Start .sect ”ADC”,0£f000h ;0214h ;0F00Oh
mov #STACK, SP ; VMHuLmanuszauysa cuc-—
; TEeMHOTO yKas3aTeJjis
; cTeka

mov # (WDTHold+WDT wrkey) , &WDTCTL
; OCTaHOBKA CTOPOXEBO-—
; TO TamMepa

clr.b &IFGL ; oumMcTka Bcex ¢Qiaros
; TIpEepPBEIBAHUMN

clr.b &IFG2

mov.b  #(17*5)-1, &SCFQCTL
; MCLK=32768*17*5 —
; TIOoJlydaeM IIPOM3BOOM-—
; TeJIbHOCTbL 2.8 MIPs
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mov.b #4,&SCFIO ; YcTaHoBKa uyacToOTEl RC
; TeHepaTopa, PaBHOU
; 2xFreq

mov.b  #-205,&TCPLD ; 328/2 ;cbGpoc
; HapacTaoumx/Ccramnan—-
; IMX QPOHTOB
bis.b #TPD B16, &TPD ; ONEPaLMOHHEDII yCUIIM—
; TeJyb
bis.b  #11111110b, &PODIR ; yCTaHOBKa
; noptoe PO.7 - PO.1
; Ha paboTy B pexmMe
; BeIxOmoB PO0.0 mcnosb-—
; ByeTcsa B KaudecTBe
; BxOoIa curHaja RING
mov.b #(TCCTL_SSEL1+TCCTL_ISCTL +
TCCTL_ENCNT) , &TCCTL
bic.b #IE2 BTIE, &IE2 ;OTKJIOYEHUE IIPEPEBa-—
; HMS OCHOBHOI'O TamMepa
bic.b #IE1 POIEQ, &IEl ;OTKJIOYEHME IIPEPEIBA-
; Hua ot PO.O
bic.b  #IE2 TPIE, &IE2 ; OTKJINOYEHME IpephBa—
; HMS YHUBEPCAaJIbHOT'O
; TavMepa
bis.b #TPE 0+TPE 1+TPE 2+TPE 3+TPE 5, &TPE
; TP_O0 mcnosezyerTca mjida curHaja Hook
; TP_l MCIIOJIb3yEeTCda OJiA yIpaBJIeHUA
; RAMP TeHepaTOpOM
; TP_2 MCIIOJIB3yeTCA OJIA TeCTUPOBaAHUA

; CXEeMEl
; TP 3 mepexpeBaeT OUTH CUHXPOHM3A-
; UM
TP_5 - OUT OaHHBIX
mov #1 bit _sync_timer
mov.b  #3,cycle counter
call #clear all parameters
e aKTUBM3auMa nemMoHcTpauuy FSK!!!!-—————
bis.b #IE1 POIEL,&IEl
eint
WAIT LOOP: ; HeollpeneJIeHHOEe OXMIaHue
; BBIXOI M3 LMKJIA [0 INPEPHBAHMIO
Jmp WAIT LOOP

TIM8 Int:

432
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PR e i e R R b S S S S S S b b b e I S S S e R b b I S S S S e b b b db b S 3
’

; BrelOopka BXOOHOTO CHI'HAJIA
,-'k'k'k"k"k*k*********‘k‘k‘k**‘k‘k***'k'k"k"k*k*********‘k****‘k*******

NORMAL DEMOD:
bit

jz
do ADC

bic
SLP A D:

mov.

bis.

mov.
mov.
swpb
bis

clr.
clr.
mov.

bic.
ODB:

rla

rla

rla

b
b

o oo

#INTERRUPT TOGGLE,global status

filters
#INTERRUPT TOGGLE,global status

# (TPCTL_TPSSEL1+TPCTL TPSSELO),
&TPCTL ; ucnojb3oaHme MCLK
; B KauecTBe BXOIHOTO
; CUT'HaJla, OCTaHaBJIM-—
; Bawmero cuer
#TPE 2+TPE 1, &TPD ; cbpoc RAMP
; Toypko TPE 2,
; MCIOJIb3YEeMEIM IJIiS
; TeCTUPOBaHMA CXEME,
; MOXeT INpepBaTh.
&TPCNT1, currenty ; obnyjeHue MSByte
&TPCNT2, currentx ;obOHyJeHre MSByte
currentx
currenty, currentx ; obbenVHeHue IJis
; dopmMmpoBaHMsa 16-0UT-—
; HOT'O pe3yJsibTaTa sxa
; BBIOOPKM Ha BHIXOIE
&TPCNT1
&TPCNT2 ; AKTUMBMBALMA CUeTuMKa
#TPCTL ENA+TPCTL ENB+TPCTL TPSSEL1+
TPCTL TPSSELO, &TPCTL
#TPE _2+TPE 1, &TPD ; mnepesanyck RAMP

currentx
currentx
currentx

,-*k*k***************‘k‘k******k*k'k'k************************

; IlpoBepka TOTO, YTO BXOOHOEe HampsxeHme < VCC/4
;****************************************************

PR B e R S S S S S b b b b S S S S e I b b S b S S S S b b b b b O 4
’

; PesysbTaTH aHTH-CMEleHUS
; oTBeT = BxOomHOM curHas + (0.875 * lasty) - lastx;
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lasty = oTeerT;

lastx = BXOIHOM CUTHAJ;
PR R b e e b b b b b b b b dh db b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b db i b a4

Ne Ne N.

mov currentx, currenty
sub lastx,currenty
mov currentx, lastx

R R e e e S S S S S i b b b e A S S S S S b b b S S I S S S S b b b A i i

B3mech xO2QOMLMEHT yCUJIEHMS HACTPOEH Ha OITMMAaJIbHOE
3HaueHKe paszMaxa 1 B
npu 6oJjiee BHICOKOM 3HaUEeHUM MOXeT IIOoTpeboBaThbCa €TI0

YMEHBIUIEHME IIP)Y IIOMOUM BHEUWHEI'O PEeE3VMCTMBHOI'O HOeJIMTeJId
Kk ok ok ok ke ok sk ok ok ok ok sk ok ke ok ok ok ok ke ok sk ok kK ok ok ok ke ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok

Ne Ne Ne Ne Ne Ne N

rra currenty

rra currenty

rra currenty

mov &last sample, IROP2L
mov currenty, &last sample
and #0ffh, currenty

and #0ffh, IROP2L

R R R b b S S e S I R b b b S S S S S R b b b b b S S S S S b b b b 2 S 4

3HaKOM

;

; HojnporpamMMa IIePeMHOXEeHMSA BOCBMMOMTHBIX UYMCeJI CO

7

KRR KK K KKK KK KR K KKK K K K KK K R K KKK K ok R K KK Sk ok Rk R R Rk ok Rk Rk ok

clr IRACL
tst.b currenty
jge L$101
swpb IROP2L
sub TROP2L, IRACL
swpb IROP2L
Ls101
tst.b IROP2L
jge MACUS8
swpb currenty
sub currenty, IRACL
swpb currenty
MACUS8
mov #1, IRBT
L5002 bit IRBT, currenty
Jjz L$01
add TROP2L, IRACL
LS01 rla IROP2L
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rla.b IRBT

Jnc L5002
mov IRACL,R9 ; nomroroBka mjsa LP

; GuibTpa B CllemyloueM

LUKJIIe
,-****************************************************

; BrinmosiHeHme CVHXPOHM3alm (prHTOB
;**~k~k************************************************

bit #FALLING,global status iy
jz detect rising

detect falling:
tst bit data nocyengHui GQPOHT OBLI

npoBepsieM IJid choama-
0Iero
jge update bit sync timer ;He cnanpamommii,
; BHIIOJIHIEM CJIeIyIyi0
; KOMaHIy
bic #FALLING,global status ;omnpenesnen
; chnamamomyt QpoHT,
; B CJlenynoumeM LMKIIe
;

7
; HapacTawouyM, I[103TOMY
7
;

HeoOXOoOMMO OTCJIEOIUTHL

HapacTaommn
Jjmp new_edge detected
detect rising:
tst bit data
jn update bit sync timer
bis #FALLING, global status

RO I b I I b e S 2 b e S b b S S b S A b e S db b e S b b b Ib b S S S b e S b b b S db b S db b S 4
Beto OOHApPyXeHO M3MeHeHue OGpoHTa, cendac Ijis
ONpEemesyIeHHOCTHM CUHXPOHM3UPpYeM OuT synch TariMepa,
OllEpEeXeHMe MM OTCTaBaHUE

Ne Ne N

BeiGopka 3

OnepexeHue OTcTaBaHUE
/NN

\ | | | |

\ | | | |

\ | [

Ne Ne Ne Ne Ne N

’
’
’
’

HoBent GpoHT OpUl OOHAPYXEH, TENepb HeOOXOIOMMO
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Ne Ne No Ne Ne Ne Ne Ne Ne Ne Ne o Ne o~

CUMHXPOHM3MPOBATL BCTPOEHHEN MNPOTPAaMMHEI I'€HepaTop,
paboramumii Ha uyacTtoTe 1200 6om, C BHEWHVM OGOPOHTOM.
BHyTpeHHME HOaHHBE CHMHXPOHM3ALMM COIepXaTcsa B OuTe
BIT2 perucTpa TPD M MCHIOJB3YITCS IJIs OIpenesleHMUs
ONEepeXeHMs MM OTCTaBaHMA. Tak Kak MMeeTcs npebesr
BXOIHBIX CUHXPOMMIIYJIBCOB, TO MEl HE MCIOJIb3yeM MHOOP-—
MalMio O 3alas3OelBaHMM MM OIEePEeXeHUM OJIS HeMeIOJIEHHOTO
OOHOBJIEHMA. BMECTO 3TOTO MEl OCYWECTBJIAEM «HM3KOYAC—
TOTHYIO OMIIbBTPALMIO» pelyjibTaTa oJjid HoOaBJIEHUS WU
BEIUMTAHMA €I'0 M3 CUeTulMKa TOJIBKO IIOCJIe TOIrOo, KaK eIro
abCoJIIOTHOE 3HAaUeHMe I[PEBLICUT NOPOT, KOTOPEM MEl yCTa-—

HOBWMIIN .
LR R R b b e S S S S S I I b b b S S S S S R R b b b S S S S S S S b b b b b S S S S

new_ edge detected

bit.b #CLOCK, global status rrrrrrrnt

jz lagging
leading:

add #1,bit lead lag

Jjmp update bit sync timer
lagging:

sub #1,bit lead lag

’
’
’
’
’
I
’
’
’

LR R R S I S e S I I b b I S S S S S I R R b b S I S S S S b b b b b S S S S

dopMmpOBaHME OUTa CUHXPOHMI3ALUMN
6/6800+5/6800+6/6800=3/1200

3TO BHYTPEHHUM CHHXPOMMIIYJIEC, KOTOPHBI IOJDKEH OIpene-—
JnaTe ckopocTh 1200 6om, HO OH MMeeT Opebes3r, TakK Kak
dbopmypoBanme curHasia ¢ dactoroy 1200 T'u ocymecTBIIS—
erTcd IyTeM OeJIeHMd CuI'Hajla ¢ yvacTtorom 6 800 I'.

B perucTp bit sync_timer sarpyxaerca 6, a moToM 5,

a IoToM 6 ¥ T.XI.

; R R R R S S S S S i b b e S S S S S b b S S S S S S S b b b b S S S S i

update bit sync timer:

sub #1,bit sync timer

jz load new timer value ; ecim Tarmep
IOCTUI' HYJIA,

TO 3arpyXaeTcs HOBOe
3HadeHre QPOHT CMHX-—
pouMIlyJibCa COpaceBa-—
ercd

cmp #3,bit sync timer ;

jnz done bit sync

bis.b #TPE 3,&TPD

Ne Ne Ne Ne N
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bis.b

cmp
jge

data is mark
bic.b
clrc
jmp
done bit sync:
reti
data 1is space
bis.b
setc
count down bits
rrc
reti

#CLOCK, global status ; OPOHT CHMHXPO-—
; VIMIyJIbCa yCTaHaBJIM—
; BaeTCs B CcepelnyHe
; LUUKJIa IOJIS BBIIOJIHEHUS
; BHOOPKM HOaHHHX, HO
; BTO He JCIOJIb3yeTCs
; B IAHHOM IIpOTpaMMe.
#20,bit data
data is space ; B sTOM TOUKe yCTa-
; HarBJimBaeTcsa C

#TPE 5, &TPD
count down bits

#TPE_5, §TPD

data word

load new timer value:

bic.b
bic.b

mov
sub.b

Jnz
do 5 counts

mov.Db

mov

cmp
Il
reti

bubnuoteka Komnana

#TPE 3, &TPD
#CLOCK, global status ;oumcrxa Oura
; BHYTPEHHEeMV CUHXPOHM-—
; Baumn.
#6,bit sync timer
#1,cycle counter ;omnperneyieHue
; TOJIOXEHMS IJI CJeny-—
; omero uUukijaa — 5
; v 6
do_6_counts

#3,cycle counter

#5,bit sync timer ; ecyy 3HaudeHue
; paBHO 5, TO HaM HaIo
; KOMIIEHCHPOBATb
; OllepexeHMre

#-7,bit lead lag ;

compensate lag
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do 6 counts:
cmp #7,bit lead lag ; ecymu 3HaueHue
; PaBHO 6, TO HaM Hamo
; KOMIIEHCHPOBAaTb
; OTCTaBaHue

jge compensate lead
reti

compensate lag
add #1,bit sync timer
mov #0,bit lead lag
reti

compensate lead
sub #1,bit sync timer
mov #0,bit lead lag
reti

PR S R I S S S R I b e I S S S R b b I b S S S S b b b b i S 4
’

; BrmosiHeHUMe ajiropmMTMa 3TOI'C LMKJIa IIPOMCXOIOUT

; 3a 113 LukJIoB
,-'k'k**********************'k'k**************************

,-*k*k~k**********************k*k'k'k************************

; TapameTpel HOBOTO OGuibTpa BEOOPOK Freqg Stop (uacrToTa
; BaTyxaHug): 2.5 xI'u, Attenuation Stop (momasieHue
; Ha uacrTore 3arTyxaHmusg): 40 nBb
; Freq Pass (BepxXHSA4 4YacTOTa MOJIOCH IPOIYCKAaHMA) :
; 1.4 xI'u, Attenuation Pass (HomaBjeHue Ha BEpPXHEU
; uvacrtore): 1 mB
; Iopsamox ¢uibTpa = 5
;*****************************************************
filters:

bis #INTERRUPT TOGGLE,global status

mov #WDF PARMS, mem ptr

.word 4f16h

.word 0000h

.word 498fh

.word 0000h

.word 4f17h

.word 0008h

.word 8607h

.word 4708h

.word 1108h

.word 4806h

.word 1108h
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.word 1108h
.word 1108h
.word 1108h
.word 1108h
.word 8806h
.word 8fl6h
.word 0008h
.word 4£9fh
.word 0006h
.word 0008h
.word 468fh
.word 0006h
.word 8706h
.word 4f17h
.word 0004h
.word 8907h
.word 4708h
.word 1108h
.word 1108h
.word 1108h
.word 4809h
.word 1108h
.word 1108h
.word 1108h
.word 8809h
.word 5f1%h
.word 0004h
.word 8907h
.word 4£9fh
.word 0002h
.word 0004h
.word 478fh
.word 0002h
.word 8906h
mov R6,bit data

;*************‘k‘k‘k*********************‘k****‘k**********
; IaHHBEIE C BBIXOIA OMIBTPa COXPAHSWTCS B peructpe R6

; Comepxmmoe perucTpa R6 MIepeBOOUTCS B aHaJIOT'OBOE

; 3BHadeHMe II10CJIe HEeKOTOPEIX arllllapaTHBIX OPpaHquHMﬁ
KRR KKK K K R K K K R R K K K R R Kk K K K R K kK K ok R K K K Rk R R K Rk R

add #80h, R6
tst R6

bubnuoteka Komnana 439




i
lnsrgjxﬁ?:ms V. [Ipumepbi KOHKPETHBIX NPUMEHEHMI

jge non negative

mov #0,R6
non_negative

cmp #0ffh,Ro6

jlo non ceiling

mov #0ffh,R6

non ceiling

mov.b R6, &POOUT
exit D A

reti

,-***k************************k*************************

; OUMCTKa BCeX [apaMeTpOB, JIMIIHMX OJA I'peOeHdYaToro
; bunbTpa
,-'k************************'k'k'k************************

clear all parameters:

mov #0,r6

mov #0,r7

mov #0,r8

mov #0,1r9

mov #0,rl0

mov #0,r1l

mov #0,rl2

mov #0,rl3

mov #0,rl4

mov #0,rl5

mov #WDF PARMS, r4
clear parms loop

mov #0,0(r4)

incd rd

cmp #end of parms,r4

Jnz clear parms_ loop

ret

,-*****************************************************

;**** A,Hpeca BeKTOpOB npeprBaHMH:*********************
.sect ”Int Vect”,0ffelh ;03e0h ; OFFEOh

.word Start ;P0.27

.word Start ;BT

.word Start ;

.word Start ;

.word Start ; YHVBEPCAJIbHEI
; TavMep
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.word Start ; ALITI

.word Start ;

.word Start ;

.word Start ;

.word Start ;

.word  Start ; CTOPOXeBOM
; TavMep

.word Start ;

.word TIM8 Int ;PO.1

.word Start ;P0.0

.word Start ;RSTI/OF

.word Start ; PUC/WDT

Mpunoxenune B: nognporpamma FSK nepepatynka

CPUOFF .equ 010h

SCGO .equ 040h

SCG1 .equ 080h

IEl .equ Oh

IE1 POIEl .equ 08h

IE1 POIEO .equ 04h

IE1 OFIE .equ 02h

IE1 WDTIE .equ 0lh

IE2 .equ 0lh

IE2 BTIE .equ  80h

IE2 TPIE .equ  08h

IE2 ADIE .equ 04h

IE2 UTXRIE .equ 02h

IE2 URXIE .equ 0lh

IFG1 .equ 02h

IFG2 .equ 03h

ME1 .equ 04h

ME2 .equ 05h

POIN .equ 010h

POOUT .equ 0l1llh

PODIR .equ 012h

POFLG .equ 013h

POIES .equ 014h

POIE .equ 015h

LCDCTL .equ 030h

LCDM .equ 030h ; ampec peructTpa

; VIPaBJIEHUS ¥ PexyrMa
; XK
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BTCTL
BTCTL_SSEL
BTCTL_Hold
BTCTL_DIV
BTCTL_FREQ1
BTCTL FREQO
BTCTL_IP2
BTCTL_IP1
BTCTL IP0
BTCNT1
BTCNT?2
BTIFG
TCCTL

TCCTL_SSEL1
TCCTL_SSELO
TCCTL_ISCTL
TCCTL_TXE
TCCTL_ENCNT
TCCTL_RXACT
TCCTL_TXD
TCCTL_RXD
TCPLD

TCDAT

TPD
TPD B16
TPD_CPON
TPE

TPE 0

TPE 1

TPE 2

TPE_3

TPE 4

TPE 5
TPE_TPSSEL2
TPE TPSSEL3
TPCTL
TPCTL_EN1FG

442

.equ
.equ
.equ
.equ
.equ
.equ
.equ
.equ
.equ
.equ
.equ
.equ
.equ

.equ
.equ
.equ
.equ
.equ
.equ
.equ
.equ
.equ

.equ

.equ
.equ
.equ
.equ
.equ
.equ
.equ
.equ
.equ
.equ
.equ
.equ
.equ
.equ

040h

80h

40h

20h

10h

08h

04h

02h

0l1lh

046h

047h

080h ; ¢mnar npepsBaHusa BT

042h ; azmpec ynpaBigiomeIo
; permcTpa TanMepa/
; CUeTuMKa

080h

040h

020h

010h

008h

004h

002h

001h

043h ; azmpec perucTpa open-
; BaApUTEJILHOUW 3aIlpPy3KU
; TalMepa/cueTunkKa

044h ; ampec TarMepa/cuer-—
; UuKa

04eh

080h

040h

04fh

0l1lh

02h

04h

08h

10h

20h

40h

80h

04Bh

0lh

bubnuoteka Komnana




Inasa 10. FSK mogynaunsa n BemMogynayms ¢ UCrnosb30BaHUEM MHKPOKOHTPONNEPA ...

TPCTL RC1FG .equ  02h

TPCTL RC2FG .equ 04h

TPCTL EN1 .equ  08h

TPCTL ENA .equ 10h

TPCTL_ENB .equ 20h

TPCTL TPSSELO .equ 40h

TPCTL TPSSEL1 .equ 80h

TPCNT1 .equ 04Ch
TPCNT2 .equ 04Dh
SCFIO .equ 050h
SCFI1 .equ 051h
SCFQCTL .equ 052h
CBCTL .equ 053h
AIN .equ 0110h
AEN .equ 0112h
ACTL .equ 0114h
ACTL CSTART .equ 0001h
ACTL SVCC_OFF .equ 0000h
ACTL SVCC _ON .equ 0002h
ACTL 2 .equ 0004h
ACTL 3 .equ 0008h
ACTL 4 .equ 0010h
ACTL 5 .equ 0020h
ACTL SEL A0 .equ  0000h
ACTL_SEL Al .equ 0004h
ACTL SEL A2 .equ  0008h
ACTL I SRC A0 .equ 0000h
ACTL I SRC Al .equ  0040h
ACTL RNG B .equ  0200h
ACTL RNG AUTO .equ  0800h
ACTL POWER UP .equ  0000h
ACTL CLK MCLK .equ  0000h

ACTL CLK MCLK 2 .equ  2000h
ACTL CLK MCLK 3 .equ  4000h

ADAT .equ 0118h

ADIFG .equ 04h

WDTCTL .equ 0120h

WDTHold .equ 80h

WDT wrkey .equ 05A00h

STACK .set 3d0h ; 280h =Banyck cmucrem-—

; HOT'O CTeKa
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PR e e S b b b b S S S S S b b b b b S S S S I e R b b S S S S S S e b b b b O A S
’

; KOHCTAHTHL:
; delta phase = (freq/sam freq)*65536

,-*k*k‘k‘k********************?*'k'k**********************k'k'k*

1300 _Hz .equ 01155h
2100 Hz .equ 01c00h
DELTA PHASE .equ 1

;*k*k*‘k*********************k*k'k**************************

; OuIIb TPEL
PR B i R S S S S b b b b S S S S S R R b b b S S S S b b b b A 4
r

sinne value .usect ”FILTMEM”,2,200h
tx cycle counter .usect “FILTMEM”, 2
tx cycle ptr .usect ”“FILTMEM”,2 ; mnoznmpoIrpaMMma

; ODCIIyXMBaHUSA
; TOJIb30OBATEJS

delta phase .set R6
phase ptr .set R7
tx data ptr .set R8
tx data mask .set RO
DELAY COUNTER .set R10
global status .set R11
reg 1 .set R12
reg 2 .set R13
reg 3 .set R14
TX DONE .set 1
FALLING .set 2
CLOCK .set 4
HUNT .set 8
_20Ms .set 136
_1PT5sS .set 28800

ekhkhkhkh Ak kA A A A hhhkhkhkhkhkhkhrrhrhhkhhhkhkhkhkhkhrrhhkhkhkhkhkkhkkhrrrhhhkh k%
’

; VHyumanmsaumuda CUCTEMEBL
’-*********************~k******************************

Start .sect ”ADC”,0f000h ;0214h
;0F000h
mov #STACK, SP ; VMHMUMaIM3aluma
; CHUCTEMHOI'O yKa3aTeJld
; CTeka
mov #(WDTHold+WDT_wrkey),&WDTCTL

; OCTAHOBKa CTOPOXEBO—
; TO TamMepa
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clr.

clr
mov.

mov.

mov.

mov.

mov.

bis.

eint

b

.o

b

&IFGL ; OumMCTKa BCex GJlaroB
; TIPEepPBEBaHUN

&IFG2

#(75)-1, &SCFQCTL ; MCLK=32768*17*4
; mnosyuaem 2.45 MIPS

#4,&SCFI0 ; ycTaHoBkKa yacToThl RC
; TeHepaTopa 2xFreq

#-128,&TCPLD ; 32768*75/128 = 19200
; BBIOOPOK/CEKYHIY

#(TCCTL SSEL1+TCCTL ISCTL +

TCCTL_ENCNT) , &TCCTL

#IE1 POIE1l, &IEl ; paspelieHue 8-0uT-—
; HOTO TamMepa

#11111111b, &PODIR ; YCTaHOBKa IIOp-—
; Tor PO.7-P0.0
; Ha paboTy B kadecTBe
; BREIXOIOB

;**** OcHOBHAasa HporpaMMa:***k*k*k***********************

Loop
mov
mov
mov
mov
bic
call
call

wait for tx done

bit

jz
Loop2:

jmp
TIM8 Int:
NORMAL_ MOD:

call

; OXMIaHME [IPEPLHBaHMA
#TX DATA TABLE, tx data ptr
#08000h, tx data mask

#0,phase ptr

#1,tx cycle counter

#TX DONE,global status

#fetch new output bit

#fsk | modulation

#TX DONE,global status
wait for tx done

Loop?2

#fsk modulation

;***k***********************'k'k'k************************

; 9Ta uyacTh OporpaMMbl QopMMPYeT CUI'HAJI Ha BHXOIE
; POOUT, x KOTOPOMY IOJDKEH OBITH IOIKJIoUeHa 8-0OMUTHasd
; R-2R uemnouxka.
; OTOMIILTPOBAHHOT'O 3HAUEHMS, HO eCJIM HeOoDXOIMMO
; MCIIOJNIB30BATH MNOPT Ojig QOPMMPOBAHMSA CHI'HAJA

OHa MCHOJIb3yeTCHd OJI4 OTCJIeXVBAHUA
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; FSK nepemarumka, TO OHa HOOJDKHA OBITh OTKJIOUEHA
,-**~k**~k~k**********************************************
DA
mov sinne value,reg 1
mov.b reg 1,&P00OUT ; MSB comepxurcs
; B ceIbMOM OuTe.
reti

;*k*k*‘k*********************k*k'k**************************

; Tabmuua crexeHuda
;*****************************************************
fsk modulation:
add delta phase,phase ptr
; Tabmua COOepPXUT
; 128 BJeMeHTOB,
; 4%128 = 512 = £ 256
; VM3BJIEKATCHA cTapume 9 OuT
mov phase ptr,reg 1
; Tabiuia KOCHMHYCOB 3-—
; 1 4-0T0 KBaIPAaHTOB
; TepeHoCcATCs Ha 1- u 2-ou
; KBaIOpaHTH

tst reg 1

jge no_tx abs

xor #0ffffh,reg 1
add #1,reg 1

no tx abs:
swpb reg 1 ; LSB (M3B) pesysbTaTra B MSB
; (C3B) perucrpa reg 1, 8 MSB
; OuT B MiamueM OanTe permcT-—

; pa reg 1
bit #8000h, reg 1
rlc reg 1 ; C B Our bit0, 8 MSB 0Owur
; B OuTEH 1-8
bic #0fe00Oh, reg 1
; dopmaT Q8
first _two_guadrant:
cmp #128,reg 1
jn first quadrant
second quadrant
mov #256,reg 2
sub reg 1l,reqg 2

mov.b cos_table(reg 2),reg 2
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Xor #0ffffh,reg 2
add #1,reg 2
Jjmp output sample
first quadrant ; 0-127 rpanycos

mov.b cos table(reg 1),reg 2
output sample:
add #80h, reg 2
mov reg_2,sinne value ; pesyabTar
; B TIepeMeHHOU
; sinne value

,-***k************************k**************************

;HadaJIo cepBMCHOM nomnporpammel fetch new out bit
,-'k'k'k'k****‘k*********‘k*****'k*******‘k********************
fetch new output bit:
dec tx cycle counter
jnz NO RESET TX PTR
; IPM [IPOM3BOAMTEEHOCTY
; 19200 Boibopok/cexk divle =

; 1200 6ox
mov #16,tx cycle counter
load next cycle:
mov # 2100 Hz,delta phase ; HpuMMTE 3TO
; CHadalla
mov tx data ptr,reg 1
bit @reg 1,tx data mask
jnz TX BIT IS 1
TX BIT IS O:
mov # 1300 Hz,delta phase
TX BIT IS 1:
rra tx data mask
BIC #8000h, tx data mask
jnc NO TX PTR UPDATE
mov #8000h, tx data mask
add #2,tx data ptr
mov tx data ptr,reg 1
tst O0(reg_ 1)
jnz NO RESET TX PTR
mov #TX DATA TABLE, tx data ptr
bis #TX DONE,global status

NO TX PTR UPDATE
NO _RESET TX PTR
ret

bubnuoteka Komnana 447



? Texas
INSTRUMENTS

V. [Ipumepbi KOHKPETHBIX NPUMEHEHMI

PR e e S b b b b S S S S S b b b b b S S S S I e R b b S S S S S S e b b b b O A S
’

; KOHel cepBMCHOM nomnporpammel fetch new out bit
,-'k'k***‘k‘k********‘k‘k‘k‘k*****'k'k***‘k*********‘k‘k************

TX_DATA TABLE

.word
.word
.word
.word
.word
.word
.word
.word
.word
.word
.word

05555h
05555h
05555h
05555h
05555h
05555h
OFFFFh
OFFFFh
OFFFFh
OFFFFh
0FCO07h

,-*k*k*‘k*********************k*k***************************

; BDTO MMEJIO MHOXeCTBO OMTOB METOK

; CoOIepXaHUle :

5 6anr, 1 3 57 9

,-*k*k*‘k*********************k*k***************************

cos table:

448

.word
.word
.word
.word
.word
.word
.word

.byte
.byte
.byte
.byte
.byte
.byte
.byte
.byte
.byte
.byte
.byte
.byte
.byte

0FCOBh
0FCO3h
O0FCO07h
0FCOBh
OFCOFh
OFC13h
0

07fh
07fh
07fh
07fh
07fh
07fh
07fh
07fh
07fh
07fh
07fh
07eh
07eh
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.byte 07eh
.byte 07eh
.byte 07dh
.byte 07dh
.byte 07dh
.byte 07ch
.byte 07ch
.byte 07ch
.byte 07bh
.byte  07bh
.byte 07ah
.byte 07ah
.byte 07ah
.byte 075%h
.byte 07%h
.byte 078h
.byte 077h
.byte 077h
.byte 076h
.byte 076h
.byte 075h ;cos 23.2031
.byte 075h
.byte 074h
.byte 073h
.byte 073h
.byte 072h
.byte 071h
.byte 070h
.byte 070h
.byte 06fh
.byte 06eh
.byte 06dh
.byte 06ch
.byte 06ch
.byte 06bh
.byte 06ah
.byte 06%h
.byte 068h
.byte 067h
.byte 066h
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450

.byte
.byte
.byte
.byte
.byte
.byte
.byte
.byte
.byte
.byte
.byte
.byte
.byte
.byte
.byte
.byte
.byte
.byte
.byte
.byte
.byte
.byte
.byte
.byte
.byte
.byte
.byte
.byte
.byte
.byte
.byte
.byte
.byte
.byte
.byte
.byte
.byte
.byte
.byte
.byte

065h
064h
063h
062h
061h
060h
05fh
05eh
05dh
05ch
05bh
05ah
05%h
058h
057h
055h
054h
053h
052h
051h
04fh
04deh
04dh
04ch
04ah
045h
048h
047h
045h
044h
043h
041h
040h
03fh
03dh
03ch
03ah
03%h
038h
036h

;cos 61.1719
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.byte 035h
.byte 033h
.byte 032h
.byte 030h
.byte 02fh
.byte 02eh
.byte 02ch
.byte 02bh
.byte 025h
.byte 028h
.byte 026h
.byte 025h
.byte 023h
.byte 022h
.byte 020h
.byte 01fh
.byte 01ldh
.byte Olch
.byte 0lah
.byte 018h
.byte 017h
.byte 015h
.byte 014h
.byte 012h
.byte 011h
.byte 00fh
.byte 00eh
.byte 00ch
.byte 00ah
.byte 00%h
.byte 007h
.byte 006h
.byte 004h
.byte 003h
.byte 001h ;cos 89.2969

;*****************************************************
;**** a;l:[peca BeKTOpOB HpeprBaHI/[F[:********************
.sect  “Int Vect”,0ffelOh ;03e0h ;O0FFEOh
.word Start ;P0.27
.word Start ;BTIM Int ;BT
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.word
.word
.word

.word
.word
.word
.word
.word
.word

.word
.word
.word
.word
.word

Start
Start
Start

Start
Start
Start
Start
Start
Start

Start
TIM8 Int
Start
Start
Start

;UTIM Int

; YHUBEPCAaJIbHBIL
; TalMep

7 AL

; CTOPOXEBOM

; TaviMep

;PO.1

;P0.0

;RSTI/OF

; PUC/WDT

452
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i
le'r-ll;}%Jxﬁ?zNTs V. [Ipumepbi KOHKPETHBIX NPUMEHEHMI

lMporpammublif BCTpoeHHbIM moaem Ha MSP430
Wolfgang Lutsch [slaa204.pdf (AHrn.)]

B paHHOM npumepe NpuMeHeHUs NoapobHO ONKCkIBAETCA paspaboTka Mofe-
ma cTangapta V.21 Ha 6a3e MukpokoHTponnepa MSP430. AnroputMbl MOLyNSLMK
U gemogynauun ctangapta V.21 peannu3oBaHbl NpOrpamMMHO W NOLLEPXKNBAKOTCA
nepucpepuitibimMu mogynamu MSP430. B faHHOM [JOKyMeHTe NpuBefeHbl Kak oni-
CaHue annapaTHoil 4acTh (Cxema JNeKTPUYecKas NpUHLUNMANLHAs 1 cneumduka-
una (BOM)), Tak 1 onucase nporpaMmMHOro 06ecneveHns (MICXOAHbIR TEKCT npu-
KNnagHoi nporpammbl Ha «G»).

1. BBeenue

Llenb 3Toro npumepa npuMeHeHUs COCTOWUT B TOM, 4TOObI NOKa3aTh, KakK [0-
6aBUTb MUKPOKOHTPOMNIEPHOMY YCTPOWCTBY OCHOBHbIE (DYHKLMOHAIIbHbBIE BO3MOX-
HOCTM MOZEeMa. 4T06bI MOAKITIOYUTL YCTPOICTBO K TeN1ehOHHOM IHUM HEO6X04MUMO
BCEro HeCKOMbKO BHELLHMX 3/1eMEHTOB. Takoe NOoAKM4eHNe MOXET 6bITb peann3o-
BaHO NpYW NOMOLLM JeMOHCTpaunoHHoi nnatsl DAA.

[laHHbIA NporpaMMHbIA MOJEM NpefHasHadYeH a1 paboTbl TONMbKO C BXO-
OALLKUM COefiHeHeM. Takoe yrnpoLLeHne CBA3aHO C Tem, YTO CTaBunach 3afada
TOMbKO NOKa3aTb BO3MOXHOCTb CO3AaHNUSA NPOrpaMMHOro mofiema. Kpome Toro, B
[aHHOM Npumepe NPUMEHEHNS OMUCbIBAETCS, KaK YCTAHOBUTL COELUHEHNE MeXay
NpoOrpamMMHbIM MoAemMoM Ha 6ase MSP430 n cTaHgapTHbIM MOAEMOM NepcoHab-
HOT0 KOMIbOTEpA.

2. Ucnonb3oBaHue mogema ctaHpapta V.21 Ha Tenec)oHHbIX CeTax
o6wero nonb3oBanua (TOCOM)

OcHoBHas oyHKLMS MOAEMa COCTOMT B NPe06pa3oBaHni ABOUYHbIX CUTHANO0B
B @HA/I0rOBble CUrHAIbI, KOTOPbIE MOTYT Nepeaasarbes B Moioce Tened)OHHOro Ka-
Hana, n HA060POT — NPUHATLIX AHANTOTOBbIX CUTHANOB B BONYHbIE curHanbl. CCITT/
ITU onpefensioT pasnuyHble CTaHAApTbl Ang MOAEMOB. HUXe HEKOTOpbIe OCHOB-
Hble TeXHWU4YecKue TpeboBaHNA K Mogemam cTaHgapta V.21:

e [10/IHOAYNNEKCHOE COEANHEHNE «TOYKA-TOYKA» L1 Nepeaady AaHHbIX no Te-
NedOOHHOI NUHIK

e [IBonyHas 4acToTHas MaHunynauus (FSK)

e CKOpOCTb nepeaadn aaHHbIx Ao 300 6ut/cek (60m)

lMapameTpbl Mogynaumn ctangapta V.21:
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Inaga 11. lporpammubiii BCTpOEHHbIT MogeM Ha MSP430

e [1Ba 4aCTOTHbIX KaHana Ans nepeaadn AaHHbIX B 0601X HanpaBneHusx
— LleHTpanbHas yactoTa nepsoro kaHana f1 = 1080 'y
— LleHTpanbHas yactoTa BTOporo KaHana f2 = 1750 Iy

e Yactotbl gna nepegadn asonyHoi ‘17 (MARK) n aomndHoro ‘0" (SPACE) B
KaXX[I0M KaHane:
—f e = X =100 Ty

= fppee = TX + 100 T, roe X — UeHTpanbHas 4YacToTa COOTBETCTBYHOLLErO

kaHana (cm. Tabnuuy 1)
o Bbi3bIBaOLLNIF MOJEM NepeaaeT AaHHbIe NO NepBOMY KaHary, a nonyyaeT ux
10 BTOPOMY KaHany (peum NCX0SALLIEr0 3BOHKA)
e BbI3biBaeMbIi MOAEM NEPeaeT AaHHbIE MO BTOPOMY KaHany, a NPUHUMAET UX
Mo NepBoMy KaHany (Pexum 0TBeTa)

Tabnmya 1. YacrotHbie napameTpbl FSK curnanos craHgapra V.21

Kanan 1 Kanan 2

LlenTpanbHas yactota 1080 'y 1750 [y
Jlesnauus 4actoTbl 100 Iy 100 Iy
[BoMYHas «1» 980 Iy 1650 'y
J1BONYHbBIN «0» 1180 Ty 1850 Iy

Ctanpapt V.21 gonyckaeT HeCTabuUIbHOCTb YacTOTbI HA BbIXOLE MOAYNATOpa
He 6onee +6 . [demoaynatop AOMKEH ObiTb CNOCO6EH Pacrno3HaTth 4acToTbl B
npegenax ananasoHa +12 'y oT oxxugaembix 3HaveHuin. Ctangapt V.21 onpeaenex
AN nepefayn AaHHbIX KakK B CUHXPOHHOM, TaK W B aCMHXPOHHOM pexume. [ns
CTaHAAPTHOrO ABYXTO4EYHOM0 COEANHEHNS MOAEMOM MCMOMb3YeTCA ACUHXPOHHbIE
PEXWUM C OJHUM CTapTOBbIM GUTOM, BOCbMbIO MHGOPMALOHHBIMI BUTaMK 1 0f-
HUM cTon 6uToM. Ha pucyHke 1 npuBefeHbl ABONYHbIA U FSK curHanbl ansg cum-
Bona «K» B Koguposke ASCII (0x4B). JaHHble nepeaatoTcs MNagWnmM 3Ha4aLLmum
6utom Bneped (LSB).

[MpuBeeHHbI NporpamMMHbIA Moaem Ha 6a3e MSP430 paboTaeT TOMbKO B pe-
XXnMe oTBeTa. [103TOMY KaHasbl Nepeaadn aHHbIX UMEOT BUA, NPeCcTaBMNeHHbIA Ha
pucyHke 2. MporpaMmmHbIin Mogem Ha 6a3e MSP430 nepedaeT faHHble N0 BTOPOMY
KaHarny, a NpUHUMaET — Mo nepeomy.
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Puc. 2. HacToTHbIE CNEKTPbI KaHANI0B Nepejadn JaHHbIX cTaHgapTa V.21
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Inaga 11. lporpammubiii BCTpOEHHbIT MogeM Ha MSP430

3. Onucanus annapartHoii YacTu

3.1. Onucanme cxembl JEMOHCTPALHOHHONA NNaTbl

OnucbIBaeMbli AeMOHCTPALMOHHBIA NporpaMmmMHbIid MofeM Ha 6ase MSP430
cocTout mn3 aByx nnat. OgHa nnara cofepXut MUKpokoHTponnep MSP430F149,
KOTOPbIA MOXET ObITb 3aMeHeH MeHee MOLLHbIM MUKPOKOHTPOJIIEPOM CeMencTBa
MSP430, Hanpumep — MSP430F1121. pyras nnata LITELINK IIl cogepxut WIC nu-
HenHoro TenedhOHHOro MHTepdhenca npou3soacTea komnanuid Clare/Ixys. 3ta nna-
Ta N03BOJIAET NOLKMOYUTL NPOrPAMMHbIA MOAEM K TeNe(hOHHOM NuHuK. Vimeetcs
IBe Moandukaumm atoin otnagoyHoi nnatel DAA — CPC5621-EVAL-RDL (akTuBHOE
BXOJHOE COMPOTUBIIEHIE MO NEPEMEHHOMY TOKY — B COOTBETCTBUM CO CTaHAAPTOM
CLLIA) nnn CPC5621-EVAL-CDL (aKkTBHOE BXOAHOE CONPOTUBIIEHNE MO NEPeMEeHHO-
My TOKY — B COOTBETCTBUM CO CTAHLAPTOM CTpaH EBponbl).

BmecTe ¢ MUKPOKOHTPOI1IEPOM 33[1eMCTBOBAHbI CNEAYIOLLNE 3NIEMEHTbI:

¢ 3.3 B cTabunnaatop HanpsXkeHus
e Pasbem JTAG uHTEpCDElica AN BHYTPUCMCTEMHOM OTNAZKKU W NporpamMmu-
pOBaHMs
e QY ans 06paboTKM CUrHanoB
e Pazbem RJ11 ans noakntoydeHns K TeneddOHHON TUHNN
e Tpu CBETOANOAA ANS NHANKALMK:
— Hanu4ms TpebyemMoro HanpsPKeHUs NTaHus
— cTatyca CoeiMHeHUs Mojema
— Tpadhuka faHHbIX COeANHEHUS
e PazbeM 51 NOAKHOYEHNS UCTOYHWKA NUTaHUS 1 06ecneveHns 4ocTyna K
noptam P6.6 n P6.7

RING
— P>
- of L
[ 32y
Jlemonnara Kackamsi __l_
LITELINK Il A MSP430F149

1 06paboTKu CUrHanoB —

> -

338 'eHepaTopbl
Pasbem
RUT NCTOYHMK COeANHEHMS, NUTaHNs,
NUTaHNA Tpaduka

Pue. 3. CTPYKTYpHasi cxema annaparHoi 4acTyi IporpaMMHoro Mojema
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B npunoxeHun A npuBeaeHa cxema anekTpuyeckast NpUHLMNUanbHas onuchl-

BaemMOoro nporpaMmMHoro Mogema. B npunoxenuu B npusefera cneyndpukauus (ne-
peyeHb 371eMEeHTOB) Afs 3TOM NnaTtbl.

3.2.0tnapoynas nnara LITELINK Il (DAA)

LITELINK Il — ogHokpucTanbHas DAA, ucnonb3yemas B yCTPOICTBAX nepefaqu
peyn 1 AaHHBIX ANs MOLKMKYEHUS K TenedOHHON NnHNM. OHA COAEPXKMT BbICOKO-
BOMbTHYIO 3aLLUTY, (DOPMUPYET Ans TeneOHHON IMHUM CONPOTUBIIEHNE NO nepe-
MEHHOMY 1 MOCTOSHHOMY TOKY, OCYLLECTBNIAET UMUTALMIO NOAHATUS TPYOKU (3aHs-
TWE JIMHUK), @ TaKXXe NPOM3BOANT LETEKTUPOBAHIE BbI3bIBHOTO CUrHana u curHana
«0T60M>». OHA MOXXET MCMNONb30BaTLCA B AU EEpEHLMANbHBIX U HECUMMETPUYHBIX
pexumax. MporpammHbIn Mofem Ha 6a3e MSP430 ucnonbayet DAA B HecummeT-
PUYHOM PEXUME.

Tak kak DAA copepXuT BbICOKOBOMBTHYHO 3alUuTy, TO Ang (hOPMUPOBAHUS
3aKOHYEHHOr0 TenedhOHHOro MHTepdeica TPebyeTcs BCEr0 HECKONbKO BHELIHUX
anemenToB. OTnagoyHas nnara, KOTopas MPeACcTaBnseT CO60i NpeABapUTENbHO
HACTPOEHHBIA U OTNAXEHHbINA y3es1, 06/1ervyaeT 1Cnonb30BaHNe N 0TNALKY, a TaKXe
06ecre4mBaeT COOTBETCTBUE CTaHAAPTaM.

Tak Kak nuHeiiHas Yactb MIC nogkntoyeHa K TenePOHHOI NMHIKM, TO AOMOMHM-
TeNbHOe NUTAHNE OT U30IMPOBAHHOMO MCTOYHIKA el He TpebyeTcs. OcTanbHas 4yacTb
NC moxeT nutatbes 0T 3.3 B UCTOYHMKA NUTaAHMS, Y4TO MO3BONSET OCYLLECTBASATH
NUTaHWe 0T aBTOHOMHOr0 UCTOYHUKA NUTaHUS 1 06Mer4aeT hOpMMPOBaHIE UHTEP-
theiica HenocpencTeHHO ¢ MSP430.

bonee nonuyto uHcpopmaumio o LITELINK [l MOXHO nony4nTb U3 TeXHM-
yeckoro onucanms NG «CPC5620/CPC5621 LITELINK Il Phones Line Interface IC
(DAA)» 1 pyKOBOACTBA NOMb30BaTENs AN AEMOHCTpaunoHHol nnatbl «CPC5621
Evaluation Board», KOTOpble MOXHO HaTX Ha CaliTe NMPOW3BOAMTENS KOMMAHUM
Clare Inc.

3.3. Mogkntoyenne k DAA

3.3.1. YnpaBsnstowue curHansl

MporpammHbIn MofieM Ha 6a3e MSP430 ncnonb3yeT 4Ba ynpaBnsioLLmxX curHa-
na DAA, KoTopble HEeNnocpeaCTBEHHO NOLAOTCS HA NOPTbl BBOAA-BbIBOAA MUKPOKOH-
Tponnepa MSP430.

MepBblit ynpasnatoLwnii curian — BbixogHon curian LITELINK IIl — curHan
o6HapyxxeHus Bbi3oa RING, koTopbIi NOAAETCSA HEMOCPEACTBEHHO HA CMOCOOHbIN
thopmuposatb npepbiBaHue nopt P2.5 MSP430. BbixoaHoi curHan RING 06bI4HO
YEePXKNBAETCA B BbICOKOM COCTOSIHMM, @ MPW NMOCTYNIEHUMN BbI30BA HA HEM MOSABNSA-
tOTCA UMMYTbCHI.

458 bubnuoteka Komnana



Inaga 11. lporpammubiii BCTpOEHHbIT MogeM Ha MSP430

BTopoit ynpasnswoLwuii curHan, curHan 3aHatus nuHum, asnsetca ang DAA
BXOAHbIM U 0603Ha4aetcs nonOH. ®opmupyetcsa 3TOT curHan Ha nopty P2.1.
B Tabnuue 2 npuepeHbl Tpebyemble COCTOSHUA curHana nonOH ans AByX pexxu-
MOB paboThI.

Tabnnya 2. YnpaBneHne 3aHATHEM JIMHUN

nonOH Pexum pabortbl Onucanue

DAA roTOB 3aHATb INHUIO WK
NPUHATL BbI3OB, CXEMA CNEXEHNS 3a
BbICOKWUIA ypOBEHb YCTPONCTBO OTKMKOYEHO OT MIMHWN  [NUHIEIN aKTUBHA, a NPY NOCTYNNEHNN
BbI30Ba Ha BbIxoae RING dhopmupyeT-
CS cUrHan.

JTMHEeNHbIA TOK NPOTEKaeT Yepes
YCTPOICTBO NOAKITIOYEHO K JIMHUY  |{TIUHEHBIN TEPMUHAN YCTPONCTBA, KO-

(3aHsTIE NUHMK) TOpOE OCYLLECTBASET OTBET UMK BbI30B
Jpyroro aboHeHTa.

Hu3knit yposeHb

3.3.2. Nepepatowyuit TpakT

Ha Bbixoze FSK mopynsatopa MSP430 (BbiBog P1.7 (TA2)) npucyTcTByeT nps-
MOYTONbHbIA curHan ¢ amnnutynoit 3.3 B. [lanee aToT curHan orpaHnynBaeTcs pe-
auctusHbIM fenutenem (R10, R11). JononHutensHbli KongeHcatop (CG11) dpopmu-
pyet npoctenwnit ®HY nepsoro nopsjka, KOTOpbI N0AABNSAET BbICOKOYACTOTHbIE
COCTaBnstoLLME curHana. EcTb elle ABe MpUYuMHbl, 06yCnaBnuBatoLLme Heo6Xoam-
MOCTb OrPaHUYeHNs YPOBHSA BbIXOLHOMO CUTHAMA:

e VlakcumanbHbI LOMYCTUMBIA YPOBEHb BXOAHOrO curHana ans LITELINK Il
B HECUMMETPUYHOM pexxume pasHsieTcs 1.1 B. 3TOT ypoBeHb COOTBETCTBYET
MoLLHoCTH -6 dBm npu pa6oTe Ha 600 OM NNHEIAHYHO Harpy3Ky

e YpOBeHb MNepesjaBaemMoro MOAEMOM CUrHana JOSKeH ObiTb B mpefenax of
-43 dBm o0 -9 dBm

B Tabnuue 3 npuBefeHbl YPOBHW Pe3yNbTUPYIOLLMX CUrHANOB Ans 4acToT
1650 'y n 1850 I'y npu ncnonb3osanu OHY (cm. npunoxexue A).

U, Y

P(U, )= 10xIog| —L2X2
600 Omx 1mBT

’
1+ jx21x9,1KOMx 10 HO x |

U, (f)
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Ta6nnya 3. YpoBHH NepefaBaemMbIX CHIHAN0B

Yacrora (f) YpoBeHb curhana P (Utx)
1650 'y -24 dBm
1850 'y -24.5 dBm

3.3.3. lpuemHbIit TpakT

CHayana nepemMeHHbI BXOAHOI CUrHan MOJAETCH HA CXeMy CMELieHUs Ha
Vee/2 (em. uenodky R12, R13 Ha cxeme 3neKTpuHeckoil NpUHLMNUansHom), a noTom
ycunueaetcs B 18 pas ycunutenem IG2A. Kpome Toro, curHan nogaetcs Ha ®HY
BTOPOro nopsiika, KOTOpbIii OrpaHn4MBaeT nosocy curdana fo 1.3 ki'y (Nockonbky
4acTOTbl BXOAHOIO cUrHana 6ynyT HaxoauTbes B ananasore ot 980 My go 1180 Iu).
BbixogHoli curHan nopaercs Ha komnapartop Gomparator_A MSP430 yepe3 nopt
P2.3 ons nemoaynauum.

Ha pucynke 4 nokasaH npuHATLIA cUrHan Ha Bxofe (kanan 1) u Bbixode (ka-
Han 2) komnapatopa. CurHan RX+ HeCKOSbKO NCKXKEH 3a CYET HEIMHENHOCTU NpU-
€MHOr0 KaHana v 3a C4YeT TOro, 4T0 MOLYNALMUS U eMOLYNALNA OCYLLECTBNAETCS B
OZIHOM 1 TOM e TpaKTe.

Tk

. h F chd £ .60 Y

Puc. 4. 3n0pbl NPUHATOrO CUTHANA HA BXOZE M BbIXOE KoMnapaTtopa
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Inaga 11. lporpammubiii BCTpOEHHbIT MogeM Ha MSP430

4. Onucanme nporpamMmbl

B maHHOI rnaBe ONKUCbIBAETCS anrOpuUTM AETEKTUPOBAHUS BbI3bIBHOTO CUTHa-
na n moaynb V.21. FSK moaynstop/nemoaynsatop V.21 peann3oBaH npu noMOLLy
annapatHbix moayneit MSP430 n nporpaMmMHOro o6ecneveHus, HanMCaHHOro Ha
«C». [1eTeKTOp BbI3bIBHOTO CUrHana v momynu V.21 uHuumannaupytotcs no npe-
PbIBaHMAM 11 paboTatoT B (DOHOBOM pexuMe. NpOoeKT pasfesieH Ha pasHble MOZynN
(cm. Tabnuuy 4).

Tabnmya 4. Kpatkwii 0630p nporpamMmHbIX MOZY e

Mopaynb Onucaxue

Peanusyet uHTepdeiic nonb3osartens npu
nomotyy moayna V.21 ans nepefadn AaHHbIX no
MOAEMHOMY KaHany.

lpuknagHas nporpamma (softmodem.c,
softmodem.h)

CoepxxuT BCE NPOrpaMmMbl 1 NOANPOrpaMmbl,
peanuayioLmne YHKLUNOHANbHbIE BO3MOXHOCTY
mogema V.21, BKto4as (yHKUNN, He06X0aUMble
Ans nepefadun faHHbIx npu nomouyy UART.

Mogynb V.21 (v_21.c, v_21.h)

ComepXuT noanporpamMmmy NHULNANN3aLmm
[leTekTop BbI3bIBHOrO curHana (ring_detection.c, | AeTeKTOpa BbI3bIBHOMO CUrHana 1 hopmupoBaHus
ring_detection.h) OCHOBHbIX BPEMEHHbIX UHTEPBAJIOB, UCMOJb3Ye-
MbIX Mogynun V.21,

4.1. Mogynb geTeKkTopa BbI3bIBHOIr0 CHrHana

BxoAasLLmi BbI3bIBHOW CUrHAN NpeacTaBnseT co60M rapMOHUYECKUIA CUrHan ¢
amnnutyaon ot 48 B go 60 B nyactoTom o1 16 'y 10 64 'y, Orn6atoLLas BbI3bIBHOMO
CUrHana npeacTasnseT c0601M NPAMOYroMbHbIA CUrHAN C NEPUOSOM S C U LUTENb-
HOCTbI0 aKTUBHOIO UMMNynbea 1 ¢ (CM. pucyHoK 5). OfHAKO B pasnMyHbIX CTpaHax na-
paMeTpbl BbI3bIBHOTO CUrHaNa MOryT BapbMPOBATLCA B 3aBUCUMOCTU OT MPUHATOrO
B KOHKPETHOWN CTpaHe CTaHaapTa.

Bbixon RING noakntodeH K nopty P2.5. Tak Kak BXOAHOW CUTHAN COAEPXKUT
LUYM, TO NPOCTOI NOACYET KOIMYECTBA MMNYNIbCOB HE SBMSETCS NOMEX03aLLMLLEH-
HbIM aNropuUTMOM. 1191 NPaBUbHOTO LETEKTUPOBAHUS UCTIONb3YETCS CreLnanbHbIi
BPEMEHHOW anropuTM. ITOT alrOpUTM COCTOUT U3 NpoLiesyp 06paboTkmM npepbisa-
Hua (ISR), nHuumanuampyembix noptom P2.5 ISR (CM. puCYHOK 6) 1 CTOPOXEBbLIM
Tanmepom WDT (cm. pucyHok 7). WDT BbI3biBaeT ISR kaxpble 250 mc.

bubnuoteka Komnana 461



? Texas
INSTRUMENTS

V. [Ipumepbi KOHKPETHBIX NPUMEHEHMI

u PHONE A

max

-7 Mﬁ

GND —

Puc. 6. bnok-cxema nognporpammbl 06pa60TKK NpepbiBaHus no nopty P2.5 anroputma

<

X-

X__

g
1c 4¢ 1c
Puc. 5. Bbi3bIBHOV cUrHan
P2.5 ISR
ring_puls_cntr++
Mepsbii 3anyck Tarimepa WDT

umnynsc?

(250 mc unTepsan)

06HapyxeHo
15 umnynscos?

BnokupoBka npepbiBaHns
P 2.5 yctaHoBKa
ValidRingFG

Bbixon

[ETEKTUPOBAHNA BbI3bIBHOIO CUrHana
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WDTISR
(250 mc nHTepBan)

t=250 mc
nring_puls_cntr
>1?

t =750 mc
1 ValiRingFG
YCTaHOBJIEH?

Mepexon
B PEXMUM 3aHATISA
TINHAN?

Tporpammubii BCTPOEHHbIN Mogem Ha MSP430

Onpegenexue cHATUS
3BOHKA, 0CTAHOBKA
Tailmepa

>

Bbixopa

*

Onpefenexne cHATUS
3BOHKa

06HapyxeHo
J0CTaTO4HO UMNYNbCOB
BbI3bIBHOTO

YBenuyeHne
ValidRing_cntr

CcurHana

na

[Mepexop B pexum
3aHATUS IMHUK

YcTtaHoBka ¢hnara
OFF-HOOK
0CTaHOBKM Taiimepa

OnpegaeneHne cHATUS
3BOHKA, 0CTAHOBKA
Taiimepa

v

_>

Bbixopn

<

Puc. 7. bnok-cxema noanporpamMmmbl 06pa6oTtku npepbiBaHus ot WDT anroputma
NeTeKTUPOBAHUS BbI3bIBHOMO CUrHaNa
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42. Mogymb V.21

Mpu peanusaumu ctanpapta V.21 661 JonyLLeHbl HEKOTOPbIe YNpoLLeHus. Ha
BbIxoAe FSK moaynsatopa BMECTO rapMOHUYECKOr0 cuUrHana hopmmpyeTcs npsiMo-
YronbHbIA curHan. Kpome Toro, Aemoaynsaums 4acToTbl BXOAHOO CUrHana oCyLLecT-
BNSIETCS MyTeM U3MepeHus nepuoaa KonebaHuit. ns hopMmMpoBaHns NCXoasLLero
1 BXOLALLEro NnoTOKOB U yNpoLLeHns peanudauum APl ncnonb3yercs annapatHbIi
moaynb USART.

[ns dhopMMpoBaHKA BPEMEHHbIX UHTEPBAIOB B anropuTMax MOAynsLmn/ aemo-
Jynauun ucnonb3yetcs BCTpoeHHbIN B MSP430 renepatop ¢ UnupoBbIM ynpassie-
Huem yactotoit (DCO). Hactora DCO ycTaHaBnmBaeTcs U NOAAEPKUBAETCH PABHOM
4096 Iy npu nomoLywm npoueaypsl Set_DCO (). Hactoty DCO MOXHO U3MEHUTb My-
TeM U3MeHeHUs KoHcTaHTbl DELTA B 3aronoske dhaina v_21.h. Mo ymonyanuo ans
DCO sapaHa vactota 1.024 MI'y (DELTA = 250), 4T0 N0O3BOJIAET COMNAcHo TpeboBsa-
HUAM cTaHgapta V.21 hopmupoBsarth Ha BbiIxoae FSK MoaynsTopa 4actoTbl ¢ yX0L0oM
He 6onee +6 'u. Ecnn yctaHoBuTb YactoTy DCO Huxe 999 KW, TO 310 TpeboBaHue
BbINOJSIHEHO He OyfeT. Bce 0MMCbIBaEMble HIKE KOHCTAHTbl 3aat0TCs B 3arofoBke
(haitna nporpammbl Mofyns V.21 n 3aBucar ot Bbl6paHHoil YactoTel DCO. Takxe
DCO ncnonbayetcs ana popmupoBaHns cuHxpocurtanos MCLK n SMCLK.

4.21. FSK mopynsatop

[ns o6ecneyeHns nHTepdenca Mexxay nosib30BaTenbCKON NpUKNagHomn npo-
rpamMMon 1 NpuKNagHon nNporpaMmor MUKPOKOHTPOIIIEPA UCMOSb3YETCH MOLYNb
USARTO (cm. pucyHok 8). OH HacTpoeH Ha paboty B pexxume UART B aCUHXPOH-

MSP430F149
FSK mogynsTop
[Mepeaatynk
Boixon USARTO
UTXDO (pexum UART)
P1.3 ISR,
e Rt R
' cpasHuBaetcs ISR Imer_A. '

Puc. 8. DyHkumoHanbHas cxema FSK moaynsatopa
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Inaga 11. lporpammubiii BCTpOEHHbIT MogeM Ha MSP430

HOM pexume co ckopocTbio 300 6ut/c. Mocne 3anucu 6aiita faHHbIx B UOTXBUF,
moaynb USART HaduHaeT chopmmuposatb Ha BbiBoge UTXDO COOTBETCTBYHOLLMIA
LLIMCHPOBON MOTOK, COCTOSALLMIA M3 CTApTOBOr0 6MTa, BOCbMU MHOPMALIMOHHBIX
paspszAo0B, NnepeaBaemblx MIAAWMM 3Ha4aLMmM 6UTOM Brepes, 1 cTon buta.

ITOT BbIBOJ MOAKNIOYEH HEMOCPEACTBEHHO K BbIBOAY nopta P1.3. Moaynb 3a-
xgara/cpasHeHus Timer_A.CCR2 paboTaeT B pexxumMe CpaBHEHUS U UCMOSb3YeTCs
ans hopmmposanus curHana ¢ LWAM. Mpu nomowyy Tanmepa Timer_A n moayns
CCR2 Ha BbIxofe nopta P1.7 chopmupyertcsa curHan ¢ LUAM. 3Ha4eHns, koTopble
nepuoamyeckn fo6asnsoTcs K cogepxumomy GCCR2 ang nonyyenus tpebyemon
BbIXOAHOW 4aCTOTbl PACCHUTLIBAIOTCA N0 CNeAyoLLei dhopmyre:

HalfPeriodValue = Timer_A.CLK / (2 x SignalFregency)

LinchpoBoit nopt BBOAA — BbIBOAA P1.3 HACTPOEH Ha paboTy B pexume BXO-
[a, npy 3TOM [151 HEro pa3peLUeHo npepbiBaHue. Moanporpamma 06paboTkM aTOro
NpepbIBaHMs 3anycKaeTcs Npu KaxaoMm nameHeHun curdana UTXDO. Ha pucyHke 9
npusefeHa 610K-cxema anroputma atoi ISR.

ISR no nopty P1.3

O6HapyxeH
cnagatoLmin
hpoHT

YCTaHOBKa BbIXOAHOM
yacToTbl 1850 Iy

YcTaHOBKa BbIXOAHOI
yacToTbl 1650 My

lMepeknioyeHne <
P1.3 IES

v

Bbixog

Pue. 9. Bnok-cxema nognporpamMmmbl 06paboTku npepbiBaHus no nopty P1.3
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Mpu yteHnn P1IES.3 ISR onpenenser, OPOHT curHana (HapacTatoLmin unm
cnagaoLnii). B 3aBucKmocTu 0T 3T0ro 06HOBNsAETCS NepemenHas BitFreq, koTopas
1 onpenenset nepuoa hopmupyemoro curdana ¢ LUVIM. Beneacteume atoro nepuog
BbIXOJHOrO CUrHana 3asucut ot notoka aauHsix UART (cm. pucyHok 10).

u UTXDO A

P1.3 ISR Trigger
R
(MARK)
. 0 1 1 0 1 0 0 1 0 1
(SPACE) | | >
P Pt
Upi7 A | E : :
Vee 4 [ —
GND —— !
1 1 >t
i CTapT: : Cton !
' Bur /HhopmaLmroHHbIe 61Tl CbaT

Pue. 10. 3ntopbl konebaHuin FSK moaynsatopa

4.2.2. FSK pemopynsitop

Mocne npoxoxaeHus depe3 OY NpuHATLIA CUrHan nonagaeT Ha BbiBOA P2.3
(CAQ), KoTOpbIil ABNISIETCS BXOAOM MOLyNns komnapatopa Comparator_A, KOTOpbIi
CPaBHMBAET €ro C OMOPHbIM HAMPSHXKEHUEM, PaBHbIM MONOBUHE nuTaHusa (Vcc/2).
Mpn nomowim 6noka 3axsara cpasHeHus Timer_A.CCR1 npon3BoanTcs n3amepeHue
LNNTENBHOCTY 1 Nepuoaa NPUHATBIX UMMYNbCOB. 3axBaT OCYLLECTBAAETCS N0 U3-
MEHEHW0 CUrHana Ha BbixoJe Komnaparopa mogyns Comparator_A npu Kaxpnom
NPOX0XJeHNN curHana Yepes Homb. Ha pucynke 11 npuseneHa 6110K-cxema anro-
puTMa NoAnporpammsl 06paboTku npepbisaHus ot CCR1.

ISR c4mtbiBaeT n3 CCR1 3axBa4eHHOE 3Ha4eHIE M BbICHUTBIBAET A/IUTENTbHOCTb
MMMYNbCOB BXOAHOIO CUrHana nytem W3MepeHus UHTepBana BpeMeHn Mexay ne-
PEKYeHUAMU. 3TO 3HAYEHNE CPABHIBALTCS CO 3HAYEHWUAMM, COOTBETCTBYHOLLMMM
3HaveHmam vactot curHanos ‘MARK’ (980 I'u) u ‘SPACE’ (1180 u) ¢ yueTom 3Ha-
YeHWs JonyCTUMOro BO3MOXHOr0 yxofa 4actotbl (CHN1_MARGIN). InutensHocTh
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Inaga 11. lporpammubiii BCTpOEHHbIT MogeM Ha MSP430

Timer_A.CCR1 ISR

Pacuyer tDIFF
0T NOCNEAHEr0 CNafatoLLero
hpoHTa

3axBayeH
cnajatooLmn
poHT?

Pacuet tDIFF
0T NOCMNEeHEro HapacTatoLLEero
(hpoHTa

tDiff =
1/1180 lu?

VIHKpeMeHTbI cyeT4nKa
Hynen (Zeros++)

tDiff =
1/980 r'y?

VIHKpeMEeHTbI cHeTYNKa
eanHuL (Ones++)

Bbixop, <

Puc. 11. bnok-cxema anroputma noanporpammsl 06pa6oTku npepbianus ot Timer_A.CCR1

paccyMTbLIBAETCA MO NPUBELEHHON HUXE dhopmyre. B Tabnuue 5 npuBeaeHbl 3HaYe-
HUS, UCMOJb3YEMbIE MPU pacyeTax.

Timer _ACLK

PeriodValup= ——+————
SignalFrequency
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INSTRUMENTS

V. [Ipumepbi KOHKPETHBIX NPUMEHEHMI

Tabmmya 5. 3Ha4yeHns, COOTBETCTBYHOLYHE J/TUTENbHOCTAM CHTHANIOB
npu gemogynaynn FSK curnana

Wcnonb3oBaHHble BenuyuHbl: Timer_A.CLK=1.024 MI'y, CHN1_MARGIN=88

YacToTHble napa-

WuTepean aonycTuMbIX 3Ha4eHui

BenuyuHa pnutenn-

METpbI HoCTH Benuuta YacToTa
ANUTENLHOCTH

1180 Ty 867 955779 1072 Ty - 1315 Ty

980 Iy 1044 1132 - 956 905 Ny —1071

Ecnu n3mepeHHas BenMymHa nonagaeT B O4NH U3 UHTEPBAsOB, TO NPOUCXOAUT
yBeJin4eHne COOTBETCTBYIOLLErO CHETHIKA NEPNOAOB.

ISR Timer_A.CCRO

++BitCounter
>9?

EanHny
60/blUe, YeM Hynen?

na
Oymctka P1.2
04mcTKa CHETHUKOB <

KOM-Ba Hynei 11 eaeHuL

v

Bbixon

BnokupoBKa npepbiBaHuit
ot CCRO

Ycranoska P1.2

Puc. 12. bnok-cxema anroputma noanporpammsl 06paboTky NpepbIBaHMs 0T MOLYIIA
3axsara Timer_A.CCRO
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Inaga 11. lporpammubiii BCTpOEHHbIT MogeM Ha MSP430

Mocne o6HapyxeHUs cTapT 6uTa (pacno3HasaHus Wwectn neprnopos ‘SPACE’),
MOAynb 3axsata/cpaBHeHns Timer_A.CCRO nepexoguTt B pexum CpPaBHEHWS W
3anyckaetcs Kaxaylo 1/300 cekyHAbl (B COOTBETCTBMU CO CKOPOCTbIO Mepenaqu
JaHHbIX). Kaxapin pas, korga ISR 3anyckaetcs, MCnonb3yeTcs MaXopUTapHoe fie-
KOZLMPOBaHWeE /19 ONpefesieHns Kakon nocnegHuii 6UT ObIT NPUHAT. B pesynbrarte
9TOro OnpefenseTcs cocTosHme Bbixoda P1.2, a 3aTeM CHETYMKM 04MLLAIOTCA, YTO-
6bl NOLrOTOBUTLCA K AEMOLYNALNN CrIeAytoLLero 6uta (CM. pucyHok 12).

[ns oTCnexuBaHus KOnW4ecTBa NPUHATLIX GUTOB GailTa UCMOMb3yeTca rne-
pemeHHas (BitCounter). Mocne npuHATMS BOCbMU GUTOB NpepbiBaHus OT Timer_
A.CCRO sanpeLyarotcs u popmupyeTtcs cTon 61UT. Pe3ynbTUpYOLLNiA NOTOK JaHHbIX
hopmupyetcs Ha Bbixoge P1.2 co ckopocTbto 300 6ut/cek. Ha pucyHke 13 nokasa-
Hbl 3MOPbI NPUHUMAEMOTO U 1eKOAMPOBAHHOIO CUrHAsOB.

Ucno A

ISR 3axsata CCR1

B R ERE IR R TTII I IR ETIRE.
A RUARA AR
SERVEVALRVANARVAILAY.

!
t
Usrxoo A
ISR cpaBHeHus CCRO
Voo | \ + \ + / \
(MARK)
0 1 1 0 1 0 0 1 0 1
0 —
(SPACE) ] ! - ! >
. : !
| C;T | VIH(OPMALVOHHbIE GUTbI | Cron

(=

ur .

Pue. 13. Bsaumopeictsue ISR ot Timer_A.CCR1 n CCRO

BHewwne Bbixon P1.2 nogkntodeH ko Bxogy mogyns USARTO (sbisog URXDO).
[ns hopMupoBaHns NOTOKa AaHHbIX U 06ECMEYeHUs NHTEPIEeca C BHELLIHUM YCT-
poiicteom (Hanpumep, IMK) moaynb USART ucnonbayetcs B pexxume UART (cm. pu-
CyHOK 14). CoOTBETCTBYIOLLEE NPEPbIBAHWE OT NPUEMHIKA MOXET UCMOMb30BAThLCA
Lns 3axBara NpUHATBLIX 6alATOB.
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INSTRUMENTS

premMHnK
USARTO g
pexum (UART)
ISR
P2.3 I CpaBHeHUs . ISR
Bxoa Comparator_A saxeara
. Timer_A.CCRO

V. [Ipumepbi KOHKPETHBIX NPUMEHEHMI

MSP430F149
FSK nemoaynstop

n Timer_A.CCR1

URXDO
Bxon

P1.2
Bbixog

Pue. 14. DyHKUMOHanNbHas cxema 6noka FSK gemoaynsatopa

4.2.3. YcTaHOBNEHWE CBA3N U YNPABNEHNE 3AHATUEM NINHUK

lepes 06MEHOM AaHHbIX MO TeNeOHHOM NIMHUN CBSA3bIBAIOLLNECH MOLEMbI
LOMKHbI I0r0BOPUTLCA 06 06LLIEM CTaHAAPTE CBA3N. TaK Kak 3TOT NPOLLECC BpeMA3a-
BUCUMbINA, TO AN (DOPMUPOBAHUS BPEMEHHbIX METOK UCMOMb3YEeTCA MOLYIb 3axBa-
Ta/cpaBHeHus Timer_A.CCRO paboTaiowwiuii B pexxume cpasHeHus. Mognporpamma
06paboTtku npepbiBaHus oT Timer_A.CCRO BbI3biBaeTcs kaxayto 1/300 cekyHabl n
NO3BOJIAET 06ECNEYUTL ANTOPUTM YCTAHOBNEHUS CBA3K (CM. PUCYHOK 15).

BbI3biBatoLLmii

Bbizos

] ﬂeTeKTI/IpOBaHI/IE
3BOHKA

Bbi3biBaeMmblit

[lerektuposae|  [1BOM4HbIE AUHMLbI
V2t 980 1y Rasore - =9
T
OTBETHbIA CUTHAN [1BONYHbIE eAMHNLbI
2100 My 1650 Iy Rassete e
1 1
Lt B |
2150 mc 3300 mc 75 mMc X MC 155 mc 600 mc

Puc. 15. YcTaHoBneHVe €BA3M N0 NpoTokony V.21

Mocne 06HApPYXXeHMS BbI3bIBHOMO CUrHana MpPorpaMMHbIA MOfEM Ha 6ase
MSP430 nopkntoyaetcs K Tefied)OHHOM JIMHUW. B 3TOT MOMEHT TpakTbl npuema u
nepefa4n aktmeHbl 1 MSP430 ocyLLeCTBNSET YCTaHOBKY CBA3MW.
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Inaga 11. lporpammubiii BCTpOEHHbIT MogeM Ha MSP430

Mocrie Ha4anbHOro Neproaa MOM4aHNA AUTENBHOCTBI0 2150 MC (2 CeKyHIbI U3 3T0-
ro neproza UCcrnosb3yKTCs ANropUTMOM [IETEKTUPOBAHNS 3BOHKA), MPOrpaMMHbIA MOZEM
MSP430 nocbinaet 0TBETHbIN TOH, YacToTa Kotoporo 2100 Iy, a gnntensHocTb 3300 Mc.
DopmMupyeTcs 3TOT CUrHan Npu NoMoLLM Mogyns 3axeara/cpasHeHus Timer_A.CCR2.

locne JONOMHATENBHOTO Neproaa MOSTHaHNS AfIMTENbHOCTBIO 75 MC, NMporpam-
MHbIN Mogem MSP430 aktusnaupyet FSK MoaynsTop 1 Ha4uHaeT nocblnarb JBOUYHbIE
eanHnubl (1650 Tw). Tenepb BbI3bIBAIOLLAI MOAEM UMEET BPEMS AN Pacrno3HaBaHus
nepegayn no npotokony V.21. Mocne o6HapyxeHus cranaapta V.21 cam Bbi3bIBAIOLLMIA
MOZIEM Ha4MHaEeT nepeaasarb B0UYHble eauHuLbl (980 I'l). Heobxoaumo He meHee 155
MC 47151 UX pacno3HasaHns nporpaMmmubiM Mogemom MSP430. OcyLuecTsnsieTcs 1o ny-
TeM NOLCYeTa JNMTeNbHOCTU curHanos npu nomolum ISR 3axeara Timer_A.CCR1. Moc-
fe TOro, Kak NoAcHMTaHo [OCTaTO4HOE KOMMYeCTBO nepnodos curHanos (DetectTime_
Chn1), 06a mogema oxugaroT ete 600 Mc, Npojoskas nepeaasatb eUHULbI, a Noce
9TOr0 NEepexoasT B PEXIUM Nepefadu JaHHbIX.

4.2.4. PaboTa moaynsa nporpaMMHOro Mogema

[na ncnonb3oBaHUs peanu3oBaHHoro mogema V.21 nonb3osatentd Hago Bbl-
3bIBaTb TOMbKO [BE (PYHKLMU. KOHEYHbIA aBTOMAT, KOTOPbIA Peann3oBaH B (DYHKLAN
modem(), UCTONb3YeTCA N OTCNEXWUBAHUS TEKYLLEro COCTOAHUSA (MPOLOKaeTca
cBA3b UK HeT). Bropas doyHkums — Modeminit (). Mpw BbI30Be 310N (OYHKLNN BHYTPEH-
Hee COCcTOsiHME Moayns uameHnsTcs Ha CommandMode. 370 HaYanbHOE COCTOSHIE, B
KOTOPOM MPOMCXOANT YCTAHOBKA MOZYNS B PEXUM 0XXMAaHUS BXOLALLEr0 BbI30Ba. Tak-
e Modeminit() BbINOMHAET OCHOBHYIO MHULMALMIO NpOrpaMmMHoro mogema V.21. Ha
pUCyHKe 16 NokasaH ynpoLLeHHbIiA rpadd) KOHEYHOro aBToMara. B Hem He 0TOGpaXeHsb!
HeKOTOpbIe MPOLECChI (MPOCToi 1 nepexof B coctosHne CommandMode).

MepBblit BbI3LIBHOW CUrHan nepesoauT mMoAem B coctosHue RingDetection.
lMocne 06HapY)XeHUs CrefyHoLLEro BbI3bIBHOMO CUrHana anroputm 4eTeKTMpoBaHus
BbI3bIBHOIO CUrHana ycraHasnueaeT donar coctosHus OFF_HOOK. 3To npueognt K
nepexogy B coctosHue AnsweringHandshake. lMocne ycTaHOBNEHUS CBA3M KOHEY-
HbI aBTOMAT nepexoaut B pexxum DataMode. Tenepb MoZeM NOMHOCTbIO aKTUBEH U
nepesaya LaHHbIX Mo TenedhOHHON JIMHUM BO3MOXHA MyTeM NMPOCTOro 06paLleHns K
mogynto USART MSP430.

OKOHYaHMe CBA3W ApYruM MOLEMOM OMPEAEnseTcs Npu NOMOLLW CrefyioLLe-
ro anroputma: lepuogmnyecku Bbi3biBaemana yHkuua modem() copacbiBaeT donar
OFF_HOOK. Mpu Hanu4mm BxogHoro curHana donar OFF_HOOK 6ymet ycTaHoBneH
CHOBA NMpPU KXA0M 06HapYXeHUn nepexona curHanom vepes Homb (Timer_A.CCR1
ISR). Ecnmn BXOZHOW CuUrHan OTCYTCTBYET, TO oyHKUMS modem() reHepupyeT ycno-
BME NPOCTOS, OCTaHaBNMBaeT paboTy Moayns FSK, nOBTOPHO MHULManu3mpyeT npo-
rpamMMmHbIi Mogem 1 nepexoau B pexxum CommandMode.
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[leTeKTpOBaHIe
3BOHKA

PpoHT OFF_HOOK = 1
BbI3bIBHOIO
curHana
Pexum YcTaHoBKa
Command CBA3M
OFF_HOOK =0 [leTeKTpoBaHue eauHuL

Pexxum
nepefain
NaHHbIX

Puc. 16. Tpah KOHEYHOr0 aBTOMarTa Mojema

Hardwarelnit()

v

Modemlnit()

v

modem() T

v

O6paveHne
K USART

v

Monb3oBatesnbckas
nporpamma

Pue. 17. Bnok-cxema nofib30BaTtesibCKOM NporpaMmbl, UCnosb3yoLein mogem V.21
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Inaga 11. lporpammubiii BCTpOEHHbIT MogeM Ha MSP430

Ha pucyHke 17 nokasaHa 61m0oK-cxema anroputMa nosib30BaTenbCKoil nporpam-
Mbl, UCTONb3YtoLLei Mogem V.21.

4.3. JleMOHCTPaYNOHHOE NPUMEHEHNE NPOrPaMMHOro Mogema

MpumMep nporpaMmbl, BXOAALLMIA B JAHHBIA NPUMEP NPUMEHEHUS, [EMOHCTPU-
pyeT ucrnosnb3oBaHne moayna V.21 B KoMGUHaLMN C NPOCTbIM UHTEPENCOM M0Jb-
30Baresisl, KOTOPbIA N03BONAET cunTbiBaTh U3 MSP430 n3mepeHHble AaHHble. Ha
pucyHke 18 nokasaH BOSMOXXHbI BapUaHT coeHeHus. MepcoHanbHbIn KOMMbOTEp
CO CTaHAApPTHbIM MOAEMOM MOLKIMHYEH K OOHOMY pasbemy CUMynsTopa TenedoH-
HOI1 NUHWK, @ NPOrPaMMHbIA MoJem Ha 6ase MSP430 — k apyromy.

[TporpammHbIin c nK
MogeM mynstop €O CTaHAAPTHbIM
Ha 6ase TENEOHHO MOZEMOM
MSP430 SN (v.21)

Puc. 18. TecToBas cxema NoAKNOYEHUs NPOrpamMmMHOro mofema Ha 6aze MSP430

Ha MK Heob6xoaumo mcnonb3oBatb nporpamMmy Hyper Terminal, BxoasLyto B
coctas OC Windows. Mepen npoBefeHnemM Tecta y6e[uTeCh, 4TO BbIOPaH NpaBuib-
HbIA NOPT 1 YCTAHOBJEHbI CNEAYoLLMe NapameTpbl nopTa: 8 6UT AaHHbIX, HET 6uUTa
MPOBEPKI HA YETHOCTb W YCTAHOB/EH OfWH cTON 6uT. CKOPOCTh 06MEHa JaHHbIMU
MOXET 6bITb NMPOK3BOSILHON, TAK KaK OHA CMOJb3YETCA TONBKO 415 06MEHa JaHHbI-
mun mexxay MK u ctaHgaptHeiM Mogemom. Moaembl JOroBOpsTCS 0 CKOPOCTYH nepe-
[a41 JaHHbIX N0 KaHany camu.

lMocne HacTpoikn nporpammbl Hyper Terminal MOXHO NMpOTeCTUPOBATh MOLEM
NPy NOMOLLW Crneaytowmx «AT» KOMaHA;

o ATZ <Bog DESIGNTIMESP=27099> (BbINonHseT c6pOC MoLema)

e ATDTx <BBopg DESIGNTIMESP=27101> (HabupaeT nocnenoBaTteflbHOCTb
UMdp «x», KOTOpas [OSMKHA COOTBETCTBOBATb HOMEPY MOPTa, K KOTOPOMY
MOAKS0YEH NPOrpamMMHbIA MoJeM Ha 6a3e MSP430)

lNocne Habopa HoMepa W YCTAHOBNEHUS COELMHEHUS MOJEM MepCcOHaNbHOro

KOMMbLOTEPA CUrHANM3MpyeT 06 YCTAHOBMEHWW CBS3W C NPOrPaMMHbIM MOAEMOM
MSP430, nepenasas nporpamme Hyper Terminal ctpoky «MSP430 Soft-Modem
Demo». Mockinas nporpammHomy mofemy Ha MSP430 KofoBble KOMOUHALMK, CTaH-
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JapTHbII MOAEM MOJy4aeT COOTBETCTBYIOLLME CTPOKM, COLepXKaLLme NHEopmMaLImnio
0 COCTOAHWM (cM. Tabnuy 6).

Tabnnya 6. CoobLyerna nporpamMmHoro Mogema

Koposas
Otser nporpamMmHoro mogema
KOoMOuHauus
lMporpammHblit Mmogem MSP430 nepektodaet nopt P1.0, K KOTOPOMY NOAKIHOHEH
0 KENTbIA CBETOAMOL. B 3aBUCUMOCTY OT COCTOAHNS NOPTA CBETOANOS 3aropaeTcs
WIN TYXHET.
6 Mepepaetcs cocTosHue nopTa P6.6. B 3aBUCUMOCTM OT YPOBHSA CUrHaNa Ha 3ToM

BXOAe nepefaetca cTpoka «P6.6 Input: HIGH» unu «P6.6 Input: LOW».
7 AHaNorn4yHoO ONMUCaHHOMY BbILLE, HO NEpeaaeTcs COCTOAHNe nopTa P6.7.

Bo3BpalLaeTcs pesynbrar aHanoro-UndpoBoro npeobpasoBaHins BCTPOEHHOMO
TEMMNepaTypHOro Aatymka.

lMporpammHblit Mmogem MSP430 Bo3BpatLaeT cTpoky «Good Bye!» u paspbiBaet
MOZEMHOE COeAVHEHMe.

X

Jlio6on fpyroi

CHMBON MosnyyeHHbI CMMBON BO3BPALLAETCS CTAHAAPTHOMY MOZIEMY

5. Ucnonb3oBaHHble annapatHbie pecypebl MSP430

Mporpammubiii Mofem V.21 ucnonb3yeT CriefytoLine annapatHble Pecypebl
MUKPOKOHTpOJ/epa:

o Taiimep Timer_A3

e Komnapatop Comparator_A

e Moaynb USART

o CTOpOXXeBoit Taiimep

e [1Ba UMdhpOBbIX NMOpTa BBOAA — BbIBOAA
e 1.7 Kb Flash namstu, 100 6ait 03Y

6. 3aknto4eHue

Bce TecTMpyeMble CTaHAAPTHbIE MOAEMbI CMOMIN COEAMHUTLCS C NPOrPaMMHbIM
mozieMmoM Ha 6ase MSP430 6e3 Kakux-nnbo npobnem. bbino nokasaHo, YTO (DYHK-
LIMOHaMbHbIE BO3MOXXHOCTM MOAEMA MOTYT ObITb Pean30BaHbl MpU MOMOLLY CaMOro
MWUKDPOKOHTpOMNepa 6e3 Mcnomnb30BaHNs JONOMHUTENLHOTO annapaTHoro Mogema. 1o
Mo3BONSET NOAHATL PEHTAOEMbHOCTL MHOTVX MPUKMAAHBIX PELLIEHWIA, KOTOPbIM HEO6-
XOAMMO BECTV 0OMEH JaHHbIMU MO TeNeDOHHON NUHIK C APYrMIA YCTPORCTBAMM.

CebInkKu:

1. MSP430x13x, MSP430x14x Mixed Signal Microcontroller data sheet
(SLAS272)
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Inaga 11. lporpammubiii BCTpOEHHbIT MogeM Ha MSP430

2. MSP430x1xx Family user’s guide (SLAU049)

3. CPC5620/CPC5621 LITELINK Il Phone Line Interface IC (DAA) data sheet,
Clare Inc., 2002

4. CPC5621-EVAL-RDL/CPC5621-EVAL-CDL LITELINK Il Evaluation-Board
user’s guide, Clare Inc., 2002

5. MSP430 Embedded Soft-Modem Demo, ATC Presentation by Dannenberg,
A., November 2003

Mpunoxenue A. Cxema anekTpuyeckas npuHuUnuanbHas
nporpamMmHoro Mmogema

| e L]

M5P43@ Soft-Nodem

T™LE: BIETHOT]
1 BumSer
(Dt G il G Sk

=

{
i

i

il
i

i

LE
dir

.Ei:iﬁa.f-inil.fif*:u

FE

LTI
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V. [Ipumepbi KOHKPETHBIX NPUMEHEHMI

Mpunoxexue B. lepeyeHb 3NeMEHTOB NPOrpaMMHOro mogema

Mo3unuus HaumeHoBaHue Kopnyc
R1, R9 100 KOm 1206
R2 10 KOm 1206
R3 180 kOm 1206
R4 2 kOm 1206
R5 22 KOm 1206
R6, R7, R8, R11 560 Om 1206
R10 9.1 kOm 1206
R12,R13 5.1 kOm 1206
C1, G2, C3, C4,C5, C8, C10 0.1 mk® 1206
C6 2.2 mk®d x 50 B D 4 mm
C7 47 mk®d x 16 B D 6.3 Mm
C9 4700 n® 1206
C11 0.01 Mk® 1206
Cc13 47 n® 1206
D1 [ony6oii CBETOANOA, 1206
D2 KenTbIin cBETOANOL, 1206
D3 KpacHblii CBETOAMOA 1206
D4 BAT 48 SMD 1206
Q2 327681y
IC1 MSP430F149 TQFP-64
IC2 TLV2782ID, OV Texas Instruments SO-8
1c3 TPS7233QD, cTabunusarop HanpsKeHus s0-8

Texas Instruments

P1 HEBW21/ pasbem nutanus
X1 Pasbem 1x2
X2 Pasbem 1x12
X3 LLITbIpbKOBbIN pasbem 2x7
X4 Pasbem RJ11
JP1 LLITbIPbKOBbIN pa3bem C nepeMblykamm 2x3

476
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leHepauua u pacno3nasanue DTMF-curHanos

Yact I.
Robert Siwy [slaae16.pdf (AHr.)]

1. BBepenue

MepBas 4acTb JaHHOrO nMpumepa NpUMeHeHNs onucbiBaeT reHepauuio DTMF
CUrHAIOB C UCMOMb30BaHNeM MUKPOKOHTponepa MSP430. [laétcs 06bACHeHMe Ha-
16osee BaXXHbIX CrieunuKaLnii, Ncnonb3yeMblx B 3TOM Crlyyae, NpUBOLATCA Teope-
TUYECKIE N MaTemMaTyeckne 060CHOBAHUS reHepauni CUHYCOMANbHbIX CUTHAMOB
npy NOMOLLYM NPAMOYTONbHBIX C UCMOJSIb30BAHNEM COOTBETCTBYHOLLMX aHANIOr0BbIX
(unbTpoB. TakxKe NpuUmep BKITHOYAET NPOTECTUPOBAHHbIE AEMOHCTPALMOHHBIE NPO-
rpamMbl reHepauum NPAMOYrosibHbIX CUTHANIOB HA 6a3e PasinyHbIX KOHGUrypaumi
TalimepoB MUKPOKOHTponnepoB MSP430. B 3akn4uTenbHON YacTu npuBOANTCS
NPUHLMNVANBHASA CXeMa, NO3BOSIAOLLAA reHepupoBatb curHansl DTMF n3 npsamo-
YronbHbIX CUrHASOB.

2. Cneundpukauus curuanos DTMF

Ab6pesunatypa DTMF o3Ha4aeT “Dual Tone Multi Frequency” (aByxTOHanbHas
MyNbT4ACTOTHAsA MOChINKA) W NPeAcTaBnseT co60i MeTon MpeacTaBneHns Luudp
Pa3NMYHbIMI YacTOTaMU G LIEMbI0 Nepefadn ux no aHanoroBbIM NMHUAM CBSA3W, Ha-
npumMep, No TenedOHHOI NuHMK. Mpn pa3paboTke cTaHAapTa 6bI0 YYTEHO YCIO-
BME — BCE YaCTOTbI JO/HKHbI HAXOAUTBCS B «[ONIOCOBOM» [1ana30oHe, YTO NO3BONNIO0
CHU3NTb TPe6OBaHUA K KaHany nepeaadn. B teneoHHbix cetax curdansl DTMF ne-
Nonb3ytoTcs NS Habopa HOMepa W nepefadn Apyron nHdopmauwmn. HecmoTps Ha
TO, YTO JI0 CUX MOP LUMPOKO MCMOMb3YETCH MMMYbCHBIA cnoco6 Habopa HoMepa,
KOTOPbIN SBNSETCS CTAHAAPTOM, Hanpumep, B fepmaHun, Bpems Habopa npu aTom
3HAYNTENbHO YBENWNYMBAETCA, MPUBOASA K HEMPOW3BOAWTENbHON 3arpy3ke NNHWIA
cBA31. Kpome 3T0ro, MHOrME JOMNOMHUTENbHbIE YCIYTiA CBA3W BO3MOXHbI TOMBKO €
ICMONb30BaHMEM TOHANbHOMO Habopa. Mpu kKoauposaHun metogom DTMF, undpsl
0-9 n 6ykebl A-D, */E and #/F npefcTtaBneHbl KOMOWHALWIA ABYX 4aCTOT:

Yacrora 1209 Iy 1336 My 1471y 1633My
697y 1 2 3 A
770y 4 5 6 B
852ly 7 8 9 C
941y *[E 0 #IF D

478
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Inaga 12. Tenepayuns n pacnosHosaxne DTMF-curnanos

B atoit cucteme cTonbew, NpeacTaBseT 4acToTy U3 «BEPXHei» 4acTOTHOW
rpynnsl (Hi-Group: 1209-1633 Hz), a cTpoKa — 4acToTy U3 «HUXKHEN» 4aCTOTHOM
rpynnbl (Lo-Group: 697-941 Hz). ToHanbHble 4acTOTbl BbIGPaHbl TakKUM 06pasoM,
Y4TO6bI UCKITHOYUTb BAUAHIE FAPMOHUK. HacTOTbI He KpaTHbI APYT APYTY W HW 0JHA U3
yacToT DTMF He MOXeT 6bITb NOJSTyHeHa CyMMIUPOBAHIEM WU BbIYUTAHUEM APYTUX
yactoT. [insa dpopmmpoBaHus Habopa Homepa B ceTu Deutsche Telekom Tpebyert-
CAl BbINOJSIHEHME HIKECTeyoLwmMX cneumndmkaumi (83ato n3 Zulassungsvorschrift
des Bundesamtes fur Post und Telekommunikation, BAPT 223 ZV 5 [1] (Odpuum-
anbHas cneundukaums deepanbHOro MUHUCTEPCTBA NOYTHI U CBA3N):

o OTKJIOHEHe 4acTOTbl OT HOMUHANbLHOI — He 6onee 1.8% B npouecce Habopa
HomMepa

e Orn6atowlas curHana Habopa Homepa [0/MKHA COOTBETCTBOBATb OCLAIION-
pamme, NpuBeaeHHON Ha puc.1:

Ua

100% \ f
90%

10%
’ <-46 b (950 mB),

/ N\ t

N

10%

90% / L
100%

Uv

t1 —Bpems HapacTaHns <7 Mc :  t1 2 13
12 — Bpems cnaga < 5 mc < > < >

3 — Bpems mexay cumsonamu > 80 mc
t4 — pANTeNbHOCTL cUMBONA = 65 MC

A
v

t4

A
v

Puc. 1. BpemeHHble xapakTepucTukm curtanos DTMF
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o OTKNOHEHNE 4acTOTbl OT HOMUHAINLHON — He 6onee 1.8% B npoLecce Habopa
HomMepa

0 MuH. yposeHb | Makc. ypoBeHb
OnutenbHocTb aysaMexmy | g .5 (950mB) | & b (950MB)
cumBOna CHMBOJIAMK

fu fo fu fo

ABTOMATNYECKNiA HABOP
AN PY4HON Habop C aB-
TOMaTN4eCKIM OrpaHn-
YeHWeM AUTENbHOCTH

Py4Hoi Ha6op 6e3
OrpaHnyeHmns t>65Mmc t>80 mc -16 -14 -13 -1
LUTENBHOCTH

65 mc <t<100 mc|80 mc <t<6500 mc| -16 -14 -105 | -85

e HOMUHAIbHBIN YPOBEHb HAMPAXKEHUS BEPXHEN U3 2-X 4ACTOT LOSIKEH ObITh
BblLLE KaK MUHUMYM Ha 0.5 ab, HO He 6onee Yyem Ha 3.5 b, 4eM HOMUHaMb-
HbI YPOBEHb HAMPSKEHUS HIDKHEN U3 2-X 4ACTOT C LIeNbH KOMMEHcaLmm no-
Tepb B ANNHHBIX JIMHUSAX

e B amanasoxe 4actot 250..4600 I, cymMapHbIid YpOBEHb BCEX 4aCTOT, KPOME
TeX, KOTOpble (DOPMUPYIOT HABOP HOMEPA, AO/MKEH ObITb KaK MUHUMYM Ha
23 0b HuKe CyMMapHOro ypoBHS 4acToT, (hOPMUPYIOLLMX HAbop HoMepa U
KaK MUHUMYM Ha 20 Ob HVKe YPOBHS KXI0M 13 TaknX 4acToT.

3. lenepauusa curianos DTMF

Kak 6b110 onucaHo Bbitle, curHans DTMF aBnsi0TC aHanorosbIMu 1 COCTOSAT
3 [BYX HE3aBUCUMbIX APYr OT Apyra CUHYCOMAAbHbIX CUTHANOB. Takum 06pasom,
HEBO3MOXHO CreHepupoBaTh TaKne CUrHanbl TOMbKO LMEPOBLIM crnocobom. Lind-
POBbIE CUrHaNbI A0/MHKHBI ObITb NPE06Pa3oBaHbl Npu nomowiu AL w/unu aHanoro-
BbIX (DUITLTPOB B TPEOYEMYHO CUHYCOULANBHYIO DOpMY.
3.1. lenepayms npu noMoLYH NPAMOYrofibHbIX CUrHano0B

Ecnn gna dopmupoBanus curHanos DTMF ucnons3yoTes npaMoyrosibHble
CUrHaITbI, TPEOOBAHUS K NPOrpamMMHOMY W annapaTHOMy 06eCreYeHno MUHUMAanb-
Hbl. JT0601 HenpepbIBHbINA CUrHaN, UMeoLLWiA nepuog T MOXeT 6biTb NPeACTaBlieH
pagom ®ypbe, COCTOALLMM U3 GECKOHEYHON CYyMMbl CUHYCOWL U KOCUHycouA [2]
CcneaytoLLmm 06pasom:

y(t)= %" + i[a0 X C0S(na,t) + by x sin(net) |
n=1

fne a/2 — NocToAHHas COCTaBNAIOLLIAA CUrHaNa. NEMEHT CyMMbl C HalMeHb-
LI/ YrNoBOiA 4aCTOTOM () Ha3bIBAETCA OCHOBHOIA (PyHAAMeHTaNbHOM) rapMoHu-
KOW, 0CTasbHble — 06EPTOHAMM UIN BbICLUMMI FapMOHUKaMN.
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Inaga 12. Tenepayuns n pacnosHosaxne DTMF-curnanos

Hanbonee npocTbIM HEMpepbIBHbIM CUrHANOM, peann3yemMbiM Mpu MOMOLLM
MUKPOKOHTPOJEpa, ABNAETCA MeaHap, psaa Oypbe 4ns KOTOporo UMeeT BUA;

A A

y(t)=X+2_y sin(coot)+lsin(ScoUt)+lsin(5coUt)+lsin(7c00t)+...
2 n 3 5 7
A — -y
O
g
=
E
»m
»
) T E -
T =
[MocTosHHas >
COCTOBAIAOLLAS HacToTa

Pue. 2. AMNANTYOHBIA CNIEKTP NPAMOYTOfbHOMO CUrHana

[Mpu1 1cnosib30BaHUM aHANIOroBOro PUIILTPa NOCTOSHHAA COCTABNAOLLAS U Bbl-
CLUMe rapMOHMKIM 3 DeKTUBHO NOLABMAKTCSA, MPU 3TOM Ha BbIXOZE NMEEM CUHYCO-
UAANbHbIA CUrHAN C 4aCTOTOW, PaBHOM 4acTOTe MCXOLHOIO MeaHzpa.

3.2. lporpammHoe obecneyerne 4ns reHepaynn MeaHgpa
lporpamma reHepauuy MeaHapa LOKHA YA0BETBOPATL CriefyoLmum Tpe6o-
BaHUAM:
o [IMeTb BO3MOXHOCTb CMHTE3a [BYX HE3aBUCMMbIX Lpyr OT Apyra npsmo-
YrofbHbIX CUTHANOB.
e B Lienax pa3fenenuns curHanos TPeoyTCs [Ba BbIXOAHbIX BbIBOAA, 06ecne-
YNBAIOLLIMX TEHepaLuio CUTHANOB U3 «BepxHero» (Hi-Group) n «HWKHero»
(Lo-Group) 4acTOTHbIX ana3oH0B COOTBETCTBEHHO.
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e [10 0/MKHO UMETb BO3MOXXHOCTb YCTAHOBKW TPEOYEMOI ASINTENIbHOCTN CUT-
HamnoB B 1anasoHe npumepHo 65 mc — 100 mc.

MukpokoHTponnepsl cepunt MSP430 nmetoT pasnnyHble BCTPOEHHbIE TailMe-
pbl, CNOCOGHbIE TEHepuUpoBaTb NPAMOYTONbHbIE CUrHANbI. B cemeiicTBe ‘31x/'32x
ucnonb3yoTes 8-6UTHbIA Taimep W Taimep-nopt (Timer Port) ang renepauuu
060X NPAMOYrONibHbIX CUrHanoB. [JaHHaa nporpamma npoBepsnach npu 4acToTe
MCLK pasHori 1.048 MT'u. Taiimep Timer_A B ceMencTae ‘33X MOXET CaMOCTOsATeb-
HO (hopMUpOoBaTL 06a TPebyemblx CuUrHana. Bropas nporpamma MCronb3yeT 3ToT
TaMep ANs reHepauum MeaHapoB u paboTaeT ¢ ntobbimu yactotamu MCLK. [anee
6ynyT Noapo6HO paccMOTPEHbI 06e NPOrpammsl.

3.2.1. leHepauua npsaMoyrofbHbIX CUTHANOB € UCMOMNb30BaHueM 8-6MTHOro Talimepa
¥ Taiimepa - nopta Timer Port

Ha puc. 3 nzobpaxeHa 6/10K-CxeMa Npoueaypbl WHULMANN3ALMN AN re-
Hepaumu DTMF-curHanos. 41o6bl CMHTE3MPOBATL [BE Y4ACTOTbl, MCMOJb3YHOTCA
CY8TYMKM Talmepa-nopta Timer Port u 8-6utHOro Tainmepa. Kaxabli U3 HUX
npescTaBnseT co60M NPOrpaMMuUpPyeMblil CHETHBIA PErucTp, HE06X0AUMbIN Ans
TOYHOr0 CMHTE3a TpebyeMbIX 4acToT. Ecnu cHETHNKY TaliMepa-nopTa Kackaanpo-
BaHbl B OMH 16-OUTHbIN TalMep U TaKTUPYHOTCA OT CUCTEMHONM YacToTbl MCLK,
TO 4acTOTbl BEPXHEro uanazoHa MoryT ObITb CROPMUPOBAHBI C BbICOKOW TOY-
HOCTb0. [Tpn BOSHWKHOBEHWUM NPEPbIBAHWUA COOTBETCTBYIOLLMIA BbIXOL NEpPeKnto-
yaeTcs, U 062 8-6UTHbIX CHETHBIX PErmMcTpa nepesarpyxarTcs. 3arpyxaemble
3Ha4eHNs XpaHATCS B BYX nepemMeHHbIX B O3Y C Liefibl0 3KOHOMUN BHYTPEHHUX
PEerncTpoB A1 Apyrux 3ajay.

HacToTbl HWXKHEro [uanasoHa reHepupytoTcs 8-6UTHbIM TaliMepoM. Tak Kak
CHETHBIA PErncTp 3TOr0 TaiMepa UMEET Pa3pALHOCTb 8 BUT, TONBKO KaXA0€ TPETbe
npepbiBaHWe NPUBOLAUT K CMEHe YPOBHS Ha TPeOyeMOM BbIXOAHOM BbIBOJE, NO3BO-
NS reHepupoBaTh 3TUM XXe CYETHUKOM HacTOTbl.

[1Ba BbIx0/a TailmMepa — nopTa UCMosb3ytTCA Ans (hOPMUPOBAHUS [BYX MEeaH-
JPOB Pa3HOil 4aCTOThI.

Mpoueaypa MHULMANK3ALNN BbINOMHAETCA TONbKO OAMH pas. lMocne eé 3a-
BEPLUEHNS, LUeCTHAALATEPUYHOE 3HA4YeHMe nepefaBaeMoro CUMBOMA YUTaeTCs
13 rnobanbHoi nepemeHHon B O3Y. Mocne Toro, Kak ABe 4acToTbl, (DOPMUPYIO-
LLMe BePXHWiA 1 HKHWIA ToHa DTMF, creHepupoBaHbl U3 ABYX Tabnu, TpeodyeTcs
TONbKO UHMLMaNN3aLms 1 3anyck 060Mx TainmMepoB. [NUTesIbHOCTb NOCHIIKA KOH-
TponupyeTcs nyTém NoAcHETa NoMynepruofoB «HMKHEN» HaCTOTbl 1 CHUTLIBAETCS
13 BONOSIHUTENIbHOM Tabnuubl. 10 3aBepLueHnn 3TON NpoLeaypbl NPOU3BOAUTCA
BO3BpaT K (pyHKUMM nonnuHra. COOTBETCTBYOLLME NOANPOrpamMmsl 06paboTKm
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|

i

MonyyeHwne
CMMBONOB
DTMF u3 03y

1

Mony4exune
BPEMEHHbIX KOHCTAHT
[N Tanmepa
13 Tabnuubl NM3Y

]

3arpyska
B CHETHUKN
3Ha4eHnn
nonynepuoaos

1
8-6UTHbIN Tarimep
3anporpaMmmMupoBartb
B PEXUM CcyeTa
10 3x

!

CoxpaHeHue
BPEMEHHbIX KOHCTaHT
nns Taitmepa B 03Y

1
MporpammupoBatue
Talimepa,
paspeLueHue
npepbIBaHui

!

o)

Puc. 3. bnok-cxema npoueaypbl MHuumanusauun ans redepauun DTMF-curHanos

NpepbIBaHUI OCYLLECTBAAIOT NEPeKoYeHne BbIBOAOB NopTa. IT0T NPOLECC npo-
JEeMOHCTPUPOBaH Ha puc. 4 u 5.

B 3apaym Taitmepa-noprta BXOANUT TOSIbKO (PUKCALMA JIOT. YPOBHS HA BbIXOAE
nopta n nepesarpyska c4étynka u3 03Y, pabota xe 8-6UTHOro Tamepa UMerT
HECKO/bKO 60J1ee CIOXHYI0 CTPYKTYPY: KXIbIA BXOA B NPepbiBaHNe NOLCYMUTI-
BAETCA CYETHLIM PErncTpOM. BbiX0Z MOXET CMEHMTb COCTOSHWUE TOMbKO MO MC-
TeyeHun TPEX npepbiBaHuii. Kpome 3T0ro, Kaxablii Monynepuoa Takxke nogcyu-
TbiBaeTCs. [eHepaums NpekpaLLaeTcs no SOCTKEHUM ONpeaeNEHHOr0 Kon4ecTsa
nonynepuoAos.
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8B_TC_INT

I

PaspeLueHue
npepbIBaHNi

l

[lekpemeHT
CYETHOro
peructpa

CYeTHbIN
peructp=0?

HBEpTMpOBATL
BbIX0J,
DTMF-LO

HeT l

3arpysutb
B CYETHbINA PErucTp
4ncno 3

l

[lekpemeHT

Bbixoa cYeTYMKa
noaynepuosoB

CYeTHbIN
pernctp=0?

[Mpekpatntb
nepegady

l

Bbixog

HET

Bbixop

Pue. 4. bnok — cxema npepbiBaHuii 0T 8-6uTHOrO Taimepa (Lo-Group)

484
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TP_INT ]

/IHBepTUpOBaTH
BbIX0[,
DTMF_HI

lepesarpyska
CYeTYNKa
n3 03Y

OumcTka
thnaros
npepbIBaHnii

Bbixog

Pue. 5. bnok — cxema npepbiBannii Taiimepa-nopta (Hi-Group)

; llolb30BaTEsIbCKME OIpelesIeHNA

FLLMPY
TCLK
DL
LO_OUT
HI_OUT

RCOUNT
RTEMP

; Onpenenexnusa 0O3Y

bubnuoteka Komnana

.equ
.equ
.equ
.equ
.equ

.equ
.equ

32

; YMHOXUTEJIb 4acTOThel FLL
; Ha 1.048 MI'u

FLLMPY*32768 ; TCLK: FLLMPY X f

85

02h
04h
rl4
rl5

; KBapua
; InurespHOCTBE CuUI'Hajsia DTMF
; (65..100 mMc)
; BRIXOI «HIDKHEM» UYaCTOTHI
; BEIXOI «BEepXHEI» YaCTOTEH
; Cuérumk ngjmHel DTMF
; CIyXeOHBIM PEeTVCTP

.global DTMF NR ; riyoGasnbHasa nepeMeHHasa B O3Y

.even

; nnsa "HoMmMepa DTME (0..F)
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.bss DTMF TL ; BrelpaBHMBaHME 1O UETHOMY
;. ajpecy
.bss DTMF TH
.bss DTMF NR ; ruyioCajibHasa mnepemeHHasa B O3Y
; nysa Homepa DTMF (0..F)
.even

; OnpeneyeHusa njia 8—-OMTHOTO TarvMepa

TCCTL .EQU 42H

TCPLD .EQU 43H

TCDAT .EQU 44H

; OmpenesieHys IJid YHMBEPCAJIBHOT'O TaynMepa-IopTa

TPCTL .equ 04bh ; YIOpapJieHVEe TaMepOM-—-IIOPTOM

TPCNT1 .equ 04ch ; Cuéruyk TanMepa-nopTa 1

TPCNT2 .equ 04dh ; Cuéruyk TanMepa-nopTa 2

TPD .equ 04eh ; IaHHBEIE TarMepa-ropTa

TPE .equ 04fh ; PaspeumeHue TarmMepa-InopTa
.text

; Tabmuuel yacTtorT DTMF: Tabiuiia COOEPXUT

; umciyo TakTor MCLK 1mjd OOHOTO MHOJiynepMmona.

; Tabmmua IJiS «BEPXHEW» YaCTOTH

; HobaBJiyieHa KOppekTHpyllias IIoNpaBKa IOJid ydéTa BPEMEeHU’
; BXOoIa B IpPEepHIBaAHME

DTMF HT .word 0ffffh- (TCLK/ (1336*2))+25 ; BepxHsada
; uacrtora nusa 0O

.word Offffh- (TCLK/ (1207*2))+28 ; BepxHas
; yacToTa s 1

.word 0ffffh- (TCLK/ (1336*2))+25 ; BepxHasd
; uyacrTora mia 2

.word O0ffffh- (TCLK/ (1477%2))+24 ; BepxHasd
; uyacTora njadg 3

.word Offffh- (TCLK/ (1207*2))+28 ; BepxHas
; yacToTa nysg 4

.word 0ffffh- (TCLK/ (1336*2))+25 ; BepxHasd
; dJacToTa miga 5

.word O0ffffh- (TCLK/ (1477%2))+24 ; BepxHasd
; yacrToTra nJjsa 6

.word Offffh- (TCLK/ (1207*2))+28 ; BepxHas
; yacToTa njsa 7

.word 0ffffh- (TCLK/ (1336*2))+25 ; BepxHasd
; uyacrTora misa 8
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.word O0ffffh- (TCLK/ (1477*2))+24 ; BepxHsasd
; uvacrTora mia 9
.word Offffh- (TCLK/ (1633*%2))+22 ; BepxHsad
; dyacToTra moj4d A
.word Offffh-(TCLK/ (1633*2))+22 ; BepxHsasd
; YacTtoTa mJjsa B
.word Offffh- (TCLK/ (1633*2))+22 ; BepxHsasd
; uyactora mnina C
.word Offffh- (TCLK/ (1633*%2))+22 ; BepxHsad
; yacTora nyd D
.word O0ffffh- (TCLK/ (1207*2))+28 ; BepxHsasd
; dJacTtoTa IOJjdg *
.word O0ffffh- (TCLK/ (1477*2))+24 ; BepxHsasd
; yacrToTa g #

; Tabmauia IOJjia9 «HMDKHEeM» UYaCTOTH

DTMF LO .byte 0ffh- (TCLK/ (941*2*3)) ; HmwxkHas
; uacrtora nusa 0O

.byte 0ffh- (TCLK/ (697*2*3)) ; Huxkuasg
; dacToTa misa 1

.byte 0ffh- (TCLK/ (697*2*3)) ; HuxHas
; dyacTora IOJjdg 2

.byte 0ffh- (TCLK/ (697*2*3)) ; HmwxHas
; yacrtora njusa 3

.byte 0ffh- (TCLK/ (770*2*3)) ; Huxkuas
; dacToTa nisa 4

.byte 0ffh—- (TCLK/ (770*2*3)) ; HukHas
; yacrTora mjg 5

.byte 0ffh- (TCLK/ (770%2*3)) ; Hioxuas
; yacrtoTra njsa 6

.byte 0ffh- (TCLK/ (853*2*3)) ; Huxkuasa
; dacToTa nmsa /7

.byte 0ffh- (TCLK/ (853*2*3)) ; HuxHas
; yacTora nJjdg 8

.byte 0ffh- (TCLK/ (853*2*3)) ; HmwxHas
; uvacrtora njusa 9

.byte 0ffh- (TCLK/ (697*2*3)) ; Huxuasa
; yacrToTa moJjga A

.byte 0ffh—- (TCLK/ (770*2*3)) ; HukHas
; yacToTra 14 B

.byte 0ffh- (TCLK/ (853*2*3)) ; HmwkHas

; dacTora mgyga C
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.byte O0ffh- (TCLK/ (941*2*3)) ; Huxuasa
; yvacrTora mja4g D
.byte 0ffh—- (TCLK/ (941*2*3)) ; HuxHas
; yacTora IOJjg *
.byte 0ffh- (TCLK/ (941*2*3)) ; Hioxuasa

; Tabnuila IJUTEeJILHOCTEM CUTHAaJa

DIMF I  .byte 2*941*DL/1000 ;
.byte 2*697*DL/1000 ;
.byte 2*697*DL/1000 ;
.byte 2*697*DL/1000 ;
.byte 2*770*DL/1000 ;
.byte 2*770*DL/1000 ;
.byte 2*770*DL/1000 ;
.byte 2*852*DL/1000 ;
.byte 2*852*DL/1000 ;
.byte 2*852*DL/1000 ;
.byte 2*697*DL/1000 ;
.byte 2*770*DL/1000 ;
.byte 2*852*DL/1000 ;
.byte 2*941*DL/1000 ;
.byte 2*941*DL/1000 ;
.byte 2*941*DL/1000 ;

; uyacToTa IJid #

s
o1
o1
nJis
o1
o1
nJis
o1
1S
nJis
o1
oS
nJis
o1
oS
nJis

[MoJrynepnonsl
[Mosrynepnonsl
[Mosnyniepronel
[Mostynieproosl
[Mosrynepnonsl
[Monyniepronel
[Mostynieproosl
[Mosrynepnonsl
[Mosnyniepronel
[Mostynneproosl
[Mosrynepnonsl
[Mosnyriepronel
[Mostyneproosl
[Mosrynepnonsl
[Monyniepronel
[Mostynieproosl

O QWP OWow-Joy Ul WN H O

B

,-*k*k*k‘k***********************k*k*k'k***********************

; DTMEF-TX MomnporpamMa DTMFE

,-*****************************************************

DTMF_TX
mov.b DTMF NR, RTEMP ;
mov.b

’

CoxpaHUTb
HOMEP BO BPEMEHHOM
permucTpe

DTMFiL(RTEMP),RCOUNT ; CoxpaHuThb

CUETUUK
OJIMTEeJIbHOCTHU

; NOOT'OTOBKa 8-OMTHOT'O TauMmepa njig YacToTe DTMEF-Lo

mov.b #0a8h, &TCCTL ;
mov.b
mov.b #000, &TCDAT ;

TaxTuposanme oT MCLK

DTMF LO (RTEMP) , &TCPLD ; IlomroroBKa

perucTpa npensapu-
TeJIbHOM 3arpy3Ku
B3arpyska CUYETumKa
13 permcrpa

488
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; HIpenBapuUTeJsIbHOM
; Barpys3ku

bis.b  #008h, &IEl ; PaspeumThs IpephBaHMS
; oT 8-OuMTHOT'O TarMepa

; NOOT'OTOBKAa TalMepa-IopTa IJjig YacToTe DTME-Hi

rla rl5 ;% 2 nna 16-0uTHOM
;  TaOJIMLIE

mov DTMF HI (RTEMP) , &DTMF TL
; COXPaHMTL CJIOBO IJIA
; BEpxHeM YaCTOTH

mov #003, RTEMP ; Ccuérumk mJig 8-0OMTHO-—
; TO TamMepa
bis.b  #008h, IE2 ; PaspeumThs IIpephBaHMSI

; OT TamMepa-IopTa
mov.b &DTMF TH, &TPCNTZ ; 3arpyska cTapumero
; GamrTa B TC2
mov.b &DTMF TL, &TPCNT1 ; 3arpyska mIammero
; Bamra B TC1
bis.b #080h, &TPD ; PaspeumTb 16-OUTHBIL
; TavMep
bis.b  #HI OUT+LO_OUT, &TPE ; PaspeumTsb
; BoEIXOmm DTMF-Hi/Lo
mov.b  #090h, &§TPCTL ; PaspeumTb TarnMep
ret

;*****************************************************
; IlpeprBaHye TaMepa-ropTa
,-*****************************************************
TP INT
xor.b #HI OUT, &TPD ; VHBepcuA BHIXOHA
; DTMF-Hi
mov.b &DTMF TH, &§TPCNT2 ; 3arpyskKa CTapuero
; GamTa B TC2
mov.b &DTMF TL, &TPCNT1 ; 3arpyska Mmiammero
; Bamra B TC1L
bic.b #007h, &TPCTL ; OumcTka GJaros
reti

I-*****************************************************

; IpepwBanve P0.1/8-0OUTHBIT TamMep
,-‘k‘k************************'k‘k'k************************

TIM 8B
eint ; PaspemmTb NpPepbBaHNSA
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TOGGLE

DTMFE END

; AOopeca BEKTOPOB

dec
jz

reti
xor.b
mov
dec
jz
reti
bic.b
bic.b
bic.b

bic.b
reti

.sect

.word

.sect

.word

RTEMP
TOGGLE

#10_OUT, &TPD
#003, RTEMP
RCOUNT

DTMFE END

#037h, &TPCTL
#008h, TCCTL
#008h, &IE2

#003h, &TPE

IIPEPLBaHNII

«TP_VECT»,
TP_INT
«TIM VECT»,
TIM 8B

V. [Ipumepbi KOHKPETHBIX NPUMEHEHMI

’

’

’

’

0fff8h

’

nepexon mno 3-My
[IPEPEIBAHNIO

VHBepCcusa BHEIXOIA
DTMF-Lo

CUETUMK IJId 8—-OUTHO-
TO TamMepa

IOIeKpeMeHT CuUéTurkKa
OJIUTEeJIbHOCTU
Iepexon, ecau IJjmu-
TEeJIbHOCTL SBaKOHUMIIACH

OCTaHOBUTL CUETUMK
TaruMepa-rnopTa
OCTaHOBUTL CUETUMK
8-BuTHOTO TamMepa
B3anpeTuTh OPEPbEBAHUA
8-6uT. TanMepa
BanpeTuTb BBIXOIBL

0ffe8h

Timer-Port

8—OMTHBII TaMMep
(P0.0)

3.2.2. TeHepauus NPAMOYronbHbLIX CUrHANoB ¢ UCnonb30BaHuem Tanmepa Timer_A

[aHHas nognporpamma reHepauun curHanos DTMF ncnonb3yeT ToNbKO Tail-
mep Timer_A ans hopmMmpoBaHns MeaHapoB 060mx TpebyeMbix 4acToT. B npouecce
accemMONMPOBaHUS BbIMMCNIAOTCA COOTBETCTBYIOLLME 3HA4eHUs 19 Talmepa C Le-
NbK MCNOMb30BAHNA NPOrpamMmMbl HE3aBMCUMO OT 3Ha4eHns yactotbl MCLK. [dnu-
TeSIbHOCTb BbIXOAHOIO CUrHana 3afaércs KoHcTaHTon DL B MUnnmcekyHaax.

; ANnnapaTHBEE OIpeleJeHMS

FLLMPY

TCLK

490

.equ

.equ

32

FLLMPY*32768

’

YMHOXUTEJIb YaCTOTH
FLL Ha 1.048 MI1g
TCLK: FLLMPY X f
KBapla
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DL .equ 82 ;
STACK .equ 600h i
; Onpenenexnua 03Y ,
STDTMF .equ 202h ;
TIM32B .equ 204 ;
LENGTH .equ 206h ;
; .text  OFO000h ;

’

; VMHmumaymsauua Tarmepa Timer A:
; Pexwum Continuous,

IUJIMTEJIbHOCTE CUTHAaJa
DTMEF B Mc 65..100 mc)
Ampec MHMLMAIN3ALUN
cTexka

Craryc uyacToT Hi

n Lo

PacumpeHnme permcrpa
TarMepa

CUy€TuMK OIMTEJIbHOCTU
DTMF

CTapTOBEIL ampec
IPOTPAMMEL

MCLK,

NIPEPEIBAHMS Pa3pEleHE

; IlooroTOBKAa BHIXOOHEIX MOOyJieM TarMepa Timer A

; MCLK = 1.048 MI'u; (aBTOMATUUECKU)
INIT MOV #STACK, SP ; VHuMuManmsaumusa ykasa-—
; Teysa cTeka
CALL #INITSR ; VMHMUMaImM3aumMsa yMHO—
; XUTesia dJacToTe FLL
; m 03y
MOV #ISMCLK+TAIE+CLR, &TACTL
; VHuumanmsauma
; TavMepa
MOV.B #TA2+TAl, &P3SEL ; Bmxomer TA2 m TAL
; Ha moprax P3.5/4
CLR TIM32B ; OUMCTUTBH pPacCUMPEHHBI
; perucTp TanMepa
BIS #MCONT, &TACTL ; Crapr TaiMepa Timer A
EINT ; Oflmee paspelleHMre
; TIpEpPBEIBAHUM
OCHOBHOM LIMKJI

MAINLOOP ... ;
;

; HaxaTue KJIaBUIIM @
; no Tabmmue g 2-X 4acToT
; U MiammeM OamnTre

;

MOV §TAR, R5 ;

’
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B SDTMFE comepXxmTcsa CMeleHre
(0..6,0..6)

B CcTapieM

I HEeMeIJIEHHOT'O
crapra:
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ADD

MOV

MOV
MOV

MOV

MOV.
RRA

FDTMFLO, R5 ; CmemeHme 1Jjisd MeHble-—
; TO BpPEeMeHU

R5, &CCR1 ; llepBas cMeHa cocTosa-
; Husa uyepes 0.71mc

R5, &CCR2 ; 1/(2x697) = 0.71Mc

#OMT+CCIE, &CCTL1 ;VHBepCUs BHXOIA,
; [pepeBaHye pasp.
#OMT+CCIE, &CCTL2 ;VHBEpPCHSA BHIXOIA,
; TIpPEephBIBaHME pPaszp.
STDTMF, R5 ; Cuérumk Ha 82 MC
R5 ; UMCJIO CMEeH COCTOSHUS
HIDKHEYV YaCTOTH

MOV.B DTMFL (R5), LENGTH ; 1nJjg OIMTEJIBHOCTU

’

; CuUTHaJa
; TPOIOJDKEHME MIPOTPAMMEL

; ObpaboTumk npepblBaHMsa oT CCRO (3mechb He MCIOJbB3yeTCs)

TIMMODO
RETI

’

; OBpab®oTumMK IpPEepHBaHMM OT PEerMCTPOB 3axBaTa—CpPaBHEHUS

;o 1..4

TIM HND ADD
RETI
JMP

JMP

JMP
JMP

TIMOVH INC

RETI

’

&TAIV, PC ; Obpaborka 3amnpoca
; C HaMBBICUMM IIPMOPM—
; TeTOM
; HeT 3amnpoca IpepbBa—
; Huda: RETI
HCCR1 ; 3ampoc ot CCRI1
;  (HwxHag yacToTa DTME)
HCCR2 ; zamnpoc or CCR2 (Bep-
; XHag yacToTra DTME)
HCCR3 ; 3amnpoc ot CCR3
HCCR4 ; Banpoc or CCR4
TIM32B ; Pacumpenme TanmMepa

; Timer A po 32 ©6ur

; HwxHAs dyactora DIME: TAl MHBepPTHMPYET BHIXOIL MOIYJIS

; Output Unit 1

492

bubnuoteka Komnana




Inasa 12.
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; Kaxmasa cMeHa CcOCTOAHMSA NONCUMTEIBAETCH IJid KOHTPOJIA

; OJIMTEJIBHOCTUM CHUI'HajJla

’

HCCR1 PUSH R5 ; CoxpaHeHMe MCIIOJIb3Y—
; €MBIX PermcTpOB
MOV.B STDTMF', R5 ; CraTyC HWKHEM uYacTo-
; Ter DTMF
ADD FDTMFLO (R5) , &CCR1 ; IJoGaBUTBH IJIM—
; TEJIbHOCTB [OJIyrneprona
DEC.B LENGTH ; ImMTesIbHOCTBE CUMI'HAaJla
; DL 3aBepumeHa?
JINZ TARET ; Her
; Ha, npexpaTmuThb BeIOauy curHajya DTME: szanpetuTb
; IPpepBBaHMA
BIC #OMRS+OUT+CCIE, &CCTL1 ; C6poc TAL
BIC #OMRS+OUT+CCIE, &CCTL2 ; CBpoc TA2
TARET POP R5 ; BoccranoBuTb RS
RETI ; BosBpaTr u3 npepsBa-

’

’

HVA

; BepxHsasa uacTora DIMF: TA2Z MHBEPTMPYET BHIXOI MONYJIS

; Output Unit 2
QCCRZ PUSH
MOV.B
ADD

’

POP R5 ;
RETI ;

HCCR3 ... ;

RETI
HCCR4 ce ;

RETI
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R5 ;

STDTMF+1,R5  ;

CoxpaHeHMre MCIOJIb3y—
EeMEIX PeIrUCTPOB
CraTyCc BepxHEM Ydac-—
TOTEl DTMF

FDTMFHI (R5) , &CCR2 ;IIo0aBUTL OJIUTEJIb-—

HOCTB IOJIylniepuona
BoccraHoBUTh R5
BosBpaT m3 npepsBa-
HUSA

3amada, KOHTPOJIMpYye-—
Masg peructpom CCR3

3amava, KOHTPOJIMpye-—
Masa permcTtpom CCR4
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; Tabmmua yvacrtor DTME: B Tabmuile COOEPXMUTCS UYMCIIO

; TakToB MCLK Ha nojsynepuon. 3HadeHMS CKOPPEeKTUPOBAHEL
; IJ1a mencTBynmey yacToTel MCLK B mpollecce acceMOJmpo-—
; BaHMA UM OKPYIJIEHBEI C MMHVMAJIBHO BO3MOXHOM OMMOKOM

; YaCTOTEL

FDTMFLO .word ((TCLK/697)+1) /2 ; Huxuaa uvacTora
; DIMF 697Hz
.word  ((TCLK/770)+1)/2 ; 770Hz
.word ((TCLK/852)+1)/2 ; 852Hz
.word ((TCLK/941)+1)/2 ; 941Hz
FDTMFHI .word ((TCLK/1209)+1) /2 ; BepxHsas yacTo-
; Ta DITMF1209Hz
.word ((TCLK/1336)+1)/2 ; 1336Hz
.word  ((TCLK/1477)+1)/2 ; 1477Hz
.word ((TCLK/1633)+1)/2 ; 1633Hz

; Tabmuiua COOEPXMUT YMCJIO IIOJIYyIIEePMONOB IJIS OJIMTEJIbHOCTU
curHaja DL (mc) .
; Ioig nomcuéTa MCIOJb3yeTCd HUMXHSd yacTora DTME

DTMFL .byte 2*697*DL/1000 ; UYucCyo MNOJIYNeproIoB
.byte 2*770*DL/1000 ; mms DL B MC
.byte  2*852*DL/1000 ;
.byte 2*941*DL/1000 ;

.sect «TIMVEC», OFFFOh ; BekxTopa npepe-
; BaHMUM TayrMepa
; Timer A

.word  TIM HND ; BexTop MomyJen
; 1..4 Tarmvepa

.word  TIMMODO ; BexTop MoOmyJsis
; 0 Tanmepa

.sect «INITVEC», OFFFEh ; BexTop cOpoca
; Reset

.word INIT

Huxe npnBefeHO HeCKONbKo 6onee 6bICcTpoe pelleHne. OaHako, npu aToM
OHO TpebyeT 6onbliero 06bEMa O3Y T.K. [aHHble, NOMy4aeMble U3 Tabnul He
NepecynTbIBAOTCA KXKAbIN pa3, a xpaHatcs B AByx cnosax B 03Y DTMFLO u
DTMFHI. YteHune npon3soamTca M3 noanporpamMmm 06paboTku npepbiBaHuii Taii-
mepa Timer_A. cnonb3yemble Tabnmubl UAEHTUYHbI NPUBEAEHHBIM B MPeAblay-
LLieM npumepe.
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FLLMPY .equ 32 ; YMHOXMTeJIb YacToTel FLL
; Ha 1.048MI'
TCLK .equ FLLMPY*32768 ; TCLK: FLLMPY X f
; KBapua
DL .equ 82 ; IImMTesIbHOCTh cuIr'Hajia DTMFE
; B Mc (65..100 mc)
STDTMF .equ 202h ; Craryc uyacTtor Hi m Lo
TIM32B .equ 204 ; PacumpeHye permcTpa TavMepa
LENGTH .equ 206h ; Cuérumk mmresbHOCTM DTME
DTMFLO .equ 208h ; Tojynepmon HYKHEM YaCTOTH
DTMFHT .equ 20Ah ; Ilonynepron BEepxXHEM uYaCTOTH
STACK .equ 600h ; AOpec MHMLMaIM3alLMM CcTeka
.text OF000h ; CrapToBHII ampec NPOTPaMMEL

; Mamumammsauua tavMepa Timer A: MCLK, PexuM
; Continuous, mHOpepbBaHMA pPa3PELEHE
; IlIooToTOBKa BHIXOOHHIX MOIyJelM TarMepa Timer A

; MCLK = 1.048 MI'u ; (aBTOMaTHUUYECKM)
INIT MOV #STACK, SP ; Vanumanmsauusa
; ykaszsarejysa cTeka
CALL #INITSR ; VHuumanmusaumusa
; YMHOXMTEJIS YaCTOTH
; FLL m O3Y
MOV #ISMCLK+TAIE+CLR, &TACTL ; CrapT
; TanMepa

MOV.B #TA24+TAl, &P3SEL ; Brxomer TA2 m TAL
; Ha noprax P3.5/4

CLR TIM32B ; OuMCcTKa PaCIMPEeHHOTO
; perucTpa TamMepa
BIS #MCONT, &TACTL ;3amyck Tammepa Timer A
EINT ; Ofmee paspelmeHue
; TIpEpPBIBAHUM
MAINLOOP ... ; OCHOBHOM LUKII

;Haxatme kmaBuum: B SDTME comepXmTCcsa CMelleHUe
; no Tabmmue nnusg 2-x yvactor (0..6,0..6) B cTapuem
;U MIammueM famnTe

’

MOV &TAR,R5 ; s HeMeIJIeHHOT'O
; cTaprTa
ADD FDTMFLO, R5 ; CMeumeHMre 1OJjid MeHble-—

; I'O BpEeEMEeHMN
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MOV R5, &CCR1 ; lleppas cMeHa COCTOS-
; Hug uepes 0.71Mc
MOV R5, &CCR2 ; 1/(2x697) = 0.71Mc

; Fetch the two cycle counts for the DIMF frequencies

MOV.B STDTMFE+1,R5 ; BepxHasg uyacToTra DTMFE
MOV FDTMFHI (R5) ,DTMFHI ; IIJIMTEJIBHOCTBH

; Hojiynepuona
MOV.B STDTMF, R5 ; HwxHsasa yvacTora DTMFE
MOV DTMFLO (R5) , DTMFLO ; InmMTesIbHOCTH

; IHoJyrnepuona

; CU@TuMK IJIMTEeJIbHOCTU
RRA R5 ; Prepare byte index
MOV.B DTMFL (R5) , LENGTH ; umcJjyio CMEeH COCTO-—

; AHMS HIKHEM 4aCTOTEHL

MOV #OMT+CCIE, &CCTL1 ;VHBepCHUs BHXOIA,
; I[pepeBaHye pasp.
MOV #OMT+CCIE, &CCTL2 ;UHBepCUS BHXOIA,

; TIPepHBaHMEe pasp.
; BosBpaT B OCHOBHOU
5 LMKJI
’

; Obpaborumk npepeBanusa oT CCRO (3mech He MCIOJB3YyeTCH)

TIMMODO

RETI
; OBpaboTumk MNpPephHBaHMM OT PETMCTPOB 3axBaTa—CpPaBHEHMSI
; 1..4

’

TIM HND ADD &TAIV, PC ; ObpaboTka 3amnpoca

; C HaMBEICIIVM IIPMOPU—
; TeToM

RETT ; HeT 3alpoca IIpepeBa-—
; Hua: RETI

JMP HCCR1 ; 3anpoc ot CCR1 (Hwmx-—
; Hasg yacToTa DTME)

JMP HCCR2 ; 3amnpoc ot CCR2 (Bep-
; XHag dyacToTa DTMF)

JMP HCCR3 ; Bamnpoc ot CCR3
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JMP HCCR4 ; 3amnpoc ot CCR4
TIMOVH INC TIM32B ; PacumpeHre TanMepa
; Timer A po 32 6ur
RETT
; Huxusgs yvactora DIME: TAl MHBEPTUPYET BEIXOIN MOIYJIS
; Output Unit 1

’

HCCR1 ADD DTMFLO, &CCR1 ; Io6aBUTh IJIUTEJIbL—
; HOCTB IIOJIynepuona
DEC.B LENGTH ; IJIMTEeJsIbHOCTHL CHUI'HajJla
; DL 3aBepueHa?
JINZ TARET ; Her

; Ha, OpexpaTuTb BHOaWy curHasia DTME: 3anpeTtmTb
; [PEepEBaHKA

BIC #OMRS+OUT+CCIE, &CCTL1 ; CBpoc TAL
BIC #OMRS+OUT+CCIE, &CCTL2 ; CBpoc TA2
TARET RETI ; BosBpaTr m3 npepsra-
; HUA

; BepxHsaa uactora DTMF: TA2 MHBEPTUPYET BEXOI MOIYJIS
; Output Unit 2

’

HCCR2 ADD DTMFHI, &CCR2 ; IOoGaBUTH IOJIUTEJIbL—
; HOCTBb IOJIyliepumona
RETI ; BosBpaT m3 npepsBa-
; HUSA
HCCR3 ... ; Bamauva, KOHTPOJIMPYyE-—
; Masa permucTtpoM CCR3
RETI
HCCR4 ce ; Bamauva, KOHTpOJMpye-—
; Mas peructpoMm CCR4
RETIT

’
; Tabmuubl M BEeKTOpa [PEPHIBaHMM MIOSHTUUHEL [IPUBEIEHHBM
; B INpelpnyleM IprMepe
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3.3. Annaparnas yacto ans renepaynn curnanos DTMF

Kak 6b110 yka3aHo BblLLe, B AnanasoHe Yactot 200 'y .. 4600 'y ypoBeHb cur-
Hamna 4acTtoTbl Nnepeja4un JO/MKeH ObiTb Kak MUHUMYM Ha 20 Ab BblLle YPOBHSA noc-
TOPOHHMX CUrHanoBs (LymoB). Kpome 3TOro, ncxofs us cneuyndpukaumumn, curHanbl
U3 «BEPXHEN» W «HUDKHEN» rpynn JO/MKHbI UMETb Pa3Hble YPOBHMW, NO3TOMY Ans
KX[0ro cuUrHana Tpeobyetcs COO6CTBEHHbIA QoUbTp. AMNANTYAbI H4aCTOT CUHYCOU-
JaTbHOI (hOPMbI MOXHO Nony4uTh 13 paga Oypoe.

[1ns BbI6Opa 4acTOT cpe3a npyu pa3paboTke aHANOroBOro ubLTPa Heo6Xoan-
MO NMPUAEPXMBATLCA CNEAYIOLLNX TPe60BAHMIA, 0CHOBAHHbLIX Ha [1]:

e T.K. He06X04UMO 06EcrneHnTb BO3MOXHOCTb JIHOObIX KOMOMHALMA 4acToT
«HVDKHEV» rPYNbl C 4aCTOTaMU «BePXHEN» rpynrbl, PA3HOCTb YPOBHEN MEX-
[y CaMOM HU3KOM 1 CamMoli BbICOKOW YaCTOTOW B rpynne He A0/KHA NPeBbl-
warb 3 ab.

e [Ina camoi Huskon 4actotel B rpynne (f1), nogasneHue rapmonuku (3f1)
JOMKHO 6bITb He XyxKe 20 Ab. BbINonHeHWe 3T0ro ycrosus Hanbonee Kputuy-
HO [l HUXKHEN 4aCTOTbI B FPYNNE, T.K. OHA HAXOANUTCA MakKCMMarnbHO aneko
0T 4acToThbl Cpe3a unbTpa.

®opmyna [3] onucbIBaeT KBaapar abCoNOTHOMO 3HA4YEHUS HA BbIXOAE PuinbTpa
BbICOKMX 4acToT batTepsopTa nopsjka n:
2 1
| 2n

1+i
f

9

[anHas chopmyna npeacTasnseT co60i 3aBUCUMOCTb KOS(ULIMEHTA yCune-
HUS UIbTPa BbICOKMX YacToT batTepBopTa 0T YacToTsl. [TapameTpbl fg v n onpege-
NA0T YaCTOTY Cpe3a W NopsAoK ubTpa COOTBETCTBEHHO.

[Mpexxae Bcero, HE06X0ANMO BbIMUCINUTL TPEOYEMbIA NOPALOK (UNLTPA C Y4E-
TOM COOTBETCTBUS NMPUBELEHHBIM BblLLE TPEGOBAHUSAM.

[ins BbINONHEHMS NEPBOro YCOBNA OTHOLLEHWE KBAAPATOB aBCOMIOTHBIX 3Ha-
YEHWIA CaMOIi HYXKHEN N CamMOW BEPXHEN YacTOTbl B rpynne AO/MKHO ObiTh He 60nee
3 ab unu V2:

2
AL

7 <
At
BTOpOG yCnosue BbIMOSTHATCA aBTOMATN4eCKKW, eCri OTHOLUEHWEe KBaJpaToB

abCosIOTHBIX 3Ha4eHnit YacToT f1 n 31 6yner 6onee 10/3, B JaHHOM Cfly4ae TPeTbA
rapMOHUKa B NPSMOYrofibHOM CUrHasle MeHbLue Ha 1/3 (cm. psg Pypbe 1 puc. 2):
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Inaga 12. Tenepayuns n pacnosHosaxne DTMF-curnanos
|2

A@t) 3

B pesynbTate BbIYUCNEHNWIT ANs 4acTOT 06eMxX rpynn umMeem Tpebyembli nops-
1ok cpunbtpa n=1.15. Takum 06pa3om, Tpe6oBaHMAM OYAET YA0BNETBOPATb UNLTP
2-r0 nopsiaKa, KOTOPbIA MOXET ObiTb MOCTPOEH Ha OMepaLuoHHOM YCUIWTENe.
B cnyyae ncnonb3oBaHusa dunbtpa 3-ro nopsiaka noHagobuTcs TONbKO ABA A0MOS-
HUTENbHbIX anemeHTa. OfHaKo, 3T0 NO3BONUT CHU3UTL TPEOOBAHMS K pa3bpocy na-
paMeTpoB KOMMOHEHTOB. 06a NPUBELEHHbIX BbilLe TPEOOBaHWA BYaYT COOMHOAEHDI,
€C/N 4acTOTa Cpe3a HaxoamMTCs B CNeayLLUX Npeaenax:

HwxHas rpynna fg> 880y fg<1418Ty
BepxHsa rpynna fg> 1527 Ty fg <2460 'y

Ecnu yactoTa cpesa MuHUMAanbHa, Oynet HabnoLaTbCs MakcuMansHoe nojas-
neHue rapmoHuk. OgHaKo, B 3TOM Crly4ae PasHOCTb YPOBHEN CaMoii HU3KOW U ca-
MOW BbICOKOW 4acToTbl B rpynne 6yaet pasHa 3 Ab. Mpn MakcuManbHO BO3MOXHOM
4acToTe Cpesa PasHOCTb YPOBHEH MUHUMATTbHA, HO FAPMOHWYECKIE COCTaBNAIOLLIAE
noAaBnatoTCca TONbKO Ha 20 ab.

Mpu pacyéTe dunbTpa 6bIN0 06PALLEHO NOBLILLIEHHOE BHAMAHWE HA NOLaBrie-
HIe FTapMOHUK, Pa3HOCTb YPOBHEN BHYTPU rPynbl Obina 3ad)UKCUPOBaHA Ha YPOBHE
2 1b. B pesynbrare aT0ro, 4actoTbl cpe3a uMetoT 3HaveHns 977 'y u 1695 u. Pe-
3YNbTUPYHOLLEE MOAAB/EHIE FAPMOHUK 3HAYUTENBHO NPEBOCXOAMUT NPebABfeMble
Tpe6oBaHusA. Pa3HOCTb YPOBHEN H4acTOT B rpynne HaxoauTcs B npefenax Tpe6osa-
HUM [aXe B Cly4ae JeBuaLmn 4acToTbl Cpe3a, CBA3AHHOW ¢ pa3bpocom napamer-
POB NMPUMEHSAEMbIX KOMMOHEHTOB. [1pU BbIYNCNEHUN 3HAYEHNII 31IEMEHTOB (pusbTpa
PEe3nCTOpPbI BbIBUPANICH MCXOAS U3 COOBPXEHUS MX MaKCUMalbHOM 61M30CTU K
CTaHAAPTHbIM 3Ha4YeHuam pspa E12.

Ha BbIxoZax (YuUneTPOB B Pe3ynbrare nosiy4aem [ga CUHYCOUAANbHbIX CUrHa-
N2 C 3HAYUTENIbHO NMOAABNEHHBIMW FrAPMOHUKaMK. [Ins 00beUHEHUS 3TUX CUTHATIOB
BBEJEH OMOJTHUTESbHbIN CyMMaTOp.

Takum 06pa3om, Ucnosnb3ys Tofbko 3 OY 1 HECKOMbKO MACCUBHbIX 37IEMEHTOB,
Mbl IMEeM BO3MOXHOCTb reHepupoBatb curHans DTMF npu noMoLLu MUKPOKOHT-
posnnepa 6e3 1CNonb30BaHUSA 3HAYUTESbHbIX BbIMUCIUTENbHBIX PECYPCOB.

Mpu nomoLLM NporpaMm-cuMynATOpoB Gbina NPOBEAEHa NPOBEpKa NprUoIu3u-
TeNbHbIX 3Ha4eHUA. OTKIMK (OMILTPOB BECbMA TOYHO COBMAAAET C PACYETHOM Yac-
TOTHOW XapakTepuUCTUKOIA.

Ha puc. 6 npuBefieH amnanTyaHbIiA CNEKTP NPAMOYrofibHOr0 CMrHana 4acToTon
697 'y, nponyLLeHHoro Yyepes domnbstp 3-ro nopsaka. Kak BUAHO U3 pUCYHKA, TPETbSA
1 nataq rapmoHuku (2091 'y 1 3485 T'y) cyLecTseHHo ocnabnensbl (-25.6 dB).

G 10
<
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Yacrora (kly)

Puc. 6. AMNNNTYOHBIA CNEKTP NPAMOYrONibHOMO CUrHana 4actoTol 697 'y Ha BbIxoae
thunbtpa 3-ro nopsaka
Ha puc. 7 nokasaH CrekTp npsiMoyrofibHoro curHana Yactoron 941 'y, B unre-
PECytLLEN Hac 4acToTHOM obniacTn 1o 4600 'L NpuCyTCTBYET TONTbKO OfHA FrAPMOHU-
Ka. [ocne npoxoxaeHus dunbTpa, 31a rapMoHNKa Yactoton 2823 ' 3Ha4UTENbHO
ocna6neHna (-27.9 ab). Pa3HoCTb ypoBHei Mexay CamOli HU3KO 11 CamOi BbICOKON
4acToTON B rpynne He npesbiwaet 1.9 ab.
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Yacrora (k')

Puc. 7. AMNAUTYOHDBIA CNEKTP NPAMOYroNbHOrO CUrHana yactotoit 941 'y Ha BbIXoae
thunbTpa 3-ro nopsaka
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Inaga 12. Tenepayuns n pacnosHosaxne DTMF-curnanos

C Uenbl MCNONb30BaHUSA HEAOPOruX KOMMOHEHTOB C BbICOKUM Pasbpocom
napamMeTpoB ObII0 NPOBEAEHO [OMNOHNUTENbHOE MOJENNPOBaHNe. Peaynbratbl MO-
JeNNPOBaHNA NoKasanu, 4To AONYyCTUMbIA Pa3bpoc BENNYNHbI PE3UCTOPOB U KOH-
JeHcatopoB coctaenset 10%.

0,6 08 1,0 12 14 16 18 2,0 22 24 2,6 28 30
YatX(Vdb(OUT_LO_3), 697) VYatX(Vdb(OUT_LO_3), 941)

n samples = 100 sigma =0,344478 median  =1,60721
n divisions = 20 minimum = 0,869643 90th %ile =2,07205
mean =1,64437 10th %ile =1,17739 maximum = 2,57341

Pue. 8. TucTorpamma — pacnpe/eneHue yposHeil curHana B rpynne

23 24 25 26 27 28 29 30 31
YatX(Vdb(OUT_LO_3), 697) — YatX(Vdb(OUT_LO_3), 2091) + 9,5
n samples = 100 sigma =1,09747 median  =26,9483
n divisions = 20 minimum = 24,2059 90th %ile = 28,4076
mean =26,9588 10th %ile =25,6125 maximum = 29,6126

Pue. 9. Tuctorpamma — nofasseHune rapMoHuK

Ha puc. 8 1 9 nokazaHbl ruCTOrpamMmbl MOMTy4eHHbIE NPK NOMOLLW aHann3a no
metofy MoHTe-Kapno. B gaHHOM cry4ae, 3Ha4eHust KOMMNOHEHTOB MEHSANUCH Chy-
YanHbIM 06pasom B npefenax pasépoca 10%. Mocne 100 ntepauuii pesynsratbl Ans
BCEX CMOAENNPOBAHHBIX (OMILTPOB NOMELLIEHbI HA FTUCTOrPaMMbl. B ructorpavme Ha
puc. 8 nokazaHa pa3HOCTb YPOBHEN MEXAY 4acTOTaMu BHYTPU rpynnbl. Makcumanb-
HO [ONYyCTUMAs PasHOCTb — 3 Ab MeXAy MUHUMASTbHOW 1 MAKCUMaJTbHOW 4acTOTON
HI B OHOM Cny4ae He 6blna gocTurHyTa. CpefHee 3Ha4eHue coctasnset 1.6 ab, 4to
HECKOJTbKO JlyHLLe pacy&THOro 3HaveHuns 2 ab.

Ha puc. 9 nokasaHo ocnabrieHne rapmMoHUK )i «HUKHER» TPynMbl 4acTorT.
Tpebyemas Benn4nHa B 20 ab JOCTMraeTcs BO BCEX Clydasx, CPefHee 3HaveHue
npumepHo 27 Ab. B HauxyALiem cryqae rapmoHuKa nogasneHa Ha 24.2 ab.

3Ha4eHNs, paccynTaHHble AN PUIbTPA <HKHEN» TPYNMbl YaCTOT BbIMOMHS-
t0TCA TaKXKe U Ans ounbTpa «BepxXHel» rpynmbl 4acToT.

06a dounbTpa UMEIOT UAEHTUYHYIO CXEMOTEXHIKY. Pasnuyne ToMbKO B 4acToTax
cpesa unbTpoB A5 BepXHel 1 HdKHen rpynn yactoT. R1 u C1 chopmupytor ©BY
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1-ro nopsgka. T.K. BXOAHOE CONPOTUBIIEHNE CXEMbI TaKXXe 3aBUCUT OT R1, 3HaueHune
9TOr0 3/1eMEHTA He JO/MKHO ObITb CAMLIKOM MaNneHbKUM; B MPOTUBHOM Clly4ae Bbl-
X0[bl MUKPOKOHTpOJ1epa 6yayT neperpy><eHbl, a NpamMoyrosibHas hopma curiana
NCKaXKeHa. B TakoM crny4ae K curHany 6yayT [o6aBieHbl JONONHUTENbHbIE YaCTOTbl,
ABNAOLLMECH PE3YNTATOM MHTEPMOAYNALNOHHBIX UCKAXEHWIA, YTO OTPULLATESTbHO
CKQXETCS Ha COOTHOLLIEHWN CUTHAT-LLYM.

®yHKUMA Nnepeadn OunsTPoB 60Mee BbICOKOTO NOpsaaKa He MOXET ObITb Nony-
4eHa C UCMOJIb30BAHNEM TOJIbKO NACCUBHbLIX KOMIMOHEHTOB.

Takum 06pasom, punbtp 2-ro nopsgka AO/MKEH COAepXaTb OMnepaLoHHbIN
ycunutens. YcuneHnwe akTMBHOrO hmnbTpa YCTaHOBEHO Ha yposHe 0.2 mpu no-
mowm peauctopoB R1-1 n R1-2. Kak BuaHO, curHan npu aToM HECKOmbKo 0cnab-
nsercsa. 310 HeobxoAUMOo Ans UCKIKYeHns neperpysku QY, T.K. MUKOBas amniun-
Tyna (yHAAMEeHTanbHON CUHYCOWAANBbHON rapMOHUKI NPAMOYTOSIbHOrO CUrHana
NpeBbILLIAeT aMNANTYLy COGCTBEHHO NPSAMOYronbHOro curHana (Cm. pag ®ypbe n
Puc.2). B LONONHUTENIbHOM CyMMaTOpe NpOM3BOAUTCA Perynuposka Tpebyemoro
BbIXOLHOIO YPOBHSA. 113-32 UMEIOLLER MECTO NOCTOSHHOM COCTaBNAOLLEH NpsaMOo-
YrofibHOro curHana pa6oyas to4ka QY BbicTaBnsieTcs Ha ypoBHe Vec/2 (Cm. Takxe
pag ®ypbe u Puc. 2). NMpu 3T0M, NOCTOAHHAS COCTABNALLIAA HE MOXET ObITb YCT-
paHeHa BxofHbIM genutenem R1-1/R1-2. [ing pasesasku uenn OC no noctosHHOMY
HaNPSKEHUIO CYXUT KOHAeHcatop C3.

Ha kaJjoM 13 BbIXOL0B aHaNorosoro ounbstpa popmMupyeTcs CUrHan BepxHen
W HWXKHEI rpynn 4actoT COOTBETCTBEHHO. B OMOMHUTENIbHOM CyMMATOpe [aHHble
CUTHANTbI CKNAMbIBAIOTCA. B 3TOM 3/1eMeHTe CXeMbl MOXHO YCTaHOBWUTb COOTHOLLIE-
HUE MEXOY «HWKHEN» N «BEpPXHei» 4acTOTOW B CyMMApHOM CUTHane u ypOBEHb
BbIXO[HOIO CUrHANA npu nomoLuy pesuctopos R4 u R5. Takum 06pa3om, BbIXOAHASA
aMMIUTya MOXET ObITb NIErKO OTPErynMpoBaHa B COOTBETCTBUN C Pa3nYHbIMU TPe-
60BaHMsAMU, CYLLECTBYIOLLMMM B PA3HbIX CTPaHAX.

Mpu pac4ére HOMMHANIOB KOMMOHEHTOB 3HA4YEHNS KOHLEHCATOPOB ObinK, Kak
06bI4HO, 3aPUKCUPOBaAHBI, 1 B COOTBETCTBUN C HUMW PACCYUTBLIBAIIUCH HOMUHASbI
pes3ncTopoB. B aaHHO cxeme OblnM UCMOMb30BaHbI KOHLEHCATOPbI U PE3NCTOPbI
cTaHgapTHoro paga E12 ¢ pasépocom 10%.

Ha puc. 10 nokasaHa npuHUUNMANLHAA CXeMa aHanoroBbIX OUILTPOB U CyM-
maropa:

Konpexcatopbl G1-1 1 C1-2 06beAMHAIOT ABA CUrHana BMecTe B paboyeii To4-
Ke ¢ ypoBHem Vcc/2. [Ans aTuxX 3N1eMeHTOB He CreayeT BbioupaTb CAMLIKOM 6011b-
LUNX 3HAYEHWIA, T.K. OHU ABNAOTCH aneMeHTamMn ®HY ans ycTpaHeHns HU3Ko4ac-
TOTHbIX Cy6rapMoHuK. GunbTpytowwmin koHgeHcaTop G5 yCTpaHseT WyMbl ONOPHOro
HanpsHkeHus. JononHuTeNbHbIA koHgeHcaTop C6, NOAKII0YEHHbIA B napanienb K
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J_l_,_l_ cp OWbTRLI CmecuTens
L AV
= C6 (1 O
TP.2/TA.2 i3| HO pg 1139 kom
R6
c1-1 Veer2
High DTVE sz
MSP430 1 h' l_I;TMF Output
10w [P ] \/\/
4710 120 0 141324 | 2 FPO HO
TPA/TAA

33 HORs 5
Fapingh
Vee Vss - c1-2

33 HD 2.2HO Low DTMF
l l i0ne | 0

Puc. 10. NpyHUMNManbHas cxema aHanoroBbIX OULTPOB C JOMNOSHUTESIbHBIM CYyMMAaTOPOM

Bce komnoHeHTbl ¢ gonyckom 10%

pesucTopy obparHoil cBasu R6 dhopmupyet ®BY nepsoro nopsaka. Ecnu Boi6paHa
HaMMeHbLLIAs YacToTa cpe3a punbTpa, A0NONHNUTENbHAS DULTPALMA BbICOKOYAC-
TOTHbIX VHTEPMOAYNALMOHHBIX MOMEX YNyHLIAeT Ka4yeCTBEHHbIE MOKasaTesin Bbl-
XOAHOr0 CUrHana, 0fHako npu aTom 6yfer HabnogatbCcs HeKOTopoe ocrnabrneHue
CaMbIX BbICOKWX 4aCTOT «BEpPXHel» rpynnbl. B HEKOTOPbIX Cy4asx reHepaums ca-
MOW BbicoKOW YyacToTbl DTMF 1633 Il He TpebyeTcs, T.K. OHa UCMOb3YeTCs TONbKO
Ans (HOPMUPOBAHUS CNYXXEOHbIX CUMBOMOB A-D, npu 3TOM MOXHO YNy4LINTb CO-
OTHOLLEHWE CUTHAN — LUYM MOHVKEHEM YacTOTbI cpe3a ounbtpa. Takum 06pas3om,
MOBbILUEHNE YaCTOTbl CPe3a BEET K YBEJIMYEHUIO YPOBHS BbICOKOYACTOTHBIX MOMEX,
HO MPY 3TOM CHKAETCA HEraTUBHOE BNMSIHWE HA HANOOSee BbICOKOYACTOTHbIE KOM-
NOHeHTbl curHana DTMF.

4. PesynbTatbl uccneposauii curianos DTMF

lpuBeaeHHbIE HIDKE CrieKTporpaMmmbl (Puc. 11 n 12) neMoHCTpMpYIOT BbIXO-
Hble curHansl DTMF — nepefaryuka Ha pasnnyHbix Yactotax. Ha puc. 11 nokasaH
aMMIUTYAHbIA CNekTp cuMeona “1”. Heobxoanmble Ans ero nepeaadn 4acToTbl — 697
n 1207 'y Haxopatcs Ha yposHe -10.5 gb u -8.5 b cooTBeTCTBEHHO. [apMOHNMKN
2091 v 3621 'y nopasneHbl noytn Ha 30 Ab. [ns nepegayun cumeona “D” reHepu-
pytoTCs [Be Hambonee BbicOKMe YyacToTbl — 941 1 1633 I'u. Kak BugHo u3 puc. 12,
YPOBEHb HWXKHEI 4acToThl cocTaBnser -12 ab, ypoBeHb BepxHeil vactotsl -11 gb.
CoO0TBETCTBYHOLLME FAPMOHIKN 0cnabneHbl 6onee, Yem Ha 30 Ab. Takum o6pasom,
M3MEPEHHbIE 3Ha4eHUs COOTBETCTBYOT Pe3ynbraTaM MOLENUPoBaHUS U Tpe6oBaHN-
am cneyndpukauuy [1].
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Pue. 12. AMnauTyaHblii cnektp cumsona “D”: 941 n 1633 'y

ABCONOTHON TOYHOCTM 4acTOTbl TEHepUpPyemblX MPSAMOYIOSibHbIX CUrHANOB
NPy UCMOJIb30BAHUN [BYX PA3NMUYHbIX TANMEPOB AOCTUYb HE YAacTes, pesynbrar
Oy[eT 3aBNUCETb OT KOMOWHALMW [BYX 4aCTOT W TUMA UCMOMb3yeMblX TanMepos. Mpu-
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Inaga 12. Tenepayuns n pacnosHosaxne DTMF-curnanos

YWHOIA 3TOrO ABMIAETCA KOHPANKT NPepblBaHUI TailMepoB. TemM He MeHee, Tpebyemas
TOYHOCTb 1.8 % BbINONHAETCS C 6ONLLUUM 3aMACOM.

Ecnu ncnonb3ytotcs 8-6MTHbIN TaiiMep W Taimep — nopt Timer Port timer Ha
cuctemHon yactote MCLK 1.048 MI'W, T0 4aCTOTbI «HUXKHE» rpynmbl reHepupytoTes
C TOYHOCTbH0 He Xyxe 0.3 %. [1ns 4acToT «BepxHer» rpynmbl Ha NMPakTUKe NofyvyeHa
nesnaums He Bbiwwe 0.5 %.

EanHcTBEHHOE UcKNtoYeHne — cumBon DTMF “D”, ans KOTOPOro reHepupyoTcs
HaMBbICLLME 4aCTOTbl. B pesynbrare aToro, B JAaHHOM KOMOMHALMM HacTOTa «BEPX-
Hem» rpynnbl 1633 'y nmeeT oTknoHeHue B -0.97 %.

be3 y4éTta aTOro MCKNOYeHNs, Jaxe camas BbicOkas yactota 1633 'y rexe-
pupyetcs ¢ TO4HOCTbIO Niyywe 0.5 %. MakcumanbHble fesuauny Ans pasnuyHbIx
4acToT NpUBEJiEHbI B TaBNLLE:

«HmKHAS» rpynna YacTot «BepxHss» rpynna 4acror
Yacrora, 'y Makc. gesnauus Yacrora, 'y Makc. neBnauus
697 -0,28% 1207 +0,33%

770 -0,13% 1336 +0,45%
853 +0,12% 1477 +0,14%
941 -0,21% 1633 -0,97%

Ecnu ons reHepaumm 4actoT ucnonbayetcs Taimep Timer_A, owmbka 6ynet
3aBUCETb OT NCNOMb3yeMoit YacToTsl MCLK:

MCLK, MI'y 1,048 2,096 3,144 3,800
Ymuoxutennb FLL 32 64 96 116
697 'y +0,027% +0,027% +0,027% +0,027%
770 Ty -0,015% -0,016% +0,033% -0,016%
852 Ty +0,059% -0,023% +0,005% +0,031%
941 Ty +0,029% +0,029% +0,029% +0,035%
1209 'y -0,079% +0,036% +0,036% -0,003%
1336 Iy +0,109% -0,018% +0,025% +0,025%
1447 Ty -0,009% -0,009% -0,009% -0,009%
1633 'y +0,018% +0,018% +0,018% +0,018%

5. 3aknoyeHue

[MporpammHoe o06ecneyeHne ans AaHHOrO npuMepa BecbMa NpocToe 1, 3aHu-
mas npumepHo 300 baiit, Tpebyet manoro o6béma 03Y u M3Y. bnarogaps Hanu-
4110 BCTPOEHHOTO MOJYINS TaiiMepa Tpebyemble 4acTOTbl FeHEPUPYHOTCA C BbICOKON
TOYHOCTbIO 6€3 HempousBoauTeNnbHON 3arpysku LIMY. B koHdurypaumu, roe ang
reHepauuu ucnosb3ytoTes 8-6UTHbIN Taimep 1 Tainmep-nopt Timer/Port, nognpo-
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rpaMmmMbl 06paboTKN NpepbIBaHNiA 3aHMMatoT npumepHo 12% pecypca LIMY. B Tom
Cclyyae, Korga 4actoTbl reHepupytotcs Tanmepom Timer_A, 3arpyska LMY Ha 06-
paboTKy NoanporpaMm npepbiBaHuin CHKaeTcs 0 6%. B pesynbrarte aToro, BO
Bpemsa nepegayn curHanoB DTMF moryT BbINONHATLCS Apyrue 3agayu, nueo LMY
MOXXET ObITb NMepeBefieH B PEXUM MOHKEHHOr0 NOTPe6/IeHNs C Leb0 CHUKEHNS
noTpe6seMoro Toka.

Xopowas (yHKLMOHAIIbHOCTb OMUCAHHOr0 MOAYNA TeHepauuy CUrHanos
DTMF npy nomoLumn npsiMOyrosibHbIX CUrHaN0B JEMOHCTPUPYETCH CXEMOTEXHUKON
annapaTtHoro obecnevyeHns. T.K. B CXeMe BO3MOXHO NMPUMEHEHNE KOMIMOHEHTOB C
60/bLUNM PA36POCOM NapameTpOB, LigHA TaKoro peLLleHns BecbMa Hu3kas. Bee Tpe-
60BaHNA CneunUKaLmnm BbINOHEHbI C 60MbLUMM 3aMacoM, TakuM 06pa3om, 0Tae-
NbHbI MOAYNb reneparopa curHanos DTMF B npubopax, ucnonbaytowmx MSP430
B Ka4eCTBe YNpaB/soLLEro KOHTPONSIEPA, He TpebyeTcs.

Ecnn B KOHKpeTHOM cry4ae Tpe6yeTcs MOBLICUTb COOTHOLUEHWE CUTHaM —
LIYM, UCMOMb3ys AONONHUTENbHbIA QY MOXHO CKOHCTpyWpOoBaTh (OUALTP Ans
JaUIbHeliLLero nofaBneHns UHTEePMOAYNALUMOHHBIX UCKAXKEHUA. Takoi JOMOJSTHM-
TeJSIbHbI ONepaunoHHbIA YCUNNUTENb YXKe MPUCYTCTBYET B COCTaBE CHETBEPEHHOIO
QY B kopnyce DIL14.
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8. Siwy, Robert: Systementwicklung einer Telekom-Applikation zum Senden
und Empfangen von DTMF-Signalen mit dem Microcontroller MSP430 (System
development of a telecom application to send and receive digital signals with the
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Yacts Il

1. BBepeHue

Bo BTOpOM YacTu JaHHOr0O npumMepa NpUMEHeHUs OnucaH npuém 1 pacnos-
HaBaHwue curHanos DTMF npu nomowm mukpokoHTponnepa MSP430. Pacecmatpu-
BAKOTCA TEOPETNYECKNE U MaTeMaTU4ecKue BOMPOCHI, CBA3aHHbIE C peanusaunen
U1cpoBbIX PubTPoB. OTAENLHO PACCMOTPEHO NPUMEHEHWE TakuX (OUNLTPOB Ans
BblJeNeHns TpebyeMbIX KOMMOHEHTOB M3 aHanoroBblX CUrHanos. [ns aHanoro-
LMcpoBoro npeobpasosaHus ucnonbayetcs AL, umetowniics B KoHGUrypaumm
(32x. 8 unpoBbIX QunLTPOB 06pabaThiBAOTCA B PEXKIME PEANIbHOrO BPEMEHM,
3 X BbIXOJHbIX 3HA4YeHWiA BoccTaHaBnuBaroTes cumonbl DTMF. Takxe B JaHHOM
pasfene npuBefeHa NPUHLUNNANbHAA CXema, NOSCHAKLLAA NOAKITHYEeHNe aHano-
roBbIX curHanos k MSP430.

2. Mpuem curHanos DTMF ¢ nomoLubio LM POBbIX (PUNLTPOB-
pe3oHaTopoB

C uenbto npuéma curianos DTMF npu nomoLm MUKPOKOHTponnepa 6e3 uc-
MONb30BaHMs  CMELManu3NPOBaHHbIX A0POrOCTOALMX KOMMOHEHTOB, BXO[HbIE
MMMYNbChl AOMKHBI ObITh OLMCIPOBaHbI C MOMOLLLIO aHanoroBo-LUugpoBoro npe-
o6paszosarens (ALM) u pacnosHaHbl meTofami LmcpoBoi dunstpaumn. MSP430
NOAXOANUT ANS 3TUX LieNeit 6naroaapsa creaytoLwmm 0CO6EHHOCTSM:

e HecmMoTps Ha CPaBHUTENBHO HU3KYI0 TaKTOBYHO YacToTy (4o 3.3 MIu)(s cos-
peMeHHbIX Mogensax — Ao 8MIL, npum. nepe..), MUKPOKOHTPOSIIEP UMeeT
[l0CTaTO4YHO BbICOKYIO BbIMMCIITENbHYIO MOLLHOCTb 611arofjaps Halm4uio Ko-
MaH[, BbIMOSTHAEMbIX 3a OLMH LMK, aHanornyHbIx apxutektype RISC.

e brnarogaps Hanu4uio BcTpoeHHoro AL, noakntodeHne MK K aHanorosbim
cucTeMam He MpPeACTaBNseT CNOXHOCTEA. Heo6x0anmoCTb BO BHELUHEM
AL oTcyTCTBYET.

3. OcHoBbI LUHPOBbIX (HUNLTPOB

B aHanoroBoil CXxemMOTEXHUKE A7 (OUIIBTPALMM CUTHATIOB UCMONb3YHTCA
AKTVBHbIE 1 MACCKBHbIE (PUMLTPLI, COCTOALLME U3 PE3UCTOPOB, KOHLEHCATOPOB,
KaTylleK WHOYKTMBHOCTM W ycunutenen. O6pabaTbiBaemMble CUTHaNbl Npu 3TOM
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HenpepbIBHbI BO BpPeMeHW. [pu Mcnonb3oBaHUNM LM POBOA 06paboTKM CUrHa-
7I0B UMEETCA PAj NPeMMyLLecTB, TakuX, Kak MOBbILEHHA TOYHOCTb U XOpOLUas
NOBTOPSEMOCTb, HEAOCTMXKUMBIX B aHaNOrOBOW CXEMOTEXHIKe 13-32 pasbpoca u
CTapeHust KOMMOHEHTOB. OCHOBHbLIMW KOMMOHEHTaMU LUDPOBbLIX (OUNLTPOB ABMISA-
t0TCA NamMsATb 1 BbIYUCUTESIbHOE YCTPOWCTBO, TAKUM 06Pa30M, OHU UMEIOT TaKXXe
NpenMyLLecTBa C TOYKN 3PEHUS CTPYKTYPHOI NMPOCTOTbl. TeM He MeHee, AN1s nX
paboThbl TaKXe TpebyTCsH aHanoroBo-LUMPOoBLIE U LN poaHanorosble npeobpa-
30BaTefin. B oTnnMyme 0T aHanoroBbIX OUILTPOB, UMEHOLMX [eN0 C HEMpepbiBHO
MEHSOLLMMUCS CUrHanamu, LMdpoBble PUIbTPbl 06pabaTbiBaKOT NOCNEL0BATES b-
HOCTY WUCKPETHbIX OTCHYETOB.

9T 3HAYEHMS NOSTYHatOTCS B NPOLIECCE «BbIGOPKU» HEMPEPbIBHOrO CUTHANA Ye-
pe3 hMKCMPOBaHHbIE NPOMEXYTKM BpeMeHu npu nomoLy AL, KoTopbii B JaHHOM
Cnyyae JO/MKEH CofiepXaTb YCTPOMCTBO Bbl6OPKU-xpaHeHus (YBX). Mo Teopeme 0
LVMCKpeTn3aumm [2] HacToTa BbIGOPKY [OMKHA ObITb HE MEHee, YeM B [1Ba Pa3a BblLLe
MaKCVUMasnbHOM YacTOTbl, MPUCYTCTBYIOLLEN BO BXOAHOM CUrHane. icxoas u3 aToro,
nepen ALM yctanosnex aHanorosbiin ®BY [3].

Ecnu Ha BbIxofe UnMdpoBoro punsTpa TPEOYeTCs NoSy4UTb aHANIOTOBbIA CUT-
Han, BbIYUCIEHHbIE 3HAYEHUs NPeobpasytoTes LMdpoaHanorosbiM npeobpasoBare-
1eM, Ha BbIXOZIe KOTOPOro curHan gounbstpyetcsa npu nomotum ®BY [3].

B naHHOM npumepe BHUMaHUe 06paLLeHO TOMbKO Ha 06paboTKy OTdmnb-
TPOBAHHOTO CUrHasna, 06paTHoe NpeobpasoBaHie B aHANOrOBbI CUrHAM He Tpe-
oyetcs.

3.1. CovicTBa unghpoBbIX (hnibTPOB-PE3OHATOPOB

AnroputmMbl LUPOBOI PUILTPALIMN, KK NPABU0, TPEOYHOT 60MbLLOIO Y1C-
na onepaumnit yMHOXeHMs. C Lefibto YMEHbLUEHUS Y1Cna NepenosiHeHNA 1 0Wn60K
OKpYrneHus, paspsaaHoCcTb OnepaHoB J0SKHA ObITb JOCTATOMHO BbICOKOIA. [10
9TOI NPUYNHE, XKENaTeNIbHO UCMOMNb30BATh [J19 BbIYUCIEHNIA CUTHANbHBIE MPOLLEC-
COpbI C annapaTHbiM YMHOXUTENeM. PaspagHOCTb NMpy 3TOM UMEET [1anasoH ot
16 0o 24 6ur.

HekoTopble CUrHanbHble NPOLECCOPbI TAKXE UMEKOT BO3MOXHOCTb paboThl C
ynucnamm B (hopmare «nnaBaroLLlas TO4Ka», B KOTOPOM 06pabarbiBaemble [aHHbIE
NpeACcTaB/eHbl C COOTBETCTBYIOLLEN TOYHOCTbIO. B aTOM criydae ans undposoin
(hunsTpauum ncnonb3yrTes Lnudposble GunbTpbl-pesoHatops! (LIOP) (Wave Digital
Filters (WDFs)). Takue dounbtpbl {5,107} aHanoruyHbl aHanorossim LC — uenam u
MUKPOMOJIOCKOBbLIM OUIBTPAM, UX XapaKTePUCTUKMN TAKXKe UAEHTUYHbI XapakKTepuc-
TMKaM COOTBETCTBYHOLLMX aHANOr0BbIX (OUILTPOB.

0co6eHHOCTbO LIOP fBNsSeTCA NOHMXEHHAs YYBCTBUTENBHOCTb K U3MEHEHN-
M K03chhnLneHTOB {5}. 3T0 0CO6EHHO BAXXHO B HALLIEM Cry4ae, T.K. BCe onepauun

508 bubnuoteka Komnana



Inaga 12. Tenepayuns n pacnosHosaxne DTMF-curnanos

YMHOXEHUS 13-32 OTCYTCTBUS annaparHOro YMHOXMTENS BbINOMHATCA METOL0M
«C[BUT-CNOXeHMEe». TakuM 06pa3om, YKOPOUeHUe 1 onTuMIU3aLmns KoaqmuuneHTos
9KOHOMUT BPEMS Bbl4UCIIeHNIA. [Tpy 3TOM, Takoe YNpoLLeHNe He HAHOCUT BpeJa CTa-
GUIIbHOCTU YaCTOTHBIX XapakTepucTuK unbTpa. B pesynbrate npumeHeHus 6onee
KOPOTKUX KO3QO(PULIMEHTOB MOHMXAETCA OWMOKA OKPYrNeHUs, BOSHUKAOLAA npu
YMHOXeHUN. ELLE 0HO NonoXuTenbHoe cBONCTBO LIOP — 60nbLLION AMHAMUYECKIAI
JamnanasoH {12, 22}.

CtabunbHoCTb LIOP He HapyLiaeTcs npu pa3pbiBax BXOAHOrO CUrHana. 1o ero
CBOWCTBO M03B0J1SET 06pabaThbiBaTh 3aNPOChI NPEPbIBAHNIA, NOCHE Yero BO3BpaLLaTh-
s K 06paboTke omnbTpoB. bnarofaps «nNaccuBHON» NPUPOLE TaKNX OUIBTPOB, K UX
NOSIOXWUTENbHBLIM CBOCTBAM MOXXHO TakXe OTHECTU ObICTPOE BOCCTAHOBJIEHNE NPU
neperpyskax 1 Apyrux MCKaXeHUsX BXOLHOrO cUrHana. Takoe noBefieHne U3BeCTHO
Kak «CrabunbHocTb VX domnbtpa» (“Response Stability”) {120}. Ins 06bI4HbIX L1d-
poBbIX BX-chunbTpoB 3Ta npobnema Hepewaema {5, S 302; 136}, B T0 Bpems, Kak
LI®P ocTatoTcsa cTabunbHbIMU JaXe Npu «3akonbLesaHnn» {19},

3.2. CTpyKTypa Menosnb3yembix UHGhpoBbIX GhnnbTPOB-PE30HATOPOB

o

T [— «—l

Q——<——>—,

COFJ'IaCVIOLLI,aﬂ Lenb C Hann4mem notepb KoHTyp ¢ nocnefosareNibHbIM PE30HaHCOM

Puc. 13. CTpyKTYypa UM poBOro gunbrpa-pesoHaropa

B Haweil 3afa4e TpebyeTcs OnpefesieHne Ha4mus KOHKPETHOM 4acToTbl BO
BXOAHOM curHane. G aToil Lenblo UCnonb3yeTcs PUIbLTP, N306PAXKEHHbIA Ha pucC.
13 1 cocTosLMiA M3 KOHTYpA C NOCef0BaTeNbHbIM PE30HAHCOM U «COrMacyroLLen
Lenu» ¢ Hanuyuem notepb [4]. AMNNNTYAHAA XapakTepucTMka Takoro ounsTpa no-
KasaHa Ha puc. 14.

@uNbTpbl paccyuTaHbl TakMM 06pa3om, 4TO6bl PE30HAHCHAs 4acToTa B TOY-
HOCTW COOTBETCTBOBA/IA MCKOMOW. ECNM MHTEpeCytoLasn Hac YacToTa nosBasfeTcs
B CreKTpe BXOLHOrO CUrHana, oHa OYAEeT YCUieHa, B TO BPeMs, KaK OCTa/lbHble
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yacToTbl 6yayT ocnabneHbl. KoagULMEHT YCUNEHNS Pe30HAHCHOI YacTOTbl, NGO
KO3(pPnLUMEHT ocnabrieHns oCTaNibHbIX HacToT onpefenserca napametrpom K B
Buge -20 log K (ab). lMonoca nponyckanus cunbtpa onpenensiercs Kak rnosoca
yactoT no ypoBHto -10 log K (ab). MpeBbilleHne aMniuTynoii Ha BbIxoae puiibTpa
onpefenéHHoro nopora 03Ha4aeT NpucyTCTBIME MCKOMOI HacToTbl B CreKTpe. Pery-
NINPOBKA YCUEHUS NPOU3BOANTCS NPU NOMOLLY COrNacytoLLei Lenu ¢ Hanudmnem
noteps. CTPYKTYpa 3TO Lienun NAEHTNYHA Ans BCex ounbTpoB (cM. puc. 15). Llenb ¢
nocneaoBatenbHbIM PE30HAHCOM COCTOMT U3 [1BYX 9/1EMEHTOB 3a[iePXXKI 1 afanTe-
pa. CyLIeCTBYHOT YeTbIpe pasninyHbIX KOHGUIypauum B 3aBUCUMOCTI OT Tpebyemon
Pe30HaHCHOM YacToTbl (puc. 16).

Pe3oHaHcHas 4acToTa

YacToTa
o
YacToTa
nponycKaHns
M0 YPOBHKO
-10logK

Ocnabnexue
-20 log K

Pue. 14. AMNNUTYIHO-4aCTOTHARA XapaKTepUCTIKa LMGPOBOTO (hMbTpa-pesoHarTopa

T.K. B JaHHOM NpumMepe apudMeTiKa C NiaBatoLLert TOYKOW He UCMOoMb3yeTcs,
ANropuT™ (PUNBLTPA BbIYKUCIAETCSA C LENOYNUCIEHHON TOYHOCTLI0 16 6UT; KO3dhpuLm-
EHTbI YMHOXXEHNS NPUCYTCTBYIOT B KOHApUrypauusax A n D, 4To ynydluaeT AuHamm-
YeCKMe XapakTepuCTUKN unbTpa.
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Texnepauyuns n pacnosHosanne DTMF-curnanos

1/n,

Tun A: alpha=1-gamma
npu ycnosun 1>gamma>0,5

Tun C: alpha=-gamma
npu ycnosun -0,5<gamma<0

Tun B: alpha=gamma
npu ycnosum 0,5>gamma>0

1/n,

Type D: alpha=1+gamma
npu ycnosum -1<gamma<-0,5

Puc. 16. HeTbipe pasnnyHble KOHMUIypaLmm H4eTbIpEXMONIOCHUKA
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4. NpepcTasnexne Yucen U apuemeTuka

T.K. n3 LIeHOBbIX coobpaXkeHnii MISP430X325 He coaepXuT annapaTHoro yMHO-
XKUTENA, BCE onepauun YMHOXEHUS BbINOMHSAOTCS NP NOMOLLM CABUIOB 1 CIOXe-
HUIA NINOO BbIYUTAHNIA. J1000€ YMHOXEHME [IBYX YMCEST MOXET ObITb NPeACTaB/eHO
Kak MHOrOKpaTHOe npubasneHne MHOXUTENS. Ecnn Hag ABOUYHBIM YXACIIOM NPOuU3-
BECTW N Onepauuid CABUra BNpaso, pe3ynbtar OyAeT NOEHTUYEH YMHOXXEHUIO Ha 2.
T.K. npefcTaBneHns KoapuumneHToB B MHTEpBane 2" Kak Npasusio HeLoCcTaTo4qHo,
Kaxgas ‘1’ B ABOUYHOM YuMCIie AOMKHA ObITb 3aMEHEeHa npy NOMOLLW chaBura 1 noc-
NeAyoLLEero crnoxeHus. MOSCHUM 3TO Ha NPUMEPEe YMHOXEHMS C UCMNONb30BaHNEM
MeTofa caBura-cnoxxeHus (shift-and-add):

1*0.46875 1b*0.011110b
=22 =0.01b
+2°3 +0.001b
+2 +0.0001b
+2°5 +0.00001b
=0.46875 =0.01111b

BBuAy TOr0, 4TO B TaKMX YMCrIax CIMLLIKOM MHOMO 3HaKOB MOCIIe 3ansToi, Tpe-
Oyetcs 60MbLLUOE YMCNO CMOXEHUA ANs TOro, 4T06bl NPEACTaBUTL HYUCIO B BUAE
LOMNONHeHns 0 2-X. YT06bl NOBbLICUTL CKOPOCTb 06PA6OTKU B TaKMUX Cyyasx, Uc-
nonb3yetcs koamposka Canonically Signed Digit Code (CSD) [5]. B peaynbrate uc-
nonb3oBanmus kofa GSD, 4ncno 3HaKoB KO3 uLMeHTa Nocne 3angToi YyMEeHbLIEHO
[0 MUHUMYMA. 3TO [OCTUrHYTO BBEAEHUEM BENNYMHbI -1 Ans npeacTaBneHns aBo-
NYHBIX Yncen. 3Ta BeNMYMHA NOSBASETCA B BbIYUCAEHUAX NPU BblYUTaHUK. Bbiwen-
pUBELEHHbIA NPUMep Npu Ucnonb3oBaHum koga CSD 6yaeT BbIMMAAETb CleayoLmum
o6pasom:

1*0.46875 1b*0.1000 - 10 (CSD)
=22 =0.01b
-2 —0.00001b
=0.46875 =0.01111b

B pesynbrate ucnonb3osaHus koga CSD, npoueaypa AaHHOMO BbIYUCTIEHUS
COKpaLLleHa Ha [1Ba CNOXEHNs NyTEM 3aMeHbl OAHUM BblYMTaHMEM. [TpakTuyeckas
BbIr0Aa MCMonb30BaHus Koga CSD UMeeT MecTo TOMbKO B Cly4ae, KOraa ABOMYHbIE
4ncna cocTosAT U3 6ONbLLLOTO KOMUYECTBA euNHNLL.

YyutblBas, YTO pe3ynbrat YMHOXEHMS N 6UT HAa M BUT UMEeT Pa3psAHOCTb
n+m 6UT, a pa3pAAHOCTb OMNEPaHA0B He MOXKET YBENNYNBATLCSA OT OJHOM0 YMHO-
XKEHUS K Apyromy, pe3ynbraT A0MKeH ObITb OKPYIMEH UK MAaALLIUe 6UTbl 4OSK-

512 bubnuoteka Komnana



Inaga 12. Tenepayuns n pacnosHosaxne DTMF-curnanos

Hbl ObITb OTOPOLLEHBI, XKENATeSIbHO NPWU 3TOM He NOTEePATb TPEOYEMYHD TOYHOCTb.
C MUHUMAnNbHOM OLUNOKON 3TO MOXKET ObITb 06ECMNEYEHO UCNONb30BAHNEM METOAA
XopHepa [5].

B HuxenpueeaeHHoM npumepe 12-6UTHbI pe3ynstaT YOPMUPYETCH YMHOXE-
Hem 12-6UTHOro 1 9-6UTHOTO MHOXXMTENE.

06bl4HOE YMHOXEHWE BbIMMAANT TaK:

X * Y
0.11001011111b * 0.01001001b
0.796386719 * 0.28515625 = 0.22709465

Mpu nCcnonb30BaH1 METOAA CABUIa-COXKEHNS:
0.00110010111 X*2?
0.00000110010 X*2°
0.00111001111 X*2® = 0.226074219 (-2.1 LSB)

Kak BUAHO 13 npumMepa, ownbka npesblwaeT 2 M3P, n3-3a Toro, 4to 60/bLUOE
KOJIM4ECTBO 6MT ObINO YTEPAHO B Pe3ynbTaTe CABUra Brpaso.

MeTop XopHepHa NuLLEH 3TOr0 He0CTaTKa, B HEM MaALLKe 6UTbl COXPaHSIT-
€A 10 Tex nop, NoKa 310 BOSMOXHO:

0.00011001011 X*2®

0.11001011111 +X

0.11100101010

0.00011100101 (X*23 4+ X)*23

0.11001011111 +X

0.11101000100

0.00111010001 (X*23 4+ X)*23X*2% + X)*2%=0.227050781 (-0.1 LSB)

[Mpouecc Ha4nMHaeTcs ¢ MaaLein ‘1’ MHOXUTENS, B fafibHeliLLem NponcXoanT
HaKOMJ/IeHe, NMOCIIe Yero NPOMeXXyTO4HbIM pPe3ynbsTar cBUraeTcs BNpaso (Ha pas-
HULY NONOXEHWIA 6UT [0 creaytoLlen 1°), ¢ NOCneayoLM CNOXeHNeM, CLBUMOM
1 7.4. Onepauum abCcontoTHOro cagura (B AaHHOM cryyae 28, 2-5, 2-2) BbInoNHAI0TCS
KOPPEKTHO. BbILeonucaHHbI NPOLECC UCMONb3YeTCs AnS BBEAEHUS U ONTUMU-
3aUum K03 ULMEHTOB (DUNLTPA, C LESTbI0 MUHUMWU3NPOBATL BbIYUACIUTENbHbIE
pecypcbl Npu MakCUManbHOM COXpPaHeHWUK TOYHOCTU. T.K. apudMeTUYecKne Bbl-
YUCIIEHMS B MUKPOKOHTPONSIEPE 06bIYHO OCYLLECTBNAOTCA C 16-OUTHBIMM LIESTbIMN
ornepaHgamu, creflyet [OroBOpuUTbLCS O NMPeACTaB/IeHWI 3HAYeHU curHana. [ns
nporpaMMHOi 06paboTKK onepawnin ¢ NnaBakoLLE TOYKO NOTPe6YEeTCs CULLIKOM
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INSTRUMENTS V. [Ipumepbi KOHKPETHBIX NPUMEHEHMI
MHOIO BPEMEHH, TaKUM 06pa3om, Crieayet UCnonb3oBaTb apuMeTUKY ¢ PUKCK-

POBAHHOM TOYKOM.
Mpumem cnepytoLLee pacnpefeneHne 6UT ans anroputma unsTpauum:
1 buT 3HaKa

2 buta nepenosnHeHus
13 BuT JaHHbIX C (OMKCMPOBAHHON TOYKOM

Takum 06pasom, asouyHoe yucno 0.01111b 6ymet npefcTaBieHO B AaHHOM
CUCTeMe, Kak nokasaHo Ha puc. 17:

Lololofol+]s[+]i]ofolofofofolo]o]
N — _
3Hak | 13 6UT AaHHBIX C PUKCUP. TOYKO
MepenonHeHue

Puc. 17. LIntbpoBoe npefcTaBfieHne 3Ha4eHNiA curHana

OTpuuatenbHbin KO3 MULMEHT NPeACTaBNAETCA NP NOMOLLWM pa3nenieHuns
Ha AaBe yacTu. [epBas YacTb paBHa -1, BTOpas NpefCcTaBNAET AOMNOMHEHNE [0 Tpe-
6yemMoro oTpuuaTenbHOro 3HavyeHus. Takum o6pasom, -0,3 6yaet npefacTaBneHo
Kak -1 +0,7.

5. Pacyet 8-mMu uughpoBbIX (hunbLTPOB-PE30HATOPOB U ONTUMU3ALUA
Ko3th(hpuLmeHToB

LI®OP ncnonb3ytoTes Ans pacno3HaBaHWA 4acToThbl, PACYET TaKMX (DUIILTPOB
TpebyeT OnpefenieHns creaytoLwmx napameTpos [4]:

e HacToTa BbI6OPKU

e Pe30HaHCHas YacToTa unbrpa

e Ycunenue (ocnadnenue) dunstpa B Buge -20 log K (ob)

e [Tonoca nponyckanus no yposHto -10 log K (ab)

Tak kak HauBbicLias Yactota DTMF paBHa 1633 I'l, N0 TeopeMe 0 KBaHTOBa-
HUM YacToTa BbIGOPOK B 3640 'y 6ymeT AOCTATOYHOW. ITO COOTBETCTBYET 1/9 yac-
ToTbl ACLK, paBHoi 32.768 kI'y npucytcrsytowen 8 MSP430, 1 no 3Toii npu4uHe
0Ha NIerko MOXXET ObITb CreHepMpoBaHa TaliMepoM. HeCMOTpS Ha TO, YTO peyeBble
CurHanel, nonagas Ha exof ALM ounpoBbIBAKOTCS C 04eHb HU3KOI 4aCcTOTOM, 3TO
He NpUBeLET K HEKOPPEKTHOMY MOoBeieHuMIo npu pacrno3HasaHuy DTMF, T.K. curan
pacno3Haércs Kak KoppekTHbIn DTMF cumBOn TOMbKO B TOM Cily4ae, eCni B CNeKT-
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pe npucyTcTBYHOT 06€ YacToTbl DTMF 0AHOBPEMEHHO Ha NPOTSHXKEHNN ONpeaenéH-
HOro NpoMeXxyTka BpemeHun. Kpome aToro, Bo Bpems nepepayn curHana DTMF sce
NOCTOPOHHIE CUTHAmbI, BKIKOYas peyeBble, AO/MKHbI ObiTh 0CNabieHbl He MeHee,
yem Ha 23 ab [1].

Pe30HaHCHbIe 4acTOThl OUIILTPOB COOTBETCTBYHOT K0 UHAMBUAYANbHON
yactote DTMF. Takue 4acToTbl AOMKHBI MPOXOAUTL Yepes puibTp 663 ocnabneHus.
Mopmasnenue ans octanbHbix YacToT -20 log K (ab) BbIGpaHo Ha yposHe -404b. 310
COOTBETCTBYET KOahhuumeHTy ocnabnenns K=100. Ecnu curtan ¢ 4acToTon, pas-
HOI1 rpaHNYHON YacToTe ounbTpa (no yposHto -10 log K) nonagér B coceaHuin kKaHan
DTMF, To npu 3TOM rapaHTUpyeTcs, 4T0 YPOBEHb MCKOMOIA HacToThl 6yaeT B 10 pas
BblLLIE, YeM Y COCEHel 4acToTbl. ITO COOTBETCTBYET pasHocTu B 20 Ab. OaHako, B
pesynbTate YKOPOUYeHUs 1 onTUMm3aunn KoamULNEHTOB, J0CTUYb KOS(AULIMEH-
12 10 He yfgaetcs, HO NMpu TOM pearnbHas pasHULA YPOBHEN ABASETCSA MOHOCTbLIO
[OCTaTO4HOM ANs HaAEXHOro Pacno3HaBaHus 4acToT. [1pn cpaBHEHWM BbIXOAHbIX
3Ha4eHnin couneTpos, Yactotra DTMF cuuTaeTcs npucyTCTBYIOLLEH B CMEKTpe, ecnu
3Ha4eHNe Ha BbIXOAEe COOTBETCTBYHOLLEro domnbtpa B 10 pa3 npesbIlaeT 3Ha4eHue
Ha BbIX0JaX OCTaSIbHbIX (OUIBTPOB.

YunTbIBas BblLLEONUCaHHbIE TPEOOBAHUSA, KOIMULMEHTbI Ans 8 PuUbTPOB
BbIYMCNIUM CrieaytoLm 06pasom [4]:

Yacrora, 'y 697 770 852 941 1209 1336 1477 1633

Tun
Lensc| cor, B B B C c D D D
nocn. | yenu
Hzfli(())_l\ll alpha 0.3594420 | 0.2393157 | 0.0999495 | 0.0534851 | 0.4935082 | 0.3291608 | 0.1702124 | 0.0516459
n2 — - - - - 1.5146077 | 2.4736004 | 5.8005043

Corna- [gammat| 0.9773007 | 0.9774177 | 0.9759909 | 0.9749654 | 0.9696236 | 0.9702183 | 0.9692265 | 0.9694046

CYtOLIAR| gammaz2) -0.9743449|-0.9745813|-0.9716988 |-0.9696270|-0.9588356|-0.9600369 -0.9580333|-0.9583930
Lenb ¢
Hann-
unem ni 0.0250727 | 0.0248447 | 0.0276217 | 0.0296126 | 0.0399140 | 0.0387729 | 0.0406752 | 0.0403340

noTepb

T.K. AaHHbIe KO3PDULMEHTbI 3aTPYAHUTENIbHO NPEACTaBUTb B BOUYHON CUC-
TEeMe 1 BbIYUCIEHUS C UX UCMOSb30BaHWEM MOTPEOYIOT GOMbLLUNX pPecypcosarpar,
B JafibHelLIemM nNpon3BeaémM YKOpPOUeHre 1 onTuMmu3aunto KoadduumeHTos. Benm-
YuHbI N1 1 N2 ABNAIOTCA MACLITaBMPYOLLMMI KO3 MULMEHTaMI 1 JOBOJbHO CBO-
60[1HO MOTYT ObITb 13MEHEHbI. [T03TOMY OHM BbIIN OKPYINEHbl A0 CNeayoLen Mu-
HUMaNIbHOW CTENeHN [BYX, Y4TO NO3BOAWSIO YNPOCTUTb BbIYUCAEHUS O HECKOMbKIX
onepauui casura. 3HaveHus KoadyduumenTa alpha TpebyoT 60MbLIEro BHUMAHMS,
T.K. OHW BNNSAKOT HA PE30HAHCHYI 4acTOTY. YTOObI YAOCTOBEPUTLCS B KOPPEKTHOCTH
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INSTRUMENTS V. [Ipumepbi KOHKPETHBIX NPUMEHEHMI
NPOBEAEHHOTO YKOPOUYEHUS AaHHbIX KO3((ULIMEHTOB, Pe30HAHCHAA YacToTa Oblia
nepecymTaHa 3aHoBO C Y4ETOM HOBbIX 3HA4YEeHWil. B pesyribTate yCrnewHom ontumu-
3aL1m ObINN NOSTYHeHbI CHEAYIOLLINE 3HAYEHUS:

qachL‘l”a’ 697 770 852 941 | 1209 | 1336 1477 1633
(a";]hza)‘ 0.359375| 0.234375 | 0.09375 0.046875| 0.5 |0.328125| 0.171875*2 | 0.046875*4
Pe3o-
HaHcHas | 697 773 855 | 937 | 1213 | 1337 1475 1642
yactoTa
DITTIOTTE- . 039 | 035 | -043 | 033 | 007 -0.14 0.55
Hue, %
alpha
(*n2) B
npegcras-|0.010111|0.010000-1| 0.00011 [0.000011| 0.1 |0.010101| 0.01011 | 0.0011
NEeHnKn
CcSD

HecmoTps Ha 3Ha4NTENbHOE YKOPO4eHne Ko3hdULIMEHTOB 1, 6narofaps 3To-
MY, BPEMEHU BbI4UCIEHUS, OTKNOHEHWE YaCTOTbl OT HOMUHAIIbHOW HECYLLIECTBEHHO.
[Mpu BHUMATENBHOM PACCMOTPEHUN BbIACHAETCA NOA06ME KO3(PMULMEHTOB COrma-
CYIOLLEA LIeni C HannM4mem noTepb. 310 Nerko 06bACHUMO C Y4ETOM TOro (hakTopa,
4TO [JaHHbIE KO3(D(ULMEHTBI 3aBUCSAT B 0CHOBHOM 0T napametpa -10 log K, koTopsblit
BbI6paH OLMHAKOBbLIM /11 BCEX (OUNLTPOB UCXOASA U3 KPUTEPUA: COCEHAS YacToTa
DTMF gomxHa 6b6ITb nogasneHa Ha -10 log K.

B pesynbrare atoro, ans scex 8-mu cpunstpos DTMF 6bina BbibpaHa efuHe-
TBEHHAA COrMacytoLas Lernb C OKPYrMEHHbIM 3Ha4yeHWeM. Takoe peLleHue UMeet
Maccy npeumyLLecTs:

o TpebyeTcs pacyér 1 nporpamMmMu1poBaHie TONbKO OHOM Lieny BMecTo 8

o AccemMOepHbIN KOA NyYLle ONTUMU3NPOBaH

o CyLLECTBEHHO ynpoLUaeTcs OTnajka npu UCnoNb30BaHWN OLMHAKOBOI Npo-

rpamMmbi

o [py HAMYNN CBOBOLHOIO BPEMEHI Ha BLIYUCIEHNS, MOXXHO CIKOHOMUTb Na-

MAATb BbI3blBas NOANPOrpammy

OnTumanbHble 3Ha4eHUs KOAPMULMEHTOB NPeCTaBNEHbI B TabMNLE:

[nanasoH 697 My —1633 'y
n1*gammal 0.00001b
gamma2 -1,0 + 0,00001b
1/n 32
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Inaga 12. Tenepayuns n pacnosHosaxne DTMF-curnanos

6. MpoBepka pacyeTa huNbLTPOB C NOMOLLbIO NPOrpamMm
MaTeMaTU4ecKoro MoJIENnMpoBaHus

BcTpoeHHbii B MSP430 ALM faéT BOSMOXHOCTb Mepexofia 0T aHanoroBbixX K
uncpposbIM curHanam. OaHaKo, Ans NPOBEPKU XapakTepuCTUK (OMLTPOB, HAM MOT-
pe6yoTCA TOYHbIE 3HAYEHIS HA BbIX0Ae PubTPOB. MoNy4UTb UX HENOCPEACTBEHHO
HEBO3MOXHO (T.K. BCTPOEHHbI LIAIT 0TCYTCTBYET), NOITOMY NPOBEPUTbL aMMNTY-
Hble XapaKTepUCTUKM (OUNbTPa TaKKe HEBO3MOXKHO. YTOObI NONy4UTh B 3TOM Cly4ae
MHOpMALI0 O AOCTUTHYTBIX XapaKTePUCTKaX (ULTPOB, anroputm 6bin CMOAe-
NIMPOBAH MaTeMATM4eCKON MPOrPamMMOii, C & MOMOLLIbO ObIN NOMTy4eHbl AMAAUTY-
Hble XapaKTePUCTUKMN.

B oTnn4ne 0T MUKPOKOHTPOI/EPa, OCYLLECTBAOLLIEr0 BblYMCEHUs ¢ 16-6UT-
HOI1 TOYHOCTbIO, AIFOPUTM B JAHHOM Cily4ae OnepupyeT ¢ TOYHOCTBIO NaBaoLLen
3anaTon. [Mpn aTom 6bINK NCNONb30BaHbI YKOPOUEHHbIE KOAdduLMeHTbI. B Ka4ecTse
npumepa nNpuBeAeHa NporpamMma MOJeNMpOBaHNA 11 Pe3ynbTaT — aMIIUTyaHas Xa-
pakTepucTuka dounbstpa Ha 770 T'u. [Ins cpaBHeHns TakXe NpuBefeHa xapakTepuc-
TUKA PUNbTPa ¢ HEOKPYrMEHHbIMU Koadduumentamu. (Puc. 18):

1«0
20
forie 0.N
k1« (12 —t1) xalpha

k3 «k1+12

k2 « k1+11

t2 k2
t1<k3xgamma_2+x.gamma_1_n
y e k3+t1 X

y ni

f(alpha,gamma_1_n1,gamma_2,nl):=

[Tporpamma ans nposepku counbtpa Ha 770 'y MEeToA0M MaTeMaTtyeckoro
MOJENMpOBaHus

u:=1(0.234375,0.0242837, - 0.9745813, 0.0248447

®YHKLMSA C HEOKPYMEHHbIMU 3HaYeHuamn gamma_1_n1, gamma_2 n ni
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2:=1] 0.234375, - [ L _1] L
32’32 |32

®YHKLMA C OKPYINEHHBIMW 3HAYEHNAMU

e Pe3oHaHcHas Yactota pasHa 773 I'l, no3ToMy npeaBapuTernibHO Noy4eHHoe
3Ha4eHue alpha = 0.234375 gocturaercs TO4HO.

e YcuneHue unstpa ymeHblwmnock Lo -36 ob B3ameH -40 gb. MpuynHoin
3TOr0 ABNAETCA OKPYrneHue koadpuumeHToB gamma_1 n gamma_2. Mpu
MOZENNPOBaHNK C UCTONb30BAHNEM TOYHbIX 3HAYEHWI KO3 ULMEHTOB [0-
cTuraercs pacyétHoe 3HadveHme -40 gb.

e CocepHss yactota DTMF (697 T'u) umeet ycunenme -18.5 ob, 4yto cootsetc-
TBYeT 1/8 BXOAHOr0 3Ha4eHns. Takoro pasfenieHns JOCTaTo4HO Ans 6e30LwUn-
60YHOI0 Pacno3HaBaHKs YacToTbl.

9T0T Npumep AeMOHCTPUPYET BECbMa BaXHOE CBOWCTBO LNCPPOBbLIX (HMb-
TPOB-PE30HATOPOB — X HU3KYHD HYBCTBUTENHOCTb K OKPYTNEHI0 KO3 (D ULIMEHTOB:
HECMOTPS Ha 3HAYUTENbHOE YKOPOYEHNE KOIMULINEHTOB 11 COKPALLIEHIE BPEMEHN
pacyéTa, XapakTepUCTIKIA (HUTBTPA CYLLEECTBEHHO HE N3MEHUMIC.

‘ ‘ ‘ ‘ |
0 200 400 600 00 1000 1200 1400 1600 1800

697 'y

b 3 3 AMNANTYAHAs XapakTepucTika
-20 B C OKPYT/eHHbIMM
Ko3chduumeHTamn

N AMnnUTYAHas XapakTepucTaka .,
C HEOKPYTNEHHbIMI
K03thhuuneHTammn

-35

o
g
o

_40-1-

Ycunenne B gb YactoTa

Pue. 18. AMNNNTYAHO-4aCTOTHAs XapakTepucTuka unbtpa Ha 770 lu,
cMofenupoBaHHas npu nomotyn MathCad
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7. MporpammHoe obecno4eHne Ana peanusauum LMpoBbIX
thunbTpoB

Anroputmbl ULMPOBBIX QULTPOB TPEOYHT 6OMbLLIOIA BbIYUCIUTENBHON MOLLI-
HOCTW, BBUAY GONbLUOTO HYWUCIA YMHOXEHWUIA U CNOXEHWIA, TPEOYEMbIX NPU pacyé-
TaXx — 0COOEHHO B TeX Cny4asX, KOrga YMHOXeHWe Mpou3BOANTCS 63 MOMOLLM
annapatHbIX YMHOXWUTENEN, a OCYLLECTBASAETCA METOAOM CABUIOB-CIOXeHWIA. o
9TOV NPUYMHE ANS TaknX 3afa4 4acTo NPUMEHSOTCS LMPOBbIE CUTHANbHbIE MPO-
LLeCCcopbl, T.K. OHWN UMEIOT BbICTPbIA YMHOXNTEMb ¢ HakonneHnem (MAC), unu, kak
MWUHUMYM, MHOTOPEerncTpoBbI LMKnnyeckun casuratens (Barrel Shifter), nossons-
IOLLNIA OCYLLIECTBNATL ONEpaLuIo CABUra Ha HECKOSIbKO MO3ULAYA OfHON KOMaHLOIA.
Takum 06pasom, peann3osatb anroputm UIbLTpa B peasibHoM BPEMEHU C UCMOSIb-
30BaHMEM ME[IEHHOr0 MUKPOKOHTPOMSIEPA HEBO3MOXKHO.

Tem He meHee, MUKpoKoHTponnep MSP430 no3BonseT peann3oBath Takoii an-
ropuT™ 61arofaps TOMy, 4TO UHCTPYKLMW, OMepaHAbl KOTOPbIX HAXOAATCS B permc-
Tpax, BbINOMHAKTCA 32 OANH TakT. Kpome 3Toro, A1 NOBbILLEHNS BbIYACIMTENbHOI
MOLLIHOCTM CUCTEMHas 4acTtoTa nosbieHa ¢ 1 My go 3.3 My (npum. nepes. — Ha
MOMEHT NepeBoja Makc. Yactora cemencrea — 8MIw).

AnanoroBas 4acTb Nnerko ConpAraeTcs ¢ LMgpPOBOI NP1 NOMOLLM BCTPOEHHO-
ro AUIM. Ero paspetueHue B 14 6UT AOCTATOYHO BbICOKO, 4TOObI rapaHTMPOBATh B
nocreayroLLIeM X0pOoLwUniA AUHaMUYECKNiA ananas3oH Lnugposoro dunstpa. Mpu atom
rapaHTUPYeTCs, YTO CUTHASI C HU3KOM aMNNTY0M OyaeT 06paboTaH C Takoi XXe ToY-
HOCTbIO, Y4TO U CUrHAN ¢ 60NbLUOK amnnTyaoi. Heo6xoanmocTb BO BHeluHem AL
COOTBETCTBEHHO OTMaaeT.

Ecnun anroputv fomkeH 6biTb 06paboTaH B peXxume peanbHoro BPEMEHHU, Bbl-
YnCneHne onpefenéHHoro «Kycka» AaHHbIX JOMKHO ObiTb 3aBEPLUEHO nepen Tem,
Kak OyayT nosy4eHbl HOBbIE JaHHble. [IPOMEXYTO4HOE XpaHeHue aaHHbIx B O3Y He-
BO3MOXHO, T.K. er0 06bEMa HeA0CTaTOMHO ANS XpaHeHus 60MbLIOr0 MaccuBa AaH-
HbIX, mocTynatoLmx u3 ALIM ¢ onpeaenéHHoM 4acToTOo.

[ins Taimepa-nopTa Bbi6paHa YactoTa npepbiBaHnii 3640 Iy, 3710 cooTBeTC-
TBYET [eBATM TakTam 4actoTbl ACLK. AL 3anyckaetcs no npepbiBaHuto Tanmvepa-
nopTa. T.K. yactota ACLK reHepupyeTcs np1 noMOLLM «4acoBOro» KapLia 4acToToM
32.768 KI'u, mony4aemas 4actota BbI6GOPKM UMEET HU3KOE LpOXKaHUe dasbl (IKUT-
Tep) U BbICOKYIO CTabUSIbHOCTb, MPUCYLLYIO KBApLEBOMY pe3oHatopy. Mpu 3TOM ra-
PaHTMPYETCS KOPPeKTHas BbI6OPKa aHanoroBOro CuUrHana u, COOTBETCTBEHHO, BEp-
Hble pacyétHble 3Ha4yeHus [10]. Mo 3asepLueHnn npeobpasoBaHuns, OCYLLECTBIAETCA
BblYMCNEeHNe Ans 8-Mu LUMAPOBLIX PULTPOB U pacno3HasaHue Hactotr DTMF Ha
OCHOBE MOJTy4eHHbIX 3Ha4eHUn UbTPOB. Ha anroputM pacyéra n pacno3HaBaHns
BblENEHO, TakMM 06pa3om, 274.7 MKc. 3TO cOOTBETCTBYeT 915 TakTam npw anu-
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TenbHOCTM TakTa 300 He. [0 3aBepLUeH 3TOr0 BPEMEHM BbIYUCIIEHIE JOSIKHO MOB-
TOPATLCA C UCMONb30BaHMEM 06HOBNEHHBIX AaHHbIX AL, Peanu3aums anroputma

npeacTaseHa Ha puc. 19.

Mopnporpamma npuema DTMF-curnana

DTMF_RX
VHnumanusauuns: TP_INT
Program ADC and
TP-Timer Start Timer
with 3anyck
U3MepeHnin
274,7 us intervall AL
| Bbixop
[ CPU in LPM ]
| -
>

Moanporpamma o6pa6oTku

lMony4eHo 3Ha4eHne

BbIGOpKN ALIM npepbiBahuit ALM: AD_INT
[
06paboTka pe3ynbTaToB 3anyck 5
¢ nomoLpto hunbTpa BbI4MCNEHNN
B aKTUBHOM
| pexume

CoxpaHeHune 3Ha4eHus
UNbTPaLMK.
® pay Bbixop
3anyck cyeTymKa
0TCYETOB

Mposepka ycnosus
OKOHYaHNs
V3MepeHnit

PacnosHaBanune
DTMF-curHana

HET

[ CPU in LPM ]

|

Puc. 19. Anroputm BblMUCAeHUs 8-Mi LM POBLIX (OUILTPOB U PACMO3HABAHNUS CUTHANOB
DTMF B pexxume peanbHOro BpemeHu

520 bubnuoteka Komnana



Inaga 12. Tenepayuns n pacnosHosaxne DTMF-curnanos

8. llporpamma pacnosHasanua curianos DTMF

C uenblo pacno3HaBaHus nony4eHHoro cumeona DTMF 13 BbIYMCEHHbIX
3HAYEeHUN (PUILTPOB, MOCNE BLIYUCIEHNA (DUNLTPOB MPUMEHSIETCH anropuTM
JeKOANPOBaHNA. 3TOT aNrOpUTM [OJIKEH COMOCTaBUTb PACMO3HAHHbIE YACTOTbl
cumsony DTMF. Kpome aTtoro, B MpoLECcCe BblYMCNEHUs GUSIbTPOB NPOU3BOAUT-
CSl CPaBHEHWE X 3HAYeHUIA. B npakTuyeckol peanusaunn, pasgaencHo ans «Bep-
XHen» (Hi-Group) n «HuxHein» (Lo-Group) rpynn 4acToT HaxoAWTCs 4YacroTa ¢
MaKCVManbHON amninTyaoi, eé 3HayeHne coxpaHsertcd. Takum 06pasom, moc-
1€ KaXA0ro Bbl4UCNEHNS 8-MU (OUNBTPOB HAM U3BECTHBI YaCTOTbI «BEPXHEN» U
«HVDKHEN» rpynnbl ¢ MakCUManbHOW amnanTygoi. Ha puc. 20 npefcrassieH anro-
PUTM AEKOANPOBAHMS:

Y106b1 Y6EOUTLCA B TOM, Y4TO BCE (OUMLTPbI HAXOAATCA B YCTaHOBUBLLEMCS
peXnume 1 MakCUMyMbl COOTBETCTBYHOLLMX 4aCTOT ONpezeneHbl, BCeraa npomsso-
antes 20 nocnefoBaTesibHbIX MPOCYETOB (ousibTpa. Korga 06pabotaHo AocTtaTtoy-
HOE 41Cno OTCYATOB, [IBA MAKCUMYMa W3 «BEPXHEN» W «HUXHE» rpynmbl npoBe-
PAKOTCA Ha [JOCTOBEPHOCTb MO ABYM KpuUTepusm. lepBblit KpUTepUii — 06a Makcu-
MasbHbIX 3HAYEHUS JOSKHbI NPEeBbIIATL YPOBEHb LyMa. BTOpo Kputepunii — He-
3HAYMTENTLHOCTL OTIIMYUA MAKCUMAITbHbIX YPOBHEN pyr oT gpyra. KoHe4yHo, 3T
KpUTepu MOryT ObITb PacLUMpPEeHbl U A0MOHEHbI C LeSbio YyYLLEHNS KavecTBa
npméma 0THOCUTENbHO CNabbIX CUTHASOB.

B TOM cnyyae, ecnn curHan ynosneTsopseT 060MM ycnoBusm, 06e 4acTo-
Tbl DTMF cyutaroTcs JoCTOBEPHbIMU. [1pn 9TOM, 4acTOTbl MOTYT ObITb MPU3HAHDI
curHanamu DTMF TonbKo N0 UCTE4EHUM ONpeaenéHHOro BpeMeHu. 3To OCYLLECT-
BNSETCA NMPW NOMOLLYM CHETYNKA ANUTENbHOCTU, (PUKCUPYIOLLEr0o LJIUTENbHOCTb
curHana. 1o goctmxeHun Tpebyemoii anutensHocTtu, cumson DTMF Bbi6upaetcs
13 TabNULbl UCXOASA U3 LBYX 4acTOT, ONPenenatoLmnx cTonbel 1 cTpoky. HTo6bl
WCKITIOYUTb NMOBTOPHOE Pacro3HaBaHWe OLHOTO CUrHana, npu LOCTUXKEHUN Tpeoby-
eMON ANUTENbHOCTM CUrHana yCTaHaBiMBAGTCA COOTBETCTBYIOLLMIA dpriar, CUrHa-
NIN3UPYIOLLAT O BOCTOBEPHOCTI NPUHSATOrO CUMBONA.

Mpy HEBBLINONHEHWN OAHOTO U3 YCNOBUIA CYETHUK ANUTENbHOCTU LEKPEMEH-
Tupyetca. LOCTKEHUE CHETYMKOM HYNsA WHTEPNPEeTUPYeTCs Kak naysa Mexay
cumBosniamu. @rar npu aToM coépachiBaeTcs.

Ha puc. 21 nokasaHo rpaduyeckoe npecTaBneHne BpeMeHHblx napameTpos
npu pacrnosHasaxun curkana DTMF:

bubnuoteka Komnana 521



? Texas
INSTRUMENTS

V. [Ipumepbi KOHKPETHBIX NPUMEHEHMI

®OunbTpaums
3aKOHYeHa

Mposepka ycnosus

HeT
& Hayana hunbTpaunn?

ha

Ycnosme 1

—————————————Her BbinonHeHo?

na

Ycnosue 2

<S> »

HET

Tpebyemoi A

MIMHbI
?

na
[lnuHa curkana =0? HeT
®nar
YCTaHOBNEH? Aa
HeT na
| HeT
|
YMeHbLNTb VBenu4uts

CYETYNK CHsATb conar Mgchpaesengmi . CYETYMK
ANWHbI ANNHbI

OT06paxeHue
DTMF-cumBona

YcTaHoBKa ¢hnara

06HyneHue
cyeTynKa Ans
Havana tunbTpauum
I

Q06HyneHne
namaTin

3anyck

522

tbunbTpaumumn

Pune. 20. AJ'IFOpI/ITM [ekoanpoBaHnsa
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Texnepauyuns n pacnosHosanne DTMF-curnanos

/_, HekoppekTHas AnUTeNbHOCTb CUrHana /_, Paspbig curHana

CurHan DTMF

[ N\ [

\

CHeTHMK [InTENbHOCTH

£

i

®nar

[MpuHAT gocToBepHbIA curHan DTMF 4—/

Pue. 21. BpemeHHble napameTpbl npy pacnosHasaHun curHana DTMF

OnosHaHa naysa 4—/

,-*****************************************************

; IlporpamMMa BBMUMCIIEHMS 8-MM UMOPOBEIX QMIIETPOB-pEe30HA—

; TOPOB IJId onpenejyieHmda curHajios DTME.
; BxXOIHOM aHaJIOTOBEDM CUTHAJI OLMPPOBHBAETCS Ha BxoIe A4
; Cc "acrtorom orcuéron 3640 T

; PacnozsmanuBle cuMBOJIEI DTMEF oToOpaxakTcsa Ha XKU
; ABTOp Robert Siwy,

October 1997

;*****************************************************

FILTER 1 .equ
FILTER 2 .equ
FILTER 3 .equ
FILTER 4 .equ
FILTER 5 .equ
FILTER 6 .equ
FILTER 7 .equ
FILTER 8 .equ

1 ; BKJIOUMTH OGmibTp Ha 1633
1 ; BKJIOUMTH OuiIbTp Ha 1477
1 ; BKRIIOUMTL QuibTp Ha 1336
1 ; BKJIOUMTH OGmiibTp Ha 1209
1 ; BrIOUMTH OGuieTp Ha 941
1 ; BKJIOYUMTE QUIbTP Ha 852
1 ; BRIIOUMTE QuibTp Ha 770
1 ; BKJIOUUTH OuibTp Ha 697

; OnpenesieHMs IJId UCIOJIb3YyEMOM alllapaTHOM YacTu

STACK .equ 400h

TCCTL .equ 42h

TCPLD .equ 43h

TCDAT .equ 44h

BTCTL .equ 40h

LCDCTL .equ 30h

IE1 .equ 00h

IE2 .equ 01lh

SCFI .equ 50h

SCFQCTL .equ 52h

WDTCTL .equ 0120h

WDTCL .equ 88h

WDTPW .equ 05a00h
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? Texas
INSTRUMENTS

V. [Ipumepbi KOHKPETHBIX NPUMEHEHMI

ACTL .equ 0114h
PD .equ 1000h
ADAT .equ 0118h
; IporpaMMHBEIE OIpenesieHNs
DISPL .equ 031h
LPMO .equ 010h
LENGTH .equ 7
THRE .equ 100
FLAG REG .equ r4
LCOUNT .equ r5
ROW .equ ro6
COL .equ r7
MAXLO .equ r8

IN .equ r9
MAXHTI .equ rl0
ouT .equ rl3
COUNT .equ rlb

’

Bazosem ampec XKU

(Length+l) * 5.48 mMc = mmwm-—
TEeJIbHOCTE CUTHAaJa

IopoT WyMa

CTpoKa «HIDKHEM» I'PYIIIIL
Cronfbel «BEPXHEW» IPYIIIILL

BXOmHOM pPermncTp

;*****************************************************

; Pacnpepesnenye namMaTu njisa 8-Mu OMUIIB TPOB
;*****************************************************

.bss
.bss
.bss
.bss
.bss
.bss
.bss
.bss
.bss
.bss
.bss
.bss
.bss
.bss
.bss
.bss

T1 1633,
T2 1633,
T1 1477,
T2 1477,
T1 1336,
T2 1336,
T1 1209,
T2 1209,
T1 941,
T2 941,
T1_852,
T2 852,
T1_770,
12770,
T1_697,
T2 697,

2
2
2
2
2
2
2
2

2
2
2
2
2
2
2
2

,-*********k*k*****************k**************************

; Ilporpamma
ek Ak kA kA Ak Ak kA hhhhhhA kA hhdhh kA hhkhkh kA rhkhkhkhhkhhkrrkkhkkhhhhxx
4

INIT

524

mov

.text

#STACK-2, SP ;

’

VHULMAIMN3ALMS
cTeka
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mov

#WDTPW+WDTCL, &WDTCTL ; OCTaHOBMUTH

; Mumumanmszaumsa MCLK

; CTOpPOXeBOU
; TavMep

mov.b #102-1, &SCFQCTL ;102%32.768 Ty =
; 3,342 MI'u
bis.b #008h, &SCFIO ; Makc. uacToTa
; 3 MHz
; Manumammszaums XK/ oumcrka namati KKU
CLRSCR
mov #11,r5
clrl
clr.b DISPL-1(rb5)
dec r5
Jjnz clrl
mov.b #017h, &BTCTL TaKTUPOBAHUE
KK
mov.b #0ffh, &LCDCTL TenepaTop XKIU

; VMHnumanmzaumsa ALl

mov #04912h, &ACTL ; VHVIMamm3aumus
; AlIl, BHYTpPeH-
; Hum VIOH

bis.b #004h, &1E2 ; paspenmTb npe-

; peIBaHMA OT Al

; VManumammsauysa 8-0MTHOT'O TanmMepa

mov.b #100h-9, &TCPLD ; cuét mo 9
; TakKTOB
; ACLK=274 wmkc
mov.b #000h, &TCDAT ; Barpyska
; CUéTuuKa
mov.b #068h, &§TCCTL ; VMuuimanmszauusa
; 8-OuTHOTO TaM-—
; Mepa
mov.b #008h, &IE1 ; PaspelmMTh [IPEepPLBaHMUA
; OT TamMmepa
eint
bis.b #LPMO, SR ; BBIKJI. CPU
DTMF FILTER
inc COUNT
cmp #20, COUNT ; 20 OTCUETOB NPUHATO?
jlo FILTER ; HeT
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INSTRUMENTS

V. [Ipumepbi KOHKPETHBIX NPUMEHEHMI

; IpoBepka

; TIpOBEpPKa

DISPLAY

FALSE

FALSE1l

526

1-Tr0o ycioBus

cmp #THRE, MAXLO
jlo FALSE

cmp #THRE, MAXHT
jlo FALSE H: -
2-T0 yCJIOBUA

rra MAXLO

cmp MAXLO, MAXHI
jlo FALSE

rla MAXLO

rra MAXHI

cmp MAXHI,MAXLO
jlo FALSE

cmp #LENGTH, LCOUNT
jeq DISPLAY

inc LCOUNT

Jmp CONTINUE

bit #01h, FLAG_REG
jnz CONTINUE

add ROW, COL

mov.b

bis #Olh,FLAG_REG
Jmp CONTINUE

tst LCOUNT

jnz FALSE1

mov.b #008h, DISPL+3
mov.b #008h, DISPL+4
bic #01h, FLAG REG
Jmp CONTINUE

dec LCOUNT

’

’

MaxkCyMyM IJIsT «HVDK—
HEVD» TPYIIE HUXE
nopora?

oa, BHXOI

MaxkCuMyM IJig «BEepxX-—
HEVD» TPYIIE HUXE
nopora?

BBIXOII

’

’
’
’

’

’

’

’
’

’

paznemmTs MAXLO Ha 2
MAXHI > MAXLO/2

oa, BHXOI
BOCCTaHOBUTE MAXLO
paznennTs MAXHI Ha 2
MAXLO > MAXHI/2

oa, BHXOD
IJINTEJIbHOCTL CUTHa—
Jla mocTaTodHa?

oa, nepexonm K OTObO—
PaxeHO
HeT, MHKPEMEHT CUéT-—

YrKa IJIMTEeJIbHOCTU

npoeepka oGmara
paclio3HaBaHue 3aBep-—
meHO

CyMMMPOBATE CTPOKY
u cToJsibel, TabJIMLE

DTMF Tab (COL) ,DISPL ; oTOOpasmuTh

cuMBOJI DTMFE
YCTaHOBUTHL GJar

oToOpasmTh Hnaysy
L K
ouMCTUTEL GJyar
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CONTINUE
clr
clr
clr
FILTER
mov
sub

rla
rla
Jif
FILTER71633

mov
mov
rra
rra
sub
mov
rra
rra
rra
mov
rra
add
sub
mov
rra
rra
sub

mov
mov
rra
rra
rra
rra
rra
sub
rra
rra
rra

bubnuoteka Komnana

MAXHI

MAXLO

COUNT

&ADAT, IN ; Orcuér ? r9/IN

#01£fffh, IN ; chopMMpPOBATEH BHAUE-—
; HME CO 3HAKOM

IN ; *2

IN ; *2

FILTER 1

T2 1633,rl2 ; N11=T2/4-T1
rl2,rl3

rl2

rl2

Tl 1633,rl2 ; N11 B rl2
rl2,rl4 ; N11*2*alpha-T2
rl2

rl2

rl2

rl2,rll

rl2

rl2,rll

rl3,rll ; N15 B rll
rll, T2 1633 ; N3=N15/4-N11
rll

rll

rld,rll ; N3 B rll

; Obmas corjlacyouas Lelb C I0TEPSMU
; Tpebyercsa N3 B rll

; 1/nl1=32, gamma 2=-1+1/32)

; nl*gamma 1=1/32

rll,r13 ; coxpaHuTe N3 B rl3
IN,rl2 ; Tl=N3*gamma 2+nl*gamma 1*IN
rl2

rl2

rl2

rl2

rlz ; nl*gamma 1*IN in rl2
rll,rl2

rll

rll

rll
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V. [Ipumepbi KOHKPETHBIX NPUMEHEHMI

rra
rra
add
mov
rla
rla
rla
rla
rla
rla
rla
rla
rla
rla
sub
add

rll
rll

rll,rl2 ; Tl B rl2

rl2,T1 1633

; coxpaHmTs Tl B O3V

rl3 ; N3 * 32

rl3
rl3
rl3
rl3

rl2 ; T1 * 32

rl2
rl2
rl2
rl2
IN, rl2

r1l2,0U0T ; B rl3 BHIXOIHOE 3HAUeHUE

;*****************************************************

SWAP1

cmp

Jge
mov
mov

OUT, MAXHI

SWAP1L
OUT, MAXHI
#03,COL

; CpaBHUTHL BBIXOOHOE
; 3HaueHMe C MaKCUMy-—
; MOM

; 3aMeHa MaKCUMyMa
; crojyber; = 3

;*******************************************

; OKOHUAHME COIJIACYIEN Lienu
FILTER 1633 END

.endif
Lif

FILTER 1477

528

mov
mov
rra
sub
mov
rra
rra
mov
rra
rra
add
rra
add
sub

FILTER 2

T2 1477,rl2
rl2,rl3

rl2

T1 1477,r12
rl2,rl4

rl2

rl2

rl2,rll

rl2

rl2

rl2,rll

rl2

rl2,rll
rl3,rll

; N11=T/2-T1

; N11 B rl2
; N15=N11*2*alpha-T2

; N15 B rll
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mov
rra
sub

mov
mov
rra
rra
rra
rra
rra
sub
rra
rra
rra
rra
rra
add
mov
rla
rla
rla
rla
rla
rla
rla
rla
rla
rla
sub
add

rll, T2 1477 ; N3=N15/2-N11
rll
rld,rll ; N3 B rll

; OBmas corJiacywomas Lenb C IOTepsaMu
; Tpebyerca N3 B rll
;1/nl1=32, gamma_ 2=-1+1/32)
;nl*gamma 1=1/32
rll,rl3 ; coxpauuTh N3 B rl3
IN,rl2 ; Tl=N3*gamma 2+nl*gamma 1*IN
rl2
rl2
rl2
rl2
rl2 ; nl*gamma 1*IN B rl2
rll,rl2
rll
rll
rll
rll
rll
rll,rl2 ; T1 B rl2
rlz,T1 1477 ; coxpaHuTe T1 B O3V
rl3 ; N3 * 32
rl3
rl3
rl3
rl3
rl2 ; Tl * 32
rl2
rl2
rl2
rl2
IN,rl2
rl2,0U0T ; B rl3 BHXOOHOE
; B3HaueHU e

,-***********************k******************************

cmp OUT, MAXHI ; CpaBHUTBH BEIXOIOHOE
; BHaueHMe C MaKCuMy-—
; MOM
jge SWAP2
mov OUT, MAXHT ; 3aMeHa MaKCuMmyMa
mov #02,COL ; crosben = 2
SWAPZ ;*******************************************
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INSTRUMENTS

V. [Ipumepbi KOHKPETHBIX NPUMEHEHMI

; OKOHUAHME COIJIACYIIEeN Lenn

FILTER 1477 ENDE
.endif

Lif

FILTER 1336

530

mov
mov
sub
mov
rra
rra
mov
rra
rra
add
rra
rra
add
sub
mov
sub

mov
mov
rra
rra
rra
rra
rra
sub
rra
rra
rra
rra
rra
add
mov
rla
rla
rla
rla

FILTER 3

T2 1336,rl2 ; N11=T2-T1
rl2,rl3

T1 1336,rl2 ; N11 B rl2
rl2,rl4 ; N15=N11l*alpha-T2
rl2

rl2

rl2,rll

rl2

rl2

rl2,rll

rl2

rl2

rl2,rll

rl3,rll ; N15 B rll
rll, T2 1336

rld,rll ; N3=N15-N11 B rll
; OBmas corJiacyomas Lenb C IOTepsaMu
; Tpebyerca N3 B rll

; 1/n1=32, gamma_ 2=-1+1/32)

; nl*gamma 1=1/32

rll,rl13 ; coxpaHuTe N3 B rl3
IN,rl2 ; Tl=N3*gamma 2+nl*gamma 1*IN
rl2

rl2

rl2

rl2

rl2 ; nl*gamma 1*IN B rl2
rll,rl2

rll

rll

rll

rll

rll

rll,rl2 ; Tl B rl2

rl2,T1 1336 ; coxpaHuTb Tl B O3Y
rl3 ; N3 * 32

rl3

rl3

rl3
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rla rl3
rla rl2 ; T1 * 32
rla rl2
rla rl2
rla rl2
rla rl2
sub IN, rl2
add rl2,0U0T ; B rl3 BHIXOIHOE 3HAUeHMUE
;*****************************************************
cmp OUT,MAXHI ; CpaBHUTB BBIXOIHOE
; BHaAUeHMe C MaKCUMy-—
; MOM
jge SWAP3
mov rl13,MAXHI ; 3aMeHa MaKCUMyMa
mov #01,COL ; cromben = 1
SWAP3 ,-***‘k*******‘k‘k**‘k‘k**************************

; OKOHUAHME COIVIACYIIEN LIenn

FILTER 1336 ENDE
.endif

Lif
FILTER 1209
mov
mov
mov
sub
rra
mov
sub
sub
mov

mov
mov
rra
rra
rra
rra
rra
sub
rra
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FILTER 4

T2 1209,rl3 ; N1=(T1-T2) *alpha
T1 1209,rll

rll, rl4

rl3,rll

rll ; N1 B rll
rll,rl2 ; N3=N1-T2
rl3,rll ; N3 B rll
rld,rl2 ; N2=N1-T1 B rl2

rl2,T2 1209

; OBmas corviacymomas LeNb C NOTepaMU
; Tpebyercsa N3 B rll

; 1/nl1=32, gamma 2=-1+1/32)

; nl*gamma 1=1/32

rll,rl3 ; coxpauuTh N3 B rl3
IN,rl2 ;T1=N3*gamma 2+nl*gamma 1*IN
rl2

rl2

rl2

rlz

rlz ; nl*gamma 1*IN B rl2
rll,rl2

rll




? Texas
INSTRUMENTS

V. [Ipumepbi KOHKPETHBIX NPUMEHEHMI

rra
rra
rra
rra
add
mov
rla
rla
rla
rla
rla
rla
rla
rla
rla
rla
sub
add

rll

rll

rll

rll

rll,rl2 ; Tl B rl2

rl2,T1 1209 ; coxpaHuTb T1 B 03Y
rl3 ; N3 * 32

rl3

rl3

rl3

rl3

rl2 ; Tl * 32

rl2

rl2

rl2

rl2

IN,rl2

12,0UT ; B rl3 BHIXOOHOE 3HaUeHUE

;*****************************************************

SWAP4

cmp

Jge
mov
mov

OUT, MAXHI ; CpaBHUMTB BBIXOILHOE
; BHaAUeHMe C MaKCUMy-—
; MOM
SWAP4
rl13,MAXHI ; 3aMeHa MaKCUMyMa
#00,COL ; cromber = 0

,-*******************************************

; OKOHUAHME COIVIACYIWIEN LIenn

FILTER 1209 ENDE
.endif

FILTER 941

532

Lif

mov
mov
mov
sub
rra
rra
rra
rra
rra
mov
rra
add

FILTER 5

T2 941,rl3 ; N1=(T1-T2) *alpha
T1 941,rl2
rl2,rl4d
rl3,rl2
rl2

rl2

rl2

rl2

rl2
rl2,rll
rl2
rl2,rll
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mov
sub
sub
mov

mov
mov
rra
rra
rra
rra
rra
sub
rra
rra
rra
rra
rra
add
mov
rla
rla
rla
rla
rla
rla
rla
rla
rla
rla
sub
add

rll,rl2 ; N1L B r1l/rl12
rl3,rll ; N3=N1-T2 B rll
rld,rl2 ; N2=N1-T1
rl2,T2 941

; Obwasa corjylacyoumasa Lelb C DOTepsaMu
; Tpebyercs N3 B rll
; 1/nl=32, gamma 2=-1+1/32)
; nl*gamma 1=1/32
rll,rl3 ; coxpaHuTb N3 B rl3
IN,rl2 ; Tl=N3*gamma 2+nl*gamma 1*IN
rl2
rl2
rl2
rl2
rl2 ; nl*gamma 1*IN B rl2
rll,rl2
rll
rll
rll
rll
rll
rll,rl2 ; Tl B rl2
rl2,T1 941 ; coxpaHuTe T1 B O3V
rl3 ; N3 * 32
rl3
rl3
rl3
rl3
rl2 ; T1 * 32
rl2
rl2
rl2
rl2
IN, rl2
rl2,00T ; B rl3 BEHXOOHOE
; 3HaueHue

PR R e e i i S I b e I e S I S I I e I b S I b S b S S I b S S b b S S b b S S b
’

cmp

Jge
mov
mov
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OUT, MAXLO ; CpaBHUTL BEIXOOHOE
; BHaA4YeHMe C MaKCUMy-—
; MOM
SWAPS
rl13,MAXLO ; 3aMeHa MaKCuMyMa
#012, ROW ; cTpoka = 12
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lnsrgjxﬁ?:ms V. [Ipumepbi KOHKPETHBIX NPUMEHEHMI

SWAP5 ;*****************************‘k*************
; OKOHUYaHUMe cornacyfomeﬁ nerm
FILTER 941 ENDE

.endif
Jif FILTER_6
FILTER 852
mov T2 852,rll ; N1=(T2-T1)*alpha
mov rll,rl2
mov Tl 852,rl3
sub rl3,rl2
rra rl2
rra rl2
rra rl2
rra rl2
mov rl2,rl4
rra rl2
add rl2,rl4 ; N1 B rl4
add rld,rll ; N3=T2+N1l B rll
add rld,rl3 ; N2=T1+N1
mov rl3,T2 852
; OBmas corviacymomas LEenb C NOTEPSIMMA
; Tpebyercsa N3 B rll
; 1/nl=32, gamma 2=-1+1/32)
; nl*gamma 1=1/32
mov rll, rl3 ; coxpaHuTe N3 B rl3
mov IN,rl2 ; T1=N3*gamma 2+nl*gamma 1*IN
rra rl2
rra rl2
rra rl2
rra rl2
rra rl2 ; nl*gamma 1*IN B rl2
sub rll,rl2
rra rll
rra rll
rra rll
rra rll
rra rll
add rll,rl2 ; Tl B rl2
mov rl2,T1 852 ; coxpamuTs Tl B O3V
rla rl3 ; N3 * 32
rla rl3
rla rl3
rla rl3
rla rl3
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rla rl2 ; T1 * 32
rla rl2
rla rl2
rla rl2
rla rl2
sub IN, rl2
add rl2,0U0T ; B rl3 BHIXOOHOE 3BHaUYEHUE
,-*********k*‘k**********k**k*k*****************************
cmp OUT, MAXLO ; CpaBHUTBH BEIXOOHOE
; BHaueHMVe C MaKCUMy-—
; MOM
jge SWAP6
mov rl1l3,MAXLO ; 3aMeHa MaKCuMyMa
mov #08, ROW ; CcTpoka = 8
SWAP6 ;*******************************************

; OKOH4YaHIMEe cor'nacylomeﬁ nerm

FILTER 852 ENDE
.endif

Jif
FILTER 770
mov
mov
mov
sub
rra
rra
mov
rra
rra
rra
rra
sub
add
add
mov

mov
mov
rra
rra
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FILTER 7

T2 770,rll ; N1=(T2-T1) *alpha
rll,rl2

T1 770,rl3

rl3,rl2

rl2

rl2

rl2,rl4

rl2

rl2

rl2

rl2

rl2,rl4 ; N1 B rl4

rld,rll ; N3=T2+N1l B rll
rld,rl3 ; N2=T1+N1

rl3,T2 770

; Obmas corjlacywumas Lelb C I0TEPSMU
; Tpebyerca N3 B rll

; 1/nl1=32, gamma 2=-1+1/32)

; nl*gamma 1=1/32

rll,rl3 ; coxpaHuTb N3 B rl3
IN,rl2 ; Tl=N3*gamma 2+nl*gamma 1*IN
rlz

rlz

535
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rra rl2

rra rl2

rra rl2 ; nl*gamma 1*IN B rl2

sub rll,rl2

rra rll

rra rll

rra rll

rra rll

rra rll

add rll,rl2 ; Tl B rl2

mov rl2,T1 770 ; coxpaHuTb Tl B O3Y

rla rl3 ; N3 * 32

rla rl3

rla rl3

rla rl3

rla rl3

rla rl2 ; T1 * 32

rla rl2

rla rl2

rla rl2

rla rl2

sub IN, rl2

add rl2,0U0T ; B rl3 BHIXOOHOE 3HAUYEHUE
,-**************‘k‘k***********************‘k‘k**‘k‘k**‘k*****

cmp OUT, MAXLO ; CpaBHUTBH BEIXOOHOE

; BHaueHre C MaKCUMy-—
; MOM

jge SWAP7

mov rl1l3,MAXLO ; 3aMeHa MaKCuMyMa

mov #04,ROW ; cTpoka = 4
SWAP7 ;*******************************************

; OKOH4YaHIMEe cor'nacylomeﬁ nernm

FILTER 770 ENDE
.endif

Lif
FILTER 697
mov
mov
mov
sub
rra
rra
mov

536

FILTER 8

T2 697,rll
rll,rl2

Tl 697,rl3
rl3,rl2
rl2

rl2
rl2,rl4
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rra
add
rra
rra
rra
sub
add
add
mov

mov
mov
rra
rra
rra
rra
rra
sub
rra
rra
rra
rra
rra
add
mov
rla
rla
rla
rla
rla
rla
rla
rla
rla
rla
sub
add

rl2

rl2,rl4

rl2

rl2

rl2

rl2,rl4 ; N1 B rl4

rld,rll ; N3=T2+N1l B rll
rld,rl3

rl3,T2 697

; OBmas corviacymomas Lenb C IOTEPIMM
; Tpebyercsa N3 B rll

; 1/nl=32, gamma 2=-1+1/32)

; nl*gamma 1=1/32

rll,rl3 ; coxpaHuTe N3 B rl3
IN,rl2 ; Tl=N3*gamma 2+nl*gamma 1*IN
rl2

rl2

rl2

rl2

rl2 ; nl*gamma 1*IN B rl2
rll,rl2

rll

rll

rll

rll

rll

rll,rl2 ; Tl B rl2

rl2,T1 697 ; coxpauuTs Tl B O3V
rl3 ; N3 * 32

rl3

rl3

rl3

rl3

rl2 ; T1 * 32

rl2

rl2

rl2

rl2

IN, rl2

rl2,0U0T ; B rl3 BEIXOOHOE 3BHAUEHUE

PR e i I b e I e I S I e S e I e b I S I b S S I b S S I b S S I b b S S b b S S b
’

cmp
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jge SWAPS8
mov ouT, MAXLO ; 3aMeHa MaKCHuMyMa
mov #00, ROW ; crpoka = 0

SWAPB ;~k******************************************

; OKOH4YaHMEe cor'nacylomeﬁ nernm
FILTER 697 ENDE

.endif

FILTER ENDE
bis.b #LPMO, SR ; orkyi. CPU
br #DTMF_FILTER

;*****************************************************

; llpepeBanye 8-OMTHOT'O TarMepa
,-*k‘k‘k******k*‘k**k*‘k‘k*k*‘k‘k****‘k*k‘k‘k**k*‘k‘k******‘k***********‘k*

TIM 8B

bic #PD, &ACTL ; BJI. AII
bis #001h, &ACTL ; CcTapT npeobpasoBaHUI
reti

;*****************************************************

; IlpepeBaHme Al
,-*****************************************************
AD INT

bis #PD, &ACTL ; AL BBUI.

bic #0£0h, 0 (SP) ; AKTMBHBIL PEXUM

; IO BHIXOOY? CTEK

reti

;*****************************************************

; OnpenesieHmsa XK
,-*****************************************************

LCD_TYPE

a .equ 0l1lh
b .equ 02h
c .equ 10h
d .equ 04h
e .equ 80h
il .equ 20h
g .equ 08h
h .equ 40h

,-***********************k******************************

; Tabmmua XKM ging cuMmBoJiop DTME
;*****************************************************

DTMF Tab
.byte b+c ; oTobpaxaeT «1»
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.byte atbtdt+e+g ; oTobpaxaeT «2»
.byte atbtc+d+g ; oToOpaxaeT «3»
.byte atb+tctet+f+g ; oToOpaxaeT «A»
.byte bt+c+f+g ; oToOpaxaeT «4»
.byte atctd+f+g ; oTobpaxaeT «5»
.byte atctd+e+f+g ; oToOpaxaeT «6»
.byte ctdtetf+g ; oToOpaxaeT «B» b
.byte atbtc ; oTobOpaxaeT «7»
.byte atbtctd+etf+g ; oTobpaxaeT «8»
.byte atb+c+d+f+g ; oToOpaxaeT «9»
.byte atd+te+f ; oTobpaxaeT «C»
.byte atdtet+f+g ; oTobOpaxaeT «E»
.byte atb+tct+d+e+f ; orTobpaxaeT «0»
.byte ate+f+g ; oTobpaxaeT «E»
.byte btct+d+etg ; orTobpaxaeT «D» d

,-*****************************************************

; Tabmuila BEKTOPOB I[IPEepPLIBaHNM
,-*****************************************************

.sect «Int Vect» ,0ffelh
.word INIT ; Hopt0, OuTer or 2 mo 7
.word INIT ; Bazosemt TaumMep Basic Timer
.word INIT ; HEeT MCTOUHMKA
.word INIT ; HeT MCTOUYHMKA
.word INIT ; TavMep-nopT Timer Port
.word AD INT ; s3aBepuieHyre npeobpasoBaHuUA
; AIII
.word INIT ; HeT MCTOUYHMKA
.word INIT ; HEeT MCTOUYHUKA
.word INIT ; HEeT MCTOUYHMKA
.word INIT ; HEeT MCTOUHMKA
.word INIT ; Watchdog/Timer, pexum Timer
.word INIT ; HEeT MCTOYHUKA
.word TIM 8B ; 8-OurHent TavmMep Timer
; (P0O.0 Int)
.word INIT ; TlopT 0.0
.word INIT ; NMI, cpelB IeHepauum
.word INIT ; POR, BHem. Reset, Watchdog

9. AnnaparHas YacTb

[peobpa3oBaHe aHANOroBbIX CUrHAMOB B LIMCPPOBbLIE OCYLLECTBASETCA NpU Mo-
mou ALM, BctpoeHHoro B MSP430C25x. /ICTOYHIK OMOPHOTO HaNpshKeHUs BbIBEAEH
Ha HoXXKY SVCC. OHO MOXeT 6bITb MOJAHO CHapYXK, SM60 B kadecte VIOH MOXHO
CN0Sb30BaTh HANPsXeHWe nuTaHus koHTposnepa (VDD). Takum 06pasom, 14-6UTHbINA
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JnanasoH COOTBETCTBYET Auana3oHy HanpshxkeHuin oT 0 no SVGC. Pabouyee Hanpsxe-
HIE [O/MKHO ObITb 5B, T.K. BblOpaHa MakcuMarbHas TakTOBasi YactoTa mpoLeccopa
3.3 Mly(npum. nepes. — Ha MOMEHT NepeBoja Makc. 4actorta cemeictea — 8MIu, a
Makc. paboyee HanpsbxeHue 3,6B). ECv 310 XKe Hanps»KeHWe UCMOoSb3yeTCcs B Ka4eCTBe
onopHoro ans ALM 1 noaKno4eHo BCTPOEHHBIM K4oM K BbIBogy SVCC, To MOXHO
o6oiTucy 6e3 BHewwHero IOH. OguH M3P, Takum 06pa3om, COOTBETCTBYET BESIUYMHE
0.305 mB. JoctynHble B npofaxe kommepyeckiue npuémHukn DTMF npuHumaiot cur-
Ha B ananasoHe ot +1 gbm (600) no -31 abm(600). 3T0 COOTBETCTBYET ammnuTyae
curHana ot 1.230B 10 30.8 MB. Vcxoas 13 3T0ro, pa3peLLeHne HauMeHbLLIEr0 BXOAHOIO
HanpspkeHus coctasnseT He meHee 100 M3P. Ecnn BCE e TpebyeTcs paboTa ¢ 60-
nee cnabbiMu BXOAHbIMI CUrHanamu, K Bbisofy SVCC cneflyeT nofkIo4aTh BHELLIHN
VIOH. KonpgeHrcarop (C1) dounsTpyet noMexu 0T BHELHero unu BHyTpeHHero VIOH. [ins
BbIYMCIEHNS KOMMOHEHTOB LMChpPOBOro (omrbTpa TPEOYHOTCS 3HAYEHMs CO 3HAKOM, He
nopaepxueaemble umetormmcs ALIM. Mo 3Tl NpuyKHe, aHaNOroBbIi BXOL CMELLEH
pesucTusHbIM aenutenem (R1/R2) Ha BenuuuHy SVCG/2, a BXOLHON CurHan nogaéres
Yyepes pasfenuTenbHblii kKoHaeHcatop C2. YncneHHoe 3HaveHne SVCC/2 no3xe Bblyu-
TAETCA U3 KXKI0r0 BXOLHOr0 0TCHETA. EC/M yCTaHOBMBLLEECS BbIXOAHOE 3Ha4eHne AL
qucneHHo pasHo 01fffh npu paspelueHun B 14 6UT, T0 OHO GYIET PABHO HAMPSKEHO
SVCC/2, n ocTatok oT BblyuTaHus 3HaqeHus SVCC/2 6ynet 01fffh-01ffh=0000h. Mono-
XKUTEMbHbIA BXOAHOW CUTHaN, CriefoBaresibHo, 6YAeT COOTBETCTBOBATh MOMOXKUTEb-
HbIM YUCIIEHHBIM 3Ha4eHNsM 1 Ha060pOoT. PasBs3blBatoLLMiA koHaeHcaTop G2 BKyne C
pesuctopamut R3 + ( R1 11 R2 ) cpopmupytotr ®BY. C y4éToM TOro, 410 YacToTa cpesa
BblOpaHa npumMepHo B 200 ', nomexu ¢ 6051ee HU3KOI 4acTOTOIA, HaNPUMep CeTeBblg,
6ymyT noaasneHbl. Bxog AL 3alimnLLéH oT nepeHanpshkeHus pesuctopom R3 n ctabu-
nuTtpoHom D1. MpuHumMnuanbHas cxema npuBefeHa Ha puc. 22:

MSP430
VGG >
R1
100 kOm
DTMF-IN c2 R3 1% MSP430
< L — M >
15 n® 5,1 kOm
R2
Dl 54 = %0 o L] 100k0m
- 0,
Z-pvop T n 1% MSP430
. . AGND >

Pue. 22. [TpnHUMNManbHas cxema nogknoYeHns curianos K AL
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Tak Kak paspsgHOCTb M3MEPSeMOro 3HadeHust orpaHuyeHa 14-10 6utamu, B TO
Bpemsi, Kak obpaboTka B LMY npoussoautcs ¢ 16-Tn GUTHON pas3psOHOCTbIO, nepeq
BbIYMCNEHNAMU 3HA4YEHUS OTCHETOB CABUratOTCSA BNEBO ABAX[bl, YTO COOTBETCTBYET
YMHOXEHUI0 Ha 4. bnarofaps TakoMy MacLUTabupoBaHIO, YIy4LIAETCS AUHAMUYECKU
[ManasoH 1 YMeHbLUIAETCA LLYM, BHOCUMbIA NPY OKPYTTIEHN B MPOLIECCE YMHOXEHUS.

10. U3mepeHus u pesynbrarbl

Ha puc. 23 nokasaHa AnuTenbHOCTb NPOLIEcca OUNLTPOBAHMS B Npeaenax ne-
puoaa keaHToBaHus. KaHan 1 npeactasnseT npepbiBaHus AL, no kaxaomy npe-
PbIBaHMIO BbIBOAUTCSA CUTHAN Ha BbIxo nopTa. KaHan 2 nokasbiBaeT ANUTENbHOCTb
npoLecca Bbl4NUCIEHNs OULTPOB; B HaYane NpoLiecca B NOPT BbIBOAUTCS NOT. «1»,
Mo 3aBepLUEHNI0 anroputMa — nor. «0».

Tek Aun: [90MS/A  Sample
(=

=

C1F
.‘Lﬂlllmz

T W

R e o T ™ Y

PR

i

IR I P
-
iz
o

15 ApT 1§87
0132

Puc. 23. [1nnTeNbHOCTb BbIYUCIEHUS (DUNBTPOB

Kak BUIHO 13 PUCYHKA, anropuTm 3aHUMaeT BCEro 55% [0CTYMNHOI0 BPeMeHM.
CnctemHas vacToTa pasHa 3.3 MI'u. [nutenbHOCTb TakTa npu 3ToM 0Komo 300 Hc.
Takum 06pasom. JocTynHO 915 TakTOB Ha nepuof KBaHToBaHus. 474 Takta Tpeby-
t0TCA AN151 BbINONHEHUS 359 HCTPYKUMiA. CreaoBaTenbHO, Pe3ynbTUPYHOLLAs BbIYNC-
nMTeNbHas MOLWHOCTL paBHa 2.53 MIPS. B pesynbrate ncnonb3oBaHns 60MbLUIOr0
KOMIMYEeCTBA WHCTPYKLMIA TWUNa «Peructp-peructp», B CpefHeM TPebyetcs TOSbKO
1.32 UnKna Ha MHCTPYKLMIO.
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[laxe ¢ y4ETOM BbICOKOWM BbIYUCIUTENIbHO MOLLHOCTH, NOTPE6NSeMbINn YCT-

POCTBOM TOK BCEro 0kosno 1.8 mA.
Mporpamma 3aHumaeT npumepHo 1KB M3Y n Tpebyet 32 6anta 03Y.

11. 3akntoyenue

BbiuncneHus B cuctemMax peanbHOro BPeMeHW TPe6YIOT BbICOKOW BbIYUCIN-
TeNIbHO MOLLHOCTI, NO3TOMY AMs TaKKUX LieSIei 4acTo NCnomb3yoT LndPoBbIe Cur-
HanbHble npoueccopbl (DSP). MpumereHne MSP430 B Takoli 3afade Ans Bbl4nCHe-
HUS UMCOPOBLIX (PUNLTPOB He ABNSETCA TPAAULIMOHHBIM, B YaCTHOCTU 13-3a TOrO,
4TO Onepauui YMHOXEHUS OCYLLECTBNIAOTCS 63 NCNOoNb30BaHNA annapaTHoro ym-
HoxuTens. Tem He meHee, MSP430 sBnsieTcs NOAXOASALLMM BbIGOPOM B TEX CMy4asnXx,
Koraa TpebyeTcs pacno3HaBaHue 4acToT B MaccKBe LMPPOBbIX OTCHETOB, a BbIYMC-
NEHHbIe 3Ha4YeHus He TpebyeTcs BbIBOAUTL Npu nomoly LIAM. B MSP430 nmeetcs
B Hann4uu BbicokonponasoauTenbHbin ALM. Ero paspelwieHune 14 6uT rapaHtupyet
LUMPOKMI JUHAMUYECKNIA ANANa30H NpU BbIYUCTEHUSIX.

B Hawem npumepe 4acToTbl C BXOAHbIMI YPOBHAMM 0T 25 MB RMS 10 1.5 B
RMS o6pabatbiBatotcs 663 npobnem. [JuHamnyecknii anana3oH npu 3TOM MpeBbl-
waet 35 ab, 4To N03BONAET U36aBUTLCA OT BHELUHKUX NpuéMHUKoB DTMF. Tak Kak
14-6uTHbIA ALM nmeeT TeopeTUHecKnii AMHaMYecKnii anana3oH 84 ab, ecTb B0O3-
MOXHOCTb AaSibHEMLLIEro paclUMpPeHns AMHAMUYeCKOro Anana3oHa B 066 CTOPOHbI.
OaHWMM 13 cnocoboB ABNAETCA UCNOMb30BaHMe BHeLLHero OH.

B 3aBMCUMOCTI OT CIOXXHOCTW cPUnbTPa 1 TpeOYEMOIi 4acTOTbl CIMMNIMPOBA-
HIS, CMCTEMA MOXKET paboTaTh C CUrHanamu BNOTb A0 5 KIL.

PacyéT n peanusauus BOCbMM Y3KOMOMOCHbIX MOMOCOBbIX QUNBTPOB, ONMUCAH-
Hble B JAaHHOM NPUMepe, IEMOHCTPUPYIOT:

e B0o3MOXHOCTb Kcnonb3oaHus MSP430 n BctpoeHHoro AL ans 3apad
bunbTpaLnn B pexxume peanbHOro BpeMeHu;

e [IpekpacHble CBOMCTBA LUPOBLIX (DUSILTPOB-PE30HATOPOB;

© J(D(heKTUBHOCTb Ha ypOBHE 1.32 LMKNa Ha MHCTPYKLIMIO, BO3MOXHYIO 6/1aro-
naps RISC-apxutekType npoueccopa 1 0pToroHanbHOCTI Habopa KOMaHa;

o [1ng 8-mu punbTpoB DTIMF MOXET 6bITb AOCTATOMHO 359 MHCTPYKLMIA.
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