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BBEAEHNE

Llenbio KypcoBOro npoeKTUPOBaHUA ABNSETCA MPUOOpeTeHMe HaBbIKOB paspa-
60TKN MUKporpoueccopHbix cuctem (MIC) Ha npumepe NPOEKTUPOBaHUS MUKPOMPO-
LIECCOPHOM CUCTEMbI AN YNpPaBieHns HeKoTopbIM 06beKTOM (puc. 1). MukponpoLec-
copHas cucrtema (MPU) npuHumaeT nHgopmaunio {X} 06 o6bekte ynpasneHus (OU)
OT aHa/IoroBbIX M UMQpoBbIX AaT4yMkoB (D), BbipabaTbiBaeT ynpaBnstoLLMe BO3AENCT-
Bua {Y} B COOTBETCTBUW C 3afaHHbIM arOPUTMOM YrMpPaB/IEHNS N NOLAET UX Ha UC-
NONHUTENbHble MexaHn3Mbl (RU). B MIC nocTynatoT Take CUrHa/bl MnpepbiBaHUA
{INT} oT gatumka aBapuiiHO CUTyaUUK 1 OT AaTymKa HanpsHXKeHUa NuTaHus.

X

D INT MPU

RU ou

A 4

Puc. 1. O6bekT, ynpasnsemblin MINC

CtpykTtypHasa cxema MIC (puc. 2) coCTOMT M3 MUKPOMNPOLLECCOPHOr0 MOAy-
na (MPM), onepaTMBHOIO M NOCTOSHHOIO 3anomuHarowmx yctpoincts (RAM n ROM),
NHTEPMENCHbIX YCTPOCTB BBOAA M BbiBoAa (IOU), koHTponnepa npepbiBaHuii (IC) u
nynbTa ynpasneHus (CPAN), coeAMHEHHbIX C MOMOLLbIO 06LLEN WKHbI (B). O603Haue-
HWS Y3/10B U CUTH&JIOB Ha CXeMax B cO0TBETCTBUN ¢ ECK/, BbINONHAKOTCA 3arfaBHbIMU
NaTMHCKMMK ByKBaMK 1 apabCcKumm Ldgpamu.

B KypcoBOoM npoekTe pa3pabarbiBatoTCcA 3neKTpuyeckne cxembl MIIC-
CTPYKTYpHas M MpUHUMNUaIbHAs W nporpaMmbl, 0becrieyvBarolye BbINosIHEHNE 3a-
[AHHOr0 anropMTMa yrnpas/ieHus, OCYLLEeCTBAAETCA OLeHKa napameTpos MIIC.

B kauyectBe OCHOBbl A/1d noctpoeHus MIC BbI6GpaHbl MUKPOKOHTPO/EPDI
cemeiictBa MSC51 (ogHOKpuCTasibHble MUKPOOBM — OM3BM) B COOTBETCTBUN C
Tabn. 1.

MPM RAM ROM
Xd1-Xd8
INT3
—> jou |Y1-Y7 CPAN » IC
Xa5, Xa6, Xa7 > INT1-INT2

Puc. 2. CTpykTypHasa cxema MIMC



BapuaHT 3aaHuns (B COOTBETCTBUM C NMOPALKOBLIM HOMEPOM CTYZEHTA B rpynne
Mo XXypHasy) onpeaenseTcsa CornacHo npunoXeHno A, rae nepsas ungpa 3gaHus co-
OTBETCTBYET HOMepY 13 Tab/l. 1, BTopas — HOMepy 13 Tab/l. 2, TpeTbs — HOMepY BapuaH-
Ta 13 Tabn. 3, yeTeepTas — HOMepy 13 Tabn. 4, naTas — HoMepy 13 Tabn. 5. bnaHk 3aga-
HWA NpUBEAEH B NpunoXxeHun b.

Bo3mo)kHa KoppeKuus 3afaHns — Nno cornacoBaHuIo C Npernojasartesnem.

Tabnmua 1
MWKPOKOHTpONePsI cemeiicTBa MSC51

Noe | Twn JNlutepatypa

nn | MMKPOKOHTpOAEpa

1 | T89C51IC2 [1]

2 | AT89S53 [1]

3 | AT89C52 [1]

4 | AT89C511C2 [1]

5 | AT89S53 [1]

6 | C8051F34x [2]

1. MNKPOIPUECCOPHAA CUCTEMA 014 ¥YTIPABJIEHNA OB bEKTOM
1.1. Cxema asiropyTMma ynpaB/ieHUA 00bEKTOM

B MIC peanusyetca anroputm, npeactaBneHHbIn Ha puc. 3. bnokom 1 Bbl-
MOMHAETCA HaYa/lbHaa YCTaHOBKa CUCTEMbI: NMPOrpaMMUPOBaHNE  UCMOJb3YEMbIX UHTe-
rpasibHbIX MUKPOCXEM, 3aCbl/IKa NPY HEOOXOAMMOCTM B BbIXOAHbIE YCTPONCTBA HaYaslb-
HbIX 3HAYEHMIN YNPaBNAIOLWMX BO3AENCTBUM U T.N. BNOKOM 2 peanuayeTcs 3agada /o-
r’MYecKoro ynpasneHua: npuem MHGopMauun ¢ ABONYHbIX AaT4MKoB Xd1l,..., Xd8, Bbl-
yncneHue 3HavyeHms Xdl,..., Xd8 v Bblgaya 3TOro 3HayeHWst B Ka4eCcTBe YnpaB/soLLEero
ABOMYHOro curHana Y1. biiokom 3 obecneynBaeTca NprYeM aHa/IoroBbIX CUrHaI0B Xab,
Xab6, Xa7 ¢ faTUMKOB HarpsbKeHus, Ux npeobpasoBaHue B uudgposyto qopmy N5, N6,
N7 COOTBETCTBEHHO, 1 BbIYUC/IEHWNE 3HAYEHWNIA YMPaBAAOLWMNX BO3LENCTBAN — CUTHA/bI
Y2,Y3, Y4,
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Puc. 3. Cxema anroputma ynpas/eHs 06 bEKTOM

Mpn atom Y2 n Y3 4aBNAKOTCA ABOMYHBLIMU CUTHaNamMu, a Y4 — Hanps>KeHue, KOTopoe
nonyyaeTcsa nocne npeobpasoBaHNa LMPPOBOro Koja B aHanorosyto gopmy. bnokom 4
peanuayeTcs UAn UMKANYECKUA PeXxuM ynpasneHus unm octaHoB MINC B COOTBETCT-
BUW C KOMaHAamu, NocTynawwmmMmn oT onepaTopa ¢ NynbTa ynpasneHns. bnok 5 cny-
XWUT AN BbIBOAA Ha WMHAMKATOP nocnefHero sHaveHusa Q4 nocne BbIXoLa U3 pexuma
ynpaBieHns.



1.2. ObpaboTKa MHGopMaLmun, NOCTyNaroLLen ¢ ABONYHbIX JaTymKoB Xd1,..., Xd8,
N Bblaya yrnpasnsatoLero so3gencremns Y1

MwukponpoueccopHaa cuctema (MIC) onpalumBaeT BOCEMb ABOWYHBIX AaTyu-
KOB M 3HayeHust ux curHanos Xdl,..., Xd8 go/mkHbl 6biTb COXpaHeHbl B namat MIIC.
MpegnonaraeTcsa YTO OMNPOC ABOMYHbLIX AATYMKOB OCYLLIECTBMISIETCA HE Yallle, YeM OAUH
pas B cekyHay. Mpu eanHn4HOM 3HavyeHUn Xd; B MIC BblpabaTbIBaeTCs BbIXOAHOM
curHan Y1 gnuTenbHocTbio T1. Paboumnin ypoBeHb curHana Y1 v ero gfimtenbHocTb T1
yKasaHbl B Tabn. 2.

Tabnmua 2
OnntenbHocTb T1 npu eAUHNYHOM 3HAYeHUM CUrHana Xd;

Homep dopmupoBaHue curHana Y1 no | 3HadyeHne | Pabounini  ypOBEHb
BapuaHTa | 3HAUYEHUIO Xi T1, mMcC curHana Y1

1 Xd1 10 HU3KNI

2 Xd2 100 BbICOKMI

3 Xd3 60 HN3KWUIA

4 Xd4 40 BbICOKWI

5 Xd5 90 HU3KNI

6 Xd6 200 BbICOKUI

7 Xd7 50 HU3KNI

8 Xd8 70 BbICOKWI

1.3. O6bpaboTka curHasoBs Xab, Xa6, Xa7 v Bblgaya
ynpaBnsaoLWwmx Bo3LencTenin ¥2, Y3 n Y4

Hanps»keHna Xab, Xab u Xa7 npeobpasytorca B Lunudposyto gopmy N5, N6 ¢
MOMOLLIbIO aHasioro-ungposoro npeobpasosatens (ALM). C Bbixoga AL umdposble
KOAbl NOCTYNaKT Ha 06paboTKy M Bbluncnsetca dyHkumna Q2=F(N5, N6, K), rae K kog
ycTaBKW. [Npeanonaraetcsd, 4To 3HaveHMAa N5 1 N6 npeacTaBnATCA Kak Liefble CO 3Ha-
KOM U HaxogasTcs B AnanasoHe 0 — (2"-1), rae n paspagHocTs AL, MonyuenHoe
3HayeHve (yHKUMM Q2 cpaBHMBaeTCa ¢ XpaHsweica B M3Y koHcTaHToM QO, 3HaYeHune
KOTOPOIA [O/MKHO GbITb paBHO (2"-1)/2. 3HaueHwe K paBHO U,/LSB, rae U — Hanpsbxe-

HWe Koppekunu, a LSB 3HayeHne mnajluero paspsaga paBHoe U, /2”, U\t —OMOPHOE Ha-
npshkeHne ALIM. 3HavyeHne K MOXXET ObITb M3MEHEHO OMepaTopoMm C MysnbTa yrpas/e-
Huna (CPAN). HanpseHns Xa5 1 Xa6 COOTBETCTBYHOT 3HAYeHMAM BXOAHOr0 aHasioro-
BOro HanpsbkeHus AL V\y, KoTopoe creayet Bbloupath B gnanasoHe (0 — U) B, rae
U,e=(2,048 nnun 4,096) B Hanps>XeHne BHELUHEro nuav BHYTPEHHEro NCTOYHMKOB OrMop-
HOro HanpsbkeHus. B 3aBMCMMOCTW OT pe3ynbTatoB cpaBHeHus MINC BblpabaTbiBaeT
CUTHaN BbICOKOIO YPOBHA Y2 ANNTENbHOCTLIO T2, ecnn Q2<QO0, nan nayvyky cCUrHanos
Y3 c nepuogom 1 MC U CKBaXXHOCTbLIO 2, ecnn Q2=Q0, npuyem ANUTENBHOCTb NAaYKU
paBHa BpeMeHn T3. Bug peannsyemoinn QyHKumMn Q2, 3HaveHus anutenbHocten T2, T3



n HanpshkeHne U, npeactasfieHbl B Tabn. 3. BbluncneHme gyHKumm Q2 ocyulecTsns-
eTcs no opmyne

Q2=(3 Q2)/N,

raoe N paBHO He MeHee [OecATM OTCUEeTOB KaXkAoro HanpsXxeHua Xas u Xa6. Ha puc. 4
npeAcTaBfieHa CXeMa airopuTma BbipaboTkM curHanos Y2 n Y3.

Tabnmua 3
Bua gyHKumMm Q2 1 3HaYeHns anmtenbHocTen T2 n T3

Homep dyHKuma Q2=F(N5, N6, K) | 3HaueHwne 3HayeHue
BapuaHTa T2, MC T3, MmcC
1 Q2;=N5;+N6;+K 20 40
2 Q2;=N5;/2+N6;+K 30 60
3 Q2;=N5;-N6;/2+K 40 20
4 Q2;=N5;/4-N6;+K 30 90
5 Q2;=(N5;-N6;)/2+K 35 85
6 Q2;=(N5;-N6;)*2+K 60 120
7 Q2i=N5;-2*N6;+K 60 200
8 Q2;=2*N5;-N6;+K 80 40

[Nns HeyeTHbIX BapUaHTOB 3afaHWNii BPEMEHHbIE MHTepBanbl T2, T3, opmupo-
BaTb NMPOrpaMmmHbIM CNOCO60M, a 15 YeTHbIX BAPMAHTOB — C MNOMOLLbHO Taimepa.

HanpshkeHne Xa7 npeobpasyeTcsa ¢ nomoLubio ALM B uyudgposyto opmy N7,
3aTem BbluncngeTca gpyHkuma Q4 = N7* Al, rge Al KOIPPUUMEHT, XpaHALWMIACA B
NMOCTOAAHHOM 3anomMuHarowem yctponctee (ROM) MIIC. MNpeanonaraetcs, YTo 3Hade-
H1Aa N7 n Al npeacTaBnaeTcs Kak Lenoe 6e3 3Haka. 3HavyeHme koadgmumeHTa Al 3aaa-
éTca npenogasartenem (PyKOBOAUTENEM KYPCOBOIO MPOEKTa).

3HayeHve Q4 BbIBOAUTCHA HA MHAMKATOP (YCTPOMCTBO OTOOPaXXEHMS MH(opMa-
ummn), BXoAdwmiA B coctaB nynbTa ynpasneHus (CPAN), n Cc nomouwpio umgpo-
aHasnorosoro npeo6pasosatend (LLAIM) npeobpasyeTca B Hanps»keHue Y4, KOTOpoe Aa-
Nee NocTynaeT Ha UCMONTHUTE/IbHbIA MEXaHU3M.
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Puc. 4. Cxema afiropytMa BbIpaboTKu curHanos Y2 1 Y3

OnopHoe HanpskeHne U, Lngpo-aHaiorosoro npeobpasosarens Heo6xoamMmo
BblbpaTb Tak, YTO6bl AN8 Hero 3HavyeHme LSB cooTBeTCTBOBa/1I0 Obl OAHOMY MW/NN-
BONbTY. Torga, nocne npeobpasoBaHns B ABOUYHO-AECATUYHbIA KOf, 3Ha4YeHe Q4 by-
[leT COOTBETCTBOBaTL HanpsXxeHuto Y4.[pepnonaraetca, yto AL u LAl BXoaaT B
COCTaB MHTepMEeNCHbIX YCTPOMCTB BBOAA M BbiBoda (IOU). MNorpewHocTb 06paboTKM
aHanoroBbIX cUrHanoB He 6onee 0,1%, T.e. AU n AT 40/HKHBbI UMETb HE MEHEE YeM
10 paspazos.

B 1a6n.4 paHbl yKasaHus, KOTOpble HEOOXOAMMO YYeCTb Npu BblOOPe KOHKPET-
HbIX MUKpocxem AL n LLAM (gompm Maxim, Dallas nnn Analog Devices).

AHanorosble HanpshkeHust Xa5, Xab6, Xa7 nocTynakT Ha BXofHoW pasbéM MIIC no
TPEM KaHanam. AHanoro-umposble npeodpasoBaTe/IM MOryT ObiTb OfHOKaHa/IbHble U
MHOroKaHaslbHble. B TOM cnyyae, Korfa 3afaH ofHoKaHabHblin ALLI, Heobxoanmo nc-



Mo/b30BaTb BHELUHWIA aHa/IoroBblili MynbTUMEKCOpP (KommyTaTop). daHHble ¢ ALY
nnmn K LLATT B 3aBMCUMOCTU OT BbIOPAHHO MUKPOCXEMbI MOTYT MOCTYNaTb B MUKPO
KOHTPO//IEP B Napasine/lsHOM WAW NocnefoBaTesisHOM Koge. Tun nHTepderica 4ns noa-
KnoveHmsa ALIM n LLAT K MMKPOKOHTPO/MepY 3a4aH B Tab. 4.

Tabnuua 4
BapunaHTbl TMNOB MHTepdeincos AL n LIAT
No Tun vHTepeitca and cum- | Tun nHTepdeinca ans Tun
Bapu- | TbiBaHMA AaHHbIX 13 ALIT | BBoAa AaHHbIX B LIAT | MUKpPOKOHTpONepa
aHTa
1 MocneposaTenbHbld - 12C | MapannensHblin AD5341 | TB9C511C2
AD7993
2 MocnenoBaTesnbHbIil SPI MapannensHbIi AT89S53
MAX1082 MAX503
3 MocnenoBaTeNbHbIN MocnenoBaTeNbHbIN AT89C52
RS232 RS232
(CMHXPOHHBIV peXnm) (CMHXPOHHbIN PEXNM)
AD7811 AD5310
4 MapannensHblin AD7470 | MocneposaTenbHbid 12C | AT89C511C2
AD5612
5 MapannensHblint AD7933 | MocnegoBaTenbHbI SP1 | AT89S53
MAX504
6* | MocnenoBaTefbHbIN MocnenoBaTeNbHbIN C8051F34x

* 3afaHune hopMynmpyeTcs BO BPEMS BbINO/IHEHWSA nabopaTopHO paboThbl MO AUCUMN-
nuHe MIC

1.4. TlynbT ynpaBieHus

[MynbT ynpaBneHnus COCTOUT M3 OpraHoB YNpaB/ieHMst U YCTPOMCTBA MHAMKALMN,
C nomoupsto nynsTa ynpasneHmsa (CPAN) onepatop nosiydaet BO3MOXHOCTb YNpPasifTh
paboTor MIIC: 3anyckaTtb ee 1 ocTaHaBNMBaTb, BBOAWUTbL 3HAUYEHMSI HEKOTOPbIX YCTaBOK
(KOHCTaHT), nonyyatrb UHPOPMaLMIO O COCTOSHUM 06beKTa U T.M. [ynbT ynpaeneHns
LO/IKEH CoflepXKaTb CnefytoLLne 3/1eMeHThI:

1. Knaeuartypy ¢ umcnom Knasuw 25, BkoYasa 16 knasmw 16-puyHoro koga (0
— F n wectb komaHaHbiX Knasuw: MNMYCK, BBO4, MEHIO, BBEPX, BH13, OCTA-
HOB. Mpu HaxxaTum knasuwm MEHHKD ocyLLecTBAeTCA Nepexos K Bbloopy pasnyHbIX
yHKUMA MIC HaxxaTuem Knasmw BBEPX, BHI3, Hanpumep, ynpasneHe 06beKTOM,
N3MeHeHMe napameTpoB Yyrpas/ieHUs U T.M. OYHKUMIO yrpaB/ieHNs 00bEKTOM CUATATb
rnasHoin. C KnasmaTypbl NpegycMOTPeTb BBOJ HOBOrO 3HayeHWs napameTpa (Hanpu-
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Mep, Koga ycTasku K) v BbIBOA ero Ha nHamkarop. Haxxatnem knasuwv BBO/, ocyLue-
CTB/IIETCA 3arnOMMHaHMe HOBOrO HabpaHHOro Ha KfaBuaType 3HauyeHus B namaTu. Bbl-
MONHEHNIO PYHKLNW OCYLLEeCTBAATL HaxaTveM Knasuwn MY CK;

2. KHonky CBPOC (RESET);

3. CBeToAMOAHbIE MHAMKATOPbI A4/19 0TOOpaxXeHs curHanos Xd1l,..., Xd8;

4. YCTPOWCTBO OTOBpaxKeHMs 3HadYeHnss Q4 B AECATUYHON CUCTEME CUUCTIEHUS.
B KypcoBOM MpoekTe MOryT ObITb WCMOMb30BaHbl CEerMeHTHble CBETOAUOAHbLIE WK
XUOKOKPUCTAIIMYECKNE UHAMKATOPbI (BbIGOP TWMNa YCTPOMCTBA MOXET ObITh COr/laco-
BaH B COOTBETCTBMU C 3afa4yeil nabopaToOpHO paboTbl, BbINOIHAEMON MO AUCUUNANHE
MTIC). YCTPOINCTBO OTOOPAXKEHUSI TaKXKe [JO/MKHO CNY>XWUTb AN MHAMKALMMA HOMEPOB
NN HasBaHu yHKUmi MIC;

5. lHanKaTop aBapuinHON CUTrHaIM3aUmMmn: 418 HeYETHLIX BapuUaHTOB — CBETOBOW
C yactoTtoi 2 IU; AN YeTHbIX BAPMAHTOB — 3BYKOBOW € YyacToToi 500 Iu.

YnpaB/eHne KiaBuaTypoin peamsyeTcs Ha CXemMax Masio M CpefHen CTeneHu
NHTEerpaumm.

[Mocne BKIOYEHUA MUTAHWUA MU HaXXaTus Ha KHorky CBEPOC B 6/10ke Havaslb-
HbIX YCTAHOBOK a/IropuTma yrnpasfieHns 06bekToM (puc.3) npesycMoTpeTb aBTOMaTH-
YECKWIA BbIBOJ, Ha YCTPOWCTBO MHAMKALMW Ha3BaHWUA WM HOMepa rnaBHOW YHKUMN.
UT06bl MPUCTYNUTL K €€ BbIMOIHEHMIO OMepaTop AO/HKEH HaxaTb Ha KHomky MYCK
(aHanor kHonkn ENTER).

1.5. PaboTta MTIC B pexxnme npepbiBaHUin

B MIC curHanbl npepbiBaHUA NOCTYMAKT OT TPEX BHELHUX WMCTOYHUKOB:
OT aBapuiiHoro gatuvka INT1, B cnyyae oTKasa MCTOYHMKa nuTaHna INT2 v oT onepa-
Topa INT3 (BbicLumMin NpuopuTeT nMeeT npepbiBaHre INTL, Hu3wwmin - INT3). Mpn 06-
paboTKe yKasaHHbIX npepbiBaHUii MIMC fo/KHA BbIMOMHUTL CriefytoLime AeNCTBUA:

1. Ecnn nocTynuna curHan npepbiBaHnsA OT aBapUMHOro AaTuyvka, TO BKIOYUTH
Ha nynbTe ynpasneHusi (CPAN) aBapuitHyt0 CUrHaIM3aUmIo;

2. Ecnn uctouHvK nuTaHusa copmmnpoBan CUrHan npepbiBaHns, TO 40 MOJHOIO
MCYE3HOBEHMS HAaNPsHXKeHUA NUTaHUMS HeobXOAMMO 3anucaTb B 3HEProHe3aBMCUMOe
O3Y TeKyLme 3HaueHUs COAEP>KMMOro PerncTpoB MUKPOKOHTPOIEPa.

3. Ecnun onepatopom Haxata komaHfHasd knasuwa MEHHKO, To gomkeH cdop-
MUPOBaTbLCA CUrHan npepbiBaHna INT3.

1.6. Afpecaumnsa BHELHUX U MHTepdeCHbIX ycTpoincTs MIC
Ob6palleHna K BHELUHUM 1 MHTepdelicHbIM ycTporicteam MIC (AU, LLAM,

CPAN v ap.) Npon3BoAsATCS C UCMNOMb30BaHMEM OTOOPaXXEHNS alpecoB BHELLIHMX N UH-
TepdencHbIX YCTPONCTB Ha NaMATb.
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2. OCHOBHBbIE 3TAINblI PASPAEOTKW MIC
2.1. Pa3paboTKa annapaTHbIX cpeacts MIMC

Pa3paboTka annapaTtHbIX cpeacTs MIMC BktoYaerT:

- pa3paboTKy CTPYKTYpPHOU cxembl MTIC (C yKa3aHWEM Ha Hell BCeX UH(OoPMaLMOH-
HbIX CBSI3e N YNpPaBAAoLWMX CUTHAIOB), a Takxke Npu HeoOXOAMMOCTU CTPYKTYPHbIX
CXeM OTfefbHbIX ycTpoiicTB MITC, KOTOpble 3aTemM AeTaM3NPYHOTCA [0 YPOBHS MPUH-
LMNUNaNbHbIX 3/TEKTPUYECKUX CXEM,

- COCTaB/IEHMEe KapTbl pacnpeneneHns agpecHoro npocTtpaHcTea namat MI1C nopg
ROM n RAM, BHeLUHME N NHTEP(ENCHbIE YCTPOWCTBE,;

- pa3paboTKy MWKPOMPOLLECCOPHOro mMoayns. B cocTaB MMKPOMPOLECCOPHOI0 MO-
ayna MPM  fO/MKHBI BXOAWUTb: MUKPOMPOLLECCOP, TaKTOBbI reHepartop, Yy3en cépoca
MIMC B HayasibHOe COCTOAHME (KakK MpW BKOYEHUW MUTAHWUA, Tak U OT  KHOMKWU
CBPOC) [3,4,5], WuHHbIe hopmupoBaTenu nnm bygepHble perncTpbl ana obecneyeHms
3MIEKTPUYECKOro conpsXkeHnsi kKommnoHeHTos MIC n T.n. [6];

- pa3paboTKy moaynein ROM n RAM, BKIOYas 3HEProHe3aBUCMMYHO NamsaTe RAM.
EMkocte ROM 1 RAM pomkHa 6bITb BblbpaHa ¢ 3arnacom B 10-20 pa3, yunTbIBatoLWMM
BO3MOXXHble M3MEHEHUA aIfOPUTMOB YNpaB/eHUS;

- pa3paboTKy UHTePgenCHbIX YCTPOIMCTB BBOAA U BbiBoga (IOU) v nynbTa ynpasne-
Hua (CPAN). Mpu pa3paboTke 3TUX YCTPONCTB 0c060e BHMMaHWe crnegyeT YAenuTb
pacyeTy 3N1EKTPUYECKOro CONpsXeHUA HecTaHAapTHbIX 3nemeHToB IOU n CPAN
[6, 7, 8]. MapameTpbl BXOAHbLIX M BbIXOAHbIX CUTHA/IOB CUYATATb COOTBETCTBYHOLLMMM
napameTpam curHasnoB TTJ1 HeuéTHble BapuaHThbl U napameTpam KMOIT YéTHble Bapu-
aHTbl.

- NOCTPOEHME BPEMEHHbIX AnarpaMmM Ans OAHOro U3 peXxumoB paboTtbl MIIC, B co-
OTBETCTBUU C Tab/. 5, npuyem JO/MKHA ObITb YKa3aHbl CUTHa/bl KakK Ha BbIBOAAX MMK-
POKOHTPO/INepa Tak 1 Ha BbiBodax Mukpocxem ROM, RAM, ALIT n LLAI n yka3saHa
KOMaHza, B KOTOPOW pea/n3yeTcs AaHHbIN PeXnM;

Tabnuua 5
3aflaHns AN NOCTPOEHMA BPeMeHHbIX auarpamm

Homep Pexxum paboTel MINC

BapnaHTa
1 CuyutbiBaHne 13 ROM
2 CuuntbiBaHVe 13 RAM
3 3anncs B RAM
4 CuuntbiBaHue n3 AL gnsa BapuaHTa ¢ napainenbHbIM

nHTEpdericom nnmn 3anucek B LLAI ang BapuaHTta ¢ na-
pannefibHbIM MHTEP(ENCOM
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- pacyeT 3/IEKTPUYECKOr0o conpskeHns KomnoHeHToB MIC (He4yéTHble Homepa (ha-
MWINIA PacCUNTBIBAIOT COMPSXKEHUE afpPEeCHbIX Liernen, pacCUMTbIBAKOT COMPSKEHWE Lie-
nen AaHHbIX);

- MOCTPOEHME NMPUHUMNUNAILHON 3neKTpuyeckor cxembl MIC B uenom. Ha npuvH-
LUMNUaNbHON 3M1EKTPUYECKOW CXeme MNpefyCMOTPeTb WCNONb30BaHNE pPasbéMoB /1
MOAK/KOYEHNA WUCTOUYHMKOB MUTaHUSA, Habopa BXOAHbIX CUrHanoB {X} 1 BbIXOAHbIX
curHanos {Y}, a A4na nosblWeHNs nomexoyctoiumsoct MIC cnenyeT Bbl6paTb EMKO-
CTHble unbTpbl [9].

B NOSACHWUTENIbHOIN 3anncKe K KypCOBOMY NPOEKTY YKa3aTb B MPUIOXKEHUAX TEX-
HNYECKNE XapaKTEPUCTUKM, NapaMeTpbl, BPpeMEHHbIe AnarpaMMbl OTEYECTBEHHbIX U 3a-
pybexxHbIX BUIC (He cneayeT NOMHOCTLIO MPUBOANTL BCHO AOKYMEHTALMIO, UCNOMb3Yi-
Te Ty 4aCTb JOKYMeHTauuu, KOTopas Hy>XHa M UCMONb3yeTcA B NPoekTe). B mopyne
ROM He mncnonb3oBaTb MUKpOCXembl Trna 573P®6. BHeCTU B CMMCOK MUCMO/b3yeMOit
NUTEPATypbl CCbIIKA Ha VIHTEPHET uiv Ntoboin Apyron UCTOYHWK, OTKYAa B3ATO onuca-
Hue BC, BKNHOUYEHHOE B KYpPCOBOW MPOEKT.

2.2. Pa3paboTKa nporpaMmMHOro obecrneyeHus

B npoekTe HeobxoaMmo pas3paboTaTb ChefyroLme afiropuTMbl 1 NPOrpaMm-
Hble MOZYyNn Ha A3blke Accembrepa:

- UHUUManm3aumm MrIMC, T.e. yCTaHOBKM PEXMMOB paboThbl MPOrpaMMmnpyembiX UH-
TepeincHbIX BC;

- Nlornyeckon 06paboTKK curHanoB Xdl, Xd2,..., Xd8 v opmmpoBaHMs yrnpasnsto-
Lero curHana Y1,

- BBOZa HanpsXeHui Xab 1 Xab v hopmmnposaHus curHanos Y2, Y3;

- BBOJa HanpsXXeHna Xa7 v (hopMrupoBaHnsa curHana Y4;

- BbI30B MoAnporpaMM 06paboTKM CUrHanoB npepbiBaHuA. ognporpaMmMbl 06pa-
60TKN curHanos npepbiBaHnsa INT1, INT2 no 3agaHuto npenogasatens MoryT ObiTb
npeAcTaB/eHbl 6e3 X KOHKPETHOW peannsauun. MporpammHas 06paboTka npepbiBaHmMs
INT3 fo/mkHa BK/IOUYaTb ONPOC KnaBuaTypbl U ONpefeneHne Koga HakaTon KnasBuLLN.
Anroputm 06paboTku npepbiBaHns INT3 cornacosath € npenojasartesiemM U ero CXemy
BK/HOUNTBL B TEKCT 3aMMCKN KYPCOBOI0O NPOEKTA.

B npoekTe Heo6X0AMMO NpPeAyCMOTPETb 3aLMTy NPOrpamMMHbIX MOAYen OT
C/yyaiHbIX c60eB annapatypbl MIIC, ncnonb3ys cTopoxkeBon Tanmep (watch dog —
“CTOPOXEBON NEC”) AN BOCCTAHOB/IEHUS HOPMaslbHON pPaboTbl. ECNM B MUKPOKOH-
TPON/epe OTCYTCTBYET BCTPOEHHLIA CTOPOXXEBOW TallMep, TO A/1A 3TOM Uenn cnedyet
1CMOo/b30BaTh MO0 CBOOOAHbLIN BHYTPEHHWIA, MO0 BHELLHWIA TaiMep C BHELLHEN Cxe-
MOW annapaTHoro cépoca.

[na KaXKaoro 13 paspaboTaHHbIX MPOrpaMMHbIX MOAY/EN OLEHUTb BPEMS ero
peanun3aunn, Tpebyemyro emkocTs ROM 1 RAM.

Mpn pa3paboTKe MPOrpammHOro ob6ecrieyeHUss HeO06XOAMMO WMCMO/b30BaTh
COOTBETCTBYIOLLME CPEACTBA OTNaLKN.
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JINCTUHT nporpammbl ((haitn ¢ paclumpeHvem .Ist) BCTaBUTb B NPUIOXKEHNE.
OdpopmsieHne NOACHUTENBHOIN 3aNnCKN 1 rpaUyecKnx MaTepuasioB AO/HKHO CO-

oTBeTcTBOBaThL TpeboBaHusAM MTOCToB (CM. Takke TpeboBaHUA K oopmneHuto KIT Ha
CTeH[e Kageapsl).

w
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NPUMEP BAPUAHTOB 3AJAHUI

MNMPUNOXXEHUE A

Howmep Homep rpynnel

CTy[eHTa
no

KypHany AT-0x A8-0x A9-0x A12-0x

[leKaHata
1 16151 57222 13353 66424
2 52255 61316 36427 44511
3 32332 13443 22534 16645
4 23446 45537 43611 51752
5 64533 32634 52145 23516
25 26147 11211 41352 26423

[MpuMeYvaHne: BapuaHT 3aaHns BblAaETCs B Ha4ane CeMecTpa, CTPOro creaymnTe ykasa-
HUAM PYKOBOAMTENS KYPCOBOIo MPOeKTa.
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NPUNOXXEHUE B
B/IAHK TEXHNYECKOI O SAJAHUNA

HauunoHanbHbIiA nccneaoBaTelbCKUii YHUBEPCUTET
«M3IU»
NHCTUTYT aBTOMaTUKN U BbIYUCIIUTENIbHON TEXHUKN
Kadeapa BMCC

3afaHve Ha KypcoBOW MPOEKT Mo AUCUMNInHe "MUKpPOnpoLEecCopHble CUCTeMbI”

CtypeHT: ®N0. pynna A X — XX BapmaHT 1111, HeuyéeTH.

Tema: Pa3paboTka MUKPONPOLECCOPHOM CUCTEMbI A/1A YNPaBIEHNS 00bEKTOM
1. CopeprkaHne npoekTa

[anee cnefyet copmynmposath Lenb 3a4aHNa 1 yKa3aTb KOHKPeTHbIe NCXOS-
Hble faHHble K NPOEKTY (K KOHKPETHbIM JaHHBIM OTHOCATCA (PYHKUUN 1 NapamMeTpbl 13
Tabn. 1 — 5, 3HayeHnst KoadduumeHtos A0, Al, BUA Yy3na aBapuUinHON CUrHanM3aumu,
BUAbl NPOrpamMmMHbIX MOAY/EN, KOTOpble AOMKHbI ObITb paspaboTaHbl U 4p.) CM. HUKe
npumep (gna sapmarHTta 11111, CTyAeHT HEUYETHbIV NO CIUCKY).

Pa3paboTatb MuKponpoLeccopHyto cuctemy (MINC) Ha 0OCHOBE MUKPOKOHTPO/I-
nepa T89C51IC2 ans ynpasneHus oo6bvektoM. MIC [o/mKHA BbIMOMHATL Cnefyowme
NEencTBns:

1.1. MpuHUMaTbL UHGOPMALMIO OT ABOMYHbLIX AaTymkoB Xd1,...., Xd8 n npu eam-
HUYHOM 3HayeHUn Xd1 BblpabaTbiBaTb BbIXOAHOM CUrHan Y1 HU3KOro YPOBHA ANNTENb-
HocTbto T1=50 mc;

1.2. Mpeobpa3oBbiBaTh HanpsHXkeHUs Xab, Xa6 ¢ nomouwisto AL AD7993 B
undposble 3HadeHNa N5 1 N6 1 Bblumcnatb gyHkunio Q2=(N5-N6)*2+K, rge K- koa
ycTaBKW, paBHblil U, /LSB, rae U, — HanpsbkeHe Koppekumu, a LSB 3HaueHve MnagLue-
ro paspsiga BbixogHoro koga AL, Ecnv Q2<QO0, To cthopMmpoBaTh YNpaBstoLLMIA
curHan Y2 anutenbHocTbio T2=60 Mmc, ecnn Q2=Q0, To cthopMmpoBaThb YNpaBASHOLLNIA
curHan Y3 ¢ nepmogom 1 Mc, CKBXXHOCTbI 2 U AINTENbHOCTLIO Navkn T3=120 mc, a
U,=0.014B;

1.3. MNpeobpasosbiBaTh HanpskeHUs Xa7 ¢ nomowsto AL AD7993 B undpo-
BYO BennUnHY N7 1 BblUMCAATb PYHKUMIO Q4 = N7* Al, rae 3HavyeHus Kosppuum-
eHTa A1=2. 3HauyeHne Q4 c nomoLybto LLAT AD5341 npeobpasyeTca B Hanps>keHne Y4,
KOTOpOe Jasee NOCTYNaeT Ha UCMONHUTENbHbIE MEXaHU3MbI,
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1.4. BBoauTb gaHHble n3 AL AD7933 B MMKPOKOHTPO//IEP B NMOC/ef0oBaTe b-
HOM KOfie B COOTBETCTBUM C MPOTOKO/IOM UHTepdeiica 12C.

1.5. BbIBOANTb M3 MUKPOKOHTpONepa AaHHble Ha LA AD5341 ¢ nomMOLLbIO
napansieNibHOro MHTepenca;

1.6. MNpenocTaBnAaTb onepaTopy BO3MOXKHOCTb YNpaBnATb paéotoin MIC ¢ no-
MOLLIbIO KNaBmaTypbl C YAC/IOM KnasuLL 25, BKNHYadA 16 KnaBuLl LeCTHaAUaTePUUYHOro
koga, knasuwwy CBPOC 1 WwecTb KOMaHAHbIX KNaBuLL;

1.7. BbiBOAMTb 3HaveHua Xd1,..., Xd8 Ha cBetoanofbl, a Q4 B AeCATUYHOM KOZe
Ha VHAMKATOpP, KOTOPbIA UCNOMb3YeTCA B /1ab0paToOpHOM CTeHAe (YKasaTb KOHKPETHbIN
NHAMKATOP);

1.8. ObpabaTbiBaTh NpepbiBaHKsA OT TPEX UCTOUHUKOB:

- MO NPepbIBAHUIO OT aBapUHOrO AaTyMKa BK/IKOUWUTb CBETOBYH) aBapUiHYHO
CUrHaNM3aumio ¢ yactotoi 2 Iy, BblgaTb 3HaveHne Q4 n nepesectn MIC B COCTOSAHNE
OCTaHOBa;

- M0 NPepbIBaHUIO OT JaTyMKa OTKasa NUTaHWa 3anucatb B 3HEpProHe3aBnUCUMOe
O3Y cofep>XMmoe pPerncTpoB MUKPOKOHTPO/NEPA;

- 110 NPepbIBaHMIO OT HAXXaTNA ONepaTopoM Ha KOMaHAHYH Knasuwy MEHHO.

- NOCTPOUTL BPEMEHHbIe AvarpaMmmbl AN CYMTbIBAHUA AaHHbLIX U3 MOCTOAHHOIO
3anomuHaroLlero ycrporctea ROM;

- paccymTaTtb 3/1eKTPUYECKOE COMPSHXKEHNE aiPeCHbIX Lienein.

Pa3paboTaTb anropuTMbl 1 MPOrpaMmHble MOAYM Ha A3bike Accembnepa:

- UHMUManu3aumm MIIC (ycTaHOBKa HayaslbHbIX YC/IOBUIA PErMCTPOB Crneunanb-
HbIX (DYHKLMIA MUKPOKOHTPO/IIEPA U PEXMMOB paboTbl nepudepuiiHbix BUC);

- Ornyeckor 06paboTky curHanosB X1, X2, X3, n X4 n opmmpoBaHuns ynpas-
nawowero curHana Y1. NpegycmoTpeTb COPOC OT CTOPOXKEBOro Talmepa B Cnydae Ciy-
4alHoro c6os;

- BBOAa curHanos X5, X6 n X7 n popmnposBaHusa curHanos Y2, Y3 u Y4,

- 06pabOoTKM CUTHANOB NPepPbIBAHNS;

- BBOJa [jaHHbIX C KNaBuaTtypbl.

[ns Kakaoro u3 paspaboTaHHbIX NPOrpaMmmHbIX MOLY/el OLEeHWUTL BPeMs ero
BbINO/IHEHUA M Tpebyemyro EMKOCTb NamATy.
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2. pathyk paboT Mo pa3feniaM KypcoBoro npoeKTa

[NepeyeHb pas3genos TpypoémkocTb, % | Cpok
BbINO/IHEHUSA
1. Vi3ydeHne pekoMeHAO0BaHHOW NUTepaTypbl Mo 10 2 Hep.
TEMe MpoeKTa
2. PaspaboTka annapaTtHbIx cpeacts MIMC 30 4 Hep,.
3. PacyeT 3/1eKTpnY4ecKoro conpsxeHus 5 SHep,.
KomnoHeHToB MIC
4. T1OCTPOEHUE CTPYKTYPHOW Y MPUHLMNNASIbHON 10 6 Hep.
anekTpuyeckux cxem MIC
5. Pa3paboTka 1 O0TnafKa nporpaMmMHoro 35 10 Hegp.
o6ecneyeHns MIMC
6. OthopmneHre NOSCHUTENbHOM 3annUcKu 10 12 Hep.
7. KOppeKTnpoBKa NpoeKTa no 3aMevyaHuam 13 Hep.
8. 3awmTa npoekra 14 — 15 Hep.

3. MNepeyeHb rpadmyeckmx paboT
- MTIC. CxeMa aneKTpuyeckas CTPyKTypHas cxema (A2).
- MIC. CxeMma anekTpuyeckaa npuHunnuanbHas (Al).
4. PekoMmeHayemas nutepaTypa

B cnucok nutepatypbl BKNOUYUTL 3 — 4 UCTOYHMKA

[lata Bblgayu 3agaHua:

PyKkoBoauTe b NPoeKTa: /®ammnna N.0./
CTyfeHT: | ®amnnma N.0
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NMPNJOXXEHWE B
KpaTkoe onucaHvne AUIT n LIATI

B npunoxxeHnn gaHbl cBegeHnsa o Mukpocxemax AU n LLAT, npuBefeHHbIX B

Tabn.4. bonee nogpo6Hble onucaHus (datasheet) cm. Ha caitTax dupm Maxim, Dallas
nnn Analog Devices.

ALII'T AD7993

CTpyKTypHasa cxema 10-6uTHOro 4-kaHanbHoro AL ¢ uHTepdeincom 12C

+5V SUPPLY

TWO WIRE SERIAL

INTERFACE
9, HP§ Hpg Rp

Vind Voo - .

0V to RE Fm "||'|H2
NPUT QO Vi Ap7994/  ScL . WCIuP

Vind

W' AD7993  , car —

CONVET
REF 19X FIEFlN Grri‘D AS ig;;gs%mumm

TR

Puc. B1.Cxema nogkntoyeHns AL AD7993 K MMKPOKOHTPONNEPY

Ha puc.B1 MMKpoKoHTposnep 0603HayeH Kak UC/UP. BbiBoabl nHTepgeiica 12C
npvBeseHbl B JOKYMeHTaUnn KOHKPETHOrO MUKPOKOHTPO1EpPa.

1 8 1 8
sCL L

Uy Uy U UL
RRpARApEyEyAyERRRApEyAyRyAyRyRyEyENE
son \_0/ 1\ o /mXmXa)Xa\ew [eo)ecs e X caf raXrzXrXr\ o 0e

START BY ACK. BY
MASTER

ACK. BY
ADTISADTING

FRAME 1 | FRAME 2 I
SERIAL BUS ADDRESS BYTE oy ADDRESS POINTER REGISTER BYTE

ADTIIVADTING

L]
SCL(CONTINUED) @ & @

1
| || L] ] LT
N 0.0 C.C.0 0 O

ACK.BY STOP BY
ADTI93ADTI24 MASTER
! FRAME 3 |

Puc.B2 BpemeHHas guarpaMmma 3anucy ynpasnstowlero 6aita 8 AL,
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[MepBble ceMb BUT CNYXWT gna 3anucy  agpeca AL n 6uta 3anucu. 3atem
crefyeT 3anuch 6arTa yCTaHOBKM pexnma

SDA \

START BY . 1 B
MASTER AD7994/3 CHp1 CHpg MASTER

|.7 FRAME 1 | FRAME 2 ___‘
SERIAL BUS ADDRESS BYTE 1 MOST SIGNIFICANT DATA BYTE FROM
ADTES4/3

SCL{CONTINUED)® & » | |
socomuen o + +/o7 o Xee X o X)X/

NOACK. BY STOP BY
L_ FRAME 3

MASTER MASTER
LEAST SIGNIFICANT DATA BYTE FROM
ADTS94/3

Puc.B3. BpeMeHHasa anarpaMmma BBOAa AaHHbLIX B MUKPOKOHTPO/EP.

MepBble ceMb OUT CAYXUT Ans 3anucn agpeca AL n 6uTa yteHns. 3aTem OCYLLeCTB-
NAETCA YTeHUe ABYx 6anTOB AaHHbIX 13 ALLMM.

ALTT MAX1082

10-Tm  paspsgHble, aHanoro-uugposble npeobpasosatenv (AL MAX1082/
MAX1083 06beAnHAIOT 4-X KaHa/lbHbIA aHa/IoroBbIN My/bTUMNIEKCOP, LUMPOKONOOC-
HYH0 cucTeMbl Bbl6opKu/mkcaumm (T/H), nocnegosartenbHbli MHTEPGENC C BbICOKON
CKOpPOCTbIO MNpeobpa3oBaHUst U HU3KON MoTpebnsemoit mowHocTbio. MC MAX1082
NMeeT ofHononsapHoe nutaHue ot +4.5 B go +5.5 B; MC MAX1083 npefHasHayeHa
A9 MATaHNA HanpsbkeHrem oT +2.7 B fo +3.6 B. AHanorosble Bxoabl 06emx NC npo-
rpaMMHO- KOH(UIYpUpYOTCA AN paboTbl B YHUNOASPHOM/GMNONSAPHOM W OAMHOY-
HOM/NiceBA0- AMDMEPEHUNAILHOM pPeXxnmMax. 4-X NPOBOAHOM, NocneaoBaTebHbIA NH-
TepdeiiC  MO3BONMAET  HanpsMyr MOAKNHYATbCA K YCTPOWMCTBaM  CTaHAapToB
SPI™/QSPI™ 1 MICROWIRE™, 6e3 He06X0MMOCTM MCMO/b30BaHNA BHELLUHEW N10-
rmku. MocnefoBatesibHbIN BbIXO CTPOOMPOBAHNA MO3BOJISET HaNPAMYK MOAK/IHOYATL
NC ¢ npoueccopam uudpoBoit 06paboTKM curHanoB cemeictea TMS320. UC
MAX1082/MAX1083 1CMNOMb3YKOT BHELIHWIA TaKTOBbIA CUrHaA MOCNef0BaTENlbHOIO
NHTeperica Ana oCyLLECTBIEHMS aHaNoro- LMgpoBOro npeobpasosaHnii ¢ NocnefoBa-
TeNbHbIM NpuénmkeHnem. IC nmetoT BCTPOEHHbIN +2.5 B MCTOYHUK OMOPHOro Hanpsi-
XeHus (MOH) n 6ydepHbIi yeunutens MOHa ¢ 1.5% koppekumein HanpsbkeHus. Mpe-
AYCMOTpEHa, TakXe, BO3MOXHOCTb MCNO/b30BaHMA BHellHero IOHa ¢ HanpskeHuem
ot 1 B go VDD1.
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BO| BE| 87| B& |ES B 33 | EZ | E1 | BO | 51 | S0

] CORRREADE R

AT STATE OLE —P—Iﬂ—#‘:ﬂ':—l'-"l— CONVERSION 4+— IDLE

(CLE = BAMHI)

Puc.B4. BpemeHHaa anarpaMmma YteHns gaHHbIX 3 ALLM.

MepBblii GaNT CNyXXUT ANnd 3anucu 6ainta ynpasneHus B AL, 3aTem uTeHume

ABYX 6ainToB 13 ALII.

+5V OH
+3V

/ CHo Voo
P DM

INPUTS MAX1062 onp

\ | maxioss

CH3 COM

REF s

= SCLK

= DIN

REFADS  DOUT

0.01puF il SSTRB

= SHON

| 1{‘.'.1!,1F

o S
-

-

Voo

CPU

Vo

SCK (SK)

MOSI (S0}
MISO (SI)

-

|72 ]

el

IIH

Puc.B4. Cxema nogkntoueHns AL Max1082 K MUKPOKOHTPONNEPY C UHTEPdencom

SPI
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ALIIT AD 7811

SUPPLY
27TVTO 5.5V
THREE-WIRE

o prF 1 0.1pF 10nF ISI'F‘I!:!'E!;IF-ACE
v v v 1

Voo Vrer Cper
SCLK
Vinr
v DouT
ot W ® ™ AD7811/
Ve * AD7812 DN WC/uP
INPUT -
o—-0 vmm
CONVST
RFS
) AGND —
DGND AD

AN

f‘ CURRENT CONVERSION
BOCs \ RESULT /

Puc.B6. BpemeHHas guarpamma (oopMMpoBaHUsA CUTHa/I0B 415 OpraHu3aumm nocneso-
BaTe/IbHOM Nnepefaymn faHHbIX B MUKPOKOHTPOSINEP.

MuHuManbHaa gnntensHocTb curHana CONVST t2=20 ns, Bpems npeobpa3osa-
HWA t1 He meHee 2,3MKc (TouKa B).
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AD7811/AD7812* 8051+

SCLK o'<] ITrD

DOUT RxD
DIN
RFS () OPXY
TFS( )J
CONVST PXY

S B PR B O . R S

Puc.B7. MoakntoueHne ALIM K MMKPOKOHTponnepy cemenictea MCS51.

Mocne opmupoBaHna curHana CONVST B pexume 0 pabotel UART ycTaHoO-
BUTb TOTOBHOCTbL Mpuéma u ¢ Bbixoga DOUT nonyumnTs pesynbrar npeobpasoBaHus.
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AL AD7440

AVpg DVppy  REFIN Vorve
0O (3} (5} (1)
T p= \.lJ L=

{02811 — 1) DB (DB11)
Voe (8 SUCCESSIVE OUTPUT ¥
™ APPROXIMATION DRIVERS .

ADC —_— (1s) DBO

1} CLKIN

'

TONVST gy— C?ggﬂén -+ D Es:3
- 5) RO
| =17 BUSY
ADT4TVADTAT2

AGND DGND

ADT47T0 IS A 10-BIT PART WITH DBD TO DB9 AS ODUTPUTS.
ADT7472 15 A 12-BIT PART WITH DB0 TD DB11 AS OUTPUTS.

Puc. B8. CtpykTypHaa cxema AL AD7470

AD7470 - 10 GUTHbIA BbICOKOCKOPOCTHON ManomoLHbIA AL nocnenoBaTteisHOro
npnoénvxeHus. Mpubopbl paboTaroT OT OAHOMONAPHOIO0 MUCTOYHMKA NuTaHuA oT 2,7 B
00 5.25 B 1 MMeoT CKOPOCTL NnpeobpasoBaHus fo 1.75 MSPS. Mpubopskl cogep>kat ma-
NoLymsiLLiee LWMPOKOMNOIOCHOE YCTPOMCTBO Bbl6OpKM- XpaHeHUs (YBX), Kotopoe mo-
XeT [AMCKPEeTU3NPOoBaTh MO BPEMEHN aHA/IOTOBble CUTHasIbl C BEPXHEW rpaHUYHON Yac-
ToTOM 0o 1 Ml

YnpasneHue npoueccamun npeobpasoBaHus CUrHaNa, HAKOMJIEHUS M BblAayun aHHbIX
MPOU3BOANTCA CTaH4APTHbLIMM CUrHaSIaMKW, YTO MO3BO/SET pPean3oBaTb NPOCTON WH-
Tepdeinc CBA3M C MUKPOKOHTPO/IepaMun. BXogHOW curHan BblOMPaeTcs No cpesy Cur-
Hana NnonCONVST, nocne 4yero HauyuMHaeTcs MPOLECC ouungpoBbiBaHMA. B TeueHue
npotecca npeobpasoBaHNA JaHHbIX Ha BbiBoge BUSY ycTaHaB/MBaeTCA BbICOKWUIA NO-
rMYECKNiA CUrHan, KOTopbIiA copacbiBaeTca B HOMb Yepe3 531.66 HC nocne cnagatowero
(poHTa NoNCONVST, UTO yKa3blBaeT OKOHYaHWe npeobpasoBaHms. B npubope oTcyT-
CTBYIOT KOHBEWEpHble 3afepXKK/ Nnpeobpa3oBaHus. PesynbTaT npeobpasoBaHMs NosiB-
NAETCA Ha BbIBO4AX BbICOKOCKOPOCTHOIO MapasifiefisHOro MHTepgeica nocne ycraHoBKM
YyNpasAoLLUM MPOLECCOPOM CTaHAAPTHbLIX curHanoB nonCS u RD.

AD7470 ncnonb3yeT HOBble TEXHOMNOTMYECKME NPUeMbl AN1A OOCTUXKEHUA Masioro
NnoTpe6/IeHNs NpY BbICOKOW CKOPOCTU npeobpa3oBaHMs. TUMNOBOA TOK NOTPe6neHus
AD7470 npn 3 B nutaHuUM 1 npy cCKOpocTu npeobpasosaHna 1.5 MSPS cocTtaenseT
ToNbko 1.1 MA. TUNOBOI TOK NoTpebneHns Npu 5 B nuTaHMM 1 Npu CKOPOCTK Npeoo-
pasoBaHua 1.75 MSPS cocTaBnseT 1.6 MA. MIMeeTca TakXXe BO3MOXXHOCTb YNpaB/ieHUA
CKOPOCTbIO npeobpasoBaHus. Pabota AD7470 npu 3 B nuTaHUmM npu cCKOPOCTK Npeod-
paszoBaHusa 500 KSPS no3BonseT CHNU3UTL TOK NOTpebsieHna 1o 944 MKA.
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IMeeTca peXXmm MOHWXKEHHOrO MOTPe6/ieHNs, B KOTOPOM Mpubop Mo OKOHYaHMK
npeobpa3oBaHNA aBTOMATMYECKN MEPEXOAUT B PEXMM 0CTaHOBa. MICnonb3oBaHve 3T0ro
peXknma no3BosAET CHM3NUTL NOTpebneHne Ha 60see HU3KUX CKOPOCTAX Mpeobpa3oBa-
H1a. B atom pexume AD7470 npu 3 B nuTaHMM U CKOpPOCTU npeobpasosaHmns 100
KSPS nmeeT cpegHuii notpebnsemblii Tok 124 MKA. Mpn 5 B nutaHMmM v CKOpocTu
npeo6paszoBaHus 100 KSPS cpeaHuii noTpebnseMblii TOK Bcero 171 MKA.

[nanasoH aHanoroBoro BXOAHOro CUrHana 41 npyubopos NeXXnT B AranasoHe oT 0 K
REF IN. BHellHee onopHoe HanpsxeHne nogaetca Ha BbiBog REF IN. CkopocTb npe-
06pa3oBaHNs ONpesenseTca YaCTOTOM BHELUHMX TaKTOBbIX MMMY/1bCOB.

[ns yBeNMYeHUs 4mucnia aHasoroBblX BXOLOB TPeOYyeTCA BHELUHWA aHasIoroBbli
MYNbTUMIEKCOP (KOMMYTATOP).

ANALOG

O SUPPLY
+ +
m,.r% %u.mr T ATpF 2TV-5.25V
¥ omve AVpo
o L1
1 oD
e T ADT470/
uCiuP ADT4T2
2. Ey" < REFIN 70
0ApF o5 71 10pF Vi f*— Dt
REF IN
ek
PARALLED DBo-
INTERFACE DB (DB11)
o
=TS
+| CORVST
»=|AD
- BUSY

"RECOMMENDED REF IN VOLTAGE

Puc. B9. Cxema nogknoveHna AL K MUKPOKOHTpPO/NEpY.

[nsa BBofa 16-pa3psaHbIX AaHHbIX M0 8-pa3psgHON LWMHE AaHHbIX MUKPOKOH-
Tponnepa TpebyeTcst MCNOMb30BaTh BHELLUHWIA PErUCTP 3aLLENKY ANS XpaHeHUs BTOPOro
GaliTa Ha BpeMs LUMKMNa YTeHMS AaHHbIX 13 AL,

ja— teomvenr —
CONVST® I | L_[
s b .
BUSY " tho
|*—*|I3
[5:1
iy =] |= :l 1,
RD L

i
"I‘«!- "'Ilrl"

*CONVET SHOULD GO HIGH WHEN THE CLK IS HIGH OR BEFORE THE FIRST CLK CYCLE.

DBEx

Puc. B10. BpemeHHasa auarpamma YTteHusa faHHbIX u3 AL,
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AL AD7933

Voo AGND
Fian iy
L o
(L ADT933/AD7934
VREFING () *
VREFOUT =y
VREF
II'IIIND [:]_
. 12410-BIT cLey
. P SAR ADC e
: o2 i COMNVST
. CONTROL -
"."|N3 [:]_
L
SEQUENCER @
[ PARALLEL INTERFACE/CONTROL REGISTER ] VORIVE
A—Ll—l—l—i—Of
DB0 DB14 CS RD WRWB DGND

Puc. B11. CtpykTypHasa cxema AL AD7934/AD7933

AD7934/AD7933 - BbICOKOCKOPOCTHbIE HU3KonoTpebnsatowme 12- n 10- 6utHble
AL nocneposatensHoro npnbnmkeHns (SAR). Mprbopsbl paboTatoT OT 0gHOMNONAP-
HOro UCTOYHWKA NTaHUA OT 2.7 A0 5.25 B 1 meroT nponssoamtensHocTb 1.5 MSPS.
MprbopbI cofep)kaTt MasioLlyMsiLLee LUMPOKOMNOIOCHOe aAnddepeHumansHoe YBX, Ko-
TOpoe MOXKEeT 06pabaTbiBaTb CUrHasbI C YacToToM A0 20 MIU.

AD7934/AD7933 nmetoT 4 aHa/IOroBbIX BXOAHbIX KaHasia ¢ reHepaTopoM nocnefosa-
Te/IbHOCTW, KOTOPLI MO3BO/AET 3anporpammypoBaTh Noc1e40BaTe/lbHOCTb OMnpoca Ka-
Hasi0B. Bxogb! NprbopoB MOryT ObITb HACTPOEHbI Ha PaboTy ¢ AnddepeHLManbHbIMK,
ncesoAndpepeHunanbHbIMU NN HECUMMETPUYHBLIMY BXOAHBIMW aHAI0r0BbIMU CUT -
Hanamu. KoH(urypaumsa aHasioroBbIxX BXOL0B OMNpeaensieTcs COCTOAHMEM BOCTPEHHOIO
YMpaB/AtoLLEro permcrpa.

YnpasneHve BbIGOPKOI 1 NPeo6pa3oBaHNEM CUFHANOB OCYLLECTBNSETCS BHELLHUMY
CUTHaNamu, NMo3BOJAIOLLIMMMN NErKO Peann3oBaTh MHTEPHEIC C MUKPOKOHTPONIEPAMMN.
BbIGopKa 1 Hauasio Npeo6pa3oBaHUs UHULMANN3NPYIOTCS MO CPe3y CUMrHana
nonCONVST.

AD7934/AD7933 MMeeT TOYHO HAaCTPOEHHbIN BCTPOEHHbIN 2.5 B NOH. Kpome Toro,

OMOPHOE HanpsXeHVe MOXeT ObITb 3a4aHo B npegenax ot 100 mB o 3.5 B BHelHNM
NCTOYHUKOM.
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[Mpr60opbI N3roTOB/MEHbLI MO HOBEWLLIEW TEXHOMOTMK, KOTOPasi MO3BONSET 06eCNeUnThb
H13KOe NoTpebneHKe NPY BbICOKOW NMPOM3BOANTENILHOCTU. Takxke Npruoopbl UMEKOT pe-
XXM MOHVKEHHOT 0 NOTPe6IeHNS.

BCTPOEHHBI KOHTPOMbHBIV PErMCTP NO3BO/SET MO/Mb30BATENIO 33/1aTh Pa3/INYHbIE YC-
NoBusi paboTbl, BK/KOYAs BXOAHOW AMHAMUYECKMIA Anana3oH, KOHMUIypaL|io BXOOB,
Mnocnef0BaTelbHOCTb ONPOCa BXOAO0B, TWM BbIXOAHOIO KOAA W aKTUBU3ALMIO 1EXKYPHOI0
peXxuma.

OW)
] ®\ T T T T
CONVST | | | 1 | [
™, L
12 13 14

- teonvert | |

! 2 i 4 & [ |

T

CLHIN ! :
! I

' = |
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|

]

I

A
Y

—tay
BUSY ty—| o —:-i ty feu—
I
INTERWAL
TRACK/HOLD . tacousmoy ————— =
-3

tyg —== = = -ty
Pty —]

|

|

:

T

1

|

I

: " : t'!3 _-': "‘—tm

| | 3
DEO TO DB11 : : f DATA \ THREE-STATE

| I

I

I

I

I

1

1

|
I
I
|
|
|
I
]
|
|
|
THREE-STATE N e touer —a=

WITH CS AND RD TIED LOW

DEO TO DEM OLD DATA X DATA

Puc. B12. BpemMeHHasa gmarpamma LMKNa YTeHNs AaHHbIX

HEBEN/DES + X j,l"'r \IL

|-—l15—ln- -—tﬂj—--l - e - -
tis tig

cs /!
— by . — 4

t
o - Lz —=|f ) v

By —m= e ti4

Puc. B13. BpemeHHas guarpamma UuKna BBOAA AaHHbIX B MUKPOKOHTpoOIep Mo 8-
paspAaaHON WnNHE
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LA AD5341

AD5330, AD5331, AD5340, AD5341- MuKpocxembl, cogepxXallas oguH LLATT,
obecneunBatoLLMin popmMmMpoBaHME BbIXOAHOTrO HanpskeHus 8/10/12-pa3psgHbiM [4BO-
NYHBbIM KOZOM. OHWM NUTAKOTCA OAHOMONAPHLIM HanpsxeHnem oT +2.5 B go +5.5 B,
npw 3TOM NOTPe6/1A0T TOK 115 MKA npu 3B nuUTaHus, a B peXXUme NMOHMXEHHOr0 3Hep-
rornoTpebneHns oH cHkaeTcs Ao 80 HA. BCTPOEHHbI NPeLU3NOoHHbIA 6Y(hepHbI yCu-
NNTENb 06ecrneyrBaeT BbICOKYH TOYHOCTb BOCMPON3BEAEHWS BbIXOLHOIO HaNPSXXeHUs
LLAI, a mukpocxembl AD5330, AD5340, AD5341 cofiepxxat Takxke O0ydepHbI yeunu-
Te/b Ha BXOAe UCTOYHMKA onopHoro HanpsxeHus (MOH) ¢ BO3MOXHOCTbIO ero BK/KO-
YEHUA NN BbIK/THOYEHUA.

[na poctyna K Mukpocxemam AD5330, AD5331, AD5340, AD5341 npegycmorT-
PeH napannensHblil MHTepeiic. Bxog CS (aKTUMBHbIA HU3KMIA YPOBEHb) MO3BOJISET aK-
TUBU3MPOBATb YCTPOICTBO, a No curHany WR 3arpy»katoTcs JaHHble BO BXOAHOWN pe-
rncTp.

BbiBog GAIN nos3BonsgeTt 3a4atb AnanasoH U3MeHeHUs BbIXOAHOIO HanpsXeHns:
0-Vger, 0-2Vger.

[ns XpaHeHWs [JaHHbIX NpefycMOTPEHO [Ba perucTpa (ABoiHas 6ydepusauus).
Mepe3anncb M3 BXOAHOrO peructpa B pernctp LLAI npoucxoauT BO3AENCTBMEM Ha
Bxog LDAC. [aHHad (yHKLMSA MO3BOMSET OAHOBPEMEHHO OOHOBNATb BbIXOAHbIE Ha-
NPsHKEHUS Y HecKonbkux LLAT B 04HOI crucTeme.

Bo3geictene Ha BXof acMHXpoHHoro cépoca CLR obecneumBaeT 3anucb NOr.
«0» BO BXoAHOM pernctp u peructp LLAI, TemM caMbIM yCTaHaBNMBas Ha BbIXOAe Hy/e-
BOE HanpshkeHue. B cocTaB JaHHO MUKPOCXEMbI BXOAMT TaKXXe cxema cbpoca npu no-
[ade nuTaHns, KotTopas obecreynsaeT YCTaHOBKY HY/IEBOr0 BbIXOAHOIO HamnpsiXXeHUs C
MOMEHTa Nojayn NTaHUs 40 BbINOHEHWS NePBOA onepauun 3anucy B peructp LIATT.

Voo

(i3

VREF
o
LS h=—
RESET /é; AD5341
[P

M HIGH BYTE
BUF (2 REGISTER
L] =
GAIN(E ., A -
pa a8
T | o oweytell IN 98 LN a8
NG E REGISTER - | 0AC
L Fa
[
HBEN (1 ; | |
wE> ¢
z |reser P
7 CWER-DOWN
WR LOGIC
CLR
oA (0
- 8
PO GND £

Puc. B14. CtpykTypHaa cxema LIATT
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-—tg —_— -.—tu—-
WR A N

t

DATA, oty |a

GAIN.

BUF, )1: ;i(

HBEN

L.

ROTES:
ISYNCHRONOUS [IAC UPDATE MODE
ZASYNCHRONOUS LDAC UPDATE MODE

Puc. B15. BpemeHHada guarpaMmmMa LMKIa 3annucu gaHHbIx B LATT.

[nsa 3annucy 16-paspagHbiX AaHHbLIX C UCNO/b30BaHWEM 8-pa3psaHOi LWNHBI He-
06X0AMMO CHavana BBOJ, Mafllero 6avta npu 3HadeHun curHana HBEN HuM3Koro
YPOBHS, a BBOJ, CTapLuero 6aiTa ocyLLecTBnseTca npu 3HavyeHUn curHana HBEN Bbl-
COKOr0 YPOBHS.

LLAI Maxim, Dallas503

NC MAX503 aBnsetca sKOHOMUYHbIM, 10 - T pa3psgHbIM, LUGPOo- aHa/I0roBbIM
npeobpazosatenem (LLAI) HanpsXeHUs, CNoCobHbIM paboTaTh, Kak OT OAHOMNONSPHOI0
5 B, Tak 1 oT 6unonspHoro 5 B UCTO4YHMKOB NuUTaHus. IC MMeeT BCTPOEHHbIN UCTOY-
HUK onopHoro HanpsbkeHna (MOH) 1 BbixogHOW 6ydepHbId yeunutenbs. MNoTtpebnse-
MbliA TOK B paboyemM pexxMme npv NUTaHuM OT O4HOMONAPHOrO UCTOYHMKA C Hanpske-
HueM 5 B cocTaBnseT Bcero 250 MKA, 4To fgenaeT AaHHbid LLAT ngeansHbIM 4ns npu-
MeHeHUsA B MOPTaTUBHBIX MPUNOXKEHUAX U B NPUOXKEHUAX C aBTOHOMHbLIM NMUTAHWEM.
Kpome TOro, kopnyc tuna SSOP 3aHumaeT nnowanb Bcero 0.1 KB. AloiMa, T.e. MEHb-
LLIe, Yem cTaHAapTHbIN Kopnyc Tuna 8 - pin DIP. 10 - T1 pa3psaHoe paspeLleHne AocTu-
raeTcs C NOMOLLbO Nla3epHON Koppekumun LLATMa, onepaumMoHHOro YCUnnTens u NcToy-

HVKa OMOPHOro HanpsXXeHus. Ha ctaamm npuMeHeHns He TpebyeTcs NPoBeAeHNe Kakou
-nm6o Koppekumn NC.

BCTpoeHHble pe3ncTopbl YCTaHOBKM KO3AP(ULMEHTA YCUIEHUS MOTYT ObITb UCMO/b30-
BaHbl AN1A YCTAHOBKWN AMana3oHa BbIXoAHOro Hanps»keHnsa LLATT B npegenax ot 0 B o
+2.048 B, ot 0 B po +4. 096 B, nnn 2.048 B. 4-x KBagpaHTHOE NepeMHOXKeHWe BbIMo-
HAeTCA 6e3 HeOOXOANMMOCTM MOAKNHOYEHNS BHELLHMX 3n1emMeHToB unu OY. Mapannesns-
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Hbl€ NOrMYecKne BXOAbl MMEHT [BOMHYO BythepusaLmnio 1 COBMECTUMbI C 4-X, 8-M1 1
16-T1 pa3psaaHbIMU MUKPOMPOLIECCOPaMM.

REFOLIT REFIN  ROFS
E 13| 22
2 pre
2048y
REFERENCE
REFGND ]—JQ Vot
AGND DAC
POWER-ON
FESET AMAXLAA |©
7 MAXS03 112 en
L _—. 10-BIT DAC LATCH .
0w -
0 ¢ ZONVANVAN
Sl conmol > Nl wet || ity
ﬁ " LOGIC LATCH | | LATCH | | LATCH
s & | ! | |

2 2| 3 4 5[8]7
DE/S0 | 0800 | 02 (0o
07/51 0aD1 DY D&

Puc. B16. CtpyKTypHasa cema LJATT

o 7777 77K RRA X777 777777777777
wann 777777 :.-f:////{f/x 6k X7 777777777

_ }
I N
LDAC I—,i

DAC UPDATE

Puc. B17. BpemeHHada gmuarpaMmmMa BBoja AaHHbIX B LIATT

CHayvana no 3HavyeHnto NBH 3arpy»kaetcs cTapLuas 4yacTb AaHHbIX (Y4eTbipe buTa
D6-D9), a 3atem no 3HayeHnto NBL&NBM mnagwas v cpegHsas YacTb AaHHbIX (BO-

cemb 6ut SO, S1, DO-D5)
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D0-D7

AD-A15

DATABUS DO-D7
o R
FROM e
SYSTEM g} 77 0. S1.D0-D9
RESET MDA
L
~ W CS LDAC
A 3
— = N DECODER
= .
ADDRESS BUS

Puc. B18. Cxema nogkntoyeHns LLATT K MMKPOKOHTPONIEPY
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LLAM AD5310

REGISTER

10-BIT
DAC

P
{1

INPUT
CONTROL LOGIC

T

Vgp GMD
POWER-ON
RESET ADS5310
REF {+] REF |-
DAC

POWER-DOWN

o=

CONTROL LOGIC

RESISTOR

NETWORK

v

s—nc s-:LK DIN

Puc. B19. CtpykTtypHaa cxema LIAIT AD5310

AVAVAVAVAVAVAVA

X 13 L | o |-’, il —

/

XX Ko

Puc. B20. BpemeHHada guarpamma Beoga faHHbIX B LIAIM ADS5310

80C51/80L51" AD5310"
P33 | SYNC
TXD =>: »| scLk
RXD | Din

"TADDITIONAL PINS OMITTED FOR CLARITY

Puc. B21. Cxema NoAKNH4YeHMa K MUKPOKOHTponepy LA AD5310
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LA AD5612

Voo GHD

POWER-ON I J
ST ‘ ‘ AD5602/ADS612/AD5622

REF["I
‘\ 2 "‘C'—I—(:"-'qu'r

DAC
REGISTER | | SV1GU28M

s

IWU'I'
POWER-DOWN
RES[ETDR
L!‘JGIC CONTROL LOGIC NETWORK
SCL SDA

Puc.B22. CtpykTtypHasa cxema LIATT
1 ] 1 3

||I||||||l||||||||J|||||| ||||l|||
snn_\ K 0 N 1;:><M\“*W i “@@Eﬂma

SCL

START BY ACK. BY ACK. BY
MASTER ADSE12 ADSE12
| - FRAME 1 . | - FRAME 2 -
SERIAL BUS ADDRESS BYTE MOST SIGNIFICANT DATA BYTE |
3 1 5

SCL (CONTINUED) s »»

NSRS ENENENE NN e
T © 0 0 0 0 6 &)

ACK.BY STOPBY

AD312 MASTER
Puc.B23. BpemeHHaa guarpamma BBoga AaHHbIX B ALLM

FRAME 3
LEAST SIGNIFICANT DATA BYTE

LUAM Maxim, Dallas504

NC MAX504/MAX515 aBnaoTCA 3KOHOMUYHbIMK, 10-Tn paspagHbiMyi LIATT
HanpskeHua. OHW npefHasHayeHbl Ang NUTaHua oT UctovyHuka +5 B. MC MAXS504,
TaKkXKe MOXeT paboTaTb U OT UCTOYHMKA NuTaHna 5 B. IC MAX515 noTtpebnser Bcero
140 mkA, 1 NIC MAX504 (C BCTPOEHHbIM MCTOYHMKOM OMOPHOr0 HanpsXeHus) no-
TpebnseT Tosibko 260 MKA. MC MAX515 Bbinyckaetcs B kopriycax 8-Pin DIP n SO, B
TO Bpemsa Kak, MAX504 BbinyckaeTtca B kopnycax 14-Pin DIP n SO. O6e NC nmetoT
npefyCTaHOB/IEHHbIE YPOBHU CMELLEHUS HaMpPsXXeHUs, YCUNeHNs, N NNHENHOCTU, TaK
4TO, AOMNONHUTENbHAA PEryNPOBKa NapamMeTpoB He TpebyeTcs.
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NC MAX515 nmeeT (hMKCMPOBaHHbIN KO3(IMUNEHT ycuneHuns 6ydepa, paBHbIN
2. BctpoeHHbln B MAX504 OY MOXeT ObITb CKOH(UIYpUpoBaH Ans paboTbl C KO-
(mymeHTamun ycuneHus 1 nnm 2, a takke, Ansa paboTbl ¢ YHUNOMAPHLIM/OMNONSAPHBIM
BbIBOZOM BbIXOAHOIO HanpsxeHus. MAX504 Takxe, MOXeT ObITb MUCMO/Mb30BaH, Kak

YeTbIpex- KBagpaTypHbI YMHOXUTE/b 6e3 He0OXOAMMOCTU MOAK/OUEHNS BHELLUHUX
pesucTopos nnn OY.
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