OCHOBHM cBeieHMA 3a aHaNoroBuTe CXeMu U YyCTpoOUCcTBa C
uncppoBo ynpasrneHue

U OcHoBHM onpepeneHus

AHarozoeume efieKmpoHHU CxeMu C yugposo ynpasneHue - AECLY (npozpa-
Mupyemu aHa/i0208uU cxemu) NpeacTaBnsaBaTt yrnpaBnsgeMu UNu npeHacTpomBalum ce
€NEKTPOHHM YCTPOWCTBA, 33 KOUTO €OWH WIM HSAKOMKO OT AMHAMWYHWTE UM napa-
MEeTpU MoraT [a ce NPOMEHSIT B OMpeAEneHn rpaHmum ¢ NoMoLuTa Ha UndpoB Kop.
Mpu ToBa ynpaBnABaWMAT UMGPOB ko ce dopmMupa OT OOMbIHMTENHA UudpoBa
cuCcTeEMa, KaTo HanpUMep MUKPOKOHTPONEp Unu Apyro LUmMdgpoBO YCTPONCTBO.

OT cxemoTexHu4Ha rnegHa Todka AECLLY ce cbeToAaT OT yripasrnseaHa aHanoz2oea
cxeMa C [OMbIHUTENEH aHanoz2080-yughpos erieMeHm W yrpassnseawja yugposa
cxeMa. AHarnoeoeama cxema ycunea, Hopmanuavpa unm npeobpasyBa HenpekbcHaTu
(ananorosun) cwurHanu, Kato CTOMHOCTUTE Ha AUMHaMU4HUTE (BTOpUY-HUTE) W
napameTpu ce onpegenst oT UMMPOB KOA. Ynpaenseawama uyugposa cxema
reHepupa Heobxoaumusi LMMPOB KOA 3a aHanoroso-uudposaTa cxema, KOATO MoXe
Aa 6bae Hanpumep, MHOrOKaHarneH aHaroroB KMtod, MynTUNNEeKcop, LmMgpos noTeH-
umomMeTbp mnn ymHoxutened LIAT. lNpegHasHavyeHMeTo Ha aHasio2080-yughposusim
enleMeHm e fa npeobpasysa nofageHus Luudpos Kog B NPOMSIHA HA CTOMHOCTUTE Ha
HAKOWM OT napaMeTpuTe Ha aHanorosaTa Ccxema, a oTTaM Aa Ce Nomnyyu U MPOMeEHs
€VIH UNW HSKONKO OT BTOPUYHWUTE NapameTpu.

O MNpumepHa dpopma Ha BXOAEH U U3XOo4eH CUTHan: a) — 3a aHanoroesa cxema;
6) — 3a uuchpoBa cxema; B) — 3a aHanoroeo-UucpoBa cxema

Ammnaumyoa —— exoden cuznai
—— usxooen cuznai

100
011f---
010

Ammnaumyoa —— 6x0den cuenan 001f-+-
U3X00€eH cueHa d
000

—001f---
~010}-}
— 011}
~100

Ammnaumyoa
CunxpouMnyicu

7
1 2 3 45 6 78 9 (T
a) 6)
xp=x; (1) n x,=x,(t) x;=x;(kT) N x,=x,(kT)

T - BpEMEBU UHTEpBan Mexay nocnefoBaTeNHN OTHETU (MEPUOA HA OTYMTAHE UNW MHTEPBAN Ha OTYUTaHe)

fj =1/T - CKOPOCT Ha OoT4YMTaHe unn 4eCctoTa Ha oT4uTaHe




O MNpumepHa dpopma Ha BXOAEH U U3Xo4eH CUTHan: a) — 3a aHanoroea cxema;
6) — 3a uuchpoBa cxema; B) — 3a aHanoroeo-UucpoBa cxema
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B aHanoroBo-undpoBUTE CXEMWU BXOOHUAT WU
U3XOAHUSIT CUrHanm ca [OUCKPeTU3UpaHu BbB
BPEMeTO, a amnnuTyaata Ha BXOOHWS W/wnu Ha
U3XOAHUSI cUrHan e HenpekbcHaTta. OcBeH ToBa 3a
pasnuka OT UMMPOBUTE CUrHanM CcurHanite B
CMEeCeHUTEe CXeMM ca C onpeneneHn CTOMHOCTM 3a
BCMYKM MOMEHTM MexXay [fBa UWHTepBana Ha

-2 otyntaHe. OBMKHOBEHO Mexady OT4eTUTe CUrHa-
Ammnaumyoa NINTE ca C NOCTOSIHHM CTOMHOCTW, T.€.
/cwxpom’"y'm x(t)=x(kT) 3a BCUYKM MOMEHTU B UHTepBana
kT <t<(k+01)T

U BuagoBe aHanoroeo-uugpoBu cxemm

B 3aBMCMMOCT OT CBOTHOLLEHMETO Mexay npoab/MKUTENHOCTT Ha CUHXpoCUrHana wu nepuopa
cbllecTByBaT

* cnepsAwo-3aabpxawm cxemu (track-and-hold — T/H circuits) n
* npoba-zagbpxawm cxemu (sample-and-hold — S/H circuits).

MpoobmkUTENHOCTTa Ha CUHXpOCUrHama onpefenst BpPeMeTO Ha OTyMTaHe Wnu  crepeHe
(npocneasiBaHe) Ha BXOAHWS cUrHar.

Mpun T/H cxemnTe NPOABIMKMTENHOCTTA HA CUHXPOCUIHaNa e MHOro No-rofisiMa oT UHTepBana mexay
[Ba otyeTa. Taka Hanpumep 3a rofisiMa 4acT OT MNporpamMupyeMute ycunBaTenm C MHOrokaHamHu
aHarnoroBm Kno4oBe NPOABLIMKMTENHOCTTA Ha NpocneasBaHe Ha BXOAHUA cuUrHan moxe aa 6bae MHoro
no-ronsiMa OT MHTEpBana mexay ABa oTyeTa. Bpemeto mMexay ABa oTyeTa ce onpegens OT Ha4YMHa Ha
3apexpaaHe (MocrnefoBaTenHo UM napanenHo) Ha ynpasnsiBawyvs uudgpoBa Ayma M yectoTata Ha
TaKTOBUS CUTHAN Npu 3apexaaHe.

3a S/H cxemuTe OTYMTaHETO Ha BXOAHWS CUrHam CTaBa 3a KpaTKo Bpeme, crief KOeTo oTyeTeHaTa
CTOMHOCT Ha HanpexeHWeTo ce 3aabpXa (3anoMHsl) 3a eduH MNo-AbMbr MHTepBan OT Bpeme. Taka
Hanpumep 3a SC ycuneatenute u SC puntpute NpoabIKUTENHOCTTA HA CUHXPOCUTHANUTE € MHOrO Mo-
KpaTka OT MHTepBana mexziy ABa oTyeTa. ToraBa 3a HopmanHaTta paboTa Ha Tean cxemu TpsibBa Aa
6bae cnaseHa Teopemara Ha Harikyuct (unu KotenHukos), T.e. £5fi2 .
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U Moaxoam 3a CUHTE3 Ha aHANIOroBU CXeMU ¢ uudcpoBo ynpasneHue

Mbpeussm nodxod ce cBexaa A0 CUHTE3 Ha EMNeKTPOHHU CXEMW C HEe3aBWCUMO
ynpasrneHne Ha BCMYKM KoedULMEHTN Ha NpeaaBaTtenHarta dpyHkums. Tasu 3agaya ce
peliaBa CpaBHUTENHO TPYAHO M M3NCKBA CbOTBETHA TEXHOMOIMYHA M KOHCTPYKTUBHA
peanu3aumsa. [MpuMepHU nporpaMmMpyemMmn enekTpoHHW CXeMW, CUHTEe3NpaHu Bb3
ocHoBa Ha nbpBuA noaxod ca DDS dyHKUMOHaNHWTE reHepaTopu, HAKOW OT
yHuBepcanHute A® c nporpamupyemu npepasatenHu dyHkumm n FPAA cxemu. Mpu
no-ronsima 4act ot DDS reHepaTopute 6€3 BbHLUHN €eMeHTW No NporpamMeH MbT ce
3agasat dopmaTa, amnnMTyaaTa u Yyectotarta Ha TpenTeHusita. 3a nporpammpyemute
YHUBEpPCANnHN akTUBHWM UNTPU CbLo 6e3 BBHLUHM eneMeHTM No nporpamMeH nbT ce
3afaBa TUNa Ha npegasarerniHaTa QyHKUMS U CTOMHOCTUTE Ha HEMHUTE KOe(ULNEHTW.

Mpu emopusi M0Axo0d nNporpamMmmpyemMm aHanoroBy CXemu ce Cb3fasaT Bb3 OCHOBA
Ha M3BECTHUTE OT MpaKTMKaTa Ha CUHTE3a CXeMu C (OUKCUMPAHU XapakTepucTukn u
napameTpu. Toil ce cBexza A0 M3Gop Ha noaxoslia cxema W onpefensiHe Ha
CbBKYMHOCTTa OT eneMeHTM Unu GrokoBe, NapameTpUTe Ha KOUTO e HeoGxoauMo Aa
ce ynpaenseart. Cxemarta ¢ nporpamvpyemu napameTpu ce nosiyyaBa crief 3amsiHa
Ha enemeHTUTe uUnu GriokoBeTe C (PUKCUpaHW MapameTpu C NoaXoaswo UsbpaHu
aHanosn c ynpaensieMy XapakTepucTuku. To3u noaxon Aaea [o6po pelleHne Ha
3agavyaTa ocobeHo npu paspaboTBaHe Ha eNEeKTPOHHU CXEMU C OTHOCUTENHO NPOCTU
BMOOBE MpeHacTpourku. Taka HanpuMep, ako B OCHOBHUTE ycunBaTesnHu cxemu ¢ OY
pesucTopuTe B oTpuuaTenHaTta obpaTHa Bpb3ka Ce 3aMeHSIT C LMgpPOB NOTEHLMO-
MeTbp Ce noJly4yaBa nporpamMmpyemM ycunsarer.

0 BuagoBe nporpaMvMpyeMu aHaroroBu cXxeMm

TIporpamMupyemu JMHEHHH
EIIEKTPOHHH CXEMH

TIporpamupyemu aHaIoroBr
cxemu (AECLLY)
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Q MpunoxeHue Ha NporpaMupyemMuTe aHarioroBu cxemu

AHanoroBmTe eneKTPOHHM CXeMU C LMAPOBO YNpaBlieHNe MmaT LUMPOKO MpUroxe-
H/e B CbBpEMEHHaTa eneKTpOoHHa TeXHWKa npefdHas3HayeHa 3a NPOMMULLNIEHOCTTA,
ekonorusaTa, 6uta n TpaHcnopTa.

Mo-KOHKPETHO MporpamMupyeMmn aHaroroBuM CXeMu Ce U3nonseaT B WHAYCTpWarHu
€NEKTPOHHM CUCTEMM 3a cbbupaHe n obpaboTka Ha MHopMaLMs, ypeau 3a eKkono-
rMYeH KOHTPON, 3BYyKOycunBaTenute, cuctemute 3a ynpaeneHue Ha LCD gucnnew,
MeOULMHCKU ypeaun 1 ap. Hsikom oT obnactute Ha npunoxeHue Ha nporpamupyeMuTe
aHarnoroBu cxeMu ca 0606LleHN B crieqHUTe rpynu:

= cXemMu ¢ 0bwo npedHasHayeHue,

= CXeMU 3a MepCcoHaIHU KOMIMPU U MPEXU,

= cxemu 3a ynpasneHue Ha LCD ducnneu;

= cxemMu 3a bumosa u npoghecuoHaniHa ayduoanapamypa;
= CXEeMU 3a mesieKoMyHUKalyUuoHHama mexHuka;

= cXemu ¢ UHOycmpuasnHo npedHa3HayeHue;

QO MpuMepHU enNeKTPOHHM CXEMU C NPOrpaMMpyemMu aHaroroBu cxemu

- briokoea cxema Ha efleKmpoHHa cucmema 3a cbbupaHe u obpabomka Ha
aHasoz2oea uHghopmauyusi
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- IpumepHa cxema Ha 12+4 bits aHanozoeo-yugpoe npeobpasysamer c niaea-
wa 3anemas (12+4 bits FP-ADC) u ¢ npozpamupyem ycuneamesn AD526

- BbmpewHa cmpykmypa u npuHyun Ha delicmeue Ha MOHOMIUMEH rpoapamupyem
ycuneamesn AD526 (Analog Devices)

Tabnuua Ha MICTUHHOCT 3a nporpamupyem ycuneaten AD526

—_— = CLK Koedu- Pexum Ha
A0 Al A2 B CLK CS Uucppos koa (CS=0) UMEHT Ha pa6ota
? £ £ ¢ ? 9 A2 A1 A0 B ycunsaHe
| | | | | | X X X X 1 Previous state Latched
Logi o Vdd
ogic and latches 0 0 0 1 0 1 Transparent
o Vg 0 0 1 1 0 2 Transparent
16 8 4 2 1 0 1 0 1 0 4 Transparent
- Force 0 1 1 1 0 8 Transparent
Gain network 1 X X 1 0 16 Transparent
X X X 0 0 1 Transparent
I~ 0 X | X[ X |0 1 1 Latched
l, Vo
2 [sense oo o |1 1 1 Latched
. 0 0 1 1 1 2 Latched
1 . . —— IIOH
Vin i—input o0 —output 0 1 0 1 1 4 Latched
0 1 1 1 1 8 Latched
1 X X 1 1 16 Latched




- Bpemeduazpamu Ha 8X0OHOMO HarpexxeHue, U3X00HOMO HarpexeHue U yrnpas-
nigeawussim yugpos kod 3a AD526
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- MnHumanHo HanpexeHue 3a 12+4 bits FP-ADC:
Ulss = (5V 12'2)/ GAIN oy apsas = (5V /4096)/16 ~ 760V

- OuHamnyeH gmanasoH Ha 12+4 bits FP-ADC:
Dy =201g(V,; /U, 55)/ =201g(5V / 16uV) =~ 96dB

- [IpumepHa cxema cbC cneyuanusupaH Mocmoeu npeobpasyeamen AD7730
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O6xBaTh Ha koedmLmeHTa Ha yeuneaHe Ha PGA: | 4, [=250, 125, 62,5 n 31,25;

o TO3M HaumMH MoXe fa ce nony4vaT YeTUpU eAHOMOMNSAPHM U YeTUPU ABYNONSPHU
obxBaTta 3a HMBaTa Ha HanpexXeHndaTa;
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- MpumepHa cxema Ha yrnpassieHue Ha Mocmosusi rpeobpasysamen AD7730 om
mukpomokmporsnep MC68HCS08

Mocmosu
npeobpasy- Muxpo- Hnmepdpeiicen
eamern Konmpoinep 6ypep
Augpepenyuanen ANUAINL DOUT__ DI D
6x00 - 1 DIN DO RxD e A Y LaN
AD7730 sck ok | MC6SHCS08 ENABLE SN75176 |, . }RS485
Hudpepenyuaneng .| cs
6x00 -2 AIN2'-AIN2

YnpaBneHneTo Ha aHanoroBute u uMdpoBuTe YHKLUMM Ha MOCTOBUS npeobpa-
syBaten AD7730 ce ocbLuecTBsBa Npe3 CepumHUsa MHTepenc oT MUKPOKOTposnep.

3a pabota ¢ IC AD7730 moxe Qda ce M3Monaea, Hanpumep MUKPOKOHTPONEp
MC68HCS08, kovito nputexasa BrpageH SPI nopt. [JonbnHUTENHO ¢ nHTEepdenceH
Oycdep SN75176 moxe pna ce peanuaupa ggynocoyeH “half-duplex” uHtepdeiic 3a
paboTa B fiokanHa mpexa no gusndeckms ctaHgapT RS245.

U O6wa meToauKa 3a NpoeKTUpaHe

- O6wa MmemodoJiozus 3a ynpaesieHue Ha NpPoeKm

1 = lbpea umepayus = MNnaHnpaHe
2 = Bmopa umepayus = Cb3fjaBaHe Ha
NpOTOTUN U eKCnepumMmeHTupaHe

3 = Tpema umepayus = MbpBn
BapuaHT Ha NpoayKTa

4 = Yemebpma umepauus = Btopn

BapuaHT Ha NpoayKTa

BHepapsaBaHe u
noaApbXKa

ApXuUTeKTypa Ha
YCTPOMCTBOTO

Peanusauus

MeTogonormsTa 3a NnpoeKkTMpaHe Ha enNeKTPOHHM CUCTEMU MOXE Aa Ce pasrnexaa kaTto eaHa oblia pamka,
KOATO BKIHOMBA BCUYKM €Tanu, MEeXAWHHW npoueaypu (MTepaunm) U Bpb3kM Mexay Tax Heobxoaumu 3a
npoekTMpaHe, peanusauusi U BHedpsiBAHE Ha KOHKpeTeH npoaykT. OCHOBHUTE XapaKTepucTuku Ha Tasu
MeTofo-Morus ca:

- OcHoBHUTe AefiHOCTW (eTanu) ca aHanus, apxuTekTypa Ha yCTPOWCTBOTO, peanvsauusi, BHeapsiBaHe U
nogapwbxka’

- MeToponorusita e u3rpagieHa 1 ce U3NbJHsBa KaTo UTepaLOHEH NPOoLIEC;

- Ha Bcsika utepaums ce M3NbrHABAT BCUYKM €Tanu, HO HSIKOW OT TSIX M3WUCKBAT MOBeYe YCUNUSt OT APYru.
OTHOCUTENHUAT AAN Ha TPYAOEMKOCTTa Ha BCsKa AENHOCT e NpeacTaBeHa ypes LwuprHaTa Ha ocHoBaTa Ha
CbOTBETHUSI TPUBLIBIIHMK, KOSITO MO BPEME Ha AafeHa utepauus ce nNpekocsiea;

- 3a cregsala peanusauusi UM YCbBbBPLUEHCTBAHE Ha edHa EeNeKTPOHHA CXema UMW YCTPOWCTBO e
HeobxoaMMo Aa ce NoBTOPY OTHaYaso LEeNUAT NpoLlec OT NbpeaTa utepauys.




-O6wa memoduka 3a NpoekmupaHe Ha aHaJl0208U CXeMU C yughpoeo
ynpaeJsieHue

OCHOBHM IEMHOCTM, KOUTO BKITIOYBa METOAMKATA 3@ NPOEKTUPaHe Ha aHanorosu
€NeKTPOHHM CXEMU C LMPOBO yrnpasrneHue:

(1) aHanus Ha mexHu4Yeckume u3uckeaHusi U degpuHupaHe Ha QyHKUUOHanHa u
mexHuYecka crieyughukayus;

(2) cunmes Ha enekmpuyecka cxema;

(3) excnepumeHmarnHo u cumynayuoHHO mecmeaHe;

(4) sepucbukayus (nposepka) npoekmupaHama efleKmpoHHa cxema — CpasHeHuUe Ha
eKkcriepuMeHmarnHume pesynmamu 3a eflekKmpudyeckume napamempu ¢
mexHu4Yeckama crieyuchukayus,

(5) onmumusayus Ha enekKmpoHHama cxema;,

(6) npoekmupaHe Ha neyamHa raamka;

(7) peanusayus Ha npomomunu u ohopMsIHe Ha mexHuyecka OOKyMeHmauyus.




