MiHICTEPCTBO OCBITH 1 HAYKH Y KpaiHH

BiHHUIEKMI HAIIOHATLHUN TEXHIYHUA YHIBEPCUTET

O. JI. Azapos
O. B. HHlanouiHikoB

C. M. 3axap4eHKko

KOHBE€PHI AHAJIOT'O-HU®POBI IEPETBOPIOBAYI
3 BAI'OBOIO HA/IVIMHIKOBICTIO

Momnorpadis

VYHIBEPCYM - Biguwnis
2006



VJIK 681.335

A35

Penenzeunru:
JOKTOP TEXHIYHUX HayK, mpodecop Bonomapebkuii €.T.
JIOKTOP TEXHIYHUX Hayk, mpodecop KBernmii P.H.

PexomMeHnnoBaHo /10 BugaHHs BueHOr0 pagoro BiHHUIBKOTO HAIIOHATBHOTO
TEXHIYHOr0 YHiBepcuTeTy MiHiCTepCTBa OCBITH 1 HAyKH YKpaiHu (IIPOTO-
koJ1 Ne 4 Bixg 27.10.2005 p.)

A35

A3zapos O. /1., lanomnikos O. B., 3axapuenxko C. M.,
KonBeepHi anasoro-un(poBi nepersoproBayi 3 BaroBoro

HAJIMIIKOBICTIO. Monorpadist. — Biaauns: YHIBEPCYM Bin-
Huis, 2006. — 157 c.
ISBN

Y MoHorpadii po3riisiHyTO TPUHIIMIHN TOOY0BU BUCOKOIPOAY-
KTUBHUX KOHBEEPHUX AHAJIOTO-UM(POBUX MEPETBOPIOBAYIB, MOOYI0-
BaHMX Ha HETOYHMUX eJeMeHTax. J[Jis 3abe3rneueHHs] HeOOX1JHOTO PiB-
Hs TOYHOCTI BUKOPHUCTOBYETHCS CIIellialibHA Tpolieaypa caMoKasio-
pyBaHHS, 10 0a3yeThCsl HA BBEJIEHHI BaroBOi HAJIMIIKOBOCTI. 3ampo-
MOHOBAHO HU3KY OPHUIIHAJBHUX PILIECHb SIK HA PIBHI CTPYKTYp Ta all-
rOpUTMIB (PYHKIIOHYBaHHS, TaK 1 HA PIBHI peajizallii OKpeMHUX aHaJI0-
TOBUX BY3JIiB.

Kuury po3paxoBaHo Ha HAyKOBIIIB, aCHipaHTIB, CTYJCHTIB Ta
¢axiBIiiB, SKi 3aMalOTHCS MPOEKTYBAHHSIM 1 PO3pOOKOI0 iH(POpMa-
[[IHHO-BUMIPIOBAIBHUX CHUCTEM 1 MPUJIAIB, @ TAKOXK CUCTEM ITUPO-

BOT'O PEECTPYBAHHS 1 0OPOOJISTHHS aHAJIOTOBUX CUTHAIIB.
YK 681.335

ISBN

© 0. Azapos, O. lllanommHikos, C. 3axapuenko, 2006



3MICT

1. AHAJII3 CTAHY TEXHIKM BHUCOKOIIPOAYKTHUBHOI'O
AHAJIOT'O-LIU®POBOI'O ITEPETBOPEHHA. ...,

1.1. CyvacHi Metoau o0y 1oBu KoHBeepHux AL, ......................

1.2. Amnamiz MeToAiB MiABUIIEHHS NPOIYKTUBHOCTI KOHBEEPHUX

1.3. Orsin TpUHIKITB YBECHHS HAJJIUIIIKOBOCTI Y BUCOKOIPOAYK-
THBHI ALLLL. ..o

.METOJU OPI'AHIZALIIl BUCOKOITPOAYKTHMBHOI'O KOH-
BECPHOI'O AII-IIEPETBOPEHHA 3 BAI'OBOIO HAJIMIII-
KOBICTIO. ...

2.1. Merox QopmyBaHHS HEPO3PHBHOI IIKATU MPH KOHBEEPHOMY
PN B 1 (S 015 0: 10 01S) 1 1 P

2.2. Kackamna opranizamiss kKoHBeepHoro All-mepeTBopeHHS 3
1505701016 0120:3510) (0B 1113211 (o) {0 TN

2.3. CtpykTypHa oOya0Ba BUCOKONPOAYKTUBHUX KOHBeepHUX ALIIT

2.4. AnamiTuyHUN 3B’A30K PIBHA HAJUIMIIKOBOCTI IKaad 3
IHCTPYMEHTAJIbHUMHU MMOXUOKAMU €I€MEHTHOT 0a3M.........evvvnnennn.s

. BUCOKOTOYHI CAMOKAJIIbPOBAHI KOHBECPHI ALII I3
BAT'OBOIO HAJIVIMIIIKOBICTIO. ..o,

3.1. Anami3 ctatTnayHux noxubok kouBeepuux AILIL.....................

3.2. Metoau kaniOpyBaHHSI CTATUYHUX MOXUOOK BUCOKOIPOIYKTHB-
HUX KOHBeepHUX ALIIL. ... ...,

3.3. AHani3 e(heKTUBHOCTI YBEJAEHHS HAAJUIIKOBOCTI B HEPO3PUBHI
IKaau camokaniopoBanux koHBeepHux ALIL............................

. PEKOMEHJIALIII 1I0JI0 BUKOPUCTAHHSI BUCOKOIIPO-
JYKTUBHUX CAMOKAJIIBPOBAHUX KOHBEEPHUX AL Y
CHUCTEMAX PEECTPYBAHHSI TA OBPOBJISIHHS AHAJIO-
TOBUX CUTHAIIIB. ......oieeee e

19

23

27

27

35
44

54

62
62

70

78



4.1. TloOynoBa cucteM OOpOOJSHHS aHAJOTOBHX CUTHAIIB Ha 0a3i
BHCOKONPOJIYKTUBHUX caMOKaniOpoBaHux kouBeepuux AlIlIL.......... 95

4.2. BUKOpPHCTaHHS BHCOKOMPOAYKTHBHUX KoHBeepHHX ALl y
CHUCTEMaX PEECTpAIlli AHATTOTOBUX CUTHAMIB. ...uvveeerreeennneennenninnns 104

4.3. PexkomeHnpalii 11070 TPOCKTYBAaHHS AaHAJOrOBOI YaCTHHU
koHBeepHUX ALl 13 BArOBOIO HAIIHIIIKOBICTIO. ... 'vvtevveeneeennnnnee, 112

4.4. Po3pobka mporpaMHUX 3aco0iB JIsl MOJEIIOBAHHS BHCOKO-

npoaykTuBHUX KOHBeepHUX AIIII i3 BaroBoro HaIIMIIKOBICTIO. .. .... 132
JHTEP AT Y PA . e 141
JOIATKH. ... e, 153

Honatox A. Jleski cywani wmozem Allll, mo BumyckamoThcs
BUPOOHUKAMU €JIEKTPOHHUX KOMITOHCHTIB. .. \\teentieeinneeeanreannennnns 153

Honatok b. IToOynoBa mepeTBoproBava O-KOIy, IO BXOIUTH IO
ckaaay mapanebHoro o-ALL. ... ..o 156



HEPEJIIK YMOBHHUX CKOPOYEHDb

All- —  aHajoro-mudpose

AlIl3 —  amapat upoBOro 3aIuUcy

AIIM3 -  amapar nuudpoBOro MarHiTHOro 3aMuCy
AIIIT —  aHanoro-mudpoBHil MepeTBOPIOBAY

BAIIB —  OJ0K aHAIOTO-IM(GPOBOTO BPIBHOBAKCHHS
BEAB —  OJIOK €TaJIOHHUX aHAJIOTOBUX BEJIMYUH
bBMK —  0a30B1 MaTpUYHI KPUCTAIH

bY —  OJIOK ympaBiHHS

BIC —  BEJIMKI IHTEeTrpaibHl CXeMH

J3C —  JIKEpEJo 3aps0BOr0 CTPyMy

EOM —  €JIEKTPOHHO-00UYMCIIOBAJIbHA MAIlIUHA

31 —  OJIOK 3aTpUMKH KO/IIB

IC —  IHTerpaJibHI CXeMHU

() —  1HTepdeiic

K —  KOMYTaTrop

Kn — K04

Kc —  KackaJ BPIBHOBaXEHHS

HIICY —  HaJUIMIIKOBA MO3UIIIHA CUCTEMA YHCIICHHS
O3I1 —  ONepaTHBHUH 3amaM’ ATOBYIOUUN MPUCTPIM
OIT —  OlepaliiHui MiICUIIoBaY

[TAM —  [OpOorpaMOBaHa aHAJIOrOBa MATPULIA

[1B3 —  NPUCTPi BUOIPKU-30€piraHHs

I13 —  TporpamHe 3a0e3mneueHHs

[13I1 —  TIOCTIWHUU 3armam’ATOBYIOUUN MTPUCTPIi
11 —  mepeTBoproBay iHpopmarlii

[TIK —  TIepeTBOpPIOBAY KOJIB

IJIM —  mOporpamMoBaHa JIOT14HAa MaTPHIlS



o1
CATIP
cI
CII
CLIOI1
CLIP
TJIOH
TJIOC

XTI
AT
[BY
1IOM
11OC
DC
DeMUX
DSP
MUX
SNR
TDH

nepeTBoproBay ¢hopmu iHpopmarii

CHCTEMa aBTOMAaTH30BAHOTO IPOEKTYBaHHS
cxema MOpIBHAHHS

CHUCTEMHHI TiepeTBOpIoBay iHGopMarllii
creriani3oBaHuii MUGPoBUN 00UNCITIOBAIBHUN IPUCTPIi
cucteMu MUGPOBOI peecTparlii
TEPMOCTaTHYHE JHKEPENIO OMOPHOI HANIPYTH
TEPMOCTATHUYHE JXKEPESIO OLIOPHOTO CTPYMY
bUIBTP

XapaKTePUCTHKA TIEPETBOPEHHS

1M poaHaIOroBHil MepeTBOPIOBaY
LHEHTpaJIbHUI OJIOK YNpaBIIiHHA

M(ppoB1 0OYUCITIOBAIIbHI MAILIMHU
npuCTpiii IuPpoBoi 0OPOOKH CUTHATIIB
CUTHAJI, 1110 HE 3MIHIOEThCS y Yaci
JIEMYJIbTUTLIIEKCOP

npuCTpiii IuPpoBoi 0OPOOKH CUTHATIIB
MYJTBTUILUIEKCOP

CITIBBITHOIIICHHS CUTHAJI / ITyM

CyMapHHUN KOe(IIEHT rapMOHIK



BCTVYII

[Tix gac cTBOpeHHs MU(PPOBUX CHCTEM TIEpeaaBaHHS Ta 0OPOOIISTHHS
CUTHAJIIB, CHCTEM aBTOMATHYHOTO YIPABIIHHS 13 3aCTOCYBaHHSIM ITU(PpO-
BUX oOumcmoBaabHux MaiuH (LIOM), cucteM mudpoBoro 3ByKo3anucy i
BIITBOPCHHS CUTHAIIB, 1H(OpMAIiiTHO-BUMIPIOBAIBHUX Ta KOHTPOJBHO-
JIarHOCTUYHUX CUCTEM OJIHIE€I0 3 aKTyaJlbHUX MpPoO0JieM € po3poOka BHUCO-
KOTOYHUX, MIBHAKOMIIOUNX (BHCOKOIPOAYKTUBHHMX) aHAJIOro-1u(ppoBUX
(ALIIT) # nudpoananorosux nepersoproBauiB (L{AII), a Takox CTBOpEHHS
BHUCOKOIIPOJYKTUBHUX CHUCTEM LHU(PPOBOTO peeCTpyBaHHA W OOpPOOJISTHHS
aHaJoroBux curais [ 1-3].

VY TtenepimHiii Yac BioMa 3Ha4YHa KUIBKICTH pi3HOBUIIB IIAIT 1
ANII. TloxpamieHHs iXHIX TEXHIYHMX XapaKTEPUCTUK BUKOHYETHCS IMepe-
BaXHO JIBOMA IIJISIXaMHU: YJOCKOHAJICHHIM €JIeMEHTHOI 0a3y MUIIXOM TOK-
paIIeHHs] TEXHOJIOT1] BUTOTOBJICHHS Ta YAOCKOHAJICHHSIM CTPYKTYp 1 ajiro-
put™miB (pyHKITiOHYBaHHS [1, 3].

[lepmmii HAPSAMOK Ma€ Ha3By KOHCTPYKTHBHO-TEXHOJIOTTYHOTO 1
nependayae MUPOKE BUKOPUCTAHHS HOBUX (DI3MYHUX SIBUII, TEXHOJOTIN 1
JIOCSITHEHb MIKPOEJIEKTPOHIKHU i TokpaiieHHs napamerpis AL 1 TTAIT
[1]. OmHak o Mipi MiABUINEHHS MOTPEO O METPOJOTIYHUX XapaKTEPUCTHK
ALII 1 LATII, mo BUTrOTOBIIOIOTHCS HA OCHOBI T1OpUIHOT Ta THTETPAIbHOI
TEXHOJIOT1i, BUHHKAIOTh (PYH/IaMEHTAJIbHI TEXHOJOT1YHI OOMEKEHHS, fKi
0OyMOBJICHI CTa0lIBHICTIO TApaMETPIB aHAJIOTOBUX BY3JIIB, & TAKOX 0OMe-
YKEHHSMHU TOYHOCTI MPUITACYBAHHS 1X MApPAMETPIB y MPOLECI BUTOTOBJICHHS
[1-12].

Jpyruii HanpsAMOK MOB’S3aHO 13 YBEACHHSIM CTPYKTYPHOI HaJIMILI-
KOBOCTI1 y BUTJISIII IOAATKOBUX OJIOKIB, BAKOPUCTAHHSI SIKUX J03BOJISIE MOK-
palUTH XapaKTEPUCTUKHU (YacCTillle MBUAKICTH), HE 3MIHIOIOYHU MPU LIBOMY
anropuT™ (YHKI[IOHYBaHHS, a TAaKOX YBEJCHHS TOJAAaTKOBHX €JIEMEHTIB Ta
OJIOKIB Y MO€JHAHHI 3 YIOCKOHAJIEHHSM aJTOPUTMIB (DYHKIIIOHYBAaHHS, 1110
JI03BOJISIE TIPOBOAUTH KOPUTYBAHHS OTPUMAHOTO PE3yJbTaTy IMEpPETBOPIO-
BaHHS.

OcHOBHUMU niepeBaraMu BUKopucTtanHsi kKoHBeepHux AILIIT € Bucoka
MIBUJKICTh TIEPETBOPEHHS Ta HU3BKUN PIBEHb CIIOKWUBAHHS TMOTYXHOCTI,
AK1 y TIOETHAHHI 3 HU3BKOIO BapTicTio ix peanizamii 33 KMOH texHomnori-
€10, pOOJIATh iX MPUBAOIMBUMHU JJIsi KOPUCTYBayiB. AJie y 3B’S3KYy 3 THUM,
10 32 PaXyHOK BUKOPUCTaHHS ICHYIOUOi TE€XHOJIOT1i BUTOTOBIEHHS MIKpO-
cxeMm koHBeepHux ALII gocsiraeTbcs HU3BKUM pIBEHb TOYHOCTI KOHBEEP-
Horo All-mepeTBOpeHHSs, SIKa MEPEBAKHO BU3HAYAETHCS BIIXHIJICHHSM I1a-
paMeTpiB BIiJl 3aJlaHUX 3HA4YeHb MPHUCTPOiB BUOIpKU-30epiranHs (I1B3),
MPUCTPOIB MiACUICHHS pi3HUILll, Toxubok kackamguux ALl Ta [AII [13].
Axmo Biaxunenns napamerpiB [1B3 ta moxubku xackagaux ALl moxxnHa



3MEHIIUTH 32 JAOMOMOTOI0 HU(PPOBOrO KOPUTYBAHHS, TO KOPUTYBAHHS I0-
XHOOK, 1110 BHOCSATHCS YaCOM yCTAJICHHSI KACKaJHUX MPUCTPOIB M1ACUICHHS
pizuuii ta I{AII, a Takox moxuOok HemiHiMHOCTI Kackaguux LIAIL € mo-
CUTh CKJIQJHOIO 33J1a4€l0, siKa MOTpeOye T0AaTKOBOTO PO3B’A3aHHS.

OpHuM 13 MAXOAIB, IO 3aCTOCOBYETHCS Y CTPYKTYpaxX KOHBEEPHUX
ATIIIT nnst kopuryBaHHsI TOXMOOK, 110 BHOCATHCS Kackaauumu AL, TTATI,
[1B3 Ta migcumoBayeM pi3HUIl, € BAKOPUCTAHHS MEPEKPUTTS HA OAMH 1 Oi-
abiie po3psaaiB [13], a TakoK CTPYKTypHa CXeMa MOXE YCKIIQTHIOBATHCS
HUIIXOM yBeeHHs nojaatkoBux [1B3, OydepHux miacumoBayis i T.1I.

Jl51s nocATHEHHS! BUCOKOI PO3JLIBLHOL 31aTHOCTI KPIM BUCOKUX BUMOT
10 TouHOCTI kackaaHux L{ATl, qyxe BaXXJIMBO TOYHO BCTAHOBUTH Koeilli-
€HT MIJICUJICHHS KaCKaJHUX MIJACUIIIOBAYIB PI3HUIN Ta BpaxyBaTH HANpPYTy
3CYBY, @ TaKOXX 3a0€3MEYUTH HU3bKUI TeMIEepaTypHUil Ta 4acoBUU Apeid
XapaKTePUCTHK ychoro kKoHBeepHoro AIIIT [3, 4, 13, 14].

3HauyHa KUIBKICTh MPOMAYKII CBITOBHX JIIJIEPIB aHAIOro-uudpoBoi
texHiku (ipm Analog Devices, Burr-Brown, Maxim, Exar, Datel, Intersil
(Harris), Linear Technology, National Semiconductor, Philips Tta Signal
Processing Technologies € mpuctposimu All-iepeTBopeHHs, MOOYyA0BaHUX
3a KOHBEEPHOIO apxiTekTyporo [15-40]. OnHak, BUKOpHUCTaHHS B1AOMHX
METO/IB Ta MiaxoaiB y KoHBeepHUX AILIIl 103BONSIIOTH AOCITTU TUIBKUA 8-
12 61TiB pO3A1JIBHOI 31aTHOCTI.

OpHuM 13 MEepCNEeKTUBHUX METOJIB KOMIIJIEKCHOTO BHUPIIIEHHS MPO-
OseMHu miABMUIEHHS TO4HOCTI Ta mBUakoxii ALl iHmoi apxiTektypu,
AUII nocnigoBHOTO HAaONMKEHHS, € BUKOPUCTaHHS 1H(OpMaLIHHOT Haj-
JIMIIKOBOCTI, 30KpeMa, Y BUTJISI HAJIUIIKOBUX MO3UIIMHUX CUCTEM YHC-
aenns (HIICY) [1, 5-12]. Bukopucranas HIICY y Texnimi AL ta IIAII
noyanocs B YKpaiHi 3 KiHig 70-X POKIB 1 MIPOJIOBKYETHCS MiJ KEPIBHUIIT-
BoM O./[.AzapoBa [1,5-12]. 3HauHy KUIBKICTb PO3POOJICHUX PIIICHb Yy
I[bOMY HampsIMKy OyJI0 3amateHToBaHo Iie y konuiiabomy CPCP [41-50].
ITpoTte, Tinbku omHy podoTy [50] crpsMoBaHO Ha MUTAHHS ITiABHINCHHS
touHocTi kouBeepHux ALl y sxiit konBeepuuii AIIIl BukoHaHMiT Ha OC-
HOBI Koty diboHauui abo Koy ““30710TOI” MPOMOPIIIT AJIs MiIABUIICHHS TO-
YHOCTI TepeTBoproBaHHs. [liBUIIEHHS TOYHOCTI JIOCATAETHCS MUITXOM
YBEACHHS PEKUMY METPOJIOTIYHOTO KOHTPOJIIO, B IKOMY BUKOPHUCTOBYIOTh-
Csl BIIACTUBOCTI CHMETPUYHOTO BUMIPIOBAJILHOTO BiiikoBOro koay. Hemomik
TaKOTO KOHBEEPHOTO aHAJIOTO-IIU(PPOBOTO MEPETBOPIOBAYA MOJISTAE B TOMY,
[0 METPOJIOTIYHUM KOHTPOJIb JI03BOJISIE JUIIIE (PIKCYBAaTH HASBHICTh MOXH-
OKH, sIKa MEepEeBUIILYE 3aJjaHl MEX1, a HE KOPUTYBaTH Ti.

Oco6muBocti ¢yHKIIOHYBaHHA KOHBeepHHX ALIl He maroTh MOX-
JUBOCTI BUKOPUCTOBYBATH BIJOMI MIAXOAM MiABUIIEHHS TOYHOCTI Ta IIBU-
nxoaii mopo3psagaux AL nuisixom iHGopMaIitHOT HAIIUIIKOBOCTI 1 TOMY
NOTPeOYIOTh JOJIATKOBHX JETANBHUX JOCIIIKEHb.
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