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YMEHBIIEHUE ITOTPEIIIHOCTHU OT KPAEBbIX D®PEKTOB
B UHTETPUPYIOIIIMX ITPEOBPA3OBATEAAX
B OTHOCUTEABHBINM UHTEPBAA BPEMEHU

B. A. FOpmanos, K. FO. ITuckaes

Pemok muTerpupyromux ALl ceronus mpeznctaBieH mpeoOpa3oBaTeNsIMH CHIMa-JelibTa apXu-
TekTypsl (XA-ALIIl) m mpeoOpazoBatensmu HampspbkeHune-dactota (IIHY). Ha oTedecTBEHHOM pBIHKE
cpeactB m3Mmepennit (CU) takxe MpoiomKaloT NPUMEHTHCS HHTETPUPYIOIINE Tpeobpa3oBaTeI MHOTO-
TaKTHOTO TUTIA (MHOTOTAKTHOTO MHTCTPUPOBAHUS).

IIpeobpazoBareny HaNpsDKEHHE-4aCcTOTa OTIIMYAIOTCS MaJbIMH I'a0apUTHBIMHU pa3MepaMy Ha KpH-
CTaJule, MaJlbIM SHEPronoTpeOIeHneM, BEICOKOH 3KOHOMUYHOCTHIO. Paspsanocts CU na 6aze ITHY no-
xoa|T J10 16 6ut. JlaHHbIe IpeoOpa3oBaTeNId MPUMEHSFOTCS, KaK MPABHUIIO, B CIICIIUATM3HPOBAHHBIX 00-
JacTAX, HAIIPUMEp, B CUCTEMAax TEJIEMETPHH, I'/l€ yCTaHABIMBAIOTCS HETIOCPEACTBEHHO HA OOBEKTE KOH-
TPOJIsL, U CBA3BIBAIOTCA C U3MEPUTENIEM YacTOThI IO TeJIeMEeTPUUECKOMY KaHally CBS3M (IIpU 3TOM 4acTo-
Ta, KaK YHU(QHUIUPOBAHHBIN CUTHAJI, XapaKTePU3yeTcs IOBBIIICHHON IOMEX0YCTONYUBOCTBIO IIPU IIEpe-
Jlaye 1o JIUHUSIM CcBsa3u) [1].

[Ipu ynosierBopennn uMeromuxcs TpeboBanmii mo OvicTpoaeiicteuio LA-ALII npakTudecku Bo
BCEX CIIy4yasx HauOoJee IOJHO COOTBETCTBYIOT COBOKYITHOCTH TPeOOBaHUM 10 TOYHOCTH, HAJCKHOCTU U
MIPOCTOTE peanu3anuu. Pa3psaHocTs BelyckaeMblXx MukpocxeMm XA-ALIl nocturaer 32 6ur (Hanpumep,
ADS1262). He nocneaHi00 poiib B UX TOCIIOACTBE HAa PHIHKE WHTETPUPYIOIMIUX IpeobpazoBarteseil urpa-
€T BO3MOXXHOCTb ITPOM3BOJICTBA 110 TEXHOJIOTMH U3rOTOBJIEHUS TU(PPOBBIX MUKpocxeM [1-4].

Crnenyer OTMETHTh, 4TO TeopHs U npakTuka LA-ALIl sBusroTcs 3apyOexHOlN pa3paboTKOil, 1 oc-
HOBHBIC JIOCTIDKEHMS B JaHHOH 007acTH, a TakkKe KOHKPETHBIE apXWUTEKTypbl IpeoOpazopareineil, 3a-
kperensl natenTamMmu CHIA u EBponbl, npunamnexamumu dupmam npousBoautensm. s noctpoenus
oredecTBeHHBIX CU mpenn3noHHOro Kiacca, 10 MHEHHIO aBTOPOB, B KaUeCTBE aJIbTEPHATUBBI aJITOPUT-
MaM XA-mpeoOpa3oBaHMs NPH YCTPAaHEHUM ONPEACICHHBIX HEIOCTATKOB MOTYT HMCIIOIb30BaThCS ajro-
PUTMBI HHTETPUPYIOILEro NpeoOpa3oBaHus B OTHOCUTENILHBIN HHTEPBA BpeMEHH [S].

PaccmoTpuM anropuTM MHTETPHPYIOIIErO MPeoOpa30BaHMs B OTHOCUTEIBHBIN MHTEPBAJ BPEMEHHU
C IBYMS TIOPOTOBBIMH HaIpsDKeHISME (puc. 1). B anroputMe pa3sepTriBarommas GyHkus R(¢) hbopmupy-
€TCsl IOOYEPETHBIM HHTETPUPOBAHUEM CYMMBI UM pa3HOCTH BXoAHOro U, u onopHoro U, HampsKeHUH.
CMeHa TOJSIPHOCTH OIOPHOTO HANPSKEHHS BBITIOJIHSIETCS B MOMEHTHI BPEMEHH, COOTBETCTBYIOIIHE
HayaJly O4epeHOro TaKTa CHHXPOHU3alMu 7, (IIOKa3aHbI BEPTUKAJIbHBIMU KYPCUBHBIMU JIMHAMU), IPU
YCIIOBUH, YTO Ha MPEeIbIAYIIEeM TaKTe CHHXPOHHU3AIMU pa3BepThiBaromias GyHkuus R(f) mepecekia mo-
JIO’KUTEIbHBINA WM OTPULIATEIbHBINA NOPOTOBBI YpoBeHb U,
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Puc. 1. Bpemennsie nuarpammel padoTsl naTerpupytomero AIII ¢ iByMs TOpOroBbIMU HanpsHKEHUSIMU
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CyIlecTBEHHBIMA HEJIOCTATKAMH, OTPAHWYHBAIONIAMH MPAKTHYCCKOE MPHMCHEHUE OMMCAHHOTO
ANTOPUTMA, SIBIISTIOTCS

1) Hanmu4Ke JTUTETBHOTO MEePEXOHOTO MPolecca, BO3HUKAIMIETO MPH MOJKIIOUCHUN WA CKad-
KOOOPa3HOM U3MCHEHUHU BXOAHOM BETHUUNHBL;

2) HAJIMYKME METOJUYECKOM MOTPELUIHOCTH OT KpaeBbix 3 (eKToB.

Metoandeckas NOrpelHOCTh npeodpasoBanus uHTerpupyomero AT B o0mem ciyyae onpese-
JISIETCS OTVIMYMEM OT HyJIS pPa3HOCTH MEXy 3HauSHHSIMH pa3BepThiBaroliell GpyHkiuu R(f) B Havaie u
KOHIIE HHTEepBaJa MpeoOpa3oBaHUs:

R(t.)-R(t,) 0.

[Ipu 3TOM BBIIENAIOT METOANYIECKYIO TTOTPEITHOCTH KBAHTOBAHMS M METOJMYECKYIO MTOTPEITHOCTh
N 2U,T,

oT kpaeBbIX 3¢ dexros. [lepBas onpenensercs BeauuuHoil 7y u He npeBblmaer AR, = — rae T —
MOCTOSIHHAsE BpeMEHU HHTerparopa. [1orpemHocTs oT KpaeBbix 3((GEKTOB COCTOMT B aCHHXPOHHOCTH
4acTHBIX T, ¥ TONHBIX T, IMKIJIOB MPeoOpa3oBaHus M MO CBOEH BEIMYMHE MOXKET CYILECTBEHHO MPEBOC-
XOAWUTh MOTPEIIHOCTh KBaHTOBaHWs. Ha BpemeHHOW amarpamme (puc. 1) mHTepBanbl mpeoOpa3oBaHUs
Ty’ u T, XapakTepu3yOTCsl COOTBETCTBEHHO HAJIMYUEM U OTCYTCTBUEM JTaHHOM MOTPEIIHOCTH [5].

JUTUTEeNbHOCTh YaCTHBIX LUKIOB 7, JUIS pa3iMYHBIX 3HAUYeHHWH IpeoOpaszyeMoro HampsbkeHus U,
OyzeT pa3nuuHOH, Oosee TOro, MpH BOSHUKHOBEHHH TEPEXOJHOr0 Mpouecca, BeanunHa 7, OyaeTr u3mMe-
HATHCS ¥ Tpu HeusMeHHoctu U, (mHTepBan 7, [6] Ha puc. 1). Takum oOpas3om, B ciiydae GUKCUPOBAHHOMN
JUTMTETPHOCTH WHTepBaja npeobpazoBanus 1, 0e3 MPUHATHS CHCIHAIBHBIX MEP 00CCIIEYHTh OTCYTCTBHE
MOTPENTHOCTH OT KpaeBhIX 3(p(PeKToB He IpeICTaBIAETCS BOSMOKHBIM.

C 1menpio CHIYKEHUS MOTPEITHOCTH OT KPaeBbIX 3()(hEeKTOB OCYIIECTBIAIOT YMEHBIIEHUE aMILTUTY-
ITBI pa3BepThIBarONE GYHKINN R(f) 32 cCUST N3MEHEHUS BEIMYUHBI TOPOTOBOTO HANIPSHKEHHUS B TIpoIlecce
npeoOpazoBanus [4]. [Ipu ’TOM H3BECTHBI CLIOCOOBI CTYIICHUATOTO U3MEHEHUs Uy, HApUMEp B IIAThH pa3
(puc. 2,a), crtocoOBI TMHEHHOTO yMEHBIICHUS (pHc. 2,0), a TakKe X KoMOuHaImu [4, 7].
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Pyuc. 2. BpeMeHHbIe iuarpaMMbl, WITIOCTPUPYIOIIUE CIIOCO0bI YMEHBIIEHHS IOIPELIHOCTH OT KpaeBbIX () (eKToB
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[TpakTHueckod peanu3aliy JaHHBIX CIOCOOOB MPHCYIIM HM3BECTHBIC HEJIOCTATKH: BO3pacTact
YHCIIO MEPEKIIUCHUH OTIOPHOTO HampspkeHUs: Uy, MPHXOASIICecs Ha MOTHBIN IUKI MPeoOpa3oBaHHS.
VBenuueHHEe YHCia TEePeKIIOYCHU OTIOPHOTO HANPSDKEHHS CIYKUT MCTOYHHKOM HWHCTPYMEHTATBHOMN
MOTPEITHOCTH BBUAY HECTA0HIBHOCTH ()POHTOB UMITYJILCOB OMOPHOTO HANpsDKEHHs (CIeICTBHE KOHEu-
HOTO BPEMEHH Mepexo/ia KOMMYTAMOHHBIX 3JIEMEHTOB U3 OAHOTO COCTOSIHHS B JPYTOE), a TAKKe H3-3a
OTPaHWYCHHOH MOJIOCHI MMPOITYCKaHMSI OTNIEPAIIHOHHOTO YCHUIIMTENS HHTeTrpaTopa [4].

Hcnonp3oBanue mociaeJHEero anroOpuTMa COMPSDKEHO ¢ TEXHUYECKUMH TPYTHOCTSAMH BBHIY HE0O-
XOAMMOCTH TIOCTETIEHHOTO YMEHBLIEHHUS! Pa3HOCTH ABYX MOPOTOBBIX YPOBHEW, TaKUM 00pa3oM, 4TOOBI
OHa JOCTUTIIAa MUHUMYyMa (HampuMep, HyJs) B 3apaHee 3aJaHHbIA (Ipy GUKCUPOBaHHOM 1)), a UHOTIA U
3apaHee HEM3BECTHBII MOMEHT BpeMEHH (Hampumep, PH MOACTPOHKe MHTEpBaia NpeoOpa3oBaHus MO
nepuoJ] cereBoit momexu) [8, 9].

Jns pemieHHs 3aJa4d YMEHBLICHUS MOTPELIHOCTH OT KpaeBbIX 3(()EKTOB mpeaiaraercss ocy-
HIECTBIISATh U3MEHEHNE MOPOTOBBIX HANPSHKEHHI, HE 1O 3apaHee 3aJIaHHOMY TpaBIITY, & HA OCHOBE WH-
(hopmaru o mpeoOpazyemMoii BenmWUHHE, MONydaeMoil B Tporecce mpeodpa3oBaHus. Bpemennas mma-
rpamMa paboTbl COOTBETCTBYIOIIEIO aJIropuTMa MHTEIPUPYIOLIEr0 NpeoOpa3oBaHusl MpecTaBieHa Ha
puc. 3. ®opMHupOBaHUE HATIPSKCHUI TIOPOTOBBIX YPOBHEH OCYIICCTBILICTCS HA YaCTHBIX HHTEpBaaXx Ipe-
obpazoBaHust Ty, KOKABIH U3 KOTOPHIX COCTOUT U3 IIEJIOT0 YHCIIA YACTHBIX IIUKJIOB HMHTEIPHPOBaHUS T,.
[Tpuvem BenmUYMHA MOPOTOBBIX YPOBHEH PACCUUTHIBACTCS JIUISI KAKIOTO HOBOTO YaCTHOTO WHTEpBasia HH-
TErpUpPOBaHUSI COTJIACHO BBIPKEHHIO
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rae U, — Bemu4rMHA BXOAHOTO HaNpsDKeHUs, BbIUUCIEHHast 3a k = 1, 2, ... (k — uenoe uucio) npennie-
CTBYHOIIIMX YaCTHBIX HHTEPBAJIOB MTPEOOPA30BAHUSL.
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Puc. 3. BpemeHnas nuarpamMa paboThl, HILTIOCTPUPYIOLIAs IPEJIOKEHHBIH C110c00
(hopMHpPOBAaHHSI TOPOTOBBIX HANPSKEHUH

PaccmoTpuM npeanaraemMslif anroputM Ha KoHKpeTHoM npumepe. [lyers Uy = Uy = 10B, 1 = 57,
npu U, = 0B mmTensHOCTh YacTHOTO THKia uHTerpupoBanus 7, = T + T, = (10 + 10)7, = 207, npu
nonave U, = 3B AMUTENpHOCTh TIEPBOT0 YACTHOTO IHKIA cocTaBuT: Ty = (8 + 15)T = 23T, Ilpu uneans-
HOW TIOZICTPOMKE COTJIACHO BBRIpakeHMIO (1) moporoBoe Hampspkenue OyneT pasHo U, = 9,1B. [lnurens-
Hocte I} =2U t/ (U, +U,)=7T,,a T, =2U vt/ (U, -U,) =131, caenosarensHo, T = 20T, = const.

Takum 00pas3om, B ciryyae HIeaTbHON IOJICTPOWKH MTOPOTOBBIX HANPSDKEHNH oOecreynBaeTcs Mmo-
CTOSIHCTBO JUTUTCITFHOCTECH YACTHBIX IHUKIIOB 7,, a BPEMs MEPEXOTHOTO IPOIECCa OMPEICsICTCS BpeMe-
HEM, 3aTpaurBaeMbIM Ha BBIYUCIEHHE HOBOTO 3HaueHus Uy, mocie udmenenus U,. [Ipu »tom 3amanue
(bMKCUpOBaHHOMW JUIMTENEHOCTY WHTEpBaa MpeodpazoBanus 7, B BUJE [ENOTr0 YKCIa YaCTHBIX HHTEPBa-
JIOB UHTETrpUpOBaHus T, 00ECIIEUUT yCTPAHEHUE ITOTPEITHOCTH OT KPaeBhIX A(PPEKTOB.
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AHnomayusa. AATOPUTMBI MHTETpUPYIONIETo mpeobpa-
30BaHMS B OTHOCHTEIBHBII HHTEPBaJ BPEMEHH O€3 Mpo-
MyCKOB MH(GOPMAIMK Ha CETOAHAIIHMH JIEHb HE Haxo-
JT HIMPOKOTO NPUMEHEHMS B M3MEPUTEIbHBIX CHCTE-
Max MpEeIU3NOHHOTO Kinacca. [IpuanHa 3Toro cocTouT B
HaJIMYUK [1€PEXOJHOr0 Ipolecca U METOAUYECKOU I10-
TPEITHOCTH OT KpaeBbIX 3(h(HeKTOB, MPUCYIINX TaHHBIM
anropurMam. IIpu 3TOM H3BECTHBIE CIIOCOOBI yMEHBIIIE-
HUSA yKa3aHHOHM IOTPENIHOCTH CYIIECTBEHHO YBEIIMYH-
BalOT TPeOOBaHWA K XapaKTEPUCTHUKaM MPHMEHIEMON
3JIEMEHTHON 0a3bl, a CIIEIOBATENBHO, M TEXHOIOTUH MPO-
n3BozcTBa. [Ipn ycTpaHeHWN MaHHBIX HEOCTATKOB MH-
terpupytonme ALl Ha Ga3e paccMaTpuBaeMbIX ajro-
PUTMOB MOTYT COCTaBHTh KOHKYPEHIIMIO T'OCIIOJICTBY-
rouM Ha peiHKe XA-AILIL. B pabore mpemmaraercs
pelIeHue IMOCTaBJICHHOM 3aJadd Ul JITOPUTMa HHTE-
TPHPYIOLIEro MpeoOpa3oBaHusl B OTHOCHTENBHBIN HHTEP-
BaJl BpEMEHH, COCTOsIIee B criocode popMUpoBaHHMs T10-
POT'OBBIX HAIPSDKEHUI HAa OCHOBE OLIEHKU BXOIHOH BeJIU-
YHHBI HETIOCPE/ICTBEHHO B Ipoliecce MpeoOpa3oBaHms.

Kniouesvie cnosa: ananoro-nudpoBbie mpeodpaszoBare-
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Abstract. Algorithms of integrating conversion in the
relative time interval today are not widely used in preci-
sion measuring systems. Because these algorithms have
a long transition process and systematic error of edge ef-
fects. Known methods for reducing this error signifi-
cantly increases the performance requirements applica-
ble electronic elements, and therefore the production
technology. With the elimination of these drawbacks
ADC based on these algorithms can compete with the
YA-ADC. This paper proposes a solution to the problem
consists in the process of formation of the threshold
voltages on the basis of a rough measurement of the in-
put voltage directly to the conversion process.

Key words: analog-to-digital converters integrating type;
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