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Annomayua — PaccMoTpeHbl 0CO0EHHOCTH IIPOEKTHPOBA-
HUS MYJAbTHAHG(depeHINATBHBIX M HHCTPYMEHTATBHBIX
yeuauteneii (MY), a Takike cxeM UX BK/IIOYEHUs B aHAJIOI0-
BBbIX HHTep@eiicax JaTYNKOBBIX CHCTeM, PeaJHu30BAHHBIX HA
MHKpocxeMe 0a30Boro crpykrypHoro kpucramia (BCK)
MH2XA010. Mukpocxemy MH2XA010 pexomenayercsi uc-
N0JIb30BATh /ISl CO3JaHMS] MHOTOKAHAJIBHBIX PaAHALHOHHO-
CTOHKHX HHTErPAJILHBIX CXeM, OPHEHTUPOBAHHBIX Ha padoTy
¢ OCHOBHBIMM MOJM(HUKANMAMU MOCTOBBIX, ONTHYECKHUX,
Nbe303/1eKTPUYECKUX M JAPYruX JaTyukoB. [IpuBenensl nep-
CHEeKTHBHbIC, B TOM YHCJle OPMTHHAJbHbIe BapHAHTHI MO-
crpoenusi Y Ha ocHoBe BCK — MHOrokaHajabHOro cymma-
TOpa-MyJIbTUILNIEKCOPA AHAJIOIOBBIX CMrHaJI0B, LY ¢ oueH-
KOW NPOM3BOAHOW H3MepsieMOil BeJMYHUHBbI, WIHMPOKOINOJIO0C-
HOro Y ¢ kaHaibHbIMH (pMIBTPAMH HU3KHUX YACTOT U JP.

Kniouegvie cnosa — MHCTPYMEHTAJIbHBIH yCHINTENb, MYJIb-
TuaugepeHIUANBHBIH ONEPAMOHHBIA YyCHINTENb, 0a30-
BbIii CTPYKTYPHBI KpHCTaL1, HHTep(eiic JaTYNKOB, AaT-
YHUKOBBIC CHCTEMbI, PAJUALIMOHHAS CTOHKOCTb, AHAJIOIOBbIE
HHTerpajibHble CXeMBbI.

l. BBEJEHUE

MyneruauddepeHunaibHple  ONepalioOHHbBIe  YCUITH-
tenu (MOY) oTHOCATCS K OJJHOMY M3 IPHOPHUTETHBIX Ha-
NpaBJICHUI Pa3BUTHS CXEMOTEXHHKH HHCTPYMEHTAIBHBIX
ycunuTeneit 1 nataukoBbix cucteM [1]-[7]. Onu mo3so-
JAI0T peaju30BaTh YHUKaJbHbIC MHTEPQEHCHI, CO3aHue
KOTOPBIX Ha OCHOBE KJIACCHYECKHX ONEPALMOHHBIX YCUIIU-
tenei (OY) nmubo HEBO3MOXKHO, JIMOO CBA3aHO C OOJIBIIIH-
MH JHEPreTHMYeCKHMMH U DJIEMEHTHBIMM 3aTparamu. B Ha-
CToOfIIee BpeMsl B MHpE CEpHitHO BbImyckaeTcs Gonee 30
Mogudukanuit MOV, KOTOpble HaxoAAT NPHUMEHEHHE B
Pa3IMYHBIX AHAJIOTOBBIX MPOLECCOpax M JOCTATOYHO -
(DEeKTHBHO HCHONB3YIOTCS ISl Peo0pa3oBaHusl dIEKTPHU-
YEeCKHX CHTHAJIOB JATYMKOB Pa3IMYHON (HU3HYECKOH MpH-
POJIBL

OmHUM M3 SKOHOMHYECKH LIeJIECOOOPa3HBIX CHOCOOO0B
MaJIOCEpUIHOTO TIPOM3BOICTBA MHTErpabHbIX cxeM (MC),
B TOM YHCJIE PaJHallMOHHO-CTOWKHX, SIBJISIETCS] TIPUMEHE-
HHUe 6a30BbIX MaTpuyHbIX KpuctamuioB (BMK) u BCK [8].
B «apcenane» pa3paboTUNKOB JaTUNKOBBIX CHCTEM M pa-
JIMORJIEKTPOHHOW ammapaTyphl pa3iTudHOro (yHKIIMOHATH-
HOTO Ha3HA4YeHUs cerogHs umeercs 6osee 30 aHAIOTOBBIX

n anaioro-uu¢possix BMK u BCK, B ToM uucie 6 poc-
CHIICKOTO TIPOM3BOCTBA [§].

Ilenpro HacToOsAlIEH CTaTbU SIBIAETCS PAacCMOTPEHUE
NIEPCIEKTUBHBIX U HOBBIX BAPUAHTOB BKJIFOYCHUSA MYJIbTH-
i epeHINaIbHBIX 1 MHCTPYMEHTAIBHBIX YCUIIUTENCH

Ha OCHOBE AKTHUBHBIX KOMIIOHCHTOB MUKPOCXEMBI
MH2XA010.
Il.  BAPUAHTHI IOCTPOEHUSI
MVJIbTUINUOPEPEHIIUAIBHBIX OIEPALIMOHHbBIX
VCUJIUTEJIEA

Muorokananpablii MOV peamimsyeTcs Ha 0a3e TpaH-
cumnenancHeix OTA-ycunutenet u moBTopHTeNneil Ha-
npspxenns VF1 (VF2) BCK MH2XA010 B cooTBeTCTBHH €
puc. 1.
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Puc. 1. MOY Hna 6a3e BocbMu OTA-ycnnureseit BCK

Hosrrit BCK MH2XA010 (ocHOBHOH pa3paboT4mk —
OAO «MHUIIN» (r. MuHck) npu ygactuu JIOHCKOTO TO-
CYJIlapCTBEHHOTO TEXHUYECKOro yHHBepcutTeTa U «MHCTH-
TyTa SIIEPHBIX MpoOiieM» Bemopycckoro rocynapcTBEHHO-
0 YHHUBEPCUTETA) YyJA4HO JOTOJHSET CYIIESCTBYIOIINE
MHKPODJIEKTPOHHBIE H3JENMsI JaHHOTO Kilacca, NpexIie
Bcero obecneueHneM paguanuonHon croitkoctn MC. BCK
CONIepKUT 6 (HYHKIMOHAIBHBIX SYCEK ¢ aHAJOroBbIMHU [P-
MOJYJISIMH, HEOOXOIUMBIMU I OOpabOTKH CHTHAIOB
OCHOBHBIX THIIOB JAaTYHMKOB, a TaKKC aKTHMBHBEIMH M IIac-
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CUBHBIMH dyieMeHTamu. Mukpocxema MH2XA010, BbI-
nyckaemast OAO «Murterpan» (r. Munck) ¢ 2016 r., no-
3BOJISIET CO3/1aBaTh HanOoJee PacHpOCTPaHEHHBIE INPEIH-
3MOHHBIE WHTEP(ENCHl NaTYMKOBBIX cucTeM. [IpoekTupo-
Banne VIC rma BCK Brmomnnsiercs Ha ypoHe CD-0110KOB.

Ha mnpakTuke koinM4ecTBO BXOJIHBIX MOpTOB MOY
(Bxomupix muddepenHmmanbHbIX Kackamos, JK) wmoxer
U3MEHSITHCS Pa3pabOTYMKOM B JHANA30HE OT JABYX 10
BOCEMH (pHC. 2).
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Puc. 2. YcnoBuble 0603nauennss MOY c¢ aByms (a) u Boce-
MbIO (0) BXOAHBIMHU MOPTAMHU

Kaxnprit u3 OTA-ycunureneir BCK (dyHkunonanbHas
sueiika OS2, 16 mrT.) BKIOYAET Takke OJIOK 3JIEKTPOITH-
TaHust Iptat (pUC. 3), KOTOPBI MMEET JOTHMUYECKUN BXOJ
SelA s BKITIOYEHHS WM BBIKIFOUEHHUS] COOTBETCTBYIOIIIE-
ro BxomgHoro mopra MOV (mepeBenenus cxemsl OTA-
YCWIIUTEINS B PEKHM MaJoro TOKOIIOTPEOJICHNS).
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Puc. 3. OTA-ycuiauresb ¢ ynpapjsieMbIM 0JJOKOM yCTAHOB-
JleHusl ero craTuyeckoro pe:xkuma IPTAT

Koadpdumment mpeobpazoBanms  OTA-ycmmmrens
(mpoBoMMoOCTh Tiepenaun gy MOY) ompenensercst co-

IPOTHBIEHHEM pe3ucTopa R ~ (., MeXIy BHIBOJAMH
Rg1A u Rg2A (puc. 3).

Ha 6aze BCK MH2XAO010 BO3MOXXHO ITOCTPOCHHE
MHorux apxutektyp MOV [1]-[7], B Tom uucie MOV ¢
napadasHeIM BBIXOJIOM, UMEIOIIUX 1O BOCBMH BXOJHBIX
muddepeHnuanbEpIX opToB (puc. 20). Ilpudem, Hewc-
noab3yeMsle opTel MOY MOKHO BBIKITIOYATH JIOTHYE-
CKUMU curHaiamu SelA;-Ag. DTO CyIIECTBEHHO pacHupsi-
€T BO3MOXKHOCTH IIPOEKTHPOBAHUSI KOHKPETHBIX aHAJIOTO-
BBIX HHTEp(eiicoB, mo3BosieT 6oiiee 3P PEKTHBHO UCTIONb-
30BaTh pekoHpurypupyemsie MOV ma BCK B aHamoroBsix
nporeccopax [9, 10].

I1l.  MHOI'OKAHAJIBHBIII CYMMATOP-MYJIbTUITJIEKCOP
[OTEHLIMAJIBHBIX CUT'HAJIOB BE3 PESCTOPOB OBPATHOU
CBs3U

AJnreOpandeckoe CIOXKCHUE HECKOJNIBKUX MOTCHIHAIb-
HBIX CHTHAJIOB Ha OCHOBe Kiaccudyeckux OV TpeOyer uc-
MTOJIF30BAaHUS CPABHUTEIBEHO OOJBIIOTO YUCIIA TPEIH3HOH-
HBIX pe3ucTOpoB. JIjisi perieHus 3amad CyMMHpPOBAHUS
N=2,3,4,... BXOmHBIX HampspkeHHH (puc.4) BO3MOXKHO
ucnonb3zoBanue MOV ¢ OONBIINM YUCIOM BXOJHBIX MOP-
ToB (puc. 2 0).

1.1 Logic inputs SelA;=Ag
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Puc. 4. Ilpumep nocTpoeHus aHAJIOT0BOr0 CyMMaTopa-
MyJbTHILIEKCOPa ceMH Hanpsikenuid Ha MOY ¢ yeTbipbMst
BXOIHBIMHU NOPTAMU

Takoe BkiIOYEHHME aKTUBHBIX dJemMeHTOB BCK
MH2XA010 nmo3BoisteT Takxke o0ecrneuuTs ero pabory B
PeKUMe MYJIBTHIUIEKCOpa 10 15 BXOIHBIX HAIpsHKEHWH, B
TOM 4YHCIIe ceMU Tu(depeHIInaTbHBIX CUTHAJIOB.

Cymmarop Ha puc. 4 MOXeT paboTaTh B JBYX OCHOB-
HBIX pexuMmax. IIepBblii peKUM — PEXXUM MYJIBTUIUIEKCO-
pa, Ipu KOTOPOM BHEITHEe MI(POBOE YIPABIIIOIIEE YCT-
poiictBo (GopmupyeT nuppoBsie curHambl SelAj-Ag, mpu
KOTOPBIX 00eCIeunBaeTCs MIOCIEIOBATEIFHOE BO BPEMEHH
BKJIFOUYEHHE TOJBKO OfHOTO U3 N BXOIHBIX AuddepeHiu-
anbHbIX KackagoB MOY. Ilpu 3ToM, BBIXOJHOE HamNpsiKe-
HUE CyMMaTopa Ha MOMEHT BKITIOYeHHs i-ro BxojHoro K,
paBHO ero BXoaHOMY IuddepeHInaaI-HOMY HAIPSHKSHHUIO.

Baxno 3ameTuTh, UTO B CcXeMe pHC. 4 TPOUCXOAUT
(opMHpOBaHHE BBIXOJHOTO HAINPSDKEHUS, IPOIOPINO-
HAJIBHOTO BXOAHOMY An(¢epeHInaIbHOMYy HAIPSKCHUIO
B TEUEHHMH BCETO OTpe3Ka BPEMEHH, B MpeJieslaX KOTOPOro
i-if BXomHOW AuddepeHIHaNbHBII KacKka] HAaXOAUTCS BO
BKITIOYEHHOM COCTOSIHHH.



BTtopoii pexkxum paboTel cymmaTopa puc. 4 — Mpemnu3u-
OHHOE ajreOpandeckoe CyMMHUPOBAHHE M30PAaHHBIX BXOJI-
HBIX HaNpsDKeHWH. JTO oOecreunBaeTcs BKIOUeHHEM (Ha
3aJlaHHBI OTPE30K BpEMEHH) H30PAHHOTO KOJHYCCTBA
BXOAHBIX IH(depeHIInaabHbIX KackagoB (BXOAHBIX TOP-
ToB MOY) 1o nupoBeIM Bxogam SelA;-Ag.

Tak, HanpuMep, €CIH «BKIIOYEHBD) NEPBBIA U TPETUH
BXO/HbIe Mu(depeHanbable kKackaasl MOY, To BeIX0-
HOE HaNpsDKeHHE CymMMmaTtopa (IpH TNETIEBOM YCHIICHUH
T>>1)

VY S AV

BBIX
[Ipu npyrux coyeTaHusix «BKIIOYEHHBIX» BXOAHBIX 1K

B cxeme puc. 4 obecreunBaercs anredpanyeckoe CyMMHU-
pOBaHHE JPYTUX BXOIHBIX HAIPSDKESHHI.

Takum 00pazoM, cyMMaTop-MyJITHIUIEKCOpP pucC. 4 Ha
6aze BCK MH2XA010 siBnsiercss MHOTO(YHKIIHOHAIEHBIM
MNpOrpaMMHUPYEMbIM aHAJOTOBBIM MPOLIECCOPOM, KOTOPBIH
obecrieunBacT:

- anreOpanvecKoe CyMMHpPOBaHHE 3aJaHHBIX HUGPO-
BEIMH BXonmamu SelA1-A8 BxomHbIX nuddepeHmaIbHbIX
U HenuQdepeHInaTbHBIX HAPSKSHUH;

- MYJbTUIUICKCUPOBAaHHE TOJNBKO IU(depeHInaTbHBIX
CHTHAJIOB;

- HEMHBEPTHUPYIOIIEe WIM HHBEPTHPYIOLIEE MYJBTHII-
JICKCUPOBaHHE BXOIHBIX Hequ(p(epeHINaIbHbIX Harpsi-
JKCHHIA;

- MyJIbTHIUICKCHPOBAaHUE BXOAHBIX I (pepeHunab-
HBIX ¥ HequddepeHInaIbHbIX CUTHAIOB.

I/ISBCCTHLIG MyHI)TI/IHHeKCOpI)I nu CyMMaTOpI)I aHaJIoro-
BBEIX CHTHAJIOB TAaKMM OJHOBPEMECHHBIM HaOOpPOM CBOMCTB
He 00J1a1aK0T.

Crenyer 3aMeTHTb, YTO BCE yKa3aHHBIC BBIIIE KauecT-
Ba PEATU3YIOTCS TOJBKO B TOM CIly4ae, €Cid Kax[bli 13
BXOJHBIX AU PEpPEeHIMAIBHBIX KaCKaJIo0B MMEET IUPOKHUii
JINAIa3oH aKTHUBHOM (MImHeWHo!) paboTsl [2], uTo obecrre-
YHBAETCSl COOTBETCTBYIOIIMM BbIOOpOM pe3ucropa Rg B
cxemax OTA-ycunureneit BCK (puc. 3).

IV. PEKOH®UI'YPUPYEMBIE MOY

MynetuanddepeHIaIbable  ONepanuoHHbBIE  YCHUIIH-
TN JAAHHOTO KJlacca IMO3BOJISIIOT PEan30BaTh MIMPOKHI
criekTp kodddumnmentos nepemaun (Kg) [9] (mampumep,
K =0.5, 1, 1.5, 2, 3, 4, 10, 20, ... ). KommyTtupys ¢ mo-
MOII[bIO JIOTHUECKUX BXOH0B SelAi Bxoaubie moptel MOY,
a TaKKe M3MEHSS Ha dTale NPOEKTUPOBAHMS CONPOTHBIIE-

-1
Hue Rg =g, (puc. 3), MOXHO Ha OCHOBE MHKPOCXEMBI

MH2XA010 peanmn3oBath IpaKTHYESCKH JFOOBIC 3a/IaHHEIC
3HaueHus1 Kg (Kak MOJIOKHTEbHBIE, TaAK M OTPHUIIATEIb-
Hble) 6e3 MPUMEHEHNs Pe3UCTOPOB 00IIEi OTpHLIATEIBHOM
obparnoii ces3u (Kg= +0.5, -0.5, +1, -1, +1.5, -1.5, +2, -3,
+4, -10, +10, +12, -15, +20 u ap.). [Ipumepsl mocTpoeHUs
HEWHBEPTUPYIOUINX YCHIMTENIeH AJsl cliydas, KOTAa Hc-
MOJIB3YETCS TOJNBKO TPU M3 BOCBMH BO3MOYKHBIX BXOJIHBIX
noptoB MOY (puc. 2 6), mpusenens! B tabmmne 1. 3nech
MO>KHO BBIOHMpaTh R1=0, R2=0co0.

Tabuumna 1

Ipumepwvl nocmpoernus unmepgeticos na ochoge bCK ¢
mpems 6xo0HviMu nopmayiu MOY

CxeMbl coeanHeHus BXo10B MOY
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AHaJOru4Ho, 3a cueT kKoMMyTauuu BxonoB MOV, mo-
TyT OBITH pealn30BaHBl WHBEPTHPYIOMIKE ycumutenn. Mc-
M0JIb30BaHue Bcex BocbMu noptoB MOY Ha ocHoBe BCK
MH2XAO010, a Takxe BBeneHHe (B cilydyae HEOOXOIUMO-
CTH) pE3UCTOPOB OOIIEH OTpPHUIATEILHOW 0OpaTHON CBSI3H
(R1, R2), He BIMAIOIMX HAa BXOJHBIC CONPOTHBIICHUS




MOY, 1mo3BoyiieT MOAYIUTh MPAaKTHYECKH JIIOObIe 3a7aH-
Hble 3HaYeHus Moayist Kg B muanazone 10 Kgma<0.01-0.1
T.

V. MHCTPYMEHTAJIBHBIE YCHUJIUTEJN JIUISI PABOTHI C
MOCTOBbIMU CXEMAMMU BKJIIIOUEHUS JATYUKOB

MocToBO€E BKIIFOUEHHE CEHCOPOB HanboJIee IOy IsipHO
B M3MEpHUTENBHON TexHuKe. s mpeoOpa3oBaHUs CUTHAJIA
U3MEpPUTENbHON JUAaroHalu MOCTa MOTYT TNPHMEHSThCA
MHCTPYMCHTAIIbHBIC YCIJIUTENH, PeaM3yeMble Ha OCHOBE
IP-moayneit mukpocxemer MH2XA010.

A.  UncmpymenmanvHolil ycunumens ¢ OYeHKOU NPou3-
B600HOU 6X00H020 CUSHANA

Paspa6otannas B [11] cxema Y puc. 5 obecrieunBaet
(npu eé peanmzaimu Ha BCK) He TONBKO BBICOKYIO TOY-
HOCTb M3MEpeHNs (PU3MIECKOH BENMYMHBI X , aHAIH3 KO-
TOPOH Ui KOHKPETHOTO CXEMOTEXHHUYECKOTO pEIICHHUS
nad B [11], HO ¥ MO3BOJIAET TIOMYYHTH OIEHKY €€ TPOm3-
BOIHOW X . DTO 3HAUHUTENHHO PACIIMPsET 00JIaCTH IpUMe-
HCHUA I/IY, B TOM 4YHCJIC B aJalITUBHBIX CHUCTCMaxX aBTOMa-
THYECKOTO YIIPaBICHUSL.
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Puc. 5. UHCTpyMeHTAJIbHBIH YCHIIMTEIb ¢ OLeHKOI NPOun3-
BOAHOI 1n¢depeHuHaATbHOrO curiajia na 6aze BCK

B. HUucmpymenmanvnuiii ycunumens ¢ puiasmpom Hudic-
Hux yacmom (PHY)

Ipencrapnennass Ha puc. 6 cxema UY [12] umeer
unentuuHsle @HY B kaX10M KaHalle yCHIICHUS, KOTOPBIE
BKJTIFOYAIOTCST MeXTy Beixogamu MOV1 (Al) u Bxomamu
cymmaropa A2 (MOVY?2). Ocobernocts 1Y puc. 6 — Tpex-
kackaaHas nuddepenunanbHas apxurekrypa (Al, ®HUI1,
®HY2, A2). OTo mo3BoIIsIeT 00eCTIeYnTh 00paboTKy IHd-
(hepeHIMATIBHBIX CUTHAJIOB BILIOTH 10 BhIxonxa Out.X. bia-
rofaps TAaKOMYy pEUICHHI0O W YHHKAIbHBIM CBOWMCTBaM
JuddepeHInaIbHBIX CUTHAJIOB YMEHBIIAETCSl CHH(pa3HbINH
IIyM ¥ TIOMEXH, YBEJINYMBACTCS B JIBa pa3a ANHAMUYCCKUH
JIMana3oH, CHIDKAeTCs YPOBEHb BTOpOW TapMOHMKH. 3a
CUET COOTBETCTBYIOIIEro BeiOopa mapamerpoB ®HY dop-
MHUpYETCs 3aJIlaHHBIM 9acTOTHHIN nuanazoH Y, ¢pumisTpy-
I0TCS BBICOKOYACTOTHBIE AuddepeHpanbhbie mymsl [12].

Takoe noctpoenue MY He yXyjaliaer Takke €ro Ha-
npsokenune cMemenus Hyns (U,). OTo cBsi3aHO ¢ yMEHb-
[IEHHEeM BIIMSHHUSA BXOJHBIX TOKOB mosTopurenei OIII,
D111 Ha Uy, KOTOPBIE CO3[al0T HAa PE3UCTUBHBIX JJIEMEH-
toB ®HY (R5, R5*, R6, R6*, R7, R7*) craTtuyeckue Ha-
npspbkeHuss ommOkyu. OnHAaKO AaHHAS TOTPEIIHOCTH He

MPUBOIUTCS KO BXoAay MY 3a cueT BhICOKOTO KOIPUIM-
eHTa ociabienus BxopHoro cuHpasHoro curxana (Ko cp)
BXOJIHBEIX KackazioB B MOV2 (A2).

Puc. 6. ®HY B crpyktype HY Ha 6a3e BCK

[Tpuuem, cxembrt ®HY B Y puc. 6 xapakTepusyrorcs
HU3KOH YyBCTBHUTEIBHOCTBIO K HECTAOMIBHOCTH TTapaMeT-
POB PE3UCTOPOB M KOHJEHCATOPOB, OLIEHKA KOTOPOM AaHa
B[12].

C. Uucmpymenmanvubiii ycunumensb ¢ pacuiupenbim
4ACMOMHBIM OUANAZOHOM

BBenmenne memeil COOCTBEHHOI KOMIIGHCAIMU Iapa-
3UTHBIX TOCTOSIHHBIX BpeMeHH MOY B cxeme WY puc. 7
[13] mpu ee peanuzanmu Ha BCK mo3BonsieT pacimpuTh
JIMana3oH ero pabouyux 4actot B 3+5 pa3 (B CpaBHEHHH CO
cllydaeMm, Korja KoHzaeHcatop uenu kommnencanun C1=0).
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Puc. 7. 1Y ¢ codcTBeHHol komMnencamueii Ha 6aze BCK

Takoit Y mnpu xospduumenre nepepaun Kg=10
HMeeT BepXHIOI rpaHuyHylo uacrtory f,=3 MIT,
Kocct>120 nb, manpsxenue cvmemenus Hyns U.,<27 mxB
npu notoke Heifrporos 10 5-10% n/em? u no3e pagmaru
1o 1 Mpan [13].

D. Hucmpymenmanvuvie ycunumenu na ochoge MOY ¢
napagpazuvim 8IX000M

Hammane B MOVY nHa ocHoBe BCK MH2XAO010
(puc. 20) nByx npoTHBO(DA3HBIX BBIXOAOB, TAKXKE CYIIECT-
BEHHO pacIIMpseT BO3MOXKHOCTH HMX HCIIOJIb30BaHUS B
aHaoOroBeIX HMHTep(eiicax, B ToM ymcie akTuBHbIX RC-



(unpTpax, OTPAHHUYUTENAX CIEKTpa, IpaiBepoB mudde-
PEHILMANbHBIX TMHUHN cBsi3u 1 T.11. (puc. 8) [1, 14, 15].

R1

R2

Out.1
Inl

DDAl

In.2

R1

In.1 DDAl Out.1

o—— > + Out.2

In.2

DDAl Out.1
In.1 +

+ Out.2

In.2

In.1 DDAl Out.1

In2 o——»

+ Out.2

Puc. 8. OcHoBHbIe BapuaHThl BKI04enuss MOY ¢ napadas-
HbIM BBIXO/IOM M JIByMsI BXOJHbIMH MOPTAMH

YeThIPEeXTOIOCHUKN OTPHIATEIBHOW 00paTHOW CBS3U
(B) B cxemax pwuc. 8 MOTYT COZlepXKaTh KaK aKTHBHBIE, TaK
U pPEaKTUBHBIC KOMIIOHEHTHI, YTO TO3BOJISIET CHPopMuUpo-
BaTh 33J[aHHBIN YaCTOTHBIN Tuana3oH padboter Y.

VI. 3AK/IIOYEHUE

[IpencrasieHa kpaTkas HHPOPMAIUS O HOBOH MHKPO-
cxeme 0azoBoro cTpyktypHoro kpucramia MH2XAO010,
OpUEHTHPOBAHHON HAa MPUMEHEHHUE B JATUMKOBBIX CHCTE-
Max pasjiIn4YHOro Ha3HAYCHU.

[TpuBeneHsI EPCIIEKTUBHBIE, B TOM YHCJIE OPUTHHAIb-
HBle BapuaHTel nocTpoeHms WY Ha ocroBe BCK
MH2XA010 — MHOrodyHKIMOHAJIBHOTO CyMMaTopa-

MYJIBTHIUIEKCOpa aHAJIOTOBBIX CUTHAIOB, Y c oneHkoi
MPOU3BOJHON U3MEPSIEMOI BETUUUHBI, ITUPOKOIIOIOCHOTO
MY ¢ xaHanpHBIMH (UIBTPAMH HU3KHX dYacToT, LY ¢
pacHIMPEHHBIM YaCTOTHBIM JHANla30HOM U JIp.

B crpykrype BCK MH2XA010 ncnons3yroTcs ampo-
OuMpoBaHHBIE M CEpPTUQHUIMPOBAHHBIE aHajoroseie [P-
MOZYJH, YTO IO3BOJSACT OLCHUTH PaJHalldOHHYIO CTOM-
KOCTh CO3/1aBa€MOH paJMOdJIEKTPOHHOM ammaparypbl Ha
HayaJbHBIX dTAIaxX ee MPOSKTUPOBAHUSL.

Pe3ynpTaTel ycHeNIHBIX paAMAllMOHHBIX MCIBITAHUI
AHAJIOTOBBIX OJIOKOB, OJIM3KHUX IT0 CXEMOTEXHUKE K KOMIIO-
Heutam BCK MH2XAO010, mo3BoJisitoT yTBEpkAaTh, YTO
KOHKPETHBIE MHKPOCXEMBI, CO3/1aBAEMBIE 3a CUET MEXKCO-
enunenuit IP-monyneit BCK, pemaromue KOHKpETHBIE
3aaud aHaAJIOTOBOTO MPEoOpa3oBaHUS CUTHAIIOB, OyIyT
palualnoOHHO-CTOMKUMHM TIpH  BO3JEHCTBUM  (piroeHca
snextporos 3-10* sn/em? ¢ smeprueit 4 MsB u mormo-
IeHHO# 03¢ 3 Mpay ramma-usnyuenns *Co.

Hammume B 0a30BOM  CTPYKTYpHOM  KpHCTajlie
MH2XA010 noctaToyHo GOJBIIOTO KOJMYECTBA 3apaHee
c(OPMHUPOBAHHBIX AKTUBHBIX KOMIIOHEHTOB MOXXET CTaTh
OCHOBOHM A1 NPOEKTUPOBAHUS PaJUALlMOHHO-CTOMKHX
MyIbTHIN(QEepeHInanbHBIX 1 HMHCTPYMEHTAIBHBIX YCH-
JUTeNel Ha MX OCHOBE AJISI aHAJIOTOBBIX IPOLIECCOPOB U
npeoOpaszoBaresieldl 3JEKTPUYECKHX CHUTHAJIOB JaTYUKOB
pa3HIHO# HU3NIECKON IPUPOIBL.
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ABSTRACT

The differential difference amplifiers (DDA) belong to
one of the preferred directions of instrumentation amplifi-
ers circuitry development for sensor systems [1]-[7]. They
allow implementing unique interfaces on the base of clas-
sical operational amplifiers (OA), the creation of which is
impossible, or it is connected with big power and compo-
nent consumption. Nowadays, more than 30 modifications
of DDAs are produced in lots all over the world. They are
applied in various analog processors and are used effec-
tively for electrical signals conversion of sensors of differ-
ent physical nature.

One of the economically attractive methods of limited
production of integrated circuits (IC), including radiation-
hardened ones, is application of array chips (AC) and
structured arrays (SA) [8]. The designers of sensor systems
and communications-electronics equipment in various

functional areas have more than 30 analog and analog-
digital ACs and SAs, including 6 circuits, which are pro-
duced in Russia [8].

The new SA MH2XAO010 (the main designer is
“MRIMI” with the participation of Don State Technical
University and “Research Institute for Nuclear Problems”
of Belorussian State University) successfully complements
the existing microelectronic products of this class, mainly
by providing radiation hardness of ICs. The SA has 6 func-
tional cells with analog IP-modules, which are necessary
for signal operating of the main sensor types, and also with
active and passive elements. The microcircuit
MH2XAO010, produced by OJSC “Integral” (Minsk, the
Republic of Belarus) since 2016, allows creating the most
widely used precision interfaces of sensor systems. The
designing of ICs, based on SAs, is carried out at the level
of 10-blocks.

The aim of this article is to consider the advanced and
new variants of connection of the differential difference
and instrumentation amplifiers to sensor systems based on
the active components of microcircuit MH2XA010.



It is recommended to apply the chip MH2XA010 for
creation of multichannel radiation-hardened integrated
circuits, oriented at work with the main modifications of
bridge, optical, piezoelectric and other sensors. The ad-
vanced, and also unconventional variants of construction of
IAs, based on SA, — the multichannel adder-multiplexer of
analog signals, IA with estimation of measurand deriva-
tive, wideband IA with channel low-pass filters and others
are given.

In practice, designer can change the number of input
ports of DDA from one to eight.

Each of OTAs of SA (the functional cell FC2, 16 piec-
es) also includes power supply lprat, Which has logical
input SelA for connection or disconnection of the corre-
sponding input port of DDA (putting the circuit of OTA in
current saving mode).

It is possible to construct practically all modifications
of DDA on the base of SA MH2XA010 [1]-[7], including
DDAs with paraphase output with up to eight input differ-
ential ports. Besides, the unused ports of DDA can be dis-
connected by logical signals SelA;-Ag. It extends signifi-
cantly the possibilities of designing of the definite analog
interfaces. It also makes it possible to use the principle of
reconfigurable DDAs in analog processors more effective-
ly [9, 10].

The architecture of the multichannel adder-multiplexer
of the potential signals without resistors of the feedback is
suggested. The algebraic addition of a big number of
steady signals on the base of classical OAs requires the use
of a large number of precision resistors. It is possible to use
DDA based on SA MH2XA010 with a big number of input
ports to solve the tasks of some input voltages adding.
Such connection of SA MH2XA010 also allows providing
its operation in the mode of multiplexer of up to 15 input
voltages, including seven differential signals. Besides, the
connection and disconnection of the required channel is
provided by the logical signals, fed into each logical input
SelA of DDA.

The adder of the analog signals, suggested in the arti-
cle, can operate in two main modes. The first mode is a
mode of multiplexer, where the external digital loop con-
troller forms digital signals SelA1-A8, and the subsequent
in time connection of only one of N input differential stag-
es of DDA is provided. Besides, at the moment of connec-
tion of the i-th input differential stage (DS) the output volt-
age of the adder is equal to its input differential voltage.

It’s important to note, that the output differential volt-
age, which is proportional to the input differential voltage,
is formed in the circuit of the adder during the whole peri-
od of time, in the range of which the i-th input DS is
switched on.

The second operation mode of the adder is a precision
algebraic addition of the chosen input voltages. It is pro-
vided due to the connection of the chosen quantity of the
input differential stages at the digital inputs SelA;-Ag.

Thus, the adder-multiplexer, based on SA, considered
in this article, is a multifunctional programmable analog
processor, which provides:

- algebraic addition of input differential and non-
differential signals, preset by digital inputs SelA1-A8 of
DDA;

- multiplexing of only differential signals;

- noninverting or inverting multiplexing of input non-
differential voltages;

- multiplexing of input differential and non-differential
signals.

The well-known multiplexers and adders of the analog
signals don’t have this feature.

We should note, that all mentioned above qualities are
realized, only if each of input differential stages has a wide
range of active operation [2]. It is provided by the corre-
sponding choice of the resistor Re in the circuits of OTAs
of AS MH2XA010.

The reconfigurable differential difference operational
amplifiers allow realizing a wide range of transfer ratios
without resistors of the negative feedback [9]. When com-
muting the input ports of DDA on SA MH2XA010 with
the help of logic inputs SelAi, and also changing the re-
sistance Rg between the inputs of OTAs of SA at the stage
designing, it is possible to realize practically any preset
values of transfer ratios (both positive and negative) on the
base of the chip MH2XA010 without resistors of common
negative feedback.

Analogically, the inverting amplifiers can be realized
due to the commutation of the inputs of DDA.

The bridge connection of sensors are most popular in
measuring technique. The instrumentation amplifiers real-
ized due to the IP-module connections of the microcircuit
MH2XA010 can be used to convert the signals of the
measuring bridge diagonal.

The circuit of 1A [11], designed by the authors of this
article, provides (when it is realized on SA) not only high
measurement accuracy of the physical magnitude x, but
also the estimation of its derivative x . This extends signifi-
cantly the areas of application of this IA, including the
adaptive systems of automatic control.

The architecture of the instrumentation amplifier with
low-pass filter (LPF) is considered. The circuit of 1A [12],
suggested by the authors of this article, allows connecting
LPF to each of amplification channels and forming the
preset frequency range of IA. Such construction of IA de-
creases error from the offset voltage because of the resis-
tive elements of LPF due to the high common-mode rejec-
tion ratio in the input stages of the output DDA. Besides,
LPF are characterized by low sensitivity to the parameter
instability of resistors and capacitors [12].

The architecture of the instrumentation amplifier with
the extended frequency range is given. Insertion of inher-
ent compensation circuits of parasitic time constants of
DDA to the circuit of instrumentation amplifier on SA



MH2XA010 [13] allows extending its bandwidth by a fac-
tor of 3+5 times.

The presence of two antiphase outputs in DDA based
on SA also extends significantly the possibilities of their
use in the analog interfaces, including active RC-filters,
range stops, etc [1, 14, 15]. The main connection circuits of
DDA of this class are given. Thus, the presented article
gives brief information about the new microcircuit of the
structured array MH2XA010, oriented on various applica-
tions in the sensor systems.

The advanced, and also unconventional variants of con-
struction of IAs, based on SA MH2XA010, — the multi-
functional adder-multiplexer of analog signals, 1A with
estimation of the measurand derivative, wideband 1A with
channel low-pass filters and others are given.

The tested and certified analog IP-modules are used in
the structure of SA MH2XA010; it makes it possible to
estimate the hardness of the created communication elec-
tronics equipment at the initial stages of its designing.

The results of the successful radiation tests of the ana-
log blocks, similar in microcircuitry to the components of
SA MH2XAO010, allow confirming that the particular mi-
crocircuits, created due to the interconnection wirings of
IP-modules of SA, solving the specific tasks of the analog
signal converter, will be radiation-hardened under the in-
fluence of fluence of the electrons of 3-10™ el/cm® with
energy of 4 MeV and absorbed dose of 3 Mrad of gamma-
rays ~ Co.

The presence of a big number of the preliminary
formed active components in SA MH2XA010 can become
the base for designing radiation-hardened differential dif-
ference operational amplifiers and instrumentation amplifi-
ers on its base for analog processors and converters of elec-
tric signals of sensors of various physical natures.
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