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[1peauncnosue

OTa KHUT3 — PE3yJbTaT MHOTOJETHUX HAPAOOTOK MHIKEHEPOB IO IPUMEHEHUIM KOM-
nauuu Analog Devices, Haunnas ¢ caMmoro ocHoBaHuA Kommauuu B 1965 roxy. Boabmasn
9aCTh MATEPUAJIA KHUTY OCHOBAHA HA PA0OTAX, KOTOPHIE YK€ BHIMYCKAINCH B TOM WJIN
UHOM BUJE, ¥ MOsI OCHOBHas (DYHKIUS B CO3JAHUU KHUI'M ObLIA PEIaKTOpPCKou. Mue
OBI XOTEJIOCH HOAIEPKHY Th, 9TO HAYAIO0 DTOU PAOOTHL OBLIO IIOJOXKEHO TAKMMY JIHO Ib-
mu, kak Yoar Kecrep (Walt Kester), Yoar [lxaunr (Walt Jang), llox Bpoxay (Paul
Brokaw), Txenvc Bpannr (James Bryant), Tax Kur4en (Chuck Kitchen), a Takxke
MHOTMMU IPYTUMU UICHAMEI TEXHUYIECKOTO coobmecTa Analog Devices.

Kpowme Toro, MHOruMe J0QU BHECJAU CBOU OECUEHHBIM BKJIAL B pabOTy HAX JTaH-
HBIM U3JaHUEM, IIOMOras MHE ¢ KOPPEKTYPOU win cBouMu KoMMeHTapusaMu. Ocobyio
6arogapHocTh X041y Beipasuth Youary Kecrepy (Walt Kester), Bo6y Mapsuny (Bob
Marwin) u [xyaur Joyswir (Judith Douville) — Tem, ko paboran Haa co3ganueMm
MPEIMETHOTO YKA3ATEs.

Eme pa3, orpomuoe cnacu60 BceM, KTO yIaCTBOBAI B DTOM IIPOEKTE.

Xsuk lywmbanen,
Benyumu nHxkeHep MO TPUMEHEHUM
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OMEPALIMIOHHbIN
YCUINUTESb

IIpeducaosue x 2aa6e

B namnou riiaBe MBI PACCMOTPHUM OCHOBHBIE (DYHKIMY OMEPALMOHHOIO YCUINTEIA, KO-
TOPBIU ABMACTCA OJHUM U3 OCHOBHBIX MOIYJEH, UCIOIB3YEMBIX DU MPOEKTUPOBAHUN
JIMHENHBIX YCTPOUCTB.

B pazgere 1-1 paccMaTpuBaioTCA OCHOBHBIE (DYHKIIAY OTIEPAIIMOHHOTO VCUATUTEA.
B ocroBHOM MBI OymeM HCHONB30BATH MOAXOM, B KOTOPOM OINEPAIMOHHBIA yCUJIU-
Telb PACCMATPUBACTCA KAK «IepHBIN AMmK». CylecTByeT MHOXKECTBO 3aMedaTe b
HBIX KHUD, B KOTODPHIX PACCMATPUBAETCA BHYTPEHHEE YCTPOUCTBO OMEPAIMOHHOTO
YCAIUTENS, HO B TAHHOU KHUTE MBI Oy I€M UCIOIB30BATH MEHEE JeTATHHOE PACCMOTPE-
uue. O IHAKO HECKOIBKO Pa3 Mbl KOCHEMCS U BHYTPEHHErO YCTPOUCTBA, YCUINTEN —
6e3 >Toro 060UTUCHL HUKAK HE YIACTCA.

B pasmene 1-2 MBI paccMOTPUM OCHOBHBIE XapPaKTEPUCTUKN OMEPAIMOHHOTO YCH-
aurens. Takxe 6ynyT pacCMOTPEHBI METOIbI, KOTOPBIE TO3BOJIAIOT OOOUTH OCHOBHLIE
OT'PAHUYEHUS, OTHOCAIIMNECS K OMEPAIUOHHOMY YCUINTENIO.

B paszmene 1-3 Mbr paccMoTpuM uHGOPMAIIAI, KOTOPas NPUBOAUTCA B TEXHUYIE-
CKIX OMUCAHUAX. ByIyT pacCMOTPEHBI Pa3iWdHBbIE PA3aeIbl, KOTOPBIE COIEPKATCS
B TEXHUIECKUX OMUCAHUAX, TAKKE MBI PACCMOTPUM CIOCOOBI HHTEPIPETAIINA ITPUBO-
IUMOU MH(POPMALINL.

Pasznmen 1-4 mocesmieHn BonmpocaM, CBA3AHHLIM C BEIOOPOM OIEPAIMOHHOT'O YCUIN-
TEJIS JJIA UCHOIB30OBAHUSA B CAMBIX PABJUIHBIX MPUIOKEHUIX.

Pazpen | -1
DyHKLMN ONEepaLMOHHOrO YCUNUTENA

OnepanuoHHbI YCUIATENIb — DTO OJUH U3 OCHOBHBIX
MOYJIEN, UCIOIB3YEMBIX MPU MOCTPOCHUU JTUHEUHBIX
cxeM. B kiaccmieckoM BHIE OH COCTOUT M3 ABYX BXO- (+) O—— —
OB — TIPU DTOM OWH U3 BXOLOB UHBEPTUDPYET (pasy
CUI'HAJIa, BTOPOU BXO[ OCTaBJAAET (pa3y HEM3MEHHOU —
u ommoro Beixoma. CrapmapTHEI cuMBOaI, xKoTopem (=) O—— +
UCIIONB3YEeTCs I OOO3HAYMEHUS OINEPAIMOHHOIO yCHU-
JUTENS, TPUBOAUTCA Ha puc. 1-1. 31ech HE MOKa3aHBI Puc. 1-1. Cramgaprioe 0Go-
KOHTAKTHI, CBA3AHHBIC C OOECTIEYCHMEM MATAHMA ~— ,uavenye oOMEpAIMOHHONO ycu-
OIHAKO OHU, OUYEBUIHO, HEOOXOMUMBI M PAOOTHL YCU-  amres

Bxoabl

JIATEJIA.



Iaasa 1. Onepayuonnvit ycuaumendb

[MonoxuTensHoe
HanpsixeHue
nnTaxua » CBoWiCcTBa mMaeansHOro onepaLmMoHHOro yeunuTens
(e} — BeckoHeyHbIn k0adPPULMEHT ycuneHns ans
OnddepeHumanbHbIX CUrHanoB
— HyneBoe ycuneHune ans cuHgasHbix cUrHanos
(+) O— — — HyneBoe HanpspkeHne cMmeLLeHus
— HyneBoWw Tok cmeLLeHus
Bxoabi Op amp Bsxon — beckoHeyHo 6onbluas nonoca nNponyckaHns
(=) O—— * » CBOWCTBa BXOAOB OMNEPaLMOHHOIO YCUNUTENs
— BeckoHeYHbI nMmneaaHc
— HyneBoli Tok cmeLleHus
o — PaboTtaet ¢ guddepeHumanbHbIM HanpshxeHnem
OtpuuarensHoe — He pearupyeT Ha cuHasHoe HanpshkeHue
HanpsikeHve
nMTaHus

» CBoViCTBa BbIXOA0B ONEPaLOHHOMO YCUIUTENS
— Hynesow nmnegaHc

Puc. 1-2. CBoUCTBa UI€AILHOrO ONEPAIMOHHOTO yCAIATENA

HasBanue «Op amp» ABIAETCA COKPAIIEHUEM OTEPAIIMOHHOTO YCUIUTEISA. DTO Ha-
3BaHUE BO3HUKJIO HA HAYAILHOM DTare MPOCKTUPOBAHUA YCUIUTEJIEH, KOrIa Omepa-
LUOHHBIE yCUIUTENN UCIOIb30BAIUCH B AHAJIOIOBBIX KOMIIBIOTEPAX (BBIMUCIUTENAX).
([Ia, mepBble KOMIBIOTEPHL OBLIA AHAIOIOBBEIMY, & He nudposbiMu). [Ipu ucnonssosa-
HUHU OOBIYHOT'O YCUIATEs BMECTe ¢ HaOOpOM 13 HeOOJIBIIOr0 KOJUIECTBA, MJOMOJTHU-
TEILHBIX KOMIIOHEHTOB MOYXKHO BBIMOJHATE PA3IUIHLIE MATEMATHICCKAE (OTIEPAIIANY.
O qHUM 13 TPUITOKEHUN aHATOTOBBEIX KOMIBIOTEPOB BO BpeMsa BTOpOU MUPOBOU BOMHEI
SABJANCA PACIET TPACKTOPUU TTONETa, CHAPAIOB.

Modeab 06pammnoti 643U NO HANPANCEHUIO

Kinaccraeckas Momens OnepanuoHHOrO yCHINTENS ¢ OOPATHOU CBA3BLIO [0 HAIIPsKe-
auo (VEB) Braodaer B cebs CIeLyomue CBOUCTBA:

1. BeckoHeYHO GOJIBIION BXOJHOU MMIIEIAHC.
Beckonedano 6oibIas moaoca mpoIyCKaHus.
Beckonedano 60/bmon KO>(p(PUINEHT yCUICHN.
HyneBou BBIXOIHOU MMIIEJAHC.

Hyznesoe norpebrenne.

ik N

KOHG‘IHO, B PEAJIBHBIX YCJIOBUAX HU OJHO U3 5TUX yCJIOBI/Iﬁ HE€ BBIIIOJIHACTCSA. TO,
HACKOJIBKO OJIM3KO MBI MOXKEM HMPUOIU3UTHCA K BBLIIOJIHEHWIO 3TUX YCJIOBUE, U OIpe-
OeaaeT KaIeCTBO OIIEPAaIMOHHOI'O YCUINTEA.

Takas nxeanusanyusa HOCUT Ha3BAHUE MOIENN C OOPATHON CBA3LIO 110 HAIIPAKEHUIO
(VFB). Drou Monemu ygoBIETBOPAIT MPAKTUYIECKM BCE ONEPALUOHHBIE yCUIUTENN
¢ momocon mpormyckanua meree 10 MI'n u nopagka 90% ycunmurenen ¢ 601ee BLICOKOR
noJjiocon npomnyckasus (puc. 1-2).



1-1. DYynKYUY ONEPAYUOHHO20 YCUAUMELL \\)

Ocnosnble ynryuu

MozxkHO sierko 0600IUTE OCHOBHBIE (DYHKINK OMEPANXOHHOr0 yeuauTesst. Bo-nepsrix,
MBI IPEANOIaraeM, ITO YaCTh BBIXOJHOI'O CUIHAJIA IOJAeTCsa OOpATHO HA HHBED-
TUPYIOIMKA BXOI (T.e. CYIMIEeCTByeT OOpaTHAsA CBA3b), OJarogapsa >TOMY 3aJaeTCA
(puxcupoBaHHBIN KOP(DPUIMEHT YCUICHUA I JTAHHOTO YCAIUTEIA. DTO OTPULATE b
Has obpaTHasA CBA3b. JuddepeHnuarbHoe HaIpAKeHne, KOTOPOe MOAAeTCA Ha BXOI-
HEBIe KOHTAKTHI OIIEPAIMOHHOTO YCUINTENA, YMHOXKAECTCA Ha KOX(PMUINEHT YCUIEHU
YCUINTENS LI PA30OMKHYTOr0 cocTosiHus. Ecan s Takoro curnasa 3Ha<deHne Halpsi-
JKEHUsI Ha UHBEPTUPYIOMEM Bxoje (—) HPEBLIIIAeT 3HAYEHUE HAIPSKEHVS HA HEUH-
BEpTUPYIOIIEM BXOJ€ (+), TO BEIXOLHOE HAIpsKEHUE Oy IeT IPUHAMATH BCe Oomee 0T-
punaTebHbIe 3HaYeHusA. Eciau 3HaUeHne Ha HeMHBEPTUPYIOWEM BXOe (+) mpeBbimaeT
3HAYECHUE HAIIPSKEHUsI Ha UHBEPTUPYIOLEM Bxoae (—), TO BBIXOIHOE HALIPSKeHue Oy-
IeT IPUHAMATH [IOJOKUTEeNbHbIe 3HAYeHusA. KoahpuuumenT ycuieHns onepamuoHHOro
YCHIUTEIS B PA3OMKHYTOM COCTOSHUU [NEUCTBYET TAKUM OOPa3oM, 4TOOBI yMEHb-
mIuTh 10 Hyaa nuddepeHualbHoe HaIpaKeHre Ha BXoaax yeuauread. Ecan ycroBus
Ha BXOJaX U BBIXOJAX OMEPALNOHHOIO YCUIUTEIA COOTBETCTBYIOT PAOOINM YCIOBUAM,
TO muddepeHnnaIbHOe HaIpAX)eHne OyJeT COOTBETCTBOBATH HYJIEBOMY 3HAYEHUIO,
a BBIXOJHOU CUTHAJ OyAeT PABEH BXOMAHOMY CUTHALY, YMHOXEHHOMY Ha KOA(MQUIm-
€HT YCUJIEHUs, 3HAYCHNE KOTOPOrO OMpeaesieTcs cxeMon ooparaon cesasu. Obparure
BHUMAaHUIE, ITO BXOALI PEArupyoT He Ha cuH(A3HOe, a Ha JuddepeHInaIbHOe BXOI-
HOE HAIPIXKEHUE:

Rrp

A=———.
Rin

(1-1)

VHBepTUpYIOMIasg M HEMHBEPTUPYIOMIad KOHMUTrypaus

CymecTByer gBa crocoba KOH(MUIYPUPOBAHUS, KOTOPHIE MO3BO/SIIOT MCIOIH30BATH
OTIEPAIIMOHHBIN YCUIATENb C OOPATHOU CBA3BIO M0 HANPSKEHNIO B KAYECTBE YCUIUTE-
Js1. DTU ABa crnocoba moka3ausl Ha puc. 1-3 u 1-4.

Ha puc. 1-3 moxazano TO, IYTO M3BECTHO KaK WHBEPTUPYIOMIAA KOH(PULYDPAILIUI.
B Tmakou cxeme BBIXOTHOU CUTHAA uMeeT (Ba3y, OTIUYAMNIYIOCA OT (Pa3bl BXOIHO-
ro curaana. Ko>ppuimenT yCuwieHus B TaKOU CXeMe ONPENeNsAeTCsA COOTHOIICHIEM
CONPOTUBICHUN UCIOAb3YEMBIX DE3UCTOPOB U BBIPAKAECTCA MPY TOMOIIU CJIETYOIEN
dOpMyIBL:

A= _Rrs (1-2a)
Rin

Ha puc. 1-4 nmokazana HemHBepTUPYIOMAaA KOHGUrypamusa. B Takon cxeme ¢dasa BbI-
XOQHOIO CHIHAJNA COBMAAAeT C (a3on BXOAHOrO curHamta. KoddduiumenTt ycuieHus
3[€Ch TaKXKe OMPENeaseTCs COOTHOIIEHNEM COMPOTUBICHUN MCIOJb3YEMBIX PE3UCTO-
POB U BLIPAKAETCA CAEAYIOMEN (POPMYJION:

A=1+-"2. (1-2b)
IN

3aMeTuM, 9TO TaK KAaK BBLIXOIHOU CUTHAJI MOJAETCA HA NeJIUTEIb HAIPAKEeHusa (cxe-
Ma yCTAHOBKU KO>(D(MUIMEHTA YCHUJICHUs), TO MAKCUMAILHOE HALDPKEHNE, KOTOPOe
MOXKeT BO3HUKATh Ha MHBEPTUPYIOIIEM BXOJE, PABHO aMILIUTY /€ BBIXOTHOI'O HAIIP:A-
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JKEHUA, OTCI0Ia MBI TOIYIaeM I/ MUHIMAIBLHOTO 3HAUYEHUA KOd(MPUIINEHTA, YCUICHU S
BeUIuHYy 1.

3aMeTuM, 9TO B OTUX ABYX KOH(pUIypamuax oOpaTHas CBA3L PACIPOCTPAHAETC
OT BBIXOJIA K MHBEPTUPYIOIIEMY BXony. baaromaps sTomy o6pa3yercs OTpUIaTelbHAS
obpaTHaA CBA3b, KOTOPasA 00€CIeInBaET AJIA IPOCKTUPOBIINKA MACCy MIPEUMYIIECTB.
Bomnee moapo6HO HaHHBIN BOMPOC OyAeT 00CYXKIATHCA Hajdee B TaHHOU IVIABE.

Takxke ciaenyeT ykasaThb, 9TO 3HAUYEHHE KOD(DPUIMEHTA YCUICHUSI OMPENeIaeTCs
COOTHOIIEHNEM COIPOTUBJIEHUN UCIOIb3YEMbIX PE3UCTOPOB, & He UX abCOJIOTHBIMUA
3HAYEHUAMU. JDTO O3HAYAET, YTO MOKHO BLIOMPATH JIIOOLIE COIMPOTUBIEHUSA, OTHOCS-
muecsa K KaKOMY-TO Pealn3yeMOMY Ha MPAKTUKe TUAMa30HY.

Ecau BLbiGpaHHBIE PE3UCTOPHI UMEIOT CAUIIKOM MAaJIO€ COIPOTUBIEHUE, TO OT BbI-
X012 OTIEPAIIMOHHOI0 YCUINTEA 41 PAOOTHI Oy 1eT 3a0upaThca OOIbIIAA 1aCTh TOKA.
OTO NPUBOAUAT K IPE3MEPHOMY PACCESHUIO TEILIA HA, OMEPALMOHHOM YCUINTEE, C IeM
CBSI3aHBLI OIpeneIeHHbe Hey100cTBa. [IOBLIIEHHOE paccesHue MPUBOIUT K HAIPEBY
MUKPOCXEMBI, ITO MOXKET MPUBECTH K W3MEHEHUI0 XapPaKTEPUCTUK OMEPAIMOHHOTO
YCUINTENSI IO TOCTOIHHOMY TOKY. Takke BEIIEIAIOMIAACA IPU TEILIOBOM DACCESTHUN
SHEPrUS MOXKET MPUBECTHU K MOBBLIMIEHUIO TeMIepaTypsl mepexona soime 150 °C, aTo
COOTBETCTBYET MAKCUMAJBHOMY MPeaeay nas OOIbIIMHCTBA MOy IPOBO THUKOBBIX Ma-
TEPUAJIOB.

Touyka CroXeHusi CUrHanoB Puc. 1-3. WuBepTupyio-
! I Kackan C orepanu-
RlN ¢ RFB OHHBIM YCUJIUTEIEM
VWV WN——
Vourt
ViN Op amp G= Vi
+
14 F8
Vour ~ R
Puc. 1-4. Heun-
i BEPTUPYIOMIMN KACKA
A v C OHEpPalMOHHBEIM yCH-
out
Op amp :—2 G = V_|N JUTeIeM
- Res
R =1+
V|N VOUT
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TemnepaTrypa mepexona COOTBETCTBYET TEMIEPATYpPe CAMOI'O IMOIYIPOBOTHIKO-
BOro kommoHeHTa. C ApyroW CTOPOHBI, KOTJA PE3UCTOPHI OYIYT UMETb CJIMIIKOM
OOJIBIIIOE CONPOTUBIEHUE, TO YBEJIUIUBACTCS 3HAYEHUE IIyMa U IyBCTBUTEIHLHOCTH
K [IaPa3UTHBIM €MKOCTSIM, 9TO MOXKET IPUBOJUTH K OIDAHUYEHUIO IIOJOCHL IPOILYC-
KAQHUA U, BO3MOXKHO, BEI3BATb HEYCTOUYIMBYIO PAOOTY U KOJEOAHI.

C mpaxTU9IeCKON TOYKHU 3PEHUs JOCTATOTHO TAKEJIO IPUOOPECTH PESUCTOPLL € CO-
nporusiaeauem Menee 10 Om n 6omee 1 MOwM, 0COOGEHHO €CIu pedb UAET O MPEl3n-
OHHBIX PE3UCTOPAX.

Temeps maBanTe Gosee MOAPOOHO PACCMOTPUM BAPUAHT C UCIOIL30BAHUEM UHBEP-
TUpYIOWEro yeuwmTeni. Kak mokasano Ha puc. 1-5, HeMHBEDPTUPYOMINN BXO COEIM-
HEH ¢ 3eM/IeH (MBI IPeAroaaraeM, 9To UCHOAb3yeTC s CXeMa ¢ OUIOIAPHBIM (+/—) uc-
TOYHUKOM nuTaHus). Tak KaK OHePAMOHHBIN yCUIUTENb CTPEMUTCA YMEHBUIATE 10
Hys 3HaYeHue audepeHnuajbHOr0 BXOJHOI'O HAIIPSIKEHUsI, TO HAIPSKEHNe Ha UH-
BePTUPYIOILIEM BXO /e TAKXKEe JOJKHO COOTBETCTBOBATH HAIIPsKeHuO 3emiau. Ha nmpak-
THKe DTOT y3elI 0003HAYAETCA KAK «BUPTYATbHAA 3EMIA).

Puc. 1-5. Koaddumnuenr ycurenus
MHBEPTUPYIOMIEr0 YCUINTEINS

»O

Vour

Ecnn mogare manpsaxenne (Vin) Ha BXOTHOU PE3UCTOP, TO depe3 peauctop (Rix)
Oynet nporekars ToK (I1) co caeyrommm 3uadenuem:

A=1+—. 1-3
Rin (1-3)

TaK KaK BXOAHOﬁ IMII€JaHC OIIEPAMOHHOI'O YCUWINTEJJIA uMeeT OeCKOHEeYHOe 3Ha-
YeHME, TO Ha WHBEPTUPYIOIIEM BXOAE BXOTHOU TOK OyIeT OTCYyTCTBOBATH. Lakum
06pa3oM, 9epe3 Pe3sucTop B CXeMe 00PATHOU CBA3M Oy AT MPOTEKATh TOK, paBHbIN 1.
TaK KaK YCUWINTEIb CTPEMUTCA NOAAEPXKUBATHE Ha MHBEPTUPYIOMIEM BXOAE HAIIPDAXKE-
HHE 3€MJIA, TO Ha BBIXOAE YCUIUTE/NA BOSHUKAECT CJACeAYIOIIee HAIIPDAXKEHUe VOUTZ

VOUT =11 x RFB- (1—4)
MMocae HECTOKHBIX apupMETUICCKUX MPEOOPA3OBAHUN MBI TPUXOAUM K TOMY JKe Pe-
3yJIbTATY, ITO BhIpaxkaercs gopmyaon (1-1):
Vour ~ Ryp

Vin Rin (1-5)
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(2
Temepnb 60Ie€e TOAPOOHO PACCMOTPUM BAPUAHT ¢ HEMHBEPTUPYIOIIEH KOH(DUTYpa-
nuen. Coracuo puc. 1-6 BXOTHOE HAIPSIKEHYE 110 TAeTCA HA HEMHBEPTUPY FOIIUN BXOJ.
BrixoaHoe HAIPsIKEHUE IO JATCS HA eJUTENb HAIPSAKEHY, COCTOALMA U3 PE3UCTO-
poB Rpp u Rin. Hassanume «Riny» B maHHOM ciiydae MOXKET BBOAUTDL B 3a0/IyXK ICHHE,
Tak KaK (PU3NIECKN PE3UCTOP HE MOAKIIIAETCA KO BXOAY, OJHAKO MBI COXPAHIEM
HA3BaHUE, KOTOPOE MCIOIb30BAIOCH B MHBEPTUPYIOUIEN CXeMe, — B JH00M Caydae,
5TO 00O3HAMEHME CTAIO CTAHAAPTOM «ae-pakTor. Hanpskenune Ha MHBEPTUPYIOMIEM
Bxoge (V,) ompenensercs u3 yCJaOBUs, YTO OHO COOTBETCTBYET TOYUKE COEIUHEHUS
IBYX PE3UCTOPOB:
Ry
Rin + RrB
Burarogaps orpunareabHON OOPATHOU CBA3M ONEPALMOHHLIN YCAIATENb CTPEMUTCA
YMEHBIIUTH 10 HyIsd 3HadeHue nud@epeHnnagibHOro HAPAXKEHNsA, TAKUM 00pa30oM:

Va Vour. (1-6)

Va = Vin. (1-7)
IMocae mpocThIX apudpMETUIECKUX TPEOOPABOBAHUYN MBI TTOJYIaeM:
Vv Reg + R R
our _ Rep N _ o, Res (1-8)
Vin Rin Rin

Wrax, Mbr noay4gaeM ypaBHEHHE, KOTOpOe cooTBercTBYeT dopmyie (1-2).

Puc. 1-6. KosdpdpunmenT
YCUJIEHUSA HEMHBEPTUPYIO-

+
A mIero yCuianTesrsa
O
A
- Rep v
G- \(/)UT
IN
Vin Vout
Reg
— 1+
Rin
Rin
—> | <
N

Brime KOMIOHEHTEBI, KOTOPBIE UCHOAB30BAIUCH IS YCTAHOBKU KOd(PDUIIIEHTA
ycuaeHus, 0603HaA9aINCh KaK pe3aucTopbl. O qHAKO B JEUCTBUTEIBHOCTU DTH KOMIIO-
HEHTBI MOI'YT OBITbH HE TOJBKO PE3UCTUBHBIMU, HO M UMETb PEAKTUBHBIA UMIEAAHC.
Burarogaps sTomy MBI MOXKEM CO3IAaBATH yCHIUTENN, XaPAKTEPUCTUKNA KOTOPHIX 3a-
BUCAT OT IaCTOTHI. Bomee moapoOHO TaHHBIU BOMPOC MBI PACCMOTPUM B CJETYIOIIUX
pa3jenax.

Koo dunueHT ycuieHUsA B Pa3OMKHYTOH cXeMe

Koodpuuuent ycuneHus 1A pa3soMKHYTOR CXeMBI (KOTOPBIM OOBIYHO 0603HATAETCA
kak Ayor) npegcrasiaser co00N KO>(DMUIMEHT YCUICHUS yCUAUTENs IPU PA3OMKHY-
TOU cxeme OOPATHOU CBS3U, OTCIONA W HA3BAHUE «open loopy — Pa3oOMKHyTas LElb.
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11 IPEeU3NOHHOr0 YCUINTEA DTO 3HAMEHNE MOXKET OBITH OY€Hb OOMBIINM, IPEBHI-
watomuM 160 16. 910 coorBeTcTBYeT KOddDuiuenTy ycunenus, papaomy 100 Musuiu-
ouaM. KoaddpuureHnT ycuneHus nmmeeT MOCTOSHHOE 3HAYEHNE I YACTOT HAYUHAS OT
[IOCTOSHHOI'O TOKA ¥ 10 3HAYEHWs, KOTOPOEe HOCUT HA3BAHUE TOMUHUPYOIIErO IOJII0-
ca (dominant pole). ITocae »roro 3HaveHUs KO>(PMUIMEHT YCUICHUA YMEHBIIACTCA
co ckopocteio 6 nB/okraBy mim 20 n1B/mexany. (OxraBa cOOTBETCTByeT yIBOE-
HUIO 9aCTOTHI, JEKAJa — YBEJAMICHUIO YACTOTHL B AECATH Pa3). DTO 0003HATAETC
KAaK OTKIUK [ eJUHUIHOrO NOmoca. CKOPOCTb YMEHBIIEHUs OCTACTCSI MOCTOSIH-
HOU [0 MOCTUXKEHUS CJAeAYIOMIEro MOM0CA I OTKINKA. BTOPOU MOJIOC B IBa Pasa
YBEIMYUBAECT CKOPOCTH CHATa KOX(MDMUIMEHTA YCUICHUA I PA3OMKHYTON CXEMBI —
c 12 n1B/okraBy mo 40 n1B/oxkraBy. Ecin koadduimenT ycmieHus L1 pasOMKHY-
TOU cxeMmbl magaer 10 yposHa menee 0 1B (eguHuuHOE ycuiaeHwe) 0O JOCTUKEHUA
BTOPOI'O IOJIOCA, TO ONEPAIMOHHBIA YCUIUTENb Oy AT BCEraa CTAOUIbHBIM DU JIFO-
60M koapurmenTe ycuieHns. B TeXHIIeCKIX OMUCAHMAX DTO OOBITHO 0003HATAETCS
KakK «unity gain stable» — cTabUIBHOCTE MpPU €TUHUIHOM KOD(D(PUIINEHTE YCUTCHUS.
Ecan Bropou mosroc 10cTUraeTesa npu KoxpQUINEHTe YCUICHNS, TPEBHIIIAONIEM €1~
auanoe 3uadenue (0 1B), TO mpu HEKOTOPBIX YCJAOBUAX YCUIUTENb MOXKET TEPATH
crabuibHOCTS (puc. 1-7).

KoadbcpuumeHt KoadbduumeHt
ycuneHus ans ycuneHus ans
Pa3oMKHYTOro Pa3oMKHYTOro
KoHTypa | 6 nb/OkTaBa KOHTYpa 6 nb/OkTaBa
obpaTHol cBA3K obpaTHol cBA3M
(nB) (B)
12 b/
KTaBa

OTKNUK ANa eQvHUYHOrO noroca OTKAVK ANns ABYX NOSOCOB

Puc. 1-7. Kosddunuent ycuienus HHBEPTUPYIOMEr0 yCATHTEILI

Puc. 1-8. Omupepe- KoadbdpumumeHT

JeHue KodhdunmenTa ycunenus (ab)

yCuIeHus Koappuumernt 4]
YCUNEHUs Ansi CXembl

C Pa3OMKHYTbIM KoadbdpuumeHt
KOHTYPOM OBpaTHO CBA3W | ycuneHus KOHTypa
obpaTHoI cBA3N

YCUMNEHMUs A5 CXEMbI
C 3aMKHYTbIM
KOHTYpOM 0BpaTHOi CBA3N

KOS(bq)VILWIeHT"""'T"" ""* """"""" ?

KoadbdpuumeHT
ycuneHus ans
wyma

y. l
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C
BaXHO MOHUMATL PA3HUILY MEXKIY KOdDMUINEHTOM YCUICHUA PA3OMKHYTOU CXE-
MBI, KOD((PUIUEHTOM YCUJICHUA IJIA CXEMbI C OOPATHOU CBA3BIO, KOB(MPUIMEHTOM
YCUICHUA CXEMBI, KO3(P(PUIMEHTOM YCUICHUsA CATHAJIA U KOI(PPUIMEHTOM yCUICHUA
myma (puc. 1-8 u 1-9). Bce onm umeoT cx0Xuil XapakTep, CBA3aHbL MEXK Ay COOOU —
OJHAKO OCTAIOTCA pas3andHeIMu. /[aBanTe 6osee TOIPOOHO PACCMOTPUM NAHHBIE ITO-
HATUA.

KoadhdpuumeHT KoadhdpuumeHt KoadhpumumeHT

ycuneHusi ycuneHus ycunexus

curHanoB =1 + Ry/R, curHanoB = —R,/R, CUrHarmnoB = —R,/R,
KoacpprumeHT KoadpdpuumeHt KoacbcprumeHt R,

yourenus wyma = 1 + Ro/Ry | younenns wyma= 1 + Ry/Ry | yeunenus wyma= 1 + W
1IR3

* HanpseHus LWyMOB 1 HanpspkeHne CMeLLeHNs OnepaLyioHHOrO HanpskKeHnst
oTOOpaXatoTCsl Ha BbIXO, Ha HUX AENCTBYET KOI(PPULMNEHT yCUNEHUs Lyma
OonepaLyroHHOro yeunuTens

» [ins onpegenexus cTabunbHOCTH ncrnonb3yetca KoappuLmeHT ycuneHua wyma,
a He KoadhpuLmeHT ycuneHusa curHana

» Cxema C obrnagaet Tem xe k0adpPULIMEHTOM YCUNEHUSI CUTHANOB, HO KO3 MULIMEHT
yCUneHus LWyma yBenumumBaeTcs, 3a cyeT aToro obecneumsaeTcs 6onee Bbicokas CTabuIbHOCTb,
CHMXXaeTCs ypOBEHb LLYMOB W YBENWYMBAETCS| YPOBEHb HaMNPSHKEHWS CMELLEHNS Ha BbIXode

Puc. 1-9. Koaddunuent ycuienus myma

He cymecTByer ToYHOrO ompeneneHus masi KOd(PQPUIUEHTA YCAJICHAS PA3OMKHY-
TOU CXEMBI. DTOT KO3(PPUIMEHT MOKET IPUHAMATEL TOCTATOUHO GOMBIINE 3HATCHUS
7 B TEXHUYIECKUX ONMMCAHUAX YKA3BIBACTCA OOBIIHO KaK TUMNIHOE 3HAUEHNUE, a He KaK
IUANA30H, OPPAHMYEHHBIN MUHUMAJIBHBIM M MaKCUMAJIbHBIM 3HadeHusaMu. O gHAKO
B HEKOTOPBIX CIyYafaX, OOBIMHO I BHICOKOIIPEIU3NOHHLIX ONEPALMOHHBIX YCUIUTE-
JIe, B TEXHUYECKOU JOKYMEHTAIMN YKA3BIBACTCA MUHUMAIBHOE 3HAYCHUE.

Kpowme 5Toro, KoopPUIneHT yCUIeHns Pa30MKHYTON CXEMBI MOXKET U3MEHATHCSA
B 3aBUCUMOCTH OT YPOBHS BBIXOJIHOI'O HAIPAXKEHUA U HArPy3Ku. Takike CyIIecTByeT
HEKOTOPas 3aBUCUMOCTB OT TemrepaTypbl. OaHako B 00meM ciaydae 5Tu >(pheKTh
OKA3BIBAIOT AOCTATOYHO CKPOMHOE BIUAHUE U B OOJNBIIMHCTBE CAYyYAE€B UMU MOXKHO
npenebpeds. Ha npaktuke mogo6HbIe HeuHETHBE Y3(O(EKTH HE BCEr1a YKA3BIBAIOTCS
B TEXHUYIECKOU TOKYMEHTAIUYU HA TAHHBIM KOMIOHEHT.

IIpousBegeHne Kod3dPUNMUEHTA YCUICHUA U IIOJOCHI MPOIIYyCKaAHMUSI

s pa3sOMKHYTOU CXEeMbI yMEHbIIEHUEe KOX(PMUIMEHTA yCUIeHus cocrasaseT 6 1b
HA OKTABY. DTO O3HAYAET, 9TO [IPU YBEIUYECHUN YACTOTHI CUTHAILA B ABA Pa3a Kodhdu-
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[UEHT YCUWIEHUS YMEHbBIIAETCS HA MOJOBUHY OT CBOErO 3HadYeHusa. BepHo u o6paTHOE:
OPKM yMEHBLIIEHUM YACTOTHI B ABA Pa3a KOD(M(QUIMEHT yCHICHWA I PA3OMKHYTOU
CXeMbl YBEAMIUBACTCSI B ABa pasa (Kak Moka3aHo Ha puc. 1-8). DTO CBOUCTBO Ciy-
JKUT OCHOBOU [JIsl BEIUTUHEBL, KOTOPAs HOCUT HA3BAHUE (IIPOU3BEEeHNe KOd(DQUIeH-
Ta ycurenus Ha mnoaocy nporyckanus (Gain-Bandwidth Product)y. Ecau ymuOXRUTE
KOD(PMUIMEHT YCUIEHUA PA3OMKHYTOU CXEMBI HA TaCTOTY, TO TAKOE IPOU3BEIeHME OY-
IEeT OCTABATHCSA MOCTOAHHLIM. [[PUYUHON >TOr0 ABIAETCA TO, ITO MBI UCIIOAB3YEM Ty
9aCTh KPUBOU, KOTOPasA OMUCHLIBAET MOCTOAHHOE yYMEHbIIeHNe KO>(P(PUINEHTa yCue-
Hus, paBaoe 6 1B Ha OKTaBy. DTO TaeT B HAIIE PACIOPKEHNE yIOOHBEIN MHCTPYMEHT
IUIS1 OTIPEIETEHUs TOT'O, HACKOIBKO TAHHBIN OMEPAIMOHHBIA YCATATENb IPUTONEH I
KOHKDETHOro npuaoxkenus (puc. 1-10).

Puc. 1-10. IIpowus- A
Benenue koapdunu- KoapduumeHT
eHTa YCUJIeHHuA U 1mo-  YCUINeHus
JIOCBI IIPOILYCKaHUA (nb)

KoadhduumeHT ycuneHus

CXeMbl C pa30MKHYTbIM KOHTYPOM

obpatHou cBasn A(s), ecnu

npousseneHvne koadduumneHTa
f YCUIEHNS Ha Mornocy nponyckaHus = X,

To Yxfo =X

X
feL=<
rae fo = nonoca
nponyckaHus ans
CXEeMbl C Pa3OMKHYTOM
06paTHON CBA3bIO

KoadbduumeHt
yCUMeHus wyma =y

»

foL log f

Hampumep, B garaOM npunoxkenun HeoOxoauMer mosaoca nponyckanus 100 k' u
kopdunmenT ycunenusa, paBasin 10 — Torga HaM HEOOXOIUM ONEPAIMOHHBIN YCU-
JUTENb, 11 KOTOPOrO NMpousBeaeHue Kod(hPUIUEHTa YyCUICHUA Ha MOJOCY ITPOITYC-
KaHus cocTaBiser kKak MuHumyM 1 M. 3meck Mbl HEMHOIO YIPOIIAEM CUTYAIUIO.
W3-3a m3meHeHUsT NPOU3BBENEHUs [IOJIOCHI IPOIYCKAHUA HA KO3MMUIMEHT yCUICHUS
7 TOro OOCTOATENbCTBA, UTO IPU IepecedeHnu KOXMPUIMEHTA YCUIEHUA 3aMKHY-
TOU CXEMBI U KO(PDUIMEHTA YCUICHUSA PA3OMKHYTOU CXEMbI OTKJIUK yMEHBIIACTCS
Ha 3 1B, HEOOXOAUMO BKIIYATL HEOOMBIION MOMYCK. B ONMMCHIBAEMBIM BBIIIE TPU-
JIOKEHUY OMEPAIUOHHBIN YCUIUTET ¢ TPOU3BEIeHNeM KOd(MD(MUIMEHTa YCUTCHUS Ha,
mosiocy npomyckanus, paBabiM 1 MI'm, moxker oxa3aTbCs HEJOCTATOYHO IMIMPOKOIIO-
gocabiM. HeoOxoammo mmeThs 3amac, 3HaYEHHEe KOTOPOr'O [MOJKHO NPEBBHINIATb D —
TOT'Ja MOXKHO O00eCIedYnThb TpebyeMble XapaKTePUCTUKN.

KpuTepuu ycTONIMBOCTHI

Teopus 00paTHOU CBA3U TOBOPUT O TOM, UTO [ CTAOWILHOCTU CUCTEMBI KOd(hQu-
[UEHT YCUJICHUs [ 3aMKHYTOU CXEMBI JOKEH MmepecekaTh KO MUINEHT yCUIeHus
Pa30OMKHYTOU CXEMBL CO CKOPOCTBIO yMeHblueHus, pasaou 6 1B Ha oxraBy (oTkiamk
LIS eAMHUIHOTO 1oatoca). Eeau orkiuk cocrasaser 12 1B na oxraBy (OTKAMK 1
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IBOMHOIO TOMIOCA), TO CUCTEMA, Ha OCHOBE OMEPALMOHHO0 YCUIUTENA Oy 1€ T UCTIBIThI-
BaTh Koaebauus. [ ceOs MOXKHO IPEICTABUTE, YTO KAXK LI U3 IOJICOB 100aB/IIeT
90° x ¢azoBomy casury. s nByX momocos 3To o3HadaeT 180°, a (Ha3oBLIU CABUT
B 180° mpeBpamaer oTpuIaTEIbHYI0 OOPATHYIO CBA3b B HMOJOXKUTEJIBHY — U I[IOJIO-
KUTEILHAA 00paTHAA CBA3L MPUBOAUT K BO3HUKHOBEHUIO KOTCOAHUN.

BosuukaeT BOmpoc — 3aueM MOXKET MOHAI00UTHCA YCUWINTENb, 1Js1 KOTOPOTr'O eIu-
HUYIHOE YCUJICHUE He ABMACTCA cTabuibHbIM. OTBETOM SABIACTCA TO, UTO IS TAHHOIO
YCUJINTENST MOXKHO MOBBICUTH IIOJIOCY IIPOIYCKAHUS 3a CYET TOrO, 9TO €JUHUIHOE
yCWIeHNe He sBasgeTcs cTabuibHbIM. Takoe ycroBume WMHOrAa OOO3HAYAETCS KaK [e-
KOMIIEHCAIIWS, OJHAKO HEOOXOAUMO yIOBJIETBOPUTH KPUTEPUIO I KOd(PUIMEHTA
YCAIEHUSA. JTOT KPUTEPUU YCTAHABIUBACT, ITO KOXPPUIMEHT YCUTCHUA 3AMKHYTOU
CXEMBI OTKEH TepeCceKaTh KOX(PPUIMEHT YCUICHU PA3OMKHY TOU CXEMBI C HAKJIOHOM,
cocrasusomuM 6 1B Ha okTaBy (OTKINMK Msi eAUHUIHOrO mouoca). Ecau sTo ycmo-
BUE HE BBINOJHSETCH, TO CUCTEMA HA OCHOBE TAKOI'O YCUIATEIS OyIeT UCIBITHIBATH
KoJIeOaHUA.

B kadecTBe npumepa Ha puc. 1-11-1-13 mokasanbl rpaduku i1 Ko huimeHTa,
YCAIEHUS PA3OMKHYTOU CXEMBI. JTO TpadUKu 11 TPEX PA3IUIHLIX KOMIOHEHTOB,
KOTOpBIE B IIpUHIUIE OTHOCATCAS K oxuomy tumy: AD847, AD848 u AD849. [Mas
yemaurens AD847 equnuanoe ycuinenue sisercs crabuibabiM. AD848 spasercs cra-
OWIBHBIM Il BHAYEHUU KOX(PDUIMEHTA yeuteHus, npepbiimaiomux 2. AD849 apnsercs
CTAOWIBLHBIM [T 3HAYEHUU KOD(DMUIMEHT, YCUICH, TpeBbimaonmx 10.

100 : 100 Puc. 1-11. Koadpdu-
LS[ A o [UEHT yCUJIEHUsA Pa3o-
= T MKHYTOH CXEMBI IS
gz 80 < 80 AD84T
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3anac ycrouumsoctu no ¢aze (Phase Margin)

OguuM u3 mapamMeTpoB, KOTOPHIE CIOCOOHBI XapaKTePU30BATh CTAOWIBHOCTD, SABJIS-
erca phase margin (3anac ycronausocTu mo dase). [[o106HO aMILIATy IHOU XapaKTe-
PUCTUKE, KOTOPAsA He UCTBITHIBAET MPHOBEHHBIX U3MEHEHUN, (Pa3a, TAKKE M3MEHACTCS
[IOCTEIICHHO, M HaYWHAeTCA u3MeHeHue (ha3pl Ha LEIyI0 IeKaly PaHbIIe, IeM dacTo-
Ta, COOTBETCTBYIOMIAA TOYKE U3I0MA KOXDMUINEHTA yCUTCHUs. 3anac yCTOUIUBOCTA



1-1. DYynKYUY ONEPAYUOHHO20 YCUAUMELL \\7)

o 100 100

= N

= Dtk I RN

2 N

o 80 BunonsapHoe N 80
g = nutaHue +15B, . <

s} = o

arpyska 1 kOm 0

2E 60 2 160 8
O ® \ o 3
® Lg. BunonspHoe nutanune +5 B, \ § =y
50 Harpyska 500 Om \ 5 g
g3 40 —40 5=
5 & \ > o
(Ol \ Lt‘g @
5 i £o
o= 20 20 o2
C =
g2
3 o 0
s
83
g o
® ®©
S5 -20

© 100 1k 10k 100k ™ 10M 100M

Yacrora (')

Puc. 1-12. Kosdpduumenr ycuneHus pasoMKHYTOU cxembl gusi AD848
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Puc. 1-13. Koadpduumenr ycunenus pasoMKHyTOU cxembl gusi AD849

mo dasze mpeacTaBigeT co60u (a3OBLIU CABUT HA YACTOTE €IUHUTHOTO YCUJICHU,
OCTAaBIIUNCA 10 JOCTIXKEeHUsa casura B 180°.

Maublil 3anac (asbl IPOABIAETCA B TOM, YTO B BBEIXOJHOM CHIHAJE IIOSBJISIOT-
¢Sl BEIOPOCEL Ha, 9aCTOTax, OMM3KMX K TOYKE IIepecevdeHus IPAMBIX Kod(p@UImeHTa
yemienus ¢ 3amkayTon OC u pazomxuyron OC (cm. puc. 1-14).

Koo punuenT ycuieHnA 3aMKHYTOM CXeMbI

EcrecrBenno, sra BeawmdMHA OPEACTABIACT COOOU KODMDPUIMEHT yCUICHUS I 3a-
MKHYTOHU CXEMbl — B OTJIAYUE OT KO(PQPUIMEHTA YCUICHUS PA3OMKHYTOU CXEMBI,
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Puc. 1-14. 3anac ycronuusocru 1o dase gz AD8051

KOPa [elb OOPATHOU CBA3U SBAAETCSI PA3OMKHYTOH. JTa BEJIUUMHA OBIBACT IBYX
TUIOB — Ko>(pduuueHT ycuaeHus curuasa (signal gain) u xosddunuent ycurenus
myma (noise gain), UX OCOOEHHOCTY ¥ PA3IUTUASL MEXK 1y HUMU ONUCHLIBAIOTCS HUKE.

Bripaxkenne koadPUIMEHTa YCUICHUA ONEPAIUOHHOTO YCUIUTEII C 3aMKHYTOU
CXEMOU COMEPKUT KOdPPUIUEHT YCUICHUA LI Pa3oMKHyTOU cxembl. Eciu G mpen-
CTABJAET COOOU TEUCTBUTEALHBIN KOd(DpUImenT ycunenus, Ng — KoahPUImesT ycu-
JaeHus myma (cM. HuKe), a Ayor, — KO>(POUIUEHT YCUIeHUs MJIs YCUIUTENs C Pa3o-
MKHYTOH CXEMOU OOPATHOU CBSA3MU, TO IOJIYIaeM CIeAyIOIIee BEIPAKEHHE:

N2 Ne
G =Npn — G = ) 1-9
¢ Ng + Avor AligL +1 (1-9)

W3 51701 pOopMyJIbI MOKHO YBUAETH, YTO KOI'1a KOX(PPUIUEHT YCUICHUA PA3OMKHY TON
CXeMBI IMeeT OYeHb BBLICOKME 3HAYEHUA, ITO OOBIYHO U UMEeT MeCcTO, TO Koa(hduiu-
€HT YCUJICHUA 3aMKHYTOU CXEMBI OyJeT MpEACTaBIATH COO0UN MPOCTO KOI(PDUINEHT
YCUJICHUA IIyMa.

KosppunmeHT ycuaeHus curuaia

OTO KOI(PPUIMEHT yCUIEHUsI, KOTOPBIU NEUCTBYET A BXOAHOT'O CUTHAMIA, TPU 3a-
MKHYTOU cXeMe 0OpaTHOU CBA3U. B pasmere, B KOTOPOM MbI OOCYKJAJU OCHOBHBIE
(DYHKIIUYU yCUIUTENA, TIPU PACCMOTPEHUN UHBEPTUPYIOMIEN U HEMHBEPTUPYIOIIEN CXeM,
MBI B JEUCTBATENLHOCTH PACCMATPUBAIA KOD(MD(MUIMEHT yCUIEHUA CATHALA A 3a-
MKHYTOHU CXeMbl OOpaTHOU cBsa3u. OH MOXKeT ObITh UHBEPTUPYIOMIMM U HEUHBEP-
TupytommM. /|11 MHBEPTUPYIOMEN CXEMBI 3TO 3HAMEHHUE MAXKE MOXKET OBITh MEHBIIE
enuHUIb. IMeHHO KOX(DDUIMEHT YCUICHUA CUTHAIA TPEACTABIACT [ HAC OCHOBHOU
UHTEPEC IPU MPOEKTUPOBAHUN PEATbHBEIX YCTPOUCTR.

KospdunuenT ycunenus cursata njas Kackaga ¢ MHBEPTHUPYIOMIAM yCUIATETIEM
BBIPAXKAETCA CIeqyiomen hopMyJIon:
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Rrs
A= _XB 1-10
Ri (1-10)
a i1 HeMHBEPTUPYIOWET O yCUIATE:
R
A=1+28 (1-11)
Rin

KosdppunumeHT ycuaeHus mryma

KosdduuuenT ycuaeHus myMa OTHOCUTCA K UCTOYHUKY IIyMa, KOTOPBIU IIPEIIOIa-
raeTCst MOAKIIOYEHHBIM IOCIeJ0OBATEIBHO K BXOY OIEPAIMOHHOI0 yeunnTesa. Takxke
5TOT KO PUINEHT YCUICHNUS IPUMEHACTCA K HAIIPsKEeHnIo cMertenus. KoadgunmrenT
YCUIEHUs MIYMa BBIPAYKAECTCSA CAEAYIOMEN (POPMYJION:

A=14+— (1-12)

Rin

Koaddurnmen ycumrenus mryma paBeH KO(P(PUIMEHTY YCUICHWS CUTHAIA [ HEWH-
BEPTHUPYOIICTO YCAIATENA, €ro 3Ha9eHNE OAMHAKOBO KAK [/ MHBEPTUPYIOMETr 0, TaK
7 I HEMHBEPTHUPYIOMErO KaCKala.

Koaddunuent ycmneHns mcnoab3yeTcsa AIA ONpenereHns cTabmibHOCTH. Takxke
2TO KOX(PPUIMEHT YCUICHUs sl 3AMKHYTOU CXEMBI, KOTOPBIU UCIOJAb3YeTCs B JAUa-
rpammax Boge. Taxxke HEOOXOAMMO IIOMHUTBH, 9TO XOTs B YPABHEHUAX NI KO3(D-
punueHTa yCWJICHNS IIyMa HCIOJAb3YIOTCA CONPOTUBICHUA, HA CAMOM Jeae CIeTyeT
UCIONB30BaTh uMmefanc (cum. puc. 1-9).

KosddumnuenT ycuwienunss cxembl

Pasauna mexay xoadduuueHTaMy yCHIeHHA LI 3AMKHYTOM U PA30OMKHYTOM CXEMBbL
HOCHT HasBaHue Kodddurmenra ycurenus cxemsl (loop gain). Dra BeamumHa naer
O€Hb MOJNE3HYI0 MHPOPMAIMIO, TaK KaK OHA KOJUIECTBEHHO OMPEIeNIeT BKIAJ OT-
PUIATEIBLHON OOGPATHON CBA3M, KOTOPAs MOXKET MCIOIb30BATHCA B CXEMe YCUINTEI]
(cM. puc. 1-8).

Hduarpamva Boge

HMuarpamma Boge (Bode plot) npeacrasiser cobou rpadux 3aBucuMOCTH KO2hdU-
IUEeHTa yCUJICHUA IJIA pa3OMKHyTOfI CXEMBI B 3aBUCUMOCTHU OT YaCTOTHL I ,E[BOI?IHOI?I
gorapudmuaeckon mkauasl. Juarpamma Boxe npencrasiser cobon onue u3 Haubo-
JIe€ BaXKHBIX MHCTPYMEHTOB, KOTOPBIA [O3BOJAET OLPENENNTh, MOAXOIUT I JAHHBIN
OTIEPAIIMOHHBIN YCUIUTENb [ JAHHOTO MPUIOKEHUS.

Ecau Bo1 oTO6pasute Ha rpaduxke Boge xoaddunmeHT ycunreHus A1 Pa3OMKHY-
TOU CXEeMbI U KOD(PMUIMEHT YCUICHUS IIyMa, TO TOYKA, B KOTOPOU MEPECEKAIOTCS
IBa ATUX rpaduka, OyaeT OnpeaeaiTh MAKCUMAIbHYIO MOJIOCY MPOINYCKAHUAS IS CHU-
CTEMBI C UCIOJAb30BAHUEM TAHHOI'O YCHIUTENS C 3aMKHYTOU LENbI0 00PATHON CBA3H.
OG6BIMHO 5TO 3HaYeHHE OTOOpaXKaeTcs Kak dacrora s3aMkHyTon cxembl (Fer). Ilo-
MHUTE, 9TO Ha CAMOM [I€Ie B TOUKE MEePECEeIeHUs PEATLHBIN OTKINK OyaeT Ha 3 1b
MEHBIIIEC. ﬂﬂﬂ TaCTOT Ha OOHY OKTAaBY BBIIIEC U HUXKE TaCTOTHI FCL pa3HUIla MEXIYy
ACUMIOTOTUYECKAM OTKIMKOM U NEeUCTBUTEILHLIM OTKINKOM OymeT Menee dem 1 1B
(puc. 1-15).
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€
[uarpamma Bome Taxxe mose3na mpu ompeneneHun crabunbaocTu. Kak yxe ro-
BOPUWJIOCH BHILIE, eI KO3X(DMUIMEHT yCUIeHUs A1 3aMKHY TOU cxeMbl (Koadduuuent
YCWIEHUs IIyMa) IIepeceKkaeT KOX(P(MULUEHT YCUICHUS AJI1 PA3OMKHYTOU CXEMBL IIOJ
HAKJIOHOM, npesbiuaiommM 6 1B ma okraBy (20 1B Ha okraBy), TO ycuiurenb MOxeT
ABAATHCA HEYCTOMYIUBBIM (B 3aBUCUMOCTH OT 3aIaca yCTOMYuBOCTH 1O (ase, phase
margin).
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Puc. 1-15. ACMMIOTOTAYECKUN OTKIUK

Mopgens ¢ o6paTHOu cBa3bio o ToKy (CFB)

CyIecTByeT OnpeIeJeHHbIN TUI YCATUTEIEN, KOTOPHIUT 001a1a€T HECKOIbKUMU TIPe-
UMYLIECTBAMU [EPe] CTAHIAPTHBIMEU YCUIUTEMAMUA C OOPATHOU CBA3BIO MO HAIPSI-
JKEHUIO TIPU UCIOJb30BAHUU HA BHICOKUX dacTOTax. OHU HOCAT HA3BAHUE YCUINTEJIEN
¢ o6parrou cBa3bio 10 ToKy (CFB) miu xe uHOr 1a ux HA3BIBAIOT TPAHCUMIIEIAHCHbI-
MU YyCATUTEMAME. 31eCh BO3MOXKHA HEKOTOPAS My TAHUIIA, TAK KAaK ITPeodpa3oBaTe N
Toka B Hanpskerue (I/V), 00BIMHO UCHOAB3yeMble B IPUIOKEHUAX Ha OCHOBE (POTO 1~
0II0B, TAKXKE HA3BIBAIOTCSA TPAHCUMIIEAHCHBIMY yeuanTeaamu. CxemMa nCrnoab30BaA IS
OIEPAIMOHHBIX YCUIATEIEN ¢ OOPATHOU CBA3BIO IO TOKY CXOXKa CO CXEMOU HMCIIOJIb-
30BAHUA CTAHIAPTHBIX YCUIUTEAEH ¢ OODATHOW CBA3BIO IO HAIPSIKEHUIO, OIHAKO
CYIIECTBYET HECKOIBKO KIYEBLIX PABIUIUN.

CxeMa yCuInTess ¢ 0OpATHOU CBA3BIO IO TOKY OTINYIAETCA OT YCIINTEIA C 0OpaT-
HOU CBA3BIO MO HANPAKEHWIO MO CTPYKTYPE BXOMHLIX IEMer. XOTA MBI U CTAPAEMCS
HE PACCMATPUBATHL BHY TPDEHHEE YCTPOUCTBO OMEPANMOHHOIO YCUIATEN, O THAKO 31eCh
MOXKEeT IOMOYb npocTas guarpaMma (cum. pucl-16). Ise 5Ty cXeMBl TaKKe OTINIAI0T-
€S IO MEXaHW3MYy OOPATHOU CBA3U, OTCIONA U mpoucxoauT HazBauue. OIHAKO 31€CH
MBI He OyaeM HOAPOOHO pacCMAaTPUBATL DTOT MeXaHu3M. B OOJBIIMHCTBE CIydaeB
JOCTATOYHO YYECTh COOTBETCTBYIOUINE PA3AUYUUAA U CIEJOBATH COOTBETCTBYIOIINM
OrPAHUYEHUAM, U TOTIA MOXKHO CIATATH, YTO B OCHOBHOM [IBA TUIIA YCUIUTEJEU Pa-
60TalT OAMHAKOBO. YPaBHEHUE NI KO3(P(DUIMEHTa yCUICHNUS BEIMVILIUT aHAJOIMTHO
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YPABHEHWIO I YCUJIUTENS ¢ OOPATHOW CBA3BIO MO HAMPMKEHUIO, 33 UCKIIOYCHUEM
BaXXKHBIX OIDAHUYEHUN, KOTOPLIE MBI PACCMOTPUM B CJIEIYIOMIEM Da3iele.

Oramame oT ycmwiuTeas ¢ o6paTHOU cBa3bio 1o Hanpskeauio (VEB)

OHUM W3 OCHOBHBIX OTJIUYWN YCUIATENEH ¢ OOPATHOU CBA3BIO MO TOKY OT yCUIATE-
Jel ¢ OOPATHOU CBA3BIO MO HANPAXKEHUIO ABJIAETCA TO, ITO I HAX HE CYIIECTBYET
TAKOU XapaKTEePUCTUKM, KAK IPOU3BEeNeHIe KO2(D(PUIMEHTA YCUICHNA Ha MOJOCY IPO-
OyCKaHuA. XOTA IMOA0CA TPOILYCKAHUA U3MEHACTCA B 3aBUCUMOCTH OT KO>((PUINEHTA,
YCUJICHUSA, €€ M3MEHEHNEe CIIBHO OTIMYAeTCA OT 3HadeHusa B 6 1B Ha OKTaBy, KOTO-
PO€ CBOUCTBEHHO YCWINTEIAM ¢ OOPATHOU CBA3bIO MO Hanpsxkenuto (puc. 1-17). Tak-
K€ OCHOBHBIM OT'PAHWYEHUEM SBIACTCA TO, ITO COMPOTUBICHUE PE3UCTOPOB B CXEME
06pAaTHON CBA3U ONpENeJIAeT MOJIOCY IIPOMYCKAHUA, TAK KAK DTH PE3UCTOPHL pabo-
TAIOT COBMECTHO C BHYTPEHHUMHU KOHICHCATOPAME OMEPAIMOHHOrO ycuauTend. i
KaxKJOTO OMEPAIMOHHOIO YCUIMTEIA ¢ OOPATHOU CBA3BIO II0 TOKY MPUBOMATCA pe-
KOMEHIYEMBIE COMPOTUBICHUA M PE3UCTOPOB, MCIOML3YEMBIX B CXeMe OOpaTHON
CBA3M, KOTOPBIE TO3BOMAIOT OGECIEINTh MAKCUMATBLHYIO TOJOCY TIPOIyCKaHUA. Ec-
JIM YBEJIMIMBATH COMPOTUBICHUE PE3UCTOPOB, TO IOJ0CA MPOILYCKAHUA yMEHBIIACTCA.
Ecin mcnoms3oBaTh pesucTOPEl ¢ MEHBIIMM COMPOTHUBICHUEM, TO CXeMa Ha OCHOBE
TAKOrO yCUJIMTEAA MOKET TE€PATH YCTOMIUBOCTD. 110M00HOE ONTUMAIBHOE CONPOTH-
BJICHWE PE3UCTOPA BAPBUPYETCA NI PA3TAIHBEIX yCJIOBUM TpuUMeHeHWs. Hampumep,
2TO 3HaYeHUe OyIeT W3MEHATHCA IS MAKPOCXEM C PA3IAIHBIMU KOPITYCAMW, HAIIPHU-
mep, SOIC u DIP (cum. puc. 1-18).

Vin O—— + Ve O +
T N —T(s)i
v —0 Vour i —O Vour

ZAGs) v T(s)
i Ro

. ,—’ -

R2 Ry

R
<L T T(s) = koathhLMEHT ycureHus Ans CXembl

C Pa3oOMKHYTbIM KOHTYPOM 0BpaTHON CBSI3U
(ANs TpaHcMMNeZaHCHOTO ycunuTens)

1A(s) = KO3hDULIMEHT YCUNEHUS A1 CXEMb
C Pa3oOMKHYTbIM KOHTYPOM 06paTHO CBSI3N

Vout = A(s)*v Vour = ~T(s)i

Puc. 1-16. Ycuaurens ¢ obpaTHou cBa3bio no Hanpsxkenuio (VFB) u ycuwrurens

¢ o6parHou cBa3pio mo Toky (CFB)

Kpowme 5Toro, ycmmmrens ¢ 06paTHOU CBA3BIO MO TOKY 00S3aH CONEPKATEH KOH IeH-
caTop B nenu 06paTHON CBa3u. baarogapsa KOHIEHCATOPY IPU IMOBLINIEHUN IACTOTHI
YMEHBIIAETCA MMIENAHC HEMu OOPATHOU CBA3M, ITO BBI3BIBAET KOJCOAHUA B CXEME
yemaurens. [1o »Ton ke npuanHe HeoOX0[uMO n30eraTh BOSHUKHOBEHUS Mapa3UuTHOU
eMKOCTY y UHBEPTUPYIOIIErO BXOIa OMEPAINOHHOTO YCUMIUTEIA.

OO6BIYHON OMUOKOU MPU UCIOJB3OBAHUU ONEPAIMOHHOIO YCUIUTENA ¢ OOPATHOU
CBA3BLIO MO0 TOKY ABJIAETCA HEMOCPENCTBEHHOE COENUHEHNE WHBEPTUPYIOUErO BXOAA
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C BBIXOJOM YCHJIUTEJs C [EIBIO MOMYYIUTH HOBTOPUTENb HAMPAKEHUS C eIMHUIHBIM
koa(dunmenTom ycuienus (Oydep). B mogobuon cxeme Oy ayT BO3HUKATH KOIEOAHUS.
OueBUIHO, YTO B DTOM CIy4Yae CONPOTUBICHUE PE3UCTOPA B CXeMe OOPATHOU CBA3U
MEHBIIE, YeM PEKOMEHIOBaHHOe 3HadeHue. CxeMa OyqerT yCTOUIUBOU B TOM CJAydae,
€CJI BMECTO HEMOCPEACTBEHHOrO COSAUHEHNUs B e OOPATHON CBA3U Oy AeT MCIOTb-
30BaTHCSA PESUCTOP C MPABWIBHBIM 3HAYEHUEM COMPOTUBICHUS.

A Puc. 1-17.

YacToTHAasA XapaKTEPUCTUKA
ycuauTess ¢ 0OPaTHOU CBA3BIO
10 TOKY

--------------------- G1xfFG2xf,

»

KoadhduumeHt ycunenus (gb)

fi f \ log f

* OnTumarnbHble XapakTepucTtukn aocturatoTca npu
ncnonb3oBaHuK B Lenu 06paTHOl7I CBA3N pe3ncTopa
C onpeaeneHHblIM ConpoTUBNeHNeEM.
Ecnn ato conpoTuBneHne yeBenmny4nBaeTcsd, TO YyMeHbLUaeTCA
nonoca nponyckaHua, ymeHbLleHne ConpoTuBrieHna
pe3ncTopa MoXeT NpuBoAUTb K HeyCTOVNVIBOCTVI CXeMbl.

* Mpu dukcMpoBaHHOM CONPOTUBNEHUN PE3MCTOpa,
MCMNOMb3yemoro B Lienu o6paTHOM CBA3W, U3MEeHeHne KoadpduLmeHTa
YCUINEHNS MPaKTUYECKN HEe BMUSIET Ha MOMOCY NPOMyCKaHUs.

» [ing ycunutener ¢ obpaTHON CBA3bIO MO TOKY He CyLLEeCTBYET Takoro
NOHATUA, KaK Npon3BeAeHne KoapduureHTa ycuneHus Ha nonocy
nponycKaHus.

[pyruM pasamaueM MexXIy YCHIATENIEM C OOPATHOU CBA3BIO IO TOKY U yCUINTE-
JeM ¢ 0OpaTHOU CBA3BIO 110 HAIPSKEHUIO ABAAETCA TO, 9TO MHBEPTUPYIOMIUNA BXOJ
YCHIUTESA ¢ OOPATHOUW CBA3BIO MO TOKY OOMATAeT HU3KUM UMIIEIAHCOM. TUNHIHBI-
Mu 3uadeHuaMu ABAAOTCI 50-100 Om. Takum 006pas3om, OTCYyTCTByeT OAJAHC MEXK-
Iy BXOJaMU, KOTOPBIM CYIIECTBYET MEXIY BXOTAMU YCHIUTEIA C OOPATHOU CBA3BIO
II0 HAIIPAXKEHUIO.

Tonosorus ¢ 06paTHOU CBA3BIO IO TOKY TAKXKE Y/IY4IIaeT XapaKTePUCTUKMN 10 OT-
HOIIIEHNI K CKOPOCTHU HAPACTAHUA HAIPAXKEHUA. TOK, KOTOpBIﬁ UCIOJIB3YyeTCsAa MJIs
3apAIKA BHYTPEHHEO KOMIIEHCUPYIOIIErO KOHIEHCATOPA, N3MEHAETCsI CO BpEMEHeM,
a HE O'DaHU'ICH KaKNM-TO (I)I/IKCI/IpOBaHHBIM 3HAQUYECHNEM, KaK 1aCTO OBIBAET opu uc-
[IOJb30BAHUU TOIOJOIMKA ¢ OOPATHOU CBA3BLIO IO HAIpPsKeHuio. Ilpu crymendarom
BXOODHOM CHUI'HaJI€ WX B YC/IOBHUAX IEPErPY3KU 3HAYICHUE TOKa YBEINYINBACTCA (cur—
rent-on-demand: Tok 1o 3anpocy), moka ze OyIeT yCTPAHEHO COCTOSHUE IIePErPy3KHU.
OOBIYHBIN YCUAUTEIb ¢ OOPATHOU CBA3BIO MO MTOCTOAHHOMY TOKY HE UMEET OT'PaHmIe-
HUA 110 CKOPOCTU HAPACTAHUA HAIIPAXKECHUI. Or‘paHquHm{ BO3HUKAIOT OT BHYTPDEHHUX
IIapa3suTHBIX eMKOCTefI U 0JisA YMEHBUICHUA UX BAUAHUSA IIPEAIIPDUHNUMATCA MHOI'OYIN-
CJICHHBIEC YCUJINA.
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Codveranue 601€€ BEICOKOU TIOJIOCH TIPOMYCKAHNAA U 6OJee BEICOKOU CKOPOCTY Ha-
PACTAHUsA TO3BOET YCTPOUCTBAM ¢ OOPATHOU CBI3BIO IO TOKY O0ECIeInBATEH HU3KIE
UCKAXKEHUS U IPU DTOM OTJIAYATHCA H0Iee HU3KUM TOTPEOICHIEM.

UckaxkeHus s yCUIATENs ONPEIEIAIOTCA UCXOS U3 UCKAKEHUN YCUINTES IPU
paboTe B cXeMe ¢ Pa3OMKHYTOU IENbI0 OOPATHON CBA3M U KOS(P(MUIUEHTOM yCUICHUS
ey mpu pabdoTe B CXeMe ¢ 3aMKHYTOU Iemblo 00paTHOU CBia3u. baaromaps cumme-
TPUU BHY TPEHHEH TOIOJIOrMK IpU paboTe B CXeMe C Pa30OMKHYTON 0OPATHOU CBA3LIO
YCUIUTENIb ¢ OOPATHOU CBA3BIO [0 TOKY OOECIeYMBAECT MAJLI YPOBEHb UCKAKEHUMU.
Bropeiv BaxkHBIM (HAKTOPOM, KOTOPBIA OMPEIEIIET YPOBEHb MCKAKEHUU, ABIAETCS
CKOPOCTb. B GOMBIIMHCTBE U3 UCTOMB3YEMBIX KOH(MUTYPAIUA YCUIUTETh ¢ OOPATHON
CBA3BIO TI0 TOKY 00.1a1aeT GOMBIIEH MOJIOCOU TIPOITYCKAHUS 110 CPABHEHUIO C YCUIUTE-
JeM ¢ OOpPATHOU CBS3bIO0 [0 HANPSKEHWI0. TakuMm 00pa3oM, IPU 3aJAHHOU YACTOTE
curaajga Oosee ObIcTpas MUKpocxeMma OyaeT mMeTh OoJiee BBICOKOE 3HAadeHUe KOd(]-
(punmenTa ycuiaeHus Henyu u, TAaKuUM 00pa3oM, oOeclednBaeT 0oJee HU3KUU YPOBEHb
UCKAXKEHU.

AD8001AN (PDIP) AD8001AR (SOICP) ADB8001ART (SOT-23-5)
Koaddpuument ycunenus Koadcpuument ycunenuns KoadpuumenT ycunenus
feOHIV;HO' —1|+1|+2|+10|+100| —1 | +1|+2|+10|+100| —1 | +1 | +2|+10|+100

Ry (Om) | 649 |1050| 750 | 470 | 1000 | 604 | 953 | 681 | 470 | 1000 | 845 |1000| 768 | 470 | 1000
Rg (Om) | 649 750 | 51 10 | 604 681 | 51 10 | 845 768 | 51 10
Ro

(Homm-
HanbHoe |49,9(149,9(49,9|49,9| 49,9 (49,9(49,9/149,9| 49,9 | 49,9 {49,9(49,9(49,9| 49,9
3HaueHue,

Om)
Rg (Om) 0 0 0
Rr
(Homm-
HanbHoe |54,9(49,9(49,9|49,9| 49,9 |54,9149,9(49,9|49,9| 49,9 |54,9(49,9|49,9|49,9| 49,9
3HaveHue,
Om)
Monoca
nponycka-
HUs ans
Manbix
CUrHanos.,
MTy
Monoca

C Hepag-
HOMEp-
HOCTbIO

8 0,1 nb,
MTy

340 | 880 | 460 | 260 | 20 |370|170|440| 260 | 20 |240|795|380| 260 | 20

105| 70 | 105 130|100 | 120 110|300 | 145

Puc. 1-18. 3aBuCUMOCTDH OT THIIA KOPIIYCA [JIA ONTUMAJIBLHOI'O COIPOTHUBIEHUA PE3UCTOPA B IENU

obparrou (ra nmpuvepe AD8001) cesasm
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Bri60op MexX Ay yCHINTEIAMEI ¢ 06pPAaTHOM CBA3BLIO MO TOKY M HAIPSXKEHHUIO

Yeunmurenu ¢ 06paTHOU CBA3BIO MO TOKY U YCUJIUTEIN ¢ OOPATHON CBA3LIO TI0 HATIPAKE-
HUIO IMEIOT COOCTBEHHBIE IPEAIOUTUTENbHLIE 0OJACTH IpuMeHeHus. B 6oabmacTBe
MPWIOKEHUN TOCTATOYHO CJIOKHO MOKA3AThH, B YeM MPEUMYIIECTBa OT UCIOIB30Ba-
HUsl EPBOr0 Wiy BTOPOro Tuma ycuaurenen. COBpEMEHHbIE YCUIUTEMN ¢ OOPATHOU
CBS3BIO II0 TOKY U HAIPSKEHUI 00/IaTal0T COMOCTABUMBIMU TEXHUIECKIMU XapPaK-
TEPUCTUKAMU, OTHAKO CYLIECTBYIOT OIPEIETCHHBIE YHUKATHLHBIE OCOOEHHOCTH, CBS-
3aHHBIE C PA3JIUIUAMEA B TOMOJOIUN KAXKIOT'0 U3 DTUX TUMOB YCUIUTEICH. Y CATUTEIN
¢ 0OpaTHOU CBA3BIO MO HATIPAKEHUIO 00ECIeInBa0T CBOOOLY BEIOOpA Pe3ucTopa (uim
UMIIEJAHCA) B LEHM OOPATHOU CBSI3U, [IPU DTOM IIPUXOAUTCS KEPTBOBATH IIOJOCOU
[MPOINYCKAHUSA C HEJIbI0 yBeAnIeHns KO3 OUIUEHTa yCUICHU. Y CWIATEAN ¢ OOPATHON
CBS3BIO 10 TOKY 00eCnedrnBaoT MINPOKYIO [IOIOCY IIPOIYyCKAHUS B IMUPOKOM JMAIa30-
HE U3MEHEHUs 3HATCHUN KOX(PPUITMEHTA YCUTCHUS, O THAKO DU 3TOM OT'DAHUTUBACTCS
BBEIOOD MMIIETAHCA e OOPATHOU CBA3M.

Hrak, B o0meM ciydae yCHIATegun ¢ 0OpaTHOU CBA3LIO 110 HAIIPSXKEHUIO obecre-
YUBAOT:

e 0OJICE HU3KUU YPOBEHB IIIYMOB
o JIyUIINE XaPAKTEPUCTUKU MO MOCTOAHHOMY TOKY
e BO3MOXKHOCTB CBOOOIHOI'O BHIOOPa KOMIIOHEHTOB B LEIU OOPATHOU CBA3M

TOrJa KaK YCUIATEIN ¢ OOPATHOU CBA3BIO IO TOKY OOMATAI0T CACIVIOUINME OCOOEH-
HOCTAMU:

e 60/I€€ BBICOKAsl CKOPOCTH HAPACTAHUSA HAIIPSIKEHUS
e 00OJI€E HU3KUU YPOBEHb NCKAYKEHUN
e OI'DAHUYEHNS B BHIOOPE KOMIIOHEHTOB B NN OOPATHOU CBA3M.

Hanpﬂx(eHHe IINTAaHUA

TpaguuuoHHO AJIsi MATAHUA OMEPAIMOHHBIX YCUINTEIEU UCIOAb30BAIOCH HAIPSKECHIE
nurausa +15 B. [uanazod Hanps:keHUH BXOTHOIO M BBIXOAHOI'O CUIHAJA COCTa-
Bas1 £10 B. Oanako crporux TpeGOBAHUN K DTUM HAIPSIKEHUIM HE CYIIECTBOBAJIO.
OOBIYHO MaKCUMAJIBLHOE HATPAKEHUE MUTAHUA cOCTaBmaio +18 B. Hwkuun npegen
ompeaesseTcsa 0COOEHHOCTSAMHU BHYTPEHHUX CTPYKTYp. MoxHO paboTaTh B AmMala-
30He, oTanmdaoIeMcsa Ha 1,5 B win 2 B 0T HanpsxkeHus Kaxk oW W3 [IVH MUTAHUS,
TakuM OOpPa30M MOXKHO KCIIOAB30BATh muTanume 10 +8 B u mpu sToMm obecrnednThb
NOCTATOYHBIM IUHAMUYCCKAN IUAIIA30H.

OnHako B mocCjaeqHee BPEMs CYIIECTBYET TEHICHIWSA K CHUKEHUIO HADIKEHUs
nuTaHud. /11 5TOro cymecTByeT HeCKOIbKO MPUYNH.

Bo-nepBBIX, BEICOKOCKOPOCTHBIE CXEMBI OOBITHO MCIOIB3YIOT AOCTATOYHO HU3KO-
BOJIbTHBLIN QUANA30H CUrHaJIOB. OCHOBHOUM NPUYMHOU /I DTOrO ABJIAETCSA CIOCOO-
HOCTH YCUIATE/ISI MICHOBEHHO PearupoBaTh HA OOJIbINNE U3MEHEeHUs HanpsukeHus. Bee
ycuiurenu o01afa0T ONpPefeIeHHBIM OrPAHNYEeHNEeM HA CKOPOCTDH M3MEHEHUs HAIPsi-
JKEHUsA, KOTOPOE BBIPAKAETCA KaK KOINIECTBO BOJABLT HA MUKPOCceKyHay. UTak, B cay-
“Ya€ TMOCTOAHCTBRA BCEX TIPOYUX YCJIOBUY, [JIs YBEJIUICHUA CKOPOCTU HEOOXO IUMO YMEHb-
ATH IUANA30H W3MEHEHWs HanpskeHus. [[pyrou OpUYUHOU SBIAETCS HEOOXOIU-
MOCTBb OPPAHUYUATDH BIAUAHUE MAPAZUTHOU €MKOCTH [ JAHHOU CXEMbI, IJs DTOIO
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H606XO,ELI/IMO YMEHBIIIUTH UX YPOBHU HUMIEIaHCA. CHI/I)KeHI/Ie UMII€JaHCa IIOBBIIIACT
TpeOOBaHUA K BBIXOJHOMY KACKAIy U BO3MOXKHOCTAM KOPIYCA YCUJIUTEIS IO pPacce-
AHUIO DHepruu. bojee HUBKUYU NMANA30H U3MEHEHWUS HAIPSKEHUs yMEHBIIAeT Tpe-
OOBaHUA K TOKY IUTAHUA, OMarogaps IeMy yMEHBbIIAeTCS AUCCUTAINA SHEPIUU I
TAHHOT'O KOPIIYCA.

Bropou mpuduHOU ABIAETCSA TO, YTO MPHU YBEIMIEHUU CKOPOCTU KOMIIOHEHTOB,
BXOJAIMNUX B COCTAB YCWINTENA, HEM30EKHO YMEHBIIAIOTCA MeOMETPUIECKHE Pa3Me-
PBI 5TUX KOMIIOHEHTOB. YMeHbH_IeHI/Ie reoMeTpuIeCKuX pa3dMepOB O3Ha1aeT CHUXKECHNE
HAIPMKEHUSA TPOOOs IJIA dTUX KOMIIOHEHTOB. Tak Kak HAIPKEHWsI MpobOos yMeHb-
oIaloTCA, TO CjeayeT YMEHbIIATh HAIIPDAXKEHUs IIUTAHWUA. ﬂ;JI}I COBPEMEHHBIX BBICO-
KOCKOPOCTHBIX OII€PAIMOHHBIX yCPIJIPITeJIeﬁ TUIINYTHOE 3HAYICHUE HAIIPDAXKEHUI Hp060f{
cocTtaBaaeT +7 B, TakuMm 06pa3oM, HEOOXOINMO YMEHBINATH HANPIKEHUA TUTAHUA
1o £5 B (u maxe Huxe).

B HEKOTOPBIX CJIyYasdax HQOGXO,E[I/IMOCTB HCIIOJB30BAHUA IIOHMKEHHOI'O HAIIPSAXKE-
HUs IATAHUS CBA3aHA C PAO0TON 0T aKKyMy.1aT0pOoB (6arapeek). [lonmkennoe nanps-
KCHHUE [INTAHUs COKPaIlaeT KOJMNIECTBO UCIIONB3YEMBIX aKKYMYJ/JAATOPOB U IIO3BOJAECT
YMEHBIIIUTH Pa3Mep, BEC U CTOMMOCTH KOHEIHOTO YCTPOUCTRA.

B 10 xe Bpems cymecTByeT TEHIEHIUA KO BCe OoJee MUPOKOMY UCIOJB30BAHUIO
OMHOIIOJAPHBIX UCTOTYHUKOB ITUTAHNUA. BwmecTo ucnoassoBanmsa TPpaJUINOHHBIX IIINH
C IOJOXKUTEJIBHBIM U OTPULATEJIBHBIM HAIIPDAXKEHUEM NMUTAHUA ONEPAIUOHHBIC YCUIN-
TEJIN MCIOJAB3YIOT €IMHCTBEHHYIO IIMHY C IIOJOXHUTEJIbHBIM HAIIPSIXKEHUNEM IINTAHUA
U 3EMJII0O — B 3TOM CiIyvae 3€MJId UI'DACT POJb HIMHBL [IMTAHUA C OTPULIATE/IbHBIM
HaIPAXEHNEM.

UcnoaszoBauue OTHOIIOJJIAPDHOI'O IINTaHUA

Bo BHyTpeHHEN cxeme OmeparuoHHOrO YCUIUTENA HUYTO He TpeOyeT UCIOIb30Ba-
Hus 3emiu. Ha camMoM mese, BMECTO MCHONB30BAHMS OUIIOWSIPHOIO HUTAHUA (+ 1 —)
c HanpszkerwsaMu +15B BB MOxeTe uCronbp30BaTh O THOIOJIAPHOE IUTAHKE C HAIIPSIKE-
aueMm +30 B (upu sToM 3emis paccMaTpUBaeTCs B KAUECTBE IIUHBL IUTAHUA C OTPH-
[HATEIbHBIM HanpsKeHneM). HeoOX0AuMO TONBKO MPABUILHO BHIIOJHUTH CMEIICHUE
IUIA OCTAJTBLHOU YaCTU CXEMBI, YTOOBI CUTHAJ OCTABAICA B MPEIEJaX TOMYCTUMOTO
IUana3ona CUH(pAZHOTO HANPIKEHUA [ ONEPAIMOHHOrO yCUauTe . MoXHO monTu
U Jajblile U UCIOIb30BaTh Hanpsukenue nuranus —30 B (upu sTom 3emus BeicTymaeT
B BU/E LIVHBL IATAHUS C IOJOKUTEIbHBIM HAIIPSKEHUEM ).

IIpr mcnonp3oBaHMM OLHONOSIPHOIO HUTAHUS U [TOHWKEHHOI'O HAIPSKEHUs IIU-
TAQHUS BBI JIEMKO MOXKETE CTOJKHYTBCA C OIpeneleHHbIMU mpobaemamvu. Cranmapt-
Has TOMOJOTHUSA OMEPAINOHHBIX YCUIUTENEN WUCIOML3YeT NudPEpeHIragbHy0 mapy
NPN-rpausuctopos (cMm. puc. 1-19) 111 BXOZHOTO KacKala U DMUTTEPHLIE TTIOBTOPU-
reau (cM. puc. 1-22) 11 BBIXOIHBIX KACKAAO0B. [Py HCIONIB30BAHUM TAKUM CXEM BB
HE NOJIYy9UTe BO3MOXKHOCTB paboTH «rail-to-raily (korga amanaszon curaama cooTBerT-
CTBYeT AUANA30HY MEXKIy HAIPSIKEHWIMU LIWH MATAHUA). ITOOBL IOLYIUTh TaKyIO
BO3MOXKHOCTB, B CXeMbI HEOOXOAMMO BHECTHU OIPEIETCHHBIE N3MEHEHU.

IlepBbIM W3 TaKUX U3MEHEHUN ABIACTCA UCTIOMB30BaHue auddepernuansHoro PNP-
Bxogxa (puc. 1-20). OgHuM U3 TEPBBIX IPUMEPOB UCIOJIB30BAHUA TAKOU KOH(MUIYpPa-
nuu siBasercs LM324. [loxobuas koH(UIypanus nO3BOILET BXOIHOMY CATCHALY IPU-
6IMKATHCS K HAIPSKEHUIO MIUHBL IUTAHUS C OTPULATENbHBIM HAIDKEeHIeM (3eMiist).
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IIpu 5TOM curHaI He CIOCOGEH MPUOIUIUTHCA K HANPAKEHUIO MOMOKUTEILHON IITMHEI
nuranusa. QqHAKO B OOJBIIUHCTBE CUCTEM, OCOOEHHO B CHCTEMAX CO CMEMIAHHBIMU
curnataMu (KOTOpble B OOJIBLIIMHCTBE SABIAIOTC HU(MPOBLIME), DTOI0 HEIOCTATOTHO.
Kpowme Toro, eciz paccMarpuBaTh TOYHOCTH, TO B 3TOM OTHOIIEeHuu 324 He OT/IMIa-
€TCsI BBIIAIOIIAMUCA XaPAKTEPUCTUKAMY B DTOM OTHOIICHUHN.

Nrak, xoudurypamnusa Bxoaa ¢ ucnonb3zoBanreM NPN He mo3BojseT TOCTUYL HA-
npskenusn 3eman. Koudpurypamusa Bxoga ¢ ucnonb3oBauuem PNP we mossomser mo-
CTUYb HANPSKEHUs MOMOKUATENbHON MIMHBL nuTanusd. Urak, caegyromas Moauduka-
uus OyAeT UCIONb30BATH JBOMHOU BXO[, B 3TOM ciydae nudepeHnragbHas mapa
ua ocuoBe NPN ob6benunserca ¢ guddepennuaisaon napou Ha ocuHose PNP (M.
puc. 1-21). B Goabluen 9acTu Iuana3oHa W3MEHEHUSA CUH(MAZHOT'O BXOTHOI'O HAMPI-
XKeHusa paboTaoT 00a BXOMHBIX KACKAAd, OMHAKO MPU MPUOIMKEHUN HAIPSIKEHUS
BXOIHOI'O CUIHAJIA K OJHOUW W3 IIMH MUTAHUSA OJUH U3 KACKAIOB OTKJIIOYaeTcs. [lpu
sroM NPN-kacka g obecrnednBaeT BO3MOKHOCTD IPUOIU3UTHCS K IOJOKATETLHON III1-
ue muranus, a NPN-kackanq — k muHe ¢ OTPUIATEIHEHBIM HAIPAKEHIEM TATAHU.

Heo6xoquMo 3aMeTUTh, 9TO XapaKTEPUCTUKY OMEPAUOHHOIO YCUIUTELA (KOTO-
pBIE B OCHOBHOM 3aBUCAT OT BXOIHOU CTPYKTYPBI — HAIPUMEDP, TOKA CMEIICHIUA)
OyIyT M3MEHATHCA B 3ABUCUMOCTU OT CAH(A3ZHOI'O HAIPSKEHUs, KOTOPOe II0AAeTCs
Ha BxOma. TOK CMEIeHus 1aKe n3MeHsAeT Hampapienue npu nepekitiodennn NPN-Bxo-
ne ua PNP-Bxoz.

+Vg

Vin
O;

_VS

Puc. 1-19. CrangapTaei BxogHon Kacka g (qud- Puc. 1-20. BxogHou kackajg Ha OCHO-
(dbepernmanbHas napa) Be PNP

[pyroe oriumdme OTHOCUTCA K BBIXOTHOMY KacKany. OOBLITHBIN BBIXOHOU KACKAI
UCIOB3YeT KOMILIAMEHTAPHBIN SMUTTEPHBIN HOBTOPUTEIb (¢ OOLMM KOJLIEKTOPOM),
OH OOBIYHO 3aMEHSeTCs Ha CXeMy ¢ 001muM aMurTepoM (cM. puc. 1-22). 1o nozsouaser
BBIXOJHOMY CHATHAJIY NOCTUIATh HANDSKEHUs IINMH IUTAHUA. 1OYHO yPOBEHDb HAIPSI-
JKEHUsA YCTAHABIUBAETCA HANPAKEHUEM V(Esat BBIXOIHBIX TPAH3UCTOPOB, B CBOIO
ovepeb, YPOBEHDb DTOr0 HANPIXKEHUA ONPEIeNAeTCs 3HAMEHUAMU BBIXOTHBIX TOKOB.
EauaCcTBeHHBIM CYIIECTBEHHBIM HEIOCTATKOM TAKOI'O PELIEHUs SBISETCA TO, ITO BEI-
XOQHOU UMIIEJAHC CXEMBI ¢ OOMIMM DMUTTEPOM MPEBLIMACT BXOMHOU UMIIEJAHC CXEMbI
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¢ O0IIMM KOJLIEKTOPOM. B OONBIIMHCTBE CIyIaeB 2TO HE UMeeT OOIBIIOro 3HAUYCHU,
TaK KaK OTPULATEIbHAA OOpPaTHAA CBA3bL CHUKAET BLIXOJIHOU MMIIEIAHC IIPOIOPIIMO-
HAJIBHO 3HaYeHUIO0 KoddduumenTa ycuierus cxeMmsl (loop gain). Oguako sToT sdpdext
HEOOXOIUMO YUUTHIBATDH IIPU YMEHBIIEHNN KOD(PPUIMEHTA YCUICHUS CXeMbl, TaK KaK
0osee BRICOKOE 3HAYEHUE BBIXOJHOI'O MMIIEIAHCA IPUBOAUT K IMOBBIIMIEHUIO TYBCTBU-
TEILHOCTY MO OTHOIICHUIO K (D )eKTaM, CBAZAHHBIM C €MKOCTHOU HATPY3KOU.

Puc. 1-21. CocTaBHON BXOAHOU KaCKa,l +Vg

O
_VS
Puc. 1-22. Beixoguble KacKa/bl: CTaH- OMUTTEPHbIN Cxema ¢ obLmm
napTHasA KOHOUIYpaIus C 3MUTTEPHBIM NnoBTOPUTENb AMUTTEPOM
HOBTOpI/ITeJIeM n OﬁIJ_II/II/I. 3MI/ITTep 1 01 S, +VS _______ r—— +VS
KoHMpuUrypanuu «rail-to-raily
r'd
BbixoaHoii BbixoaHon
CurHan curHan
______ ._O
Na
______ _VS ------___VS

Oco6GenHocTn IIPOEKTUPOBAaHUA CXeMBblI IIPU HCIIOJNb30OBaHUN
OHOIIOJIAPDHOI'O IINTaHUA

dopma MHOIUX CUTHAJIOB MO CBOEU NPUPOAE ABISETCS OUMONAPHOU. DTO O3HATA-
€T, YTO CUTHAJ U3MEHAETCA OTHOCATENBLHO HEKOTOPOrO OIIOPHOTO YPOBHSA, KOTOPBIN
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OOBITHO COOTBETCTBYET HANMPAKEHUIO 3eMIu. 10, 9T0 HeOOXOAUMO — DTO 00EeCIeIUThH
UL CUTHAJIOB CBA3b IO IIEPEMEHHOMY HAIPSKEHUIO.

CBs3b MO HEPEMEHHOMY HAIMPIXKEHUIO CO3[AeTCA MPOCTO: € MOMOMIBI0 (UILTPA
BBICOKOU 9aCTOTHI, KOTOPBIN IIO3BOJSET CO34aTh HOBLIU OIMOPHLINA YPOBEHL, KOTOPLIA
OOBITHO OTHOCUTCA K CEpEIUHE [UAa30HA HANDMKEHWA nuTaHus (cMm. puc. 1-23).
BxUIIOYEHHBIN MOCIEI0BATEIBHO KOHICHCATOD MO3BOIAET OJIOKUPOBATH MOCTOAHHYIO
COCTABJSIONIYIO BXOAHOI'O CUrHaXa. Jdacrora coupsukenus (corner frequency), mpu
KOTOPOU OTKJIVK MATAET Ha 3 1B OTHOCUTEJBHO YPOBHs, OTHOCAMIEIOCA K CPEIHEN
YACTOTE IUAIA30HA, ONPEIENACTCI XapAKTEPUCTUKAMEI KOMIOHEHTOB:

1
fo=— 1-1
¢ QFREQC’ ( 3)
rie
R4R5
Rgg = ———. 1-14
PQ T R, TR, (1-14)

Heob6xonumo 3aMeTUTH, UTO €CJAU CBA3U [0 IEPEMEHHOMY TOKY UCIOIB3YIOTCA I
HECKOJBKUX CEKIINNU, TO KAXKIasA CeKIUsA Oy IeT UMEThb JJA 9aCTOTHl COMPAKEHUA YPO-
Benb Ha 3 1B Hmke. Takum 00pa30OM, €CIU MBI UCTIOMB3YEeM ABE CEKITUY C OTMHAKOBOU
YACTOTOU COMPSIKEHUs, TO PE3yIbTUPYIOMUN OTKINK Oyaer Ha 6 1B Huxe, mis Tpex
ceKIui OTKJIMK Oymer Huxke Ha 9 1B um Tak gamee. OTo0 HEOOXOAUMO YUIUTHIBATH
IIpU IPOEKTUPOBAHUU PE3YIbTUPYIOUIEr0 OTKINKA CUCTEeMBI. Takxke He0OXOIUMO MO~
MHUTB, YTO aMILIUTY JHAS XaPAKTEPUCTAKA HAUMHALT YMEHBIIATHCSA P YBEJINICHIT
YaCTOTHI KAK MUHUMYM Ha, JeKaIy OTHOCUTEIBHO YACTOTHI COMPAKEHIU.

CBs3b IO NMEPEMEHHOMY HANPSKEHWIO [ CUCHAIOB C IIPOU3BOJIBHOU (HOPMOU
MOXKET IPUBOAUTEH K BOSHUKHOBEHUIO IPOOIEM, KOTOPBIE OOBITHO OTCYTCTBYIOT B CH-
CTeMax CO CBA3BIO MO MOCTOSHHOMY HANPSIKEHUIO. JTa MPOOIeMa CBA3AHA CO CKBAK-
vocteio (duty cycle) curmana mpousBoabHOU (GOPMBI, U dTa HPOGJIEMA CTAHOBUATCA
0COOEHHO 3aMETHOU TOT[a, KOTIa HAMPMKEHNE CUDHAMA MPUOIMKACTCA K HATPAKE-
HUIO IIWH TUTAHUA — DTO MOMXKET MPOUCXOIUTH B CUCTEMAX C HU3KUM HAIIPSKEHIEM
[ATAHWSA, B KOTOPBIX UCIIOIB3YETCA CBI3b II0 IePEMEHHOMY HAIPSKEHUIO.

B cxeme ycwmuress, nokaszaHHOU Ha puc. 1-23, TOYKA CMEMIEHUs Js BBIXOTHOI'O
cursasa OygeT paBHA CMEMIEHUIO IO IOCTOSHHOMY HAIPSKEHHUIO, KOTOPOe II0IaeT-
ca Ha BXOX (+) omepammoHHOrO ycuiuretd. /s Curaata ¢ CUMMETPUTHON (HOPMON
(ckBaxkuocTs = 2 mwim duty cycle = 50%) ¢ pasMaxoM BBEIXOTHOTO CUTHAJIA, PABHBIM
2 B (p-p), BBIXOZHOU CUrHAT OyA€T U3MEHATHCS CUMMETPUIHO OTHOCUTEIBHO TOYKA
CMEILEeHNs, Wiy Ke OyAeT IPUHUMATH 3HAUYeHus u3 Auanasona 2,5+ 1 B (ecau ucnous-
30BaTh 3HAYEHWs, IOKa3aHHble Ha puc. 1-23). Eciu ke mis uMiyasCHOrO curzasia
duty cycle 6ygeT umers oveHb GOJBIIOE (MM OUE€HDb HU3KOE) 3HAYEHUE, TO OJIaroaps
YCPEIHEHNIO CUTHAJIa ¢ mepeMeHHBIM HampsikeHueM Ha Ciy u Ry||Rs addexruBHbm
MUKOBLI YPOBEHL OyAeT CMEIIATHCA BBEPX WM BHU3, B 3aBUCAMOCTU OT CPEIHErO
3HAYEHUS. DTO ABICHUE IPUBOAUT K YMEHBIICHUIO PA00YIEro AUAA30HA YCUIUTEN U
€ro MOXKHO MOHATH C MOMOIIBIO puc. 1-24.

Ha puc. 1-24 (A) gus npumepa IOKa3aH CUNHATL IPAMOYTOIBHOU (POPMBL CO CKBAK-
HOCTBIO 2 U aMIUTATY 0N TpUOAU3UTETsHO 2 B, npu »ToM curaam OyqeT U3MeHATHCA
CUMMETPUYIHO MEXIy BEPXHEW U HIKHEU TOYKAMU CIIUBKU YCUIATENS, HA KOTOPHIU
1o aeTcs Hanpsikenue muranus 5 B. Dror ycuwmrens, nanpumep, (amst AD817 cmerme-
HUE BBIIOJIHACTCS AHAJOIUIHO puc. 1-23) MOXKeT JOCTUraTh TOIBKO OIDAHUIEHHBIX
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Puc. 1-23. Cmemnienue B cucreme € OJHONOMAPHBIM TUTAHUEM

—————————————————————————— 4,0 B(+) OrpaHuieHue
YPOBHSA
curHana

(A) CkBaxHOCTb
50%, orpannyeHus 2V _ L |- _ | e 25B
YPOBHSI HE NPONCXOANT _L ’

—————————————————————————— 1,0 B(—) OrpaHuienne

YPOBHS
curHana
(B) CkBaxHOCTb T e e Bl e e ———4,0 B(+) OrpaHuuerve
mana, npoucxoanT 2V, YpOBHS
orpaHuyeHue YpoBHst curHana
npu HanpskeHun +4 B e e e -1t—-—-=-258B

__________________________ 1,0 B(—) OrpaHuderve
YPOBHSA
CurHana

—————————————————————————— 4,0 B(+) OrpaHnyeHne

YPOBHS
(C) CrsaxHoCTb T S [y -f-———258B
BEMVKa, MPOUCXOAUT 5y,

curHana
OrpaHNYeHns YPOBHS PP
npy HanpsxeHnn - ———— -~ ————— - — —— 1,0 B(—) OrpaHuyerne
+1B YPOBHSA
curHana

Puc. 1-24. IIpo6aembr ¢ pabovYuM IAAMNA30HOM IPU CMEIIEHUM B CXEMe C OJHOIMOJSAPHBIM ITATAHAEM

U OTMEYEHHBIX YPOBHEH MOCTOSHHOI'O HANPSKEHUsA, KOTOPOe OTAUIACTCA MPUOJIM-
suTenbHo Ha 1 B or manpsxenusa kaxgon w3 muH nutaHua. B crygasx (B) u (C)
KO2(pPUIUEHT CKBaXHOCTU (POPMEI BXOJHOI'O CATHAJIA IOACTPAMBAETCA K IIPeneb-
HBIM 3HAYEeHUAM KaK HUXKHEro, TakK U BepxXHero Koah@duImeHTa CKBAaKHOCTHU, DU
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DTOM COXDAHSSA TOT K€ YPOBEHb aMILUINTYIbI BXOZHOTO curHaua. Ha BeIXOZE ycu-
jureas GpopMa CHCHALA OUPAHUIMBACTCA OTpuuAaTeabHbIM (B) m momoxwurenbHbIM
yposaeum (C).

Rail-to-Rail

Korga HampskeHne BXOJHOIO M/WIM BBIXOZHOIO CHUTHATA MOMKET IPUHUMATH 3HA-
YeHUA, OUEHBb OJU3KNE K HAMPSKEHUIO IUH TUTAHUSA, TO TAKOW YCUIUTEIb HOCHUT
Haspanue «rail-to-raily. He cymecrByeT npoMBIILUIEHHOrO CTaHapTa, KOTOPLIU OIpe-
gemstn Obl »To moustme. B kommamuu Analog Devices (ADI) mbr ompegeasiem sTo
KaK yCJIOBME, YTO CUTHAT MOXKET IPUHUMATH 3HaUYeHus, Bcero aumb Ha 100 MB ot-
JUYAONMIMECST OT HANPAKEHUA KaXKIOU W3 IMUH nuTaHus. /|11 BEIXOZHOTO CHTHATA,
OPEIoNIaraeTCsa, ITO BBIXON MOAKIIOYUEH K CTAHAAPTHOU HATPY3Ke, TaK KaK JeH-
CTBUTENbHLIN MAKCUMAJIBHBIA YPOBEHb BBIXOJHOIO CUTHAJIA 3aBUCUT OT 3HAYEHUS
BBIXOTHOI'O TOKA. 3aMETHUM, YTO HE BCE YCWIUTEJIN, KOTOPLIE UCIOIb3YIOT OIHOIO-
JApHOE MUTaHWe, O0JATAI0T XapakTepucTukamu «rail-to-raily. I me Bce ycumurenn,
KOTOPBIE XapaKTepu3ywTcs Kak «rail-to-raily, obecneunBatoT xapakrepuctTuku «rail-
to-raily kak @IS BXOZHOrO, TAK W Ui BEIXOAHOT'O CATHAIA. Takue XapaKTepUCTUKA
MOI'yT OTHOCUTBCA K OJHOMY U3 CUI'HAJIOB, K OOOUM VI XK€ HU K OJHOMY U3 CUT'HAJIOB.
Pemaromen moxer mocayxurb uHGOPMAIUI, KOTOPas IPUBOAUTCI B TEXHUICCKUX
onucanuax. OIHAKO HYU NPU KAKUX YCAOBUAX BBIXOJHOU CUTHAJ HE CIHOCOOEH MOJIHO-
CTBIO QOCTUTHYTH HANPSKEHUs IIWH TATAH.

O6pamrerue ¢da3bl

CymecTByeT MHTEPECHOE ABIECHUE, KOTOPOE MOXKET BOZHUKATDH TOI[Ia, KOT'Ia MPEBHI-
IAeTCA MOMyCTUMBIU UANA30H CUH(DAZHOTO HANPKEHUA NI yCuauTed. [Ipm sTom
HEKOTOPBIE BHY TPEHHIE KOMIIOHEHTEI CXEMBI OTKIIOYAIOTCA M BBIXOTHON CUTHAJ TIO-
TATUBAETCA K MPOTUBOMOIOKHOU IIUHE MUTAHUA IO TOT'O MOMEHTA, KOT[Ia BXOIHOU
CUTHAJ BO3BPAIIACTCA 00paTHO B paboumin auana3od (cuM. puc. 1-25). Bo muorux co-
BPEMEHHBLIX YCUIUTEMAX MPEANPUHATHI ONPEISTCHHBIE MEpPhl IIA MTPOTUBOACHCTBUSA
srou npobiaeme. OOBITHO HA MEPBOU CTPAHUIE TEXHUYIECKOTO OMUCAHUA TAKODO YCU-
JIUTENSA DTO CBOKCTBO YIOMAHYTO CPEAU TVIABHBIX HOCTOMHCTB ycmimrens. Hambosee
JacTO OOpaleHue Gasbl TPOUCXOAUT TOT A, KOTIA YCUIUTENh UCTIOAb3YETCA B PEKU-
Me MOBTOPUTEIIA.

Puc. 1-25. O6pare- BxogHow curHan BbixogHon curHan
uue (uHBepcus) da-
3bI
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Magnoe noTpebiieHue 1 MUKPOMOTPebaeHne

BumecTe ¢ TeHIeHIMEN K MCTOIB30BAHUIO O THOMOIAPHBIX UCTOYHUKOB MTUTAHUA TAKKE
CYUIECTBYET TEHACHIUs K CHUXKEHUIO DHEPrUU, MOTPeOIIeMOUd B CTATUICCKOM pPe-
KUMe. DTO Ta DHEPrusi, KOTopas morpebiserca camuM ycuaurenem. Mer nocturin
TaKOI'0 IPOr'Pecca, YTO YCHINTENO I NUTAHUA JOCTATOYHO TOKA, PABHOI'O BXOI-
HOMY TOKY CMEIIEHUs CTapOro KIACCUIeCKOro ycuaurend 741.

Opguaxo Manoe IOTpebIeHre CBA3aHO C ONPEeAETeHHBIMA KOMIPOMUCCAMI.

OguuM u3 cnocoOOB CHUXKEHUS MOTPEOJIEHUsT B CTATUYECKOM DEKUME SABIAETCS
CHIZKEHME TOKA CMEMIEHWs [ BBIXOJHOI'O KACKaga. JTO HPUBOAUT K TOMY, UTO
pexkum paboTel Oyger Gouee MOXOXK Ha PaboOTy B pexume kiacca B (u menee —
Ha paboTy B pexuMe kaacca A). B pesyabrare 5TO MOXKET MPUBECTU K MOBLINICHIIO
UCKAXKEHUU [ BEIXOJHOT'O KACKAIA.

[JpyruM moaxomoM K CHUXKEHUIO TOTPeOISHU ABIIETCA YMEHbBIIEHNE TOKA TOKOS
IUIsT BXOJHOI'O Kackaga. B pesyibrare HEOOXOAMMO YMEHBIIATE ITOIOCY IIPOILY CKAHUS
U TIOBBIMIAETCA YPOBEHD LIy MOB.

XOTA TEePMUH «MaJoe MOTpebIeHNe» B 3aBUCUMOCTH OT OOIACTYH IPUMEHEHUs MO-
KET MPUHUMATH CaMble Pa3IudHble 3HadveHus, B kommanuu ADI mer paszpaGoranm
HA0OpP OMPEIEICHUN, OTHOCAIIMXCA K OMEPAIMOHHBIM yeuanTeaaM. Manoe morpebie-
HUE 03HAYAET, 9TO TOK IIOTPEONEHNs B CTATUIECKOM DEXKIMe UMEET 3HAYeHUE MeHee
1 MA u3 pacdera Ha oquH ycuiurenb. Ecau roBopuTh 0 MUKPOIOTPEOJEHUN, TO STOT
TOK no/ken ObITh Menee deMm 100 MmxA wa ogmu ycumurens. Kak u B caydae ¢ nons-
Tuem «rail-to-raily, >Tu onpeneseHus He ABIAIOTCA NPUHATHIMA HA OCHOBE KAKUX-TO
OTPACAEBBIX CTAHIAPTOB.

TexHoOJIOrMYIecKue IIponmecchl

IMopasastroniee GOABUIMHCTBO COBPEMEHHBIX ONEPAIMOHHBIX YCUINTEJIEN TPOU3BO IUT-
Cs1 HA OCHOBE OUITO/IAPHBIX TPAH3UCTOPOB.

WHOr 18 BO BXOIHBIX KACKA,IaX UCIOIb3YIOTCS MOJEBLIE TPAH3UCTOPHI C YIIPABJIIIO-
mum p-n-nepexonoM (junction FET). O6brauo Takas TexHOAOrUs 0003HATACTCI KAK
6unoasipusie u noaessie rpansuctopsl (Bi-FET, Bipolar-FET). Takas rexuoaorus
UCIIONB3YEeTCS IS MOBBILICHUS BXOMAHOTO UMIIEJAHCA ONEPAUOHHOINO YCUIUTENs UIN
ISl CHUYKEHUsI BEIMYUHBI BXOJHBIX TOKOB CMemeHus. [lomeBbe TpaH3nuCcTOPhI 0OBITHO
UCIIOJIB3YOTCSA TOIBKO B COCTABE BXOMIHOIO Kackaaa. [l cxeM ¢ O THOMONSPHBIM I Ta~
HUEM MOT'YT UCIOAb30BATHCA N-KaHaabHbIe N P-KaHATBHBIE TOJEBbIE TPAH3UCTOPHI:
6Jar0aaps YTOMY MOXKHO TOOUTHCS, ITO BXOTHOU CUTHAIL MOXKET COOTBETCTBEHHO 10~
CTUTaTh HAMPSIKEHUs OTPULNATEABHON WIN MOJOKUTEIHHON IIUHBI TUTAHUA.

Taxxke I OMEPAIMOHHBIX YCUIUTEICH UCIOMB3YETCA TEXHOJIOTMIECKUN MPOIIECC
CMOS (koMIuIeMEHTapHBIE CTPYKTYPhI (METaJI-OKCUI-TIPOBOIHUKY). XOTsA UCTOPU-
vecku TexuHoaoruss CMOS He ABIATACH NMPEANOYTUTENBHBIM MPOIECCOM IS MPOU3-
BO/ICTBA JUHEUHBIX YCUIATEJIEU, PA3BUTHE TEXHOJIOIMIECKUX IPOIECCOB U METOAOB
[POEKTUPOBAHUS IIPUBEJIO K BO3MOXKHOCTY CO3/IAHUS OIEPAIMOHHBIX YCUIUTEICH C 10~
CTATOYHO XOPOIIUMHU XAPAKTEPUCTUKAMY.

O narM 13 HAnbOIEe TPUBIEKATEIBHBIX IPEAMYIIECTB UCIOIB30BAHNA TEXHOIOT NN
CMOS saBasgeTca TO, 9TO OHA OOJErYAET UCIOAb3OBAHUE CMEIIAHHBIX MPUIOKEHUN
(amanoroseix u uudposbx). [Ipumepamu moryr ciayxurs Texsomorus DigiTrim u
ONIEPAILIMOHHBIE YCUIATENN, CTAOUIN3UPOBAHHBIE IPEPBIBAHUAMU.
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Texuomorusa «DigiTrim» mo3BoJsgeT HaCTpAUBAThH HANPIXKEHUE CMEIICHUI Olepa-
[UOHHOI'O YCWIUTEJS B MPOLECCEe BAKIIOUATENBHOIO TECTUPOBAHUA. DTa TEXHOJOT U
MOXKET 3aMEHATH OOJee PACIPOCTPAHEHHBIE TEXHOJOIMU HACTPOUKHU C UCIOIB30Ba-
HUeM CTa0WIMTPOHOB (zener zapping) Win HACTPOUKM C IIOMOIIBIO J1a3€epa, KOTOPbIe
BBITIOJHAKTCA HA YPOBHE TOJIYIPOBOIHUKOBOUW TLIACTUHBI. [IpOOJEMON TpPU BHITOJ-
HEHUM HACTPOUKN Ha YPOBHE TUIACTUHBI ABIAECTCA TO, UTO MOCJAE €€ BLITIOTHEHUS
[apaMeTPHl MOI'Y T U3MEHATHCS, HAIPUMED, IPU KOPIIYCUPOBAHUU MUKPOCXEMBL. XOTs
BEJUYINHA TAKO'O M3MEHEHUs [apaMeTPOB JOCTATOYHO MOHATHA M HEKOTOPBIE MOI'YT
[POrHOBUPOBATHCS, BBINOJHEHUE HACTPOUKM DU 3AKIOYUTEIHLHOM TECTUDOBAHUU
SBAAETCS OYEHb NMPUBIEKATEILHLIM pelreHneM. Ycuanrenn ¢ rexuogornen DigiTrim
OOBITHO COEPKAT HEOOJABIION Hu(pPO-aHATOrOBEI npeobpasosareas (IIAII), koTo-
PBII UCTIONB3YETCA I TOACTPOUKN BBIXOHOTNO CUTHAIA.

Y cunmurenu, cTabUIM3NPOBAHHBIE TPEPLIBAHUAMY, UCIONB3YIOT METOIBI HEMPEPhIB-
HOU TIOCTPOUKY IACTOTHL. DTO JOCTUTACTCS MPU IMOMOIIY IPENU3UOHHOIO YCUANTEs
MOCTOSIHHOIO TOKA, KOTOPBIA MCIOIB3YETCSA IS CMEIIECHUs YCWINTEN ¢ OOMbIIen
MOJOCOU TMPOMYCKAHUA. [[PEIU3NOHHBIN YCUIUTENL TTOCTOAHHOTO HAMPAXKEHUA TIePe-
KJIHOIAETCA MEXK Ty OMOPHBIM y3J0M (OOBIMHO 3€MJIA) U BXOJOM. 3aTEM BHIIOJHACTCA
MOACTPONKA CMEIEHUs «OCHOBHOTO» YCUIUTEIA.

Texuomorua DigiTrim u ycuaurenn, cTabUIM3MpoOBaHHLIE NMPEPLIBAHUAMU, OoJee
noapo6HO Oy Iy T 06CYyXKIaThCA B TVIaBe 2.

Baunsauue Imeperpy3kKm Ha BXOoJaX OII€epallMOHHOI'O YyCAJINTEJA

CyImecTByeT HECKONbKO BaXKHBIX MPOOJEM, KOTOPBIE HEOOXOAUMO yYeCThb — U OHU
CBA3AHBL C MEPErPy3KOU BXO/IOB OMEPAIMOHHOrO ycuaures. [lepBas, O4eBUIHO, CBS-
3aHA C BO3MOXKHOCTBIO IIOBPEXKIEHUA. B TEeXHUIECKOM OIMUCAHUU IJIs OIIE€PAIMOHHO-
IO YCUINTENI MPUBOIATCA «abCOMIOTHBIE MAKCUMAIBHBIeY 3HAUEHUSA MIA JUATA30HA,
BXOJHBIX CUTHAJOB. OHU OOBIMHO BBIPAKAIOTCSA MPU IIOMOIIN HAPSIKEHUS MTUTAHUA,
04HAKO (€CaM TOILKO B JOKYMEHTALUU SBHO HE yKa3bIBAETCA OOPATHOE) DTH MaK-
CAMAJIbHBIE 3HAYEHUs MOI'YT IIOJABATHCA TOJBKO TOAA, KOI'IA MOLAHBI HAIIPSXKEHU
nuranusa. Ecian HANpsKeHus NuTaHus OTCYTCTBYIOT, TO HAIIPSKEHWUS BXOMHBIX CHUI-
HAJIOB JOJIZKHBI OBITH OJU3KN K HYJTIO.

OOBITHO MAKCUMAJIBHOE BXOTHOE HAIMPXKEHNE XAPAKTEPU3YETCA B 3aBUCUMOCTU
oT HampsKeHusa nuTanusa Kak Vgs £ 0,3 B. Ha camom gese HampsizkeHre HU HA OTHOM
7“3 BXOTOB HE MOXKET IpeBHIIaTh Ooaee deMm Ha 0,3 B HampsxeHua mWH DUTAHUA,
HE3aBUCUMO OT TOI'O, HOZAIOTCA JU HA 3THU IIMHBI COOTBETCTBYIOIINE HAIIPSIKEHU
nuranusa. Eciu 3HaUYeHne TOKA OIPAHUYEHO 3HAaYeHreM 5 MA wiu MeHee, TO OOBIMHO
He UMeeT 3HAYMEHUsd, UTO HAaIpsKeHue Ha Bxogax Oomee ueMm Ha 10,3 B BRIXOIUT 3a
[pPEeIeNbl IIVH TUTAHUA OPU OTCY TCTBUY HAIPAKEHWUA MUTAHUA HA DTUX MUHAX (1Ipn
YCIOBUM, ITO HE IPOUCXOIUT OOPATHOrO Ipo6os MexX Ay 6a30u u sMuTTepoM). IIpo-
OeMBL MOI'YT BO3HUKHYTBH TOI'A, KOI'JA BXOJHBIE CUI'HAJIBI BEIXOLAT 334 DTU yCTAHO-
BJIEHHBIE NIPEIENBl U OCYIIECTBIAECTCA BKIIOUEHNE MUTAHUA, TAK KAK IPU DTOM MOL'YT
BKJIIOUYUTHCS MAPABUTHBIE TUPUCTOPHIL, BXOJAIINE B CTPYKTYPY YCTPOUCTBA, U YCUIA-
TeJb MOXET OBITH PA3PYIIeH B TeUeHNE HECKOMbKUX MUKPOCeKyHa. Takas curyarusa
HocuT HazBauue latch-up (TupucropHoe 3amenkusanue) u oHa (0Mee CBOUCTBEHHA
uudposeivm CMOS-MuKpocxemaM, 4eM JUHENHBIM TEeXHOJOTMYECKIM MPOLECCaM, KO-
TOPBIE UCHOJB3YIOTCS IS OMEPANMOHHBIX yCUINTEICH.
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Ecin u3BecTHO, ITO yCTPOUCTBO TIOABEPIKEHO TUPUCTOPHOMY 3aAIEIKUBAHUIO, TO CJIE-
ayer u3beraTh N04aYu CUrHALA 10 CTa0WIM3ANUU UCTOTHUKA TUTAHUS (3TO He Ipe-
CcTaBJaAeT NpoOIeM WIX PEIKO MTOCTAB/AET IPOOIEMy B CUCTEMaX, B KOTOPBIX CUIHAJ
MOCTYIAET OT APYTUX YaCTEN CXEMBI, KOTOPBLIE BCE WCIOJIB3YIOT OAUH UCTOYHUK
nuranus). K ¢c9acThio, GOMBIIMHCTBO MUKPOCXEM COBPEMEHHBIX OMEPAMOHHBIX YCH-
JATENeN TOCTATOYHO CIA00 TOABEPKEHBI H(P(HEKTY TUPUCTOPHOTO 3AIIETKUBAHUS.

IToBpex neHusa BXOIHOIO KaCKaqa MOXKHO OTPAHUYUTD, €CJAN YCTAHOBUATE MIPEIeIbI
171 BXOAHOTO TOKA. CTaHIap THBEIM IPABUIOM SBISAETCSI OIPAHUIEHUE BXOIHOTO TOKA
sHadenneM B 5 MA. Becemu cpencTBaMu HEOOX04UMO n36erarTsh Mpobos Ipu 0OPATHOM
CMEIIEHNY IEPEX01a. 3AMETHUM, YTO IPU DTOM CIeMUpUKAIUE [/ CHHGAZHOTO U [Uu(-
(bepeHImaAIBbHOrO pexuMa MOIYT PA3InvaThbCsa. Takke He BCer[a MOBPEXJEHUs OT
MOBBIIIIEHHOT'O HANPSKEHUA MOTYT HOCUTH KaTacTpoduaeckun xapakrep. [Ipu mepe-
I'PYy3Ke ONMEepPalOHHOTO YCUIUTES MOXKET IPOUCXOIUTE HE3HATUTETHLHOE VXY IIICHIE
XapaKTEPUCTUK M0 CPABHEHWIO C JAHHLIMU, YKA3AHHBIMUA B TEXHUIECKOUN TOKYMEHTa~
LAY, U TO yXYIUIEHUE MPOUCXOAUT C MOCTOAHHOU CKOPOCTHIO.

OOBIYHBIM METOIOM OrPAHUYUTL W3MEHEHWE CUTHAJIA B MPENenaxX HAIPIKEHUs
IINH TUTAHUA ABIAETCA COEIMHEHNE BXOOB C IIIMHAMY MUTAHUA IPYU TOMOIIY TUOT0B
MlorTku, kKak 5T0 HmOKazaHo Ha puc. 1-26. DTO HEe MO3BOIAET B AEUCTBUTEIHLHOCTU
orpann4uTh cursHai B upexesax +0,3 B npu Bcex Temmeparypax, OQHAKO eCau TeM-
neparypa guonoB [loTTku paBHaA TeMmepaType OMEPAIMOHHOI'O YCUIUTEIA, TO OHUI
MIO3BOJIAIOT HAMpsXKEHUe Ha 0e30MacHOM YPOBHE, TaKe eCIW OHU He CIOCOOHBI BCe
BpEMs OrPAHUYIUBATH CUTHA B IPEIEIaX, YCTAHOBICHHBIX B TEXHUIECKOU JOKYMEHTa~
nuu. JTO JErKO 00ECIeYnBACTCA B TEX CJAydasaxX, KO'a BOSHUKHOBEHUE MOBBIIEHHOTO
HAIPSXKEHNU BO3MOXKHO TOIBKO B MOMEHT BKJIIOYUEHUS, TOTIA AUOIbI U OIEPAIMOHHBIN
YCUWINTENh UMEIOT OQUHAKOBYIO TeMmiepaTypy. Ecian ke mpu mHOBTOPHOM BKJIIOYEHUIN
OTIEPAIIMOHHBIN YCUIUTENb MOKET HAXOUTHCA B COCTOSHUN C TIOBBIIIEHHOU TeMIepa-
TYpPOU, TO HEOOXOIUMO TIPEANPUHATEL MEPHI, KOTOPLIE 00ECIEIUBAIOT IJIA AUOJ0B TY
JKe TeMIepaTypy, ITO U TEeMIEPATyPa OIEePALXOHHOIO YCUIUTEIA.

Puc. 1-26. 3ammTa OT TOBBIIMIEHHOT'O HAIIPSIXKEe- +Vg

HUA BXOIHOI'O CUT'HAJIA

1
N

7VS

[liisi MHOMUX OIEPAIMOHHBIX YCUIMTEICH CYMIECTBYIOT ONDAHUYCHUS HA TUANA30H
cuadasHoro u gud@epeHnraIbLHOr0 BX0HOro curaata. OrpanuyaeHus s CuHDA3HO-
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O CUPHAJIA OOBIYHO CBA3AHBI CO CJAOKHOU CTPYKTYPOU B OMEPAIMOHHBIX YCUTATEIIX
C OYEHb BLICOKOU CKOPOCTBIO, I OHM MOT'YT PA3IAIATHCA MJIA PA3IAIHBEIX YCTPOUCTB.
Orpanuyenus Ha mudPepeHnnaIbHbe BXOIHBIE CUMHAIBL CBSI3AHbI ¢ BO3MOXKHOCTHIO
HOBPEXKAeHUs: 0OPATHOIO HEePEeX0Oia BXOAHBIX TPAH3UCTOPOB (OCOGEHHO Aiisi Cymep-
6era TPaH3UCTOPOB). Takoe MOBPEXKAEHUE MOXKET MPOUCXONUTH AAXKE IIPU OYCHb
HU3KOM YPOBHE TOKa. Takke orpaHwdeHus Nis AudHepeHinaILHOr0 BXO4a, MOTYT
OBITE HEOOXOMUMEL, ITOOLI IPENOTBPATUTE MEPErPEB BCTPOEHHBIX 3AITUTHLIX MEIen
0P BBICOKUX 3HAYEHMAX TOKA, KOAA DTU IENu HAXOMATCA B IIPOBOIAMNIEM COCTO-
SHAU C TeIbI0 MPeIOTBpamenus npobos. B »Tom caydae NelCTBUE MOBBIIEHHOIO
HANDSXKEHUA B TEYEHUE HECKOMBKUX COTE€H MUKPOCEKYHI MOXKET He MPUBOIUTH K
ueucnpasaHocTu. O THAKO HE CIEIYET MPEBBIIATE (A0COMIOTHBHIN MAKCUMAIBHBIN YPO-
BEHb, TIPU DTOM WHXKEHEP [OJKEH MOHUMATH MPUIMHBI YCTAHOBKYM DTOTO YPOBHSA U
IeIaTh PealbHy OIEHKY PHUCKA HEOOPATHMOrO MOBPEXIEHUA IIPU BO3HUKHOBEHUU
HENPEIBUAEHHBIX OOCTOATEIBCTB.

Ecau mpu meperpyske OmepanuoHHOTO YCUIUTENs CUTHAT OCTAETCA B PA3PEIIeH-
HOM [IUATa30HE, TO HEOOPATUMOE MOBPEXKICHUE BO3HUKATH HE MOXKET, OIHAKO HE-
KOTOpPBIE U3 BHYTPEHHUX KAaCKAIOB MOT'YT TEPEXOJUTH B HACHIIEHHOE COCTOSHUE.
Bo3epaTr m3 HACBIIEHHOI'O COCTOAHMA OOBIMHO IMPOUCXOIUT MEMIJICHHO, 33 UCKIIOYe-
HUEM OIPEIEIeHHBIX OIePALUOHHBIX ycuauTenen ¢ pukcanuen yposus («clamped» op
amp), KOTOpPbIE CIENUATBHO NPOEKTUPYIOTCA I OBICTPOrO BOCCTAHOBICHUA U3 CO-
cToAHUsA Teperpysku. Takum 06pa3oM, YCHIUTEIN B COCTOAHUU MEPErpy3Kd MOTYT
OTJINIATHCSA HEOXKUIAHHO MAJOU CKOPOCTHIO.

ITo npuvuze yMeHbIIEHUS CKOPOCTH IPU HACHILEHUY (2 TAKXKE [0 IPUIUHE TOro,
9YTO BBIXOIHOU KAaCKal HE MOAXOAUT M PABOTHI ¢ MUKPOCXEMAMU JOT'MKHI) B O0LIEM
CIydae HE CIeMyeT MCIOAb30BATEH ONEPAIMOHHLIE YCIINTEMN B KATECTBE KOMIIAPATO-
pa. Bonee moapo6uO 5TO 6yaeT 06CyXKIATHCA B IVIaBe 2, TAKXKE CM. CCBLIKY 3.

Pazpen 1-2
XapaKTep1CTUKN ONEPALIMOHHOIO YCUMTENA

Beedenue

B sTom pasgene OyayT oOCYyX)AATbCA OCHOBHBIE XAPAKTEPUCTUKN OIEPAIMOHHOI'O
yemauress. KOHeYHO, BAXHOCTb KaxkK JOU U3 DTUX XaPAKTEPUCTUK ONPEIEAATCI 0CO-
OEHHOCTAMHU KOHKPETHOI'O IpUIOXKeHws. Hampumep, B NPENU3MOHHBIX CXEMaX [
00pabOTKM CUTHAJIOB C JATYNKOB OYEHb BAXKHOE 3HAUYEHUE MMEIOT TaKue XapaKTepu-
CTUKM, KAK HAMPAKEHNE CMEIICHUA, Iperd HANPAKEHUS CMEIIEHUA U KOd(PDUIUEHT
YCWIEHUA I CXEMBI ¢ DPA3OMKHY TOU [EIbI0 00PATHOU CBA3M (0 MOCTOAHHOMY HAIPS-
JKEHUIO), OQHAKO OHU HE MMEIT BAaXKHOI'O 3HAYECHUS B BHICOKOCKODOCTHBIX IIPUJIOKE-
HEAX, I'de OOBITHO OCHOBHBIMU XAaPAaKTEPUCTUKAMU ABIAIOTCA IIOJIOCA MIPOIYCKAHUA,
CKOPOCTh HAPACTAHUS U YPOBEHb UCKAKEHUs (110 IIEPEMEHHOMY HAIPSIKEHUIO).
BombmumHCTBO XapaKTePUCTUK ONEPAIIMOHHOT0 YCUINTENA B 3HAYUTEIHLHOU CTEIe-
HU HE 3aBUCAT OT TOMOJOCUU YCTPOUCTBA. TeM He MeHee, XOTA YCUIUTEIN ¢ OOPaTHON
CBA3BIO MO HAMPSKEHUIO U YCUIATENU ¢ OOPATHOU CBA3BIO IO TOKY U UMEIOT CXOXKUE
ACTOYHUKY OUINOOK M XapAKTEPUCTUKU, PA3IUINA B OOJACTU IPUMEHEHUA KaK JOT0O
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U3 DTUX TUMNOB YCUIUTEICU 3aCTABIAIT G0Iee TOAPOOHO PACCMOTPETh HEKOTOPLIE 13
X XapakTepucTukK. /lasee MbI MOAPOOHO PACCMOTPUM HAMOOJEE BAXKHBIE M3 CYIIE-
CTBYIOIIUX PA3/IAIAN.

Heo6xommMo 3aMeTuTh, 9TO HE BCE M3 DTUX XAPAKTEPUCTUK MOTYT yKa3bIBATh-
€A B TEXHUIECKOU MOKyMEHTAanwu. IIpu y/IydmeHnn XapakTepUCTHUK OINEePAIMOHHOO
YCHIUTESA I HErO YKAa3BIBAETCA BCE OOJBINE MApaMeTPOB, U TPEOOBAHUA K DTUM
mapaMeTpaM CTaHOBATCA BCe BhIme. Takke HEOOX0IUMO MOHUMATE PA3IUYIUA MEKIY
TUNOWYHBIME U MAKCUMAaIbHBIMI/ MIHUMAJIBHBIMI XapaKTepUCTUKAMA. B KoMmaHun
ADI makcumanbHBIe/ MUHUMATBHBIE XaPAKTEPUCTUKY IaDAHTUPYIOTCSA DU IIOMOLIA
TecTupoBaHma. TeCTUPOBAHUE IJIA TUNMIHBEIX 3HAYEHUE NaPAMETPOB OOBITHO HE ITPO-
U3BOIUTCA.

Xapanmepucmur.:u no NoCMoAHHOMY HAMPAHCEHUIO

Koo dunuenT ycuieHUA AJII Pa3OMKHYTOH CXeMBbI

KosdduimenT ycwieHns s pasoOMKHYTOU CXEMBI MPEACTABIACT COO0U KO(DHUIM-
€HT YCHJICHUS IS YCUIMTEIS C PA3OMKHYTOU Ienbio obparHou cBsa3u. OqHAKO ero
U3MepeHus: OOBIMHO MPOM3BOMATCSA B CXEME € 3AMKHYTOU IEMbI0 OOPATHOU CBA3U, TAK
KaK OH MMeeT CJUIIKOM Ooubluue 3HadeHus. [ maeajbHOrO OHNePAlMOHHOIO 3Ha-
YEHUA €r0 3HAUEHUE PABHO OECKOHETHOCTH TPU OGECKOHETHOU TOJOCE MPOIYCKAHUA.
Ha mpaxTuke 3Ha¥MeHUA OI1 MOCTOAHHOTO HANPSXKEHUA OUYEHb BEIUKU — IOPAIKA
160 nb. Hauunas ¢ HEKOTOPOU 9aCTOTHI (JOMUHUDYIOMIAN MOMOC) €0 3HATCHUE Ha-
YMHAET YMEHBIIATHCA CO CKopocThio 6 1B Ha oxraBy wiu 20 1B Ha okrasy. (Oxrasa
IpeacTaBaaeT COO0U NBYKPATHOE YBEIUYEHUE TaCTOTHI, AEKAAa — NECATUKPATHOE
YBEIXICHNE TaCTOTHL). DTO 0003HATAETCA KAK OTKIUK s €IUHUTHOrO TOM0Ca. Ta-
CTOTA MOMUHAHTHOI'O TOJIOCA MOXET U3MEHATHCS OT npubmusurerbro 10 ['n mrs
HEKOTOPBIX BBLICOKOMPEIIM3NOHHBIX YCUIATENEH U HECKOILKO KUIOTEpIl A HEKOTO-
PBIX BBICOKOCKOPOCTHBIX ycumuTesnen. CKOPOCTb yMEHbBUIEHUS OCTACTCS MOCTOSHHOU
IO TOr0, IOKa HE OyIeT TOCTUTHYT CJAeIYIOUMY Iomoc. Bropon nomoc BaBoe yBeIu-
YUBAET CKOPOCTH YMEHBIICHUs KOX(DPUIMEHTA YCUICHUs NI PABOMKHYTOU CXEMbL —
1o 12 1B ma oktaBy winu xe 10 40 1B Ha okTaBy. Eciu koadduimenT ycunenus s pa-
30MKHYTOU CXeMBbI OycKaeTcsa Hmke 9 1B (equauanoe ycuaeHue) 10 TOro, Kak Oyaer
OOCTUI'HYT BTOPOMU IIOJIIOC, TO TAKOW ONEPAIMOHHBLIA YCUIUTEIb ABIAECTCA Oe3yCI0B-
HO YCTOWYUBBIM UL JOO0r0 Koddduuuenta ycuieHus. Ecaum BTopou momoc Oyger
LOCTUTHYT Ipu 3HadeHun Koddduuuenta ycuaenus, npesbimatomem 1 (0 gb), To
YCWIMTEIb IPU HEKOTOPBIX YCJIOBUAX MOXKET TEPATH yCTOMYUBOCTH (CM. puc. 1-27).

Wrak, npu OTKINKE MJIA €IUHUYHOrO MOTIOCA KOXPOUIMEHT YCUIECHUA NI Pa-
30MKHYTOU CXEMBI YMEHBIIAETCSA BABOE MPHU YABOCHUU TACTOTHI, OIATOLAPA DTOMY
CYIIECTBYET TaKas XapaKTePUCTUKA, KaK MOCTOAHHOE MPOU3BeIeHNEe KOXPHUIMEHTA
yCuwIeHus: Ha Iosocy mpomyckanus. Hampumep, ecam nis ycuiaurens npousBegeHue
koa(ddunrenTa ycuieHus Ha moaocy npomyckanus, paBao 1 MI', To opu 100 xI'n ko-
>UUUEHT yCcuaeHus At pasoMKHyTOU cxeMbl Oy et pased 10 (20 1B), npu 10 x['n
ou 6yner pasen 100 (40 1B) u Tax gamee. DTO OCTATOYHO HATVIAIHO MOXKHO IIPOE-
MOHCTPUPOBATE C MOMOIIBIO AMarpaMMbl boe, rae nmokasniBaeTCA U3MEHEHUe KOd(d-
(ULKEHTa YCUICHUs B 3aBUCUMOCTH OT 9acTOTHL (C JOrapudMUIecKuM MacmraboM
[0 KaxK IO OCH).
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KoadhdpuumeHT KoadhdpumumeHT

ycuneHust ans ycuneHus ans

Pa3oMKHYTOro Pa3oMKHYTOro

KOHTYypa KOHTYypa

obpaTHol cBsA3K obpaTHoli cBsA3K

(nb) 6 nb/OkTaBa (nB) 6 nb/OkTaBa
12 pb/
OkTaBa

OTKNWK ANs eAMHUYHOTO nomntoca OTKNUK NS ABYX NMOMOCoB

Puc. 1-27. KosddunuenT ycuneHus Ajis Pa30OMKHYTOU CXEMbI

Puc. 1-28. /[Iuarpammva Boxge
(ama ycmiurenenm ¢ 0OpaTHOR
CBA3BIO 0 HAPSIKEHWIO)

KoathdpuumeHT ycuneHums ana cxembl
C Pa3soMKHYTbIM KOHTYpOM 0bpaTHoMn
cBa3u (ab), A(s).

Ecnu nponssegeHue koapdpuumeHTa
YCUINEHUs Ha MOMocy MPOMNycKaHUs
paBHoO X,

»
»

Toraa Y X fg = X,

KoadbcpuumeHT yecunenus (ob)

KoadhpuumeHT I X
ycuneHms CL™y
jwyma=y X rae f = nonoca
| nponyckaHus ans cxembl
i C 3aMKHYTbIM KOHTYPOM
1 -
R | obpaTHom cBA3n
Y=1+-2 i
R4 '
1
1
1
1

Tak kak y ycuauresns ¢ 0OpaTHOU CBA3BIO 110 HAPKEHUIO BXOIHOU U BBIXOIHOU
CUTHAJIBI U3MEPSAIOTCS B BOJIBTAX, TO KOX(PPUIMEHT YCUWICHUs SBIAETCSI Oe3paszMep-
HOU BEIWYUHOU U HE UCTIOAb3YeT KAKUX-TO eIuHUIl u3Mmepenusn. O aHako 1 ya00CcTBa
PabOTHI ¢ MATBLIMUA BEJUIMHAMYU B TEXHUIECKOU TOKYMEHTAIUMM [IJ HErO UCIOAb3Y-
10TCs He o6o3Hadenns B/B, a B/uB min B/MkB. Takxe KoohHUINEHT yCUICHUA IO
HAINPSKEHUIO MOXKET BBIPAXKATHCI IPU HOMOIWM 4B, Torga Koap@UIneHT yCuIeHus
paccuureBaercs kak 1b = 20 X log Ayor. Takum o6pazom, koapduUmMeHT ycumie-
HUs U1 PA3OMKHYTON CXeMbl, KOTODPBIN nMeeT 3HaveHue 1 B/MxB (4ro anamormaso
1000 B/mMB mam 1000000 B/B), pasen sHauenuo 120 1B u Tax nanee (cu. puc. 1-28).

[l pabOTHI € IPE3BBIYANHO BEICOKOW TOYHOCTBIO HEOOX0 IUMO TAKKE YINTHIBATD
U HeJUHENHOCTH KOX(PMUIUEHTA YCUWIEHN /I PA3OMKHY TOU cXeMbl. [IJis onepanuos-
HBIX YCUIATENEN OCHOBHBIMU IIPUYUHAMA U3MEHEHUS KOXMPQMUIMEHTA YCUTCHUSI PA30-
MKHYTOU CXEMBI SB/IOTCSA UBMEHEHUsT YPOBHs BBIXOIHOIO HANDAKEHUS U U3MEHEHUS
HACPY3KU, K KOTOPOU MOAKIIOUEH BHIXOH. U3Menenue Koo puiimeHTa yCUICHUA Pa-
30MKHYTOU CXEMbI B 3aBUCUMOCTH OT YPOBHs CUTHAJIA MPUBOIUT K HEIUHEUMHOCTU
dyuKIuYM epenadu 1 KodpPUIMEHTa yCUICHUs 3aMKHY TON CXeMbl, KOTOPOEe HEBO3-
MOXKHO YCTPAHUTH IIPY MOMOIIN KATUOPOBKY CUCTEMBL. BOIBIIMHCTBO OEPAIIMOHHBIX
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Vy
50 mB/genenne

VOS
(0,5 mxkB/geneHue)
(RTI)

-10 B 0 +10 B
Vx= BbixogHoe HanpsixeHve

CpepnHee 3HayeHne Aygp ~ 8 munn.
KoadhpurLmMeHTa yCUeHns B cxeme
C Pa3oMKHYTbIM KOHTYpOM 0BpaTHol CBsi3n
AVOL,Max = 9,1 Munn., AVOL,Min = 5,7 MuUnn.

HennHenHocTb KoadhduLmeHTa yeunenuns
B CXEME C 3aMKHYTbIM KOHTYpPOM
obpaTtHoli cBs3u ~ 0,07 ppm

HenuHenHocTb KO3 durLMeHTa ycuneHus
B CXEME C 3aMKHYTbIM KOHTYPOM
obpatHoil cBA3n ~ NG X 0,07 ppm

Puc. 1-29. HeaunelnHOCTH B CXeMe C Pa3OMKHYTOU HENbI0 00PATHOU CBA3M

ycuauresnen paboTaioT Ha GUKCUPOBAHHYIO HAUPY3KY, TAK UTO U3MEHeHU: Ayor, B 3a-
BUCHMOCTHU OT HAUDY3KH He MMeeT BaXXHOro 3HadeHns. O THAKO IIPY YBEAMIeHIN TOKA
HA HATPY3Ke yBEINUUBAECTCA 1yBCTBUTEILHOCTD Ayor, K YPOBHIO BBIXOJHOI'O CUTHALA
(eMm. puc. 1-29).

YpoBeHb MOZOOGHON HEIMHEMHOCTH MOXKET 3HAUYATEIBHO M3MEHATHCA B 3ABUCH-
MOCTH OT YCTDOUCTBA, U B TEXHUYECKOM OIMCAHUM MONOOHBIE JAHHBIE OOBITHO HE
OpUBOAATCA. Beerga ykasblBaeTcsi MUHUMAIBHOE 3HaUeHue i Ayor,, B BBIOOD Ole-
PALMOHHBIX YCUINTENEH C BLICOKUMY 3HAYEHUAMA Ayo1, O3BOIAET MUHIMU3UPOBATH
OmmOKHU, CBA3AHHBIE C HEIMHEMHOCTHIO KOD(DMUIMEHTA yCUICHUS.

TpaHcconpoTHUBJIeHUE A OIEPAIOHHOT0 YCHINTENA C 06paTHON CBA3BIO
[0 TOKY Impu pa6oTe B cXeMe ¢ Pa3OMKHYTOH IeNblo 06GpaTHOU CBA3H

[ ycuurenen ¢ 0OpaTHOU CBA3BIO [0 TOKY BBLIXOTHOU CAIHAJ BEIPAXKAETCA B BOJIb-
Tax, BXOMAHOU CUTHAJT M3MEPAECTCA B aMIepax, TAK 9TO 3MeCh UCIOAb3YETCA He KO-
>UUUEHT yCUIEHWs, a TPAHCCONPOTUB/ICHUE (BBHIpaxKaeTcs B oMax). bomee gacTo
UCMIOJIB3YETCA MOHATHAE TPAHCUMIIEAHCA, TAK KAK BMECTE C MMOCTOSHHOU COCTABILIIO-
eV TPUCY TCTBYET U CATHAJ C IEPEMEHHOUN IacTOTOU. /[ OmepaoHHOro yCUIUTENs
€ 0OPATHOU CBA3BIO MO TOKY OOBIMHOE 3HAYEHNE TPAHCUMIIEAAHCA JEXKUT B MAIIA30HE

ot 500 KOm mo 1 MOw.
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B cxeme ¢ pasoOMKHYTOU [EMBI0 00PATHON CBA3U TPAHCUMIIEIAHC YCIUIATEA ¢ O0paT-
HOU CBA3BIO IO TOKY BemeT cebs He TakK, KaK KO3((MUIMEHT yCUJIEHHUS yCUIUTEI
¢ OOPATHON CBA3BIO [0 HAIPAKEHNI0. TakuM 00pa3oM, IJIsA OMEPAIMOHHOTO Y CUINTELA
¢ 06paTHON CBA3BLIO IO TOKY He OyAeT CyIIeCTBOBATL BEJWYUHLI, AHAJOIUIHON IIPO-
U3BENEHUIO KOX(DMUIINEHT YCUISHNA Ha MOI0CY MPOMYCKAHNA, KOTOPOe CYIIeCTBYeT
VA YCUIUTEJIEN C O0OPATHOU CBA3BIO TIO HANPXKEHNUIO. XOTA JJIA HUX U CYHIECTBYET
HEKOTOpPO€ U3MEHEHUE tIaCTOTHOIjI XapaKTEPUCTUKU B 3aBUCUMOCTHU OT IaCTOTHBI, OHO
He IpUHUMAaeT 3HadeHull, onuskux K 6 1B ma okrasy (cum. puc. 1-30).

»
»

Puc. 1-30. KosddunueHnT ycuneHus B cxeme

L:D[\ C Pa3sOMKHYTOU NENnbl OOPATHOU CBA3MU LS
g yemauTens ¢ 06paTHON CBA3BIO 10 TOKY
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MoxkeT BO3HMKATL HEKOTOpas IIyTAHWIIA MPHU UCIOJL30BAHUU TEPMUHA (TPAHC-
UMIIETAHCHLIA YCUIATEb). Y CIATENb, KOTOPLIA B CXEMaX C MCIOAbL30BAHIEM (DOTO-
AUO0B KOH(UIYPUPYETCsl B KadecTBe Ipeobpasosarens Toka B Hanpsukenue (I/V),
TAKkKe HOCUT HA3BAHUE TPAHCUMIEAAHCHOrO ycmmmreas. OnHAKO B TAKAX CXEMax
€ ICHOMB30BAHIEM (POTOUOI0B OOBITHO UCIIOAB3YOTCA HE YCHIMTEIN ¢ OOPATHON CBA-
3BI0 [0 TOKY, 8 YCWIATEIN C OOPATHOU CBA3BIO MO HANPAXKEHNUIO C BXOJAMU HA OCHOBE
nosesbix Tpau3ucTopos (FET). DTo cBa3aHO ¢ TeM, 9TO B TAKUX MPUIOKEHUAX TOK OT
doToaMona UMEET OMEeHb HU3KUU YPOBEHDb, 9TO HE COBCEM MOAXOIUT IJIA YCUIATEIeH
¢ 0OPATHON CBA3BIO IO TOKY, KOTOPLIE OTIMIAKTCA MAJLIM BXOJIHBIM HMIICIAHCOM.

Har[p}DKeHne CMellleHusA

Ecan Ha Bx0I€ OmEpaAMOHHOIO YCUINTENA IOLAETCA B TOYHOCTH OJUHAKOBOE HAIIPS-
JKEHUE, TO BHIXOIHOU CUTHAJ JOMKEH UMEeTh Hanpsxkenue, pasuoe 0 B, Tak kak curuan
¢ muddepennnaabubiv Hanpsxkernem 0 B qo/mken co3gaBaTh BBIXOJHOU CUTHAI C Ha-
npsxenuem 0 B. Ha npakruke, ograko, Ha BeIxoge 6y A€T IPUCY TCTBOBATH HEKOTOPOE
HAaIIPsXKEHHeE.

DTO HAIPsKEHUE Ha3blBaeTCs HanpsikenueM cmemerus (Vog). OObIMHBIM MeTO-
IOM OIIpeeIeHUsA HAIPAXKEHNAA CMEeIIeHUA ABIAeTCA KOJINIeCTBO HAIIPAXKEHUsdA, KOTO-
poe HeoOXO0AMMO MIPWIOKUTE K BXOAaM /IS TOr0, YTOOBI yMeHbINTE 10 (0 B 3Havenune
BBEIXOTHOI'O HAIPSIKEHUs . JTO HANPsKEHWe, NeTeHHOe Ha KOd(h)UINEHT yCUIeHusa
LIyMa CXEMbI, IPEACTABIAECT COOOU BXOTHOE HAINPSKEHUE CMEIICHUs WIN HAIPIKE-
HUEe CMEIIEHUs, MPUBEAEHHOE K BXOAy. ITOOBI yCTPAHUTH BJAUsHUE KOd(D(DUITEHTA
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YCUIEHUA CXEMBI 1 OOErIUTh CPABHEHNE PA3INIHLIX KOMIIOHEHTOB, HAIPIKEHUE CMe-
meHus: 0OBIYHO npuBOAUTCs K Bxoay. Hampsixkenue cmemnierus: 0OBIMHO MO geIUPyeTCs
€ MOMOIIBIO UCTOYHUKA HAIPIKEHUS Vs, KOTOPBIM BKIOYAETCA MOCIEI0OBATEABHO
C UHBEPTUPYIOUIXM BXOIOM ONEPALUOHHOrO ycuauress (cMm. puc. 1-31).

[lpend HaOpAXKeHUS CMEIIeHN

BxomHnoe HampsKeHuWe CMEIIEHUsA W3MEHACTCA B 3a-
BUCAMOCTU OT TEMIEPATypPbl. DTOT TEMIEPATYPHBIN
kopddunment obosnadaerca kak 1CVog, wm Gogee
pacrnpocTpaHeHo HaspaHwue «apendw. [Ipend cmernenus
MOXKET MOCTUTATh MUHUMAILHBIX 3HAYEHUU TMOPIIKA
0,1 MmxB/ °C (tummanoe suavenue mas OP177F, koro-
PBI IPEACTABIACT COOOU BHICOKOMPEIIU3NOHHBIN OTIepa-
LUOHHBIN YCUWINTEIb). [l IPeNU3uOHHBIX OePALlMOH-
HBIX YCHJIUTEJICH OOIIEro NPUMEHEHUs TUIUYIHBIE 3HA-
genus gpenda aexar B auanazone 1-10 mxB/°C. Hua
OOJMBIIUHCTBA, OMEPAINOHHBIX YCUJIUTEJICH TPUBOIUTCS
onpenenennoe 3uadenue a1 TCVos, OMHAKO M HEKOTOPBIX MOXKET YKa3BIBATHCS
BTOpPOE 3HavYeHune misa Vg, KOTOPOE MapaHTUPYETCA M 33aHHOIO IUAIA30HA Pa-
60unx Temmeparyp. Takol BApUAHT SBISETCS MEHEE IPEJIOYTUTENbHBIM, TaK KaK
Ipu HEM He rapanTupyercs nocrosuuoe sHadenue TCVog win ke ero MOHOTOHHOE
U3MEHEHUE.

Puc. 1-31. Hanpsxkenue cme-
IEH U

lpeud c TedeHMeM BpeMeHHU

Hampsi:kenue cMemeHuss TakKe M3MEHSIETCS C TEYEHUEeM BPEMEHU, T.e. MPOUCXOIUT
crapenue. Crapenue oObIMHO yKasbiBaeTcs B MKB/mecsan wim B MxB/1000 gacos,
O/IHAKO 37IeCh MOXKET BO3HUKATH myTaHuna. CTapeHue He ABIACTCS JIUHETHBIM [IPO-
[IECCOM, OHO IIPOIMOPIUOHAIBHO KOPHIO KBAAPATHOMY U3 BEIMTIUHEL IPOIIEIIero IpPo-
MexyTKa BpeMmeHu. Takum o6paszoM, 3Hadenue apeuda 1mxB/1000 wacos mpusoaut
K U3MEHEHMIO IpuMepHO B 3 MKB B Tedenue oguoro roga (a e 9 MxB/rox). Takum
o6pazom, mis OP177F noarocpounsiu gpeud cocrasuaser npumepro 0,3 MxB B Teue-
HUE OTHOrO MeCAa. DTO 0003HAYAETC s KAK BDEMEHHOU EePpUo B TedeHue nepsuix 30
OHEH IOoCc/Ie Hadajaa paboThl yCTPOUCTBa. ECiu He NPUHUMATL BO BHUMAHUE [IEPBLIN
Jac pabOTHI YCTPOUCTBA, TO U3MEHEHUE HATPIXKEHUSA CMEIICHUsA TAKUX YCTPOUCTB
Ha npoTsXKeHuu nepBbix 30 THEN pabOTHI YyCTPOUCTBA OOBITHO HE MPEBLIMaeT 2 MKB.
[lOMTOCPOIHBIN BPEMEHHON Apend HANPKEHUs CMEIICHUsA YKA3bIBACTCA HE BCErIa,
IAXKe IS MPENU3NOHHBIX OIMEPANMOHHBIX yCUINTEICH.

KoppeKnn}I HalIpsi2XKeHusi CMellleHu st

Ha panmen cragum CBOEro pasBuUTHs ONEPANUOHHBIE YCUIATENU OOBITHO UMEIN CIIe-
[IMaJIbHBIE BEIBOLA, KOTOPBIE TO3BOJIANA YMEHBIINTE M0 HYJIA HANPAXKEHNE CMEICHU.
ITogxaovuas K oTUM BBIBOJAM MOTEHIIMOMETP U MOIKIIOYMAA BEIBOI «IBMKKA» K OTHO-
My U3 HAOPSKEHUU MUTAHUA, MOXKHO OBLIO BBIIOJHUTH OATAHCUPOBKY ISl BXOIHOT'O
KacKala U, B CBOIO OYepPelb, CBECTU K HYJIIO HAIpPsuKeHue cMemenus (cM. puc. 1-32).
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[IpousBoauTEIN BBHICOKOIPEIMU3UMOHHLIX OINEPALMOHHBIX YCUINTEIEN, TAKNe KaK
kommanuu Analog Devices (ADI) u Precision Monolithics (PMI, sra dupma kytme-
ua pupmon ADI B 1990 roxy), ucnonb3oBanu monOOHBIE PEIIEHUA A BHYTPEHHEN
0aMaHCUPOBKYU BXOJHLIX CTPYKTYP. B xommanuum ADI mua goctuxenus GagaHca ucC-
[OJb30BAIACH JA3ePHAsA IOACTPONKA PE3UCTOPOB HAIPY3KM BO BXOMHOM KaCKae.
Komnanus PMI s BLImOJHEHUs 5TOU Ke 3a0add UCIOAL30Bala METO.I, KOTOPLIA
HOCUT HA3BAHUE (IIOATCOHKA C UCIOJb30BAHUEM CTAOWIMTPOHOBY (zener zapping).

IIpu ma3epHON MOLCTPOUKE JA3EPHI UCIOIB3YIOTCA AAA YHUITOXKEHUA TACTH Pe-
3UCTOPOB B MU KOMLIEKTOPA, ITO MO3BOMAET MOJICTPOUTHL UX COMpOTUBIeHUE. [101-
CTPOUKA C IOMOIIBIO CTA0MINTPOHOB UCIOAbL3YET HAOOP PE3UCTOPOB, IOCAEI0BATEIb-
HO K KOTOPBIM IIOAK/IIOYAETCS [TOMYIPOBO THUKOBAA CXEMa, KOTOPas B OCHOBHOM IIPe-
crapisger coOOOU 3eHepOBCKMM Auoid. IIpy momade MMIY/IbCA HANPAKEHUS DTHU 3€He-
POBCKHE IUOIBI 3aKOPAIUBAIOTCA (3aMBIKAIOTCA), 61arogapsa 3TOMY HOICTPAUBACTCA
o0ree conpoTuBIeHNEe HAOOpa PE3UCTOPOB.

Texmomorus DigiTrim™

Texuoaorus DigiTrim mpexgcrasiaser co60u METO HOACTPOUKE MAPAMETPOB CMEIIe-
HUs1 CXEMBI DU IIOMOIIY IPOrPAMMUPOBAHUA UCTOYHUKOB TOKA € HA(DPOBBIM YIIPABJIE-
HUEeM, KOTOPBIU B CYIIHOCTHU MPENCTABIAET cOO0U MudpO-aHATOTOBBIA MPE0OPa30Ba-
rensb (ITAIT). B 5TOl TEXHOIOI WA UCIOIB3YIOTCA BO3MOXKHOCTH IIO PAGOTE CO CMEIIaH-
HBIMU CUTHAJIAMEI, KOTOPBIE obecrmednBaoT TexHomorudeckuu mpouecc CMOS. Xora
ucropudecku Texuonorusi CMOS He 0UeHb MUPOKO UCHONB30BANACH AJIS IPEIU3NOH-
HBIX YCUIATENEH, TPOU3OLIEAIINE B OCAe fHee BpeMs u3Mmenenus B rexuonoruun CMOS
BMECTE C UCHOAb30BaHueM TexHomoruu DigiTrim npuBean k ToMy, ITO yIaI0Ch 06ec-
MEYUTH HOCTATOYHO HEIUIOXWE XAPAKTEPUCTUKU [ MPEIMU3UOHHBIX KOMIOHEHTOB.
B 5TOM HOBOM 3amaTEHTOBAHHOM METOJ€ MOICTPOUKY HHGOPMALUA, HEOOXOIMMAs
ULl BBIMIOJHEHUs MOACTPOUKHU, BBOIUTCSA U€Pe3 CYMIECTBYIONINE AHAJOIOBLIE BBIBOIA
[IPU MOMOIIM CHEMUATBHOU MOCJAEJOBATEILHOCTH U3 MUPPOBLIX KOJOBBIX CAMBOJOB.
SHAYEHUsT MOJACTPOUKM MOIYT NMPOIPAMMUDPOBATHCSA BPEMEHHO, a 3ATEM MOXKET BbI-
MOJHATHCA MOMOJHUTEAbHAA TONCTPOUKA A TOCTUKEHUA ONTUMAIBHON TOYHOCTHU
mepesn TeM, Kak OyleT BHIIOJHEHA OKOHYATeIbHas HacTpouka. llocie 3aBeprienus
HACTPOUKU CXEMa MOACTPOUKHU OIOKUPYETC U DTUM IPEJOTBPAIIAETCA BO3MOKHOCTD
[MPOBEJEHUS CILYyIaNHOIO U3MEHEHUs HACTPOEK CO CTOPOHBI KOHEYHOT'O MOJb30BATEIS .
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YHUKATBEHOU 0COOEHHOCTBIO MOTOOHON TEXHOJOTUY ABIACTCA TO, ITO HACTPOUKA
BBIIIOJIHACTCS Y2Ke [MOCJIe TOr0, KaK MUKpocxeMma ObLia moMerrnena B kopiyc. [Ipu uc-
[OJIB30BAHUYN TAKUX METOJOB, KAK IOICTPONKA IIPU IOMOIIYM CTAOUINTPOHOB, U IIPU
[OMOIIIH JIA3ePa HACTPOUKA, CMEIIEHUS BBIIOJHAECTCA HA, YPOBHE MOJLYIPOBOJHUKOBON
miacTuHbl. [locregyromme cTaguu TEXHOJIOTMYIECKOr'O MPOIecca, YCTAHOBKA MUKDPO-
CXEMBI Ha, [EPKATENE U YIAKOBKA B TNIACTUKOBLIN KOPITYC MOI'YT BBI3BATH M3MEHEHUE
HANPSXKEHUs CMEIICHUs. DTO BBI3BIBACTCA KAK MEXAHUIECKUM YCWIHEM I[IPU yCTa-
HOBKe (TeH3oMeTpudecKuil 3(pMexT), a TakkKe HAPEBOM DU IIPECCOBAHUYU KOPILyCa.
XoTsi 3HAYEHHE CMEMIEHUs I IapaMeTPOB JIENKO MOXKET IPOrHO3MPOBATHCH, BO3-
MOXKHOCTH TPOBEIEHUS MOACTPOUKY IS TOTOBOU MUKPOCXEMBI MAET 3HAYUTEIHLHBIC
MPEUMYIIECTBa, OTHOCATEABLHO TPOBEICHNS MOACTPOUKN HA YPOBHE MUKDPOCXEMBI.

C pu3uIecKOn TOUKM 3PEHU, TIOICTPOUKA IIPOUCXOIUT IIPU MTOMOIIN PA3PYIICHU
IJIABKUX MEPEMBIUEK U3 MOIUKPUCTALINIECKOr0 KDEMHNS, U OHA OKA3BIBAETCI OYEHb
Hagexuon. [Ipu 5ToM MeTO 1€ MOACTPOUKHU He TPeOyeTC s AOMOJIHATENBHBIX [LIOMA[OK
WK BBIBOJOB, TAKXKE VIS BBEIIOIHEHUs [IOACTPONKY He TPEeOYeTCs CHeaIn3npOBaH-
HOT'O TECTOBOrO 06OpyAoBaHUA. [10ACTPONKA TPOU3BOIUTCA TIPU MOMOIINA BBIBOIOB,
Ha, KOTOPBIE MOJAIOTCSA BXOTHBIE CUTHAJIBL. Y IPOIIEHHAA CXeMa YCUINTENS, UCTIOIb3Y-
fomero Texuosormo DigiTrim™ | moxazama ma puc. 1-33. IIpegmoraras 10CTaTOMHO
BBICOKUU BBIXO[ T'OJHBIX KPUCTAJIOB, Ha YPOBHE ILIACTUHBI HE TPeOyeTCs IPOBO-
IUTH HUKAKOrO TecTupoBanus. /L1 miacTusbl He TpeOyeTcs NCHOIb30BATH HUKAKIX
CHEIUAIbHBIX TEXHOJIOIMYEeCKUX MPOILECCOB, U CXeMa MOXKET [NPOU3BOLUTHCA HAIIU-
MU MapTHEPaMM, KOTOPHIE ABIAIOTCA BIAIENbIAMI «(KPEeMHUEBHIX» MacTepcknX. Bcee
KOMITOHEHTHI B CXeMe MOACTPOUKHU MACIITA0UPYIOTCA BMECTE C XapaKTepPUCTUKAMU
[IPOU3BOACTBEHHOI'0 TEXHOJIOIMIECKOI'O IIPOLECCa, TAK ITO BMECTE C yMEHBIICHIEeM
[mapaMeTpPOB IIPOILECcCa X COOTBETCTBYIOUIEI'O YMEHBIIEHUS Pa3MePa CXEMBbI yCUIU-
Tels TaKXkKe IPOMOPIUOHAIBHO YMEHBIIAIOTCA Pa3Mephl CXeMbl 0 ACTPOuK. OObId-
HO CXeMa, MOACTPOUKM JOCTATOYHO MAJIA IO CPDABHEHWIO C PAa3MepaMU CAMOU CXEMBI
VCUIUTENSI, TaKUM OOPa30M OHA OKA3bIBAET MUHUMAJIBLHOE BIUAHUE HA CTOUMOCTDH
MOJIYTIPOBOIHUKOBOU MIACTUHBLI. MeTOnbl MOACTPOUKN KAaK MPU UCIONb30OBAHUN CTa~
OWIMTPOHOB, TAK U B APYTUX METOAAX UMEIOT AUCKPETHBIA XapaKTeP, OJHAKO MOKHO
Jerko obecreduTs TPedyeMy TOYHOCTD JINIIbL HE3HATUTENBHO YBEJININB CTOUMOCTD
[0 CPABHEHWIO C KOMIOHEHTAMHU, ¥ KOTOPBIX OTCYTCTBYET (PYHKIUA IO CTPOUKM.

Merona DigiTrim Takxke cnoco6eH 06eCneInBaTh 1A PA3ITIHEIX CXEM YCUIUTEIen
BO3MOXKHOCTD TIOICTPOUKY CMEIIEHUs CUCTEMBI CO CTOPOHBI KOHETHOTO MOJb30BATEI.
Takas BO3MOXHOCTH BIOJHE pealn3yeMa, OTHAKO IOKA elle He OBLIa peaJn30oBaHA
HA MPAKTUKE I CEPUMHBIX KOMIIOHEHTOB.

BHemHaa moAcTpouKa

BriBoga, npenHasHatdeHHbe I TOACTPOUKHU, HAYAIM UCIE3ATh BMECTE C MOSIBICHU-
eM [[BYXKAHAJIbHBIX OMEDAIMOHHBIX YCHIUTENICH, TAK KAK B KOPIyce ¢ 8 BBIBOAAMHU
U HUX TIPOCTO He OCTaBaaoch mecta. Orcioga 6epyT HAYAIO METO/ABL MOACTPOUKA
C UCIIOIB30BAHNEM BHEITHUX KOMIIOHEHTOB.

Buernmssasa mocTponKa CMEIIeHUs 0ObITHO TPOM3BO JUTCS TTPU TIOMOIIY JOOABICHUS
K BXOIy HEOOJIBIIIOTO HANIPAKEHNA, KOTOPOe IPU3BAHO KOMIIEHCUPOBATH HAIIPKEHUE
cmewmenus (cM. puc. 1-34). [lorsprOCTh HAPSIKEHUs, KOTOPOE 10 1aeTCA Ha, IO TEHIM-
aJl CMEIIeHUs, OIpeIeIAeTCsa TeXHOJOIMIEeCKIM IIPOIeCCOM, Ha OCHOBAHUU KOTOPOI'O
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OPOU3BOAUTCA KOMIIOHEHT, & TaKke MOIAPHOCTHI0 BXOMHBIX ycTpoucTs (NPN wmim
PNP). Cumenienue MOKeT Peann30BBIBATHCS IPU IIOMOLIY IIOTEHIUOMETDPA, IPYU IOMO-
i uudposbix nopros win AT (nudpo-ananorossix npeobpaszosarenei). OCHOBHON
IpOOIEMON IPY BHELIHEH MOJACTPOUKE SBIAETCA TO, 9TO MOIYT He COBIAJIATh TEM-
nepaTypHbie KO3 QUIUEHTH! 11 BHYTPEHHUX U BHEIIHAX KOMIIOHEHTOB. DTO YMEHb-
maeT >pPEeKTUBHOCTD MOACTPOUKHU MIPU M3MEHEHUN TEMIIEPATYPHI.

O +
—0
o _
= Moacrtpornika npu MopcTpoika npu
epemblyka 6onbLUoM masom
CuHa3HOM CVHpasHOM
N TakToBbIV curHan HanpskeHun HanpsHkeHun
HaHHble
ans ynpasnexnus |LAT nogctpoikn V g

A 4

nepeMbl4KamMmuIpyt GOMbLIOM CUH(A3HOM
N HanpsbkeHUm

Habop N
nepemblyek
A
Habop N
nepemMblyek

LIAM nogctponkn V ¢
npv Manom cuHasHoOM
HanpskeHun

Puc. 1-33. Yupomennas cxema ¢ rexuogoruen DigiTrim

Kpome 5T0oro, Mexanndeckue KOMIOHEHTHI TIOBEPKEHBI CTAPEHUIO U BO3ICUCTBUIO Me-
XaHUIECKUX BUOPALINN.

Buaarogaps 1o6aBoYHOMY COIPOTUBIEHUIO U COMIPOTUBICHAO IOTEHIIMOMETPA IIPO-
UCXOAUT TOBLIMIECHNE KOMMUIUEHT, YCUICHU [IIyMa. DTO YBEIUIEHUE MOXKHO yMEHb-
uuTh, 100uBasich, 9ToObI conporusienue Rs npepsimano conporusienue Ry. B mpo-
TUBHOM CJIyd9ae MpU TOACTPOUKE CMEIIEHUsS MPU MOMOIIN MOTEHIMOMETDPA MOXKET
OKA3BIBATHCA BAUAHUE HA KOd(ddunument ycuienus curuata. OmgHako xoddduinmenT
YCWIEHNSI MOYXXHO CTabWIN3UPOBATH, €CIN COequHUTH pesuctop Rs ¢ mcrounHmkamwm
(dukcupoBanHoro omnoproro Hampsikenus +VR, xkoroprie o6sagaoT HU3KUM uMIIE-
ITAHCOM.

[s mudpposoro norennmomerpa u IIAIl HACTPOUKA MOXKET BBINOJIHATHLCS He-
MMOCPEACTBEHHO B COCTAaBE CXEMBI, MO YIPABJICHUEM MUKDOKOHTDOJLIEPA WJIA MU-
KPOTIPOIECCOPa, KOTOPbIE TAKXKe MOTYT MPOTUBOIENCTBOBATL BJAUAHUI) CTAPECHUA U
remneparypsr (puc. 1-35).

Ecan oTkiIuk 1o mOCTOAHHOMY HAINPSKEHUIO HE BaXKEH, TO aJbTeDHATUBHBEIM Ba-
PUAHTOM SBJSAETCS KUCIOJIB30BAHUE CXEMBI, KOTOPAs HOCUT HA3BAHWUE «CEPBO» (CM.
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Puc. 1-34. Bremnsasa mogcTpONKa CMENIeHMs

puc. 1-36). DTa cxema B IPUHOWIE MPEICTABIAET COOOU UHTErPATOD, KOTOPHIU 110~
MEIIEH B COCTaBe Ienu OOPATHOU CBSI3M OCHOBHOrO ycwaureas. [lns mHTErpaTopa
JOJIKEH UCIOIb30BATHC IIPEIU3NOHHBIN YCUIUTENb (HET HEOOXOAUMOCTU UCIIOIB30-
BaTb OBICTPbIE KOMIIOHEHTEHI, CIOCOOHBIE PabOTATH B IIOMHOM [AUANA30HE 9YACTOT),
MO IEPKUBACMBIA OCHOBHBIM ycunuTeneMm. Cxema paboTaeT, UCIOIb3Y A CPEIHUN YPO-
BeHb IO MOCTOAHHOMY HANPAXKEHWIO BLIXOJHOIO CUTHATA W MOAAaBasg ero oOpaTHO
Ha BXOJ OCHOBHOI'O YCUJINTEJsI — Ha CAMOM [eJIe BBIYUTAsA ero U3 CUCHAJIA.

BxoaHOM TOK CMeleHust

B maeansHON MOAEMN OMEPAIIMOHHONO YCUAUTEA BXOAA 0014 1aI0T OECKOHETHBIM M-
NeNaHCOM, U BXOTHOM TOK MO 3TUM BLIBOAaM He mpoTekaeT. O 1HAKO B GONBITMHCTEE
CIY9aeB A BXOIHBIX CTPYKTYD MCIOJIB3YHTCA OunoaspHbie Tpamsuctopsl (BJT),
U1 1X pabOTH HEOOXOIUM HEKOTOPBIN TOK, TAK KAK OUITOIAPHEIC TPAH3UCTOPLI AB/IA-
IOTCA KOMIIOHEHTAMY C YIPABJICHUEM II0 TOKY.

ITOT TOK 0003HaYaeTCa Kak TOK cmemenusa (Ig) mim kax BXOZHOU TOK CMeIe-
uua. Ha mpakTuke CymecTByeT 4Ba BXOIHBIX TOKA CMEIICHUA IJIA KaXK JOT'0 U3 BXOJOB:
Ig+ uIg_ (cm. puc. 1-37). B snexrpomerpudeckom ycumurere AD549 rok I umeer
Beawdauny nopsaka 60 GA (T.e. IpUMEPHO OAUH BIEKTPOH 32 KAXKAbIe TPU MUKPOCE-
KYH/bI), B HEKOTOPBIX BEICOKOCKOPOCTHBIX ONEPALMOHHBIX YCUIATEIAX er0 3HATCHUE
COCTABIAET HECKOJBbKO MECATKOB MUKpoamiep. 110 mpuyuHe, CBA3AHHOU C OCOOEH-
HOCTAMHI TEXHOJOTMIECKOrO IIPOLECCa, 1A MOHOIUTHBLIX OMEPAIMOHHEIX YCUINTEIEH,
3HAYEHUA DTUX TOKOB CTPEMATCA OBITH OJUHAKOBLIMHU, OMHAKO DTO HE TapaHTUPYET-
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ca. B cayuae ycmnurenen ¢ 00paTHOU CBA3BIO MO TOKY MO MPUYUHE HECUMMETDPUTHOU
OPUPOIBL BXONOB 3HAYMEHUA BXOTHBIX TOKOB OyIyT Pa3anmIaTbCsA BCEraa.

Puc. 1-35. lcnoxb3osa-
uue ATl nus ynpasiaenns
CMeIeHreM

)
+
_ )
R § R
= c
i c <
Rg C-- R
HewuHBepTupytoLias Eo— 1 WHBepTupytoas
KOHuMrypaums ¢~ 2rRC KOHurypaums

Puc. 1-36. KOHTPOIL CMEMEHNA TPU TOMOIIN CAENAIEH CXEMbI

Puc. 1-37. Bxoanon TOK cmemnre-
HUA

BxonHble TOKEM CMeIeHus MPEeaCTaBAAIT OImpene-
JIEHHYI0 TPOOIeMYy I TOTb30BATENsA, TaK KaK OHU
IPOTEKAIOT BO BHEIIHUE MMIETAHCHI U CO3TAIOT Ha-
[IPSKEHUsI CMEIIeHNsI, KOTOPBIE YBEININBAIT CUCTEM-
Hble omubKu. PaccMoTpuM HenmHBepTUPYOMMEI Oydep
C IUHUYIHBIM YCAJIEHUEM, HICTOYHUK CUTHAJA /IS HET'O
obmagaer mmmegancom B 1 MOwm. Ecan Tok cmerme-
uusa pased 10 HA, TO OH IPUBOAUT K BO3HUKHOBEHUIO
IOMOJHUTEILHOU ommbku ¢ HanpsxkernueMm 10 mB. Ec-

JII YK€ MPOEKTHUPOBIINK IPOCTO 3aOBIBAET O CyIIECTBOBAHAU TOKA CMeEIleHus lp u
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UCTIONB3YeT €MKOCTHYIO CBf3b, TO TaKasd CXema BOOOme He OyaeT padoTars!!! DTo
CBA3aHO C TE€M, YITO Mg TOKOB CMEIICHUsI HeO6XOﬂI/IM IIyTh BO3BpPAaTa Ha 3€MJIKO IIO
MOCTOAHHOMY HAIPSKEHUo. Ecau myTh BO3BpaTa MO MOCTOAHHOMY HAIIPIKEHUIO HE
CYIIECTBYET, TO BXOJ ONEPALMOHHOIO YCHIATEL Oy1eT NperndOBaTh K HAIIPSKEHIIO
Ol[HOfI 3 IINH IINTAHNUA. EC.T[I/I TOK CMEIIICHU IB uMeeT 10CTaTOTHO MAJYIO BEJINIUHY,
TO CXeMa MOXKeT PabOTaTh HEKOTOPOE BPEMS B TEUEHUE 3APAIKA KOHICHCATOPA, 9TO
IPUBOIUT K eme 0oJee Me30pUEeHTUPYIOmUM pedyabraraM. Tak, MOpaIb TaKoBa:
HeJIb3sd HpeHereFaTb BIIMAHUEM TOKa CMEHIECHUA B CXeMaX Ha OCHOBE OII€PDAIMOHHBIX
yCUJINTEEN.

BxoaHou TOoK pasfaraHca

Pasuuia Mex 1y TOKaMu CMEIeHUs MPeNCTaBIAeT COOOW BXOMIHOU TOK pasbaiaHca.
OO0braHa pa3HUIIA MEXKIY TOKAMM CMEMICHUS MaJja, TaK ITO TOK pa3baJaHCa TaKKe
nMeeT MaJdyl BEJIUYINHY. B OIIEPAIMOHHBIX YCUWINTEJIAX C KOMHGHC&HI/IGI;)I CMEIIECHUA
(cM. caegyromun pasgen) TOK pasbataHca IPUOIU3UTENLHO DABEH TOKY CMELICHUS.

KOMHeHCaIIPIﬂ BXOQHOI'O TOKa pa.36a.11cha

CyecTByeT HECKOIBKO CIIOCOO0B KOMIIEHCAIIUN TOKOB Pa3falaHca. D TU CIOCOOBI MO-
YT ODPUMEHATHCA KaK MPOU3BOIUTEIEM MUKDPOCXEMBI, TaK U MOT'YT UCIOJb30BATHCS
BHEITHIE KOMITOHEHTHI.

Cy1ecTBYOT 1B OCHOBHBIX CIIOCO06A, KOTOPHIE TPOU3BOAUTEIN MUKPOCXEM MOL'Y'T
HCIOJIB30BATH 1A KOMIIEHCAIINN TOKOB pa3faJjaHca.

IlepBBIM ABIAETCA UCIOTH30BAHUE BO BXO/-

HOU CTPYKTYpE «Cymep-0eTar-Tpau3uctopos. Cy-

nep-6eTa-TPaH3UCTOPHI U3TOTABIUBAIOTCA C IIO-

MOIIBIO CIIENUAIBHOIO TEXHOJOIHIECKOr'O IMIPOo- v
Imecca M HUMET OYeHb y3KyH 00JacTb Oa3bl.
OO6BI9HO OHU 06JALAI0T KOIPPUIUEHTOM YCUIe-

HUA [0 TOKy (f) mOpsAgKa HECKOJIBKUX THICAT

WM JeCATKOB THICAY (B OTIMIHAC OT HECKOTBKAX —VIN
COTeH [ CTAHJAPTHBIX OUIOJAPHBIX TPAH3U-
cTopoB). OnepanyuoHHbIe YCUIMTENN C BXOIHBIM
KacKalgoM Ha cymnep-6eTa-TpaH3umCTOpax uMe- v

0T HAMHOT'O MEHBIINE TOKU CMEIIEHUsA, OJHAKO

TakXkKe OHU MMEIOT OrPAHUYEHHYIO0 YACTOTHYIO

XapakTepucTuky. Tak Kak Cymep-0eTa-yCTPOH- Puc. 1-38. KOMIEHCALMA BXOIHOIO TO-
CTBa MMEIOT JOCTATOYHO HU3KWME HAIPSKEHWUS Ka CMeeHusd

npobosi, TO mId HUX HEOOXOIUMO HCIONB30BATDH

TOTOJHUTENbHBIE CXeMBI M7 3AIUTHl BXOTHOI'O KAaCKaaa OT MOBBIIIEHHOTO HAIPSIKE-
HIS, KOTOPOE CIOCOOHO MOBPEIUTH MUKDPOCXEMY.

Bropeim MeTomom miasi 60pBOBI C TOKAME CMEIIEHUs SBISETCA UCIOJb30BAHUE
BXO[HOU CTPYKTYPHI ¢ KoMIeHcanuen cmemerus (cm. puc. 1-38). Ilpu ucnonb3oBanuu
€XOa ¢ KOMIIEHCAIMEN TOKA CMEIIEeHUSA K 6a3aM BXOTHBIX YCTPOUCTB JOOABJAIOTCA
HeOoublIne UCTOYHUKN TOKA. Vmes 3akiaiodaeTcs B TOM, ITO TOKH CMELIEHUs, He-
06X0OIUMBIE U1 BXOAHBIX YCTPOUCTB, OOECHEIMBAIOTCSA 33 CYET UCTOYHUKOB TOKA,
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6Jarogaps 9eMy 3HAYUTEILHO YMEHBIIACTCA TUCTOE 3HAYEHNE TOKA, KOTOPOE MOABIA-
eTCS HA BHEIIHUX KOMIIOHEHTAX.

Bxomubie KacKaIbl ¢ KOMIEHCAIIMEN TOKA, CMEIIeHs 0012, 1al0T MHOTUMY TTPUBJIE-
KATEIbHBIMUA XaPAKTEPUCTUKAMU, CBOUCTBEHHBIMU IPOCTHIM OUIIOIAPHBIM BXOIHBIM
KacKalaM, & UMEHHO: MAJLIM IIyM HAIPAXKEHUs, MAJOE CMELIEHNe U MAJIBLI IPerd.
Kpowme sToro, oHun uMeT Majioe 3HAYEHUE TOKA CMEIIECHUs, KOTOPBIL JOCTATOYHO
CTA0WICH MpU U3MEHeHuUu TemrepaTypbl. OIHAKO NOCTATOYHO BLICOKOE 3HAYMEHUE
UMEeT IIyM TOKa, TAaK KaK K BXOZaM TO0ABJIEHLI MCTOYHUKU TOKa. Kpome »>Toro,
IUIOXO O0ECHEeYnBACTCSA COMNIACOBAHUE TOKOB CMEIICHUWSA. JTU NBA MOCAEJHUX HEXKe-
JATEIBHBIX MOOOYHBIX 3P (PEKTa BO3HUKAOT M0 IMPUYUHE BHEIIHEIO TOKA CMEIIeHUs,
KOTOPBIU IIPEACTABIICT COOOU PAZHUILY MEXK Iy TOKOM KOMIIEHCUPYOIIEr0 UCTOIHUKA,
TOKa U TOKOM CMEIIEHUS BXOMIHOT'O TPAH3UCTOPA. TaK KaK DTU IIyMbI HE KOPPEIUPY-
0T, TO UCTOYHUKY ABYX IITYMOB CKJIAILIBAIOTCA MO METOLY BBIYACICHUA KBAIPATHOTO
KODHS U3 CyMMbI KBQAPATOB COCTABJAIOIINX (IIPY 3TOM COCTABIAIONIAE C IOCTOAHHBIM
HAIPSKEHUEM BBIMUTAIOTCA).

3aMeTHuM, 9TO dTO MOYXKHO JIErKO MPOBEPUTD MIPHU TIOMOIIY PACCMOTDEHUA XapaKTe-
PUCTHK 1Jisi TOKA pa3bananca (KOTOPBIN IPEeACTABIIIET COOON PABHUILY MEXK 1y TOKAMU
cMemenus). Ecau ucnonb3yercs BHYTPEHHsS CXeMa KOMIICHCALMU TOKA CMELIEHUs,
TO TOK pasbanaHca OyIeT UMETh MPUMEPHO Ty K€ BEAUIUHY, YTO U TOK CMEIICHU.
Ecau cxema KoMIeHcAnuu TOKa CMEIIEHUS HE UCIOIb3YeTCs, TO TOK pasbanaanca 6y-
IeT 10 KpauHel Mepe Ha MOPALOK MEHBINE, YeM TOK CMENICHUs. 3aMEeTUM, UTO >TU
COOTHOIIEHUsI UMEIOT OOIIMKI XapAKTeP M HE 3aBUCAT OT TOYHOU BEIMYUHBI TOKOB
CMeIIeHuUs .

Tax Kak pe3yIbTUPYIOMINY BHEIITHUN TOK CMEIIECHUS MPEICTABIACT COO0N PASHUILY
MeX Iy ABYMs NPUOJU3UTEIHHO PABHBIMU TOKAMU, HE CYIIECTBYET HPUYUHLI, IO KO-
TOPOU PE3YIbTUPYIOMUN TOK OyAeT UMETh KAKyIO-TO ONPEAETICHHYIO MOJAPHOCTD.
B pesyabTaTe TOKM CMEIIEHUs B OMEPAIMOHHOM YCUIUTENE C KOMIEHCAIIMEN TOKOB
CMEIIeHNs He TOJBKO MOT'YT OBITH HECOTVIACOBAHHBIMU, HO OHU MOTYT B JEUCTBUTEIb-
HOCTU UMETh PA3JIUIHBIC HampasaeHusa! B GONbLIIMHCTBE TPUIOKEHUN 3TO HE UMEET
3HAYEHUs, OMHAKO WHOLJA DTO MOXKET IIPUBOAUTH K HEOKUAAHHBIM d(pdeKTam —
Hanpumep, ociabneHue (U3MEHEHUe HAIPSKEHUs B TOUYKE BBIOOPKM) s yCUIUTE-
ast Boibopku u xpanenus (SHA, sample and hold amplifier), cosgannoro na ocaose
OTIEPAIIMOHHOTO YCUIUTEMA C KOMIEHCAIIMEd TOKOB CMEIIEHWSA, MOXKET MPUHUMATH
MPOU3BONBHYIO TTOMAPHOCTD.

B 6onpmunHCTBE CIydaes pyHKINA KOMIEHCAIIUA TOKOB CMEIICHU He YIIOMUHAETCA
B TEXHUYECKUX ONMUCAHUAX [ ONEPAIMOHHOrO yCuauTens. MOXHO Jerko ompene-
JUTH, PEATU3OBAHA, MU NaHHAA (DYHKIUA, TIPU TMOMOIIA PACCMOTPEHUsA XapaKTepu-
CTUK TOKOB CMEIIEHWsS. FCau s TOKa CMEIIEHUs UCIOAb3YeTCs 00O3HAYEHUE «ty,
TO BECHMA BEPOATHO, UTO OMEPALUOHHBIN YCUIATENb UCIOIL3YET KOMICHCAIIMIO TOKA
CMEIIeHUS .

[IpoekTUPOBIIUK MOKET KOMIEHCUPOBATH (P(PEKTHI, CBI3AHHBIE ¢ TOKOM CMEIIe-
HUsL, IIPU [OMOILY YPABHUBAHUS UMIIEIAHCOB A1 ABYX Bxoa0B (cM. puc. 1-39). Ecau
STU UMIIEIAHCH PABHBI, TO MIPOTEKAIINE Y€PE3 HUX TOKKM CMEMIEeHnsA (KOTOPHIE Tak-
xKe Oy[yT CTPEeMUTHCA MPUHATH DABHBIE 3HAYEHWs) OyAyT CO3MABATH OIUHAKOBHIE
HAINPSXKEHUs CMEIIeHUs, KOTOPLIE Oy1yT NPOABIATL cebs B BuAe CUH(PAZHOIO CUHA-
aa. Tax kax curHaj aBiseTcs cuHda3HBIM, TO OH He Oy 6T BAUATH HA OOIIYIO OMUOKY
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cucTeMBI 1o puauHe ocaabaenus cundasuoro curaata (CMRR, o6cyxpaerca nanee
B DTOH IVIABE), KOTOPOE BBIIOJIHAECTCS YCUIUTEIEM.

Puc. 1-39. Komnencarus To- Ro
Ka CMEIeHUs
R
Vo
Vo =Ry (lg-—lg+)
=Ry los

0,ecnmn |B+ = IB— ’

npeHebperas Vog

IIpu uCcnoaB30BAHUN TAHHOTO METOIA CACAYET MAEUCTBOBATH C OCTOPOKHOCTBIO.
OH 0YeBUIHO HE MOXKET WCIOJb30BATHCA IS OMEPAMOHHBIX YCUIUTENCN ¢ KOMIIEH-
calmen TOKa CMEIIEeHUs, TaK KaK [ HUX TOKY CMEIICHUs He ABIAIOTCA O IUHAKOBBIMU.
s ycunmurenen ¢ BXOTHBIMU IIOJEBBIMU TPAH3UCTOPAMU UMIIETAHC UMEET BBICOKHE
3HAMEHUA U TOKM CMEIIEHUA UMEIOT MALYIO BEIMIUHY, TAKAM 00PA30M, BAUIHEE Iy Ma,
[[3KOHCOHA, KOTOPBIX CBA3aH C BLICOKAMY BXOTHBIME WMITETAHCAMU, MOXKET OKA3bI-
BaTh 60/ee HEGIATONPUATHOE BO3AEUCTBUE, U€M BJIUAHUE MPOTEKAIINAX IePe3 BXOIa
TOKOB CMEIeHUs. 31eCh HEOOXOIMMO MPOBECTH TOMOJHUTEILHBIA AHAINS.

BrIuncieHrEe MOTHOU OIMMGKH BBIXOQHOI'O CM€EIII€EHNsA, BLI3BBAHHOI'O
IB n Vos

Dopwmyiier, mokasanuase Ha puc. 1-40, 0Ka3bIBAIOTCS MOIE3HBIMY [IPY [IPUBE[EHUN 3HA~
YeHUN HampsxkeHus cMmemeHusa ycwiureas K ero sxoxy (RTI) mwmm soixomy (RTO).
Br160p TOUKN, K KOTOPOU MPUBOAATCS 3HAYEHUA HAIPIKEHUA CMEIIEHNS, 3ABUCAT OT
OPEnoYTeHNN pa3paboTUnKA.

3uauenue, npusegennoe K sxony (RTI), okasbiBaeTCA MOTE3HBIM TIPU CPABHEHUN
o0IIen OMMOKY CMEIIEHUS OMEPANUOHHONO YCUIATENA ¢ YPOBHEM BXOTHOIO CHUIHA-
aa. 3uadenue, npusegennoe K seixony (RTO), okaswiBaercs Gojee MOJIE3HBIM B TEX
CIyYasAx, KOTJAa ONEPANNOHHBIN YCUIATENb YIPABLIET TOMOJIHUTEILHBIMI CXEMAMH,
6J1arogaps STOMY MOXKHO CPABHUTH I[TOJHOE 3HAUEHHE OUIMOKU CO 3HAYMEHWSAMU, OT-
HOCAIIUMUCS K CJAeAymoumeMy Kackany. B mo6oM ciaydae, 3HadeHNs, IPUBEJEHHBIE
K Bexogy (RTO), Moryr ObITH OIYyYEHBI IPOCTO YMHOXKEHHMEM 3HAYEHUN, [IPUBE-
gennbix K Bxony (RTI), ma xosdduuuent ycuieHus mymMa M TaHHOI'O KacKala,
koropuint pased 1 + Ry /Ry.

CyIecTByeT HECKOIBKO IPOCTHIX MPABII, KOTOPBIE UCHOIB3YIOTCS [ CHUKECHUS
omnbOK, CBI3aHHBIX C HAIPSKEHHEM CMEIEeHUs M TOKaMu cMmelieHus. Bo-mepBhix,
BO BXOJHBIX LIEIAX U HEMAX OOPATHOU CBA3M HEOOXOAUMO HCIOIB30BATH PE3UCTOPHI
C MaJIBIM COIPOTUBJIEHUEM, 3TO HEOOXOIUMO I MUHUMI3AIUN HAIDSKEHUs CMeIle-
HUs, CBSA3AHHOI'O C BIWSHUEM TOKOB CMeIleHus. Bo-BTOPBIX, CleIyeT HCIOIb30BATH
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PE3UCTOPHI A KOMIIEHCAIINU TOKa cMemeHusd. [lapaaieabHo 5TuM pe3aucTopaM Mmo/-
KJIIOYAI0TCA KOHAEHCATOPHI C JOCTATOYHO OOJIBIION eMKOCTBIO. Pe3ucTopsl yirydmaioT
XapaKTEPUCTUKHU TOKA pa3faJaHCa IO HOCTOSHHOMY HAIIPSIXKEHUIO, TOI'Ia KaK KOH-
IEHCATOPBI XOPOIIO IPOIIYCKAIOT BBICOKOYACTOTHBIEC CUT'HAJIBI U IIOMOI'AIOT CHU3UTH
YPOBEHDb IIIyMa Ha BLICOKUX dYacToTax. /lamee, Takow METON HEIBH3S UCIOIb30BATD
U YCTPOUCTB C BXOJAMU Ha MOJEBHIX TPAH3UCTOPAX, TAK KAK COMPOTUBICHUE KOM-
[IEHCUPYIOWIEr0 PE3UCTOPA MOXKET TOOABUTH OOJIBIIE IMIyMa, UeM YMEHBIINTD 3a CUeT
KOMIICHCAIIMK TOKA CMeIIeHus. ECan onepanuoHHbIll yCUINTENb NCIOAb3YeT BHY TPEH-
HIOIO CXeMy KOMIIEHCAIIUM TOKAa CMEIIeHUs, TO He CleLyeT UCIOIb30BaTh COIIPOTHUBIIE-
HUSA A KOMIEHCAIINY, TaK KaK TOKU CMEIIeHUsA He ABIAITCA COracoBaHHBIMU. [Ipu
HEOOXOAMMOCTY UCIOAb3YUTE BHEITHIOK IIENb MOACTPOUKYA CMEIEHNs, TaK KaK OHA
rapaHTUPyeT HAUMEHbIee 3HadeHune apenda. Ecim moacTponky KeaaTenbHo He TPO-
U3BOAUTDH, TO BBIOMPANTE COOTBETCTBYIOMIUU MPEIU3NOHHLIN YCUINTEIb ¢ HU3KUMU
3HAYCHUSAMY CMELIeHUs U Apenda.

Puc. 1-40. Boram-

| R, CJIEHVE [TOJHOIO 3Ha-
B R B’/-\ YeHUS HAMPAKEHUA
<] O % v U/ - CMeIIeHnsA
os
Vour

R KoadhduumeHT ycunexHms
:] A: N lg+ —> + OT TouYkM «A» 00 BbIxoda
yeunurens = KoaOULnNeHTy
ycunenus wyma = NG

KoadbdpuumeHT ycunenus R, NG=1+ R_2
oT Touku «B» Ao Bbixoga = "R, 1
’

R R
*Cmeuyenmne (RTO) = Vg E + ?2] + Ig1 X R3 E + R—Zj —lg-XR,
1 1

Ry xR
* Cwmeuienune (RTI) =Vpg + lg, XR3 — Ig_ [¥]

R+ R,
D,J'Iﬂ noaasneHnsa BrnaAHNA TOKOB CMeLLeHnsA HeOﬁXO,ElVIMOZ
Ry xR
Cwmeuenve (RTI) = Vogecmlg,=1p 1 Rz = ﬁ
1 2

BxogHou mMmegaHc

[ OmepaIMOHHOrO YCUINTEISA ¢ OOPATHOU CBA3BIO MO HAMNPIKEHUIO YKA3BIBAOTCA
BXOIHOU UMTENAHC M Au(dHEPEHITNATLHBIX U BXOIHBIX CUTMHAIOB. [ omeparuos-
HBIX YCUIATENEN ¢ OOPATHOU CBA3BIO MO TOKY OOBIYHO YKA3LIBACTCA MMIIETAHC OT-
HOCHUTEIBHO 3eMIIN I KAXK JO0T0 BXOAa. [/ PA3IMIHbIX ONEPAMOHHBIX YCIINTEIeN
¢ OOPATHOU CBA3BIO MO HAMPSKEHUIO MOT'YT UCIOAb30BATHCA PABIUIHBIE MOIEIN, Ol
HAKO NPU OTCYTCTBUU APYLOU HH(MOPMAIUU OOBIYHO MOXKHO UCIONb30BATH MOIENIb,
KOTOpas mokasaHa Ha puc. 1-41. B aTon Mogenmu TOKu CMEIeHusa MPOTEKAKT Ha BXOIA
13 UCTOYHUKOB TOKA C OECKOHEYHBIM MMIIEIAHCOM.

Nudopmanus no BxogHomy umnegancy mist cuadasaoro curiata (Zem4 U Zem— ),
KOTOpas IPUBOAUTCA B TEXHUIECKUX OIMUCAHUAX, OTHOCUTCA K MMIEIAHCY KaXKI0rO
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U3 BBIXOI0B OTHOCUTEABHO 3emin (a HE uMmeganc 1Byx BEIXOLOB O THOCATEIBLHO 3€M-
au). Juddepennnanpupii Bxoauon umunesanc (Zqgig) npeacrapiseT OO0 UMIIEIAHC,
KOTOPBIU CYIIECTBYET MEX Iy ABYMs BXOgamu. [1o10OHbBIN UMIIEIAHC OOBIMHO SBJISET-
A PEBUCTUBHLIM 1 UMeeT Bhicokoe 3Hadenue (1051012 Owm), mpu »ToM mapawLre sHo
BKJIIOYAETCA HEKOTOPAS NIy HTUPYIOAA eMKOCTb (OOBIMHO BEINIMHON HECKOABKO D,
unorga co suadenuamu 20-25 nd). B GoabmmHCTBE cXeM Ha, OCHOBE OINEPAIMOHHBIX
YCHIUTEIEU UMIEJAHC MHBEPTUPYIOMIEr0 BXO A [IPU MOMOIIU OTPUIATEIBHON 00paT-
HOU CBSI3U YMEHBIIACTCS 10 O9€Hb MAJBIX 3HAYEHUN, 1 HHTEPEC IIPENCTABIAIOT TOJBKO
s3HaqeHusd Zemt 4 Liem— -

+Bxoa O AVAY, O —Bxon

Zam+ § § Zam- +Bxog —Bxoa

Z+

Puc. 1-41. BxogHou nmMmenanc Puc. 1-42. BxogHoe cOnpOTHUBIEHNE YCHIUTEA
¢ 06paTHOU CBA3BIO MO TOKY

OnepannoHHBIN yCUIUTEIb ¢ 0OPATHON CBA3BIO II0 TOKY UMeeT erre 6oJee IPOCTYIo
CTPYKTYpPY, KOTOpasd Moka3aHa Ha puc. 1-42. Uvmnenanc Z+ ABIAETCA PE3UCTUBHBIM,
MIYHTUPYETCA eMKOCTBIO W WMeeT JOCTaTouHO Gombmme suaxenua (10°-10° Ow),
TOra Kak uMmneganc Z— sasasercs peaktusHbiM (L wiu C, B 3aBucuMocTy 0T yeTpOn-
CTBa), OQHAKO OOMAJAET PE3UCTUBHOU COCTABI/IOUIECH, KOTOPAs B 3aBUCUMOCTH OT
YCTPOUCTBA, MOXKET MPUHUMATEL 3HadeHus B quamnasone ot 10 1o 100 Owm.

BXO,lIHa}I €MKOCTb

B obmem crydae, BXOIHASA €MKOCTH He CO3JaeT MPOOJEM MPU UCIONH30BAHUU BHI-
COKOCKOPOCTHBIX OMEePaUOHHBIX ycmmuTenen. O THAKO B HEKOTODPHIX MPUJIOKEHUAX
ero HeoOXOMMO YIUTHIBATD, HAIPUMED, M yCAIUTEICH POTOAUOLOB, KODJA UMIIe-
IAHC ICTOYHUKA UMeeT OUYeHb BEICOKUE 3HAUEHU.

IIpu oveHBL BBICOKMX 3HAYEHUAX UMIETAHCA HUCTOYHUKA TaKe OUYEHbL MaJas €M-
KOCTB CIIOCOOHA CO3IaBATH HOJb B IEPENATOTHON (PYHKIUU. JTO MOKET IPUBOAUTD K
norepe yeTonduBoCTU. Tak Kak KO3 (OUIUEHT yCUICHWS IIIyMa yCUINTEIs BO3PAcTa-
er ¢ koadduuuerrom 6 1B Ha OKTaBy, & KOXMOUIUEHT yCUICHUSA 1 PABOMKHYTOU
CcXeMBI yMeHbIaeTca ¢ koadgdunuenTom 6 1B Ha okTaBy, TO nepecedeHue OyaeT Ipo-
UCXOAUTH ¢ yriioM 12 1B Ha OKTaBy, YTO O3HAYAET MOTEPIO YCTOUIUBOCTH.

[pyras mpobiema, KOTOpas CBA3aHA C yCTPOUCTBAME, B KOTOPBIX BXOTHBIE KAC-
KaJbl CO3JaHBbl HA MOJEBBIX TPAH3UCTOPAX, MPU PA0OTE B HEUMHBEPTUPYIOIIEH KOH-
(urypanuu cBs3aHa ¢ MOTYJANAEN BXOTHOU €MKOCTHU TOJ BJIUAHUEM CUH(DAZHOTO
HANPSXKEHUs. JTO IPUBOAUT K BO3HUKHOBEHUIO UCKAXKEHUU, KOTOPBLIE 3aBUCIT OT
YPOBHsA cArHAIA. ITOOBI KOMIEHCHPOBATH BIMSHUE TAHHOI'O 3 PEKTa, UCIOIb3YeTC s



Iaasa 1. Onepayuonnvit ycuaumendb

0aTaHCUPOBKA UMIIEAHCA CO CTOPOHBI BXOAOB YCIUIATE/A. JTO AHAJIOTUIHO OAJAHCH-
POBKe, KOTOpas MPUMEHAETCA 1A BXOIHBIX TOKOB CMEIIEHNs, 38 NCKII0OIeHEM TOTO,
9TO Tenepb OAJTAHCAPOBKA BBIMOMHAECTCA HE TOJBKO I HOCTOSHHOIO HANPSIKEHUS.

,[[Hanason BXOOAHOI' O CI/IH(i)aBHOI‘O HaIIPAXEeHWUsA

[nana3on BXOIHOTO CUH(AZHOTO HATIPAKEHUA MPEICTABIICT COO0N IUANA30H HATIPI-
JKEHUs, KOTOPOE MOXKET MOAaBAaThCA HA Bxoxa ycuauTeasa. OOBMHO DTOT IUATA30H
MEHBINE, YeM TOJHLIN TUANa30H HANDAXKEHUA nuTanud. Kiaccuieckue CUCTEMBI UC-
[MOJIB3YIOT HAOPSKeHUs nuTanus +15 B, npu 5ToM 0XKuIAeMbI TUHAMUYIECKUN TUa-
ma3oH s curHaga cocrasiaser +£10 B — orcioga caemyer, ITO HAIPsKEHUE I
BXOJOB [JOJKHO [IPUHAMATH 3HAYEHUS TOJBKO U3 DTUX AUANA30HOB.

OnHAKO COBpEMEHHBIE TEHICHINY 3aKII0IAI0TCA B TOM, 9YTO HANPAKEHNE T TAHUS
CTAHOBUTCS BCE HUMXKE U HIKE. DTO YBEJAUIUBAET HEOOXOAUMOCTH B MAKCUMATIHLHOM
HCIIOJB30BAHUYU BXOJHOI'O AMHAMUYECKOr'O AMalla30Ha. BOJbMINHCTBO OIepanoOHHBIX
YCUWIUTEIEH C MaJjbIM HAIPSXKEHNEeM MUTAHWA UMeT BXoabl «rail-to-raily. Xors me
CYLUIECTBYET CTAHIAPTA, KOTOPBIU MaBaj OBl ONPEIEJEHUEe XapPAKTepUCTUKN «rail-to-
raily, B kommanuu ADI ona ompenenseTcs Kak ClioCOOHOCTD TPUOINKATHCA MEHEE TeM
Ha 100 MB x HANPAXKEHUIO KaXKIOW W3 IIUH MUTAHUA. 3AMETUM, UTO HE BCE YCUIU-
TeIn, KOTOPBIe PEKJIAMUPYIOTCS KaK IPUCOAHBIE s NCIOJIb30BAHUS OJHOIOLAPHOIO
NUTaHUA, 00 aI0T XapaKTepucTukaMmu «rail-to-raily u me Bce ycrponcrsa, KOTOpbIE
pekmaMupyoTcs Kak «rail-to-raily, cmocoOHBI TOCTUraTh HAIIPAKEHU IIIMH TATAHU
KaK [/ BXOMHOI'O, TAK U [/ BBIXOTHOrO curHajaa. Heo6xoaImMo BHUMATETHLHO U3Y-
YUTH TEXHUIECKYIO TOKYMEHTAIIUIO.

OnpeneneHsbie BXOAa, TaKUe KaK BXOAA B CyNep-0eTa-ONepalMOHHBIX YCUINTE-
JIAX U ONEPAIUOHHBIX YCUIUTEMAX C KOMIICHCAIIMEN CMEIEHUs, TAKKE OrPAHUIUBAIOT
[UAITA30H BXOMIHOI'O HAIIPSIXKEHUS.

AduddepennuaibHoe BXOJHOE HAIPAXEHNE

HekoTopbie BXOAHBIE CTPYKTYPHI I/ MPEIOTBPAILICHNS TOBPEXK IeHNN TPeGYIT Orpa-
HUIUBATH AudHEPEHINATBHOE BX0OIHOE HAIPIXKEHNE. JTH OMEPALNOHHBIE YCUIUTEIN
OOBITHO UCIONB3YIOT I CBOMX BXOJIOB BCTPEIHO-BKIIOYEHHBIE TMOIBI, KOTOPBIE MO-
YT He BCEr/a MOKA3LIBATHLCA Ha YIPOIIEHHON cxeMe ycuauTeas. O IHAKO 3TO MOXKHO
OIPEIETUTD IO TOMY, ITO miA Au(PepeHInaIbLHOrIO BXOIHOTO HAMPAKEHUA OIPeIe-
JICHO MakcuMaabHOe 3Hadenne B £700 mB.

B momosHeHMe K >TOMY MOXKET yKa3bIBATHCA MAKCUMAJLHOE 3HAMEHUE IJIA BXOI-
HOr'O TOKa. HekoTophle yCHIuTeam MOIYyT HCIOJB30BATH TOKOOTDAHUYIUBAOIINE Pe-
3UCTOPBI, OMHAKO TAKNE PE3UCTOPHI YBEANIMBAIOT YPOBEHDb IIIyMa, TAKUM O0pPa3oM,
OHM HE UCIIOJIB3YIOTCA NI ONEPALMOHHLIX YCUIUTENEH ¢ MAJILIM YPOBHEM IIIyMOB.

Hanpﬂx(eHHe IINTAaHUA

B knmaccudeckux cucTeMax MCHOJB30BAINACH HAPsXKeHusa nuTauus +15 B, mpu sTom
0XUaeMOe 3HAUYeHNEe TUHAMUYIECKOTO MMAIa30Ha IS CUrHAJOB cocTasasto +10 B.
B mauase cBoero pasBuTus OMEPAIMOHHBIE YCUIATENN IPOEKTUPOBAINCH UMEHHO IJIs
paborsl B Takux ycaousax. OOBIMHO HANPsKEHWUSA MUTAHUA UMEIN OYeHb OOJIBIION
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IUAMA30H W3MEHEHUs, U B TEXHUIECKUAX OMUCAHUAX OOBIYHO MPUBOIUINCH TOITYCTU-
Mble 3HAYEHUs AUANA30HA HANPSKEHUU nuTanus. Hampumep, OH MOXKET COCTABIATH
or +4,5 B 1o £18 B — TakoBbI HOMyCTUMBIE 3HAYCHUS HANDKEHUN MUTAHUA /IS
AD712. B ofumeM CymecTBYIOT U3MEHEHHUs B XaPAKTEPUCTUKAX [ OMEPAIMOHHO-
O YCUIUTEJsA, KOTOPBIM PA00TAET MPU PA3TAIHLIX HAMPAKEHUAX muTaHusd. OOBITHO
DTOMY OTBOAUTCSA HECKOJBKO CTPAHUI] B TEXHUYECKON TOKYMEHTAINN, HA KK IO 13
KOTOPBIX UCHOIB3YETCS PABIUIHBIA HAOOD YCIOBUE, YTO OOBIYHO O3HAYAET TAKXKe U
PA3IMYIHbIE XaPAKTEPUCTUKN UCTOTHUKA, TATAHUA.

XoTs HpUBOAUMBbIE XAaPAKTEPUCTUKU HANDSIKEHNA OOBIMHO MOAPA3yMEBAIOT UC-
[IOJB30BAHNE CHMMETPUYIHONO OUIIONIPHOIO HANPSKEHUSI, He CYLIIECTBYeT HUKAKUX
[OPUYKH, [0 KOTOPBIM HAMPSKEHUE AOMKHO ABIATHCI CUMMETPUIHBIM WU OUIOJISIP-
HbIM. /715 ONEPAMOHHOrO YCAOBUS UCIOJAB30BAHAE UCTOIYHIKA, MUTAHUA HAIPSIKEHU-
eMm +£15 B HuUeM He OTIMYAETCA OT UCIOAB30BaHNA NUCTOYHUKA nuTaHud +30/0 B win
+20/ — 10 B, HE0OGXOAUMO TOIBKO CMEINATH BXOJHOU CUIHAL B pab04yio 061acThb (B
npeenax IUana3oHa CUHGA3ZHOTO HAIDKECHIUA).

CoBpeMeHHAs TEHACHIUA 3AKII0IACTCA B CHUKCHUN HAIPSKEHUN nuTanus. s
BBICOKOCKODOCTHBIX OIEPAIMOHHBIX YCUIATEIEH 3TO YaCTUYHO CBA3aHO C OUDAHUYE-
HUSIMI TEXHOJOIMYECKUX IpoleccoB. Boee BEICOKME CKOPOCTH TPEOYIOT HCIOMB30-
BaHUSA (PU3NIECKUX CTPYKTYD C MEHBIIMMK pPasMepaMi, ITO B CBOIO OYEpeIb IIO-
pasyMeBaeT CHUXKeHue HampskeHus npo6os. CHuKeHue HampsKeHus mpobos Tpe-
OyeT yMEHBIIEHUS WUCIOIb3YEeMbIX HampsikeHuu nutanus. Cerogns HambOIee BBICO-
KOCKOPOCTHBIE OHNEPANUOHHBIE YCUIUTEIN KCIOAb3YIOT Hampsakerue +5 B win xe
OJHONOMAPHOE HuTaHue ¢ HanpskeHueM +5 B. Omepanmonubie ycmiurenn oOie-
O NPUMEHEHUs MOT'YT KCIONB30BATH 0OOJee HU3KME HAIPSKEHUS NUTAHUI — 10
+1,8 B. 3amerum, 9TO TEPMUH «OIHOMOIIPHOE MATAHUEY UHOT A UCIONB3YETCS IJIs
0603HAMEHUsT TOHUKEHHBIX HANPSKEHUN NUTAHUA. JTU IBA MOHATHUSA CBA3AHLI MEXK-
Iy co0Om, OMHAKO, KAK DTO YK€ YKA3BIBAJOCH BBILIE, OJHOIOISAPHOE MUTAHUE HE
00s13aTEIbHO 0003HAYAET Maaoe HampskeHue. lloMHUTE, ITO DTU MOHATHUA UMEIOT
PA3INIHLIA CMBICI.

Omnepanuonnste ycumurenu ¢ rexaojaoruen CMOS Taxxke 06bIMHO paboOTAIOT IpU
MOHUKEHHOM HanpszkeHun nuranusa. Legennun B pazsutuu CMOS-Texnosoruu, Ko-
TOpbIE BHOBb CTUMYJIUDPYIOTCS Pa3sBUTHEM IM(POBBEIX CXeM, 3aCTABMLIIOT BCe Oojee
YMEHBIIATH TeOMETPUIECKIE Pa3MepPhl, ITO IPUBOIUT K CHIKEHUIO HAIPSKEHNS IPO0Os.

CTaTuvyecKHH TOK MMOTpeO6IeHns

Crarudecknl TOK TMOTPEOJEHUs TMPENCTABIACT COOO0M TOK, KOTOPBIM MOTPEOIACTCA
CaMUM OIEpAIMOHHBIM ycuiuTenreM (0e3 MOAKIIIeHHON Harpy3Kkn). B o0mem ciayvae
BBICOKOCKODOCTHBIE OTMEPAIMOHHBIE YCUIUTEIN MOTPEOIA0T 00Mee BHICOKUM CTATH-
9YeCKUU TOK II0 CPABHEHUIO C yCHIUTEJIAMEA OOIIEero Ha3HadeHusA. B momogaHeHme K
DTOMY IS ONEPANMOHHBLIX YCUIUTEIEH OOIEro HA3HAYEHNA HEKOTOPBIE IMapaMeTPhI
(B 9aCTHOCTH, UIyM U UCKAXKEHVs) UMEIOT TeHICHINIO K YLy IIIEHUIO IIPU YBEeAMICHUN
BEeMUYUHBI >TOr0 ToKa. C Ipyron CTOPOHBI, OMEPAIMOHHBIE YCUIUTEIN ¢ HU3KUMA
SHAYCHUAMEU CTATUIECKOTO TOKA OTIMIAIOTCA CUJIBHO OTPAHUIEHHOW TOJOCOU TPO-
nyckanus. Ha NaHHBII MOMEHT HAMOOIEE HU3KUM 3HAYEHMEM CTATHIECKOrO TOKA
Cpein BCeX KOMIIOHEHTOB, BhimyckaeMbix koMmnauuen ADI, ssrsercs OP290 ¢ Tokom
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3,5 MxA (cemuac, B 2010 romy, UMEIOTCA yCHIMTEMN ¢ TOKOM moTpebmenus 1 MKA,
aro AD8500).

CyecTByeT BBICOKAS HOTPEOHOCTD B OIIEPAIIMOHHBIX YCUIUTEIAX C MAIBIM CTATH-
YeCKUM TOKOM mnorpebuenus. QOIHUM U3 OCHOBHBIX MOTPEOUTENEN TAKUX YCTPOUCTB
SIBJSIOTCS YCTPOUCTBA ¢ GaTapelHBIM TUTAHUEM. XOTsA HE CYIIECTBYET OTPACIEBOIO
CTaHIAPTA, KOTOPHIU OBbI JABAT OTPEIEICHUE [JIA «MAJIOT0 TIOTPEOJEHU) , B KOMITAHUN
ADI ono onpenensaeTcs Kak KOMIOHEHTHL CO CTATUIECKAM TOKOM MOTPEOICHUS MEHee
1 MA. TepMuH «MUKPOIOTPEOIEHAEY OTHOCUTCS K KOMIIOHEHTAM CO CTATUIECKUM TO-
koM morpebierus meree 100 MxA. 3aMeTuM, YTO DTU 3HAYECHUS OTHOCATCA K OJHOMY
YCUWIATENIO, T. €. VISl IeThIPEXKAHAIBHOIO YCUIN TSI IIPUBE IeHHBIE 3HAYEHIS CJe[yeT
yMHOXKATh Ha 4. Takike 3aMeTUM, ITO BCEe CKA3aHHOE OTHOCUTCA TOJBKO K YCUTIUTE-
JaaM. Masoe moTpe6JaeHne MOXKeT 3HAYUTh MHOTO€ /I OTPOMHOI0 KOIMYIECTBA IO IeH.
Hanpumep, cambie BBICOKOCKOPOCTHBIE onepanuonubie ycumuremu (AIII) cnocoGubI
pacceuBaTh 10 1 B! O gHako 5TO MOXKeT BCe €Ie CIUTATHCA KOMIIOHEHTOM € MAJIBIM
noTpebaeHneM, TaK KaK KOHKYPUPYIOIIIE PeleHns MOryT moTpebaaTs 6oee 4 Br.

Pazmax BBIXOJHOI'O HAIPAXEHUSI
(MakcuMyM ¥ MMHMMYM BBIXOJHOI'O HAIIPSXKEHU)

Kax yxe ykasbBaJoCh paHee, KIACCUIECKNE CUCTEMBI HCIONB30BAIN HAIPSIKEHUS
nutanusa +15 B, npu 5TOM I CUPHAIOB OXUIAEMBIN TUHAMUYECKAN TUATA30H CO-
ctaBaar 10 B. [[1sa BEIXOIHBIX CTPYKTYP OOBITHO UCIOIB3YETCA CXEMa, DMUTTEPHOIO
nosropuresns (¢ obmuM KowiekTopoMm). Hanpsikenue Ha Gase IPEBBIIAET BLIXOTHOE
HaIPSKEHNEe Ha HAPXKEHUEe, COOTBETCTBYIOIIEe 1A IeHUI0 HAIPSIKEHNUSI HA U0 JHOM
nepexone. [[aa cMeleHnsa BBIXOIHOIO CUTHAIA HEOOX0 TMMO HaMpAKeHue ¢ 60Jee BhI-
cokuM ypoBHeM. UTak, HaM Heo6x0AMMA MHMOPMAIUA O TOM, KAaKOe HAIIPIKEHUE MBI
MOXKEM MOJYYUTH OT BBHIXOMHOI'O CUTHAJIA. [Ipu ncnonb3oBaHuY TOHUKEHHOIO HAMPS-
KEHUs 3Ta pa3Huia OyAeT OCTaBaThCA HOCTOSHHOU. Hanpumep, ecin B TeXHUIECKOU
JIOKYMEHTAUMN yKa3aH Auana3oH +12 B (MuHuMaIbHOE 3HAUEHUE) 1JIS1 HALPSKEHUN
nuranusa +15 B, To maa nurapus +9 B MBI MOKeM 0KMIATH BEIXOIHOU CUTHAJ C KA~
naszonoM +6 B.

U BHOBB, NpPU YMEHBIICHUN HAMPSKEHUU MUTAHUA MEPEIl HAMU BCTAET 33129
yBEIUYIeHUA TUHAMUYECKOTO NUANa30Ha /1A BHIXOIHOTO CUTHATA. B KpanHnem caydae,
ecaum MBI TepseM 3 B OTHOCUTETHHO KaXKJOT'0 HANPAXKEHWUSI MUTAHUA U UCIOJbL3YeM
HANpsKeHus nuTanusa £3 B, To nuHaMudecKul quana3oH BBIXOAHOTO CUTHAJLA OyaeT
KeCTKO orpanudet. OOLITHO I8 yBEIUICHUS TUHAMAIECKOrO UAIA30HA KOH(PUTypa-
IS BBIXOTHOT'O KaCKa 1 U3MEHAETCS C DMATTEPHOI'O IIOBTOPUTESA HA CXEMY € OOIINM
SMUTTEPOM. B 5TOM ciydae HaIpsKeHUE MOXKET JOCTUTATh YPOBHA, OTINIAOIIETOCS
OT HANPSIXKEHUA HACBIEHUA V(Esay BBIXOJHOTO TPAH3UCTOPA.

B03MOXHOCTL BBEIXOIHOTO CUTHAIA TPAKTUIECKM NOCTUTATH HANPSIKEHUA IITNH
MUTAHASA XapaKTepusyercsa Kak «rail-to-raily. Kax yxe roBopmiocs B pasmesne, mocBs-
IIEHHOM BXOIHOMY HAIPSIXKEHUIO, HE CYyHIECTBYET OTPACIEBOIO CTAHAAPTA, KOTOPBIA
napaj Obl ompeaejeHue mis TepMmuHa «rail-to-raily. B xomnanum ADI Mer onpenemns-
€M DTO KaK CIIOCOOHOCTH JOCTUrATh HAPIKEHUA, OTINIAOMIETOCI OT HAIPIKEHUS
KaKOU-IuO0 W3 MIUH TUTaHUA Bcero Jmimb Ha 100 MB mpu 10mMOIHUTETBHOM Mpe-
MOJIOKEHUH, 9TO yCTPOUCTBO paboraer Ha HArpy3ky 10 kOwm. Bemuuuna marpysku
ArPAeT BAXKHYIO POJb, TAK KAaK 3HAYEHUE V(Esat BBIXOJHOI'O TPAH3UCTOPA 3ABUCUT
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OT BEIWYWHBLI BBIXOJHOT'O TOKA. BCIOMHUM, YTO HE BCe OIEPAIMOHHLIEC YCUTIUTEIN
C OMHONOJIAPHBIM HUTAHHEM O0JamaioT xapakTepuctukamu «rail-to-raily, mpum sToMm
TaKas XapaKTEePUCTUKA MOXKET OTHOCATHCSI K 0OOMM BHIXONAM WK XK€ K BBIXOJIHOMY
curaany. BHOBB ykazkeMm, 9T0 HEOOXOIUMO U3y4aTh TEXHUIECKYIO TOKYMEHTAIINO.

BrixoaHou TOK (TOK KOPOTKOI'O 3aMbIKAHWA)

B GosbrHECTBE ONEPAIMOHHEBIX YCUIUTENEH BHIXOTHON KACKA,I 3aIIAIIEH OT KOPOTKO-
O 3aMBIKAHUA Ha 3eMJII0 WK Ha JI00y0 u3 mmH nuranus. OOBIMHO 5T0 0003HaIaeTCsa
KaK «OECKOHETHAs 3AIMUTA OT KOPOTKOr'O 3aMBIKAHUSA, TaK KAK YCAIUTENb CIIOCOOEH
CHAOXKATH TOK TAKOUW BEIWYUHBLI B CXEMY C KOPOTKUAM 3aMBLIKAHUEM Ha, MPOTAKEHUN
OECKOHEYHOI'0 MPOMEKYTKa BpeMeHu. TOK Ha BBIXOJE ONEPAIUMOHHOT'O YCHUIUTEINS,
KOTOPBLIA OH CIOCOOEH 00€CIIeYNTh, ABJIAETCA €r0 BLIXOAHBLIM TOKOM. OOBIMHO st
OIIEPAIMOHHBIX YCUIMTENEN OOMIEr0 HA3HAYEHUA CIUTAETCA, ITO DTOT IPEIe] PABEH
10 MA.

Ecau Tpebyercs, 9TOOBI OMEPAMOHHBIN YCUIUTENh ABIAICA BBICOKOIPEIN3NOH-
HBIM ¥ IIPU DTOM OTAAIAICT OOJBIIUM BBIXOTHBIM TOKOM, TO [IJIA YMEHBIICHUs Ca-
MOPa30rpeBa IPENU3NOHHOI0 YCUINTEIA PEKOMEHIYEeTCA UCIOAb30BATHL OTAEIbHBIN
BBIXOIHOU Kackaj (B mpeneiax menu OOPATHOU CBA3MU). DTOT AOMOIHUTENLHBIN yCHU-
JUTEIb 9aCTO HOCUT HasBaHue Oydepa (6ydepHoro ycuamTesns), TaKk Kak OOBITHO /11
HEro KOX(hQUIUMEHT YCUICHUs O HANPAKEHUO PABEH €IUHUIIE.

CymecTByIOT ClenuaIbHbIE ONePANOHHBIE YCUINTEIN, KOTOPLIE CIIENAAILHO IIPO-
eKTUPOBAMNCH NI pabOTHI TMPU OOJBIINX 3HAMEHUAX BLIXOJTHOTO TOKa. [Ipumepom
asasgercs AD8534, KOTOpBIN MpEICTaBIAET COO0N IETHIPEXKAHATLHYI) MUKDPOCXEMY,
KOTOpas 00eCMevIMBACT BBIXOAHOU TOK 250 MA mIIa KaxKIOU U3 YETHIPEX CEKIIUN.
OnHako HEOOXOIUMO HPEAYIPEINTh: €CAU Kaxaas M3 CEeKIuU OyaeT 00ecIevuBaThb
BBIXO THOU TOK, PaBHBIN 250 MA | TO Oyy T NPEBBIIIEHBI BO3MOXHOCTHU KOPITyCa MO PAC-
cesuuio sHeprun. /s yemanrens OyaeT MpeBLIIeHa IpefeabHas TEMIEPATypa, U OH
MOXKET OBITH Pa3pyLIeH. JTa mpodaemMa 060CTPAETCS IPU YMEHBIIEHUN PA3MEDPOB KOP-
MyCa, TAK KAK YMEHBIIAITCI BO3MOXHOCTH IO PACCESHUIO SHEPIUU.

[J151 BEICOKOCKOPOCTHBIX OIEPAIMOHHBIX YCIINTEICN BEIXOTHON TOK HEe OrPAHU -
BAETCA KAKUM-TO HEOOJBIINM 3HAMEHUEM, TAK KAK OTO OKA3LIBAET BJIUAHUE HA CKO-
POCTBb HAPACTAHUS U BO3MOXKHOCTE PAOOTATH C MAJBIMU UMITETAHCAME. BOnbImMHECTBO
13 BEICOKOCKOPOCTHBIX OMEPAIMOHHBIX YCUINTEIEN CIIOCOOHBI TPUHAMATE U BEIJABATH
Toku B guamaszone oT 50 1o 100 MA, 0gHAKO I/IS HEKOTOPBIX DT 3HAYCHUA OrPAHMU-
JeHbl BeaumduHaMu, He npesbimaiommyu 30 MA. /Jaxe 118 BBICOKOCKOPOCTHEIX OIle-
PALMOHHLIX YCUJINTENEeN, B KOTOPBIX IPUMEHEHa 3allliTa OT KOPOTKOI'O 3aMbIKAHU,
CYIIECTBYET BEPOATHOCTH MIPEBBICUTH TEMIEPATYPY Mepexona (0 IPUYUHE BHICOKUX
TOKOB KOPOTKOT'O 3aMBIKAHUA), ITO MOXKET NMPUBECTU K MOBPEXKIACHUID YCTPOUCTBA
IpyU TOCTATOYHO MPOAOIKATETHHOM KOPOTKOM 3aMBIKAHUMN.

Xapanmep’u,cm'u,n'u, no NeEPEMEHHOMY HANPAHCEHUIO
Tym

B sTom pasgesne paccMaTpuBaeTCs MIyM, BOSHUKAOIIMN BHY TPU OIIEPAIIMOHHOTO YCH-
JUTENs, & He BHELIHUN IIyM, BIWSHIIO KOTOPOrO OH MOXKET IIOABEPraThes. BuausHnue
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BHEIITHET' 0 IITyMa UMeeT BaxKHOe 3Ha'deHue, u 6osee oApoOHO OHO 00CYXK IaeTCA B APY-
ruX UCTOYHUKAX, OMHAKO B OTAHHOM pa3gee MBI COCPEAOTOYIMMCA MUCKIIYIUTEIBbHO
Ha BHYTPEHHEM IIIyMe.

B onepanmronnoM ycmanTesne CyImecTByeT TPU UCTOTHUKA IIIYMOB: IIIYM HAIPIKE-
HUsA, KOTOPBIA AeucTByeT audppepeHnnantbabiM 00pa3oM Ha ABa BXOIa yCHUIUTEIS,
a TaKXKe IMyM IO TOKY JId KaxXKI0r'o BXOJ/a. B rQQI;ICTBI/ITGJII:HOCTI/I 9T UCTOYYHUKN
SABJIAIOTCA HEKOPPEIUPOBAHHBLIMU, T.€. HE 3aBUCAT APYTr OT Apyra. Mexny aByMs
IIyMaM¥ IO TOKY CymecCTBYeT crabas KOppeaAanusa, OTHAKO OHa CINIIKOM HE3HAU-
TeJbHA, 9TOOBI YYIUTHIBATE €€ NPpU NPAKTUYICCKOM aHaJU3e IIyMOB. B IOOIIO/THEHUE
K OTUM TpeM BHYTPEHHUM HNCTOYHUKAM TaK¥XKe HeOﬁXOILHMO Y9IUTHIBATH TeHJIOBOI:,I
myM (mym JKOHCOHA) OT BHELIHUX DPE3UCTOPOB, KOTOPBIE UCIOAL3YIOTCS BMECTE
C OIEPALMOHHBLIM YCUINTEIEM B eI OOPaTHOU CBA3N.

IIym HanpsxeHUsA

[lym HanpaxeHUs [IA PA3JIUTHBIX OMEPANMOHHBIX YCUIUTEICH MOKET U3MEHATHCA OT
1 10 20 1B /T (wmu naxe Goabire). BumonapHeie onepannoHHbe YCUIATEN OOBITHO
UMEIOT MEHBIIUY IIyM 110 HAMPAKEHUIO TI0 CPABHEHUIO C YCUIUTEIAMI HA, OCHOBE TeX-
nwonoruu JFET (rpansucrop ¢ nonessiv nepexogom). llym nanpsekenus npuBoauTcs
B TEXHUYECKUX ONMUCAHUAX, U €r0 3HAYCHUE HEBO3MOXKHO IIPENCKA3ATH HA OCHOBAHUA
Apyrux mapaMmerpos (cM. puc. 1-43).

[lo mocme nrero Bpemenu ycumnurenu ¢ JEET-
BXOJAMU UMEIN NOCTATOIHO BBICOKOE 3HAME-
Q—@— - HUE [IyMa 110 HANPAXKEHWIO (U [IPU 3TOM OTJIU-

i JAIUCH JOCTATOYHO MAJIBIM [IyMOM HA TOKE) U
TakuM 00pazoM Oojee HOIXOTUIN IS IPUIO-
o— + JKEHUU C MAJIBIM YPOBHEM IIyMa B IPUIOKEHU-
SIX C BBICOKUM, & HE HU3KUM 3HAYCHUEM MMIIE-
nanca. Kommonenter AD645 u AD743/AD745
00JATAI0T OYEHb MAJIBIMU 3HAYCHUAMU IIIYMa,
[0 TOKy U mIyMa mo Hampskeruio. [as AD645
npu 10 kI’ yxasnsarorcs saaderus 20 BB - /T u 0,6 GA-y/ T, aaa AD745 npn
10 xI'n yxaseBatores sHadenns 2,9 #B-/ o u 6,9 GA-y/ To. DTo mospoaseT cosma-
BATh HA UX OCHOBE MAJOIIYMSIINE CXEMbl YCUICHUS, KOTOPBIE 00ECIEeINBAIOT MAJIOe
3HAYEHUE IIYMOB /IS IIUPOKOTO MUANA30HA M3MEHEHWUs UMIIEIAHCA UCTOIHUKA. Ma-
JIBIE 3HAYEHUS IIYyMa [0 HAMPXKEHUK NOCTUTAITCI 3& CUET YBEAUYEHUs Pa3Mepa
BXOIHBIX YCTPOUCTB, UTO MPUBOAUAT K YBEAUICHUIO BXOTHOU EMKOCTH.

Puc. 1-43. lllym mHanpskeHus

Ilosoca mponyckaHusa nryma

[Ipw BErMUCIEHUK BKIAA OT IIOMOCHL MPOITY CKAHKA IyMa MBI BCEI'1a UCIIOAb3YEM IIPU
pacdyerax UryMOB HOJIOCY npomyckanus, paBuyio 1,57 - f.. [Ipuaunon ssiasercs To, 4T0
UCTOYHUK 'ayCcoBOro (6eI0ro0) MiyMa, KOTOPHIU IPOIYCKAETCs 1ePe3 O JHOIOIIOCHBIN
GUILTP ¢ TPAHUIHON IACTOTON f., OYIET UMETH TO ¥Ke CIEKTPATLHOE PACTIPEIEICHIE
DHEPTHUU, ITO U TOT K€ UCTOIHUK, MPOMYIIEHHBIN I€Pe3 U ICATbHBIN TIPAMOY TOJBHBIN
(brick-wall) ¢purerp ¢ rpamwason wacrorou, passou 1,57 - f.. @mwisTp Tuna brick
wall o61amaeT MIOCKON aMILIUTYIHO-YACTOTHON XapPAKTEPUCTUKOU MO NOCTUKEHUS
FPAHUIHON YACTOTHIL, BBIIIE 3TON IaCTOTHL (PUILTP OOECIEIMBAET OECKOHETHOE OCIa-
6/eHIE CUTHAIA. AHAJIOTUYHO, MBYXIOMIOCHBIN (PUIBTP UMEET KAXKYILYyHOCA IaCTOTY



1-2. Xapaxmepucmuky onepayuonHHo2o Yculumes i\)

mepesoMa, paBHyw npudbausurensHo 1,2 - f.. [[1a GuisTpoB ¢ IucaoM moancoB 6oee
2 KOp(pPUIUEHTOM KOPPEKIMEH OIINOOK OOLIYHO MOXKHO IPEHeOpeb.

KosdpdpunuenT mryma

[l OmepaIMoOHHBIX YCUIUTEICH PEIKO UCIOAb3YETCA TaKOoe TOHATHE, KaK Kodhdu-
nuent mwyMma (noise figure). Koodduuumenr myma aus ycuamTens NOKa3blBACT KOMU-
gectBo (B 4B), Ha KOTOPOE LIyM yCHIUTEI A IPEBLIIAET UIyM UACAJbHOIO YCUIUTEI,
CBOOOJHOrO OT IIYMOB, IPU PA0OTE B TEX XK€ YCJIOBUAX. DTO MOHATHE MPUILIO U3
PaguOIaCTOTHBIX U TEJICBU3NOHHBIX HpPIJIO)KeHPII;,I, rae OYCHb PACIPOCTPAaHEHBI JN-
Huu mepenadu ¢ comporuBiaeHueM 50 Om m 75 OM ¥ TOBCEMECTHO HUCIOIB3YEeTCS
TEePMUHUPOBAHUE, KOTOPOE MOXKET IPUMEHATHCA /A MUPOKOI'O JUAIIa30HA 3HATe-
HPII>)I nMIIegaHca. Fopaa,qo OoJiee MOIe3HBIMHI IIOKA3ATENIMU SABISIOTCSI CIIEKTPaJIbHAs
IVIOTHOCTH LIYyMa HAIIPAXKEHUA U CIIEKTPaJbHAA IVIOTHOCTHh IIyMa TOKA.

Puc. 1-44. DxBuBaJjeHT-
HasA M0JOCA TPOMYCKAHUI McTouHmK (PUNbTP HU3KMX YacToT
NI Ty Ma, Geroro wyma T L ™| cogHum nomocom [ *

T W rPaHMYHOM YacToTon fg T

OpuHakoBbIn
cpeaHeKBaapaTUYHbIN
YpOBeHb Lyma

MAeHTYHbIE XapaKTepucTukm

PUNbLTP HU3KNX
i YacToT C naeanbHown
XapakTepucTUKon Ly
N rpaHnUYHOWM
yacrtoton 1,57fc

McTouHmK
6enoro wyma

A 4

OkBuBaneHTHas nonoca nponyckanus wyma = 1,57 X fg

IITym Toka

[lym TOKa MOXKET M3MEHATHLCA B rOpPas3io GoJee Imm-

pokux mpegenax, or mpubmmsureasro 0,1 GA-/ T

(mna JFET omepaumOHHBIX yCWIATETEH, WCHOAb3ye- O —|
MBIX KaK DIeKTPOMEeTPHI) M0 HecKoabKux mA-y/ T In-
(017 BBICOKOCKOPOCTHBIX OUIMONAPHBIX YCUIATEIEN).
ODTOT mapaMeTp He BCEerJa YKa3bIBAETCA B TEXHUIE- O— | 4
CKOW MOKYyMEHTAIWN, OJHAKO OH MOXKET OBIThH BBLIMHU-
CleH B Tex caydaax (mpocteie yerpouctsa ¢ BJT umm
JFET Bxogamun), rjie BCE TOKH CMEIIEHUA MPOTEKAIOT
Yepe3 BXOMHOU MEPEX0l, Tak KaK B DTOM CIydae MbI
umeeM st ToKa cMemenus npocron mwyM orrku (wim gpoboson uym). DToT napa-
METP HEIb3s PACCIUTATH JJISA ONEPANMOHHBIX YCUINTEIEN ¢ KOMIIEHCAIINEN CMEIeHUs
WU I8 OMEPAMOHHBIX YCHIMTENEN C OOPATHON CBA3BIO MO TOKY, I'JI€ BHEIIHUA TOK
CMEILEHNUA ABIACTCA PA3HULEH TOKOB OT ABYX BHYTPEHHUX UCTOIHUKOB. CHeKTpaib-
Hasd ITOTHOCTH IPOGOBOTO MIyMa BHIpaKaeTcsa npocton dpopmy.on (/2 - Ig - q)/y/ T,
rge Ip sBasercs TokoM cMmemenus (B ammepax), a  — 9TO 3apsj SIEKTPOHA
(1,6 x 10719 Kymon) (cm. puc. 1-45).

Puc. 1-45. lllym Toka
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[l BXOIOB OMEpPAaIMOHHOI0 YCUIUTEAA C OOPATHON CBA3BIO 110 HAIPIKEHUIO TO-
KU IIyMa SIBIAIOTCS HEKOPPEIUPOBAHHBLIMU U MMEIOT IPUOIM3UTEJNBHO OJUHAKOBHIE
3HadeHus. /[ IPOCTEIX BXOAHBIX CTPYKTYP ILIYM TOKA SBJISAETCS APOOOBBIM IIIyMOM
BXOIHOI'O TOKA CMenleHus. B OnepanuoHHbIX YCUINTEMAX ¢ KOMICHCAIIMEN CMEIIeHs
3HAYEHUE [IyMa TOKA BEIYUCAUTD HEMB3S. TaKkKe, TaK KAK B OMEPAIMOHHOM YCUIUTEE
¢ OOpPATHOU CBA3BIO TI0 TOKY BXOIa UMEIOT PA3JUIHBEIC CBOUCTBA, IIIYM TOKA, I DTUX
BXOJOB MOXKET CIJIBHO Pa3au4aThCsi. Takike IS HUX MOLYT HEe COBIAIATH 3HATEHUS
9acTOTHL M3noMa, 1t uryma 1/f.

[ITym Toxa BaxkeH TOIBKO TOI'A, KOI'Ia OH IPOTEKAET YePe3 UMIIELAHC U TOPOXK, 1a-
er mym HanpskeHusa. Takum o6pa3oM, BHIOOD OMEPANMOHHBIX YCUIATEIEN ¢ MAJTBIM
3HAQYEHMEM IIIyMa, 3aBUCAT OT MMIIENAHCA ero okpyxkenus. Paccmorpum OP27, xo-
TOPBIU MPEACTABIACT COOOU OMEPAIMOHHBIN YCHIUTENL ¢ KOMICHCAIIMEN CMEIIEHA U
MaJIbIM IIyMoM Hanpskenus (3 uB-y/ 1), 0HAKO TOCTATOYHO GOMBIIUM 3HATCHUEM
myma Toka (1 mA-y/ T). llpu HyJeBOM MMIEenaHce UCTOYHUKA TOMUHUPYIOIIEE BJIU-
suue OyIeT OKa3bIBATH LIyM HANpsxkeHus. [Ipy cOmpoTUBIEHNN UCTOYHUKA, PABHOM
3 kOwm, mym Toxa (1 mA-y/ T nporekaronme vepes 3 kOM) cpaBHAETCA TO CBOEH
BEJUYIUHE C [IyMOM HAMPAXKEHUs, OMHAKO TOMUHUPYIOIIEE BIUAHUE OYIeT OKA3hIBATH
myM [koHCOHA OT pesucTopa conporuBieHueM 3 KOM, KOTOPBIM UMEET BEIUIUHY
7 5B/ Tu. Ecmm comporusrenme ncrodnruka cocrapaser 300 kOm, To mym Toka
YBEIMIUBaeTCA B ¢TO pas u OyaeT pased 300 uB-\/ [, 3HaMeHEe ITyMa HAIPSKCHUSI
OpU >TOM HE M3MEHWUTCS, & TEIUIOBOU IIyM (3HAaYeHHE KOTOPOrO MPOIOPIUOHAILHO
KBAIPATHOMY KODHIO U3 CONpOTUBIeHUA) yBeauaurca B 10 pas. Taxum o6pasom, 10-
MUHEDPYIOIIee BiusgHue Oy 1eT urparh IIyM TOKA.

Iosuem myM (CyMMa OIyMOB OT OTA€JIbHBIX MCTOYHUKOB)

HekoppeanpoBaHHBIE HANPAKEHUS IIyMOB CKJIATLIBAIOTCA KAK KBAAPATHLIN KOPEHb
U3 CyMMBI KBAIPATOB OTICIHHBIX HAPSXKEHUN, T. €. I HAMPAXKEHU! myMoB Vi, Vo u
V3 mocae cymmmpoBaHus aioT B pesyabrare \/ V2 + VI 4+ V2. KonedHo, MOMHOCTE
IIyMOB CKJIAIBIBACTCA OOBIMHBIM criocoboM. Taxmm obpaszom, 6yIeT TOMUHHDPOBATH
BKJIAJ OT TOI'O HANPSKEHUS IIyMa, KOTOPOe B 3-5 Pa3 NPEBBIMIACT HAIPAKEHUE IPY-
PUX UCTOYHUKOB IIyMa, BCE OCTAJbHBIE B OOIIEM CIydae MOXKHO UTHOPUPOBATH. DTO
YIPOIIAaeT MPOLECC OUeHKN 3HadeHusa myma. LlyMm Toka, KOTOPBIM MPOTEKAET Yepes
PE3UCTOPHL, IPUPABHUBAETCS K IIyMy Hanpsikenus (puc. 1-46).

Bu160p Moy MAIMIEro OnepanuoHHOr0 yCUIRTE 3ABUCAT OT UMIIEIAHCA UCTOY-
HUKA CUTHAJA, U IPYU BBICOKUX 3HAYEHUAX UMIEAAHCA BKIA IIyMa TOKA Bcerja Oyaer
TOMUHUPOBATE.

[l cxeM ¢ MAJTBIM 3HAYEHUEM WMITEIAHCA, OUYEBUIHBIM BHIOOPOM ABIAIOTCS YCHU-
JUTENN C MAJLIM IIIyMOM HamnpsxkeHus, Takue kak OP27, Tak Kak OHU OTJIUIAIOTCA
HEBBICOKOU CTOUMOCTBIO, & UX NOCTATOYHO BBICOKOE 3HAYEHUE IIyMa TOKA HE UI'DAET
ponu B mogobubix npuioxenusx (cm. puc. 1-47). Ilpu cpennux smadeHUsx COIpo-
TUBJICHUSA JOMUHUPYIOIMM OKa3LIBAETCA 1IyM [[3KOHCOHA OT PE3UCTOpa, TOTa KaK
IpU OYEeHb BLICOKUX 3HAMEHUAX COMPOTUBJICHUA CJAEIYET BHIOUPATH OMEpPAIMOHHBIN
YCAIUTENh C HANMEHBIINM BO3MOXKHBIM 3HAYMEHUEM IIIyMa TOKAa, K HAM OTHOCATCS
mukpocxemsbl ¢ FET-sxogamu, rakue kaxk AD549 wiu AD645.
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fcL = nonoca nponyckaHua Onsa cxembl
C Pa3OMKHYTbIM KOHTYpPOM O6paTHOl71 CBA3U

Von = VBWN[(In—2)RZTING] + [(In+2)RE] ING] + Vi [NG] + 4kTR, [NG—1] + 4kTR; [NG—1] + 4kTRp [NG]

Puc. 1-46. PacyeT norHOro 3Ha4YeHUA MIyMa

Puc. 1-47. Mpumep: OP27

Pacwer monmoro  LLym HanpsbkeHnsi= 3 yB /[

3HAYEHUs [IyMa Lym Toka = 1 nA/NTY B 3HaueHus conpoTtueneHus R
(uB/v/Tw) T = 25°C «an

0 3kOm 300 kOm

Lym HanpshkeHns
ans ycunutens

Bknag wyma Toka
YCUNUTENS, KOTOPbIN 0 3 300
npoTekaet 4yepe3 R

Lym IxoHcoHa
Ans1 CONpPOTUBIEHNS

MpeHebperaem Bknagom
N BwWym oTRinR 2

0 7 70

3HaveHune wyma npueeaeHo k sxoay (RTI)
BblaeneH AOMVUHUPYIOLLIMIA UCTOYHUK LWyMa

Tym 1/f (paukkep-rym)

o cux mOp MBI OPEANOTAraId, ITO UMEEM AEJI0 ¢ OEIbIM MIyMOM (T.€. CHeKTpalb-
Hajd IUIOTHOCTH MIyMa HE 3ABUCAT OT 9YACTOTHI). DTO CIPABENJIUBO A OOIbIIEH
YaCTU UCIOIB3YEMOr0 B OMEPANMOHHBIX YCUIUTEMLAX YACTOTHOrO TUANA30HA, OIHA-
KO Ha HU3KUX YaCTOTAX CHEKTPAJIbHAA INIOTHOCTDH IIyMa HAYMHAET yBEJIUIUBATHCS
co ckopocThio 3 1B Ha OkTaBy, Kak »TO mokasaHo Ha puc. 1-48. B srou obractu
CIEKTPAJIbHAA IOTHOCTH MOITHOCTH IIyMa OOPATHO MPOMOPIUOHAIBHA IACTOTE, U,
TaKUM 00Pa30M, CIEKTPATHHAS IVIOTHOCTD Iy Ma, HAIPIXKEHU Oy IeT IIPOMOPIINOHATb-
HA KOPHIO KBAIPATHOMY U3 YaCTOTHI. 110 5TOU IpUYnHe 3TOT MIyM 0003HATACTCA KAk
mywm 1/f. 3amerum, 04HAKO, 9YTO B HEKOTOPBIX MCTOYHUKAX A/ €r0 ODO3HATEHUS
UCIIONB3YETCSA yCTAPEBUINN TEPMUH «(DIUKKED-IILYM».
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3 nb/okTaBa

i = 1
B — el = kFe\—
H?I/J_I\/VIFT‘ YacToTa na3noma gns wyma 1/f
nA TG /
ey, in

Benbivi lwym

F log f

o Yacrorta nanoma ang wyma 1/f ABNseTcs xapakrepucTMKon Wwyma
ANS onepaLyoHHOro YCUNUTENS (YeM HUXe 3TO 3HaYeHue, TeM nyuiue)

e TunuyHble 3Ha4yeHus: oT 2 'y go 2 Ky,

e Lym HanpskeHWs 1 WyM Toka He obsizaTenbHo 6yayT
MMETb OAVMHAKOBOE 3HaYeHWe YacToTbl usnoma Ans wyma 1/f

Puc. 1-48. Ilonoca npomyckanus mywma 1/f

YacToTa, Mpu KOTOPOH IIyM JAHHOIO THIA HAYMHACT BO3PACTATh, HOCUT Ha3Ba-
Hue «dacrora usnomay 1/f (Fo): gem Menblne ee 3HadeHue, Tem aydte. [is TaHHOTO
YCHIUTEI 9aCTOTA W3TOMA HE O0A3aTETHbHO MMEET OIMHAKOBOE 3HAYCHME A IITy-
Ma HATIPAXKEHUA W IIyMa TOKA, a IJIA YCUIUTEIS ¢ OOPATHON CBA3BIO MO TOKY MOTYT
OIPEeIATHCI TPU IaCTOTHL u3aoMa 1/ st myMa HanpsKeHust, 1 Iy Ma TOKa s
MHBEPTHUPYIOIMIErO BXOAA U IJIA IIyMa TOKa HeMHBEPTUPYIOMEr0 BXOIA.

CuexrpajbHas INOTHOCTS LIyMa TOKA WM IIyMa HanpsekeHus B oOxacru 1/f onwu-
CBLIBAETCSA CIeLyIOMen o0mmen (popMyJIOn:

1
en, in = k\/FC\/; (1-15)

rae k — 510 ypoBeHb «6e10ro» TOKa Win yPOBEHD IIyMa HanpsiKenusd, a Fo — gacrora
usmoma aust myma, 1/f,

Jlydmine 13 HUBKOIACTOTHBIX MAJIOILY MAIIUX YCUTATENICH UMEIOT YACTOTY U3I0MA
nopsaaka 1-10 T'n, Trorga kax JEET-ycrpoucrBa u onmepanuoHHbe yCUauTean ooIe-
ro HAa3HAYMEHUA UMEIT JacToTy manoMma B auamasoHe 100 ['m u muHOrma maxe Gogee
1 xI'n. CamMbie OBICTPOACUCTBYIONINE YCUIUTEN, OMHAKO, B IEJAAX KOMIPOMUCCA I
006€eCIeveHns BEICOKON CKOPOCTI MOT'Y T UMETh /I 9acTOTH u3noma 1/f odens mioxue
3HAYEHUs, IOPAIKA HECKOJIBKAX COTEH repi n gaxe 1-2 kI,

OO6BI4HO He uMeeT GOMBLIIOrO 3HAYEHUS B IIUPOKOMOIOCHBIX IPUIOKEHUAX, I KO-
TOPBIX IPEIHABHAYEHBI DTU YCUIATEIN, OJHAKO 3TO MOXKET OKa3aTh BINSHUE IIPU UX
UCIOIB30BAHUY HA Ay IMOIACTOTaX, OCOOEHHO B cxeMax skBaiudanuu (cMm. puc. 1-49).

IlonkopH-1IIyM

IMonKOpH-IITyM TOIYYIUI 5TO HA3BAHUE IO TOU MPUINHE, UTO MTPU MPOUTPHIBAHUY Iepe3
Ay IMOCUCTEMY OH BBINVIAAUT KAK [IPU IPUTOTOBJIEHUU IIONKODHA (BO3AYLIHOU KyKYy-
Py3BI). DTOT LUIyM BO3HUKAET B PE3yJAbTATE CTYNEHIATOrO U3MEHEHUs HAIPSKEHUs
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1c
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20 HB Ha geneHune
(oTHocuTenbHO BXoaa, RTI) 120HB
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1 c/nenenve
Puc. 1-49. lllym B noaoce nponyckanusa 0,1 — 10 I'm gaa OP213

CMEIIeHNsI, KOTOPbIE MPOUCXOMAT UE€Pe3 CAYIAMHBIC TPOMEKYTKYA BPEMEHU TOPSIIKA,
10+ MwituceKyHI. DTOT IIyM BO3HUKAET MO MPUINHE BLICOKUX YPOBHEU 3arpa3He-
HUA U TUCJIOKAIUU KPUCTALINIECKON PEIIeTKY Ha, TOBEPXHOCTHU TIOIYITPOBO THUKOBBIX
MUKPOCXEM, ITO B CBOIO OYepelb BBEI3LIBAETCS HAPYIIEHHEM TEeXHOJIOIMYEeCKUX IIPO-
[IECCOB WJIN K€ IIPU UCIIOIb30BAHUY UCXOMHBIX MATEPUAJIOB HI3KOrO KadecTsa. Koraa
BuepBele B 1960 romax moABWIKNCH NePBLIE MOHOJUTHEBIE OINEPAIMOHHBIE YCUIUTENHN,
MOMKOPH-IIIyM SIBJISJICS OMUHUPYIOMIUM UCTOYHUKOM 1ryMOB. CeromHs ke MpPUIUHbI
BO3HUKHOBEHUS MIOMKOPH-NIIYMa XOPOIIO U3y I€HbI, ICIOIL3YIOTCA UCXO THBIE MaTepuar-
JIBI OYEHBb BBICOKOU YUCTOTHI, YPOBEHb 3arDA3HEHUN MAJ U UCIOJAb3YETC s TeCTUPOBA-
HUEe KOMIIOHEHTOB — OJIAarofapsi 3TOMY [IPOU3BOIUTENNA MUKPOCXEM He UCIBITHIBAIOT
HUKAKUX CJIOKHOCTEH C IMOCTABKOU IIPOAYKINU, KOTOPAsS B OCHOBHOM HE IOIBEPKEHA
MONKOPH-ITyMy. 10 2TOM mpUYMHEe MONKOPH-IIYM JaKe HE YIOMUHAETCA B OOJBITHH-
CTBE U3 COBPEMEHHLIX KHUT WM TEeXHUICCKUX OMUCAHUN.

Paccmorpenune RMS-3uavenus mryma

Kak yxe roBOpwIoCh paHee, CIeKTPATbHASA TWIOTHOCTH IITyMa, ABIACTCA (PyHKIMEN
9acTOTHL. ITOOBI MOLYYUTH A IMIyMa NeucTBylee (cpenHeksaapaTudnoe, RMS)
3HAYEHNEe, HEOOXOAMMO MPOUHTErPUPOBATE CIEKTPAJbHYIO TWIOTHOCTD IIyMa, MO Ha-
CTOTE B Ipeetax IPeICTABLIONIEN NHTEPEeC MOJIOCH npoiyckanus. B obmactu 1/f
RMS-3uagenue mryma B nmosoce gactot ot f; no fy BerMucaseTcs npu momMoim caeny-

IOIer (POPMYJILL:
= af f
erMs = \// + =k lnf—2, (1-16)
fi 1

rae k — »T0 cmekTpaibHasg WIOTHOCTD myma npu dactore 1 I'm. Ilomnoe suavenue
mist 1/f myma B 3agaHHOU HOJMOCE YACTOT SABAAETCA (DYHKIUEH OT BEPXHEW U HUXK-

Hell IPAHUYHOU YACTOTHL [/ 3TOU IOJIOCHI, 8 NEUCTBUTEILHOE 3HAYEHUE IAaCTOTHI
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[MpoueHTHOe 3HaYeHne BpeMeHH,
HommHanbHble sHadeHns B TEUEHME KOTOpOro Lym ByaeT
MONHOro pasmaxa curhana NPEeBOCXOANTb HOMUHANBHOE
3HaueHMe NorHoro pasMaxa curHana
2 X RMS 32%
3 X RMS 13%
4 X RMS 4,6%
5 X RMS 1,2%
6 X RMS 0,27%
6,6 X RMS* 0,10%
7 X RMS 0,046%
8 X RMS 0,006%

* Hanbonee yacto npu npeobpazoBaHnm ncnonbsyetcs kosdpduumeHt 6,6
Puc. 1-50. [Ilym B nmonoce nponyckanusa 0,1-10 I'm naa OP213

cokpamaercsa. OIHAKO 1 TOro, 9ToObl NaHHAs (OPMYJIa COXPAHAIA CBOE 3HAYE-
HUe, HeOOXOMMO, ITOOBI BEPXHAA MPAHUYTHAA IACTOTA [IA TAHHOU MOJOCH BCE EIIe
orHOCHMIACh K obmactu 1/f mywma.

JacTo BO3HUKAET HEOOXOMUMOCTS s IIyMa npeobpasoBarh 3uadenus RMS B 3ua-
YeHWsI C IOJHBIM pa3zMaxoM Kouaebanull (peak-to-peak). s 5Toro HE06X0 AUMO I€TKO
MPEICTABAATE Ce0€ CTATUCTUYECKYIO MPUPOLY IryMa. [l rayccoBOro mryma u s
m3BecTHOr0 RMS-3HaMeHNs CTATUCTUKA TOBOPUT O TOM, ITO BEPOATHOCTD TOT'O, ITO
OyeT IMPEBLILEHO OIPEIeJeHHOe 3HAYEHME IIOJHOIO pa3Maxa KoaeOaHun, OBICTPO
YMEHBIIAETCA BMECTE C YBEAXIEHUEM DTOI0 3HAYEHUs — OJHAKO TAKAas BEPOATHOCTH
HUKOr'Ja He o0pamaeTcs B HOJb.

[ 3agaraoro RMS-3Hadenus myma BO3MOXKHO MPEICKA3ATh, KAKYI 9aCTh Bpe-
MEHU BeIMYWHA I1yMa Oy AeT IPEBHIIATE 33 1aHHOE 3HAYEHIe [I0JHOI0 Pa3Maxa CUHA-
JIa, OHAKO HeJb3s ONPEeJUTh TAKOEe 3HAUEHUE IIOJHOIO PasdMaxa CAIHAIA, KOTOPOe
HUKOTa He OyaeT mpesbimeno (cm. puc. 1-50).

Takum o6pazom, nNpu yKaszaHUM XaPAKTEPUCTUK IIOJHOI'O Pa3Maxa CACHAIA MIJIs
IIyMa TakKke HeOOXOIUMO YKA3bIBATH COOTBETCTBYIOIIMN IPOMEXKYTOK Bpemenu. Hau-
60J1ee FaCTO IS IOJTHONO PA3Maxa BRIOUPAIOT 3HAYMEHUE, paBHOE npoussegeruio. RMS-
3HadeHuA myMa Ha 6,6 1 B TOM cIydae, ecliu 3TOT YPOBEHBb MOJHOrO pa3Maxa OyaeT
IPEBBIIATHECA TOMBLKO B Tederue 0,1% oT moaroro mpoMexyTka BpeMeHH.

Bo muOrmx crydasx, misi HI3BKOYaCTOTHOI'O IIyMa yKA3LIBAETCS 3HAIEHUE IIOJIHO-
ro pasmepa B mosaoce npornyckauus ot 0,1 1o 10 I'n. ITo 3HavMeHNe U3MEPAETCA NpU
MOMOIIN YCTAaHOBKY (puibTpa ¢ momocou mpomyckanusa 0,1-10 T mex 1y omeparuos-
HBIM YCHIUTEIEM U U3MEPUTEIBHBIM YCTPOUCTBOM. U3Mepenne nHOr[a BLITIOTHACTCA
[IpU [IOMOIIY CHUMKA DKpaHa ocumiiorpadga ¢ BPEMEHHOU MIKaJIon ¢ 1 CeKyHIOU Ha
IeJeHne, Kak 5TO NoKa3aHo Ha puc. 1-51 nus OP213.

Ha camom meme mpaxTuveCcKku HEBO3MOXKHO U3MEPUTD IIYM B IIPEAEIAX ONPEeNeTIeH-
HOI'O JaCTOTHOI'O [MAIAa30HA, BCerga OyaeT CyleCTBOBATH BIUSHUE U3-33 [PEIEJIOB
TAHHOI'O YaCTOTHOI'O MUAIA30HA, TAK KAK [IPUMEHseMble Ha NPAKTUKe (PUIBTPHL IMe-
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Puc. 1-51. [onub pazMax myMOB s onepanuonnoro ycuiurens OP213 B momoce nponyckasus

0,1-10 I'm ve upesbimaer 120 uB

0T KOHEYHYIO TIOM0CYy crnaga. K cIacTeio, mia puibTpa HU3KOU IaCTOTHI C OJHUAM
MOJIOCOM OOHAPYKEHHAA TPU U3MEPEHUSAX OIMMUOKA MOKET OBITH JEMKO BLITUCICHA.
OTO OMUCHLIBACTCA B MPEILIIYIIEM Pa3aee, TP PACCMOTPEHUHN TOIOCH TPOITY CKAHWS
Iy Ma.

IIpu pacuere RMS-3Hadenus 1mymMa [1is ONEPANUOHHBIX YCUIUTENEH C IIUPOKOU
HOJOCOU IPOIMYCKaHUs BiamsHue 1/f-riymMa cTaHOBUTCS OTHOCUTEIBHO HE3HAYUTEIb-
HBIM. [[OMUHUDYIOMIIM ICTOTHUKOM IIyMa CTAHOBUATCA I'ayCCOBCKUN IIyM (Wau Gerbii
aryM). DTOT TUM IIyMa OTIAIAETCA OTHOCATEIBHO MOCTOAHHOU CIEKTPATBLHON ILIOT-
HOCTBIO B IIMPOKOM [UANA30HE 4acToT. SHadeHue RMS mis mryma BeraucaseTcs
0P MOMOIIY YMHOXKEHUs CHEKTPATLHONW IVIOTHOCTH HIyMa HA KBAIPATHBLIA KODPEHBb
U3 DKBUBAJEHTHOH MOJOCHI IIPOILYCKAHMA /IS Iy Ma.

Boruncienune l'.[OJIHOﬁ BeJIMYIUHBI IITyMa Ha BbIXO/Je

Mer yxke ykasblBaiyd paHee, ITO MOXKHO IIPeHeOperarh JOBIM HCTOYHUKOM IIyMa,
BEIMYMHA KOTOPOI'O B TPU WIN MATH Pa3 HUKE BEIUYWHBLI IPYOr'0 MCTOYHUKA IITy-
Ma (HANPAXKEHWA Mg O0OMX UCTOYHUKOB HIyMa TOJNKHBI U3MEDPATH B OQHOU U TOU
xe rouke nenu). s aHaIM3a XapaKTEPUCTUK IIyMa ONEPALUOHHOO YCUIATE/IS MBI
IOJIZKHBL OIIPENENIUTD BKAAT B 00IIee 3HAYEHUE IIyMa CO CTOPOHBI PA3JIMYHBIX 1aCTen
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CXEMBI ¥ 3aTeM TOHATE, KAKOE ABIACTCA HAMOOIee 3HATNTeIBHBIM. UTOOB yIIPOCTUTE
TANbHENIINE PACIETEL, MbI Oy1€M UCIOIB30BAThH CIIEKTPAILHYIO INIOTHOCTE, & HE Iel-
CTBUTEIbHBIE 3HAYEHNA HAIPAKEHUA — >TO MOMOKET UCKIIOYUTH U3 PACCMOTPEHUs
HOJIOCY IPOIYCKAHUA (CHEKTPATbHAS ILIOTHOCTD IIyMa, KOTOPas OOBITHO BBEIPAKAET-
cs mpu oMoty MkB-y/ [1I, SKBIBaJICHTHA 3HAMEHMIO IIyMa, IIPH HOJ0CE IPOILY CKAHMS
B 1 lepn). Bee pesucroper BHOCAT miym [I:xkoncoHa co 3HadenueM +/ (4kTBR), roe k —
koHCTaHTa Bombmvana, pasaas 1,38 x 10723 Mx /K, T — abcomoTHas TemmepaTy-
pa, B — mosoca nponyckanusa u R — conporusnerue pesucTopa. DTO eCTECTBEHHBIN
(P PEKT — HEBO3MOKHO MOLYIUTh PE3UCTOP, KOTOPLI He 06maxaun Obr mymom [lxoH-
cona (ecau ToIbKO He paccmarpuaTh Temueparypy 0 °K) (puc. 1-52).

Ecaur MBI paccMoTpuM cxeMy yCHUINTENd, TOKa3aHHYIO Ha puc. 1-53, xoTopas co-
CTOUT U3 ONEPALMOHHOI0 yemIuTels 1 Tpex peaucropos (R, onucsiBaer conporusie-
HUE UCTOYHUKA B TOYKE A), TO MBL MOXKEM BLLICAUTDH MIECTh PA3IUIHBIX UCTOTHUKOB
mryma. JTo myM [[KOHCOHA OT TPEX MUCIOAL3YEMBIX PE3UCTOPOB, IIYM HAIPAKEHUA
IJIST OTIEPAITMOHHOTO yCHTUTE/A, & TaKKe IIyM TOKa /A KAXKIOTO BXOIA ONEPAIMOH-
HOrO yCmInTend. Bce OHM najoT ONpeneJeHHBIN BKJAA B IIYM HA BLIXOAE YCHIATENS
(mmym ob6brano npusogurcs kK Bxoxy, RTI), ognako mHOrga mpouie BEIMUCAUTD LIyM
HA BBEIXOJIE W 3aTEM Pa3[IeJuTh ero 3HAYEHNE HAa KOX(M(UIMEHT yCUIEHUA CUTHATIA —
HO He Ha KOD((PUIMEHT YCWJICHUS NIyMa — M MOLYIUTH MIA YCHJIUTENA 3HATCHUE
uyMa, npuBenenuoe K Bxoxy, RTI.

VNR Puc. 1-52. Illym pesucTopa,

R
2
o— ) —"W—>0

* Bce pesncTopbl co3gatoT LWyMm HanpspkeHns Vg = \/W)
» T = abcontoTHas Temnepatypa =T (°C) + 273,15

* B = nonoca nponyckanus ('y)

« k = noctosiHHasi Bombumana (1,38 X 10”2 J/K)

* Peaucrtop conpotuenexnem 1000 Om cospaeT wym4 He/NT'z @ 2 5°C

Cxema, nokazausuas Ha puc. 1-54, npegcrasiaser cOG0U CUCTEMY BTOPOrO MOPSIIKA,
npu 5>ToM KouaencaTop C; mpencrasiser eMKOCTb UCTOYHUKA, TAPA3UTHYI0 EMKOCTh
MHBEPTUPYIOLIEr0 BXOAA U BXOTHYI €MKOCTH OIEDAIMOHHOI'O YCUIUTENsT — WA JKe
[IPOU3BOMBHYI0 KOMOWHANINIO DTUX BeaundnH. EmMkocts C; OpUBOAUT K TOUYKE Pa3-
PBIBA B YCWIEHUM IIyMa, W s OOECIEYeHNs YCTOUIMBOCTU HEOOXOAUMO TOOABUTH
kouaercatop Cs. Ilo npuunue mpucyrcrsus C; u Cy K0dhUIIMEHT yCuIeHns myma
CTAHOBUTCA (DYHKIUEN YaCTOTHI M MMEET MAKCUMAJIBHOE 3HAYEHUE B OOMACTU BbI-
cokux wacror (npegnomaraercs, 9ro C, BbIOpaH TakuMm 00pa3oM, 4TOOBI CIel1aTh
CUCTEMY KPUTUICCKU 3ATYXAIOMICH ).

s curHama ¢ HOCTOAHHBIM HAIPAXKEHUEM, KOTOPBIN MOJAeTCA Ha Bxon A (mpu
srom B 3azemuen), gencTByeT caenyoumin KO3(OQUIMEHT yCUICHU:

1+ Ry /R; = xoadpunuent ycuieHus myma o IOoCTOSHHOMY Hanpsikenuio. (1-17)

[Ipu 60mee BeICOKUX IACTOTAX KOXPMUIMEHT YCUICHUs MEXK Y BXOAOM A U BBIXOIOM
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Puc. 1-53. Onpeernenre MOTHOrO 3HAYEHUA IIyMa
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Puc. 1-54. Mozgens nyma BTOPOro HOPALKA

OPUHUMAET CJICIYIOINN BUL:
1+ C2/Cy = KO>(dDULIIEHT yCUIeHNS IyMa [0 HepeMeHHOMY Hampsikenwmo. (1-18)
ITosoca mpomyckanusa o1 CXeMBL ¢ 3aMKHYTOU LENbIo 00paTHOU cBa3u fq; ompe-

IeIseTcsa TOIKOU, IPU KOTOPOU KOd((PUIMEHT yCUICHU IIyMa, [epecekaer Kospdu-
[UEHT YCUICHUSA PA3OMKHYTOUN CXEMBI

—Ra/Ri. (1-19)

DTO COOTBETCTBEHHO HEMHBEDTUPYIOMMI KOXPMUIMEHT YCUICHUS U IOJI0CA, IPOILYC-
KAHUsA U UHBEPTUPYIOMUNA KOXPOUIMEHT YCUTCHUSI U IOJ0CA IPOIYCKAHUA [JIS YCHU-
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JUTEJA, TOKa3aHHOTO Ha puc. 1-55.

1
IMupuna nonocer (or Touku B k BeIXOLY) = §7TR2C2. (1-20)

[Iym Toka IIS HEMHBEPTUPYIOIIEro BXoAa In+, KOTOPHIX BTEKAET B COMPOTUBICHUE
Rp, IpuBOAUT K BOBHUKHOBEHUIO IIyMa HAIpskeHusa In + Rp, koropem ycurusaer-
ca corzacuo ypasHenusaMm (1-17) u (1-18), Takike BO3JENCTBYIOT HIyM HAIDAXKEHUA
ONEPALMOHHOrO ycmmuTeas Vi u myM [KoHCOoHA mias conpoTuBieHus Rp, KOTOPBIT
pasen V4kTBR.

Mlym dxoncona mas Ry ycuwimsaercs coruacuo ypasaenuio (1-19) mis momocsr
[IPOILY CKAHUA %(nRz Cs), a mywm [lxoncona mus Ry e ycumusaercs, a 6ydepusyercs
U [MOAAETCs HEMOCPECTBEHHO HA BHIXO/ I€Pe3 MOJIOCY MPOILY CKAHUS %(WRZ C,). Illym
TOKa I WHBEPTHUpPYIOUEero Bxona In+ He BTekaeT B comporusieHue R;, Kkax »To
MOKHO OBLTO OXKUIATH — OTPULIATENbHASA OOPATHAMA CBA3D A YCUINTENA JeUCTBYET
TakuM 06Pa30M, 9TOOBI COXPAHUTH MOTEHIINAJ UHBEP TUPYIOIIErO BXO[A HEU3MEHHBIM.
Taxum 06pa3oM, TOK € BBIXOA MIPOTEKAET TOIBKO Yepe3 R2, 4To mpuBoauT K TOMY,
9TO HaIpsKeHue Ha Berxoje Oy et paBuo I, Ry mis nosocer nponyckanus %(T[—RQ Cs).
Mur MOTUIM B pABHOU CTEMEHU PACCMATPUBATEH HAMPIKEHUE, BOZHUKAOIIEE MPU TTPO-
TeKaHUU TOKa l,_ tepe3 BK/IIOUEHHBbIE HmapaytenbHO pe3ucTopsl Ry u Ry u 3arem
YBEIMYMBAIOIIEECS 32 CIeT KOD(DMUINEHTA YCUICHUS IIyMa JaHHOTO YCUIMTENS [CM.
HUKE|, OHAKO Pe3yJbTaThl Oy 1yT OAMHAKOBEL [IPU BO3POCIIEM OOBEME BBHIIUCICHUN.
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Puc. 1-55. KoaddunuenT ycuienus myma AIs CECTEMBI BTOPOLO HOPALKA

Ecan paccmarpuBaTh BKIAA KAXKIOTO U3 DTUX MIECTU UCTOYHUKOB TOKA, MBI BU-
JUM, 9TO €CIH 3HadeHus conporusieHnn Ry, u Ry mauer, To mym Toka u mym [lxom-
COHA OKA3BIBAIOT MUHAMAJIBHOE BIUAHUE, 8 AOMUHUDYIOMUM OyAeT BIUSHUE IIyMa
HAINPSXKEHUs OIEPAIMOHHOTO ycuauTedsd. 11o Mepe yBeIwdeHus COmpOTUBIeHuUs Oy-
OYyT YBEIUIUBATHCA IIyM [[XKOHCOHA W IIMyM HANPSIXKEHUs, UCTOIHUKOM KOTOPOTO
SABJAETCA IMIYM TOKA. FCJAM IMIyMBI TOKA MMEIT MaJble 3HAUeHUs, TO IyM [[KOoHCO-
Ha Oy[eT NPEBBIIATH BKIA IIyMa HAIPSIKEHUA U OyAeT SBIATHCA TOMUHUDYIOIIUM.
OIym [lxoHCOHA yBEIUIUBACTCSA KAK KBAJAPATHBIA KOPEHb OT COIMPOTUBJIEHUS, TOIIA
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KaK IIyM TOKA 3aBUCAT OT CONPOTUBICHUs JUHENHO, TAKAM OOPA30M B HPEIeJbHOM
Cilydae IpU BO3PACTAHWN HAIPSIKEHUS JOMUHUPYIOUMEA BKJIAL OyAeT BHOCUTH IIyM
HANPSIKEHNs, AICTOIYHIKOM KOTOPOI'O SIBISAETCS IIyM TOKA.

Bkuag 5Tux uCTOYHUKOB IIyMa HE 3aBUCUT OT TOr'O, HOAKJIIOYEH U BXO K TOYKE
A wim k Touke B (mpeamomaraeTcs, 9T0O Apyras TOUKA 3a3€MICHA WM K€ [0 JKIHTe-
HA K HEKOTOPOMY APYTOMY MCTOYHUKY HANPAKEHUA C MAJLIM MMIEIaHCOM ). IMeHHO
[0 DTOU HPUYMHE HemHBepTUpyommn xoddduuuent ycunenus (1 + Ro/R;), xoro-
PBI OTHOCUTCS K IIyMY HANPSKEHUS OIMEPAIMOHHOTO YCUIUTENsS, HOCUT HA3BAHUE
«KO2(pPUIIMEHT HIyMa» YCUAUTENIA.

Beraucaenne nonunoro 3uagenus RMS s BbIXo1a ONEPAIIMOHHOTO YCUINTEINS TPe-
OyeT yMHOMXKEHUs HANPSKEHUU IIyMa LIS KaXKJIOIO U3 IIEeCTH UCTOYHUKOB HA CO-
OTBETCTBYIOIINYI KO(DMUIMEHT YCUIEHNsA U UHTECPUPOBAHUA IO COOTBETCTBYIOUIEN
gacTore. KOpeHb KBAIPATHLIN U3 CYMMBI KBAIPATOB BCEX BKAAIOB B BHIXOTHOU CUT-
HaJ npejacrasisger coboun noanoe RMS-3uadenue mius BeixogHoro myma. K caactbio,
STU yTOMUTENbHBIE BEIYACICHUAS MOXKHO 3HAYUTEJNBHO YIPOCTUTH IPU COOTBETCTBY-
IOIIUX [TOMYIIEHUAX.

KosdpuuumenT ycumenus myMa s TUIXIHOU CUCTEMBL BTOPOrO MOPSAIKA MOKA3AH
Ha puc. 1-56. [locTaTOYHO JerKo 3a IBA DTAIA BLIIOJHATH UHTETPAIINN IIyMa HAIPA-
JKEHUs, OJHAKO 3AMETHUM, UTO B CBA3U C OOOCTPEHHEM MMIIYJILCOB OOMBLIAT TaCTh
BBIXOJHOTO IIyMa, KOTOPBIA BO3HUKAET MO BAUAHUEM BXOTHOTO IITyMa, HATIPAKEHU,
OyAeT OmpeAeIsaThCA BEICOKOIACTOTHOU IaCThI0, B KOTOPOU KO3 UIUEHT yCUICHUS
myma pased 14Cp /Co.OTriInK 00106HOI0 BUAA TUIXHUEH 1JIs1 CUCTEM BTOPOrO IIOPs-
ka. [ljs myMa, BO3HUKAIOIIErO MO BIXSAHUEM IyMa TOKA HHBEPTUPYIOIIErO BXOIA
7 3HaUYEeHHEe KOTOPOro ompenersdeTcsa comporusBieHmsavu R1 u R2, maTerpupoBanume
BEIOMHACTCA A/ TOMOCH mporyckanus 5 (mR2Ca).

B mpumoxkeHmsax Ha OCHOBE BHICOKOCKODOCTHBIX ONEPAIMOHHBIX YCUINTENEN MOXK-
HO CJeJaTh AOMOJHUTENbHBIE yIpomeHus. Eciu paccMoTpers rpaduk 3aBUCHAMOCTH
KOD(DPUIMEHTA YCUWIEHU IIyMa, I CACTEMBI IEPBOTO MOPS KA, ONTUMUAZUPOBAHHOU
Ui OBICTPOrO YCTAHOBJICHWS CUCHAJIA, TO OH UMEET IOCTOSHHBIA YPOBEHb BILIOTH
IO YaCTOTHI, COOTBETCTBYIOUIEH MOJOCE MPOMYCKAHUA CXEMBI C 3aMKHYTOH OOpaT-
HOU CBA3BIO, IPU DTOM MAaKCUMAJIbHBLIA YDOBEHDb YBEINIeHU KOd(DPUINEHTA YCUICHUs
cocrasisieT HeckOIbkO n1B. Takum 06pa3om, BCe ICTOYHUKY IIyMa MOI'YT HHTEIPUPO-
BATBCSA B MPEAETaX HOIOCHL IIPOILY CKAHUA /IS ONEPAIMOHHOIO YCUIUTENS € 3BAMKHY TOU
LEIbI0 00PATHON CBA3MU.

[lis cxeM Ha OCHOBE BBICOKOCKOPOCTHBIX YCUJIATENEH ¢ OOPATHOU CBA3BIO MO TO-
Ky OCHOBHOU BKJIAJ B (POPMUPOBAHME BBIXOTHOT'O IIYMA OKA3BIBAIOT BXOJHOU IIyM
HAIP/KEHNA U IIyM TOKa JJIA UHBEPTUPYIOWEro sxona (cm. puc. 1-57).

Nckaxenus

JuHAMIYIECKUN AMATA30H IS OMEPALUOHHOTO YCUIUTEIS MOXKET OMPENeIAThCI He-
ckonbkuMu criocobamu. O qauM u3 HamboJaee PACIPOCTPAHEHHBIX CIIOCOOOB ABIAETCS
OIIPE[ICJEHNE HEIMHEUHBIX UCKAXKEHUU, MOJHOIO KOX(M(PUIUEHTA HEIUMHEUHBIX UCKa-
wkernnut (THD) win cymMbr TOMTHOTO KO2()DUIMEHTa HEAMHENHBIX UCKAKEHUN U IIyMa,
(THD + N). K 4ucay opyrux XapaKTEPUCTUK, CBA3AHHBIX C DTUM, OTHOCATCA UHTEP-
mopayasuonnse uckaxenus (IMD), rouxku nepecevenus (IP), gumamuveckuinn nua-
na30H, cBOOOAHBIM OT mapasuTHelx momex (SFDR) u mHOromonoBeim koaddunuent
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mommoctu (MTPR).

IMonabn Ko3(dhUIUIeHT HeJIMHEeNHBIX NCKaXeHNN

Tonubm KoM duIKeHT HennHenHbIX nckaxennil (THD) saBaseTcs oTHOmEHNEM rap-
MOHWYECKM CBA3AHHBIX (T.€. B 2, 3, 4 u T. 1. GOJIBIINX, 9€M OCHOBHAA IaCTOTA) KOM-

I\ BxozHoii R>

curHan Ry VA

]
03hPULMEHT |
ycunexus UJyma:

f2= nonoca nponyckaHua curHana
=1/2(nR,Cy)
fCL= nosioca NponyckaHna Ana cxembl

C 3aMKHYTbIM KOHTYPOM
obpaTHoli cBsA3u

1+ Ry/R;

KoadhdumumeHT ycunenus (ab)

R,/R
2™ KoadhpumuneHt :
YCUIEHUs curHanati
1

f, foL log f

Puc. 1-56. xodppunuenT yCureHus NIyMa ¥ CACHAIA IS CUCTEMBI BTOPOI'O HOPALKA,

[IOHEHTOB CUIHAJA, KOTOPLIE BBI3BAHLI HEIMHENMHOCTHIO ycuuTess. [Ipu usmepenusx
YYIATHIBAIOTCA TOJBKO FAPMOHUYECKY CBSI3AHHBIE CUTHAJILI. CBS3aHHBIE C MCKAXKEHU-
AMU KOMIIOHEHTHI, COCTABJAIOIIAE MOMHLIN KOX(PMUIMEHT HEJUHEUHBIX UCKAKEHUMN,
OOBITHO BBIYUCHAIOTCS KAK KBAJPATHLIN KOPEHb U3 CYMMBI KBAIPATOB [ HEPBBIX
AT WIA MECTU TAPMOHUK OCHOBHOU YacTOTHL. OMHAKO B OOJIBIIMHCTBE NPAKTUAYE-
CKUX CUTYALUU CYIMIECTBYET JWIIb HE3HAYUTEIbHAS OMIMOKA, ECJIA TP BBIYUCACHUIX
VYUTHIBATH TOTHKO BTOPYIO M TPETHI) I'apMOHUKY, TaK KaK WIEHBI 00Jee BBICOKOTO
IOPAIKA “Iallle BCero UMEIOT OUYeHb MAJIyI0 aMILIUTYIy.

ITomubin Koo PUITHEHT HeINHENHBIX MCKaXXeHHUH ILIIOC IIyM

3uauenue THD+N sBasgercs Tem, 9TO OCTAETCA MOCIE BEIYATAHUSA U3 CATHATIA, KOM-
MOHEHTHI, COOTBETCTBYIOIIEN TOJBKO OCHOBHOHM YacTOTe. BaXXHO 3aMeTUTH, ITO Ipu
U3MEpEHUAX MOJHOrO KodddunuenTa Hemuuenubx uckaxkeraun (THD) sauanue myma
HE yIUTBIBaeTCs, Torga kak B 3HadeHnn THD+N Bausaue myma yIuTniBaeTCA.
Iym mpu mamepenun Benmmauuasl THD+N momxen mHTErpupoBaTLCSI MO IIOIO-
Ce MPOIMYCKAHUA M3MEPEHUN. B y3KOIOMOCHBIX MPUIOKEHUAX YPOBEHD IIyMa MOXKHO
VMEHBIIUTDL IPU TOMOIIY (PUILTPAINHU, IPpU 3TOM yMeHbInaeTcsa 3Hadenne THD+N,
YTO MOBBIIAET cooTHomeHue curraia/mym (SNR). B GonbmumuCcTBe ciydaes, Korga
yKasbBaeTcsa saadenne THD, ma camom mese oTo ssisercsa xapakrepuctukon THD+N,
TaK Kak OOJBIIMHCTBO CHUCTEM W3MEDEHUs He CIOCOOHBI OTJIMYUTH [aPMOHUIECKU
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Puc. 1-57. Mogenb nryma, 1us ONEParmOHHOTO YyCUIUTEIA ¢ OOPATHOU CBA3BIO MO TOKY

CBA3aHHBIE CUT'HAJIBLI OT APYTUX CUT'HATIOB. M3MepenHne norHOro KoadpuimenTa Heln-
HenHbIX nckaxeHunn (THD) 0OBIYHO BBHIMOMHAETCS IPY MTOMONM YCTPAHEHNs CUTHALA
OCHOBHOM 9aCTOTBL ¥ 3aTEM M3MEPEHUA [IapAMETPOB OCTAIIIErocs CUrHAIA (OcTaT-
ka). Onpenenenus gast THD u THD+N nokaszansr na puc. 1-58.

* Vg = amnnTuTyda curHana (aencreytollee 3HadeHue, B).
*\, = amnnnTyaa BTOPOW rapMOHMKM (OeicTByloLLee 3HaqeHune, B).
*\}, = amnnnTyAa n-i rapMOHVKKN (AeVicTByloLlee 3HadYeHune, B).

M Vnoise= ﬂeVICTBy}OLLlee 3Ha4YeHue Wwyma Ond noyocbl NponyckaHuA, I/ICI'IOJ'Ib3yeMOVI npun USMepeHnax.

\/V%+V§+V§+---+V§+Vﬁoise

VS

* THD + N =

VVZ+VZ+VZ+. . +V2
VS

* THD =

Puc. 1-58. Onpenerenus gas THD u THD+N

I/IHTepMO,lIyJI}II_II/IOHHI)Ie HNCKaXXeHnusia

BwMmecTo Toro, uTob6er mpocTo paccmaTpuBaTh 3HadeHue THD maa BxogHoro curaamna
B BUI€ CUHYCOUIBI C (PUKCUPOBAHHOU 9aCTOTOU, 9aCTO OOIEe TOIE3HO PACCMATPUBATE
UCKAXKEHUs, KOTOPLIE BO3HUKAIOT IO BO3AeUCTBHEeM IByX dacTor. Kak mokaszaHo
Ha puc. 1-59, npu BO3EUCTBUM ABYX 9aCTOT MOI'YT BO3ZHUKATH HHTEPMO Y IAIUOHHBIE
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@ = WHTEpMOAYNALNOHHbIE COCTaBNAKOLME BTOPOro nopanka

f1 f2 @ = WUHTepMOAyNnsALUNOHHblE COCTaBlAKLME TPETbEro nopsaaka

Mpumevanue: f; = 5MIy, f, = 6MIy

© ® ©
f, — f4 @ @ fp+ 1 3f; @Zfz +f

2f1 2f2
2, — | [2f, — 1 £+, 3f,

1 4 5 6 7 10 11 12 15 16 17 18
YactoTa (MI'y)

v

Puc. 1-59. InTepMOIyIAIIMOHHBIE COCTABIAIOIINE

cocrasisiomue. Marepmonyisiuus (mepekpecTHas MOLYJ/ALUs) BOSHUKAET KOIAa [BA
(unu Goviee) cUrHAJA IPOILYCKAIOTCS U€pe3 HeIMHEeHHyIo cucreMy. B obumem ciaydae
BCE CUCTEMBI MOT'YT CIATATHCA HEMHHENMHBIMU. VIHTEePMO Iy IAIIMOHHBIE COCTABIIAIONINE
COMEPKAT KOMIIOHEHTHI, OTHOCAIIAECA K CYMME M PasHOCTU dacToT. [[1a mpumepa
PACCMOTPUM UHTEPMOIY/IAIUOHHBIE COCTABIAIIINE BTOPOTO U TPETHErO TMOPAIKA,
BOBHUKAIOUINE [IPU [OJade Ha HEeJMHEHHYI CUCTEMY ABYX CAIHAJIOB C 4acTOTOH fi
u fy. THTepMO Iy IAIUOHHBIE COCTABJAIOIINE BTOPOrO HOPAIKa uMeloT dacrory f; + 15
u f; — f5 um pacmomararmoTCa TOCTATOYHO HATEKO OT YACTOT UCXOAHBIX CUTHAJOB, U
X MOXKHO YIAJUTh MPU IIOMOIIM (DPUILTPALUK (3TO 3ABUCAT OT IIOJOCHI IPOIMYCKa-
Hus cucteMsl). Ecau cucreMa ABIACTCA MUPOKONOIOCHON, TO 3TH UCKAKEHUA MOTY T
OCTaBATLCSA B MOJOCE Hmponyckauusd. WHTepMOyISIIUOHHBIE COCTAB/SIOMINE TPEThe-
ro mopsgka pacmogaratorcs Ha dacrorax 2f; + fo u 2fy + ), u ux Taxxke MOXKHO
HONBITATHCA yAAIUTE Ipu noMornu qpunbrpa. OQHAKO MHTEPMOLYIAIUOHHBIE COCTa-
BJAIOIINE TPEThEro mopagka ¢ dacroron 2f; — fs u 2f, — f; pacnmonararorcs 6;1m3K0 K
YACTOTAM BXOIHBIX CUT'HAJIOB, U BHIMOIHUTD I HUX (PUIBTPAINIO Oy IeT JOCTATOTHO
CJIOXKHO.

Touka mepecedenus Tperbero nmopsajgka (IP3) u Touka mepecedenus
Broporo nopsaaka (IP2)

NaTEepMO Iy IAIUOHHBIE COCTABMAIONINE MPEICTABIAIT OCOOBIN MHTEPEC B Pagnova-
CTOTHOM AMAIA30HE U MPEICTABIAIT OCHOBHYIO IPOOGJIEMY MpU IPOEKTUPOBAHUY Da-
QUOMPUEMHBIX YCTPOUCTB. ECaum uMenTces T0CTaTOIHO MOIIHBIE CUTHAJILI, TO UHTEP-
MOIYJIAIMOHHLIE COCTABJAIOIINE TPETHEr0 MOPSIAKA CIIOCOOHBI [IOTABIATH CUTHAJLL
¢ maqon ammantygou. Kak nokasano Ha puc. 1-60, mHTEPMOAYAALIMOHHBIE COCTABILS-
IOIIe TPETHero NOPAIKA IaCTO XaPAKTEPU3YIOTCs IPU ITOMOIIN TOYKHU [I€PECEeICHUs
rperbero mopaaka (IP3).

Ecau anmpokcuMupoBaTh HETMHENHOCTE CUCTEMBI IIPY MTOMOIIY PA3JIOKEHUI O CTe-
[IEHsIM IOJMHOMA, TO AMILIATY1a HHTEPMO IYIANUMOHHBIX COCTABJAIOIINX BTOPOro II0-
panka OygerT yBeamuuBaThbCA HA 2 1B mpu yBenwdeHun ypOBHS BXOJHOI'O CHAIHAJA
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Ha 1 1B. AHaJIOrUYHO, MHTEPMOIYIANMOHHEIE COCTABIAIOIINEG TPETHEr0 MOPAIKa, OY-
OyT yBEIMYIUBATHCA HA 3 1B mpu nopwimeHun ypoBHS BXOZHOrO curHauta Ha 1 b.
IIpu mocTumkeHMN BXOIHBIM CHIHAJIOM OIIPEAEIEHHOI'O YPOBHs CUIHAJ HA BHIXOME Oy-
JeT OrPAaHUYIUBATHCA (CKUMATHCS) IO IPUIUHE OIDAHUYEHUA UCTOUHUKA [TUTAHUA,
MaKCUMATBHBIX XapaKTePUCTUK BLIXOAHOTO ApauBepa u Tak gatee. OIHAKO MOXK-
HO TPOJOKUTDL JUHUN MEPECEYCHIS BTOPOr0 U TPETHErO MOPAAKA U MOIYUUTH UX
mepecedeHue ¢ IpogoJKeHneM rpaduka i BEIXOTHONO CUMHAMA. DTU MEPECedIeHus
COOTBETCTBEHHO OyIyT HOCUTH HA3BAHUE TOYEK IIEPECETIeHUs] BTOPOI'O U TPETHErO
nopsaka (second and third order intercept point). x 3nadeHuss 0OBIMHO OTHOCAT K
BBIXOTHOU MOIIHOCTY MUKPOCXEMBI, KOTOpasa Beipaxkaercsa B dBm. UrTak, xoTs Towuka
IP3 B 60nBIIMHCTBE CIy4aeB HE HOCTUKUMA, HA MIPAKTUKE, OHA MTO-TIPEKHEMY UCIOIb-
3yeTcsa KaK XapaKTePUCTUKA KAIeCTBA IJis BEICOKOCKOPOCTHBIX CUCTEM.

»
»

Touka nepeceyeHuns

INT, BTOPOro rnopsiaka
e
Touka nepeceyeHus /,’

TpeTbero nopsaka )

INT, P paaka —y /7,

OcHoBHoOW

curHan
(HaknoH = 1)

BxogHasi MOLLHOCTb (41151 0QHOM YacToThl)

MHTepMoaynaumnoHHble MHTepmoaynsaumnoHHble

COCTaBnsioLLye BTOPOro ¥ cocTtasnsoLme

nopsigka (HakrmnoH = 2) TpeTbero nopsigka
(HakmnoH = 3)

v

BbIxofHasi MOLHOCTb (A5t OQHOM YacToThl)

Puc. 1-60. VaTepMOayIslrOHHbIE COCTABIAIONIAE, TOYKYU [I€PECEYEHNUs U HEINHENHbIE UCKaXKEeHUS

AMIUIUTY JHOU XapaKTepucTuKu (gain compression)

[nsa onpenenenus 3uadeHus Touku [P3 Ha BXOJ cucTeMBl MOJAIOTCA ABA CIEK-
TPAJBHO YUCTHIX CUTHAJIA. 3ATEM CTPOUTCA IpadpUK 3aBUCAMOCTHU MOIIHOCTY BBIXO -
HOT'O CUT'HAJA 1 OAHOU 13 9acToT (dBm) u OTHOCHTENILHON aMILIUTY B COCTABIIIA-
IOLIUX TPETHEro MOPsSAKA (IO OTHOLIEHUIO K CUIHALY C OCHOBHOW YaCTOTON) OT MOLI-
HOCTU BXOAHOrO curHamia. [Ipu HuskOM ypoBHE (IO OrpaHMYeHUs) ABYXIACTOTHOLO
BXOJHOI'O CUTHAJIA, UCIONB3Ys IBE TOYKU, MPOBOIUM JUHUU NI WHTEPMO Ty IAIAOH-
HBIX COCTABIAIIIMX BTOPOI'0 U TPETHEro MOpALKa (Kak mokazaHo Ha puc. 1-60), Tax
KaK OJHa TOYKA U YIOJ HAKJIOHA MO3BOJIAIOT ONPEIEIUTH OJHY IPAMYIO JUHUIO. TaM,
r'le OHM IEPECceKaloTcsa, OyIyT PacHoJaraTbCsa TOUKA IePEeCEeTIeHUsT COOTBETCTBEHHO
BTOPOT'O U TPETLEro MOPIIKA.

Ha puc. 1-61 nmokaszaHO M3MeHEHUE 3HAYMEHUs TOYKU MEPECeYIeHUs TPEThEero IMo-
PANKA B 3aBUCUMOCTU OT YACTOTHLI MIsA TUIMIHOIO YCHIUTENS ¢ OOPATHOU CBA3LIO
10 HATIPSIKEHUIO.



Iaasa 1. Onepayuonnvit ycuaumendb

(o0

IIpeanonoxkum, 9TO CUTHAJX HA BBIXOJE ONEPAIMOHHOTO YCUIUTENI UMEET IacTO-
Ty 5 MI'n u noaubmn pasmax 2 B ma marpyske ¢ conporusrenuem 100 Om (50 Om
COOCTBEHHBIE U TepMUHUPOBaHue Harpy3ku). Hanpsixenue na narpyske 50 Om caeno-
BaTeabHO Oyger pasHo 1 B (momueii pasmax), uro coorercrayer +4 dBm. 3uadenue
TOYKU MepecevdeHus Tperbero nopsaaka npu 5 Ml Oyger pasuo 36 dBm. Pasuuma
vexay +36 dBm u +4 dBm cocrasaser 32 1b. D70 3HavueHUE 3aTEM YMHOXKAETCS
Ha 1Ba, U B pedyabrare Mbl norydaeMm 64 1B (3HaveHMe MHTEPMO 1YIANUMOHHON COCTa~
BJSIIOIIEN TPETHErO MOPAIKA OTHOCUTEIHHO MOIIHOCTU BXOJHOI'O CUTHAJA C 3aTaH-
Hon yacroron). Takum 06pasoM, MHTEPMOAYJSIUOHHEIE COCTABJAOMUE Oy 1y T UMETh
ypoeerb —64 dBc (1B oTHOCUTEARHO ypOBHA Hecymen) win ke yposenb —60 dBm.
Ha puc. 1-60 mokaszan rpaduaecKni aHaIN3 AJ0A JAHHOIO IIPUMEpa.

50 ‘ ‘ ‘ Puc. 1-61. Nsmenenne IP3 B 3aBucumocTu
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Touka cxarusa 1 g1b

[pyrum mapamMeTpoM, KOTOPBIM MOXKET MPENCTABIATEL HHTEPEC, ABMACTCA TOTKA, CIKa-
tusa 1 1B (1dB compression point). D10 Takas TOUKa, B KOTOPON BBIXOIHOU CUIHAJ
uckaxaercs Ha 1 1B oT maeanbHOU QYHKIUM IE€pesadu BXOLHOI'O/BLIXOIHOIO CHUI-
HAJIA. DTO HPOUCXOAUT, KOIAA BBIXOAHOU CUIHAJI JOCTUTAET CBOErO IUHAMUYIECKO-
O IUAMA30HA U BBIXOAHOU CUTHAI yKe He MOXKET YBEIMIUBATHLCA MPU YBEJUICHUN
BXOJHOI'O CUTHAJIA, (T. €. IPOUCXOAUT OTPAHUYICHHUE). JTa TOIKA TAKKE MOKA3AHA HA
puc. 1-60.

CooTHolreHne CI/II"HaJI/H.IyM

Coornomenne curaan/mym (SNR) npencrasiser cobon JuHAMUYIECKUR AUAIA30H CU-
cTeMbl U OOBIMHO BBIpaXkaeTcs B 1B. ONOPHBIM ypOBHEM FBIAETCI MAKCUMAJIBHBIN
YDPOBEHb CUT'HATA, a NeUCTBYIOIee 3HAUEHNE [IIyMa IPEeJCTaBLIeT MUHUMAIBHEIN yPO-
Benb. HeoOxoqmMo Taxke yKas3blBATh MOIOCY MPOILYCKAHUS, B KOTOPOU IPOU3BOAATCS
M3MEDEeHUS.
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MonHbIn ananasoH curHana (FS)
____________________________ 7 3
ab Curtan (Hecyuias)
SFDR (dBFS)
SFDR (dBc)
% _____w__ MakcumanbHbiit yposeHb
|' napasuTHOro curHana
VpoBeHs— 1 1 P O T R A

LUyMOB \%

Puc. 1-62. [[uHaMAIECKAN NUANA30H, CBOOOAHLIA OT MAPA3UTHBIX MOMEX

IJKBUBAJIEHTHOE KOJIAIECTBO OUT

Ecau B3aTb 3navenue curuasn/mym (SNR) qis1 onepanuoHHOrO yCuamTess 1 BBIPa3uTh
ero B 6I/ITa,X, TO MBI IOJIYyYUM IIapaMeTp, I/IBBeCTHBIﬁ KaK SKBUBAJCHTHOE KOJINIECTBO
6ur (ENOB). /I;1a npeoOpa3oBaHusa UCIONB3YETCA CIeayomas hopMya:

SNR(xB) — 1,76
6,02 '
XoTsi B OCHOBHOM OUTHI OTHOCATCS K PA3IAIHBIM IPe0OPA3OBAHUAM, HHOT 1A OHU UC-

MOJIB3YIOTCSA U UL OIEPANMOHHBIX yeuauTenen. BHOBb HEOOXOIUMO YKA3BIBATE IOJIOCY
[IPOIYCKAHUS, B KOTOPOU MPOU3BOIUINCH U3MEPEHUS.

ENOB = (1-21)

r[';I/IHaMI/I‘IeCKI/II‘;I AnaIla3oOH, CBOﬁO,lIHbIﬁ OT IIapa3dUTHBIX IIOMeX

[pyrou XxapakTepuCcTUKON TMHAMUIECKOTr0 Auana3ona cuctemsr asuserca SEDR, (qu-
HAMWYECKUI [UANA30H, CBOOOMHBIN OT MAPA3UTHBLIX [OMEX). DTO 3HAYEHUE MOKHO
U3MEPUTDH OBYMS PA3IUYHBIMU CHOCOOaMu. B mepBOM MeTome m3MepseTcs Pa3HUIA,
MEXK Iy MaKCHMAaJIbHLIM YPOBHEM CUIHAJIA U IIEPBOU COCTABJAIOUIEH, OMUCHIBAIOMIEN
UCKAXKEHUs JTI000r0 Tumna, u 5ra pasuuna udmepsercs B 1b. SFDR, moxer 6bims npu-
Bened B Bujge dBFS — 1. e. B nenubesrax OTHOCUTEILHO CUTI'HAJLA IIOJHON MIKAJILL. py-
POU METOJ U3MEPEHUsA — MPOBOAUTEH U3MEPEHUA OTHOCUTEABHO K JEUCTBUTEILHOMY
ypoBHIO curHaja. Takum ob6pasom, mul mory4daeMm 3Hadenue SFDR, Beipaxkennoe B dBc
(T. €. OTHOCUTENLHO HECYLIEN ). DTa XapDAKTEPUCTUKA TAKKE B OCHOBHOM KUCIIOIb3YyeT-
cs1 i npeobpasoBarenen, oqaako nHorga SEDR ucnonas3yeTces u 1/ omepanuoHHbIX
yeunnrenen (cm. puc. 1-62).

CxkopocTh HapacTaHUA

CKOpOCTh HapaCTaHUSA YCUINTENA IIPEeICTABIACT MAKCUMAIbHYIO CKOPOCTb U3MEHe-
HUsl HAIPSXKEHUs Ha BBEIXOE YCIINTEN, ee 3HAUeHne BhIpaxkaeTcsa B B/c (wim wamme
kak B/mxc). OnepannoHHbe YCUINTEM MOIY T UMETh DA3IMIHbIE CKODOCTHI HAapacTa-
HUSA 1A DOJOXKATEIEHONO I OTPUIATEILHOIO M3MEHEHNA YPOBHA CUTHAJA, [I0 IPUIIHE
0COBEHHOCTEN CXEMBI — OIHAKO [JIA eJell TalbHENIIero aHaIN3a MBI IIPeAoIaraeM,



Iaasa 1. Onepayuonnvit ycuaumendb

(2

9TO KadeCTBEHHBIE OBICTPHIE ONEPAIMOHHBIE YCIINTEIN UMEIT JOCTATOYHO CUMMe-
TPUYHBIE CKOPOCTUA HAPACTAHUA.

A Puc. 1-63. Cko-
OkoHuaTenbHoe pOCTEL  HapacTa-
yCTaHOBUBLLEECSH BriGpoc HUA
3HAYEHNE [ — = — = — — — — = B
90% [~ """~~~—~ A NS !
1
! 1
) | 1
= 1 ]
> ! CkopocTb AV |
é 1 AV HapactaHna = — |
S ! AT 1
c ! 1
© ! 1
1
T 1 1
1 1
10% F-———=—="~—---- -:—————————————————————————:——
)
T —>
b >e >
AT KonebaHus 1

Bpewms

Ecium MBI paccMOTpuUM CHHYCOMIATBHBIN CUTHAJI C IIOJHBIM Pa3MaXOM CHTHAJIA,
paBHBIM 2V, 1 1acToTON f, TO BEIpa:KeHMe A/IA BBIXOIHOI'O HANPSAXKEHNA UMEET CJie-
OYIOIIMY BUL:

v(t) =V, - sin(2nft). (1-22)
MaxkcumanbHasg CKOPOCTH HAPACTAHUA U3 DTOU (POPMYJIBI BEIPAYKAECTCA CJIEAYHOIMM

obpa3omM:
d—v = 27fV,,. (1-23)
dt max
31ecs HEOOXOAUMO 3aMETUTh, ITO MHOTHE BBICOKOCKOPOCTHBIE YCUJIUTEIN OT-
JIMYAI0TCSA BEIOPOCOM CUTHATA — DTO O3HAYAET, YTO BHIXOAHOU CUTHAJ MPEBBLIIIALT
OKOHYATEJBbHOE 3HAYCHUEC U 3aTEM BBIIIOTHACT 3aTyXalolIue KOJeOaHUA OTHOCUTEIb-
HO OKOHYATEIBbHOI'O YPOBHs CUIHAIA. DTOT >(PQPEKT HOCUT Ha3BaHUE «3BOH» (ringing)
CUTHAJIA. SHAYEHUE BBIOPOCA M 3BOHA CUTHAJIA XaPAKTEPU3YeT 3alac yCTOUIUBOCTU
no ¢ase (phase margin) gamsOro ycumurens. deMm cuibHEE NPOABIAIOTCA dDDHEKTH
BEIOPOCA ¥ 3BOHA, T€M MEHBIIE 3aMaC YCTOUIUBOCTHU MO (ase.
CKOpOCTb HAapacTaHusA OOBITHO M3MEpAETCA Npu u3MeHeHuu yposs ot 10% o
90% 0T OKOHYIATEILHOT'O 3HAYCHNA CUTHAJIA, (XOTH TaKKe MHOI'a UCIOABb3YyeTCa Nua-
na3oH uamenerus ot 20 1o 80%) (cm. puc. 1-63).

ITosoca IIpOoNnyCKaHusA OJs MaKCPIMaJIBHOﬁ MOIITHOCTHU

MuHnmarbHOE 3HAYEeHNe BBIXOTHOM YaCTOTHL, IPU KOTOPOM IPOUCXOTUT ONPAHMICHIIE

CKOPOCTHU HAapaCTAaHUA, IPOIOPIAOHAIBHO CKOPOCTH HAPACTAHUA U OOPATHO IIPOIIOP-

[IOHAJIBHO aMILIUTY /e CUTCHAJAA. DTO CIYKAT [ OHpEeIeTeHUs TAKOro ImapaMeTpa,

KaK («[0J0Ca, MPOIyCKaHuWA 1A MakcuMmaabHou momuoctny (FPBW) omepanuonsoro
YCAJIUTEJIA:

FPBW = cxopocts Hapactanus/2mwVp. (1-24)

Baxno mormmaTs, 9TO cKOpoCcTh HapacTauusa u FPBW Taxxe MoryT 3aBuceTnb OT

HAIPSKEHNA UCIOMB3YeMOr0 NCTOTHUKA IUTAHMA U HAIPY3KU, KOTOPA 110 JKIIOTEeHA
K ycuauTeaio (0COOEHHO eciu OHA SBJISETCS eMKOCTHOM).
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CKOpOCTb HapacTaHua — 3TO MakcumalribHaa CKOpOCTb,
C KOTOPOW MOXET U3MEHATLCH CUHamM Ha BbIXo4e onepaLmoHHOro ycunutensa

[ManasoH 3Ha4YEHWI: OT HECKOMBbKMX BOJLT 3@ MUKPOCEKYHAY [0 HECKOMbKUX
ThICAY BOMLT 32 MUKPOCEKYHAY

Ans cuHyconpanbHoro curHana  Veyr =V, sin 2nft,
dV/dt = 2nfV, cos 2rft,

(AV/d) ey = 27F V.

Ecnu nonHbIi pasmax HanpskeHusi Ha Bbixode 0603HaunTb Kak 2\,
TO MOXHO BbIYUCIUTD

CkopocTb HapacTaHus = (dV/dt),ax = 21 X FPBW X V;

FPBW = CKOpPOCTb HapactaHus/2 V.

Puc. 1-64. Cxopocts mHapacranms u FPBW

Ha npaxTuke, 4T06bI 06€CIEIUTH IPUEMIEMBI YPOBEHb MCKAYKEHUU, 3HAUCHUE
FPBW pus onepammonHoro ycuiurenas qoakeO B 5—10 pa3 mpeBHIIATE MAKCUMAJIb-
HYIO 9aCTOTY BBIXOIHOIO curHaua (puc. 1-64).

ITomoca IIPOIIyCKaHUA -3 J.'[B AJsI MaJlblX CHUI'HAJIOB

ITosmoca mpomyckanms —3 nb mis omepamuoHHOrO ycmawTeds MOYTU Bcerja Oyaer
UMEeTh 3HaYeHue, npepbimaromee 3uadenne FPBW. Or1o ceasano ¢ Tem, 4To cursan
HE MOKEH M3MEHATHCA B TAKOM OOJBIIOM TUANA30HEe, & MPU yMeHblIeHun Vp OyxeT
YBEeIUIUBATHCSA MONIOCA MPOITYCKAHUA.

ITosoca mponyckauusa ¢ orkiaouenuem 0,1 1B

B mpunoxkenusx ¢ BeICOKHMEU TpeOOBAHUAMY K XaPAKTEPUCTUKAM, TAKAM KaK MIPO-
deccuonanbHaaA 00pabOTKA BUAEO, XKEJATEABHO 00ECHeINTh OTHOCUTETILHO TOCTO-
SHHBII YPOBEHb KOD(PMUIMEHTa YCUICHUA U JUHEMHBIN (Pa30BBIM OTKIMK B IIOJOCE
MPOIYCKAHUS [0 HEKOTOPOU MAKCUMAJIBHOW 33 IAHHOU 9aCTOTHL. DTO CBA3AHO C TEM,
9TO m3MEeHeHue KOd(P(UIneHTa ycuiaeHns uin (pas3bl B CHCTEMe MOXKET BIUATH HA UH-
TEHCUBHOCTDb WM HACHIIIEHHOCTDb BUIEO.

371ech HEJOCTATOYHO IPOCTO YKA3ATh IIOJOCY IPOITYCKAHUSA 1/ N3MEHEHUs YPOB-
Hs, cocTaBuaomero 3 1b. Ha mpakTuke npuHATO yKa3bIBATH MOJOCY IIPOITYCKAHUS
st m3aMenenus yposas, pasuaoro 0,1 1B, nin Takxe >ToT mapamMeTp Ha3BIBAIOT IVIA -
KOCTBIO moaockl nponyckanua B 0,1 1B. DTo o3Havaer, 9TO B yKA3aHHOU IIOIOCE
MpONyCKaHua u3MeHenune yposusa He npessimnaet 0,1 1B. /11 6ydepHbIx ycunaurenen,
MpEeIHA3HAYEHHBIX [ BUACONPUIONKEHNAN, OOBITHO YKAZBIBACTCA MOIOCA MTPOITYCKa-
HUA O ypoBHA u3MeHeHusa 3 n1b um ama ypoBua msmenenus 0,1 nb. Ha puc. 1-65
[IOKA3aHA JYaCTOTHAs XaPAKTEPUCTUKA I TPEXKAHAIBLHOI'O Oy(epHOro ycuamress
sugeo AD8O75.

3aMeTuM, YTO MOJOCA MPOMYCKAHUsA Ui U3MEHeHUs ypoBHA 3 1B cocrasiser
npumepHo 400 MI'n. Ha puc. 1-65 5T0o MOXKHO onpeaeanTs Ipu IOMOIM rpaduka, OT-
medeHHoro kak GAIN (kosdduuueHT ycuienusn), COOTBETCTBYOMIAA DTOMY I'PapUKy
LKA U3MEHEeHUs KO3(P(MUIUEHTA YCUICHNUs MOKA3AHA HA BEPTUKAJIBHOU OCH, MOKAa-
3aHHOU B JieBou yactu (Macrabd coorsercrByer 1 1B na nenenue). [lkana usmepenus
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Puc. 1-65. YJacrorHas XapakKTepUCTUKA TPEXKAHAILHOrO OydepHoro ycuanrens sugeo AD8075

st rpaduka, ormedenHoro kak FLATNESS (mwiockocrrHocTh) mOKa3aHa B npason
gacTu rpaduka, macurad 3aeck coorsercreyer 0,1 1B ma memenume. DT0 mo3BOIIET
ONPENEIUTh MOJOCY MPONYCKAHUA N udMenenus yposusa 0,1 1B, ¥To B ranHOM Ciry-
Jae cooTBeTCTBYeT npuMepHO 65 MI'. Pasuuna co6cTBEHHO TOJBKO B IPUMEHIEMOM
kpurepuun — 3 1B wium 0,1 1B. Yrober obecneunts 3uadenne B 65 MI'n nas ypoBus
u3menenus 0,1 1B, HEOOXOTUMO UCHONB30BATH YCUIUTEIb C MOJOCOU IIPOILYyCKAHUS,
pasuon 400 MTI'u (mpu 0O6BIMHOM CHOCOGE M3MeEpeHus, 0 yposHIO —3 1b).

Heob6xoammo 3aMeTuTh, 9TO DT XapaKTEPUCTUKY CIPABEIABLL IpA pabdOTe HA, UC-
TOYHUK COnpoTuBaeHUEM 75 OM U IPU UCIOIL30BAHUYN KAOEISI C TePMUHUPOBAHUEM
HAPY3KH, 9TO OMUCBIBACTCS pesucTtuBHOU Harpyskon B 150 Owm. Jlrobas emkocTHAas
HAPY3Ka HA BBIXOJE YCWIUTEIS MOMXKET BBI3BATH MOABEM B YaCTOTHOU XapPAKTEPU-
CTHUKe, U TOro ciaexyer u3berarTs.

IIpousBegeHue MOJIOCHI IPOIYCKAHUA Ha KO3((DUIHEHT yCUIeHUI

s ycunurens ¢ 0OPATHON CBA3BIO 10 HAIIPAKEHWUIO [IPU YMHOXKEHUN KO>(DMUIUEHTA,
YCWICHUA [JIA 33 JaHHOU IaCTOTH HA 3HAYEHUE DTOU IaCTOTHL MBI IOy IaeM MOCTOAH-
HOE 3HAYeHue. DTO CBA3AHO C TeM, UTO A/ CUCTEM IEePBOrO IOPsAKA IPU yABOCHUN
YACTOTHI MPOUCXOIUT ABYKPATHOE YMEHbIIeHne KoahduiunenTa ycunenus. [loqobuas
XAPAKTEPUCTUKA OKA3BIBAETCS MOJE3HON MPU CPABHEHUM TOJOCHL IIPOIYCKAHUA Pas-
JUYIHBIX OMEPAIMOHHBIX yeunuTenen (cm. puc. 1-66).

YacToTHBLIE XapaKTEePUCTUKHN yCUINTEJel ¢ 06pPaTHOU CBA3BIO II0 TOKY

Ycewmurenun ¢ 06paTHOU CBA3BIO [0 TOKY MMEIOT CBOUCTBA, OTINYIHBIE OT YCUINTEIEN
¢ 06pATHOU CBA3bIO N0 Hanpsxkeruoo. OHU HE MOT'YT yCTOUIUBO PAbOTATH C EMKOCT-
HOU HAIDY3KOU, TAKXKE [1JISI HUX HEJIb3sl HEIOCPEACTBEHHO COEAUHATD BHIXOT yCUIUTE-
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A
KoathduumeHT ycunexnmsa ans

& CXEMbl C Pa3oMKHYTbIM
= KOHTypoM obpaTHom cBA3m A(S).
o3 Ecnv nponsseaeHmne koacpduumneHta
I YCUINEHUs Ha Nornocy nponyckaHust = X,
o NUMEHT VX fu = X
S | ycunenus TO Y X gL = X,
> wyma = X,
e LI Y
o] NI & roe f o, = nornoca nponyckaxus ans
=) - Ry CXEMbl C 3aMKHYTbIM KOHTYPOM
< obpaTHomn cBA3n
RS
m
e)
<z

foL log f

Puc. 1-66. IIpoussegenue kodhPpuineHTa yCUICHUS HA MOJOCY [IPOILYCKAHUSI

————————————————————————————————— G1 xf # G2x

KoahcbuumeHT ycunenus (ab)

B s et E R

=n
—
N

\ log f

Puc. 1-67. Koappunuent ycuneHus pasoMKHYTOU CXEMBI A ONEPAIMOHHOTO yCATATEN

¢ 06PAaTHOU CBA3BIO MO TOKY

JiA ¢ MHBEPTUPYIOMAM BXOA0M. [[Jf OMEPAIMOHHBIX YCUIUTEIEH ¢ OOPATHON CBA3BIO
MO0 TOKY CYIIECTBYET TaKOe ONTUMAILHOE COMPOTUBJICHUE B IENU OOPATHOU CBIA3M,
KOTOpOE 00eCIeunBaeT MAKCUMAIBHYO MOJI0CY mporyckauusa. CreayeT yKasaTh, ITO
CONIPOTUBJIEHUE 3TOrO PEBUCTOPA MOKET M3MEHATHCA B BABUCUMOCTY OT HAIIPSIKEHUS
nurarusa. [[pu yBenwdeHnr CONPOTHUBIEHUs STOrO PE3UCTOPA IIONOCA IIPOILYCKAHUS
Oyger yMmeHbUIATHCSA. BepHO m oOpaTHOEe: IPU YMEHBIIEHU! COMPOTUB/ICHUS IIOJOCA
IpONyCKaHua OyAeT YBEIMIUBATHCA U YCHIUTETH MOXKET MOTEPATH yCTOMIUBOCTH
(puc. 1-67).

[is onepanoHHOr0 yCUIUTeNsA ¢ OOPATHOU CBA3BIO IO TOKY A 3aJaHHOIO CO-
[IPOTUBICHUS PE3UCTOPA, YCTAHABIUBAEMOI'O B CXeMe OOPATHOU CBA3M, HA IOJIOCY
MPOMYCKAHUA [JIA 3aMKHYTOU CXEMBI MPAKTUIECKU HE OKA3LIBAET BIMAHUE KOI(D-
unumeHT ycwieHus Iryma, KakK 3TO MOKa3aHo Ha puc. 1-67. OaHAKO HENpaBWIBLHO
clenaTh OTCIOAA BHIBO O CYLIECTBOBAHUY [ OIEPALMOHHOIO yCHIUTENS C 0OpaT-
HOU CBAI3BIO MO TOKY TaKOW XaPAKTEPUCTUKU, KAK IIPOU3BEJEHUE MOJOCHL IPOITYCKa-
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HUA HA KOX(PPUIMEHT yCWICHUA, TaK KAK 3HAYEHUE TAKOTO MPOU3BEICHUA HE OyaeT
ABIATHCA TOCTOAHHBIM. KOD((PUIMEHT yCUIeHNA 119 CXeM Ha OCHOBE OIEePAIMOHHOTO
YyCUIUTEIs C OOPATHOU CBA3BIO IO TOKY yCTAHABIMBAETCS IIPU MOMOIIM BEIGOPA CO-
OTBETCTBYIOIIErO PE3UCTOPA B IEMU OOPATHON CBA3M, & 3aTEM BBIOMPAETCA BXOTHOU
PE3UCTOP, KOTOPHIN 00ECIEUNBACT HYKHOE 3HAUCHUE A KOd(P(UIIUEHTa yCUTCHUS
CXEeMBbI C 3AMKHYTOU IEmbio 00paTHOU cBasu. Koodduiment ycunenus curaaia (Ko-
TOPBIN YCTAHABIUBAETCS CXEMOU OODATHOW CBSI3M) /IS ONEPALUOHHOIO yCUMUTEINs
¢ OOPATHOU CBA3BIO 10 TOKY AHAJOIMYEH DTOMY K€ 3HAYEHUIO MJIA OIMEePAIUOHHOIO
yCuIuTe s ¢ O6PATHON CBA3BIO IO HAMPAKEHUIO.

OOBIYHO B TEXHUYIECKUX OMUCAHUAX HA OMEPAIMOHHBIC YCUIUTEN C 0OPATHOU CBA-
3BI0 [0 TOKY NMPUBOAATCS PEKOMEHJOBAHHBIE 3HAYEHUS PE3UCTOPOB, KOTOPHIE 06eC-
MEYUBAIOT I YCTPOUCTBA MAKCUMAIBLHYIO MOJIOCY MPOMYCKAHUS I/ OPEIeJEHHOTO
IMana3ona Ko>p(PUIMEHTOB yCUICHN, HAPAKEHUI MTUTAHUA 1 TUIOB KOPITycoB. Mc-
[OJAb30BAHUE TAKUX TAOJINL 3HATUTENLHO YIPOIIAET [POLECC Pa3paboTKu CXeMbl (CM.

puc. 1-68).

AD8001AN (PDIP) AD8001AR (SOICP) ADB8001ART (SOT-23-5)
KoadcpuumeHT ycunenuns KoadcpuumeHT ycunenns KoadcpuumeHT ycunenuns

Komno-
HEHT
Ry (Om) | 649 |1050| 750 | 470 | 1000 | 604 | 953 | 681 | 470 | 1000 | 845 |1000| 768 | 470 | 1000
Rq (Om) | 649 750 | 51 10 | 604 681 | 51 10 | 845 768 | 51 10
Ro

(Homm-
HanbHOe
3Have-
Hue,

Om)
Rs (Om) | 0O 0 0
Rr
(Homn-
HanbHOE
3Have-

Hue,
Om

Monoca
nponycka-
HUs ans
ManbIxX 340|880 (460 | 260 | 20 |370|710 (440|260 | 20 |240|795|380| 260 | 20
curHa-
noB.,
My

Monoca
C Hepas-
HOMeEp-
HOCTbIO
8 0,1 ab,
My

-1|+1|+2|+410|4+100| -1 | +1 | +2|+4+10|+100| -1 | +1 | +2 | 4+10|+100

49,9149,9149,9| 49,9 | 49,9 (49,9(49,9|49,9| 49,9 | 49,9 {49,9(49,9(49,9| 49,9

54,9149,9149,9| 49,9 | 49,9 (54,9(49,9(49,9| 49,9 | 49,9 |54,9(49,9(49,9|49,9 | 49,9

105| 70 | 105 130|100 | 120 110|300 | 145

Puc. 1-68. PekoMeH 10BaHHBIE CONPOTUBIEHUs PE3UCTOPA B LENN

obparHon cBa3m masa AD8001
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BpeMﬂ yYCTaHOBJI€EHUA CUT'HaJIAa

Bpewms ycraHoBieHuUs curHasa 1S yCHINTENS OIPEReIsTeTCs KAaK BPEeMs IIOCJIe BO3-
IEUCTBUsA CTYIEHIATOr0 BXOTHOIO CUIHAIA, KOTOPOEe HEOOXOAUMO, YTOOBI BBIXO IHOU
CUTHAJT JOCTUT U OCTABAJICA B MPEIEJAX ONPEIEJEHHOU TMOJOCHI OIMMOKM, KOTOPAs
U3MEpAETCA OTHOCUTETBHO TOYKM, COOTBETCTRYyIomer 50% 0T ypOBHA BXOTHOTO MM-
nyabca (cMm. puc. 1-69). /1A onepanuoHHOIO YCHIUTENA He CYyHIECTBYET MPUCYILEn
ecrecTBeHHOU 1oJochl ommbku (B oraumuue ot IIAIl, mas xoroporo ecrecrsenHas
nojoca omubku B 1 camMoro miaamero 6uTa Wi, BO3MOXKHO, £1 caMoro miaamero
6ura), TaK ITO HEOOXOAUMO BHIODATH W ONPEIEIUTDH 3HaUeHue omubku. Bribop 3a-
BUCUT OT XapaKTEPUCTHUK OMEPAIMOHHOTO YCWINTEII, HO eClIu DTO 3HadeHue OyaeT
U3MEHATHLCA A Ka¥XKI0T0 YCTPOUCTBA, TO TPYIHO OYAET BHINOJIHATEH CPABHEHUE 3HA-
YEHUU DTOr0 HapaMeTpa. JTO CBA3AHO C TEM, 9TO MPOLUECC YCTAHOBICHUS CUTHAIA
SIBJISETCA HEJIUHEVHBIM U [UIA €00 XapaKTePUCTUKYU MOXKET MOTPebOBATHCSI HECKOIb-
KO Pa3JUYHBIX BPEMEHHBIX IIOCTOSHHBEIX. B KadecTBe mpumepa MOXKHO PACCMOTPETH
OMHU U3 MEPBBLIX OMEPANVOHHBIX YCUIUTENEH, KOTOPHIE UCIOMB30BAIA TEXHOJOTUAYIE-
ckue mpoueccel ¢ auanekrpuaeckon msoasaumen (DI, dielectrically isolated). Y sTux
BpEMA YyCTAHOBJEHWA N0 POBHA B 1% 3aHMMAIO OY€HB KOPOTKOE BPEMSA, OMHAKO IS
ycranosaenus K mopory B 10 6ur (0,1%) TpeboBaucs nmpakTudecku OECKOHETHBIN
[MPOMEKYTOK BPEMEHU. AHAJIOIMYHO, HEKOTOPHIE BHICOKONPEIM3UOHHLIE OMEePAIMOH-
HBIE YCUIMTEIN MOIBEPKEHBI TEIIOBLIM d(hPeKTaM, KOTOPhIE MPUBOAAT KO BPEMEHU
ycranosaerua K yposaio 0,001% m menbme mopagka AeCATKOB MULIMCEKYH., XOTS
ycranosiaerue K yposHio 0,025% mpomcxoauT BCEro 3a HECKOIBKO MAKPOCEKYHI.
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3aepXKKu HapaCTBaHI/Iﬂ BOCCTaHOBMEHNsA BpeMmsi yCTaHOBMNEHNSA
-— pemva

yCTaHOBIneHusA

Monoca owmn6kM 0bbIYHO onpeaensieTcs kak NpoLeHTHoe
cooTHoweHue: 0,1%, 0,05%, 0,01% un Tak ganee.

Bpems ycTaHoBneHust ABMNAeTCa HeNUHEHbIM NapameTpoM:
BpeMs yctaHoBneHus fo yposHsi 0,01% moxeT B 30 pas
npeBbilaTh BpeMs ycTaHoBNeHNs Ao yposHs 0,1%.

Mpown3BoanTenn YacTo BbIGUPALOT Takyto Monocy oLwmnbku,
koTopasi obecreynBaet onTUMarsbHble XapakTepUCTUKK A AaHHOTO KOMMOHEHTA.
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Takxke HEOOX0IUMO 3aMETUTH, ITO TEILIOBBIE d(PPEKTHI MOTYT IPUBOIUTH K 3HA-
YUTEABHBIM DA3IUIUAM MEXK Ay KPATKOCPOUHBIM BPEMEHEM YCTAHOBJICHUs (KOTOpOe
OOBITHO M3MEpseTCsl B HAHOCEKYHJAAX) U AOACOCPOYHBIM BPEMEHEM yCTAHOBICHUS
(OOBIMHO U3MEHSETCs B MUKPOCEKYHIAX WIM MULIACeKyH1ax). Bo Muorux npumoxe-
HUAX A IEePEMEHHOI'O HAIPXKEHUA TOJATOCPOYHOE BpeMsA YCTAHOBJIEHUA HE UMeeT
3HAYEHUA, OJHAKO eCJIN ero HeoOXOAMMO IPUHIMATL BO BHUMAHUE, TO U3MEPEHUA 17
HEero JOJIKHBEL IPOBOAUTHCA IIPU I'OPa3io OOIbIIEM BPEeMEHHOM MacuiTade.

BpeM}I HapacCTaHUi U BpeMs IIaJeHUsI CUI'HajJla

[l BBICOKOCKOPOCTHBIX YCHIUTEIEN TaKkKe HEOOXOMUMO YKa3BIBATh BPEMs HapacTa-
HUs U BpeMs MaJeHus CUTHATA. XOTA B MACATHHOM CIyYae DTU 3HATMCHUA TOKHEBI
OBITH OJUHAKOBLI, OJHAKO JJIA OIEPANMOHHBIX YCUIATEICH OOBIYHO CYIIECTBYET He-
KOTOpOe pasziuyue. Bpems HapacTaHus U BpeMs CHATd U3MEPAIOTCA IIPU MOMOIIA
[OAYU HA, ONEPAIMOHHLIN YCUWINTEIb IPAMOYTOJBHOIO UMITYIbCA U BBIIOJHEHUS W3-
MEPEHUA I COOTBETCTBYIOMIET0 BHIXOMHOTO CUTHAIA,. DTU TMOHATUA TECHO CBA3AHEBI
CO CKOPOCTBIO HApPACTAHUA. 3IeCh, TOJOOHO CKOPOCTYU HAPACTAHUS, U3MEPEHUs BbI-
NOMHAIOTCA Nyia u3MeHenus ypoeus ot 10% mo 90%, Gmaromaps »TOMy He BJIHAIOT
(D HEKTHI, CBA3AHHLIE C BEIOPOCOM U 3BOHOM CUTHAJIA. BXOMHOU curHAI OOBITHO HMe-
eT aMILUIUTY Iy, COOTBETCTBYIOIIYIO IOJHOMY BO3MOXKHOMY Pa3Maxy CUIHAJIA, OTHAKO
UHOT A MOXKET MCIOJb30BATHCA BXOJHOU CUTHAT ¢ MEHBIIEH aMILIUTYI0u. B obreM
cIydae BpeMs HApACTAHUA U BPeMs MaJeHUs ABIIIOTCA MEHee MOKA3ATeIbHOU Xa-
PAKTEPUCTUKOU MO CPABHEHUIO CO CKOPOCTHIO HAPACTAHUA U BPEMEHEM YCTAHOBJICHUS
CUTHAJIA.

3amac ycToMIuBOCTH II0o aze

3amac ycronausocTu 10 dasze (phase margin) npeacrasasger cobou 3HadeHnE HA3OBO-
IO CABUTA, IPU KOTOPOM KOMDMUIMEHT YCUICHUA [JIA YCUTATEISA C OOPATHOU CBABBIO
10 HaIpsiKeHuto npoxoautT Yepes 3HadeHue ) 1b. B ocHoBHOM DTOT MapaMeTp uCIOIb-
3yeTcs B KQ4eCTBEe MEPhI TOIO, HACKOIBKO BTOPOU IOMIOC CUCTEMBI OIM30K K TOMY,
4TOOBI BBI3BATH HECTAOMIBHOCTH. Paza HAYMHAET U3MEHATHCSI MPUMEPHO HA IeKa-
Iy TIpU NpUOIMKEHUN K IacToTe u3jaoMa (corner frequency). a3oBbIll CABUT TOMKEH
owrTh Menee 180°. 3amac ycronausocTu mo dase pasen 180° MUHyC 3HAYMEHUE TEUCTBU-
TeIpHOrO (ha30BOr0 caBUra mis ycuimuresst. Jloboe 3nadenwe, mpesrimatomee 45°,
OOBLIYHO CYUTAETCS MPUEMIEMBIM. eM GOble 3amac yCTOUYUBOCTH IO (ase, TeM
6oJiee yCTOMIMBOU ABJIAETCA CUCTEMa. EMKOCTHAs HArPy3Ka CHUXKAET 3amac yCTOU-
YUBOCTU IO (a3e.

I'paduxk, nokazanusbi Ha puc. 1-70, B3AT u3 Texuudeckoro onucanus mas AD8054
U MOKA3LIBAET, YTO KOT'a KOM UIUEHT YCUICHUs I/ PA3OMKHYTOU Lenu 0OOPATHOU
ces3u (neBas mkana) magaer nuxke 0 1B, 3HaYeHMe 3amaca ycTOMYUBOCTE IO (a3e
OyneT paBeH npubausuTenbHo 45° (mpaBas mkajua). DTO IPUEMIEMOE 3HAUCHUE 15l
3amaca yCTOUIMBOCTHU 10 (ase, B 00IIeM cIydae caeqyer n3berarb 3HAYEHUN, OTHO-
cAmuxca K quanaszony ot 20° mo 25°.
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KosddpunuenT mogasiaenns cuH@a3HOrO CATHAIA

Ecau ma BXOma OMEPAIIMOHHOTO YCUIUTEs MOAACTCSA OJUHAKOBBIA CUTHAJI, TO IIPU
5TOM He OyZeT BO3HHKATH IUMdEPEeHIUATIbHOIO HANPAXKEHUA U CUCHAJI HA BBIXOZE
Oyager orcyrcTBOoBaThH. O IHAKO HA MPAKTUKE MDY U3MEHEHUN CUH(MAZHOrO HAMPIKE-
HuA OyJeT IPOUCXOIUTH U3MEHEHNEe CUMHAIA HA BBIXOTE.

Koodpuuuent mogasrenus cuadasuoro curaana (CMRR) onepanuonsoro ycumu-
TeJIsA IPeacTaBaAeT COO0U OTHOMIEHNE KOD(PPUIUEHTa YCUICHUA CUH(A3HOIO CUCHAA,
K KO3 PUIUeHTy ycuieHus nuddepeHnuagssHoro curaata. Hampuvep, ecan npu u3-
MeHeHuu nudepeHInaIbHOI0 CUHAMA, PABHOM Y BOJIBT, CO3QAETCH HAIPIKEHUE
Ha BBEIXOJE B 1 BOIBT, a I/ QHAJOTUYTHOIO U3MEHEHU BBIXOTHOTO curaaia B 1 B Tpe-
OyeTca m3aMeHeHUe CUH(DA3HOTO HampsxkeHusa HA Y B, To xoaduiueHT nogaBreHns
cundasuoro curuaaa (CMRR) 6yger pasuo X/Y. Eciu kosddunuent ycuienus cus-
(asHOro cUrHaNA BHIPAXKAETCA B 4B, TO OOBITHO MOBOPSAT O HOJABIEHAN CUH(DAZHOTO
curdaia. OOBIMHO s HU3KOYACTOTHBIX CUCHAJIOB 3HAYEHWS [OJABICHUs CUH(DA3-
HOr'O HampsKeHusa cocTaBadaioT oT 70 mo 120 nb, ogHako mpu BBICOKMX YacTOTAX
O JaBACHNE CUHMA3ZHOIO CUTHAIA YXYAUIAeTCI. B IOmOoTHeHne K “IUCICHHBIM 3HAMe-
HIAM KOd(puimenTa CUH(MA3ZHOTO CUTHAIA, B TEXHUYECKUX OMUCAHUAX MJA MHOTHUX
ONIEPALMOHHBIX YCUIUTENEN TAKXKe MPUBOAUTCSI IPApUK 3ABUCAMOCTHU II0TABJICHUS
cuH(MA3HOrO HAIIPSKEHUSA OT YAaCTOTHI, AHAJOIMYHBIN TOKA3aHHOMY Ha puc. 1-71 i
oneparumonuoro ycunureas OP177.
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Koaddurnmen nonaprenns CuH(A3HOrO CUTHAIA IPUBOIUT K BOSHUKHOBEHUIO CO-
OTBETCTBYIOIIEU OUIMOKU BBIXOAHOI'O HAIIPSKEHIS CMEIIEHUS DU UCIOIb30OBAHUN OIe-
PALIMOHHOTO YCUJIMTEIS B HEMHBEPTUPYIOMIEM DEXUME. 3aMeTHM, 49TO Ipu paboTe
VCHINTENSA B MHBEPTUPYIOUIEM peXnMe OMIMOKHU, CBA3AHHBIE C KOX(MDPUIMEeHTOM I01a-
BIeHUA CUH(DA3HOTO CUrHAIA, Oy Ay T HiKe. Tak Kak Ha 0062 BXOIa YCUIUTEI TOTAETCA
HAIPsKEHUe 3eM/IK (Wi BUPTYATbHOU 3€MIK), TO He CYIIeCTBYeT CUH(A3HOrO AUHA-
MHUYECKOI'O HAIIPAKEHU.
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KosddunmeHnT mogaBieHns HaAIPAXKEHUSI TUTAHAI

[Ipu u3sMeHeHNY HATPSAKEHUS TUTAHUSA ONEPAIUOHHOTO YCAIUTES CUMHAL HA €00 BhI-
XO[e He MOJKEH MEHATHCS, OJHAKO HAa CaMOM fene »>To npoucxogut. OupeneneHue
ko> durnmenta nogasaenus Hanpsxenus nutanus (PSRR) cxoxe ¢ onpenerenuem
CMRR: eciu m3aMeHEeHVME HANPXKEHUs NUTAHUA, paBHOe X B, cozmaeT HampsikeHue
HA BBIXO€, PABHOE U3MEHEHUIO, BO3HUKAIOIIEMY NTpY U3MeHeHun 1uddepeHnmnaibHOro
BXOQHOIO CUHAJTA HA Y BOJBT, TO KO3 (DUIUEHT IIONABJICHUS HAIPIKEHUS TUTA-
uus O6yger pased X/Y. Ompenerenue PSRR npeanosaraer, 1ro manpsixenus obeux
IIUH TUTAHUSA U3MEPSIOTCSA HA PABHYIO BEJIUYUHY B IPOTUBOMOIOKHBIX HAIPABICHU-
AX, B IPOTUBHOM CJIyYae BO3HUKAJIO ObI HE TOJIBKO M3MEHEHUE HANPSIKEHUS TUTAHUS,
HO U U3MeHeHue CUH()AZHOIO HANPSKEHUS, ITO 3HAYUTENBHO YCIOKHIIIO OBl PACCMO-
TPEHUE NAHHOU cUTyaunuud. ITOT >PPEKT BBIBBIBACT KaxkKyllyiocs pasHocts B PSRR
MEXK Y [OJOKUTEIbHBIM U OTPULATEIBHBIM HalpsikenueM muranus (puc. 1-72).

Puc. 1-71.
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Tak xak KO>(PPUIMEHT [10TABICHUS HANPSKEHUs MUTAHUA ONEPANOHHOIO yCHU-
JIATEJIST 3aBUCAT OT 9aCTOTHL, TO M UCTOYHUKA [MATAHUSI HEOOXOTUMO BBHIIOJHUTH
paspsa3ky. llpu HM3KEX YacTOTAX HECKOIBKO MUKPOCXEM MOI'YT COBMECTHO HCIIOJIb-
30BaTh HANpAXKeHue eMKOCThI 1-50 MK®D 114 KaXJI0r0 UCTOYHUKA MUTAHUA, €CIU
TONBKO DTOT KOHAEHCATOP Oy 1eT yaaneH He 6osee 1em Ha 10 cM (paccTosnue 10poxKKn
HA [EeYATHOU IIATe) OT KAaXK I0M MUKDPOCXEMEL.

ITpu BBICOKMX WacTOTAX KaxKJas MAKPOCXEMa JOJKHA MMETh PA3BA3KY C UCIOJIb-
30BAHUEM MAJOMHIYKTUBHOrO KoHeHcaropa 0,1 Mk®, KOTOpPBIM MMeeT KOPOTKUE
BBIBOJA U COEAMHEH C MUKPOCXEMON KOPOTKUMI TOPOKKAMY HA, METATHON ILIATE. DTU
KOHIEHCATOPHI TAKXKE TOJKHBI 00€CIeYNBATE Iy Th BO3BPATA JJIA BEICOKOTACTOTHEBIX
TOKOB, TEKYIINX Uepe3 Harpy3Ky KoHjaeHcaTopa. OObIMHAS cXeMa Pa3BA3KY TOKA3aHa
Ha puc. 1-73, 6osee mOAPOOHO METOABI PA3BA3KUA U OJOKUPOBKU PACCMATPUBAIOTCSH
B ruiase 12.
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Puc. 1-72. KoadpdunrenT mo1aBieHns HAOPKEHUSA TATAHUI

% : FInockocTb 3a3eMneHus
OOIKHA MMETb OCTaTOYHO

GorbLuyto niowanb

Cw *  MuHumanbHas

OnnHa BblBOOOB

C4, C, : Cxema pasBsi3ku A5 BbICOKMX
4acToT SBMSETCS NoKanbHOM,
UCMOMNb3YIOTCS Kepammyeckne

. B x Cp x KOHAEeHCcaTopbl eMKOCTbIOVO,‘] MKD,
KoTopble obnagatT Manon NHAYKTUBHOCTbIO
<10cm C3, C4 1 OBuwian cxema passsakn Ans
+ HW3KMX YacCTOT, NCMOMb3YHTCS
+— 3MEKTPONMUTUYECKME KOHOEHCATOPbI
VA —— Cm emkocTbto 10 =50 mMkd

Puc. 1-73. PekoMenayemas cxeMa pPasBA3KYU 1A UCTOYHUKA IUTAHUA

NuddepeHnuanbHLIA KoM HUITUEHT yCUICHI

Takasn xapakrepucruka, Kak AudPepeHnnanbHbl KO3(MQMUIUEHT yCUICHUA, U3HAa-
YaJbHO IOSBUIACH B BUAEOIPIIOKEHUsAX. B paHHux Monemnsx o60pyI0BaHUsA [ BU-
1eoobpaboTKu OBLIO OOHAPYKEHO, YTO MHOT A U3MEHAETCS KOD(PPUINEHT yCUICHUT
ST YCUINTEA, pabOTAOMIEr0 IO MOCTOAHHOMY HampsX)eHuio. Ecaun roroputk 6omee
KOPPEKTHO, TO Au(dHepeHIuATLHBINA KOX(DPUINEHT YCUICHNUS TPEICTABIACT U3MEHE-
HUs YPOBHsI HACBILEHHOCTH LBeTa (AMIUIUTYAA MOLY/IALUU LBETA) AJId U3MEHEHUs
AMIUIATY bl HI3KOYaCTOTHOIO CUTHAJIA APKOCTHU. Takas MOAYJIANUA OYEBULHO SBJIS-
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eTCA UCKAXKEHNEeM, KOTOPOe U3MEHAET MHTEHCUBHOCTE IBeTa. B mpodeccnoHaIbHbIX
CHCTeMaX PeJAKTUPOBAHUA BUAAEO OOBITHO CTPEMATCA YAepKATb 3HadeHHe audde-
PEHIUATBHOTO KO>(PpUIMEHTa yCuIeHus cucTembl B npemerax 1%. [lis coepemen-
HBIX BBICOKOIIPOU3BOAUTEABHBIX OMEPANMOHHBIX YCUIATENCH, MPETHASHAYEHHBIX /5
BUICOTIPUIOKEHUN, 3HaUeHNe TudDHEPeHINaIbLHOr0 KOd(MPUINEHTa YCUICHU COCTa-
BaseT Meree 0,01% (puc. 1-74 u 1-79).

He cTonb xopolune
XapakTepucTuku, anddepeHumnanbHbIv
KO3 DULMEHT ycuneHms paseH npumepHo 20%

Xopouuve
XapaKTepuCTUKn

Tonbko nHOpMauusi 0 LIBETHOCTH.
WNHdopmaumus o spkocTv yaaneHa npy nomoLum unsrpaumm.
K coxaneHuto, nHdopmaumio o pase curHana otobpasnTb Tak NPoCTO He yAaeTcs.

Puc. 1-74. [Ipumep nuddepeHnnasbHOro Ko3guinenTa yCuIeHusa

Nudpdepennumanbaas dasa

Nupdepennnanbuas (asa npeacrasiaser coO0N u3MeHeHue TOHA (dasa LBETOBOU
MOIYJIALMK) LIS U3MEHEHUs aMIUIUTYAbL APKOCTH. O9YeBUIHO, ITO TAKas MOILYJIS-
sl OPEACTABIAECT COOOU UCKAXKEHUE, KOTOPOE M3MEHsET TOH IBETOBOIO CULHAJIA.
B mpodeccronanbHBIX cucTeMaX pelakKTUPOBAHUSA BUIEO OOBLIMHO CTPEMATCSA yIep-
XKaTh MOJHOE 3HadeHre TuddepeHnuarsaon Gpasbl CuCTeMbl B mpeaerax 1°. /L co-
BPEMEHHBIX BLICOKOMPOM3BO IUTEIBHBIX OMNEPAIMOHHEIX YCUINTENeHN, MTPeIHa3HATCH-
HBIX JIUI1 BUACONPIIONKEHUN, 3HAMeHre auddepeHimambsHon (hassl coctasisseT Meree 0,01°.

O6pamenue ¢a3bl

Oopammenue pasbl TPEACTABMACT COOOU TMPOOIEMY, KOTOpas BO3HUKAET I HEKO-
TOPBIX OMEPAIMOHHBIX YCUIUTEJNEN, KOTIa MPEBBIACTCA €0 JOMYyCTUMBIN BXOIHOU
CuH(A3HLIN [uana3oH. MexaHu3M 5Toro ABJEHUSA CBA3AH C TeM, 9TO HEKOTOPLIE BHY-
TpeHHuEe KaCKaabl OIIEPAINOHHOI'O YCUINTEAA Y2KEe HE IMEIOT HAIIPAXKEHNA CMEIICHUA
1, CJIeMOBATEIBHO, IPEKPAIIAT (PYHKIMOHUPOBATEL. B pe3yabTare CUMHAI HA BBIXOIE
U3MEHACTCA 10 YPOBHA HpOTHBOHOJIO)KHOﬁ HUINHBI INTAHUA, 3TO 6y,qu IpPOOOIXKATHECA
OO0 TOrO MOMEHTa, IIOKa BXOI[HOIL/’I CUT'HAJI HE BO3BPATUTCA B Ipeaebl NOIIYyCTUMOI'O
cundasnoro auanaszona (cm. puc. 1-80). Do crano 60IbLIION IPOGIEMON IPU CHUAKE-
HUUW HAIIPSIKEHUA INTAHUA 1 PACIIPOCTPAHECHUN OTHOIIONIAPHBIX UCTOYTHUKOB IINTAHUA.
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OnHako pa3sBUTHE METOJOB MPOEKTUPOBAHUI MUKDPOCXEM MPUBEJIO K TOMY, ITO OIe-
PAILIMOHHBIE YCUWINTEIN yKE HE UCIBITHIBAIOT TaHHOrO 3dgrdexTa. Ecau onepannonusiu
YCUWINTENb IIPOEKTUPOBAJICA C YIETOM IIPOTUBOAENCTBUA 2(PpdeKTy obparnenus ¢passl,
TO 9TO OOBITHO YKA3BIBAETCA B CIIUCKE WIX B Pa3jene ¢ KIIOYeBEIMU (DYHKINAMA, & He
00A3aTEeIhHO B TAOINUIIE TAPpAMEeTPOB.

XapakTtepuctukm AD829 (tTemnepatypa 25°C, HanpsbkeHue nutaHus VS = +15B,
€CIM He OrOBOPEHbI MHbIE YCIOBUS)

Ownbka anddepeHumansHoro | Rigag = 100Q .
KoaduumeHTa yeuneHums Cc(:;p = 30pF *158 0,02 0,02 %
Ownbka anddepeHLMansHom Ricad = 1002 +15B 0,04 0,04 rpaaychi
dasbl CComp = 30 pF
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HanpspkeHne nutanus (B)
Puc. 1-75. Xapakrepucruxn guddepeHnuarsHoro K0dhQuIuenTa yCmwIeHUs 1

nuddepernnaabHON (hasbl

Puc. 1-76. 306paxeHue «XOPOIIEroy CHUI-
HaJa HA YKpaHe BEKTOPOCKOIA
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O6patute BHUMaHue
Ha pa3ma3sblBaHune
1306paxxeHns NMHUN
Ha akpaHe

Puc. 1-77. UszoOpaxenue curnana ¢ 15%-ubiv 3nadenu-em aud@epennuaibHoro Koadgduiuenta

YCUIICHUSA HA DKPaHe BEKTOPOCKOIA

Puc. 1-78. W3o6paxenue
curaana ¢ 5%-HbIM 3HATEHN-
em auddepennuanbHon ha-
3bl Ha DKPaHe BEKTOPOCKOIA

O6paTtute BHMMaHue
Ha UCKpUBIEHVE
TNIVHWKN Ha 3KpaHe

PaBAe.IIeHHe KaHaJIOB

Pa3zmenenue kaHaIOB, KOTOPOE MHAYME M3BECTHO KAK MEPEKPECTHRIE TOMEXY, MPEICTa-
BJAET COOOU CUTHAJ, KOTOPHIA IIPOHUKAET OT OJHOTO YCUIUTEA B IPYTOUN YCUIUTEND,
KOTODBIE PACIIOIATAIOTCA B OTHOM Kopmyce. [lyTh pacmpocTpaHeHns IpoXoauT depes
UCTOYHUK MUTAHNA, KOTOPBIX OOBITHO ABIACTCA OOIUM I BCeX ycumurenen. [Ipomry-
MAaHHAS TOMOJOIHA ONEPAIMOHHOr0 YCUIRTEA MO3BOIAET yMEHBIINTE IePEKPECTHEIE
MOMEXM, TAKKE MOXKET MOMOYL TIIATEIbHAA CXeMa, PA3BA3ZKYA UCTOTHUKA MTUTAHU.

AGcomoTHBIE MAaKCUMAIbHbIE 3HAYCHU A

AbconoTHBIE MAKCUMAJIBHBIE 3HAYEHUS ONUCHLIBAIOT IIPENEAbHLIE 3HAUCHUS HAIPIKE-
HUs, TOKA U TeMIIePaTypPhl I OIeParnoHHOro ycuaurens. [[peBrimerne yka3aHHBIX
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O6paTtuTe BHMMaHWe Ha To,
YTO NPOUCXOAUT UCKPUBMEHME
1 pasmasblBaHVe NMHUKN Ha 3KpaHe

i [
Lot

“,
""L"',“

Puc. 1-79. Uzo6paxenne curaana ¢ 10%-upiv 3nadenuem nuddepeHiuaibHoro Koaduimesra

yewinenus u 5%-HbIM 3HaUeHUEeM Aud@EepeHInaIbLHoN (pas3bl HA DKPAHE BEKTOPOCKOIA

BxopHow curHan BbixogHowm curHan

BepTukanbHas wkana: 1 B Ha genexue.
Fopu3oHTarnbHas Wwkana: 2 Mc Ha aeneHune

Puc. 1-80. O6parenue pasb

abCOMIOTHBEIX MAKCUMAIBHBIX 3HAYEHUN MOXKET NPUBOJAUTH K PA3PYIICHUIO OMEpPAI-
oHHOro ycmmmrens (cM. puc. 1-81).

Ionaganue Ha BXOJa MOBBLIMIEHHOIO HANPAXKEHUA ABIACTCA OTHOU U3 HambomIee
PACIIPOCTPAHEHHBIX MPUYUH PA3PYIIEHUsA OMEPAIMOHHLIX yCUIUTETEH. Y CIOBUA BO3-
HUKHOBCHUA MOBLIMICHHOIO HANPAXKEHUA MOXKHO Pa3IeIuTh HA IBE CPYIBL: MOBLI-
LIEHHOE HAIPsKeHue u diaekTpocraruieckun paspsg (ESD).

[Ipu >7eKTPOCTATUICCKOM PA3PALe BO3HUKAIOT HANPAKEHUSA 0O HECKOILKAX Thi-
CAY BOJBT. BOJBIIMHCTBO M3 HAC CTAIKUBAINCH C DIEKTPOCTATUICCKUAM DA3PALOM
B OOBIMHBIX CAUTYAIMAX: MPOBEIUTE HOMOU MO HEMIOHOBOMY KOBPY, OCOOCHHO B CyXUX
YCIOBUAX, U 3aTEM [MOTHECUTE €€ K METALINICCKON IBEPHOU pydke. Bul yBuauTe, 9TO
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OT KOHYUKOB MaJbIEB HOJeTAT UCKPBL. OCOOEHHO TyBCTBATEIBLHBIMU K DIEKTPOCTA~
TUIECKOMY DPa3PAAY ABIAIOTCA MUKPOCXEMBI, U3roToBaeHubie no rexuosorun CMOS.

[ToBbIIeHHOE HANPSKEHUE IPOUCXOAUT TOI'AA, KOI'AA IPEBHIIIAETCS MAKCHIMAb-
HBI YPOBEHb HAIPSXKEHUs, KOTOPBIM PAa3PelIeH [Uig TAHHOrO ycuanreas. Makcu-
MaJIbHOE pa3pelleHHOe HalpAKeHue OOBIMHO OIpefelseTCs HalpsAKeHueM NUTAHUI,
XOTS CYIIECTBYIOT U HEKOTOPBIE UCKIIoUeHuA. [[0ABIeHNe TOBBIIIEHHOT O HATIPAXKEHUS
Ha BXOaX OOBIYHO NPUBOAUT K TOMY, 9TO BXOJHBIE YCTPOUCTBA IPEBPAIIAIOTCS

A6COnioTHEIE MaKCUManbHbIe 3HauYeHusa !
HanpsixeHne nutanus 126 B
BHyTpeHHsia pacceuBaemasi MOLWHOCTL npu 25 ©C?
Kopnyc PDIP (N) 13 BT
SOIC (R) 0,8 BT
CERDIP ¢ 8 BbiBOgamMu 1,1 BT
Kopnyc SOT-23-5 (RT) 0,5 BT
BxogHoe Hanpsixenus (cuHdpasHoe) £V
[AundpdpepeHunansHoe BXOAHOE HAMpPsXXEHNE +12 B
MpoaoAKMTENBHOCTL KOPOTKOFO 3aMblKaHNUS HA BbIXOAE CM. rpadvkn Ansi CHUXKEHNS
ycunutens HOMWHANBHOW MOLLHOCTM
[unanaszon TemnepaTyp Ans xpaHeHus yctpoicTea (N,R) —65 °C ...+4+125 °C
[unanason pabouux TemnepaTyp (knacc A) —40 °C ... +85 °C
TemnepaTypa BbIBOAOB Mpy naiike 300 °C
(B Te4venne 10 cekyHa)

Mpumevanus:

IMpu npeBbilieHnM yKasaHHbIX 34€Ch aBCOMOTHLIX MAaKCUMANbHBIX 3HA4EHUN MUKPOCXeME MOryT 6biTb
NMPUYMHEHBI HEOBPATUMBIE MOBPEX/AEHNSA. DTU 3HAHEHUSI COOTBETCTBYIOT aHOMANbHBLIM YCIOBUSIM, MUKPO-
CXema He npefHa3Ha4YeHa Ans paboThl NPU yKa3aHHbIX YCJAOBUSX UM MPEBLILLEHUN 3TuX ycnosuin. Ecnm
MUKPOCXEMA B TEYEHWUM AJUTENLHOrO BPEMEHN MOABEPraeTCsl BO3AENCTBUIO aBCONOTHBIX MAKCUMANbHBIX
YCNOBUN, TO 3TO MOXET MPUBECTU K YMEHBLIEHUIO HALEXKHOCTU MUKPOCXEMbI.

2XapakTepucTukn npu cBo604HOM [OCTYne BO3AyXa:

kopnyc PDIP ¢ 8 seiBogamu: 054 = 90 °C/Br,

kopnyc SOIC c 8 BbiBogamu: O34 = 155 °C/BT,

kopnyc CERDIP ¢ 8 esiBogamu: 34 = 110 °C/Br,

kopnyc SOT-23-5 ¢ 5 sbiBogamu: O34 = 260 °C/BT.

Puc. 1-81. Tunuunsie abcomoTHBE MakcuMaabuble 3Haderns (AD8001)

B CTPYKTYDPBL TUIIA KPEMHUEBOroO ynpasisemoro guona (SCR), o6brauo npu nomomu
NOMIOKKY. [IpUIMHON HEMCIIPABHOCTHU SBAAETCA HE COOCTBEHHO MOBBIMEHHBLIN YPO-
BEHb HANPAKEHU, 4 TOK, KOTOPHIU BO3ZHUKAJ IO r0 BO3AencTBueM. Ecin Betnanna
2TOrO TOKA OFPAHWYEHA, TO HE MPOUCXOAUT HUKAKUX KATACTPOPUICCKUX MOCIEI-
crBuil. OOBIMHO CIUTAECTCA, ITO TOK JOMKEH OMPAHUIUBATHLCA BEIUMIUHOU 5 MA.

XoTs He OGyIeT NPUIMHEHO HUKAKOrO KATaCTPO(PUIECKOro ymepoda, IOCTOSHHASL
neperpyska BXOAOB MOXKET IPUBOIAATH K U3MEHEHUIO MapaMETPOB, TAKUX KAK TOK
CMENIECHNA 1 HAIPSKEHUe CMenieHus. Takum 06pa3oM, Jaxke eCau Bl He OBPEXK TaeTe
YCAIUTENE, TOBBIIIEHHOTO HATIPAKEHUA B JTIOOOM Caydae caeqyer u3beraThb.

3ammuTa OT MOBBIIIEHHOTO HAMPIKEHUA MOXKET O0ECHeInBATHLCA 33, CIET IUOI0B,
KOTOPBIE COEIUHAIOTCA OT BXOAOB K IIMHAM MUTAHUSA, ¥ MCIONb30BAHIA TOKOOIDAHNI-
YUBAOIIUX PE3UCTOPOB. B KadecTBe IMOMOB MO MpuvmMHE nX 60Jee HU3KUX 3HATCHUN
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IPAMOTO HAIPSIXKEHUSA OOBIYHO UCIOJIb3YIOTCS +Vg
guonst Morrku (066r4u0 300 MB B 0Timaue or

700 MB s OOBIMHBIX KPEMHUEBBIX AUOIOB). [2' [
OqHAKO YyCTPOUCTBA BAIUTHL CIEIYET UCIOIb-
30BaTh C OCTOPOXKHOCTHIO. HEKOTOpPBIE MO IBI
MOTYT 00JaJaTh YTEIKOU, UTO MNPUBOJUT K
a(pdpexkTam, aHATOTUIHBIM BO3HUKAIOMIAM IIOT ——9-0
BJAWSHUEM TOKa cMeleHus. HekoTopeie Takxke
MOr'YyT O0JAJATH AOCTATOYHO BBICOKOW E€MKO- -
CTBIO, IYTO MOXKET OrPDAHUYIUBATL YACTOTHYIO F
xapakTepuctuky. OCo6eHHO DTO OTHOCUTCS K
BBICOKOCKODOCTHBEIM ycuuTeasiM. Vcmoas3oBa- M
HUE TOKOOIDAHUYMBAIOIINX DPE3UCTOPOB IPU- N Vg
BOJIUT K YBEJAUYICHUIO YPOBHA IIyMOB. Heko-

TOpBIE OMEPAIMOHHBIE YCUJIUTEJIN, Takne Kak Puc. 1-82. 3amuTa BX0712

OP27, yxxe comepxkaT 3alllUTHBIE AUOILI, OI-

HAKO [Js HAX BCE eme TpeOyeTCs OpPraHW30BBIBATH OMPpAHUYEHUE TOKA. Kcam ome-
DALMOHHBIN YCUIATENb UMEET BCTPOEHHBIE BAIUTHLIE AUO/IBI, TO Mg HErO OOLITHO
YKA3BIBAETCA XapPAKTEPUCTUKA IS MAKCUMAIBHOIO AuddEpEeHInAIEHOr0 BXOIHOTO
Toka. Cxema 3alUTH TAKXKE MOLKHA MOKA3BIBATHCA HA YIIPOIIEHHOU CXEeMe YCUIUTe-
as (puc. 1-82).

g 2° | T
e N \\ 8-BbIBOAHHIN T, = +150°C
5 N kopnyc PDIP ‘
o \
T 45 ™S N 8-BbIBOAHbI
g 7| 8-BbiBOAHBIA kopnyc CERDI
= kopnyc SOIC N ™
© ~ \ \
5 s l ™~ ><
© I~
% " \\ \
I \
3 \/\\ ~_l_
0,5
5 ’ ‘ \\\ ~
3 5-BbIBOAHbI —
g kopnyc SOT-23-5
1T
0
= -50—-40-30-20-10 0O 10 20 30 40 50 60 70 80 90

Temnepatypa okpyxatoLlen cpeapl (°C)

Puc. 1-83. MakcumanbHas paccenBaemas MOmHOCTE (gias AD8001)

B HEKOTOPBIX OMEPAIMOHHBIX YCHIATEIIX K BXOAaM TAK¥KE O TKIIOYAI0TCI BCTPEI-
HO BKJIIOYeHHBIE NuOabl. OHU CIyXKAT HE M 3AIMATHI BXOAOB OT MOBBLIIMIEHHOT'O Ha-
[PSAXKEHUsI, & A TOrO, 9TOOBI OrpaHnvuTh guddepeHnuaisaoe Hanpsikenne. Ecian
TaKue AUOALI UCIOJIB3YIOTCsI, TO s Au((EPEeHIUAILHOIO BXOJHOIO HAIPSIKEHUS
Oyger ykaswBaTbCs abComoTHOE MakcuMaiabHoe 3HadeHune +700 mB.

[l TeMmepaTyphl MOXKET YKa3BIBATHCA APyras XapaKTePUCTUKA — MaKCUMAaJlb-
Has Temneparypa mnepexona, pasuas 150 °C. Ilpu npubnmkenun K 3TOMY 3HAYEHUIO
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CPOK CJYKOBI OMEPAIMOHHOTO YCUIUTEA (U JHOOr0 APYyTroro moIyIpOBOIHUKOBOIO
KOMIIOHEHTA) HaYMHAET yMeHblIaTbes (puc. 1-83).

I'pagmeHT TeMmMmepaTypbl, KOTOPLII BO3HUKACT MEXKIY IIEPEXOJOM U KOPILyCOM,
OTIpeNeIAeTCA TEMIOBLIM COPOTUBACHIEM KOPITYCa, MAKPOCXEMEI 1 0003HAIAeTCa O3c.
Taxke UCMOMB3YeTCsA TEIIOBOE COMPOTHUBICHUE G, KOTOPOE XapaKTepU3yeT mepe-
naj TEMIIEPATYP MEXK Iy KOPILyCOM M OKPYKAIOMIEH CPEION. DTHU TEILIOBEIE COMPOTH-
BJCHUA CKJIATBIBAIOTCA JMHEMHO, TAKAM O0Pa30M, MOJHOE TEIIOBOE CONPOTHUBICHNE
fyA OT mepexoma I0 OKPY2KAaIOIEen cpeanl onpeaenserca Kak fyc + 0ca -

XapaKTepuCTUKN, OTHOCAIIMECS K MaKCUMAJIBHOMY PabOdeMy AMAIa30HY TeM-
nepaTyp, B OCHOBHOM, MHTEPECHBI C TOYKM 3PEHWA BIWAHUA HA ApPyrue pabodme
XapaKTEepUCTUKY OMEPAIMOHHOrO yCHIUTEA, & HE TE€M, ITO OHU CIOCOOHBI BEI3BATH
HOBPEXK JCHAE MUKPOCXEMEL.

CcpLikm: XapaKTepUCTUKHU OIllepalluOHHBIX ychnTeJIeﬁ
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4. F. E. Terman, «Feedback Amplifi er Design», Electronics, Vol. 10, No. 1, Jan-
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Pazpen |-3
Kak cnesyer uitaTh TeXHUYECKME ONMUCaHUA

XoTa He CyMEeCTBYeT KaKOrO-TO OTPACAEBOrO CTAHAAPTA, B KOTOPOM yCTAHABIUBA~
JUCH OB (POPMAT TEXHUYIECKOT'O OMUCAHNSA, 3ATPArUBAEMBIE TEMbI, IPUBOIUMASA B HUX
uHGOPMAIUA U TO, KAK NOKHA DPACIOIArATHCA >Ta WH(MOPMAIUA, OTHAKO TEXHIU-
YEeCKUe ONMUCAHWSA A OOJBIIMHCTBA KOMIOHEHTOB OT PA3JUIHLIX IPOU3BOIMTENEN
OOBITHO UMEIOT CXOXKYH KOHCTPYKIUIO. B TaHHOM pasesne Mbl pACCMOTPUM HECKOJIb-
KO MOJIOOHBIX TEXHUYECKUX OMUCAHUU U MOMBITAEMCS MOKA3aTh, MIE CJACIyeT UCKATH
HYXHYI0 THOOPMALUIO 1 KaK CIELyeT UHTEPIPETUPOBATh IaHHBIE.

B menax memoHCTpammu gaBauTe pacCMOTPUM IATH TEXHUIECKUX OMUCAHWUN: [
npenusnorHoro yeunureas (OP1177/0OP2177/0P4177), ycunurens ¢ OGHOIOMAPHBIM
nuranuem (AD8531/AD8532/AD8534), BEICOKOCKOPOCTHOIO YCUIUTENA C OOPATHON
ces3bio 10 Hanpsxkernuo (AD8051/AD8052/AD8054), ycunurens ¢ 0OpDATHOU CBA3BIO
no toky (AD8001) u AD847. KoMuoHeHTEl BEIOUPAIACEH IPOU3BOILHO, OHU ObLIK BbI-
OpaHBI, TOIBKO YTOOBI IIPOJEMOHCTPUPOBATD 31ECh PA3HOOOPA3UE yCUIUTENCH.

IlepBas cTrpaHuia

OTa CTPAHUIA NMPU3BAHA NATh BAM OCHOBHYIO MH(MOPMAILNIO, KOTOPAsA HEOOXOIUMA
7151 BEIOOpa KoMroHeHTa. Eciu mocMoTpeTs Ha puc. 1-84, TO mepByio CTPAHUIY MOXK-
HO pa30uTh Ha TPU IaCTHU.

B nepBou 1acTu IpUBOAATCA OCHOBHBIE XapaKTEPUCTUKN KOMIOHeHTa. OHu mpu-
BOJATCA B BUJE CIIMCKA W COAEPKAT Te HAMOOIee BAXKHBIE MapaMEeTPHl YCTPOUCTBA
(c TOYKU 3peHUs IPOUBBOAUTENS), KOTOPBIE OTHOCATCA K HaubOIee BayKHBIM O0Ja-
CTSAM NPUMEHEHUs . DT OOJACTY TIPUMEHEHUS TAKKe MePEduCISIOTCS B TAHHOM Pa3-
Iege.

Bropas dacte mpepcraBaseT coGOU OnuMCaHUE yCTPOUCTBA. 3AECH B OCHOBHOM
PACCMATPUBAETCA TO, YTO C TOUKU 3PEHUs IPOU3BOUTEs IPENCTABIICT COOOU OT-
JUIATEIbHBIE OCOOEHHOCTU TaHHOTO OMEPAIMOHHOTO YCUIUTEIA.

B rperwen wactu npuBoguTcs (GyHKIMOHAIBHAS CXeMa KOoMIoHeHTa. [lis ome-
PALIMOHHOT'O YCUIUTEJSA 3[0eCh OOLITHO MOKA3LIBAETCA PACIONOXKEHUE BBIBOAOB /A
PA3IMYIHBIX UCIOIb3YEMBIX THUIIOB KOPIYCOB. [l 6oJee CIOKHBIX MUKPOCXEM MOXKET
MOKA3LIBATHLCA EUCTBUTEILHAS CXeMa yCTPOUCTBA.

Tabmubl XapakKTEepPUCTUK

Ilpu uamepenun Jg0OO0U U3 XAPAKTEPUCTUK CYMIECTBYET OECKOHEYHBIM HAOOD BO3-
MOXKHBIX YCJIOBHUU, B KOTOPBIX TPOBOAATCA u3Mepenus. OUeBUAHO, 9TO HEBO3MOKHO
BBIMIOJHUTH TECTUPOBAHUE MPU BCEX BO3BMOMXKHBIX YCJIOBUIX MPOBEICHUS U3MEDEHUN.
Takum 06pa3oM, BLIOMPAETCS HEKOTOPBIA PENPE3eHTATUBHLEIN HAOOP YCIOBUU U3Me-
peHusa. YCIOBUsA TECTUPOBAHUA YKA3BIBAIOTCA B JOKyMeHTauuu: cM. 1 Ha puc. 1-85.
Takxke pu HEOOXOAMMOCTU TPUBOAUTCA JOTMOJHATENbHAA NHGOPMALINA WU MHDOP-
Malys IO U3MEHEHUIO YCJIOBUM TECTUPOBAHUA — OOBLITHO DTO TEJACTCS [MPU TOMOIIU
cHOCcKH (2 Ha puc. 1-85).
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B HEKOTOPBIX CIyYasX, KOr/a A ONEPAIMOHHOIO YCUIATENS UCIOIB3YeTCs M-
POKUU TUANA30H yCJIOBUU U3MEPEHUs, TAHHBIM XaPAKTEPUCTUKAM MOXKET OTBOJAUTHCS
HECKOJBKO cTpaHull. Ha KaKI0U CTpAaHUIE yKA3BIBAETCSI COOCTBEHHBLIN HAOOD yCJIO-
Bun. Hampumep, XapakTepUCTUKU OMEPAIUOHHOIO YCUIUTEIS MOLYT yKA3BIBATHCA
IIS1 UCTOYHUKA muTanusa +15 B, mia mctounuka nutanua +5 B u 114 uctounmka
nuranusa +5 B. B kadecTBe npuMepa MOXKHO IPUBECTH TEXHUYUECKWUE OMUCAHUSA /IS
mukpocxem AD8051/AD8052/AD8054 (puc. 1-86-1-88).

[lJ1s1 MHODEX OIEPAIMOHHBIX YCUINTENEH HEKOTOPBIE OT IeJAbHbIE XaPAKTEPUCTUKN
UMEIOT HECKOJbKO BHAYEHUU — OHU OTHOCATCA K PA3JUIHBIM YPOBHSAM MIPOU3BOIU-
TenbHOCTH. TakXKe 5>TU 3HAYCHUSI MOT'YT OTHOCUTHCS K PA3JUTHBIM TEMIEPATYPHBIM
nuana3oHaM (OOBIMHO MCIOIB3YHTCA KOMMEDPYECKUN, MIPOMBINLIEHHBI 1 BOCHHBIN).
[Ipumep nmokaswiBaeTcs Ha puc. 1-85 (3).

3aMeTuM, ITO IIA JIOO0N XapaKTEePUCTUKNA MOTYT IPUBOAUTHCSI TPU 3HAUEHI:
muHnMauabHoe (Min), tunuanoe (Typ) u makcumansroe (Max) (cm. puc. 1-85 (3)).
B kxommannu ADI mis xapakrepucTrku Jr000e 3HAYEHNE, KOTOPOE MIPUBOAUTCA B CTOJI0-
e min (MuHEUMAIBHOE) WAM MaxX (MAKCUMAIBLHOE), MOATBEDKIAETCS [IPOBEICHUEM
TECTOB. DTO MOXKeT ObITh HEINOCPEJICTBEHHOE TECTUPOBAHME WM XK€, B HEKOTOPBIX
clIydasx, 3HaUYeHHe TaHHOIO [apaMeTpa MOXKeT apaHTHPOBATHCS TECTUPOBAHIEM
KAaKOrO-TO APyroro mapaMerpa. SHadeHue typ (TUnUIHOE) ABIAETCSA IPOCTO TUIMHAYI-
HBIM 3HAYEHUEM XaPAKTEPUCTUKU.

B 3aBucuMocT OT TaHHOU XaPAKTEPUCTUKYA OTKJIOHEHUE OT TUIMYHOIO 3HAYCHUS
MOXKET HOCUTBH HOCTOSHHBIA XapakTep. I y Bac HET HUKAKOW BO3MOXKHOCTHU Y3HATD,
KaKOB JMANa30H OTKJIOHEHWs OT TUIUIHOI'O 3HaUeHus. VIHOrxa s HEKOTODPHIX Xa-
PAKTEPUCTUK MOT'YT IPUBOAATHCA KAK TUNAIHOE 3HAMCHNE, TAK U MUHUMAJIbHOE (11K
MAKCUMAJIBHOE). DTO T'OBOPUT O TOM, UTO MPU TECTUPOBAHUU OBLIA yCTAHOBJICHBI
OIIPEIEICHHBIE IPEAeIbl A1 XapAKTEePUCTUKU (MUHUMAILHBIA WK MAKCUMAJIbHLIN),
OJ/THAKO TOJIY YCHHBIE TUINIHBIE 3HAYCHUS ObLIN 3HAYUTEILHO JYYIle, YeM P IeIbHbIe
3HAYEHUs, IOMYIeHHBIE [IPU TeCTUPOBAHUU. [JOCTATOYHO PUCKOBAHHO UCIONb30BATH
IpU MIPOEKTUPOBAHUY TUMUYHBIE 3HAUYeHUA. [Ipu anamuse 610qxKkeTa ommbOOK ropasao
Jydiie OygeT UCIOIb30BaATh MIHAMAIbHEIE M MAKCAMATbHbIE 3HATCHUS.

TecTupoBanue ABIAETC OAHAM U3 HanboJIee TOPOTOCTOSIINX STAIOB B IIPOM3BO -
CTBE OIEPAIMOHHBIX yCHIATeNen. Takum oOpa3oM, MUKpOcXeMa ¢ 0ojee moapoOHO
YKA3AHHBIMYA TEXHUYECKUMU XAPAKTEPUCTUKAMU OOBIYHO OyIeT UMeTb OoJee BBICO-
KYIO IIEHY [0 CPABHEHUIO ¢ KOMIIOHEHTAMU C MEHee MOAPOOHBIMU XAaPAKTEPUCTUKA-
mu. OIHAKO BaM IIpU IPOEKTUPOBAHUU CXEMBI A/s1 00ECIeYeHNs ee XapaKTePUCTUKA
MOXKET MOHAJOOUTHCA MUKPOCXEMa € 6OIee NeTAaJbHOU MHMOPMAIMEN O €€ XapAKTe-
PUCTUKAX.

AGcomoTHBIE MAaKCUMAaIbHbIE 3HAYCHU A

Bcerga nocue Tabuumer ¢ xapakTepucTUKaMU MIKPOCXEMBL HAXOAUTCS Pa3gel ¢ abco-
JIIOTHBIMU MAaKCUMAJIbHBIMU 3HAYEHUAME, KOTOPBIE OOBIYHO OTHOCATCS K HAIPAKEHUIO
7 TeMmIeparype.

MaxkcumaabHOE TOMYyCTUMOE HAIPKEHNE TUTAHUA OOBIMHO ONPEAeaAeT s TeXHO-
JIOTUYECKUM IIPOIECCOM, C TOMOUIBI0 KOTOPOT'O U3rOTABINBACTCA MUKpocxeMa. Mak-
CHMAaJILHOE BXOTHOE HAIIPSKeHre OOBIYHO OIDAHWYIEHO HanpsKeHusmu nuraHus. He-
00X0IUMO YKa3aTh, ITO [IJIA HAIPAKEHUA TUTAHUA UCIOJAb3YeT s MITHOBEHHOE 3HAe-
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HIe HAaNOpAXKEHUs, & He CpelHee WIN yCTAHOBUBIIEECA HampskeHue. Takum ob6pasoM,
€CJIM Ha BXOJ OIEPAIMOHHOIO YCUINUTE/A [I0 JAeTCA BXOJHOE HAIPSKEHNe, a HAIIPsKe-
HUE OUTAHUS OTCYTCTBYeT (3TO MOXKET MPOUCXOAUTH IIPU BKAIOUEHUU TOIBKO OTHOU
U3 HECKOIbKUX CEKIMU CUCTEMBL), TO HA BXOJ ONEPALUOHHOIO YCUIATE/ Oy 1eT Ieu-
CTBOBATH IOBBIMIEHHOE HAIIPAXKEHNE, JaxKe eCJIU IIPYU [0 JTaHHOM HAIIPAXKEeHNN MU TAHUA
TaKO€e BXOJHOE HAIIPSKEHUE He ABIACTCA MTOBBIIIEHHBIM.

FEATURES

Low Offset Voltage: 60 uV Max

Very Low Offset Voltage Drift: 0.7 pV/°C Max
Low Input Bias Current: 2 nA Max

Functional Block Diagram

Luw Noise: 8 nv,\‘m 8-Lead MSOP 8-Lead SOIC
CMRR, PSRR, and Ayo > 120 dB Min PH .

Low Supply Current: 400 pA/Amp = 8= not . X
Dual Supply Operation: 2.5V to =15V Ny e 5 i E % M
Unity Gain Stable - sB e D T
No Phase Reversal NC = no connect v- @ 5] nc
Inputs Internally Protected Beyond Supply Voltage

NG = no connect
APPLICATIONS '
Wireless Base Station Control Circuits
Optical Network Control Circuits

hstrumentation Ty
ensors and Contro
Thermocouples ouTA 8= v 1 L
~INA | opai77 = ouTB  OUTA [T 8] v+
RTDs INA = NB NA 2] 7] outs
Strain Bridges 1 V- — 5= +idB :‘NA G opP2177 5 _ne
Shunt Current Measurements v- [ 5 +NB
Precision Filters
GENERAL DESCRIPTION
The OPx177 family consists of very high-precision, single, dual,
and quad amplifiers featuring extremely low offset voltage and *4;;?25;3‘0 14’(LRelj‘f‘Sl'jfn§)0“
drift, low input bias current, low noise, and low power con-
sumption. Qutpuzs are stable with capacitive loads of over outa [1] i@ ourp UTA 1 14 (2 ourp
1,000 pF with no external compensation. Supply current is less N @ —np +NA = = +IND
than 500 pA per amplifier at 30 V. Internal 500 © series resis- s B oo b B e
tors protect the inputs, allowing input signal levels several volts -INB = -INC
A 5 v+ [B] opar77 [ v- ouTe 7 8 outc
beyond either supply without phase reversal. = -
INB |5 10/ IINC
Unlike previous high-voltage amplifiers with very low offset voltages, the i8] ] -ne
OP1177 and OP2177 are available in the tiny MSOP 8-lead sur- sure ] 5] puris
face-mount package, while the OP4177 is available in TSSOP14. 3

Mareover, specified performance in the MSOP/TSSOP package is
identical to performance in the SOIC package.

OPx177 family offers the widest specified temperature range of

any high-precision amplifier in surface-mount packaging. All
versions are fully specified for operation from -40°C to +125°C for
the most demanding operating environments.

Applications for these amplifiers include precision diode power
measurement, voltage and current level setting, and level detec-
tion in optical and wireless transmission systems. Additional
applications include line powered and portable instrumentation

2

and controls—thermocouple, RTD, strain-bridge, and other
sensor signal conditioning—and precision filters.

The OP1177 (single) and the OP2177 (dual) amplifiers are
available in the 8-lead MSOP and 8-lead SOIC packages. The
OP4177 (quad) is available in 14-lead narrow SOIC and 14-lead
TSSOP packages. MSOP and TSSOP packages are available in
tape and reel only.

Puc. 1-84. [Ipumep nepBoi CTPaHUIBl TEXHUYECKOI'O OIMCAHUA
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| AD847-SPEC|F|C ATlONS (@TA= +25°C, unless otherwise noted)

/3

Model Conditions Vs AD847J AD847AR Units
Min Typ Max Min Typ Max
Input o ffset voltage' +5V 0.5 1 0.5 1 MV
Tun 10 Tyax 35 4 mvV
Offset drift 15 15 uvrec
Input bias cur rent *5V. =15V 3.3 6.6 3.3 6.6 pA
Tuin 10 Tax 7.2 10 HA
Input o ffset current +5V. =15V 50 300 50 300 nA
Tuin 10 Tax 400 500 nA
Offset current draft 0.3 0.3 nA/°C
Open-loop gain Vour = £2.5V *5V
Rioap = 500 @ 2 35 2 35 VimVv
Tum 10 Tyax 1 1 VimV
Rioap =150 Q 16 16 Vimv
Vour = 10V +15V
Rioap = 1kQ 55 55 VimV
Tuin 1o Tiwax 1.5 1.5 Vimv
Dynamic performance
Unity gain bandwidth *5V 35 35 MHz
+15V 50 50 MHz
Full powder bandwidth 2 Vour =5V p-p.
Rioso = 500 @ +5V 12.7 12.7 MHz
Vour =20V p-p.
Rioap = 1kQ +15V 47 47 MHz
Slew rate® Rioap = 1kQ +5V 200 200 ViuS
*15V 225 300 225 300 Vs
Setting time
10 0.1%. R oap = 250 Q —25Vto+25V +5V 65 65 ns
10V Step, Av= —1 *15V 65 65 ns
10 0.01%. Riopp =250Q | —25Vto +2.5V +5V 140 140 ns
10V Step, Av= —1 +15V 120 120 ns
Phase magin Cioap = 10 pF +15V
Rioap = 1kQ 50 50 Degree
Differential gain f=4.4 MHz., Riopp = 1kQ +15V 0.04 0.04 %
Differential phase f=4.4MHz., Ropp = 1kQ *15V 0.19 0.19 Degree
Common-mode Veow=*25V *5V 78 95 78 95 dB
Rejection Vem = +12V *15V 78 95 78 95 dB
T 10 Trax 75 75 dB
Power supply Vs = £5Vto £15V 75 86 75 86 dB
rejection T 10 Trax 72 72 dB
Input voltage noise f=10kHz +15V 15 15 nVAHz
Input cur rent noise =10 kHz *15V 15 1.5 pANHZ
Input common-mode
voltage range +5V +43 +4.3 v
-3.4 -3.4 \%
*15V +14.3 +14.3 \%
—13.4 -13.4 Vv
Output voltage swing Rioap = 500 Q +5V 3.0 3.6 3.0 3.6 *V
Rioap = 150 Q +5V 25 3 25 3 Y,
Rioap = 1kQ =15V 12 12 +V
Rioap = 500 Q +15V 10 10 =V
Short-Ci reuit Cur rent *15V 32 32 mA
Input resistance 300 300 kQ
Input capacitance 1.5 1.5 pF
Output resistance Open loop 15 15 Q
Power supply
Operating range *45 *18 *45 +18 \
Quiescent current +5V 4.8 6.0 4.8 6.0 mA
T 10 Thax 7.3 7.3 mA
*15V 53 6.3 5.3 6.3 mA
T 10 Tyax 76 7.6 mA

NOTES

2' Input offset voltage specifications are guaranteed after 5 minutes at TA 25°C
Full power bandwidth slew rate/2 VPEAK

3Slew rate is measured on rising edge

All min and max specifications are guaranteed. Specifications in boldface are 100% tested at final electrical test.
Specifications subject to change without notice.

Puc. 1-85. IIpumep CTpaHUNEBL C XaPAKTEPUCTUKAMIA
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AD8051/AD8052/AD8054
Specifications @, = 25°c R. = 2KkQto 2.5 V. unless otherwise noted.)
Parameter Conditions AD8051A/AD8052A AD8054A Unit
Min Typ Max | Min Typ Max
Dynamic performance
—3 dB small signal G=+1,Vo=02Vy, 70 10 80 150 MHz
bandwidth G=-1,+2,Vo=02V,, 50 60 MHz
Bandwidth for 0.1 dB G=+2,Vo =02V,
flatness R =150Qt0 25 V,
Re = 806 Q for AD8051A/ 20 MHz
AD8052A
Re = 200 Q for AD8054A 12 MHz
Slew rate G=-1,Vo =2V Step 100 145 140 170 Vius
Full power respong G=+1,Vo=2V, 35 45 MHz
Setting time to 0.1 % G=-1,Vo=2V Step 50 40 ns
Noise/distortion
performance
Total harmonic distortion * | fo=5MHz, Vo =2V, G = +2 -67 —68 dB
Input voltage noise f=10kHz 16 16 nV/\/E
Input cur rent none =10 kHz 850 850 fanHz
Differential gain error G=+2,R =150Qto 25V 0.09 0.07 %
(NTSC) R =1kQto25V 0.03 0.02 %
Differential phase ermror G=+2,R =150Qto 25V 0.19 0.26 Degrees
(NTSC) Ri=1kQto25V 0.03 0.02 Degrees
Crosstalk f=5MHz, G = +2 —60 —60 dB
DC performance
Input o ffset voltage 17 10 1.7 12 mV
T~ Thax 25 30 mv
Offset drift 10 15 uv/ec
Input bias current 1.4 2.5 2 4.5 HA
T~ Tax 3.25 45 HA
Input o ffset current 0.1 0.75 0.2 1.2 HA
Open-loop gain R =2kQto25V 86 98 82 98 dB
Thin—Tuax 96 96 dB
R =150Qt025V 76 82 74 82 dB
Tom—Twax 78 78 dB
Input characteristics
Input resistance 290 300 kQ
Input capacitance 1.4 1.5 pF
Input common-mode —0.2to +4 —0.2t0 +4 \
Voltage range
Common-mode rejection Vem=0Vto35V 72 88 70 86 dB
ratio
Output characteristics
Output voltage swing R =10kQto 25V 0.015 to 4.985 0.03 t0 4.975 \
R =2kQto25V 0.1t04.9 0.025t0 4.97 5 0.125t04.875 0.05t04.95 \
R =150Qt0 25V 0.3t04.625 02t04.8 0.55t0 4.4 0.25t0 4.65 \
Output current Vour =0.5Vto4.5V 45 30 mA
T~ Thax 45 30 mA
Short-ci rcuit cur rent Sourcing 80 45 mA
Sinking 130 85 mA
Capacitive load drive G = +1 (AD8051/AD8052) 50 pF
G = +2 (AD8054) 40 pF
Power supply
Operating range 3 12 3 12 Vv
Quiescent current / 4.4 5 275 3.275 | mA
amplifier
Power supply rejection AVg==1V 70 80 68 80 dB
ratio
Operating RT, RU,
temperature range RN-14 —40 +85 | —40 +85 °C
RM, RN-8 —40 +125 °C

*Refer to TPC 13.

Specifications subject to change without notice.

Puc. 1-86. IIpumep cTpaHunel ¢ XapaKTEPUCTUKAME, CTPAHUIA 2
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AD8051/AD8052/AD8054
Specifications (@ T, = 25°C. R_ = 2kQto 1.5 V, unless otherwise noted.)
Parameter Conditions AD8051A/AD8052A ADB054A Unit
Min Typ Ma x Min Typ Max
Dynamic performance
—3 dB small signal G=+1,Vo=02Vp-p 70 110 80 135 MHz
bandwidth
G=-1,+2Vo=02Vpp 50 65 MHz
Bandwidth for 0.1 dB G=+2,Vo=0.2Vp-p,
flatness R =150Qt0 25V,
Re = 402 Q for AD8051A/ 17 MHz
AD8052A
Re = 200 Q for AD8054A 10 MHz
Slew rate G=-1,Vo=2VStep 90 135 110 150 Vips
Full power respone G=+1,Vo=1Vp-p 65 85 MHz
Settling time to 0.1 % G=-1,Vo =2V Step 55 55 ns
Noise/distortion
performance
Total harmonic distortion * £=5MHz, Vo =2V p-p,
G=-1,R =100Qto 1.5V —47 —48 dB
Input voltage noise =10 kHz 16 16 nVAHz
Input cur rent noise =10 kHz 600 600 fAHZ
Differential gain error G=+2,Vey=1V
(NTSC) R =150Qto 1.5V, 0.1 0.13 %
R =1kQto 1.5V 0.09 0.09 %
Differential phase emror G=+2,Vey =1V
(NTSC) R =150Qto 1.5V 0.24 0.3 Degrees
R . =1kQto 1.5V 0.10 0.1 Degrees
Crosstalk f=5MHz, G = +2 —60 —60 dB
DC performance
Input o ffset voltage 16 10 1.6 12 mV
Tuin=Tuax 25 30 mv
Offset drift 10 15 nv/rec
Input bias cur rent 1.3 26 2 4.5 A
Tuin—Tuax 325 45 HA
Input o ffset current 0.15 0.8 0.2 1.2 A
Open-loop gain R =2kQ 80 96 80 96 dB
Tyin—Twax 94 94 dB
R =150Q 74 82 72 80 dB
Tomn—Tuwax 76 76 dB
Input characteristics
Input resistance 290 300 kQ
Input capacitance 1.4 1.5 pF
Input common-mode —0.2t0 +2 —0.2to +2 \
voltage range
Common-mode VCM =0Vto 1.5V 72 88 70 86 dB
rejection ratio
Output characteristics
Output voltage R =10kQto 1.5V 0.01t0 2.99 0.025 to 2.98 \
swing R =2kQto15V 0.075t02.9 0.02 to 2.98 0.1t02.9 0.35 to 2.965 \
R . =150Qto 1.5V 02t02.75 0.125 t0 2.875 0.35t02.55 0.15t02.75 \2
Output current Vour =05Vto25V 45 25 mA
Toimn—Tuax 45 25 mA
Short-ci rcuit cur rent Sourcing 60 30 mA
Sinking 90 50 mA
Capacitive load drive G = +1 (AD8051/AD8052) 45 pF
G = +2 (AD8054) 35 pF
Power supply
Operating range 3 12 3 12 \
Quiescent current/ 4.2 4.8 2.625 3.125 mA
amplifier
Power supply rejection AVs =0.5V 68 80 68 80 dB
ratio
Operating temperature RT, RU, —40 +85 —40 +85 °C
range RN-14 —40 +125 °C
RM, RN-8

*Refer to TPC 13.
Specifications subject to change without notice.

Puc. 1-87. [Ipumep cTpaHUIBI C XapaAKTEPUCTUKAMU, CTPAHUIA 3
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AD8051/AD8052/AD8054
Specifications @1, = 25°c, R. = 2k to Ground, unless otherwise noted.)
Parameter Conditions AD8051A/AD8052A ADB8054A Unit
Min Typ Max | Min Typ Max
Dynamic performance
—3 dB small signal G=+1,Vo=02Vp-p 70 110 85 160 MHz
bandwidth G=-1,+2,Vo=02Vpp 50 65 MHz
Bandwidth for 0.1 d B G=+2,Vo=02Vp-p,
flatness R =1509Q,
Re = 1.1 kQ for
ADB8051A/AD8052A 20 MHz
Rr = 200 Q for AD8054A 15 MHz
Slew rate G=-1,Vo=2VStep 105 170 150 190 Vips
Full power respong G =+1,Vo=2Vp-p 40 50 MHz
Settling time to 0.1 % G=-1,Vo =2V Step 50 40 ns
Noise/distortion
performance
Total harmonic distortio n fe=5MHz, Vo =2V p-p, -71 -72 dB
G=+2
Input voltage noise f=10kHz 16 16 nvAHZ
Input cur rent noise f=10kHz 900 900 fA/\m
Differential gain error G=+2,R =150Q 0.02 0.06 %
(NTSC) R, = 1kQ 0.02 0.02 %
Differential phase ermror G=+2R =150Q 0.11 0.15 Degrees
(NTSC) R =1kQ 0.02 0.03 Degrees
Crosstalk f=5MHz, G = +2 —60 —60 dB
DC performance
Input o ffset voltage 1.8 1 1.8 13 mV
Tt in—Tiax 27 32 | mv
Offset drift 10 15 uv/ec
Input bias current 1.4 2.6 4.5 A
T v Tiax 35 45 | pA
Input o ffset current 0.1 0.75 0.2 1.2 HA
Open-loop gain R =2kQ 88 96 84 96 dB
Ty i~ Tax 96 96 dB
R =150 Q 78 82 76 82 dB
T v Tiax 80 80 dB
Input characteristics
Input resistance 290 300 kQ
Input capacitance 1.4 1.5 pF
Input common-mode —-5.2to +4 —-5.2t0 +4 A%
voltage range
Common-mode rejection Vew=-5Vto +35V 72 88 70 86 dB
ratio
Output characteristics
Output voltage swing R =10kQ —4.98to +4.98 —4.97 to +4.97 \
R =2kQ —4.85t0 +4.85 —4.97to +4.97 —48to +48 —49to +4.9 \
R =150 Q —4.45t0 +4.3 —4.6t0 +4.6 —4.0to +3.8 —4.5t0 +4.5 \
Output cur rent Vour = —4.5Vto +4.5V 45 30 mA
Tt v Tax 45 30 mA
Short-ci reuit current Sourcing 100 60 mA
Sinking 160 100 mA
Capacitive load drive G = +1 (AD8051/AD8052) 50 pF
G = +2 (AD8054) 40 pF
Power supply
Operating range 3 12 3 12 \
Quiescent current/ 4.8 55 2.875 3.4 mA
amplifier
Power supply rejection AVg = *1V 68 80 68 80 dB
ratio
Operating temperature RT, RU,
range RN-14 —40 +85 | —40 +85 | °C
RM, RN-8 —40 +125 °C

Specifications subject to change without notice.

Puc. 1-88. IIpumep cTpaHUNBL ¢ XapAKTEPUCTUKAME, CTpaHUna 4

Ecaur mocmoTpers Ha puc. 1-89, To maa MaKCHMATBLHOIO BXOJTHOT'O HANPAXKEHUS
yKaseiBaeTcs quana3od or Hanpsxkenus semun GND no manpsikenus Vg. [laa qud-
(hepeHmaIbHOr0 BXOHOIO 3HAYEHUsI YKA3BIBACTCA MAKCUMAJIBHOE 3HAYEHNE, DABHOE
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+6 B. 3ameTum, 94T0O HEOOXOAMMO BBHIIOIHUTE 002 DTU YCJIOBUM: HANPIKEHUS HA BXO-
IaxX OIEPAIMOHHOTO YCUIUTENs TOJKHBI OTHOCUTHCA K MUANA30HY OT HANPSIKEHUs
semin GND 10 Vg u ogHOBpEMEHHO Pa3HOCTH MEKAY HAIPAXKEHHAMIU Ha BXOLAX HE
InoJKHA npeBsnaTh 6 B.

ABCONIOTHBIE MAKCUMaNbHbIE :maqeuuﬂl

Hanps>kenue nutanus? 12,6 B

BHyTpeHHss paccemsaemas mowHocTb npu 25 °C

kopnyc PDIP (N) 1,3 BTt
SOIC (R) 0,8 Bt
CERDIP ¢ 8 BbiBOgammn 1,1 BT
kopnyc SOT-23-5 (RT) 0,5 BT
BxopgHoe Hanpspkenusi (cuHdpasHoe) +Vs

[ucbchepeHuymnansHOe BXOAHOE HaNpsiXKeHUe +1,2B

I'Ipo,qon)KwTen bHOCTb KOPOTKOIrO 3aMblKaHUA

Cm. rpadpuku ans CHUXKEHUs
Ha BbIXO4E ycunuTens

HOMWUHANBLHON MOLLHOCTM

[vnana3oH TemnepaTyp ANs XpaHeHUs YCTPOMUCTBA 65 °C ... 1125 °C

(N.R)
[unanazon paboumnx TemnepaTyp (knacc A) -40 °C ... 485 °C
TemnepaTypa BbIBOAOB Mpu naitke (B TeueHne 10 -
300°C
CeKyHA)
Mpumevanus

IMpn npesblleHnn yKasaHHbIX 34€Ch aBCOMOTHLIX MAaKCMMaNbHbIX 3HAYEHWH MUKPOCXeMe MOryT
6bITh NPUYMHEHBI HEOBPAaTUMbIE NOBPEXAEHUS. DTU 3HAYEHUS COOTBETCTBYIOT AHOMANbLHLIM YCNOBUSM,
MWKPOCXEMA HE MPEAHa3Ha4YeHa A/ PaBoThbl NPU YKA3aHHbLIX YCAOBMSIX MW MPEBLILLEHUN 3TUX YCNOBUN.
Ecnn mMukpocxema B Te4eHMe AANTENLHONO BPEMEHW MO[BEPraeTCs BO3AEUCTBUIO aBCOMOTHBLIX MAKCHU-
ManbHbIX YCAOBUIA, TO 3TO MOXET NPUBECTU K YMEHBLUEHWNIO HALEXKHOCTU MUKPOCXEMbI.

2XapakTepucTukn npu ceo6o4HOM OCTyne BO3Ayxa:

kopnyc PDIP c 8 sriBogamu: 034 = 90 °C/BT,

kopnyc SOIC ¢ 8 BuiBogamu: O34 = 155 °C/Br,

kopnyc CERDIP c 8 eiogamu: 054 = 110 °C/Br,

kopnyc SOT-23-5 ¢ 5 sbiBogamu: 034 = 260 °C/BT.
Puc. 1-89. Tunuvnbie abCOMIOTHBIE MAKCUMAJAbHBIE 3HATEHUS

OcHOBHOU TPOOIEMON s 00ECTIeIeHNS HAJeKHOU PAOOTHI MOIYIPOBOIHUKOBOU
MUKPOCXEMBI ABJIAETCSA MOIIepKaHue Temmeparypsl nepexona ke 150 °C. [ pas-
JUIHLIX KOPITyCOB, KOTOPEIE MCIOML3YIOTCA IJIA JAHHOT'O KOMIIOHEHTA, yKa3BIBACTCA
remwioBoe conporusiaenue 0y, koropoe Boipaxaerca B °C/Br (cm. puc. 1-89). Mas
TOro, 9TOOBI BOCHOIB30BATLCA DTOW MH(MOPMANMER, HEOOXOAUMO CHAYALA OIpene-
JUTH PACCEMBAEMYIO MOIIHOCTH A NAHHOI'O KOPIYCa, HTa BEJMIUHA OMPENepAeTC s
KAK IPOU3BENEHNE CTATHIECKOrO TOKA NOTPEOICHIA Ha HAIIPAKEHIE TUTAHKIA. 3ATEM
6epercs MaKCUMAaJbHOE PACCESHUE A BHIXOMHOI'O KACKAIA, KOTOPOE OIPEeIeIaeTC s
KAK IPOU3BEIEHNE BLIXOTHOTO TOKA HA PA3HOCTDH MEXK Y BBIXOTHLIM HAIIPAXKEHUEM 1
HANPSAKEHNEM MTaHusa. [[Be 5TU BEIUIMHBI CKJIAIBIBAIOTCSA, U MBI ITOLYIAEM IIOJHYIO
MOILIHOCTb, KOTOPas PACcCEUBACTCsl KOPIycoM (B BATTAX).

YTOOBI BLIMACIUTE MOBHIIEHNE TEMIIEPATYPbI, HEOOXO TUMO yMHOXKATE TEILIOBOE
CONPOTUBIEHNE HA PACCEMBAEMYIO MOIIHOCTB. 3aTE€M 0EpeM TEMIIEPATYPY OKPyKa-
IOIIEN CPEIBl M NPUOABIAEM BBEIYUCIEHHOE BEBINIE BO3PACTAHUE TEMIIEPATYPHI, B Pe-
3yJBTATE Yer0 MOLYIaeM TEMIIEPATYPY MePexond. 3aMETHM, UTO B KAIECTBE TEM-
nepaTypel OKPYXKAIOMEN CPeabl CIeqyeT OpaTh PealbHylo pabodyld TeMmepaTypy
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MUKPOCXeMBL. Ecau cxeMa pasMemaeTcsa B KOPIyce, KOTOPLIU 3aTeM YCTAHABINBACTCA
B CTOUKY BMECTE C APYTUM PabOTAIIMM 000Dy I0BAHAEM, TO TEMIEPATYPa BO3IYXa
BHYTPHU KOPIyCA B JAHHBIX YCJIOBUAX MOMXKET OBITH 3HAUUTENBLHO BHIIIE, U€M TeMIIe-
paTypa OKPYKAIOIIEN CPEIbl, U 3TO HEOOXOIUMO YIUTHIBATE IPU TPOCKTUPOBAHUM.
B xauectse npumepa paccmorpum AD8534 u npeanotoKuM, ITO OH UCTIONb3YEeTCS
B KaYeCTBe JpauBepa JUHUU. B [aHHOM MpUIOKeHUr TpebyeTcsa AUama3on pabovero
manpskerus ot 500 MB no 5 B. OrT xaxm0oro w3 9eTwIpex KaHAJIOB MBI OXKUIA-
eM TONYYIUTh MaKCUMAJTBHBIN BBIXOAHOU TOK, paBHb 100 MA mpu MakcuMmaabHOM
BBIXOTHOM HampskeHun, paBaoMm 5 B, u mpu marpyske 50 Owm. [laBaure mpenmnoJo-
KUM, 9TO JaHHAA CXeMa OyIeT UCIOML30BAThH HANPAKEHNE nuTanud 5,5 B, koTopsiu
OCTaBIAET s IpalBepa HEKOTOPOE MPOCTPAHCTBO. Ecaum mocTpouTs rpaduk 3aBu-
CHMOCTHY BEIXOIHOI'O HAIIPSIZKEHUS OT BBIXOJHOI'O TOKA MU YCUIATE/sT, PAOOTAIOMIEro
HA PE3UCTUBHYIO HAIPY3KYy, TO MaKCUMAJIbHOE paccesHue OyIeT IPUXOIUTHCT IPU-
MEpPHO Ha 55% 0T MaKCUMAaJIbHO BO3MOXKHOIO 3HadeHus (cM. puc. 1-90). ITo cBA3aHO
C TeM, 9TO [IPU MOBBLIIIEHUU BBIXOTHOI'O HAIPKEHUsI HAIPAKEHUE, CBSI3AHHOE C Pac-
ceuBaeMOU dHeprueil (KOTopoe IPeACTaBIIeT COOOU PA3HOCTH MEXKAY BBIXOIHBIM
HAIPSKEHUEM U HANDPAKEHWeM OUTaHus), OyaeT yMEHBbIIATHCA — JaKe HEeCMOTPS
HA HEMIPEPBIBHOE YBEIMYEHUE TOKA. 3AMETHUM, ITO 3TO OTHOCUTCS K MOITHOCTH, PACCe-
UBAaEMOU KOPITyCOM, a HE HA HAPY3KE — PACCENBAEMasi Ha HAUPY3KE MOIIHOCTDL Oy aeT
YBEIMIUBATHCS BMECTE C YBEIMIEHUEM BBIXOITHOIO HAIpsizKeHws. MakcuMmanapHoe 1t
TEMIIePATYPHOI'O AUANA30HA 3HAYEHUE CTATUIeCKOro Toka norpebaenus (Iq) nmsn ka-
KAOTO U3 KaHAIOB cocrapmwier 1,75 MA. UrTak, mis BceX YeThIpeX KAHAJIOB ITOMHAs
paccemBaeMas MOIIHOCTD I CTATUIecKoro pexuma cocrasut 38,5 MBr (Iq xVgx4).
MakcumaabHOE pacceBaeMOe BEIXOIHOE HAIPSIKEHUE PACCIUTHIBACTCS MO CJIETYOMEN
dopmyre:
(VS — 0,55 X VOUT (max))2
Rroap
aro gaer 150 MmBT Ha oguna kamaa win 600 MBT ny1s Bcero onepannoHHOIO yCHINTEIA.
Takum o6pasom, noHAas paccemBaeMasi MOMHOCTE cocrasut 638,5 mBT.

Pp = , (1-25)

Mzt Beibpanu kopmyc TSSOP, Tak xak OH mMeaI caMble MaJble Pa3MEphl U3 BCEX
JOCTYIHBIX TUIOB KOpirycoB. [lus nanHOro Kopmyca suadenue 654 pasuo 240 °C/Br,
9TO NPUBOAUT K HOBBILEHUI0 Temueparypsl B 154 °C (240 °C/Br x 638,5 mBr).
[Ipeanonaras, uro Temneparypa Okpyxkaromen cpeasl cocrasisier 25 °C (o0branoe
3HAYEHUE KOMHATHOU TEMIIEPATYPHI), MBI IIOJLY IaeM A/ TEeMIIEPATYPBL IIEPEX01a 3Ha~
verne 179 °CN! OueBugHo, y HAC BOBHUKHYT IPOOGIEMBI.

Mer Bugum, uro gaxe korga AD8534 ucnonb3yercs mpu BHIXOJAHBIX TOKAX, KOTO-
pBIE UMEIOT 3HAYEHUE MEHEE MAKCAMAILHOI'O JOIYCTUMOIO YPOBHA (KOTOPOE COCTa-
Basger 250 MA), HagexkHaA paboTa JAHHOIO KOMIOHEHTA HE MOXKET OBITh MapaHTUPO-
BaHA, TaK KAK IIPEBBIIIACTC TeMIeparypa mnepexona, pasaas 150 °C.

B gencrBurensHoCTH BeamvuHa 054 BKIOYaeT B cebs aBa KoMmoHeHTa: 0¢ (Te-
IUIOBOE CONPOTUB/ICHUE OT II€Pexofa K Kopuycy) u fca (TemioBoe cOnpoTUBIEHUE
OT KOpIyCa K OKPYXKAIOIIEH Cpeie). DT ABe BEJIWIUHBL CKJAIBIBAIOTCS JUHENHO.
Cocrapasmomyo fy¢ MBI He MOXEM U3MEHUTH, OJHAKO TPU MOMOIIM TEILI00TBOIA
(pagmaTopa) MBI MOXKEM B HEKOTODBIX MpeaegaX U3MEHUTH 3HadeHue fca. OOBaHO
OPK UCHOMB30BAHUY OIEPANMOHHBIX YCHIMTEMEN MONOOHEIX IPOOJEM HE BO3HUKAET,
OMHAKO TAKOE PEIIEHWE MOXKET MOMOYb IPU UCIOIB30BAHUU KOMIAKTHBIX KOPILYCOB
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Puc. 1-90. PaccenBaeMas MOIIHOCTH B 3aBUCUMOCTH OT IIOJHOI'O 3HAYECHUS

IJIST OIIEPalIMOHHBIX yCPIJIHTeJIeI;,I C BEICOKUMU 3HAYICHUSIMUN BBIXOIHBIX TOKOB.

PykosogcTBO no coctaenenuio 3akasa

o BapuanTsbl NHdopmayms

Mogensb Teuneparyphbiid Onucanue kopnyca BbIGOPA o
[ManasoH
kopnyca MapKUPOBKE

AD8531 AKS* —40 °C... 485 °C | SC70, 5 BbIBOAOB KS-5 A7B
ADS8531 AR —40 °C... +85 °C | SOIC, 8 BriBOKOB SO-5
AD8531 ART* —40 °C... +85 °C|SOT23, 5 BbIBOAOB RT-5 ATA
AD8532 AR —40 °C... 485 °C| SOIC, 8 enbiBOAOB SO-8
AD8532 ARM* —40 °C... +85 °C | MSOP, 8 BbiBOA0B RM-8 ARA
AD8532 AN —40 °C... +85 °C | Plastic DIP, 8 BniBOs0B N-8
AD8532 ARU* —40 °C... +85 °C | TSSOP, 8 BbiBOAOB RU-8
ADS8534 AR —40 °C... +85 °C | SOIC, 14 BriBOsOB SO-14
AD8534 AN —40 °C... +85 °C | Plastic DIP, 14 sbiBOgOB N-14
AD8534 ARU* —40 °C... 485 °C | TSSOP, 14 BriBOAOB RU-14

Puc. 1-91. Tunuynoe pyKOBOJICTBO IO COCTABICHUIO 3aKa3a

PyKOBOACTBO IIO0 COCTABJJIEHUIO 3aKa3a

MHuoOrue onepanyOHHBIE YCUJINTENN BBILYCKAIOTCA B PA3IMIHBIX THUIIAX KOPIyCOB K
I PA3IMYHBIX TeMIepaTypPHBIX IMANa30HOB. /[ KaKJOro M3 BO3MOXKHBIX COYe-
TAHUW TUMNA KOPIyCa U TEeMIEePATyPHOI'O AMANA30HA AT KOMIIOHEHTA MCIOIb3YeTCs
YHUKAIbHOE 0003HAMEHNUE, BCE DTU OO03HATEHNA YKA3BIBAIOTCA B PYKOBOACTBE IO CO-
CTaBIeHUIO 3aKka3a (cM. puc. 1-91).
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3aMeTuM, 9TO I OMEPAIMOHHBIX YCUIUTEIEH BCE PEXKe MCIOIb3YEeTCA KOMMEP-
geckun remueparypubiit guana3on (0 °C—70 °C). [Ipuuunon ssasercsa To, 4T0 6OIb-
IMIMHCTBO CXEM OTHOCATCA K MPOMBIILIEHHOMY TEMIIEPATypHOMY auana3ony. C Toukm
3PEHMsA DKOHOMWHU BBLIT'OTHO ITOAAEPKUBATE MEHBIIEE KOAMIECTBO PA3IMIHLIX THIOB
U KOMITOHEHTA, TaK KaK KaXKIbI TUM KOMIOHEHTa TPEOYEeT BLITOJIHEHUS OTAEMb-
HOU MPOrPAMMBbI TECTUPOBAHUS, UCTIOMb30BAHNS CIEINATILHON YITAKOBKI U TaK JaJee.
K #mCKI09eHnI0 OTHOCATCA CHENUATM3UPOBAHHBIE KOMIIOHEHTHI, IIPETHA3HAIEHHBIE
I KAKOW-TO Y3KOW OOIACTH NPUMEHEHMs, KOTOPAsA MO ONPEAENEHUID MMEET KOM-
MEPYECKAU TEMIIEPATYPHBLIM IMANA30H — K DTOMY MOXKHO OTHECTH KOMMEPIECKHE
MPWIOXKEHUS, HATIPUMED, ayauo. VCnoap30BanHue I TaKuX KOMIOHEHTOB 0OJIee M-
POKOT'0 TEMIIEPATYPHOr'O IUAMA30HA HE JaeT HUKAKUX MPEUMMYIIEeCTB.

[J1s1 TPOMBINLIEHHONO TEMIIEPATYPHOrO IUAMA30HA TAKXKE MOTYT CYIIECTBOBATH
pasnuunbie onpegenenns. CTaHIAPTHBIN IPOMBIILICHHBIA TEMIEPATYPHBIA AUAIA30H
cocrasusger ot —40 °C go 85 °C. PacupocTpaneHHBIM BADUAHTOM SBJISETCA TO, ITO
HOCUT Ha3BaHUE aBTOMOOWIBLHOrO TemnepaTypHoro auanasona (—40 °C mxo 105 °C),
TaKXke MIPOKO ucrmoab3dyercsa quamnas3on ot 0 °C xo 100 °C.

Boenusm TemmnepaTypHBIN quana3on cocrasmier ot —55 °C o 125 °C.

I'pacdpuxn

MHuorue xapakTepUCTUKN M3MEHAIOTCA B IPEIeJaX COOTBETCTBYIOIIENO padotIero aua-
Ma30HA I JAHHOT'O OMEPAIMOHHOI0 yeuauTead. [IpuMepoM MoXeT ABIATHLCI U3MeHe-
Hue KOX(PPUIMEHTA YCUICHUA I PA3OMKHYTOU CXEMBI B 3aBUCAMOCTHU OT IACTOTHI
(cm. puc. 1-92). Taxum 06pazom, 4TOOBL IOIHOCTHIO OXAPAKTEPU3OBATH [IOBEACHUE
KOD(MQUIMEHTA YCUIEHUs PABOMKHYTOU CXEMBI s KOMIIOHEHTA, YKA3BIBAETCA KO(D-
(PULIMEHT YCUICHUSA PA3OMKHYTOU CXEMbI IUA MOCTOAHHOIO HANPXKEHUA (KOTODBIN
OOBITHO MPUBOAUTCA B TaOMUIE XAapPAKTEPUCTUK), & TaKkKe I'paduk, KOTOPHIU II0-
Ka3bIBAET M3MEHEHNE NAHHOU BEIMYUHBLI B 3ABUCUMOCTU OT IaCTOTHL. WHOpMAIms,
KOTOpAas IPUBOLUTCA HA IPadUKax, He IMEET CTPOIOr0 BUIA U MOXKET UMETh Da3JInd-
HBII BUJ HE TOIBKO Y PABIUIHBIX IPOU3BOIUTENCN, HO U VIS PA3IUIHBIX KOMIIOHEHTOB
OMHOT'O TPOU3BOAUTENs. [IJIsI KOMIIOHEHTOB BBICOKOU MPOU3BOAUTEIHHOCTH OOLITHO
npuBoaAuTCA OoJsee mOApOOHAA MHMPOPMAINA, B OCHOBHOM Ha, TAKUX IpaduKax OTO-
OpaxKaTCA TUMUIHLIE 3HAUEHUA ITapaMeTPOB.
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OcHOBHas 4acTb

B ocHOBHOU 4acTH TEXHUYECKOTO OIMCAHUSA IPUBOAUTCS TOAPOOHAS NHMDOPMALIUA OT-
HOCHUTEIBHO PabOvIMX XaPAKTEPUCTUK U OOMACTEU NPUMEHEHUs OMEPAUOHHOIO YCH-
JUTENA.
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C 3aMKHYTbIM KOHTYpPOM 06GpaTHON CBA3N

Puc. 1-92. Tunwuunsie rpaduxn 118 pabOIAX XaPAKTEPUCTUK

OcHOBHAs 9acTb OOBIYHO HAYUHAETCS C Padfena, B KOTOPOM OIMUCBIBAIOTCS Te-
OpeTUYECKNE OCHOBBI, KOTOPBIE ONpeaesaoT pabory npudopa. OOLITHO B KadecTBe
pUMEpA TPUBOAATCS BBIYUCICHUSA NS MPOCTHIX Bequm<umH — myma u T.1m. Ocras-
IIAsACA 9aCTh B TVIABHOU YaCTU COAEPXKUT WH(MOPMAIUIO M0 MpuMeHeHuto. Haunuas
¢ MoMeHTa cBoero ocHoBauusi komnauusa ADI ompenemwia, 9To IOCTATOYHO IaTh
OTPEOUTEN0 yCUINTENb U IO3BOIUTH €My CO3JaBaThb BCE, YTO OH XOdeT. laxum
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ob6pasom, kommauus ADI BkIO9YaeT B TEXHUYECKUE OMUCAHUA IS OMEPAIIAOHHBIX
ycrauTenen napopManuo mo ux npuMeHenuno. Hanpumep, s Npenu3MOHHOTO yCHU-
aureasi ocob0e BHUMAHWE YIEIAeTCS IIYMYy UM HAIPSKEHUIO CMEIIeHUs, TOrJa Kak
UL BBICOKOCKOPOCTHBIX YCUJINTEJNEN MOAPOOHO OMUCHIBAIOTCS XAPAKTEPUCTUKU /IS
CKOPOCTH ¥ TOJOCHI mponyckanus. OmpenejaeHHas 4acThb WH(MOPMAIMU B DPa3[Iee,
OTHOCAMIEMCA K OOJACTAM NPUMEHEHUs, OTHOCATCA K ONEPAIMOHHBIM YCUIUTEIIM
opyrux tunoB. B 3axiioueHue OOBIMHO NpPUBOAATCS MH(MOPMANUSA C Pa3MepaMé UC-
HOJAb3YEMBIX KOPIIyCOB M COOTBETCTBYyOmue Yeprexu (puc. 1-93).

Outline dimensions
Dimensions shown in inches and (mm).

8-Lead plastic DIP

(N-8)
0430 (10.92)
o 348 (8.84)
8 5
0.280 (7.11)
0.240 (6.10)
! 0.325 (8.25)
TRENT 0060 (1.52) 0.300 (7.62) 14-Lead plastic DIP
0210 (533) 0.015 (0.38) 0.195 (4.95) (N-14)
" 0.115 (2.93)
o &) 0.795 (20.19)
0.160 (4.06) _I_ L_ Min 0725 (1872)
0115 (2.93) Dhile— j—si Seating 0.015 (0.381)
0.022 (0.558) 0:100 0.070 (1.77) _\-" 0.008 (0.204) 14 8 || 0.280 (7.11)
0014(0356)( 54 0.045 (1.15) S
4 +||0230610) 0.325 (8.25)
A 50 (1.52) 0.300 (7.62) 0.195 (4.95)
PIN 1 0.060 (1.5: 0.115 (2.93)
0.015 (0.38
0.210 (5.33) ©38)
Max 130
0.160 (4.06) (3i-30)
0115(2.93) Sjje— "o e Seating 0.015 (0.381)
0.022 (0.558) 0.100 0.070 (1.77) plane 0.008 (0.204)

0.014 (0.356)  (2.54) 0.045 (1.1
(0.356) ) 0.045 (1.15)

8-Lead TSSOP 14-Lead TSSOP

RU-8
(RU-8) (RU-14)
0122 (3.10)y_ 0.201 (5.10,
o.ﬂ14ﬁ (ﬁ.gﬁ))_ 201 (5.10)
8 5
3k 28 e -
sl¢ sls 3(8 28
rlg gle Tir ele
= ~ o © |©
sls . sls sl &3
Iy olo olo
e M 0] l l
0.0256 (0.65)
0.006 (0.15)  BSC PIN1
0.002 (0.05) 0.0433 0.006 (0.15)
ﬁI (1.10) 4 0.002 (0.05) 0.0433
T —Hle— Max 8 0.028(0.70) Lﬁﬁﬁﬁﬁﬁﬁ%__tﬂ 10) §
_ f 0.0118 (0.30) T o 0.020(050 b T4 WG, Max T 0.028 (0.70)
Sealing  SorE ey 00079 (0.20) 020 (0.50) Thols 0oit¥t 0.011870.30) _o 0.020 (0.50) k-
plane . A 30035 (0.050] Seating (0.65) 0.0075 (0.19) (0.19) 0.0079 (0.20)
plane BSC 0.0035 (0.090)

Puc. 1-93. Yeprexu 114 UCHOAb3YEMBIX KOPIIYCOB
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Pazpgen |14
Bbibop onepauvoHHoro ycunurens

Kak Mpr y3HAIN 13 IPeABIIYIIAX PA3eI0B, /I OMEPAIKOHHOI0 YCAIUTEs CYIIeCTBY-
eT OOoJIBIIOe KOMUIECTBO XaPAKTEPUCTUK. Terneps, KOrjia MBI IMEeM IIPEICTAaBICHHE O
TOM, 9TO O3HAYAIOT 3TN XaPAKTEPUCTUKN U KaK IONYyIaTh HYKHY0 HH(MOPMAIIAIO U3
TEXHUIECKUX ONMUCAHUU, MOXKHO MEPEUTH K Caeayiomemy mary. MTak, Kak ompene-
JIATH, KAKOW OMEPAIUOHHBIN YCUINTENb HANOOIEE 10 IXOAAT /I BAIIErO TPUIOKEHU 7

Illaz 1: onpedeasem napamempoi

IepBbiM MIArOM B TPOIECCE BHIOOPA OMEPAIMOHHOTO YCUIUTEA ABIACTCA OMPeIee-
HUE TeX MapaMeTPOB, KOTOPHIE BAXKHEL I/ BAIIErO MPOEKTa. /11 >TOro BaM HyKHO
IMETH IeTKOE IIPENCTABICHAE O CJACHYIOIIEM:

Bxomron curmad:

(a) Dro Oymer curHal HALPAKEHUS WIA TOK?
(b) AMOIUTYAHBIA U IACTOTHBLIN AUAINA30H BXOIHOI'O CArHALAT
(c) KakoB mMmenanc OKpyKalouX IacTell CXeMBI!

TpeboBanusa Kk TOIHOCTH
Brixogron curaan

(a) AMIIMTYIHBIA ¥ 9ACTOTHBIA AUAIA30H BBIXOJHOI'O CUIHAJIA!
(b) Kakas cxema Oyzger IMOAKIIOUEHA K BBIXOAY (APYrOUM KacKal Ha ONePAIOHHOM
yemmurene, AT, kabens u Tak gasnee)?

Dusuieckoe OKpyKeHUE

(a) Kaxos guamazon pabouumx Temmeparyp?
(b) KakoBel orpanutdeHus mo pasmepam?
(c) Kakue uCTOYHUKYM NMUTAHUA MOTYT UCHOMB30BATHCA?!

Hampumep, eciu BBI IPOEKTUPYETE CUCTEMY € OTHOMOIIPHBIM MUTAHUEM, KOTOPAs
OyIeT UCIOIb30BATH EMKOCTHYIO CBA3b, TO CMEIICHUE BPAML JU OyIeT MPeICTaABIATH
cepbesnyio npobaemy. Ecam BEI mpoektupyere cucremy, KOTOpas OyAeT IIONYYIaThb
CUI'HAJI HU3KOIO YPOBHS OT (PU3WYECKOr'0 AATYINKA, TO BAXKHO YUIUTHIBATH TAKUe
XapaKTePUCTUKY, KaK IIyM, TOYHOCTH IO MOCTOAHHOMY HAIPAXKEHWIO, a TaKXKe KO-
(P PUIMEHT YCWIEHU A 3aMKHYTOU Ienu O0paTHOU CBa3u. [lomoca mpomyCcKaHus
B JaHHOU CUTyalud He OyIeT UMETH OOJBINOTO 3HAYEHUS, TAK KAK MOJOCA TPOILYC-
KaHUA 1A PU3MIECKUX TAaTINKOB OOLIYHO Maja. OIHaKO HeoOX0auMO OOECIednTh
TaKy0 IOJIOCY MPOIYyCKAHUSI, ITOOBI 00ECHeInTs Hy:KHOe 3HadeHue Kod(QduimeHTa
YCWIEHUA [JIA 3aMKHYTOU Lenu OOPATHOU CBA3M.

[pyrum >TamnoM B Mpouecce BEIOOpa ABIAETCA OMPEIEICHUE 3HAYCHAN I PABIUI-
HBEIX mapaMeTpoB. IIpu >ToM HEOOXOAUMO ONpeneauTh KaK ONTUMAJbLHOE 3HAYUEHUE,
TaKk W AMANa3oH MPUEMIEMbIX 3HadeHuu. Hampumep, BaM HEOOXOIUMO O0ECIEIUTH
Hanpsikenune cMmernenusi, paBaoe 500 MxB, ogHAKO MOXHO [NONYyCTUTH M HAIPsIKE-
Hue cMernenus B 1 MB, npuvem 510 mo3posisieT 06€CHeInTs Sy dimne XapaKTePUCTIKI
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A BCEU cUCTeMBl. Takke OOMBINOE 3HAUEHUE UMEET TEMIEPATYPHLIN [UAa30H,
B KOTOPOM IOJKHA OyaeT paboraTh cxema. Kax Bcerma, HeOOXOIUMO yINTHIBATE (PUI-
3UYECKUE PA3MepPHI KOPIyca U ero cTouMoCTb. QOMIEIPUHATON NPAKTUKOU SABJISETCS
obecrednBaTh HEKOTOPOE IIPEBBIIIEHNE XaPAKTEPUCTUK, ITOOBI 3(P(PEeKTrl cTapeHus
7 TIpoYee HE NMPUBOAWIN Obl K HAPYIIEHWIO PAOOYUX MAPAMETPOB CXEMHI.

Hlaz 2: onpedeasem npuopumemst 04s NAPAMEMPOE

Caeqyonmm maroM ABIseTCs OMpeJeIeHine IPUOPUTETOB A mapamMeTpoB. OOBIMHO
HamboJiee OOJIBIIOE 3HAYEHUE MMEIOT ONUH WIX [IBA [IapaMeTpa, HECKOJBbKO MPYIHUX
SIBJSIIOTCA JKeJaTelbHbBIMU, HO He obOs3arenpHbiMu. He ciaenyer paccmarpuBaTh niis
MUKPOCXEMBI CIUIIKOM OOJIBIIOE KOMUIECTBO MapaMeTPOB. DTO MOXKET 3HAUYUTEIBLHO
YCIOXKHUATH IMOUCK MOLXOAAMIErO KOMIIOHEHTA, U IeM 0ojaee CTPOro 3aJal0TCA KPU-
Tepuu LA TMOUCKA, TeM OOJbllle BepOATHOCTH, UTO BBl BeIOepeTe O6oJee TOPOIyIo
MHUKPOCXEMY.

Illaz 3: evibupaem murpocremy

Cuaeqyonmm maroM ABIgeTcsa OKOHIATEIbHBIT BEIOOP MUKPOCXEMBI. [IpAMBIM MeTO-
IOM DEIICHUs ABAAETCSA COOpPATh BCE TEXHUYECKUE OMUCAHUA W 3aTEM IIPOCMOTPETH
XapaKTEPUCTUKN KAXKAOUM U3 MUKPOCXEM. JTO TPeOyeT MHOTO BPEMEHU, K TOMY
JKe CyIIECTBYET HECKOJBbKO MHCTPYMEHTOB, KOTOPBIE 3HAMUTEIBHO O0JIerdatoT Ipo-
ecc BeIOOpA.

[MepBBIM €CIOCOOGOM SABIACTCA UCHOIB30BAHUE PYKOBOACTB 1O BeIOOpPY. OHU YacTo
MMOABJAKTCA B Ka1€CTBE PEKIAMHBIX MAaTEPUaJOB B XKYPHaAJAX W MOYTOBBIX PACCHLI-
KaX. HpOﬁﬂeMOﬁ IpU NCIIOJB30BAHUU TAKUX PYKOBOACTB ABJAACTCA TO, ITO BO MHOT'UX
ClIyvdadaX TaKue CIUCKUA He ABAAITCA MOMHBIMHU, & (POKYCHPYIOT BHUMAHHE HA HEKO-
TOPBIX IMOAT'PYIIIIaX, TAKUX KaK HOBBIE KOMIIOHEHTBI, KOMIIOHEHTEL C OTHOIIO/IAPDHBIM
IINTaHUEM 1 T. II. B STOM CJay'ae Bbl MOXKETeE IIPOIIYCTUTh HEKOTOPHBIC BaXKHBIE TETAJIN.

AJIbTepHaTPIBHOfI BO3MOXKHOCTBIO ABJIACTCA IIOUCK II0 ITapaMeTpaM. 3,[(801) BBEI BBO-
ONTE Te MapaMeTpbl, KOTOPBIEC UMEIOT HauOOJIbINIeE 3HAMEHUE [JIA Balller'o IpoeKTa.
Cucrema moucka obparaercs K 6a3e JAHHBIX U BBIIAET CIUCOK MOAXOIAIIAX BAPU-
AHTOB.
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Pazpgen 2-1
BydepHble yeunurenu

Ha maganpHOM HTame pa3BUTUA BRICOKOCKOPOCTHBIX CXEM YaCTO B KaYECTBE BBICOKO-
CKOPOCTHBIX Oy(EepOB UCIOIB30BAINCEH IPOCTHIE DMUTTEPHBIE TOBTOPUTENN. TepMuH
«bydep» MOBCEMECTHO OBLI MPUHAT NI OOO03HAYMEHUS YCUINTENSI C €IAHUIHBIM KOD(D-
(punmenToM ycmienus, paboraomero 6e3 BHeIIHer 0OpaTHOU CBa3u. Ecan moCcTymHb
cortacoBanueie PNP-TpansucToper, cxema Ha OCHOBE OOBITHOO DMUTTEPHOTO ITO-
BTOPUTENA MOXKET OBITh yayumiena (cM. puc. 2-1, A). Takas KoMIuieMeHTapHasA CXeMa
B IEPBOM MpUOJMKEHUN 00ECIEeYNBAET IMOIABICHNE MOCTOAHHOIO HAIIPIKEHUSI CMe-
IIEHUs U MO3BOJAET ObecneduTs mosocy mnporyckanus coaee 100 MIt. O6brauo 6e3
[POBEJEHUS IO ACTPOUKH MOMXKHO MOJYYATD /IS HAIPSIKEHUs CMELICHNS 3HATCHUS Me-
uee 50 MB maxe nmpu ucnonp30oBaHUE HECOIVIACOBAHHBIX AMCKPETHBIX TPAH3UCTOPOB.

Ecan mHeobxoxumo obecnednTs BEICOKOE 3HAYMEHUE BXOJHOI'O UMIIEIAHCA, TO IePe]
KOMILIEMEHTAPHBIM DMUTTEPHBIM MOBTOPUTEIEM MOXKHO MOCTABUTH BXOTHOU KACKA,
cocroaumu u3 aByX noaesbix Tpausuctopos (FET). Takaa xoudurypaunusa Gydep-
HOU CXeMbI ObLIA peanu3oBaHa Kopropamuen National Semiconductor B Mmukpocxeme
LH0033 u xommanuen Analog Devices B mukpocxeme ADLH0033.

[Toxo6uEIE CxXeMBbI MO3BOIAIOT 0OecneInTs noJocy nporyckanus npumepro 100 Ml
U TIPU DTOM COXPAHAIOT TOCTATOYHO MPUEMIEMbIN YPOBEHb TapPMOHUIECKUX UCKAKE-
uun, 00brauo Menbie —60 dBc. Oxnako x 4ucay HEIOCTATKOB OTHOCUTCSA HEJIUHEU-
HOCTH 10 MOCTOAHHOMY U MEPEMEHHOMY HANPXKEHUI TpU pabdoTe C HArPY3KaAMH,
conporusieHne KOTOpuix Menee 500 Om.

OHuM U3 IEPBLIX MOHOJUTHBIX KOMIIOHEHTOB, KOTOPBIA PEANIU30BAT 110 100HBIE
dyuxiumu, 6eut yemmreas BUF03 ot kommanuu Precision Monolithics, Inc (. puc. 2-2,
JTOTIOJHATEIbHY O NHOOPMAINI MOXKHO IIOLYIUTh HO ccblike 1). B macrosamee Bpemsa
PMI asaserca noapasaererueM Analog Devices. DTa MUKpocxeMa, KOTOpas MpeacTa-
BJsIa cobou Oydep ¢ PasOMKHYTOU CXEMOU OOPATHOU CBA3M, OOECIeInBaIa, IOJOCY
nponyckanus npumepro 50 MI'n u amminTyay cursasa, pasuyio 2 B.

Cxema ycwmureas BUF03 npencrasiser uHTEpeC IO TOU IPUYAHE, ITO OHA JEMOH-
CTPUPYET METOIHI, MO3BOJIIONINE N30eXKATH TPUMEHEHNS M€ ICHHBIX, OTDAHMIEHHBIX
IO TIOJIOCE MPONMYCKAHUS BePpTUKAIBHBIX PNP-TpaH3ucTopoB, KOTOpLIE O3B0 IO~
JIy9UTh TEXHOIOIUS IPOU3BOACTBA UHTErPATBHBIX MUKPOCXEM B TO BpeMs ([IPUMEPHO

1979 rox).
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(A) HOS-100 (B) LH0033 0-Vs

Puc. 2-1. Paunune rubpugaee Oydeprble ycuanrenu 6e3 BHemnen obparaon cesasm: (A) HOS-100

Ha GUNOAPHLIX TpaducTopax, (B) LH0033 ¢ BXOAHBIM KAaCcKaIOM HA IOJIEBLIX TPAH3UCTOPAX
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Puc. 2-2. BUF03 — mMonOmuTHBIN Gy(QEpHBIN YCUIATENb C PA30OMKHYTOU 1eMbio 06PATHOU CBA3M

— macaenue 1979 rona

O guou u3 mpobieM, KOTOPBIE OOCY XK JAIUCH DAHEE U KOTOPLIE CBA3aHBL ¢ Oy (hepHbI-
MU YCUIATENAME C PA3OMKHYTOU [EMBI0 00PATHON CBA3M, ABIAETCA TO, ITO HECMOTPS
HA BO3MOXKHOCTH OOECIEYUTH BBICOKYIO MOJOCY TPOMYCKAHUA DTU YCTPOUCTBA HE
UCIONB3YIOT MPEAMYIIECTBA, MPEIOCTABIAEMbIE OTPULATEILHOU OOPATHOU CBA3BIO.
Ecan uconbsoeaths mi1s 6y (pepHBIX YCAIUTENEH ¢ PA30OMKHY TOU HENbI0 0OPaTHOU CBS-
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37 B KQUYECTBE HATPY3KU TUMUIHBIE JJ BUICOMPUIOKEHUN 3HAUCHUA UMIIenanca 50,
75 mnau 100 OM, TO CTAHOBATCA 3aMETHBIMEU D(PQPEKTHI, CBA3AHHBIC C UCKAKEHUIMU
U yXyALUIEHHEM XapaKTEPUCTUK MO HOCTOSHHOMY HANPsKeHuto. PemenueM aBiseTcs
UCIIONB30BAHKUE JOKHBIM 00Pa30M KOMIIEHCHPOBAHHOIO ONEPAIMOHHOTO YCUIUTEs
C MUPOKOUW TIOJOCOU TPOMYCKAHUA B KOHMPUTYpPAIWUA, COOTBETCTBYIOMIEN KOH(DUTY-
paluu TOBTOPUTEIA ¢ EAMHUIHBIM KOd(MduUuIimenTom ycurerusa. Ha 3ape TexHomorun
CO3AHUs MOHOJUTHBIX ONEPAIUOHHBIX YCUIMNTEICH STOMY MPENATCTBOBAIN OI'DAHU-
YeHWs, CBA3AHHBIE C TEXHOJIOTMYECKUMU MPOIECCAMU, IODTOMY MOAXO HA OCHOBE
PA3OMKHYTOU Ienu OOPATHOU CBA3M CAYXKWI B KAIECTBE HOMYJSAPHOTO MPOMEXKYTOY-
HOro perenus (puc. 2-3).
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Puc. 2-3. IIpocTere MonOIUTHBIE OYy- Puc. 2-4. BydepHubill ycuaurens ¢ 9a-
(epHBIE yCHINTENIN C €IMHUIHBIM KO- CTOTHOU KOMIIEHCAITEN

addunuenTom ycureHUA

IIpakTuveckn BCe OMEPAIMOHHBIE YCUIUTENN ¢ OOPATHOU CBA3BIO M0 TOKY WIA Ha-
MPAXKEHUIO, KOTOPHIE YCTOMIMBO pA00OTAIOT MTPYU €INHATHOM KOX(PMUITMEHTE YCUICHNUS,
MOI'YT HCIOJAB30BATHCA B KOH(MUIYypaluu npocToro nopropureasd. OgaHaKo OOBIMHO
B ONEPAIMOHHBIX YCUIATENAX OOMIEr0 HAZHAYEHUS UMEETCS KOMIIECHCAIWSI, KOTOPas
[O3BO/IAET UCIONB30BATH UX B 00OJIEE MMUPOKOM TUAMA30HE KOXPDUIMEHTOB yCUICHUS
u B OOJIee IMMPOKOM IMANA30HEe IMapaMeTPOB Lemu O0pATHOU CBA3uM. TakumM o6pasoM
[IOJIOCA, IPOMYCKAHUS HECKOJIBKO YMEHBIIAETCS IIPYU MAIBIX 3HATECHUAX KOX(PPUIITEHTA
YCHJIEHUsT, OCOOEHHO NPU UCIOJIB30BAHUY HEMHBEP TUPYIOUIETO PEXKUMA C eJUHUTHBIM
KOD(DPUIMEHTOM YCUICHNS, B 3TOM CJ1y9ae HEOOXOAUMO UCIOAb30BATH JOMOIHUTEIb-
HBbIe KOMIIOHEHTHI 1Jlsl KOMIEHCAUUK (KaK [MOKAa3aHO Ha puc. 2-4).

Ha mpakTuke MOXHO 00€CHeYnTh KOMIIEHCAINIO OMEPAINOHHOIO YCUINTEI MIJIs
KemaeMoro kopdpuimenTa ycuieHus B cxeme ¢ 3aMkayTon OC, a pe3aucTopsr, 3a,1a10-
e KOd(G(PUIIMEHT yCUIEHUs, BKIYUTD B COCTAaB MUKpocxembl. OOpaTuTe BHUMAHUE,
YTO TaKasi MOAUMPUKAINS OMEPALUOHHOTO YCUINTES, BHY TDEHHE CKOH(DULYPUPOBAH-
HOI'O KaK Oy(epHBIN YCUIATENb, OOBIYHO HE UMEET BBIBOAA [JIs LEIM OOPATHOU CBI3MU.
Kpowme »Toro, pasmemenne Ha MEUKPOCXEME PE3UCTOPOB M CXEMBI KOMIIEHCAIIAU TI0-
3BOJISIET YMEHBIIATH MAPABUTHLIE TOMEXH.

CyIecTByeT MHOXKECTBO OMEPAIMOHHBIX YCUIUTEJICH, NI KOTOPHIX BHITOIHEHA,
nogobuas onruvusanust. Cosganuasmt Poem [occepom (Roy Gossere) yewmrens AD9620
(ccplika 2) ObLI OQHUM U3 MEPBBIX MOHOIUTHBIX Dealu3anuil TaHHOro pemenus. Mu-
kpocxema AD9620 noasunacs B 1990 roay, u ora ob6ecrednBaia moJaocy MpOILy CKAHUS
600 MI't mpu Hanpsxenun nutanusa +5 B. Ycunrurens Ob1T ONTUMU3UPOBAH 1711 PAOO-
THI ¢ €IUHUIHBIM KOX(PPUIMEHTOM YCUICHUS U UCTIONB30BAI APXUTEKTYPY ¢ OOpaTHOU
CBA3BIO 110 HANPSKEHUIO. Boee HOBBIM NPOEKT HA OCHOBE MOLOOHOU CXEMbI IPUBEI K
cozganuio AD9630, koTopeiu o6ecneunBaeT nonocy npomyckanus B8 750 M.
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: AD8074 AD8075 AD8079A/B
TpexkaHarnbHble, obpaTHas | TpexkaHarnbHble, obpaTHasi | AByXKaHamnbHble, obpaTHas
Y CBA3b NO HanpsxeHunto CBA3b MO HaMNPsXKeHUo CBSA3b MO HaMNpsXXeHuto
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Puc. 2-5. [[paviBepbl IUHUN TepeIadr BUAEO C MOCTOAHHBIM KO3(MMUINEHTOM yCUIEHUS

Bydepubim ycwmurens ¢ equanaasM ko durmentom yemterusa BUF04 noasuacs
B 1994 rony u oGecneuusas mosocy npomyckauus B 120 M. DTa mukpocxema ObI-
JIa ONTUMUBUPOBAHA [ CUCHAJIOB € OOJBIION AMILIATYAON U MOXKET PaboTaTh IpU
HaNpsKeHUW nuTaHus B guamnas3one ot +£5 B xo £15 B. Ilo npuyunne mupokoro aua-
nazona Hanpsaxenun nuranus BUF04 npeacrasiser uaTEpEC HE TOIBKO B KAY€CTBE
OTAEeJBHOTr0 Oy(hEepHOr0 YCUINTENS C € [UHUIHBIM KOI(DMUIMEHTOM yCUISHNS, HO TaK-
K€ W MPU UCIONB30BAHUNA COBMECTHO CO CTAHIAPTHBIM OIEPAUOHHBIM YCUAIUTEIEM
¢ OOPATHOU CB3BIO, ITO MO3BOJIAET YBEANIUTH YPOBEHDb BEIXOJIHOTO CUTHAIA.

XoTs 06BIMHO oA OyepoM MOAPA3YMEBAETCS YCTPOUCTBO C € IMHIIHBIM KOd(h U-
[IIEHTOM yCUJIEHUs, MHOI'[a DTOT TEePMUH [IPUMEHAETCS U K CXeMaM € KO3 PUIEeHTOM
yeuiaenus 2. BydepHble ycummrenn ¢ 3aMKHY TOU HEIbI0 OOPATHOU CBA3K U ¢ KOd(pQu-
[MEHTOM YCUJIEHUs, PABHBIM 2, HAXOMAT IMUPOKOE MPUMEHEHHEe B KadecTse OydepoB
aunun nepegadn (M. puc. 2-5). PUKCUPOBAHHBIN KOXMPUIUEHT yCUIEHNS, KOTOPBII
3a,Ja€TCsA MPU MTOMOIIY BHYTPEHHErO KOH(MUTYPUPOBAHUA YCUIUTEN, TPU3BAH KOM-
[IEHCUPOBATH IOTEPH, BEI3BAHHBIE COIVIACOBAHIEM UMIIEIAHCA NCTOIHUKA U HAT'PY3KHU.
OO6BIYHO UMITEIAHC KAOEJs IPEACTABIIETC OJHUMEI U3 PACIPOCTPAHEHHBIX 3HAYCHUN:
50, 75 wim 100 Om. Tpexkanansusie 6ydepusie ycumurenau AD8074/AD8075 ¢ gacro-
Tou 500 MI'[ ONTUMU3UPOBAHLI 1A KOD(MDPUIMEHTOB YCUIEHUS COOTBETCTBEHHO 1
u 2. [IByxkaHanbHble 6ydepusle ycumurenn AD80TIA /ADS07IB qacroron 260 MI'
ONTUMU3UPOBAHBI COOTBETCTBEHHO A KO3(MD(PUIUEHTOB ycuieHus 2 u 2,2.

ITpu peanmsarnuu BEICOKOCKOPOCTHOrO Oy(hepPHOr0 YCHIUTENS C e[UHUIHBIM YCHU-
JIEHHEM HA OCHOBE ONEPAIMOHHOIO YCWIUTENsI ¢ OOPATHOU CBA3BIO MO HAIPSIKEHUIO
OOBIMHO HET HEeOOXOAUMOCTH HUCIO/Ib30BATH PE3UCTOP B LEHNU OOPATHOU CBA3M, UTO
3HAYUTENBLHO yrpomaer cxemy. OqHAKO 3TO NpaBWiIo He ABAAeTCA BepHBIM Ha 100%
U1 BCEX CATYAIUU; IIPEXAe BCErO HEOOXOAUMO U3YIUTh TEXHUIECKYIO TOKYMEHTA-
LU0 Ui TAHHOI'O KOMIIOHEHTA. Bydep ¢ eIMHWYHBIM yCHJIEHHEM Ha OCHOBE OIepa-
[UOHHOIO YCWINTENs 1 ¢ OOPATHOU CBA3BIO IO TOKY BCErga TPeOyeT MCIOJb30BAHU
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pe3ncTopa B Ienu 06PATHOU CBSI3M, €r'0 CONMPOTUBICHNE OOBITHO OTHOCATCS K TMAalla-
3omy ot 500 1o 1000 Om. Takum 06pazom, HEOGXOAUMO BBIOUPATH TAKOE CONPOTH-
BJICHIIE, KOTOPOE HEe TOJBKO COOTBETCTBYET TPEOOBAHUSIM CO CTOPOHBI KOMIIOHEHTA,
HO ¥ COOTBETCTBYET TPeOOBAHUAM CO CTOPOHEI UCIOJAb3YEMBIX ICTOYHUKOB [IUTAHUA.

Pazpgen 2-2
YcunutenbHbie 6510Ku

XOTs OMEpaIMOHHBIA YCUIATENb TO3BOIAET YCTAHABINBATL 3HAMCHUA KOD(DMUITHECH-
Ta YCUJIEHUs [IPU IIOMOIIY BHEIIHEI'O PE3UCTOPA, CYILIECTBYIOT ONPeIeIeHHbBIE I'DYIIIbI
CX€M, KOTOPBIE IPOEKTUPYIOTCS /s (PUKCUPOBAHHBIX KO3(P(MUIUEHTOB YCUIEHUS. DTO
B OCHOBHOM OTHOCHUTCS K PAJUOYACTOTHBIM KOMIOHeHTaM. OHU OOBIYHO paccauTa-
HEL HA paboTy ¢ H0-OMHBEIM OKPYKEHUEM, IIPU DTOM COIVIACOBAHUE BXOJIOB U BBIXOJIOB
OCYIIECTBAAECTCSA BHYTPU MUKPOCXeMBI. 1acTo OJOKUW YCUIEHWUS BBITYCKAIOTCA C He-
CKOJBKUMU BapuaHTaMu KO>(MMUIINEHTA, YCUICHUS.

Hampumep, paguodacToTHbm OJIOK yCu-
aenus AD8534 mpexncrasiser cobou ycu-
JUTeNb ¢ (PUKCUPOBAHHBIM KO3 (pUIMECH-
TOM YCUICHUS U OTHOMOJAPHBIMU BXOIOM
U BBIXOJOM, Yel UMMEeTaHC HOMUHAIBLHO
| cocrapasger 50 OM B guama3oHe 4acTOT
BxoaHoi C Vour ot 100 MI'm mo 2,7 I'Tu. D10 o3mauaer,
cnrxan | YTO YCHINTEIb MOXKET HEIOCPEeICTBEHHO

UCIIOTB30BATHLCSA B CUCTEMaX C COMPOTHU-
COoM1 T AD8354 TCOMZ BiaerueMm 50 Owm, mpu >TOM HE TpedyeTcs

CwmelleHne un oriopHoe
HanpsaxeHue

—O Vpos

HUKAKOU CXEMBI IS COTVIACOBAHUSA UMIIE-
IaHCOB. BXOIHON 1 BBIXOJHOU MMIIEAHCHI
Puc. 2-6. PagnosacToTHBIN GIOK yCUICHUS OTINIAIOTCSA CTAOMIBHOCTBIO IO OTHOIIIE-
AD8354 ¢ xoaddurnmenTom ycmrenusa 20 gb HUIO K U3MEHEHUAM TEeMIEpaTyphl U Ha-
OpPSXKEHUs A MTUTAHUA, ITO U30aBIIET OT
HEOOXOIUMOCTH UCIOMB30BATE CXEMY /I COTVIACOBAHUA UMIEAAHCOB (CM. puc. 2-6).
Nwmerorces Takxe u 6ioku ycuneHus ¢ quddepeHnraIbHBIMI BXOaAMUI U BEIXO JaMI.
B kauecrBe npumepa xommnonerTa ¢ guddepeHnnaIbHEIM BXOLOM U OTHOIIOIAPHBIM
BBIX010M MOXKHO npusectu AD8129 (cum. puc. 2-7).
Taxke UMEIOTCA YCTPOUCTBA C MOMHOCTBIO AU((EPEHIINATHEHBIMYA BXOJAMY U BhI-
xomamu, puBeneM B Kadectse npumepa AD8350 (cm puc. 2-8).




