YCUNUTEJIbHbIE MUKPOCXEMbI

OCOBEHHOCTW NMPUMEHEHUA OMNMEPALUMNOHHDbIX
YCUINTEJNEN NPU OOHONOJIIPHOM MUTAHUU

Yapnb3 KutumH, KomnaHus Analog Devices

TeHAEHUMN NPUMEHEHUs 3NeKTPOHHbIX KOMMOHEHTOB HarnpaBfeHbl
Ha CHU)XXeHUe SHeprornoTpedsieHnss U CTOUMOCTU, NMO3TOMY B COBpPeMeH-
HbIX U3[ENnUaAX WUCNOMNb3yeTcsl OAHOMOMSPHOEe MUTaHue, U C KaXAabiM
rogoM 3HauyeHVs MUTAIOWMX HaMNpsHXKeHUn ymeHbluatoTcsa. B cratbe
paccMoTpeHbl OCHOBHble MPOGIeMbl, C KOTOpPbIMM CTaNKuMBaeTcs pas-
paboTuMK Npy NCNonb3oBaHUN ONMEepPaLMOHHBIX YCUIUTeNen B CXemax ¢

OAHOMONAPHbIM NMUTaHUEeM.

O/IHOIIOJISIPHOE UJIN
ABYIIOJAPHOE IIUTAHUE?

XoTsi CHUMMETPUYHOE JIBYIIOJISIPHOE
[MUTAHWE SIBJISIETCST ONTHUMAJBHBIM JIJIsI
onepauuontbix yeunureneii (OY), Bo
MHorux ciaydasx (kectkue TpeGoBa-
HUSA K 1OTPEGJEHUIO HJIEKTPOIHEPIUM )
HEOOXO/IUMO WJIH 3KEATETbHO UCIIOJIb-
30BaTh OJHOMOJISIPHOE HJIEKTPOIUTAHIE.
Hampumep, GoproBasi ceTb B aBTOMO-
6UJIbHOM M MOPCKOM 006OPYJOBAaHUM —
onHonosisipHasi. [la m B oGopy/joBa-
HUM, T/le paHee TPAUINOHHO HCIIOJIb-
30BAJIOCh /IBYNOJISIPHOE [HUTAHUE, BCeE
yaie MPUMEHSIETCS] BCTPOEHHBIN OJIHO-
HOJISIPHBINA MCTOYHUK 3JIEKTPOIHEPTUH C
MUTAIONUM HanpsbkeHneM S wian 12 B
HOCTOSTHHOTO TOKA. CHCTEMBI C OJHOIO-
JISIPHBIM  9JIEKTPOIIUTAHUEM JIJIsT  00pa-
6OTKHM aHAJOTOBBIX CHUTHAJIOB UMEIOT
ofliye JUisi TAKUX PEIeHuil J[0MoTHI-
TeJIbHbIe CBONCTBA, BbI3BaHHbIE HEOOXO-
JIIMOCTBIO HCHOJIb30BAHISI KOMIIOHEHTOB
JUISL  CMEI[eHUs] aHAJOTOBOrO CHUrHAJIA
Ha Kakaoil craauum obpaborku. Ecmn
cMellleHne aHAJIOrOBOrO CUTHAJIA He T1PO-
JIlyMaHo, a TeM 0oJjiee He BBINOJHEHO, TO
BO3HHMKAET MHOXKECTBO TPOGJEM, B TOM
qicie — HeCTabUIbHOCTD PaGOThI OTlepa-
IHOHHBIX YCHUJIUTEJEN.

MMPOBJIEMbI, BOSHUKAIOIIIUE
PN CMEIIEHUU C IIOMOIIBIO
PE3UCTOPOB

IIpumenenne OV ¢ opHOmoJSAp-
HBIM [UTAHUEM CBSA3aHO ¢ mpobieMa-
MU, KOTOpbIe OOBIYHO HE BCTPEUYAIOTCS
IPU  HCHOJIb30BAHUM  JBYIOJISPHOTO
nutanus. [aBHas M3 HUX BO3HU-
KaeT TOrjla, KOrJa BXOJHON CHTHAI
SIBJISIETCSI JIBYTIOJISIPHBIM OTHOCHTENBHO
o6utero yposus («semsn»). B cucre-
M€ C OJHOTOJSIPHBIM [HTAHHEM 3TOT
YPOBEHb COBIAJAET C YPOBHEM OTPHIA-
TEJIbHOTO HCTOYHUKA TIUTAHUS B TPa/H-
[MOHHBIX penteHusx. [loaToMy B aTOM
cJyuae HyJIEBOH yDOBEHb BXOJHOTO
CUTHAQJa HE MOXKET COOTBETCTBOBATH
«3eMJIe» U JIOJIKEH HAXOANUTHCS MEXK/LY
«3eMyieli> U yPOBHEM INUTAKOIIErO

HanpskeHust. OCHOBHOE IpenMyIIect-
BO CHCTEM C JABYIOJISIPHBIM HUTAHUEM
COCTOUT B TOM, 4TO UX OOIee CoenHe-
Hue («3eMiisi») SABJSIETCS YCTONYMBDIM,
HU3KOOMHDBIM HYJIEBbIM YPOBHEM /LIS
BXO/IHOTO curHasa. IIpn atom nosoxn-
TeJIbHOE 1 OTPUIlATeTbHOEe HANPSIKEH NS
IUTaHUS MOTYT ObITh HECUMMETPUYHDI-
mu. Ilpu OHONOJSPHOM IHTAHUM C
IIOMOIIbIO CXEM CMEIeHUs CO3/aeTcs
YPOBEHb HYJIEBOTO CHTHaJa, OOGBIYHO
JIesKaluil B cepe/inHe JAMana3oHa IuTa-
I0II[ETO HATIPSKeHUS.

YT0o6bl MCIIOIH30BATD  yCHJINTEJD
3(PPEKTUBHO, TO €cTb IMOJYYHUTb C €ro
BBIXO/Ia MAaKCHUMAJIbHbI cUTHaJX 6e3
OTPaHMYEHNSI, BXOJHOIl CHTHAJ JI0JIKeH
ObITb CMEIIEH HA CepejnHy BbIXO/-
HOTO /IMalia3oHa, WM, YTO OJHO M TO
K€, Ha yPOBEHD ITOJIOBUHBI IUTAOMIETO
Hanpspkenus. Haunbosee appexTuBHbIi
croco6 UCIIOJIb30BAHNE JIMHEITHO-
ro crabuansaropa, Kak II0Ka3aHoO Ha
pucynke 6. Opmnako HawmboJjiee IOITy-
JISIpHAsl cXeMa CMEIIEHUs] — Pe3UCTUB-
HBII JIe/INTEIb HAINPSPKEHUS] HMUTAHUS.
Xotst aTOT croco6 HauboJsiee TPOCT,
IIPH €ro UCIIOJIb30BAHNN BO3HUKAET PSiJL
npo6JieM.
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Wcnosnb3ys pucyHok 1, paccMoTpuM
HeKoTopble U3 HEUX. Ha aToM prcynke
n300parkeHa KJIAaCCHIecKast cXeMa HeMH-
BEPTUPYIOIIETO YCHJIHUTENST TI€PEMEHHO-
ro ToKa. BXOJHOI cUrHAI C IIOMOIIBIO
€MKOCTHOI CBSI3U TIO/IA€TCSI HA BXO/[ yCHU-
sntesst. CpeiHIi ypOBeHb BXO/IHOTO CHUT-
HaJsla CMeIeH Ha BesimuuHy Vs/2 ¢ ToMo-
1bI0 pe3ucropHoro jaenutens Ry—Rg.
B mosnoce mpomyckaHus JaHHbBIN yCcH-
Jutesib uMeeT KOI(PUIMEHT YCUICeHUs
Ky =1+ R2/R1. llapasutHoe ycuieHue
[IOCTOSHHOI'O CUTHAJIa CBEAECHO K €UHU-
e ¢ TOMOIIBI0O EMKOCTHOH 06paTHON
cs3u 1enoukoir R1C1, coenmHeHHON ¢
HysieBbIM ypoBHeM («3emeii»). [Toatomy
YPOBEHDb TIOCTOSIHHOHM ~ COCTaBJSIONIeH
paBeH HANPSIKEHWIO CMEIEeHnsI. IJTHM
caMbIM Mbl u36eraeM BO3HUKHOBEHUS
UCKAKEHUIT W3-3a YCUJIEHHS HAIpsiKe-
st eMenernsi. O6parHast ¢Bsi3b obecrie-
yiBaeT Kod(h@UIMEHT YCHJIEHUs, PaB-
uplii 1 + R2/R1 1181 BBICOKOYACTOTHBIX
CUTHAJIOB W paBHBII eauHuile — IS
IIOCTOSTHHOM COCTABJISIONIE U HU3KOYaA-
CTOTHBIX CUTHAJIOB C 4aCTOTaMU I10/aBJIe-
nua f = 1/Q2aR1C1) u f = 1/[2n(R1 +
+ R2)C1], a rmakxe BHocUT (hasoBblii
C/IBUT BO BXOJ/IHYIO U BBIXOHYIO IIEIIH.

JTa cxXeMa MMeeT Cepbhe3Hble Orpa-
HUYEHWs TMpUMEHEeHUsI. Bo-mepBoIX,
HEBO3MOJKHO MCIIOJIb30BATh TaKOE BayK-
HOE CBOIICTBO OIEPAIMOHHBIX YCHJIU-
Tesiel, Kak TojaBieHne cuHdazHOTOo
curnaza. Ilockosbky mm060e M3MeHeHue
MUTAIOIIET0 HANPSIKEHNUST MOMEHTA b~
HO OTPa3wWTCA Ha HANPSLKEHUN CMe-
meHusi, paBHoM Vs/2, yCTaHOBJIEH-
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Puc. 1. MoTeHuManbHO HecTabunbHaa cxema BknoyeHUs OY ¢ oAHOMNONAPHbLIM MUTAHUEM
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YCUJIUTENIbHbIE MUKPOCXEMbI

HBIM PE3UCTOPHBIM JleuTesIeM, J06o0i
HIyM, HPUCYTCTBYIOIMII B IMMHE ITUTa-
Hus, Oy/leT ycuaeH Hapsily C CHUTHa-
oM (3a HCKJIIOYEHHEM CaMBIX HHU3-
kux uacror). Tak, nmpu Ky = 100
mysabcauuu  Hanpsbkeuem 20 MB oot
3JIEKTPOCETH MOTYT ObITb YCHJIEHBI J10
nanpsukenns Gosee 1 B (8 3aBucumoctn
OT TIAPaMETPOB KOMIIOHEHTOB CXEMBI).
Ewe xysxe, uTo 11pu MOIIHOI Harpys-
K€ YCUJINTeJb CTAaHOBUTCS HECTAGHJIbHBIM
B pabote. [lnoxne crabuim3sarys  Guib-
Tpalusl B UCTOUHUKE MHUTAHUS HTPUBOJSAT
K TOMy, YTO Ha IIMHAX IIUTAHUS TI0SIB-
JISIeTCsl 3HAYMTENIbHBIN yPOBEHb CHTHAJIA.
[Tpu pa6ore ycuanuTesst, BKIIOYEHHOTO 10
HEMHBEPTHUPYIOIIEll cXeMe, 3TOT CHIHA
HOCTyNaeT Ha BXOJ YCHJINTENs 4epes
CXeMy CMeIeHHs], KaK OblII0 PaCCMOTPEHO
paHee, 1 yCHJITEIb CaMOBO30Y>K/IAeTCs.
OnTuMu3anust pacHosoKeHUsT KOM-
MOHEHTOB HA IIEYaTHOI IulaTe, YCTAHOB-
Ka GOJIBIIIOTO KOJIMYECTBA GJIOKUPYIOMNX
KOHJIEHCATOPOB, MPaBUJbHAS Pa3BOJIKA
3a3eM/IAIONMX IIMH U COeJMHEHHe U’X
B OJIHOIl TOYKE, COOTBETCTBYIOIIEE MPO-
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eKTHPOBaHUE INMH INTaHUS yMeHbIla-
10T HABOJIKM U IOBBIMIAIOT CTAGUJIBHOCTD
CXeMbI, HO He MCKJII0YaIOT PACCMOTPEHHbIX
mpo6sreM. IloatoMy nasee 6yzeT mpesio-
JKEHO HECKOJIbKO PelleHH I, OMOraloIinx
n36exaTb TPYAHOCTEHl B HCIIOJIb30BAHUI
ycuuteseil py BKJIIOYEHHH 110 CXeMe C
O/IHOTIOJISIPHBIM 3JIEKTPOINTAHIEM.

PA3BA3KA CXEMbI CMENIEHUS
Uto6bl CHU3UTDH BJIMSIHUE HECTAOUIIb-
HOCTH HAIIPSDKEHUs] TUTAHMS, MOXKHO
3alllyHTUPOBATb CXeMY CMeIeHUs 110
IIepeMEHHOMY TOKY U JI0GABHUTb OT/EJIb-
HBIIl PEe3nucTop /s BXOJHOTO CHT-
Hajla, Kak [I0KAa3aHO Ha pPHCYHKe 2.
Konnencarop C2 obecneunBaer ¢Guib-
TPAIMIO ITyJIbCAIMI MINHBI TUTAHUS, TeM
caMbIM BOCCTaHaB/IMBas Ccrioco6Hoctb OY
0CTabJIATh cUH(A3HDbIEe CUTHAJbBI U BJINS-
HUE HanpspkeHust muranus. Pesucrop
Rin, KOTODBIII 3aMeHsIET B 9TON CXeMe
BXO/IHOe corporusienne Ry/2 mjst cur-
HAJIOB TIEPEMEeHHOT0 TOKa, oGecrevnBaeT
nepejady IIOCTOSTHHOTO CMeIIEeHMUsT Ha
HENHBEPTUPYIONNI BXOJ| YCUIUTES.
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Puc. 2. HeuHBepTUupylowwee BkntoyeHne OY ¢ OJHOMNONASIPHbLIM NMUTAHMEM U pPa3Bsi3aHHOM
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Puc. 3. UHBepTUpyloLee BktoveHe OY ¢ pa3BA3KOM CXeMbl CMeLLeHUs

CompoTuBjieHns pe3uctopoB Ry
n Rp J0KHO ObITh MUHUMAJbHBIMHU,
HACKOJIbBKO 3TO MO3BOJIAIOT OrpaHuye-
HUS TI0 9HepronoTpebiennio. B nannom
caydae Bbi6paHo 3Hauenme 100 kOw,
YTOOBI YMEHBIIUTD TOTPEOISEMBIH TOK
B cxeMax ¢ OGarapeiiHbIM THUTAHUEM.
Boi6op BeJMYMHBI MIYHTHPYIOMIETO KOH-
JleHcaTopa Takke TpeOyeT BHHUMAaHMUS.
C penurenem Hanpstbkenuss Rp/Rp
(100 kOm/100 kOM) u C2 = 0,1 Mx®D
yacrora cpesa no yposHio —3 1B duib-
Tpa BbIcOKMX dactor (DBY), o6paso-
BAHHOTO TMapaJJIEIbHO COeIUHEHHBIMU
pesucropamu Ry 1 Ry u KoHgencaropom
C2, pasna 1/[2n(RA/2)C2] = 32 In.
XoTs 3TO YCOBEPIIEHCTBOBAHWE CXEMBI,
IIpUBe/IeHHOl Ha pucyHke 1, 103Bo-
JIUJIO TIOJIaBUTHh CWH(A3HBIE MOMEXH C
yacrtotamu Bbie 32 I, Gosiee HU3KO-
YACTOTHBIE CUTHAJIBI COXPAHUJIN 06part-
HYIO CBSI3b IO IIMHE THUTAHWUS YCHUJIU-
tesst. ITostomy npu peanusanuu Takoii
cXeMbl HeOOXOAMMO MCIOJb30BATh KOH-
JIEHCATOPBI OOJIBIION €MKOCTH.

Ha mpakTtnke eMKOCTb KOH/IEHCATO-
pa C2 tpe6yercss yBEJINYHUTDH [0 TaKHUX
3HAYEHUI, TPU KOTOPBIX PE3UCTOPHBII
JIeJTATEb CXeMbl cMemieHus addex-
TUBHO IIYHTUPOBaJcs OBl [ BCeX
4acTOT B TOJIOCE IPONYCKAHWUS YCHUJIU-
Tesist. XOpOIINM TIPABUJIOM I/ pacueTa
yactoThl cpeza DBY, o6pa3oBaHHOTO
Ra, Rg u C2, gBasercsa BbiOOp 3HaUe-
Husg, pasHoro 1,/10 or HamMeHbIEro
n3 3HaveHuii yactor cpesa RC-1enovex
RINCIN u R1C1.

Koadduriment ycuienus mo mocro-
SHHOMY TOKY OCTaeTCs PaBHBIM e/u-
uure. Jlasxke B 3TOM ciy4yae [OJIKHBI
YUUTBIBATBCA BXOJAHBIE TOKH. Ry ¢
MOCJIEIOBATETHHO COE/IMHEHHBIM JIEJTUTE-
JeM Hanpspkenust R,/Rp 3HaumTebHO
MOBBIIIAIOT BXOHOE COMPOTHUBJIEHIE Ha
HEMHBEPTHUPYIOIIEM BXO/l€ OIepaI[IOH-
Horo ycwautens. Ilomnepsxanme cme-
IIEHNsT BBIXOJHOTO CHTHAJIA HAa yPOBHE
MOJIOBUHBI HATPSDKEHUST MUTAHUSA TIPU
UCIIOJIb30BAHNN  OOBIYHBIX YCHJIUTEJei
¢ 0o6paTHOIl CBA3BIO TI0 HAIPSIKEHUIO,
KOTOpbIE UMEIOT CUMMETPUYHbIE cOATaH-
CUPOBAHHbBIE BXOJIbI, JOCTUTAETCS TIpa-
BUJIBHBIM BBIOOPOM BEJUYUHBI PE3UCTO-
pa obparHoii cBsa3u R2.

B 3aBucuMocTM OT HANPSDKEHUS
MMUTAHUST 3HAYEHUST PE3UCTOPOB, KOTOPBIE
06€ecTieunBaloT PasyMHbI  KOMITPOMHUCC
MEX/Iy YBEJIWYEHNEM ToKa MoTpebJeHNs
NIV YBEJTMYEHIEM 3aBICUMOCTH ITapaMeT-
POB YCHJIUTENISI OT M3MEHEHWiT BXO/HOTO
TOKa, MOJLKHBI ObIThb Topsika 100 kOm
JUI miuTaiontero Hanpspokenust 12..15 B,
CHIDKeHbI /10 42 KOM st uranust S5 B
u 1o 27 kOm — mna 3,3 B.

B BBICOKOYACTOTHBIX  yCHJINTENSX
(0co6eHHo ¢ 06paTHOl CBA3BIO 110 TOKY)
cjexyeT WCIOJb30BaTh HU3KOOMHDBIN

Ten.: (095) 741-7701

www.elcp.ru
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YCUNUTEJIbHbIE MUKPOCXEMbI

JIeJTUTENIb U PE3UCTOP OOPATHOI CBS3H,
JUTST TOTO 4YTOOLI COXPAHUTH ITHPOKYIO
TI0JI0CY TTPOITYCKAHWS TPH HAJIMYNH TTapa-
3UTHOI eMKocTh. /JlJisT onepanmoHHbIX
yeusutesiei, takux kak AD811, paspa-
6OTaHHBIX 7T 00PabOTKM BH/IEOCUTHA-
JIOB, ONTUMAJIBHO TIOAXOJUT 3HAYEeHUe
pesucropa R2, pasHoe oxomo 1 kOwm.
[Toatomy cxempr ¢ Takumu OY TpebyioT
UCTIOJTb30BAHMS HAMHOTO MEHBIINX 3Ha-
yenuii pesucropoB Ry, u Ry B nenurene
Hanpsikenust (1 GOJIBITYIO eMKOCTD Iy H-
Tupyiomero konzgencaropa C2).

W3-3a Majoro BXOJHOTO TOKa He0O-
XOJIUMOCTb ~ COTJIACOBAHMS PE3UCTOPOB
Ha BXOJaX COBPEMEHHBIX YCHJINTeJei
C TOJIEBBIMU TPAH3MCTOPAMU BO BXOJI-
HBIX KAacKaJaxX He TaK Ba)KHA, €CJH
ycunuteab He 6yner pabotaTbh B IMIMPO-
KOM TeMIlepaTypHOM jananasone. Mnave
TaKoe COrjiacoBaHue HeOOXOIUMO.

CxeMa Ha pucyHke 3 IIOKa3bIBaer,
KaK pean3yeTrcs CMelleHne 1 IIyHTHPO-
BaHUe IeNU CMeIeHus IS WHBePTHPY-
IOIIETO yYCUJIUTEJIS.

CMmellleHre ¢ MOMOIIBIO PE3UCTOP-
HOTO JIeJIUTENIS JIeNeBO U oOecrevn-
BaeT TIOCTOSHHBIN CpelHMil YpOBEHDb
BBIXO/[HOTO CUTHAJIA, PABHBIN TOJOBU-
He BEeJMYMHBbI HANPSKEHWS MUTAHUS,
HO TIoflaBJieHHe CHH(pA3HOTO CHUTHAsIa
OTIEPAIIMIOHHBIM  YCUJIUTEJNEM 3aBUCHT
oT moctosgHHoii BpeMenn RC-nenou-
K1, o6GpasoBaHHOIl gesureneM R,/Rp
n koupencatopom C2. Heob6xomaumo
ncrosib3oBaTh B KadectBe C2 KoH-
JIEHCATOP TaKOWl eMKOCTH, KOTOopast
obecrieunBaeT 10 Kpaiineit mepe B 10
pa3 OoJiblllee 3HAYeHME TOCTOSHHOM
Bpemenn RC-nenu R,/Rp—C2, uem
y RiyCiy m R1C1. D10 rapantupyer
JIOCTaTOYHOE MojIaBJeHne CHH(A3HOTO
curnana. C pesucropamun R,y m Rg,
pasabiMu 100 kOM, BeTMYMHA KOH/IEH-
caropa C2 MOKeT OCTaBaTbCs JOBOJIb-
HO He6OJbIION, ecam He Tpebyercs
pabora ycuJWTeNas Ha OYEHb HHU3KHUX
4acToTax.

CMENIEHUME ITIPU ITIOMOIIN
CTABUJINTPOHA

Bosee addexruBnbIil criocob obec-
MeYnTb HeoOXOANMOe CMeIleHne MpH
O/THOTIOJIIPHOM MTUTAHUU — 3TO HCIOJIb-
30BaHMe CTAOMJINTPOHA, KaK MOKa3aHO
Ha pucyHke 4. B aroil cxeme pesucrop
R; obGecrieunBaer HeoOXOAMMBII pabGo-
ymit ToK crabmimTpoHa. Konaencatop
CN IIYHTHPYET BXOJ OIEepalnoHHOTO
YCHJIUTEJIS OT TIyMa CTaGMINTPOHA.

CTabuauTpoH  JOJKEH  HMMETh
HanpsKeHne crabuamusanuu, 6Jnskoe
K TIOJOBUHE HANPSKEHUS THTaHUS.
Pesucrop R; momken obecrmednBaTh
JIOCTaTOYHO O6OJBIIOH TOK, T0O3BO-
JAI0MUH  CTabUINTPOHY paboTaTh B
YCTOWYMBOM peXXUMe U, TeM CaMBbIM,
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Puc. 4. HeI/IHBepTVIpyIOI.I.I,I/II?I yamnuTtesib ¢ OAHOMNOJNIAPHbIM NUTaHUeM, CO CcMelleHuemM npu

nomoLum ctabunutpoHa

ofecrieunBaTbh MUHUMAJbHYIO HOTPEIl-
HoCcTb crabmmmsarnuu. C apyroil cro-
POHbI, Ba)KHO MHUHUMU3UPOBATH dHEP-
rounorpe6iienue (1 TeIOBble HOTEPH).
ITockonbKy BXOJHOH TOK olepalu-
OHHOIO YCHUJINTENS] He3HAYUTeseH, TO
Haun6oJiee onTuMaseH BbI6Op CTaGuInT-
poHa Mmasoit MontHOCTH. CTaGMINTPOH
MotHocThIo 250 MBT saBasferca ontu-
MaJIbHBIM, HO 1 HanGoJiee pacupocTpa-
nernbie S00-MBT cTabUINTPOHBI TAKKe
npuemyeMbl. ONTHMATbHBIH paboumnii

Tok — okoso 0,5 MA guna 250-mBt
u oxomo S5 MA — gaa 500-mMBr
CTaGUITUTPOHOB.

Cxema ©Ha pucynke 4 ob6ecredn-
BaeT HU3KOOMHBII OIOPHBIH YPOBEHD
1 yCTpaHsieT BJUsSIHUE HEeCTaOUIbHOCTH
IHUTAONIETO HANPSDKEHHUS Ha BXOJ YCH-
sress. IIpenMyinecTBa CyIiecTBEHHBI,
HO CTOMMOCTb M 3Hepromnorpe6ieHue
VBEJIMYNBAIOTCS, Ja U CPEAHUil ypo-
BeHb HAINPSKEHUs] HA BBIXOJIE YCUIHTE-
Jisi OYy/IeT COOTBETCTBOBATH BBIXOHOMY
HANPSDKEHUIO CTAa0MJIMTPOHA M MOXKeET

orsuarbes ot Vs/2. Ecan 510 orimune
OKaJKeTCsI CYIIECTBEHHBIM, TO TIPH (G0JIb-
MIUX BBIXO/JHDBIX CUTHATAX Oy/IeT MPOUC-
XOJUTb ACHUMMETPUYHOE OTrpaHUUYEHUE,
Bxo/iHbIE TOKU CMEIIEHNUST TAKIKE TOJIK-
HbI OBITH COTJIAaCOBaHbI. Pe3nctopsl Riy
u R2 10/mKHBI OBITH PABHBIME, YTOOBI
NP MPOXOJK/IEHUN Yepe3 HUX BXOIHOTO
TOKa PasHUIlA TAJeHIs] HAIPSKEHUs Ha
HUX He TPUBO/NJIA K MOSIBJEHUIO OIING-
KU CMEIeHNUs.

PucyHok 5 1I0Ka3bIBaeT CXeMy
WHBEPTUPYIONErO YCUJIHUTENSI CO CMe-
[IeHHeM YPOBHSI BXO/JIHOTO CUTHAJIA CTa-
GUIIITPOHOM.

B Ta6suie 1 mepedncienns crabu-
JINTPOHBI HECKOJBKUX TUIIOB, KOTOPbIE
MOTYT ObITb BBIGPAHBI B 3aBUCUMOCTH OT
HaNpsKEHUs] TUTAHUs 17151 00eCTiedeHust
HeoOXOUMOr0 CMellleHusi. 3HaueHue
R; B Tabmuie BBIOpAHO WCXOMS W3
obecrieueHust CTaGUIUTPOHOB TOKOM O
nmn 0,5 MA I cxXeM, TOKa3aHHBIX
Ha pHucyHkax 4 m 5. [unga ymeHble-
Hust myma  (ommuOKE  cTaGUIn3aIinm)

*Vs~VZENER Vs
Ry= ——————
I
z
1 0,1 Mk®d | 1 mkD
Fl=—gici €7—< }—%7
| RIN “ .
an:; Z—P 100 kOMm Vz
RINC2 Ve—{ o1 | Cout
Fr - 1 Rz o Vvour
RLoapCout !

ZENER
Ana nepemMeHHbIX CUrHanos,
Vout = ViN (R2/R1), rae XC1<<R1

[n9 MHAMU3aUMN OLLIMOKM CMELLIEHNS  \/ IN O—|
R2 nomxeH 6biTb paBeH RIN

C1

]
R1

V* CoeavnHeHne B 0gHYy TOUKY

Puc. 5. IHBepTUPYIOLUMIA YCUNUTENb C OJHOMONSAPHBLIM MUTaHUEM, CO CMeLLLeHUEM Mnpu

nomMmoLin CTaGVInVITpOHa
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Vs
VIN  SENSE
— +—e
ADP667 Vour @) REF
ADP3367 [l]Rz
v
GND SET
%7 1,3..16B R1

perynnmpyemsiin BbIxos,

V* CoeauHeHne B O4HY TOYKY

Pvc. 6. IHBepTUPYIOLUMIA YCUNUTENb C OJHOMONSAPHBLIM MUTaHUEM, CO CMeLLLeHUeM npu

nomMoLLM NMHenHoro CTa6vmusaTopa

110 kOm
| S—
Vs
+Vg- »
0,1 MKk®D | 1 mMkD
|V / v,
N 220 kOm ™
= Vg2
T Vg/2 ¢
+
c2 L
0,1 mxd
Y g 4
220kOmM *V' 0,1 MK®D| 1 MkD V*
Vg *

% CoepnuHeHne B 0aHy TOYKY

Puc. 7. MpumeHeHue OY pns co3paHUsi KUCKYCCTBEHHOM 3emnu» npu GataperiHom
nUTaHUKU ¢ NpsiMon (Mo NMOCTOAHHOMY TOKY) CBSI3blO

MOKeT ObITh BbIOpaH U GOJBINNN TOK;
€ro MaKCUMAJIbHYIO0 BEJUYUHY CJIEyeT
BBIICHUTb B TEXHHUUYECKOM OIIMCAHUN
CTaOUIUTPOHA.

CMEHINIEHME C ITIOMOIIIbIO
JUHENHOTO CTABUJIN3ATOPA
L1 onepallMOHHBIX yCUJIUTe el ¢
O/THOTIOJIAPHBIM nutanueM 3,3 B Tpe-
6yercst cmentenne Hanpsipkenus 1,65 B.
OpHako HanpsKeHwe CTaOUIM3aIun
BBIIIYCKAEMbBIX CTAOMJINTPOHOB — He

Humxke 2,4 B. XoTsl CylecTBylT HCTOY-
HUKHU ONMOPHOTO Hampstkenns ADS89 u
AD1580 ¢ nanpsixkenuem 1,225 B, koTo-
pble MOTYT WCIIOJIb30BATBCS MOAOGHO
cTabUIMTPOHAM, HO OHHU He obecredn-
BAIOT CMeIllleHNe Ha TIOJIOBIHY HarpsiKe-
nusg nurtanust. CaMblii pocToit croco6
o6ecrieynTb CMeIeHne BXO/HOTO CUTHA-
Jla Ha NPOU3BOJIBHYIO BEJMYUHY — 3TO
UCIIOJIb30BATh JINHEWHDINH CTa6UIN3aToOP
Hanpspkenust, Hanpumep ADP667 wam
ADP3367, xak 1nokazano Ha pucyHke 6.

Ta6m/||_|,a 1. CTa6I/IJ1I/ITpOHbI M COOTBEeTCTBylOLWMNE 3Ha4YeHNsa pe3ncTtopa Rz ANna cXem Ha

pucyHkax 4 u 5

HanpsixeHne Hanpsixenue Cra6unuTpoH Tok cTabunuTpoHa, Ry, KOM
nutaHusa, B crabunusauuu, B MA
1N4100 0,5 15
15 7,5
1N4693 5 1,5
1N4627 s 11,
12 6,2 6 0.5 5
1N4691 5 1,15
1N4623 0,5 9,31
9 4,3
1N4687 5 0,931
5 2,4 1N4617 0,5 5,23
2,7 1N4682 5 0,464
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BoixoiHoe HanpsiKeHne JUHENHOTO cTa-
6uamsaropa MOXKeT OBbITb YCTaHOBJIE-
Ho B mpenenax or 1,3 B mo 16 B, u
9TO 00€CIeunT HU3KOOMHOE CMeEIleHIe
JUTSL OTIEPAIIMOHHOTO YCHJIUTENS C OJ{HO-
MOJIIPHBIM HANPSKEHUEM TIMTAHUS OT
2,6 B 1o 16,5 B.

CB43b I10 IIOCTOAHHOMY
TOKY IIPU OJHOIIOJSIPHOM
IIMTAHUN

IToka O6bra  o6CysK/JaeHAa TOJBKO
CBSI3b  OIEPAIMOHHOTO YCUJIUTEJS 110
epeMeHHOMY TOKY. XOTsI TIPH HCIOJIb-
30BaHUU BXOJHBIX U BBIXOJHBIX KOH-
JIEHCATOPOB CBSI3U GOJIBIION €MKOCTH
YCUJIUTEh MOXKeT paboTaTh € CUTHa-
JlaMi C 4acTOTaMU 3HAuYUTEJbHO HIUKe
1 T, B HEKOTOPBIX cJaydasx TpeGyercs
UCTUHHAS CBSI3b IO MOCTOSTHHOMY TOKY.
CxeMHbI€ pellieHns], KOTOpbie 06eCTIevr-
BalOT HU3KOOMHOE IOCTOSIHHOE HAIpsi-
JKEHHUE CMEIeHNs, TUIa CTaGUINTPOHOB
U JIMHEHHBIX CTAGUIN3ATOPOB, 00CYK-
JIAeMBIX BbIIlle, MOTYT UCIOJIb30BATHCS,
4TOObI CO3/[aBaTh HAIPSKEHHME <CPe/l-
HETO YPOBHSI».

AJIbTEDHATUBHO CX€Me CMeIlleHus,
MOCTPOEHHON Ha PE3UCTUBHOM JIeJITe-
Jle, IOKa3aHHOW Ha pucyHkax 1 um 3,
JUTSL CO3/1aHKsT HU3KOOMHOI HCKYCCTBEH-
HOI <«3eMJIM» MOKET HUCIIOJIb30BaThCA
GyepHblii  ONEePAIMOHHBIN  YCHJIUTED,
KaK MOKa3aHo Ha pucynke 7. Ecan s
MUTAHUST UCTIOJIb3YETCs] HU3KOBOJIBTHAS
Garapes, ckaxem 3,3 B, OY nomken
UMeThb BO3MOKHOCTb paboTaTh C CUTHA-
JIAMI, PABHBIMH pa3Maxy HAIPSKEHMs
nuranust — rail-to-rail. Kpome Ttoro,
OY rakke Jo/KeH ObIThb CIocoGeH
obecrieunTh GOJIBIIOI  [TOJIOKUTENbHbII
WM OTPUIATEJIbHBIH BBIXOAHOW TOK.
Konpgencarop C2 HIyHTHDYET [eJUTEND
HATIPSDKEHUsT, YTOObI YMEHBIIUTD HIyMbI
pesucropoB. Ha 3Ty cxemy He BJH-
sieT HecTaOMJIbHOCTD  9JIEKTPOIUTAHYS,
noroMy 4to ofmuil yposerb («3eMusi»)
BCer/la HaXO/UTCSI Ha YPOBHE MOJIOBUHBI
HAPSIKEHNUST TTUTAHS.

ITPOBJIEMDbI 3AJAEP/KKN
BKJIIOYEHUA

B zakmiouenne HeoOXOIUMO pac-
CMOTpETD ellle OJHY NMpo6IeMy — BpeMs
BKJTIOYeHUst ycnanresnsd. OHO npubInsu-
TeJbHO Gy/IeT 3aBUCETh OT ITTOCTOSHHOI
Bpemenn RC-1iemouky, ncrosb3yeMoil B
caMOM HU3KOYaCTOTHOM (PUJIbTPE.

B maccuBHBIX cxeMaxX CMeNeHusd,
paccMOTpPEeHHBIX 37ech, Tpebyercs,
4ToOBl mocTosiHHAsT BpeMenu RC-
IIETTOYKM, COCTOMAIIEl W3 TapaJiiesb-
HO COEJMHEHHBIX PE3UCTOPOB R, u
Rg u C2, 6pi1a B 10 pas OGosbiie,
4eM IOCTOSTHHbIE BPeMEHHW BXOJHON 1
BBIXO/IHOW Ilemeii. JlnnTenpHas 1mocTo-
SHHAas BPEMEHHU MOMOTaeT y/Iep:KUBaTh
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AKcenepomerpbl No TexHonorun iIMEMS

TexHonorus iMEMS
no3sonuna o6begUHUTL B
OAHOM KpucTtanne gar4uk
M cXemy yrnpaBneHus, MTO
yMeHbLUuNo notpebneHne
u pa3mepbl NpubopoB no
CpaBHEHUIO C MeXaHu4yec-
KUMW YCTPOMCTBaAMMU.

Cankr-Netepbypr
yn. Mob6egpl, 11
Ten. (812) 327-9090

Mockea
yn. Bonewasn Mo4rosas, 38, cTp. 5
Ten. (095) 788-5948

Exarepunbypr
Ten. (343) 377-7094 °
(343) 257-7037

CXEeMY CMEMNIEHUS] BO «BKJIOYAIONEMCS»
COCTOSTHMM TI0 OTHOIIEHUIO K BXO/[-
HBIM U BBIXOIHBIM IIETSIM YCUJIUTES,
obecrieunBasi MOCTENEHHOE HapacTaHue
CpPeHEero yPOBHS BBIXOIHOTO CHUTHA-
ga or 0 B [0 mosoBUHBI HampsiKe-
Hust nuTaHus 6e3 CKAaYKOB [0 YPOBHS
HanpspKeHus mnutanusi. [J1aBHOe Tpe-
6oBanme, 4TOOBI YaCTOTA CPe3a CXEMBI
cMerneHust Ha ypoBHe 3 AD Oblia MeHb-
e B JECSThb pa3, 4eM HaMMEHbIIas U3
gacror cpesa R1C1 n Ripap/Cour.
Hampumep, B cxeMe Ha PHCYHKe 2
[UISL  TIOJIOCHI TIPOMYCKAHWUS HadynHasI
¢ 10 T u xoadpduimenta ycuaeHns,

| Poctoe-Ha-Oony
'| Ten. (863) 220-3071
(863) 220-3072

ANALOG
DEVICES

C aHanoroBbIiM BbIXOAOM MO HanpaXeHuko

ADXL103
ADXL203
ADXL31

ADXL320
ADXL321

1000 mB /g
1000 mB /g
167 mB/g
174 mB/g

C Bbixogom UMM

ADXL213 | |
ADXL202E | |
ADXL210E |

Hoeocubrpek | | Mixerck
Ten. (383) 212-5874

(383) 212-5875

paBuHoro 10, eMKOCTb KOHIeHCATOpa
C2 nomxHa 6bITh paBHa 3 MKD, UTO
006€eCIeYnT YacToTy Cpe3a IO YPOBHIO
3 nb, pasuyio 1 TT.

C pesucropamu Ry 1 Rg = 100 kOm
conporusiaenne B RC-mienouke (mapas-
JIeTbHOE  coenMHenune) OyJeT paBHO
50 kO™, mpu C2 = 3 MKD moCTOTHHAS
Bpemenn Oyzer pasua 0,15 c. Takum
06pa3oM, CpelHuil YPOBEHb BBIXOIHOTO
CUTHAJIA YCUJIUTEJIST TOCTUTHET BEJMYU-
HbI TOJIOBUHBI HANPSDKEHWUS] ITHTAHUS
npubmmsureapio 3a 0,2..0,3 c. Mexay
TeM, BXOJHBIe M BbIXoaHble RC-menn
YCTAHOBSITCS B JIECSITh Pa3 ObICTpee.

'| ren. (3412) 600-660
(3412) 600-661

+1,29
2 g
+10 g

125 %/g
4.0 %/g

| www.eltech.spb.ru
analog@eltech.spb.ru

MNpeacraentenscTeo B MuHcKe
BEMANTEX
Ten. (375 17) 256-1860

(375 17) 256-1861

B ycrpoiictBax, rae BpeMs BKJIO-
YEeHUA MOXKET OKas3aThbCs UYpesMep-
HO JUIMTENbHBIM, IIpeJloYTUTeNbHee
HCIIOJIb30BaThb CXeMbl CMelleHus Ha
CTabUIMTPOHAX HMJIN JUHEITHBIX cTabu-
JIN3aTopax.

JUTEPATYPA

www.analog.com/library/
analogDialogue/archives/35-02/
avoiding/index. html

Ilepecod c¢ amea. a3.: Ouaee
Pomanos, mexnuueckuil cneuua-
aucm komnanuu <AJITEX »,

I] CoObITHA pbIHKA

>> iSuppli npeagynpexaaer: NOCTaBKu
LCD-naHeneu gsisi MOHUTOPOB B 4eTBEPTOM
KBapTaJsie MOryT rpeBbICUTL CIMPOC

MpepnoxeHne XK-naHenen onss MOHUTOPOB MOXET NPEeB30UTU
CNpOoC BO BTOPOW MOMOBMHE rofa, NOCKObKY HA CUTyauuio BavseT
pocT npogax XK-TeneBnM3opoB v nepepacnpeneneHve 3arpysku
NPOM3BOLACTBEHHbIX MOLLHOCTEN. K TakoMy BbIBOZY NPULLM aHaIN-
Tukn iSuppli.

Ce30oHHOe nameHeHue cnpoca Ha XK-MoHUTOpbI HE ncrpaBuio
CUTyauumn C NPeBbILLIEHVEM NPELNOXEHNSA HAL, CMPOCOM, NMOCKOJSbKY
M3roTOBUTENM pasMecTunn 6osblue 3aKka30B, OPUEHTUPYSACH Ha
ONTUMUCTUYECKME NPOrHO3bI, CAENaHHble B uionie u asrycte. Crnpoc

Ha 9TOT BUA NPOAYKLMU, KaK OXMAAETCS, BO3PACTET B YETBEPTOM
KBapTane, Ho 0O6beM MOCTaBOK OCTAHETCS KJoYeBbIM (HakTopom,
onpezensiowmm 6anaHc Mexay CNpoCcoM U NPEeASIOKEHVNEM.

CBOIO ponb wurpaet nepepacnpegeneHne npou3BOACTBEH-
HbIX MOLLHOCTEN. B kayecTBe npumepa mccnenosaTeny npuBoasaT
Samsung Electronics: komnaHus ygennuumt npomnssoacTteo XKK-naHe-
el 4N MOHUTOPOB Ha CBOeM 3aBofe 5G, MOCKOJbKY BbIMyCK NaHe-
nel ans TeneBn3opoB COCPeaoToYeH Ha MOLLHOCTSAX 3aBoaa 7G.

OpyruMmn cnoBamu, MOXHO HaOEesATbCsl, YTO nobeaHoe LuecTBme
LCD-MOHMTOPOB MPOAOIKXUTCA M OyaeT noaKperniaeHo AOMOoHnU-
TENbHbLIM CHUXEHUEM LIEH.

www. digitimes.com
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