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BBEOEHUE

Co3pgaHre CMEMaHHBIX CHCTEM HAa KPUCTAJUIE WM KOPITyCE Ui CO-
BPEMEHHOM anmaparyphbl CBs3U TpeOyeT pa3paOOTKHA MOJHOTO KOMILIEKTa
cH0)kHOPYHKIMOHATBHBIX (C®D) OJIOKOB ISl TEXHOJIOTHUNA, OPUEHTUPOBAH-
HBIX Ha aHAJIOTOBYIO M LHU(POBYIO 31eKTpoHUKY. Hanbonee nmepcnexkTus-
HOM JUIsl 3TUX 3aJa4 sIBJsIeTCS KpeMHUi-repmanueBas (SiGe) TeXHOorus,
obecneunBaromias Hapsany ¢ muppobiMu KMOII onmusmu peanuzaiuio
KMOII nu CBY-TpaH3ucTopoB ¢ rereporepexonoMm. Bo3znukaronme mpu eé
MPUMEHEHUH MPOOJIEMbl CXEMOTEXHUYECKOIO XapakTepa O0OYCJIOBJICHBI B
MEPBYIO OYepeab MO0 OTCYTCTBUEM KOMILIEMEHTApHBIX (n-p-n, p-n-p)
TPaH3UCTOPOB, TUOO HEJIOCTATOYHO BHICOKMMHU KaYECTBEHHBIMHU ITOKa3aTe-
JISIMM P-N-P TPAH3UCTOPOB.

BripaboTka pexoMeHIaluii HHKEHEPHOI0 XapaKTepa Mo HUCIO0JIb30-
Bannto 3toro buKMOII 0a3uca cBsizaHa HE TOJBKO C COINOCTaBIECHUEM
CTABIIMX YK€ TPAJAUIMOHHBIMU CXEMOTEXHUYECKUX PEIICHUM OTICIbHBIX
y3J10B, yCTpoiicTB U CP-0JIOKOB, HO U C UCCIICIOBAaHUSAMM, HaIPaBJICHHbI-
MH Ha pa3pabOTKy HOBBIX METOJOB U MHKEHEPHBIX METOJUK ONTUMAJILHO-
ro CXEMOTEXHUYECKOTO MPOCKTUPOBAHUSI, YUUTHIBAIOIIMMH OTOBOPEHHBIC
TEXHOJOrn4eckrue (hakTopbl. YUUTHIBAs MIMPOKYHD HOMEHKIATYPY (DYyHK-
[IMOHAJBHBIX YCTPOUCTB CUCTEM CBSI3HM, K TAKUM HCCIICIOBAHUSM B IIEPBYIO
ouepeib HEOOXOAUMO OTHECTHU CIEAYIOIIIEE.

Bo-niepBbIX, MOBBIIEHUE UHTETPAIBHBIX KAYECTBEHHBIX MMOKa3aTeIIeH
mupokoro kinacca JuHerHbix KMOII ycTpoiicTB, npuOimkeHne ux xapakx-
TEPUCTUK K (DYHKIIMOHAJIbHBIM aHAJIOraM Ha OHUIIOJISPHBIX TPAH3UCTOPAX
CYILIECTBEHHO MOBJIMSIOT HA BO3MOXKHOCTh CUCTEMHOW MHTErpalii COOCT-
BeHHO CHK u pacmpuT HOMEHKJIATypy cOOTBeTCTBYHOIIUX CP-0JI0KOB.
Hogrie crpykTypst KMOII y3510B TTO3BOISIOT CYIIECTBEHHO JIOMOJHUTH U
pa3BuTh cxemorexHuky Cd-61okoB B bBuKMOII 6a3uce u yxe mosromy
pacliMpuTh 00JaCTh MPAKTUYECKOrO0 MPUMEHEHHs HaubOoJjee AemEBOro
texmpornecca SGB25VD 6e3 p-n-p SiGe TpaH3UCTOPOB.

Bo-BTOpBIX, HE00X0AUMO OOJIee TIIyOOKOE HCCIIEIOBAHNUE CXEMOTEX-
HUYECKUX BO3MOMXHOCTEH TPAJULIMOHHBIX KOMIUIEMEHTAPHBIX CTPYKTYP
CBY onepanmoHHbIx mpeoOpa3oBaresied M KIACCHUYECKUX YCUIIUTENEH,
HaMpaBJICHHBIX HA YMEHbIIIEHWE TPEOOBAHUMN K HAMPSDKEHUIO TUTAHUS, T10-
TpeOJIIEMOMY TOKY, CO3JaHHWE HOBBIX, B YACTHOCTH Mapada3HbIX, CXEM,
MTOBBIIAIOIIMX MOMEXO03aUIIEHHOCTh cMemanHbiXx CHK. Takue pe3ynb-
TaThl HEMOCPEJACTBEHHO HE TOJIBKO BIHSIOT Ha cxeMmorexHuky CBY CO-
OJIOKOB, HO U YBEJIUYUBAIOT MPEJICJIbHBIA YPOBEHb WHTETPALIMM MHUKPO-
ANEKTPOHHBIX CUCTEM CPEJICTB PAIUOCBS3H.
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Haxonen, 1 310 caMo€ I1aBHOE, YKa3aHHBIE MCCIEA0BAHUS JTOJLKHBI
3aBepIIaThCs Pa3pabOTKON MHKEHEPHBIX METOJUK U PEKOMEHJAINH, CBS-
3aHHBIX C OOWHIeH MpOOJIEeMONM MHTETpaldyd HOBBIX CXEMOTEXHUYECKUX
MPUHIMIIOB NIPU MPOEKTUPOBAHUU KOHKPETHBIX yCTpoHcTB U C®D-0110KOB
JUISl CMELIAHHBIX MUKPORJIEKTPOHHBIX CUCTEM Pa3IMYHOIO (PYHKIMOHAIb-
HOT'0 HA3HAYCHMUSL.

CymectByromasi TEHICHIUS PACIIMPEHUS HOMEHKIATYPBI TOJIBKO
YCUWJIMTENEH HaIlPSKEHUs HE SIBISIETCA ONTUMAJIbHOM. OTO 00YCIOBINBAET
AKTYaJIbHOCTh PAa3BUTHS CXEMOTEXHUKHM ycuiutTesed Toka. Ha stom Ha-
IPABJIICHUU CKPBITHI MOTEHIMAIBHBIE BO3MOXHOCTH COBEPLICHCTBOBAHMS
aHAJIOTOBBIX MUKPOCXEM OOIIIET0 U YACTHOI'O MPUMEHEHUSI.

AHanu3 y4eOHOW M Hay4YHOW JMTEPATypbl B OOJACTH aHAJIOTOBBIX
MHKPOCXEM IIOKA3bIBAET, YTO CXEMOTEXHMKA YCHJIMTEIEH TOKA pPa3BUTA
HEJIOCTAaTOYHO, a MyOJUKAIMU UMEIOT (pparMeHTapHbIN Xapakrep. B oriu-
yye OT MOCOOMH, pacCMATPUBAIOIINX YCWJIMTENIN HANPSKEHUS, IPaKTU4e-
CKM OTCYTCTBYIOT 0000IIaromme yueOHO-METOAUYECKUEe MoCoOusl, hUccie-
OYIOIIAE YCWINATENN TOKa. [0 OTHOMIEHHWIO K IOTEHIUAIbHBIM LEISM
(BXOJITHBIM U BBIXOJHBIM CHTHAJIaMU SIBJISIFOTCSI HANPSKEHUS) AyallbHBIMU
ABJISIFOTCS YCUJIUTEIIN TOKA.

st padotel B CBY yacTOTHOM Juamna3oHe BeCchbMa MEPCHEKTHBHBI
ycuuTenu Toka ['mnsbepra. B cBA3U ¢ 0c000i aKTyallbHOCTBIO Pa3BUTHS
saneMeHTHOM ©Oa3bl s CBY-guana3zoHa NpeaCcTaBIISIIOT CYIIECTBEHHBIN
MHTEPEC U3YYEHHE METOJ0B X MOCTPOCHHUS IIPU MaJbIX HANPSHKEHUSX M-
TaHHS, a TAKKE AHAIU3 MEPCIEKTUBHBIX APXUTEKTYP YCHIIUTENEH, SBIIAIO-
IIUXCS ATbTEPHATUBOU IUPOKO pacnpocTpaHEHHOM stueiiku [ mnb0epra.

Hwxe paccMaTpuBaeTcs CXEMOTEXHUKA YCHJIMTENIENM TOKOBBIX CHT-
HAJIOB, YTO B PSIAE CIYy4aeB MMO3BOJSAET MMOBBICUTH TOYHOCTD, IOMEXOYCTOM-
YUBOCTh U PACIIMPUTH YACTOTHBIN AUAIIA30H aHAJIOTOBBIX MUKPOCXEM.



1. IWPOKOMNONOCHbIE YCUINTUTENWU TMNbBEPTA
C MAJbIM HAMNPAXEHUEM NMUTAHUA

B coBpemMeHHON MUKPOIIEKTPOHUKE IUPOKO NPUMEHSIOTCS TaK Ha-
3bIBa€MbI€ YCUIIUTENN TOKa [ 'mibbepra. X OCHOBHOE JOCTOMHCTBO — IIH-
POKHUI 1Hana3oH padoyux 4acTOT U HauOoJiee MOJHOE UCIIOIb30BAHUE BbI-
COKOYAaCTOTHBIX CBOWCTB IIPUMEHSEMBIX TPAH3UCTOPOB. Takue yCHIUTENN
ABJISIIOTCS 0a30BBIM (PYHKIIMOHAIBHBIM y3510M MHOTUX CBY-u3nenuii.

CymiectBeHHbIN HepocTaTok Kiaccudeckoro Y I'mnsbepra (puc. 1)
COCTOUT B TOM, YTO OH HEpPabOTOCIOCOOEH MpU HANPsHKEHUSX OTpHIla-

TenbHOTrO MUTaHus E' ) <2,1B.

T ‘ o) +E51+)
|J’W |J’1
| Pl
o !
a° =
9 Borx i 0 Beix,
VT1 VT2
~N v
! Ny
L
Bx.1, VI3 VT4 Bx.1,
o— ——O

@ 1,=21, CT) 1,221, CTD =21,
o —E)

Puc. 1. Cxema kimaccuueckoro 1Y I'mnnbepra

DTO HE IMO3BOJISET MCIOJIB30BATh JAHHYIO apXUTEKTYPy B CXEMAX C
Elg_) =1,5B, a Taxxe npu e€ nuzrororiaeHun no CBY SiGe-TexHONOTHsIM ¢
MaJIbIMM TONOJIOTHYECKUMUA HOPMaMH, KOTOpBIE HE JIOMYCKalT paboTy
TPaH3UCTOPOB IIPU Elg_) >1,5B.

MoauduuupoBannas cxema 1Y TI'mibOepra mokazaHa Ha puc. 2.

Pemaemass UM 3amadya — CHW)KEHUE JIOIYCTUMOI'O HAIPsKEHUS IUTAHUSA
1o 1,5 B mpu coxpaHeHn# BCEX OCHOBHBIX TMHAMUYECKHUX TTOKA3ATENEH.
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Puc. 2. Cxema HU3K0BOJIbTHOrO 1TV

B cxeme Ha puc. 3 TONOJHUTEIbHBIE TOKOCTAOMIIM3UPYIOIINE JIBYX-
nomocHuky R1 u R2 BkitoyeHsl Mexkly 0a3aMu BCIIOMOTaTEIbHBIX TpaH-
suctopoB VTS5, VT6 u oO1iei MHOW UCTOUHUKA MTUTAHUS.

o E\” =1,5B
C3 — L1 L2 —_—C4
Beix. 1 Brix.2
BX.il BX.i2
c1 9 ¢ C2 _*
R1 R2 Bxi
I — N [ s
VI yrs vrs | VT2
VTS5 ;4/ \% VT6
@ @ O
1

Puc. 3. Cxema moguduimpoBantoro 1Y



B knaccuueckom LY puc. 1 npu ero npaxkTudeckor pean3alnuu

MHHHMAJIbHOE HampspkeHne nutanust E\7). ompegensercs Tpems p-n mepe-

I.min

X0JaMu, ITI0OTOMY Er([;)ﬁn >2,1B.

Crarnueckuii pexxum TpanzuctopoB cxembl LY (puc. 3) ycranasnu-
BAETCs ABYXIOMOCHUKaMHU 1, I, [, R1, R2. 3a c4€r HOBBIX CBSI3€Ml TOKO-
CTaOUJIM3UPYIOIIME JIBYXIOMOCHUKU [1, [, I3 peanu3yroTcs Mo OJUHAKO-
BbIM (TPaJUIIMOHHBIM) CXEMaM, HallpuMep Ha OUMOJISIPHBIX TPAH3UCTOPAX,
Y UMEIOT OJIMHAKOBOE€ MUHUMAJILHOE HAIPSHKEHHUE, MPU KOTOPOM MX TPaH-

3UCTOPBI HE BXOAAT B HacwieHue (U, =0,7B). B pe3ynbTare cxema

9.min
puc. 3 (puc. 2) MOKET UMeTh Majioe HanpsbkeHne muranus £ =1,5B.

Ha puc. 4 npeacrasiiena cxema 1Y (puc. 2) B cperie KOMIBIOTEPHO-
ro moaenupoBanus Cadence Ha Mozaensx SiGe UHTErpalbHBIX TPAH3UCTO-
POB, a HA pUC. 5 — 3aBUCUMOCTh €r0 KO3 (UIIMEHTAa YCUIIEHUS 110 TOKY OT
YacTOTBHI.

vdd

npny's
m=1

5
le=84Fe—-0
we=azoe—g/\/

lemax=6a—3

le=84Fe-9 ~
e we=420e—9
lemaox=E6e-3
ratas

le=84Ge-9 =
we=420e—9

2
Icmax==%Ce-3 m%

we=42@e-9

Vs

Puc. 4. Cxema IIIY B cpene komnsroTepHoro MmojenupoBanus Cadence
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Puc. 5. YacroTtHas 3aBucumocTh ko3 duimenta ycuienus 1Y no Toky

Ha nepemennom toke Y (puc. 4) umeer Takue xe XapakKTepucTH-
KM, YTO U KJIACCUYECKOE YCTPOMCTBO: 0OECIEUYMBAET YCHIICHHE CUTHAJIOB
110 9acToThl 1015 I'T 1.

Takum oOpazom, paccMorpenHsblid LY Bemonnser ¢pynkunn CBY-

YCWJINTEIA TOKA IIPU HANIPSKECHUU TUTaHUS Elg_) =1,5B.

2. YCUIMIUTENU TUNBBEPTA C NAPAJINEJIbHbIM KAHAJIOM
NMPEOBPA30OBAHUA CUTHATNA

OCHOBHOE NTOCTOMHCTBO ycuiuTenell Toka ['mibpbepra — MIMPOKHIA
auana3oH pado4yux 4acTOT M HauboJiee MOJHOE HCIIOIb30BAaHUE BBICOKO-
YaCTOTHBIX CBOMCTB MPUMEHAEMBIX TPAH3UCTOPOB. Takue yCUIUTENMN CTa-
71 0a30BbIM (DYHKIIMOHAJIBHBIM y3710M MHOrux CBY-n3nenui.

Kak yxe oTmedasoch, CyIIECTBEHHBIM HENOCTATOK KJIACCHYECKOIO
HIY puc. 1 cocrout B TOM, 4TO OH HEPAOOTOCIIOCOOEH MPU HANPSKEHUSIX

MMUTaHUS Elg_) < 2,1 B. D10 HE MO3BOISAET UCOJIB30BATh TAHHYIO aPXUTEK-

TYPY B DJIEKTPOHHBIX CXE€Max C E1§+) = Elg_) =1,5B, a Taxke npu UxX HU3ro-

toBjaeHUU 110 CBY SiGe-TeXHOIOrusiM ¢ MaJIbIMU TOIMOJIOTUYECKUMU HOP-
MaMH, KOTOpble HE  JOIMYCKAaloT padoTy  TpaH3UCTOPOB  IIpH

EC=EM >1,5B.



Cxema MoaM(pUUMPOBAHHOIO YCHIIMTENS TOKa3aHa Ha puc. 6. Pe-
maeMas UM 3a/ladya — CHIDKEHHE JIOMyCTUMOro HampsbkeHus: nutanus LY
1o 1,5 B pu coxpaneHur Ha JOCTaTOYHO BBICOKOM YPOBHE OCHOBHBIX JH-
HaMHUYECKUX IMapaMeTPOB.

PR
Rl| | r-—t---- ro-—F-- | |R2
ile |

Brx.i;

UBLIX. 1:0:7]—3’ /

o +1,5B

Brix.i;

E UB},IX.2:0 :7B

BX.iz
[e; O

2px2 @ =21, @ [1:2[:) ;=2I, @
5-15B

E)
Puc. 6. Cxema mmpoKOIOI0CHOTO YCUIUTENS TOKA
C mapauieIbHbIM KaHAJIOM

Ha puc. 6 nenu nomonHUTENbHOW Harpy3ku TpansuctopoB LIHI,
[IH2 BhIMONHEHBI B BUJE ABYX IOCIEIOBATEIIBHO COCIMHEHHBIX MPSMO-
cMeIEHHBIX p-n niepexonoB (VDI1, VD2) u (VD3, VD4). B psae ciydaeB
3TO MOTYT OBITh PE3UCTOPHI.

B yacTtHOM ciyyae TOKOBBIE BBIXOJBI yCTpouCcTBa BbiX.i; U BbIX.i)
MOTYT OBITh MOJAKJIIOYEHBI K pe3ucTopaM OCHOBHOM Harpy3ku R1 u R2,
OCYIIECTBIIAIOIINM MPeo0pa30BaHUE BBIXOJHBIX TOKOB B BBIXOJIHBIE Ha-
MIPSKECHUS.

[Ipy mpakTHUYeCcKON peanu3alud TOKOCTAOMJIM3UPYIOIIMX JABYXIIO-
JMOCHUKOB Knaccuyeckoro Y puc. 1 ero MuHMManpsHOE HAIPSKEHUE TTH-

tanus E().  ompenenstercst TpeMs NPSAMOCMEIIEHHBIME P-N IIEPEXO0IaMH

I.min
(tpan3uctopbl VT1, VI3 u Tpan3ucTtop, Ha OCHOBE KOTOPOTr'O BBIMOJHEH
JABYXIIOJTKOCHHUK 11) (l]m.min_lZ 0,7 B, Ujg = Uy = 0,7 B) HOBTOMY

E(_)in >2,1B. Ilpaktuuecku u3-3a ocodeHHocTeil SiGe-TpaH3ucCTOpOB B

II.m

Kiaccuyeckom 1Y Er([_;;in >24B.
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Cratnyeckuil pexumM TpaH3UuCTOpoB cxeMmsbl LY puc. 6 ycranaBnm-
BaeTCsl JBYXITOIIOCHUKAMHU [y, [, [;. 3a CYET HOBBIX CBSI3€M TOKOCTAOMIIU-
3UPYIOLINE IBYXIOIIOCHUKH [y, [, I3 pean3yroTcs 1Mo OAMHAKOBBIM (Tpa-
JUIMOHHBIM) CXeMaM MCTOYHHKOB TOKAa Ha OUIOJISIPHBIX TPAH3UCTOpax U
MMEIT OJMHAKOBOEC MUHUMAIbHOE HaNPsKEHUE Uy, min, IPU KOTOPOM HX
TPaH3UCTOPBl HE BXOAAT B HackiueHue (U ~0,7B). B pe3ynbrare

K3.min

CXEMa puc. 6 MOXXET UMETh MaJible OTpHULATCIIBHBIC U ITOJIOXKUTCIIbHBIC HA-
MPsSKCHUA ITMTAHUS:

Uxa.min.l + U36.5 ~ 1’5 B s E(+) - U36.VD1 + U36.VD2 < 1’5 B s (1)

I.min

rae U,svp; =U,svp, — HallpsbKeHus Ha p-n nepexonax VDI, VD2;
U

omin1 = 0,7 — MUHMMaJIbHO BO3MOXKHOE HaIpPsDKEHHE Ha ABYXIIO-

JJFIOCHUKEC, BBIIIOJJHCHHOM Ha 6I/IHOJ'I$IpHOM TpaH3Hu-
CTOpPC, HAXOAAICMCA B AKTUBHOM PCIKUMC,

U,ss = 0,7 — HanpspkeHue sMutTep-6asza VTS.

Ha nepemennom toke LY puc. 6 padoraer ananoruuno Y puc. 1
U UMEET MPAKTUYECKH Takue ke Xapakrtepuctuku (puc. 9, 10), yTto u us-
BECTHOE YCTPOMCTBO: OOECIEUMBAECT YCHIICHHE CHUTHAJIOB JI0 YaCTOTHI
f:=43,41Tu.

[IpupaiiieHre BXOJHOTO TOKA Ip=2iI5 o MoAuduUipoBaHHoro 1Y
nenuTces Ha aBe dacTtu. [lepBast cocTaBisIIOIIAs i MOCTYIIAET B AMUTTED, a
3aT€M — KOJUJIEKTOP BXOAHOro TpaHzucrtopa VT1. Bropas cocrasnstonias
nepenaéTcsa B KOJUIEKTOP TpaH3ucTtopa VIS U co3Ma€T HA Lenu Harpy3Ku
[IH1 npupaiieHue HanpspKeHus, TocTynaroniee Ha 6azy Tpansucropa V3.
Kak ciencrBue, M3MEHAIOTCS SMUTTEPHBIE U KOJUIEKTOPHBIE TOKH TPAaH3U-
ctopoB VT3 u VT40, uTo BBI3BIBACT B IIEMM TOKOBOI'O BhIxoaa (BbIx.i))
CyMMAapHO€ MPUPALICHHUE TOKA!

I,

+in2_
1
0

l =gy Tty =1 =1,,K;, (2)

BBIX. 1 BX.2

I
e K, 0,5 1+TO
0

B cxeme 111V (puc. 6) 3a cuéT u3MeHEHUs OTHOUICHHs I, / 1, MOXHO
YIIPaBJIATH BEJIMYUHOMN K.

Ha puc. 7 npeacrasnena cxema kiaccudeckoro 1Y (puc. 1) B cpene
KoMIbloTepHOro monenupoanus Cadence Ha momensx SiGe MHTErpasb-
HBIX TPAH3UCTOPOB, a Ha pHUC. 8§ — cxemMa MOAU(PHUIIMPOBAHHOTO HIMPOKOIIO-
JIOCHOT'O YCUJIUTEIIS TOKa puc. 6.
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vdd

R3 R2
r=1 r=1

VO
vdc=2.5
npn20@_19"413
m:1 eub! e &
Iernax:2m
W net@ss gnd

o1 Wl
o9 o7 p

H—ll 0—I—|

npn2@@_Thpn20@_1 L‘d

of m:1 m:1
Iemax:2m lemax:2m

AV ~ s
AN Vs vde=2.5
o Y
~ ve I v
L
gnd I’ 4 gnd ves M T
N ide=1m {g
ide=1m ptap1
262.8
bl o SUB
VS8

Puc. 7. Cxema knaccuueckoro LY B cpene
KOMIIbIOTEpHOro MozaenupoBanus Cadence

npn2@0_1
1

m:
Iemax:2m

55 Wnpn200_hpn2ee_2 §" s
m:1 : i

g M1
lemax:4m Jemax:4m

npn20@_1 %8s npn20e_1
m:1 gudt m:i

femax:2m 7] Temax:2m '
- ! rewes =
3
Hi— gnd

125 n7 126

V7 63 idc=2m EBidc=]var @B ide=2m

1

¢

23
82

9

Puc. 8. Cxema MO (PUIIMPOBAHHOTO IITUPOKOIOJIOCHOTO YCUIIUTENS TOKA
B Ccpejie KOMITbIoTepHOro MoaeupoBanusi Cadence

Ha puc. 9 npuBeneHa 3aBUCUMOCTh K03 (puiineHTa nepeaayu mo To-
Ky K; npennaraemoro LY puc. 8 oT 4acTOTHI IpU pa3IMYHBIX 3HAYECHUAX
CYMMapHOIr0 TOKa SMUTTEpHOM uenu [1; = [y TpanH3uctopoB QQ, Qs
(t.e. TpanzuctopoB VT3 u VT4, puc. 6).
12



3.5

I, A 8MA

3.04

2.5

2.0

Ki ()

1.5

1.0

.5 ]
0 MA

0 | | |
107 108 109 1010 10l
freq (Hz)

Puc. 9. HacroTHast 3aBUCUMOCTh KO3 PUIIMEeHTa IEpeaayuu 1o TOKy K;
MoauduiupoBanHoro 1Y npu pa3HbIx 3HaUYCHUSIX [

Ha puc. 10 nokazaHa yacToTHasi 3aBUCUMOCTb HOPMHUPOBAHHOTO KO3(-
bunmenTa nepenayn 1o Toky Y puc. 8 (Kioma) IpH TOKE [17 = Is= 8§ MA,
rIe

Kinormal = ﬁ ’ (3)
K,
rae Ko — koagduimeHT ycuiieHus 1o Toky K; B Auaria3oHe CPeHUX Yac-

TOT.

-5 ——  IporoTHn

Ki normalized )
o

- = HOBasd cxeMa

108 109 1010
freq (Hz)

Puc. 10. YacToTHast 3aBUCUMOCTh HOPMHUPOBAHHOTO KO3(ppuiineHra
nepenayu 1o Toxy HIY

Takum oOpazom, momuduuupoBanHeiid 1Y BeImogHSAET QyHKUIUU
CBU-ycminrens ToKa MpUA HANPSDKEHUSAX MUTAHUS Elg_) =1,5B= E1§+) , 4TO
HEJIOCTHKAMO B paMKaX U3BECTHBIX TEXHUYECKUX PELICHUN.
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3. KACKOOHbIA YCUNTUTENDb TOKA TMNbBEPTA

bosbimoi npakTUYeCKUil UHTEPEC NPEACTABIISET aHAJIU3 KACKOJHBIX
Moaudukamuit  ycunurene I'mnpbepra (puc. 11), oOecneunBaronmx
YIIy4IlI€HUE KaUeCTBEHHBIX MTOKa3aTesie B CpaBHEHUU ¢ 0a30BOI CXEMOM.

Brix.1; Brix.1,
@) 0
iK3 T +Ec i iK4
VT3 VT4
iBX.2+iK1 T i . L i34:in. 1+iK2
iBX.Z
i VTI VT2 vD
«6L i ial: i32 :l
BX.i] Q é iBX.l iBX.Z f Q BXIZ
| |
@ IBX.l I1:210 @ IBX.2

L - 4 o -

Puc. 11. MoguduunpoBaHHbIi ycrInTeNb TOKa [ miboepra

Beenenne B cxemy puc. 11 p-n nepexomos VD1, VD2 nosimaer ko-
3¢ PUIMEHT nepeayu mo ToKy.

Ha puc. 12—-15 npuBeneHbl cXeMsbl IPEIaraEMoro U KJIacCU4ecKoro
ycunutenen ['nnsoepra B cpene PSpice.
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VCC

R2*

ut4

VT4*

VT5*
TN15S

{InV. 11*

1m () {IVa

13*

"©

" @

vee

V+ V- PARAMETERS:
vee || 1 - || L_vee InVar =1

+| n _]_ +| h IVar = 2m

5 ?0 5

Puc. 12. Kackoausiit ycunurens ['unnbepta B cpene PSpice
Ha MOJIETISIX UHTETPATbHBIX TpaH3UCTOpoB «Ilymbcapy
(tpanzuctopsbl: n-p-n TN15S, p-n-p TP15S, I max = 15 MA)

vCce

|1?1*'"'A 3.421mA

F %, R 4.997 /0 ut4
3421m N - RS 007 \/IEEEERA . OO 7 VR S m
2.000\} 70,240 30 242} e

VT3*

™N15ST 4
v
1 (3 500m AL ‘ 1.207 m ........ .3.500mA

A E—— 0
BN 4. 38U 24.38u e % VT5*

TN15S
. 2-442m N > 440m A T 1.058mA|
i _# VT1* VT2* i
TN15S TN15S T
§-2.500m [2.500m AN
.........
Rig RER 2t
) 1.000m ANRUED C) 5.000m AR 1.000mA
vee
h'5.000
5.000\V|VRS jov IRV 5.000 PARAMETERS:
—l" e I—'jm_| : [ InVar = 1
13.80m ' 1 +5|| 14.00mA IVar = 2m

m_312 '0

Puc. 13. Cratnueckuit pexxum ycunurens puc. 12



VCC

R1 R2

1 1

ut1

o]
VT3 V_%s VT4
TN15ST &4 AT TN15S
=0
in__ — I/_ZF VT1 VTZZFZ )
4RO A T TN15S TN15S
{InV ') 11 13 12
f\/“ {Ivar} im

"¢

14

)

\'

Puc. 14. ba3oBas cxema ycunutens ['mnsoepta B cpene PSpice
Ha MOJICJISIX MHTETPabHBIX TpaH3uCcTOpoB «Ilymbcapy»

VCC

1.031mARS
VT3
™N15ST A .. I
T N —  orm
-753.8m VI °
B> 446m . 2.446mAR
n — l/_2=s VT1 VTZZF ]—a
CLRe AT TN15S TN15S
758.51 AN gec st —
-758.8m Vil 53.65uA| ey
IV m 41 -3
. A IV 1 1
D, @m0 S
L vee

Puc. 15. Cratnueckuii pexxum 0a30BoM cxembl ycuiutedns [ nnsoepra
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Puc. 17. 3aBucumoctb K03(pULIMEHTA YCUTIEHUS 110 TOKY
CpaBHUBAaeMbIX ycuintenen ['mnbpdepra oT Toka HCTOYHUKA /3
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18

KoadduumeHT ycuneHus no Toky, pa3

KoadhdumumeHT ycuneHmsa no Toky, pas

1.10

1.09
1.08

1.07
1.06 - —

1.05

1.04

1.03 : : Oui3
1.02

1.01

1.00 < 13 =T5913WMA, Ki==1

0.99
.98 /

0.97

0.96

0.95
0.94 /

0.93

0.92

0.91

OO S5 T51 152 753 154 155 156 157 158 159 160 161162 163 164 165166 167 168 169

Tok I3, MA

Puc. 18. 3aBucumoctb K03pULIMEHTA YCUTIEHUS 110 TOKY
KacCKOJIHOTO ycunutesst [ nip0epra OT Toka UCTOUHUKA /3
10 BBIXOTy out 3

1.030

1.025

1.020

N
[=
=
()]

-
=}
=
=)

Out4

-
o
S
&

-
o
S
S

13 =47.826MKA, Ki = 1

0.995

0.990

0.985

o
©
I3
S

0.975

0.9703 10 20 30 0 50 60 70 80 S0 100
Tok I3, MKA

Puc. 19. 3aBucumoctb K03pPULIMEHTA YCUTIEHUS 110 TOKY
KacKOJIHOM cxeMbl [ mip0epTa OT ToKa UCTOYHUKA I3
10 BhIXO1y out 4



Out1

002 [3=87.193MKA, Ki = 1

KoadhduumeHT ycuneHus no Toky, pas
0000000 ==~
&
[{e]

o
©
©
N

o
©
©
=

0.990

0.989

Q " " L L " L L L " L L " " L L " L L " L

0'98050 55 60 65 70 75 80 85 90 95 100 105 110 115 120 125 130 135 140 145150
Tok I3, MKA

[ R ]
[ N ]
o=

Puc. 20. 3aBucumoctb K03(pULIMEHTA YCUTIEHUS 110 TOKY
KJIaccuueckoro ycunurens [ mip0epra oT Toka HICTOYHUKA /3
110 BbIxoAy out 1

Out2

as

o o
o o
N o

1.001 I3 =4.8414mMA, Ki=-1 /

|
0.998 ‘ 3

[ |
o 0997 < i
T 0.996 . . ‘
= |
8 0.995 P |
!

I

;

!

0.991
0. 99(4)1.800 4.1805 4.181 04.:81 5 4.(820 4.(825 4.18304.:8354.:8;10 4.1845 4.1850 4.18554.:860 4.(865 4.(870 4.18754.:880 4.(885 4.(890 4.1895
Tok I3, MA
Puc. 21. 3aBucumoctb K03pPULIMEHTA YCUTIEHUS 110 TOKY
KJIaccuueckoro ycunurens [ mipdepra oT Toka HICTOYHUKA /3

I10 BBIXOAY out 2
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I'paduku puc. 16-21 no3BosAIOT 00ECNEUNUTh CPABHEHHE OCHOBHBIX
napaMeTpoB KJIACCHYECKOW cXxeMbl ycuiuTens Toka ['mibbepra m e€ oc-
HOBHBIX MOJIA(PUKALIUMN.

4. METOObl NOCTPOEHUA CBY-YCUITUTENEN
HA BA3E TOKOBbIX 3EPKAIJ

B Hacrosmem pa3aciic paCcCMaTpruBaArOTCA HMIMPOKOIIOJIOCHBIC KaCKa-
Abl YCUIJICHHUSA TOKA, PCaJIM3yCMbIC Ha OCHOBC TOKOBLIX 3CpPKaJl.

4.1. Ycunutenb nepeMeHHOro Toka ¢ npotuBodasHbIMMn
TOKOBbIMM BbIXogamu

OCHOBOI1 OOJIBIIIMHCTBA COBPEMEHHBIX OMNEPAIMOHHBIX YCUIIUTEIICH,
CTaOUJIM3aTOPOB HAIPSDKEHUS, KOMIIAPaTOPOB SIBJIIOTCA TaK HA3bIBAEMbBIC
«TOKOBBIE 3epKajiay (YCUJIMTEIN TOKa) pHUC. 22, KOTOPbIE MOXKHO HCIOJIb-
3oBaTh B CBY-nunamna3one.

O +
@ r]
| i
Bx.1 ) Bbix. i
4 oo
VTI1 VT2
=
i |
j’; Brix.1;
O o -

—>>

1BI)IX:2 lBX

Puc. 22. Cxema Kj1acCHUYECKOT0 YCUIIUTEIISI TOKA
C IpOTUBO(DA3HBIMU BBIXOJIAMU
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CymecTBeHHbI HEOCTATOK Kilaccuyeckoro YT puc. 22 cocrout B
TOM, YTO OH UMEET HECUMMETPHUUYHbBIE TPOTUBO(A3HBIE TOKOBBIE BBIXOIBI,
COrJIJaCOBAHHBIE C Pa3HBIMM IIWHAMH WCTOYHUKOB MHUTAHUS, YTO OIPAHU-
YUBAET €ro MPUMEHEHUE B KaueCTBE TOKOBBIX (Dazopaciienuresied BXO/I-
HOT'0 0JTHO(A3HOI0 CUTHAJIa — TaK Ha3bIBaeMbIX «OaryHOBY (bulun).

Ha puc. 23 noka3an BapuaHT TUNOBOTO BKItoueHUs YT puc. 22 B
cTpykType AudPepeHIMAIbHOTO YCHJIMTENS, BBITOIHSIOMIETO (DYHKIIUU
MCTOYHHUKA BXOJHOTO TOKA.

__________ AKL .
: o+
| |
| |
. C) |
| |
| |
! Bx.1 " " Bx.2 |
P ©
TS USRS N J
G TR
Bx.1 )_BI)IX I
————— 1
1px % é IO |:::| R
1px L VTI1 VT2 T
rd N
iBX
Iy % ' g
Lox Breix.i;
. o

—>>

lgpix.1 :2113)(

Puc. 23. BapuanTt TunoBoro BkiatoueHusd Y T
B CTPYKTYpY AU PepeHIUATBHOTO YCUIUTENS

Ha puc. 24 npeacraBieH MOAU(DUIIMPOBAHHBIA YCUIIUTEb IEPEMEH-
HOTO TOKa. Pemraemast um 3agava — «IpuBsI3Ka» MPOTUBO(PA3HBIX TOKOBBIX
BBIXOJIOB YCTPOMCTBA K OJHOM TMOJIOXKUTEIHLHOW IIMHE MCTOYHUKOB ITUTA-
HUs, a TaKke (GopmupoBaHue Ha 0aze manHoro YT m30upaTeabHOro ycu-
JIUTEJIS C PE30HAHCHOW aMIUIMTY/IHO-4aCTOTHOM xapaktepuctukont (AUX).

Ha puc. 24 BpixonHou Tpan3uctop V12 BBINOIHEH B BUIE COCTABHO-
ro TPaH3UCTOpA, COAEPXKAILLEro m, =1 mapajieslbHO BKIIOYEHHBIX OUIIO-

JIIPHBIX TPAH3UCTOPOB.
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I

| | 3
— Brix.i
Bbixis ¢ (')777 f

iBHX.ZZmZiBX f é I0 ; iBHX-1:(1+m2)in

VT1
Us6.1 l_
1 I
]
b . . & 150™Mylgy
f 1507 Molpy

U627 Us6.1

VT2 Cl

Ipx

“—  <—

Iy

Bx.i
in(t):IO+in @ I1 @ I2:10
o -

Puc. 24. Cxema MoIupUIUPOBAHHOTO YCUIIUTEISA TOKA

Ha BbICOKMX yacTOTax, KOrjJa MOXHO MpeHeOpeyb BIMSHUEM pPEaAK-
TUBHOTO COIPOTHUBIICHHSI EMKOCTM KoHueHcaropa Cl, mpu u3MEeHEHHH
BXOJTHOT'O TOKa YCTPOMCTBA HA BEJIMYMHY Izx TOKH YEPE3 SMUTTEPHBIE IT€-

pexoabl TpaH3ucTopoB VT1 u VT2, a TakKe TOKH BBIXOJOB ipyx | U 1

BBIX.2 :
iBLIx.l = (1 + m2)in > (4)
iBbe.2 = m2in > (5)
i32 = mZin > ial = in > (6)

I7I€ My — YUCIO MapajuieIbHO BKIFOUEHHBIX TPAH3UCTOPOB, 0OPA3YIOIIUX
COCTaBHOW TpaH3ucTop VT2, misi KOTOPOro HANpPSHKEHUE IMUT-
Tep-6a3a Uyso = Uyt -
Takum oOpazoM, ko3uumenTsl nepenauu mno Toky YT puc. 24 Ha
BbIX0J1 2 (Kj») 1 BbIxoA 1 (Kj):

KiZ — BBIX.2 =—-m,, (7)

I
Ky==20=(1+m,). (8)

BX
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N3 dhopmyn (7), (8) cnemyet, 4To B MpeajiaraeMoOM YCTPOMCTBE pea-
Tu3yrTesl GYHKIUMU (Pa3opaciienuTess BXOJHOTO OJHO(A3HOr0 CUTHaja
(Isx) ¢ TOKOBBIMHM BbIXOZamMHu BbIxiju BbIX.i,, «IpHUBS3aHHBIMU» K OJHON
MTOJIOKUTENBHON IMHE UCTOYHUKA TUTAHHUS, YTO CYIIECTBEHHO PACIIAPSET
00JIacTH €ro MpakTU4eCcKoro ucnonb3oBanus. Oquako K, # K.

Ha puc. 25 HenHBepTHpYIOWIN TOKOBBIN BbIX0A (BbIxX.i;) ycTpolicT-
Ba COCJIUHEH C AMUTTEPOM JIOMOJHUTEILHOTO TpaH3ucTopa VT3, 6aza ko-
TOPOTO CBS3aHA C KCTOYHUKOM BCIIOMOTAaTEJIbHOTO HANpsKEHUs E., a KOJI-
JIEKTOP COEOUHEH C JOMOJHUTEIBHBIM HEMHBEPTUPYIOIIUM TOKOBBIM BbI-
x0110M (BbIX) ycTpolicTBa, COrNIaCOBAaHHBIM C TOJIOKUTEIBHOM IIUHON UC-
TOYHMKA MUTaHus. Beixonpl Beix., u Bbix.i, ycTpoiicTBa MOT'YT OBITH CBS-
3aHbl C PE3UCTOpaMu Harpy3ku Ry u Ry. BBenmenue tpansucropa VT3
o0ecrneunBaeT JOCTATOYHO BHICOKUE 3HAYECHUS BBIXOJHOTO COMPOTUBIICHUS

YT nns BeixonoB Beix.iu Beix., .

T
I | VT3

{
Us6.27Us6.1
{

X.i

B
o -

Puc. 25. Cxema MoguUIIMpOBaHHOTO YCHIJIMTENS TOKA
C TIOBBIIIIEHHBIM BBIXOJHBIM COITPOTUBIICHUEM

Ha puc. 26 mHBepTHpYIOIMN TOKOBBIM BbIXOX BBIX., ycTpolcTBa

COCIMHEH C AMUTTEPOM JOMOJHUTEIBLHOrO TpaHzucropa VT6, 6aza koro-
poro mojkjir4YeHa Kk 0Oasze Tpanszucropa VT3, a KOJIEKTOp COCIUHEH
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* .
C IOIIOJHHUTCIbHBIM HMHBCPTHUPYIOINUM TOKOBBIM BBIXOJ0OM Brix. 1, YCT-

poiictBa. B cxeme puc. 26 tpanzucropsl VI3 u VT4 obecnieunBaroT Kac-
KOJIHYIO (T.e. 00Jiee BRICOKOYACTOTHYIO) Tepe/iady BXOAHOTO TOKAa Ha BbI-

* . * .
xonbl BeIxX. i, 1 BbIX. i .

T *t o +
RHl D D 1{}12
_— |
Beix. b & & Bex. i
iBI)IX.IZmZiBX T é iBBIX.1:(1+m2)iBX
VT4 VT3 +E,
S
N/
in % i33

<«

VIl ‘_ f mZiBX

Bxi { ns VT2 —

<« mZ

|
I
e

lBX

()

é mZiBX

11210 @ ) IZZIO
O

Puc. 26. Cxema ycunurens Toka ¢ KaCKOJIHBIMU BBIXOJIAMU

A

Ha puc. 27 noka3zana cxema YT, B kotopor Tpansuctop VT3 BbI-
MOJIHEH B BUJE M, NapaJUIeIbHO BKJIIOYEHHBIX (110 AMUTTEPHO-0a30BBIM
Mepexo/iaM) BCIOMOTraTeIbHbIX OUIOJISIPHBIX TPAH3UCTOPOB, MPUUYEM KOJI-
JIEKTOPHI ;-1 BCOMOTaTebHBIX OUIIOISIPHBIX TPAH3UCTOPOB B CTPYKTYPE
TpaH3ucropa VT3 coeauHEHBl C JONOJHUTEIBHBIM HEUHBEPTHUPYIOLINM

s * .
BBIXOJIOM YCTpOWcTBa BBIX. 7;, a KOJUIEKTOp -0 BCIIOMOTaTENBHOIO OU-

MOJIIPHOTO TPAH3UCTOPA CBA3aH C MOJOKUTEIBbHON IMHON UCTOYHUKA TTH-
TaHUs, € M, — KOJIMYECTBO MAPAJUICIPHO BKIIOUEHHBIX OHUIOJSIPHBIX
TPAH3UCTOPOB B CTPYKTYPE BBIXOAHOTO TpaH3ucTopa VT12.

Brenenune tpansucropa VT3 (puc. 27) pemaer 3aj1auy «BbIpaBHUBA-
HUS» KOA(PPUUIMEHTOB yCWIEHHUS N0 TOKY JUIsl MHBEpTUpPYIOWIEro (Kp) u
HeuHBepTupytomero (K;;) BeixogoB YT (puc. 33, 35). B atom ciyuae 3a
CYET MHOTOKOJUIEKTOPHOTO TpaH3ucrtopa VT3 obecneunBaeTcs paBeHCTBO
K,=K,:
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Kil — BBIX.3 _ m,, (9)

Kiz — BBIX.2 _ —m,. (10)

JlaHHBIE TEOPETUYECKHE BBIBOABI MOATBEPXKIAIOTCS PE3yJibTaTaMU
MoJienpoBanus cxem puc. 30, 32, 34.

T + o +

RHI D D RH2

BLIX.*il o 1) BLIX.*il
iBbe.lszin f ngblx.lszIBx
+ 1'1'12-1
VT4 Ny © VT3
O
» ~ER
my |4 I
{
Vi

VTI 517 -—
BX.i & iBX / VT2 — Cl1
e

“— RN

. Na) T2

Lpx & & mZin

SONNON
O

Puc. 27. Meton «BbIpaBHUBaHUD KOA(DPUIIMEHTOB YCUIICHHS 10 TOKY
JU1sl ”HBepTUpYo1Iero (Kj;) u HemHBepTupyromero (K;;) BoixogoB YT

B cxeme puc. 28 (yHKIIMM WCTOYHMKA BXOJHOTO TOKA M JIOMOJIHU-
TEJIbHOI0 UCTOYHMKA TOKA BBITOJIHSAIOT TOKOBBIE BBIXOJIbI IpeoOpa3oBate-
a5 «Hanpsbkenue-tok» [THT1, manpumep nuddepennmaibsHoro kackasua.
DTa cxeMa MOKa3bIBaET OJHO M3 HAIPABICHUM MPAKTUYECKOTO HUCIOJIB30-
BaHHUs PacCMaTpUBaEeMOro ycTpoucTBa. [lpumep mpakThudeckou peann3a-
UM ycuJnTenss npuBeAEH Ha puc. 30, B KOTOPOM B KA4E€CTBE JUHAMUYE-

CKOW HAarpy3KH B LU BbIX0Aa BbIX.[, UCIIOIB3YyETCS UCTOYHUK TOKA [>.
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Puc. 29. [IpuMep NpakTUYECKOW pean3aluy yCUIUTENS
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Ha puc. 30 nokazana cxema YT (puc. 24) B cpeie KOMIbIOTEPHOTO
MoaenupoBanus Cadence Ha mojensx SiGe-TpaH3UCTOpPOB, a Ha puc. 31 —
JaCTOTHAs 3aBUCHMOCTH K03 dUIIMeHTa ycuiieHus 1o Toky YT co Bxoma

Ha BbIxozs! 3 (Beix.Z,)u 7(Bsix.7)) (out_1;, out 1, puc. 31).

RS
r=1
R4
r=1
gnd

out_i1

out_i2

V22
vde=2.5

Puc. 30. Cxema YT puc. 24 B cpene
KOMIIbIOTEpHOro MojaenupoBanus Cadence

—Ki_left —Ki_right
16.0

14.0] s s
12.0

10-0'Zout_i2(1MHz, 8.85dB)

8.0

Ki (dB)

6.04 out_i1(1MHz, 4.96dB)

4.0 Out il ‘
*
2.04 ---  Out_i2 ‘\
LY
0.0 . . . . b
108 107 108 109 1010 10l
| 354.81MHz | 7.8427dB freq (Hz)

Puc. 31. YactoTHas 3aBucUMOCTh KO3 (ULIEHTa YCUIIEHUS 110 TOKY Y T
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Ha puc. 32 nokaszana cxema YT puc. 27 B cpeae KOMIBbIOTEPHOTO
MojaenupoBanus Cadence Ha mojensix SiGe-TpaH3uCTOPOB.

vCC

Le=@.84um 21 551
C=1@nF

| | N

- N

- +

> 3

© vee o

npnvs ot npnvs 4 npnVs oz
m=1T"0a17 m=1T"q25 m=17"Qz6
le=840e—9 H"":s le=Le ”":3 le=Le \_‘,{"“gl no,
we=420e—9 (M we=420e—9 1 we=420e-9 @2 L vde=2.5
Iemax:1.5e—-3 1 Iemax:1.5e—3 1 Iemax=3e—3 1 _>
Mnotse netd74. i netd7+
[ ]
23
- vde=90@m
npnvs Wnete74 c=C i
m=17"Q18 c1
le=84@e—g ] nt7q gnd
we=420e—9 1
:1.5e—
Iemax:1.5e 3“'”1 npnVs

fm=1

ey le=Le
we=420e-9
lcmaox=4.5e—3

vee

Puc. 32. Cxema YT B cpene komnbroTepHoro MojienupoBanust Cadence

Ha puc. 33 npeacraBieHa 4acTOTHAsI 3aBUCUMOCTh KO3 (PUIIMEHTOB
nepenadyn Toka K; co BXOAa yCTpOMCTBAa Ha BbIXoAbl out 1 m out 2 YT
puc. 32 npu EMKOCTH KOppekTupyromero konaencaropa Cip= C = 10 HO.

—Ki_new_out2 — Ki_new_outl
16
14
124
104

8.0
6.0/
4.0
2.0
04 -—= out2
-2.01 h}

-4.0 . . . .
107 108 10° 1010 10l
[ 18.128MHz | 4.783dR freq (Hz)

Ki (dB)

(10.2MHz, 4.77dB) — outl s

Puc. 33. YactoTHas 3aBUCUMOCTb KO3 (OUIIMEHTOB MepeIaun ToKa K;
CO BXOJIa YCTPOKCTBA Ha BbIXOAbI out 1 u out 2 YT
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Ha puc. 34 noka3ana cxema ycunurensa Toka puc. 27 B pexxume CBY
n3buparenpHoro ycunurens npu Cyp= C =1 n®.

vCC

Le=1,26um . s
C=1pF

VCC

outl

npnVs . .
m=1 Q17 m=1 Q25 m=1 Q26
le=84fe—0 | meess lo=Le T reess le=Le T meiss o1

we=420e-9 /| W we=420e—3 /o] | W we=420e-9 /] 4 vdc=2.5
Iemax:1.5e—3 M/l ICmGX:LSE—;‘)F 1 Ilermox=3e—-3 Zi 1 C_)
Jl netSe: netd74

23
- vde=986m

we=420e—3

le=8406~9 | ™
T
Icmax:1.5e-3 1

M il npn¥s

netss g
m=1
P! o le=Le
we=420e—9
— —4.50—
al s Iemax=4.5e—3
c

S
PN

vee

Puc. 34. Cxema ycunurens Toka
B pexxume CBY u30uparenbHOro yCuanuTens

Ha puc. 35 npeacraBineHa 4acTOTHasE 3aBUCUMOCTh KO3 (PUIIMEHTOB
nepeaauu no Toky K; YT puc. 34 Ha Beixoasl out 1 1 out 2 B pexume us3-
ouparenbHoro ycwiurens CBY-nuamaszona npu €MKOCTH KOPPEKTHPYHO-
mero koaeHcaropa Cy=C=1nd.

—Ki_new_out2 — Ki_new_outl
16.0
14.04
12.04
10.04 -—— Out2, Q,=0.94
8.04
6.04
4.04
2.04
0_
-2.0%
_4_0.
=5.0
-8.0 , |
108 109 1010

| 97.724MHz | -2.1384dB freq (Hz)

ax(4.57GHz, 13.5dB)

—  Outl, Q;=0.84

Ki (dB)

Puc. 35. YacToTHas 3aBUCUMOCTb
Ko3(ppunmeHToB nepenaun 1mno Toky K; YT
B pexuMe nzbuparenpHoro ycunnrenns CBU-nnanazona
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CpaBnenue rpapukoB puc. 31 u 33 (puc. 35) nokasbIBaeT JOCTaTOY-
HO BBICOKYKO HJEHTUYHOCTH IEPEAAYM BXOJHOTO TOKOBOTO CHTHajna Ha
npoTuBOQazHble BbIXOAbI ycTporcTBa 10 yacToT 10—15 ['Tu. ITpuuém 3a
CYET BBIOOpA EMKOCTH KOPPEKTUPYIOIIEI0 KOHACHCATOpa pealu3yeTcs pe-
30HAHCHBIM BHUJI aMILUIUTYAHO-4YACTOTHOM XapaKTepUCTUKH (puc. 35).

Takum oOpazom, paccmoTpeHHbI YT mmeeT aBa nmpoTUBO(A3HBIX
TOKOBBIX BBIXOJIa, COIVIACOBAHHBIX C IIWHOW MOJIOKUTEIBHOTO MCTOYHUKA
IATAaHUS, U KPOME ITOr0, XapaKTEPHU3YyETCd CBOWCTBAMH PE30HAHCHOTO
yeunutena ¢ K;>1. /lanabie cBoricTBa YT MO3BOMNSIOT peaan30BaTh HA €r0
OCHOBE aHAJIOTOBBIE CMECUTENIM CUTHAJIOB HA OCHOBE siueek [ minboepra.

4.2. MeToabl KacKaaMpoBaHUA yCUnNuTesrien Toka

B nacrosiiee BpeMsi B aHaJI0rOBOM MUKPOCXEMOTEXHUKE B COCTABE
aHAJIOTOBBIX MHTEP(PENCOB MHUPOKOE NPUMEHEHUE HAXOAAT YCUIUTEIN TO-
Ka. Takas cTpyKkTypa craja OCHOBOM IIOCTPOEHUsS MHOIHMX IOAKJIACCOB
yCuauTelNen, HanpuMep ocuuuiorpadon. B »Toil cBs3u 3a1aua yiaydieHus
apaMeTpoB 3TOro (PYHKIIMOHAIBHOTO y3Jla OTHOCUTCS K YUCIY J0CTAaTOY-
HO aKTyaJIbHBIX 3a7ja4 COBPEMEHHOW MUKPOIJIEKTPOHHKHU.

Ha puc. 36 npeacraBieH MHOTOKACKAIHBIM KIACCHUYECKUN YCHUIIU-
TE€JIb TOKA, COJAEPKAIUN MTOCIE0BATEILHO COEANHEHHBIE TOKOBBIE 3€pKa-
na IIT1 u IIT2, kaxoe U3 KOTOPHIX UMEET TOKOBBIM BXoa Bx.i; (Bx.ij i,

Bx.i,1), HeunBepTupyronuit Beix.i; (Bbix.1;1, BbiX.i1 ) 1 ”HBepTUPYIOIIUI

Beix.i, (Bbixi, ,BbIX.i, , ) TOKOBBIE BBIXO/BI, IPUYEM KaKI0€ U3 TOKOBBIX
3epkait coaepkut p-n nepexon VD1 (VDI.1, VDI1.2), BKIFOYEHHBINH MEK-
1y €ero TOKoBbIM BxojoM Bx.i; (Bx.i;, BX.i;) 1 HEUHBEPTUPYIOLIUM TOKO-
BbIM BbIXOA0M Brbix.i; (BbIx.ij;, BbIX.ij;), u BeiIxogHOM Tpan3uctop VTI
(VTI.1, VTI1.2), 6aza kOTOpOro COEIMHEHAa C TOKOBBIM BXO0J0M BX.i
(Bx.i1.1, Bx.i}.1) TOKOBOrO 3€pKaia.

CyleCcTBEHHBIA HEJIOCTATOK TAKOTO YCUJIUTENS TOKA U YCTPOMCTB HA
€ro OCHOBE COCTOUT B TOM, YTO OH HE MOXET paboTaTh KaK pe30HAHCHBIN
YCWJINTENb TP MAJIOM TOKOMOTPEOJICHUH U BBICOKUX 3HAYEHUSX KOA(DPu-
uueHra ycuieHus K.

30



Bx.ix ¢ BbIx.12.
i 1'1’1110
Bx.i11 ¢ l )
mylgx
Y ___ A
r I
|
| VTI1.1 - i
|
| |
~ IIT1
. \/ VDI.1 Esml :
| |
| |
| |

BEIX.1; 4 I

BX.il.z

1

|
-
ES m, ~IIT2
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Brix.ij ¢
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Puc. 36. Cxema Kj1acCM4eCKOro MHOTOKAaCKaJHOTO YCUIIUTENS TOKA
Ha 0a3e TOKOBBIX 3epKall

Ha puc. 37 nokazan Moau(pUUIMPOBAHHBIN yCWINTENb TOKa. Pemae-
Mas UM 3aja4a — (OPMHUPOBAHHUE PE3OHAHCHON aMILIUTYAHO-4YACTOTHOM
XapaKTEPUCTUKH KO3(PPULIMEHTOB Mepeayu MO TOKY MPU CPaBHUTEIHHO
MaJIOM PHEPronoTpeOJeHUN U BHICOKUX 3HAUYCHUSX Kod(duimenra ycuse-

Huia K;.
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Puc. 37. Cxema MHOTOKaCKaJHOTI'O YCHUJIUTEIS IEPEMEHHOIO TOKA

Ha puc. 37 B kauectBe BhIXOAHOro Tpansucropa VTI (VTI.1,
VT2.2) xaxnaoro u3 TokoBbix 3epkai [1T1 u I1T2 ucnonb3yercst cocTaBHOMN
TPaH3UCTOP, COJAEPKAIIUN HECKOJIBKO MapajulelIbHO BKJIIOUEHHBIX OUIIO-
JSIPHBIX TPAH3UCTOPOB (B 001IeM ciyyae s Tpanszucropa VT1.1 —m, >1,
a qs tpansucropa VI1.2 — m, >1), kxpome 3TOro, B cXeMy BBEJIEH BbI-

X0HOM TpaH3zuctop VT2, 6aza KOTOpOro cBsiz3aHa CO BXOJOM TOKOBOTO
3epkana [IT1, sMuTTep NOAKIIOUEH K HHBEPTUPYIOLIEMY TOKOBOMY BBIXO-

ny Bsixi,, ToxoBoro 3epkana IIT2, a KOmIeKTOp COCAMHEH C UHBEPTH-
PYIOILMM TOKOBBIM BBIXOLOM BbIX., ; TokoBoro 3epkana IIT1 u cBs3an ¢
OCHOBHBIM HHBEPTUPYIOLIUM TOKOBBIM BBIXOJOM BBbIX.Jy yCTpONCTBa,
MpUYEM B KAYE€CTBE OCHOBHOI'O HEMHBEPTUPYIOIIETO TOKOBOTO BBIXOJa
BpiX.iy yCTpONCTBa HCHOJIB3YETCSA HEWHBEPTUPYIOIIMKA TOKOBBIM BBIXOL

Brix.i; ; TokoBoro 3epkana I1T2, a TokoBbIM BX010M BX.iy ycTpolcTBa SIB-
JsI€TCS TOKOBBIA BX01 BX.71 1 TokoBOrO 3¢pkana I1T1.
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Cxema, npexacraBieHHas Ha puC. 38, COOTBETCTBYET puc. 37 U HC-
MoJb3yeTcs i aHanu3a padotsl YT puc. 37.

. . o +
|
i (0=T oy @ L kg D R1
Bx.i § & BBIxX.ig
i i 2IO é é iBBIX.] ]:in[m]+m2(l+m])]
IBX:IO M IBX VTI . 1 .ﬁ VT2
d V
Na N
Cl.1 m,

T G |

’/ mj in é inmZ( 1 +1’1’1])

14.1=lgx(1+my) é

|

vD1.2 Y/ Y igmy(14m,)

Brix.iy V| Tpen x=1px(1+my ) (1+my)

I =1
|:::|£ IBLIX.E:IRZ C) b2

e O -

R2

Puc. 38. Cxema MoguUIIMPOBAHHOTO YCHIIMTENS TOKA

B cxemax puc. 37 (puc. 38) UCTOUHMK BXOJHOI'O TOKa [, UMEEeT B
obmieM citydae JBe cocTaBisitomue i, (t) =/, +i,, — NEPEMEHHYIO (iz) H
IIOCTOSHHYIO /p. B 11eru 0OCHOBHOTO MHBEPTUPYIOLIETO BBIX.Jsz U OCHOBHO-
IO HEMHBEPTUPYIOIIETO BBIX.ix TOKOBBIX BBIXOJIOB MOT'YT BKJIHOUYAThHCA (TIPH
HE00X0oauMOCTH) pe3uctopsl Harpy3ku R1 m R2, ocymectBistoniue mnpe-
00pa3oBaHUE BBIXOJHBIX TOKOB B BBIXOJHOE HANPSKEHUE.

B cratndeckom pexxume, KOrjaa nepeMeHHasi COCTaBJIsoIIasi BXOIHO-
ro Toka (iz) paBHa HYJIO, B TPAH3UCTOPAX CXEMbl U B LEMAX BBIXOJOB
Bbixi; ¥ BBIX.iy IPOTEKAIOT CIEAYIOMIME SMUTTEPHBIE (15i) U KOJIIIEKTOp-
HbIe (/) TOKHU:

L1 2=6 =1,
L=ha=, (11)
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17 22107

Brix.Z
I BLIX.ZZI 0

I BLIX.ZZI R2:1 (\1)
Trac

Ig—> Lyx s — CTAaTUYECKUE TOKH, ITPOTEKAIOIIUE B BBIXOHBIX y3/1aX.
[Ipu cuHyCcOUIaIbHOM BXOJHOM CHUTHAJE Ipx(f) BBIXOJHOM TOK TOKO-
Boro 3epkana IIT1 (iyux1.1) AT €ro HEMHBEPTUPYIOLIETO BhIXxoaa BhIX.i;
OMpEeACISIETCS CYMMOM JIByX COCTaBJISIONIUX — TOKOM YEpe3 p-n Mepexoj]
VDI1.1 (izx) u TokoM Koppektupyroiiero kouaencaropa Cl.1 (miyy), co-
MIPOTUBJIICHUEM KOTOPOTO HAa YaCTOTE CUTHAJIA MOKHO MPEHEOpEUb:
Ipix 1.1 = LoxHic11 = (1+my )iy (12)
T€ M| — YUCIIO MapaJICTIbHO BKJIOUEHHBIX TpaH3UCTOPOB B VT1.1.
[ToaTOMy BBIXOAHOW TOK OCHOBHOI'O HEHMHBEPTHPYIOLIETO BBIXOJA
(Beix.iy):
lonxs = (14+my)(1+my)iy, (13)
T M) — YUCIIO MAapaJICIbHO BKJIOUEHHBIX TPAaH3UCTOPOB B VT'1.2.

AHAJIOTMYHO MOKHO HAaWTU BBIXOAHOM TOK OCHOBHOTO HWHBEPTH-
PYIOILIETr0 TOKOBOTO BBIXOAA YCTpoicTBa ( BhIX 0y ):

‘ =[m; + my (1+m)|isx. 14

leIx.Z [ ! 2 ( 1)] BX ( )

Takum o0OpazoM, B IEPBOM MPUOIMKEHUH KO3 PUIIMEHTHI YCUIICHUS

10 TOKY MPEIJIaraéMoro yCTpOMCTBa Il OCHOBHOTO HEMHBEPTUPYIOIIETO
¥ OCHOBHOTI'O MHBEPTUPYIOIIETO BBHIXOJOB OINPECISIOTCS CICTYIOIINM 00-
pazoMm:

K& = (1+m)(1+my), (15)
K ~m +m,(1+m). (16)

1
N3 ypaBHenuii (15) u (16) MOXKHO cenaTh BBIBOJ O TOM, UTO MPH
OOJBIINX 3HAYEHUSIX EMKOCTHU KOppEKTHpyrolmux KoHuaeHcatopoB Cl.1,
C1.2 1 cCOOTBETCTBYIOIIEM BBIOOPE IUJIOMIAACH p-n MEPEXO0B TPAH3UCTO-

poB VTI.1, VT1.2 MOXHO NONYy4YWUTHh IOCTATOYHO BBICOKOE YCHIICHUE
(K>>1, K7)>>1) B mmpokom auamasoHe 4acTor.

JlaHHbIE BBIBOJABI MOATBEPKIAIOTCS PE3YJbTaTaMU KOMIIBIOTEPHOTO
MOJIEJIMPOBAHMSL.
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KpOMe 9TOr0, BBIIOJHCHHBLIC HCCICAOBAHUSA ITIOKA3bIBAKOT, YTO IIPH

MaJibIX

3HAQUEHUAX KOPPEKTUPYIOIIUX KOHIAEHCATOPOB

Cl.1, Cl.2

(C=1+10nd) pacCMOTPEHHBI YCUIIUTEIb BBINOIHAET (PYHKUMUA U30Mpa-
TEJLHOT0 YCUJIUTENS KaK JJi1 OCHOBHOIO MHBEPTUPYIOIIETO, TaK U JIJIS OC-
HOBHOI'O HEMHBEPTHUPYIOILETO BBIXOAOB (pucC. 42—44).

Ha puc. 39 npuBeneHa cxema yCHINTENS TOKA pUC. 38 B Cpelie KOM-
nbtoTepHoro mozenuponanus Cadence Ha Mozensx SiGe MHTErpalibHBIX
TpaH3ucTopoB Texmponecca SGB25VD.
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Puc. 39. Cxema ycunurens Toka
B cpeJie KoMITbIoTepHOro MoaenupoBanust Cadence
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Ha puc. 40 noka3aHa 3aBUCUMOCTbh OT 4acCTOThI KO3((HUILIMEHTa Tie-
penaun Toka K; YT puc. 39 Ha 0CHOBHOW HEMHBEPTUPYIOLINI BbIXO (out 1)
U Pa3HOCTh (a3 MEXIAy HEMHBEPTUPYIOIIUM W WHBEPTHUPYIOLIUM BBIXOa-
Mu YT (out 1, out 2), a Ha puc. 41 — 3aBUCMMOCTH OT 4YacTOThI
Ko3(ppumeHToB nepeaaun Toka K; Ha BeIxoJibl (out 1, out 2).

— Ki_down — phase_out_up-out_down
30, 280
254 /260 _
4 !} .va
204 ! o
- { ka0~
— ] ' 8
g 15 ! S
et 1 : - 4 220 5
g 10] —_— Kil J \\‘ / g
! |----  pa3HOCTH (a3 500 °
5.0 MEKIY BBIXOJAMH . E
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Q==L il 180
- 5 .0 ] T T T T 160
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Puc. 40. YactotHas 3aBrucuMocTb K03 dunrenta nepenaun toka K; YT
Ha OCHOBHOI HEMHBEPTUPYIOIIMI BbIXo (out 1) u pa3Hocts a3
MEXTy HEMHBEPTHUPYIOIIMM M MHBEPTUPYIOMM Bhixofgamu YT (out 1, out 2)

—Ki_down —Ki_up

30
254
20'; (1MHz, 17.1dB)
= 71/ ekl bbb
] :\c 1MHz, 15.7dB)
Z 10
] —_— k03 (pPHULMEHT IIepeIaYun Ha
5.0 BBIXO/ iBbIX |
| k03 (pPHULMEHT IIepeIaYun Ha \\
0 BBIXOJI IBBIX2 \
] \'\a
= 5 .0 ] T T T T
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Puc. 41. YactoTHble 3aBUCUMOCTH KO3(DPUIIMEHTOB niepeaadn Toka K;
Ha BeIXoAsI (out 1, out 2)
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Ha puc. 42 npuBeneHa pe3oHaHCHas 3aBUCUMOCTh KoddduiimeHra
nepegaun Toka YT (puc. 39) co Bxoaa inp Ha BbIxoabel 1 out 1 u 1 out 2
OT 4acTOTHl. 3JHa4YE€HUE EMKOCTEH KOPPEKTHPYIOIIUX KOHAEHCATOPOB Ciop
paBHO 15 n®, a Ha puc. 43 mokazaHa 3aBUCUMOCTb OT YaCTOTHI Pa3HOCTH
da3 mexay Bbixogamu YT (puc. 39) 1 out 1 u i1 out 2 u ko3pdHUITUEHTOB
nepenad K; Ha 3TU BBIXOJAbL. 3HAYEHUE EMKOCTEN KOPPEKTUPYIOMINX KOH-
aencatopoB C = Cy,p paBHO 15 nD.
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Puc. 42. Pe3onancHas 3aBUCUMOCTb KO3(ppuimenTta nepegauu Toka Y T
CO BXOj1a inp Ha BeIXOJbI 1_out 1 m i1 _out 2 OT 4aCTOTHI

30 80.0

S -100
_120 D
T
= g

= 140
2
- Pt
v [
~160 %
o
ptt? n
...---""““‘" - — E
T ..... - \‘\ 180 e

{724MHz, - 180deg) hN
0 > -200
5 \‘\-‘_
-5.0 . . 220
108 109 1010 1011
| 575.4aMHz | 26.84dR freq (Hz)

Puc. 43. YacToTHas 3aBUCUMOCTb Pa3HOCTH (a3 MeKy Bbixogamu Y T
1 out 1 ni out?2 u kordpduireHToB nepeaay K; Ha 3TH BBIXOJIbI
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Ha puc. 44 npuBeeHa 4aCTOTHAsI 3aBUCUMOCTh Pa3HOCTH (a3 MEXKIY
BbixoAamu 1 outl u 1 out 2 YT (puc. 39) u xosdpdunuents nepenau K.
3HaueHue EMKOCTEN KOPPEKTUPYIOIIUX KOHAEHCATOPOB Cyop.= 100 1D.
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Puc. 44. YacToTHas 3aBUCUMOCTb Pa3HOCTH (a3 MEKly BbIxogamu i_out 1
ni_out2 YT u koapdunments! nepenau K;

Ha puc. 45 nokaszana 3aBUCUMOCTh KO3((UIIMEHTA MepeJayl ToKa

YT (puc. 39) K; OT 4aCTOTBI IIPU PA3TUYHBIX 3HAUCHUSIX EMKOCTEN KOPPEK-
tupytonux konjaeHcaropoB C =1-+100 nd. Jlanuwsie rpaduku moka3biBa-
10T, YTO MOJIU(PULIUPOBAHHBIA YCUIUTEIb TOKa siBisiercs ipu C =1+10 nd
PE30HAHCHBIM YCUJIUTEJIEM C BBICOKOW JIOOPOTHOCTHIO aMILIUTYIHO-
YaCTOTHOM XapaKTEPUCTUKH.
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Puc. 45. YacrotHas 3aBucuMocTh K03 duiirienTa nepenayn Toka YT K;
MIPU PA3IUYHBIX 3HAYEHUAX EMKOCTEW KOPPEKTUPYIOLIMX KOHJEHCATOPOB
C=1+100 n®
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Takum 00pa3oM, pacCMOTPEHHBIE CXEMbl MHOTOKACKaJIHOTO YCHJIU-
TeJIs MEPEMEHHOI0 TOKAa UMEIOT HU3KHE 3HAYCHUS MOTPEOISIEMOr0 CTaTH-
YECKOI'0 TOKA, KOTOPBIM 3aBUCHUT OT YMCJICHHBIX 3HAYCHUN TOKOB JIBYXIIO-
JIXOCHUKOB /; 1, [} » 1 BXOAHOI'O CTaTUYECKOro TOKa /,, =/, 4TO I1O3BOJIAET

UCIOIb30BaTh YT ISl MOCTPOECHMS KaK MIMPOKOMOJIOCHBIX, TaK U U30Upa-
TEJIbHBIX YCTPOUCTB C MAJIBIM SHEPTOMOTPEOIECHUEM.

3AKIKOYEHUE

1. B coBpeMEHHON MHKPOIJIEKTPOHUKE IIMPOKO MPHUMEHSIOTCS TaK
Ha3bIBa€Mble yCHJINUTENU TOKa ['mnpbepra. MIX OCHOBHOE JTOCTOMHCTBO —
HIMPOKUN Juana3oH pabOouMX 4acTOT U HauboJiee MOJHOE UCIOJIb30BAHNE
BBICOKOYAaCTOTHBIX CBOWCTB IPUMEHSEMBIX TPAH3UCTOPOB. Takue ycuiu-
TEJIU SABIISAIOTCS 0a30BbIM (YHKIIMOHAIBLHBIM y3710M MHOTUX CBY-u3nenuit.

2. CymectBeHHbI HenoctaTok kiaccuueckoro Y TI'mnebepra co-
CTOUT B TOM, YTO OH HEpPaOOTOCIIOCOOEH MPU HAMPSHKEHUAX OTPUIATENb-

HOI'O MUTAHUS Elg_) <2,1B. DT0 HE MO3BOJISET UCIIOIB30BAThH JTAHHYIO ap-

XATEKTYpy B CXe€Max C Elg_) =1,5B, a Takke npu €€ HU3rOTOBJIECHUHU IIO
CBUY SiGe-TexHOI0rusiM ¢ MajabIMH TOMOJIOTHYECKUMH HOPMAMHU, KOTOPBIE
HE JIOMYCKaIOT padoTy TPAH3UCTOPOB MPHU Elg_) >1,5B.

3. B maHHOM mocoOMM pPacCMOTPEHBI HOBBIE METOIbI MOCTPOCHUS
Y I'mnbbepTa mpu Majabix HANPsHKEHUSX TUTaAHUS:

— ILIUPOKOITIOJIOCHBIE YCUJIUTENIN TOKA C LIEIBIO CMEILEHUs BXOIHBIX

IIOTEHIMAJIOB;
— YCHWJIUTEIIA TOKa C NapajyIebHBIM KaHAJIOM MpeoO0pa30BaHuUsl CUT-
Hala;

— ycuiurelb Toka ['mnpdepra ¢ NOBBILIEHHBIM KO3(Q(GUIIUEHTOM Iie-

penaydu mo TOKy.

Pemraemasi 1aHHBIMU yCWIIMTEISIMU TOKa | MibOepra 3ajaya — CHU-
YKEHHE NOIMYCTUMOro HanpspkeHus nuranud LY no 1,5 B npu coxpanenun
HAa JI0CTaTOYHO BBICOKOM YPOBHE OCHOBHBIX JTMHAMHUYECKUX NIAPAMETPOB.

4. ITocTpoeHbl cEMENCTBA OCHOBHBIX XapaKTEPUCTHUK, ITO3BOJISIONINE
o0ecrneunTh CpaBHEHHE 0A30BBIX MAPAMETPOB KIACCUYECKOW CXEMBbl yCH-
auTens Toka ['mip0epTa u e€ NepCrneKTUBHBIX MOIU(PUKALIHIA.
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5. B cBs3u ¢ 0co00OM aKTyallbHOCTBIO PAa3BUTUS IJIEMEHTHOU Oa3bl
st CBU-guana3zoHa CylnecTBEHHbBIN UHTEPEC MPEICTABIIAET MOUCK HOBBIX
Y TIEPCIIEKTUBHBIX apxXuTekTyp CBYU-ycunurenen, SBIIOMUXCSA albTEpHa-
THUBOW IIUPOKO PacpOCTpaHEHHOU suerKu | unpoepTa.

Paccmotpensr metonibl noctpoeHuss CBY-ycunureneit Ha 6a3e TOKO-
BBIX 3EPKAJI, 4 TAKKE MUPOKOIIOJIOCHBIE KaCKabl, pEATU3yEMbIE HA X OC-
HOBE, B T.4. YCWJIMTENIb IEPEMEHHOTO TOKA C MPOTUBO(PAZHBIMU TOKOBBIMU
BBIXOJIaMH, a TaKXK€ METObI KackaaupoBanuss CBY-ycunrenen Toka.

Tak, pacCMOTPEHHBIM yCUIUTEIL TOKa (puc. 24) uMmeeT ABa NMPOTH-
BO()a3HBIX TOKOBBIX BBIXO/Ia, COIVIACOBAHHBIX C IIMHOM IMOJOKUTEIBHOIO
VMCTOYHUKA MUTAHUS, U, KPOME ITOT0, XapAKTEPU3YETCSI CBOMCTBAMHU PE30-
HaHCHOTO ycwinrens. /lanHble cBoricTBa YT MO3BOJSIOT peanu3oBaTh Ha
€ro OCHOBE aHAJIOTOBBIE CMECUTENIM CUTHAJIOB Ha OCHOBE sAueek | ninoep-
Ta, a TaKkKe CHOPMHUPOBATH PE3OHAHCHYIO aMILJIUTYIHO-4aCTOTHYIO XapaK-
TEPUCTUKY KOA(D(PUIIMEHTOB NEpeIavr 0 TOKY IPU CPABHUTEIHHO MajiOM
SHEPTONOTPEOJCHUA U BBICOKMX 3HAUYCHUSAX KOI(Q(UIIMEHTa YCHUIICHUS.
BrinosiHEHHBIE HCCIENOBaHUA TMOKA3bIBAKOT, YTO IIPU MAaJbIX 3HAYECHUSX
KOppeKTUpyroumx KoHjaeHcaropoB (1+10nd) naHHble YCUIUTEIN BBINOJ-
HAIOT QYHKIMU U30MPaTENbHOrO YCUIIUTENS KaK AJisi OCHOBHOTO UHBEPTH-
PYIOILETO, TaK U 111 OCHOBHOT'O HEMHBEPTUPYIOIIETO BBIXOIOB.

IToka3aHO, YTO NEPCIIEKTUBHBIE apXUTEKTYphl Y T UMEIOT 10CTaTou-
HO BBICOKYKO HJEHTHUYHOCTH IEPEAAYM BXOJHOTO TOKOBOTO CHTHajna Ha
npotuBodazHbie BLIXObI 10 4acToT 10—15 I'T1. ITpuuém 3a cuér BriOOpa
EMKOCTH KOPPEKTHPYIOIIETO KOHIEHCATOPA Y HUX PEAU3YETCA PE3OHAHC-
HBIM BHJ] aMIUIUTYAHO-4aCTOTHOW XapaKTEPUCTUKH.

PaccMoTrpeHHass apxXuTekTypa MHOTOKAaCKaJHOTO YCHIMTENSA Iepe-
MEHHOI'0 TOKa UMEET HU3KHE 3HAYEHUSI MOTPEOIIEMOro CTaTUYECKOIO TO-
Ka, YTO MO3BOJIAET UCIIOJIB30BATh JaHHBIM Y T UIsI MOCTPOEHUS KaK IIUPO-
KOIIOJIOCHBIX, TaK U M30MpaTEIbHBIX YCTPONCTB C MAJIbIM 3HEPronorpeo-
JICHUEM.
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