NMABA 3

BA30BbIE CXEMbl U3BUPATENbHbLIX YCUINIUTENEN

[IpakTHyeckoe MOCTpoeHUEe U30UPATETbHBIX YCHIUTENEH, CTPYKTYPbI KO-
TOPBIX PACCMOTPEHBI B pasjeie 1, CBOAUTCSA K CXEMOTEXHUUECKOMY CHHTE3Y aK-
TUBHBIX YCWJIUTEIBHBIX 3JIEMEHTOB M BBIOOPY MapameTpoB PEe3UCTOPOB U KOH-
JIEHCATOPOB, ONPEAEISIIONINX YacTOTy KBasupesoHanca Y. Huxe npusonsarcs
MPUMEPBI CO3JaHHBIX TakuM oOpazoM MY u pe3ynabTaThl MX KOMIIBIOTEPHOTO
MOJCIINPOBAHUS.

3.1. UsbupaTenbHbie ycunutenu
Ha OCHOBE KOMMJIeMEeHTapHbIX «MeperHyTbiX» KacKkogoB

Tak Ha3pIBaeMbIC «IIEPETHYTHIE» KACKOJBI OTHOCSATCS K YHCIY HamboJliee
MOMYJISIPHBIX CXEMOTEXHUYECKUX PEIICHUl COBPEMEHHOM aHaJIOTOBOM MHUKpO-
CXEMOTEXHHUKH. B 3TOI CBSI3M MpEeACTaBIsEeT CYHIECTBEHHBIM MHTEPEC UX MPHU-
MEHEHHE B KA4YECTBE YCWJIMTEIBHBIX AJIEMEHTOB W30MPATENIbHBIX YCHIUTEICH
BY- u CBY-gunana3ona.

3.1.1. lNepeasi 6azoeass cmpykmypa
Hwxe paccmartpuBaeTcss METOJ MOCTPOCHHSI BBICOKOJOOPOTHBIX AKTHB-
HbIX RC-GunbTpoB ¢ HU3KOW YyBCTBUTEIBHOCTHIO OCHOBHBIX TTapaMEeTPOB K He-
CTaOMIILHOCTH DJIEMEHTOB Ha OCHOBE «IeperuyToro» kackoja [39] (puc. 3.1).
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Puc. 3.1. AxtuBHbili RC-(QunpTp Ha OCHOBE «II€pErHyTOro» Kackoaa
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KommnekcHpiii k03¢ dunuenT nepenaun no Hanpssxenuro K, (jf) nzdupa-
TEJNBHOTO YCUIIUTENS PUCYHKA 3.1 ompenensieTcs COOTHOIEHUEM, KOTOPOE MOX-
HO MOJYYUTH C TOMOLIBIO METOIOB aHAJIN3a JJIEKTPOHHBIX CXEM:

U jfg
Ky(if)=%=—l<o P (3.1)
BX fo—f>+if 2

rae f — yactora curnana; Q — noobporHocTh AUX u30MpaTebHOIO YCUITUTE;
Ko — koaddunment ycunenuss IV na vacrore kBasupesonanca fy; fy — yacrora

KBa3UPE30HAHCA.
ITpruém:
1
fp=—7—, 3.2
‘ 21417, 3-2)
T] :C](R] +h]].l +h]].2)7 (33)
1, =R,C,, (3.4)
T R,K,
Ky~Q |-+ S , (3.5)
T Ry+hy +hyy,
1
QO = o . (36)
Yl R,Kis }_ T2
T, Ry+hy+hy, T
rne C;, C, — émxocts koHAeHcatopoB C1 u C2; h,,, z% — BXOJHOE COIIpO-

3

TUBJIEHHME 1-T0 TPAH3UCTOpA B cXeMe ¢ obOuiel 6azoi; ¢, =25 MB — temnepa-
TYpHBII MOTeHIUAN; I,; — CTAaTHUECKUI TOK SMUTTEpA i-I'0 TpaH3UCTOpa; o; <1 —
KO3 (PULIMEHT YCUIEHUS N0 TOKY AIMUTTEPA 1-r0 TPAaH3UCTOPA.

K = o0, + 00K, (3.7)
rre Kz — koadGuiuenT ycuneHust no TOKy HHBEPTUPYIOUIETO YCUIIUTENS TOKA
I1T1.

Ecmu BBIOpath T, =1,, R, =R, +h,,, +h,,,, T0 ypaBHenusa nusa Q (3.6)

u Ky (3.5) cyiecTBeHHO ynpoIIarTCs:

1
R S 3.8
Q=5 (3.9)
Kis
~—=—=K;Q. 3.9

OTO MO3BOJSAET 3a CUET LIEJEHANPABICHHOrO BbIOOpa MapaMeETpOB 3Jie-
MEHTOB, BXOJAuX B ¢opmyny (3.7), nonyuuts 3aaaHHbie 3HaueHust Q (3.8) u

Ko (3.9).
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Ha pucynke 3.2 noka3zana cxema MY, B KOTOpOW MHBEPTUPYIOLIUNA YCH-
nutenb Toka [IT1 Bemonnen Ha tpan3zucropax VT6, VI7 u p-n nepexoae VDI.

O +
R3 |j R4|j RS

+
VT3 VTS5 | VT4
VTI VT2
Bx" Brix.
N : o
&) o
Bx Cl "
1 R2 C2
Uspx _|
IIT1
v -
| i 7
! VT6 !
| |
[ |
I | |
b CT) ’ CT) 1\ VDI V17 | |
i i
T T O -

Puc. 3.2. MonudunupoBannas cxema ycunurens ¢ Ki=3

Ha pucynke 3.3 nokazana cxema Y pucyHnka 3.1 B cpege KOMIbIOTEPHO-
ro mojenupoBanusi PSpice Ha Mopensx MHTErpaibHbIX TpaH3ucTOpoB PI'YII
HIIIT «Ilynbcap», a Ha pucyHke 3.4 — 4yacTOTHas 3aBUCUMOCTb €ro ko3¢ duiiu-
€HTa YCWICHUS 10 HAIPSKEHHUIO.

}f_ TP15S
. V4 VT2
TP15S 15 == c2
L | 1
0

in _%s VT vis £ Y out A Y
TN15S N15S T A

C1 R1
V3 11

oy
ovde 318p 5 0

0
1m<

N\

"

i
'

Puc. 3.3. Cxema Y B cpene KoMIIBIOTEPHOTO MoAeaupoBanus PSpice
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-3ab: f=1-10°T'y, K,=19 b, Q=1.6

19.4

10.0

-10.0

KosddpuumeHT yeunenus, ob

-20.0

12-10° 100-10° 1-10° 10-10° 100-10°
YacToTa, Ny

Puc. 3.4. YactoTHast 3aBUCUMOCTb KO PUIIMEHTA YCUIICHUS
110 HanpspkeHuro Y

Ha pucynke 3.5 nokazana cxema Y pucyHnka 3.2 B cpefie KOMIIbIOTEPHO-
ro mojenupoBanus PSpice Ha MOJENsIX UHTErpabHBIX TPAH3UCTOPOB, a Ha PH-
CyHKe 3.6 — 4acTOTHasi 3aBUCUMOCTh €ro Kod(dduireHTa yculieHus 1o Hamnpsi-

KCHUIO.
vCce
13 14
2m C) 3m C
V1
.
5 —
TP15S
VT3
in _z:s il VT2 ZF ~ Y
TN15S ™Niss T A
200
c1 R1
V3 |1
1Vac, I ’\9&’ :0
oVdc 700p
V2
= 5 L
= F1 =
0 11 12 T
1m C) m C)
AIN = 1.4
vee

Puc. 3.5. Cxema Y (puc. 3.2) B cpene KOMIbIOTEPHOTO MoJieupoBanus PSpice
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-3aB: f=1-10°T'y, K,=49 4B, Q=100
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Puc. 3.6. YactoTHast 3aBUCUMOCTb KO3 PUIIMEHTA YCUIICHUS
110 HanpspkeHuro Y

Takum o0Opa3zom, paccMOTpeHHOE cxeMoTexHuueckoe pemenue NV xa-
pPaKTEepU3yEeTCs BHICOKUMM 3HAYEHUSIMU KO3(P(UILIMEHTA YCUJICHHS Ha 4YacTOTe
KBa3upe3oHaHca fy U MOBBIIIEHHBIMH BETMYUHAMU JOOPOTHOCTH, BEJIMYMHA KO-
TOPOM ONPENEIAETCS YUCIOM NapajuIeIbHO BKIOYEHHBIX TPAH3UCTOPOB B TOKO-
BoM 3epkaie [1T1.

3.1.2. Bmopasi 6azoeass cmpykmypa
Ha pucynke 3.7 noka3ana cxema npeanaraemoro Y [40]. Pemaemas um
3a/1a4a — noBhIlieHre Jo0poTHOCTH AUX ycunurens u ero ko3 duiiuenra ycu-
JIEHUS M0 HANPSDKEHHWIO HA 4acToTe KBasupe3oHaHca fy. DTo mo3BoussieT B psije
CJIy4aeB YMEHBIIUTh 00Ilee SHEPronoTpedIeHUe U pean30BaTh BbICOKOKaUe-
CTBEHHOE n3bupatenbHoe ycTpoiictBo CBU-auanazona ¢ f;=1+5I'T.

+
(%;Iz

H] R1 VT2

>|—o +Eg
C1
|_. Brix.u

Bx VT1
C2
Brix.2
H i

OF ] =

Puc. 3.7. Cxema npeajaraeMoro n3buparenbHoro ycunurens [40]
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HcTOYHUK BXOJHOIO CHUTHAja Uy, Yepe3 BXOAHYIO TUDPepeHHpYIOUTyIO
1enb, oopazoBannyto konaencaropom Cl u pesucropom R1, usmensier (B coort-
BETCTBHHM C YKa3aHHBIM 3aKOHOM) BXOJHOM (3IMHUTTEpPHBII) TOK TpaHzuctopa V T2.
XapakTep KOJUIEKTOPHOM Harpy3Ku 3TOTO TpaH3ucTopa (pe3uctop R2 u koHueH-
catop C2) obecrnieunBaeT UHTETPUPYIOUIUN 3aKOH MPEeoOpa30BaHUs ITOTO TOKA B
BbIxogHOE Hanpspkenue Y (Boix.u). B atoit cesazu AUX Y umeer sxctpemym
Ha 4acToTe KBa3upeszoHaHca (fy) v HysJeBble aCUMOTOTUYECKHE 3HAYCHUS KOA(-
¢unuenta nepenauu. [IpeobpazoBanue 4acTu BBIXOJHOTO HampsikeHuss MY ye-
pe3 konaeHcatop C2 B AOMOJHUTENbHBIA TOK A3MUTTEpa Tpanzucropa VT1 cmo-
COOCTBYET peaiu3aliui KOHTypa pereHepaTUBHOU 0oOpaTHOU cBsizu. [lpu sToM
koHzeHcaTop C2 u BxogHoe conpoTtusieHue Tpansuctopa VT1 obpazyior nud-
(bepeHIUpYIOIIYIO IIeMb, a MapaielbHoe (110 NIePEMEHHOMY TOKY) CO€IMHEHUE
koHgeHcatopa C1 u pesuctopa R1 — mHTErpupyoulyto 1nemnb rnpeoOpa3oBaHUs
TOK KoJulekTopa TpaHizuctopa VT1 B u3MeHeHHUs TOKa 3MUTTEpa TpaH3UCTOpa
VT2. Takum 00pa3oM, XapakTep 4acCTOTHOM 3aBUCHUMOCTH BBOJIUMOI'O KOHTYpa
oOpatHo# cBsi3u coBmagaer ¢ AUX u ®UYX NV wu, ciempoparenbHO, NEHCTBUE
ATOW OOpaTHOM CBSI3W HAIpaBJIEHO Ha yBenuueHue Jo0poTHocTH Q U Ko03Pdu-
nueHTa ycunenus Ky npu Hen3sMeHHOM yacToTe KBa3upe3oHaHca.

[TokaxkeM aHamuTHYeCKH, YTO Ooiiee Bbicokue 3HaueHus Ky u Q B pabdo-
YeM JUAIa30He YaCTOT PEATU3YIOTCS B CXEME pUCYHKa 3.7.

JIeliCTBUTENBHO, B PE3yJIbTaTe aHAIM3a MOXKHO HAWUTH, YTO KOMIUIEKCHBIN
kod(ppunmeHT nepemgaun no HanpsbkeHuto MY pucynka 3.7 omnpenensercs 1o
bopmyie:

jt o

K, (i) =K, ——— >, (3.10)
fo—f£>+jf 2

Tac f —gacroTa CHUT'HAJIa, f() — 49aCTOTa KBA3UPC30HAHACA,

1
f=—"7—,
0 2717y
1, =C(R, +hy,,),
1, =C,(R, +hy, ), (3.11)
Ko — koadpunment ycunenus MUY na vacrore fp,
T
Ko=0,Q 2. (3.12)
1

Q — 10OpPOTHOCTD, TPUUEM
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-1
T T
Q=| |t +(1-oa,) 2] , (3.13)
Ty T
o; — Ko3(h(pULIMEHT niepejaun 1o TOKY 1-r0 AMUTTEpPA TPAH3UCTOPA.
Taxum oOpazom, unciaeHHbIE 3HaUE€HUS KO3(PUIMEHTOB o, U o, obecrie-

YUBAIOT HEOOXOAUMBIC (TpeOyembie) 3HaueHus: 100poTHOCTU Q U KodPdulmeH-
ta ycuienusa Ky MY npu nmoctosHHOM (HEM3MEHHOM) 3HAYEHUHU €ro 4YacTOThI
kBazupe3oHaHca fj (3.7).

BaxuenmuMm cBOMCTBOM mpeajaraeMoud cxembl WY sBisieTcs BO3MOXK-
HOCTh MapaMEeTPUUYECKON ONTUMU3ALUU €€ PJIEMEHTHOW YyBCTBUTEIHHOCTH MPHU
OTHOCUTEJIbHO HeOosbIoi noopotHoctu. Kak Bumno uz (3.13), npu peanusza-
[IUU YCIIOBUS

1 =0(-ua,), (3.14)
TOOPOTHOCTH JOCTUTAET MAaKCUMAJIBbHOTO 3HAYCHUS
1

Quu=——. (3.15)

B cxeme pucynka 3.7 obecrieunBaeTcsi BO3SMOKHOCTh CTPYKTYPHOM OMNTH-
MHU3aluu Kak I[O6pOTHOCTI/I Q, Tak U eé YYBCTBUTCIIbHOCTH. I[eﬁCTBHTeHBHO, B
pacCMaTpUuBarOmcM CJIiydac

L2_(1_0‘10‘2)

S? =80 = (3.16)
L24‘(1_0‘10‘2)
T

Koaddumments napamerpruueckoil 4yBCTBUTEIBHOCTH TP BBIMOTHEHUU
ycnoBus (3.14):

K K K K, 1

Sp =Sy =0,82 =82 =0,Sc" =-S¢’ =Sy’ =-Sy" = S G

ITpu »TOM yactoTa kBazupe3oHaHnca (3.11) u e€ mapamerpuueckas 4yBCT-
BUTEJIBHOCTH COXPAHSIOTCA HEU3MEHHBIMH.

Kak BunHO M3 pucyHka 3.8, Ha KOTOPOM IOKa3aHa MPAKTUYECKAS pean-
3alMsl CXeMbl pUCYHKa 3.7, cOpMYIHpPOBAHHbBIE BBILIE YCIOBHUS JIETKO pealu-
3yloTcd Ha 0a3e KOMILUIEMEHTAapHBIX OWIOJISPHBIX TPaH3UCTOPOB, OOecIeyu-
BAIOIIKUX IPE0OPa30BAHUE BXOTHOTO HAIIPSIKEHUS Uy BO BXOJHOM TOK lpy |-

JlaHHbIe TEOPETUYECKUE BBIBOJIbI MOATBEPKIAIOT TpaduKu pUCyHKOB 3.9,
3.10.

Ha pucynke 3.8 npuBenena cxema npemyaraemoro MY pucynka 3.7 B cpe-
ne Cadence Ha monensax SiGe HHTErpalibHBIX TPAH3UCTOPOB.
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Puc. 3.8. Cxema npeanaraemoro uzdbuparenbHoro ycunutens B cpene Cadence

Ha pucynke 3.9 nokazana 3aBUCUMOCTb KO3 (PUIIMEHTa YCUIICHUS IO Ha-
npspKeHUIo0 U (a3oBoro caura ot 4actotel MY pucynka 3.8 B kpynmHoM mac-
mrabe, a Ha pucyHke 3.10 — yacToTHas 3aBUCUMOCTh KO3 (UIIMEHTA YCUIICHUS
u (azosbiit casur MY pucynka 3.8 B Oosee MelkoM Maciitaoe.
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Puc. 3.9. 3aBucumoctb k03P duMeHTa yCUICHUS 10 HAMPSKEHUIO
1 (a30BOro cBUra OT 4acToThl npeasaraemoro MY B kpynHom macirade
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Puc. 3.10. 3aBucumocTtb KO3 PUIMEeHTa YCUTIEHUS 110 HAPSKEHUIO
1 (a30BOro cBUra OT 4acToThl npeasaraemoro MY B Oonee Menkom Macitade

Takum 06pa30M, npeajiaracMoc CXCMOTCXHHUYCCKOC PCHICHUC XapaKTCpPHU-
3yCTCA 0o0Jee BHICOKMMH 3HAYCHUSIMH KOB(i)(i)I/II_II/IeHTa YCUICHUA Ko Ha 4aCTOTC
KBa3UPC30HAHCA fo 1 IMMOBBINICHHBIMHU BCJIMYNHAMMU I[O6pOTHOCTI/I Q npu HU3KOU
HapaMeTqueCKOﬁ YYBCTBUTCIbHOCTH U, CJICIOBATCIIBHO, BBICOKOH CTaOMIJILHO-
CTBIO €T0 YaCTOTHBIX XaPAKTCPUCTHUK.

3.1.3. Tpembsi 6a3o8asi cmpykmypa
B uucne YCUIIUTCIBbHBIX 3JICMCHTOB, KOTOPBIC MOTYT HUCIIOJIb30BATLCA B
I/I?>6I/IpaTCJIBHBIX YCUIINTCIIAX, PCAIN3YCMbIX HAa OCHOBC PACCMOTPCHHLIX B pPa3-
nene 1 apxXuTekTyp, ClIelyeT yKa3aTb CXEMY KackoJa Ha N-p-n U p-n-p TpaH3H-
cTopax (puc. 3.11).

1
Cn - VT2 +E,
|
1 >l
Bx VT1
Beix.u
Uy | pmmmm-— ———o
1

[ []rs

Puc. 3.11. Knaccuueckast cxema ycunuTtens st akTuBHbIX RC-QuibTpoB

121



Ha pucynke 3.12 mpencraBiieHa cxema IpeiaraéMoro u30upareibHOro
YCUJINTEIS, UCTIONB3YIOIIETO CBOMCTBA cXeMbl pucyHka 3.11 [41]. Pemaemas um
3a/1a4a — noBkilieHre Jo00poTHOCTH AUX ycunurens u ero ko3 duiinenra ycu-
JIEHUS TI0 HANpsSHKEHUI0 Ha 4acToTe KBa3upe3oHaHca fy MpuW HU3KOW UyBCTBU-
TEJLHOCTH OCHOBHBIX MTapaMeTPOB K HECTAOMIBHOCTH DJIEMEHTOB.

o +
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Bx.u Cl Ij
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U T Kinsir >|—O
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Puc. 3.12. Cxema nipejiaraeMoro u3ouparenbHoro ycunurens [41]

HcTOYHHK BXOJIHOIO CHUTHaja U MOCPEACTBOM BXOJIHOM nuddepeHin-
pytolei nenu, oopazoBanHoi konaeHcatopom Cl u pesuctopom R1, usmenser
SMUTTEPHBIN TOK TpaH3uctopa VT2. IIpeobpa3oBanue 3TOro Toka B KOJJIEKTOP-
HBIM TOK OOecreynBaeT B CUJIy MHTEIPUPYIOUICH LeNu Harpy3Kd TpaH3UCTOpa
VT2, obpazoBannoit pesucropamu R3, R4 u konnencatopom C2 B BBIXOJHOE
Hanpspkenue Y (Boix.u). UMeHHO MO3TOMY XapakTep 4acTOTHOM 3aBUCUMOCTH
CXEMbl COOTBETCTBYET IOJOCHO-IIPOIyCKaloIMeMy (GUIbTPY, YacTOoTa MOJIOCA
KOTOpPOTO cOBHaAaeT ¢ yactorod kBasupeszoHaHca (fy) MUY. IlpeobpazoBanue
yacTH BeIXoAHOro Hanpspbkenus MY gyepe3 RC-nens, oOpazoBanHyto nocieaoBa-
TEJIBbHBIM COeIMHEHUEM KoHAeHcaTtopa C2 u pe3ucrtopa R4 B sMHUTTEpHBIN TOK
Tpansucropa VT1, obecrieunBaer peanu3alvio KOHTypa pereHepaTUBHON 00-
paTHOMW CBA3M, KOTOpas B 00JaCTH HIKHUX 4YacToT f<f, umeeT peakTUBHBIN Xa-
pakrep. KomnektopHslil Tok Tpan3uctopa VT1 mocpencTBoM TOKOBOTO 3epKaia
[IT1 obecneunBaeT MacmTabHOE TPeoOpa3OBaHUE ITOTO TOKA U B CHIIY CTPYK-
Typbl BxoaHoi nenu Y (konnencarop Cl1, pesuctopsl R1 u R2) obecnieunBaet
€ro MHTEerpupylomiee npeodpa3zoBaHUE B HaIpsKEHUE, YacTb KOTOPOrOo Mac-
mtabHo (pesuctopsl R1 u R2) mpeobpazyeTcss B SMUTTEpPHBIN TOK TPaH3UCTOPA
VT2. Takum oOpazom, xapaktep AUX u @YX koHTypa 0OpaTHOMN CBSI3U COBIA-
JaeT C aHAJIOTUYHBIMU 3aBUCUMOCTSIMU MY 1 mosToMy neiicTBue 0OpaTHOM CBsI-
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31 HampaBJeHO Ha yBenudyeHue noopoTHocTH Q U Kodpdunuenta ycunenus Ko
CXEMbl MPU COXPAaHEHUU YaCTOThl KBa3upe3oHaHca fy. ['myOuHa BemiecTBEeHHOM
oOpatHoii cBs3u (f=fj) HemocpencTBEHHO ompenenseTcs YKa3aHHBIM BBIIIE
MacmTabMpoBaHUEM TOKOB M, CJIEIOBAaTEIbHO, 3aBUCUT OT Kod(dduiueHTa me-
penauun TokoBoro 3epkana I1T1.

Jlist yBenmu4yeHus: aCUMIITOTHYEeCKOro 3aryxanuss Y B oOmactu BepXHUX
gacToT (f>>f)) Kk ero BeIX01y MOXHO MOAKIIOUUTH OydepHbli yecunutenab bY ¢
HIYHTUpYIomEeR EMKoCThIO C3.

KommnekcHpii k03¢ dunuenT nepenaun no Hanpsoxenuro K, (jf) nzdupa-
TEJIBHOTO YCUJIUTENS pucyHKa 3.12 onpenensieTcsi COOTHOIIEHUEM:

U i
K, (jf) = =2 = K, Q —, (3.18)
U £2 _f2 4 jf 0
Q
rjae f— gactora curnana; fy — yactora KBa3upe30HAHCA;
p_ |
211 T, ’
Tl = C (  +hy 2)
= J+R,+h, ), (3.19)
-1
Tl
= 1 0,0,K,5) | s (3.20)
Ty
K,=Q [2a,, (3.21)

T
riae Kij3 — koagpunueHT nepenaun 1no Toky TokoBoro 3epkaia I1T1; a, — koag-
(GULKEHT epe1adyn YMUTTEPHOTO TOKA 1-F0 TPAH3UCTOPA.

BaxxHolt 0COOEHHOCTBIO CXeMbl pUCYHKa 3.12 sBisieTcs BO3MOXKHOCTh
peanuzanuu MY ¢ pa3nuuHbIMU MOTPeOUTENbCKUMH CBOWCTBaMU. Tak, IpU BbI-
Oope ycioBus

K. =laa,, (3.22)
a TaKke 3a cu€T BhIOOpA CTPYKTYphl TokoBOro 3epkana I1T1 (kak BUAHO U3 co-
otHomieHus (3.20)) MOKHO MOJTYYUTD:

Q= |-2. (3.23)

Takoii MY xapaxkrepusyercss HU3KOM NapaMEeTPU4YECKOW YyBCTBUTEIILHO-
CTBbIO OCHOBHBIX I1APAMETPOB:
SQ =—SQ _SQ _l SQ _l R3 Q _l R4
G TG TR TR T R+ R, +hy % 2R, +R,+h
3 4 3 4 T

: ,(3.24)
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SE; = —Sglo = 1 ) Sg;) = 2883 5 Sgi = 2884 . (325)

Onnako mpu BBICOKOH 100poTHOCTH (Q>>1) 3TO COMPOBOXKIAECTCS YMEHb-
HIEHUEM JTUHAMUYHOTO JUAMAa30HA CXEMBI.

C npyroit croponsl, Kak cienyeT u3 (3.20), npu peanusanuul yCIOBUs
T, = T, MOXHO IIOJTyYUTh

1

= (3.26)
2-0,0,K;;5

CnepnoBatenbHO, 3a CUET BBHIOOpA YHUCIECHHOIO 3HaueHUs KodpduimeHTa
nepenaun no Toky Kjj; TokoBoro 3epkana I1T1 moxxHO peanuzoBath Tpedyemoe
3HaueHue n1oopoTHoctu Q u ero korddunmenta ycunenus Ky (3.21). Ilpu stom,
Kak 3To cienyet u3 (3.19), 3HaueHue 4acToThl KBazupe3oHaHca fy u e€ mapamer-
pudecKasi YyBCTBUTEIbHOCTh HE U3MEHSIOTCS.

Ha pucynke 3.13 npuseaena cxema Y pucynka 3.12 ¢ OydepHbiM ycu-
mutenem BY Ha Tpansuctope Q1 B cpene Cadence U KOpPpEeKTHPYIOUIUM KOH-
nencaropom C7 (C3).

VCC

R1=480 Ohm
R2=25@ Ohm
C1=170 fF
C2=178 fF
Ck=150 fF

R3
r=R2

=]
[ o

=SB
WE
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. net31
prpaf]d 0138

gnd
lomaxed mAgves

11
vdc=-9080m

vee

25
=2.5

Puc. 3.13. Cxema npeniaraeMoro u30MpaTeabHOro YCUIUTENS
B CpeJie KoMIbloTepHOTO MoaenupoBanus Cadence
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Ha pucynke 3.14 mokazassl Jiorapu(MUUECKHUE aMIUTUTYIHO-4aCTOTHAas
(JTAUX) u ¢azo-uactotHas xapakrtepuctuku WY pucynka 3.13 B nuamazone
yactoT oT 1 k' no 100 I'Tw, a Ha puc. 3.15 — B qauana3zone yactot ot 100 MI'1q

o 10 I'T.

50.0 150
Q=14 (1.008CHz, 24.04dEB)
O 1 g e L Gt Bt 1 g 1 R _—— Flo0
1
O | — Ky no ! r50.0
. HAIIPSDKEHUATO ! §
a -25.01 - capur dassl i 0 o
> 1 &
w =50.0 iy -—50.DE
it o
-75.04 M. —100
)‘“\
Ay
-100] 150
- 125 T T T T T T T 200
103 104 10° 10% 107 108 109 1010 j3pl!
freq (Hz)
a)
30 150
Q=14 (1.015GHz, 24.4dB)
20] 100
N Ky no
10 HAPSTKCHAIO 50.0 5
— U
_l:g - CIBUT (as3Hl T
> Y o @
x <
-10 5009
-20 =100
-30 T 150
108  2x108 109  2x10° 1010
frag (Hz)
0)

Puc. 3.14. Jlorapudmuueckue aMIUIMTYAHO-4aCTOTHAs U (pa30v4acToTHAs
xapaktepuctuku Y B nuanazone yactot ot 1 k['1g mo 100 I'T'x (a)
1 ot 100 MI'ry no 10 I'T'1g (6)

Ha pucynke 3.15 npuBenena cxema MY 6e3 BeixogHoro 0ydepHoro ycu-

nureia bY.
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VMCC

R1=483 Ohm -
R2=250 Ohm B P
C1=17@ fF i
C2=173 fF 373.8mgy
373.8m R3
w=584.6m
i=2.218m
—130.6m g Pwr=1.G18m
in 3 | 98
e 1 £ vce=—1.911
&
Ve To_m, E]
x

—
=
<
I
=
Z11Z
AT e ]
S S
2 3 -
=2 21537 % _ms
i i v=563.2m
=963.2u
—-2.5 pwr=927.8u
vee

ptapl
2628
suB

Puc. 3.15. Cxema Y 6e3 BbIxogHOTO Oy(hepHOTO YCUTUTES

Ha pucynke 3.16 noka3an ctatuueckuil pesxxum MY pucynka 3.15.

VCC
R1=48@ Ohm .,
RZ2=25@ Ohm o=
C1=179 fF G
C2=178 fF »

RS VCC

r=R2 Voo
]
w prpoa)s nats4 .
5 [ E
o
= Iernax:4 “ouE

3
L I

vde=—5@0m

5P

qnd

gnd

ouk

R7
r=R1

W

Puc. 3.16. Cratuueckuii pexxum Y 6e3 OydepHoro ycunurens
126



Ha pucynke 3.17 mokazassl JiorapuMUUECKHUE aMIUTUTYIHO-4aCTOTHAs
(AYX) u dazouacrotHas (OUX) xapakrepuctuku Y pucynka 3.16, B nuama-
30He yacToT OoT 1 kI'r ;o 100 I'T1x.

Q=20 (1.061GHz, 24.99dB)

r100

-
-
——

—_— Ky no
HAIPLKSHIIO

F50.0

H

)
=2 () [ cBuUr dazsl
=
-4

phase (deg)|

“ s, so0

=100

‘ | | | | ‘ | 15
103 104 105 108 107 10®8 109 1010 1pll
freq (Hz)

Puc. 3.17. JlorapudpmMuueckue aMIIuTy IHO-4aCTOTHASI
u dazodactoTHas xapaktepuctuku MY B nuanazone yactor ot 1 k' 1o 100 I'T'1x

Ha pucynke 3.18 mnpuBeneno cpaBHenue JIAUX UMY c koppexuuei

(puc. 3.13) u 6e3 koppekuuu (puc. 3.16) konaeHcaropom C3 (C7) B nuamnazone
gacTtoT oT 100 MI't no 100 I'Tx.

35

=20 (1.015GHz, 24.4dB)

23

104

%)
825
g

-151 -

——  6e3 Koppekimu JIAUX A
~
Y
=281 | - ¢ Koppekrwmeit JIJAUX \\
\\\
-40 ' \ >
(08 109 1010

freq (Hz)

Puc. 3.18. Jlorapudpmuueckre aMIIMTyAHO-4aCTOTHbIE XapakTepuctuku 1Y
¢ Koppekuuen u 6e3 koppekuuu JIAUYX

JlaHHBIE TEOPETUUYECKUE BBIBOJBI MOATBEPKIAIOT rpapuKu pucyHKoB 3.14,
3.17, 3.18.

Taxum oOpazom, mpengaraeMoe CXeMOTEXHUYECKOE PELICHUE XapaKTepu-
3yeTcsl BBICOKUMH 3HAYEHHUSIMU KO3 PUIIMEHTa yCUICHHUs Ha 4acTOTe KBa3upe-
30HaHca fy ¥ MOBBIIEHHBIMU BETMYMHAMU JOOPOTHOCTH QQ, XapaKTepu3yroleu
€ro U30MpaTesbHbIE CBONCTBA.

127



3.1.4. Yemeépmas 6a3zoeasi cmpykmypa
VYcunurenu Ha OCHOBE «IIEPErHYTHIX» KaCKOIOB UMEIOT psj MoJuduka-
Wi, B T.4. cXxeMma pucyHka 3.19, koTopas oTiIH4YaeTcsi IUPOKOMOJIOCHOCTBIO U
IIMPOKUM JUAIa30HOM MU3MEHEHUS BBIXOJAHOTO CUTHAJIA. B 3TOH CBSA3M Lieseco-
0o0pa3HO paccMOTPETh MPAKTHUUYECKUE aCHEKThl €€ HCIOJIb30BaHMS B H30Upa-
TenpHbIX yerunrenax BU- u CBU-auana3oHna.

] e

VT3 VT4

+

N W
VT1 VT2
Bx.91 Bx.%2 Brix.
id
i
RO °T
1

L D R3

Puc. 3.19. Cxema KJ1acCUYECKOTO YCUIIUTENS Ha OCHOBE
HECUMMETPUYHOI'O «IIEPETHYTOr0» KacKoaa

Ha pucynke 3.20 npezacraBinena cxema npeanaraemoro MY na 6aze ycu-
nutens pucyHka 3.19 [42].

o e

20 §

v LT

UR]

\

.1

UK
VTI \
N Brix.
c2 ‘/I/ i l
Bx. g
[ Ij { 21,
1

Uar’),]
R4
Hox U],min
NONNORI
o-EY

Puc. 3.20. Cxema nipeyiaraeMoro u30upaTeabHoro ycuaurens [42]
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HcTOYHUK CUTHAla Uy, Yepe3 pa3faeiauTenbHblil KoHaeHcarop C2, BbIIOI-
HSIOIIUNA COBMECTHO C BXOAHBIM COMPOTUBIEeHUEM TpaH3ucTopa VT1 ¢pyHKkuuio
b depeHurpyomen 1enu, U3MEeHsIeT YMUTTEPHBIA TOK BXOJHOTO TPaH3UCTOpa
VTI1, 4yTo nmpuBOAUT K WU3MEHEHHUIO €T0 KOJUIEKTOPHOIO TOKa M BXOJHOTO TOKa
TOKOBOT'0 3epkaia, obpazoBaHHoro Tpanzucropamu VT2 u VT3. MMenHo mo
ATOW MPUYMHE MaclTabHOe Mpeodpa3zoBaHKE ITOrO TOKA B BBIXOJAHOU (KOJJIEK-
TOPHBIN) TOK TpaH3ucTopa VT3 B cuily HHTETpUPYIOLIUX CBOMCTB Harpy3ku LUV,
00pa30BaHHOI MapaieIbHbIM MOAKIIOYEeHnEM KoHieHcatopa Cl u pe3ucTopos
R3 u R4, obGecnieunBaer peanuzauuio Ha Beixoae Y (Brpix.) yacTOTHBIX Xapak-
TEPUCTHK MoaocHO-npontyckatomero Tiuna (AYX u ®UYX). 3aBUCUMOCTH 3TOTO
TOKa OT TOKa sMuTTepa Tpanuctopa VT1 obecneunBaeT HE3aBUCUMOCTb 4acTO-
ThI kBazupe3oHanca MUY (fy) ot kosdpdunmenta nepegaum mo ToKy ykazaHHOTO
TOKOBOTO 3epkaina. [lepemada BbixogHOro Hampsbkenus WY B 0a3oByro 1iemnb
BXOAHOro Tpanizuctopa VTl B cuily EMKOCTHOTO XapaKTepa €ro 3MHUTTEPHOMU
nenu, oopasoBaHHOM KoHAeHcaTOopoM C2 M TOKOCTAOMIM3UPYIOIIUM JBYXIIO-
mocHukoM [;, mpuBoaut k nuddepeHnnanbHOMy U3MEHEHUIO €ro KOJUIEKTOp-
HOTO TOKa, KOTOPBIN SIBISETCSA BXOAHBIM TOKOM TOKOBOI'O 3€pKaja Ha TpaH3H-
ctopax VT2 u VT3. Takum 006pa3oM, HAEHTUYHOCTH MPe0Opa30BaHUs BXOIHOTO
(upx) ¥ BeIXOJIHOTO HanpsbkeHut Y B Tok smutTepa Tpansuctopa VT3 coznaér
KOHTYp OOpaTHOM CBSI3U, KOTOPBIM B 00acTh HU3KUX vacToT (f<<fy) u B obnac-
T BepxHUX vacTtoT (f>>fy) UV sBnsercs peaktuBHbIM. Ha dactoTe kBasupes3o-
HaHca fy 3Ta oOpaTHas CBS3b B CHIIY MOJIOCHO-MPONYCKAIONIEH XapaKTePUCTUKH
NV saBnsercs BeUIECTBEHHOHN U HallpaBJiieHa Ha yBEeJTUYEHHUE ero 1o00poTHOCTH Q
u kod3pdunuenta ycunenuss Ky 6e3 m3MeHEHHs 4acTOThl KBa3upe3oHaHca fj.
B cuny ykazaHHBIX CBOWCTB BBEAEHHOTO KOHTYpa oOpaTHOM CBSI3H, €ro IIyOu-
Ha, 3aBUCALIAs 0T KoddduiMeHTa nepegadyn no TOKy Kackajia Ha TpaH3UCTOpax
VT2 u VT3, onpenenser ocHoBHbIE mapameTpbl 1Y — Q u K.

[TokaxxeM aHanuTHYECKH, 4TO Oosiee Bbicokue 3HaueHus Q u Ky B nquana-
30HE€ BBICOKMX YacTOT PEATU3YIOTCS B cXeMe pucyHKa 3.20.

JIeHCTBUTENIBHO, B PE3YJIBTATE aHAJIN3a MOKHO HANTH, YTO KOMIUIEKCHBIN
kod(ppunmeHT nepegaun no HampsokeHuo MY pucynka 3.20 onpenensiercs 1o

bopmyie:

if &
K, (D =K, — P (3.27)
f, —f°+jf 2
Q
r7ie
f, = 1 — 9acTOTa KBa3WPE30HAHCA, (3.28)
21411,
T =Chyy s
R;R,
=Yy o
R;+R,
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LA R R, Ka, 4 2

T, (R3+Ry)-hyy T

K, ~-Q o RiRKae, kod(ppunment ycunenust 1Y na vacrote f, (3.30)
T, Ry3+Ry)-hyy

rjae o, hyp;— koappunueHT nepegaun SMUTTEPHOTO TOKa U AU PepeHImaILHoe

BXOJITHOE COIIPOTHUBIIEHUE 1-TO TpaH3UCTOpa ¢ obmen 0a3oi; K. — koapdpunuent

Q=

— nobpoTtHoCcTh AUX; (3.29)

nepegayu 1o TOKy Kackajaa Ha Tpansucropax VI2 u VT3.

[IpuBea€HHBIE COOTHOLIEHUS CIIPABEIMBbI IIPU BBHITOJIHEHUH HEPABEHCTB
Ri>>hy12, Ry>>hy 5.

Taxum oOpazom, uynciaeHHoe 3HaueHue K; npu qr000M COOTHOILIEHUU I10-

CTOSTHHBIX BPEMEHH T, U T, MO3BOJISIET peaqnu30BaTh HEOOXOANMbIe 3HaUYeHus Q
(3.29) u Ky (3.30) ipu mocTOSSHHOM (HEM3MEHHOM ) 3HAYEHUHW YacTOTHI KBa3Upe-
3oHaHca (3.20).

OTINYUTEILHON OCOOCHHOCTBIO HACTOSIICH CXEMbI SIBISCTCS BO3MOXK-
HOCTh HAaCTPOWKH YacTOTHI KBa3upe3oHaHca fy pekuMHBIM TokoM ;. Jle#cTBu-
TEJIBHO,

T z%cz, (3.31)

1
rae ¢, =26 MB — temneparypHslil MOTEHIAI.

[ToaTomy, kak crnenyer u3 (3.28), usmenenue I; Mo3BoNSIET yCTAaHOBUTH
Tpedyemoe 3HaueHue fy. Uro xacaercsa Q u Ky, To B 3TOM ciydae conpoTuBie-
Hue pe3uctopa R4 obecrnieurBaeT 1ONOJHUTEIBHYIO MTAPAMETPUUECKYIO CTENIEHb
CBOOOIBI U1 ATUX NapaMeTpoB. AHAIOTUYHbIE (YHKIMU BBITIOJHSIOT U COIPO-
tuBneHus R1 u R,, neficTBue KOTOphIX HampaBieHO HA U3MEHEHHUe Kodhuim-
€HTa [epeayu 1o TOKYy Kackajaa Ha TpaHucrtopax V12 u VT3:

K ~—L. (3.32)

Ecnu, nanpumep, K;=3, To nns obOecrieueHuss CUMMETPUH YUCIIO Tapall-
JIENbHO BKIIOYEHHBIX TPAH3UCTOPOB VT3 OIKHO OBITH paBHO 3.

Takum 006pa3oM, COBOKYIMHOCTb YKa3aHHBIX BBILIE CBOWCTB MPUHIUIIU-
anbHOM cxembl MY pucynka 3.20 oOecrieynBaeT peaan3alnio BHICOKON T00pOT-
HocTH (3.29) u koo duuuenta ycunenus (3.30) B o6:1acTi BHICOKUX 4acTOT 0e3
n3MmeHenus fy u e€ ctabminbHOCTH, KOTOpas coriacHo (3.28) ompeaensieTcs: B Oc-
HOBHOM MACCUBHBIMH 3JIEMEHTAMHU.

BBeneHure HOBBIX 3JIEMEHTOB U CBA3€H MEXAy HUMU B COOTBETCTBUU C
pucynkoM 3.20 obecnieunBaeT paclIMpeHe auana3zoHa W3MEHEHUsI BBIXOJIHOTO
HanpspkeHust 1Y Uy, kak MuHuMyM Ha U,g,=0,6+0,7B. [Ipu Manbix Hanpsoke-

HUSX MUTaHUA ES“), El(]') 9TO BEChbMa CYILECTBEHHOE JIOCTOMHCTBO CXEMbl pHU-
cynka 3.20.
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I[JISI YMCHBIICHUSA pe)KHMHOﬁ 3dBUCUMOCTH YaCTOThbI KBA3HWPC30HAHCA
MOZKHO HCIIOJIB30BAaTh MOIII/I(l)I/IKaI_II/IIO CXCMBbI, ITOKa3aHHYIO HAa PUCYHKC 3.21.

o fe

20, |

O +

L 2l
VT3

VT2

VT1

Puc. 3.21. Cxema 1Y ¢ noBblIeHHON CTAOMIBHOCTBIO CTATUYECKOTO peXruMa

31ech:
T :Cz(Rs +h11.1)- (3.33)
[ToaTomy, Kak 3To cieayet u3 (3.28), yacToTa KBa3upe3zoHaHca fy npu BbI-
nosHeHuu ycioBus Rs>>hy;; Oyaer ompenensTcss Tonbko maccuBHbIMU RC-
areMeHTaMu. B 3TOM citydae BO3MOKHO BBINIOJTHEHHE TTapaMeTPUUYECKOro yCio-
BUA T, =T,, OOECHEUMBAIOLIETO MAaKCUMHU3ALUIO AMHAMUYECKOTO [uana3oHa

NY. Ipu stom gost Ki=3:

go12m (3.34)

" JC,CRR,’
1

2-30,R_ /Ry’

K, = Q_?’OERH ,

5

Q (3.35)

(3.36)

rae
R.R,

i R,+R,’

Takum oOpazom, f;, Q, Ky mpakTH4eckn He 3aBHCIT OT MAJIOCUTHAIBHBIX
napaMeTpoB TPAH3UCTOPOB.

Cxema MY (puc. 3.21), xoTopas mo3BojsieT 00eCHeYUTh HEOOXOIUMbIC
YCIIOBHUS IO CTAaOMJIBHOCTH CTAaTHYECKOTO pekuma MY, Mpu 3TOM YHCICHHBIC
3HA4YeHHsI TOTIOJHUTEIBHOTO pe3uctopa R4 nexat B npeaenax coreH Om.
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Ha pucynke 3.22 npuBenena cxema npemyiaraemoro MY pucynka 3.21 B
cpene PSpice Ha monensix mHterpanbhbix TpanzuctopoB OI'YIT HIIIT «Ilynb-

cap».
é R1 é R2
300 300
TP15S
VT4 Vi
s j:'—ﬁ_# s ° =
o 1 c2
318p 1
vTi £ Y ut
TN15ST A L
=0
R5
‘ c1 R4 500 "
in AAA | 21
e 795p 200 = 5 =
ovdc’
L ; 11 ; 12 rs
-0 ©) ©) =
Puc. 3.22. Cxema npeaynaraemoro Y
B CcpeJie KOMIIBIOTEPHOT0 MoJiesiupoBanust PSpice
JlaHHbIE TEOpETUUECKUE BHIBOBI TOATBEPKAAIOT Tpauku pUCHOKB 3.23,
3.24.

Ha pucynke 3.23 moka3zana Jorapudmuueckass aMIUTUTYIHO-4aCTOTHAs
XapaKTepucTuka KO3(P(UIMEHTa YCWICHHMS MO HAMpPSHKEHUIO CXeMbl PUCYH-
Ka 3.22 B KpymmHOM, a Ha pucyHke 3.24 — B 6oJjiee MeJIKOM MaciTadbax.

39.7

-3pB: f=1-10°Ty, K,=21 g, Q=8.4

250

KoadpduumeHT yennerus, ob

-25.0

-40.3
100-10° 300-10° 1-10° 310° 10-10°

YacToTa, 'y

Puc. 3.23. Jlorapupmuueckas aMIUIUTYAHO-4YAaCTOTHASI XapaKTEPUCTUKA
YCUJICHUS 110 HANIPSDKEHHUIO CXEMbl pUCYHKa 3.22 B KpYIHOM MaciuTade
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40 -3aB: f=1-10°Ty, K=21 gb; Q=8.4

-0

KoadbduruymeHT yeunenns, ab

-120
1 10 100  1-10° 10-10° 100-10°  1-10° 10-10° 100-10° 1-10° 10-10°100-10°

YacroTa, 'y,

Puc. 3.24. Jlorapudmuueckas aMIUIUTYAHO-4YAaCTOTHASI XapaKTEPUCTUKA
YCUJICHHUS 110 HANPSHKEHUIO CXeMbI pHC. 3.22 B yMEHbIIEHHOM MaciiTade

Takum oOpazom, npejiaraeMoe CXeMOTEXHUUECKOE PellIeHne XapaKkTepu-
3yeTcst 0osiee BHICOKUMHM 3HaueHUusiMu Koddunmenta ycunenus Ky Ha gactore
KBa3upe3oHaHca fy ¥ MOBBIICHHBIMU BEIUYMHAMU JOOpOTHOCTH QQ, XapaKTepu-
3yrollei ero n3duparenbHble CBOMCTBA.

3.1.5. [Iamas 6a3zoeass cmpykmypa
[IpakTHyecknili WHTEpPEC NPEACTABISET HCCIEA0OBAHUE BO3MOMXKHOCTEN
UCIIOIb30BaHUS JPYroil KJIACCHYECKON CXEMbl aKTUBHOTO YCWIMTEIBHOTO 3Jie-
MeHTa pucyHka 3.25 B ctpykTypax RC-punsrpoB BU- 1 CBU-nuana3oHos.

T Cn + VT3
>|—/.—o +Eq
/

VTI VT2 ,

ORI

Puc. 3.25. Cxema Kkj1accH4ecKoro YCHUIIMTCIIBHOTO 3JICMCHTA
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Ha pucynke 3.26 npezacraBiena cxema npeanaraemoro MY na 6asze ycu-
JIUTEJIBHOTO 3JIeMeHTa pucyHka 3.25 [43]. Pemaemas um 3agaya — MOBBIIICHHUE
nobpotHocT AUX ycunutens u ero ko3¢ puiimenTa ycuaeHus Mo HanpsHKeHUTO
Ha YacToTe KBa3upe3zoHaHca fj.

.

uEX
P
O -

Puc. 3.26. Cxema npemsiaraemoro MY [43]

HcTOYHUK BXOJHOIO CUTHAJIA Uy B CUITY UM PEpEHIMPYIONIETO XapaKTe-
pa BXOoAHOM 1ienu, o0pazoBaHHO# KoHeHcaTopoM C2 u pesuctopom R2, yBemnu-
YUBAET MPOMOPLHOHATIBFHO YAaCTOTE BXOAHOTO cUrHajia f TOk sMuTTEpa TpaH3u-
ctopa VT1. MacmtabHoe npeoOpa3oBaHHE 3TOTO TOKa B €ro KOJJIEKTOPHYIO
LEeMb U MHTETPUPYIOIIMI XapakTep 3TOM 1enu o0ecleunBaeT pean3aluio Tpe-
oyemoro Busa AUX u ®UX Y. BzaumoseicTBue pa3aeuTeIbHOTO KOHIeHCa-
topa Cl u gonosHUTENbHOrO pe3uctopa R3 ¢ BeixoaHoil nensto NY u smMutTe-
pom Tpan3uctopa VT2 obecneunBaer popMupoBaHre KOHTypa 0OpaTHOM CBA3H,
npu4éM B 00J1aCTU HIHKHUX YacToT (f<<fy) aTa cBs3b (B CUITy BIUSHUS pa3aciiu-
TEJIBHOTO KOHJEHCATOpa) OKa3bIBaeTcsl peakTHUBHON. MacmtabHoe mpeoOpazo-
BaHHME SMUTTEPHOr0 TOKa TpaH3ucTopa VT2 yepe3 ero KOJUIEKTOPHYIO LIEb U
TokoBoe 3epkaio [IT1 u3MeHseT yepe3 UHTETPUPYIOIIYIO 1eTb, 00Pa30BaHHYIO
koHzeHcatopoMm C2 u pezuctopom R2, smurrepnsiii Tok Tpansucropa VT1. Ta-
KUM 00pa3oM, 3TOT TOK 3aBUCHUT HE TOJIBKO OT BXOJIHOTO CHTHaja, HO U OT Mac-
mTaOHO-NPe0OPa30BaHHOM 10 BBIXOJHOTO HAMPSIKEHUS B COOTBETCTBUM C
b depeHurpyomuM JeHCTBUEM LIENM KOHTYpa oOpaTHOU cBsA3u. MIMeHHO mo-
ATOMY BO3BpPAaTHOE OTHOIICHHE KOHTYypa OOpAaTHOM CBSI3U TOJBKO MacIITaOHO
OTIMYaeTcsi OT Xapakrtepuctuku MY. Dta 0cOOEHHOCTh NMPUBOIUT K BEIIECT-
BEHHOCTH OOpaTHOM CBSI3U TOJBKO Ha 4acTOTe KBa3upe3zoHaHca fy W, ciemoBa-
TEJIbHO, K €€ HE3aBUCUMOCTH OT INIYOMHBI O0OpaTHOM cBsi3u. Takum oOpazom,
JEHUCTBUE TAaHHOTO KOHTYpa PaclpOCTpaHAETCs TOJIBKO Ha 3HaYEHUE T0OPOTHO-
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cti Q u xko3dpdunmenta ycunenusa Ky UY. Ilpu stom Macimtabusie koahuiiu-
€HTHI MpeoOpa3zoBanus Toka B TpaHzuctope VT2 u TokoBom 3epkaine [IT1 Heno-
CPEIICTBEHHO BJIMSIOT HAa UX YUCIECHHbIC 3HAYCHUSI.

KommnekcHpii k03¢ dunmenT nepenaun no Hanpsoxenuro K, (jf) nzdupa-
TENBHOTO YCWJIMTENS pUCYHKa 3.26 ompenensercs COOTHOLIEHHEM, KOTOpOe
MO>KHO MOJIYYUTh C TOMOIIBIO METO/IOB aHANIN3a SJIEKTPOHHBIX CXEM:

U i
K, (jf) = =2 = K Q . (3.37)
J U 0 f
BX fy —f>+jf 2
Q

rae f — yactora curnana; Q — nodbpotHocTh AUX M30MpaTebHOIO YCUIIUTE;
Ko — koaddunment ycunenus UV na yacrore kBasupesonanca fy; fy — yacrora
KBa3UPE30HAHCA;

1

= 3
21T, " T,

rl =C (R +R +h112)

fo

=C,(R,+h,,), (3.38)
-1
:ﬁ (1 o,0,K; )| (3.39)
T
K,=0o,Q = (3.40)
1

ropme a; — KOC—)(I)(bI/II_II/ICHT nepeaadyn SMHUTTCPHOT'O TOKa 1-TO TPpaH3UCTOpA, Ki —

koadpuIMeHT nepenayu 1o ToKy TokoBoro 3epkaia [IT1 co Bxona k ero oOuie-
MY 3MHUTTEPHOMY BBIXOZY.

Taxkum o6pazom, HeoOxoauMoOe 3HaueHue 100potHocTH Q (3.39) u Koddh-
¢unuenta ycunenus Ky cxemsl (3.40) MOXET peanu3oBaThCs Yepe3 YUCICHHOE
3HaueHue K; u, cienoBaTelbHO, 3aBUCUT OT CTPYKTYpPbl TOKOBOTO 3€pKajia.
B dactHOCTH, KaKk oKa3aHo Ha pucyHke 3.26, npu K;=2 B cxeme BO3MOKHa pea-
JAU3aLys TapaMeTpUYECKOro YCIOBHS T, = T, , OOECIEUNBAIOLIETO YBEINYEHHbIN

(MakcMManbHBIN) TUHAMUYECKUN Juana3oH oOpabaThiBaeMbIX cUrHajoB. Torna
T0OpOTHOCTH
1

2(1-aya,)
JInd peanbHBIX TEXHOJOTUU C YYETOM CBOMCTB N-pP-n U P-N-p TPAH3UCTO-

(3.41)

poB

QzB2/2, (3.42)
rie B,=a,/(1-a,) — kodddurmenT ycuneHuss no TOKy 0asbl TPAH3UCTOPA
VT2.
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Takum 06pa3zom, UCTIONB3Ys PETYIUPYEMYIO 3aBUCUMOCTH hjj, OT ToKa Iy,
MO>KHO OCYHIECTBJISTh MOJCTPOMKY WM TNEPBOHAYAIBHYIO HACTPOUKY CXEMBI
MOCPEICTBOM HU3KOYACTOTHOM LEMH TOKOCTAOMIM3UPYIOIIETO ABYXIOMIOCHUKA [.

Ha pucynke 3.27 npuBenena cxema npennaraemoro MY pucynka 3.26 B
cpene Cadence Ha mojensax SiGe TPaH3UCTOPOB.

veld

npn2@@_2
me1 = natisgets m=2
lemax:dma ;- 2\ lemax:ama

gnd

@ %

=

CR*
o

Puc. 3.27. Cxema nipegmaraemoro Y B cpene Cadence

Ha pucynke 3.28 moka3zanbl jorapupMuuecKue amIuIUTyAHO- U (a3o-
yacToTHbIe Xxapakrepuctuku Y pucynka 3.27 (ykpynHEHHBINM MaciiTad), a Ha
pucyske 3.29 — norapudmMudeckue aMImIuTyAHO- U ()a304aCTOTHBIE XapaKTepu-
ctuku Y pucynka 3.27 B 6osee MekoM maciitade.

n
[=]

|
1o=0.981Tu, Ky=31.644b, Q=54.5%

r100

w
(=}

n
[=]

190ATed) ‘eced

[
[=]

108 109 1010
Yactora, 'y

(=]

KoadpnumeHT ycuneHus no HanpsixkeHuo, Ab

Puc. 3.28. Jlorapudpmuueckre aMIuIuTyAHO-
u (ha3zouacToTHbIe XapakTepucTuku Y (ykpynHEHHBIN MaciiTal)
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KoadpdbuumeHT ycmneHus no HanpsxeHuto, ab

Puc. 3.29. Jlorapudmuueckre aMIuIuTyAHO-
u (ha3zouacToTHbIE XapakTepucTuku MY B 6osee menkom maciirade

Taxum oOpa3om, mpeayiaraeMoe CXEMOTEXHHUUECKOE PELIeHUE obecreun-
BaeT BbICOKHME 3HaueHUs koddduimenta ycunenus Ky Ha dactoTe KBa3upes3o-
HaHca fy ¥ TOBBIIEHHBIE BEIUYMHBI JOOpOTHOCTH Q, XapaKTepU3ylolleh ero
n30upaTenbHble CBOMCTBA.

3.2. Rail-to-rail ycunutenbHble kackagbl Ha OCHOBe
TPEX TOKOBbIX 3epKasn B NY ¢ HU3KOBOSIbTHbIM NUTaHUEM

ApXUTEKTYpa MHOTHX MOJIU(UKAIMI COBPEMEHHBIX OINEPallMOHHBIX YCH-
JUTENIeN BKIIOYAET TPAH3UCTOPHBIN YCWIMTENh TOKa pucyHka 3.30, KOTOpbIH
MOYET UCIOJIB30BATLCSI B KauecTBe akTUBHOro yiemedHra BU- u CBU-1V.

IIT1 | l I1T2
Kiz,=-1 | Kipo=1 |
~— A

I |

—
I,=L <> 113 Kipzs=-1
171o \—I—]
O -

Puc. 3.30. Cxema KJ1acCMYE€CKOTO YCHIIMTENS ToKa ¢ rail-to-rail BeIxogom
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Ha pucynke 3.31 npezacraBiieHa cxema IpeiaraéMoro yCHInTens, B KO-
TOPOM HCIIOJIB3YETCSl aKTUBHBIN 351eMEHT pucyHka 3.30 [44]. Pemaemas 31ech
3a/iaya — nossiieHue qo0porHoct AUX ycunurens u ero ko duiueHra ycu-
JIEHUS M0 HANPSDKEHHMIO HA 4acToTe KBasHpe3oHaHca fy mpu BBICOKOW CTaOWIIb-
HOCTH JIaHHBIX MapaMEeTPOB U PACIIMPEHHOM JIMaNa30HEe U3MEHEHHUS BBIXOJAHOTO
HaIPsHKCHUS.

O+

IIT1 | l I1T2
| Kiza=-1 | | Kizp=-1 |
Y —— a

W ubfie

L 4|} i
L |t i
it

e VI \|VT2

A  a
Rl Cl 2ir 7

C2
in | 1

T 4| din

K i | T3
L, () C) L L Ko
o -

Puc. 3.31. Cxema npeyiaraeMoro u30upaTeabHoro ycuautens [44]

B cxeme Ha pucynke 3.31 xkoaddunuent nepemaaun mo Toky K; TOKOBBIX
3epkan IIT1 u IIT2 uaeHTUYHBI M1 UMEIOT OJWHAKOBBIE 3HAUYECHMS B JMANA30HE
Ki=1+2, a xoapdunuent nepegauu no ToKy Tokonoro 3epkaina [1T3 Bcerna 6:1u-
30K K €IMHHUIIE.

B kauectBe TokoBbIX 3epkai IIT1, ITT2, ITT3 mokeT npuMEHATHCS [UPO-
KM CIEKTP KIIACCUYECKUX PEUIEHUI, OTMCAHHBIX B TEXHUUYECKOU JINTEPATYPE.

KommnekcHpiii k03¢ dunmenT nepenaun no Hanpssxenuro K, (jf) nzdupa-
TEJIBHOIO YyCUIuTeNs pucyHKa 3.31 ompenenseTcss COOTHOUIEHUEM, KOTOPOE
MOYHO MOJIYYUTh C MTOMOIIBIO METOJIOB aHAJIN3a AIEKTPOHHBIX CXEM:

jt o
K. (jf) = Dmx — _g Q (3.43)
Y U 00 o f
ux -4t

rae f — yactora curnana; Q — noobporHocTh AUX u30MpaTebHOIO YCUIUTE;
Ko — koaddunment ycunenuss UV na vacrore kBasupesonanca fy; fy — yacrora
KBa3MPE30HAHCA.

ITpuuém
1
f= 3.44
‘ 211 T, (3-44)
1, =C(R; +hy,; +hy,), (3.45)
t, =R,C,, (3.46)
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s R, Kis

’ T, Ry+hy,+hy,
1
Q= = , (3.43)
T 1— RKis n T
T, Ry+hy+hy, T

rae C;, C, — émkocts konaeHcatopos Cl n C2; hy; z(P—T — BXOJIHOE COIIpO-
13
TUBJIEHHME 1-T0 TPAH3UCTOpA B cXeMe ¢ obOuiel 6azoi; ¢, =25 MB — temnepa-

TYpHBII MOTeHIUAN; |, — CTAaTHUECKU# TOK SMUTTEpA i-I'0 TpaH3UCTOpa; o; <1 —
KO3 (PUIIMEHT YCUIEHUS N0 TOKY AIMUTTEPA 1-r0 TPAH3UCTOPA.
Kis = 04K - Kipgs 0Ky, (3.49)
Ecmu BeIOpats 1, =1,, R, =R, +h;;,+h,,,, T0o ypaBHenus nna Q (3.48)
u Ky (3.47) cyuiecTBeHHO yNpOIIatoTCs:

Qzﬁ, (3.50)
)2
K.
K,~—2 -K.OQ. 3.51
0 2_Kiz 1ZQ ( )

OT0 MO3BOJSET 3a CUET IIeJICHANIPaBICHHOTO BbHIOOpA MapaMeTpoB 3Jie-
MEHTOB, BXo[suX B Gopmyiny (3.49), nonyunuts 3aganubie 3HaueHus Q (3.50)
u Ko (3.51).

JlaHHBIE TEOPETUUECKUE BBIBOJIBI MOATBEPKIAAIOT rpaduku pucyHkoB 3.33—
3.35.

Ha pucynke 3.32 npuBenena cxema npemnaraemoro MY B cpeae Cadence
Ha Mojiensix SiGe TpaH3UCTOPOB.

Py
vrgf = V26

2.5 W26 2.5% F1
i=993.1u i=993.1u

i=993.1u A i=ges, 2.5 M2
2.5 —4.862m i=—3.972m
-25
o

npnys npnvs L
and
out ¢ l
B
—4.862m .862m T CB
862m
p45u
377 g1vs
i=—3.986m
o

vrgf = V27

betade=142.9 betadc=142.9

ic£993.1u
AN vee®3 352 %
AO ¢

—856.4m

—4.862m7T F2 r y T]g
1

27
19 i=993.1u i=993.1u

v=1.644 ptap1
262.8
-25 5% SuB

Puc. 3.32. Cxema nipeiaraemoro ycwiutess B cpege Cadence
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Ha pucynke 3.33 mokazaHa 3aBUCHMOCTHh KO3(HUIIMEHTa Tepeadu Io
HarnpsbkeHuro ot yactotel MY pucynka 3.32 npu éMkocTsax koHaeHcatopa Cl
(C2) C;=C,=C=200fF u R1=R,=R=700 Om, a Ha coBMEIIEHHOM pHUCYHKE 3.34 —
YacTOTHAsl 3aBUCUMOCThH Kod(duinenta ycuiaeHus u ¢azoBbii casur MY pu-
cyHka 3.32.

(1.02GHz, 20.3dB) Q=46
20+

154

10+

Ky (dB)

2.0+

04

- 2.0+

-10 T T
0 .200 1.0 1.5 2.0 2.5 3.0

[ 1.3898GHz | 8.57dB freq (GHz)

Puc. 3.33. YacToTHas 3aBUCUMOCTh KO3 (DUIHEHTA MTepeadun
110 HanpspkeHuro Y

o —75.0
- _ : — K :
1 (1.02GHz, 20.3dB) t —100

20 i ____ ¢a3oBbli
] \
choBur
15 L

(1.02GHz, -180degq)

Kv (dB)|

-10‘ T T T
0 500 1.0 1.5 2.0 2.5 3.0

| 1.0256GHz |  -186.9deg fred (GHz)

Puc. 3.34. YacToTHas 3aBUCUMOCTh KO3 DUITMEHTa YCUIICHUS
u (azosbiit casur 1Y
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Ha pucynke 3.35 mpenacramieHa 3aBUCUMOCTb Kod(duiineHTa nepenadu
0 HaNPsDKCHHIO U azoBoro capura MY pucynka 3.32 OT 4aCTOTHI NIPU JPYTHUX
napamMeTpax 3JieMeHTOB cxeMbl pucyHka 3.32 (C=600fF, R=220 Owm).

15 90.0
(1GHz, 13.8dB) 110

1 — K 130

_ _ azoBein =150 o
é 5.01 casur L
o 170 ©
s o

> 190
e o4 §
210 2

-5.0 —230

& —250

-10 . . . b SV

0 .500 1.0 1.5 2.0 25 3.0
| 735.58MHz | -120.22deg 9 (GH2)

Puc. 3.35. YacToTHas 3aBUCUMOCTb KO3 DUITMEHTa YCUTICHUS
u (dazoBblil casur MY npu apyrux napameTpax 3JIEMEHTOB CXEMbI

Taxkum oOpaszom, mpeaaracMoe cxeMoTexHuueckoe pemenue MY xapak-
TEPU3YyeTCsl BHICOKUMH 3HAYCHUSIMU KOX(DPUIIMEHTa YCUIICHHUs] Ha 4acTOTE KBa-
3upe30oHaHca fjy, MOBBIIIIEHHBIMU BETUYUHAMH JTOOPOTHOCTU Q M HU3KON UYBCT-
BHTEILHOCTHIO ), Q, Ky K HeCTaOMILHOCTH 2JIEMEHTOB.

3.3. CummeTpunyHble no Bxoay WY c rail-to-rail BbiIxogom

Ycunurens Toka c rail-to-rail Beixogom (puc. 3.36) siBisieTCS OJHUM U3
HanOoJee MUPOKO MPUMEHSIEMBIX (PYHKIIMOHAIBHBIX y3J0B aHAJIOTOBOW MUKPO-
CXEMOTEXHUKH. B 3TOI CBA3M MPAKTUYECKUII MHTEPEC MPEACTABISET €r0 MpaK-
TUYECKOE UCTOob30BaHue B akTUBHBIX RC-punbrpax BU- u CBY-guanazona.

VT1 VT2
Bx Bex.
N

Puc. 3.36. Cxema KJIacCHYE€CKOTO YCHJIUTENS ToKa ¢ rail-to-rail BeIxogom
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Ha pucynke 3.37 npencraBieHa cxema mpejjaraeMoro ycuiutens [435].
Pemraemast um 3ayava — nopsimieHue 1o0potHocTH AUX yeunurens Q u ero xo-
s duimenta ycuneHnus no HanpsbkeHuto Ky Ha gacTore kBasupesoHanca fp.

o +
11210 C)
Kijp=-2
227 | T2
C1 R1 1
| — :
| iz} 2y
i
. | 21,
| ir ;
B VT2 VT1 5
X. \| \ I>I§.
- di 7
uBX
tix C3
C2 R2 R3
— 2od| § 2in
i
Y
— - T

Kin1=-2
@ L
O

Puc. 3.37. Cxema mnipejyiaraeMoro u30uparenbHoro ycunurens [45]

HcTOYHUK BXOJTHOTO CUTHAJIA Uz U3MEHSIET TOKH SMUTTEPOB (ig) BXOIHBIX
Tpan3uctopoB VT, VT2, npuu€émM KOMIUIEKCHBIA XapakTep HPOBOJUMOCTH
AMUTTEPHBIX 1lenel, 00pa3oBaHHbIX pe3ucTtopaMu R1, R2 u koppekTupyomumMu
koHneHcatopamu C1, C2, obecrieuynBaeT B quana3zoHe HUKHUX gacToT UV (f<fp)
YBEJIMUEHUE 3TOT0 TOKA C POCTOM 4acToThl BxojHoro curHana f. Ilocpeactom
nepesayu 3THX TOKOB YEPE3 KOJJIEKTOPHI YIIOMSHYTBIX TPAH3UCTOPOB BO BXOJ-
Hble 1ienu TokoBbIX 3epkai [IT1 u I1T2 ocymectBisercs npotuBodazHoe uzme-
HeHue Toka Harpys3ku MY. Xapakrep KOMIUIEKCHOM NPOBOAUMOCTH ITOM Ha-
rpy3kH, o0pa3oBaHHON pe3ucTopoM R3 M KOPpEeKTHPYIOIIMM KOHAEHCATOPOM
C3, npUBOJIUT K YMEHBLIECHHUIO BBIXOAHOTO HanpspkeHus MY B nuama3zoHe Bepx-
Hux yactor (f>f)). B3aumocBsa3bp xapakrepa M3MEHEHHUs TOKa igx OT YaCTOTHI
BXOJHOTO CUTHaJla M YKa3aHHOE BJIMSIHUE 3TOTO NapaMeTpa Ha BBIXOJHOE Ha-
npsbkenre MY oOecrieuynBarOT pe30HAHCHBIM BUJ aMIUIMTYIHO-4YaCTOTHOM Xa-
paktepucTuku cxembl MY pucynka 3.37, koTopas IMEET MAKCUMYM Ha 4acTOTE
KBa3upe3oHaHca fo.

AHanUTAYECKH MOXHO TOKa3aTh, YTO B IPEIJIATa€MONM CXEME pean3y-
10Tcs Oosiee BbIcOKME 3HaueHus Ko n Q B quanazoHe BBICOKMX YacToOT.
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JlefiCTBUTENBHO, KOMIUIEKCHBIA KOA(DPUIIMEHT Nepeiauu 1Mo HaIpsHKEHHUIO
npeanaraemoro MY npu C=C,, R|=R, onpenensercs no gopmyie:

1

U o u
K (jt) — .BbIX :_KO Q — .BbIX , (3‘52)

Y U 2 e2 el U

BX fO —f°+ ino BX
Q
1
rae f; =————— —JacToTra KBa3upe30HaHCa; (3.53)
0 27417y
T =C Ry +hy); 1, =CRy,
T
Q= k! — nobpotHocTh AUX 1Y, (3.54)
T2 R:Kis
1+
T Ry+hy,
R;K.
K, = Qw/i—3 — (3.55)
T, Ry +hyy,
rne Ky =0,K;,; +0,K;,,; o — KoappuuueHT nepegauu sMUTTEPHOTO TOKA
i-ro tpansucropa; Kipn; u Kjpno — Koa(b(pHuHeHTm nepelayd TOKOBBIX 3€pKaljl
IIT1 u IIT2; hy;; — BXOIHOE CONPOTUBIICHHUE 1-TO TPAH3UCTOPA B CXEME C 0OOIIIEH
6a30il.

IIpu paBeHCTBE IPOBOAMMOCTEN BXOAHBIX Lener MY nenenanpaBiieHHbIN
BbIOOp KO3(ppunmenToB nepenayn toka Kijp; u Kjjp, mo3posisier peanuszoBath
MpakTUIeCcKu J1to0oe 3HadeHue aoopotHoctH AUX Q (3.54) u xosdduinmenta
ycwienust Ky (3.55) na yacrore kBazupeszonanca fy (3.53), uucieHHoe 3HaueHUE
KOTOpPOH HE 3aBUCHUT OT peajnu3zyeMoit 106poTHocTH Q.

HeiictBurensHo, U3 (3.54) cnepyet, 4to mpu T, = T,, Ry=R3 11s nomyue-
HUS 3a7aHHON J00poTHOCTH Q,, Hanpumep Q.,=10, HeoOxoaUMO, YTOOKI Mapa-
METP CXEMBI

Ky =2-Q; )(Rz hll'l j = oK + oK. (3.56)
R; 3

Ha pucynke 3.38 mpeacraBiieHa cxema NpeajiaraéMoro yCUJIMTENS ¢ TOJ-
KIIFOUeHuEM Ko Bxoay MY HomogHUTENbHBIX SMUTTEPHBIX ToBTOpUTENeH D111 u
OI12, kpoMe 3TOr0 KO3 UITMEHTHI TIepeauu o TOKY TOKOBbIX 3epkai [IT1 u
IIT2 nexart B ipeaenax 1+2. B naHHOM cxeMe COXpaHsAETCsl 4acTOTa KBa3upe30-
Hanca f; (3.53) u goOpotHOCTh (3.54), mpuuém kodddurment ycunenus Y
MIPUHUMACT 3HAUYCHHE

K. K. K. K.
K, ~Q /z_l R; (K, Ko +KiKin) ’ (3.57)
2

R, +hy,

rie K., =1, K,, ®1 — koo puunenTs! nepenaun no HampssKEHUIO YMUTTEP-
HbIX noToputene D111 u JI12.
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Puc. 3.38. M36uparenbHblil yCUIUTEIND

C BXOJHBIMH SMUTTEpHBIMU NoBTOpUTEsiMU (D111, D112)

Ha cxeme pucynka 3.39, koTopasi COOTBETCTBYET pUCYHKY 3.38, mokaszaH

WY ¢ KOHKPETHBIM BBIMOJHEHUEM 3MHUTTEPHBIX MOBTOpUTENEH. C TOUKHU 3pEeHUs
cucteMHoi unTerpanuu 1Y B POA HOBOro nokosieHusi B Ka4e€CTBE SMUTTEPHBIX
noBroputeneit D11 u D112 nemecoodpa3zHo UCIONB30BATh TPAAUIIMOHHBIE CXe-
MOTEXHUYECKHE pEelIeHUs, pealn30BaHHble Ha Oa3e Tpan3uctopoB VI3, VT4 u
UCTOYHHKAX TOKa I5 u I4.

KJIIACCHUYCCKUC CXCMBEI.
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Puc. 3.39. IV ¢ KOHKpETHBIM BBIIIOJTHEHUEM



Ecnu co6monaroTest ctaTH4ecKue peskuMHBIE YCIOBHS, TO TapameTpbl MY

ONIPCACIIAOTCA CIICAYIOINWMN COOTHOIICHUAMMN:

1
fo=—: (3.58)

- °
2741 Ty

7, =C(R; +2hy; )5

1, =GR,
-1
Q= T 1_R3a(Ki12.1 +Kip,) 4 %2 (3.59)
Ts R, +2h,, T |
T, Ryu(K,, + K,
K, ~Q |3 Ko 112.2)) (3.60)
T R, +2h,,
rae o, hjj — crarndeckuil ko3pPUUMEHT nepenayd 3MUTTEPHOIO TOKa i-To

6I/IHOJISIpHOFO TPAaH3UCTOPA U €T0 BXOJHOC I[I/I(b(bepeHHI/IaHBHOC COIMPOTUBJICHUC

B CXEME ¢ 0011eii 0a30ii.
Takum oOpa3oM, KOHKpPETHas CXEMOTEXHUYECKas peau3amusi TOKOBBIX

3epkan [IT1 u I1T2 no3BossieT peanuzoBaTh xenaembie 3HaueHus Q (3.58) u Ky
(3.59) mpu 3agaHHBIX COOTHOLICHMSAX YacCTOTO33JAOIUX pe3ucTopoB R;=R, n
R;. Hanpumep, B IV Ha 0a3e TokoBsIx 3epkan (npu K, =K;;,, =1) He u3-
MEHSIOTCS YCIOBHSA €ro cucTeMHoi nHTerpanun B CO-01oke.

JlaHHBIE TEOPETHUYECKUE BBIBOABI IOATBEPKAAIOT TIpa(UKH PUCYHKOB

3.41-3.45.
Ha pucynke 3.40 npuenena cxema Y pucynka 3.37 B cpeae Cadence Ha

Mozensx SiGe UHTEerpaIbHbIX TPAH3UCTOPOB.
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Puc. 3.40. Cxema nipeiaraemoro ycwiuresst B cpeae Cadence
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Ha pucynke 3.41 moka3aHa 4acTOTHasi 3aBUCUMOCTb Kod(pulleHTa ycu-
JIEHUS TI0 HaINpsDKeHHIO (YKPYMHEHHBIM MaciiTal), a Ha pucyHke 3.42 — 4acToT-
HbIE 3aBUCUMOCTH K03 (PUITMEeHTa YCUIIEHUsI TI0 HANPsHKEHUIO U (ha30BOTO CIBH-
ra Y (menkuii maciira0).

Ky, nb
Y- A5 20§ y=17.86dB, F=1.175GHz, Q=4.4

6x108  7x108 8x108 9x108 10° 2x10° 3x10°
Hactora, 'y

Puc. 3.41. YacToTHas 3aBUCUMOCTb KO3 DUITMEHTa YCUIICHUS
M0 HANpPsHKEHUIo (YKPYMHEHHBIA MacTab)

Ky, ab 250 50.0

—100

=25.04

=150
-50.04

-75.04 200

®aza , rpaxyc

-1004 L 250

-1254

300

-1504

350
=175+

-200 T T T T T T T T T T 400
100 101 102 103 104 10° 10% 107 108 10° 1010 1011
Yacrora, ['11

Puc. 3.42. YacToTHbIe 3aBUCUMOCTU KOA(h(PUIIMEHTA YCUTICHUS
1o HanpsbkeHuto u pazosoro casura MY (Mmenkuii maciirad)

Ha pucynke 3.43 mpencrasiena cxema WY pucynka 3.39 B cpene Ca-
dence Ha Mozensax SiGe uHTerpagIbHbIX TPAH3UCTOPOB.
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Puc. 3.43. Cxema Y ¢ BXOAHBIMU SYMUTTEPHBIMU [TOBTOPUTEISIMHU
B cpene Cadence

Ha rpaduke pucynka 3.44 nmokaszaHa 4yacTOTHas 3aBUCUMOCTH KO3 huiim-
€HTOB yCHJICHUS TI0 HanpsbkeHuto MY pucynka 3.43 (ykpynHEHHBIN MaciiTad),
a Ha pucyHke 3.45 — 4yaCTOTHBIE 3aBUCUMOCTHU KO3(ppuImeHTa ycuiaeHus mno Ha-
npsbkeHuto U ¢azosoro casura MY pucynka 3.43 (Menkuii maciital).

Ky, nb

20

y=12.3dB, F=1.077GHz, Q=2.5
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10

5.0q

3x108 4x108 5x108  6x10® 7x108 10° 2x10° 3x10°

YactoTa, I'1

Puc. 3.44. YacToTHast 3aBUCUMOCTb KOG DUIIMEHTOB YCUIICHUS
no HanpsbkeHuto MY (ykpynHEHHBINA MaciiTal)
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Ky, 1B 25.0

[¢]

-25.0

-50.0

-75.0

-100

-125

-150

-175

50.0

—100

—150

—200

Pasa , rpagyc

—250

—300

—350

-200
10

108

104 10° 108 107 108 10°
Yacrora, I'11

1010

4
101100

Puc. 3.45. YacToTHble 3aBUCUMOCTU KOA(hDUIIMEHTa YCUTICHUS
1o HanpsbkeHuto U pazosoro casura MY (Menkuii maciirad)

BrinosiHeHHbIE HMCCIEIOBAaHUS TMOKa3bIBAIOT, UYTO MPEIaraéMoe CXeMo-
TEXHUYECKOE PEIICHHE XapaKTepu3yeTcs 0oyiee BHICOKMMHU 3HAUEHHUSIMHU KO3 (-
¢unuenta ycunenus Ky Ha yactore kBazupe3oHaHca fy 1 MOBBIILIEHHBIMU BEJIH-
YUHaMU 100pOTHOCTH Q.

3.4. MpuMeHeHUe ycunuTterneu Toka ¢ Lenbio CO6CTBEHHOM
KoMneHcaumm émkoctu CKk6 B akTuBHbIX RC-chunbTpax

Ha pucynke 3.46 npencraBieHa cxema U30UpaTeIbHOIO YCHIIUTENS, B KO-
TOpOM 0a30BbIM YCUIIMTENb TOKA UMEET Lelb COOCTBEHHON KOMIIEHCAIIMH EMKO-
cti Cys BBIXOJAHOIO TPAH3UCTOPA, YTO PACIIUPSAET AMAMNA30H PabOUYUX YacToT.
Pemaemas 31ech 3agaua — nosbimieHue goopornoctd AUX UV u ero koapdu-

ueHTa ycuiieHnus no Hanpsbkenuto (Kg) Ha gactore kBazupezoHaHca fy.

O +

R1 C1 c2

VT1 é IO C) 11:1*0

Beix.

@ L=I+1%
o -

Puc. 3.46. Cxema mipejyiaraeMoro u30upaTeabHOro ycunurens [46]
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HcTOYHUK BXOAHOTO CHUTHANA Uy, MOCPEACTBOM BXOJHOIO Mpeodpa3oBa-
tens «HanpskeHne-Tok» [THT1 n3meHseT TOK KOJUIEKTOPHOW LENH TPaH3UCTO-
pa VT1. Xapakrep KOJUIEKTOPHOM Harpy3ku 3TOTO TPAaH3UCTOPa, 00pa30BaHHOM
pesucropamu R1 u R2, a takxke kongencatopamu Cl1 u C2, obecneunBaeT mnpe-
oOpa3oBaHuE 3TOTO TOKa B TOK pe3uctopa R2 BeixogHoi nenu UY. Ipu stom
Hajguyue €MKOCTHOTO AenuTeNs, oOpa3oBaHHOro KoHjeHcaTtopamu Cl u C2,
oOecreunBaeT (HYHKIMOHAIBHYIO 3aBUCUMOCTb 3TOI'O TOKAa, COOTBETCTBYIOLLYIO
YaCTOTHBIM XapaKTEPUCTUKaAM H30HpaTeabHOro ycuiurens. [lefdcTBUTENbHO,
koHsieHcatop C1 ymeHbIaeT 3TOT TOK B obsiactu HUKHUX yacToT (f < fy), rae fy
ABJISIETCS 4aCTOTOM KBasupe3zoHaHca MY, a xonaeHcatop C2 yMmMEHBIIAET BbI-
XOJIHOE HampspkeHue B obOnactu BepxHUX vacToT (f> fy). Takum obpaszom, uc-
MoJib3yeMasi KOJUIEKTOpHasi Harpy3ka oOecreunBaeT He0OXOAUMBINA BUJ| aMIUIH-
TYAHO- U (a304acTOTHBIX XapakTepucTuk cxembl Y. B cuny storo, neiictue
KOHTYpa 0OpaTHOM CBSI3W HANpPABJICHO Ha yBeNWYeHHUE N00poTHOCTU Q U KO3(-
¢unuenra ycuienus Ko Y.

Kommnekcubit koapdunuent nepenaun 1Y pucynka 3.46 kak oTHole-
HUE BBIXOJAHOTO HAIpPSIKEHUS K BXOJHOMY HANPSIKEHUIO Ugg OIPEIEISAETCS
bopMynoii, KOTOPYIO MOXHO MOJIYYUTh C MOMOIIbIO METOJOB aHajiu3a 3JIEK-
TPOHHBIX CXEM:

jtlo
. u
K(f) = =Ky, (3.61)
Uax f£7 —f* 4+ jf 2
Q

rae f — gacTtoTa BXoaHOro curHana; fy — 4actora KBa3zupe3oHaHCA W30UpPATEIIb-
Horo ycunutens; Q — noopotHocTs AUX uzbuparenbHoro ycuinurens; Ky — xo-
s unment ycunenus MY Ha yacTore kBazupe3onanca f.
ITpruém:
3 1
2“\/C1C2R1(R2 +hy, )
rae Cy, C,, Ry, Ry — mapamerpsl anementoB C1, C2, R1 u R2; hy;; — h-napamerp
1-r0 TpaH3UCTOpa B cxeme ¢ o01Ieil 0a30i.
JHobpoTtHocTs Y onpenensieTcs: hopMynoii:

(3.62)

fo

C R

-1

Q'=D,+ | L —L[l—a1(1+a2(l—a1))], (3.63)

C, VR, +hy

rae o, — KO3(QQUIMEHT Nepeiaud MO TOKY HSMHUTTEPA i-Ir0 TPaH3UCTOPA;
Cl C2 R2 + hll | )

D,=|.|=+ |[=* | |[—2—1 — oxBuUBaJeHTHOE 3aTyXaHWE MACCUBHOW YacTo-
C2 Cl Rl

TO3aBUCUMOU IIENH.
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3a cuét BBHIOOpA MapaMeTPOB BJEMEHTOB, BXOAAUX B dopmyny (3.63),
MOKHO oOecrieuuth Q >>1.

®dopmyna g koddpdunrenta ycuineHnus Ky B komriekcHOM K03 duiim-
ente nepegauu (3.61) umeeT BU;

K, = _Qsl\/Rl(Rz + h11.1

=L, (3.64)

2

) [

rjae S; — KpyTU3Ha BXOJAHOTO IIpeoOpaszoBates «HanpsbkeHue-tok» [THT.

BaxxHolt 0COOEHHOCTBIO CXEMBbI SIBISIETCS BO3MOKHOCThH PEaM3alluu Bbl-
COKOM TOOPOTHOCTH M ONTHUMH3ALUU €€ MapaMeTpUYeCKON YyBCTBUTEIHHOCTH.
OnTuMalibHBIM COOTHOILIEHHEM SBIISIETCS PABEHCTBO EMKOCTEW KOHJIEHCATOPOB
Cl u C2 (C1=C,). B aT0i1 cBsi3M HEOOXOIMMOE MaKCUMAaJIbHOE 3HAYCHHE J00-
poTHOCTH (Q MOXKET OBITH 00ECIEYEHO BHIOOPOM ONTHUMAIBHOI'O COOTHOILIECHHMS
conpoTtuBiieHuil pe3uctopoB R1 n R2.

N3 cootHomenus (3.63) cienyer, 4YTo Npu peanu3aiuy napaMmeTpuiecKo-

ro yCJIoBu:A:
R,
Rz :7[1_a1(1+a2(1_a1))]_hll.H (3-65)
IIO6pOTHOCTB I/Iy HpI/IHI/IMaeT MAaKCUMAJIBHOC 3HAUCHUC:
1 1
Q = (3.66)

max 2\/5'\/1_a1(1+a2(1—(11))’

Hanpumep, npu o, =a, 0,99, Q... =25, a 6e3 yka3aHHBIX B CXEMe

CIeUAJIbHBIX OOPATHBIX CBSA3EH ATa BEJIMUMHA HE MPEBBIMIACT 3,5.

[Tpu peanmzanuu 0osee HU3KUX YUCICHHBIX 3HAUCHUU J0OpOTHOCTH QQ B
cxeme Y Bo3MoOxkHa MUHUMH3AIUA €€ MapaMEeTPUUYECKOW UYBCTBUTEIBbHOCTH
nipu BeinosiHeHuu ycnosusi C;=C,. Torna:

(3.67)

acé MmapaMeCTpuICCKada YyBCTBUTCIBbHOCTD r100aJIbHO MUHUMUBUPYCTCA:

SQ =82 =0; S2=-82, = % (3.68)

VYka3zaHHbIC BO3MOXKHOCTH 00ECIIEYNBAIOT YHUBEPCAIBHOCTH CXEMBbI TIPE/I-
maraemoro NVY.

Ha pucynke 3.47 npencrasiieHa cxema mnpeaiaraemoro MY ¢ KOHKpet-
HBIM BBITIOJIHEHHEM TMpeoOpaszoBaTens «HamnpsbkeHue-Tok» [THT1 B Buge nud-
(dhepeHIMaIBHOTO Kackaja Ha snemeHnTax VI3, VT4 u 1.
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+ tho C) LT,
VT1

BbIx.

O -

Puc. 3.47. Ilpaktruueckas peanusanusa npeaynaraemoro MY

IIpencraBneHHoe Ha puUCYHKE 3.48 pa3BUTHE NPUHLMUIUAIBHOU CXEMBbI
NY pucynka 3.46 mo3BOJISIET CHATh OrPAaHUYCHHUE, BXOSIIEE B COOTHOIIEHUE
(3.67). JelicTBUTEIBLHO B TOM CITy4ae:

» C, R,
Q'=D,+ R T [1-K.o(1+0,1-a))], (3.69)
rac Ki — KO3(1)(1)I/ILII/I€HT YCI/IJIeHI/IH 10 TOKy JOIIOJIHUTCIBHOT'O YCI/IJII/ITCJISI TOKAa
VTI.
IToaTOMY IpH BBINIOJIHEHUH NTAPAMETPUYECKOTO YCIOBHUSL:

1
K =
l a, +OL20L1(1—OL1)’

(3.70)

no0potHocTh cxembl MY pucynka 3.48 npu cOXpaHEHHHM NapaMeTPpUUYECKHUX
qyBCTBUTENbHOCTEN (3.68) MpuHUMAaET 3HaUYEHUE:

(3.71)

Kpome atoro ykazannas moaudukauus MY no3BosseT UCmonb30BaTh yc-
70BUsI paBHOHOMHHAIBHOCTH (R1=R;). Torna no0poTHOCTH:

Q' =3-Ko[l+a,(1-a,). (3.72)

CnenoBatenbHo, BbIOOpOM K; MOXHO peanu3oBaTh 3aJaHHYIO J00OpPOT-
HocTh Y pucynka 3.48.

Ha pucynke 3.48 mpencraBieHa cxema npegnaraemoro MY, B koTopoi
KOJUIEKTOp TpaH3uctopa VT2 cBsi3aH C 3MUTTEPOM BBIXOJHOI'O TPAH3UCTOPA
VTI uepe3 ycuurens Toka YT1 (TokoBoe 3epkaiio). B yacTHOM ciyyae 10mod-
HUTEIBHBIM BBIXOJOM YCTPOICTBA MOKET OBITh y3el Bbix. .

151



4o -
Ugx * *
VT1 L=l Brix

Brix.

@ L=l Kl
O -

Puc. 3.48. Bapuanr peanuzanuu npeanaraemoro 1Y

Ha pucynke 3.49 mnpencraBnena cxema WY pucynka 3.47 06e3
nononaHuTenbHoro ycunurtens toka YT B cpege Cadence Ha mopensx SiGe
TPaH3UCTOPOB. 31ech BXoAHOU mpeoOpaszoBatens I[IHT1 peanuzoBan Ha TpaH-

3ucrope Q3.

cwCvar

== c=Cvor
c7

[ P

npn2o@_1"

mel
Ieman:2rmA | o
o

Iy ides T+ hvar

dd E
V. vss
1;1”
g '
S

Puc. 3.49. Cxema Y 6e3 nononHuTenpHOTO yeuiauTens Toka B cpene Cadence
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Ha pucynke 3.50 mokazanbl jorapupmMuyeckas aMIUTUTYIHO-4aCTOTHAs
(JIAYX) u dazouactornas (PUX) xapakrepuctuku Y pucynka 3.49 B mmpo-

koM auanazoHe yactor oT 1 k['m go 100 I'T'm mpu Rvar=0, Cvar=700 ¢,
Ivar=200 MKA.

—Kv —ph

20 300
Q=13 (1.15GHz, 10.3dB)\

F250

F150

phase (deg)|

100

50.0

-504

_Gc T T T T T T T 0
103 104 103 106 107 108 109 1010 3011
freq (H2)

Puc. 3.50. Jlorapudmuueckas aMIiuTy THO-4aCTOTHAsI
1 (hazovyacToTHAs XapakTepucTuku MY B MIMPOKOM Irama3zoHe 4acToT

Ha pucynke 3.51 npuBeneHa 3aBUCUMOCTb JOOPOTHOCTH Q M pe30HaAHC-
Hoit yactoTsl fy MY pucynka 3.49 ot Toka lvar.

—f_resonans — Q

1150 1.325

1.1454 132

1.1404
r1.315

11354

freq (E9)|

1.1304

11254

-
——
o

-

ao

.31

F1.305

T T
400 600
Ivar (E-3)

1.3

Puc. 3.51. 3aBucumocts 100poTHOCTH Q
1 pe3oHaHcHoM yactoThl fy 1Y ot Toka Ivar

Ha pucynke 3.52 nokazan MY pucyHok 3.48 ¢ IOMOJHUTEIBHBIM YCUJIU-
teneM Toka YT1 (K;) B cpene Cadence na monynsax SiGe TpaH3UCTOPOB.
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veel

Puc. 3.52. Cxema Y ¢ nononuutensHbiM ycunutesneM Toka (Kj)
B cpene Cadence

Ha pucynke 3.53 nokazansl JIJAUX n ®UX 1Y pucynka 3.52 B inpokomM
nuanaszone yactoT ot 1 k['m go 100 I'T mpu Rvar=0, Cvar=700 ¢, K=25,
Ivar=50 MKA.

—Kv —ph
40 300
Q=13.6 (1.05GHz, 32.4dB)
30
250
20+
200 _
_ 104 3
2 g
2 o H50 o
Z b
=
-104 @
100
_20_
0.0
-304
-40 . i . ; ; i | 0
103 104 10° 105 107 108 109 1010 101l

freq (H2)

Puc. 3.53. JIAUX u @YX 1Y B mIMpoKoM quara3zoHe 4acToT
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Ha pucynke 3.54 npuBenena 3aBucuMocTh noopotHoctu Q MY pucys-

ka 3.52 ot koappunuenTta nepenaun Toka K; 10moaHUTENBHOTO YCUIUTENS TOKA
VTI.

50+
40-

i=4
0.30_

Ki=25.0, Q=13.6
201 (Ki , O )

104

T 3o 50 70 oo 110 '1'%',';{ _ '01'5'_6' 170 190 210 230 250 27.0
Puc. 3.54. 3aBucumocts nodpornoctu Q NUY
oT ko3 uimenTa nepenayu Toka K; 10moIHUTENBHOTO YCUIIUTENS TOKa

IIpencraBnennsle Ha pucyHkax 3.50-3.51, a Taxxke pucynkax 3.53-3.54
PE3yNIbTaThl MOJIETUPOBAHMS MMOATBEPKIAI0T YKa3aHHBIE BBIIIE CBOMCTBA Mpe-
JIaraéMbIX CXEM.

3.5. MeTon noctpoeHusa NY Ha ocHoBe ycunuTeneun
c TokoBon BY-kKoppekunen

TokoBass BU-koppekuust [47] obOecrieunBaer (GpopMupoBaHUE aMIUTUTY/I-
HO-4aCTOTHOW XapaKTEPUCTUKUA PE30HAHCHOI'O THUIIA, OJHAKO HE TapaHTUPYET
BBICOKHMX N0OpoTHOCTEeH AUX.

R1

Bx Brix
o ———o
) T

VT1

i

Puc. 3.55. Cxema knaccuueckoro MY ¢ tokoBoit BU-koppeknueit
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Ha pucynke 3.56 noka3ana cxema MY, B KOTOpOM yCTpaHSAETCS 3TOT He-
noctatok [48]. OcHOBHas pemniaeMas UM 3ajada — MOBBIINICHUE JTOOPOTHOCTH
AYX UV u ero koddpdunuenrta ycuienus no Hanpsokenuto (Kog) Ha yvacrote
KBa3upe3zoHaHca fy. DTo mo3BOMSET B psifie clydaeB YMEHBUIUTH 00IIee IHEPro-
noTpedsIeHNe U peaan30BaTh BHICOKOKAYECTBEHHOE N30MpaTelIbHOE YCTPOIMCTBO.

m O +
R1 o

VT1

W VD1 Ik

L

Puc. 3.56. Cxema npemsiaraemoro MY [48]

Ha pucynke 3.57 noka3zan npennaraeMbiii 1Y, B KOTOpOM B KauecTBE HcC-
TOYHHKA BCIIOMOTraTelbHOro Hampsbkenusi E. vcnosnp3yercs moTeHuuan ooueit
IIMHBI UCTOYHUKOB NUTaHuA. Kpome 3Toro, 1 yMEHbBIIEHUS BIHMSHUS HU3KO-
oMmHOU Harpy3ku Y B cxemy BBenéH Oydepnbiit yeunurenb bBY, cBa3aHHbIM €
BBIXOZIOM ycTpoicTBa (BbIX.), K BBIXOTY (Bbix.") KOTOPOr'0 MOJAKIIOYAIOTCS I10-
CJIEYIOLME KAacKabl IPe00pa30BaHUs CUTHAJIOB.

mlo | g R3

Puc. 3.57. Cxema npennaraemoro Y
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HcTOYHUK BXOAHOTO CHUTHANA Uy, MOCPEACTBOM BXOJHOIO Mpeodpa3oBa-
tens «HanpskeHne-Tok» [THT1 n3meHseT TOK KOJUIEKTOPHOW LENH TPaH3UCTO-
pa VT1. Xapakrep KOJUIEKTOPHOM Harpy3k 3TOTO TPAH3UCTOPa, 00pa30BaHHOM
pesucropamu R1 u R2, a takke kongencatopamu C1 u C2, obecnieunBaeT mnpe-
oOpa3oBaHue 3TOTO TOKa B TOK pesuctopa R2 Beixognoi nenu. [Ipu sTom Hanu-
gue EMKOCTHOTO JenuTesi, o0pazoBanHoro konjaeHcatopamu C1 u C2, obecrne-
yrBaeT (PYHKIIMOHAIBbHYIO 3aBHCHUMOCTb 3TOrO TOKAa, COOTBETCTBYIOIIYIO Yac-
TOTHBIM XapaKTEpPUCTHKAM H30UpaTesbHOr0 ycunutens. JledcTBUTeNnbHO, KOH-
nencarop Cl yMmeHsImaeT 3TOT TOK B obiiactu HMxHUX yactoT (f<fp), rme fy
ABJISIETCS. YaCTOTOM KBasupe3zoHaHca MY, a xonaeHcatop C2 yMmMEHBIIAET BbI-
XOJIHOE HampsikeHue B o0nactu BepxHux yactotT (f> fy). Takum oOGpazom, uc-
noJib3yeMasi KOJIJIEKTOpHasi Harpy3ka oOecrieyuBaeT HeOOXOJIUMBII BHUJI aMILUIU-
TyIHO- U ()a304aCTOTHBIX XapaKTepUCTUK cxeMbl. [loakitoueHne Kk pe3ucTopy
R2 4gepe3 npsmocmeniénnsbiil nepexoq VD1 06a3oBoii nenu tpansuctopa VT2 u
SMUTTEpHOM 1enu TpaHzucropa VT1 obecrneunBaer peanu3anuio B cXeMe KOH-
Typa 0OpaTHOM CBA3M, NPUUEM YACTh TOKA pe3uctopa R2 u3MeHseT sSMUTTEpHBIE
TokH TpaH3ucTtopoB VI2 u VTI1 u, cienoBarenbHO, BXOAHOW TOK YaCTOTO3aBH-
cumoit nenu (pesuctopsl R1, R2 u xonaencatopsl Cl1, C2). B obnactu HIKHUX
gactoT (f < fy) aTa cBsA3b B cuity neiicTBus KoHaeHcatopa C1 oka3pIBaeTCsl peak-
THBHOM, a B 00JacTu BepXHHUX 4acToT (f> fy) u3-3a MIyHTUPYIOIIETO IEUCTBUS
KoHJIeHcaTopa C2 He TOJNBKO PEaKTUBHOW, HO U aCUMITOTHYECKHA OTCYTCTBYIO-
mieil. Takum o0Gpa3om, B CUITy YKa3aHHBIX BBIIIE CBOWCTB KOJUIEKTOPHOU Ha-
Ipy3KH UCIOJIb3yemasi 0OpaTHas CBs3b Ha yacToTe kBazupe3zoHanca MY fj ssis-
€TCsl BEIIECTBEHHOM, W €€ IiIyOMHa HEMOCPEICTBEHHO OMNpENEeNsieT Kak peayu-
3yemMylo cxeMoi noOpoTtHOocTh Q, Tak U ko3duuuent ycunenus K. ['myOuna
ATOU OOpaTHOM CBSI3U OINpPEENSIETCs] COOTHOUIEHUEM TOKA SMUTTEpa TPAH3UCTO-
pa VT2 u Toka npsamocmeniéHHOro p-n nepexona VD1 u HanpaBieHa Ha yBenu-
yenue Q u Ky mpu coxpaHeHnn 4acToThl KBazupe3oHaHca fy 6e3 n3smeHeHui.

Kommnekcubit koappunuent nepenaun Y pucynka 3.57 kak oTHolue-
HHE BBIXOIHOTO HANPSIKEHHs (BBIXOIBI yCTpoiicTBa Bhix., BeIX.') K BXOZHOMY
HaIPSHKEHUIO Uy, omnpenensiercs (GopMmysoil, KOTOPYIO MOXKHO MOJYYUTh C MO-
MONIBIO METOJIOB AHAJIN3A IJEKTPOHHBIX CXEM:

jt'o
. u
K(jf) = S i, Q -, (3.73)
Uex £2 —f2+jf 2
Q

rae f — gacrora curnana; fy — yactora kBasupezonanca; Q — no6porHocts AUX
u3zbupatenbHoro ycunutens; Ko — koapdunuent ycunenus MY Ha yacrore KBa-
3upe3oHaHca fy.
ITpruém:
1

" 21 JCCR,R, +1)°

(3.74)

fO
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rne C;, C,, R;, R, — mapamerpst snementoB Cl, C2, Rl wu R2;
r= thHh”.2 +h,, yp; — PKBUBAJIEHTHOE cONpOTUBIEHUE; h;;; — h-mapamerp i-ro

TpaH3ucTopa (p-n nepexoaa) B cxeMe ¢ oouel 6azoi.
HoGpotHocTts Y onpenensiercs hopmynoi

o C | R L
Q —D0+\/;2 Rz+r[1 o,(1+m)], (3.75)

rae o; — Ko3(QQUIMEeHT nepefadyu 1o TOKY AMHUTTEpa 1-ro TpaH3UCTOpa; m —

C, C, | |R,+r
4UCII0 SMUTTEPOB TpaH3ucropa 15; D, = c + c R KBMBAICHT-
2 1 1

HOE 3aTyXaHHe aCCUBHOM IEITH.

3a cuét BBHIOOpA MapaMeTPOB BJEMEHTOB, BXOAAmuX B dopmyny (3.75),
MOKHO oOecrieuuth Q >>1.

®dopmyna g kodddunrenta ycuineHus Ky B komriekcHOM K03 duim-
eHte nepenayu (3.73) umeeT BUA:

K,=-QS,+/R,(R, +1) \/g : (3.76)

rae S| — KpyTU3Ha BXOJAHOTO npeodpasoBarens «Hanpsbkenue-tok» [THT.

BaxxHolt 0COOEHHOCTBIO CXEMBbI SIBJISIETCS BO3MOKHOCTH ONTHUMM3ALUU €€
MapaMeTPUYECKON YyBCTBUTEIBLHOCTH.

OnTrMalibHBIM COOTHOILLIEHHUEM SIBIISIETCS PABEHCTBO EMKOCTEN KOHJIEHCA-
topoB C1 u C2 (C1=C,;). B 3T0i1 cBsi3n HE0OX0AUMOE 3HaueHne JOOpOTHOCTH Q
MOKET OBITh PEaIN30BAHO KaK CTPYKTYPHO (BBIOOPOM UMCIIa SMUTTEPHBIX NEpe-
x070B (m) Tpan3zuctopa VT2), Tak 1 mapaMeTpUyecKu — YCTaHOBICHUEM COOT-
HOLICHMUSI MEXIYy COIPOTUBIIEHUAMU pe3ucTopoB R; m R, ((R2 + r)/ R, = k).

B sTom citydyae mapamerpudeckas 4yBCTBUTEIbHOCTD

SQ = —Q(4k +1/Q) ~ —4Qk (3.77)
onpezensercss Ko3(PpQGUIUEHTOM OTHOIIEHUs Pe3ucTopoB (KodpduuneHtom k).
IIpu 5TOM YKMCIEHHOE 3HAYEHHUE YUCIa M SMUTTEPOB TpaH3ucTopa VT2:

mzi(2k2—£+lj—l (3.78)
o, Q

MO3BOJISIET MOJYYUTh 33JJaHHOE 3Ha4Y€HHE JOOPOTHOCTH MPHU YCIOBUU PABHOHO-
muHanbHOCTH e (k=1). [elictBurensHo npu m=2, k=1

1 by
=——c—, 3.79
Q 3(1-a,) 3 G.79)
a mpu m=3 (puc. 3.57)
k=_[20,-0,5+ 12+Lz1,87+i. (3.80)
4Q°  2Q 2Q
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OtMmetuMm, uto ycioBue k=1 cBsi3aHO ¢ MUHUMU3AIMEH BIUSHUSA YaCTOT-
HBIX CBOMCTB OUIIOISPHBIX TPAH3UCTOPOB HA YaCTOTY KBaszupe3zoHanca MY u ero
100poTHOCTh. UTO KacaeTcs 4yBCTBUTENbHOCTH (3.77), TO OHA BIMSIET Ha HECTa-
OMIBHOCTH MapaMeTpoB MY TONbKO Yepe3 MOrpenrHocTb, O0YCIOBIEHHYIO He-
UJACHTUYHOCTBIO PE3UCTUBHBIX 3JEMEHTOB (A®y ), KOTOpast AJii COBPEMEHHBIX
TEXHOJIOTUW 3HAYUTEJIbHO MEHBIIE OTHOCUTEIBHBIX OTKJIOHEHUW 3THX 3JIEMEH-
TOB, 00YCJIOBIMBAIOIIUX CTAOMIIBHOCTh YaCTOTHI KBa3upe3oHaHca f.

Ha pucynke 3.58 nokazana cxema MY pucyHnka 3.56 B cpeie KOMIIbIOTEp-
Horo monenupoBanust Cadence Ha Mmozensx SiGe UHTErpalibHbIX TPAH3UCTOPOB.

vCC

1
¢=C1

gnd

m:1
Iemax:2ma
out

Puc. 3.58. Cxema 1Y B cpene komnbroTepHoro moaenupoBanust Cadence

Ha pucynke 3.59 npuBenensl jorapupMuyeckue aMIuIMTYIHO-4YaCTOTHbBIE
u (azo-yactoTHbie XapakTepuctuku MUY pucynka 3.58 B gmanasoHe 4acToT OT
1 xI'n 1o 100 I'T'y mpu R21=390 Om, C1=240 ¢pD.
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Puc. 3.59. Jlorapudpmuueckue aMIiuTy JHO-4aCTOTHbIE
1 (a30yacToTHBIE XapakTepucTuku 1Y

Ha pucynke 3.60 npuBeneHbl jorapu@Muyeckue amIuIUTyAHO-4acTOT-
Hble U (ha3oyacToTHBIE XapakTepucTuku MY pucynka 3.58 B Goisiee y3koMm aua-
nazone yactot (o1 100 MI'ty mo 10 I'T'r) mpu R21=390 Om, C1=240 ¢D.

—Kv —ph
40 280
______________________ Q=12 (1.06GHz, 37.0dB)
35 g (260
1
301 (240
]

’s \ (220
. | )
_ t (200 B
@ 204 1 ﬁ
] : L180
Z 15 i e
} 1160 &

104 1
- L140
1
>.07 Y 1120
)
04 Mo [100
_5.0 , —~"180.0
108 109 1010

freq (Hz)

Puc. 3.60. Jlorapudpmuueckue aMIIUTyAHO-4aCTOTHbIE
u (a3zouacToTHbIE XapakTepucTuku MY B Oosee y3xkoMm auamna3zoHe 4acToT

IIpencraBnenHble Ha pucyHkax 3.59-3.60 pe3ynbraThl MOAEIMPOBAHUS
NY pucynka 3.58 moATBEp>KIAOT BBINIEYKAa3aHHBIE CBOWCTBA IPEIIAracMoi
CXEMBbI U30MPaTEeIbHOTO YCUIIUTEIIS.
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3.6. U3bupaTenbHble yCUNMTesiu ¢ TOKOBbIM BXOA40M

Ha pucynke 3.61 nokazana cxemMa u30UpaTeIbHOTO YCHIUTENS C TOKOBBIM
BX0JIoM BX.1;, KOTOpHBI popMupyercs MpuMEeHEeHHEeM TUIIOBBIX Mpeodpa3oBaTe-
Jel «HampsbKeHHe-TOK». Pemaemas vM 3ajadya — MOBBILIEHHE JTOOPOTHOCTH
AYX ycunutens u ero kodQpQuireHTa yCuiIeHUs M0 HAMpsHKEHUIO Ha 4acToTe
KBa3upe3oHaHca fo.

|
Ky, \ Kis
MTI 2

Ipx1 VT1

Puc. 3.61. Cxema mpeiaraeMoro u3ouparenbHoro ycuautens [49]

HcTouHuk BXOHOTO MEPEMEHHOTO TOKA 1z ¢ YacTOTOM f M3MeHseT uiu
BXOJHOM TOK TOKOBOTO 3epkasia II1T1, unm sMuUTTEpHBIA TOK BXOJHOI'O TpaH3U-
ctopa VTI1. Bo3Hukaromiee mnpupalieHue TokKa yBEJIUUUBAeTCs (YCHIMBAETCS)
TOKOBBIM 3epkaiom IIT1, Harpy3koi KOTOpPOro Mo BBIXOAY SIBJISIETCS YACTOTO3a-
naroiasi 1enb, oopaszoBanHas pesucropamu R1, R2 u konnencaropamu Cl1, C2,
C3. Yka3zaHnHas 4yacTOTO3aJaromas [ienb ooecneunBaeT HeoOXoauMbIi B AUX
n @YX MY u peanusyer nmocpeacTBOM B3auMoAeicTBUA TpaH3uctopa VTl u
BX0J1a ToKoBOro 3epkana I1T1 perenepaTuBHYIO0 OOpaTHYIO CBSI3b, KOTOpasi OKa-
3BIBAETCSI BELIECTBEHHON TOJBKO HAa OJAHOM 4YacTOTE — YacTOTE KBA3UPE30HAH-
ca fp Y. B obnactu HmxHux yactoT (f<<fy) m B 006JacTH BEpPXHUX YACTOT
(>>1)) aTa xe perenepaTuBHasi oOpaTHasi CBsI3b OKa3bIBaeTCs peakTuBHOU. Ciie-
J0BaTeNIbHO, YacTOTa KBa3upe3oHaHca fy He 3aBUCUT OT IIyOMHBI 3TOW 0OpaT-
HOW CBSI3U U OIPENENSAETCS TOJBKO 3HAYCHUSIMU CONPOTUBIIEHUM R, Ry 1 éMko-
creit Cy, C,, C;, a uncnenHoe 3HadeHue 1o0potHocTy Q U kodpdunmreHTa ycu-
nenust Ky Y onpeznensiercss BO3BpaTHBIM OTHOILIEHUEM BEIIECTBEHHON 00part-
HOM CBSI3M U MOATOMY KO3 (HUIIMEHTOM Tepeaun TokoBoro 3epkana [1T1.

[TokaxkeM aHamuTHYeCKH, 4TO Ooiiee Bbicokue 3HaueHus Ky u Q B pado-
YEM JUAIa30HE YaCTOT PEATU3YIOTCS B MPEJIaracMoi cxeme.
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JleHicTBUTENIBHO, B pe3yJIbTaTe aHAIU3a MOKHO HAWTH, YTO KOMIIJICKCHBIN
kod(ppunmeHT nepegaun mo HampsokeHuro MY pucynka 3.61 onpenensiercs 1o

bopmyie:

it
K, () =K, (3.81)
f7 -2 +jf 2
Q
1
rae f — wactora BXomHOro curHama; f, = — YacToTa
" 2n/R,‘R,-C,(C, +C,)
kBasupe3oHaHca; Ky — koadppunment ycunenus MY na vacrore fj; (3.82)
K, ~Q R & K, (3.83)
VR, {Ci(C +C,)
Q — 100pOTHOCTH;
3 C
Q :DP(I_QT]CZ(IIK“%}’ (384)
D, :\/(Cl +C, )R, +\/ C;R, +\/ CR, ) (3.85)
C3Rl (Cl + C2 )RZ RZ(CI + CZ)

rae K.

1

» 1 K, — xkoaddunment nepegaun no Toxy Tokosoro 3epkana IIT1 u go-
HOJIHUTENBHOr0 ycunutens Toka YT1; a; — koapduuueHT nepegayu mno ToKy

smurrepa tpanzuctopa VTI.
Takum oOpa3oM, uucieHHble 3HadyeHus Kodpduuuenta K., TokoBoro

3epkana [IT1 obOecneunBaoT HeoOXoaUMBbIE (TpeOyemble) 3HaU€HUs T0OPOTHO-
cti Q u koapunnenta ycunenus Ky MY npu noctosHHOM (HEM3MEHHOM) 3HA-
YEHUU €ro YacTOThl KBazupe3oHnaHca fy (3.82).

BaxHe#muM CBOWCTBOM TpeIIaraeMoil CXeMBbI SIBISICTCS BO3MOKHOCTh
peanu3anuy 4acToTO3aJaroneil Henu Mpu OTHOCUTENIbHO OOJBIION AOOPOTHO-
ctu. Kak Bunno u3 (3.84) npu R;=R,=R, C,=C,=C5=C u peanuzaiuu ycloBHUS:

1 1
Q 372 aK,. (3.86)
B cxeMe pucyHka 3.61 obecneuynBaeTcsi BO3MOXKHOCTh CTPYKTYPHON ONTHUMU3A-
nuu ko3 duiMenTa nepegaun 1no Toky Tokoporo 3epkana [IT1 nns neodbxoau-
MOTO 3HaY€HUs1 JOOPOTHOCTH.

JlaHHbIe TEOPETUUECKUE BBIBOJIbI MOATBEPKIAIOT rpaduKH, IPeICTaBICH-
HbIE Ha pUCyHKax 3.65, 3.66.

Kak BuaHO 13 pucyHka 3.62, Ha KOTOpOM IMOKa3aHa MPAKTAYECKAs pealin-
3a1Msi cXeMbl pucyHka 3.61, copMynrpoBaHHbIE BBIILE YCIOBUS JIETKO peau-
3ytoTca Ha 6asze TokoBoro 3epkana IIT1 myrém macmrabupoBaHHs IUIOIIAAH
AMUTTEpHOro nepexoja tpanzucropa VT3. Ilpu 3TomM BbIXOAHOM mpeoOpa3oBa-
TeJb B CXeMe pUcyHKa 3.62 BBINOIHEH Ha O6a3e TpaH3ucTopa VT2 ¢ Harpyskoii R3.
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R2

C2

Bx.i; +E Brx.u
o—¢ ¢ ——oO
VT1 T VT2
N V
1 NG
Bx.i 1

Q
e
—-—0
(%)

oF ®

Puc.3.62. IIpakTuueckas peanusanusa npeaynaraecmoro MY

Ha pucynke 3.63 npuBeneHbl BapHaHThI TOCTPOSHUSI BXOJHBIX Mpeodpa-
30BaTeNIe «HAIMPSHKEHHE-TOK», 00eCTeYMBaIOIINX (B HEOOXOIUMBIX CIydasix)
npeodpa3oBaHre MOTEHIMAIBHOTO BXOJHOTO CHUTHAja B TOKOBBIA CHUTHAJ, IO-
cTynaromuii Ha BXxoJ1 (BX.1) n306upatenbHOro yCHIUTEs.

BX.i] o]

R1 VT1

Bxu

Puc. 3.63. BapuaHThl IOCTpOEHMSI BXOIHBIX IpeoOpa3oBaTenen
«HAIPSKEHUE-TOK

Ha pucynke 3.64 npencraBiieHa cxeMa MpeiaraéMoro YCUJIUTENsl pHu-
cynka 3.62 B cpene Cadence Ha mozensx SiGe TpaH3UCTOPOB.
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Puc. 3.64. Cxema nipeyiaraemoro ycwiutess B cpege Cadence

Ha pucynke 3.65 mokazaHa 3aBUCHUMOCTb KO3 UIMEHTa YCUJIEHUS IO
HamnpspKeHUto U ga3zoBoro ciupura ot yactotel MY pucynka 3.64 B kpymHOM
Macitade, a Ha pucyHke 3.66 — jorapudmuyeckas aMIUIUTYIHO-4aCTOTHAs Xa-
pakrepuctuka MY B Gosiee MenkoM Maciitaoe.

[
«»
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~100

~n
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YacroTa, Ny,

KoathpnumeHT yeunenus no HanpspkeHuio, A6

Puc. 3.65. YacToTHas 3aBUCUMOCTb KOAhDUIIMEHTa YCUTICHUS
Mo HanpsKeHuto U pazosoro casura MY B kpynHom maciitabe
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KoadbdumreHT ycuneHns no HanpsbkeHwo, ab
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Puc. 3.66. Jlorapudmuueckas aMIIMTYAHO-4aCTOTHAs Xapakrepuctuka MY

B 00Jiee MeJIKOM Maciitade

Takum oOpa3om, pa3paboTaHHbBIN U30UPATENBHBIN YCHIIUTENb XapaKTepu-
3yeTcsl BBICOKMMH 3HauYeHUAMH Koddduimenta ycunenus Ky Ha yactore KBas3u-
pe3oHaHca fy ¥ MOBBIIEHHBIMU BETWYMHAMU JAOOPOTHOCTH Q, XapaKTepusyro-

el ero u30upaTeabHbIe CBONCTBA.

3.7. N3bupaTenbHble YCUNUTENMN C TOKOBbLIM 3epKariomM

Ha n-p-n TpaH3ucTopax

Ha pucynke 3.67 npejacraBieHa cxema U30MpaTesIbHOrO YCUIUTENS, B KO-
TOpOM JiJIsi oOecriedeHrs 3aJaHHbIX 3HAYEHUU JOOPOTHOCTH W Kod(duumeHTa
YCWJICHUS UCTIOIB3YETCs TOKOBOE 3epKajio Ha n-p-n Tpanzuctopax (I1T1) [50].

ﬁRf

o Lo,

VT3

2ig

Puc. 3.67. Cxema n30UpaTebHOr0 YCUIIUTEISI C TOKOBBIM 3epkayioM [1T1

Ha n-p-n Tpa"3ucropax [50]
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[TokaxkeM aHanmuTUYeCKH B3auMOCBs3b Ko u Q mapameTpoB 3J€eMEHTOB
CXeMbl pucyHKa 3.67.

MoXHO TOKa3aTh, YTO KOMILUIEKCHBIA KO3(UIMEHT meperayud 1Mo Ha-
npsbxkenuro Y pucynka 3.67 onpenensiercs o Gpopmysie:

U jfg
Ky(jf)zéL“—Ko N = (3.87)
B fo—f°+jf 2
rae f, = ﬁ — YacToTa KBa3upe30HAHCa; (3.88)
T =C (R +hyy; +hypy);
1, =R,C,,
-1
Q~ { ﬂ(l — 4R, - Km0ty j+ T—Z} — no6poTtHOCTh AUX; (3.89)
T; Ry +hy +hy, Ty
K,~Q \/E R oK — ko3 uuuent ycunenus Ha yacrore f;  (3.90)
’ T, (R, +hy,, +hy,)

0, 0., — K03((PUIUEHTHI NIepelaud SMUTTEPHOrO ToKa TpaHzuctopos VT1 u VT3;

Kinr1 — k03¢ dunuent nepenaun mno Toxky Tokosoro 3epkana I1T1; A, , — BxogHOe
conpotuBienue (h-nmapamerp) i-ro TpaH3UCTOpa B cXxeMe ¢ 001Ieit 0a30ii.
Ecnu BeIOpats T, =1,, TO

1
Q~ , (3.91)
2 _ R2a3Kirrrla2
Rl +hll.l +h112
R,K. a0
KO zQ 2+ Mnorl 23 ‘ (392)
Rl +hll.l +hll.2
B vactHOM ciyuae, korna h,, , =h, , <<R,
1
Q~ R , (3.93)
2_72(1’3Kirrrla2
Rl
R
Ky = QR—loKilSalalz' (3.94)

9
OCHOBHBIMU YCIOBHAMU MOJYUYCHUS BBICOKHUX 3HAUYCHUM Q u K() ABJIAKOT-

csl cienyroue npuOImKkEHHbIE POPMYIIBI:

R, a
K —2 a2 3.95
inrl Rl 2 ( )
NN
I<i1'rrl ~ R2 (396)
a3Rla2
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Taxum obpaszom, kak BuaHO u3 (3.89) — (3.96), 3a cuét BEIOOpPA COOTHO-
meHuid mexay Ry u Ry, a Taxke 3HaueHuit kordpuimenta nepegayu mno ToKy
K1 ToxkoBoro 3epkania I1T1, MokHO peann3oBaTh BBICOKHE 3HAUYCHHS JOOPOT-
Hoct Q u koahdunmenta ycunenus Ko. [Ipu atom, kak cneayer u3 (3.88), yac-
TOTa KBa3upe3oHaHca fy coxpaHseTcss HEM3MEHHOM.

JlaHHBIE TEOPETUUECKUE BBIBOJIBI MOATBEPKIAIOT rpaduku pucyHkoB 3.71—
3.73.

Ha pucynke 3.68 noka3zan Y pucynka 3.67 ¢ KOHKPETHBIM BBITIOJIHEHU-
€M JIOTIOJTHUTENbHOTO0 MCTOYHUKA HampsikeHus: E., a Takke Lenblo CMEIIeHUs
CTATUYECKUX MOTCHITUAIOB.

e : + Tl

/N vD1

® v

Puc. 3.68. Cxema npemiiaraemoro 1Y
C KOHKPETHBIM BBITIOJTHEHUEM JOTIOJHUTEIBHOTO HCTOUHUKA HAMPSIKCHUS

Ha pucynke 3.69 nokazana cxema MY pucynka 3.67 npu peanusainuu
BXOAHBIX TpaH3ucTOpoB VT1, VT2 na KMOII-akTUBHBIX 371€MEHTaX.

+
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Puc. 3.69. Cxema npemiaraemoro MY na KMOII-akTUBHBIX 3JIEMEHTAX
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Ha pucynke 3.70 npuBenena cxema Y pucynka 3.68 B cpeae Cadence Ha
Mozensx SiGe TpaH3UCTOpPOB, a Ha pucyHKe 3.71 — morapupMuuecKkue amIuIn-
TyaHO- U (pazodactoTHble xapaktepuctuku WY pucynke 3.70 B MenakoM mac-
mraoe.

npn2@a_2
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Puc. 3.70. Cxema nipegmaraemoro MY B cpene Cadence
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Puc. 3.71. Jlorapudgmuueckue aMIIuTyaHO-
u (hazovyacToTHbICe XapakTepuctuku MY B Menkom maciitadbe
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Ha pucynke 3.72 noka3anbl JorapupMUuecKrue aMIUIUTYAHO- U (pa3zodac-
TOTHBIE XapakTepucTuku Y pucynka 3.70 B 6osee KpynHOM macuitaoe.

35 50.0
IR e e e ~~ [} TQ=16 (1GHz, 32.17dB)

—100

25
—150
204

—200

— 151 =)
—~ a
) z
T 10] 250 o
=
5.0 - 200 &
0_
[ 350
_5.0_

-104

-15 ;
108 2x108 102 2x109
freq (Hz)

Puc. 3.72. Jlorapudpmuueckue aMIIuTyaHO-
u (hazovyacToTHBIC XapakTepuctuku MY B 6ojiee KpynmHOM MaciiTade

Ha pucynke 3.73 mokazanbl JIorapu)MHUECKUE AMIUIUTYAHO-4YaCTOTHbIE
xapaktepuctuku MY pucynka 3.70 npu pa3HbIX 3HaYeHUSX K0dPulIMeHTa 1e-
penauu (K;) TokoBoro 3epkana [IT1 na tpansuctopax Q6, Q7, KoTophbIil omnpe-
JEJIAETCS YUCIOM NapajlIesIbHO BKJIFOUEHHBIX TPaH3UCTOPOB Q5.

(=16 Ki=1 (1GHz, 32.17dB)

304
25-:
204

] =1.8 Ki=1.5 (1.055GHz, 15.46dB)
154
] 0=1.5_Ki=0.5(962.4MHz, 9.017dB)

Kv (dB)

108 2x108 109 2x102
freq (Hz)

Puc. 3.73. Jlorapudpmuueckue aMIIMTYAHO-4aCTOTHbIE XapakTepuctuku 1Y
MU pa3HbIX 3HaUeHUAX ko3P dunuenta nepegaun (K;) Tokosoro 3epkana
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Takum 00pa3zoM, B MpeasiaraMoOM CXEMOTEXHHUYECKOM pEUICHUU 3aJaH-
Hble 3HaueHus1 koadduimenta ycunenus Ky Ha yactote kBazupe3zoHaHnca fy 100-
poTHOCTH (Q MOTYT pEryJMpOBaTbCA M3MEHEHUEM YKCIIA NApajuieIbHO BKIIIO-
YEHHBIX TPAH3UCTOPOB TOKOBOTO 3epkana I1T1.

3.8. CxemoTexHUKa nsbupartenbHbIX ycunmteneun
C HU3KOOMHbIM BXoaoM u rail-to-rail Bbixogom

B ananoroBeIx yCcTpoiCTBaxX, HAIPUMEP, B ONEPALIMOHHBIX YCUIUTENAX C
TOKOBOI 0OpaTHOM CBS3BIO, IUPOKOE MPUMEHEHHE HAXOIUT apXUTEKTypa TpaH-
3UCTOPHOTO KacKaja ¢ HI3KOOMHBIM BXOJIOM, ITOKa3aHHas Ha pucyHke 3.74.

Ki _=-1 e
/12*“ MT1
0+
VT1 C)h
Bx. SZ Vb1 BblIx.
N — 5
U | VT2 Y VD2
OF

~
Kit2.2=-1 Tz

Puc. 3.74. Cxema Kj1acCHYECKOT0 YCHUIIMTCIBHOI'O KaCKala
C HU3KOOMHBIM BXOJ0M

B aT10i1 cBA3M akTyanbHOU sBIsieTCs peanu3anus akTUBHbIX RC-puibTpoB
Ha €€ OCHOBE.

Ha pucynke 3.75 noka3zana cxema npeginaraemoro Y [51]. Pemaemast um
3a/iaya — nosbiieHne qooporHoct AUX ycunurens u ero kosgduimenra ycu-
JICHUS TIO HAMPSKEHUIO HAa YaCTOTe KBa3upe3oHaHca f.
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Puc. 3.75. Cxema npensiaraemoro MY [51]

Ha pucynke 3.75 miomaan SMATTEPHBIX NIEPEX0I0B BXOIHBIX TPAH3UCTO-
poB VT1 u VT2 B HeckoyibKO pa3 Oodblie Iiomaae p-n nepexoaos VDI u
VD2, xoTopble B COOTBETCTBHM C KIJIACCUYECKHUMH PEKOMEHIALUAMU MOTYT
OBITH peann30BaHbl HA OCHOBE AMUTTEPHO-0A30BbIX MEPEX0JI0B BCIIOMOTraTeNb-
HBIX TPAH3UCTOPOB.

B kauectBe TOKOBBIX 3epkan IIT1 u IIT2 MoxkeT ucrnonb30BaTbCs LIMPO-
KM CHEKTP TPAAULMOHHBIX CXEMOTEXHMYECKHUX PEIICHUM, OMUCAaHHBIX B TEX-
Hu4eckoil mureparype. Kpome aroro, koadppunuents nepenayu no Toky K;j to-
koBbIX 3epkain IIT1 u I1T2 nexar B npenenax K; =1+3 enunui.

HcTOYHUK BXOJTHOTO CUTHAJIA Uz U3MEHSIET TOKH SMUTTEPOB (ig) BXOIHBIX
Tpan3ucTopoB VT1 um VT2, npuuéM KOMIUIEKCHBIA XapakTep NPOBOJMMOCTH
BXOJIHBIX LIeTIel, 00pa30BaHHBIX KOppPEKTUpYIoUMM KoHaeHcaTopoMm Cl, a Tak-
K€ YaCTOTHO-3ajaroluMu pesuctopamu R1 u R2, obecnieunBaeT B Auamna3oHe
HKHUX yacToT MY (f<fy) yBenuueHue 3Toro Toka ¢ poCTOM 4acCTOThI BXOTHOT'O
curnana f. Takum 0Opa3oM, MOCPECTBOM MEpElavu 3TUX TOKOB Yepe3 KOJIeK-
TOPBI YIIOMSIHYTBIX TPaH3UCTOPOB BO BXOJHBIE LieNH TOKOBBIX 3epkai IIT1 wu
I1T2 ocymecTBasieTcs n3MeHeHre Toka Harpy3ku MY, oO6pa3oBaHHOI 4aCTOTHO-
3aAarmmuM pe3uctopoM R3 u koppektupyromuMm konaeHcatropom C2. B pe-
3yJbTaTe 3TO MPUBOJIUT K YMEHBIIECHUIO BBIXOAHOrO Hanpspkenus MY B nuama-
30He¢ BepxHUX 4acToT (f>fy). BlauMocBsa3p xapakTtepa M3MEHEHHUS TOKa ir OT
YaCTOThI BXOAHOI'O CUTHAJIA M YKA3aHHOE BIUSHUE HTOTO IMapaMeTpa Ha BBIXOJHOE
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Hanpspbkenne MY olecrnieunBaeT pe3oHAHCHBIM BU aMIUTUTYIHO-4aCTOTHOM Xa-
pakrepuctuku MY pucynka 3.75, KoTopasi *UMEET MAaKCUMYM Ha 4acTOTE KBa3H-
pe3oHaHnca fp.

Br160op cooTHoIeHui iomaaeid SMUTTEPHBIX MEPEX0J0B TPAH3UCTOPOB
VTI1, VT2 u snementoB VD1 u VD2 no3BoinsieT 00ecrieynuTh CTaOMILHBIM CTa-
THYECKUM pexuM NY.

B npemyiaraemoii cxeme peanusyrotcsi 6osee Beicokue 3HadeHus: Ko u Q B
JMana3oHe BBICOKMX YacToOT.

JleHcTBUTENIHbHO, KOMIUIEKCHBIM KOA(h(PUITMEHT nepeiauu M0 HAMPSIKEHUIO
WY pucynka 3.75 nmpu R, =R, =R, h,, =h,,=h, onpexensercsa no ¢op-
MyJI€:
iff/Q U

K, (gfH=-K = 2K 3.97
0D “f2 -f7+jff/Q U, G99
1
rne f, =————— — yacToTa KBa3upe30HaHCA; 3.98
21411, P 2%
1, =C,(R, +h;,)/2;
T, =R;Cy;
Ty
Q= il — nobpornocts AUX NY; (3.99)
b RiKs
1, R, +hy
K =Q 1, RKy — k03¢ punuent ycunenus Y na vactore (3.100)
0= o, R,+h, KBa3upe3zoHaHca fy;

K,=0K,,, +a,K ,,; o; — Ko3ppuuueHT nepegaun 5MUTIEPHOrO TOKA 1-TO
tpan3uctopa; Kiog u K2, — K03 PuImenTs nepegadu mo TOKy TOKOBBIX 3ep-
kai I[1T1 u I1T2; h;;; — BXOJAHOE COMPOTUBIICHUE 1-TO TPAH3UCTOPA B CXEME C
oO1ieit 6a30il.

N3 (3.99) — (3.100) cnemyet, uTo 3a cY€T BbIOOpa KOA(DPUIIUEHTOB Tepe-
nauu Toka Kijo 1 1 Ko, MOXKHO peann3oBaTh Jr00oe (keraeMoe) 3HaueHue J100-
potHoctu AYX Q (3.99) u xoadpdunuenta ycunenus Ky (3.100) Ha uvacrote
kBazupe3oHaHca fy (3.98), yucinenHoe 3HaueHUe KOTOPOI HE 3aBUCUT OT peau-
3yeMort nob6potrHoctu Q. MedctButensHo, u3 (3.99) cienyer, 4To B 4aCTHOM
cilyyae 1pu T, =T,, R, * R, ® R; nns nomydenus 3aganHoil n1o0potHocTH Q;,
Hanpumep, Q,=10, He06X0aMMO, YTOOBI MapaMeTpPhl CXEMBbI YIOBIETBOPSIN YC-
JIOBUSIM

R. +h
K=K, +o,K;,, =2 - Q;l) % . (3.101)
3
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Takum oOpa3oMm, KOHKpETHasi CXEMOTEXHUYECKash peanu3aius TOKOBBIX
sepkan [IT1 u I1T2 no3BossieT peanuzoBaTh xenaembie 3HaueHus Q (3.99) u K
(3.100) npu 3agaHHBIX COOTHOLICHUAX YaCTOTO3aJArOIUX pe3ucTopoB R, =R,
u R3.

JlaHHbIe TEOPETUUECKUE BBIBOJIbI OATBEPKIAIOT rpaduKH, IPeICTaBICH-
HbIE Ha pucyHkax 3.77, 3.78.

Ha pucynke 3.76 npuBenena cxema npemynaraemoro MY pucynka 3.75 B
cpene Cadence Ha mojensax SiGe TpaH3UCTOPOB.

vCC

'npn2®®,4
m

lernax:8mA

o 'npn2®®,4
ut | m:
Icrnax:8mA

253

vee

Puc. 3.76. Cxema npenynaraemoro Y
B cpezie KoMIbloTepHOro mojienupoBanus Cadence

Ha pucynke 3.77 mokazaHa 3aBUCHMOCTh KOA(QHUIIMEHTa Tepeadyu Io
HanpspkeHuto oT 4actotel (AUYX) u daszsl UY pucynkos 3.76-3.78 — 3aBucu-
MocTh goopotHoctu AUX MY pucynka 3.76 ot émkoctu C1 mpu R1=200 Om u
C=600f1F.

25 500

(3.59GHz, 24.7dB)
F pesoHaHca = 3,59 Ty
Q=554
[Monoca nponyckanusa = 646 My
C1 =350 0@

20
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n
w
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4.0
4.147dBE

0 2.0
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Puc. 3.77. 3aBucumoctb ko3 puirieHTa nepeaauu mno HarnpsKeHUIo
ot yacToThl (AUX) u dgazer UY
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Puc. 3.78. 3aBucumocts 1o6potHOCTH AUX MUY o1 émkoctu Cl

Taxkum o0pazom, mpearaeMoe cxeMoTexHUYeckoe pemienne MY umeer
ITUPOKUHN JTHANa30H U3MEHEHHUs BBIXOAHOTO HAIPSKEHUS «OT ITUHBI MUTAHUS —
710 IIWHBI TUTaHUs» (omiuio rail-to-rail) u xapakTepus3yeTcs BHICOKMMHU 3HaYe-
HusMu kod(dunuenta ycunenus Ky Ha yactoTe kBasupeszoHaHca fy ¥ MOBBI-
IIEHHBIMU BEJIMYUHAMU JTOOpOTHOCTH Q, XapaKTepu3yIOllel ero Mu3ouparelb-
HBIE CBOMCTBA.

3.9. U3sbupaTenbHbie ycunutenu
C EMKOCTHbIM AieniuTenemM BbIXOAHOro Toka

B OCHOBY pacCMaTpUBACMOI'0O HHUKC MY nonoxxeHa cxema KJIaCCUYECKOIro
YCUIIUTCIIA pUCYHKaA 379 ¢ BXOJHBIM HpCO6p330BaTeHCM CHAIIPAKCHUC-TOK.

C2

I'IT1:r 1}
N

H

Puc. 3.79. Cxema kiaccuueckoro 1Y
C BXOJIHBIM NPE0Opa30oBaTeiieM «HAMPSIKEHUE-TOK
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Ha pucynke 3.80 nmoka3zana cxema npeginaraemoro MY [52]. Pemaemast um
3a/1a4a — noBkIlIeHHe Jo0O0poTHOCTH AUX ycunurens u ero kodgduiiueHra ycu-
JIEHUS M0 HANPSDKEHMIO HA 4acToTe KBasupe3oHaHca fy. DTo mo3BoussieT B psije
CJIy4aeB YMEHBIIUTh 00Ilee IHEPronoTpedIeHue U pealn30BaTh BbICOKOKaye-
CTBEHHOE U3bupatenpHoe ycTpoiictBo CBU-auamnasona ¢ f;=1+5I'T.

; ]

VT1

>|—o +E¢
BX.iz

in.Z +
IIT1 T

Ki13.6:4 iz f J
4 Ki

Puc. 3.80. Cxema npemsiaraemoro MY [52]

B npennaraemoii cxeme BBIXOJ JONOJHUTEIBHOTO ycuiuTens Toka YT1
COCIMHEH ¢ MOTEHIIMATBHBIM BBIXOJOM ycTpoicTBa (BBIX.) U yepe3 Bcromora-
TeNbHBbIN pe3ucTop R3 cBs3aH ¢ MIMHOM MOJOKUTEILHOTO HCTOYHUKA TUTAHUS.

HcToyHuk BXOJHOTO MEPEMEHHOT0 CUTHAla B BUAC TOKA 1z WIH (Ipx2)
U3MEHSET SMUTTEPHBIA TOK BXOAHOro TpaHsucropa VT1, nubo HemocpeacTBeH-
HO BXOAHOM TOK TokoBoro 3epkana IIT1. Otu usmenenus yepe3 kod3pHUIUESHT
nepenaun no Toky Kjj3; mepemaroTcs B 4aCTOTHO-3aBUCHMYIO LI€TIb HArpy3KH
tokoBoro 3epkana IIT1. Ctpykrypa 3To# uenu Harpy3ku, oOpa3oBaHHAsl pe3u-
ctopamu R1, R2 u xonaencaropamu Cl1, C2, C3, olecrneduBaeT MOJIOCHO-
MPOMYCKAOIINI TUI YaCTOTHBIX xapaktepuctuk MY — konnencarop C1 — dop-
MHUpYET YMEHBIUIEHUE aMIUIMTY/Jbl TOKOB KoHJeHcatopoB C2 u C3 B obmactu
BepxHuX yactoT MY, a konaencaropsl C2 u C3 — yMeHbIIAIOT curHai B objac-
T HIKHUX 4acTtoT Y. B pe3ynprare nporekaronme yepe3 konaeHcatopsl C2 u
C3 Toku 00ecrneynBaOT MOJOCHO-MIPOITYCKAIOUIYIO CEIEKIMI0 BBIXOJHOTO TOKA
TokoBoro 3epkasna IIT1. IMeHHO MO3TOMYy MPOTEKAIOIIUN Yepe3 KOHIIEHCATOP
C3 TOK MPUBOAUT K U3MEHEHUIO BXOJIHOT'O TOKA JIOMOJHUTEIBHOTO YCUIIMTENS
Toka YT1, BbIX0A KOTOPOro MOCPEACTBOM COMPOTHBICHHUS BCIOMOIaTEIbHOTO
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pesuctopa R3 obOecrnieurBaeT M3MEHEHUE BBHIXOJHOTO HAMPSIKEHUSI B COOTBETCT-
BUM ¢ TpeOyemoit miist 1Y dacToTHON 3aBUCUMOCTBIO ero Kod(dQuilueHTa ycu-
JIeHHsl. AHAJIOTUYHO, TOK KoHAeHcaTopa C2 U3MEHAET TOK dMUTTEpa TpaH3U-
cropa VT1 u, cienoBaTenbHO, BEIXOJAHOW TOK TOKoBOro 3epkana [IT1. Cosmna-
JICHHE BUJIa YaCTOTHOM 3aBUCUMOCTH 3TOTO TOKa ¢ Xapakrepuctukamu MY mo-
3BOJIICT PeaM30BaTh Kak B 00JACTH BEPXHUX YACTOT, TAK U B 00JIACTH HIXKHUX
gacTtoT Y peakTrBHYI0 OOpaTHYIO CBSI3b, MOBBIIIAIONIYIO OCIa0JICHUE CUTHA-
JIOB B 3TOM JiMara3oHe yactore Ha Bbixojae (Bbix.). Takum oOpa3zom, TOIbKO Ha
oJlHOM yactoTe (yactore KBaszupezoHaHca MUY f;) ¢azoBbie cnBuru B KOHType
oOpatHo# cBsizu MUY coBmanawmT, a 4uCIeHHOE 3HaueHHe KodduimenTa nepe-
nauun Toka Kj 31 OyaeT HampaBlieHO Ha MOBBIMICHUE 100poTHOCTH Q U K03 DU-
nuenTta ycunenust Ky n30upareabHoro yCUInuTels.

ITokaxeMm aHaTUTUYECKH, UTO B MpeasiaraeMon cxeme pucyHka 3.80 pea-
Tu3yrTcs 6osiee Beicokue 3HaueHus1 Ko u Q B pabouem auana3oHe 4acTorT.

JIelicTBUTENIBHO, B PE3YyJIbTAaTE aHAM3a MOKHO HANTH, UYTO KOMIUJIEKCHBIN
kod(pULIMEHT Tepeaaun 1o HampsKeHUIo npesiaraemoro MY onpenensercs mo

bopmyie:

it &
K,(D=K,—— (3.102)
fy —f"+jf 2
Q
rae f, = 1/275\/ R,-R,-C,(C, +C,) — uacTora KBa3Hpe30HAHCa; (3.103)
Ko — ko3¢ dunmenT ycunenuns u, Ha gactore fo,
R C
K,~Q |2 L K., (3.104)
’ Rl \/CI(C2+C3) ’
Q — 106POTHOCTH, MPUUEM:
Q'=d =D, + [ [Rafy Gty ) (3.105)
C, R, C,+C,
0= , (3.106)

K.;, 1 K;4 — koappuuuent nepenaun no toky tokosoro 3epkana IIT1 u go-
HOJIHUTENBHOro ycuurtene toka YT1; a, — koapduuuent nepenaun no Toxy

smurrepa Tpanzuctopa VTI.

Takum 06pa30M, YUCJIICHHBIC 3HA4YCHUA KOC—)(l)(l)I/ILII/ICHTa K TOKOBOI'O

i13.1
3epkana [IT1 obOecneunBaoT HEOOX0AUMBIE (TpeOyemble) 3HaUYCHUS T0OPOTHO-
cti Q u koapunnenta ycunenus Ko MY npu noctosHHOM (HEM3MEHHOM) 3HA-
YEHUU ero 4acToThl KBazupe3onanca fj (3.103).
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BaxxneimuM CBONCTBOM Npeasiara@éMoOi CXEMBbI SIBJISIETCS. BO3MOXHOCTD
napaMeTpUYeCKON ONTUMH3AINHU €€ JIEMEHTHON 4YBCTBUTEIBHOCTH MPU OTHO-
cutenbHO Oombioit nooporHoctr. Kak Bugno u3 (3.105), mpu R1=R,=R u pea-
JU3alUU YCIOBHS

C,=C,(a,K,, —1), (3.107)
B cxeMe pucyHka 3.80 oOecrnieurBaeTCs BO3MOXXHOCTh CTPYKTYPHOUM ONTHMU3A-
MU Kak 100poTtHOCTH Q, TaKk WM €€ YyBCTBUTEIBHOCTH. J[€HCTBUTENBHO, B pac-
CMaTpPUBAIOLIEM CIy4ae J0OPOTHOCTb:

(3.108)

a e€ Kod(pPUIIUEHTHI YYBCTBUTEIIBHOCTH:
S¢ =s5¢ =0,80=-+gs0-1 & g 1 G
2 2C,+C, > 2C,+C,

[Ipu 3TOM yactoTa kBazupe3zoHaHca (3.103) u e€ mapamerpuyeckas 4yB-
CTBUTEIBHOCTH COXPAHAIOTCS HEU3MEHHBIMH.

Kak BuaHO 13 pucyHka 3.81, Ha KOTOpOM TMOKa3aHa MPAKTAYECKAS pealin-
3arusi cxembl pucyHka 3.80, chopMyIMpOBaHHBIC BBIIIE YCIOBUS JIETKO peaiu-
3yl0TCs Ha 0a3ze BXOJHOTO npeolOpaszoBarens «HapsKeHue-Tok» (auddepeHiu-
anbHOro Kackana JIK1), obecneunBaromiero npeoOpa3oBaHue BXOAHOTO Hampsi-
’KEHHS Uy BO BXOJHOH TOK Uy 1ny 1, @ TaKXKe TOKOBOTO 3epkana I1T1 na 6aze MmHO-
roaMuTTepHOro Tpansucropa VI3 u p-n nepexomga VDI, koropsiii mpu C,=C;
obecnieunBaeT peanuzanuio ycioBus (3.104) u AOMOJHUTENBHOTO YCUIIUTENS
toka YT1, BeiltotHEHHOTO Ha 6a3e OumosipHOro Tpanucrtopa V12,

(3.109)

o+

@ 11:210 R2 13:10 @
O

Puc. 3.81. Bapuanr peanuzanuu npeanaraemoro 1Y
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JlaHHBIE TEOPETUYECKHE BBIBOJBI MOATBEPKIAIOT TpauKku prCyHKOB 3.83,
3.84.

Ha pucynkoB 3.82 nmpuBeaeHa cxema npemiiaraemoro MY pucynka 3.81 B
cpene Cadence Ha mozensax SiGe TpaH3UCTOPOB.

VCC

ns
Womim

fran)

VoC = " ves =

Puc. 3.82. Cxema nipemmaraemoro MY B cpene Cadence

Ha pucynke 3.83 mokazaHa 3aBUCUMOCTb KO3 UIMEHTa YCUJIICHUS IO
HarpspKeHUro oT yactoThl MY pucynka 3.82 B kpynHOM Maciitade, a Ha pUCyH-

ke 3.84 — yacToTHast 3aBUCUMOCTh Kod(hduireHTa ycuineHust 1 (pa3oBblil CABUT
MY pucynka 3.82 B Oosiee MEIKOM MaciiTaoe.
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Puc. 3.83. YacToTHas 3aBUCUMOCTb KOAhDUIIMEHTa YCUTICHUS
no Hanpsbkenuto MY B kpynHoMm maciitabe
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Q=26(1.048CHz, 61.73dB)

phase (deg)|
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Puc. 3.84. YacToTHas 3aBUCUMOCTh KO3 DUIIMEHTa YCUIICHUS
u (azosbiit casur MY B 6osee menkom maciirabe

Takum oOpazom, npeiaraeMoe CXeMOTEXHUUYECKOE PellIeHHe XapaKTepu-
3yeTcsl BHICOKMMU 3HaueHussMu ko3 duimenta ycuwnenus Ky Ha gyactoTe kBaszu-
pe3oHaHca fy ¥ MOBBINICHHBIMU BEIMYMHAMH JTOOPOTHOCTH QQ, XapakTepHu3ylo-
el ero n30upaTeabHbIe CBONCTBA.

3.10. NMpuMmeHeHUe KOMMNNeMeHTapHbIX TOKOBbLIX 3epkan B UY

B paznene 2 Obu10 OKa3aHO, YTO TOKOBBIC 3€pKajia MOTYT CTaTh OCHOBOM
M30MpaTeIbHBIX YCHIIMTENCH paccMaTpuBaeMoro kiacca. B aHamoroBoit cxemo-
TEXHUKE HAXOJHUT MPUMCEHECHHE CTPYKTypa YCWIHMTENS TOKA Ha JBYX KOMILJIE-
MEHTapHBIX TOKOBBIX 3epKaiiax (puc. 3.85).
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Puc. 3.85. JIByxkackagHbIil YCUIIUTEIb TOKA
Ha KOMIUIEMEHTapPHBIX TOKOBBIX 3epKajax
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Ha pucynke 3.86 nmokasana cxema npemiaraeMoro MY Ha ocHOBe apxu-
TEeKTyphl pucyHka 3.85 [53]. Pemaemas um 3amaya — noBellIeHHE JOOPOTHOCTH
AYX ycunutens u ero ko3QQuireHTa yCUiIeHUs M0 HAMpPsDKEHUIO Ha 4acToTe
KBa3upe3oHaHca fo.

K Ij R1
-Rizz
1112 LR

T 1gx.1

Bx.i

Puc. 3.86. Cxema npennaraemoro MY
Ha OCHOBE KOMIUIEMEHTAPHBIX TOKOBBIX 3epKaj [53]

HcTouHuk BXOJHOTO MEPEMEHHOTO CHUTHAJIA B BUJAC TOKA 1z | U3MEHSET
BXO/JHOM TOK TOKOBOTO 3epkaisia [1T2 u nanee BXOAHOM TOK (izx.1) TOKOBOTO 3€p-
kaya [IT1. OTu usmeHeHus iy ; uyepe3 kodpdunmeHT nepenaun mo Toky Ki
MepelatoTCsl B YaCTOTHO-3aBUCHUMYIO II€IIb HArpy3ku TOKoBoro 3epkana IITI.
Crpyktypa 3TOM 1enu Harpysku, oOpaszoBaHHas pesuctopamu R1, R2, R3 u
koHzeHcaropamu C1, C2, obecrieunBaeT NOI0CHO-IPOITYCKAIOUINI THIT YaCTOTHBIX
xapaktepuctuk Y — xongencatop C2 (opMmupyeT yMEHBIICHHE aMILUTUTYIbI
TOKOB pe3uctopoB R2 u R3 B obnactu Bepxuux yactor MY, a xonaencatop Cl
yMEHbIIIaeT CUTHaAI B 00jacTu HWkHUX yactoT Y. B pesymnbraTe mporekaro-
mue yepes pe3uctopbl R2 u R3 Toku obecniednBarOT MOJIOCHO-TPOIYCKAIOIIYIO
CEJIEKIMIO BBIXOAHOTO HAMNpspDKeHUd ycwnutens Y T2. AHalOruyHo, TOK pe3u-
cropa R2 u3zmenser BxogHou Tok ycunutens Y T1 u, caenoBaTenbHO, BXOJHOU
ToK TokoBOrO 3¢pkana [IT2. CoBnageHue BHaa 4aCTOTHOW 3aBUCUMOCTH 3TOTO
TOKa ¢ XapakTepuctukamu MY mo3BossieT peain3oBaTh Kak B 00JaCTH BEPXHUX
4acTOT, TaK U B 00JIACTH HUXKHUX 4acTOT MY peakTuBHYIO 0OpaTHYIO CBSI3b, O-
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BBIIIAIONIYIO OCNa0JIEHHE CUTHAJIOB B 3TOM JIMalla30HE 4acToT Ha Bbixoje. Ta-
KM 00pa3oM, TOJBLKO Ha OJTHOM YacToTe (dyactore kBasupeszoHanca MUY fj) da-
30BbI€ CJIBUTM B KOHTYpe oOpaTtHOM cBsizu MY coBnaaaroT, a YMCIEHHOE 3Haye-
Hue kodppunuenton nepenaun K, ,, Kijo4 Oyner HanpapineHo Ha obecrieueHue
noopotHocTH Q u ko3P dunrenta ycunenus Ky n3dupareabHOro yCumuTes.
[TokaxkeM aHaTUTUYECKHU, YTO BBICOKHE U JOCTATOYHO CTAOUIIbHBIE 3HAYE-
Hust Ko 1 Q B pabouem nuarna3oHe 4acToT peayiu3yloTcs B CXeMe pucyHka 3.86.
JIefiCTBUTENBHO, B PE3yJIbTaTe aHAIM3a MOKHO HAWUTH, YTO KOMIUIEKCHBIN

koaduireHT nepegaun no Hanpspkenuto MY onpenensiercs no popmyiie:

it o

K, (i) =K, o (3.110)
fy—f>+if *

Tac f —gacroTa CHUT'HAJIa, f() — 49aCTOTa KBA3UPC30HAHCA,

1
f, = , 3.111
" 21/C,-C,-R,-R,-R/(R, +R,) G111
Ko — koadpunrent yCI/IJIeHI/IH WY na vacrore f
R,
K Q C m Kilz.zKilz.l > (3.112)
Q — 10OpPOTHOCTD, TPUUEM
1 G, R,
Q :dp:D0+ C_l m(l KlyT] i12.2 1121)9 (3-113)
D, = &+ G RRIR, , (3.114)
C, VG, J\ R, +R,
rae K, o Kinss Ky — K09GOHUIUEHTBI Epe1adu 10 TOKY TOKOBBIX 3€PKall

IIT1, IIT2 u nonosuuTENBLHOrO yeunuTens Toka YT1.

Takum oOpa3oM, uncieHHble 3HaueHUs Kodppuuuenrtos K., ,

K
koBbIX 3epkai [1T1, I1T2 obecneunBaroT HeOOXOAMMBIE (TpeOyeMbIe) 3HAUCHUS
nobpotHoct Q u ko3ddunmenta ycuinenus Ko MY npu noctosHHOM (HEu3-
MEHHOM ) 3HAYEHUH €ro 4acToThl kBazupe3oHanca fy (3.111).

BaxxneimuM CBONCTBOM NpeasiaraéMOi CXEMBbI SIBJISIETCS. BO3MOXHOCTD
napaMeTpUYECKON ONTUMH3AINH €€ DJIEMEHTHON 4YBCTBUTEIBHOCTU MPU OTHO-
cutenabHO Oonbiioi qoopotHoctu. Kak Bugno u3 (3.113), npu C,=C, u peanu-

3allMM YCJIOBHS

i1n2 TO-

KivriKin K, =1, (3.115)

B cxeMe pucyHka 3.86 obecneumBaeTcsi BO3MOXKHOCTh CTPYKTYPHON ONTHMM3A-
MU Kak 100poTHOCTH Q, TaKk W €€ YyBCTBUTEIBHOCTH. J[€HCTBUTENBHO, B pac-
CMaTPHUBAEMOM Clly4ae TOOPOTHOCTD:
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Q=l —(R2+R3)R‘, (3.116)
2 R,R,
a e€ Kod(pPUIIUEHTHI YYBCTBUTEIIBHOCTH:
1 o I R, g0 1 R,

Q _qQ _ Q _ — —
SE =88, =0, St =—, St =0t S =o . GID)
2 3 2 3

2

ITpu sTom uactrota kBaszupeszoHanca (3.111) u e€ mapameTpudeckas 4yB-
CTBUTEIBLHOCTh COXPAHSIOTCA HEU3MEHHBIMU.

Ha pucynke 3.87 mokaszana cxema mnpemyaraeMoro MY ¢ KOHKpETHBIM
BbINIOJIHEHUEM ycuiurteneil Toka YT1 u YT2, uMmeromum HU3K0e BXOJHOE CO-

IPOTHUBIIEHUE.
o +
= E}Rl f] R4
mra| K
y Brx
+—o0
Cl C2
Bx.1
O
fox VIl | VT2
R2 : E +E,
—
—
R3

TT1 _
_K112.1 IIZIO @ @ 12210
o -
Puc.3.87. Cxema npemyaraemoro Y
C KOHKPETHBIM BBINIOJIHEHUEM ycunuTeneit Toka YT1, VT2

Ha pucynke 3.88 nokazana cxema MY pucynka 3.86, B KOTOpO# MCIIOIb-
3YIOTCS IPYTHM€ BapuaHThl BBINOJHEHU ycunuTenend Toka YT1 u YT2. B vacr-
HOCTH, NEpBbIA ycunuTenb Toka YT1 peanusoBan Ha TpaH3uctope VT1 u pesu-
crtope RS, a Bropoii ycunurens Toka ¥YT2 BeinosiHEH Ha TpaH3ucTope VT2, pe-
suctopax R4 u R6. Cratuueckuil pexxum tpansuctopo VI1 u VT2 ycranasnu-
Baetcs pe3uctopamu R7, R8 u p-n nepexonamu VDNI. B nanHo# cxeme BbIX0]
ycwiuTens Toka ¥YT2, B oTanuue OT cXeMbl pucyHka 3.87, coriacoBaH ¢ OTpHU-
LATEJIbHON IIMHON MCTOYHUKA MMUTAHUS.
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Puc. 3.88. BapuaHT npakTuueckoil peann3anuu npeaigaraemoro MY

Jns ciydasi, Koraa BXOOHbIM curHaioMm st MY sBisercs HanpshKeHHe
(Upx) MEXIY UCTOYHHUKOM Uz, M TOKOBBIM BXOJOM YCTPOMCTBA, HEOOXOIMMO
BKJIIOUHUTH MIPeo0pa3oBaTeb «HAMPSKEHUE-TOK», HallpuMep Ha OcHOBe nudde-
pennuanbHoro kackama JIK1, xoTopselii peanu3oBaH (B YacTHOM cCilydyae) Ha
tpan3uctopax VT1, VT2, ucrounuke Toka I} U nenu cmenieHus NOTEHIMAJIOB
E.;. Tokossie 3epkania IIT1 u I1T2 BBINOTHAOTCS MO KJIIACCUYECKUM CXEMaM.

Ha pucynke 3.89 moka3aHa mpakTuyeckas peajd3alus CXEMbl Ipeiia-
raemoro MY ¢ npeobpazoBarenem «Hampsikenue-tok» JIK1 (nuddepenunans-
HBIM KacKaJioM), 00eCreyrBaloIUM MpeoOpa30BaHNE BXOJHOTO HATPSKEHUS Upy
BO BXOJIHOM TOK NV 14y .

IIT1 ﬁ ﬁ
R1 R4
'Kill.l
A
Brxu
+———o0
Cl c2
VT3 VT4
R2 ’ +Ee
=
1
R3

-
Kinza
I I

Puc. 3.89. Cxema Y ¢ npeobpazoBareneM «HaAMPIKEHUE-TOK
BO BXOJHOH LEITN
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Ha pucynke 3.90 npuBenena cxema npennaraemoro MY pucynka 3.87 B
cpene Cadence Ha mozensax SiGe MHTErpajIbHBIX TPAH3UCTOPOB.

vdd
. & .
25 25 25Wrp 25 W pyr=3 458m Z5 W Lwr=191.5u
i=185u i=653.4u - =653 8e i=—1.178m i=—523.5u
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Puc. 3.90. Cxema npenynaraemoro Y
B cpelie KoMmbloTepHoro MmonenupoBanust Cadence

Ha pucynke 3.91 moka3zana 3aBUCUMOCTb KOX(h(PUIIMEHTa YCHJICHHS I10
HanpspkeHuto ot yactoTel MY pucynka 3.90 B kpynmHoM MaciiTabe mpHu pa3HbIX
3HaYEHUAX KOA(PUIIMEHTOB YCUIIEHUS 10 TOKY TokoBoro 3epkana [1T2 (IIT1), a
Ha pucyHke 3.92 — yacToTHas 3aBUCUMOCTH KoddduirenTa ycunenus u ¢aszo-
BbIi caBur MY pucynka 3.90 B 6osiee Menkom Maciirade.

w
o

f5=1.097Tu, Ky=28.2415, Q=3.1——

N N
o wn
%’»‘\
s
s =
(r

/N
/N
4 AN
/ ~

10° 1010
YacroTa, 'y
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KoadpchuumneHT ycuneHna no HanpskeHuto, ab
[
(=]
[-]

Puc. 3.91. YacToTHas 3aBUCUMOCTb KOdhDUIIMEHTa YCUTICHUS
M0 HAMPSKEHUIO OT YacToThl MY B kpynHoM Maciitabe
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Puc. 3.92. YacToTHas 3aBUCUMOCTh KO3 DUIIMEHTa YCUTICHUS
u ¢azosbiit casur MY B 6osee menkom maciirabe

Takum 00pazom, pacCMOTPEHHOE CXEMOTEXHHYECKOE pEIlIeHHE XapakTe-
pHU3yeTCs BHICOKUMU U CTAaOMIbHBIMH 3HAYCHUAMH Kod(dunmenta ycunenus Ko
Ha YacTOTe KBa3Wpe3oHaHca fy M MOBBIIICHHBIMU BEIMYMHAME JOOpOTHOCTH Q,
XapaKTepHu3yoIlel ero n30upaTelbHbIe CBONCTBA NMPU HU3KUX KOd(pdUIIMEHTAX
YyBCTBUTEJIBHOCTH (8).

3.11. [IByxKaHanbHble usbumpartesibHble yCUnuTenu
Ha OCHOBeE KflacCUYeCKUX TOKOBbIX 3epKan

B coBpeMeHHON MHUKPO3JIEKTPOHHUKE HIUPOKO MPUMEHSIOTCS CXEMBI ABYX-
KaHAJIbHBIX TU(depeHIINaNIbHBIX YCUIUTENEH ¢ KITACCUYECKUMU TOKOBBIMU 3€p-
KaJlaMU, UHTErpUpYyEMbIe B apXUTEKTypy akTuBHbIX RC-¢punbTpos (puc. 3.93).
[Ipuuém ux BepxHss rpaHuyHas yactorta f, (mo yposHio -3a1b) uHorna dhopmu-
pyeTcss MHEPIIMOHHOCTHIO TPAH3UCTOPOB CXEMbI (EMKOCThbIO Ha MOMIOKKY Cj
U T.J.), @ HIDKHAA f; onpenensieTcss KOppeKTUPYIOUM KOHJEHCATOPOM.

OcnoBHoit HepocTtaTok MY pucynka 3.93 B Tom, 4TO OH HE 0OecrieunBaeT
fo

B H

(AYX) u ko3 dunuent ycunenus no Hanpspkenuto (Ky) Ha yactore kBa3upeso-

BBICOKYIO JTOOpOTHOCTh Q =~ aMIUTUTYAHO-4YaCTOTHOM XapaKTEPUCTUKHU

HaHca (fp).
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Puc. 3.93. Cxema knaccudeckoro au@hepeHImanbHOro yCUanTes

3.11.1. [lepeasi 6a3zoeasi cxema
Ha pucynke 3.94 npencraBinena cxema mnpenjiaraemoro MY Ha ocHoBe
YCUJIMTENIBHOTO 3JeMeHTa pucyHka 3.93. Pemaemass uM 3ajaya — MOBBIIICHUE
noopotHocT AUX ycunutens u ero ko3¢ puiimenTa yCuiaeHus Mo HanpsHKeHUTO
Ha YacToTe KBa3upe3zoHaHca fj.

| 1TI

Ki=1
—a

BY
Brix

VT2 VTI

i Cl Rl Bx.1
Bt

Izzlo@ @ 11:1'1]0
O -

Puc. 3.94. Cxema npenynaraemoro Y
Ha 0ase AByXKaHaJIbHOTO ycuiautenabHoro snemenTa (VT1, VT2, I1T1)

HcTouHMK BXOJHOTO MEPEMEHHOIO CUTHAIA Uz, B CHIY KOMIUIEKCHOTO
XapakTepa CONPOTUBJICHUS SMUTTEPHOM WENH BXOJHOrO TpaH3zuctopa VTI
(dactoTHO-3amaronuit pesuctop R1 u koppexkrupyromuii kouaeracatop C1) us-
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MEHSET HE TOJBKO TOK €ro SMHUTTEPA, HO M TOK KOJUIeKTOopa. B3aumonelicTeue
AMUTTEPHBIX LENel BXOAHBIX TpaH3uctopoB VT1, VT2 uepe3 ykazaHHbIE pe3u-
CTOpP U KOHJEHCATOp INMPUBOAUT K U3MEHEHHUIO KOJJIEKTOPHOI'O TOKAa BXOIHOTO
TpaH3ucTopa VT2, npuuém ¢ pocTOM 4aCTOThl BXOJHOTO CUTHANa 3TH TOKHU MPO-
TuBO(a3HO yBeanuuBaroTcsa. CBsi3b KOJUIEKTOPOB BXOJHBIX TpaH3uctopoB VT,
VT2 nocpeactBom TokoBoro 3epkana [IT] npuBoguT K yBEIUYEHUIO BXOIHOIO
U, CJIeIOBAaTEIbHO, BBIXOJHOTO TOKa HEMHBEpPTUpYIOIIEero OydepHOro xackanua
BY, Harpy3koi KOTOPOro sBJISETCS NapajuICIbBHOE COCAUHEHUE KOPPEKTUPYIO-
niero kongeHcaropa C2 v 4yacToTHO-3aaaronero pesucropa R2, npexncrasisto-
mmx coboit Harpysky MY. Kak cnenctBue, yka3aHHbIE peaKTUBHBIE 3JI€MEHTHI
00ecreynBaloT pe30HAHCHBIA BUJI AaMIUIUTYHO-4YaCTOTHOM XapakTtepucTuku 1Y
(na gacrorax f < f; pocT BBIXOJHOrO HaNpsKEHUsI OOBSICHAETCS YBEIUYECHUEM
TOKOB KOJUIEKTOpa BXOJHBIX TpaH3zuctopoB VT1, VT2, a na wacrorax f > f, —
YMEHBIICHUEM HaIpsKeHUs1 Ha KoppekTupymomeMm kouaeHcaTtope C2). Cs3b
6a3bl BxosHOrO Tpanzuctopa VT2 c Beixonom (Bbix.) OydepHoro xackana npu-
BOJUT K MOSIBJICHUIO CUTHAJIOB OOPAaTHOM CBS3M Ha YMUTTEPE BXOJHOIO TPaH3U-
ctopa VT1 u koiekTope BXOAHOTO TpaH3ucTtopa VT2, mpuuéMm Ha dacToTax
f < fy aTa cBS3b peakTUBHA, YTO COXpaHSIET HEU3MEHHOM YaCTOTY KBa3UPE30HAH-
ca fy Y, a nepenava curnana oOpaTHOU cBs3U depe3 TokoBoe 3epkano I1T1 u
HeMHBepTUpyomuii OydepHsiid kackag bBY k Harpy3ke mo3BOJSIET peaanu30BaTh
HEO0OXOIMMOE YHCIIEHHOE 3HAYeHHE BO3BPATHOTO OTHOIIEHHS HAa yacTtoTe f.
HNmenHo nmostomy B npeuiaraeMoit cxeme MY MOKHO MOTY4YUTh 3a1aHHYIO 100-
POTHOCTh M BBICOKUH KOI(P(GULHUEHT YyCUIIEHHS, KOTOpble OyIyT ONpEeAeNsaThCs
YCWIMTENBHBIMU CBOKCTBaMU TOKOBOro 3epkana IIT1 um HemHBepTupyromero
O0ydepnoro kackana bBY.

AHaTUTUYECKU MOXHO NOKa3aTh, 4TO 00Jiee BHICOKHE U CTaOWJIbHBIE 3HA-
yeHuss Ko u Q B Auana3oHe BBICOKMX YacTOT PEANM3YIOTCS B MpPEAJIaraeéMou
cxeme. [Ipuuém

. £,/ U
K, () = Ko —— QU (3.118)
fo —f° +jffy/Q Uy
1
f=—r—; 3.119
‘ 21T, ( )
1, =C/(R;+hy;; +h;,)
1, =C,R,
-1
Q= T I_Rz(OHKﬂ +0,K 1 Kp) N T (3.120)
T, R, +hy;+h, T
K, ~Q iRzKiz(l-i-azKil)KiZ’ (3.121)

T, Ry+hy +hy,

rae Kij, Kj; — koadgdunments nepenaun mno Toky TokoBoro 3epkaia I1T1 u He-
uHBepTUpYyIoIero 0ydepHoro kackana bY.
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Boipaxenus (3.120) u (3.121) nokaspiBatot, 4To K03hPUIIMEHTHI Tiepeaa-
yn o Toky Kj; u Kj, HemocpencTBeHHO omnpeaensioT peanuzyemyio B 1Y 1o6-
potHOCTh Q U ero koxdduimeHT ycunenus Ky npu HeM3aMEeHHON 4YacToTe KBa3u-
pe3zonanca fy (3.119). Takum 06pa3om, cXeMOTEXHUUECKAsT peaTnu3aius TOKOBO-
ro 3epkaia [IT1 u nHeunBeptupytouiero 0ydepnoro kackaga bY B 3aBucumoctu
OT TpeOyeMbIX 3HaUCHUHN UX KO3PPULMEHTOB Nepeaadyd 00eCeUrBaeT pellieHne
MOCTaBJIeHHOW 3amaun. YuuthiBasg, uto Kj; m Kj; Bmustor Ha Q (3.120) u
Ko (3.121) He TONbKO aJAMTUBHO, HO U MYJBTUIUIMKATUBHO, peanu3auuio 1Y
MO>XHO KOHKPETHU3HPOBATh MOCPEICTBOM IMPUMEHEHUSI HEMHBEPTUPYIOLIETO OY-
dbepuoro kackaga BY (Kj; = 1), obecnieunBaromniero BO3MOXHOCTb COCTUHEHUS
KOMIUIEKCHOM Harpy3ku MY (uactoTHo-3amaromuii pesuctop R2 u xoppekTu-
pytomuii koHgeHcatop C2) ¢ MHUHON OTPUIATENIBHOIO HCTOYHMKA IMHUTAHUS
(puc. 3.95). AHanOTM4HO, KaK MOKa3aHo Ha pucyHke 3.96, mpu 3TOM K€ YCIOBUH
HEMHBEPTUPYIOMM OypepHbIii kackag BY MoxeT ObITh COINIACOBAaH C TOJIOXKHU-
TEJIbHBIM UCTOYHUKOM MTUTAHUS U BBIXOJHOM 1LIETbI0 TOKOBOTO 3epkana [1T1.

Ha pucynke 3.95 B kauecTBe HewHBepTHpylolero OydepHoro kackaaa
BY ucnonp3yercs ycunurenb Toka ¢ KO3 PUIIMEHTOM Nepeiadu Mo TOKY OJn3-
KUM K €JIMHULIE U HU3KUM BXOJHBIM COMPOTHUBICHHEM. 3/1€Ch YACTOTHO-33/1a10-
il pesuctop R1 BKIIOUEH MEXKTY MIMHOM MOJTOKUTEIBHOTO UCTOYHUKA MTUTA-
HUS ¥ BBIXOJOM OydepHOoro kackaaa, IpuuéM YUCICHHbIE 3HAYEHUS] TOKA TOKO-
CTaOMJIM3UPYIOLIETO JIBYXIOMIOCHUKA || IPEeBBIIIAIOT YUCIEHHOE 3HaYE€HHUE TOKA
TOKOCTaOMIIM3UPYIOLIEro IBYXMOMIOCHUKA .
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Puc. 3.95. IlepBast MmonuduirpoBaHHas cXeMa MpeasiaraeMoro yCUIuTeNs
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Ha pucynke 3.96 nokazana moaudunmrpoBanHas cxema MY, B koTopoii B
KauecTBe HEMHBepTupytomero OydepHoro kackama bY wucnons3yercs ycwim-
Teb TOKa ¢ KO3 hUIMEHTOM Mepenauyn OJU3KUM K €IMHHIIE U HU3KUM BXOJI-
HBIM COMPOTHUBJIEHUEM. 31€Ch YaCTOTHO-3aAal0MIMil pe3ucTop R2 BKIIOUYEH Me-
XKy ITUHON OTPUIIATEIHHOTO UCTOYHUKA MUTAHUS M BBIXOJ0M OydepHOro Kac-
Kaja, TPUYEM YHUCIICHHBIE 3HAYEHUS TOKa TOKOCTAOWJIM3UPYIOLIETO IBYXIIO-
JIOCHUKA [, MpEeBBINIAIOT YHUCIEHHOE 3HAYEHHE TOKa TOKOCTAOWIM3UPYIOIIETO
JIBYXIIOJIFOCHHUKA ;.

o +
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Puc. 3.96. Bropas MoauduupoBaHHas cxema IpejaraeMoro yCuianTesns

VYka3zaHHbIe BapUaHThl CTPYKTYpHOU peanusanuu WY co3maror nonojHu-
TEJIbHBbIE CXEMOTEXHUYECKHUE CTENEHU CBOOOJBI MPHU MOCTPOSHUU KOHKPETHBIX
MPUHLUNHAIBHBIX CXEM C YYETOM KOMIIOHEHTHBIX U PEXUMHBIX OTPaHUYEHUM,
CBSI3aHHBIX C OCOOEHHOCTHIO () YHKIIMOHUPOBAHUS PAAUOSIEKTPOHHBIX MOYJIEH
IIPU UCIIOJIb30BAHUY KOHKPETHBIX TEXHOJIOTHH.

Tax, npencraBneHHblii Ha pucynke 3.97 HeuHBepTHpYIOWUN OydepHbIi
kackag BY peanuzoBan Ha 06aze OunomsipHoro Tpansuctopa VT4, BXonHas
(aMHUTTEpHAs) LIETIh KOTOPOI0 MOJKIIIOUEHA K Y311y «A» U UHTETpUpPOBaHA C BbI-
XOJHOM 11eTbI0 TOKOBOTO 3epkana [IT]1 n KommeKTOpHOM LIenbI0 BXOIHOI'O TPaH-
suctopa VT1. Kpome atoro, B qanHo# cxeme Beixoa MY cBsizan ¢ 6a3oi TpaH-
3uctopa VT2 yepe3 sMUTTEpHBINA MOBTOPUTEND, KOTOPBIA PEATU30BaH Ha TPaH-
suctope VT3, p-n nepexone VD1 u ncrounuke toka I3 , uro ynpomaer corna-
COBaHME CTaTUYECKHX pekuMoOB. TokoBoe 3epkano IIT1 peannzoBano Ha 3iie-
MmeHTax VTS5, VD2.
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B stom cimydyae koadduimeHT nepegaun TokoBoro 3epkana [1T1 K, = 2,

a K, =a,, nostomy

-1
Q :{ i[l _ Rz(al% +a,0,K; )] n T_z} (3.122)
) Ry +hy;+hy, T
K, =Q1/i Ry, +ay) (3.123)
T, Ry+hyy; +hy,
rae Ki; — koadgdunuent nepegaun Tokooro 3epkaia [1T1.
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Puc. 3.97. Tpetbs MoaupUIIMPOBaHHAS CXeMa MPEIaraéMoro yCHUJIUTeNs

Ha pucynke 3.98 noka3an BapuaHT MOCTPOCHUSI HEMHBEPTUPYIOLIETO OY-
dbepHoro kackama BY Ha 6aze p-n-p tpansucropa VT3 ¢ HONOTHUTEIBHBIM
00€eCleynBaOIIUM PEXKUM €ro paboTsl UCTOYHUKOM Toka I3. [loatomy 3nmech
Kiy;=0; mpu 511000# CXEMOTEXHUUYECKOW peanu3anuu TokoBoro 3epkana IITI.
CrnenoBaTeabHO,

1
Qz|: i[l_R2a3((xl+OtzKi1)]+ T_2:| ’ (3.124)
T R, +hy; +hy, T
R 1 K.
Kon i 20(3( +a2 11)‘ (3125)
\ T, Ry+hy+hy,
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Puc. 3.98. YeTBépTas MmonuduimpoBaHHas cxema npeajaraeMoro yCuanuTes

IlokazanHblli Ha pucyHke 3.99 BapuaHT TOKOBOTO 3¢pKana IIT1 u Heun-
BepTupytomero 0ydepnoro kackaga bY na 6aze ounonspueix (VT3, VDI) u
noJieBbIX (VT4) TpaH3UCTOPOB NPUBOJIUT K CIEAYIOIIEMY PE3YJIbTATY

K, »2,K, =2. (3.126)
[ToaTomy nis nanHoi monudukamuu MY
-1
Q:{ i[l— Rz(a1+0‘zKi1)]+ Tz} ’ (3.127)
Ty Ry+hy+hy, T
R K.
KO :Q i 2((11+(12 11) , (3128)
\ T, Ry+hyy +hyy

rae Ki; — koo dunuent nepenaun Toka Tokooro 3epkana [1T1.

O +

R1 C1

ip

*:ﬁ:_@

Brix.
o

I=Ip C

> 1=l C) C2 T [‘]RZ N

Puc. 3.99. Ilatas monudukanus npeajiaraeéMoro yCuanuTes
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Ha pucynke 3.100 nmokasana peanuszanus Y Ha 0a3e mosrynpoBOTHUKO-
BbIX KOMIIOHEHTOB, XapakTepHbix i SiGe texnonorun SGB25VD. 3nech To-
koBoe 3epkano [1T1 u nHeunBepTupyrouuii OydepHsiii kackag bY peannzoBaHbl
Ha 6a3ze p u n MOII Tpan3ucTopoB, npuuém 1jsi obecrieueHust Kod3PpPuureHTa
nepenaun no Toky K ucnonssyercs napa p-MOII tpan3uctopoB VT4 u VTS5,
pEXHUM pabOThl KOTOPBIX COTJIACYETCS C PEXUMOM pabOThl BXOJHOTO TpaH3M-
ctopa VT2 nocpeactBom Tpansucropa VT3, a HeuHBeptupytoumii 0ydepHblii
kackan bBY peanuzosan 31eck Ha 6aze n-MOII tpansucropa VT6. Torna K;;=2,
Kip=1. [loaTomy nst nannoit Mmogudukanuu MY

Q=|: i[l— Rz((X1+2(Xz) ]_,_ T_Z:| , (3.129)

T, R;+hy;+hy, T
K, =QF Ry(1+20,) (3.130)
T, Ry+hy+hy,

Crnenyer 3aMETUTh, YTO BO BCEX PACCMOTPEHHBIX CIydasx 4acTOTa KBa3H-
pe3oHanca f; coxpanseT cBoE 3HaueHue, onpeaensieMoe cooTHomeHueM (3.119).

Taxkum o6pazom, kak ciaenyeT uz Gopmyn (3.120) — (3.125) u (3.127) —
(3.130), nmpennaraemserii 1Y mo3BosisieT peaan3oBaTh BHICOKHE YHCICHHBIC 3HA-
yeHus 1o0poTHOCTH Q M K03 dunmeHTa ycunenus Ky nmpu HEM3MEHHOH 4acTo-
Te KkBazupe3oHaHca (3.119).

JlaHHble TEOpeTUYEeCKHUE BBIBOJABI MOJATBEPKAAIOT TpapUKH PUCYHKOB
3.102, 3.103, 3.105, 3.106.

r a
| : o+
|| VT3 VT4 !
i E“__E il‘ITl
| |
SR j
|
Bk VT6
Iog |
[ 1
in § loy r
VT2 VTI Bx ¥3iR
R1 ClI " #Io
Hi]: BrIx.
O

L=l (T) Ii=l CTD Cl [‘] R1
L ..

Puc. 3.100. Peanuzauus MY na 6a3e noaynpoBOIHUKOBBIX KOMIIOHEHTOB,
XapakTepHbIX i SiGe TeXHOJIOTUr
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Ha pucynke 3.101 npuBenena cxema guibTpa pucynka 3.98 B cpene Ca-
dence Ha mozenax SiGe TpaH3UCTOPOB MpHU Kod(hPUIMEHTe nepesayl Mo TOKY

tokoBoro 3epkana I[1T1 K;=-1,0.

T m:

vref="v1"
fgain:1.8

npn2@@_2 npn28@_2 ™
1 .

Iermax:4mA lemox:4mA

Fg

mit

ide=90pu

o 125

o@ 4 10
PP S hetoo
Iemax:4 mAg

vde=p

out

Puc. 3.101. Cxema npeanaraemoro ycunurens B cpeae Cadence npu Kj=-1,0

Ha pucynke 3.102 nokaszana Jiorapudmuueckas aMIUTUTYJHO-4aCTOTHAs
XapakTepucTuka kKoddduimenTta ycuinenus no Hanpsbkenuto MY pucynka 3.101
npu ko3¢ duLrenTe ycusiaeHus mno Toky tokonoro 3epkaia [1T1 Kj=- 1, a Ha pu-
cyke 3.103 — e€ norapudmuyeckue aMIIUTYIHO- U (pa304aCTOTHBIE XapaKTe-
PUCTUKH B 00Jiee MEIKOM MacuiTade.

10.0

KoadhdurumeHT ycuneHns no Hanpsixenuio, ob

Puc. 3.102. Jlorapupmuyeckas aMIIMTyIHO-4aCTOTHAs XapaKTEPUCTHKA
koa(duirieHTa ycuiaeHus no Hanpspkenuto 1Y

7.5

5.0

f=1.147GHz Ky=9.193dB Q=2

108

2x108

3x108

10°
Yacrorta, Ny

2x10%  3x10°

193



=
(=]

100

LI:D[ f=1.147GHz Ky=9.193dB Q=2
Q
=
I o e
o) e
% ~J
& ~
a AN
= e
@ -10 ~ 100
I N
(o] N Q
[
W
= \ o
=-20 ¥ 200
[} Y e
S £
%0 / .-
\
g J \‘
= Y o~
2 -40 LV ¥ 400
g X/
&
Q
X
-50

00
100 101 102 103 104 105 108 107 108 102 1010 31011 101§
YacTtoTa, 'y,

Puc. 3.103. Jlorapudmudeckue aMIuIuTyTHO-
1 (ha304acCTOTHBIE XapAaKTEPUCTUKH B O0jIee MEIKOM MaciiTade

Ha pucynke 3.104 npencrabiiena cxema QuiabTpa pucyHka 3.96 B cpene
Cadence nHa monensx SiGe TpaH3UCTOPOB IpHU kodpunmente nepenaun Kj; mo
TOKy TokoBoro 3epkana I[IT1 K;;=-1,9.

vidd

Fé&
VI’E’F- "VT "
fgain=1.9

L
prp9E ]

n 4
npn28@_2 npn206_2 femex
m:1 m:l

lemax:4ma, Iemax:4mé vde=503.0m

o=1081
ce
out

14 IS (4 ;L R1
ide=1m ide=1m =1@ef E—I.SK

gnd
VS

Puc. 3.104. Cxema dunstpa B cpeae Cadence npu K;;=-1,9
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Ha pucynke 3.105 noxkazana norapudMudeckas aMIUIUTyIHO-4aCTOTHAs
XapakTepucTuka KodduimenTa ycunenus no Hanpsbkenuto MY pucynka 3.104
npu ko3 dunmente ycunenus tokosoro 3epkana [IT1 K;=-1,9, a Ha pucynke
3.106 — norapudmuyeckue aMIUIUTYIHO- U (ha30YaCTOTHBIE XapaKTEPUCTUKU
nanaoro MY B Oosiee MenkoM maciiraoe.
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Puc. 3.105. Jlorapudpmuyeckas aMIIMTyIHO-4aCTOTHAs XapaKTEPUCTHKA

kod(unrenTa ycusienus o HanpsbkeHuto MY
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KoachdmumeHT ycuneHns no HanpsixeHuto, ob
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YacToTa, Iy,

Puc. 3.106. Jlorapudmudeckne aMIuIuTyTHO-
1 (ha304acCTOTHBIE XapAaKTEPUCTUKH B O0jIee MEIKOM MaciiTade

Ha pucynke 3.107 npuBenena cxema MY B cpene Cadence Ha mopaensx
SiGe tpan3zucropoB (npnVs, W=2, L=2, texnporecc SGB25VD), a na pucyn-
ke 3.108 — norapudmuyeckue aMILTUTYIHO-4aCTOTHbIE XapakTepuctuku MY

195



pucynka 3.107 npu pa3HbIX 3HaUCHHUAX KOA(DPUIIUECHTA TIepeaadn 10 TOKY TOKO-
Boro 3epkana [1T2 K=K, =1+1,5.

V1

le=E84@e-9
we=42@e—9

lemax=6e—3

npnvs 2
m=1
le=84@e-9
we=470e-9
cmax=6e-3

ig nd

15
ide=1m

VSS

Puc. 3.107. Cxema 1Y B cpene komnbroTepHoro mojenupoBanus Cadence
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Puc. 3.108. Jlorapupmuyeckrue aMILTUTYTHO-4aCTOTHBIE XapaKTEPUCTUKU

Ha pucynke 3.109 nokazansl Jorapudmuueckue aMIiuTyaHo- 1 (azoua-
CTOTHBIE Xapaktepuctuku MY B Oonee menkoM maciirade.
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Puc. 3.109. Jlorapudmudeckue aMIuIuTyTHO-
u (ha3zouacToTHbIE XapakTepucTuku MY B 6osee menkom maciirade

Takum 00pa3zoM, paccmMoTpeHHbIe cxeMbl Y XxapaKkTepu3yroTcsi BHICOKH-
MU 3HaueHUsAMH Kod(dunuenta ycunenus Ky Ha gactore kBazupe3oHanca fy u
MOBBIIIEHHBIMU BEJIMYMHAMU JTOOPOTHOCTH QQ, XapakTepu3ylouiei ero uzoupa-

TEJIbHBIE CBOMCTBA.

3.11.2. Bmopasi 6a3zoeas cxema
Ha pucynke 3.110 npencraieHa BTopast 0a3oBasi cxema U30HpaTeIbHOTO

YCUJIUTEJISI Ha OCHOBE TOKOBOIO 3epkaja [54]. Pemaemast um 3agada — noBblllie-

Hue no0porHoctu AUYX ycunutens U ero kKodhuieHTa ycuaeHus o Hamnpsi-
’KEHHMIO Ha 4acTOTe KBa3upe3oHaHca fj, a Takke cO3/laHuE YCIOBUH AJIs yIpaB-

nenus napamerpamu Q u K.

.
N
<
S
<
—
w

c
}&

VT1 VT2

A

R1 Cl

|
O

Puc. 3.110. Bropas 6a3oBasi cxema npejjaraeMoro yCuiuTess [54]
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Henurens HanpsokeHus JIH B JaHHON cxeme peaau30BaH B YACTHOM CIIy-
4ae Ha OCHOBE YIIPABIsIEMOr0 MCTOYHMKA TOKAa I3 M IBYX NpAMOCMEMIEHHBIX
p-n nepexoaoB VDN2, nuddepenunanbHoe cONpOTUBIEHUE KOTOPBIX Iy U3Me-
HSIETCSI IPU U3MEHEHUU TOKa 3.

HcTOYHUK NEpEMEHHOTO BXOJIHOTO CUTHAJIA Uy U3MEHSIET KOJUIEKTOPHBIN
U OMUTTEPHBIM TOKM BXOJHOro TpaH3ucTopa VT2. KOMIUIEKCHBI XapakTep
MIPOBOJUMOCTH €r0 dMHUTTEpPHOH Ienu, oOpa3zoBaHHON pe3uctopoM R1 u kop-
pekTupyromumM KonaeHcatopom Cl, obecnieunBaeT nepenady 3TOro CUrHaia ye-
pe3 aMmuTTep BxoaHoro tpansucropa VIl um tokoBoe 3epkano IIT1, peanuszo-
BaHHOE Ha p-n nepexone VD1 u tpansucrope VT3, u ganee B KOJUIEKTOPHYIO
(BBIXOZHYIO) 1I€TIh BXOAHOTO TpaH3ucTopa VT2, KkoTopas peasin3oBaHa Ha 0ase
KoppekTupytomero konuaencaropa C2, pesuctropa R2 u, B oOmem ciyyae,
yIpaBiisieMoro aenutens Hanpsokenus JJH, o0pa3oBaHHOTO UCTOUYHUKOM TOKa 3,
1 Habopa NMpAMOCMEIIEHHBIX p-n nepexoaoB VDN2. KoMIiekCHOCTh MOTHOTO
conpotuBienus 3toil uenu (C,, Ry+ry) U xapakTep M3MeHeHHs] TOKOB Ha3BaH-
HBIX BBIILE TPAH3UCTOPOB OOECIEUMBAIOT PE3OHAHCHBIA BUJ €T0 aMILTUTYIHO-
4acTOTHOM XapakTepucTuku. BBogumelii B Y koHTyp oOpaTHO# cBsi3H, 00Opa-
30BaHHBIN MOAKIIOYEHUEM 0a3bl BXOAHOro Tpansucropa VT1 K BbIXomy ycT-
pOIiCTBa, UMEET PEaKTUBHBIN XapakTep B 00JacTu HU3KUX yacToT (f<<fy) Gnaro-
Japsi KOMIUIEKCHOW TPOBOJAMMOCTH SMHUTTEPHBIX LIENIEN BXOIHBIX TPAH3UCTOPOB
VTI1, VT2 (pe3suctop R1 u xoppextupytouuii kongencatop Cl). YkazanHas
O0COOEHHOCTh COXpaHSEeT HEU3MEHHOUN uacToTy kBaszupe3oHanca WY (fy) npu
mr000H TIyOuHe 3Tol 00paTHOM CBSI3U M MO3BOJISET YBEIUYUTH T0OPOTHOCTH Q
MY u ero koappunuent ycunenus Ky npu 3aaHHOM 3HAYEHUH TIOJTHOTO COMPO-
TUBJICHUS B IIEMU KOJUIEKTOPOB Tpan3uctopoB VT2 u VT3 (xonaencatop C2 u
HKBHBAJIEHTHOE CONPOTUBIEHUE R, + 1y).

[TokaxkeM aHaUTUYECKH, YTO Oosiee Bbicokue 3HaueHus Ko u Q B nuamna-
30HE€ BBICOKMX YaCTOT PEATU3YIOTCS B MPEIJIaracMoi CXeMe.

JlefiCTBUTENBHO, KOMIUIEKCHBIA KOA(DPUIIMEHT Nepeiauu 1Mo HaIpsHKEHHUIO
NY pucynka 3.110 onpenensiercs no popmyie:

K(jf) =K, Q| (3.131)
£2 £+ jf£,/Q

1
rie f,=—+—; 1, =C/(R,+h,,,+h T, =C, (R, +15), 3.132)
2“@ 1 =GR +hyy +hyy )51, =GR, +1) (
T (alKir{T + aZ)(RZ + rd) T B
Q=| |- 1- + 2], (3.133)
Ty Ry+hy, +hy, T
K= |t |- Rt o, +aK,,), (3.134)
C2 Rl +h11.1+h11.2
h, .=a., h, . — manocurHanessle h-mapamerpsl 1-ro TPaH3UCTOPA B CXEME C

obmeit 6azoif; Ky, — koadunmeHT nepenauu mo Toky Tokoporo 3epkana [1T1;
Iy = 1q — quddepeHnnanTbHoe COMPOTUBICHNE MPSIMOCMEIIEHHBIX P-N TIEPEX0-
noB VDN2.
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Jns knaccuueckoro MY [54] MoxxHO HAWTH, YTO

fo L (3.135)

21411, ’
raeT) = K'OCK(hll.l +hy,), 1, =C,/[(hy,), +(hy)s],

-1

Q=| |y [F2 ] (3.136)
Ty T
(0 ' T
K =—22g 0 3.137
0 2 Orl+r2 ( )

rneK, — koapduuuent nepenaun MY Ha nocrosHHoM Toke; Cq 1 (hyy)s — ém-

KOCTh M IIPOBOJAMMOCTB KOJJIEKTOPHOI'O mepexona TpaH3ucrtopa VT3 TOKOBOro
3epkana IIT1; (hy), — BeIXOAHAas MalOCUTHAJNbHAS MPOBOAMMOCTbH BXOJHOIO
TpaH3uctopa VT2.

Taxum o6pas3om, B npeanaraemoM MY moskeT ObITh peann3oBaHa 3aj]aH-
Hasi TOOPOTHOCTh HE3aBUCHMMO OT BBIOpaHHOM 4acTOThI KBazupe3oHaHca fj, xo-
TOpast B COOTBETCTBUU ¢ (opmyroii (3.132) MOKeET, B HaCTHOCTHU, OMPEAEIAThCS
CTaTHYECKUM PEKUMOM pabOThl MPSIMOCMEIIEHHBIX P-n iepexoaoB VDN2.

Tak, ecim I;=I,=Ip, TO mpu BBINOJIHEHUN HONOJHUTEIBHBIX YCIOBUN
R1>>2h11.i, R2>>I'd, T, =T, OQ; = 1,

c, [R
K,=2Q |-t |=2%, 3.138
0=2Q c, VR, (3.138)

W, CJI€JOBATENIbHO, BBINOJHEHUH 3alaHHOTO cooTHommeHust mexay R2, R1 u Cl1,
C2 MoryT OBITh peaM30BaHbl TPEOyeMbIe 3HaUCHHSI OCHOBHBIX MmapameTpoB VY.

Ha pucynke 3.111 nokazana cxema moauduinuposannoro MY, B kotopoii
JIeUTENb HAMIPSHKEHUS Peain30BaH B UHOM BUJE — Ha cTabmwiutpoHe VD2 u pe-
3uctope R3.

O+

— 3
I A Brix.
o | —o VD2
o r LT
VT1 VT2 Bx1 i /N i
Rl Cl

O -

Puc. 3.111. Cxema npennaraemMoro ycunurens [54]
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AHaJIOTMYHO MOXKHO TIOKa3aTh, YTO KOI(PPUIMEHT YCUJICHHs MO Hamps-
xennto (Kg) u nooporrocts (Q) MoauduimpoBaHHONW CXeMbl M30UPATEILHOTO
ycwutess pucyHka 3.111 onpenenstores mo Gpopmynam:

= 1.139
274\ TTy ( )

-1
R (0, Ky, + 0, )(Rz + rd) T,
Q - — 1= +. 5
T, R, +h;,+h, T

(1.140)

K0:

A Rt o, 0k, (1.141)
Cy V Ry +hyy+hyy
rae T, =C, [R1 +h,,;, +h11.2]; 1, =C,(R, +R; [|1y); 117 — nuddepennuanbaoe
COMPOTHUBIIEHHE 0OpPaTHOCMEEHHOTO p-n niepexoaa VDN2.

Cpasnenue (3.133), (3.140) u (3.131), (3.139) noka3sIBaeT, 4TO BBEACHUE
B cxemy 31eMeHTOB I3, VDN2 ymeHbiaeT pexxuMHyI0 3aBUCUMOCTD fy mpu 3a-
naHHbIX 3HaueHusx Q u K.

Ha pucysnke 3.112 npusenena cxema Y pucynka 3.111 B cpene Cadence
Ha Mogemsx SiGe TtpansuctopoB (SiGe: npnVs, W=2, =2, Ttexmpoiecc
SGB25VD, Iimaxx = 6 MA), a Ha pucynke 3.113 — norapudpmMuueckass aMIIuTy/1-

HO-YaCTOTHAsI XapaKTepucTuka KoddduireHTa ycuaeHus no Hampspkenuo MY
pucynka 3.112.

sub!
we=420e—9

npnVs npnvs
m=1 m:1l
T |e=842e-9 le=840e—9 =
we=420e—9 we=420e-9
lcmax=6e—3 lcmax=6e—3

12 14

ide=1m =1m

Puc. 3.112. Cxema npemnaraemoro ycunurens B cpeae Cadence
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20 f=999.2MHz, Ky=18.76dB, Q=5.5
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KoahbuLmeHT ycuneHua no HanpsxeHuo, Ab

Puc. 3.113. Jlorapudpmuyeckas aMIIMTYAHO-4YaCTOTHAsL XapaKTEPUCTHKA
koa(duirieHTa ycuiaeHus no Hanpspkenuto 1Y

Ha pucynke 3.114 npuBenensl jorapupmudeckue aMIiuTy1HO- U (a3o-
YaCTOTHBIE XapaKTePUCTUKU KOAI(DPUIIMEHTa YCUICHUS TI0 HANIPSKEHUIO CXEMBI
pucyska 3.112 B 6osiee MenkoM MaciuTabe.

25.0
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KoadbchuumeHT ycuneHus no Toky, 4b

Puc. 3.114. JlorapupmMuyeckue aMIiuTyIHO- U (pa304acTOTHBIE
XapaKTePUCTUKHN KOIPPULIUEHTA YCUICHHUS
M0 HAMPSKEHUIO B MEJIKOM MaciiTade

Ha pucynke 3.115 npuBenena cxema (uiibTpa ¢ ynpaBiiieMbIMH Iapa-
merpamu pucynka 1.3.110 B cpege Cadence Ha mozenax SiGe TpaH3UCTOPOB
(SiGe: npnVs, W=2, L=2, texmponiecc SGB25VD, I n.x = 6 MA), a Ha pUCYH-
ke 3.116 — norapudmudeckrue aMIUITUTYIHO-4aCTOTHbIE XapaKTEPUCTUKU KO3(]-
¢uLKeHTa YCUJICHHS MO HAIPSKEHUIO MPU Pa3HbIX 3HAUYCHUAX YIPaBISIOLIETO
ToKa [y, B genurene HanpsikeHus Q, Qq.
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Puc. 3.115. Cxema ¢uibtpa c ynpasisieMbIMu napameTpamu B cpene Cadence
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Puc. 3.116. Jlorapupmuyeckrue aMILTUTYTHO-4aCTOTHBIE XapaKTEPUCTUKU
Koa(hpUIIeHTa YCUIICHHS TI0 HAMIPSKEHUIO
MIPU pa3HbIX 3HAYEHUSX YIPABJISIOWEr0 TOKa Iy, B I€TUTENIe HAIPSKEHUS
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Ha pucynke 3.117 npuBeaeHbl aMIUTUTYJHO-4ACTOTHBIE XapaKTEPUCTUKH
NV pucynka 3.115 B ykpynHEHHOM MaciiTade MpU pa3HbIX 3HAYEHUSAX KOI(]-
¢dunreHTa nepenadn Mo TOKy TOKOoBoro 3epkana 6 (Ki=2 — Bepxuuii rpaduk,
K;=1 — nmxuuii rpadux).
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Puc. 3.117. AMIUINTYAHO-4aCTOTHBIE XapaKTepucTuku MY
B YKPYNHEHHOM MaciiTabe

Ha pucynke 3.118 npuBeneHbl aMIUIUTYyAHO-4aCTOTHbIE UM (pa304acTOT-
Hble Xapaktepuctuku MY pucynka 3.115 B Oonee menkoMm maciitabe mpu pas-
HBIX 3HAYCHUSAX Kod(duIieHTa nepeaadn no Toky TokoBoro 3epkana 6 (Ki=2 —
BepxHuit rpaduk, Ki=1 — HuxHU rpaduk).
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Puc. 3.118. AMIIIUTY/1HO-4acTOTHBIE U (pazodacToTHBIE XapakTepucTuku Y
B Oosee MenkoM macitadbe 1Y
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JlaHHble TEOpeTUYEeCKHUE BBIBOJABI MOJATBEPKAAIOT TIpapUKH PUCYHKOB
3.113,3.114,3.116,3.117, 3.118.

Taxum oOpazom, mpengaraeMoe CXeMOTEXHUYECKOE PELICHUE XapaKTepH-
3yeTcsl BBICOKUMH 3HAYEHHUSIMU KO3 PUIIMEHTa yCUICHHUs Ha 4acTOTe KBa3upe-
30HaHca fy ¥ MOBBILIEHHBIMU BETMYMHAMU JOOPOTHOCTH, XapaKTepU3YIOIIEH ero
n30upaTenbHble CBOMCTBA.

3.12. U3bupaTenbHble yCUNUTENN Ha pP-n-p TOKOBbIX 3epKanax

WNuBepTupyromue TokoBble 3epkana [32, 55] sBastoTcst 6a30BbIM 3JI€MEH-
TOM COBPEMEHHOM aHaJOroBOM MHUKpPOCXEMOTEXHUKH. [l TeXmpoleccon
SG25H2, SG25VD onu peanusyiotcs Ha ocHoBe KMOII-Tpan3uctopoB n1bo
p-N-p aKTUBHBIX 31eMeHTOB (puc. 3.119).

o + o +
\qVTl VT2 VTI1 VT2
/1 p— E“ |E
o) o) o)
Bx.1 Beix.1 Bx.i Brix.1

Puc. 3.119. [IpocTeitmme BapuaHThl peanu3anuu TOKOBbIX 3epkail Ha KMOII
U pP-n-p TPAH3UCTOPAX

Huxe paccmaTpuBaroTCs METOJIbI TOCTPOEHUSI U ONTUMAJILHOTO MPOEKTH-
pOBaHUS U30UPATENbHBIX YCUIIUTENEH, B OCHOBY KOTOPBIX IMOJIOKEHBI CBOMCTBA
TOKOBBIX 3€pKall.

B cBs31 ¢ MOBBIIEHHOW paMallMOHHON CTOMKOCThIO Si(Ge TeXIpOoIEeccCoB
npeajiaraeMble HUKE CXEMOTEXHUYECKUE PEIIeHUs] MOTYT paboTaTh B YCIOBUSIX
cneuBo3aeicTeuil. OgHako, B ¢Bs3u ¢ ucnoyib3oBanneM KMOII-TpaH3ucTopos,
JUISL 3TOTO HEOOXOIUMBI JIOMOJHUTEIbHBIE HCCIEAOBAHMS, MPEXKAE BCEro, Ha
BIIUSIHUE TSKENBIX 3aPSHKEHHBIX YACTHII.

Ha pucynke 3.120 npezacraBiena neppas 6a3oBas cxema IMpeasiaraeMoro
MY na 6a3e TokoBoro 3epkana [IT1 [56]. Pemraemas um 3agadya — MOBBIIICHHE
noopotHoctd AUX ycunutens v ero ko3P UIMeHTa YCUISHHS TI0 HAMPSKEHUIO
Ha 4acToTe KBazupezoHaHca fy. ITO MO3BOJSET B psJE ClydaeB YMEHBUIUTH 00-
1iee PHEPronoTpedieHne U peain30BaTh BHICOKOKAYECTBEHHOE M30MpaTeIbHOE
yctporictBo CBU-nuanazona c fy=1+5ITr.
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VT2 VT1 Bx.
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Puc. 3.120. Cxema u30upaTeabHOro yCUIUTENS
Ha OCHOBE TOKOBOTO 3epkainia ITT1 [56]

HcTOYHUK MEPEMEHHOT0 BXOJHOTO CUTHANA Uy (2) U3MEHSIET KOJUIEKTOP-
HBII ¥ SMUTTEPHBINA TOKH BXOAHOro Tpanzuctopa VT1. KommiekcHslil XapakTep
MIPOBOJUMOCTH €r0 AMUTTEPHOM IenH, 00pa30BaHHON KOPPEKTUPYIOUIUM KOH-
aencatopoM Cl ¥ CONPOTUBIECHUSMHU SMUTTEPHBIX IepexonoB (T, =h;,,

1,5 * h;; 5) BxonHeIx TpansuctopoB VT1, VT2, obecnednBaer nepeaady 3T0Oro

CUTHAJIa Yepe3 SMUTTEP BXoaHOro Tpanzucrtopa VT1 u tokoBoe 3epkaino IITI B
BBIXOJIHYIO LIEMb YCTPOUCTBA, KOTOpask peajn3oBaHa Ha 0a3e KOPPEKTUPYIOLIETO
koHJeHcaTopa C2 n yacToTHO-3aaaromero pesucropa R1. KommnekcHocTs nosm-
Horo comnpotusienus 3Toi nenu (C,, Ry) u xapakrep u3MeHEHUs1 TOKa KOJJIEK-
Topa Tpan3uctopa VT1 obecnieurnBaioT pe30HAHCHBIN BUJI aMIUTUTYITHO-4YaCTOTHO M
xapaktepuctuku Y. Beogumeliii B 1Y koHTyp 00paTHOI cBsi3H, 00pa30BaHHBIM
MOJKJIIOYeHHEM 0a3bl BXOJHOTO TpaH3ucTopa VT2 K BbIXOAY yCTpoiicTBa, UMe-
€T PEaKTUBHBIN XapakTep B 00jacTu HU3KUX yacToT (f<<f;) Omaromapsi xom-
IJIEKCHOW TPOBOJMMOCTH 3MUTTEPHBIX LENEW BXOIHBIX TpaH3UCTOpoB VTI,
VT2. Yka3zanHass 0COOEHHOCTbh COXpaHsSIET HEU3MEHHOM YacTOTy KBa3upe30HaH-
ca Y (fy) npu nmro0oit rmyOuHe 3Toi 0OpaTHOM CBSA3U U MO3BOJISET YBEIUYUTD
noopotHocts Q NV u ero korddunment ycunenus no Hanpsokenuto Koy npu 3a-
JAHHOM 3HAYE€HHUH IIOJHOTO COMPOTHBIICHUS B BBIXOJHOM LIEMH YCTPOMCTBA
(xonnencarop C, 1 conpoTuBiieHHe pe3uctopa Ry).

AHaTUTHYECKH MOXHO TOKa3aTh, 4TO OoJiee BhicOkHME 3HaueHus Ko u Q
B JIMAMa30HE BBICOKUX YaCTOT PEAIN3YIOTCS B JAHHOM CXEME.

B pe3ynbprate aHanuza cxeMbl pucyHka 3.120 MOXHO Moka3aTb, YTO KOM-
IUIEKCHBIN Kod(duimeHT nepegaun mno HampstbkeHuto MY ompexpensercs 1o

bopmyie:

. iff,/ U U
Ky(]f) :_KO . .]2 0 Q — BBIX _ T BBIX , (3142)
fo _f +Jff0/Q UBX UBX
1
21411,
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1

Q= , (3.144)
Tl o,0,K;5Ry 4 [*2
Ty hy +hy, T
Ko = Qo K5 4 & ’ (3.145)
CyVhyy, +hyy,
h,,; =0;, h;;; — ManocurnansHele h-mapaMeTpsl i-ro TPaH3UCTOPA B CXEME C

obment 6aszoii; K3 2 — ko3dduuueHT neperayu no ToKy TOKOBOIO 3epKaia

[IT1 ot 6a30BOrO BX0Ja K 00LIEMY SMUTTEpHOMY BbIXo1y. [lon 6a30BbIM BXO-
JIOM TOHUMAETCSl BXOJ TOKOBOT'O 3epKayia (HampuMmep, y3ed COeAUHEHUs: Oa3bl
tpau3uctopa VT4 u nepexona 20 (puc. 3.123), a moa oOIIUM IMUTTEPHBIM BbI-
XOJIOM — HEMHBEPTHUPYIOUIUH BBIXOJ] TOKOBOTO 3€pKaja (Hampumep, SMUTTEp-
HBIM y3€J 3TUX K€ KOMIIOHEHTOB Ha puc. 3.123).

Taxkum o6pazom, u3 (3.142) — (3.144) cnenyet, uto B nipeyaraemom Y
MOKET OBbITh peajan30BaHa 3a/laHHast 100pOTHOCTH (Q HE3aBUCUMO OT BHIOpaHHOM
4acTOTHI KBa3upe3oHaHca fp.

Ha pucynke 3.121 nokazana cxema MY, B KOTOpOil MOCIEq0BATENBHO C
KOpPPEKTUPYIOIKUM KoHAeHcaTopoM Cl BKIIIOYEH YacTOTHO-3aJalOIINN pe3u-
ctop R1, kpome 3Toro BbIxoJ ycTpoicTBa Brix. cBsi3aH ¢ 0a30ii BXOJHOTO TpaH-
suctopa VT2 uepes cornacywmuii 0ydepnsiii ycunutens bY. Begenue uvac-
TOTHO-3aJ1ao1iero pesucropa R1 mo3Bossier ociabuTh BIMSHUE CTATHYECKOTO
pexXrMa TPaH3UCTOPOB CXEMbl M €0 HECTAOMJIBHOCTH Ha OCHOBHBIE MapaMeTphl
ny: Q, Ky, f;. Beenenue cornacyroriero 6ydepnoro ycunutens bBY pemraer 3a-
Jady COrJaCOBAaHUs CTaTUYECKUX MOTEHUUAIOB B cxeMe mpenanaraeMoro MUY u
ONTUMM3ALMY JUHAMHAYECKOI0 auarnasona NYy.

BY

Kii3=2
+1 Kia=-1| TIT1
A

VT2 VT1 Bx.
Cl1
_| R1 -

-

R
O -

Puc. 3.121. MoauduuupoBaHHas cxeMa U30MpaTeabHOr0 YCUIUTEINS
C YMEHBUIEHHBIM BIIUSTHUEM CTaTHUYECKOTO PEXUMA TPAH3UCTOPOB [56]
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Koappumment ycunenuss no nanpsikenuro (Ky), fy u modbporHocts (Q)
MOAU(PUIMPOBAHHON CXeMbl M30MpPATEIbHOTO ycuiauTens pucyHka 3.121 (npu
koddduirieHTe ycwiIeHHs 10 HamnpsbkeHuto OydepHoro ycunurens bY
K gy =1) onpenensirores mo popmynam:

1

f,=————; 3.146
‘ 211 T, ( )
rae 1, =C/(Ry+h;; +h;,);1, =C,R,,
Q= 1 , (3.147)
{ Tl(l_ o KisR, J+ Tz:|

T, R, +hy;+hy, T
K, = QK, 1, \/Q J Ry . (3.148)

C, VR +hy +hyy,

Ecmu BelOpate R, >>h,,,~h,, u 1, =1,, TO 100pOTHOCTH Npeaarae-

Moro MY u xoaddumment Ky ycrpoiictBa pucynka 3.121 Oyayt onpeaensiTbes
dbopmynamu:

ST K,, (3.149)
rne T = ale& .
R,

Ha pucynke 3.122 noka3ana cxema MY, B koTopoi o0muii y3en Koppek-
THpYytouiero konaencaropa Cl u yacToTHO-3a1a01ero pesucropa R1 cesisan co
BXOJIOM ycTpoicTBa BX. wyepe3 koppekrupytomuii konaeHncarop C3. IIpu pea-
nuzaruu MY no naHHoOM cxeme co3jaroTcs yeloBUs s 6ojiee TpyOooro mojaas-
JICHHSI CUTHaJa B 001acTh JacToT f<<fj,.

J_ o +
C2 R2 Ij
Brix.
e}

2 ) |12

Ki3=2
/Kﬂz:-l IIT1
" A
+ Unpx .
o in f IR
4o

VT2 Bx. VT1

: C3 Bx.
C1
’—| R1 Un

-

1R
ORNNOL
O -

Puc. 3.122. Cxema uzbuparensHoro ycuiautens ¢ RC-pxogom [56]
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B sTtom ciyuae

1
f=—+——, 3.150
‘ 27,1 T, ( )
T =R, +hy;; +hy,)(C +Cy),
T, =R,C,,
1 (3.151)

Q= ,
Tl(l_ G o,0,K 3R, j+ Tz}
Ty C+CyRy+h;+hy, T

2
K,=Q|—S  ak., R | (3.152)
(G +G)C, R;+hy;+h,

Tak, Ipu BBIIIOJIHEHUN PAaHEE OTOBOPEHHBIX YCIOBUU U C YYETOM peaju-
3alluM B TOKOBOM 3epkasie K, ; >2 nodbporHocTs cxemsl (puc. 3.122) onpenens-

etcs u3 popmynsi (3.149) npu
R, G

PR, C+C
Ha pucynke 3.123 npuBenena cxema MY, B KOTOpOH MEXIy BBIXOIOM

ycTporicTBa Bbix. n 6a3oi Tpanszucropa VT2 BKIOUEH cornacyroniuid oydep-

HbIl ycunutenb BY, a TokoBoe 3epkano I1T1 peanuzoBano Ha Tpanzuctope VT4

u p-n nepexone VDI1. Boibupas npu R;=R, Te unu unsie 3nauenus kosdduim-

eHTa nepenayu Tokosoro 3epkana I1T1 (K, ;; =1,8-1,999), xoropsie (11 cxe-

T=0K (3.153)

Mbl TOKOBOI'O 3€pKajia, MoKa3aHHOM Ha puc. 3.123) 3aBHUCAT OT OTHOILICHUS
IJIOIIA/IEN AMUTTEPHBIX MEPeXoa0B TpaH3ucTopoB VT4 u VDI, MoxHO momy-
YUTh MPAKTUUYECKH JTI00BIC 3a1aHHbIe 3HaUeHUs 100poTHOCTH Q U K03 DhuLeH-
Ta ycuieHus Ky Ha yactoTe KBa3upe3oHaHCa.

o -

Puc. 3.123. IIpaktuueckasa peanuzamus MY [56]
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Ha pucynke 3.124 npencraBnena cxema MY pucynka 3.121, B xoTtopoit
MOKa3aH JPYyroi BapHMaHT KOHKPETHOTO BBINOJIHEHU TOKOBOTO 3epkana IIT1 u
cornacytomiero o6ydepnoro ycuwnutens bY. B nanHol cxeme oGecrieunBaeTcs
CUMMETPUPOBAHUE CTATUYECKOTO pEKMMa BXOAHBIX TpaH3UCTOpoB VT1 n VT2
0 HAMPSHKEHUIO KOJIEKTOP-0a3a, YTo yaydllaeT JuHaMUu4ecKue napamerps Y.

1 '
R2 c2
e Zin Brix.
o +
1R T LZiR T 1R
VT3 VT5 w. VT4
.
ir
vD1 \/ - ‘/
¥in Ls f R
VT2 VT1

] Y
R1 Cl Ups
iz I 3
Bx.
W

Puc. 3.124. Cxema 1Y ¢ cMUMMETpUpPOBAHUEM CTATUYECKOTO PEXKUMA
BXOJIHBIX TPaH3UCTOPOB [56]

Ha pucynke 3.125 nokazana cxema npemnaraemoro MY B cpene Cadence
Ha Mojensix SiGe TpaH3UCTOPOB.

|
lnans npnvs I
Q2 m=1 m=1 Q3
! le=840e—-9 le=840e—9 fn
we=420e—9 we=420e—9
lcmax=6e—3 [cmax=6e-3

gnd

aubt

Puc. 3.125. Cxema 1Y B cpene komnbroTepHoro moaenupoBanus Cadence
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PaccMoTpeHHbIE BbIlIE TEOPETHUECKUE BBIBOJIBI MOATBEPKAAIOT rpaduKku
pucyHkoB 3.126, 3.127, nony4eHHbI€ B pe3yJbTaTe MOJEINPOBAHUS CXEMBI PU-
cynka 3.125 (puc. 3.120).

Ha pucynke 3.126 npezacrasiena jgorapudmMuyueckasi aMIUIMTYAHO-4aCTOTHAS
XapakTepucTuka KodduimenTa ycuinenus no Hampsokenuto MY pucynka 3.125
B KpynHOM MacuiTabe, a Ha pucyHke 3.127 — norapudmudeckue aMIuIUTyJHO- U
¢dazouactoTHbIe Xapakrepuctuku MY pucynka 3.125 B 60s1ee MeskoM maciuTade.
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Puc. 3.126. Jlorapupmuyeckas aMIIMTyAHO-4YaCTOTHAs XapaKTEPUCTHKA
koa(duirienTa ycuiaeHus no Hanpsbkenuto MY B kpynHoMm maciutade
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Puc. 3.127. Jlorapupmuyeckrue aMIIuTyTHO-
u (ha3zouacToTHbIE XapakTepucTuku MY B 6osee menkom maciirade
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Taxkum oOpaszom, mpeasiaraeMbie CXeMbl H30UpaATEIbHBIX YCHINTENICH Xa-
pakTepu3yloTcs 0ojiee BBICOKUMH 3Hauye€HUsIMU KO3 UIIMEHTa YCUJICHUS TI0
HaIpsDKCHUI0 Ha YacTOTe KBazupe3oHaHca fy M MOBBIICHHBIMH BEIUYMHAMHU
no0poTHOCTH Q, XapakTepu3ylollel ero n3doupareabHble CBOUCTBA.

3.13. U3bupaTenbHble ycunuTenu ¢ napannefbHbIM BKIIIOYEeHUeM
yacTtoTo3agarLwmx uenem

B paccmatpuBaeMbIX HE)KE H30UpATEIbHBIX YCUJIUTEISAX HCIOJIB3YETCS
cxeMoTexHuKa TpaH3zuctopHoro RC-¢unbrpa ¢ HU3KOH AOOPOTHOCTHIO, MpEA-
CTaBJICHHOTO Ha pucyHke 3.128.

Brix

VT1 V12

Bx. >'_

Upx

R3 |:‘:|R4
o)

Puc. 3.128. CxeMa UCXOJTHOTO HU3KOA00POTHOTO N30MPATEIbHOIO YCUIIUTENS

Ha pucynke 3.129 npencraBineHa cxema MpeajgaracéMoro ycuiaurens [57]
Ha ocHoBe MY pucynka 3.128. Pemaemast uM 3a7a4a — MOBBIIIIEHUE JOOPOTHO-
cti AUX ycunurens u ero kodpdUIMEeHTa YCUICHHs 0 HAMpPsHKEHUIO Ha Yac-
TOTE KBa3upe3oHanca fj.
o +
R2|j L

Brix.
O

o

Bx. VTl | VT2

D@

Puc. 3.129. Cxema npeaiiaraemMoro n30upaTeabHOro yeunutes [57]
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BxonHol curnan u,, uepe3 6a3zoByio 1enb tpanuctopa VT1 npeobpazy-
eTcsl LENbI0 KoJleKTopa TpansucTopa VT1 B BBIXOJHOE HaNpsKEeHHE Uy, IPU-
4EM KOMIUIEKCHBIA XapakTep MPOBOJMMOCTEHN 1€ SMUTTEPA, 00YCIOBICHHBIHI
pesuctopoM R1 u kongencatopom Cl, a Takke LIETIbIO KOJUIEKTOpa, 00pa3oBaH-
HO# pesrcTopoM R2 n konmencaropom C2 (wim C2°), 06eCIeUnBaIOT IOIOCHO-
MPOIMYCKAIOMMA BUJA aMIUIUTYJHO-4aCTOTHOW XapaKTEpUCTUKU YCTPOUCTBA.
[TocpencTBoM KOHTypa peakTUBHOW OOpaTHOM CBSI3M, 0OPa30BaHHOTO TpPaH3U-
ctopom VT2, 6a3a koToporo nojakitodeHa k Beixony MY, a sMmurrep — K KoM-
iekcHou npoBoguMocTu (pesuctop R1 u xonaencarop Cl), obecneunBaercs
00paTHONMPONOPIUOHAIBHOE TEKYILEH YacToTe yBelIMUeHUE rIyOuHbl 0OpaTHOU
CBSI3M, KOTOpasi MapaMeTpuYecKid MaKCUMHU3HPYETCsl Ha 4YaCTOTe KBAa3UpPE30HAH-
ca fy ycrpoiictBa. B To ke Bpemsi EMKOCTHBIN XapaKTep Harpy3Ku TPaH3UCTOpa
VTI1 (xonaencaropsl C2 win C2") oGecrieunBaer yYMEHBIIIEHUE TIIYOWHBI 3TOU
0oOpaTHOM CBSA3W HAa YACTOTaX BXOJHOI'O CUTHAJIA, MPEBBIIIAIONIMX YACTOTY KBa-
3upe3oHaHca fy. YkazaHHble 0cOOEHHOCTH (DYHKIIMOHMPOBAHUS KOHTypa oOpaT-
HOM CBSI3M M 1IeNU NPsIMOM Mepesayl BXOJHOIO CUTHajla COXPAHSIOT HEU3MEH-
HOM 4acTOTY KBa3Upe30HaHCcA MpHU 000 ITyOrnHEe 3TOH 00paTHON CBSI3H.

[TokaxkeM aHaNMUTUYECKH, YTO OOJee BBICOKHME 3HaUY€HUS Kod(dduimeHTa
yeunienus Ky u 1o6potHocTy Q B AMana3zoHe BHICOKUX YAaCTOT PEaIU3YIOTCS B
npeajaraeMou cxeme.

JlefiCTBUTENBHO, KOMIUIEKCHBIA KOA(DPUIIMEHT Nepeiauu 1Mo HanpsHKEHUIO
npennaraemoro MY omnpenensercs no ¢popmyne:

o iffy/Q
F(jf) =K, PP (3.154)

rae f, =1/2Twrlrz ;

T, =C(R; +hy; +hyy,); (3.155)
1, =C,R,.
-
T T
Q= T_l(l_alasz /(Ry+hy +hyp)+ T—Z ) (3.156)
2 1
K, -Q |1l (3.157)

T, Ry +h)  +h,

B cxemax NV, npencraBineHHbiX Ha pucyHke 3.130, nis yBenuueHus npe-
JeNbHO peanuszyeMoil 1oopotHocTH Q U kKo punuenta ycunenus MY ucnonb-
3yI0TCS HAOOpbhl KOMILIEKCHBIX MPOBOJUMOCTEN B LIETISIX YMUTTEPOB OHUMOISAP-
HBIX TpaH3uCTOpOB. IIpuuém B cxeme pucyHka 3.130a wucnosb3yercs mapadi-
JIeNbHOE MOAKIIOYEHUE UIAECHTUYHBIX pe3uctopoB R1.1-R1.3 u xoHneHcatopos
C1.1-C1.3, neiicTBre KOTOPHIX HAIIPABIEHO HA YBEITUYEHHUE TIIYOHMHBI 0OpaTHOU
CBSI3M B OKPECTHOCTHU YacTOThI KBa3upe3zoHaHca fo.
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B cxeme, noka3zanHoi Ha pucyHke 3.1300, ananmoruynslii 3pdext qocTu-
raeTcs HMCHOJIb30BAaHUEM MHOTOKOJUIEKTOPHBIX M MHOTOAMUTTEPHBIX TpaH3U-
CTOPOB C MHAUBUAYaIbHbBIMU HcTOYHUKaMU Toka (1, I, I3, 14), KoTopble monap-
HO oObenuHsI0TCS nocpenctBoMm aBToHOMHBIX RC-1ieneit (R1, C1; R3, C3).

l o +
2 R2 m
Brix.

O
+ $3ix
VT2 VT1 o+
Bx oL sz]
T Brix.
. O
—
0 f 2ir
R1.1 Cl.1 Vi Vi1 N
e , R CI { B
R12 &k Cl2 NN | s
_:'_i }_ VT3 in VT4 Uy
R13 kR Cl13 R3 c3
I ——|
1r IR
O - o -
a) 0)

Puc. 3.130. BapuanTsl nocTpoeHUs NpeAIaracMoro yCUIUTEI
C TIOBBIIIICHHOW TOOPOTHOCTHIO [57]

C y4€ToM OroBOpEHHBIX BBIIIE MAPAMETPUICCKUX YCIOBUN KOIDDUITUEHT
ycwieHus: no Hanpspbkenuio (Kg) u modpotHocts Q 0osiee COBEPIICHHBIX CXEM
M30UpaTEeNbHOrO YCUIIUTEN pUCyHKa 8.3 onpenenstores no Gopmysam:

13 o R,

Ky=Q-N- , (3.158)
Ty Ryy+hy +hyg
-1
Q= 1/i(l_OHO%NRz /Ry +hy+hyg)+ D (3.159)
Ty T

IIPU COXpPaHEHUU HEM3MEHHOM 4acTOThl KBa3upe3oHanca (3.155), rae N — yucio
napajiebHbIX SMUTTEpHBIX RC-11emnei.

Cpasnenue (3.156), (3.157), (3.158), (3.159) noka3piBaet, uTO BBEICHHUE B
CXEMY JIOMOJHUTEIbHBIX KOMIUIEKCHBIX MPOBOJAUMOCTEN, 00pa30BaHHBIX MOCIe-
JI0BaTeJIbHBIM COEAMHEHUEM PE3UCTOpa U KOHJIEHCATOpa MPUBOJIUT K YBeJIUYe-
HUIO JOOPOTHOCTU M Kod(duimenTta ycunenus MUY, T.e. MOBBIIEHUIO €ro ce-
JIEKTUBHOCTH.
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[IpencraBiieHHbIE BBILIE TEOPETUUYECKHUE BBIBOJIBI MOATBEPKIAIOT rpadu-
k¥ pucyHkoB 3.132, 3.133, 3.136, 3.138.

Ha pucynke 3.131 npusenena cxema UMY B cpene Cadence Ha mopensx
SiGe tpan3uctopoB (SiGe: npnVs, W=2, L=2, texnpouecc SGB25VD, Ik.max =
=6 MA), a Ha pucyHke 3.132 — norapudmudeckue aMIIUTyaHO- U (pa3zodacToT-
HbI€ XapaKTePUCTHUKUA TMPU PA3HBIX KOJUIEKTOPHBIX TOKaX TpPaH3UCTOPA
Q5 (I=1ks=0,5+1,2 MA).
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Puc. 3.131. Cxema npennaraemoro 1Y
B cpelie KoMmbloTepHoro MmoenupoBanust Cadence
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Puc. 3.132. Jlorapudmudeckue aMIuIuTyTHO-
U (a30yacToTHBIE XapakTepucTuku 1Y
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Ha pucynke 3.133a moka3zaHbl JIorapu(pMHUUYECKHE aMIUIMTYAHO- U (pa3oua-
cTOTHBIE Xapakrepuctuku MY pucynka 3.131 npu pas3sbix Tokax I = 0,5+1,2 MA
(yBenmuueHHBI Maciital), a Ha pucyHke 3.1330 — norapudmudeckue amIuim-
TyHO-(}a304aCTOTHBIE XapaKTEPUCTUKHU MPHU TEX ke TOKaX Koyekropa [=Is=
=0,5+1,2 MA (Mmenkuii MaciiTa0).

F265

M2(151.2MHz, 21.36d8)

214

260

Lo
=1 M3(148.6MHz, 20.15dB)
& 29
s
% -
g 255 3
5 >,
= I
Zo1e Q
I =
5 §
= 250 g
g
-8- 18
&
Q
~
245
174
108 21108
YactoTa, My,
a)
2 3 275
MO(151.3MHz, 21.36d8B)
204
4 250
'-3[ f22s
S 1y 3
3 4
S oo
g 2
% 151.3MHz, 178.4deg 8
©
= r175 S
=
= /
8
8
o
5‘2 r150
-104 A
\ F125

ex107  7x107  8x107 9x10” 109 2x108 3x10° 4x10°

Yacrora, Ny

6)

Puc. 3.133. Jlorapupmuueckre aMImIuTyAHO- U ()a304aCTOTHBIE XapaKTEPUCTUKU:
a) YBeITMYEHHBIN MacTad; 0) MenKuii MaciTad
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B cxemax MY pucynkos 3.134, 3.135 ucnons3zyercsi EMKOCTHAs CBSI3b UC-
* ~r X3
TOYHUKA CUTHala U, ¢ 6a3oil Tpansuctopa VT, uTo co3maér psa QOMOJIHHU-

TEJIBHBIX MPEUMYIIECTB JaHHOTO MY, 00yCIOBIEHHBIX HAIUYUEM pa3/IeInuTeb-
HOTro KoHAeHcaTtopa C3, B CpaBHEHUH C paHee PACCMOTPEHHBIMU CXEMaMH.

Ha pucynke 3.134 nokazana cxema MY ¢ émkoctHbiM Bxogom C3. Kpome
ATOTrO 37I€Ch BBEJIEH JIOMOJHUTEIbHBIN Oy(hepHBI YCHIUTENb, KOTOPBIA peaiu-
30BaH Ha TpaHzuctope VT3, p-n mepexoae VDI u TokocTabmim3upyromem
aByxmnontocHuke 3. CTaTHUecKUd pexuM MO HaNpsKeHHWIO Ha 0aze BXOAHOIO
tpansucropa VT1 ycranaBiauBaercs pesuctopoMm R3. Konngencatop C3 obecrne-

*
YMBaeT Neperady NEPEMEHHOIO CUTHajla OT UCTOYHUKA U,, Ha 0a3y BXOJHOIO
Tpan3ucrtopa VTI.

VT3

C3

W/ VD1 W mx

Brix.

Puc. 3.134. Cxema 1Y ¢ éMKOCTHBIM BX0A0M [57]

Ha pucynke 3.135 nokaszan cpeanedacToTHbIi Bapuant Y pucynka 3.134
¢ éMKoCTHBIM BX0JI0M B cpenie Cadence Ha monensax SiGe TpaH3UCTOPOB.
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Puc. 3.135. Cxema 1Y ¢ éMKOCTHBIM BXOJIOM
B cpelie KoMmmbloTepHoro MmonenupoBanust Cadence
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Ha pucynke 3.136 nokaszana Jiorapudmuueckas aMILTUTYIHO-4aCTOTHAs
xapaktepuctuka MUY ¢ éMKOCTHBIM BX0/10M (yBEJIMUYEHHBIN MacIITa0).

KoacbcbuumeHT yeuneHus, 4b
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Puc. 3.136. Jlorapudpmuyeckas aMIIdTyIHO-4aCTOTHas XapakTepuctuka Y
¢ EMKOCTHBIM BXOA0M (yBEIMYEHHBIA MacITal)

Ha pucynke 3.137 npusenena cxema Y pucynka 3.130 B cpene Cadence
Ha wmonensax SiGe tpanzuctopoB (SiGe: npnVs, W=2, L[=2, texmpouecc
SGB25VD, Ik.max = 6 MA), a Ha pucyHke 3.138 — jgorapupmuueckre amIuiu-
TYAHO-YaCTOTHBIE XapaKTEPUCTUKU MY Mpu pa3HbIX 3HAYEHUSAX YHCIIA JOTOJ-
HUTEJBHBIX Mapayie]bHO BKIIOYEHHBIX JByXxmnoitocHukoB (RC-meneit) R1.1,

C1.1,R1.2, C1.2 (N=1 u N=2).
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Puc. 3.137. Cxema 1Y pucynka 3.130 B cpene Cadence
Ha Mojiensix SiGe TpaH3UCTOPOB
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10

. 2f=809.1MHz Ky=7.651dB, Q=17
3

1 f=923.3MHz, Ky=-2.954d8B, Q=1

e

KoadodmumeHT yeunenus, ob

20"

108 2x108  3x108 10° 2x10°  3x10°
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Puc. 3.138. Jlorapupmuyeckrue aMILTUTyIHO-4aCTOTHbIE XapakTepucTuku NY
MIPU pa3HbIX 3HAYEHUSAX yncaa N JOMOTHUTENbHBIX
napajuiesIbHO BKITIOUEHHBIX ABYXMOMIOCHUKOB (RC-11emeit)

[Ipenaraemoe cXeMOTEXHUUYECKOE PEIICHUE XapaKTepu3yeTcsi 0oyiee BbI-
COKHMMHM 3Ha4YCHUSIMH Kod(UIIMeHTa YCUIICHHUs] Ha 4acTOTe KBasupe3oHaHca f
Y TIOBBIIICHHBIMU BEJIMYMHAMH JTOOPOTHOCTH, XapaKTEepPU3YIOIIeH ero m3oupa-
TeJIbHBIC CBOMCTBA.

3.14. BbiBoAbl

Ha ocHoBe pa3paboTaHHBIX B pa3zesie 1 CTpYKTYpPHBIX CXeM HU30HUpaTelb-
HBIX YCWIMTEIEH U TOMOJOTMYECKHUX MPaBWI HUX IMOCTPOCHUS IMOKA3aHO, UTO
npakTuyeckoe nocrpoenre MY CBOAUTCS K CXEMOTEXHUYECKOMY CUHTE3Y aK-
THUBHBIX YCWJIMTEJIBHBIX 3JIEMEHTOB U BHIOOPY MapaMeTPOB PE3UCTOPOB M KOH-
JIEHCATOPOB YaCTOTO3aBUCUMON OOPATHOM CBSI3H, ONPEEIAIONICH YacTOTy KBa-
supe3oHanca NY. IlpuBeneHo KoMIbIOTEpHOE MojelIupoBanue Oonee 20 mpu-
MEpOB CO3JIaHHBIX TakuM oOpazoMm UMY, opueHTHpPOBAHHBIX HAa NMPUMEHEHUE B
BY- u CBY-nguana3oHax.

PaccMoTtpennbie cxeMoTexHuueckue pemenus MY xapakrepusyroTces n0c-
TaTOYHO BHICOKMMHM 3HAUYCHUSIMU KO3 (UITMEHTA YCUIICHUS Ha 4acTOTE KBa3upe-
30HaHCa fy U TOBBINICHHBIMU BEIWYMHAMH JOOPOTHOCTH. [Ipu onmTUMamIbHOM
BBIOOpE MapaMeTPOB AJIEMEHTOB OOJBITUHCTBO cxeM MY oTHOcATCS K Kiaccy
HU3KOYYBCTBUTEJIBHBIX, T.€. 00JAJAIOMMNX CJIA0bIM BIMSHUEM HECTaOUIbHOCTH
MapaMeTpoOB FJIEMEHTOB HA OCHOBHBIE XapakTepuctuku NY.





