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AKTHUBHI HBY ®1JIbTPU HA BA3I /IBO3ATBOPHUX
TPAH3UCTOPIB IIOTTKI

AKTMBHbBIE CBY ®UJIbTPbl HA BA3E IBYX3ATBOPHbIX TPAH3UCTOPOB
LUOTTKH

ACTIVE ULTRAHIGH FREQUENCY FILTERS ON THE BASIS OF
DUAL-GATE FET

3arnpornoHoBaHo HOBUV criocib peanisadii HaniBrpoBigHWUKOBOI KOTYLLKW iHAYKTUBHOCTI Ha 4B03a-
TBOPHOMY 0JIbOBOMY TPAH3NCTOPI LLIOTTKi Ta CMHTE30BaHO Ha ii OCHOBI cxemMu akTuBHuXx HBY ¢inb-
TpiB. TakoXx HaBeneHO pe3ysbTaTvhi MateMaTuyHOro MOAE/IOBaHHS PO3PO6JIEHNX aKTUBHUX B3aEM-
HUX Ta HEeB3AaEMHUX iNbTPIB, SKi MOKa3yTb, O Po3pobrieHa akTWBHA iHAYKTUBHICTL [03BOJISIE
peaniszyBatv HBY ¢inbTpu y iHTerpansHOMYy BUIJsSi.

lpednoxeH HoebIl crocob peanusayuu Moayrnpo8oOHUKOBOU KamywKu UHOYKmueHocmu Ha 08yx3a-
meopHOM ronesom mpaH3ucmope LLlommku u cuHme3uposaHbl Ha ee 0CHO8E CXEMbI 83aUMHbIX U HEB3aUM-
HbIx akmueHbix CBY ¢cbunbmpos. Takxe ripusedeHbl pe3ynibmambl MameMamu4yecko2o ModesnuposaHusi pas-
pabomaHHbIX aKkmueHbIX ¢husibmMpPOo8, KOmMopble rokKasbigarom, Ymo paspabomaHHas akmueHas UHOyKmue-
Hocmb ro3gosnsem peanusoeame CBY unbmpbl 8 uHmezparnisHOM suode.

There had been suggested the new method for the realization of the semiconductor inductor based
on the dual-gate FET and synthesized on its basis the circuits of the reciprocal and nonreciprocal ac-
tive ultrahigh filters. There had been given the results of the mathematic simulation of the developed
active filters, which demonstrate, that the developed active inductivity allows to realize the ultrahigh
frequency filters in the integral kind.

Beryn

OCHOBHIM eJIEMEHTOM aHAJOTOBUX IPOIleCOpiB, 6araTo3HaYHUX JIOTIYHUX CXeM i ONTHMAaJIb-
HUX iHMOpMAaIiifHUX CHCTEM, TII0 BUKOPHUCTOBYIOTh B SKOCTi HOCis iHgopmarlii esleKTpoMartiTHi
KOJIMBAHHS, € YacTOTHI (hiJabTpH.

YacrtorHa BUOGipKOBiCTh (ifbTPiB 3aJ€KUTH BiJl TOOPOTHOCTI TX eJeMeHTiB. 3 MiBUIECHHSIM
YACTOTH i 3MEHINEHHSIM T€OMETPUYHUX PO3MipiB JAOOPOTHICTD PEAKTUBHUX €JIEMEHTIB 3MEHIITy-
€TbCH, MO CIIPUYUHSE TIOTipIIeHHsT BUGiPKOBOCTI.

Metoio po6OTH € TIOJ0JIAHHS TIMX HEOJIIKIiB 32 PAXYHOK BUKOPUCTAHHS JIBO3ATBOPHOTO Tpa-
usucropa [orrki (IITII2), gk ysarajapHeHOro nepersopioBada imitanca (VIII), a1s cTBOpeH-
HS BHMCOKOJOOPOTHUX HAIBIPOBI/IHUKOBUX O/HOKPUCTAJIbHUX iHAYKTUBHOCTEW i AKTHBHUX
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HBY ¢inbrpis Ha IX OCHOBI.

BcTtynneHue

OCHOBHbIM 311EMEHTOM aHaroroBbIX NPOLECCOPOB, MHOMO3HAYHbIX MOMMYECKUX CXEM U ONTUMAaIbHbIX
MHGOPMALIMOHHBIX CUCTEM, UCTIONb3YIOLLUMX B Ka4eCTBe HOCUTENSA MHAOPMaLUK 3reKTPOMarHuTHbIe KO-
nebaHus, 9BNATCA YaCTOTHbIE PUNbTPHI.

YacToTHas n3bupaTtenbHOCTb ULTPOB 3aBUCUT OT JOBPOTHOCTM MX anemeHToB. C NOBbILLEHNEM
4YacTOTbl N YMEHbLUEHNEM reOMeTPUYECKMX pasMepoB 4OOPOTHOCTb PEAKTUBHbBIX SMEMEHTOB YMEHbLLUA-
eTcs, YTO BeAeT K yxyaweHuto nadupartensHoctn. OcCobeHHO CUNbHO YMeHbLuaeTca 4OOPOTHOCTL KaTy-
LUEK MHOYKTUBHOCTH.

Llenbio paboTbl sBNsieTCa NnpeogoneHne 3TMx He4OCTaTKOB MyTEM UCMONb30BaHWUS OBYX3aTBOPHOro
TpaHaucTopa Wottku (MTL2), kak 06obLieHHoro npeobpasoBatens ummutaHca (OlA), ona cosgaHus
BbICOKOAOOPOTHbLIX NONYNPOBOAHUKOBBLIX OOHOKPUCTAmNbHbIX MHAYKTUBHOCTEN N akTuBHbIX CBY cunbt-
pOB Ha X OCHOBE.

Introduction

The basic element of the analogue processors, multivalued logic circuits and optimum infor-
mation systems using the electromagnetic fluctuations as a data carrier, are the frequency filters.

The frequency filters’ selectivity depends upon the reliability of their elements. Increasing fre-
quency and decreasing the sizes, the reliability of reactive elements decreases, which leads to
the selectivity decreasing. The coil reliability decreases enormously.

The objective of the work is to overcome these drawbacks by using the dual-gate FET
(DGFET2) as the generalised immitance converter (GIC), to create on their basis the reliable high-
quality semi-conductor single-crystal inductor and active ultrahigh frequency filters.

CuHTe3 HamiBIPOBiIHUKOBOI 1HAYKTHBHOCTI

B [1] mokasaHo, 1110 TOJIbOBHII TPAH3UCTOP, BKJIIOYEHUN 3a CXEMOIO 3 3arajJbHUM CTOKOM i
3araJbHUM 3aTBOPOM Ma€ BJIACTUBOCTI KOHBepTOopa imiTancy. BukopucroByioun Tabmauiio mepe-
TBOPEHHS iMiTaHCiB 3HAXOAMMO, 110 BUXiJHWI iMiTaHC YOTUPUIIOJIOCHUKA, YTBOPEHOIO I0JIbO-
suM Tpansucropom Illorrki (ITTIII1), BKAOYEHUM i3 3araJbHUM CTOKOM, 3 IiJKJIOYEHHSIM Ha
Horo BXO/i aKTUBHOTO onopy Rgpny Moxe GOyt inpykruBuuMm ImZoyr, cp > 0 3 momarHoio
JliticHoto ckmiagoBoio ReZoyr. cp > 0.

IleperBopenns imitanca YIIl¢ i YIII;

Mpeo6pasoBaHne nmmurtaHca OMUc; n OMU;
Transformation immitance GIC¢p and GIC¢e

Bug VIII IeperBoproBanuii imitanc INeperBopeHuit iMiTaHC
Bug ONA Mpeobpa3zyemeblit UMMUTAHC MpeobpazoBaHHbIN UMMUTAHC
GIC type Transform immitance Converted immitance
boured Rouren Lour. cp = Reen/SoRios
(S)/glili RLD c Cour.cp= O)S/ZQ)ZRGEN R
—| Rour. cp2 = Raen
VI Livcar  Rcar Lix. ce1 = GL1p/So
OI'IVI3 Lip Ly c62 =LLD2(§G + &A1 — SoR)
GlCCZ o—YYY o T Lincee Riveas Ry co1 == 07 (&g + &s) Lrp/SoRi0os

Ry, ce2 = RGLpo/(1 - SoR))

Busnaunmo ymoBy, 3a sikoi ImZoyr. ¢p > 0. 3 1i€0 MeTOI0, BUKOPUCTOBYIOUN PE3yJbTaTh
HaBe/leHi B Ta6J1., 3HaXOAMMO TIOBHUH onip ZoyT. CD

Zovrcp = 44 )(4 + 4), (1)
ne Zi=Rour. coin +joLour. co,  Z>= Rour. coo+ 1/joCour. cp.
3BigKu
BC—- AD
Im Z, =—, (2)
oUT.CD CQ 4 D2

IS So — HU3BbKOYACTOTHC 3HAYCHHA KPYTHU3HU (HVI3KO‘-IaCTOTHoe 3Ha4YeHne KpyTU3HbI; low frequency transcon-
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ductance); R; — mudepeHIiaapHIA OIip MK 3aTBOPOM Ta BHTOKOM (AudpdpepeHuUmansHoe conpoTrBIieHne
mexay 3aTBopoM u ucTokowm; differential resistance between gate and source); ws — TpaHWYHA YacTOTa 3a
KpYTH3HOIO (rpaHWyYHasi YacToTa no KpyTuaHe; transconductance cutoff frequency);

A=20"Ropn| S Ro%;  B=oRpy(0f - o) /S Rok;
3)
C= Ropy (0 + SRo%) [ SRy D= oRepy (1- HR)/SRos.

Jns BukoHauus ymoBu ImZoyr. cp > 0 3 (2) 3Haxoaumo, 110
BC—AD > 0. (4)
[Miacrasasioun (3) y (4), orpuMaeMo HePiBHOCTI
2 2\ (.2 2
Ry (05 - 0) (0 + HRS) 207 Ry (1- HR)
252 5 - 22 3 > 0;
S Ry S Rw’ (5
ORS ey (0325 - 0)2) (co2 + SOR,-coi) —20° R vy (1- S R;) > 0.

PosB’a3ytoun (5) ta BpaxoBywoun, mo SyR; << 1, 3HAXOAUMO yMOBY

fM1 < fS*,SORjﬂ (6)

3a BukoHaHHA sikoi Y1l 3a0e3nedye peamnizamito HU3bKOJOOPOTHOI HAIiBIIPOBIAHUKOBOT 1HAYKTHBHOCTI.
Hampuxknan, BHKOPUCTOBYHOUM TpPaH3UCTOPHY CTpyKTypy Tumly «lIlenc-5», mo wmae: R;=10 Owm,
So=0,02 Cm, Cpz = 0,3 D, 3Haxogumo fs = 53T, fi1 <23 I'T. B pesynasTaTi po3B's3aHHs HEPIBHOCTI
(5) 3HUKIIO 3HAUCHHS MIEPETBOPIOBAHOTO ONOPY Ry, IO BKAa3ye HA HOro HEe3HAYHHI BIUIMB HA BUKOHAH-
Hs yMOBH ImZpyr cp > 0.

3 Tabimili TaKOK BUILIMBAE, IO Y BUNAJAKY, Kom o0 Bxomy [ITII1, BkIOUeHOTO 32 CXEMOIO
i3 3araJbHUM 3aTBOPOM, IiJIKJII0Y€HA iHAYKTUBHICTD L, MEPEeTBOPIOBAHMII iMiTaHC TakoX Oy/ie
MaTH iHAYKTUBHUI XapakKTep, i 3a MeBHUX YMOB Horo aiiicHa ckianoBa ReZ;y cg < 0. [lag sna-
XO/KEHHS 11X YMOB, BUKOPUCTOBYIOUN JlaHi B TaGJIUIl, 3HaXOAMMO NoBHUN BXigHmii onip YIII3:

Zivep = B24)( 4+ %), (7
ne  Zy =R cei TJOLwy co1, Z2= R ce2 T jOL, coo-
3BigKu
_ 2 2
Re Zy i = (KM + LN)/(M + N, (8)

ne G — MpoBIAHICTh KaHATY (NpoBoAMMOCTb kaHana; channel conductance); &g 1 & — koedirtienT po3i-
JICHHSI EMHOCTI 3aTBOP—CTIK Ta 3aTBOP—BHUTIK (KO3(h(PULMEHT pa3feneHnss eMKOCTH 3aTBOP—MUCTOK U UC-
TOK—CTOK; capasitor separation factor for gate—source and gate—drain);

K=-0(8;+Es) L pG/Sy; L= wLZLD[GZcoER? — o’ (86 + as)ﬂ /R,-Sows;

M = LLD[R%GSO(DE‘ — o’ (&g + is)]/RiSOws; N=0Lp| G+ S (Ec+ 55)1/50-

Jlnsa BukoHauus ymoBu ReZ;y. cg < 0 3 (8) 3Haxoaumo, 1110
KM+ LN<O. (10)

[Tigcrasasioun (9) y (10), orpuMaeMo HepiBHICTb:

20° L) pG° R Sy (86 + &s) — 40" L pG (66 + Es) + 0" Ly pG R S5 (B + Es) —

)

(11)
~o' L S (86 +&5)° + 0’ L) pG° Rrog — o° Ly pG (6 + gs) <0,
PO3B’s3YI0UH SKY BiTHOCHO YaCTOTH, 3HAXOIHMO
35 G
fop < GRIY, 0 (Ec +Es)+ (12)

3G+ 8 (&g + &5)2 '
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3 (12) BumnumBae, 10 JianasoH 4acToT, HA SKUX 3a gonomoroio YIII3 MoxkHa peanisyBaru
HaIliBIIPOBiJTHUKOBY iHAYKTUBHICTb 3 HEraTUBHOIO [AiliCHOIO CKJIQJOBOIO ii IIOBHOIO OIOPY, B
neprioMy HaOJIMKeHHI He 3aJeKUTh Bi/l BEJUYMHN TEepPeTBOPIOBAHOI iHAYKTUBHOCTI L, a BU-
3HAYAETHCA TiJBKM MapaMeTpaMU HalliBIIPOBiIHUKOBOI CTPYKTYypH. [lJIg MOPiBHAIBHOI KiJbKic-
HOT OI[iHKKM TPAaHUYHUX YACTOT [prq i farp, 3HAXOAMMO JIJISI HAIIIBIPOBiIHUKOBOI CTPYKTYPU THUILY
«Ilenc-5», mo mae G = 0,002 Cm i Cpc = 0,03 nd, farn = 18 I'Tu, mo menie fpr1. Bpaxosy-
I04d Te, M0 TPAHWYHA YacTOTAa 3a KPYTH3HOIO TaKOi CTPYKTypu mopiBHIOE [y = 53 I'Tu, npu
npoektyBanni aktuBHUX HBY ¢inbTpiB Ha X 0cHOBI Heo6XiaHO, 11106 po6oUi yacToTu diabTpa
6y B 2—3 pasu MeHIT f.

Takum ynHOM, BrRAouaroun KackagHo Y13z i Y1l i HaBaHTa)XXyIOUM OCTaHHIN PE3UCTOPOM
RLD, OTPUMYEMO [BOKACKaJHWH HAaIliBIIPOBiHUKOBUII eKBiBaseHT iHmykTuBHOCTI (puc. 1a).
Ananiz 1iei cxemu nokasye, mo crik VT1 3'ennanuit i3 Butokom VT2, mo xapakTepHO s
CTPYKTYpH ABO3aTBOpHOTO Tpansucropa Ilorrki (ITTII2). Ile m03BOJIsI€ 3aMiHUTH CXEMY JBO-
KaCKa/HOI HaIiBIIPOBIAHMKOBOI iHAYKTHMBHOCTI Ha oJHOKackaaHy cxemy (puc. 16), peasizoBany
Ha 6azi TITII2.

GIC.q GIC
VT
UL
4 . _ L
SG2
VT1 _—
VT2 R —
Rp
o . @ -ReZsq,
S,
ZIN4CG ZOUT,CD ZSGZ
a) b)
Puc. 1. BucokouactoTHi cxemu: a) ABOKacKaHOi, 6) OJHOKACKA/HOI HAIiBIPOBiAHMKOBOI iH[yKTUBHOCTI
Ha 6asi IITII
Puc. 1. BeicokoyacToTHbIe CXeMbl: a) AByXkackagHou, 6) ogHoKackagHOWM NonynpoBOAHUKOBON MHOYKTUBHOCTU
Ha 6ase MTL

Fig. 1. High-frequency circuit designs a) two-cascade, b) one-cascade FET based semi-conductor inductor

Pesynbratn 4mncenbHOro aHasi3dy eKBiBaJIEeHTHOI iHAYKTUBHOCTI Lggy i aKTMBHOTO OTOPY
ReZ ;o cunTe30BaHoi cxeMH B Jlialla30Hi YacTOT i B 3aJIeKHOCTI BiJl BEJWUYNHH II€PETBOPIOBA-
HOTO AKTUBHOTO OTOPY ToKazaui Ha puc. 2. Ilapamerpu po6OY0Oi TOYKH TpPaH3UCTOPA
Uz =-0,23 B, U3y =-0,13 B, I¢c = 16 MA.

15 Rm=ooﬂ
0.8
£=18.5Ghz

1
RLD=200hnj 0.6
piI=N=s) AT
A\A A e—_\AV\/
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O v c v v
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/

Ao 0 4 \
0 '/' v —l-_O E
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R.o=00hm| I‘=‘
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ReZsg2, Ohm
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f,GHz LD

a) b)

Puc. 2. 3anexkHOCTi eKBiBaJIEHTHOI iHAYKTUBHOCTI Lggy i akTuBHOTO omnopy ReZ;y. cg cxemu puc. 16 Bix: a) uac-
TotH [, 6) TEePeTBOPIOBAaHOro ommopy R; f
Puc. 2. 3aBncMMoCT 3KBMBaNEHTHON MHAYKTUBHOCTU Lsg, M @aKTUBHOTO CONpoTMBNEHNs ReZy, cg cxembl puc. 16 oT: a) yacTo-
Tbl f, 6) Nnpeobpa3yemoro conpoTuenenust R p
Fig. 2. Dependences equivalent inductance Lsg,and active resistance ReZy, ¢¢ for the circuit Fig. 1b from: a) frequency f,
6) resistance R;p
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MakcumasbHa BeJUYMHA €KBiBaJeHTHOI iHAYKTUBHOCTI Lggo ocdarae 1 HlH Ha wactori
18,8 I'T11, a HeratuBHuii omip — 3HadeHHss —30 OM Ha wacrori 18,8 I'Tu aasa Ry p = 0 (puc. 2a).
[lns1 3HAXO/KEeHHST eKCTpeMaJbHuX 3HaueHb LGy i ReZggy HeoO6XifHO BUKOPUCTOBYBATH OIITH-
MaJibHi 3HauenHss Rypp (puc. 26). Aje npu 11boMy BOHM Bizpisusiotbest Ha 2—3 OMa B pasi J10-
CATHEHHSI eKCTPeMabHuX 3HaueHb Lggo i ReZggo.

Hocaigxenns B3aeMHux i HeB3aeMHux ¢inbTpiB Ha 6a3i ITTIII2

Haiinpocrimmii ognorpansucropuuii B3aemuunii CIID (puc. 3) saBasge co60i0 BiAPi3oK JiHii
nepejiavi, InapaJjesbHO SKOMY IIi/IK/JIIOYAETbCS AaKTUBHMII IapaJie/lbHUil KOJIUBAJIbHUIL KOHTYD,
yTBOpernit emHicTI0 C2, 1110 pe3oHye, i koaom Butik-3aTBOp IITIII2, Mo Mae exkBiBasieHTHY iHIY-
KTUBHiCTb Lggp i HeratuBHUM akTUBHUM onopoM ReZggs HasgBuicTb 1boro omnopy /J103BOJISIE
KOMIIEHCYBATH /IMCUIIATUBHI BTPATH B KOHTYPi, 10 3a0e3redye MOCUJIEHHS CUTHAIY B CMY3i Ipo-

HyCKaHHH .
RT (Hut
C4
5

i e 2 I
VT1 0 \
R g \
4 R1 Cal C6 10 'y
R4 M —
] 20
- 11 13 15 17 19
f, Ghz
a) b)

Puc. 3. Bzaemuuii ogropesonaropuuit CIIM: a) cxema eJeKTpuvHa TpUHIUNOBA, 6) AUX
Puc. 3. BaanMHbIn ogHope3oHaTopHbIl MIMP: a) cxema anekTpuyeckas npuHUMnuansHas, 6) A4X
Fig. 3. Single-resonator reciprocal band-pass filter: a) the circuit, b) amplitude-frequency characteristic

Jlns BcranoBsenHs: po6ouoi Touku IITII2 B akTuBHiN 06/acTi BUKOPUCTOBYETHCS KOMOGIHO-
BaHe KOJIO aBTO3MillleHHsI, yTBopeHe pesuctopamu R1—R5 i xkongencaropom C3, 1o 3a6esiie-
yye He3ase)KHe BCTAHOBJIEHHS HAINPYTH 3cyBY Ha o6ox 3arBopax [ITI2. Ak nokasasn pesy.ib-
TaTH YKCJIOBOro MojeoBantst (puc. 36) Takuii igbTP y CAaHTUMETPOBOMY [[ialla30Hi 4acToT
3a6esredye TOCHICHHS CUTHATY Ha HeHTpaibHiil wactoti fo = 15,44 ITi 6ina 3 nb. Moro cumy-
ra nponyckanus popisuioe 0,17 I'Tu, a mocimabaenns curnasy Ha vactotax fo =1 I'Ti ckianae
nopsiaky 15 n1b. MosksmBe mnigBuienHs KoedillieHTa MiJICUJIEHHS Ha fj, aje K MOKA3aHO B
[2], e Beme mo mOTipIIEHHST TeMTIepaTypPHOT i peskuMHOI cTabiabHOCTI BiTbTpa.

36isblIeH s TTOcTa0JIeHHST CUTHAJIY 11032 CMYTOIO ITPOITYCKAHHS JIOCSTAEThCS KACKaJyBaHHIM
O/THOPE30HATOPHUX B3aeMHUX (isbTpiB. Ha puc. 4a mokasaHa NPUHIMIIOBA eJeKTPUYHA CXeMa
B3aeMHOTO ABope3oHatopHoro CIIM. Matwoun anasoriuyny 3 ogHope3oHaropaum CIID cmyry
MPOIyCKaHHs i KoedillieHT Mmi/IcuIeHts Ha f(, BiH Mae 3HA4HO OiJIbIly BEJUYUHY TOCIAGJIEHHS
curnany (6ing 40 nB) i Menmy HepiHOMipHicTh AUX y cMysi nponyckanus. OTpuManuii 110-
3UTUBHUI Pe3yJIbTAT JOCSATAETbCS 3a PAXyHOK 30iJIbIIEHHSM Yy /IBa Pa3y CIIOXXKUBAHOI TOTY>KHO-

CTi i TpUBOANTD /10 3pocTaHHsd KoedillieHTa mymy.
C9

[']R7f Ut

K i | Wi
\

-10
\
b{
%4 ]

11 13 15 17 19
f, Ghz

a) b)

Puc. 4. Bzaemuuii qeopesonaropuuii CIID: a) cxema eleKTpudHa NPUHIUIOBa, 6) AUX
Puc. 4. BaanmHbin aByxpesoHaTopHbIn MNMN®: a) cxema anekTpuyeckas npuHuununaneHas, 6) A4X
Fig. 4. The reciprocal double-resonator band-pass filter: a) the circuit, b) amplitude-frequency characteristic

|21, dB
)
o
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BritoueHHs1 napaJjiesibHO JIiHIT 1iepesavyi aKTUBHOIO IOCJiJOBHOTO KOHTYPY, YTBOPEHOIO €M-
mictio C2, 1Mo pe3oHye, i eKBiBaJE€HTHOIO iHAYKTUBHICTIO LgGo, MiXk BUTOKOM i JIpYTMM 3aTBO-
pom IITIII2, 3a6esneuye peanizaiito ogHopesonatoproro C3M (puc. 5a).

RST U1
c5 5
c1
|—_L——| 0 == v
. =] \./T1I_C% \ /r""’_"—"
c2 g 5
R4 = /
o R1 csl 7 ® -10
R6 '15
I 0
X 15 152 154 156 158 16
f, Ghz
a) b)

Puc. 5. Bzaemuuii oguopesonaropuuit C3M: a) cxeMa eIeKTpUYHA MPUHIMIOBA, 6) AUX
Puc. 5. BaanMHbIn ogHope3oHaTopHbI M3®: a) cxema anekTpudeckas npuHumMnuansHas, 6) A4X
Fig. 5. Reciprocal single-resonator band-stop filter: a) the circuit, b) amplitude-frequency characteristic

AYX rtakoro ¢isprpa mokaszana Ha puc. 56. Bin 3a6e3smneuye mocsaabeHHsT CUTHAJIY Ha Yac-
toti 15,6 T, mo gopiBhioe 15 1B 3 BTparamm y yacToTHiil 06J1acTi NMPOIMYCKaHHS CUTHATY
6ing 0,5...1 1b.

Ak i B no6ynosi CIID, mosxk/auBe KackaayBaHHs ogaHopesonatopuux C3d (puc. 6a).

c9
- -
[']R1 r]R7T Ut
0 ——— ——1
— -
=] _VTEI o 10 /
s
R1 5—20
R8 C11) c12 =
csl T -30
R11
Toe b
+ ' 15 152 154 156 158 16
f, Ghz
a) b)

Puc. 6. Bzaemunii gopesonatopunit 113M: a) cxeMa eleKTpUYHA MPUHIMIOBA, 6) AUX
Puc. 6. BaumHbIn AByxpe3oHaTopHbIi M3®: a) cxema anekTpuyeckas npuHumMnuansHas, 6) A4X
Fig. 6. Double-resonator band-stop filter: a) the circuit, b) amplitude-frequency characteristic

BukopucroByioun /Ba Kackaju, Nocaa0aeHHsa B cMy3i 3anupaHHs 30i/bIIyeTbCs B /IBa pa3u
(30 1B) 3 nesnaunum 36iaburennsm srpar (Ha 1...1,5 1B) y cMysi nmposopocri.
Pospo6sieni B3aeMHui aktuBHi (iabTpu MaioTh ojHakoBy (opmy AUX s npsmoi i 3Bopor-

Hoi mepejaui curnasy, To6To [Sof| = [Sio]. Ha 6asi IITII2 MoxmuBa mo6ysoBa HEB3a€MHUX aK-
tuBnux CIID, y axux [Syq| # [Sqs]. Cxema enexTpuuna IpUHIMIOBA OJHOTO 3 BapiaHTiB OJHO-
pe3oHatopHoro HeB3aeMHoro aktuBHoro CIIM mokasana Ha puc. 7a.
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Puc. 7. Hessaemunit ognopesonatopuuii CIIM: a) cxeMa eleKTpUYHA MPUHIMIOBA, 6) AUX
Puc. 7. HeB3aumHbIli ogHopesoHaTopHsbin [MMN®: a) cxema anekTpuyeckasi npuHumnuansHas, 6) A4X
Fig. 7. Single-resonator nonreciprocal band-pass filter: a) the circuit, b) amplitude-frequency characteristic

48

BicHvk BiHHMLBKOrO noniTexHiyHoro iHcTuTyTy, 2006, Ne 3



PALIOENEKTPOHIKA TA PALIOENEKTPOHHE ANAPATOBYlYBAHHA

Y pospobaenomy nezaemHomy CIIMD, gk i y BUIIepO3IVIAHYTUX B3aeMHUX (PigbTpiB, BUKO-
PUCTOBYETbCS aKTHBHA HAIliBIPOBiHUKOBA iHAyKTUBHiCTD Ha 6a3i IITII2, mo pa3om 3 emHic-
tio C6, 110 pe3oHye, yTBOPUTb MapaJieJibHUI KOJUBATbHUN KOHTYDP, BKJIOYEHWH MapajesjbHO
BUXI/THOMY KOJIy, IO 3a6e3lledye 4acTOTHY BUOIpKOBiCTb curHasy. Bxignuil curnaj, uepes po-
3aisioBi kongencaropu C1 i C5 momaeTbes Mixk mepruM 3aTBopoM i Butokom IITII2, mo 3a-
6e3nieuye HeB3aeMHi BjacTuBOCTi (isbrpa. Ak BugHO 3 prc. 76, diabTp 3abesnedye Ha 4acTOTI
17,1 I'Tu nmocunenust curuany Ha 3 b, a 3a cMyTo10 TPONYCKaHHS BeJUYMHA TTOCTAGJEHHS T1e-
pesumye 20 1b. Bennuuna |Syy| Ha wacTotax cmyru mpomyckaHHs ckjiagae 8 abB, To6To iioro
koeditienT HeB3aemHocTi nepesuiye 10 n1b.

Kackagne BriroueHHs1 Takux binbTpiB 3abesnedye nosimniieHHs B 1,5 —2 pa3u BUIIEPO3IJIs-
HYTHX TapaMeTpiB. AJie IIpU 1IbOMY, TaKOX sIK i /Jig B3aeMHUX (iJbTpiB, 3pOCTA€ CHOXKMBAHA
MOTY>KHICTD i MOTipITyETHCS CTAGIMbHICTD.

CuHTEe3 nonynpoBOAHNKOBOA UHAYKTUBHOCTU

B [1] noka3aHo, 4YTO NONEBOW TPAH3UCTOP, BKITKOYEHHbIN NO CXEME C OOLLMM CTOKOM 1 O6LIUM 3aTBO-
pom, obnagaeT CBOWCTBAMM KOHBEPTOpPA MMMUTAHca. Vicnonb3ya Tabnuuy npeobpa3oBaHUs UMMUTaH-
COB Haxo4uM, YTO BbIXOAHOW MMMUTaAHC YeTbipeXNONOCHNKA, 0Opa30BaHHONO MONEBbIM TPAH3UCTOPOM
WoTTkm (MTL1), BKIOYEHHBIM C OBLWMM CTOKOM, NPV MOAKIYEHMN K €r0 BXO4Y aKTMBHOMO COMpoTMB-
nenust Rgey MOXeET ObITb MHAYKTUBHBIM IMZoyr cp > 0 C NONOXUTENBHON BELLECTBEHHOW COCTaBMSHO-
wewn ReZoyr cp > 0. Onpegenum ycnosue, npu Kotopom ImZgyr cp > 0. C aTOM Lenbio, Ncnonb3ys pe-
3ynbTaTthbl, NpuvBedeHHble B Tabnuvue, Haxogum nofnHoe conpoTuBneHue Zoyr ¢p No copmyne (1),
oTkyga onpegensem ImZgoyr cp (2), (3).

Onsa BeinonHeHus ycnosusa ImZgoyr. cp> 0 13 (2) Haxogum, yTo (4).

Moactaensas (3) B (4) nony4ymm HepaBeHcTBa (5).

Pewwas (5) c yuetom, uto SyR; <1, Haxoamm ycrosue (6), npu kotopom Ol obecneunsaeT peanusa-

Um0 HU3KOAOBPOTHOM NONYNPOBOAHMKOBOW MHAYKTMBHOCTW. Hanpumep, npy MCNonb30BaHUM TPaH3MCTOp-
Holm cTpykTypbl TMNa «lleHc-5», umetowen: R;= 10 Om, Sy = 0,02 Cm, Cy3 = 0,3 n®, Haxoamm fs =53 Ty,
fun <23 ITu. B pesynbraTte pelueHns HepaBeHCTBa (5) ncyesno 3HayeHve npeobpasyemMoro ConpoTMBIeHNs
Rgen, UTO YKa3blBaeT Ha ero He3HaunTenbLHOe BNMSHUE Ha BbINonHeHue ycnosus ImZoyr cp > 0.

M3 Tabnuubl Takke cnegyeTt, Y4To B criydae, koraa k Bxogy MNTLU1, BknNOYEHHOro No cxeme ¢ obLmm
3aTBOPOM, NOAKMIOMEHa MHAYKTUBHOCTL L, p, NpeobpasyemMbii UMMUTaHC Takke ByaeT uMmeTb MHOYKTUB-
HbI XapakTep, U Npu onpefeneHHbIX YCIoBMSAX ero BelwecTBeHHasa cocTasnswowas ReZy < 0. Ans
HaxXOoXAeHNs1 3TUX YCMOBUN, NCMONb3ya pe3ynbTaTthl, NpuBeAeHHble B Tabnuue, no dopmyne (7) Haxo-
AVM nonHoe BxoaHoe conpoTtusnenne OlMA;.

[Ons BbinonHeHus ycnosusa ReZy ¢ < 0 u3 (8) Haxoaum, ycrosue (10).

Moactaenas (9) B (10) nonyymum HepaBeHCcTBO (11), pewwas KOTOpoe OTHOCUTENTbHO YacTOoThbl, HAaxo-
anmv ycnosue (12).

Kak BngHo u3 (12) gnanasoH 4acToT, Ha KoTopbix ¢ nomousto OMNW; MOXHO peannsoBaTb Nonynpo-
BOLHWKOBYIO MHOYKTUBHOCTb C OTpMLATENbHON BELLECTBEHHON COCTaBMALWEeN ee NOfHOro ConpoTuB-
neHus, B NepBoM NPUOMMKEHUN HE 3aBUCUT OT BENNYUHBI NpeobpasyemMon UHAYKTUBHOCTY L, p, a onpe-
JensieTca ToNbKo napameTpamu NonynpoBOAHUKOBOWM CTPYKTYpbl. [1ns cpaBHUTENbHOW KONMYECTBEHHOWN
OLEHKN TPaHUYHbIX 4acToT fyy U fp, HAXoOUM ANA NOMNYNPOBOOHWMKOBOW CTPYKTYpbl Tuna «[lleHc-5»
umetowwen G = 0,002 Cm u Cyc = 0,03 n®, fip = 18 [TL, YTO MeHbLUE fyy. YUNTbIBAS, YTO rpaHM4Has vac-
TOTa MO KPyTU3HE TaKoM CTPYKTypbl paBHa f; = 53 [Tu, npn npoekTnpoBaHuy aktneHbix CBY dunbtpoB
Ha MX OCHoBe HeobxoanMo, 4Tobbl paboyre YacToThbl unbTpa Obiny B 2—3 pasa MeHblLue fs.

Takmm o6pasom, Bkrtovas kackagHo OlMUs n OMKW n Harpyxas nocnegHui peanctopom R, p, nony-
YaeM AByxKackaAHbI NONYNpPOBOAHUKOBBIN 3KBUBANEHT UHAYKTUBHOCTM (puc. 1a).

AHanuns aTon cxembl nokasbiBaeT, 4To CToK VT1 coeguHeH ¢ uctokom VT2, 4To xapakTepHO Ans
CTPYKTYpbl OBYX3aTBOpHOro TpaHsucrtopa Lottku (MTLU2). OTo no3sBonseT 3ameHUTb CXemy AByXKac-
KagHOW NonynpoBOAHMKOBOM MHAYKTMBHOCTU Ha ogHOKackagHyto cxemy (puc. 16), peanusyemyto Ha 6a-
3e MTLW2.

Pe3ynbTaTbl YACNEHHOrO aHann3a 3KBMBaneHTHON NHAYKTUBHOCTU Lggy M @aKTUBHOIO CONPOTUBIEHNS
ReZsg, CMHTE3MPOBAHHON CXeMbl B AMana3oHe YacToT U B 3aBUCMMOCTU OT BENNYUHBI Npeobpasyemoro
aKTMBHOIO COMPOTUBIIEHUS NpeacTaBneHbl Ha puc. 2. lMapameTpbl paboden TOYKM TpaH3UcTopa
U3y =-0,23 B, U3, =-0,13 B, Ic = 16 MA.

MakcumanbHas BenuuuMHa 9SKBMBANEHTHOM WHAYKTUBHOCTM Lgg, pocturaetr 1HIMH Ha uvactoTe
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18,8 [Tu, a oTpuuaTtenbHoe conpoTtuBneHne — 3HadeHnsa —30 Om Ha yvactote 18,8 My npu R,p=0
(puc. 2a). ns nony4YeHus aKCTPEMarnbHbIX 3Ha4YeHU Lsg, U ReZsg, HEO6X0AUMO MCnonb3oBaTk ONTU-
MarnbHble 3HaveHus R;p (puc. 26). Ho npu atom oHM otnuyatotca Ha 2—3 Oma npu JOCTUXKEHUU IKC-
TpemarnbHbIX 3Ha4YeHU Lsgy 1 ReZggs.

UccnepoBaHue B3aMMHbIX U HEB3aUMHbIX ¢punbTpoB Ha 6a3e MTLU2

MpocTenmn oaHOTPaH3NCTOPHBIN B3auMHbIn MO (puc. 5) npeactaBnsetr coboi OTPe3oK NUHMK
nepegayn napannenbHO KOTOPOMY MOAKMNIOYAETCS aKTMBHBIN napannenbHblin konebaTenbHbI KOHTYP,
00pa3oBaHHbI pe3oHupytoLer eMkocTblo C2 1 uenbto nctok-3ateop MTLU2, koTopas obnagaeTt akeu-
BaneHTHON MHOYKTUBHOCTbLIO Lsg, M OTPULATENBHBIM akTUBHBIM conpoTusneHveM ReZsg,. Hanuune ato-
ro COnpoTUBIIEHMS NO3BOMSET KOMMEHCUPOBAaTb AUCCUMNATUBHbIE MOTEPU B KOHTYpe, Y4To obecnevnBaeT
ycurieHne curHana B norioce rnponyckaHus.

Ons yctaHoBku paboyen Touku MNTLU2 B akTMBHOM 0BnacTu ncnonb3oBaHa KOMOMHUPOBaHHas Lenb
aBTOCMelleHusi, obpasoBaHHas peanctopamm R1—R5 n koHgeHcaTtopom C3, obecneumBatowasn ycra-
HOBIEHME HE3aBMCMMbIX HanpsbkeHu cMmelleHuns Ha obounx 3aTtBopax MNTLU2. Kak nokasanu pesynbTathbl
YMCMEHHOro MoaenupoBaHus (puc. 36) Takon uUnbTP B CAaHTUMETPOBOM AManasoHe 4YacTtoT obecneyn-
BaeT yCUIeHne curHana Ha ueHTtpanbHom yactoTe fy = 15,44 Ty okono 3 ab. Ero nonoca nponyckaHus
paBHa 0,17 I'Tu, a nogaBneHne curHana Ha yactotax fy +1 I'Ty coctaBnseT nopsigka 15 ob. Bo3amoxHo
noBbilleHne KoadumumeHTa ycuneHns Ha fy, HO Kak nokasaHo B [2], 9TO BeAeT K yxyALeHno Temnepa-
TYPHOW N PEXUMHOM CTabunbHOCTU bunbTpa.

YBenuueHne nogasneHusi BHe MoJSioChbl MPONycKkaHWss JOCTUraeTcs KackagmpoBaHMemM Of4HOpe3oHa-
TOPHbIX B3auMHbIX unbTPoB. Ha puc. 4a npegcTtaBneHa cxema snekTpuyeckas npuHuunuanbHas B3a-
umHoro asyxpesoHatopHoro [MMN®. Obnagas aHanorMyHon ¢ ogHopesoHaTopHbiM MNP nonocow npo-
nyckaHust 1 KO3 MPUUNEHTOM YyCurneHus Ha fy, OH nMeeT GOMblUyl BENWYMHY NOAABMEHUS curHana
(nopsigka 40 ob) n MeHbLyl0 HepaBHOMepHOCTb AYX B nonoce nponyckaHus. MNony4eHHbIN NOMNoXu-
TenbHbIA pe3ynbTaT 4OCTUraeTCs 3a CYEeT yBenuyeHns B ABa pasa notpebnsemon MOLHOCTA U NPUBO-
OWUT K pocTy KoadpumumeHTa wyma.

BkntoyeHne napannenbHO NMHUM Nepedayn akTUBHOMO NocrefoBaTenbLHOro KOHTypa, obpa3oBaHHO-
ro pesoHupylowen eMkocTbto C2 U 3KBUBANEHTHOW WHAYKTUBHOCTBIO Lggy, MEXOY MCTOKOM M BTOPbIM
3aTBOopom lMTLL2, obecneunBaeT peanmsaumnio ogHopesoHaTopHoro M3® (puc. 5a).

AYX Takoro cunbTpa npeactaeneHa Ha puc. 76. OH obecneynBaeT nogaBreHve curHana Ha JactoTte
15,6 [Ty paBHoe 15 b npy NoTepsix B YaCTOTHOM 06nacTy nponyckaHusa curHana nopsigka 0,5...1 ab.

Takxke kak npu noctpoeHun MNP, BO3MOXKHO kackagmpoBaHue ogHope3oHaTopHbIx M3 (puc. 6a).

Mpu ncnonb3oBaHMn ABYX Kackagos, NogasreHue B MNosioce 3annupaHusa yBernvunBaeTcs B ABa pasa
(308B) npu HesHaunTensLHOM yBenuMyeHun notepb (Ha 1...1,5 ab) B nonoce npo3pavyHoOCTy.

PaspaboTaHHble akTMBHbIE B3auMHble unbTpbl obnagatoT ogmHakoson dopmon AYX npu npsamon
n obpaTHOM nepedaye curHana, T. €. |Syq| = |Sy,|. Ha 6a3e MNTLU2 BO3MOXHO NOCTpOEHME HEB3AWMHbIX
akTmBHbIX MNP y koTopbIX [S21| # [Si2]- Cxema anekTpuyeckas npyvHUMNuanbHas 0gHOro M3 BapnaHToB
ogHOpe30oHaTOpHOro HeB3ammMHoro aktusHoro NN npegcrasneHa Ha puc. 7a.

Y paspaboTtaHHoro HeB3anmHoro MNP, Takke Kak U y pacCMOTPEHHbIX Bbille B3auMHbIX (OUNbTPOB
MCMNonb3yeTcs akTUBHas NonynpoBOAHMKOBAsA MHOYKTMBHOCTL Ha 6ase MNMTLU2, koTopas coBMecTHO ¢ pe-
30HMpYtoLLEen eMKkocTbio C6 0bpasyeT napannenbHbii KonebaTenbHbI KOHTYP, BKMOYEHHbIN napan-
nenbHO BbIXOAHOW uenu, u obecneynBaoLwunii HYaCcTOTHYO U3bUpaTenbHOCTbL curHana. BxogHon curHan,
yepes pasgenuTtencHble koHaeHcatopbl C1 1 C5 nogaetca mexay nepebiM 3aTBOPOM M UcTokom MTLL2,
4yTO obecneunmBaeT HeB3aMMHbIe CBOMCTBA unbTpa. Kak BugHo n3 puc. 76, dunbtp obecneumBaeT Ha
yactote 17,1 [Ty ycuneHune curHana Ha 3 gb, a 3a nonocow nNponyckaHusa BenuuMHa nogasneHus npe-
BblwaeT 20 gb. BennunHa |S4,| Ha YacToTax nonockl nponyckaHna coctasnseT 8 ab, T. e. ero koaddu-
LMEHT HeB3anmHocTu npesbiwaet 10 ab.

KackagHoe BkntoyeHve Takux punbTpoB obecneumBaeT ynydweHve B 1,5—2 pasa BblluepaccMoT-
peHHbIX NapameTpoB. HO npu 3TOM, Takke Kak U Ans B3auMHbIX UMbLTPOB, pacTeT notpebnsemas
MOLLHOCTb W yXyAlWaeTcsi CTabnnbHOCTb.

Synthesis of semi-conductor inductor

In [1] it is shown, that the field-effect transistor, included into the circuit with common drain and
common gate, possesses the properties of the converter's immitance. Using the table of immi-
tance transformation we find, that the output immitance of the quadripole formed by the field-
effect transistor (FET), included with the common drain, when connecting to its input the active
resistance Rgen, can be inductive ImZoyr ¢p > 0 with the positive real component ReZoyr ¢p > 0.
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Let's determine the condition with which ImZoyr ¢p > 0. With this purpose, using the results of
Table, we find the circuit resistance Zoyr ¢p from equations (1).

For accomplishment of the condition ImZgyr. cp > 0 from (2) we find that (4).

Substituting (3) in (4) we get the inequalities (5).

Solving (5) considering that SyR; <1 we find the condition (6) with which GIC. ensures the
realisation of low-Q semi-conductor inductor. For example, using the transistor structure of type
«Pens-5», with: R;=10 Ohm, S, =0.02 Sm, Css = 0.3 pF, we find fs=53 Ghz, fi;; < 23 GHz. In the
result of the inequality solution (5), the value transformable resistance Rgey that specifies its in-
significant agency on accomplishment of condition ImZyyr ¢p > 0, disappeared.

The Table also shows, that in case, when to the FET input, included into the circuit with the
common gate, the inductor L, is connected, the transformable immitance will be of the inductive
character, and under certain conditions its real component is ReZy, ¢ < 0. To find these condi-
tions, using the results from the Table, we find full input resistance GIC¢g (7).

To accomplish the condition ReZy ¢s < 0 from (8) we find the conditions (10).

Substituting (9) in (10) we shall find an inequality (11), solving which relatively to frequency,
we find the condition (12).

As is seen from (12) the range of frequencies on which by means of GIC; it is possible to re-
alize semi-conductor inductor with the negative its real component of its full resistance, does not
depend on magnitude transformable inductor L, and is determined only by the parameters of
semi-conductor structure. For a comparative quantitative evaluation of the cutoff frequency
furand fy,, we find for semi-conductor structure «Pens-5» with G = 0.002 Sm and Cps = 0.03 pF,
fuo = 18 GHz that is less fy;. Considering, that transconductance cutoff frequency of such a struc-
ture equals fs = 53 Ghz, the designing of active ultrahigh frequency filters on their basis requires
working frequencies of the filter to be 2-3 times less fs.

Thus, including in cascade GICg and GIC¢p and loading the latter by the resistor R, p, we get
the two-cascade semi-conductor equivalent of the inductor (Fig. 1a). The analysis of this circuit
shows that the drain VT1 is connected to source VT2 that is typical for dual-gate FET (DGFET2).
It allows to replace the circuit of the two-cascade semi-conductor inductor with the one-cascade
circuit (Fig. 1b), implemented on the DGFET.

The results of the numerical analysis of equivalent inductor Lsg, and active resistance
ReZsg, of the synthesized circuit over the frequencies and depending on value of the active resis-
tance are presented on Fig. 2. Parameters of the operating point of transistor are: Ug;=-0.23 V,
Usx =-0.13V, Ip =16 MA.

The maximum magnitude of equivalent inductance Lsg, reaches 1nH on the frequency of
18.8 Ghz, and negative resistance —30 Ohm on the frequency of 18.8 GHz at R, = 0 (Fig. 2a). To re-
ceive the extreme values Lsg, and ReZsg; it is necessary to use the optimum values R, , (Fig. 2b). But
thus they differ by 2—3 Ohms when achieve the extreme values Lsg, and ReZgg,.

Research of reciprocal and nonreciprocal filters on the DGFET2

One-transistor reciprocal band-pass filter (Fig. 5) is the elementary piece of transmission line
in parallel to which the active parallel oscillatory circuit formed by the resonating capacity C2 and
a circuit source-gate DGFET is connected, which have equivalent inductance Lsg, and negative
active resistance ReZsg, Presence of this resistance allows to compensate the dissipative losses
in a contour that provides a signal gain in a pass band.

For setting up the operating point of DGFET in a active region, there had been used the com-
bined auto bias circuit, formed by the resistors R1—R5 and capacitor C3, providing independent
bias voltage on both gates DGFET2. As the results of numerical simulation have shown (Fig. 3b)
such a filter within the centimetre range of frequencies provides a signal amplification on the cen-
tral frequency f, = 15.44 GHz nearby 3 dB. Its pass band equals 0.17 GHz, and the signal loss on
frequencies f, +1 GHz — 15 dB. Raise of gain on f;is possible, but as shown in [2], it results in the
decrease of the temperature and regime stability of the filter.

The increase in signal loss outside the pass band is achieved by the cascade operation
single-resonator reciprocal filters. Fig. 4a shows the circuit of reciprocal double-resonator
band-pass filter. It has similar pass band with the single-resonator band-pass filter and gain
on fy, but it has much greater loss signal value (40 dB) and smaller bandpass flatness. The
achieved positive result is attained by two-time increase in power consumption and results in
increasing the noise factor.

Switching in parallel with the transmission line of the active series circuit, formed by the reso-
nating capacity C2 and equivalent inductance Lgg,, between a source and second gate DGFET2,
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ensures the realization of the single-resonator band-stop filter (Fig. 5a).

Amplitude-frequency characteristic of such filter is presented on Fig. 5b. It provides the
signal attenuation on frequency 15.6 GHz which equals 15 dB with losses on bandpass fre-
quency — 0.5...1 dB.

During the construction of the band-pass filter, the cascade operation of single-resonator
band-stop filter (Fig. 6a) is also possible.

With use of two cascades, the signal attenuation in bandstop increases twice (30 dB) with in-
significant increase in losses (on 1...1.5 dB) in a bandpass.

The developed reciprocal active filters possess equal form of the amplitude-frequency
characteristic by direct and reverse signal transfer, i. e. |Sy| = |S4,]. On the basis of DGFET
the construction of nonreciprocal active band-pass filter with [S,¢| # |S1,]| is possible. The cir-
cuit of one of the alternatives to single-resonator nonreciprocal active band-pass filter is pre-
sented on Fig. 7a.

The developed nonreciprocal band-pass filter, as well as the considered above reciprocal filters use
the active semi-conductor inductor on the basis of DGFET which together with the resonating capacity
C6 forms the tank circuit which has been included in parallel to the input circuit and ensures the fre-
quency selectivity of a signal. The input signal, through blocking capacitors C1 and C5 is supplied be-
tween the first gate and source DGFET that ensures the nonreciprocal properties of the filter. As is seen
from Fig. 7b, the filter provides on the frequency 17.1 GHz the signal gain 3 dB, and behind a pass band
the signal attenuations exceeds 20 dB. Magnitude |S;,| on frequencies of a pass band is 8 dB, i. e. its
reverse-to-forward factor exceeds 10 dB.

The cascade connection of such filters improves the above parameters 1.5—2 times. But thus, as in
the case with the reciprocal filters, the power consumption increases, and stability decreases.

Bucuosku

1. Ha ocHoBi po3po6JieHoi aKTUBHOI HaIliBIPOBITHUKOBOI iHAYKTUBHOCTI PO3p0O0JIeHi B3aeM-

Hi cMyro-TiponyckHi igbTpu, 1m0 3a6e3neuyioTh Mocuaents curaany 3 Ab y cMmysi mporyckan-
us (fo = 15,4 ITTu) i iioro nocnabaenns wa 15 nb (aas oxHopesonaroproro) i Ha 40 ab s
nsopesonaropuoro CIID na wacrorax fo +1 IT.

2. Pospo6ueni aktuBai C3® na 6asi I[ITHI2 3xiiicHooTh mocaabiaenns curHaay Ha 15 1b

(oxHopesonaropi) i Ha 30 1B (aBOpesoHatophi) Ha yacrori fo = 15,5 I'Tw, i MalOTh BTpatu B
cmysi nposopocri 0,5...1,5 ab.

3. MoxauBa peamizariig #a 6a3i [ITII2 wezaemuux IIIIMD i3 koedimienToM miAcHIEHHS

oxnoro kackany 3 b na yacroti fy = 17 I'Tu, nocaabaennsim curnauy Oiabire 20 1B Ha yacro-
tax fo =1 I'Tm, i xoedimientom nes3aemuocti 10 1b.
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BbiBOAbI

1. Ha ocHoBe pa3paboTaHHOW akTUBHOW MOMAYNPOBOAHUKOBOW MHOYKTMBHOCTU pa3paboTaHbl B3auM-
Hble MONIoCHO-MponycKatowme unbTpbl, obecneunBatLLme ycuneHue curHana 3 ob B nonoce nponyc-
kaHus (fy= 15,4 I'Tu) n ero nogaenexHne Ha 15 gb (ana ogHope3oHaTopHoro) 1 Ha 40 ab ans aByxpeso-
HaTopHoro MMN® Ha yacToTax f +1 L.

2. PaspaboTaHHble akTMBHble M3® Ha Gase MTLU2 ocywecTBnaT nogasneHne curHana Ha 15 gb
(oaHopesoHaTopHble) u Ha 30 b (aByxpe3oHaTopHble) Ha YacToTe fy = 15,5 T, 1 MMeloT noTepu B No-
noce npospaddoctn 0,5—1,5 gb.

3. BoamoxHa peanusaumsa Ha 6a3se MTLW2 HeB3aumHbix MNP ¢ koadpUUMEHTOM yCUnNeHus o0gHOro
kackaga 3 ab Ha vacTtote fy = 17 'Tu, nogaeneHmem curHana 6onee 20 gb Ha yactoTtax f, +1 ['TU, u Ko-
adppuymneHTom He3aumHocTn 10 gb.

Conclusion

1. On the basis of the developed active semi-conductor inductor, there had been developed
the reciprocal band-pass filters ensuring the signal multiplication 3 dB in a pass band
(f =15.4 GHz) and signal attenuations 15 dB (for single-resonator) and 40 dB for double-
resonator band-pass filter on f; +1 GHz.

2. The developed active band-stop filter on the basis of DGFET2 realize a signal attenuations
15 dB (for single-resonator) and 30 dB (for double-resonator) on the f, = 15.5 GHz, and have
losses in bandpass 0.5...1.5 dB.
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3. The implementation of DGFET based nonreciprocal band-pass filter with the signal multipli-
cation for one cascade 3 dB on the f, = 17 GHz, signal attenuations more 20 dB on the f; +1 GHz,
and a reverse-to-forward ratio 10 dB is possible.
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