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B paborte mpejacraBieHbl pe3yJabraThl pa3pabOTKU psiia NpeoOpas3oBaresieil YacTOThl: aKTUBHBIM JABOHOI OaJlaHCHBIM CMecu-

Teab L-muamnasoHa, npeobpaszoBartesnb yactoThl C-mmamnaszona, MUC B coctaBe IpoOHOro cuHTe3aTopa €O BCTpoeHHbIM ['YH

N OBYMSA CMECHUTCIISIMU. Pa3p360TaHHBI€ MUKPOCXEMbI 001a1al0T OHUMU U3 JIy4IIMX Ha CErOMHSIIHUIN AeHb KOMIUIEKCAMU

nmapaMeTpoB.
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Hull-eepmanuesas mexronoeus; CBY; muxpocxema.

The paper presents the results of developing a number of frequency converters, such as an active double balanced mixer with L band,

frequency converter of C band, SSI within fractional synthesizer with embedded VCO and two mixers. The developed microcircuits

possess operating parameters that today rank highest.

Keywords: active mixer; Gilbert mixer; frequency converter, fractional frequency synthesizer, silicon-germanium technology, microwave;

microcircuit.

TIpeoOpazoBaTesib YaCTOThl OTHOCUTCS K KJIFOUEBBIM 0JI0KAM MPUEMO-
nepesamluX TPAaKTOB pa3JMYHOro Ha3HaueHus. B 601blIMHCTBE Clly-
YaeB OH ONpeelisieT BEPXHIO IpaHUIly ITMHAMUYECKOTO Trara3oHa
TpakTa [1]. Mcxonst u3 aToro padpaboTka npeodpasoBaTesieit 4acTOThI
C YJIyUIIICHHBIMY CBOMCTBAMHU ObIJIa M OCTAETCsI aKTyaJIbHOM 3a1aueii.

B ocHoOBe moaaBigoOIIEero OOJBIIMHCTBA MpeoOpa3oBaTeieii
YacTOTHI JieXXaT MOAU(DUIIMPOBAHHBIE CXeMbl cMecuTe st I Kuabpbepra
[2]. B HacTos1Iee BpeMsl U3BECTHO JOCTATOYHO OOJIBIIIOE KOJIUYECTBO
pabor [3, 4, 5], rae uccaeayrTcs CBOMCTBA 3TOM CXeMbI M TIpeaiara-
FOTCS YJIYUYILIEHUS 110 POCTY IMHAMUYECKUX U YaCTOTHBIX XapaKTepu-
cTuk. OQHAKO B MHXXKEHEPHOM MPaKTUKE B 3aBUCUMOCTHU OT TEXHOJIO-
MY U3TOTOBJICHHU ST aKTyaJbHBIM SIBJISIETCSI BOIIPOC ONTUMM3ALUU TOM
WMJIM MHOM CXeMbI TOCTPOEHU ST aKTUBHOTO CMECUTEJISI.

B pabGoTe npeacTaBieHbl pe3yabTaThl pa3pabOoTKM CJAEAYIONIUX
YCTPOMCTB: NBOMHOI OaJlaHCHBIN cMecuTesb L-quanasoHa, npeoo-
paszoBatesnb yacToThl C-nuanazona, CBMC npo6GHoro cuHTe3aropa
YacTOThI cO BCTpoeHHBIMU ['YHoMm u nByMs GaJlaHCHBIMU CMECH-
TEIIMU.

JIBOIiHOI1 GaslaHCHBI cMecuTeb L-anana3zoHa nuMeeT clieayouime
0COOEHHOCTHU:

* TIOCTPOEH IO MOTUMUIIMPOBAHHOM cxeMe cMecuTesst JIKuaboepTa;

* BXOJHOUW TpeoOpa3oBaTesib HANPSIKEHUE — TOK peaJnu30BaH
Ha MOII-TpaH3ucropax, TpaH3UCTOPHBII KBapTET — Ha OUMOJISIp-
HBIX TPAH3UCTOPAX;

* BBIXOJ BBINOJIHEH B BUJIE «OTKPBITOrO KOJIJIEKTOPa», 4TO MpPU
HaTPSIKeHUW MUTaHUS 3 B MO3BOTNIIO MOMYYUTH 3HAYEHUE BXOM-
HOI1 Toukr KoMTipeccuu ritoc 10 1bwm;

* Hajumyue uMdPOBOro yrnpasieHUsI TOKOM MMOTPeOIeHUST, KOTOPOE
MO3BOJISIET MOJYYUTh KO3 duiineHT myma meHee 12 nb;

*  HaJMuue XAYLIETo U CHsIIero peXK MMOB pPabOTHI.
[IpeoGpa3oBartenb yacToThl C-aMana3oHa UMeeT CJedyIolinue

XapaKTepuCTUKU: KoadduuumeHT npeodbpasoBanus 15 nb, nnanason

paboyux yacToT rnoyie3Horo curuajia ot 20 MI'u no 7 I'Tu, BeIxogHast

TouKa KoMmIipeccuu ritoc 9 nbm, koaddunmnent myma 14 1b.
OTIUYUTETBHON 0COOEHHOCTBIO CMECUTENIei, KOTOPbIE BXO-

a1 B coctaB CBUC npo6HOTO CMHTE3aTOpa YacTOTHI, SIBISIETCS UX




IMUPOKUI NTUHAMUYECKUI N1AMa30H, JOCTUTHYTHII TIPU HATIPSIKe-

Huu nutanus 3 B. B ocHoBe cMmecuteneit 1eXXuT MmoqudunpoBaH-

Has cxema JIXuibbepra, rae BXONHOU mpeodpa3oBaresb HAMpsIKe-

HHE — TOK JMHEapr30BaH C MOMOIIBIO CTPYKTypPHOro Metona [6],

MO3BOJISIIOLIEr0 TaKXe o0ecnedyuTh 3dEKT YaCTUUHOM KOMIIEH ca-

uuu myma [7]. B pesynbrare cMecuTenb 06aanaeT 3HaYUeHMEM BXOJI-

HOI ToukM KomIipeccuu mitoc 10 n1bm npu BennumHe Koahum-
eHTa myma He 6oJiee 11 1b. O611ee moTpedieHre TOKA MUKPOCXEMbI
He nipeBbimmaeT 170 MA. @a3oBbie IyMbl reTepoarHa Ha yacTote 1 I'Tix

U OTCTpoliKe oT Hecytieit Ha 10 K[ He ipeBbItaloT MuHyc 95 165/,
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Frequency converters refer to key blocks
of receiving/transmitting paths of various pur-
poses. In most cases they determine upper
limit of dynamical path range [1]. Accord-
ingly, the design of frequency converters with
improved specifications has always been and
still remains a topical problem.

Modified circuits of Gilbert mixer are basic
elements in the vast majority of frequency
converters [2]. A fairly large number of works
[3, 4, 5] is known today, which investigate the
properties of this circuit and propose improve-
ments of dynamical and frequency character-
istics. But in engineering practice, depending
on fabrication technique, the issue of active
mixer circuit optimization is a major one.

This paper presents the results of the follow-
ing devices development: double balanced mixer
with L-band, frequency converter with C-band,
VLSI of fractional frequency synthesizer with
embedded VCO and two balanced mixers.

Double balanced mixer with L-band has
the following features:

* built by modified Gilbert mixer circuit;

* input voltage-current converter is imple-
mented on MOS-transistors, basic Gilbert
cell on bipolar transistors;

« output is made in the form of “open col-
lector”, which at supply voltage of 3V made
it possible to attain value of input compres-
sion point +10dBm;

of Solid-State Circuits. — 2008, Vol. 43. — Ne 12, pp. 2706—2715.

« the presence of digital control for current
consumption, which enables attaining
noise factor lower than 12dB;

« the presence of sleep and waiting modes
of operation.

Frequency converter with C-band has the
following characteristics: conversion ratio
is 15dB, operating frequencies band of valid
signal — from 20MHz to 7GHz, output point
of compression +9dBm, noise factor —14dB.

Distinctive feature of mixers, which con-
stitute a part of fractional frequency synthe-
sizer, is their wide dynamical range attained
at supply voltage of 3V. Modified Gilbert cir-
cuit constitutes a mixer base, where input con-
verter voltage-current is linearized by means
of structured method [6], enabling one to pro-
vide the effect of partial noise compensa-
tion [7]. As a result, the mixer has a value
of input compression point +10dBm, noise
factor being lower than 11dB. Total micro-
circuit current consumption does not exceed
170mA. Phase noises of heterodyne at IGHZ
and tune-out from carrier at 10kHz do not
exceed —95dB/Hz.
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