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MNpoBegeHO 3KCMepuMeHTa/lbHOe UCCNefoBaHUE BO3MOXHOCTU peanusaumm MLUY Ha ocHoBe KMOIM
KHWU-TexHONOrMn € npoekTHbiMM Hopmamu 0,18 MKM. PaccmaTtpusarotca npeunmyuwiectsa KHU-
TexHonornu gns unsrotosneHns CBY UC. PaspaboTtaH 1 usrotosaeH MLUY c ucnonbszosaHunem KMOTM
KHWU-TexHONOrnMM, xapakrepuMsyeMom FpaHUYHOWM YACTOTOM N-KaHa/IbHOro TpaH3ucTtopa 48 ITu,
Hanps>xeHuneMm nutaHusa sapa 1,8 B 1 umerowen WecTb YPOBHENA a/lOMUHMEBOW MeTasuiM3aLumu.
M3mepeHus, NpoBefeHHble HernocpeaCcTBEHHO Ha [JlacTUHe C MOMOLLbIO 30HA0BOM CTaHLUW,
nokasaau ciepylowme oCHOBHble XapakTepuctukn MLLY: 3HadyeHne napameTpa S21 He meHee 11 ab
B AManasoHe 4yacToT oT 500 MlNy, a0 1,5 Mry; koagppuumeHT wyma He 6onee 4 ob Ha yactote 2 Ty,
Experimental study of implementation of the LNA based on 0.18 pm CMOS SOI technology is
conducted. The advantages of the SOI technology for the manufacture of microwave IC are
discussed. LNA with six levels of aluminum metallization, which is characterized by boundary
frequency of the n-channel transistor of 48 GHz, the core voltage of 1.8 V, has been designed
and manufactured using CMOS SOl technology. The measurements performed directly on
wafer using probe stations showed the following main characteristics of the LNA: the value of
the parameter S21 is not less than 11 dB in the frequency range from 500 MHz to 1.5 GHz; the
noise factor is not more than 4 dB at a frequency of 2 GHz.

HCTeMBI CBSI3U U pafiapel L- 1 S-ayana3oHOB ATHH

BOJIH CTPEMHUTE/IBHO Pa3BUBAIOTCS B HACTOSIEe

BpeMs. BO MHOIOM 671aroziapsi TeXHOJIOTUYEeCKOMY
Iporpeccy CybMHUKpPOHHBIX KpeMHHUEBBIX TEXHOJIOT U,
obecrieurBaONIMX HU3KYIO CTOMMOCTbD YCTPOHMCTB IIPH
MaCCOBOM H3TOTOBJIEHUH U BHICOKYIO CTEeIIeHb UHTe-
rpanuu. [ IpoeKTHPOBAHMUS IIPHeMOIlePeIaoI X
YCTPOHCTB HeobxogrMa pa3paboTKa COOTBETCTBYIO-
IIel 1eKTPOHHON KOMIIOHEHTHOM 6a3bl, BKIIIOYAI0-
e YCHUITUTENH, CMeCUTeIH, YMHOXHUTEIH U APyTHe
GyHKIIMOHA/IbHBIE 3/IeMeHThl. CO3/laHHe HHTerpalb-
HBIX cxeM (MC) ¢ yTy4ulIeHHBIMU XapaKTePUCTUKAMH
10 TIOMEeXO03alHIIeHHOCTH, SHepronoTpebieHHIo,
OBICTPOAEMCTBUIO U "Pa3yMHON" MOIIHOCTH TpebyeT
pa3paboTKu U IPHMeHeHH I HOBBIX TEXHOIOIMUeCKHX
nporieccos [1].

ManomymMmsamuu CBY-ycuIHUTenb - OLHO
W3 OCHOBHEIX YCTpouCTB CBU-TeXHHUKH, KOTOpoe
IIPUMEHSeTCS B yCTPOMCTBAX PaJlUOCBSI3U U pajuo-
JIOKAILlMH, PaJHOBeLIaHUS U TeJIeBULeHU I, aBTO-
MaTHUKH, BBIYHCIUTETbHOM TeXHUKHU, OBITOBOM TeX-
HHUKU U T.11. OCHOBHOe Ha3HaueHHe MIIY - obecrie-
YeHHe MUHMMAaJIbHOrO KO3pdHIHeHTa IIyMa IpHU
YyCHUJIEHUH, JOCTAaTOYHOM YTOOHBl HMIyMaMHU IOCIIe-
OYIMHUX TPAKTOB MOXKHO 6b1jI0 IIpeHebpeus. [I1s
coBpeMeHHBbIX MIIIY oco6eHHO aKTya/JlbHB MUHHU-
MH3aILMs BHOCUMBIX IIOTePh, IOBBIIIEHHE YCUIIH-
TeJIbHBIX XapaKTEePUCTUK U pacllHupeHHUe pabouero
YaCTOTHOTO AHAaIlla30Ha.

Lenpio HACTOSIEH PabOTH SIBISIETCS UCCIe0Ba-
HHe IpuMeHeHUs1 KHH-TeXHOIOTUHU AJIs pa3paboTKu
MIITY.

Hay4Ho-nccnenosaTenbCknii MIHCTUTYT MOSIEKYAISAPHOM 31eKTpoHMKKM / Research institute for molecular electronics.
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Ob0CHOBAHUE BbIEOPA KHU-TEXHOJIOTUU

CtpykTypsl KHU 0671a210T CyIIeCTBEHHBIMH [IPEHMY-
I[eCTBAMH I10 CPABHEHHUIO C OOBIYHBIM MOHOIHTHBIM
KpeMHHeM U IIPUMEeHSIOTCS 11 pa3paboTku pagua-
LHOHHO-cTONKUX MC (M anmapaTypsl Ha UX OCHOBe),
HC c HU3KUM 3HepronorpebieHreM, a TaKKe 115 CO3-
maHus MOMC. CymecTBeHHBIM A0CTOMHCTBOM KHH-
TeXHOJIOTHH SIB/ISeTCS IOJIHAS JU3JIeKTpHUYecKas u3o-
JISUMS N~ ¥ p-KapMaHOB, BBU/Y Y€T0 OTCYTCTBYIOT I1apa-
3UTHBIE YeThlpeXCIIOMHbIe N-P-N-P-CTPYKTYPHI, a 3HA~
YUT, OTCYTCTBYeT CBOMCTBeHHas o6beMHOM KMOII-
TeXHOJIOTUH BO3MOKHOCTb TUPHUCTOPHOTIO 3aI[eIKHBA-
Hus [2-4].

KHH-TexHO/JIOTHS I103BOJIsIeT peaiu30BbIBATH
CJIOKHBIe aHAJIOTO-IIUPPOBBIE CXeMBl M JOOUTHCS
CYIIeCTBEHHOTO IOBBIIIEHUS OBICTPOAEMCTBUS
MHKPO3TIeKTPOHHBIX YCTPOUCTB IIPH OLHOBPEeMEeHHOM
CHI>KEHUH MOTpebIisieMOol MOLTHOCTH K FabapHUTHBIX
pasmepos [5].

CnemyeT OTMETUTD, YTO IPUMeHeHHEe TeXHOJIOTHH
KHU He rapaHTHUpYyeT MOAy4YeHUS BBICOKOH
PafiHalMOHHOM CTOMKOCTHU. [IJII TeXHHYECKOTO
ypoBHS 180 HM M3MeHeHH S [IOPOrOBBIX HAIIPSI’KeHUH
TPaH3UCTOPOB IHPHU [0O30BOM BO3JeHCTBHHU
HOHU3UPYIOMUX HU31ydyeHUH (MH) cTaHOBATCA
HeCyIleCTBeHHBIMH BCJe[CTBHe O4YeHb MaJIoH
TOJIIIMHBI II0A3aTBOPHOIro AU3IeKTpHKa. XoTa B KHU
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Fig.1. Structure of MOS transistors fabricated using CMOS SOI
technology: S - source; D - drain; G - gate; W - tungsten

aBTOMAaTHYeCKH MCKIIOYAITCSA MEKTPaH3UCTOPHEIE
yTeuKH, BO3HHKAeT I1pobreMa BHYTPUTPAH3UCTOPHO
yTeukHu B n-MOII-iprbopax BcleAcTBUe HaKOIIEHUS
B CKPBITOM OKMCJIE TI0JIO’KUTE/IBHOIO 3apsi/ia U MHBEPCHUH
THIIa IIPOBOAMMOCTH B 06saCTH, IpHUIeramuein

ommunication systems, L-
and S-band radars are devel-
oping rapidly at present,
largely due to the advances of
submicron silicon technologies,
providing low cost of devices at
mass production and high IC
density. For the design of trans-
mitter-receiver systems the
development of an appropriate
electronic components, includ-
ing amplifiers, mixers, multi-
pliers and other functional ele-
ments is necessary. Creation of IC
with improved noise immunity,
power consumption, speed, and
"smart" power requires the devel-
opment and application of new
manufacturing processes [1].
Low-noise microwave ampli-
fier is one of the main devices
of microwave technology, which
is used in radio communication

systems and radars, broadcast-
ing, automation, computers,
household appliances, etc. The
main purpose of the LNA is the
minimum noise figure in the
amplification, which should be
sufficient to ignore noise of sub-
sequent paths. Minimization of
losses, improving of amplifica-
tion characteristics and expan-
sion of operating frequency range
are particularly relevant for mod-
ern LNA.

The aim of this work is to study
the application of the SOI tech-
nology for the development of
LNA.

JUSTIFICATION OF CHOICE OF SOl
SOI structures have signifi-
cant advantages compared to
conventional monolithic sili-
con, and are used to develop

radiation-resistant IC (and
devices based on them), IC with
low power consumption, and
to create MEMS. The essential
advantage of the SOI technology
is a full dielectric isolation of the
n- and p-wells, thanks to what
there are no parasitic four layer
n-p-n-p structures, and no latch-
up that is inherent in the bulk
CMOS technology [2-4].

SOI technology allows to
implement complex analog-to-
digital circuits and to signifi-
cantly improve the performance
of microelectronic devices while
reducing power consumption
and dimensions [5].

It should be noted that the
SOI technology do not guar-
antee a high radiation resis-
tance. For 180 nm process the
change of the threshold voltages
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Puc.2. dnekmpuueckas cxema pazpabomanHozo MILLUY:
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/AeNbHbIX 3aM80opos; M — KoAUYeCmao NapanaenbHbiX MpaH3UCmMopos
Fig.2. Electric diagram of the designed LNA: w_fing - width of sin-
gle channel; nfing - number of parallel gates; m — number of paral-
lel transistors

K CKPBITOMY OKMCJTY, YTO IPUBOSUT K HEJOITYCTUMOMY
yBeJIHMYeHHUI0 TOKOB yTeuku [6]. IIpobremam
Mofe/IUpoBaHUSA 3TUX 3ddekToB A1a KMOII KHU-
TEeXHOJIOTHH ITOCBSIIIIeHa, B YaCTHOCTH, paboTa [7].

Puc.3. Tononozus MLLY
Fig.3. Topology of LNA

PA3PABOTKA MAJIOWYMALLEFO YCUIUTENA
MIIY sgBseTCsI YHUBEPCAIbHEIM 6JIOKOM KU MOXKET
HaHTH [IpHMeHeHHe B [IpPHeMo-TiepeIaloX TPaKTax,
HM3MEpUTE/NIbHBIX YCTAHOBKaX, B COCTaBe aKTHBHBIX
&UIBTPOB U Ip. ITOT KJIACC YyCTPOMCTB BO MHOILHX
CIy4asix oIlpefie/isieT BasKHEeHIIHe TaAKTUKO-TeXHUYECKHe
IapaMeTPhl PAAHOTeXHUYECKUX CHCTEM, TaKHe KaK
YYBCTBUTE/IBHOCTh [IPHEMHOIO TPaKTa, M PUHY I10JI0CHI
Ppabourx 4YacToT, HaIeSKHOCTh K CTOMOCTb.
PaspaboraHHbIA MIIY IOCTpOeH 10 KacKOJAHOMH
cxeme Ha n-MOII TpaH3ucTopax [8]. [IMHA KaHA/IoOB

of transistors at dose ionizing
radiation become insignificant
due to the very small thickness
of the gate dielectric. Although
SOI automatically excludes
inter-transistor leakages, there
is a problem of intra-transistor
leakage in n-MOS-devices due
to the accumulation in the hid-
den oxide of positive charge and
inversion of conductivity type
in a region adjacent to the hid-
den oxide that leads to unaccept-
able increase in leakage currents
[6]. In particular, the paper [7]
is dedicated to the problems of
modeling these effects in CMOS
SOLI.
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DEVELOPMENT

OF LOW-NOISE AMPLIFIER

LNA is a versatile device and
can be used in the receiving and
transmitting paths, measur-
ing installations, as a part of
the active filters, etc. This class
of devices, in many cases, deter-
mines the most important per-
formance parameters of radio
systems, such as the sensitivity
of the receiving path, the band-
width of operating frequencies,
reliability and cost.

Designed LNA is based on cas-
code scheme and n-MOS transis-
tors [8]. The length of the chan-
nels of the transistors is 0.18

pm and the total width is 435
and 496 pm for transistors in
circuits with a common-source
and common-gate respectively.
Topologically devices are divided
into eight parallel connected
transistors, each of which con-
tains 8 and 10 parallel channels,
6.8 and 6.2 pm long, respectively.
This design was developed to
minimize the noise figure. The
integrated structure of the MOS-
transistor manufactured using
CMOS SOI process is shown in
Fig.1.

The device was designed in
Cadence Virtuoso and Agilent
GoldenCate CAD using the
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Puc.4. CpasHeHue pe3yabmamos uzmepeHull (NYHKMUpHble AUHUU) U MOdeAupo8aHus S-napamempos
Fig.4. Comparison of measurement results (dotted lines) and simulation of S-parameters

TPaH3UCTOPOB cocTapaseT 0,18 MKM, a cyMMapHas
mupuHa - 435 1 496 MKM [l TPaH3UCTOPOB,
BK/IIOYEHHBIX IIO CXeMaM C OOIUM HMCTOKOM
1 06IIMM 3aTBOPOM COOTBETCTBeHHO. TOIoNIoruyecku
npubopsl pasfesieHb Ha BOCEMb I1apajjelbHO
BKJIIOUeHHBIX TPAH3HUCTOPOB, COAEPKAIIKX 10 8 1 10

MapajyienbHBIX KaHANOB, JJIHMHOM M0 6,8 U 6,2 MKM
COOTBETCTBEHHO. JJaHHAs KOHCTPYKLHS pa3paboTaHa
O MUHHMHU3ALHUHU Ko3poHUILIMeHTa IIyMa.
HuTerpanpHas CTpPyKTypa MOII-TpaH3UCTOPOB,
U3TOTOBJIeHHBIX N0 TexHosoruu KMOII KHH,
IIpefcTaB/ieHa Ha puc.l.

models included in the set of
design tools. Electric diagram
of LNA is shown in Fig.2. In the
next stage of design the topology
of microwave LNA was developed
(Fig.3).

EXPERIMENTAL STUDY

OF CHARACTERISTICS OF LNA
Experimental samples were
manufactured by Mikron. Fig.4
shows the comparison of simu-
lation results of S-parameters of
LNA in GoldenGate CAD using
the models built into a set of
design tools and experimen-
tal data obtained in the mea-
surement on the Cascade probe

station using Agilent vector net-
work analyzer.

The diagram of the S21 param-
eter does not contain significant
irregularities in the considered
range, and curves S11 and S12
do not contain emissions in the
form of peaks and intermodu-
lation distortions. Discrepancy
regarding the measurement
and modeling suggests that
the used physical-mathemati-
cal models are of limited use-
fulness for the design of micro-
wave devices, and more accurate
modeling requires refinement
of high-frequency parameters of
the models.

The results of measurements of
the frequency dependence of the
noise figure of LNA are shown in
Fig.5. The noise factor is consis-
tent with the theoretical expec-
tations. The simulation results
of the noise factor are not pre-
sented, due to the fact that exist-
ing SPICE models of transistors
do not include characterization
of noise parameters.

The measured current con-
sumption of low noise amplifier
is 26 mA.

Interest in the development
of MMIC of broadband LNA is
supported by the opportunity to
create IP core on a single chip,
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Puc.5. Pesyabmamui usmeperus MLLY (acmomHas 3asucu-
MOCMb Ko3pduLUeHma wyma)

Fig.5. Measurement results of LNA (frequency dependence of noise
factor)

YcTponcTBO pa3pabaTsiBasoch C IIOMOILBIO
CAIIP Cadence Virtuoso u Agilent GoldenGate
C UCIIONb30BAHHUEM MOJeNIeH, BXOASIIUX B COCTAB
KOMIIIEKTa CPe/ICTB ITPOeKTHPOBAHHSI. JNeKTPHUYecKas
cxema MIIY mokasaHa Ha puc.2. Ha crenyromem sTare
MIPOeKTHUPOBaHHUS bblia pazpaborana tomonorus CBY
HC MIIY (pmuc.3).

3KCNEPUMEHTA/IbHBIE UCC/IEAOBAHUSA
XAPAKTEPUCTUK MLLIY

DKCIepUMeHTalbHble 06pa3lbl H3TOTOBJIEHEI
B OAO "HMHMM3 u Muxkpon". Ha puc.4 npuse-
IeHO CpaBHEeHMe pe3yJbTAaTOB MOJEJIHPOBAHUS
S-mapametpoB MIIIY B CAIIP GoldenGate ¢ mcIonp30-
BaHHeM MoJieJiel, BCTPO@HHBIX B KOMIIJIEKT CPeZCTB

[IPOEKTUPOBAHU S, U SKCIIEPUMEHTAIbHbIX JAHHBIX,
MOoJy4eHHBIX NPH U3MepeHUHU MIIY Ha 30HA0BOMU
cTaHuuu Cascade ¢ MOMOIIBIO BeKTOPHOTO aHATH3a-
Topa Lemnew Agilent.

Ha rpaduxe mapamerpa S21 He HabniomaeTcs
3HAUHUTEeAbHBX HepaBHOMEPHOCTEH
B paccMaTpUBaeMOM [JHalla3oHe, Ha KPUBBIX
S11 u S12 OTCYTCTBYIOT BBIOpOCH B popMe ITHKOB
Y MHTePMOJY/ISALIMOHHBIX HCKaKeHU M. PacXokAeHHe
IMoKa3aTe/Jerd MOJeJIHPOBAHHS U H3IMepeHHUS
TOBOPUT O TOM, YTO HCIIO/b3yeMble PU3UKO-
MaTeMaTH4YeCcKHUe MOJe/NIU OrPpaHHUYeHHO IIPUTOJHbI
O/ IpoeKTHpoBaHUs CBU-ycTpPONCTB, U A5 boee
TOYHOTO MOJEeIHPOBaHUS TpebyeTcs yTOUHEHHeE
BBICOKOYACTOTHBIX IIapaMeTPOB MOJIeJIeH.

Pe3y/bTaThl H3MePeHUH YaCTOTHOM 3aBUCHMOCTHU
Ko3pounueHTa myma MIIY nmpuBeseHsl Ha puc.5.
Ko3¢punueHT miyMa COOTBETCTBYET TeOPeTHYeCKUM
OKHUAaHUAM. Pe3ynpTaTel MOJeJIHMPOBAaHUSA
Ko3poULIMeHTa IIyMa He IIPUBOAATCS, B CBA3H C TEM,
4TO B CylecTBYomuX SPICE-Mofenax TpaH3UCTOPOB
OTCYTCTBYET XapaKTepH3aLK IIIYMOBBIX [IapaMEeTPOB.

M3MepeHHBIN TOK IOTpeblIeHUs MajOMIyMSIIero
YCUIHTEIS — 26 MA.

HHTepec K paspaborke CBY MHC MmKPOKOIIONIOCHOIO
MIIY mofgKpernieH BO3MOXHOCThIO CO3AaHHUS CIOXKHO"
¢yHKIHOHANIBbHOM cXeMbl CBY Ha 0lHOM KpHCTaje,
a TaKyke 3KOHOMHYECKOH 11e/1eco06pa3HOCThIO TPU Mac-
ImTabHOM IIPUMEHEeHHUH B IIPOU3BOACTBE UIeHTHUIHBIX
usfenui. Jst cpaBHeHHU S 6bUIH pacCMOTPEHBI OCHOBHBIE
IapaMeTpsl aHajoros MIIY, pa3paboTaHHBIX 110 APYTHUM
TeXHOJIOTHSM (CM. Tabnuiy).

as well as by the economic feasi-
bility for large-scale application
in the production of identical
products. For comparison, the
main parameters of the ana-
logues developed by other tech-
nologies were considered (see
table).

Designed LNA can be used as
an IP core for L-band transceivers.

CONCLUSION

LNA MMIC based on 0.18 pm SOI
technology is designed and man-
ufactured. The gain is at least of
11dB in the frequency range from
500 MHz to 1.5 GHz, the noise
figure is of 4 dB.
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According to the obtained char-
acteristics, the designed LNA infe-
rior to similar devices built on a
GaAs, however, it should be noted
that the device is manufactured
using domestic commercial CMOS
SOI technology without adjust-
ments of the process. This means
that you can use this LNA as IP
core in the complex device such as
a transceiver that includes both
a microwave analog devices and
digital signal processing circuits.
This will significantly reduce the
cost of end products as well as its
weight and dimensions.

It should be noted that the
task of the creation of a library

containing characterized IP
cores, which are similar to devel-
oped LNA, is urgent. This will
greatly shorten the development
time of complex devices under
the requirements of the cus-
tomer. |
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