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NCBUIID PAH
Annomayus ~ —  PaGora  nocBameHa  pa3paloTke  Maccora0apUTHBIM  XapaKTEPHCTHUKaM, IOTpeOiseMoin
MAJIOIIYMALIEro yCHUJIUTEIdA C HHTerHpOBaHHOﬁ AHTEHHOH MOIIHOCTH u TIOBBIILICHHBIMHU Tpe6OBaHI/IHMI/I 10

HAa OJHOM KpHCTajle. BbINOJHEHO 3JIeKTPOIUHAMHYECKOE
MOJeIMPOBAHHE MAJIOUIYMSIINEr0 YCHJIMTE/Isl M AHTEHHBbI B
CAIIP ADS. Onucano peneHue npodJieMbl CO3AaHUS
3azeMJIsIIOINEH IJIOCKOCTH HAJ JHLEBOH NOBEPXHOCTHIO
njactuHbl. IIpoBegeHsl u3MepeHnsi 00pa3loB, NOKa3aBIINe
Xopoliee COOTBETCTBHE C pe3yJIbTaTaMH MPOEeKTHPOBAHHS.

Knrwueesvie cnoea — MUC, MIIIY, HEMT, antenna, HuTpug
rajuins, reTepoCTPYKTYPbl, CHCTEMa Ha KPUCTAJLIE.

l. BBEJEHUE

YacrotHbli nuanason 57-64 I'T'm xapakrepusyercs
BBICOKOH CTEIEHBIO IOTJIONIAeMOCTH B aTMocdepe, 4To
MO3BOJSIET CO3[aBaTh HM30JIMPOBAHHBIC KAaHAJIBI CBSA3M.
Manass anuHa BOJHBI JETaeT BO3MOXKHOW HHTETpaluio
AQHTEHH U IIeJIBIX aHTEHHBIX PEIIETOK Ha OJJTHOM KpHUCTaIIe.
B 53TOoM 1mamasoHe BO3MOXKHO CO3/aBaTh MPHEMO-
nepeaaronme YCTpOMCTBA LIUPOKOIIOIOCHON
MIOMEX0YCTOHUMBOH CBSI3H, obecrieunBaroImme
BBICOKOCKOPOCTHYIO U CKPBITYIO Tepeiauy JaHHBIX MEXIY
JJIEKTPOHHBIMU ~ a0OHEHTaMM, a TaKkKe MepedTH K

MOCTPOCHUIO MOOWJIBHBIX CETeil HIMPOKOIOIOCHOHM CBSA3M
5G.

Il.  LIEJb U 3AJTAYA PABOTbI

Pazpaboranssiii manmomrymsmuil ycmnmutens (MIITY)
NpefHa3HAaueH Uil TPUMEHEHHS B COCTaBE IIPHEMO-
MepeAAOINX MOTyJIeH C )KECTKUMH OTPAHUYEHHUSIMH 110
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AHTeHHA ManomyMmsmii ycuiiureab

Puc. 1. BHemmHunii BUA MAJIONIyMSIIEro YCHJIMTEs CO
BCTPOEHHOIi aHTEHHOH

CTOHKOCTH K BHemHHM (akTtopam, paboTarommx B
YaCTOTHOM Juana3zoHe 57 64 ITTu. MIIY npomxkeH
obmamgate ko3dduimenTom mepenaun He MeHee 16 nb,
K03 PUIMEHTOM CTOsSUEH BOJHBI 1O  HANPSIKCHUIO
(KCBH) ne 6omnee 2, kodhpunuenTom myma ge 6omiee 6.5
nb, Tok motpebneHus He IOKeH mpeBblath 100 MA.
dopMa aWarpaMMBl  HaNpaBICHHOCTH  aHTCHHBI  —
KapIHOUTHAS.

I1l.  MOJEIMPOBAHUE U IIPOEKTUPOBAHUE MUC
MIITY 1 BCTPOEHHOI AHTEHHBI

Bremnuii Bu pa3pabOTaHHOTO aHTEHHOTO 3JIEMEHTa
€O BCTPOCHHBIM MANOLIYMAIM YCHIHTENEM n300paxeH
Ha puc. 1, pazamepsl Tononoruu: 3,3 x 1,2 MM2. BsanMuoe
COIJIACOBAaHME YCHWJIHMTENd M AHTEHHOTO JJIEMEHTa
MIpoBOAMWIIOCH Ha HAarpy3ky 50 OM, aHTEHHa COETUHACTCS
co BxogoM MIIIY. Pacuersl aHTEHHOrO »3JIEMEHTa U
MaJIOUIYMSIIIEr0 YCHIIUTENS MPOBOAMINCH OTAENBHO, IS
npoextupoBanus  ucnonbzoBanmuck CAITP  Advanced
Design System u Microwave Office.

AHTEGHHa peajn30BaHa B BHJE MOHOIOJS CIOXXHOU
¢dop™MBI, M300paxkeHa Ha puc. | cieBa, TUaMeTp aHTEHHEI
0.7 mMm. Ha pumc. 2 mokazaHa 3aBHCHMOCTB TOTEpPh
orpaxkeHus (S11) oT dwacToTH, MO pacyeram, Iojoca
MPOIIyCKaHUsI aHTEHHBI cocTaBuia 56-69 [Ty no ypoBHIO

noteps oTpaxkenus -10 1b.  Ha puc. 3 wusobOpaxena
[+
A ml: 56.2 Iy m2: 65.4 My
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Puc. 3. Iluarpamma HanpasJIeHHOCTH

pacyeTHasl AuarpamMma HarpaBJIeHHOCTH, e€ Gopma Oim3Ka
K KapauoWgHOH (IIpH ATOM MaKCHUMyM H3ITy4CHHS
HNEepHIEHIUKYISPEH MOBEPXHOCTHU aHTEHHBI).

Ha ocHOBaHWNH pe3ynbTaTOB UCCIEAOBAHNS PA3INIHBIX
rerepocTpykTyp AlGaN/AIN/GaN, mis coznanus Mojenei
TPaH3UCTOPOB  OBUIM  BBIOpAaHBI ~ TPAH3UCTOPHI  C
YCWIIUTENBHBIME ~ TIApaMETPaMH,  JOCTATOYHBIMH IS
CO3[aHUs yCUJIUTENS Auamna3zoHa 4yactoT 57-64 I'Tu. Jlns
storo Opum m3Mepersl BAX wu CBY  mapamerps
TPaH3UCTOPOB B pa3HbIX Toukax BAX, 3aTem paccunTaHbl
rmapaMeTpsl HENWHEWHOW MOJENH TPaH3UCTOpa B Cpene
Microwave Office mno HawiIydliemMy COBIAJCHHUIO
M3MEPEHHBIX M PACUCTHBIX S-TIapaMeTPOB B JHAIa30HE
gactoT 0,01-67 I'T [1].

3a OCHOBY JUIA CO3IaHHs HEIMHEHHBIX Moenei Oblia
BbIOpaHa  MOJEAb  IOJIGBOTO  TpaH3ucTopa  Fujii,
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KCBH Bbixoga

HMEIOIAsCcs B COCTaBe NporpamMmHoro maketa AWR
Microwave Office [2]. lns pacuera koaddunmenra myma
MaJIONIyMSIIEr0 YCWJINTENS WCIOIb30Bajach JIMHEHHAS
mymoBasi mozenb [locnemansckoro [3]. BonprammnepHas
XapaKTepUCTUKA  IOJIyYEHHOM  HEIMHEMHOM  Mojenu
JIOCTATOYHO XOPOIIO ONKCHIBACT HM3MEPEHHbIC 3HAYECHUS
TOKOB B pa0o4nMx TOYKAaX W HW3MEpPEHHBIC 3HAYCHHSA S-
TapaMeTpoB.

Bce Tomonornueckue MNpPOEKTHl PACCUUTHIBAIUCH C
ucnonbzoBanneM wmogenu HEMT  Tpan3ucrtopoB, Ha
rerepocTpykrypax AlGaN/GaN/candup ¢ HeyToHeHHOU

MoJUIOXKKOM  TommmHOM 340 MKkM  u  oOpaTHOH
MeETaJUIN3alUeH.
3a  OCHOBY CXEMBI MIy B34Ta cxemMa

YEeTHIPEXKACKAJHOTO YCHJIMTENS C OOIIMM HCTOKOM 0e3
oOpatHo# cBs3u [4]. TpaH3UCTOPBI, HA OCHOBE KOTOPBIX
CKOHCTPYHPOBaH YCUIIUTENb, HMEIOT BEJIMYUHY
koaddunuenra MaxGain okono 6 1b B quama3oHe 4acToT
or 57 mo 64 ITu, Takum o6pa3oM Ui IOCTHKCHHUS
HEOOXOJMMBIX HapaMeTpoB (ko3 HLUUEeHTa mepenadn
6omee 16 nb) tpebyercs 3-4 kackama. Ha HagampHOM
sTane OBLIO MPOBEACHO MOJACIMPOBAHHE YCHIUTEIS B
CAIIP Microwave Office Ha cocpemOTOYEHHBIX
anemeHTax. [IpakTrka MOKa3bIBAET, YTO COCPEIOTOUCHHBIC
MOJICJIA HE TIOJHOCTHIO OTPAXKAIOT TIOBEICHHE JICMEHTOB B

CBU-gunamna3one, M03TOMY TOYHOCTh TaKOTO
MOJIETUPOBAHMUSI  HEJOCTAaTOYHA Ui MOJEJIMPOBaHUS
MOHOJIMTHEIX cxeM. CyIIecTBEHHO OOJbBIICH TOYHOCTHIO
obnamaeT ANEKTPOIMHAMHUECKOE MOJICTIMPOBAHHUE.
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Puc. 5. Pesyabratsl usmepenunit MUC MY co BCTpoeHHOI aHTEHHOI

Ha puc. 4 MIPeICTaBJICHBI pe3ynbTaThl
AIEKTPOAMHAMHIECCKOTO pacuera ITOJIHOTO
TOIIOJIOTHYECKOTO MpoeKTa YETHIPEXKACKaTHOTO
yeuwutens  [5].  Kak  BHAHO W3 NPUBEAEHHBIX

3aBUCHMOCTEH, MMOCTPOCHHBIX JJIs HANpSDKEHUS! MUTAHUS
5B, koaddumment nepenaun cocrasnser 15 - 20 gb, a
KCBH no Bxoxy M BBIXOAy MEHee 2 B AuamazoHe 57 —
64 T, xo3pOUIMEHT IIymMa COCTaBISIET MPUMEPHO
6.4 nb. PacuerHplii Tok moTpebneHus ycunurens: 70-
100 MA (manpspxenue utanus 5+10 B).

Opno#t U3 npobaem npu pa3pabOTKe U U3TOTOBICHUU
MHUC Ha ocHoBe rerepocTpykryp AlGaN/GaN sBnsercs
CIOXKHOCTh ~ 3a3eMJICHHS  IpPU  MHUKPOIIOJIOCKOBOH
TEXHOJIOTMH, NpeAnojararouel Haauuue '"3a3zemMisstioiei
IUIOCKOCTH", Ha KOTOPYIO JOJDKHBI OBITH BBIBEICHBI
MCTOKH TpaH3ucTOpoB M "3emuu" snementoB MUC uepes
METaJUTU3UPOBaHHBIE OTBepcTHA [6]. TpaguumoHHO, 1O
AQHAJIOTUM C apCeHWJHOW TEXHOJIOTHEH, MaHHas 3ajgada
pemanach 3a pybexoMm myTeM '"cBepiieHUS" CKBO3HBIX
OTBEpCTHil ¢ OOpaTHOW CTOPOHBI YTOHEHHOM IOJIJIOXKKH,
OJTHAKO 3TO CBS3aHO C CEPHE3HBIMH TEXHOJOTHYECKIMU
TPYAHOCTSAMH.

s pemieHust TaHHOW TPOOIIeMBbl OBLIO UCIIOIB30BAaHO
KOHCTPYKTOPCKO-TEXHOJIOTUIECKOE peleHue,
3aKJII0YaroNieecss B CO3JaHMH "3a3eMIISIONIECH IUIOCKOCTH"

HaJ JIMIEBOM TOBEPXHOCTHIO IUIACTUHBI C  yXKe
H3rOTOBJICHHBIMHA aKTHMBHBIMH M TaccuBHbIMH CBY
9JIEeMEHTaMHU TIOBEPX CJIOSI TOJIMMEPHOTO JIUAJIEKTPHKA
tomuuHOK 10-15 MM (doromak). Ilpu 3ToM 3a3emiieHHE
COOTBETCTBYIOIINX  OJJIEMEHTOB IPOW3BOJUTCA  Uepe3
OTBEpCTHUS B cioe (oromnaxa, OJTHOBPEMEHHO
BBITIOJTHSIFOIIETO POJIb 3alTUTHOMN MacCHUBAIUH.

V.

[IpoBemeHBI  30HIOBEIE  HW3MEpPEHHS  OOPa3IOB
MaJIOIIYMSIINX ycunuTened. Pesymbratel 8 o006pasioB
mpuBeleHRl Ha puc. 5. Kak BHAHO U3 pe3yibTaToB
U3MEpPEHNH, BCE YCUIIUTENN COOTBETCTBYIOT TPeOOBaHUAM
Ha dactore 57 ITn. Kosddunment mepemaum wmeer
JIuana3oH okoyo 54-65 I'T'h, uto mpeBbImaeT TpedyeMyro
monocy. KCBH mo BXomy u BBIXOIy CIBUHYICSA B Ooiee
HU3KOYACTOTHBIA JOMamna3oH, OJHAKO B Juama3oHe S57-
58 IT ero 3HaueHWe cocTaBmwio MeHee 2. M3mepeHus
IyMa ToKasaiu, 9To Tpedyemoe 3HaueHue (MeHee 6.5 nb)
JOCTHTaeTCss BceMH oOpasiamu Ha vactote 57 ITm, a
moJyioca okoJio 56-58 I'T'm.

PE3VJIbTATBHI U3BMEPEHUI MUC

V. 3AKJIIOYEHUE

Ha  ocHOBe  pa3paboTaHHOrO  MAJIOLIYMSIIEro
YCUJIUTENSL CO BCTPOCHHOM aHTEHHOM BO3MOKHO CO3/aHUE
MOJHOCTBIO ~ MHTETPUPOBAHHOIO  MPHEMOINEPEAIOUIETO



MoayJys sl auanazona 57-64 I'T'm mans cuctem OmbkHEH
cBsi3u. M3MmepeHus TIOKa3aid XOpOIIee COOTBETCTBHE
PaCUYCTHBIX PE3YJIbTATOB M PE3YJILTATOB H3MEPEHHIA.

MUC  wm3rotoBaensl B MCBUIID PAH Ha
TeTepOCTPYKTYPax HUTPHIA TALIHI C TEXHOJOTHUSCKIMU
HopMamu 110 HM.
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. INTRODUCTION

The frequency range of 57-64 GHz is characterized by
high degree of absorptivity in the atmosphere, thus
allowing developing isolated communication channels. A
small wavelength makes it possible to integrate antennas
and entire antenna arrays on a single chip. At this
frequency range, it is possible to develop combined
transceiver broadband communication devices, providing
high-bit-rate  hidden transmission between different
electronic devices. It also allows constructing 5G
broadband communication mobile networks.

Il.  OBIECTIVE

The developed low-noise amplifier (LNA) is designed to
be used as part of a combined module with strict
limitations to weight and size, power consumption and
high requirements on resistance to external factors,
working at frequency range of 57-64 GHz. The LNA
should have transfer ratio of no less than 16 dB, voltage
standing-wave ratio (VSWR) of no more than 2, a noise
factor of no more than 6.5 dB, current consumption should
not exceed 100 mA. The radiation pattern of the antenna
should be cardioid.

I1l.  MODELING AND DESIGN OF MIC LNA AND BUILT-
IN ANTENNA

We illustrate the developed MIC LNA with the built-in
antenna. The size of the topology is 3,3x1,2 mm?. The
impedance matching of the amplifier and the antenna was
conducted on a 50 Ohm load, the antenna was connected to
the LNA’s input. The modeling of the antenna component
and low-noise amplifier were held separately. The design
was made with Advanced Design System CAD and
Microwave Office.

The antenna is implemented in the form of a monopole
with a complex shape. The diameter of the antenna is 0.7
mm. The paper shows the dependence of the input
reflection loss (S11) on the frequency. According to the
calculations, the bandwidth frequency was 56-69 GHz (the
level of input reflection loss of -10 dB. We demonstrate
the calculated radiation pattern, its shape is close to a
cardioid (the radiation maximum is perpendicular to the
surface of the antenna.

Based on the results of research of different
AlGaN/AIN/GaN heterostructures, for the purpose of
transistor models development, there were chosen
transistors with amplifying characteristics sufficient for the
development of an amplifier with 57-64 GHz frequency
bandwidth. For that purpose, we measured the volt-ampere
characteristic and S-parameters of transistors at different
points of the volt-ampere characteristic, and then we
calculated parameters of the nonlinear model of the



transistor in the Microwave Office CAD with regard to the
best coincidence of the measured and calculated S-
parameters in the frequency range of 0,01-67 GHz [1].

As the basis for the development of the nonlinear
models, we selected the Fuji field-effect transistor model
from the AWR Microwave Office [2]. For the calculation
of the low-noise amplifier’s noise factor the
Pospieszalski’s linear noise model was used [3]. The volt-
ampere characteristic of the resulting nonlinear model
describes quite accurately the calculated current values at
the operating points and the measured S-parameters values.

All the topological projects were computed using the
HEMT model for the  AlGaN/GaN/sapphire
heterostructures with the non-thinned substrate 340 pm
thick and reverse metallization.

The basis of the LNA circuit is the four-stage amplifier
circuit with common source without feedback loop [4].
The transistors, based on which the amplifier is designed,
have the MaxGain value of about 6 dB in the frequency
range from 57 to 64 GHz, thus three-four cascades are
required to achieve the necessary parameters (the transfer
ratio of more than 16 dB). At the initial stage, there was the
modelling of the amplifier carried out with the Microwave
Office CAD using lumped elements. Experience shows
that the lumped models do not fully reflect the behavior of
the elements in the microwave range, therefore the
accuracy of such modeling is not sufficient for modeling
monolithic  circuits.  Electrodynamic modeling has
significantly higher accuracy.

We present the results of electrodynamic calculation of
the complete topological four-stage amplifier project [5].
As can be seen from the charts, constructed for the drain
voltage of 5V, the transfer ratio is 15-20 dB, while the
VSWR input and output is less than 2 in the range of 57-64
GHz; noise factor is approximately 6,4 dB. The estimated
current consumption of the amplifier is 70-100 mA (the
drain voltage is 5-10 V).

One of the problems in the design and manufacture of a
MIC on the AlGaN/GaN heterostructures is the complexity
of grounding in microstrip technology, which assumes the
presence of the so-called “ground plane”, on which the
transistor sources and MIC grounds should be installed
through the plated holes [6]. Traditionally, by analogy with
arsenide gallium technology, this problem was solved by
“drilling” through holes from the back side of the thinned
substrate, however it is associated with serious
technological difficulties.

In order to solve this problem, we used a particular
technological solution, essence of which was to develop
the “ground plate” above the plate’s front face with the
already fabricated active and passive HF elements on top
of the polymeric dielectric layer 10-15 um thick

(polyimide). The grounding of the corresponding elements
is made through holes in the polyimide layer, which also
has passivation function.

IV. THE MIC MEASUREMENTS RESULTS

Probe measurements of samples of low-noise
amplifiers were conducted. The results for eight samples
are shown. As can be seen from the measurement results,
all the amplifiers comply with the requirements at the
frequency of 57 GHz. The transfer ratio has a range of
about 54-65 GHz, which exceeds the desired bandwidth.
The VSWR input and output shifted to a lower frequency
range, however in the range of 57-58 GHz its value is less
than 2. The noise measurements have shown that the
desired value (less than 6,5 dB) is achieved by all the
samples at the 57 GHz frequency, and the bandwidth is
about 56-58 GHz.

V. CONCLUSION

Based on the developed low-noise amplifier with the
built-in antenna, it is possible to develop a fully integrated
two-way module with 57-64 GHz range for near field
communication systems. The measurements have shown a
good agreement between the calculated and measurement
results. MIC was designed and fabricated in IUHFSE RAS.
The gate length is 110 nm.
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