KOMMOHEHTbI CUCTEM CBA3U 5 mm OUATNA3OHA ANTMH BOIJIH
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AHHOmMauyusi — Pa3paboTaHbl NpUHUMMNLI NOCTPOEHUST U TeX-
HOJOMMSI U3TOTOBIIEHUS] OCHOBHbIX Y3I10B CUCTEM CBSI3W B 5 MM
OvanasoHe AnvH BonH (60 MTy). M3roToBneHbl U MccrneaoBaHbl
KItoYeBbIE KOMMOHEHTLI cuctem ces3n 60 ML ananasoHa, Takue
Kak: Manowymsiwmin yeunutens (MLY), ycunutens moLyHOCTM
(YM), npeobpasoBaTenb 4dactotbl (CM), cuHTe3aTop OMOpHOro
curHana (CWH). MNonyyeHbl cnepytowme napameTpbl paspabo-
TaHHbIX KOMMOHEHT: koadduumeHT wyma MY - meHee 4 ab;
BbIXoAHas MoLHocTb PA — 100 mBT; dasoBbivi wym CUH — me-
Hee -95 dBc/Hz npw oTcTpolike oT Hecywen Ha 10 kHz.

|l. BBepgeHue

B HacTosiLee Bpemsi cUCTEMbI CBSI3W B AuanasoHe 5
MM AfIMH BOJTH UHTEHCMBHO pa3BMBaOTCS BO BCEM MUpe
[1]. OcobeHHocThIO ananasoHa 60 My sBnaeTcs 3Ha4M-
TenbHoe aTtmocdepHoe nornowexve (15 ab/km), oby-
CMOBMEHHOE KBaHTOBbLIMW MepexofamMu B MONEKynsp-
HOM kucnopoge atMmoccepbl. OTO NO3BONSAET CO34aBaThb
CUCTEMbI CKPbITON CBA3WM Mexay pasnuyHbiMu obbekTa-
MW Ha3eMHOro 1 kocMmmyeckoro 6asvpoBaHus. Mpegno-
naraemas 6nok-cxema CBY  wvactu npvuemo-
nepegatowlero mogyns (MMNM) guanasona 60 My npea-
cTaBneHa Ha Puc. 1.
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Puc. 1. Bnok-cxema CBY yacmu lNINM duana3oHa
60 ITu.

Fig. 1. Chart of the 60 GHz communication system
front-end

B TMNM npvmeHeHbl NPOMBILLIIEHHO BblNycKaemble
MOHONUTHbIE MUKpPOCXeMbl AuanasoHa 60 Mu. MUY un
YM BbINOnHeHbl Ha Mukpocxemax hmce-alh382 n hmce-
abh241 cootBetcTBeHHO. B cmecutene wucnonb3oBaHa
mukpocxema hmc-mdb218, kotopon TpebyeTcsi retepo-
OVH Ha nomnoBuHHOM 4actoTe. CurHan retepoguMHa Ha
yactote 30 My BbipabaTbiBaeTCs ManowWyMsALWMM CUHTE-
3atopom hmc704Ip4. B kayecTBe OnopHOro reHepartopa
CMHTE3aTopa WCMOoMb3yeTcs MaroLlyMsLLMA KBapLEBbIN
reHepaTop FE-102A, paboTtatowmii Ha Yactote 100 MIL.

Il. OcHOBHasA yacTb

MWY wn YM BbINONHATCA B  KOoaKcuamnbHO-
BOMTHOBOAHOM WCMOSMHEHUN. NSl yMeHbLUEeHUss noTepb
curHana sxog MLUY, u Bbixog YM genatoTcsa BOMHOBOA-
HbiMW. [na cornacoBaHus BorHoBoga ¢ Bxogom MLUY
unn  BbixogoM YM  Obin co3gaH  BOSTHOBOAHO-
nonockoBbin nepexoa (BIM). Ha Puc. 2a npeacrtaeneHa
doTorpacms MLUY c BIMM, xapaktepuctmkn Bl npea-
cTaBneHbl Ha Puc. 26.
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Puc. 2. ®omoepagpusi cbopku MLLIY (A) u
xapakmepucmuka Bl (B).

Fig. 2. The Photo of LNA assembling (A) and the
performance of the waveguide to microstrip transition (B)

Ha c6bopke MUY, npeacraeneHHon Ha Puc. 2(A),
BUOHbI: BXOAHOW BoONHOBOA cevyeHneMm 3,6 x 1,8 mm,
BIMMN Ha kBapue TonwmHori 100 MKM, MOHONUTHAsA MUK-
pocxema HMC-ALH382 n BbixogHon nonocok. Ha goTto-
rpachmn BUOHbI TaKkKe LUTbIPU MUTaHUs!, MO KOTOPbLIM Mo-
[aeTcsl HanpsbkeHWe MUTaHUst Ha CTOKU M 3aTBOPbI MUK-
pocxembl. MY pabotaeT B nonoce yactot 57-63 M,
KoahpuLMeHT Wwyma cocTasnseT okono 4 ob, koaddw-
uneHT ycunexms okono 18 ab. Beixog MLUY BbinonHeH
KoakcmanbHbIM.

AHanornyHo BbInonHgeTca YM Ha MuKpocxeme
HMC-ABH241. Bxog YM — KoakcuanbHbI, BbIXOA - BOI-
HoBOAHbIN. KoadhdumumeHT yeuneHns — 23 ab: BbIxogHas
MOLLHOCTb — okono 100 mBT.

B MMM ucnonb3yeTcs BekTopHbI 1-Q npeobpasosa-
Tenb Yactotel HMC-MDB218, yto no3sonsieT peanuso-
BaTb ha3oBoOe MoAaBneHvne 3epkarnbHoro kaHana. lMpe-
obpasoBaTernto YacToTbl TpebyeTcsi reTepoanH Ha noro-
BWHHOW YacToTe.

MMM npegnonaraeTcsa Ucnonb3oBaTe B LMGPOBLIX
CMCTEMax CBSI3W C MHOMOMO3ULMOHHON ¢ha3oBON Moay-
nsauuen. Takne cucTeEMbl CBSI3WM NPEeObsiBNSIOT BbICOKNE
TpeboBaHuUst K has3oBbIM LYMaM reTepofuHa, KoTopble
OOMKHbI ObITb He xyxe —95 dBc/Hz @ 10 kHz. etepo-
OVWH BbINOMHEH Ha MOMEeBOM TpaH3ucTope [2] u CuHXpo-
HU3MpoBaH cxemor DAY, BbINOMHEHHOW Ha MarnoLly-
msweM cuHtesatope HMC704LP4E. OnopHbii curHan
ONs cuHTesaTopa CO3[4aeTcsi MaroLlyMsWMM KBapLie-
BbIM reHepaTopoM FE-102A, paGoTtatiowmm Ha 4actoTte
100 Mly, wmetowMm  basoBble LIYMbl HE Xyxe —
172 dBc/Hz @ 10 kHz. CnekTp curHana retepoguHa
npeactaeBneH Ha Pwuc.3. TletepoguH paboTtaetr Ha
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30,2Ty. M3 Puc.3 cnegyeT, 4to ypoBeHb (hasoBbIX
LIYMOB reTepoguHa npu oTcTporike oT Hecywen 1 kly n
10 kl'u coctaBngetr okono —95 dBc/Hz. CuHTesaTop
HMC704LP4E wmoxeT pabotatb B pexume ApobHOro
AerneHus, YTo NO3BOMAET MEHATb YacTOTy retepoanHa ¢
warom okono 100 Iu.
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Puc. 3. NsmepeHHbIl ciekmp gha308bIx WymMo8
eemepoduHa Ha Yacmome 30,2 'Ty.

Fig. 3. The phase noise spectrum of LO signal at 30.2
GHZz frequency

Ill. 3akno4yeHue

PaspaboTaHbl 1 nccnegoBaHbl ocHoBHble CBY yanbl
UMpPOBBIX CUCTEM CBA3M 5 MM AmanasoHa AfWH BOJH.
[aHHaa paspaboTka cTana BO3MOXHOW Onarogaps no-
SIBNEHWIO HA pbIHKE HEOOXO0AMMOro Habopa MOHOMUTHBIX
MUKpOCXeM B Auana3oHe 4vacTtoT 55-65 [Twu, a Takke
MarnoLwyMsiLIMX CUHTE3aTOPOB W TPaH3UCTOPHbLIX reHe-
paTopoB, paboTatowunx B guanasoHe 27-33 Tu.

Pa3paboTaHHble 3nemMeHTbl MO3BOMSIT co3daBaTb
uncpoBbie CUCTEMbI CBSAA3M CO CKOPOCTbI nNepeaayn
OaHHbIX nopsagka 1 6ut/cek. Bonbwoe nornolieHve B
aTMocdepe 3emMnu No3BonsieT Aenartb CKPbITHbIE NTMHWK
CBS13U HA3EMHOI0 UM KOCMUYECKOTO pa3MeLLeHUs.
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Abstract — The design principles and technology of fabrica-
tion of key elements of 5-mm band communication systems are
developed. 5-mm band LNA, power amplifiers, mixers and syn-
thesizers are developed and produced. The noise figure of LNA
is 4 dB, saturated power of power amplifier is 100 mW, the
phase noise of LO signal is —95 dBc/Hz @ 10 kHz.

I. Introduction

Currently there is the great interest to 5-mm band commu-
nication systems [1]. The main feature of 60 GHz frequency
band is high (15 dB/km) atmospheric absorption related to O,
molecular transitions. It is possible to develop secure space and
ground-based communication links. The possible front-end
chart of 5-mm band system is shown on Fig. 1.

The front-end consists of industrial monolithic 5-mm band
ICs: LNA - hmc-alh382, PA - hmc-abh241, mixer - hmc-mdb218
and synthesizer - hmc704Ip4. Low noise 100 MHz quartz FE-
102A oscillator was used as a clock reference.

Il. Main Part

LNA and PA are implemented with waveguide and coaxial
connectors. Quartz substrate transition from waveguide micro-
stripe was developed. Fig.2 shows LNA assembling and per-
formance of the transition.

The LNA, shown on Fig.2(A), consists of 3.6 x 1.8 mm wa-
veguide, transition, HMC-ALH382 monolithic IC and output
microstripe. The LNA frequency band is 57-63 GHz, gain is 18
dB, noise figure is 4 dB.

The same implementation is for PA. The PA had power
gain 23 dB, saturated output power is 100 mW.

The HMC-MDB218 I-Q sub-harmonic mixer as used. It was
possible to implement phase rejection of image frequency band.
The mixer was with coaxial input and output connectors. The
28-32 GHz frequency band local oscillator was developed to
pump the mixer.

The front-end has been developed for digital communica-
tion systems with PSK and QPSK modulation. The phase noise
of LO should be less than -95 dBc/Hz @ 10 kHz. The LO was
developed using FET and PLL circuit based on HMC704LP4E
synthesizer IC [2]. FE-102A quartz oscillator was used as refer-
ence. The signal frequency of FE-102A is equal to 100 MHz,
the noise is less than -172 dBc/Hz @ 10 kHz. The spectrum of
LO signal is shown on Fig.3. The LO frequency is 30.2 GHz; the
phase noise is less than -95 dBc/Hz @1 kHz, 10 kHz. The syn-
thesizer HMC704LP4E could perform fractional mode of opera-
tion with frequency step about 100 Hz

lll. Conclusion

Key components of 60 GHz communication front-end sys-
tems have been developed and investigated due to availability
of market 5-mm band monolithic IC’s and low noise LO at 27-33
frequency band.

The developed components could be used for implementa-
tion of 1 GB/sec secure communication links for space and
ground demands.
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