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MOJAEJIUPOBAHUE PAJIMOCUCTEMBI HA YACTOTE 130 I'TLI C
HUCITOJIb30BAHUEM QPSK MOAYJsALUN

Xpucrenko B. 1., leaxkoBHukoB b. M., Boiiuenko O. B. MoaenoBanns pagiocucremu Ha yactoti 130 I'riy
3 BukopuctanuaM QPSK momymsimii. Jocmimkena pamiocucrema Ha uwactoti 130 I'rm 3 monymsmiero QPSK i3
3aCTOCYBaHHIM IporpamHoro makery AWR, mpoaHaii3oBaHHi BIUIMB HEJIHIHHOCTI Ha CHEKTp curHairy. Ha ocHOBI
OTPUMAaHUX Pe3yJIbTaTiB BU3HAYEHI BUMOTH JI0 OKpeMUX (DYHKIIIOHAIEHHUX BY3JIIB.

Kniouosi cnosa: PAIIOCUCTEMA, MO YJIALIA QPSK, MOJEJIFOBAHHSA

Xpucrenko B. U., llearkouukoB b. H., boiiuenko O. B. MoaeaupoBanue paguocucreMbl Ha yactore 130
I'Tu ¢ ucnonbzoBanuem QPSK moayasuuu. Uccnenosana paguocucrema Ha yacrtore 130 [T ¢ momymsueit QPSK
¢ MPUMEHEHUEM MporpaMMHOro makera AWR, mpoaHalIn3upoBaHO BIWSHHE HEIMHCHHOCTH Ha CIIEKTp CWrHajga. Ha
OCHOBE TIOJIYYCHHBIX PE3YJIbTATOB OMpeIeliCHbl TPeOOBAHUSA K OTACIBHBIM (DYHKIIMOHAIBHBIM y3JIaM.

Kniouegwie cnosa: PAIINOCUCTEMA, MOAYJIALNA QPSK, MOJAEJIMPOBAHIME

Khrystenko V. 1., Shelkovnikov B. M., Boychenko O. V. Modeling of radio system at a frequency of 130
GHz using QPSK modulation. 130 GHz radio system with QPSK modulation using AWR software is studied;
influence of nonlinearity on signal spectrum is analyzed. Based on obtained results requirements for some functional
units are defined.
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IlocranoBka 3agauu. [lo Mepe pa3BuTus OOIIECTBA BO3HUKAIOT BCE HOBBIE W HOBBIE
TpeOOBaHUA K MPENOCTaBIISIEMbIM YCIyraM TeJIeKOMMYHHKAaMOHHBIX cucteM. Ecnu 10 yer Hazazg
MOOWJIbHBIN TeneoH CUUTAICA POCKOLIBIO, TO TEHEPbh 3TO HEOThEMJIEMas 4acTh COBPEMEHHOI'O
yenoBeka. CKOpPOCTH KOMIBIOTEPHBIX CETEH YBEIMYMBAIOTCS IO SKCIIOHEHIUAIbHOMY 3aKOHY.
Texnonorun MPLS/IP/Ethernet B OyayiieM 1mo3BoJiAT nepenaBath HU(POBbIE MOTOKU C PA3HBIMU
JaHHBIMU (T0JIOCOM, BMJIE0, AaHHBIE) co ckopocThio a0 100 I'6/c, TeM cambIM 3aBepiiast Tamn
MIOCTPOEHUS ceTeil HOBOTO MoKkoJeHHs. Takas TeHIeHIUs Hen30eKHO OTPa3uTCs U Ha CKOPOCTAX
OecrpoBOIHBIX CUCTEM. TeneBuIeHHE BHICOKOM U CBEPXBBICOKOM YETKOCTH TpeOyeT HU(ppoBO
kaHan 1.5 I'6/c u 6 I'6/c coOTBETCTBEHHO 0€3 CXEM CKaTusl, KOTOPbI€ MPUHIUIUAIBHO 3aMEJISIOT
CHUCTEMY, YTO B CBOIO O4YepelIb JeiaaeT HEeBO3MOKHBIM nepemady HDTV curnana B peanbHOM
BpeMmenu. [loatomy B OyaymeM MOHamoOSITCS OECTPOBOIHBIE CHCTEMBI C  IMPOIYCKHOM
CIOCOOHOCTBIO B HECKOJIbKO THUradutr 3a cekyHay. CyliecTBYIOIIMI 4YacTOTHBIA pecypc
NPUHIHUINAIBHO HE CHOCOOEH BBIMOJHUTH Takoe TpeOoBaHuEe. BBIXOIOM MOXKET CIyXHUTb
IpUMEHEeHHE 0oJiee BBICOKUX YacTOT C MPOCTHIMU CXeMaMM MoAayisuuu. Ha cerogHsmHuii 1eHb
TaKue CUCTeMBbI yxe cymecTBytoT [1...3]. B manapix pabotax mpumensuiack ASK Monynsius Ha
gactotax okojo 120 I'Tnu. XoTs maHHBIA Ouana3oH W HE JHUIEH3UPOBAH, OJHAKO B OymyIiem
npumeHenre ASK Monymsiuuu cienyeT CYMTaTh HEJAOCTAaTKOM, MOCKOJIbKY OHAa DHEPreTUYECKU U
crekTpaibHO He 3 dexTuBHa. bosiee apdexTuBHOMN cuntaercs dazopas moaymsius (QPSK).

B nmanHOl cTaThe TpHUBENCHBI PE3YNBTATHl MOJCIMPOBAHHUS OECIPOBOIHONW CHCTEMBI,
paboraromieit Ha yactote 130 I'T'y ¢ mpumenennem QPSK B mporpammuom nakere AWR. Taxoke
[IPOAHAJIU3UPOBAHO BIMSHUE HEJIMHEMHOCTEM YCHUIIUTENs Ha MOKa3aTelld CHUCTEMBbI, IPOU3BEICHO
cpaBuenue QPSK, BPSK u QAM-16 moxymnsiuii.

CrpykTypa M (pyHKUMOHUpPOBaHHe cucTeMbl. Cxema cucreMbl u3obOpaxena Ha puc.l. Ha
CXeMe NepeJaTuuK COCTOUT U3 CIEAYIONNX (PYHKIIMOHAIBHBIX Y3JI0B!

Digital Data — renepaTtop ciy4allHbIX JaHHBIX Ha ckopoctu 11°6/c.

Coder — cBepTOYHBII KOJEP CO CKOPOCTHIO KOJAUPOBAHUS V5.

QPSK Transmitter — mukpocxema monymnstopa QPSK (B mensx cpaBHEHHMS 3[€Ch TaKxke
npencrasiedsl BPSK u QAM-16 wmonynstopel). Ha Beixome MoaynsTopa mOJIy4daeTcs
MaHUITyJIMPOBAHHBIN curHai ¢ Hecynieil yactoroir 130 I'T'n (cuHTE3aTOpPBI U CMECUTENN BXOJST B
COCTaB MUKPOCXEMBI).
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QPSK 130GHz System

PEASE s sWEEN(: ERREACTZ2Z)

Bmplitude Values Grinets 18

T TP
1P2H= 100 8m 10 imp

LECLL
HOEE-On LI

r
apEK T
) ™

H  ouTivLe-1s In=T

O LVLTYP=um. Poer (B

™ ©HY_ENC
L=blgh  heie
B

"z

SYNRATE:
[CTRY AG= 1 GHT
Raised Cosire

Kat
COBEU- P TN AT
FUKC- FLETYR- Rtz
|4 LPHA-D3E
PLELK-

P UNG T Ptk i s {Depurvchas)
PUNGORDBy code LEChes

Phase compensator

HEMT

Digital data Coder QPSK Transmitter
1Ghis data rate
130 GHz

TR
I=crorcel

1

e ]
In=DigRa: WIT_pED

Digital data % @

FAT=
PRAKP-Autle

AWGN Channel

™ ™ Coherent Receiver
Decoder

Puc.1. Mopens panuocucrems! Ha yactore 130 I'T'n ¢ npumenernem QPSK mMonxymsuuu

Bun nonmydenHoro curhana u3oOpakeH Ha
puc. 2. /i criia)xuBaHus BBIXOJHOTO CUTHAJIA B 26005
MOJYJIATOpPE  HCHONb30Bajcs  GuiapTp ¢
“npunoaHsaTon” Kocunycouaou c r = 0,35.

HEMT - nuneidnslii ycunurens. B AWR
YCHUIIUTEND MOJXET MOJICTTUPOBATHCS C 0
IIPUMEHEHHUEM TPEX PA3IU4HbIX Moxenen: Large
Signal Polynomial, Small Signal Polynomial, AM-
to-AM wmognens [5]. IlepBbie ABE YUTHIBAIOT
HEOJHOPOJIHOCTh YCUJIEHUSI BO BCEH YaCTOTHOM . © " "
o0jacTu M ydTe€Ha HEIMHEWHOCTh YCHIJIMTEJIS. Time (ns)

TpeTpsi MOJENb SBISETCS 4aCTOTOHE3aBUCHMOU Puc. 2. I'nas muarpamma QPSK curnana na Bexoze
U IPEJICTaBIIsIET COO0N 3aBUCUMOCTb aMILTUTY/IbI MORYILITODa

BBIXOJJHOTO CHUTHaja OT YPOBHS BXOJHOTO
CUTHAJIa C BHECEHHBIMU ()a30BBIMU CIABUTAMH.

B nannoii pabote ObUIM MCHOJIB30BAaHBI BCE . : S P
TpU MOJIeNu. [l 4acTOTOHE3aBUCUMBIX MOJIEIEH ] ]
ucnoJsib3oBanach  Mmonaenb  ycunurens  GaAs ' | /
HEMT wu3 [1]. Tlosromy, mokazatens Pldb g
npunat paBueiM 10 abm.  Koaddumnuent _P“(HBM}; — /
yCHTeHHST OBUT BBIOpaH paBHBIM 16 1B (m3 % %© T «© 3 e
napamerpoB ycumutens gupmst HITTITE HMC- | | | |
AUH320).

PaccunTannbiii BUJ aAMIUTUTYJHON
XapakTepUCTUKH Hu300paxkeH Ha puc. 3. s
pacdeta  MUHHMMAJIBHOTO  YPOBHS  CHIHaja ‘
ycunutens (U COOTBETCTBEHHO YpPOBEHb IIYMOB — ——
YCHJIMTENISI) MCIOJIb30Baach popmyna u3 [4]:

N=k-T-NF-AF (1) r | ]
rae N — TemnoBOM mym yewnwrens, kK - S
nocrossHHas bosbrMana, 7 — aOcosrorHas — Puc. 3. AMIUMTYIHAs XapaKTepUCTUKA YCUIIUTENs
temneparypa (7=273+15 K), NF — ko3 Punment
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uryma (mpuHAT paBHbIM 7 1b), AF — mosoca, 3aHuMaemasi curaajiom (mpumem pasHoil 2I'T'1 quis
notoka 1I'6/c ¢ FEC 1/2). [loactasnsis Bce 3HaueHus B popmyiy (1), monydaem Pexuw=N=—72 nbwm.
Phase Compensator —  KoMmImeHcaTop

(a30BbIX HCKaXEHUI, BHECEHHBIX YCHJIUTEIIEM. 00001 Ly Wl el Ay Quont
®azomanunynupoBanHbiii curan QPSK mocre
nepenaTunka uzodpaxeH Ha puc. 4. Ha Bbixoze
neperaTyvKa pasMeraeTcss QUIbTp, XapaKTepHc-
THKa KOTOPOTO M COOTBETCTBYIOIIME YPOBHH
CUTHaJIa JI0 ¥ [IOCJIe HEro n300pakeHbl Ha puc. 5. 0
Ha »toM e pucyHke H300pa’ke€H CHEKTp MpH
O0OJBIIOM  BXOJHOM  ypOBHE CHUTHajlla Ha
ycunutenb. Ha  1aHHOM — pUCYHKE  MOXHO

5e-005

-5¢-005

HaONIOAaTh BIUSHUE HETMHEWHOCTH YCHIIUTEIIS. 7 ST AL LI
0.0001
Kanan nepecaadun JaHHBIX IMpEaACTaBJICH 0 5 n 6 g 10
Mogenbio Oenoro myma (AWGN). B atom Gioke Tirme (ns)
YCTaHABIIMBACTCS CPEJHEE 3HAUYCHUE CyMMapHOM Puc.4. I'nas qnarpamma QPSK curnana
MOIITHOCTH IITyMa BO BCEM JHMAamna3oHe YacToOT IO Ha BBIXOAC HIEPCAAT KA
dbopmyme: P =K-T -AF, (2)

rae Ty, - IIymMoBas TeMIepaTypa 4eThIPEXIIONIOCHHKA (B JAHHOM Cllydae Cpefia epejaun).
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Puc.5. Xapakrepucruka GpuibTpa nepeaaTinka

-150

Ha puc. 5 cneBa moxkaszaHbl COOTBETCTBYIOIIME YpPOBHU cHTHaNa 10 ycwiurtens (before
amplifier), mocne Hero (after amplifier) u nocne ¢punbrpa (after filter). CipaBa Ha puc. 5 npuBeeHbI
KayeCTBEHHbIE [T0Ka3aTeau NPUEMHHUKA.
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38-007 QPSK System
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Received Constellation Received Constellation

05 1

IQ(TP.RX,100,1,0,0,0,0)

QPSK System IQ(TP.RX,100,1,0,0,0,0)
: - ) 05 1 QPSK System

= T 1 2

Puc.7. ®azoBoe npocrpancteo QPSK Puc.8. ®azoBoe npoctpancteo QPSK

ITocne AWGN kaHana cursHan npuHUMaeTcss Ha KorepeHTHBIH nemoxaynsartop (Coherent
Receiver) u nexonep (Decoder). Bun npunstoit nnpopmanmu nzodpaxeH Ha puc. 9. B 3toit xe
CXeM€ MOJKHO CPaBHUTH IOJIOCHI PA3IUYHBIX BUIOB Moayisnuu (puc.10), BKItouas moodepesHo
COOTBETCTBYIOIINE MOYJIATOPHI.
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Puc.9. Ipunsras uadopmarus Puc.10. ITomockl 4acToT AJs pa3aIUYHbIX BUOB
MOIYJISIUN

Binusinue HenmMHEMHOCTEN MOJIENIE YCUITUTENE aHATTM3UPYIOTCS TPU IMTOMOIIM CXEMBbI Ha
puc. 11 npu Bo3aecTBUN HAa BXOJE 2 TOHOB, COCPEAOTOYEHHBIX BOKPYT yacTtoThl 130 I'T.
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Puc.11. Cxema jy1a aHanmu3a BIUSHUS HETMHEMHOCTEN yCUIIUTENEH
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[Ipy aHanu3e nBe MOJAENIHM YCHWIMTENEH BKIIOYAINCh MMOOYEpPENHO. Pe3ynpTarhl aHanusa B
JUHEIHOM M HEJIMHEMHOM pexuMme H300pakeHbl Ha puc. 12 u 13 nmpu OAMHAKOBBIX YPOBHSX
BxoaHoro curgama —20 dBm.

Spectrum Spectrum
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Puc.12. AHanu3 MOZeTu YCHITUTENS IUTs OOJIBILIOrO YPOBHS CHTHANA
B JTMHEHHOM (CJIeBa) M HEIMHCHHOM (CIIpaBa) peXKUMe
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Puc.13. AHanu3 MoJienu yCUJIUTENS ISl Majioro YpOBHS CUTHAJa
B JTUHEHHOM (CJIeBa) M HEIMHEWHOM (CIIpaBa) perKUMe

MomntHocTH rapMmOHMK B 3aBHCH-
QOutput Power
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Hns wm3mepenuss mnokaszatenss BER
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peanu3oBaHbl (WX ~ MOTYT  OBITh
peain3oBaHbl B Oykaiilliee BpeMs) Ha
CYILLECTBYIOIIEH 3JIEMEHTHOU Oaze:
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3aBHCHMOCTH OT YPOBHSI BXO/IHOTO CHTHaja MO/ICIIHPOBAHHSL MOTYT GLITE

HCITIOJIB30BAaHbI JJIA IMPOCKTUPOBAHUA
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OTIENbHBIX (YHKIHMOHAIBHBIX Y3J0B (CMEcCUTENeH, ycuiauTelnel, aHTeHH, cymMmaTopoB). B
clieAylomux paboTax IUIAHUPYETCS IPOU3BECTH MOJCIUPOBAHUE TOJOOHOM CHUCTEMBI C
MIPUMEHEHHEM CYILLECTBYIOLIEH JIEMEHTHOH 0a3bl.

Comparison BER vs. SNR System BER vs SNR
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Puc.15. Cxema s uamepenus nokasarens BER Puc.16. Pesynpratel n3mepenuss BER

3akaoyenue. MojenMpoBaHUE TEIEKOMMYHUKAIMOHHBIX YCTPOICTB C MNPUMEHEHHEM
IIPOTPAMMHBIX CPEICTB Ha CETONHSAIIHWN JEHb SBIIAETCS BAXXHOM 3aJadel, IOCKOJIBKY JaroT
BO3MO’KHOCTh HarJIJIHO CTPOUThH TpeOyeMble CTPYKTYphI, a TAKK€ MPEeayCMaTPUBATh 0KHJIa€Mble
pe3yabpTaThl, OCIIE YEr0 BO3ZMOYKHA YCIEIIHAs pealn3alus yCTPOICTB Ha MPaKTUKE.

B pabote 6p1a moctpoena cxema paguocucteMbl Ha yactore 130 [T ¢ mpumenennem QPSK
Moaynauuu. Ha 0OCHOBE MOJTy4eHHBIX PE3yJIbTaTOB MOKHO MPEABABIATH TPEOOBAHUS K OTAEIbHBIM
(GyHKUMOHAIBHBIM y37aM. HarnsgHo mnpoaHaiau3upoBaHO BIMSHHE HEJIWHEHHOCTH Ha CIEKTP
CUTHAJla, CpPaBHEHBl II0JIOCHI CHUTHAJIOB pAa3jMYHBIX BUIOB MOMIYJALUH, MPOAHAIU3UPOBAHO
nokasarenb BER g paauocuctemsl, paboTatomieit Ha yacrorax okoio 130 I'T'n. B nannoit pabote
He ObUIM TMPUHATHL BO BHHUMAaHHE IIyMbl TIeTEpOJMHA U CMECUTENEH, a OTACJbHBIE
(GyHKLIMOHaIbHBIE Y3JIbI OBUIM HJEalbHO coryiacoBaHbl. CrucremMa MOJenupoBanach 0e3 aHTEHHBI,
MO3TOMY IOKa3zarenu 3aryxaHuss B kaHaie AWGN cneayer cuutaTh HETOYHBIMU M TpeOyroT
JOTIOJIHUTENILHOTO aHanu3a. Ha mpaktuke ycunutenu, pabortatomme Ha yactote 130 IT,
CYIIECTBYIOT TOJBKO B  JabopaTopusix KpymHEHIIMI  Kopropauuii U opraHu3auui
TEJIEKOMMYHUKALMOHHBIX YCIYT M KOMMEpUYECKH He npous3BoisaTcs. Iloaromy Ha naHHOM 3Tame
NaHHasi paboTa HOCUT TEOPETUYECKUI XapaKTep.
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