BunonapHble CBY-TpaH3ucTopbI

OAHUM 13 NepCrneKTUBHBIX HanpageneHui No yNyULeHUo NapameTpos BUNONAPHbIX TPaH3UCTOPOR
SBNAETCH 3aMeHa 3MUTTEPHOro p-N-Nepexoaa Ha reteponepexod

Tunosas cTpykTypa FBTHa ocHoBe SiGe

obennennas obnacts
IMHTTEP Gasa \ KO/ICKTOp

Mepmanuit MMEeT WUPMHY 3anpeleHHon
3E0Hb1l 15960 B63B, a KpemHwit — LWMpUHY
g_.

n-Si n-Si

TexHonorna SiGe-TpaH3ucTopoe
no3gonaer NONYYUTL cneayllme
napamerpbl. nermpylou.me Kouuem?auun
amuTTepa - 10%°¢ Dasbl —
Konnekropa - 102’°cm~3. rpaumuue
yactoTel Ao 300 My
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30HHaA Anarpamma KpeMHUeBoro BYNONAPHOrO TPaH3UCTOPa C FeTeponepexoaom
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BunonapHbie CBY-TpaH3ncTopbI

Tunosas cTpykTypa BT Ha ocHoBe GaAs

Suummepreil kowmakm

Basa, p* GaAs
Konnekmop, n-GaAs

Konnexmopreil
/ KOHMaxm

Konnexmopusid
KOMmMaxKxm \

Tunoean CTpyKTypa BMNONAPHOrO TPAH3UCTOPL! C SMUTTEPHbIM
rereponepexoiom Ha ocHoee apcenuia rannua NeT Ha GaAs

SDauTTep-0aza AE . 3B AE 2B AE,, aB
Al ;Ga, -As'GaAs 0,24 0,13 0,37
In; :Ga, :P'GaAs 0,19 0,29 0,48
InP/ In; £3Gay 4-As 0,25 0,34 0,59

WwpnHa 3anpeLweHHon 30Hbl
nonynpoeogumxoaoro coeanHenna AlGaAs B
3MuTTepe Oonble, yem GaAs B 0aze Ha
BENUUMHY AEg=0373B. B cnyyae
ncnone3oBanma Alg:Gag;AS paspble 30HbI
npoBoAMMOCTM  coctaenaer AEc=0.243B,
paspeIB BaneHTHOM 30HbI AEV=0 1338

B nocnegHue rogel B HBT-TpaH3ucTopax
CTany akTMBHO WCNONL30BATLCA HOBbIE
nonynposoAHUKOBLIE COSAMHEHNA rpyNnbI
A’B® B amutTepe - InGaP. AllnAs. InP n
Th, B Basze (n konnektope) — InGaAs.
Paspabomymm  npu  3TOM  CTPEMATCA
COKPaTUTL  paspbie  rPaHUUbl  30HbI
NPOBOAMMOCTY W OAHOBPEMEHHO YBENWYMTb
pa3pbie  rpaHvubl BaneHTHOM 30Hbl B
nepexoge amuTTep — Hasa AnA ynydweHua
YACTOTHbIX (& C HUMK — U HAOEKHOCTHBLIX) K
SHEPreTUYECKUX XapakTepucTuk (tadn).
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bunonsapHblie CBY-TpaH3UCTOpPBDI

BuUnonsipHble TPaH3MCTOPbI C reTeponepexogamMmm Ha coeuHeHuax ¢ gocpunaom uHaunsa InP

Ewe Oonee ynyywaeT 4acTOTHbIE XapakTepucTMki NpuOopoB NpumeHeHve docduaa MHanA. 3TOT Matepuan
rpynnbl A;B; obGnagaer cxoaHbiMn ¢ GaAs WWPWMHOM 3anpelleHHon 30Hbl Eg= 135 3B W NOABMMKHOCTBIO
3NEKTPOHOB M= 4500 cm/(Bc) Y InP-konnektopa, no cpaeHeHnio ¢ InGaAs, Bolwe Hanpaxenne npoboa (He
nmeHee 6 B), nockonbKy 3anpeuleHHan 30Ha B InP wupe, yem e InGaAs (1,35 3B npotue 0,75 3B).

Pasnoobpasue pasnuyHbiX CTPYKTYP Ha ocHoee InP eeckia senuko. Cam TepmuH “InP-TpaH3ncTop” o3Havaer, uto
CTPYKTYpa BblpalleHa Ha nonymsonupylowet InP- noanokke 1 KONNeKTop Takke co3naHd M3 nermpoeaxHoro InP
(puc). Pa3HooOpasHbl M KOMOMHaumM MaTepuanoB CNoee TpaHaucTopa, Hawbonee 4acto WCNOoNb3yKTCA
coyetana tuna InAlAs/InGaAs/InP v InP/InGaAs/InP, oaHako BO3MOMHbI U CTPYKTYpbl TMNa AlinP/INP. Bonee
TOro, InP-Tpan3ncTopamy MOryT Hassieats W CTPYKTYpbl TMna INAIAs/INGaAs, BoipalleHHsle Ha INP-noanoskke.
InP-TpaHancTopel  oBnagawT NOMCTMHE BLIAAKWMMWCA YacTOTHbIMM  XapakTepuckamu. Tak, 8 HRL
Microelectronics Laboratory 8 2003 rogy nonyyeub! INAIAS/INGaAs/InP SHBT u DHBT (puc.) C rpaHnyHbiMm
yactotamu 250 n 230 My, cooTBeTcTBeHHO (UKa =1 B, k= 10 MA). lNpu 3TOM HanpaxKeHrna npoboa cocTaemnm 3.1
M 45 B OcoOeHHOCTLD nNpubopoe ABWNOCL (OPMMPOBAHWE JONONHUTENLHOTO BbICOKONEMMPOBaHHOMO
cybronnekTopHoro n+-InP cnoa. B aekabpe 2004 roga wccnepoeateny 3Tow komnawum coodbuwwnu o DHBT-
cTpykType ¢ f~= 370 I'Ty npw ToKe KonnekTopa 6 MA 1 NpobueHoM HanpaxkeHun 1.6 B.

AlaAS JAToD Bonslwme nepcnexTueb! MccnesoraTenyt CBA3LIBAINT CO
CcTpyKTYpamu tnna InP/GaAsSb /InP.

InGaAs 6asa
InP §nGoAs | xomnocrop
N+ cybronnscrop Mpumep InP DHBT-TpansucTopa (AllnAs / InGaAs / InP) ¢
CYOKONNEKTOPHBIM cnoen. Konnektop — YeTbipexcnoliHas
Nonyraonmpyoucs InPnognowxa InP-cTpyKTypa
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NMonesble CBY-TpaH3ncTopbl ¢ 6apbepom LLIOTTKM

Moneeble TPaH3UCTOPbI C yNPaBnAKLLMM NePeXoA0M METaNN-NONYNPOBOAHUK NOMYYUIK
Hanbonbluee pacnpocTpaHeHne Npyu NPON3BOACTBE MHTErpanbHbIX CXeM Ha OCHOBE apceHiaa
rannus. Apcerua-rannmesble MUKPOCXeMbl UMEIOT BbiCOKoe BbICTpoaeicTBMe U MoryT paboTaTs B
06nacTn CBepXBbICOKUX YacToT.

GaAs-nonesow TpaH3ucTopc 6apbepom LOTTKK

KoHcTpykuma rolHoro CBY GaAs noneeoro TpaHancropa ¢
3aTEOpOM B Buae Dapbepa WoTTkm
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Monesble CBY-TpaH3ncTopbl ¢ 6apbepom LLIOTTKM

GaN-noneBow TpaH3UCTOPC reTeponepexoaom

OnHo 13 Haubonee akTMBHO OCBaMBaeMbIX CETOAHA HanpaBnenui CBY-anekTpoHMin — MOlHbIe NpuGOopL! Ha OCHoBe
NONYNPOBOAHMKOBLIX MATEPMANoB C LUMPOKOM 3anpelieHHor 30HON. LLUMpOKaA 3anpelieHHas 30Ha — 3710 Donblune
3HaYeHUA NPODMBHOTO M PabOYEro HanpPAKeHWA, BbiCOKaa paboyan Temnepatypa nepexoaa B retepocTpykTypax oHa

0DeCcnequBaeT 3HaYUTENbHLIN Pa3pblie rPaHML 30HbI NPOBOANMMOCTI. OQHAKO CEerofHA akTMBHO pa3eMBalOTCA BCero Aea
LUMPOKO-30HHBLIX NONYNPOBOAHVKOBLIX MaTepuana — kapoua KpeMHUA U HUTPUA rannuna.

MaKCusaresan MoLpocmb, Bm

: 7 T T Cancbup (A1,04(0001)), SIC. Si, GaN, AIN T
Wemoma, Iy |
3aBUCHMMOCTb MaKCUMaNbHOWM MOLHOCTY OT 5
4acToThl ANA NPUOOPOR. Ha OCHOBE 3aBMCUMOCTL MaKCMMAaNbHOM MOLLHOCTM OTHACTOTbI ANA
pasnUUHLIX NONYNPOBOAHWMKOBLIX MaTEpUanoB NPUOOPOB Ha OCHOBE Pa3NWYHbIX NONYNPOBOAHUKOBBIX
Mmarepunanos

B noneebix TpaH3NCTopax ¢ reTeponepexoaomM OCHOBHLIM 3NEMEHTOM ABNAEGTCA 00NacTe ABYMEPHOro 3NEKTPOHHOrO rasa
(2D). nokanusoeanHaa B O3 reteponepexoga mexay dapbepHelM cnoem Al,Ga, N u HenernposaxHsiM cnoem GaN,
ABNALMMCA KaHANLHLIM CNOEM NONEBOro TpaH3ucTopa. MNoABKKHOCTL 3NeKTPoHo. e 2D-cnoe coctaenaer 2000cu2/Be.
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MOHONUTHbIE UHTErpanbHble cxembl ¢ CBH-nonesbiMu TpaH3UCTOpPamu

B obnactu guana3oHoB 4acToT OT e4AuHUL A0 COTeH rurarepy ¥ MOLWHOCTEN OT MUNNMBATT 40 COTEH
BaTT MCMONb3YKTCR paszHoobpasHbie MonynpoBOAHWKOBbIE TexHonormn u matepuansi. OCHOBHble
TUMNbl TPaH3WUCTOPOEB B 3TOW obnacTn — 3TO TpaguUWOHHbIE nonesble W BunonspHble npubopbl,
noneeble TpaHucTopsbl ¢ 3ateopom WoTtTkm (MESFET), noneebie TpaH3nCTOpbl € reTeponepexoaom
(HFET, onun e HEMT), a Tawke dunonspHble TpaH3ucTopbl ¢ rereponepexogom (HBT). C Touku
3peHUs NonynpoBOAHVKOBbIX MaTepuanos, Ha poiHke CBY-anexkTpoHuim BespaszgenbHo JOMUHNPYIOT
GaAs-npubopbl. Mpuyem korga ceroaHsa roeopsat © GaAs, umMewT B BUAY nNpexae BCero
rerepocTpykTypbl — AlGaAs/GaAs, InGaAs/GaAs 1 1.4 — 1 co3faHHble Ha ux Base TpaH3ucTopbl,
BunonspHble (HBT)u nonesbie ¢ 6apbepom WoTTikn (HEMT).

He cowen c apexbl 1 "cTapbin 4obpbi" KpemHUi, B Huwe coToBbiX TenedoHoB Npubopbl Ha oCHOBe
aToro matepuana savumarot nopsaka 20% poiHka. Obnagas npuemnemMbiMU XapakrepucTukamm B
obnactu guanasonos 4actoT go 3 My (¢ TeraeHuwen pacwwmpenna ao 10 My), kpemHueBble
TpaHauctopbl (Bunonsaprble, MOIM, Bu-KMOI) paseueawTca Becbma MHTeRcuBHO. Mopsaka 10 net
Hasaj HavaM WHTEHCUMBHC NPOrpeccupoBaTb W CerogHA BecbMa pacnpocTpaHeHbl SiGe-
TexHonorun, npexae Bcero - SiGe HBT u  Bu-KMOMM-TpaH3UCTOPOB, KOTOPbIE MOXHO
paccmMmarpuBartb Kak passuTtve Si-TeXHONOri.

Ha coKe 3TMX AOMUMHUPYIOLMX CEroAHs TEeXHONOMII pas3BUBAKTCA Hanpaenexus, KoTopbie,
BO3MOXHO, ByayT urpaTh BarkHenLWyo ponb B CBY-anekTpoHuke 3aeTpa. MNpexae Bcero, peyb MAET ©
chocchbnage MHANR M TBEPAbIX pacTeopax Ha ero ocHose (AlInP). B nocnegxue rogel Habnogaercs
HeobblyaliHo BypHOe pasenTHe LUMPOKO3OHHbIX MaTepuanos — rpynnsl llI-kutpuaocs, npexae scero —
GaN, a Tarke npnbopos Ha ocHoee kapbuga rpemHns SiC. MNosenaeTcs sce Gonblue cooblleHuit o
TPaH3nUCTOpax Ha OCHOBE 3K3OTUYECKUX noka matepwanoe InAs, AISb u InSb, cynswmx

cBepxObiCTpoaencTBUE NPU MUHUMANBHOM 3HepronoTpebnesuu.
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MOHONUTHbIE MHTEerpanbHble cxembl ¢ CBY-noneBbiMU TPaH3UCTOpPaMU

KpemHueBble LDMOS-TpaH3ucTopbl

B obnact mowHbIX KpemMHueebix CBY-TpaHancTopos nuanpyloT Nnpuoopsl, npouseeaexHsle no Texkonorm LDMOS
(MON c¢ Ookoeon anddpysueit) (puc) [MpuHUNUansHoe ee oTnMyMe OT TpaauunoHHon MO[M-TexHonomm —

HeCMMMETPUYHAA CTPYKTYpa TpaH3ucTopa.
Koxmakm cmoka (deolHas memannu3ayus)

basoeaa cTpyktypa mowHoro CBY Ml noneeoro TpaH3ucTopa,
co3nadHoro no Texsonorun MOTIT ¢ 6okoeon anddysnen

Ewe B 2000 roay komnauua Motorola npeacraemna
LDMOS-TpaH3ucTop ¢ anuHon 3ateopa 0.6 MKM,
TONWWHOM NOA3ATBOPHOIO okmMcna 40 HM M
NPOGUMBHLIM HanNpAXEeHMeM WUCTOK-Noanoxka 65 B
MNpu cymmapHoi wupuHe 3ateopa 480 wmm
TPaAH3UCTOP paboTan C BbIXOAHON MOLUHOCTLIO 220
Br Ha vactote 2.12 Ty npy padoyen HanpAXeHum
28 B, nemoHcTpupya KN 46%.

TunuyHewt coepemenHbit LDMOS-Tpausuctop -
npubop SLD-2083CZ KOMNaHun Sirenza
Microdevices. OH npegHa3sdayed Ana pabdoTel B
aunanasoxe 300-2200 My ¢ ycunenmnenm 18 ab u
BbIXOAHOM MOLUHOCTBIO 10 B
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: MNonesble TpaH3UCTOPbI C BbICOKOM noABUXHOCTbHO 3/1IEKTPOHOB B KaHa/1€

(HEMT TpaH3ucTopbl)

B aWrnossbiyHOM TepMuHonormu Aana  obosHadeHus GaAs noneebiX TPaH3UCTOPOB C
reteponepexcaoMm W ynpaensalowum 3ateopoM B Buge Oapbepa LWoTTiM npumeHseTcs
abbpeevarypa HEMT (High Electron Mobility Transistors). MNepsas mogudwukaums noneebix
TPaH3NUCTOPOB C BbICOKOW MOABWKHOCTbIO 2D 3neKTpoHOB B KaHane Obina peanusoBaHa Ha
reteponepexoge p-GaAs-n-AlGaAs € NOCTOAHHBIMU KPUCTANNIMUECKNX PELUETOK <a45:4:s>=5,68A
M <ag,.>=5,65A.

30 | l
npamosonnsii | 00K
HENPAMO30HHBIH
m Pt T
(]
&
k \
LnprHa 3anpeLLeHHOn 30HbI U
nepuoa KpUCTaNnNUYeCcKon peLleTki
\ ; ANA HEeKOTOPbIX TEEPAbIX PACTBOPOB
- InSb TunaABY
6.2 6,4 6,6
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Monesbie TpaH3UCTOpPbI C BbICOKOM noABUXHOCTbIO 3/1EKTPOHOB B KaHae
(HEMT TpaH3uctopsbl)

Matepuan Ans kaHanbHOro CNoA BbIOUPAIOT M3HaYaNbHO C BbICOKOWN NOABMKHOCTBIO 3NEKTPOHOB.
Tak kak karanbHbll cnoit HEMT-TpaH3ucTopoB He NerpoBaH, B HeM paccesHue 3NeKTPOHHOro

rasa Ha npuMecHblX UeHTpax W AUCNOoKaUWAX pelweTkn MUHWManbHbl, COOTBETCTBEHHO
NOABUKHOCTb 3MEKTPOHOB OCTAETCA TAKOW K& BbICOKOW, KaK B obbvemHoM maTepuane.

e memneamesior ]

—————————-L— ————————-—-:’

Ev

CNQDEG/

Tunwnynaa ctpyktypa GaAs MTW v ero 3oHHaA guarpamma
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MoneBble TPAH3UCTOPbI C BbICOKOW MOABUMKHOCTbIO 3/1EKTPOHOB B KaHane
(HEMT TpaH3ucTopbl)

HEMT-TpaH3ncTopbl, Yy KOTOpbIX rereponepexocd obpasoBaH maTepuanamu € CyLecTBEeHHO
pPasnMyHbiMKU NOCTORHHbIMKU pelwetkn <a> (AlGaAs/InGaAs, InGaAs/InAlAs, InGaP/InGaAs)

NoNyYMnn Hassaxue NceBaoMOPMHbIX TPAH3UCTOPOB C BbICOKOW NOABWKHOCTBIO 3NMEKTPOHOB B
kasane (p-HEMT).

Jleasta-caoii n*-Si, ng = 6:10'2 cm?

Bepxuii caoi, 610" cu P-HEMT-TpaHancTopbl 3@ CYET YBENUYEeHUA
n+-GaAs (450 A) paspbiea Mexay rpalvuamu 30H NPOBOAUMOCTM U
P Sonbwmmu 3HaAYEHMAMM NOABUXKHOCTM
0 OTTKH,

nenernposanmsili AlGaAs (300 A) 3NEeKTPOHOB B KaHanbHoMm cnoe obnagawr no
" cpaeHenmnio ¢ HEMT-TpaHaucTopamu kak Sonee
Cuelicepniit caofl, nenernposanusit AlGaAs (30A) BbICOKMM NpPOOMBHBIM HanpskeHuem (cebiwe 12
Kanansusift ciofl, B). Tak n Gonee BbicokMMM pabounmu YacToTamu.
nenersposannsiii InGaAs (140 A) Opvum u3 nupgepoe B passutum  p-HEMT-
~ TPaH3UCTOPOB BbICTynaeT komnauna TriQuint
Henernposaniifi AlGaAs (1000 A) Semiconductor. MakcumaneHblii TOK KaHana
Bydepusiii cioit, TpaHauctopa coctaenser 680mA/MM  npu
senernposanibiii GaAs (5000 A) HanmpskeHuM npoBos 13B, rpaHuuHOl YacToTe
52Ty wn koacbhuyMeHTe noNesHoro AencTens

Monyusonupyrouas noanoxxa GaAs 40%.

|

Crpykrypa ncesaomopcHoro p-HEMT TpanancTopa @
AlGaAs/InGaAs/GaAs ; M Y S h dre d1 1



Obnactn npumeHeHUa TeepaoTenbHbIX CBY-npubopos

B aAunana3zoHax yactor ao 2 Ty ocHoeHow noTtpeduTtens CBY-KOMNOHEHTOR (NAaccuBHLIX, Tpax3ancTopoe n CBY
MWC) - cucTemMbI COTOBOW CBA3N.

NoBuHaa gonAa  Bcex nNpubOpPOR  rPaXAaHCKOrO  HasHaYeHuA
npegHasHayena ana avanasoHoB 0.8-19 (cotoBaa ceasb) 2.4 n 5-6
[Ty (DecnpoBogHble nOKanbHble W MNEepCcoHanbHbIE CETW nepeaauun
nHdopmMayui) B Onuxanwee Bpema cneayer oxuaaTe BCnnecka
MHTepeca K auanasoHam or 3 ao 11 [Ty, uTO CBA3aHO C nNNaHamu
CO30aHMA PeVOoHanbHbIX M NOKaNnbHbIX DECNPOBOAHBIX CETEN nepesayun
nHgopmauvm ctangapta IEEE 802 16-2004 (WIMAX).

Bewnwe rb;;.‘"
Aaeosann »

OBnacti npuMeHeHnA TeepaoTenbHbix CBY-
KOMNOHEHTOR MOLUHOCTBIO CBblwwe 20 Br

Cpean OCHOBHLIX KOMMepdeckux obnacten npuieneHna CBY-npnbopoe MUANUMMETPOBOrO AvanasoHa npexae ecero
OTMETUM TaK HasbleaemMble CUCTeMbl COTOBOro Tenesuaenua — LMDS/ MVDS (Local Multipoint Distribution Service
/Multipoint Video Distribution Systems) — amepvkaHcKaa / eBponefickaa cucTembl, padoTawume B amanasonax 27-31 w
405-42 5 Ty, COOTBETCTBEHHO.

He meHee 3Haymman 0tnacTs MacCoBOro KOMMEPYECKOro npumMeHerna CBY-npubopo. — CUCTEMBI CNYTHUKOBOW CBAM,
npexae ecero — obopyaoeaHue HaleMHbIX CTaHUMin anctem VSAT (CNYTHUKOBLIX CUCTEM CBA3N C MAaNon anepTypon —
Te. C OTHOCUTENBHO Y3KOHANPAaBNEHHbIM NYYOM).

MHOroe CynuT Takom OTHOCMTENbHO HOBbI certeHT CBY-pbiHKa, Kak uvdpoeoe paguosewanue (DAB). MNoaobHble
CMCTEeMbl Pa3BepPTLIBATCA B AnanasoHax 6-42 [Ty, npuyenm ananasod cebiwe 12 My 3aHumawT 80% Bcex DAB-
YCTPOWCTE.

Eule ogHa maccoean obnacte npumeHesna CBY-KOMNOHEHTOR — 3TO ABTOMOBMNEHLIE pajapb! PasnMYHOro HasHaueHna
{panapsb! faneHero  Oencreva ana cucTem ABTOMATUYECKOro KOHTpONA Kypca. CUCTEeMb!
npeaynpexXaeHna/npeaoTBpalleHna CTONKHOBEHUI, a TaKkke pajapbl OnukHero AecTena an BOrO W 3agHero
ob3opa) Paboyne auanasoHbl NogoBHbIX CUCTEM pa3nuuHbli—19. 24 60 77 My, %OMY h a red



