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GaAs MUC nuckpeTHbIX HIMPOKONOJIOCHBIX
(pa3ocTaOMIBHBIX ATTEHIOATOPOB: NIPUMEPbI U3
npakTuku AQ «MHUKPOBOJIHOBbIE CUCTEMbD)

I1.C. CopBaueB, A.B. Konaparenko

AO «MUKPOBOJHOBBIE CHCTEMBI»

AHHOTanMsi: B [IOKJaJAe NPEACTABICHBI pe3yibTarhl pa3paboTkn GaAs MOHOJIUTHBIX
HHTErpaJibHbIX CXEeM JUCKPETHBIX LIMPOKOIOJIOCHBIX (a30CTa0MIIbHBIX AaTTEHI0ATOPOB, B
COCTaBe KOTOPBIX KOMMYTAI[OHHBIC DJIEMEHTHI peaji30BaHbl JHOO B BHAE TPAH3HCTOPOB C
BBICOKOH MOIBIKHOCTBIO AJIEKTPOHOB, paOOTAIONINX B PEKHME YIPABISIEMOTO COMPOTHBICHHUS
kaHama, mu0o B Bume PIN-mmomo. Ilo ypoBHIO MOCTHUTHYTHIX MapaMeTpOB pa3paOOTaHHBIC
MHKPOCXEMBI HE YCTYHAKT 3apyOeKHBIM MPOJIYKTaM U MOTYT OBITh MPEIIOKEHBI MIHPOKOMY
Kpyry motpebuteneii. OOCYXTAIOTCS BO3MOXKHOCTH QJalTalldd CXEMOTEXHUYECKHX |
TOITIOJIOTHUYCCKUX pCIHeHI/II\/’I " JIOKAJIM3aIUu MPOU3BOACTBA MOHOJIMTHBIX HHTETrPAJIBHBIX CXEM
aTTEHIOATOPOB Ha 0a3¢ OTEYCCTBEHHBIX MPEAIPUATHI MUKPOIICKTPOHHOM OTpaciiu.

KiroueBble cjI0Ba: MOHOJIUTHAs MHTErpanbHas CXeMa, JUCKPETHBIA yHpaBiIAeMbId aTTEHIOATOp, MOJIEBOU
Tpan3uctop ¢ 3arBopoM llortku, PIN-nuon, napamerpsl paccesaus, GaAs TeXHOJIOTUUECKUH MpoLecc.

1. BBenenue

MOHOJIUTHBIE MHTErpajbHbIE TEXHOJIOTUU YK€ JTaBHO 3aHSUIM IPOYHbIE MO3HULHU B
Bornpoce co3nanust Kb CBY miis cOBpEMEHHBIX paIMO3JIEKTPOHHBIX YCTPOHUCTB U CUCTEM.
[Tpu 3TOM, HE CMOTPS Ha CYILIECTBOBAHUE OOJIBIIOTO KOJIMYECTBA YYACTHUKOB TII00aIEHOTO
pPBIHKa MUKPO3JIEKTPOHHBIX KOMIIOHEHTOB, IOCTATOYHO 4aCTO BO3HHMKAET HEOOXOAMMOCTH
co3manus coOctBeHHOW (cmenmanusupoBanHHoi) DKb, ucxoms u3 psga cooOpaskeHUM:
ONTUMM3AIM TEXHUYECKUX IOKa3aTelaed KOMIUIEKCHOIO IPOEKTa; pEIIEHUE BOIPOCOB
JOCTYITHOCTH JIMLIEH3UPYEeMOIl 3apy0e:KHOW HOMEHKJIATYphl; MOBBIIIEHHE YKOHOMHYECKON
3(PEKTUBHOCTH TOJIOBHOTO MPOEKTA 3a CYET CHUKEHUSI CE0ECTOMMOCTH YJICMEHTHOU 0as3bl;
BBITNIOJTHEHUE 3aKa3HbIX TPOeKTOB o co3nanuio JKb; u tak nanee.

B noxnazne npencrabieHsl pe3yiabTaThl pazpadoTku GaAs MOHOJIIMTHBIX MHTETPATIbHBIX
cxeM (MUC) nuCKpeTHBIX IIHUPOKOMONOCHBIX (Pa30CTaOMIBHBIX aTTEHIOATOPOB Kak
npuMepbl U3 NpakTUKH AO «MHKpPOBOJHOBBIE CHCTEMBD» B HHTEpecax COOCTBEHHBIX
MOJIpa3/ieieHnii, 3aHUMAIOIIUXCA Pa3pabOTKOM W MPOU3BOJCTBOM PaAJAUOIIEKTPOHHBIX
y3J0B, MOJIyJell M CHCTeM, a TaKkXe s OTEYECTBEHHBIX NPEANPHUATHH, TOTOBBIX
corpyaHn4ath ¢ AO « MUKpPOBOJHOBBIE CUCTEMBD) Kak ¢ noctaBmukoMm DKb CBY.

2. Onucanue pa3padoTaHHBIX MUKPOCXEM U Pe3yJbTaThl

B xadyecTBe KOMMYTAIlMOHHBIX 3JIEMEHTOB B cocTaBe coBpeMeHHbIX MU C nuckpeTHbIX
aTTEHIOATOPOB MAJIOW M CpeJHEHl MOIIHOCTH HCIOJB3YIOTCS IIOJIEBBIE TPaH3UCTOPHI C
3arBopoM IlloTTkM, paboTaromue B peXUME YIPABISEMOrO CONPOTHBICHHs KaHaia. B
cpaBHeHuu ¢ PIN-amogamu MX MOXKHO XapaKTepU30BaTh TaKMMHU IMPEUMYIIECTBAMH Kak
Oosiee BBICOKOE OBICTpOJICiCTBHE, Majlash MOIIHOCTh MOTPEOICHUS MO LEMsIM YIpaBJICHuUs,
OoJiee mpocTas peaausaius ApaiBepoB (IpeoOpa3oBarTesiell ypoBHEH) yIpaBiIeHHs, a TAaKKe
BO3MOKHOCTh MHTETPAIIMU B COCTaBE MHOTO(YHKIIMOHAIBHBIX HHTETPAIBHBIX CXEM.

[IpumepoM HCHONB30BAHUS KOMMYTALIMOHHBIX CBOMCTB IOJEBOIO TpPaH3UCTOpa C
3arBopoM Llottku sBissercs MUC MSP106V, npencrasisitomas co0oii  1-pa3psaHbiid
YIIpaBJIsiEMbI aTTEHI0ATOp ¢ BHOCUMBIM ociabienuem 20 nb u peasm3oBanHas Ha OCHOBE
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texHoaoruueckoro npouecca 0,15 mxm GaAs pHEMT. IlepexintoueHne cOCTOSHUN CXEMBbI
00ecneurBalOT JABYXIO3UIIMOHHbIE KOMMYTAaTOpPhl Ha BXOJAE M BBIXOJE, JUISl YIIPaBJICHUS
KOTOPBIMH HCHOJB3YyIoTCs HampspkeHust 0/-3,3 B. MunuMuzanus mapa3suTHOR (azoBoi
KOHBEPCHM MpU MEPEeKITIOUEHUN aMIUIUTYIHBIX COCTOSIHHM, a TakKe COrjacoBaHHE B
IIMPOKOH MOJI0CE PA0OYHX YaCTOT PeaTM30BaHbI 32 CUET MHTETPAILIUH B KaX10€ IJICY0 CXEMBI
BBICOKOOMHBIX OTpPE3KOB JIMHUM OMNPENEICHHON 3JeKTpudyeckord uHbl. Ha pucynke 1
npeacrasiena tononoruss MUC MSP106V, a Takke 4acTOTHbIE 3aBUCHUMOCTH BHOCUMOTO
ocnabyeHus ¥ COTrJIACOBAHMS B PA3IMYHBIX COCTOSHUSAX U OMIMOOK YIIPaBICHHUS.

Kpucrawn MSP106V: 0,7 x 1,0 mm?
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Pucynoxk 1. Tononorus kpucramia 1 9acTOTHBIE Xapakrepuctuka MSP106V

Eme omaum mnpumepoMm NpuUMEHEHHs MOJeBbIX TpaH3ucTopoB IlloTTku B pexume
YIPaBJISIEMOro CONpOTUBIeHUs kKaHama siBisiercs MUC MSP101D, npencrasinstomniast coooi
S-pa3psAaHbIN ynpaBiseMblii aTTeHioatop (mar ocnabnmenus 0,9 n1b) m peanuzoBanHas Ha
OCHOBE TOro e TexHosornueckoro mpouecca 0,15 mkm GaAs pHEMT. Muxkpocxema
COJICPKUT B CBOEM COCTaBE IATh CEKIIMM ¢ HOMUHAJILHBIM BHOCUMEBIM ociabieHueM 0,9 b,
1,8 nb, 3,6 nb, 7,2 nb u 14,4 nb. JIns cHM>KEeHHSI BHOCUMBIX TTOTEPh B OMOPHOM COCTOSIHUU
crapmue cexkuun («7,2 nb» m «14,4 nb»), BHOCsAIME OCHOBHOW BKJIAJ B Tapa3uTHYIO
($a30Byl0 KOHBEPCHIO AaTTCHIATOpa, MHUHHUMHU3ALIHUHU KOTOPOH OBUIO yIeneHo ocoboe
BHUMaHHE B IIpollecce TMPOCKTHUPOBAHUS, OBLIM pealin30BaHbl 0€3 HCIOIb30BaHUS
JIBYXITO3UIIMOHHBIX KOMMYTAaTOPOB Ha BXO/I€/BbIX0/e CeKIInii. KOMMyTaIllmOHHBIE SJIEMEHTHI
ObUTM MHTETPUPOBAHBl «BHYTPb» CEKLUUN C BKIIOYEHHEM JIOTOJHUTENIbHBIX 3JE€MEHTOB
(OTpe3KOB JIMHUN WM KATyIIeK WHIYKTUBHOCTH), KOMIICHCHUPYIOIMUX (pa3oBbie Haberw,
BO3HUKAIOIIHME TPU NEPEKIIIOYEHUN COCTOSIHUM [1].

M3navanbHO cTOsUIa 3a/aya co3/AaTh MApaMETPUUYECKUM aHajJor IMIMPOKO H3BECTHOU
MUC XA1000-BD ot komnanuu M/A-COM (CIIIA), ogHako B mpoiiecce MpOeKTUPOBAHUS
ObLTa YCTaHOBJICHA BO3MOXKHOCTD JIOOUTHCSI IPEBOCXOJICTBA TIO PSIy MapameTpoB. B urore
MUC MSPI01D moxeT ObITh XapakTepw3oBaHa Kak HMelomas MeHbinue (Ha 2,5 nb)
BHOCHMBIE TTIOTEPU B ONIOPHOM COCTOSIHUU Ha BEPXHEU 4acToTe pabouero auamna3ona, ooee
LIMPOKOMOJOCHAs O KPUTEPUIO CPEIHEKBAJPATHUYHOTO 3HAUEHUS OUIMOKH BHOCHMOTO
ocnabneHus, a TakKe UMEIOIIas B pabodeil mojioce 4acTOT MEHBIIYIO (B 2 pa3a) mapasuTHYIO
($a30ByI0 KOHBEpPCHIO TIPH TEPEKIIOYEHUU cocTosHui. Ha pucyHke 2 mpeacraBieHa
tonosnorust MUC MSP101D, a Tak:ke 4aCTOTHBEIE 3aBUCHMOCTH BHOCHMOI'O OCIIA0IEHUS U
COTJIACOBAHUS B PA3JIMYHBIX COCTOSHUSX U OLUIMOOK yIpaBIeHHUS.

Jnst Bo3MOKHOCTH ucCnosb30oBaHus ypoBHed TTJI mpu ynpaBieHUM COCTOSIHUSMHU
arreHroaropa MSP101D Ha kpucTamn UHTErpUpPOBAH S-pa3psaaHbIA JIpaliBep yIpaBJICHUS
MapajuiebHOTO THIA, CEKIIMH KOTOPOTrO IOCTPOCHBI Ha OCHOBE IU((hEepeHIIHATLHOTO
Kackaza u TpeOyIOT OAHO HaNpsKEHUE MUTAHUS OTPULIATEILHOMN MOISPHOCTH.
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Kpucrana MSP101D: 2,50 x 1,55 mm?
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Pucynoxk 2. Tononorus kpucraimia 1 9acTOTHBIE Xapakrepuctuka MSP101D

Jl1s TeX mpuiioKeHui, B KOTOPBIX OT aTTEHI0ATOpa TPeOYIOTCS MUHUMAIbHBIE TOTEPU B
OTIOPHOM COCTOSIHUHM, a TaKXe HE NPEIbABISAIOTCS MKXECTKHUE TpeOoBaHUS K (a3oBoid
CTaOWJILHOCTH B HIMPOKOH MOJI0CE YaCTOT, B KAUECTBE KOMMYTAIIMOHHBIX AJIEMEHTOB MOTYT
ObITh McTONb30BaHbl PIN-nuoapl. B maHHOM ciydae CTOMT OTMETUTh M SKOHOMHYECKHIA
addext — mpu mepexonae oT moctatouHo yHusepcadbHbix pHEMT/HEMT Texnomnoruii
JMOTHBIM TIPOIIECCaM IMaJleHue CTOMMOCTH yeayr Foundry-mapTHepoB MoKeT H0CTUTATh 3-5
pa3, 4YTO COOTBETCTBYIOIIMM OOpa3oM CKa3bIBae€TCsi Ha Ce0EeCTOMMOCTH KpPHUCTAIOB
coOcTBeHHOM pa3paborku. [Ipumepom u3 moprdonro AO «MUKPOBOIHOBBIE CHCTEMBD)
MOXET CIYXUTh JIMHEWKa |-pa3psaHbIX yhpaBisieMblx arTeHoatopoB MSDI10xV ¢
BHOCUMBIM ociabnenueM 20 1b, peanu3oBanHbIX Ha ocHOBe GaAs PIN-anoaHoro mporecca
o cxeme Foundry. Y3kononocusie mutepsl MSD107V 1 MSD109V npencraBisior u3 ceds
KoMMyTHpyeMble T-00pa3Hble CEeKIUH, B TO K€ BPeMs IUPOKOIIONOCHYIO0 tutepy MSD108V
OKa3aJIoch 00JIee BBITOIHBIM peain30BaTh Ha ocHOBe [1-00pa3Ho# ceknuu ocnadienus [2].
Ha pucynke 3 npeacrasinens! Tonosioruu Juneiiku MUC, a Takke pacueTHbIe YaCTOTHbBIC
3aBHUCHUMOCTH BHOCHMOTO OCJIa0JI€HHSI U COTJIACOBAHUS B PA3IMYHBIX COCTOSHUSAX U OIIMOOK
yOpaBleHUsl. DKCIEPUMEHTAIbHBIC PE3yJbTaThl OYIyT MOJYYEHBI IOCIIe MPOBEICHUS
MOJIHOM XapakTepu3auuu o0pa3oB MUKPOCXEM.

[epexmtouenne cocrostauii arreHoaTopoB MSD10xV ocymectBisiercs napagazHbIMu
curnanamu 0...0,4 B u 3,7...5 B. B uensx ynpaBieHuss UMEIOTCS BBICOKOOMHBIE PE3UCTOPBI,
OTPAaHUYHUBAIONIUE TOK JO0 3HAYEHWH, PErJaMeHTHPOBAHHBIX OCHOBHBIM TMOTpeOUTENEM
MMUC. Kpome Toro, Ha KpUCTalIaX peaiIn30BaHbI JOMOJIHUTEIbHBIE KOHTAKTHBIC TTOMIAAKH,
MO3BOJISIIOIINE MOAABaTh YNPABISAIONIME CUTHAJIBI Ye€pe3 BHEIIHUE TOKOOTPAHUYHMBAIOIINE
PE3UCTOPBI, UTOOBI TOOUTHCS KOMIpoMHUcca Mex Ty mapamerpamu CBY, motpebieHnemM Toka
1 OBICTPOACHCTBHEM B MTPOUYNX MPHIIOKECHHUSX.

Kpuerann MSD107V; 1,0 x 1,0 mm?
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Kpuerana MSD108V: 1,0 x 1,0 mm? 0 .
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Pucynoxk 3. Tononoruy KpucTaiioB ¥ 4aCTOTHEIE XapakTepuctukun MSD10xV

OcHoBHbIe TapameTpbl paszpaboranHeix MUC npuBenensl B Tabnuie 1. Ilo ypoBHIO
JOCTUTHYTBIX NapameTpoB MHUKpocxeMbl AQO «MHKpPOBOIHOBBIE CUCTEMBD» HE YCTYMAIOT
3apyOexHBIM MIPOAYKTaM U MOTYT OBITh MPEAI0KEHBI HIMPOKOMY KPYyTy MOTpeOUTENEH.

Tadanna 1. OcHoBHBIE napameTpsl paspaboranHsix MU C arTeH0aTopoB

3HauyeHue
HaumeHoBaHHe MapaMeTpa, g g g % g
eIMHHIIA U3MepeHust = = A A A
N w2 W wn w2
= = = = =
Pabounii quama3on yactoT, ['T1x 0,1-20 0,1-20 6-9 4-18 7,4-11
Brocumebie motepu (omopHOe cocT.), He Oonee, 1b 5,5 3.2 0,6 1,0 0,6
KoadhummenT orpaskenus ot BX/BbIX, He Oosee, 1b -11 -15 -20 -17 -19
BxosHasg MomHOCTE Ipu 115 KoMmmpeccuu, 1bM 21D 202 20 18 20
PaszpsimHOCTD CXeMBbI, OUT 5 1 1 1 1
Juanazon BHOCHMOTO ocnabnenus, n1b 27,9 20 20 20 20
[Tar BHOCHMOTO OcnabaeHus, 1b 0,9 20 20 20 20
OmnbKa BHOCHMMOro ocliabnenus, He 6oiee, n1b 1,0 1,0 0,4 0,5 0,4
CKO omubxu BHOCHMOTO ocjabaenus, He 6oiee, n1b 0,5 - - - -
ITapasuTtHas ¢a3zoBas KOHBEpcHs, He OoJiee, Tpa. 14 7 19 38 23
CKO napasurtHoii pa3oBoii KOHBEPCHH, TP 4,5 - - - -
Curnaiisl ynpasienus, B TTJI 0/-3,3 0/5 0/5 0/5
Hanpsxenue nuranus, B -5 - - - -

Ipumeuanus: ) MuHMMaIEHOE 3HAYEHHE MApaMeTpa B auanaszone 2-20 I'T;
2 MuHUMAanbLHOE 3HaUY€HHUe MapameTpa B auanasone 1-20 I'To,
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3. 3akaouenue

[Tpenpinymas akTuBHOCTh AO «MUKPOBOJHOBBIE CUCTEMBI» B pazpadotke MUC CBY
JUISE COOCTBEHHOTO TIPUMEHEHUSI M BHEITHUX 3aKa3UYMKOB XapaKTEpU30BallaCh OpUEHTAIUEH
Ha TEXHOJIOTMYECKHE BO3MOXHOCTU TOJIBKO JHIIb 3apyoexHbix Foundry-mapTHepos.
JlaHHasi MO3UIMS JUKTOBAJIACh KaK OIPAHMYEHHOCTHIO TEXHOJOTMUYECKHX BO3MOXKHOCTEU
OTEUECTBEHHBIX TMPEANPHUATHH, a MOPOHM U OTCYTCTBHEM BO3MOXKHOCTEH CTaOMIIBHOTO
CEpUIUHOTO BBIITYCKAa COBPEMEHHBIX MOIIHBIX WM MHOTO()YHKIIHMOHAIBHBIX WHTETPATbHBIX
CXEM, TaK U OTCYTCTBHUEM 3KOHOMHUYECKOW 3()(PEeKTUBHOCTH MPUBIICUEHHS] OTEUECTBEHHBIX
MHUKPOAJIEKTPOHHBIX TPOU3BOJCTB B CPaBHEHMU C 3apyOexHbIMH (DaOpukamu, a TaKxke
ucnosib3oBanreM nokynHod OKb. OpHako B yCHOBHAX YKECTOUMBIIEHCS CAHKIIMOHHOU
nonutukn AO «MUKpPOBOJTHOBBIE CHCTEMBI» B CBOUX OYIyIIMX MPOEKTAX IUIAHUPYET
OCBOEHHE IMPOU3BOJICTBEHHBIX BO3MOXKHOCTEW HOBbIX Foundry-mapTHepoB, B TOM 4ucIie
OTEUYECTBEHHBIX, BBICTYTIAask HE TOJILKO KaK MOTPEOUTENh yCIyT, HO U KaK MapTHEP, IOMOTast
pa3BUBAaTh OTEUECTBEHHYIO MUKPOIIEKTPOHHYIO OTPACIb.
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