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BnflHB MOPOOnOni
OMII{HI,IX KOHTAKTIB HA HMBI4COKOqACTOTHI
fiAPAMETPU nOn bOBl4X TPAH3I,ICTOPI B

flpe4crirn,reHo pe3ynr,Taru TeopcllrrH14x iercncprtivteurit.rtrHl,lx aoc,riroxenr
BnJrxBy uop$o,.rorii ouiquux xonraxrin (OK) sa HaaBficoKollacrorrri (HBtl) napaverpu GaAs
no,.rboBlrx rpaHrucropin: 6ap'epon IIIorrrn (nT[I). f]oneaeuo, uro ocHosni ['lB{ naparvlerpu

no.llr,oBux rpau:ucropie :r 6ap'epolt Ulorrxu 3arexarb nia uoptfio,rorii OK. [Ioxa:aHo, luo 3a-

rrponoHoRaHa cexqiiisa N{oae.lb tl'fill rr,'rs BpaxyBaHHt ueoaHopinHocreii .qae Nlo)c,rfisicrb i:
RHcoKr,tNr crvncHcr! .tocroripeocri B [tHpoKol\ly rcMncpa4'pHorry .Iiana:oui Rltpaxi'nartl xoerfi-
uieu-r niAcu,reHHfl 3a flor-vxHic:rrc i uy'r.tooo]o rerrnepar]'porc fl'flU, uo ni,4rtep,qxy€rbc, eKC-

neplllleHTiLII!'HI'{MIl pc3}r.lbTaTaMl{.

Pognulor HB{ vrixpoeneKrpoHiKla Ha GaAs i inutnx HaIIiB-
flpoBiIHHKoBHx cnoiryKax Aj85 BHCyBae I{oBi BI4}'torl4 Ao rexHo,torii BHroroB-
JrelrHrr rrpr.rnaAiB. IlponilHi $iprrr,r cBiry cboroAHi Bxe cepiiiHo Bl4llycKalorb
npunaAu 3 eneN4eHral\{r.{ ronollofii 0,15-0,20 uxrr,r Il].A AesKi npoBiaHi la-
6oparopii noBiAoMnrlorb rlpo po3po6Klt HBr{ rpaH3l4cropiB 3 6ap'epoM
LLIorrxu Ha rerepocrpyKrypax 3 AoB)KHHoIo 3arBopa 0,05 uxrra [2].

3 nilrlruteuHsM cryfleHx irirerpauii tvlouolirnux iHTerpanbHux cxel.I, a

raKo)K 3 po3rxr.rpeHHeM poooqoro qacrorHoro aiana3olry IITIII B MiniMerpo-
By o6racrb, uro 3MeHuy€ erel\teHTII ix rono,lorii ao cy6nrixpoHHl4x po3l\{ipiB,

Ao OK BucraBrqlorbcrl xopcrKiuri euNtoru ro []IroMoto KoHTaKTHoro o[opy
pK, TerrJroBoi cra6i,'rsHocri. paaiauirlnoi critixocri. Taxox pocryrb BHMoTH ,{o
MopQonoili noBepxHi KoI'IraKriB, oAHopi,uHocri posnolily enelcpuqHux na-
paMerpiB KoHraKriB no fioto nnoulrHi. [urt :yt'.lonneHa Heo6xi.tlHicrt yAo-
cKoHaJreHr{fl Texrrororii oK g, caAs, a raKox MoAeJI}oBaHHtI po3MipHhx
e$erris i $i:rrro-rononoritIHr.Ix HeoAHopiruocleii B nT'I.L[, lyluoBileltL{x
crpyKrypom caN'rlrx KoHraKriB.

Y HaseAeHifi po6ori AocnirxyBaBcr{ BnJII4B Mop$ororii OK ua HBH na-
paMerpu nT[I flx 6esnocepeAflbo BI4MiprcBaHHqN.{ ocHoBHHx napaMerpiB,
rax i noael loBaHHrM rpi:lt ro -ronoJlo ritIHI,IX HeoAHopirHocrel;i.

ExcnepurueHTanbHi 3pasKil

TpaH:ucroplr BHroroBJIqru Ha eniraxcitiunx crpyKrypax GaAs

rury n+-n- ro -i, onporueHilx ra3od)a3Holo eniraxcien i: uera-nooptaHi,{Hux

cronyK Ha HarriBi3onboBaHill nilxraaui is 6ySepuuM txapoN{. TosUHun uJa-
pin i xorruernpaqii Aouopia y III4X HaBeAeHo Ha puc. l. Tono-rrorix crory i
Br4roKy y nnr:rxAi oK i sareopy y sumxiti 6ap'epHoro KoHraKry $oprnlyna-na-
cfl 3pHBHolo .rrirorpaSiero.

Koucrpyxuirc rpau:ucropa onrnMieyaanr.t Ha po6oqy qacrory 12 ffu.
llpn quouy cepeAH€ 3HaqeI{HrI IIoB)KI{HLI 3arBopa 6ylo a Mexax 0,3 uxu, a

t[Hpr4Ha craHoBr4Jra 200 rurxer. Taxi po:rrripr{ peani3oByBanl{ eneKrpoHHo-
npoN{eHeBoro r irorpa$iero.

flpl.rnagu BnroroBrqrr.{ ABox rl4niB. Y rpaH:ucropir nepruoro mny OK
Br4roKy i crory $oprrayna-rrra :a cepiiruoto rufloBo]o rexuolorierc. MopQono-
riq raxux rouraxris nicla pexpncrali:auii Ma,ra po3Mip :epeu - 1,0 +
+ 1,5 rr.lxl,r. flo rpam KoHraKra cnocrepira.naca lrirpoxoa-necueuuis, crsry-
BaHHs po3nnaBy cqra,{o -0,3 + 0,5 lrxu. cniA gaysaxr{Tr{, ulo IIpu HeolrH-
NrigosaHlrx rexso:roriqlrux npollecax po:uip 3epeH l\{oxe csraru i -3 MKM, a
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uJap

- 3.1018* 1.101s cu-3

n-GaAs ND - (5+7).1017 cM-3

n--GaAs Np < 1.1015 cu-3

i-GaAs

Puc. L CxeMaruqHe so6paxeHua po3rr.rHy rpaH3ncropa nonepeK 3arBopy (posuiprr y uixpo-
ue'rpax)

MiKpoKoanecueHui-s Moxe nourr,r6rrcnarlrcq Ao -1,5 iuxu. y flprrJra4ax Apy-
roro rr4ny OK nurory i crory @oprr,ryoa-rrr,rcq 3a yAocKoHzureHoro rexHoJro_
rierc, uanpnKna,{ 3a rexuolorierc, ofrHcaHoro B flpaui [3], a pesyntrari .{oro
B.(il,'rocq Aocsrrlr lvrop@onorii KoHTaKriB, brugrxoi Ao iaeaJrbHoi, npu uboMy
po3Mip 3epeH He [epeBr,ruynar -0,1 uxlr.

Cexqifina Mogerrb nT[lJ
.q,ne BpaxyBaHHc HeoAHOpiAHOCTefi

3anponoHoBaHa MoAenb Ao3BoJrs€ locriAxysarr4 BrrJrHB Heo.u_
HopiaHocrerT crpyxrypr{ rpaH3l{cropa, ruo B}rHr{Karcrb qK 3aKoHoMipni na-
cnirKu oco6r[socrefi rexuo.rloriqHux nporlecin i r pesylrrari rexrioloriqnux
noxu6or npu fioro Br,rroroBJreHHi, Ha ruylrori ra nircultosanrHi xapaKTepr4c-
THKI,I,

B ocHosi cexqirlFroi uoAeli e ArlcKperr,r3auiq crpyKrypu IITIII BnoBx
rxr.rpHHr,r 3arBopy w. Koxe]e. is n eleueurapHlrx rpaH3r.rcropia sanruupruxz
A'w uae iuausiAyamuuri xa6ip reoMerpur{Hr.{x napaMerpie. Taxnu 14 napaMe-
TpaMri 6ygyrr: roBUIr{Ha euiraxciliuoro uapy, AoBxr,rHa 3arBopy, uixelexr_
po.uui siAcraHi gfirix-garsop i sarsop-criK, roBrrlr,rHa urapy MeraJrisaqii sa-
rBopy. Bulur uux HeoAHopiIuocreft na HBg naparraerpu fITIU AeraJrbHo
AocrigxyoaBcrr y rpausx [a-6].

v aauifi po6ori aocai.qxyerbcs BnJrr{B Ha napaMerpv npvnary ueo4uopi-
AUOCrerl Olopy Br,rroray i crory, 3yMoBJreHr,rx pisulrna [trroMtrM KOHraKTHr,rM
onopoM i uu6unolo nponnaBneHH, oK, LrIO Br,r3Haqaertca uop$olorierc, n
eneMeHTapHr.rx rpaH3lrcropax. flpuHrluuonorc siAN{iHHicrro npu MoAeJrroBaH_
ui ueo4Hopiluocreft cy6rr,rixpoHulrx crpyKryp y AaHirZ po6ori nia nonepeAuix
e MoAeJrroBaHH.fl caMe nacr,rBHr,rx o6lacrefi IITIX npu sixcooaHux rapaMer-
pax B aKrr,rBuirl o6nacri.

Tpausucrop 3aBurrrptrIKr.r L,W uae BIarn.sI exniaaneHrHoro rrorr,rpLtnorm-
cHr,rKa, axlrfi ouucyerbcs MzrrocurHiurbHoro MoAenJrlo is socepeaxeHtrMr,r [a_
paMerpaMr,r [7]. fitn po3paxyHKy cxeMHHx napauerpin Moxe suxop]rcroByBa-
rucr $isr.rxo-ronororiqHa MoAeJrb, a6o uoAem, flKa .[o3Bonse BpaxoByBarr.{
secrauionapui e@exru [8].
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Ilapanerpll qorl.rpr.rnonlocHHKa y aumali uarpuqi npoai,tuocri i uarpu-
qi po:ciiouaHrrfl po3paxoRynrl,cl siroNrraruu Me'roAaNrr{ aHa-ni:y eneKrpoHH14x
cxelr [9] . Ovenrr,THo, luo noilHa crpyKTypa rpaH3ucropa rIBJrr{€ co6oo ,'rau-
uloxoK rtapanenbHo 3'enuaHLIx t{ornpunorrocuraxin. [Uyvroni flflpaN{erprr
oKpeMr.{x ceruir,i i rpau:ucropa y uiloivri, MoAeJIIoBrutHcfl Ha ocHoei uarpr.tqi
cneKrpairbHrlx uri.nsnocreir uoryxuocri uyr,rin (t'rrarpaui) 3& yiu6Er14 ,rr-
rusHocri urlrlriu crp!'Krypr{ ra rrpunyuenHx rilcyrHocri rope,uuii nri>, ruy-
Marvn4 oKpenlr.rx ceruir:i, flapanrerpr{, ulo xapaKrepu3y}orb Heo,quopi.tuocri
xoxsoi cexuii, 3arlalorL'crl aerepniHonaHoro rlyuxqierc, nruto niaon{fifi sa-
xou ix gniun B3AoBx [r,rpr4r{r{ 3arBopy, a5o xr nnnarrosi Berrr4qr{}rr4 Mero-
Aort Moure-Kaplo.

flpo.roaxeuicrr wr6ipxli Br,InaaKoBr4x r{HceJ'r 3& 3a.rr,aHHM 3aKonoru po3-
nolluy Bn3Haqa€Tbor xi,rsricln po:6nrrrr crpyKrypH TpaH3ucl'opa, ro6'ro
xi,'rrxicrlo cexuifi. Pe:ynrryrcua Marplrue npouiauocri .nanuioxra r{B-rrse co-
6oro cyulz Marpuub nponiauoc'ri eleucurapuux cexuil:t. Cyuapua I-uarpuua
ea siAoN{ur\,{ cniesiAuoureH}IsM fiepepaxoBy€rbc.rr B Marpr4uro porcir:nauul
[101. Tarnft niaxi;t pea,ri:onaHo n nporpaui MoAeJrroBa]rHrr I-ITIII i: upa-
xyBaHHflM ronororiqHnx HeoAHopiAnocrer,t 3a anropnTMoM, r{aBeAeHr,rN{ y
npaui [41.

fl.x rrpr4rcrraA Ars po:paxyuxin .qoc;riAxysanr.rcq crpyKryp14 cepil:runr
tlTiII : raKr4l"rr{ flapaMerpaMu'. L,,, : 0,8 + 3,8 uxl,r - aiAcraHs sl{rix-sa-
raop; I, : 0,3 MKN{ - cepeArr€ 3}raqeHHq .rr,oRxr{H}4 3arBopy; I," =' 0,8 +
* 3,8 uxrt - eiacraHs:aroop-criK; h:0,6 uxrtr - Br{cora illerari:auii sa-
TBopa; o:0,1 1uru - cepe.uH€ 3HaqeHHn roBUrHtrH KaHaly, p.: (1,10-a*

" l,l0-7) Owr.clnr2 - nnrounri xonraxrHnit onip OK; D:0,1 + 0,3 MKNI -mu6uua [poflnaBneHus xouraxrin. Peurry ueo6xiAunx All pospaxyHxir
$i:lrxo-rono.noli.rHr,rx napauerpis HaBeAeHo ua plrc. l.

Bu6paunli :uan{Hl.{li po3KH,A BeJi}rr{Hr{ l,u,i L," nor{cHrcerbcn ryrnf,r, ulo 3a

yMoB HeorrrnMi:osauoi rexnolorii SopuynanHn OK po:naip oxpeul.ix 3rpeH,
perpucra,ri:onaHux i: po:n:iany, Moxe cgraln 3 iuxlr, rK 3a3r'raqarocn Bt{Lue.
B pe:ynr,rari onip s 6or<y sK Br,rroKy R,. rax i croxy R, rroxe 3pocrarr.{
6lrrure nix sa ropffAoK.

Kiruxicr cexuiil ra6npa-nacs raKr4M ,,rr4HoM, uto6 uilpuHa xoxrroi gopi-
BHloBzura 2 uxl,r, ro6ro ,'raHuloxoK cKnaaaBcfl is 100 eneMeHTapHr.rx rpalr3rlc-
ropie.

Pesyn srarn Aocn i4>xes u

Ha pnc. 2 HaseneHo pe3-vnbraru po:paxyuxie rcoe@iuiesra nin-
cureHHs :a noryxHicrro (e i renneparypr{ uryMy L nTlll na qacrori
12 ffu 6e: npaxyeaHH-s Heo,l,Hopi4uocreil i : upaxyaaHugu x ig :asua.{euo},o
Br.{Lue aracrrepcierc, a raKox pe3}'trrbrarra nuuipneaul cepe.4Hbocrarr4crlrqH}tx
3HaqeHb ur{x napaMerpis ua rpaH3r}cropax, y nKr4x crix i rurix y ar.rr"rrui OK
c$oplronaui :a rnnosoro cepifiuoro'rexuolorierc i :a noninureHoro rexHono-
riero, Ae posuipu perpucra,risoBarrlix 3epeH He nepeBuu{yrcrl 0,1 uxu.

is pllc. 2 nuaHo, uto Kyr 3MeHrrry-€rbca Ha 0,8 AB, a L 3pocra€ Ha 23 K,
,IKuto BIIKopI{crar}.r 3anponoHoBarr}/ N{oAerb i opaxyearu cp-rryxryauii o na-
cHBHilx o6racrsx nTm 3 HaBeAeHolo BHUre ancnepcien napaverpir.

[i po:paxyHKl,r :HaqHon uipor,o s6irarcrscfl 3 pe3yn],rararr,rra HBg srlN{i-
ploBaHb rpaH3ucropin Ha po6ovirl .racrori l2 t['u. Tax, Alq rpaHsucropie :
noliniueuorc nop(tororierc cnocrepiraertct e6hrilreHuq Kyr Hd 0,6 aE i
3N,reHueHHq T,,Ha l3K npN T,b: l00K i na lOK npra G : 340t<
siAnorirHo, Ae f,h - reMneparypa, rrpr{ rrir? npononvilLicr srruiprcnauux
HBY napauerpin.
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Puc. 2. Ter'aneparypHi sanexHocri Kypi T*fITIII na qacrori 12 ffu:
1, 1' - IITIII is no.ninruenoo uopQo,rorierc OK; 2, 2' - cepiliurlfi fITIll, nrrorozurenqi :a cepifiuoro
rexuoaorierc; 3, 3' - pospaxonaui napaMerpu luoaeli IITIII 6es rpaxyaaxHn ueoaHopi,u,Hocreia; 4, 4' - is
Bpax)rBaHHq M Heo.[Hopiauocreii

Cni.q :ayeaxr{rr.{, luo po3paxoBaHi napauerpu tlTlII 3riAHo 3 3arrpono-
HOBaHOTO Mo.(eirnro 6es npaxyraHHf BrrJrxBy HeoAHopi{Hocrerz Kpaui, Hix y
peaJrbHoro rpaH3r.{cropa. I]e lerxo noscHroerbcq rHM, rr{o HaBiTb rrpH MaK-
cr{MzrJrbHo yAocKoHaJreuirl rexgolorii r pea-rrlHHx npHJraAax Bnnr,rB HeoAHo-
piauocrefi 6yge uaru Micue. Kpiu qroro, trptr yAocKoHaJreuilz rexuolorii
oK ua nepeAHirl urraH 3HoBy Br.rxoArarb BrrJrr{B @ialrxo-rononoriqHr.rx HeoA-
HopilHocreft e axrusHirl o6lacri ITIII.

IlpoeeaeHi Aocni,[xeHHf, TaKox rroKa3yrorb, [{o i3 3Hr4xeHHflM reMnepa-
rypll BiA 300 lo 80 K L 3MeHrxyerbcfl B -4 pa3v arrfl, rr.{rroBr{x rpaH3r.rcropiB
i s -5 pa3 Anq rpaH3r,rcropis is norinueHoro Mop0onori€rc croKy i rr,noxy i
.rloc.arae MeHlre 20 K. rlpu qboMy Berr,lquHa Kr, z1mrruyerbcq Ha -2,5 aE.
AHa-[ori.{Hr.rir xapaxrep reMneparypHrrx 3iurexHocreil Kyr i 7. orpralraHo Mo-
ACIIOBAHH,gM.

3naquorc Miporc ue MoxHa rto.scHurn T]rM, rqo e IITIU is norinrueuorc
MopOonorierc oK [pr4 oxonoAxeHHi 3a paxyHoK 3MeH[reHHs BrrJrHBy repMo-
rronboBoi euicii p* 6yAe MaTr,r MeHuI,rfi snrr.rs Ha rrapaMerpr{ np}rnaAy.

Bncxoexu 
;

Pe:ylrraru Aocli,qxenr Aarorb rr.roxrusicm spo6uru raxi
BIICHOBKI4:

. Mop$onoriq OK cyrr€Bo BnJrr,rBae Ha ocuosui HBg napavrerpr,r no-
JrboBr{x rpaH3rrcropiu s 6ap'epo*r IlIorrxu.

. 3anponosoBaHa ceruirtna MoAeJrb IITIII Anq BpaxyBaHHq HeoAHopir-
HOCrefi Aae MoxJrr{aicrr is Br,rcoKr,rM cryneHeM AocroBipHocri o ruupoxomy
reMfleparypHor'.ry Aianasoui nupaxynarlr xOe$iUienr niACureuHq 3a rroryx-
160
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Hicrlo i uryn'tonorc reMrleparyporc fITLlI, uro niArrepAxy€rbc'l eKCrIepl{MeH-

TaJl bHr.rMl{ pe3yn bTaTaNlI'I.

. ITIIJ i: nolinueuoro lrop@oloriero OK Marcrb Kpauy guuavixv- poc-

ry Krpi 3r-Ir{xeHHtt d,, n reuneparypHoMy rianasoui 300-80 K.

l. Microwave Semiconductor.Data Book. - Tokyo: Pubiished by Fujitsu, 1998. - P.90-120.
2. Enoki L InP-based HEMI ICs fbr ultrahigh-speed optical communication s)'stems /l 2l st

WorksSop on compound Semiconductor Devices and Integrated Circuits. - Scheveningen,
'[he Nerrherlarrds. - May 25-28, 1997. - P. 99-104.
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143M EPEH 14 E Efl EKTPOOT4ST4H ECKI,IX
NAPAMETPOB TOHKI4X C.NOEB
KAPSHEA KPEMHYI9 METO,qOM
CN EKTPOCKO NI4 U 14 K OTPAXEH I49

Pa:pa6oraua MeroatlKa lr3MepeHl,tfl s,rextpo$u:tluecKnx napaMerpoB ToHKHx

NtoHoKplrcraJrrruqecKux cloen xap6ra4a KpeMHI4l Ha MoHoKpt'IcTa,r,rax xap6lraa KpeMHl'Irl Mero-

aaruu hK crreKTpocKont{u. flucnepcuosHnil aHa.nu: c[eKTpoB orpoKeHu, no3Bo,'lllJr ollpeae-
,.tHTb qacrorbl tt xoe$SurlueHTLr 3aryf(aHufl tloHouoe ,I nJra3MoHoB B croqx xap6uaa KpeNlHHrIr

Koropbre r{3NteHflrorcn B 3aBHcI4MocrM or rex}{oJron4ll nory{eHn, u o6pa6orxn c,roen xap6ltaa

KpeMHrrfl.

.II,ln onroeleKTpoHltKn L{ MlrKpooneKTpoHHoft rexHI,IKI'{ BecbMa

BaxHofi qBrrrercq 3aAaqa pa3pa6oTKl4 MeTOnoB I{3MepeHI,Ig KOHUeHTpaUI4I4 I4

floABHXHOCTH HOCt{TeJIeIi 3aprIAOB B TOHKI{X CnOflX nOny[poBoAHI4KOB. K
rrr4cny Hepa3pytxarcLUux MeTo.qoB oTHocHTcq cneKTpo@orouerpllqecKoe H3-

MepeHr.re KoHueHTpauHH t{ [oABuxHocrl{ HocLITeneIl 3apfl,[a IIo 3aBHCI{MOCTI{

KOs$QHUueHTa orpaxelll{fl oT qacrorbl naAalouelo Ha o6pa3eu H3ry{eHI4rI B
o6nacrr.r ero "uta3MeHHoit qacrorbl" Il].

O H. H. Eoryc,rarcxax, E. Q. BeHrep, IO. A. IIace'rHux, 2000
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