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A.B.leauryx, A.Mary;reHic. Eoxrop $i:uxo-iuareM. HayK. B.I.TauoSe€B, KaHA. rexH. HayK

Bn"rue Mop+oJrorii onriqHux KoHTaKTiB Ha rrryMu rapqqux eJreKTpoHiB
B TpaH3HcTopHrrx cTpyKTypax

Ioc.riaxeno nn,rua rrropQo,rorii oniqHux xoHraxris
Ha uyMrr rapsrrux e.nerrpouia B TpaH3[cropHux
apceuirra,ricaux crp)'Krypax rlrnv n*-n-n' npH
'reMneparypax 80 i 300 K. floxa:aHo, uro oruiqHi KoHTaKTU

: 6i.quruHNru po:rrripanrr :epeu is-ra ueoaHopiAHocrefi
po:noai",ry e.[eKTpHqHoro no,rs i xouueHrpauii nociis
rapqay crBoplorcTb yMoBH a,rn uepieHontipHoro suxoay
e-rexrpoHin ir nurorcy i nxoay e crin, uo npuBoalrrr, ao
rHarrHoro niaeHureHHs ruynonoi teltneparypH s raHa,'Ii.

The influence of ohmic contacts morphology on hot
electrons noise is investigated in GaAs n*-n-n*-type
transistor structures at 80 and 300 K temperatures. It is

shorvn that in ohmic contacts with greater grain sizes

heterogeneit)' of electrical field and carrier concentration
distribution creates the conditions for the irregular output
of clectrons from the source and their input to the drain,
n'hich results in appreciable increase of the channel noise
temperature.

Bitono. ulo rup{}i rapflqHx e.rerrpoHiu i ix ruQy:ir s

KOpOrkHx rpaH3HcropHlDr cTpylffypax. Ie cTBoploroTLcc

ol.'rsui e,rexrpnvui no,'rr. npu :6i.rrureuHi uisnrroaii
lpoc larcrb [ll Tolry' x.fn crBopeH]rc ua*tusr.r.rKor'lircqoi

e.r(Nrn()IrixH rr] no.'rboBr4x TpaH3Hclopax i :io:ax 3

Hii-tHu3bxr.{ru pirxev uyM), ueo6xi.qHo ,1oc;rirtxysarH
\rox.rrHtsocTl o,lHoqacHoro ni.{sr.rueHHri apeli(roaoi
ruuu.rrocri i norasjreHuq u).vy ra ,ruQyrii raprqfix
c"rcrrpoHin B arrflsHiil o6,racri KaHarry rpaH3r.rcropa. Taxi
Itrc.nJxesnq npone,leui a pn.li po6ir [2-4]. Bi,rovo, uo rr
i\reHrucHueu pornipin nil6ynarorrcr cytresi :ttliHu yvoa
n.perioc)' :apr;tiu i d;ryxryauiiluHx .rBHUt s Harrinnponirutlxy.
q r.: i noKH ulo ueJocrarHbo sl{sqeui TeopernqHo i
ercncpr{\{errra-qrrio. C.ri,l ninKpcc.'IHTH. [to ryr Ma]orbcfl Ha

ruzui po:vipu (uixe;rexrpo.qui niacraui) sHaqHo 6irsui rlrx,
sxi Heo5xiaHr :1Jre BHHTTKHeHHT eSemia KBalrryBaHHr. Mu
po3r.rflrreMo n--n-n*- crpyrTypH 3 noBxuHoro n-o6lacri
noprilK\',to.rel"r vixpoua, uto6 3a6e3neqI.ITI.i MaKcnManbHy

ur ul1-rxo-riro npu v iuirta,,lsuovy pi ani u,ryvy.
Oanvrrr is ur,'rcxis, cxnfi Ao:sorqe :6i,rrurNrn apeliQony

rrsuJxicrr s 6irsurifi :raipi, uix Bupocr)rb uyvH raprrll4x
e,rexrpoH in, e cnoci6 3MeHIIIeHrur mixele rrpo.qrrx sir'Ic'rasefi

Jo KpHTr.{qHHx, [Io BH3Haqarorscc qacoM npo6iry i xiHueerNl

uacorr po:irpinl' e:rercrpoHin. B raxux crpyxTypax qucrot'o

rrarrinnpoai-lunxa (n - l0ri cM-3) ,lpefiOoBy runn,qxicrr Iraoxua

uasirr s6i,rsuluru nopinHluo is crauioHapHorc, ulo

cnocrcpiraerrc,r B ,:IoBrlrx 3pa3Kax [5], a uipru sveuruuru [6].
B noporxnx n -n-n - crpyhrypax, xonu npo6iraloqu qepe3 n-

o6:rac'rr. eireK'rpouH He BcrurarcTb Aoc.cml4 eHeprifi, 6ilrurrx
3a KprlTHqH)' /'1,1, [eBHoro iloporoBoro npouecy poociroaauur,

ro ueii flpouec He 6y,te ,lanaru BHecKy B apefi$oBy
urenrxicrr. ro6ro ii 3MeHIIIyBarH, i ue 6yrryT r npocBnrrucb
u;vvH, uos'cgaHi 3 uHM fipouecoi\r. O6pa:uo xaxyqu.
BBoIu'rr,cfl cx 6H Hosuft cuarsuii vexasigu po:circaauu-e, a

cane suxiA e.nerrpouiu y crix, rruii KoHKyp),e : isuuvrr
rrexasi::ltavu po:cironauu-a. B ganexuocri ni1 pe-rv.rsrarirr

uiei rouxypeuqii, ro6ro uJIrxoM uia6opy r,rixcrexrpolHr'rx
siacraHefi. pianx rerynaHHr (po:circnaHH, Ha,torraiLlxax).
reMneparypu rparxr4 (iureHo.rnnicrl, aKvcrHrrHor o

po3ciloBaHHc) i r.i. r'roxsa e$errraauo Kep)'BalH rpeii4)oBL)ro
runrqricrro, uyMaMu i aurly:iero.

B Ga,A.s. rpiru nepexo.r5' y nepxui .ilo.'rrHrt. icur'r' 'raxox

ui,rufi prl iHu:ux noporoaux npouecia, exi npoln.trnu,or
nHrxe npH.docsrHeHHi e,leKrpoHaNH neeuoi eueprii. IJe

po:cirrnauxr Ha noncpHHx onruqul{x tfououar, rrixlHxc
e.lerrpoHia [7], peroHaHcHe po:ciroaanHr Ha .-torrrrrrxax [8].
Koxuovry Bn[IeriaBe.{eHoNry noporoBol{y rrpouec) n (ia-As

6yre nianoailaru KpHrKqHa vixerexrpo,tua si.rc raHl,. rtertiuc
rxoi n crpyrcrypal( rJc 6yae npora,rrrHCr rrrin{B reB}ioro
npouecy Ha rpeilrfroay uiaH.]xicru i ul vn.

Br{ulelrase.qeHi rnnua, uro BIlHr{Kato,rL y Koporr\}l\ n -n-

n - crpyKTypax apcerriay ra.rito. .'rocurb .le1a-lbHo
p03nncranxcb s po6ori [6]. OaHar raano itocli;lx(vBatsctt
Bn.;rHB TexHoiroriqirrx Qaxropia $opinynanlrr ojreltrpo.'uB

xorrraKris y raKux crpyKTypax, uo oco6.nuro BaxirliBo -l.lt
pea,rsuoi rcx Ho,torii s r{roros.reuu r rpaur uc't opi a

MeT oro ;1aHoi po6oru e e(cneprMeHrarsue ,roc.ri-rxcttlr
Bn.'rr4By vop$o,rorii oviqHux xos'raxrig .uo n'-urapig ua rr)\rtr
rapqqrx e:rex'rpoHin B n*-n-n*- crpyxT)'pax.

l. 3parrcu

Excnepuuleuranrui loclilxenH, reMnepar)f H rlr)'\r)' B

xaga;i no.rlLoBoto rpaH3r4cTopa npoBoJH.ilr.tcb Ila
6e::arnopuux rpaH3HcropHHx c1'pyxT-r-pax. Bllxi:tlolo
eniraxcia,'mHoro crpyrcyporc (EC) 6y,la EC runl' n'-n-n-5-i
GaAs, npoQi;rE .rreryBaHH, croi cxeiuarfivuo :o6paxctlllt"t tta
puc. l.

Ha nonepxui n -xrapy Qoplryna,rucs e-ileK'rpo.ttr )'
slrraqni o:rai'{}rrix roHrax-rig g rono,rorie rc. HaBe.TeHoro Ha

pt4c.2-a, 3a nBoMa rexHororirMl{. 3a nepuroro rexuo:toric}o
ovi.tHr.rii KoHraKr $oplryrancr i: rpa1uUifrHllx urapiu AuGc
(12%) - 50 nu, Ni - 20 sru i Au - 250 su. a6o x 6e: trixc.rr.
3a apyrorc - uaninnpoainHHK nepen HaHeceHtlrM vcrzr-li:auii
o6po6arecr Hx3LXoeHepre-TlIt{HHV14 iouavu aproH}t ,
oaHoqacHuM :6anaqexHqv noaepxHi aro\laMu rcprrarlito i
uixelrc. Kpilr uroro y 6ararouraponifi Nlera-risauii

3acrocoByBa.Ilucr ryronlasxi MeTaJILI Ti a6o x Mo. )' raxitr,
Hanpr.rKna.(. xolrnosuuii: AuGe (12%) - 50 uv. Ni - 20 st+
Au - 100 Hr.t, Mo - 30 nn, Au - 200 uu [9]. Ile lo:so.'tu:lo
cyrr€Bo no,rinrun'ru vopSonoriro KoHTaKT)' npu oitHaroBlo(

fioro eaerrpo$i:uvnux napaMerpax. f xqo npu Ireprrlil
TexHo,'Iorii 3epHa cnnaBneHoro KoHTaKT)" B ocHoBHoNl) \la-'II
posraipra - 0,3-0,5 uxv i6i;true (puc 3-a). r'o;rp1'rr
rexuo.;roric :a6e:nequ,ra po:vipu 3epeH i\leHUlL- 0. I rlrr
(puc3-6).
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Puc,l. Tono;rorir :parxa (a) ra nouepe'rHuli polruu
uilrnnu (6).

Puc.3 6)
Pr.rc. 3. OparrraeH'ru r,roprfo,:rorii ovi-luoro xottraxr) nprl

craunapruiii (a) i no,rinu:euiii (6) rexso,rorii: I - SiO2;

2-AuGe-Ni-Au; 3 -Ti-Au; 4 - Ge,Nil - AuGe-Au-\{o-
Au.

Pexuuu rfopr.ryaauHl xoHraxris ni,r6upa,tucr rax. ttoS
orpnMarH e o6ox aapiaurax npu6"ru:xo o,lHaxoBHiz nlllollllll
onip *u*,'lun','y (r^) o rrexar (5-6).10'r Ort.cirrl i t'urt carttlt
rapaHTyuarH i,qeH'rx.IHflii BnJlHIl xoHTaK'rHOI-o orrop)

elexrpoJir (R,,) na uuviprcraHHr crlexrttal'toi LU\ \l(,iri)r

Tenneparyplr B 3pa3xax. [r.r :a6e:neueHnq uaujfrHI'r\ ).\toli
KoHTaKTyBaHHq is sostriuxivH e-[eKTpo.qa]\ru ua c(loptttt artli
KoHTaroH rfo.f,aTKOBo HaHocI.IJ'Iacb r.rera,risallir: Ti - 30 ult i Au
- 300 nv.

MiN iltsoMa KoHTaxrllH\{H n.itoluanKatrl}l n'-tuap
crpaB,lrcBaBcq, i raxnv vuuorrr $oprut,vB&tllcL B)'3bKH uli.lNutt

si.r 0,2 xo 1,0 vxn (puc.2-5). Kpacui e(rcxrn. u{o nptr tlLo\l\
BtrHuKa-ir14, BpaxoByBa.iIHcb 3a NleTO.qHKOrO. IlllBC.f e llOhl Ir

po6orax [6,10, l1]. Cepe,rHr eneKrpHqHa .loB*luHa :a:ropr 1,

:o6poreua ua puc.3-6: L = d - D. lrr ;iyxe o1":rrlr uti.trrrr.

ro6ro rlrr KoporKrx raHa.rrs, pi:trltuerc rrrix L id':uera;xitttt
He illoxHa.

2. MeroAIlxa BHMipIoBaIIb eQeKlHBHoi
ruyMoBoi reMIIepaTypll 3Pa3 KiB

A:rs wttnliprcnauun ruyvoaoi Tcirlnepar) pH 3pilKa

BHKopHc'roBytsanc.r crpo6yto'rufi paaiouerp :l tronepe.trttrl

napaMsrpHt{HHn niacttttrcsaqeNt Ha 'lacrori rr' - 10 l I'rr i

rviurynavev sa qacrori 36 l-frr. B ceruii xB!l.leRora il'rntt1.
oJr,ilr xitteut,lKolo 3aKopoqyBaLcfl. po:rtiulaucl ]plit'r.
y3roaxyBaBc, 3 xBHreBo.[oM ua Iniuiptanrrrufr xoer!rrtierlr

croc.{oi xnuli (KCX). E,rerrponu B 3pa3K} polirpiur-rncr'
inny,nr.car"ru Itocrifisono crpyMy noAoBxeHHocrro 0'2. .2 rrxc i

qacrororo Haaxo.qxeHH, 125 lu. .{o xau;reno.{uoi cerculi i:
3pa3KoM ni.q'eanyaancr a6o crpo6yrcuufi pa"lioverp l.u
BH3HaqeHH, unnpor.tiHrcaauoi :pa:rov noryxHoc'l i. a6u :,r'

auviprcnau KCX [6,10]. Teuneparypa uy],)' BH3I{aqa.rilcL

rI.-rcxor\1 rropioHrHur cHrrt'd-ria pa:iovcrpu. ,l(Hil

nir'e,qrrysaucl a6o ro xaH;teso.uttoi cexuti i: rpa:xtllt. a6r.l x
!o eraJroHHoro axepena ulylry. Ouiuxa BTpar lr)'!lolioro
cHrHary B xBHretsorHoMy rpax'ri npuBU.lH.lacl, llpH

rpaayroaauui: :pa:ox uarpiaaecs :o siaoN4oi rcvnepa'L'1'prr I,,.

BBaxaltocL. ulo ttoKiilaHlll paaior'rerpa bl.lll(\til.lirl(rlL

levneparypi ulyMy f,, ' x,,7.,7e r,, - xoeQiuicrrr B'I'par

Maqocursa,rluuii onip R(E) ^loc;li,rxyBaHoro'rpil3Kt1
BH3ua,raucr{ iT ao.rsravneptttli xlplxrepuc.rt.tt<H. ttullilrxHt'r
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i\ir\'.r6calrH nocriiixoj Harrpvrrl F@) = cl[t/dl. Kotnpotsur
=-.'rrrtrl'k)B.ln,r, r((L ) rrr I[89 prrfrH.111qs no raxrir \rcr().tHu]

liit ttta,tatrct K( X xBu:rentrjr i: :pa:xorr ni.r ,Jac Jri cnlr,H.lo. rcri rpn'u{or o 1to..rr. floriu. rrpn B}rK-.rroricuor\rv
-. r( L r lltLl t r,r\t\ i ro.ti c-lcK1 poilpuBllH tcrt, :patra trr irtrcaa,ract,
:lrr uirrurlr rrorreu. uar.pinaHrtsrt r r.iu.l uacri.,rr,xtr. rloSi)rpu\raui uorrepe-lu(. lrra.rcuru KCX iuuvipxlul orrrp
ttrarra R* rra nocriiirrorrl crpvrri. uto Jae n1E|= n*. npuu;it:r1 noauuui 3iutoBo_rrhHrrHCb .qBi ),MoBH. IIo-nepure
var-rrilue nojle. qH relrneparypa rparxx noBxlrui rria,ro
rtn.tHrj.j r H ltil praKTHBu) cK.Ta-IoB\ ilrncJaucy xsr{.reso.ta i.J
Jfra3Koll, ilo-Ip\r|e seo6xi!He BrKoHaHrut 1,uonu 1v,t): ,, l. le

1_., - rrac pe.raxcaqii iunvlrca. Iji rrrosH ro6pe nrriorrvla_rrrcl,
r rir qac rorr l 0 I-f u.

3. Pery;sraTu excrIepu]reuriB

Ilx nluno r puc.4. Je llpeJcraB,rerri :a_rexrroct r ruvl.rogoi.
r.\rrrcpal'\'pH xaua_rin si,t Hanp).r.x rra arlneHifi o6;rac.ri.
i;'.rlr.H. B sxrrr rterutirattil e.tcxrpo.trn rtac tto.riltucttl.
rrop(lo.rorirc. N.taK)rL 3rrarrHo rrHxq\r ruv\roBv re,.neparyp),.
( )cir6:rrtro r1.r pi:Huul novirxa l3 nnpnr*u* iaua-qin (.(t = 0,2\lrir ) I 3HaqHo rresurufi rn:run lroprJio.rorji r.rq ,loBturx
i.rrra.rju ld,. 1.0 r.rxrr). Bpaxoa),lorlH .r.e. ruo r" i Bi.lnoBi.rHoiL. r otJor lnrrat xoHrurris i,terr:rr,rHi. pi:rrr urrvont,
JC\rllanaT\'p\ ila JpiI3KaX NtO)(Ha IIOTCIIHTH _THtUe Bltr.tHBOIl
rr oprlto.rrtrtr Korrral( i\.

IrorcHHTlt 6i.,Isututvl Bn..lHrjol\t Ila trt\\toB) rcrtrreparvp_r r,. I3orri'Itax t<oltraxrax :p;l:xiu ceprr l. gur,,roir_r.rllr lolpa,truiiirriii rcxHo.ror.il. t:l-:ta 6t.,rr,urolr) po3\rrjRllnrrfl r[;ponrr
cn.laBIeHH,l npu oxo.rlo,lxc.uHi cnoercpirJ.t l,iq J\te HrueHHc
Bn.'ul]l Teprrotro_thorlol cvicij Ha c.r.p\.)r. i r, tuavrro lpocfac.;\ n.:pa:rax cepii ll 3 Kparuolo rrrop$o.loricxr i. ni..uronr_uro.
pi.lriruulr rlpouror"r cn.JraB-reuH, Buecok rcp\1orro.-rro go r ev icii.
vertrurrii i rtpu oxo;ro.txeurri r^ Bi-t .r.cnnepiLr),plj 3ti,rcxlrL
raxox tuteuute [21.
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Pxc.-5. 3ru-textricr.t, Itrvlr0gol r.e \rncnat.\ nn illili_l\ il-l
Ltnp\tH Ha dK'THnurii o6.t;retr tlLrJNir rr3 rl.lct.,.. l,,l .r:.:,;:
rerrneparl,pi 80 K: 1,2 - d..-0.2 rrxrr.3. I _ rj- ri.6 ,6:.r. .. ,. -

d-1.0 nrnn: l. 3. 5 - crarrraprHa rc\no.ror :r. l.-l r_ .

n()'lilllllell'l

Bncgosxll
'faxull qugoy. Moxrla ct.BepixVBaTH. ril() \r()ptllo l(jat,

oviquux 
. 
xograxtig cYTTeBo Bn..tuBa(. Ha rn\ )1ii : (lprrilr\

e,rexrpoHir B TpaH3rcropHHx crpvKr\pa\ r rrn-\ n.-n-Tr
floc;ri,rxerri .sBurua 6).-r)"T, ,,o.,1, oar..,6.,rru s:ia l;iiJc

3HaLlellllfl npli KOHCTp\loBaHtri IJIlrl rrprr r;1_lrr
cl,6r.rirpoulrnvu po:wtiparru c.re\tent ll rurLr.rLr li. s
lrllopvBart.t BHqe IIpfiBert('Hi pc t,r.tsraru BA.(. He \roi+i.]i
tteo6xi;1uo ),r]ocxoHtutroBarH r.crrro_rori,rHi pIiuetItir
orpuMaHr{, ivoprf o_lorii roHraxria. 6.ru:uxor. _to i.tca_rrrror

C.nia o.iixvsa.rH TaKox 3HaqItor.o err..tr.tny uoprf o,:rtl iixosrarrin Ha HBtl naparlerprl rpaH3,ic.roplB. ,Kl
BHKopficToBlrtort c.fl npH r_.lydotortr o\rr rr)jl,{.cJ1jt ria piHrl I.,80K

"rlircparypa

Y
i 400

F

300

200

100

' l.
o"o .3.o

- c tror
.i.::E3i:^:^
:iiiili^;^
iIr.^

800

I----
70ol I L -

600

.: 500

400

300

a

Y

F
!

to a
tr I a^

o a a:
I a e'

f,it^
tir tl

rKII\
:go i

U,B

I)rrc.4. 3arexsicrr, ul.nonoi. Tet\rneparvpn xaHa.i), Btr_l
:{i1lp\rH ua arrunuiii o6racri 3pa3ria Ha,tacrori l0 fl-ir npu
rcrrncparypi 30i) K: l. 2 - d:0,2 vrcu, J.4 _ d_-0.6 uxr,r. 5,6 _

.i-1.0 rrxy. l. 3..5 - craHiraprt{arexHo.roriq.2.4.6 -
rIo.l ir lurcr ur

O,reBxjtHo. rro D 3pa3Kax r: 6iaruxvn po:lripalrx :epeH
cn.raB_teriux etrexrpo,ris xorjlarc.rjs crBoplororLc, )NroBu lIJu
ticpinHovipuiu_oro BHxoAy e,rerrporrin i: nnroxy'i Bxory yc'rK 9uv 6i;ruruvs dyayrl 3epua i, eijtnosi,..tno,
po:rrNrirlurl xpafi KoHTaKry. THI{ :Ha,{HiurHN.{r.! 6yayrr
rrr,\Jltoni-lltocli polno:i.reuHr e.teKt.pHrrHoto noJr,c i
riouuctrrpauii uociis :apray. flpu uror.ry cai,l oqixYearu
r aKox 3MerrlreHH, rpefrOoeoi rusrr,lrocri, rovy uio uiueo,tnopirrrocri noxvrs 3afrH.crr, 3Ha\rlry qacrlH\

, l( )c- I r.'ll+(\'BaHOf o n-uap)..
I Ia pnc 5 npe;cr.an.aeur :a-qexrroc.ri urrrrosoi TeMncpar)pu
rlrHa.ris BH lranpvru Ha art uaHiil o6,racri npn oxo-rolxcHHito ;r' = tiO K. -Bx sHJHo it pHcyHKa. nn.,:ur lroprfo;rorir.
rioHtaKTy Ha ulv\roB)/ Ter{nepaTypy B oxo.rro]IxeHoM}. NaHanl
rrrc. ;rraqrriunfi Tax xanpux.la;. n xauani z d = 0,2 rrlxv npu I
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riirlr 'r'i\ xc piRurr 7,, DT,, cKxaxae 290 i60 K. q. rro*,,u

Hot_electron nolse temperature in n-tt.pe Ca.{s channcl allieids ovcr l0O kV/cm I V.Bareikrs. .l Libc,r:s.
A.Matulionis et.al.// proc. lgth European \\,orkshop on
Compound Semiconductor Devrces and I(.s
(WOCSOICE'94), Kinsale, Ireland._ 1gg1 - p,,2t:-222.
Elfect ofhydrogen on hot electron noise in short santples
of GaAs / V.Bareikis, J.Liberis, A.Matuhonis et al
Semicond. Sci. Technol. - I 993, 8._ p I St9-
l83Experiments on hot electron noise in semiconducror
materials for high-speed der.,rces / V.Bareikrs. J I_rbens.
A.Matulionis et.al.// IEEE Trans. Elecrron Devrccs -i99J.
ED-41.- P.2050_2060,
Microwave noise of CaAs planar doped barrier drodes ar
high bias / J.Liberis, A,Matulronis, p.sakalas ct.al , 20rh
Workshop on Compound Semiconductor Devjces anj
Integrated Circuits, Vilnus.-1 996 -p61-63
Ruch J,G. Electron dltramics in short chaner tlcld-eltecl
transistors /,i IEEE Trans. Electron De.,.rces _ ig-1. ED-
r9-P652.
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lllr l;r rJ \r11Kpol.{Hbr\ r'r -n-n clp\ k-Tvpax Gil,\s .
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Ofll - 1971.8 - Ne9. c.1830-1833.
El-Ghanem lJ M., Ridley B.K. Inrpurity scattenng of
clcctronsin non-drgenerate semiconductors // J.Phys.C.:
Sol State Phl s - 1 980. 1 3.- Nll 1 0. p.204 1 .
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ll04l66 or 04 07.88.
U..,\.Bapciixuc. B l,l.luopurixoa. A.iJ.haauty x,

IO.C,r1u6cpnc. A.IO.\'[arr'.reHrc. ll.A.Caxa.rac.
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r.llaraHra. ceHrrSpr 1988 r, Tesucsr JoK.raJou. c 16-48.

13 l{.Eocsrir. ,rl f.l-accarios. A.B.Haau1 x. E Bapefrxuc.
lO,'1H5epnc. A.Mary,reulc. II.Caxa"rac LUy'rrrr B
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