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OEIUAH XAPAKTEPMCT.11KA PAEOTH 

AKzya.m,H0CTl> TeMH. IlMYnpoBO,I(HHKOBHe RPHCTaJIJilil · Inhs , 
Ga P H In P SIBJIHIOTCR H3BeCTHHMH MaTepmui:mrn ,I(JIR HsroT6BJieHIDI 
paaHHX. npH6opoB H ycTpottcTB B aJieKTpoHHKe: · Ha KpHCT8JIJiax InAs, 
In P H Ha HX TBep.n::1i1x pacTBopax InAs

1
_xP,. · .coa.n;aroTCR :11;HllteruwoHHHe 

irasepH, KOTOpHe pa60TaIOT B ,I(OCTaTOtIHO nm:poxott o6JraCTH ,I(JlliH 
BO~. a T8.!0lt9 o6Jia,D;aIO!IUi9 BHCOKHMH pa60'll!MH xapa.KTepHCTHKaMH 
noJieB&e TpaH3HCTopu H .npyrHe CB~ npH6op:1i1. IlpoRBJI.R:eTcR - 6o~rnoli 

HHTepec K lnP ' Ka.K K MaTepHa.ny ,I(JI.lI C03,I(8HHR 6o~nrnx H CBepx-
6~cTpo.n;ettcTBYJO!l1liX HHTerpaJil>HHX cxeM, H B 8TOM Hanp~eHHH cett­
-qac B9.ll,YTCH HHT9HCHBHH9 HCCJI9,I(OB8.HIDI. B ·noCJI9,I(HH9 ro,I(H Ha oc­
HOBe KpPICTa.JIJIOB InP . Ha-qa;m H3rOTOBJieHHe COJIHS'IHHX 8JI9M9HTOB, 
KOTopue -OKa3aJIHC]) 6oJiee p~a.:u;e:OHHO-CTOttIWMPI no CpaBHSHHIO c 
TaroIMH aJieMeHT&m Ha ocHoBe Si PI GaAs • KpzcTa.JIJIH Ga P 
JISrPIPOBaHHHe npHMSCHHMPI 8TOM8MH cepu, J.UIBKa, . lil,80Ta H KPICJIOpo­
.n:a, HCil0~3YJOTCR npH H3rOTOBJI9HHH CBSTO,I(HO,I(OB. Bee B.l:lllleynoMR­
HYTNe npH6opu H ycTpottcTBa Olf9Hl) -qyBCTBHTS~HH K npHCYTCTBHIO : 
B HPIX MaJiefunero KoJIH"CiecTBa CTPYl<TYPHUX ,n;e(f>eKTOB. · Pasmi:Tl!e Koc­
MK'lecxott TSXHPIKH H ~epHOH 3.depreTHKPI npP!BeJra K TOMf, lf'.1'0 MllO­
rPie noJIYnpOBO.n;HPIKOBHe npH60phl 3KCilJIY8TPIPYIOTCR ~ YCJrOBW pa3-
aoro po.n;a p~aUHH. 06JIY'feHPie MaTepHaJIOB B~oxo·aaepreTH'IHNMH 

qaCTHilaMH ( 3JI9KTPOH8MH' HettTPOHaMH' npoTOHffi.m) C03,I(88T B HHX .. 

pa,D;Hau;HOHHHe .n:$KTN ( P.IO ' KO'l'Ojlli!e M9HRIOT Mlionre qms~ecruie . 
~BO!CTB~ 3THX MaTepHaJIOB. IlyTeM HCCJIS,I(OBB.HIDI (noCJie 00,7IY11e~) 
ra.RHX napaMeTpOB, Ka.K, HanpIDl!ep, KO~el!TH Terrironpol:io,n:HOC~ 
rn: ( fJ? ) ' TepM03,I(C ( r:J.. ) ' 3JI0KTponpOBO,I(HOCTH ( 6 ) ~ aj$lKTa . 
CMJia ( R ) , MoJKHo c.n;eiraTl> 3aKJI!OlfeHHe o xapaxTepe, itomecTBe, 
1ap~OBOM COCTORHPIH ·o6pa3YJOOtHXCH P.n B 3THX M8TepxQJ!ax. 

IIepB&e axcnepHMeHTI:l no o6JIYlfeHHIO :KpHCTWOB InAs . npo­
:o,nwmc:i:, B TIRTli:.n;eCRTHX ro.n;ax. .l1MeHHO TO):',I(a BNRCHPIJIOC]). 'ITO 
'.pH o6JIY'femm n-InA~ BHCOKOSHepreT:irtnrnMH SJIS;I<Tl)OHaMPI {a Ta.K­
.e l'f ,n:pyrPIMH -qaCTHil&m) Ha6JIIO,I(aeTcJJ; YBeJIH-qemie !tO~eHTpa.rce:H 
B06o.iumx 3JI9KTPOH0:0. AHaJIOrH'JHoe RBJieHPie HM99T M9CTOH . IIOCJie 
YCOKOT9MII9paTypHoi o6pa60TKPI :KpHCTa.JIJIOB n-InAs ' . O.mia.xo 
D;H03Ha"tJHOe 06".bHCHeHHe 3TOMf RBJISHHIO ,I(O CPIX nop :ge ,I(aHO.· 

· lJ'l'o xacaeTCH KPJlC'l'BJIJIOB Ga P , To nepBue pa6o~H ud BJIB.ii~ 
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I 
mtIO Pa.ttHa.Umr Fia· HX CBoftcT:sa BWJJJrn: B ·Ha-qane CeMli,lJ;eCRTl:lX ro.n:o:a 
(E.IO.Bpa.filioBcrutll H mi·}. Pa60TH ~o 3TOMY BOnpocy HHT6I:iCHBHO 
Be,i&Tc8 ::Ka.R OTe~ecT~eHHW.m, TaR H aapy6e'1tHHMH HcCJie.n;oBaTeJm-

. . Mi!. o.iniruro STH ~ RcCJie.n;oBamm Re.n:ocTaTo'IHH ,l(JIR coa.n:B.ImJI noJIRo:l1 
R8.pTmil:.r o hpHpo.n;e P.U, o6pasyeMHx B GaP npH 06.JIY11e:mm:, a TaR-. . . . . 

. · JKe )J.JIR ·m:.t.ffcRellltfi :MexaRH3MOB HC~93HOBeHHR 3THX .z:teqieKTOB IlpH 
:. Tep~ecitoM OTJ!Uri'e. Heodxo.ztHMo OTMeTHT!> ell{e CJie,eyroll{ee. B JIBTe-
.paType . ID.fee'i:'CH O'tJ:.eJU, MWIO .z:taHHHX no T6IJJIOilpOBO,ll;HOCTH n-GaP 

. IlpH .TeMnepaTypax me KOMHanrux. A HCCJI6,ll;OB8.IIIDI no BJIBmiHJo pa­

.z:tHaumi lia .Teroro:Bue cBo:iicTBa KPHCT8JIJioB GaP Boo6Il{e OTCYTCTBYJOT . 
.. . .·. Jf~yq~ime P.U B InP JIOJIY11IDio 6oJ!bmo:l1 paaMax oco6eRRo nocJie 

. ·• 1980 r-o.na, KOI'.n;a IlpH HCCJIS,lJ;OBa.mnI .n:eqieKTOB Ra~a.mi: IlpHBJI6KaT!> 
'i:'a.rorn · 1.ionimie co:speMeHHl:le · MeTO,lJ;H :RaR sJieKTPOHHo-napaMar:mTHH:li 
pea.oHaRc C3I!P), HecTanaoHapHM cneKTpocKoTIHH rJIY6oKHx ypoBHeli 

... .CHG.CT)' MarHHTl10-'KPYI'OBOii .n:mcp6H3M (Ml\ll)' aHHHrH.7UIIUm: n03HTpo­
.· ·· Ho~. 13 · ·l<P:im±an.ii#. TeM He. MeHee MHOI'He Bonpocl:l no HCcJie:rtoBrumro 

·· • · Pi! iie,iioci'.aTo"tJ:Hb ·noJiHo :Ha~e.Hl:l . · 
... · .. ·. TalOiM 06P!i30M ,· C .·~ .n;HeM BOspacT~ HHTepec K HC-
. CJie.z:tYeMixM MaTepiranaM In As , GnP , lnP o6yCJioBJieH KB.k 
Heo6xo,nHMocT!>ro pemeHHH Ha~HX npo6JieM, Tak H paclllHpeHHeM 06-
JiacTR HX IlPaRT~6C!(HX . npHMeHeHHii. 

. .ue.ID:,Ri ,ll;HCGepT~UUWHHO:li pa60Tl:l .fIBJiff6TCH H3~€HHe IIpHpO.lJ:H 
. · · ireqie!CTOB, BBb.ll:HMHY 'B kpHCT8JIJIH n-Inih , n,p-GaP H n-InP 

. IlbCJie o6~eHIDI . 3JI6KT~OHaMH C . 3He~rli.m.1H 4, 7.5 H 50 MsB B IDH­
. pOKOii 06JiaCTH ,ll;03 IOI +IQI8 3JI/CM • 

. JVr;t 3TOro 6wm iJOCTal3J!eHl:l CJie.D;yiooiHe OCHOBHl:le aa.n;a'l!H: 
· . I . IlyTeM H3MepeHJ.IR T6lLJIOBl:lX H 3JI6KTpH'<l'.ecEHx xapaRTepHCTHK 

n-:-!n .A~ • n-lnP ' GaP BWICHHT:b XapaRTep BBO.z:tHMl:lX P.1{. 
.2 • .Bim:CHHT!> M6X8.HH3Ml:l pacceRHH.R: qioROHOB ,l(JIR o6pa3UOB· 

· n-GaP c pasHb!MH KoHUeHTPaIUIRMH np:l'IMeoett npH TeMnepaTypax 
l!W'.I{Koro asoTa (KaK .z:to 06JJY1IeHHR,. TaK H rroCJie o6Jryqemm). 

3 •. Ms~TI:. npoueccu, nponcxo.z:tHil!He npH HaoxpoHHOM OT'1UIT'e 
06.nyqeHHHX KpHCTaJIJIOB . GaP , In P • 
. Hay;nra.g HOBH~Ha noJzy"lieHHHX pesyJII:.TaToB 38.ItJI)O~a9TCR B CJie-

.lJYIOlll9M: 

. I~ Ha OCHOBe C06CTB9HHl:lX H HM9100tHXCH B JIHTepaType .ll:aHHl:lX" 
paC"tJ:9THl:lM nyTeM Il0Ka38HO, ·~TO Ha6JIIO.z:taeMoe RB.II9HHe YBSJIH'l:eHH.ff 
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KOHU9HTPauHH CB060.n;HHX 3JI9KTPOHOB B n-InAs KaK npH 06JIYII6HHH 
BHCOK03HepreTH'IHHMPI 3JI9KTpOHaMH, Ta.I<. H nocJie BHCOKOTeMIIepaTyp­
HOtt o6pa60TKH o6yc~oBJieHO IIpHCYTCTBH9M B MaTepHane H9KOHTPOJIB­
pyeMHX npHMeoen Cu , S , o H T • .n: • 

2. BrrepBue H3M9peHa T9MIIepaTypHM 3aBHC:l'IMOCTI:. K03~eH­
ra T9IJJIOilpOBO.IJ;HOOTH ( ll ) He06JiytI9HHl:lX KpHOTBJIJIOB h-GaP B6JIB-
3H TSMIIepaT}llH J!tH.n;Koro a30Ta. IlpH 3TOM o6HapYlt9HO, ~TO T9Mil9-
paTypa MaKOHMYMa :l y n-GaP no cpa:aHeHHJO c p-GaP oMeil{eHa· B 
CTOPOHY Bl:lCOKHX TeMIIepaTyp (TMax = 85+88 K) • 

3. YcTaHOBJI9HO, '!J:TO B H9KOTOpOM T9MIIepaTypHOM HHTepBane 
6oJiee "rpH3HHe" (JierHpOBaHHHe) o6pasIJ,H n-GaP HMeIOT 6oJ!bmyIO 
TeIIJIOilpOBO.n;HOCT!>, '!J:9M 6oJiee ~CTH9 o6pasuH • 

4. KoaqxpHUHeHT TeIJJionpoBo.n;HocTH KPHCTBJIJIOB GoP npH 
TH3M = 85 K ocUHJIJIHpyeT o pocToM .n:osH 06,JIY~eHIDI . 

5. 06HapYlteHo, ~o a: ,l(JIR o6paan;oB p-GaP (npH TH3M=85 K) 
c pOOTOM TeMIIepaTypl:l H30xpOHHOro OTJKlil'& (TOTX) CHa~ana YBeJIB­
~BaeTCH H rrpH H9KOTOpoii T9MTiepaType (pasHott B 3aBHOIDl!OCTH OT 
BH.n;a HCXO.IJ;HHX npHMecett) .n;aJKe CTaHOBHTCfl 6oJII:.me HCXO,ItHOro, a no­
TOM YM9HI:.waeTCfl • 

6. IloKa3aHO, ~TO 0 pOCTOM TOTlit B o6paauax n-GoP Ha6mo­
.n:aeTOH H9MOHOTOHH09 BOCCTaHOBJie:ma:e KO~eHTa TeIIJIOilpOBO.n:­
HOCTH (:l ) . 

7. IlooJie H30xpORHOro OTJKHI'a rrpH T9MIIepaTypax BHIII9 60o0c B 
o6~9HHHX o6pasuax n-GaP noHBJIHeTCH I!pOBO.n;IDl!OCT!> ITO YPOBRIO 
IIpOT9KaHHH. TaKM IlpOBO,ItHMOCTI:. HM60T M6CTO B 06.JIY116HHHX H OTO­
X9HHHX .n:o TOTX :::::- 3oo0c o6pasuax n-InP . . 

8. IlpH o6~emm KPHCTBJIJIOB n-lnP ( n0 ~ IOI8 CM-3) 3JI9K­
TpOHaMH 0 3HeprHe:l1 50 MaB Ha KpHBoii T9MnepaTypHott 3aBHCIDllOCTH 
K03~9HTa sJieKTponpoBo.n;HooTH B6JIB3H TH3M ~ 160 K rro.RBJIJieTcH 
MHHHMJTM. A nocJie HeRoTopott .n:osH o6~eHM npH THSM < IOO K 
noHBJIReTOH IlpHlKKOBaH I!pOBO.lJ:HMOCTI:.. 

9. IlpH pacceHHHH qioHOHOB B 06JIY'l9HHHX KpHCTBJIJiax n-InP 
pem8DJ1YIO POJib HrpaIOT B03HHKaJCIIIR9 B HHX aap.flllteHHHe TO~e'CffiHe .n:e­
lf>eKTl:l (T.!{) H paaynopsmo~eHHHe o6~acTPI (PO), o6Jia.n:B.IOIIlHe o6'beM­
HHM I!pOCTPaHCTB9HH!ilM aapsmoM • 

IO. 0THOCHT9JII:.Hoe H3MeHeHHe 3e o6.JIY119HHHX o6paauoB n~InP 

(npH (j>mtcHpoBamron .n;oae o6.JIY11eH.WJ:) J'MSHI:.maeTOH c y:aemrqeHHeM 

r:: 



KOHU9HTPaI.Um HCXOnHHX rrpHMecen H l'!M99T T9H.IJ:9Hll)il0 K HaCHil{emno. 
lLBY;iHaJI H IIpaKTW!9CK8.f! 3Ha'!IDJIOCTb pa60Tbl: 
I. IlOJIY'IeHHble pesym,TaTbl pacurnpmoT Hanm rrpencTaBJiemrn: o 

qnrsHKe ifx>HoHoB B 6HHapHblx coenHHeHIDix Am BY. 
2. .IJ:aHHHe, TIOJIY1IeHHble Ha KPHCTaJIJiax In As H In P , MoryT 

6blTb HCTIOJTh30BaHbl rrpH KOHCTPYHPOBrunrn TepM03JI9M9HTOB Ha OCHOBe 
TBepnbIX pacTBopoB In A~-x ~ , a T8.Kl!te ~ BIDICHeHIDI rrpwnrn 
nerpa.n:aium xapaKTepHcTHK co~e'tffib!X aJieMeHTOB Ha ocHoBe InP , 
3KCIIJIYaTHJ>Y9MhlX B YCJIOBIDiX pa,n:Harunr (B KOCMlfCI9CKOtt TeXHHKe). 

.3. PesyJn.TaTbl TIO GaP MoryT cTaTb BecbMa TIOJie3HHMH rrpH 
paspa6oTKe TepMoaJieMeHTOB Ha ocHoBe TBepnoro pacTBopa GaAs ~ 1-x ~ 
3TH pesyJThTaTbl MoryT rrpHMeHRTbCR rrpH y-qeTe rrponeccoB T9IIJIOOTBO-
na B Jiasepax Ha ocHoBe Ga As1_x Px • 

0CHOBHb!MH 3ammtJaeMHMH nOJioaeHWl'.MlI JIB.l!RpTCH: 
I. BHBon 0 TOM, ~TO B03HHK8l0111H9 TIOCJie 06JIY1IeH:rut necpeKTbl B 

n-InAs , GaP 1™eIOT, B ocHOBHOM, To~e~I:IB xapaKTep, a 06-
pasyeMHe rrpH o6JIY1Ie!IBH aJieKTpOHaMH c aHeprHefi 50 MaB PO HMeIOT 
M~e pa3M9pbl H He o6Jia,n:aJOT o6~eMHblM rrpOCTPaHCTB9HHblM sapSI,nOM. 

2. IIpe~';)JK9HH9 0 TOM, ~TO B KpHCTaJIJiax n-InAs conepDT­
CR nocTaTO'IHOe KO~eCTBO R0~9KCOB H3 H9KOHTpo~yeMblX rrpH­
Mecen (Cu,S ,o ), KOTOpble ~CR OTB9TCTB9HHHMH 3a YBe~e­
HH9 KOHU9HTPaI.Um CB06onHUX 3JI9KTPOHOB KaK TIO~e BblCOKOTeMIIepa­
TYpHOtt TCpMoo6pa6oTKH, TaK H IIOCJie 06JIY~0HIDI BbICOK03HepreTH~­

:IDMH ~aCTHn8Mi'r. 
3. CynieCTBOBa.HlI9 MaKCm.eyMa Ha RpHBOtt T9MTiepaTypHott 3aBH­

CHMOCTH :? ~ H0KOTOpbIX RpHCTaJIJIOB n-GaP B TeMJiepaTYJ)HOM 
HHTepBaJie (85+88) K. 

4. B ysKOM TeMIIepaTypHoM HHTepBaJie 6oJiee "rpR3HHe" o6pas­
nH n-GaP HMeIOT 60.n:bmyIO T9IIJIOrrpOBOnHOCTb, ~eM '!HCTble o6pasnu. 

5. · IIo~eHHe Ha RpHBbIX nosoBoil aaBHCHMOCTH :£ (npH THSM = 
= 85 K) Iq>HCTa.rJJioB .GaP JIOKaJ!bHblX 3KCTP9MYMOB. 

6. IlpH pacceRHHH ifx>HOHOB B 06JIY1!9HHblX RpHCTaJIJiax n-InP 
OTBeTCTBeHHHMH ~CR sap.fllKeRHble T.IJ: H PO, o~Jia.n:8JOI!tHe rrpo­
CTPaHCTBeHHHM sapSI,noM. 

Arrpo6armff pa6oTbl H ny6JllllSarm:H· PesynTaTH pa6oTbl noJioJKeHH 
Ha Bcecoro~HOM ceMHHape TIO pa.n:HanHOHHoli (fJHaHKe TBepnoro TeJia 
"HoBiie aKcnepHMeHTaJThHble MeTo~ B Pa.n:HanHOHHott cp.aamte TBepnoro 

r. 

~eJia", r.EpeBaH (I985 r.); Ha MeJK.nYHaponHoli Kvn.cpepeHUHH no_pa­
~HanHOHHOMY MaTepHaJIOBenemno, r.A.JiymTa (I990 r.) H orry6Jll'IKOBa­
Hbl B M9ll\,I\YHaponHHX H BC9COID3HbIX JKYPHaJiax. 

06~eM H CTpyISTYQa nHccepTa.rnm: • .IJ:HccepTaJJl'IB COCTOHT H3 BBe­
neH:rut, ~9Tb!P9X rJiaB, 3aRJIJO~eHIDI, CTIHCKa ll;IfTHIJY9MOtt JIHTepaTYJ)H. 
Pa6oTa H~oJKeHa Ha I66 cTpaHHnax Manrn:HoTIHcHoro TeKcTa, B~~a.s:r 

2 Ta6JIHnH H 35 pHCYHKOB. CIIRCOK JmTepaTypbl cone_pJKHT I82 cc~. 

CO,ILEPJl(.AIDIB PAEOTH 

Bo BBeneHIDI o6ocHOBaHa aKTYaJll>HOCTb Hsy-qeH:rut P.IJ: B KpHCTaJI 
Jiax InAs , GaP H InP , .rr.aeTCR KpaTKOe conePJKrurae nHCcepTa­
nzoHHott pa60Tbl, a T8.Kl!t9 OTMe~aeTCH HOBH3Ha TIOJIY1!9HHblX pesyJ!bTa­
TOB H IlpHBOµRTCH OCHOBHH0 noJIOJK9HHR, BblHOCHMbl9 Ha 3~Ty. 

B nepBOfi rJiaBe naH o6sop JIHTepaTYJ)H, OTHOC.fill\HttCH K TeMe 
µ.accepTanHH. B ~acTHOCTH, rrpHBOTIRTCH TeopeT~ecKHe cBeneHWI o 
pacceHHHH ifx>HOHOB B RpHCTaJIJiax rrpH HH3KHX H BbICOKHX TeMIIepaTY­
pax. .IJ:eMOHCTPHJ>Y9TCH B03MOJKHOCTb TeIIJio(fJH3~9CKOrO M9Tona o6Ha~ 
pYJKeHHR B03HHK8JOI!tHX n$KTOB B TIOJIYrrpoBonHHKa.x (KaK B aToMap­
HbIX, TaK H· B 6mmpHHX) rrpH 06JIY1!9HIDI HX pa3HHMH B~8MH rrp01m­
K8JOI!tHX pa,n:HanHfi. IIoI<asHBaeTCR, ~To rryTeM cpaBReHHR pac~eTRoro 
no6aBO'IHOro T9IIJIOCOilpOTHBJI0HIDI c 3KCTI9pHM9HTa.7ll>HHMH 3Ha~eH:W:IMH 

MOJKHO cynHTb o xapru<Tepe B03HHKaromax P.IJ:. IIpHBoµRTCH T8.Kl!te pe­
syJibTaTbl TIO H30xpOHHOMY OTJKHI'Y 3THX necpeKTOB. 

3z(ecb JKe rrpHBOnfiTCR cBeneHIDI o BJIHRHHH P.IJ: Ha aJieKTpo(flHs.a­
~ecKHe cBolicTBa In~s , GaP H InP • B ~acTHOCTH yi<asHBaeT'ca, 
~TO 06JIY1IeHHe KpHCTaJIJIOB n-InAs BH3HBaeT pOCT KOHn9HTPaI.Um 
CB060nHbIX 3JI9KTPOHOB. IlpH 06JIY1!9HHH rrpoBOnH.MOCTb RpHCTaJIJIOB 
H3 p -THTia rrpeBpamaeTCR B n -TIDI. 

Bo BTOpott rJiaBe ormcaHa M9TO,nHKS. H TeXHHKa 3KCnepIDll9HTa, 
HCIIOJib30BaHHM B na.HHott pa6oTe. HaMepeHHR no TeIJJiorrpOBOnROCTH , 
T9pM03nC H 3JI9KTPO.rrpOBOnHOCTH rrpoBe,n:_eHbl B CTanHOHapHOM peJKHMe 
B HHTepBaJie TeMIIepa'cyP.(80+330) K. Onm6KH H3MepeHHR COCTaBJIRJOT 
±(3+5)%. HaMepeHHH no aqxpeKTY XOJIJia rrpoBona·rcR Ha nocTo.RHHoM . . 

TOK9 B n6CTORHHOM MarHHTHOM IIOJI9 HanpSl:llt9HHOCTbE 6000 3 B IDiTep­
BaJie TeMTiepaTyp (I00-300) K c TO~OCTbID no ±r0% 

06Jiy-qeHHe HC~0nY9MblX o6paanoB IlpOBO.IUJJIOCb Ha JIHHettHHX 
YCKOPHT9JIHX H Ha MPJXPOTPOH9 c ::nH:mt'IDIMR COOTB9TCTB9HHO 50' 4 n 
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7.5 MaB. B npousccs o6~sHIDI o6pasuH OXJI8JK,D;aJIHCn npo.n:yBoM Tia­
poB lKH.lUtOro a soTa , TIO)Ul;Spi!lliBaJ<JII1MM TIOCTOmrnyJO TSMTISpaTJTPy 06-
pasua ...., 20°c . 

B TpSTns:ii rJia.BS npHBS'ASHH pssy~TaTH HCCJIS'AOBaHIDI BJraR­

HHH o6~SHH~ 3JISKTPOHa.MH c 3HSpr:wnvrn: 7. 5 H 50 MaB Ha TSTIJIO-
npoBO'AHOCTn H TSpM03'AC KIJHCTaJIJIOB n-InAs ' n-GaP H 
n-InP . Ms cpa.BHSHHH 'A06a.BoqHoro pac~STHoro H aKcTispHMSH­
T~Horo TSIIJIOCOnpOTHBJISHIDI 'ASJiaSTCH BHEO'A , 'ITO npH o6~SHHH 
o6pa3UOB n-In As B HHX o6pasyroTCH 'ASiPeKTH, B OCHOBHOM, TO~S~­
Horo xaprutTspa. A npH o6~smm: aJISKTpOHaMH c aHsprHs:ii 50 MaB 
o6pasyroTCH TB.KlKS H PO , KOTOPHS HS o6JI~8.!0T npocTpaHCTBSHHHM 
sapsmoM. OnHruto M~os H3MSHSHHS ~ KpHCTaJIJIOB n-InAs o6yc­
JIOM SHO , TIO-BH'AHMOMY , H TSM , 'ITO KOHUSHTpanHH B03Hl'fKar<X!{HX P.U 
MaJia TIO cpa.BHSHHIO c KOHUSHTPanHS:ii npHCYTCTBynuHX B HHX TSXHO­
JIOrH'!SCKHX nsiPeKTOB. 

lls-sa OTCYTCTBRH B JmTSpaTJTPS 3KCTISpHMSHT~HHX naHHHX 
TIO TSTIJIOnpOBOnHOCTH n-GoP B6~3H TSMIISP~TYPH ~wro a soTa B. 
pa6oTs npoBS'ASHH TaKHs H3MspsHHH: Cpa.BHSHHS aTKX pssy~TaToB 
c aHaJIOrH~HUMH pssyJinTaTaMH ~ p-GaP TIOKa3aJIO, qTo TSMIIspa­
TYPa Ma.KCHMyMa ~ ~ n-Ga.P HaxOnHTCH B o6JiaCTR OT 85 no 
88 K B 38.BHCMMocTH oT KOHUSHTpruum: cBo6onHHX aJISKTpoHoB. Mc­
cJisnoBaHHH TIOKasa;m, '!Tb ~ o6pasuoB n-GaP c npHMscnro cspH 
~ YKa38.HHOM HHTSPB~S TSMTISpaTJTP Ma.KCHMYM OTCYTCTBYST, a~ 
o6pasuoB c npHMSCnro Ts.ruzypa Ma.KCHMYM Ha6~aSTCH npH KOHUSH­
"'P8.Il;l'IH CB060nHHX HOCHTSJISii n::::: (I. 5+9) •IOI CM-3 • !IpH 

n ;;. IQI8 CM-3 Ma.KCJ.IMYMa Ha :le (T) HS Ha6.mo,n:aJIOCn. )J.Jm 06'bHC­

HSHHJI YKa3aHHHX oco6SHHOCTS:ii o6pasuoB n - H p -THTia nps~a­
raJOTCH nBa B03MOJKHHX MSXBHH3Ma paccsJIHHH qioHOHOB. IIspBH:ii H3 
HHX - 3TO MSXaHH3M Ks:iica, KOTopH:ii ~SST pS30Ha.HCHH:ii xaprutTSp 
OTHOCHTS~HO KOHUSHTPanHH npHMSCHHX aTOMOB. 8rOT MSXaHH3M Ka­
casTCH paccs.lll!rui ~OHOHOB sa C'!ST BHYTpHaTOMHHX 3JISKTPOHHHX TIS­
pexonoB B npliMSCJIX. VlHTSHCHBHOCTn pacceHHHH qioHOHOB Ma.KCliM~­
Ha , Korna pasMsp op6HTH cBssaHHoro aJISKTpoHa (6opoBcRltlt pa­
wc) pa.BSH ~e pacceHBaSMOro qioHOHa. QneHKa IIOKa3HBaST, 
~TO ~ o6pa3UOB n-G~P npOMSJKYTO't!P.Oro JISrHPOBaHIDI B o6JiaCTH 
a30THOR ~eMTiepaTJTPH CTa.HOBHTCH 3aM0THHM paccesnme qloHOHOB Ha 
CBH3aHHHX 3JISKTpoHax noHOPHHX aTOMOB. CpenHHH ,nJIBHa qioHOHOB 
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npH 80 K ( :.>. = I2 R) H 6opoBcKHii p~c ( a•::: I6 ~) o.zumrutoBo-. 

ro TIOpsnKa. OnHaKO c YBeJm'!eHHeM KOHU9HTPanHH npHMeceli a:Hep­
·rHH HOHH3anHH noHopHHX a.JieKTpOHOB YMeHnmaeTCR, a• yBeJIH'lliBaeT­
cs, H pS30HaHCH09 yCJIOBHS HapymaeTCH, ~TO B KOH9't!ROM HTOre 

npHBO'AHT K HC~S3HOB9HHhl oTMe~eHHOrO MSX8HH3Ma pacceHHHH. 
BTopo:ii M9Xa.Hl'I3M - &TO paCCSHHHS cpOHOHOB Ha JIOK~HHX MO­

nax, o6ycJIOMSHHHX npHM9CHh""1! noHOPHHMH aTOMaMH. BHCOKOT9MII9-
paTYPHHli MaKCHMYM Ha6.mo.n:asTCJI B o6pasuax c npHMecnro TeJIJIYPa, 
a B o6pasuax c cepo:ii - OTCYTCTBY9T. OneHKH IIOKa3aJm, qTO 3HSp­
rHJI JIOK~HHX Mon, odyCJIOM9HHHX npHM9CHMH T9JIJIYPa, H 3Hep­
rRH cpenHHx cpOHOHOB npH 80 K 6Jm3KH TIO sHa~eHHID. 8ro paccsa­

HHe TO~S HOCHT pe30HaHCHH:ii xapaKTep . 
PesyJinTaTH H3MepeHH:ii IIOKa3aJm, ~TO TeTIJionpoBonHOCTn y 

HSKOTOPHX CHJinHOJI0rHPOBaHHHX o6pasuoB n-GaP 38. Ma.KCHMYMOM B 
CTOPOHY BHCOKHX TSMIIepaTYP 6o~me, '!9M ~ o6pa3UOB, conepxta­
!11HX M9Hbmee KOJm'l9CTBO 3JI9KTp~9CKH 8.KTHBHHX np:eMece:lL B6Jm3H 
KOMHaTHO:ii TeMTiepaTypH COOTHOID9HH9 o6paTHOe, T.e. ~CT!ill · o6pa-
39U EMS9T 60Jiee BHCOicylO T9TIJIOnpOBOnHOCTb. !IO-B~OMY, Bys­
KOM T9MTI~paTypHOM HHTSPBaJI9 B6Jm3H a30THHX TeMIIepaTYP 3TO RB­
JI9HH9 o6yCJIOM9HO pacceRHHeM qioHOHOB Ha npEMSCHX. ~HOHH pac­
ceHBaroTCH He T~KO Ha npHMeCJIX , HO H npyr Ha npyre {N - H 
u -npoueccH), np~eM HHTSHCHBHOCTn IlOCJienHero M9X8.HH3Ma pac­
C9HHHH c IIOBHID9HH9M TeMIIepaTYPH 'pacTeT 3KCTIOH9Hin!~HO (I/~u 
- e-*' ) • u -npoueccH, naKIIIHe OCHOBHOR BKJI~ B T9TIJIOB09 co­
npOTHBJISHHS KpHCTaJIJia, EMSIDT M9CTO Torna, Korna MO,ll;YJIH BOJIHO-.... 
BHX BeKTopoB qioHOHOB K1 , K.. H RX B38l!MHM opHeHTamur Ta.KOBH , 

.. ;t .. .. • it 
~To K

1 
+ "i = K

3 
+ 2'JT& , rne f> - BeKTOP o6paTHOii pemeTKR. 

Ilpn HaJJ:R'CUllI npHMece~ qioHOHH, pacceE:BaHcn aa mnc ytipyro, R3Me­
HHIOT CB09 BanpB.BJieHHe Ta.It, '!TO CYMMa HX BOJIHOBHX B9KTOPOB J')KS 

He ynoBJieTBOPHST BHIDenpHBe,neHHOMY COOTHOIDSID!IO , T. e . ,nJIH Ta.KHX 
qioHOHOB u -nponeccH CTa.HOBHTC.fl H9B03MOJIWHMR . CJ:re.noBaT~HO , 
H3-38. Toro, ~TO . HHTSHCKBHOCTh paceeHHHH u -npoueccoB HaMHoro 
BHID9, qeM llliTSHCHBHOCTn np:eMeCHOro pacceHHHH B HSKOTOpOM or ­
p~eHHOM HHT9pBaJI9 T9MIIepaTYP H K0~9HTpa.uztt· npHMecett, Te rr­
~onpoBOnHOCTn 6o~ee c~Ho Jierlij)oBaHHoro o6pasua MoaeT 6HTn 
6~me, ~eM .nJIH ~cToro o6pasna. Ilpz KOMHaTHHx TeMIIepaTYPax 
~CJIO qioHOHOB c 60J!bmm.m· noJTHOBHMH B9KTOpaMH CTaHOBHTCH npe-
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o6Jia,IJ;C:llO!l1IDvl, H .Ha iI>oHe Hx BsaJIMHoro pacceRJnIH npmv1ecHoe pacceFI­
irn:e HrpaeT BTopocTeITeHHYJO poJI:h. IlosTOMY TeIIJionpoBO.D;HOCTb 60-
Jiee c~Ho JiernpoBaHHl:lX o6pasuoB n- GaP MeHbme TeIIJionpoBO.D;HOC­
TK :.WcTHX, Ta.I< KaI< HeMHoro'Il!MeHH1.rn .nJIIDIB0Bo~oB1.·.re iI>oHoHH 
(He yii:aCTBYIOOUie B u -npoueccax). KOTOpli!e CY!l10CTBYIDT npH 3TIDC 
TeMnepaTypax, pacceIDlaJOTCFI Ha ·npmvrecFix ITO sa.Koey PeJieR. 

YCTaHO.BJ!eHO T8.Kl!te, '!TO ITOtJ:TH 0~8.KOBhle KOHl(eHTPal(HH 
npHMecHHX i:l.TOMOB F1' H '!- n ITO pasHOMY BJlHJilOT Ha TeIIJionpoBo.n­
Hocn KPHCTaJIJIOB Ga P. · 3To o6'I>FICHReTCFI TeM, tJ:TO mv1eeT MecTo 
M0XaHH3M pacceRllIDt cpoUOHOB Ha CB060~HHX HOCHTe~x. 'IHCJIO KOTO­
phlX 6om.me B KPHCTaJL]Iax c npHMeC:hID l(HHKa. 

McMe.noBaJIHc:h TaKJKe npouecchl Ha.KoIIJieH:rui: Pn B KpncTaJIJiax 
GaP n'pH 06JIY'IeHHH sJieKTpoHruvnr c 3Hepr:11:eli 50 MsB B HHTepBMe 
,ll;03 OT IoI4 .no 6·IDI7 ~JI/cr.Jl-. 0Ka3MOC:b, '!TO Ha KPIDlhlX 3aBH­

CHMOCTH ~ (npH THSM = 85 K) OT .D;03hl 06JIY'I0HIDi HMJIID.D;aIDTCFI 
JIOK~HHe 3KCTP9MyM!i. He3aBHCHMOCT:h 3TOro ~9HHFI OT HCXO,I(HO­
·ro THITa npOBO~OCTH o6pa3UOB CB~eT~CTByeT 0 TOM, 'ITO B03-
HKKaJ001He Pn HMeioT co6cTB9HHRH xapa.I<Tep. Ilo aHaJIH3Y IlOJIY'I0HHHX 
,ll;aHHl:lX ,D;MaeTCFI npe.nno.JiolKeHHe, '!TO TaKID.m .ne~KTaMH MOryT 

6HT:h aHTHCTPYKTYJlHhle .negieKTH qxiccpopa B IIO,Iij)9lll0TI<e r~ 
( Paa ) . H:a6Jno.naeMM. 3aBHCHMOCT:h ~ OT .no3bl o6JIY'IeHIDI HHTep­

npeTHpye'rca KaK pesym.TaT B03MOJKHOH nepesapsmI<H 3THX .neqieKTOB 
(ka.K .BHOBh o6pasyeMRx; TaK H CYII19CTByrcmHX B o6pasue .no o6~­
'!9HHH). IIYTeM cpaBHeHIDi: pactJ:eTHHX H sKcITepI™eHT~HHX ,n:o6aBO'l­
HHX TeIIJioc6npoT.HBJie:HHtt pa3Jm'!HHx o6pasuoB GaP npH asoTHoli H 
KOMHaTHoli TeMIJepaType ycTB.Ho.B.JreHo, '!TO sHatJ:eH:rui: noporoBHX 
::iHeprd cMeJ!jeirn:si: .IVIR aToMoB ill H Y rpymra ( Ga H P ) paBHhl 
a.HMor~ · aHatJ:emm:M .zvm GaAs (cooTBeTCTBeHHo 7 H II aB). 
IlOJIY'IeHHHe B 3TOit pa6oTe 3Hati:erµra HS corJiaCyroTCH c ~TepaTyp.­
HblMJII .naHHw.m • . 

06.JiyqeHHHe o6pasl(H GaP no.D;Bepr~c:h HsoxpoHHOMY OTlKHry 1 

HHTepBMe TeMIIepaTyp OT IOO .D;O 900°C. Kpnhle BOCCTB.HOBJI9HIDi 
z .n;JIR o6oHX TmJOB o6pasuoB B 06111HX ti:epTax OKa38JIHCh llOXOiKH­
MH. Ho HapJI.IJY co cxo.ncTBaMH, OHH HMem H saMeTHhle pas~. 
l13Mepeirn:.H IIOKa3aJIH, '!TO HH3K_OTeMIIepaTypHoe 3Ha'lemrn ~ (TH3M;.: 
= 85 K) 06JIY'IS~HX o6pa3l(OB h-GaP c YB~ti:eHHeM TOTiK .no . 
400°c .CHJil>HO OCI(HJLlIHpYST, a c ,ll;~Hefu!JHM pOCTOM TOTiK 6oJiee 

IO 

~ Mettee MQHOTOHHO CTpeMHTCFI K CBOeMY aHatJ:eHHIO .no o6JIY'IeHIDi -
:fo . 0.D;HaKO a.HMOrH'!Hhl9 HCCJie,IJ;OBaHHH Ha KpHCTaJIJiax p.:..GaP c 
npmv1echro JKe~esa H l(HHKa ITOKasHBaroT, '!TO c caMoro HatJ:Ma pocTa 

TOTJK Ha6JIID.naeTCR MOHOTOHHOe YB0~'!0HH9 ~ • A npH H9KOTOPOH . 
TeMilepaTYJ)e (400 H 670°C COOTB9TCTBeHHO ,ll;JI.ii o6pa31(0B c npH­
M9ChID l(HHKa li JKeJieaa) :le BOCCTaHaBJrnBaSTCR, npOXO,ll;R -qepe3 Ma.K­
CliMYM (npli 450 li 700°C), H ,IJ;M99 ·.no KOHUa OTliUII'a MOHOTOHHO 

YMeHHnaeTcR, cTaHOBFICh HHJKe ~o. Ta.Koe noBe.neirn:e KPHBHX OTlKP!­
ra .D;JI.ii o6pa31(0B p-GaP o6'I>FICHH9TCFI npoueccru.rn: BTOpH'!HOrO .ne­
gieKT006pa30BaHHH. B -qacTHOCTH, npouecch! KOMITJieRcoo6pasoB8.Hl'!FI 
MeJK.IJ;Y HMeJOI11liMHCFI B KPHCTaJIJiax pa,D;Hal(HOHHhlMH H npHMeCHHMH .ne­
~eKTaM>t li HX 'AaJihHelimee paapymeHHe npIDlO,ll;RT COOTB0TCTB9HHO K 
YBeJIKtJ:eHHro R YM9HhilleHRID TeITJionpoBO.D;HOCTH KpHcTMJia. Ha6JIID.nae­
Moe paaJIHtJ:Ke MeJK.D;Y pesyJihTaTaMH oTJKID'a p - H n -THTia o6paa­
uoB o6ycJioBJieHo TeM, '!TO npoueccH BTOPRtJ:Horo 'Ae~eKToo6pasoBa­
HHH B MaTepRMax p -THIIa MOryT npOHCXO,ll;HTh aqxpeKTHBHee 6JiaI'O­

.napFI BhlCOKOll IIO,ll;B~OCTH MeJK.D;OY3eJihHHX aTOMOB rMJIHH H WOC~O­
pa 'AaJKe npR IOD K. YcTaHoBJieHo TaKJKe, ~TO Pn B o6pasuax GaP 
c npHMechro JKeJiesa TepMHtJ:eCKH 6oJiee cTa6HJihHH, ti:eM B o6paauax 

C npliM8ChID IJ,HHKa. 
Pesym.TaThl li3MepeHHli IIOKaSaJIH, ~TO TeIIJIOnpOBO,ll;HOCTh RpHC· 

TaJIJIOB n-InP CHJil>HO YM8ID>llla9TCFI IIOCJie o6JIY'I0HHH aJieKTPOHaMli 
c aHeprReli 50 MaB. TaKoe YM8HhmeHHe o6ycJioBJieHo o6pasoBaHHeM 
PO (o6Jia.D;aIDI!1HX npocTpaHCTBeHHWll aapFI.D;OM) R Icy'JIOHOBCKHM BSa.H­
MO'AelicTBHeM MeJK.D;Y HHMK. Ta.Koe B38l!MO,ll;9llCTBHe npHBO,ll;HT K CHJffi­
HOH .newopMauHH pemeTKR, 'ITO H osHatJ:aeT YMeHhllleHHe TeITJionpoBo.n­

HOCTH. YcTaHOBJI9HO, '!TO tJ:eM 60JI:hllle KOHUeHTpau:rui: 3JI8KTpH'!eCKH 
aKTRBHhlX npHMeceli B 1nP ' TeM Memrne pasMephl npocTpaHCTB0H­

Horo aap.f!.IJ:a PO, cJie.noBaTeJihHO, K Memme cHIDKeHHe TeITJionpoBO'A­
HOCTH. 0'AH8.KO OTHOCHT0JihHO CHJihHOe YM9Hhill9HH9 TeIIJIOnpOBO,ll;HOC­
TH Kp~CTaJIJIOB Ha6JIID'Aa9TCFI H IIOCJI9 o6JIYtJ:9HHfl HX 3JI9KTpOHaMH c 
aHeprneli 7.5 MaB. :fro osHatJ:aeT, '!TO aRatJ:HTem.Hoe YMeID>rneHHe 
~ KpHCTaJIJIOB 1nP IIOCJI9 HX aJieKTPOHHOro 06.n:yqeHID:r o6yCJIOB­

JreHO, rJiaBHHM o6pasoM , o6paaoBaHHeM aapmKeHHb!X Pn. 
. IloBTOpHoe H3MepeHHe 3Jr9KTpOHH006.n:yqeHHHX ItpliCTaJIJIOB noc­

Jie BpeMeHHO~ BH,D;eplKKR IIORa3MO, ~TO T9ITJIOnpOBO,ll;HOCTh co BpeMe- . 

HeM YBeJIH'!IDlaeTCFI, ~TO JKa31:lBaeT Ha CY!l10CTBOB8.Hlle HecTa6HJih-
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HHX P,U B In p . IlORa.38.HO Ta.R.lKe, 'ITO IIpR @ffiCRpOBamioii .I(03e 00-
·JJY'Iel!rul · OTHOCRTeJII>HOe YMeHl>meHRe HR3ROTeMIIepaTyplioii TeIIJiorrpo­
BO.l(HqcTR c YB6.7IR'l:eHHeM ROHIJ;eHTpa.Il)m: IIpIDJJeceii EMeeT Te~eHD;IDO 
HaclillleIDIH. 3To 06'b.11cH.R:eTc.11 TeM, 'ITO rrpoRcXo,I(HT oopasoBamrn 
ROMIIJieRcoB MeJKJJ:Y IIpliMeCiruMl! aToMBMH H P,U. 
· · YI3MepeHHH no:Ka.SlffiaIOT, '!'iv Ro~eHT TepMoa.I(c ( ci) 06-
pasl.(oB n...,InAs YMemmaeTc.11 noCJie OOJJY'Ie.HIDI aJieRTpOH&m. 3To 
Y'Mem.memi:e IIpHTIRC!ffiaeTCH YBeJIR'IeHIDO ROP.UeHTPa.n:RR CBOOO.I(HHX 
MeKTpOHOB. MaMepeHHe ci KPRCTaJLJIOB n- GaP noKasa.n:o, 'ITO c 
·noHJIO!teHll:eM TeMIIepaTYJlli R3MepeHHH, Ha'tllil!a.11 c 200 K, Ha6.JIIO,l(aeT~ 
CH ero .aHOMaJI])HO CWI:DHl:iii POCT, 'IITO IIpmIBCI:IBaeTCH ::$PeRTY iJ?o­
HOHHOPO YBJie'!eHIDI. 06JJY'leHHe aTHX o6pasnoB aJieRTpOHru.m c aHep­
nret! 50 .MaB .I(aJKe .I(OSOtt 6·IOI5 aJI/cif- IIpHBO,I(HT R CMemeHIDO TeM­
nepaTypH aHoMa.ln,Horo pocTa d. B CTOPOHY -HHSlWX sua-qeffitit H, 
KPOMe Toro, R yMeHI:.memno ero a6coJIIOTHoro aHa11e.HIDI. TaKoe no­
Be.I(eHll:e TepMoa.I(c o6yCJioBJieHo pacceHHll:eM y-qacTBYJ(IIIJOC B rrpon;ec­
cax qioHoHHoro YBJie'!e.HIDI .l(JIHHHoBoJIHoB!:l.X \P<>HoHoB Ha Pa.I(Haru:toH­
HHX .I(ecpeK.Tax. 

3JrexTpoHHoe OOJJY'Iemre RpHCTaJLJIOB n-InP BHSI:IBaeT YBeJIR-
11emre a6coJIIOTHoro aHa'!eHRH ci , 'ITO o6yCJioBJieHo YMem.meiraeM 
ROHIJ;eHTpa.Il)m: CBOOO.I(HHX aJieRTpOHOB H3-3a ROMneHca.rum: o6pasna 
BCJie,I(CTBRe o6pasoBaHRH B HeM aKUeIITopHh!X P,U. 

~0TB0pTag PJiaBa IlOCBHIIleHa HCCJie,I(OBamno BOS.I(eiicTBRR: aJieR­
TPOHHoro 06JJY'IeHHH Ha aJieKTporrpoBO.I(HOCTn n aqlfleRT XoJIJia KPHC­
TaJLJIOB I nAs , GaP n In P • IIpe,l(J!araeTc.11 MO.I(eJII>, B pru.max 
ROTopoii CTaHOBHTCH BOSMOJKHHM 06'bHCH9HRe .I(aBHO li3BeCTHOro a<}}­
W9RTa YBeJIH'IeHHH ROHIJ;eHTpa.rum: CB060.l(HHX MeRTpOHOB B oopas­
n:ax !nAs RaK TIOCJie 06JJY'I0HRH BHCORo:mepreT:irtIHW.m '!aCTRIJ;aMH: 
TaR_H noCJie BHCOROTeMnepaTypHott TepMOOOpaOoTKI!: . 3Ta MO.I(eJII> 
npe.I(no.zraraeT, 'ITO B KPRCTaJLJiax InA~ HMe10Tc.11 RoMIIJieRcH c He­

. ROHTp~yeMHMH np~ecm.m: aTOMOB Me,l(R, cepH, KHCJIOpO.I(a •H T.,I(. 
Ha OCHOBe aTot! MO.I(eJIR paCC'lHTaHO 'AOOaBO'IHOe YB9JIR'IeHll:e ROH­
IJ;eHTpa.n:RR CBOOO,l(HHX M6RTPOHOB ( bn ) noCJie BHCOROTeMnepaTyp­
HOtt· 'AJIHTeJII>Hoii oopacloTKH o6pasnoB n-InAr. H cpaBHeHo c ruia­
Jior~ axcnepBMeHTaJIMIHMR pesyJII>TaTaMH, noJJY'IeHHHMH Jlm<co­
HOM H 3HpaiiTOM ( Dix.on J.R. ,Enright D.P. ,J.Appf. P/\!js., 
I95~ , v. jo, p. I462). Ms noro cpaBHeHHH .I(eJiaeTc.11 Bmio.I( ; '!To 
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rrpe.l(JiaraeMaH Mo.I(eJII> .I(aeT xopomee corJiacHe c axcne-pRMeHTOM. ,lJ.rui. 

BH'lHCJieHRH, 6 n BHclpruia MO.I(eJII> RoMIIJieRca B BH,I(e 6JIHsxopacnoJio­
JKeHHHX nap Tmra C1.i+s- n C1..+o- n T • .n;. IIpn HRSRHX TeMnepaTypax · 
o6pa6oTRH 8Tli napH CB.1138.lill B ROMIIJieRCH, c IlOBWIIeHReM TeMnepa­
TYJlbl BCe 38MeTHee CTa.HOBHTCH BepOHTHOCTn HX ,nl!ccornr~ Ha· aTo• 
MH Cu n S (liJili Cu H o ) . ,1l;Jm 6 n oRoH'IaTeJil>Ho noJIY'IHTc.11 -CJie.:. 
.n;yIOIIlWI qiopMYJia 

AW iii -~ 
~n=z ve-~ ·t: :1,2.10 .e KoT.i; , (I) 

r.n:e l - '<ll!CJIO OJOOKaiimlix MelK.l(oysJIHtt pemeTRH, ROTopoe .n;JIH rpa­
HeneHTpRpoBaHHo:lt ey6H1IeCRoii CHCTeMH paBHO 12; )1 - -qacToTa Ro­
Jie6aHHJI aToMa· (HOHa) • COCTa.BJimOlllero ROMIJJieRC' ROTOpaH no nop>m-
RY P~Ima .neoaeBCROtt ...., roI3 c-I; tNI - aHeprRH CBH3li ROMIJJieR-
ca; t: - .I(JIHTSJil>HOCTh TepMoo6pa6oTRH. ,UaJiee B paMRax 8TO~ MO­
.I(eJIR HHTeprrpeTRpYJOTCH 8RCil9pHMeHTaJII>HHe pesyJII>TaTH no li30xp0H­
HOMY OTJKm'Y 9JI9RTPOHHOOOJJY'I9HHHX li OTOlKllt6HHHX lq>RCTaJLJ!OB JnAs·. 
Ilpli HHTeprrpeTarnrH aq¢0RTa YBe.7m1IeHHH ROHU6HTParnrH CB06om.rnx 
aJieRTPOHOB noCJie oOJJY'IeHHH o6pasnoB OHCTpw.m '!aCTRUaMH BOSHH­
RaeT TPY.Il:HOCTn, corJiacHo ROTopott Bepo.11THOCTn BsaHMo.n;eiicTBHH 
IIpOHHR8!00!ett '!aCTIDJl,! c ROMIIJieRCaMH HSROHTpOJIHpyeMHx rrpHMece:a 
HaMHOPO MeHbme, '!eM c COOCTBeHHHMH aTOMaMM. 0.l(HaKO aTa ~py.n;­
HOCTn rrpeo.n;oJieBaeTCH, ecJIH Y1IHTI:IBaTn, ~~t npR B38.IDl!o.n;ettcTBHH 
IIpOHRK8.I<J!tliX '!aCTRD; c oopasuoM oopaSYIOTCH BTOPR'!Hlie ·aJieRTpOH:hl 
(:wni aTOMH), ROTOpHe MOryT, B CBOIO O'!epe.I(n, B38.IDIIO.n;ettcTBOBaTn 
C ROMITJISRCBMH, TSM CaMHM OTpl:lBaH CBHS!:IBaiouµrl!: HX 8JI6RTpOH. 
Oll;eHRH IlORaSI:IBaIOT, 'ITO ROHUeHTparnrH TaRHX BTOPH1IHHX aJieRTpOHOB 
.I(OCTaTO'IHO BeJIRRa, 'ITOObl CRa.3aHHOe HMeJIO MSCTO. 

HcCJie,l(OBBHHe a.neKTpOHHOOOJJY'ISHHHX oopasn;oB n-GaP c RC­
XO.I(!WMH ROHUeHTparnrm.m: MSRTPOHOB (3+5)·IOI6 CM-3 Il0Ra.3aJIO 

cJie.n;yJ<Iqee. MsMeHe:ime HaRJIOHa Jiorapaqua Y'AeJibHoro MeRTpoconpo-· · 
THBJI9HHH e°Ss> OT I03 /T .n;JIH o6pasu;a cpasy IlOCJie od.nyq:eHHH 
(t = 7.5 MaB) H HRSROTeMnepaTypHoro OTJKRra o6yCJIOBJI0HO HepaB- . 
HOMepHOCThIO OOJJY'IeHHJI. HepaBHoMepHOCTh OOJJY'IeHHH npHBO,l(RT R 
B03HHRHOB9Hm0 OOJiaCTeii c pa3JIH'!Hott ROMil6HCanRett CBOOO.I(HHX HO­
Cl4TeJiett TORa, T.e. R RpyrrHOMB.CmTaOIWM \IlJJyRT,181UIRM aJieRTPlf<l:9C­
KOro noTe~a.n:a. 0.n;HaRO aTR \IlJJyRTYarnrH o6yCJioBJieHH TC'!e'!Hmm 
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pa,nHa.I.UfOHHHMH .n;eq)eKTaMH ( TP.ll)' II03TOMY OHH H HC'!esaro·r rrpH 
cpaBHHTe~bHO HH3KHX TeMTiepaTypax oTJKHra. B c.n:yqae 06.JIJ"!eHHR 
o6pasuoB n-GaP 3~eKTPOH&m c E = 50 M3B, B rrpoTuBorro~oJKHoCTb 
rrepBOMY CJIY'!aJO, HaitJIOH eo9 5> OT I03 /T H3MeHReTCR IIpU BHCOKHX 
TeMTiepaTypax 1'I30xpOHHOro OTJKHI'a (BHllle 600°C). OTJ!Gll' rrpu cpaB­
HHTe~bHO HH3KIIX TeMTiepaTY.Pax IIpUBO.D;HT, B OCHOBHOM, K HC'Ie3HO­
BeHHIO TP.ll H K C~HOMY YMeHbIDeHIDO CTerreHH KOMTieHCauHH o6pasua. 
c IIOHIDKeHHeM TeMIIepaTypH H3MepeHHR Ha KPHBHX, COOTBeTCTBYIC111HX 
T0~ 7 600°C, 3aMeTHO H3MeHReTCR HaitJIOH 3aBHCHMOCTH eog S' OT 

IO /T. 3aMe.n;~eHHe TeMrra yBe~eHHR 5> rrpH rroHH.JKeHHH TeJvmepa­

TY.PH H3MepeHHR o6~RCHReTCR TeM, 'ITO '!aCTb 3~8KTPOHOB, HaxO.D;R­
lllHXCR B cBo6o.n;Hoil soHe, He rroromaeT ee H He rrepexo.n;HT Ha nyc­
THe .D;OHOPHHe Y.POBHH. TaKoe IIOBe.n;eHHe ~ MOJKHO IIpHIIHCHBaTb Ha­
~HJO PO co c~oeM rrpocTpaHCTBeHHoro sapR.D;a, 3~eKTpocTaTH'!ecK1IH 

IIOT8HUHM Vlt") KOTOpHX rrpHBO.D;HT K MO.D;YJIBPOBa.HmO KpaeB :rnepre­
TH'!eCKHX soH Ga P , rrprmaBM HM H3B~CTYJO cpopr..;y c pas~H'!HH­
MH MaKCI1M'JM8MH H MHHHMYM81lli (IIOBTOPIUI <PoPMY 3~eKTPOCTaTH'!eCKO­
ro IIOTeHl(HMa). YpOBHH Me~x .D;OHOPHHX ueHTPOB TOJKe IIOBTOPJilOT 
xo.n; V{r). TairnM odpasoM, ec~ 3~eKTpOHH Haxo.D;RTCR B MHHHMYMax 
30Hbl IIpOBO.D;HMOCTH' a CB060.D;HHe .D;OHOpH!rn Y.POBHH - 01<0~0 MaKCH­
MYMOB V(r) ' TO c IIOHIDKeHHeM TeMTiepaTypH 3~eKTPOHH He MoryT 
rrepeliTH Ha 3TH Y.POBHH (CBR3aHHoe COCTORHHe). Ilpouecc rrpHHIDl!aeT 
aKTHBa.I.UfOHHHH xapaKTep, H TeMII pocTa ~ c IIOHH.JKeHHeM T 3aMe­
.n;~eTCR, T.e. 3~eKTpOHb!, Haxo.n;Jill1HeCR B MHHHMYMax V{r), Bce­
Taror Y'J:aCTByrOT B IIpOBO.D;HMOCTH nyTeM aadpoca HX Ha TaK Has1:mae­
Mllf "ypoBeHb rrpoTeKaHHR", xapaKTepHHil .n;~ Heo.n;Hopo.n;Hb!X CTPYK­
TY.P· 3HeprHR 3a6paCHBaHHR 3~6KTpOHa Ha 3TOT ypoBeHb 3aM6THO 
MeHbrne 3HeprHH aKTHBa.I.UfH .D;OHOpHHX ypoBHeil. 

0.n;HHM H3 HHTepeCHHX pesy~TaTOB ~eTCR TO, 'ITO y.n;e~­
HOe 3~8KTpOCOIIpOTH~eHH8 o6pa3UOB n-GaP, 06.n:yqeHHHX a~ek­
TPOHaMH c E = 50 MaB, noc~e 0Tm:11ra rrpH 700°C CYW!bHO Boapac­
TaeT (oTpHUaT~bHI:ill OTmHr 6o~ee '16M Ha .n;Ba rropR.D;Ka) BMeCTO 
omH.n;aeMOro YMelibrneHHR. OKasMOCb, 'ITO rrpu aTOM o6pasyeTCff 
HOB!:lli 3~6KTPOHHI:ill ypoBeHb c 3HeprHeH HOHH3a.IJ;l1H E ~ 0.24 3B. 
XOTR H8~3R TO'IHO BHRCHHTb xapaKTep 3TOro Y.POBHR, HO MOJKHO 
'IeTKO CI~a3aTb' 'ITO ero IlOJIBJieHHe RBJIR8TCR pesy~TaTOM KBa3H­

Jrnlv'IH1IeCKOH peaRUHH, CTHMYJIBPOBaHHOli OTJKHI'OM MeJKJJY P.ll H .n;oHop-
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HHMH rrpHMeCHHMH aTOMaMH. KpoMe Toro, OTpHUaTe~HI:ill OTJiUU' rrpo­
HCXO.D;HT, HaBepHo, rrpH Y'J:aCTHH TaroKe H PO. Iloc~e.n;Hee rrpe.n;rro~o­
JKeHHe Me.n;yeT H3 Toro. 'ITO TaKOlii aqxpeKT OTCYTCTByeT rroc~e . 'oT­
JKHI'a KPHCT~OB, 06.n:yqeHHHX 3~e1tTpoHaMH c E = 7. 5 MaB. 

3JreKTPOHHOe 06.n:y'Ieirn:e IIpHBO.n;HT K KOMIIeHCauHH CB060.n;HHX 
HOCHT~elii B KPHCT~ax InP H, c~e.n;oBaTe~Ho, K YMeHnrneHHro HX 
y.n;e~Hott a~eKTPOIIpOBO.D;HOCTH (6 ). IloKasHBaeTCR, 'ITO rroc~e 06- · 
.n:yqeHHR o6pa3UOB n-InP (c HCXO.D;HOH KOHUeHTpa.I.Ufelii no~ro18cM-3 ) 
a~eKTPOHaMH c E = 50 MaB (.n;osolii l.3·1018 a~/cM2 ) rrpH TeMIIepa­

TY.Pax HIDKe IOO K HMeeT MecTo m3.JieHHe rrpWKI<0Boli rrpoBO.D;HMOCTH. 
Tioc~e 06.n:yqeHHR .n;osolii ::::; 5.7·1017 a~/c~ Ha KPHBOlii TeMIIepaTyp­
Holi 3aBHCHMOCTH 6(T) rrpH THSM = 160 K no~eTCR MHHHMYM. 
3TOT pesy~TaT o6~ffCHReTCR B paMKax MO.n;e~ M-ueHTpa, KOTOphrli: 
o6paayeTCR IIOMe 06.nyqeHHR B o6pasuax TO~ko n -THIIa H MOJKeT 
CYmeCTBaBaTb B .D:BYX sapR.D;OBHX COCTORHHRX B saBHCHMOCTH OT T9M­
rrepaTJ:PH H3MepeHHR. TaKa.a nepesapR.D;Ita, KOTOpM ~eTCR o6pa­
THMOll B TeMIIepaTypHOM OTHOrnemm, H IIpHBO.n;HT K MHHHMYMY mi. 6{T)-

TIOKa3aHO' 'ITO KaR H B KPHCT~ax n-GaP ' B n-i n p c HC­
XO.D;HHMH I<OHU9HTPa.IJ;l1ffMH a~eKTPOHOB ID'JlKe IOJ:? CM-3 IIpH THSM 
< 140 K :B03MOJKeH MexaHH3M rrpoBo.n;HMoCTH no ypoBHID rrpoTeKaHHR. 
TaRJKe noRasHBaeTCR, 'ITO 06.n:yqeHHe a~eKTpoHaMH c F. = 50 M3B B 
KPHCT~ax InP BBO.D;HT PO, o6~a.naroIUHe IIpOCTPaHCTBeHHI1M 
sapR.D;OM, Pa.IlHYC IIpOT.FDKeHHR KOToporo no oueHKaM .D;OCTHraeT .n;o 

2000~3000 i. YcTaHo~eHo, 'ITO HMeHHO aTH o6~aCTH a 06yc~aBJm:­
B8.!0T aHOMMbHYJO TeMIIepaTypHYJO 3aBHCHMOCTb XO~OBCKOlii IIO.D;BJ.L~­

HOCTH .r (C~Hoe YMeH:OllieHHe B CTOPOHY IIOHIDKeHIDI TeMIIepaTY}}bl 
H3MepeHHR). TaKHe 3aBHCHMOCTH, KOTOpHe CBOHCTBeHHH Heo.n;nopo.n;­
HblM IIOJIYIIpOBO.D;HHKaM, OCOdeHHO '!eTKO IIpOaBJIJilQTCR IIOC~e OTJKHI'a 
o6pa3UOB .n;o 300°c, Kor.n;a B. OCHOBHOM HC'Ie3a.JOT TP.ll H OCTaroTCfi 
PO. OcTa.IOIT(HecR PO MO.D:YJIBPYIDT KPM aHepreTHtrecKHx soH IIMJrrpo­
BO.n;HHKa. )J)uI TaKIIX H80.D;HOpo.n;HHX CHCTeM TeOpHR .n;aeT .ItJIB 
.]Ii"' .f'o ·exp (--A2 J 2~T2 ) . IToc~e H30xpOHHoro OTJIUIT'a rrpH 

325°C oueHKa cpe.n;Heii <liJrYKTY~H KPaeB 30H rro 3TOlii cpopMy-~e.n;aeT 
lI..lIR 6 ~ 0.028 sB. Ha6JIIQll;aeMoe YMem.meHHe f rrpH HsoxpoHHOM 
oTl!Ull'e .n;o 300°c cBRsIIBaeTcR c HctresiroBeHHeM TP.ll, a YBeJIH'l:eHae 
ero rrpH T0TlK ::;> 300°C - c OT)f(H!'OM PO. 

Ms pesy~TaToE nosoBoli 3aBHCHMOCTH .JI lI..lIR odpasuoB n-In~ 
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c;re.n:yeT, i:rTo Ha.KoIIJieHHe Pll B sToM MaTepna.Jie BllJL"leTCfl cJioJKHHM 
npoueccoM, B xo.ne KoToporo npoHcxo~T nepe3ap~a y-H..e HMel:OlllliX­
cfl .ne~eKTOB H o6pa30Ba.Ime HOBHX. 0,nHHM l'I3 mi:TepecHHX pe3yJibTa­

TOB flMfleTCfl TO, 'ITO B 06pa3uax n-ln? c n .c:. 10
17 

CM-
3 

noMe 
b6~eHRfl sJieKTpOHa.MH c E == 50 MsB Ha fi ( T) 3aBHCIDIIOCTH no-

nBJIJieTCfl MIDll'IMYM· KOTopW! npHnHCHBaeTCfl PO. 
IlpoBe.neHHHe B pa6oTe paci:reTH noKa3a.Jrn, 'ITO TeMnepaTYPHafl 

3aBl'ICIDIIOCTb XO~OBCKOtt no~IDIU!OCTH y o6pa3UOB n-InP t 06~­
i:reHHHX sJieKTPOHa.MH c E == 50 MsB, B HHTepBaJie TeMnepaTyp OT 
100 .no 250 K onpe.ne.rui:eTCfl, B OCHOBHOM, MeXa.Im3MOM pacceflHl'!fl 

sJieKTpOHOB Ha PO. 
B 3a.EJIJQ"9:eHl'IH CWOPMY~OBa.Fill OCHOBHHe pe3YJibTaTH H BHBO-

~. no~eHHHe B .I(HCCepTBUHOHHOil pa6oTe: 
1. IlpH sHeprl'IflX o6~i:r~x ~eKTPOHOB .no 7.5 MsB o6pa-

3J'l001HeCfl .n~eKTH B InAs H Ga? HMeIDT Toi:re~ xapa.KTep. IlpH 
BHCOKl'IX sHeprl'IflX 06~~ sJieKTpOHOB (50 MsB), noMIDIIO TO­
i:re~ .ne~eKTOB, o6pa3yroTCfl Ta.Kl!te pa3ynopMO'IeHHHe o6JiaCTH, 
po.1Ib KOTOpHX He3Ha~TeJibHa H3-3a MaJIOCTl'I HX pa3MepoB l'I OTCYT­

CTBIDl BOKPyr Hl'IX o6JiaCTH npocTpaHCTBeHHoro 3apMa. 
2. B KpHCT~ax InAs cyinecTBYIDT HeCJIOl!tHHe Ko~eKCH He-

KOHTPO~yeMHX npHMecett Cu , S , 0 H T • .n., KOTOpHe KaK noMe 

BHCOKOTSMilepaTYPHOtt TepMoo6pa6oTKH, Ta.K H nocJie o6~eHl'Ifl BH­
COK03HepreTH~blMl'I sJieKTpOHaMl'I pa3pymaroTCfl l'I npl'IBO~T K yBe­
~eHHID KoHUeHTparr;m! CB060~X sJieKTpOHOB. :no flB,JieHHe 6o~ee 
3i.f.xPeKTRBHO Ha6.mo,n:aeTCfl B 06pa3uax c BHCOKOtt cTeneHbID KoMneH-

3. 06Hapy-H..eHO t 'ITO H9KOTOpHe KPHCTa.JIJil:l n-GaP .no 06~­
i:reHHR npoflMflIDT MaKCHMYM (B6JIR3n TeMUepaTYPH JKH,I(KOro asoTa) 

Ha KPHBOtt TeMIIepaTYPHOtt 38.BHCIDIIOCTH KO~HIJ;li9HTa T9IIJIOIIPOBO;D;­

HOCTH. TeMIIepaTYPa Ma.KCHMYMa TeIIJIOIIPOBO;IJ;HOCTH ,1I,JI.i! 3THX KPHC­
T~OB CM9!1l9Ha B 6oJiee BHCOKYID o6JiaCTD no cpaBH9Hl'IID c ·p-GaP. 
Hatt.neHo, 'ITO o6pasllhl, ;rerHpOBa.HHl:I9 npHMecnro ~e;reaa, HMeIDT 

60JIDlllY10 TeMonpoBO.I(HOCTn, i:reM KPHCTaJIJIH c npHMeCnID URHKa. 
4. IloKa3aHO, i:rTo noCJie .o6~eIDIB KPllCT~OB GaP 6HCTPH­

MH MeKTpOHaMPI·B Hl'IX oOpasyroTCSI ~oKaJ!bHHS MO~ pa.I(HaIJ;HOHHorO 
xapa.KTepa. 06Hapy-H..9HO, 'ITO Ha KPHBHX .nosoBHX 38.BllCIDllOC'l'ett KO­
scJ.XIimuleHTa TeMOIIPOBO.I(HOCTll 0Mni:i3uoB GaP noRBJtm<>TCSI JioKB.Jll>-

CauHli· 
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HHe 3KCTpeMYMH He3aBHCl'IMO OT HX HCXO.I(HOro THrra rrpoBO,I(HMOCTH. 

Ta.Koe rroBe,neHll!~ HR3KOTeMIIepaTypHoil TeIJJiorrpoBo,nHocTR, rro-B~­
MO'NfY, CBfl3aHO c o6pa30BaHHeM aHTRCTPYKTypHHX .ne~eKTOB. 

8KcrrepHMeHTH TIO H30xpOHHOMY OT1Kl'II'Y o6~eHHHX o6pasuoB 
Ga P TIOKa3HBaJOT, 'ITO B xo.ne OTi!GIT'a cyinecTBSHHYID poJib liIT'paJOT 
rrpoueccH BTOpl'I'IHOro .ne~eKT006pasoBaHl'Ifl. MHTepeCHO OTMeTHTb, 
'ITO rrpH 3TOM, B OTJIHtrne OT KPHCTaJIJIOB n-GaP. B o6pasuax 
p-GaP c pOCTOM TSMTiepaTypH OTl!Gll'a K03<flilEm9HT TSIJJIOrrpOBO.I(-

HOCTR MOHOTOHHO yB9JI}fql'I]3a9TCfl l'I rrpH HeROTopoil TSMIIepaType (oHa 
6oJiee BHCOKafl .rvm GaP~Fe) rrpeBocxo~T cBoe Hcxo.nHoe sHai:reHHe. 
c .I(~HefumrM yBeJrni:reHReM TeMTiepaTypH OTJKJiIT'a TSIJJIOrrpOBO.I(HOCTb 
YM9HnmaeTCfl ~o 3Ha'IeHHfl HIDKe HCXO.I(HOro. IloKa3aHo, 'ITO B KpHC­
TaJIJiax n-GaP , o6~eHHHx s~eRTpoHaMH c E = 50 MsB H oTo~­
~eHHHX rrpH TOT~ ~ 60o0c, TIOSIBJUieTCfl rrpOBO,I(HMOCTb TIO YPOBHIO 
rrpoTeRaHl'Ifl. Ilpn T0TlK = 700°c TIOSIBJUieTCfl oTpHUaTeJibHbli1: OTlKHI' 
sJieKTpocorrpoT~eHl'!fl, 'ITO To~e cBflsHBaeTcR c rrpHCYTCTBHeM PO, 
a T8.lO!te c rrpoueccaMH BTOPH'!Horo .ne~eKToo6pasoBaHHfl B xo.ne OT­
lllliI'a. YcTaHoBJieHo, i:rTo B03HmCa.IO!IIHe Pn B GaP c npHMecnro ~e­
;resa TepMH'IecKH 6oJiee cTa6H.JinHH, 'IeM B o6pasuax c rrpHMecnro 
IJ;lfHKa. 

5 . .l1s pesyJibTaToB H3Mepemm :l o6~eHHHX KPHCTaJIJIOB 
n-InP c~e.n:yeT, 'ITO 3TOT MaTepHBJI 6oJiee ~CTBHTe~eH K 06~­
"l:emno, 'IeM Ini\s H GaP . .l1cxo.nR H3 co6cTBemmx .rtaHHHX :... pe­
syJ.a;,TaToB, HMeIO!llHXCR B JillTepaType, .n~aeTCR Bb!BO.I(, 'ITO OTHOCH­
TeJibHOe H3MeHeHRe KO~eHTa TeIJJiorrpOBO.I(HOCTH n-InP rrpl'I 

~HRCHpOBaHHOtt .nose o6~eHHR c yBe~eHHeM HCXO.I(HOil KOHI.J;eHTpa­
~ rrpHMecetl: YMelil>maeTCR H HMeeT TeH.I(e~ K HaCHil19HlllO. }13 
:3Toro pesyJibTaTa BHTeKaeT, 'ITO rrpH o6~emm B n-InP o6pasy­
IDTCR KOMIIJI9KCH, CO.I(9~aJ!tii9 Pll l'I rrpHM9CHH9 aTOMH. 

6. IlocJie o6~eHHR KpHCTBJIJia n-InP ( n0 = 1018 cM-3) 
sJieKTpOHaMH c sHeprRetl: 50 MsB Ha KpRBotl: TeMTiepaTypHott Sa.BHCH­
MOCTH s~eKTPorrpoBo,nHoCTH B6mrsH 160 K Ha6JIJO.I(aeTcR MHHHMYM. 

Iloc~e o6~eHRR .I(030il: "" I. 3 • IOI8 3JI/ cM2 rrpH T <. 100 K 
H3M 

TIOJIBJIR9TCR rrp~OBafl IIPOBO,I(HMOCTb. A TIO~e H30xpOHHoro OTJIUU'a 

rrpH TOT~ ~ 325°C Ha6JIJO,I(a9TCE rrpoBO,I(HMOCTb TIO YPOBHID I!pOTeRa­
mtR:. A Ha6;rro,naeMHtt rrpH 3TOM MIDmMYM Ha KpRBott 38.BHCHMOCTH xOJI­
~OBCKoil TIO.I(BIDiUIOCTH OT TOTlK o6~RCHJieTCR OTi!GIT'OM TO'I9'tlllllX Pn, 
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a Ta:Kl!te HSMeHeHKeM pa.sMepoB PO, o6pasoBaHReM pa~HHX KOM­
IJJieKCOB R nepesapg,nKO~ yYA.6 npRCYTCTBYJOOll!X ,ItecpeKTOB. 

IloCJie o6JiyqeHRR: KPRCT8JL710B n-InP 3JI0KTpOH&m c :meprrur.­
MR 4 R 50 MaB Ha KpHBoa ,It030BOtt 38.BliCHMOCTR XOJIJIOBCKO! llO.It­
BIDlHOCTl'I Ha6Jno;naeTCH Ml!Hl!MYMo qTO o6yCJIOBJI6HO o6pa30B8.Hl!0M 
HeRoTopHX paccelll381(IllRX neHTpOB H zx nepesapH.nKoA. 

BKJian aBTopa aaKJIIO'laeT~R B Jllf'lllOM yqacTID'l B no.nyiiemm R 
o6pa60TK6 aKcnepHMeHTaJIDHHX ,ItrumHX, B npe,If)lOlltGmll'I HOBOrO Me­
xaHKSMa, o6'I>SICHSll!lll6rO ,It06aBO'lllilittt poCT KOHUGHTPa.innt CB060,ItHHX 
aJieKTPOHOB B KPKCT8JL7Iax InAs nocJie BHCOKoTeMIIepaTYPHOA Tep­
Moo6pa6oTKH K o6JiyqGKWi BHCOKOSHepreTztlHHMJ!1 qacrnm;ar.m, B BY,I(· 
BmttGHHll MexaHl!SMa pacce$llllUI HR3KOT0MI10PaTYPHl:lX <l>OHOHOB B He­
KOTOPHX H006JiyqeHHHX o6pasuax n-GaP ' B BHHBJIGHID1 pOJIR pas­
yno~oqeHHHX o6JiacTett B R3M0H0mll'I T0llJIO- K aJI0KTPe<lJl'ISllN0C­
KKX napaM0TPOB KCCJI0,ItOBaHHHX MaTepKaJIOB. 
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