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Preprint YERPHI-1323(18)-91 

L.G. TORIKIAN 

ON THE POSSIBILITY OF USING SLIGHTLY DOPED p-TYPE GaAs FILMS 

FOR PHOTOEMISSION OF HIGHLY POLARIZED ELECTRONS FROM THE 

HETEROSTRUCTURE OF GaAs-(AlGa)As IN AN ELECTROSTATIC UNIFORM 

EXTERNAL FIELD 

The effect of external field screening by the acceptor 

holes of the p-type semiconductor GaAs in the compound GaAs­

(AlGa)As used as a source of highly polarized electrons at 

photoemission in a strong electric field is investigated. It is 

shown that the screening can be ignored, 

acceptor nwnber density N =2.13•1012 
if a GaAs film with 

-3 
a 

d=lOO µm is used as a source. It is also 

field of GaAs film can serve as electric 

and thickness cm 

shown that the piezo-

piezofield of about 3 kV/cm in the surface region of 
field. To 

duction of electron-hole pairs having ~1 µm depth, 

is needed to stretch a film with l cm width, 100 µm 
12 -3 

generate a 

photopro-

and 2.13•10 cm acceptor nwnber density. 

Yerevan Physics Institute 

Yerevan 1991 

l kg force 

thickness, 

BBe.n;eH1r1e 

B pa6oTax [I-3] paccMaTpHBaJiocI> BJIHfflil'le O.n;Hopo.n;Horo aJieKTpo­

CTaT11qecKoro IlOJiff Ha SMHCCHID H CTeneHD IlOJiffPH3~HH @OTOBOa6yl!C­

.n;eHHblX IlOMpH30BaHHblX aJieKTp'OHOB H3 T:Bep,ll;OT6Jil>HblX HCTOqHHKOB Ha 

ocHo:ae Gas:\s p-THna • B pa6oTax [I) H [2] y~Tb!BSJIOCD BJIH­

ffHHe 8KPaHHpyromero IlOJiff B IlPHilOBe pxHOCTHOM CJIOe' o6ycJIOBJieHHOro 

j<}}OTOB036yl!C.n;eHHmlH ,ll;blpKaMH, 0,ll;HaKO He paccMaTpHBaJIOCD aKpaHHpOBa -
i 

'HHe BHeIDHero aJieKTpHqecRoro IlOJiff aKnen~OpHb!MH ,ll;blpKaMH, H3HaqaJII>-

HO IlpHCYTCTBYIDll(HMH B KpHCTaJIJie Ga.Rs p-THna. Mel!C.n;y TeM , 

MX BJIHffHHe MOl!CeT 6hlTD BeCDMa cyll(eCTBeHHb!M IlPH onpe.n;eJieHHblX 3Ha­

qeHHHX KOHneHTP~HH aK~enTopoB, qTo, B CBOID Oqepe.n;I>, 6y.n;eT IlpH­

BO.n;HTD npaKTHqecKH K IlOJIHOMY 3KpaHHpOBaHHID BHefilHero 0,ll;HOpO.n;Horc 

aJieKTpocTaT11qecKoro noJia B 6oJil>me~ qacTH o6JiaCTH @0Topol!C.n;eH11a 

SJI6KTPOH-,ll;b!pOqHblX nap. 

· XapaKTepaoe BpeMfl aKpaHHpOBaHHfl BCJie.n;cTBHe nepepacnpe.n;eJieHHH 

aKnenTOpHblX ,ll;hlpOK BO BHemHeM aJieKTp11qecKOM IlOJie ecn 'l:p=EEo/eNopp 

[4] ' r.n;e e - ,ll;HSJieKTpHqecKaff npoHM~aeMOCTD,e(Ga.As) = I2,5 [2]' 

~ = 8,85·IOI
2 ~/M. e = I,6·rQI9KJI - aapH.n; aJieKTpoaa, Na.- nJio~-vo - 2 

1aocT~ aKnenTopo:a, jUp - no.n;BHJKHocn .n;hlpOK, }' p(Galls)= 430 ~~ 
0 

[5] 
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Harrpmrnp, npiil 3HalieHiilHX Na."'10
17

- ro18
cM-

3
'Cp 6yl1.e T nopH;zurn 

I0-13_ ro14c «'tnep"'l0-12c, 1:'nep - npeMfl nepe1rnca 3Jl8.K TpOHOB 

npoJJO;ll.IilMOCTiil B 3Jl8.KTPVJ48C.KOl1l none [3] . rny611Ha 3.KpaHiil pOBaHiilH, 

Bbl4IilCJIBHHaH no rJJOpMy ne La= J eeo KT/e2 Na I I'll.8 

K = 1,4 ro-23 .lllK/°K, T - a6COJ1JOTH8.ff TeMnepaTypa (4] ' 7.J.JIH 

T = 77°K 6y,/J.e T cooTBeTcTBeHHO panrra L 3 = 0,00263 M.KM rrp.11 

Na-1017c1v1- 3 11 La=0,00083MKM np.11 NQ-ro18
cM-

3
• 

TaKiilM o6pa30M, B cJryqae CVJJI:&HO nerwpoBaHHb!X nonynpOBOll.Hiil~OB 

IIPiil Na.-1017-ro18c1v1- 3 aneRTp11qecRoe none 3a · BpeMH 

't' ~ l0-13 - l0-14 c 
p 

Ha rny 611He 6omrneii\,qe1v1 0,00263-0,0008~ MKM, 

npai{'rVJ'<eCKVI !ilClle3He T • .llnH Ga.fls .Koa<J)Qi.11Ll,.11eHT nornomeH.11H 

0 ~I04cM-l [6] , _,e.I10J!e 6yJJ.eT 3Cl3Kpatt!llpOBaHO B uon:&ll!etl 4dCTl'1-

-J. 
o6JiaC'.l' Iil IIOI'Jl0Il\8Hl1H cBeTa nopHJJ..Ka ~ ,..., l M.KM - OCHOBHOii\ o6nac-

'l'>'l :yu:ropOlKJJ.8Hl1H 3Jl8!\TpOH-JJ.b!POllHb!X nap, 0 'IBM I'OBOp.11JIOCb BbllIIB. 

Ueni,10 ttaCTOHII\eii pa60T11 RBnReTCH yqeT 3RpaH.11ponar-urn BHernttero OJJ.­

u OpOJJ.l!Oro sneK'f pocTaTiill!8CI\OI'O II OJIH aKLl,eIIT OpHb!MVI Jl.bipKaMl'! MaTe pl'!­

ana Ga.As p- T11rra. 

!{OJll1l!BCTB8HHaH OLl,8!-!Ka .KOHLJ,BHTP81\Vll1 a.KLl,enTOpOB, 

TOJIII\11Ha Rp11cTanJia Calls p-Tvma 

Pacc1.10Tp11M reTepocTpyKTYPY, cocTOHII\YIO vfo HuJiynpoBOJJ.HlilKa GaR& 

p-nma Ill rpaHVI'!all\8I'O c HMM TBepJJ.OI'O paCTBOpa (.AeGa) .As Ta.K­

;:-;e p-TJ.ma. Vi1Je;rno 3TOT reTeporrepexoJJ. c5bw rrpeJJ.JIOlKeH B [3] B _cBH­

:...i1 c B031.IOlKHOCTb!O C03l1.aill1H Ha ero OCHOBe B !10CTOHHH OM OJJ.HOPOJJ.-

l-l 01.\ BH8lIIH8M 3Jl8.KT pl1'18CK OM none VICT04H!l!Ka !jJOT03J18.K TpOHOB BblCOKOii\ 

n 0J1H pv,3 auvr11 . 

Ypanne ttJtie ITyaccotta [ 4] JJ.JIR Ga.As p-T1-.ma c rpattvrtIHhlMiil ycno-

4 

BlilHMiil ;nJIR rroTeHIJ;IilaJla ;nb!pOK 'f ( X) B OTCYTCTBl'!e ilJOTOTo.Ka 11MeeT 

BH;n: 

d
2

':P(X) = e Na { 1 _ [- eg>(x)+ eUK ] } 
dx 2 €eo exp KT ' 

(1) 

X=O: <j(O)=U+UK, 

x=d: Cf(d)=O, _dl;P(d)/dx:o, 

r;ne u - HaITPHlKBHiile BHBillHero IilCTOllHH.Ka 3JleKTPiill18C.KOI'O IIOJIH 

(rr:&e30llOT8Hl.UfaJI, HaIIPiilMep), UK- KOHTaKTHM pa3HOCTb IIOT8HLl,H8JIOB 

B6Jllil3H- rroBepxHOCTiil reTeporrepexo;na co cTopOHbl Ga.As , d - TOJ 

ll!IilHa MaTe p11ana Ga .As • 

B ypanHeH1111 (1) rrp11HMMaeTcH, tITO rpaHMua Gafls 

rrpoxo;n11T l!epe3 IIJIOC.KOCTb x = o. ilOTeHu;HaJI ';f(X) 

c (ReGa).As 

B nonyrrpo-

BO;nHHKe Ga As p-T11rra Bb16paH IIOJIOlKMTeJI:&HblM M y6blJlaIDII\IilM B 

IlOJIOlKiilTBJl:OHOM HarrpaBJI8Hiiliil OCH x ;no HYJIH Ha npOTHBOIIOJIOlKHOH 

noBepxHOCTiil X:::d rronyrrp0Bo;ntt11.Ka Ga.As 

nJI.H reTeporrepexo;nOB MelK;ny TpOii\HblMH Iil ,1{BOii\HblMiil COe,i\IilHeHMflMiil 

A
3
B5 co cxOJJ.HblMH .KpHcTaJIJIIiltiecHHMM cTpyHTypaMiil, .KaK B cJiytiae 

(.fleGa).As 11 Ga.As , B03MOlKHhl paaJIIillJ:Hble BapMaHTbl rpaHHu; B 3a­

BMCiilMOcT11 OT TMna rrpOBO).U'IMOCTiil, illHpiilHbl 3arrpemeHHOi1 30Hbl Iil B8JIIil­

lll'1Hbl 3Jle.K.Tp0HHOro cpo;ncTBa coe;n11He Hl1iii. ECJIIil' KPOMe Toro' ITJIOT -

HOCT:O rronepxHOCTHbOC COCTO.HID1H Ha rpaHMUe pa3AeJia JJ.OCTaToqHo Be­

JIIil.Ka, 'IT06bl BJIVIHT:& Ha cTpyKTYPY reTeponepexo;na, TO 30Hbl Mory T 

l13fl1.68TbCH no o6e CTOpOHbl OT rpaHHUbl BBepx IilJl.11 BHiil3 [6] • 8TO 

rnaq.11T, 'ITO KOH'l'a.KTHW.. pa3HOCT:O noTeHl.UfaJIOll UK B (1) MOlKeT 
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6b!Tl> KaK OTp!11J,aTBJII>HOi1, Till\ l1 ITOJIOi.\VJTeJ!bH0 ~1 . [::lb! 6yll.BM l1HTepe­

c OBaT:hCH CJiyirneM, KOr,na UK > 0 • li!3rl'!OO!Vi 30H BCiJill3l1 rpaHl11J,bl 

reTeporrepexo;l(a co CTOpOHhl (.RfGa) .Rs 6ylJ.eM rrp11 aTOM upeHe-

6peraTI>. PaCCMaTpl1BaeMbli1 cnyqatl COOTB 8TC 1'BY8 T Tl'll1,Y rp1:.!Hl11..(bl rere-

porrepexo;l(a, KOr,lla _3JIBKTpOHH Oe cpO.ll,C'fBO (.RfGa).As Mano, a 

coe.D,HtteH11H Galls l1 (MGa).As HBJifiKJTOH rronyrrpono,nH11.KaM11 

P -THITa !IpOB0,4VIMOCTl1 (6] • 

IlOJIOlKHTeJII>HOOTI> UK HBOOXO,lil1r:~ a. 1j ~·oG1:1 l3 c;ryllae eul<~2 KT 

MOlliHO 61:1no pern11n ypanttctt11e (l) H, VicnoJiI>3YF- llOJiyqeHHoe peruemie, 

01\BHHT:b 3HaqeH11H KOni.\BHTpau,irn am~cn Topon Na 11 TOJ!ll\MHbl Kp11c·raJI-

na d ;l(JJH Ga.fls · . Ben11q111ia UK J(omrna ObITb MHoro 1:1ett:or;re 

u ' qro611 s i))tpe.KT BHBIHHero 3Jiel\Tpt.4CCI\Oro !IOJIH (r1be30ITOJIH) OHJI 

3ill!eTBH. J.(JIH IlOJiyqea11H SJieJ\'rpono:a Bb!COI\OVi !10JIHp113au,;rn np11 t;_10TO-

SMHCOJ.111 ¥13 008.D,HHeHHH Ga.As-(.AfGa).As IH:t rpairnl..(e re Te po-

rrepexo;l(a 003,l(aeToH oap:r,ep neJ11.1l!WHbl W ;:: 0,3 aB [3] , no3TO~:y 

He 06XO.ll,HMO TaKlKe Bblll OJI He HJ.18 YCJIOBH H euK « w • HepaBeH-

CTBO euK ~ 2 KT •wee T Mee To rrpl1 ,7.\0oTaTOl!HO f:ll13Kl1X TeMne pa· 

Typax. HepaneHOTBO eut< « w 11.oiKeT ow~·r:. Y.7.\0BJieTnopeHo, 

HarrpHMep, aa oqeT ql1cTOTbI i13ror0Bnemrn o6J;a3!.\a GaJls . Ka.K 

yKa3aIIO B [6] , Ha rpam1!.le pa~1,lleJJa Me.'~Jzy .llBJ'!.rn ooe,7.(l1HeH!1HMl1 

~B3 co OXO;l(Hb!MH KPi10TaJ!Jll1l!eCKirnvl C1'P.YHTy µaMI1 ITD"BepxHOCTHblB 

COOTOHHHH Tl1Ila lliOKJIH-Ta!::Ma He 06paayJOTCH. Ilo::not.o:y B03Hl1KHOBeHHC 

IlpHilOBepxHOCTHOl'O l13rHua 30Hb! eUK OOJCJ!OB;J6HO J!Hilll> )(6qJ8KT­

HOOTI>IO ITOBepxHOCTJ.1 1'6Teponeµe;.:o,i\'1. Ilp11 ;n.oc·1·a·ro1rno Tll(aTeJJI>HOM 

H3rOTOBJJBHl1l1 I'eTeponepexOl(a !Wii:HO CiJ.eJH:lTI:. eUK << W • ECJU! 

K TOMY lKe eu ~ E~ ' I',i.i.C E~ ;:: I,4 ;:;B - IU11p;rna sarrpemeHHO.ii 30-

Hbl GaRs (8] , To "B Ci1J1y W < E~ '- dy;leT 1nmoJ1tte110 H yonoB)'!E 

U ~ Uic 
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B HaOTOHll(ee BpeMH Ha1160Jiee OOB8pilleHHble Kpl1CTaJIJibl l13I'OTOBJ!n­

IOTOH 3ITl1TaK0!1aJII:.HhIM onoco6oM [7] • Bupam11BaHHe arr11raKc!1aJir:.HhIM 

cnoco6oM Tp0l1Hb!X COe,l(Y!HeHHi.1 (.REGct).A s Ha Get.As J.1 Hao-

6opOT ffBJIHeTCH OCHOBHb!M TeXHOJJOI'l1qeoKl1M MeTO,Z(OM l13I'OTOBJ!eH!1H 

lIOJIYflPOBO,Z(Hl1KOBhilC Ilpl16opon' Hanpvniep, XOJ!O,Z(HbilC KaTO.ll,OB l1 HHlKeK-

1..(HOHHblJC Jia3epOB [6] • 8TO 06'bHCHfieTCH rrpe.KpaCHb!M cornaconatt11eM 

peIUeTOK, IT03BOJIH!Oli(l1M IlOJiyqan rpaHHL\hl reTeponepcxO;l(OB 0 MaJib!Ml1 

CKOpOCTHMl1 peKOM0!1Hal..(m1 l1 Bhlpall(Y!BaT:o ITJIBHKJ.1 0 oqeH:o Hl13KOi.1 IlJIOT­

HOCTI:.10 ,l(e\PeKTOB - CJiyqai1HhlX rrpmrncei1 naKaHCH Ll , ,l(erpeKTOB yna.KOB­

KH l1 ,l(l1CJIOKa!.(Hi.1 [6]. IlocJie,l(Hee 06CTOHTBJ!:OCTBO nec:oMa BalKHO · , 

IlOCKOJ!bKY Il03BOJ!H8T o6eoneq¥JT:b BhlilOJ!HBHHe Tpe6onaHl1H MaJIOOTJ.1 

KOH!.\eHTpa!.(l1H aKI.lBilTOpOB . IT Pl1 003,l(al:IY!H reTeponepexo.l(a 

Ga .fl s~( .Re Ga.) .Rs 

BepHeMOH K ypaBHBHHIO IlyaoooHa (I), KOTOpoe 6y,Z(eM peIUaT:o,npe,l(-

noJiarrur BhlilOJIHBHHblr,m yonOBHH U » UK ~ 2 KT/e. B OHJiy 3THX 

YOJIOBHi1 l1 YCJIOB11l1 Ha rpaHHJ..(e He paBeHOTBO e [C:f(X) +UK) ~2 KT Bbl­

ITOJIHHeTOH Ha BCeM HHTepBaJie 3HaqeHl1ii! x : 0 ~ x ~ d . IlDSTDMY 

3KOITOHeH1J,l1aJII>Hh!tl MHOlKHTBJ!b B npaBOii! qacTH (I) MOlKHO OTC5poo11Tb. 

PemeHMe OOOTBeTCTBy10mero Jll1HetlHoro .D,HqxpepeHJ..(HaJI:&Horo ypaBHeHl1H, 

YADBJIBTBOpHIOll(ero TeM lKe rpaHHqHb!M YOJIOBHflM, HMeeT BM)(: 

l:P(X) = (U +UK)+ d':f(O) . " x + e Na x2 . 
2€€o (2) 

~3 (2) ·n OJiyqaeM ,l(l1qJqie peH1J,HpOBaHHeM no x: 0 yqe TOM 0603Haqe­

Hl1fl d'f(X)/dX:: -£(X) ,Z(JIH 8JieKTp11qeo.Koro IlOJIH e(X) BHYTPH 

Ga.As 
eNa e c x ) == e ( o) - e eo x , (3) 
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r;ne e (O)= -dlf(O) /dX ·- HaqaJI:bHOe 3Haqem1e ITOJIB • .Ey;neM, KaI 

11 B [3] , rrp11H11MaTn €(0) ~3. KB/cM. Ms (3) rronyqaeM, 11crronn­

syH r paH11qa oe y c noB11e d~(d)/dX = 0 , ;Z\JIH TOJlilll1Hbl d MaTep11ana 

Ga.As 

d = e.eoeco) 
eNa. (4 ) 

Tonnurna d Mare p11ana Ga.As ecn Hfil!MeHMraH B 03MOlKHru! 

TOJ!l!ll1Ha rrp11 sa;naHHhlX rpaH11qHblX ycJIOBl1HX 11 ~11KCl1pOBaHHblX 3Haqe­

Hl1HX rrapaMeTpOB «:f(O) , d'i(O)/d.X 11 Na • J1p11 TOJI!!J,l1He 3J >d 

ITOJie 11 ITOT8Hl\11aJI Ha paCCTORHl1HX, 60Jibllll1X d ' 6y'!zyT TOlK)\eCT -

BeHHO paBHbl Hy mo. TaKl1M o6pa30M' d 8CTb paCCTOf!Hl18' Ha KOTO-

pOM ITOJie C (X) 11 ITOTeHL\11aJI ';f(X) MeHH!OTCfl OT MaKCl1M8Jlb-

HhlX 3HaqeHl1iil e(O) 11 Y'(O) = U + U 1< ;no HYJIH. 

l-~3 (3) cne,eyeT, qTO rrp11 Net+ 0 none ecx) He f!BJifleTCfl o;n­

HOpO;Z\HblM. HarrpoT11B, B pa6ore [3] paccMaTp11Eanocn o;nHopo)IHoe 

nOCTORHHOe 3JI8KTp11qecKoe none emin = 3 KB/CM. O;nHOpO)IHOCT:b 

nonR o6ycJIOBneHa TeM, qTo rrpaBble qacTl1 ypaBHeH11iil )\Bl1lKeHl1ff B [3) 

I1pl1 HeO)IHOpO;Z\HblX noJIHX RBHO 3aBl1 CRT OT BpeMeH11, qTO 11CKnroqaeT 

Cyll(eCTBOBaH11e CTaI.1110HapHoro pemeHl1ff. c ;npyroiil CTOpOHb!, HaJll1q11e 

3TOI'O pemeHl1R nosBOJIRBT on pe ;neJ!l1Tn 11HTepBaJI 8HaqeH11iil ITOJJRpl13a­

l\11lll p aneKTPOHOB, KOTOpb!iil Jll1illb y11eH:bll!aeTCR c pOCTOM nOJJRp11-

3aI.ll111 11 CTpe Mll!TCff K Hymo np11 3HaY:eHl1HX O)\HOpO)IHOro IIOCTORHHOI'O 

IIOJlfl C - e mi.~ ( P - 100;% ) [3] • 

T aKll!M o 6pas ott. , 11a Bb!IDel1snoJKeHHoro Ill (3) cne'/zyeT, qTo rrone 

C(X) ;Z\OJ!lKHO 6b1Tb noqT!ll O;Z\HOpO;Z\HblM, 'iT06bl MOlii:HO 6b!JJO ITOnbSOBaT:b­

Cff TeXHYIKOJ.1. pacY:eTa IIOJIH P113aI.lllllll-, rrpo:ae;neHHOI'O B [3] • OL1eHll!M 
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norpeIDHOCT:b, c KOTOpo iil IT OJJe €(X) MOlKeT cql1Td T:bCfl O)\HOpo;n-

HbIM Ha orr pe,i(e ne HHOM paccTORHl111 X0 OT rroEepx HOCTl1 X = O, 06-

nyqae Moiil cEeToM. Ko aQ!tiiVI Llll! e HT rrorno111e Hll!H ~ ;nnH Ga.As ,KaK 

yKaaruio B11111e, 11Mee T sHaqemie rropn;nKa 104cM-I, T.e. rny611Ha 06-

;1acT!ll OCHOBHOro ilJOT OpOlK,ll,e Hll!H aneKTPOH-;Llb!pO'iHbIX rrap rropH,l\Ka 

I MKM. Cne,l\0BaTe n:1>ao, e cJI11 E KaqecTBe X0 E116paT:b paccTo-

HH!lle Xo = ~-I ...., I MKM ' TO none e (X) Ha BCeM paccTO-

RHl111 X0 OT rroBepx HOCT l1 X = 0 ,l\OnJKHO 6bI T:b rroqTJi! o;nttopo;nHhIM , 

T.e. MaJJO OTJ!l1'i8T:bC fl OT ttaqaJJ:bHOI'O 3 HaqeHJi! fl e(O) c::-eminc::- 3 _KB/CM 

Ilp11 aToM KBaHTOEbliil BbIXo;n ~ woToa@weKTa 6y;neT MaKCll!MaJI:hHblM 

VI paBHh!M ..13 ~ I ' ITOCKOJlbKY paccMaT p11EaeMb!iil ~OTOa!fxlieKT f!BJJf!eT-

Cfl 06'.beMHblM (8) 
. £\ (C) -

3aBll!Cll!MOCT:b IIOJJHplll3aI.111li! p OT yrna "' ' orrpe,l\eJJRIOll(ero 

06JJaCTb ycKopeHl1fl aneKTpOHOB, ;naeTCfl ~OpMyJJOiil (3]: 

p ( elC» = 2 [I +CJ)se<C) + cos2e'C)J 
4 +COS 9CC) + C0S2$(C) 

(5) 

B [3] nonyqeHa TaKlKe ~OpMyJJa 3aBll!Cll!MOCTll! 3HaqeH11iil cos e(C) 

OT nOJIR C , ' KOTOpaH BO BTOpOM np116J111lK8Hl1ll! 110 

5i.n2e~A)(e): 1-{[o-.A.2(e)]/2A(c)}' 11MeeT Blll.l\: 

a<c'<t:!) ·ro-..\2(s>J- 2.Ace>{i-[s-A2(E>J2} 04[z-Ace>J3{t-[s-.l(c)J272 __ , 
1COS 1;;. = 2.l(E) 5 Z.A(E) + · 6 Z~(£) j -

r;ne 6' =ficu0 /Wo 1 A Ce)= ee'C'/P0 
' 

'fi(i)0 ~ 0,0037 aB -

9 
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- 3He prim rrpO;I.\OJI:bHoro orrr.11qemwro <lJottotta, W
0 
< 0,3 sB - Ha-

qaJLbHaR 3He pr.HR Ql OT03JleRT pOHa 1 't Z: I0-I3C - BpeMR CB060;I.\HO­

ro npo6era 3JJeKrpoHa MeiK;n,y .L\BYMR nocJie,l\onareJII>HbIM.11 cnoH'raHHbIM.11 

11cnyc1rn1rnRMl'I cjJoHOHOB, P0 = jwo 2rn: - ttaqanI>Hbii1 .11MnynI>c 

3 JJeKTp oua c 3(J!!J;eKT.11B1-10Li Maccoi1 m;::::: 0,067me, 

fie= 9,l·I0-31 
RI'. fioJie C l1 3Me l!ReTCff B npe,l\eJiax OT 3Haqe-

Hl1R emi.n = (Po/ ee')(J 1+ 0 '-1) !!:: 3 KB/CM' COOTBeTCTBYIOil\ero 

yrJiy e(C)=O l1 p =I, ,n:o 3HaqeHl1R emax n pl1 e<C)z 5C/z l1 

e(C) P z: 0,5 • lJ11c JJe HHbitl attaJll1a (6) noKa<ihlBaer, qro z::.:ii/2 rrp11 

c.;\.(emax)~r,56 . 8ro cooTBe rcTByer Cmax~I,5Cmiif4,5 KB/cM 

n c11ny 2.1\.(emtn)~S. 

.l\11 tlJ<Iiepe m.i.11 pyR, nonyqaeM 113 (5) 11 (6 ) nocne or6pacbrnamrn qne-

HOB rre pnoro 1-1 Bhi llle nopH.ZUWB Manocr11 no 5 LL ./\. 

de d P (e<c>ce)) ~ f (ecc>(c))41Ce) -e-
7 P(e<c>(e)) (7) 

r 1\e BBe,l\eHbI o6o3Haqemrn 

cc> 3[ 1 +2cose(c>ce)] 
-f(e (€)) == [f+cose<c>ce)+cos2e<c\e)][4+cose<c>ce)+cos2e<c>ce)] ' · 

l.J.'(E)= _s_[ 2.A<c>J3 -~[ 2J1.Ce>J __ 7 [-&-]. 
5 s s o 5 Z..J\(c) 

IJ 

]HTerp.11pyH (7) B rrpe,11,enax OT e ~ emi.n ,ll,O e' ~ C ffi0)1. I !1 (}- • 

nyqaeM 

1-
A P ( s)~<e<c><e))'flCe> 

Pce<c>ce>) ~ 1 + ~ ) 

r,11,e .ciP= P(B(C)(e))- p(ecc>ce'))>o, ~e = c' -E >o ) 

e - HeKOTOpOe Cpe,11,Hee 3HaqeH11e C B l1HT8pBaJ1e ( e 1 C1
] 

(8) 

e~ g~gt. B crrny f(ecc>(emin))lf'(emi..n) ~-I,2 l1 

-f (etc> (emax )) 4' (Bmax) !:::'. - 0,6 MOlKHO cq11raTD, qro Be­

Jll1q.11Ha t ( f) (C\c)) o/ (e) OTHOCV!Te J!IiHO CJia6o M8Hf!eTCR Ha BC8M 

II pOM8lKYTRe [ emi.n . J emax'J . fIOSTOMY 6y,n:eM 11pl1Hl1MaTb ee 11pl16-

f ( (C) - -
Jll1Sl1TeJlbHO IIOCTORHHOM 11 paBHOi1 T 6 (e )) 4'(€.) c::: · -I. Tor-

,Zia 113 (8) rroJiyqaeM B rrepnoM rr p116Jll'llKeH.11H rro Ac/e ~Cmax/emin-f~5 

AP lle 
p cacc>(e)) ~ -e- (9 ) 

!113 (9) BJ/l,ll,HO , qro rrp;.y Ile I e ""·IO-I Heorr pe;eJI8HHOCTb 3 ;1a­

qett11 i1 rroJIHp11aau.1111 P oy~eT rropH,ZU<a IO,;& , qTo c;.:;..;:no!.; ~!'!oro. 
1osroMy OTHOC11TeJII>HaH rrorpelllHOCTI>, c KOTopo!-1 n:c ;:c. E (X) : .o­

ll(e T c11.11TaTI>CH o,11,11opo,1J,HblM no Bcetf rJiy6.11He X
0

= ~-.: ~I :..:Y.:.; , 

,ll,OJilKHa 6HT:b He Xy'if.e I0-2 
1 T. e. CDC TaBJIHTb HeCKOJLE'.l ;: i- 0!.:eHT OB. 

1)11Kc11pyH BeJlliql1HY OTHOCl1TGJlbHOJ/i norpe!llHOC TM i:' .. ' 

II 

, J 
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* MO'IKHo orrpe,11enHTb BepxHIOIO rpaHHIJ,Y Na 
3HatieHHH KOHIJ,eHTpaIJ,HH 

aKIJ,eITTOpoB: 

* ecoe(O) N ~ o 01 C!:! 2 I3· roI2cM-s 
Q. I -u ' (IO) 

ilO,l(CT8BJIHH (IO) B (4), HaxOAHM AJIH TOJ!li{£'1Hbl d 3Hatiemie 

d ~ IOO MKM, T.e. MaTep11an Ga.Rs 
,l(OJI'/KeH 6b!T:O nJieHKOH. 

l1cnonb3yH (4),(IO) H lf(d)= 

Cf(O).:: U +UK 3Hatiemrn 

O, nonytiaeM . H3 (2) AJIH 

Y'(O) = 0,5 C (O)d c::.I5B, OTKyAa 

u » u K t 0 tieM I'OBOpHJIOC:O Bhlllle. CJ!eAJeT, tJTO 

B HanernpOBaHHott ( Na= 0) 1rneHKe Ga.As 
pa3HOC'.l:b no-

TeHIJ,HaJIOB <1(0) :::: I5B Me'/KAJ ITOBepxHOCTJIMH x = 0 HX=d 

C03,l(aCT BHyTpH nJieHKH npH e = 12,5 0,l(HOpO,l(HOe nOCTOHHHOe none 

0,5 e(O) ~ I,5 KB/CM. ITOCKOfilKY Ga.fls 
HBJIHeTcH n:oe3oaneK­

TPHKOM, TO rrone B I,5 KB/CM MO'/KHO ITOJ!YtJHT:O HaTH'/KeHHeM nJieHKH. 

PactieTbI, npoBe,l(eHHbie B [2] t ITOKa3b1BaIOT, tJTO BeRHtiHHa H8TH'/KeHHH 

npH aTOM 6y,11eT rropH,11Ka IOO KI'/cM2 • EcRH, HanpwMep, cetieHwe nnett­

KH paBHO I CM x cl = ro-2
cM

2 
npH d = IOO MKM H UIHPHHe 06JIJ'C!a­

eM OH noBepxHOCTH B I CM, TO TpeCiyeMoe n:oe3orrone 6y,l(eT C03,l(aHO 

npH paCTH'/KeHHH ITJieHKH C CHJIOM B I KI'. 

B rrne HKe Ga.Rs p-THna co cTenett:oro nern PUBaHHH 

Na~ 2 ,I3· ro12
cM-s ·To lKe HaTH'/KeHHe ITpHBe,l(eT K HCKa'/KeHHIO ITOJIH 

H3-3a aKpaHHpOBaHHH AhlPKaMH. ITpH 3TOM · no Bceit rnyCi11He 
_f 2 

X0 =}( "'I MKM none c OTHOCHTen:ottot! rrorpemttocnIO ro- 6y,11eT rroti· 

TH O;D;HOpO;D;HblM H paBHblM e(O) ~ 3 KB/CM. TaKHM oCipasoM, ;D;JIH COS· 

AaHHH nonH €(0) ~ 3 KB/cM no Bee~ rny6~He B I MKM B nneHKe 

Ga.fls p-THITa co CTerreH:OIO nerHpOBaHHH Na.~2,I3· ro12
cM-

3 
TOJI­

ll(HHbl d = IOO MKM 11 llIHPHHbl B I CM rroTpe6yeTcH ycHnHe Ha pacTH­

'/KeHHe B I KI', T.e. B ,l(Ba pa3a MeH:ome, tieM AJIH HenerHpOBaHHOtl 

rrneHKH Ga.Rs Tex '/Ke pa3MepoB. 

CJieAJeT OTM8THT:O, tJTO cyll{eCTByeT orpaHHtieHHe H CHH3Y Ha 

IIJIOTHOCT:o Na aKIJ,errTopoB, a TaK'/Ke orpaHHtieHHe cBepxy Ha HH­

TeHcHBHOCT:o I (0) cBeTa, rra,11aIOll{ero Ha <lJOTOSMHCCHOHHYIO rroBepx­

HOCT:o x = o. ~et!CTBHTeJI:OHO, rrpH CBeTOBOM B036y'IK;n;eHHH aJieK -

TPOH-AhlPOtJHblX rrap tJHCJIO pO'IK;zJ;eHHblX Ab!POK He ,l(OJlll(HO npeBbllliaT:o 

q11cna aKIJ,e!ITOPHbiX Ab!POK B KpHCTaJIJie. 8TO He06XOAHMO ,l(JIB Toro, 

tJT06bl MO'/KHO 6blJIO rrpOBOAHT:o paccy'/K,l(eHHH Ill orrep11poBaT:o OIJ,eHKaMH 

B paMKax TepMOAl/IHaMH.tieCKlll paBHOBecttoro MeTo;zi,a 111, B tiaCTHOCTlll, 

ITOJI:030BaT:OCH ITOHHTHeM eAHHOro ypOBHH ~epMlll [4,9] ' CTOJI:O tteo6-

XOAHMblM npH paccMOTpett111111 WH31/ll!eCKlllX HBJiett11it, ocHOBaHHbiX Ha 08C 

H IT8C - OTpHIJ,aTeJI:OHOM Ill ITOJ!OlKJl!TeJI:OHOM aJieKTpOHHblX cpO,l(CTBax 

[4-6 , 8-II] • 

3a.KJIIOtJ8HHe H Bb!BO,l(bl 

ITpHBe,l(eM CBOAKY nonytieHHblX pe3yJI:oTaTOB c COOTB8TCTBY!Oll{HMH 

BblBO,l(aMH' KOTOpbie MOryT CJIYJKMT:O peKOMeHA~HHMH ITp!! c02.:..:..:: ;rn V:C­

TOl!HHKa aneKTpOHOB BblCOKOH ITOJIHPH3~HH Ha OCHOBe re 7& ~ ~C ?~YK7ypbl 

Ga fls - (.AeGa).As • 

I. B KatieCTBe MaTep1mna HCTOl!HHKa He 06XO,l(J..Hl.O l~(':J ;..;.~.::-= '.: 3dT:O 

rrneHKY Ga.As p-THna, HMe10my10 Bec:oMa HH3Kyic r.~ · · _;,.. ;.;IJ,1110 aK-

u;errTopoB Na. "' ro12cM-3 VI TOJ!ll(HHY d:::::: IOO i...r.·:. ::s _,:; HOtJH!i!H 

xapaKTep MaTep11aJia yKa3IIBaeT 111 TO, tJTO B 06'.beJ.:H c·~ : ' -: ::. ue ~3_-38 

I3 

.. 



co6CTBeHHbOC CTpyKTypHbOC :necIJeKTOB, f,rpa!Oll(l1X pOJIJ, aKl(ef!TOpHbOC .11 

,lLOHOPHbOC 1(8HTpOB [4,12] ' :z:l8lK8 B OTCYTCTB.118 rrp11MeCeM, KOH1(8HTpa-

I.ll1ff 3Tl1X I.l8HTpOB MOlK8T l1M8TI> BeJrninrny ITOpH:r\Ka I015
cM-

3 
11 Bbllll8 

[IO] • TI03TOMY rrp11 rrepexo:ne K 6onee TOJ!CTb!M o6pa3I.laM CTaHOBl1T­

CH Bee Tpy;nttee rro;n;u.eplK11BaTD KOH1(eHTPaul1!0 aKI.\Bf!TOpOB Ha ypOBHe 

1012cM-S 113-3a Hel1368lKHOrO pOCTa :z:18WeKTHOCTl1 B81JJ,8CTBa. 

2. MaJIOCTD KOH1(8HTpa1(1111 Na"' 1012
cM-

3 
rrpO:z:111KTOBaHa ' c o:n­

HOH CTOpOHbl, Tpe60BaH .118 M cyw,ecTBeHHOro ocna6JJeH.11ff 8KpaH.11poBamrn 

Bttemttero aneKTp.11qecKoro rroJIH (rr:oesorronH) aK1(errropHb!M.11 :z:lblpKaMl1 

B o6JJaCT.11 qioropOlK;z:\8H.11H 3Jl8KTpOH-;z:(blpOqHb[X rrap, c ;npyroi1 CTOpOHbl, 

ycJIOBl18M IT04Tl1 ITOCTOHHCTBa f!OJ!H BHYTPl1 Bew,ecTBa Ha rny611He rro­

pH.n;Ka ;z:(Jll1Hbl BOJ!Hbl CBeTa. 8TO YCJJOB.118' B CBOIO oqepe;n;:o, 068CIIeq.11-

BaeT f!OJiyqett11e BblCOKOU IIOJIHPl13a1(1111 rryqKa 3Ml1TTl1pOBaHHblX 3Jl8K -

TpOHOB np.11 MaKC11MaJJI>HOM KBaHTOBOM Bb!X O;z:\8 "'I 11 B 03MOlKHOCTl> np1'l-

M8 H8Hl1H T8XHl1K1'l pacqeTa IIOJIHpl13aul111, npoBe.n;eHHOro B [3] • 

3. Orpatt11qett11e Ha KOH1(8HTpa1(11!0 dKI.l8 IITOpOB CHl13Y 1'l Ha l1HT8H­

Cl1BHOCTl> CBeTa cBepxy o6yCJIOBJI8HO Tpe60Batt11eM KBa311IIOCTOHHCTBa 

ypoBHH ~epMYi re Te pocTpyKTYPhI Ga.As - ( .ReGa).As rrp11 MaJihIX 

CB8T0Bh!X B03MymeHl1HX B OTCYTCTBl18 ITOJIH [9] • 8TO He06XO,lLl1MO ;z:(J!H 

orrpe.n;eneHHOCTH TI8C - 6ap:r,epa W ~ 0,3 aB Ha rpatt11ue 

Gafls-(JlfGa).fls 11cToqtt11Ka rrp.11 06nyqett1111 cBeroM. 

4. B KaqecTBe aneKTpHqecKoro ITOJIH MOlKeT 6b!Tl> 11cnon:osoBaHO 

co6cTBettttoe rr:r,e3orron8 Galls B8Jl.11q!1Hbl c (0) ~ 3 KB/cM Ha 

BXO;z:\8. nnH C03;z:(aHl1H TaKOrO f!E830f!OJ!H Ilpl1 KOH1(8HTpaw-IH aK1(8IITO-

pOB NQ."' rol2cu-:"3 IIOTpe6yeTCH yc.11JI11e Ha pacTHlKeH.118 B 100 KI'/ci 

11n.11 c.11na B 1 KI' ;nnH pacTHr11Batt.11H rrneHK.11 c ceqett.11eM 

I CM X cl = I0-2cM - 2 , d ~ 100 MKM - TOJ!UJ,l'!Ha f!Jl8HK.11. Ilpl1 3TOM 

ITO Bceiii rny611He IIOI'J!OIJJ,8H.11ff CBeTa ~-I~ I MKM fll>830f!OJ!e c 

14 

OTHOC.11T8J!I>HOiii norpell!HOCTDIO 10-2 6y.n;eT flOCTOf!HHblM H paBHbiM e(O). 

5. 0TM8Tl1M TaKlK8, qro CTpyRT.YPHOe COi•epUJ0HC TBO f!Jl8H0t{Hb!X 

MaTepHaJJOB, MaJJOCTI> KOH!l,8HTP8.L\l'l.vl rrpriMecc.M peaKo ynyqlllalOT !l!X 

Mexam1qecKy10 npoquocT:o H BO Muoro paa yne;1.11q11BaJOT 3Hal!e;rne 

ttarrpmKeHHOCT.11 rrpo6oH [12] , qro Be cr,1,;a Baii!110 rrp.11 s Y.cn e µ11 i.;eH ·n1po-_ 

Bamrn c H.11Ml~ • 

I'i 

/' 

/ 
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