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SJIEKTPOHOB B IIbE808JfEKTPlilY.ECKOM IIOJIE Ga.As 

PaccuaTpHBaeTCH woTOaMHCCHH nonHpHaOBaHHhlX aneKTPOHOB Ha 

p - Ga.fls c OTPHUaTeJll>Hb!M aneKTPOHHb!M CPOACTBOM npH 0~0-

OCHOM AaBneHHH KpHCTanna. IIoKaaaHo, qTQ npH ;l(a.BneHHH nopH~a 

200 Kr/c.,l- B onpeAeneHHOM HartpaBneHHH B03HHKaeT nbeaoaneKTPH -

qecKoe none, AOcTaTOqHoe ~nH npeAOTBpa~eHHH TepManHaaUHH woTo­

Boaoy~AeHHhlX nonHpH30BaHHhlX aneKTpOHOB H HX 6~CTporo nepeHoca 

K noBepxHOCTH nonynpOBO~HKa, qTO npHBOAHT K YBBnHq8HH~ KBaH­

TOBOro BhlXDAa H BpeMeHH S~WBKTHBHOro AB~CTBHH ~OTOKaTOAa. 

EpeBaHCKH~ · ~aHqeCKH~ HHCTHTYT 

' EpeBaH I986 



Preprint ~!1-947(98)-86 

R .A.MELIKYAN, L. G.TOHIKYAN 

Eli!IJSION OF PHOTOEXCII'ED POLAHBED 

ELECTRONS IN THE PIElOE.LECTRIC FIELD 

OF GaAs 

The photoemission of polarized electrons from p - Ga.As 

with negative electron affinity under uniaxial pressure of the 

crystal has been considered. It was shown, that for pressures 

of the order of 200 Kg/cm2 in definite direction there arose 

a piezoelectric field sufficient for the prevention of therma­

liza t ion of photoexcited polarized electrons and for their ra­

tr~nsfer to the semiconduct~r surface. This results in pid 

the increase of quantum yield and of the time of effective per­

formance of the photocathode as well. 

Yerevan Physics Institute 

Yerevan 1986 

B pa6oTe [I] paccwaTpHBaJIOC:b BJIHHHH6 BH6WH6rO aneKTpHqec­

Koro nonH ~a aMHCCH~ ~OTOB036Y•A6HHhlX nonHpH30BaHHWX: aneKTPO -

HOB. IlpH OTCYTCTBHH aneKTpHqecKoro nonH nepeHOC ~OTOB036Y• -

A6HHblX nonHpH30BaHHhlX 3Jl6KTpOHOB K noBepxHOCTH KpHCTaJ1Jl8 npo­

HCXO)UIT, B OCHOBHOM, aa cqeT npouecca P.H~Y3HH, a BblXOA aneK­

TpOHOB B BaKyyw o6ecneqHBa6TCH npHM6H6HH6M CHJl:bHO ner11pOB8HH~ 

ro nonynpOBOAHHKa p-THna H C03~HH6M Ha noBepxHOCTH OTpHU8 -

TenI>HOrO aneKTpOHHOrO CPOACTBa. 

IlpHnoxeHHe K KpHCTanny Bttemttero aneKTpHqecKoro nona (nopHA-

Ka 3 KB/CM B o6'I>6M6 nonynpOBOAHHKa) npeAOTBpa~aeT T6pM8JlllSQIUlm 
I ._ • -

~OTOB036YEA6HHhlX aneKTpOHOB H o6ecneqHBa6T 6liCTP~ nepeHOC K 

noBepxHOCTH nonynpoBOAffHKa, qTO llPMB0,11,HT K yBenHqeHHm KBallTOBO­

ro BhlXO~ H BpeweHH a~KTHBHOrO A6~CTBHH ~OTOK8TOAQ. 

c Apyro!A CTOpOHli, Ga.As HBJIH6TCH ll:b6303Jl6KTPHKOM [ 2] • Ha­

nHqHe nI>eaoaneKTpHqecKoro a~KTa B Ga.As yKaaliBae! sa B03-

wo•HOCTI> HCllOn:b30BaHHH ll:b630aneKTpHq6CKOrO nonH AHH npHHY]l;H -

TenI>HO~ 3MHCCHH ~OTOB036Y•A6HHhlX nonHpH30BaHH!:DC aneKTpOHOB. 

HREe noKaaaao, qTo HcnonI>aoBaHHe nI>eaoaiM.ieKTa noaBonaeT 

nonyqaT:b T6 •e nonH BHYTPH nonynpOBOAHHKa H HS6aBnHeT OT Heo6-
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XO,ll,HMOCTH npHMeHeHHH BHeillHHX none~ 6onhill0~ BenHqHHlil, npHBO'AH­

lllHX K yBenHqeHHID o6~eua BaKYYMHO" Rauep1i1 c ynhTpaB!ilCOKHM BaKy­

yuou nopHAKa 10-lO - 10-llMM pT.CT. 

SllllCCBH IPoTOBoa6yEAeHHliX aneKTPOHOB B nheaoaneRTpHqecRou 

none OTJUtqaeTCH OT 3MHCCHH aneKTpOHOB BO BH6illH6M none Teu, qro 

nheaoaneRTpHqecRoe none cocpe'AOToqeHo BHYTPH nonynpoBO'AHHKa • 

EnarOAapH 3TOMY B03Ae~CTBH6 OCTaTOqHliX HOHOB Ha aKTHBHpOBaHHym 

ueaHe~ H KHCnopOAOM noBepxHOCTh KPHCTanna MOE6T 3HaqHrenhHO 

yueHbillHThCH. 

OueHKa nDeaoaneRTpHqecRoro nonH 

KPHCTaJIJla npH O'AHOOCHOM 'AaBneHHH 

B od~ey cnyqae ypaBHeHHn COCTOHHHH llhB303neKTpHqeCKO" cpe-., 
'Alil, K3.K H3BeCTHO, HM6IDT BH'A (2) 

6lj = Ctj Ke UKe -.\3n tj En , (l) 

Dt = ~i. K e Ui<e + E-o Etn En , (2 ) 

rAe 6tj - KOMilOHeHTbl T6H30pa HaI!pHE6HHH, u Ke - K0MllOH6HTbl 

T6H30pa 'A6ifJOpMauHH, ~ nij - KOMnOHeHTlil TeH30pa nDe303JieKTpH­

qeCKO« IlOCTOHHHO~, C~Ke - KOMilOH6HTlil T6H30pa MO'AYnH ynpyroc­

TH, En - KOMilOH6HTbl B6KTOpa 3JieK'l'PH'16CKOro nOJIH, .DL - KOll -

notteHTlil B6KTopa aneKTpHqecKo~ HH~YKUHH, Cir\ KOMnOHeHTlil TeH -

aopa ,lll13Jl6KTpHqecKo« nOCTOf!HHOtt npH Hell3M6HHO" 'A6ifJOpMaUHH J 

u' Co - 3JleKTpHqecKaH n OCTOHHHaR. 

CHMUeTpHH KpHCTaJIJia,KaK 113B6CTHO, ttanaraeT orpaHHqettHH Ha 

C.wlC'!'.6..iJ' K03 lWJH UHeHT011 C , t: H .~ • Ga fls OTHOCirfi'. CH K Ky 6H -

'!C. l'f'"f> ""'l~CTJ.l.)!C y CJ1WJe TpHH peul 6T!{Jll 

• 

43m· 
~Cll0Jlh3YH o6~enpHHHTY~ cxeuy 0603HaqettHH ,lUIH TeH30pOB 

II- l 

22--2 

33-3 

23 = 32 

I.:S = 31 

12 = 21 

4 

:, 

6 

H CTPYKTYPY TeH30pOB c ' c H j3 AJIH Ga As , YA06HO MH 

pemeHHH llOCTaBJieHHO" aaAaqH CHCTeMy 

AY~~eu BH'Ae 

(l), (2) 3aIIHCaTb B cne-

C11 C12 c,a u, I 61 

C1z C11 C12 U2 62 . 
C12 C12 C11 . U3 63 

C41i • • -.}3,4 U4 641 (3) 

Us = 05 . c1ti. • . -~4 

C41t • . -S311t ut 66 

~11t . • €'0€11 E, .D, 

S3,4 • . €0€11 Ez D2 

C3 • • ~oc 11 
~ 14 

E3 D3 

3'AeCh 'AJlH KOMllaKTHOCTH HyJieB!ile 3JieMeHTlil MaTpHUlil o603HaqeHbl 

TOqKaMH. ~3 (3) nerKO HaxO,IJ,HM aaBHCHMOCTh Ilhe303JieRTpHqecRoro 

nona EL OT HanpallteHHR 6j H HH'AYKUHH lh _ 

D· - . . 
El=-~146t+3+ EoE11(1+ K~4 ) 

(4) 

r'Ae K14 - K03¢>ifJHUHeHT aneKTpOMexattHqecKo~ CBH3H, 

'.) 



2. 

2. ~14 
K14:: ~C44 

~14 
~14 = eo e11 C44 (1-t- K~<t) 

8q,qieKTOM 3KpaHHpOBaHHH llb8303JI8KTpH'i8CKOrO IIOJIH, B03HHKaIDUU'IM 

sa cqeT npocTpaacTBeHHoro nepepacnpeAeJieHHH reHepiapyewwc cBe­

TOM 3Jl8KTpOHHO-.zu,tpO'iHWC nap np~ HHTepecyIDUU'IX Hae MaHblX IlJIOT -

HOCTRX TOKa 3MHCCHH, KaK IIOKasaHO HH~e. MOllHO npeHe6peqD. 

ft13 (4) BHAHO, 'iTO B CHCTeMe KOOp,zurnaT ( x,' Xz., X3 ), OCH 

KOTOpon COBIIaAaJOT c OCHMH CHMM8TPHH KpHCTaHJia Ga.fls ' npH 

J)l. = 0 B03MOlKeH TOJIDKO CABHrOBID\ lID8303JI8KTpH'i8CKH~ sqxpeKT. 

le~CTBHT8JlbHO, eCJIH, HaIIpHMep, CBeT na;zr,aeT nepneH.ll.HKYJIHpHO K 

lOBepxHOCTH KpHCTaJIJia BAOJID OCH X1 ' TO AJIH nonyqeHHH lID830 -

3Jl8KTPH'i8CKOrO IIOJIH B TOM lle HarrpaBJieHHH E1 He06XO.ll.HMO IIPH -

JIOllHTD KacaTeJIDHOe HaIIPH~eHHe 64 
BBHAY TPY.lUiOCTH npaKTH'iecKoro ocymecTBJieHHH o,IUlopoAHOro 

CABHrOBOro HaIIPHll8HHH y,1106Hee IIOJ!b30BaTbCH MeTOAOM, HA0H KOTO­

poro 3aKJIIDqaeTCH B B03MOllHOCTH 3aM8Hli CABHrOBO~O HaIIpHll8HHH 

HOpMaHDHWA ( 4) • 

ilyCTb o6pase~ BHpesaH TaK, 'iTO ero 6oKOBlie rpaHH nepneH.ll.H-

' I Ky1!HpHli K OCru.t x 2. ' X3 HOBO~ CHCT01.tli KOOp.ll.HHaT' no:eepHy'l.'O~ 

BOKpyr OCH X1 = x; Ha yroJI ':f • ilpH 

COOTHOmeHHe (4) MOlKHO 3aIIHCaTb B BHAe 

Et = - ~tjK 6jK 

6 

Dt = O B o6meM cnyqae 

(5) 

111 

I I I 

TorAa B CHCTeMe KOOp.ll.HHaT ( x,' X2 ' X3 ) (5) IIPH06peTaeT BHA 

rAe 

I -1 I 

Ei. = - ~LjK 6jK I 

I 
Ei. = c:(ji. EJ I 

-
(;' = oCml clnj oleK ~mne ' 
.rtj K 

(6) 

I 

olp,'l.= cos(Xp,X't.) - KOCHHYC yrna M0lKAJ p- le\ CTapo~ 14 t- 1t 

HOBO~ OCHMH KOOP.ll.HHaT. Y'IHTHBaH CTPYKTYPY TeHsopa ~mnf ,AJIH _, 
~tjK IIOJIY'IHM BlipalKeHHe 

-1 i [ ~tjK = T ci.1t (cx'.2jd.31< + o<'.aj d21<) + 

(?) 
+ d2t (cl1ja'.3K + ol3j cl1K) + 

+ d3t ( ol1j c( 21< + cX ij cx'.11<)]' ~14 ' 

rAe f'14 = ~1a3• 
Bli6HpaH B (6) 6~+o H no11araH :ece OCTa1lbHlie KOMIIOHeHTli 

I I 
6tj = 0 ' AJIH t., HMeeM 

I -/ I E --B ·6 1 - J-133 33 (8) 

-1 sin 2lj' 
~33=- 2 ·~14 IlOACTaBJIHH B (8) 3HaqeHHe ' Ha~A8HHOe H3 

I 
(?) H y'iHTHBaH, 1.1To E 1 :: E 1 , II OJIY'IHM 

1 - I 
E1 (. lf) = y ~14 6 3 • si.n 2. <f. 

7 



OTCJO,IJ,a cne,nyeT, ·uo Ma.KCHMaJI:r:.Hoe. aHa'tleHlde E1 (':f) ,IJ,OCTHraeTCH 

npH 'f =:Ji./4 H pallHO 

E = ~,46; . 
1 2. (9) 

nna GQ.As .13
14 

= o,!6 Kn/M2 , €.n= 12,5; c44 = 5,94. 10II.D.Ha/c»2 

[3] • Hcnon:r:.ayH a1'1t1 ,IJ,aHH!ie, np1t1 ~B11eH1t1H 6~ = 200 Kr/cil HS 

(9) nonytUIM Er= 3·Io3 B/cw. 

KHHe.THKa ne peHOCa sapH,IJ,a B 

11:r:.esoaneKTPH'tleCKOM none Ga.As 

HsBeCTHO, 11To Ba1l~HTHaH aoaa Ga.As xapa.KTepHsyeTcH 'tle­

TiipexKpaTHO B!ipO~,IJ,eHH!iM COCTOHHHeM J = ~3- Id ,IJ,ByKpaTHO Bli-
2 

poa:,IJ,eHH!iM COCTOHHH8M J = _I_ ' pacnonoxeHHIDI Ha A= 0,34 aB 
2 

HHll:e • COCTOHHl'IH c J = 3/2 pac111enJIBJOTCH no B6JJH'llHHe npoeK~H 

MOMeHTa MJ = .± 3/2 (soHa THllenliX . ,IJ,iipOK - h ) H MJ = .± I/2 

(30Ha JJerKHX .l.(iipOK - f ) • 
ITplil 06JJy11eHHH KPHCTaJJna ~PKYJIHPHO nonHpltl30BaHH!iM CB6TOM c 

aHep!'Heit E
9 

< liw < E ~ ..- b. aneKTpOH!i, Bos6yJC,IJ,eHH!ie H3 Ba­

ne HT HO~ aOH!i c J = 3/2 B soay npoBO.D.HMOCTH nonynpoBO.D.HHKa, 

OKa3iiBaJOTCH nonapH30BaHH!iMH BCne,ncTBHe npaBH11 'oTdopa OllTHl!6C­

KHX nepexo,noB [5] 

O,IJ,Hoocaoe ,l(aBneHHe KpHCTanna Get.As npHBO.D.HT K cwe111eHHJO 

3HepreTHl!8CKHX 30H• rrira 3TOM ypOB6Hb c MJ = .± 3/2 CM6l!la6TCH 

BHH3, a ypoBeH:r:. c ·M1 = .± I/2 - BBepx [6,7] · , 0,IJ,HaKO npH HH­

TepecyJOUU!X Hae ,IJ,aJjJl6HHHX nopa.zuca 200 Kr/cM2 , BJJHHHH8M CMeQleHHH 

aHepreTH'tleCKldX 30H Ha KldH6THKY nepeHoca H nonHpHaa~JO !fJOTO -

8 

I 

BOS6yll,IJ,8HH!ilC aneKTpOHOB MOllHO npeHe6pe'tl:r:. ~Bid~ Ma110CTH cwe111eHHH 

( < ro-3 aB) [7] • 

noKan:r:.HaH H6~Tpan:r:.HOCT:b aneKTPOHHO-,IJ,iipO'tlH!ilC nap, reHepHpye­

MliX CBeTOM, co BpeMeHeM HapymaeTCH Ha-aa npocTpaHCTB6HHOro ne­

pepacnpe,l(eJieHHH sapH.D.OB B n:r:.eaoaneKTPH'tleCKOM none E .Bcne,IJ,cTBHE 

aToro B npldllOBepxHOCTHOM cnoe nonynpoBO,IJ,HHKa BOSHHKaeT 3KpaHH­

py10111ee none, oueHKY KOToporo npHBe,new HHlle. 

BBH;a;y Toro, l!TO no,IJ,BH~OCTI> aneKTpOHOB npoBO.D.HMOCTH .f'e ro-

pas.no 6on:r:.me no,!1.BHllHOCTld 'AiiPOK )! 
~ 

, nJJOTHOCT:b ,IJ,iipOK nS Ha-

MHOro 60JII>ill8 nJJOTHOCTH aneKTPOHOB npOBO,ll,HMOCTH ne Id noBe,IJ,e­

Hlde aKpaHHpy10111ero nona, B ocaoBHOM, onpe,D,enHTCH nnoTHOCT:r:.JO Ali-

pOK n~. 

CKopocT:r:. qioToreHep~H aneKTpOHHO-,IJ,iiPO'llHliX nap Ha paccTOH -

HHH x OT noBepxHOCTlll pas,D,ena nonynpoBO,lJ,HHK-BaKYYM onpe.n;enHeT-

CH BiipalleHH8M [8] 

rt(X)= r1od.e-clX' (IO) 

r,IJ,e n
0

- nnOTHOCTl> nOTOKa na,naJOUIHX !fJOTOHOB, cl., - KOSi!Xlm~eHT 

onTllll!eC'KOrO norno111eHlllH, paBHblit nplll attepr111111 !fJOTOHOB 

'ticu = E
3 

-t- A B Ga.As 2·104ca1-1• 0Tpa:aemi:ew cBeTa OT no -

BepXHOCTld npette6peraeM. OrpaHl/l'lll/IMCH CTOn:r:. MaJIO~ BeJJH'llHHO~ n(X}, 

npH KOTopoa aKpattldpy10111ee none npeHe6pell111MO wano no cpaBttea11110 

c noneat E Ill npH6JJHlleHHO MOllHO CtUITaT:r:. CKOPOCT:b ,D,iipOK paB -

iio~ V~=~ E 

,IJ,iipO'tlHIDI TOK J~ 

• Tor.D.A nnoTHOCT:r:. ,IJ,iipOK atOllHO Biipaa111T:r:. qepes 

1e I rlqlX):= jg (x) 

"' J:. E 

9 
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ECJIH AJrnTeJihHOCTb ~OTOreHepal\HH r. 6on»we BpeweHH nepeHOCa 

AhlpOK tn = g/J,;' E . ( g - Tom1urna o6paana), TO ycTaHaBnna -

eTCH CTal.\HOHapHhl« pellUIM, llj)H KOTOPOM 

• x 
J3 (x) = I e I·~ n (x)dx "'I e I no (1- C"x) . (I2) 

0 

B 3TOM cnyqae AJIH onpeAeJieHHH 3KPaHHpyK>wero ~OJIH B 06paa1.1e BOC­

IT0Jlb3yeucn H3BeCTHhlM BblpalleHH611 

Ets>(R)"= I e I { n (t). (it - ~)dV 
43t"€o£ ) ~ IR-'tl 3 

v· 
(13.) 

3AeCb HHTerpHpOBaJrne npOH3B0,ll,HTCH no 06'beMy l.lHJrnHAPa v c Bhl-

COTOM g ff . .imaweTpou d , paBHhlM nonepeqHHKy c:aeroBoro nHTHa. 

c HCllOJih30BaHHeM (II) H (I2) H3 (13) HaxO,ll,HM npH6JIHEeHHOe 

qffaqeHHe 3KpaHHPY~wero TIOJIH Ha OCH l.lHJIHHApa 

(3) I e I no [ P j i d2 • j de ') Ex (X1 01 0)= 2 e 0 e~E 2x-o+(x-g) + 4 -xa+-;;:- . (14) 

faKHM o6paaou, MH cTaUHOHapHoro pellHMa, nonaran g = d H3 

(14) HaxO,ll,HM oueHKY 3KpiiHHpy~~ero ITOJIH B IlpHITOBepxHOCTHOM cnoe 
X:o(.-1 

1e1 rl.ob E~3> coe.-1, o,o) = 4eoe~ E 

(rS) 

06naCTh IlpHMeHeHHH ~opwyn (I2),(I4) orpaHHqeHa, K8K BHAHO H3 

(I5), CJieAYfilwe~ B8J1Ht!HHO« nnOTHOCTH llOTOKa 

IO 

no<.< 
4 €0 € E'9;! 
I e I· cl. • (I6) 

PaccuoTpHM HeCTal.lHOHapHhlA pelllDli, KOrN\ 

1 g 
cl.V ~ 't~« V 

9 ~ 

B aTOM cnyqae, nonaran B (I4) g = 'C41 V~ AJIH aKprumpy»-

wero llOJIH B rrpHITOBepxHOCTHOM cnoe ol-
1 ' llOJIYQHll oneHICy 

t3> 1e I· no(2Q.-t--r.,.Vs> 
Ex = 2.€.oe)i!-E ' (I7) 

a AJIH no 6yAeU Hueu orpaaHqcSRe 

2eoeE~ 
no« le I· (2cCL~V~) (18) 

OTMeTHM TaKlle, qTQ npH AOCTaToqao 60JihlllHX rlo • TaKHX, QTO 

Bee eme BhlllOJIHHeTcH ycno:aHe E ::>- Ec3 > , aKpaaHpyK>mee none AH-

poK coaAaeT y o6nyqaeuo« no:aepxHOCTH aaAepllHBaK>IllHA aneKrpoaa 

llOTeHI.lHaJI, KOTOp!iill HcqeaaeT llOCJre: rrpeK~HHH o6nyqeHllJH. 

llpHBeAeM QHCneattae oneHKH. B c~~OHaPfiOll peu11e llJlB 

E = 3 ·ICY B/cu, !., = 500 ct.2/B.c, d = 0,2 cu nee11 &a (16) 

n.
11

<..c: 6·I017Jcic. IIonaraH, aarrpm:11ep, no= to16Jc..l-c , no­

nytIHu H3 (IS) El3>z 50 B/c11, H3 (I2) j = l,6·I0-3 A/c.l 

B aecTal\HOHapttou peEHue, aarrp1u1ep, np14 -c., v3 = IOd..-
1 

11 Tex 

lle aaaqeHHffX E H ~ noJiytIHM 113 (18) no« l ,7· 1o2°1c112
- c 

IlonaraH no::; 1018/c..l. c • H3 (17) HaXO,ll,Hll .1{
31 

= 20 B/c11 • 
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UHH aapHAOB aKpaHzpyJO~ee none e~e 6onee yueHbWHTCH. 

~a npHB6A6HHbDC 0U6HOK cne,llyeT, qTO AnH npeo~oneHHR npo -

CTpaHCTB6HHOro aapRAa B BaKyyMe AOCTaTOqHO npHnO~HTb BH6WHee 

aneKTpJt1qecKoe none nopRAKa HeCKOnbKHX COTeH B/CM. 

TaKHM o6paaoM, npz uairwc nnOTHOCTRX TOKa auzcczH nbeaoaneK­

TpzqecKoe none MOXeT 6b1Tb HcnonbSOBa.HO ARR npHHYAHT6nbHOM 
' 3MHCCHH nonHpH30BaHHbDC aneKTpOHOB. ITpH 3TOM 6narOA8PH OTHOCH-

TenbHO Mano« BenzqzHe aneKTpzqecKoro nonR B BaKyyMe, ycKopR~ 

~ero OCTaTOqH_ble HOHhl, B03A6MCTBlt16 nocne~HX Ha aKTHBHpOBaliHYIO 

noBepxHOCTb aaweTHO yMeHbWHTca. 
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