
r';#;~l 
r.:a:~~;.)( 

~~ ~~fij ~ ~tffil.j£~.I f~ 
GaAs-Ga1_xAlxAs ~:1fMi~liiJJt*ii~$IJji 

ilt :if 

~1n7~:)tl JtiffMt~ i1' W *~~m T ~ ifr *~~ -=.#!ttlJ ~tl1f' GaAs-Ga1_xAlxAs 

~~m!t~~.,~~~~~~r~~X~o*X~~r~~#!ttlJ~~~~X~ 
;fI1- J)!1 )~~ :I tt -* 0 

~ 1fJ* }1lIE~ 1& IT IW ~?¥=J'J~, 1~ ¥IJ ~ m ~*IHHjg IW :!\t1t~·ff, :tE n-GaAs 1j! A t'.l m:;l:t& 
7J(~*CDn-GaAIAs, ®p-GaAs, @p+-GaAIAs, @p+-GaAs~1j!~~m, ~JV(;=~3'fJm 

#i, 1fjIJ nX; IW ~3'f Jm~ i!tJ'{;~ /lJl1 ill It rJ,t W ltrIJ tot 1000", 2000 :t( / mL*211lo ~ y~;Jjl\t~tE! r i4 
.I~,~.~fi~BIW~.,*m~~~~~~~~~.~~~lWo •• ~fiIWA~~#* 
m-=:~~~, :!ml!ll JWlFo ~~~~IWi!tJ'{;~, l!X:mfJ€tiI£ifll~, p-GaAs m Au-Or 1r~", 
n-GaAs m Ag-Sn 1r~(2Jo 

j;EfJ€ti~ 3'f Jm~ i!t:J'{;~ 1fjIj 1f J'J7! m 1j!, ~.!Ii!. $t *4 [3J ° i!tJ'{;~ itf ~~ *1fl1it ~ 300 ~)I(;lC 

ih, ~1t 50",100 ~*o ~'f4:IW~$\I!J'J7!, -~»ffi: :tE=JH'l! ltitkJtz raj, m 502 J1lt])t~.~ 

H~OOJE; . -;l!~~: :tE=JHlt~~ltt&JtzfaJ, :(£Jt~*({;It-r 10-4 .:£;)350°0 ~£ilf 5 5Hifto ~ 

• 17 • 



f-f ft& nlt ag ~J't:H, ;It ~ m ¥. tnt ~ ltllit tk: -r 7r ~ Jt a<J1Dtl: ,:!If ag 7r ~ Jt -:JBlt 11J:Iii 1000 '"" 2000 * I 
m*2ag7j(-,¥0 :ft1l*fj~~/j\:H14ag~~JHIlI$~¥'~Jl, 1!11J J;(~:Jm~m Tj!~IfI::[3lo f71J:ftIl, 7r 
j$Jt 03-14, ~m¥.mt~ f{t < 2000 */m*2, ~'=:fi!)Jf{t""l~*, ~1mfi!)J It,,,3 ~ *; 1Ji!!I. 

:i: 03-14/lll-5* if-f-, IJtflftIfI::~m 1100 1(/m*2, ~m 21.7 ltlPC, 1$~¥'~Jl 0.89IFJ\[4\ *:. 
~Jt.1f~mj!~Ifl::ag~14o tlUl!iJltl»!tliUJ1f*, ~fl1ffl ~7rj$Jf fRJ-'1flHiL1\ilJfl::ag 03-14Iill-4* 

if-f-:lltfJllmtl»!Ht, ~:JmT~mj!~IfI::, 1f~ag~t}iHllr: if~iIif~ 300 ~* x 200 ~*, ~ 
Bi~~, 30°0 rllmt~m~ 900 **0, . 

~HFl*:.~, 1.!:~fIDJ!)!)(:JFJ9tiJ1f~J't~~~:Jm~m.j!~IfI::, ~#1LHtf~j, ~3jt~m/j\-r 2000 
:t<lm*2, 1ft{ft1titqag~~Jl/j\-r 10 x 10~3lt/1)L, 1$~¥'~Jl/j\-r 3 x 10-41FJ\, J~:Jlilt~3jt7r~Jt J9t 
:i::!If, 7r j$~ 1m fi!~fflj;t(g~, if-f-lE IiiJBi~/j\, if~.Ejif ~~'~fM! ~:!If~~o Jlt7r,1.!:~fIDJ!)!)(:JFJ9t 
~ ~J't:H ~ J't ~ AiJ1f if:iJ ~~, t§ -=f ,r.t~o (j[; g~ 1\ilJ fI:: frij 1ft, 7r ~ Jt 1\ilj if $ il1fi, *Htr ill J't J)J $ tit *0 

k~.~fIDJ!~J't~ag.g11JJ;(R~~~-r~1f.~~-,¥fJ-rP1iJ1f~liiJk¥.~.EjJ't~ • 
• ~~*ag.~*ffl~WiJ1f~11JJ;(.tk:~~~.o .W~J't~1f'=:~{j[;gm: OO_~~J't 
~.f{t11JJ;(~/HtJl~~Jl, IElfflj~/j\~J't~,~,~m, 1f;fIJ-r~mj!~IfI::; ® ~W~J't~11JJ;( 

~.J't.ag~OO*~,1f~-r.~1ft ••• ill;@~W~J't:H1ftit~ag~M.~.f{to 
~1ti~WiJ1f~*ffl:J't.~~.ifo.B.:!IfIFJ\.~fIDJ!agif~JtI-rm.m~,~p.~iIif 

mk"~~J't3&tfCi!k1fIJ" 2 ?.x, 4!ilX-?ti$, ~Ellitr Jt-f-~~7r~ k~~ 4 ?ti$; ffl·~fM!AJ't 
.mJ't.~Wm.,~ffl~ ••• OO~*,~ffl.~~a~11JJ;(~~ •• ~.EjJt-f-ag.R1ti 
1Ii:!lf:l'l!!-,¥fJ,~7r~I!IJ'tatra)~ 3 ?ti$, ffllfl ~~~ 3 ?ti$, ~E-r 150°0 !!8Jm 2.5 Ij\at 0 ~ 1ti 
Mi!kag~~:ftllr: Jt-f-1fiIif~f~iH?~~, )tiltA~7j(9=t ~i!k ~ 10 lP, ~Jj(flfti1t, -NiitA (311) 
Mi!k~9=' (H2S04:H!lOll:HllO=3:1:1), I-rJlllPff!!il9G;jtpg, JIllPfMi!k~ 5 ?ti$, ~Jj(f1tri1t, ~ 
mffllfl~.m~Jt-f-~®~.~~1tik~~ •• o.m.R~~,*ffl~ffi.if~~,.Ej •• 
fM! w. ~ J'tif ~ fRJ ° 

ffl~~~~m;1i!ll»!g~il1fi:lii 10",,20 ~*, 1A~J't:Hagm:~ml91~ ill~:J't.f{t~ 40 ~*, t:Hi'ii 
¥.-f-~~m;agm1Ji!!l •• B~B~~i!k~~-fi!*j$fi!ohiIif~W~~:Hllmt~m¥.mt~~~ 
250 ~1(J;(ro f71J:ftIl 03P2/Zc l* if-f-, ~m 28°0 j!~IfI::, ;ltllmtl~m1g 220 ~*o ~llit­
.R ~1ti*W~J't:H, ~ % 03P9/Z1-4*, !l * 380 ~ *, l»!~ 1~ ~ ~Jl~ 30 f{t/1)L, 1$ ~ ¥. ~Jl1g 
0.54 ffJc~ ~~~iIif~W~~J1-r~~:it~IfI;[4\ :llt-ZV~/j\~., 11JJ;(~~IfF¥.mt, ~~ 
1tiagIfl::i'lU~~~~jJ ° 

~1ti*W~J't~mM.f{t~mJ1.~,~~:llt~~~~o {j[;g~.fl::I£frij1ft,~J't:H 

11: fj~ 1~ ~J r$( • ° 

1. itHt: 
J9t.'f~* GaAs;fll GaAIAs if;t;jSl.r:~il1fittVtlfUtl.~, 11JJ;(~L1enltil1fi~Jl~6 :ft1l~7r ~ 
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B*~ p~;W 'lb ~ GaAs;W GaAIAs .dh~tfb1W:f~*mltmi$3t1tIW~1iC7J, 1£i:;lik tE 
•• ~~*~~~*~tfblWltm$~~;W •• ~R~:;Iik.~a ••• ~~m.~IW,·~WM 
1lWflWffLI5t, ~"j!£Jt)t1Mra.~.mNuHrl!Jtf~*:;Iik:n1J!IW, m:;lik~tfb~iiilW Or, Au, Ag 
~Q.~m~l!Jtf~*.*~~~.~~~~M~o ~T~~l!Jtf~**#,~~~*=~ 
~tfb1Mrii\~, -~:;Iik~iiittltt Zn IWp-GaAs ~~, -~:;Iikre~iiittltt Zn IW p-GaAs, ~flft Or­
Au .g.Q1§~1ifNflft~lH~mm~~T-1W7"l!£Jt 0 ~111~f.1F-1'-lE~ii\Mt L 4 (23)[9l, =~~tfb~~ 

~-1'-~*; m=1'-~*~ l!JtfJf!J:I:, m.1i~tfblW~rfrtf~,It, $JfflWUH7J~JE 1 X 1016 195:-TI 
NDi~2;W 5xl015 1W:-T/Jl!*2 =1'-1ft~; ~':::1'-~*~~1W:-T1l~:I:, m.1i7~l!£~JJ,It#-~Jffl~ 

~[8J, ~ 400 fit -T-fR;W 600 fit -T{JC=1'-1ft~o ~*ii\Mt:;likmr:p ~l-4~~.1l~~R~ V-2 
£11. tE fit It:bn 3!:B L Jtt h IW 0 

}'IJ 
ill: ~ -5 

?'iIJ :i: (1) f,fl3 :i: (2) 

1 I 1 1 

2 2 1 

3 1 2 

4 2 2 

?'iO:i:: ilL~ 1: 1X1016 l.iJ'Ff/m*2; ilL~2: 5x1015 1Vl:-r/m*2. 
f,fl3:i:: ilL~ 1: 400 T~-r-tk; ilL~ 2: 600 T~ -r-tko 
ff£: ilL~ 1: P ~ GaAs, *OO:Jt Zno 

ilLgR2: p~:JtZnGaAs, ~Or-Au.g.-tit,flltAg. 

-5 

ff £ (3) 

1 

2 

2 

1 

l!Jt-T~*mlWlmtk:~tfb, Jtth~rfrt-T~,It;W~*1*,ltIW7m~:l:o 00 2 ~~ 4* ~tfbl!Jt-T~* 

amtt*&M~.IW3t1t, •• ~~~*alW~tfb 
m-r~~-T1**1mWi3I~atr&M$IW3t1t, tRli~ 
111)(t p-GaAs 1W;f5}:1lrtlJ. c101, m&Mt]Vj\1ft.ii:7!J!H~ 

~tfb~iii~J3t~ ",2 X 1019/Jl!*30 ~.~~~* 
mlW&M~., ~D~ttIWW.~~~*~~rfrtf 

_~m~~~rfrt-T~,It~~,~W&M.~,1ftI 

{$ fol tat, tE {)( :B7!J!~:I: m: IE J*J ~tti., ~~:itt -ZlJ IW 
'o-v 1*7mHJ:~l1E~o m.1i~D~ttl¥JVJ!~raJ~m fi!i' 
.~*1*~~8.*, ~~~tfb~iiiQ~ •• M* 

-J9tT~*!fi 
--_. wtT~*Wl 

1600 1400 1200 1000 800 600 
Ill! ~ ()!IDj(;-l) 

- 3&0 ~* m ~ tfb IW~ rfrt f~~ffllt ~11. 7!J!~ :I: ~ -=, 002 lUFf 3& * JW m 4 * ffll~M.Ijrr-1Z 
#-m r:p ~*-4~ ~~~1*~R1i7fJG~ ttr· WJ m 0-v 1* ~tlt*~3t{-t 

.:1:0 ~T.~~.ltm~ltm.:l:IW~~,*1Mra.~.IW~*~tfbM.~.~~a.~ 
fil~, wm7m~:l:ltm~-=~rfrt-T~J3to 1t~1I.7mtl:l:~ O-V 1*~*-3&, 3'tlA~ 20 m ~ 2 m ~ ~ 
t/:I, ~itr1*,It~~tfb:;lik1'f1MrTa.~ • .g.Qm3G*, 100 fltf-fRmt-TJ¥3!1*J3t ~)( -r 1 • 
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*; fMrTI~Jcm~fA!lu¥J 2* .. 3*f-F~~m-J§tt~-r-7ft}t:/tg~:*""'1017/m*3, ffij 1jt MI:W ~ 1* .. 4* 
:* ,....,1016/)][71e, PI Ji!,We:m~fB!hif~~~xt-'f mt-r-~m-£ff*~;ff~n(rijl¥J, if!. ~~m--ru-J§tltmt-r-
7ft}t1t1t.tE=1-~Jt~J;..t±, 19Jzp-mfJE~WI~I¥J$~o 

*2 mT~m59lJJ.~* 

ff p 
~*]jfJjiU~* ~*'@r&1i: ~*~1i: lm~ jj: Jj it: ~~ 

1 1.8 X 1019/Thl[*3 7.8X1015/~*3 6 ~* §I:7~RM, O-V it: 
2 8.5X1019/~*3 1X1017/~*3 6 ~* ijt,~il.jj!lJjj:, ~Jlm)\.9ljj!IJ 

3 8.5x1019/~*3 2X1017/~*3 8 ~* mmlm1jjj:, g!Jlm~.9ljj!IJ 

4 1.8 X 1019/~*3 1,6 X 1016 /~*3 8 ~* ~I:7~ R:!fJ, 0-V it: 

;f[!:miJ:t~£ff *, ~m-5'1-MJt atzm mt-r-JfJJJt:*1 X 1016! )][*2, mt.:r"~JtJ)ltl:ffi:m5'1-M~ JJ}t 
W~o 5'I-MJt ±m ¢30 ~*~~@j1rTfB7H:lititL1r~*fPJg~Wlttm, ~m-J§JttE,....,5x 10-4 

::tfr£~:2:r~2t-~1'&~, ~:W J!£-'f IKjJU~WIK, ~J§JliCf ~f'~, ift!H!HWf, ~ BitE * It:f&Jt 
IEll, RP~~mt-r-~m-~W~*~o 

2. !ffl:1i 
m*MJt*nmt-r-~m-, •• I~~ •• 1jt(.It~ •• I¥J.fP ... ~~IfP~~m1± 

r-"J)o IIIL-5-21 mt 6* ff-r-~mr:l!~IfPl¥J1r~liillm ,....,200 ~:t(, **n*it .. Jli~~:W.,2t 
mffj .. t=1mlt-r-H~.~-]Utli»!~:Io»"Jli~~:WPIJ;..ti»!HI:\~WIK~~ 40 ~*, W;fftJij'{IKNaff 

.~~ 
____ ~1!:l\~ 
__ *\!!J~ 
~*=-m: 
-'*.:=.~ 
-*.-:'~ 

~~iti~ 12 ~*[10J (»..t=1mlt.-m~~ 12,..,,14 ~*), 
ffi~m-at mt-r-"~JtJg 700 -f-It-r-ilt, !¥:@7*}t~ 8",9 
~*, ~lIti'i6Iill.J~U~~H215'I-Mmlm~Jf~a~, 1t~;ff1t 

JfHJ!l~o i»!H~~Illi.Jg 50 }tIE, 1$l*1t~!I.",0.42 We, W _ 
~~5'I-~~Im~JJJ2l12 ~*I¥J'lfi£, iJirm~m-J§i'i6~!I. 

~~~.~,~.~.#.Illi.;ff~L ~mt=1mlt. 

PIJ;..tM~m.Mmt-r-~m-OO~*, ~3~~Jg~~* 

~1t-rH~.~~~~ml¥J-~mt-r~m-~W~*. 
IE 3 ~T~*)l)l~lgH~~:ft~H:H;~ l¥J!:tmlt.Jfvt 0 

~:m19Jzp-I¥J~~£ff*, ~rmmt-r~m-~w~*. 
'Jr(1~fki4J!jIf, ;ff~U-'f~~~m:l!~IfPo ~~~I¥Jf(tfi1r7*~~itl:, mt-r~m-J§~*.OO't1: 

[1 J. ;j~**~!f&Jl~li}i~~:l't-@3., «GaAs-Gah.AlxAs )!lUf1V:l:~~:l'tU*f§:7Fgj!:t£;!f-{if», 1975 ~:3":OO*Jfff*~:l't fX * 
:X:mt4'dR~o , 

[2 J ;j~**~!f&J:w.%i.~:7't-~Ji, «GaAs-Gal-xAlxAs 3\lI.:f¥1V:l:~~:l'tUt!X~!ij:~iM!IPJgliJf~», 1975 ~:3":OO*Jfff*~:l't fX* 

[3 ] ;j~**~!f&J:w.%i.~:l't-m, «*Jfff*~:l'tU»*)(, 1974.10. 

[4 ] ::It**~!J&J:w.%i.~:7't-m, «GaAs-Gal-xAI"As 3\lI.:f¥ffi!~~:7'tUa<JI~ti!i:, :7'tifHll331!1if1:!'fJtlYlJjjj:», 1975 ~:i:~~e.Jff1* 

~:7'tfX;;jl::X:mt~1~~ 0 

[5J ** 129 tl\31R~, «t5'lm~% GaAs-Gal_",AlxAsDH ~:l'tU»,«*-'if.WJmil1.», 1973 ±F,~=:IiIlo 

(r~~ 12 gt) 
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m~7Hr!: ¢J94 x 3350 ~*; 
If1::~ffi: CO2 +NIl +He=23-t;; 
I f1:: I'f!ffi: 150 ffJC; 
~ili~~:I:: 8",10 ~1j:/)l7Jc?IP; 
)l7Jc?IP~J3t: 100 ~:tP; 
*ftW$: 10" PL; 
:lll*~$: 6.4%; 

2t1tt~: 25 ~5J[lt;· 
If1::~.: .I~B~.~~~~M50000)l7Jc?IP~~d 
~:JJMr %m~Miat1:rz:i¥J~~, ,flr~U~~~.!:jtJt~: 

1. $(161J %mi¥Jtr%l!J3tjg.ii-~ 15",18 ~¥±M~O!P 30",361-*~), ltll6t1t9r!~~ 
iWiI~-ffiJ;{~; 

2. ~fGtr %fff~W%J{!, **a~T ~IJf~1t9~th, ~~VF~, 1BlilfIA:fIJii¥J~J51Hf 

, 

#~~ rG ~o .1. lii - xi±Mft i! JIH1& :fUT % 
fj{J, l"lii ~ xi! ffl ~?y i*:JT % fj{J, PI J:) ,g I±l, 
!ET~Ez1*mfj{J11il.J;f/'B5"*#E.OO~~:J:r.o 

m1, W Hili ~ 1!f"* fffi5tnl(Jlt i¥J J5 ~IJf; 
3. ~fGtr %»J\i-=f"JG~fU!ff':I10I, ~-=f~3'J!lm 

~ it, § 7;i] {.r.; 

4. ~fGtr%*m~»J\i~m,JG1Bl~,~*m 
mm, W~Il6tDr!tr%~~mm~*m~AI. 
~tli¥J~El~m, !J.tI~at; 

5 .. ~fG1J %m~if€It!1!f, ~jg ~IJfi¥J+ii-
z.~; 

6.' $cfG1J%mJW:I1/lIi¥J*~*~~7*A~ 

~~1Hf:lii 0.1 ~*~~, *~~$fffam-, ~~~, 
*~~XUl, {! -=fiJUJUlIlmm0 

~fG1J%m~WfijjlH'~JIA1ntB~ '11i 3t~, 
Jiilffl -=fiat 1:rz: 1M' ~ ~ j!J ~ f1:: IA i¥J ~ Jf)!, ft!! fn ~ th Ul.: "$cfGm, iWi rz: tJt 1Vt~ It! f~, fff7l:!i %J f9! 1!f 
jJ~o W\W\It!tB.IHljf, ~f(]IA1i~:;:o" 

»-,*,lil~fG~tt*i¥J.~,m~fni)':lJH~!J~2t~1:rz:, -JE~tt**., tt**~o ~1n 

Jlt.iE~*~~1ilfI.:t.,·~~~iWif£~~, ~l'!9T1r*Eilm1i1~,*-zv~*~#i¥J/Fl'!9T2t~o 

... * .................................................................................................................................................. * * 

(~~~ 2O]J() 
[ 6 J J. C. Dyment et al.; Proc. IEEE, 60 (1972) , No.6, 726. 

[7J K. Wohlleben, W. Beck; Zeft. fiilrNatus., 21A (1966),1057. 

P. N. Favennec, D. Diquet; Appl.Phys. Lett., 23 (1973), No. 10,546. 

[8 ] Jtt#l~~, «!J&J1.!}l}F1R» 19, (1963), 60. 

[9 J ~t]l:::k"F'l&j]*i%l.i~'l&~t\(liJf~, «.!Ej(:j!UUtJillffl», 1973,11. 

[10J ~t*::k~!J&Jl'1l!*~:Yt-ffi.,«li$ft~~~~:YtiiliJfl!ltli1:flj[r:j:lagj{JiI.~'fr:llliltlit», 19721¥li$ft~~**'ilf)(~, 328 • 
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