
WO 2012/160781 1 PCT/JP2012/003204 

m m m 

G a A G a A s^MSMi^i/x 

[0001] #g£M<K— S££J:SG a A s i£^H©§^i^;£;!3 <£t/G a A s 

ttSGa A s j£$£i!©£!ijit£&£J;tf G a A s x/\tC§ll-r £„ 

immi 
[0002] GaAs (tf >J 0 AffiW T^\V G a A s J^H 1? x/\« 

„ G a A s >nf y K m©^7 x/\±tct^|fr 

?) U S/'J=l> (S i) 

IllfcSi K-^niGaAsm^iAti, D V D&£© U—tf-E 

©SteJP^7lD^7'T —K (LED) & ©S$x ̂  L Tffi lN £> tl 

Tl^o 

[0003] C^-e, GaAs 3M£H>r V=f v S©M^)£<h IT, ( 

VGFii) (VB;£) 

T^£><, ffiMtf-hfeli* Z?&<Dj£mcmii££§i%ffiWL> ^©ffi^H©± 
Jf £ H © M Sftifeflfc t ±t it&l © /&tfc £ IBM U T, ^ I£ io & £ pjr ̂  © 

e>;^£P-r a c: a: tc j; y, jfs^M$s©T^^ e>mIRI mfcsn 
3-&-g>^;£-e&£0 (VGFJJ) ©if^ ^Jt^©^©^ 

;^U f£M7"U (VB;i) ©ii^N 

Si K-^GaAsflSI^V^'y 

ti% GaAs raSM#1"!-11<- S i ^ JP ~$~ •§> o 

[0004] £©;£&•?&, A s AH y=fy K AN£fl?Slt~€> ©&B&CS 

ift&£:©/ctfx m±nt UTB2O3 (l£<t*^H) aen/ss^ 

G a A sli^h^frB2 03h©^®"eti, JUT©J5Jf&5££<fc2>®Mb3S7r;lxJfo 
ma$ £ c £ fti e> nti^So 



WO 2012/160781 2 PCT/JP2012/003204 

3 S i (Me I t 40 +2B203=3S i02 (B2034^) +4 B (Me I 

t*) • • • (D 

l)—*/>#lZ£2>Mtit^,MttZ£2>S i ©GaAsii^©iI 

[0005] lit, ±§EJ5J^it (1) tf£ifl(!Kc:iifTt-£>£N GaAsiiftCtiS i 

-TJS bGaAs OM (B) At" £ £ 

tttUZo Xt) LfcM^O 

(D%^Z-Dt^if^), Z.toT.-hlxtfWiMt.tSiVs G a A s ©J^H-fbAWfb 

ft tc Us X'J y 7P$ziiLti J: LtcV LTS GaAs 3M£H<Z) 

nanff£~Rf£0 

[0006] ^ih^ij<>r LTB2 034nc^tfr>'J =l>IIM^^iPL/c 

±IES^ (D ©w^^siiy^L/c^E-e^r^ 
S££#£&fl&tf§E*63ftT^£0 %tc, + 

}fJt^£Wt"£S i K-^GaAsmiBmtZtclib. ^m^M^iZ 

ZMftTZ K#5 tf§E*6$ftT^S0 

ftffFAitt 
[0007] ftfF&SKl : f#M¥3 - 5 7 0 7 

:il2000-10940 

mm iz ix y a s n & o tc mm & * iz mm s ft £» * * >J T7 

)§/£ £!%#£>'<< G a A sS^^UC^jQt"-?) K-/^> K® S i (^JiJ, G 

a A sH&^fclC&A-raS i^H) ±IEJ5^ (1) 

OTItrtf^SfldHciifTU GaAslMC^^I (B) tf&slZ&MhTZ 



WO 2012/160781 3 PCT/JP2012/003204 

U 45o ^ilJ, GaAs#^li + 
*'jrm%£K(Dmmz&z„ ns#<tffl$tL5nM 
1:14® G a A s 1 XI 0 1 8~ 2 X 1 018c m"30^^ "J 

5fi4^ 2X 1 0 1 8 c m-s<£ y 'J :P}f Jt 

'J :P}fJt£>G a A S £>x-Xt>i%£ 

[0009] 2X1 

IffiSi £J:rJ^fF:£iSK2©;££-eS i K-

^GaAsfei^HLfco 2 X 

1 0'acm-3£Vm^*ViJ7im&0)v%i$,ifmbtltct[.T1bs S i ©gsflD 

tc#i\ -< > =r* K *<D B< & y f $\ ±§a© £ £ y ^niw^b 
LTLS^ y=f'y K t)s<o%tc 2 X 1 0 1 8 c m-3J; y i^ 

** 'J ^jUtO^x/xoxy^bfy h^Jt (EPD) 

9/co Oty, ^fF&SK 1 £<fc2tiTIN 

z L> s<jis-e s i ;f jt £ # • >>f Jt t (D m# (^r-i7 u :p;ijt £ ̂ nif £ © mm 

[0010] ±§E§£M^i&<^ 'J T^fJt^U fr-D, i%lN 

§GaAs ̂ $nll©§^^^r/£<l3 cfc t/G a A s ip.$nll ̂  x/N^rJH 

[0011] d®@^;&^J55ct"/s::< 2^0/]# b^Zi^M^ii-otcb Z. 5, GaAs 

^H£ gffif ^LT0/1s^l ( B) OTfefctHI 

fc^JUKiig ^$i^b£tt@}§^b£t,<U£*u 

rnhz^m^mmt L-a*n*izmfetzt, 
-efe^o mfe^t&tiLtoftKWmizjLV&tiLZTtfz®} 
mtfifo&o -iSWlCGaAsm s i 
^•^tlTlN^o LfrU G a A s C 

s i jgii^g-m&iNtcDax 



WO 2012/160781 4 PCT/JP2012/003204 

btlZZt Ltco tut, GaAs & tf&iltikfc 

UEPD^IGaAsflSl^©B;|t?:1. 9X1 018 

~6 x 1 0 18c 

MtHLfco t(Dtcisb^ ±§EJx£t\i£ (1) ct 9 jlt^S i }§ 

Jt IZ 33 ivT t, B jfJt £ ±IEI5H l*l lZi\m £ ft 5 J: 9 

MLtc„ fUT, *fP£#£fciu JIftJ|X#0$KGaAsJIft£^±aj£&£ 
(S i 02) 

<£y, ±§E©gft£^£-C$£C:££JiaiU 

o 

[0012] ±§EiiM^&, ^mnomammzuTomv-zfo&o 
d) mmms s ijim, GaAsm nH*0=gHbw 

H, h;££*T^ 

N GaAs It^tnGaAs 

o 

[0013] (2) fu§EI£lb*^SlJim4nc&^tf)S i OgtfgsaDSftTfcy* 

tulEII'fb/lN^^J^^4|©s i 02®s i M&^tFfulEliM*©—It-fbW^ 

CDS i ilCD"nft7^\ fulEIt'fb^'^J^CQffM^ft LT 5 MM%£®3.£>± 

IE (1) izmmoG a A s 

[0014] (3) fuHEG a A s ^•i|p^®J55cM®fMtCj3^'i)P/T!^Sl^tCN iuEEBHb^ ̂  

m (2) tcis 
HS60G a A s 

[0015] (4) **2 X 1 oi8cm-3J;i'Ji^<N x y 51 tfy S®j£©g 

0 0 c m-z&LT-e$>ZZ.t$:ft®LttZS i K-^GaAsflSl 

^7 x/\G 

S&EoSM 
[0016] *fP£l;:J:*U£, a A s^n£M±ft\£ti:2>mtfcVmB. 

ntomizmwo-miktr^mzmmts-ezis^, HM*- \*mz& y G a 



WO 2012/160781 5 PCT/JP2012/003204 

B) }&&%&<$pzzzttf-e$, -f >=r-> 

** 'J fr-Ds a A 

Zttfvlffittevtco fit, :0GaAsflSl^^ 'JT^lJt 

£G a A si|M£ll'5i/\£?#£d£tf RTt££& 

•o tc o 

[0017] [g|1]*fgBJ^;£9 GaAs 

i^ra mnm) ?'foz0 

imm mw*p) x#>z0 
[|H3]*fgBJ^;£9 GaAs m$£Mi<Dgt£:JjmzH^&&ffiM,$L&gW<D&? 
ts©^iT®^-es>ys 

^^(D^n^mz-D^x, Ga 
A s tp(D S i lll^Ga A s tp(D B}f 

mn*'£M?z>tz.&><Di&m 
[0018] J^TN M£#B£ %%MtZ>o 
[0019] (J^HIU^M) 

tzt> *W%(O^M:&MlZ&Z> GaAs 
%mmmtks HM zm^xmrntzo mmx- K 
;£ <£ t/IIM7' U >> v> >;£) K <fc S fc © T & S 0 HI Hi 

JF^T\ ±mrap^tis Tmz&Biz'&i?'\^ <^5^9 
^m^snxm\:bntc^(Dx\ gT^o/j^sptcffi^ 1 otfjRMstia 
o 

[0020] 4&N Jg^W-r5RM^©5o^i]X^#t53^|tCJ]Xi|ft^tl5o 

£JRM#3ff3 tt"FSPP v K Hc£&3tiT^&0 C0TSPP'> KHt m^ 



WO 2012/160781 6 PCT/JP2012/003204 

L&lNlEfi]®f tc<£ ^T±T33<£t)c[°]$E®B]fE^"e$-g> J; 9 tC&oT 

& o 3 t tk& o 3 3 titc & -D &4 £±T33 

0$EiES)"^$ 5 ct 9 

[0021] i>OtJi|X^#S3ttN d©H-

* - 9 ti, ^ *1^ft&tz: tc;UJt0$ & *f it01 - * - tc J; o T*iJ5$c 

3 tlT 33 y, tSJR^^S 3 tcmMO^Jt^JSB • JFM"? $ 5 <£ 

•ptC^oT^So H-^-9©^dltCti, RjItf©iT$rtJ8tfBBM3*U d 

ft£tifl®#S5 tCJ|XM;*ftTlN£0 

[0022] m^#^5 0T^tCtiT^P«> K 1 £S®3tt£S®?L7«/£3*U 

S®?L tC *>-JU 'J y?6A £ tlT 33 y, P v K 1 5 

(D%$S£ fltft Loo±~F33 J; t/SisISl*e $ £ J: 9 tC & o T ̂  „ £ /c, 

^#S5©±SPtCti±SPP-> K2^S®^tt5®®?L^JFM^ti, dCDg 

®?LtC *> •- JU 'J > V 6 B If £ tlT 33 y, P v K 2 5 0 

L o o ±"F 33 <£ t/[°]$wSB] "C $ & <£ 9 tc ft ^ T IN & o 

[0023] ±^P«>K2ti, m^L^lNigB]®i^d:^T±T33J:t/[°]$Ea)S]^^-e 

$5ct9tc^oT33y, ^©^sptcti, m#^7tfixytttt£ftTiN£0 

JIM 7 tis 1 >> K 2 ©»r^©lxy 

tCB^SiStClxy^^^tlTlN^t^-efe^o if£M£7CCM£tttiN §9tJ4© 

1 /2J^±©^ili£^$t~£>$ft^lt£!lJf ©JI3© 1 /2J^±0|f^S 

LING ^/C, 2^J^±=St^T:fc J:INO 

ti, mM7ti)S^±^Ja)I^b/1-N^^ (B2O3) 

T?£>ftt£JH!l t LT o Tcfc INO 

[0024] i 1 tiG a A s i^H © ti^SI£^ LT33 y, 1 5 T? 

fe§GaAsiI©W, @02 0 £ LTJ$SL/cS i K-7°GaAs 

o &33\ 5^t^4^mM7ti, jimsi 
^^J5^LtC<lN^-efetiti'J:<, mti\ 5^ (P 

BN : PyroLytic Boron Nitride) h7^#! "£'$•?> 

o ^SStiN l^l)^.-^-® ̂ k.-h^- "fr5 9 A.~Q(Di^$]5 tc$) t<_N 



WO 2012/160781 7 PCT/JP2012/003204 

izt, b-*-9©?SJ£*3BB£@^LT£o#4©±T&M£ 

[0025] (GaAs 

MIZ, *§£W<D£MBmz£ZGaAs&mMi(Dmi&l5fe$:. ^1~^3 
M 3 9 tCN ffifql! 1 0N ^ 

ij^^1 2fc^t/GaAs^14N 

&«>:©IIH*®=gHbWlil 1 6, &^mcSHb*^IIJimi 8^so(J4rt 

tCC©JIIItCJ]X#L/c^E-elfm^- K;££*TI\ G a As#Jg®2 0^S 
3ttzztZftWitL* frfr2>M&,*Umt2>z.tiz&?X, ml^*]J7 

jt^u fr-Ds psi^ntt^-t&G a A sJ^r^i^-t&c^prts 

bu-otc o 
[0026] J^T, mwmzmmtZo ^mM^mxiz, ±&o)m£mm&mmiz±-? 

X, J^T£><£9tCLTS i K-^G a A sMI^IIt^o %t\ HI3tC 

&-?ti:4ftHN 1^1 0, mm (K-/^>K) i 

Hiftl 2fcJ:tfGaAs®1 4, 5^1 6, ftbmzfcfoMitftmnt 

Lt©B203^1 8^C®JlitCJ]X^-r5o 

[0027] ttlz, Ztit>mn%W.&Lt£&?&4ZmWftlZiz<y K U £IT(D£?IZ 

[sXffiMtf- K;i^tT9o %t\ 7)\s^y (A 

r) , #Sfc£3~9fU±lCj!jDJ±Lfctf 

mztZo fit, t-?-9-e5^4£JnitU ffi^H 1 0«<#J1C 

Z(Dt^, 59|j4rttt1 200°C~1 4 5 0°CgJ| 

S-eM^tl-So K-^>KS i JM&I 2©Sli^tt1 4 2 0°CN G 

a A s Jim 1 4 (Dm&te 1 2 4 0 °CN @£{b* V HJim 1 8 & 5 5 0 °C{«£ 

$K\k&t u -gHbWHtf)fflt£ (iWb£) tti 7 0 0°c-efe5o f 

(DtcSb, Mmm&s STI£lb*^SiJimi 8tflMbU ^Itlb/l^Sn 

9 tte&o ;^tCG a A s J^^1 4^W?L, GaAsill 5 ttZZ>0 Z(D 



WO 2012/160781 8 PCT/JP2012/003204 

iJimi 2©-^iGaAsIffi1 S/cS i Jim 1 2 

9*izs i o^L-rixy&^tiSo n 

5^1 6&>SftgHb*^Sl 1 9 4W&^C;^?LTIN<0 5^1 

6 ©/§$?7^}|tOfEfUis hbfi® "QS GaAs 1 5 B 2 0 3 1 9 

1 6tftiLW.tZo MQLT-

&fc\ ^tf)S i 

9tp^, 3 5oi5;4ft0j%>^cJ;y 

iHb*on*0s i (Dminm^ti^ifv, tom^m^xs \ 
ZZt tfX ZZftmZs *W% lZ£VW2>Z.£tfX$tzfrt>tm7Lt>tl£0 

[0028] #UCN GaAs M$nH 1 0 5 ®±PJMS[J£:)#M U, GaAs !&)& 1 5 t tH l 

£t!\ GaAsI^I 5^§9(J4©TMISI1 

fifths • gHb^tt&o n-*-

9 %&*lZ&tJiL-$-\£T^<o -> "FSRpy KHZ 

J: lJ§9{?4^ k-^-9tc^LTTtcffi^i(i$-ti-So mtiVfcmiz±Jj 

LTlN < ffi$pH 1 0 i)x f) G a A s J^pl! 2 0 L 

T^<0 GaAsii«1 hi —* —9£PSo 

#4©)%i|]£fT30 £o£4tf^tt££fc^fclS:Pg-e* i^ni^ggi 
o)#pzmifoisx, u GaAs i^n£ixy tbfo 

[0029] £©£9^ G a A s )im 1 4 hgHb*^SiJim 1 8 h ©HtCHIftCD^lt 

ibwin 

tc S i h'-^GaAs^O^vhli, i^*1*'J ̂ jfJtlCfc^TfcB 

}§££&< #Pa. £>d£tf-C^ ^r1> 'J 7}gJ£tf2 X 1 0i8Cm-3J;yi^<T 

=&N GaAs#ISl^©B;It?:1 . 9 X 1 0 1 8~ 6 X 1 0 1 8 c m-3®l5g| 

fttt&Zt ifX' 5§ct9(^^fc o d L t» BE b 1:SX & IN 

% *f§BE#e>fcmT©J:9K*££LT^3o T&fo^ ^ 

H/£S*I7 & iz £f±£ij £ T7 JU =1 - L /c £ $ IZ 1,o 5 HI ft 0 5^ (D fij 

WitfrOMl 9) iiGaAslill 5 0^®©iiyiiT§ C 



WO 2012/160781 9 PCT/JP2012/003204 

16 I$£(D&9 

GaAs 14^ 1 5 B 2 0 3 1 9 £ (D^-WJS.'(3? 

tC, i 02;lJt©i^H (S i 02i%)lJgJf 1 7) 

(1) <D¥ffiZWL<£mz*/7 ff>tl/cGaA 

s l^H 2 0 ^(D * ̂  U 7)lJt 33 <fc B}§Jt £fi£3fe"CRT^C o /C|QH tC 

%m t & z t tf-e $ 5 i 0 £ ,n 5 „ 
[0030] 5^1 6©^;i i 02;^Pm) , M 

&mms IW^nO^'>h©m gft£T53M£l!*©S i }f]£33J: 
tf B)iJtizttfri+rmfet & £ £ -e $ 5 £TF© J; 9 izmfet5 £ £ 
^ll\ HH*©=iHbWHl K-^7 

i§iM£©>£ttB2 03 1 9THtC^}I^0S i 02H1 7% 

Jfmtztcto, RIOiTO5Ii«U\ s/c, HH*©-gHtW 

Ift 1 6 ih UT0S i 0 2;^JPMti, B 2 0 3 1 9 tc£t LT, 3 ~ 6 If p p 

m (DWMfat-T 5 d tlffc'g. Ll\ 3fip pm^i®^, B 2 0 3 ct3 tC 

'J =l y^b^£^flPt~£ 

U , 6 If p p m £> d 

s/c, mwo-m.ik'T^mi e^^mtLtcm^s 
33 ft Z> G a A s rail^ 1 5 0_h®©®^tC c!&•?>1 6 

(DSItcDiiJ-^tt, 5~9 9%«L<, 9 0~9 9%i)Uy^Ll\ i 

A^raifil© B 2 0 3THtCjiE/llj^S i 02I 1 7 %:]&$(, LJP~3~lN/c#)T;'fe'2>o 

[0031] £fcN gHb*^HIimi 8 4^CliS i $:£<!: LT^<ftS i O 27^« tlT 

33 1 8c^C0S i O20S i M33<£t/IHftCQ~l£<fb^1'^ 1 

6*©S i gHb*^HJimi 8©Ii^LT5li%^gi 

±§EtU£-&5KM%I§A 7KM%J^T0IBHAU 
ySfS L<, 5KM%IS^~5. 5ff*%J^T0i5H^$ <MC&?3; Ll\ f# 



WO 2012/160781 10 PCT/JP2012/003204 

fF&SK 1 co J: 9 B 2 o 'j =i 

•i>i4gn\ B 2 0 3 (D ffMtC&i b 5 KM%% 3 ff 

M%J^~F otitis v 'J =l >@tlb^^;§® L 

fc B 2 0 i%^©)lJ£t|J—fb£ J: 

z<ktfmm-e$>2>tz&-e$>z>o u^u $fm*-
^1 6^ffllNj^M^0|tCB2O3T]l^i^}I^0S i02H 

Z.tlZ£-z>Ts G a A sliift 1 5 S i 02M;&?RES^^ 

s i m-?5nw%%:&7LZ>i$.lZmZbZ>Zttf-?:'^Z>0 

(D <D¥-ffi*±t*<&mz*/7 

[0032] &fc\ ±<S i tffeM LTlN^lv^ftll'fb/lN^^ 1 9 £ffll\;/cil"£\ 

T5gl%4g^5l©5Ml 6 £1311 L7c£: LTt, SIMsK— h;£C0AQ 

G a A s iJit 1 5 S i f 

0^®ifPLT5Ml ^(DtcSb, gHb 
*^sn 9±w^s i <N *^0^110111114 

^(Dtcisb, ^isb£)-izs i tfgsflpSftfc 

SHb/1-^SlJimi ^b/tv^il^0gi(:W LT 5 gf%^g 

3.5S IA\> 

[0033] ttz, G a A sfteSfiD/SSIiCfil^plJISFKC, $<*^±£0 1 9T 

s>sB203©iif^7?c^«Li\ mM-ra 
u jtiaia-e, -fr-D Bmj£*i&<m7LZ>t^?9m%:£['j-\-fiiz 

fSWt&Z.ttf'ZZ&o G a A s E^CD S i & G a A s 

tztztos @ib©imbtt$fcisi^os i }Dttis miko)mmm~z 
T?$?d£H^0 S i )lJ£©4~5tel;:&£o S i &G a A s 'J Tt 

LTfflKfc&s B2 03£B#£m# 

U ?<D$£mt LTB2O3Tji0i^}fjt0S i 02m^mWtsn^ZtX\ G 
a A s Si$ 1 5 t&T5 B 2 0 3TICO S i }§J!iE#~F# lJ, GaAs S^^CO 

s i ^B2O3^C®U^ <£'j 
ZZttfRimtftZo Zbiz, GaAs^©S i ti, lxl019/cm36| 



WO 2012/160781 11 PCT/JP2012/003204 

51HC*@$:LT LS9o 'J \ if 

iMtffltLl^o 

[0034] %$mi$mtp(DpjTfe(DWKb>£©0t£T\ ± 

gppy K2£T^C#fi]U m£M£7£$tt£r±£iJ1 ±®p 

v K2^@$ElBLTlM7^@$^t, &<*£r±&J1 9£JI#1"5o m 

#©@$«2~4 rpm^t^o S/c, m#£HS&-r£@<b$ttO. 05 

~o. ittZo&ftznTtzmitmzo. 8~i. ot?z>0 

rg-fb^J tte* G a A s LTHKb L 

T^Z>^fi(Dnm(Dttm%:mvfctZ>0 HKb>£^ SfbtfitfrLT^Iltf/SS 
L T IN < IZ L tcif-o X 0 b 1 £ T?ig A LTl\<0 L/cA^T, HKb^fe 

^ IN 9 £ £ &N mit LT IN^®lr;£©£B#£ ̂ g"T5 

mik^oimz 1 fcM 
dtUCJ; o T3 ti5&M&N £ WHKb3 tiT^r07^J$3 titclkKt 

Ltcif-ox, 

[0035] (S i K-^GaAsfgl^x/\) 

)KIZ, ^©^llijass i K-^GaAsflSI^x/\^I^t 

§o ±§E©i^^;£tcJ;^Ti^ti/c^ >zfy h£«% 

C0^>=f«> Mi, 'J :P}fJt^2 x 1 

018cm-UU^<tt, GaAsflSl^©B;|t?:1. 9X1018~6 

X 1 0 18c m-30|5g||^|^-r5C^^-e$5o Z(DtcSb, 

^rtlJ7lH^2Xl 018cm-UU^<tt, X «> ^ fcf«y h^Jt E 

PD0I^ij!)<5 0 0 c m-2J^-Fi:LN9i%tN^-|f^^f 

'J :P}fJt^2. 2X1 O^cm-^^UiK, S/c&3X 1 01 

8 c m-sj; Ui^< tt, h^Jt E PDO§^5 0 0 c m-2J^"p 

xy^bfy S^JtE PD 

OT*IMiitt2 5 c m-2J^T-e£>50 &fc\ 'J 



WO 2012/160781 12 PCT/JP2012/003204 

2. 2-3. 5 X 1 0 1 8 c m-3©|60£&£o ttc, EPD0T»f#M 

ts Ife0~20cm-2 

CD 15El £: ft So 

[0036] dd-e^fPJIlCfclNTs &£x/\©*-\>- 'J Van der P 

a u J; y 

[0037] £/c, E D P tt(DWfcJjfelZ^^rl&mzmntiTZo GaAs 

m$m®^IAm$m& R& £ #A, -c a t§£\ d©<yx/\£^ 
2£4nc^t"££^ll&|ft®J:yx'y^y?tf&i: y, fdtctfyh (^d 

^) ^"exy^tfy s&jgfftaife/cy©x 

y?-X/lz£ h^^It)I^§£7 x/\©|£H14£l¥ 

H-r5C^^-e$5o fLT, s i K-7V >=f«> K©m^Mm^^^L 

fc^x/\©EPDiMfiitt; ^§£S i K-7°^>=f«> h©^H14£M 

[0038] *fg0J^C£tt5 E P D©)U^^ttN S)5^XA^S3 2 O°C0;#ffl4K 

OH (7Kl^b^'j^A) tc3 o^;t>*£t*Txy^>?Y5d£-e£i;/ct:0 

'> h£^gI«tC<£ UilllU 1 mm2J^±©)SiJ^l?T-tl0>> h©£££ft)I 

t^d^lC^y?#*) (^SEMI M3 6-0699C$|IL/c^) 0 

Jlll/E^l^ti*5 x/\®^tCct o 3 -f x/\CD:t§"n3 7 

[0039] S/c, E P D©g*ffi£&N ^f&©>Il^i©9^©£:*©E P Dlii£jgi* 

t5o ii^G a A sJ^ll^x/Ntf^fflStl-ST^W X^-a-lCfclNTte 

% E P DtW^Ll/c^-e^<N f 

IN d t &N f &t> % =t © £ X / \© if(b^fiT? t> P°PIfi% IN £ IN 9 d t T?£> y 

% U £x/\©^l!1f©iM©J?jg&Jili 

[0040] ±*K L /c t d 5 &*fg0J3©ft^fa&^fifeM©®! L/ct©TS)^t, 

^/c, JUT, 
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[0041] (^MJ1) 

m 1 x^y\yX^^y/<-^m^tc3^ y^mG 
a A JU"F©#jli"eG a K 
zwrnttco RfSM©PBN§ 
y ̂ -^(DpftfeoiiiLmzmWLtco 
1 . GaAs H$pH 

2. GaAs •?> GaAs ^$pH 6. OkgiSJ^t/Si $pH 1200 

mg (G a A s (C^UT2 0 OSlp p m) 

3. (Rlltt^2®fct£D) 9. 1 g 

4. i 02£gs2jnU Si £4. 0Ii%ttt§B203I^3 60 g 

&-D&(D±£WbWimtZ>t, JlsVts(Dfim8 0 7 
5mmtfeS. l£tcs B 2 0 sJ^^i^CO S i il&cfc S i i|CD"nft 

18. 7g-eS>yN B2 03^©Ii3 6 0 g©5. 2ffM%tC*@^-t 

§ o 

[0042] ArfXT'ilU 6 fU±3; T?2JDJ± Ltc0 

L-^-tCc£U5oti:£JPi!&L&^8mj±StJPJ±U GaAsM S 

ijim, acfcms^n© ±su£;§S4$it/c0 j^Pi^r0j5c»7S-e8mj± 
^i#^L/c0 GaAs J^s S i WM, £ <£t/ffii^0El©±W;#ffl4 L/c0t£ 

T\ B 2 0 G a A s ffl^t©±"effl^? LT, GaAs b A s 

tf^-r£©£B&±LT^£0 Z(D^s 

"tt\ y^(D^m^:^^^:tc0 &fc\ 
m*p, mmz&zm%L*<Ds \ ;iJt©i§jt©±#i^#p;L5/ctf), swo. 
3 3fr^S^7StJIWNS£2 rpm«Lt, MB2O30®^IT 

•otco G a A sffl^©£M7^HKbL/c£>, 

T, GaAs^ra^IX^aiL/co lit, 
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tcit, (i=rtti. 5g) t<%%^titz 

o 

[0043] mitwttifno 
. 1 (S e e dilij) , 0. 4 5 (M i d d I efei) , 0. 8 (T a i I i|ij 

) 0 U s i }lJt, B}jgJt% 

fcv<tt/EPD WSMilfccfctfSlttii) ©>D££fTofc0 S i )lJ££J:tfB}j| 

j£©>D£tt I c P iZ <£ y tT o tco * V 'J AVE PD 0)UJ^till3E^0 

JJ}£Xfr?tc0 

[0044] 2) 

G a A s ^$pEing E^1 5 K—/Oh LTOS i 2 1 00m 

g (Ga A sC^UT3 5 ORfp pm) t Ls 5 gXfa&lU 

mmv tmm^)£X'{y=f<y hzimL, 
0 B 2 O 3 HC/N-1-!-1 (D S i ~m.3S (D S i s;(Z)'n*n~Nc£., 1 8. 8 gX$> 

y, B 2 O 3JiS-©It 3 6 0 g CD 5 . 2 T&0 $•!!£: IX 

y &Tfzit)lzm±ffl%TJU=i-JUlz<£ y L/cK, 

ttzte* (i=rtto 

. 2 g) tf%%-Ztltz0 

[0045] (^»J3) 

mwB2o2(Dmn^^t>^tczt, e^W9. 6gx$>zz.tvm 
its mmmi tmrnvrtfex^yiv 
B2 03JI5|8^©S i i 18. 9g-es>y 

% B 2 O 3JiS-©It 3 6 0 g CD 5 . 2 T&0 $pH£:IXy 
&Tfzit)lzm±ffl%TJU=i-JUlzJ; y Ltzmz, 
feMLtafr^tz* ttzi,^ mmmjj(i=rtti. 
1 g) *<%%<$*itz0 

[0046] (hb$$$y 1 ) 

GaAs K-/^> K LX(D S i $nH©i£ 1440m 
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g (GaAsC^fLT24 0 If ppm) ^isbS \ 0 2 UTS i 

£1. 6Ii%ttt5B203JII43 6 0 g^ffll\ 

Z.tvm&s ^MJ1 h^fFiiU swmmz 
$7~3tc0 

[0047] (hbl^lj 2) 

GaAs ̂ ilpll^UC^iQt" 5 K—/Oh LTOS i 1 6 8 0m 

g (GaAsC^UT2 80Iip pm) £ U )SftB20 

^»IJ1 £|W]*§(OT;£-TM >=fv h£fF 

^ /"Co 

[0048] (!¥«£H) 
ztcs &mm\ • mmis& 

XfRMM 1 «^|W|^-ej55cSL/c-|S^^H7x/\0f tlftltCOlNT, G a A 

s ilpllE^CD S i )Ml?z£ GaAs $p H^CD B}j|jg£: CD§i]#£:|l| 4 tC^fo 

[0049] [H1] 

+^UT;tJt 
EPD 

-liS Si fa fx BjjgJt 
+^UT;tJt 

-3 cm cm 3 cm 3 -2 cm cm 2 

seed1®!] 1.7E+18 3.6E+18 8.8E+17 300 11 
middle 2.5E+18 6.0E+18 1.2E+18 500 14 
tailiiy 4.3E+18 6.9E+18 2.2E+18 1,500 49 

hb!S#iJ2 
seedjUJ 2.3E+18 3.6E+18 1.2E+18 200 22 

hb!S#iJ2 
taiHlJj 1.1E+19 8.4E+18 3.8E+18 2,700 173 

seed#] 2.5E+18 1.9E+18 1.1E+18 100 5 
middle 3.1E+18 2.5E+18 1.6E+18 300 14 
tailHJ 5.0E+18 3.0E+18 2.5E+18 300 16 

seed1®!] 3.1E+18 2.7E+18 1.6E+18 100 5 
3IBE«2 middle 4.6E+18 3.4E+18 2.3E+18 100 8 

tailiiy 6.2E+18 4.1E+18 3.1E+18 400 21 
seed-flJ 2.4E+18 1.9E+18 1.1E+18 100 5 

3UM5J3 middle 4.3E+18 2.9E+18 2.2E+18 400 14 
tailiiy 1.1E+19 7.5E+18 4.1E+18 2,300 86 

[0050] 1 T?ttN See ddk M i d d I eM Tail HI© 

xAt,EPD)!i<i<, f# tC T a i I i|ij-m^1> 'J 7)m Jgtf 2X1 0 1 8 c m"3 

J; Uirn<, E P 0 011*^5 0 0 c m -2 JJTF-?£>£> 3 x/\£t#5 d £ tfV 
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5/co ttcs J; (M i d d I etiBit/ 

Ta i my) ^MJ3-et,M i dd i 

ejiSf, 0 Z t. ifX $ tc0 

[0051] hbl^lj 1 -m. Tail mo x/\0^rt 'J T7)! Jt& 2X1 0^cm-

3 <Ji%< ^9/ct©©, EPD0I^61 500 cm-2J^T^^^ 

I7 'J U fro, 

titzs i4 KBJ! e> 9 hbl^ij 1 -mS i T a 

1 I ilU-m B}fJtfr6 X 1 0 1 8 c m-3^|SxTlN5o Z(DtcSb, Xt)J±(D% 

mm^ifWs^vt^Tibti&o mm 
2 i ~o tc o 

[0052] £ tzs 3 T a i I dye EPD ©ft^Mitfr^MJ UUt A^itC 

mwLtco £?Ts ^ii/£S4nc&<*£r±£ij©m#£ 

ft? Zt frfcF S L d ̂  -o tco 

[0053] ^MJ1 ̂ :WJ2©my, 5^^B2 03tC;m"r5^^ 

$ y<?lZ-D^T%mt&o ^fifefflimiG a A s^KS i 200Ilppm^ 

0 S i mm^^-VLtcseed flye** 'J 7:mlzz 1 . 1 X 1 0 1 8 

cm-3£:&i<JN hblJ^J 2 T' ti S i 2 80Iippm^®S i ilpll^-^l7 — V 

Ltc^m, s e e diiye^r^'J T7)!^ 1 . 2 X 1 0 1 8 c m "31 ft o T IN^0 

hbl^ij 2 ©£©3- v -Vmtf&^lZ =fc Mt) b 'J T)mJ%<D£tete £A,Z 

^< s seed i|ij Vfemj&mmmzm) iz&^T, hb$^iJ2d;U^»J1©^ 
ft-^L/cS i 'J T7^ LT^r0^tClXl'J^StlTlN5SiJ-^ 

ifm^Ztiffc>fr&0 Ztite, Ufus oSUlinl^(:B2 

03frlWbU ^(D'&G a A s LTl^ < B 2 0 3143 S i 0 2 £: 

LTlXU^Sti/cS i (Dmif'pt^Zt^WMt^o (1) 

©¥Sj££SiliJtC:>7 ZtTfoVs ®ft© 

tC ct lJ IWb L/cB203ihGaAs £ (O^tmU S *U f ©^ 

iP^^©l^b-e5^^^bL/cB2 03tC;#^TB203^tCi^}I^S i 02SI 

it^aiT$TiN5^ii)ijj^ti5o ip^^©Mmc-0#^-efeti5 
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mtLtcB 2 0 3«^^;#S4©G a A s jim 

U. a A s S$>StC#3;tlS S i 

iJSfS £-£%&<> 

[0054] ^^tc. mfamis mmis mmizmsm^v, mn®m&<DB2ozT 
mvmim&s i o2miz-D^T%mtz>0 tb&wetiBgOa^cDs ijijtt* 
¥£j-e 1. 6si%-c$>y. hb$x^J2 -etiB2 o34^0s i >fjt ti¥£)-e4. 
OSi%t^l)o HI 4 G a A s S i jHftC^tlt •§ G a A 

s!4^0B;§/t£JE£<bs £b&0IJHCib^Timm 2 (Djjlf-^^P B ;lJtfr'ffi 

lM®[q]tC&&0 oSlJ, B2 03^®S i GaAs^CDBf 

mm\ 1 «^j;b$^y20^9^ B2O3^©S i 

}lJtfr1. 6Ii°/o^M. 0Ii%^2. B^tCi^Tt. GaAs ̂ (D 

dtUCftL. MMWTitB2O3^0S i 

;j|Jtt^ i M^JPx/-cfilT5. 2Uw%tmm}UZttLT3. 

2 5 fe-Zfol>b\ @4fr£>;bfrSJ;9tC. G a A s ^®B}i^®1gTlifq]tiJ;b 

&m 1 hhb$^J2®m±tcsi^-e&s0 otitis ^WJ1 TlUL/cM 

fr B 2 0 3 * tCi£]-IzmM U T IN 5 (DTlift < . B 2 0 3"Fffl tc 5 11%<fc <J =fc 

i^lN}fJt<£>i^}§fS i 02J1£ LT#SLTlN5d<h^^DtUTlN5o 3£tC 

s UlteWCttG a A s i^H/S^tC. ^^T^Ull-^flPLfc&lC 1 . 

5 g05^£®i|XLTlN3fr. ^;tI4Bl^-etid0 1 . 5g©5^B20 

3*T~;§fi?u i^fJts i o2H0jFMtc^LTLN/cprt^fri^iNo 

[0055] H4 fr £>0J] £>fr&<£ 9 iz, hb$$0ij£<£ tl^^CQ —x/\J: 

Ut, s i If tf'ii < Tt BiM^I < iis 11 51t(Dtclsb 

. 'J 7}§fgL. fro. mls%nalil\^%::^1t& G a A s 

itf -5 d £ Rftgtft-? tc1j(Dt fcfotl&o 

[0056] *fP£tcJ;*it£. 'J T)mJK^tU fro. mi^Mi£%%T£G 

a ksm^m^Wktt^Ztif^mtti^Tco f U, COGaAs#^ 

fr<b. ]J 7)§L&£^Lfr0^l^H'l4£^|-f 3G a A sl^H^x 
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/ \ z m & z. t fr qim 

[0057] 1 "FSBPyK 

2 • y K 

3 z>-Dmmn%s 
4 

6 A, 6 B is—)\z])y9 
7 
8 
9 £-*-

1 0 H$qH 

12 S i 

14 GaAs Jl^ 

1 5 Hfe^SB (GaAs 

16 mfo<D=.Mit'r<tm) 
17 Si 0 2 iHi/llJ^fll 

18 n<tfcomwin 
1 9 faikffeikfcOM ($ft^±£U) 
2 0 SltSP (S i K-^GaAsfg 
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!t#©S6SS 
[1*^111] mmms s ijim^ GaAsm mfo<D=.Mib'r4 

GaAs ̂ $p|l£:J5ScS£ ttS CI £: *kW$kt. t~ §Ga As ̂ $p 

[I*5f<lI2] iulEi^b^^JIjft^lCIte^a&S i 

tulEII'fb/lN^^J^^4]©S i 0 2® S i M^3ctt/fulESftCD—It'fb 

>r-r^^®S i M<£>"nftfr\ fu§EI£lb*^Jim(£>ffM^ftLT 5ff 

M%^:JH^- 1 tCEES© GaAs 

[Hs^f<lM3] fuHEG a A s fuHEIt'fb^r!7 

LtzWLWWkfcO^fOfflfcttr) It;£il 1 2 tclE 
HS60G a A s -^i|p|l©§^iil^r/£o 

[1*^114] 'J :P}fJtfr2 X 1 018cm-3j;yj^<N x y 51 tf'> h^Jt 0 

0 0 c m-2J^T-efeSd^^^«>:-rSS i K — 7°G a 

A s ^$p|!r> x/\0 


