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1.

1.1 # ^

5 ^fAy-(MBB) 5#^:

fFScJP#/'B> InAs-GaSb ^|lti§"A* AGC H lh -6 ^ > ^■Jl'ffih't AlAs -

GaAs

^6o

KX V"Mi-7 y 7 ^7°7 y 7#^\ GaAs K p# A n#^-^cSK#j@L/: K- tc y /

^m@T(j:#%(D4:,G(ivaTA,6o ^#@#9-

B^TUK# K- t^y

##@%-fT(im#fTGaAs-AlAs

^A'^, mmm-MiSi (D r-tfy 7'@%f

A^yf#9-^A\ ^/c InAs-GaSb

AKM^6#m=^, -7y 7^7°yy 7#(i K-b°y7'@#-?-KM^6#m:^AoT^ao

C^,G 0##4=(D^ < -3%)4i B^K %) 6o

i. 2

( 8 L ) AIMf Ay-r;i/mim(MBB)

, 2K^L/:o

a, ^gk KX7^ 7yyA®mA^^T^6o

f/sx - 9-

5 -



^mi(DBell Telephone Lab,

I BMt /f V / /f KX V0-7 y ^ %7°7 V 8 L®%#69^ ###69#

U0 8/<-7 7J^

#^7 V T(i(a6/v^^#5#69#%'r^,ao ^ MIT,,

^S^j;D'7 77 7^a"r^8

##T#E#J69K:-V#Ib^4K #(CGaAs-GaAlAs^^#<, Ga8b-InAs^(J 

^/:IBM0#Wr^6o InP(iBTL, m#, 7<Vy7°X(^X7''7:%:]'''-

77T, 8i ^BTL,m#^#±m^b^m^fLT^a^8L(j:^^o

f7<^f ^mT#y--f-;03B T L&I3 3 0 ^6# < MIT, a y 7 7 ^

d/, -E'ay7%, 7^'Jy7°7,(^)\ 7a^^^(J6^K@aT#(/^T(/^ao FET 

n — ^J\y'j\>t Sdr® i)^'(B& £> 0 

^#0^:##(JMBE,8L 6^ Z^'Tf&cDglJ^T^^LT^ao

It ' 76 t 77 ' 78 ' 79 o00 ' 81

USA MBE 219 5 24 42 54 66 42
S L 111 0 12 25 36 37 14

USSR HBE 11 0 2 3 4 3 1
8 L 52 0 8 11 10 22 1

Japan HBE
8 L

61
13

0
0

5
1

20
1

17
7

14
6

11
0

G B MBE 43 0 3 12 13 14 7
S L 3 0 0 1 3 0 0

Ge rmany MBE
S L

33
9

1
0

3
2

7
0

9
3

10
3

6
1

France MBE 22 1 3 4 10 7 1
S L 4 0 0 0 0 4 0

Nether land MBE 3 0 0 0 2 0 1
8 L 1 0 0 0 1 0 0

— 6 —



2 # % #

m % m % # O' ## ( 7C # ) A

It ' 76 ' 77 ' 78 ' 79 ' 80 ' 81 Review Theory Exp. Appl. 3-5 2-6 4—6 GaAs Al-
GaAs GaSb GaSb-

InAs InP Silicon Metal
Semicon Lasor PET

MBE 87 1 1 0 19 1 8 28 1 5 4 4 65 24 64 0 0 65 46 0 0 5 8 1 2 30 1
BELL S L 30 0 3 9 8 1 2 2 1 3 24 1 23 0 0 24 22 0 0 0 4 3 0 0

MBE 27 1 4 6 6 8 6 5 3 14 5 23 0 0 1 8 5 9 9 0 0 3 0 0
I B M 8 L 32 0 6 9 1 1 8 3 5 3 21 3 29 0 0 18 9 1 2 1 2 0 0 3 0 0

MBE 1 2 0 0 1 2 4 5 0 0 10 2 1 1 0 0 1 1 7 0 0 0 1 0 1 0
11inoi -Univ. S L 1 3 0 0 1 4 6 3 1 2 5 1 9 1 1 5 5 1 0 0 0 1 0 0

MBE 1 4 o 0 1 0 7 6 0 2 1 1 4 1 3 0 0 1 4 4 0 0 0 0 1 0 5

u
Cornell Univ. 8 L 1 0 0 0 0 0 1 0 0 1 0 1 0 0 1 1 0 0 0 0 0 0 0

MBE 1 o 0 o 0 0 1 0 1 0 0 1 0 0 0 0 0 0 0 1 0 0 0
South. Cal i f • Univ- 8 L 1 0 0 0 2 4 4 2 0 9 0 0 8 0 0 2 2 4 4 0 1 1 0 0

MBE 2 1 2 0 0 0 0 0 1 2 0 2 0 0 2 2 0 0 0 0 0 0 0
s Cal•Inst .Tech. 8 L 7 0 1 1 3 1 1 0 6 0 1 4 4 0 4 4 0 0 0 0 0 0 0

MBE 0 o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Uni.Cal.Berkeley 8 L 3 0 0 0 2 1 0 0 3 0 0 2 1 0 0 0 2 2 0 0 0 0 0

MBE 8 1 2 4 3 0 0 1 0 7 1 4 1 1 4 0 0 0 0 1 0 2 2
A MIT S L 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

MBE 9 o 1 2 2 3 1 1 0 4 3 6 0 0 7 3 0 0 1 0 0 2 0
Rock we 11 • Ir 8 L 1 0 0 0 0 0 1 0 0 1 0 1 0 0 1 1 0 0 0 0 0 1 0

MBE 9 0 0 3 3 2 1 5 0 3 3 3 0 1 6 2 0 0 0 1 1 2 0
Xerox 8 L 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

MBE 7 0 0 1 2 3 1 1 0 4 3 3 0 0 3 0 0 0 0 1 0 0 0
Varian 8 L 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

MBE 1 4 0 1 1 3 6 3 0 0 14 1 10 0 0 6 0 3 0 3 4 0 1 0
NTT 8 L 1 0 0 0 0 1 0 0 0 1 1 1 0 0 0 0 0 0 1 0 0 0 0

MBE 8 0 2 3 3 1 1 0 1 7 1 2 0 0 2 1 0 0 0 3 4 0 0
Tokyo Univ. S L 3 0 0 1 2 2 0 0 3 1 0 3 0 0 3 3 0 0 0 0 0 0 0

J
MBE 1 1 0 1 2 2 3 4 0 0 8 4 8 0 0 9 5 0 0 0 3 0 1 4

A Fuj i tsu 8 L 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
P

MBE 8 o 0 5 4 0 1 0 0 8 0 2 4 0 1 0 0 0 0 1 0 0 0
A Electrotech S L 1 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0. 0 0

N MBE 7 o 0 2 1 2 2 0 0 5 1 3 2 0 2 2 0 0 0 2 2 0 0
Tokyo Inst. Tech 8 L 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

MBE 4 o 1 1 2 0 0 0 0 4 0 4 0 0 1 0 2 0 0 0 0 0 0
Waseda Univ. 8 L 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

MBE 2 2 0 2 6 8 5 3 2 2 1 1 3 1 7 0 0 18 3 0 0 0 1 1 0 1
# Max-Planck 8 L 6 0 0 0 3 2 1 1 0 2 1 4 0 0 4 0 0 0 0 1 0 0 0

MBE 1 7 0 0 7 4 5 3 1 1 1 5 3 17 0 0 1 3 0 0 0 5 0 0 2 0

u
Philips (3^) 8 L 1 0 0 1 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0

K MBE 6 o 0 1 3 3 0 0 0 4 1 3 2 0 1 0 0 0 2 0 2 0 0
Glasgow Univ. 8 L 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

MBE 1 1 o 1 2 5 4 1 0 0 7 3 8 0 0 9 2 0 0 1 1 2 0 0
4A Thom son-OS F 8 L 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

y MBE 1 3 0 2 3 4 3 1 2 6 4 0 3 0 1 2 0 1 1 0 3 1 2 0
USSR 8 L 5 2 0 8 1 1 1 0 22 1 2 39 1 0 2 7 2 1 3 0 0 0 0 4 0 1 0
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1.3

GaAs -Ga j XA1 xAs
1)C®^(j:I BMCDEsaki ATsu " Kj;(9#%HcA%69@#f ( 8 L )ALT#P^^a 

DHy-f='-®#)&ALT^#L$^LT(/VcCA^A)^T^ BTL,IBM^(j:G

#m-fm^G#i o oA®###a

( 8 L#m ) #MB EKck^Tm#oT#A/I^T^ao

(a(3'xKIkeiJLT^Ki5#^®#/DA%y';i/^-®m (AEc)K

% A) A\ Ga 2 _xAlxAs GaAs <t i^j *\ <* i^llt A G ~€W) *( o Ga \ —xAlxAs ^ tltz

GaAs (imf A L T# # ^ (A GaAs PpKRR Gi&^) G Al^ A LT#

#?o

WC jc6@/r® 8 #@0f/sX

GaAs -AlAs
\ 9 ^^KBTL^A Max Planck^

X.btl^Go iftScD Bockwel 1 In t 0 Waldrop ^ G ® X P 8 K j; MBE

^*K<t6AlAsA®GaAsA\ GaAsA^AlAsAT^AEv^M^^^ ^Ab^Al

##:!###, AEg ,AE^ (i:
4)

0. 4 ^O etc; 0. 1 5 eVT^5o AE? +AE, Eg ( 0. 7 eV , AlAs 0^

K - 4^^ y AEr #0.3# etCf 0. 55eV A#

0 ^ Dingle b ©: 

GaAs -Ge

1.3 eV^ j:(9(ia^K/D^^mA^a

zf ^-y #0^)6 GaAs A 6Ge A LT^#;

m K-b: yA^N*LT#%^AiTU5
08L#^(i^KIBMT#^^a, &@^#^^#G^,T(/^5o"AEc=0 ,AE?
9)0. 7 eV'TA)6/c)6^ - ; v 7#eALT®5m^#AGAlT^a

InAs —GaSb
10)Esaki WC etoT#^3flt I BM^Pp,5K##^#%^^6^TU6o 

InAs 0i5#^®lg^Ga8b C A, ^ etD' InAs

C0/ca6 1) InAs ^Ga8b 10 0A@&

#(9^^A:InAs#^Ki-^^^#Sf;m^^Gmi0meV®f-7G<y 

X.6o 2) InAs#^#(/^#^^#9-(Da9-II:##:^-p^/<y K%^G_EK#^,±(fGAl\ 

#f(A^AKInAs^K^G&a6GAl6o ^Kg)Ga8b#^M<^6A\ InAs###

8 —
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1.4.1

d 4 • :Z 7 7 7 “ © Pn^ III fnj" c? tl ~C (7 -IS 0

GaAs (OaAs)n-

(AlAs)m@#f n ,m

^#M*Tc(Tc = 610 °C^ n =m= 1 ) T(iT E Dm#JTGi@%f

Bell Lab0Petroff^Kj;oT##-^

L&LCfWiAl

#md3#mc%a/c26T&ao c0cA(i65o°c2h®mmmK^LT^@%f#

R G ck 7 /I#@?(D^A<k^GaAs-Gai_^Al^As Bockwe 1 1
Int 6 Illinois^0/;i/-7°^bMO-CVD^X(j;MBE ^^07^- h;i/

; t,^^KGai_^lxAs COft^ KAlAs

Bel 1 ®7';i/-7liGaAs-Gai_^Al^As 0 

MBE^#-C(i^5%g^&^-600 °CM±K^fl(i\±®j;7^Gai_xAl^As^® 

GaAs 0-7^ A^m@^5 4A®DQW#^K#(DP Ljo

m?-

mxf y 7°'r±#^^3ooA@m0m^^a A^a Ad; <^^T&5ALT^&o

Illinois^6D^7ck7 #kk#89-7 ^ a G ^ C^^)(C 15%:!%

670 — 730 °C j; (0 & 100
91 ")

ALT(/^6o

MLT(i\ IllinoisCDHolonyak CDzE.iMlk' 5 ck 7 (C^ ^^6^7^ d i s orders CD:6x

99 ^

J.O.Phillips %Bell Lab)(iM0-0VDT(D^7^^-UGai_^Al^As#^ 

KT #/: 5 0 A@m0 pin-hole 7 6##LT^

6o

GaAs _k® AlAs 05%^: 6 \ 30K: AlAs _P0 GaAs (0 ^ #%

Mfflil^+'-i&Ev KfeiiittS <: i^'S-S-SfiT® 5,„4) $fcM®3EI@

K t: y n-Ga^_^Al ^As _h® GaAs 7Nj\ 1% ( l ^ C A /I cP'

GaAs-Gai_^.Al^As (D^m^^g^fkKck C
23)

fl <5 o

RGj:7(C^m(Dm^'r#moe%^#^6#a, ^Ge-Gao.s
Alg^As ,Ge-GaAs^^^%)#^^^,T^6o

-1 0-



UC8B(DKromer (lOO)i^(lll)mT^<^ (110)#

C C 6<^Ge ±(DGaAs (DMB

CfWGe(llO) @±KGa AG^As #|%##%A5/:&6mm69KC 

m#TGe #Ga $8^&gjo AD'As A 6 A 3 K#^gA5 /c^),

^(D±K^%gA6GaAs (DAM#—D/c^)A LT^6o
pc')

GaAs(llO) @±(DGe (DMB E^^K^(/^T(D Xerox (D Parer b(De$T^, ^ 

core level %A-(D^^#j^#b^^^GeA^(iGe^oADAs((:^L##(D^:

M I BMCDO.A.Ohang >)(iGaAs(lOO) ±KGe-GaAs (D 25 ~ 1000A## 

(D@%9-^ 400%:(Di&#-r^#^-e, ^(D#^ 25-25A

(D 8 LTW\ 400 °C,4h^l0 A#m(DGe-Ga (D#5.^##^GXmi3^fT,

sL#m(D-u-T7^ h##^A6#^ ^-am±(D@m'r(j:&e^sL#m^^L^o

Phillips^ Ge-GaAs MB E j^-MK %S U* 6 nP^SSti-W (ant i phase

boundary) ###3ZK^-f 6 6, ^(Djm@KR@^r Ay

lO'^AM < C(D^^&^:W#f;5g(i 200 — 300A(D^m#KA)/:

5 A^Ag)^5o —^Ge-AlAs (D^e^m^im^LK < ^(D(j:, AlAs #f^#T^

( M:t(ao ) ( y y f - ) LT,

(h^" A b fL 5 o RI#^^##GaAs-AlAs (D^^K ^)#<3(7T(7<E) (h ^ A ^ -6 o

^-ftlKLT#)^^^iR%%T(D#@BJ#K^\ ^#^%t:A## < 0s^fLT(D6o 

GaAs-Gai_^Al^As #MT(D#S%m(i#^K/J\^^#(i^b^T^6#, Zn 

(D%BKA^T^a#{Sm^a5 C 6# II 1 inoi s A(DHolonyack

8 L(D%%7C,f f - ^y /(ClGm

^M#K-b°yf'(D,%##K-3^T(i#<(D^^#^5#^ Alax Planck (D 

Ploog GaAs »p(DGe,8i ,8n,Be 0:(P'(D K- tc y

Cornell A(DWood ASm^m K- Cy A K-

Cy/^fK/X @(D^|#^K-CyA#m^^{b^'AT^ ^#(D7°a7 7/T;i/^-#

K - cy /(D^mA LT, /f A y{k K-/^y h (D##my A 
y#A#8i MBElcmv^a, Bell^V^mm#^^aT8b+,As^TlO^°/c?M» 

^-e$moT#M&6A(D#^#&ao {&mm#J(D%AALT, A##A(D^^#

lO^^/c^o-CD un-dope GaAs ##i3flT(/^5o 0.1 ^(D. 

A1 &Ga KmAA6C6%)^m#&6o^^

^#%^±(f6Aa6(D^ ig^MBE5%^#)K^6^ GaAsT^11.5^ny/h$-e 
DH y-A'-(D#W<:^<b(D#(^C 6# Bell CDTsang^^ K A (9 \ ^ A



5.3 Mm/ h ^ T? S i K 7° GaAs CD Hi (CCD C ^ C 6 7^ Va r i an £>

Si CDM B ET(i l/3//m/min 6 0^ 7 V P E 6R#CD#)gi5%^^

1.4.2

'ErfUC-ofiTT/^ (D -3-3^ 6o

Bell ODingle b K j;6K# K-^y/#

'/SCD$i^M5^> ff-W^CD6 t^^SbS.% 7y s' y K
38)

K-7° ( i#jR K- 7° ) ^a/:Ga^_^Al^As # 6 GaAs undope

Gai_xAl%As@ Ga^^Al^As^CDy
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MK%V y7°

e% j: L° f + y Ya j; 9

#f%mm6^-oT(/^ao$:#%T(j:, C0j;3^@m^#6LT, Gab'-A^ 

m#LTy U 3 ym<k#i^@%##U 9 ##mm

^-9 a, ^#0 Ky-< % y f y 

LT, ##K#^yu3ymikm^^-#-a#m6,

GamM&(j:, mT0^#ATfj^fiao^^^^y#^y'j3y# 

m(j:, ^m^T(j:f-CK#fkf-566^K,

^ 90T, K60f^#6^%K j;0, ^50A @&(D8i02

mu^m, %^#K#A-f6o c®8i02 m^d;c;^m^##^^^f-a®K, 

i2oo°cm±Kmm'f5®^, #m®^-^;i/%yf-y^i&T^a>^, Qam# 

&#^ 8 0 0°C@gK^-c^##T, Ga(D^f#^m^6 6^(D^t5

8i0g + 4Ga 8i + 2GagO 

SiOg + 2Ga -> 8i0 + GagO

CCDM^T^C^GagO , 8 i 0^ 8 0 0°C@&®@:m'r

##u, #K##^yU3y#m^M^^,ao
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2. 2. i - i j;3K, #{by V 3 y, #y V 3 y & j; 6#-5

% I #y V 3 y K ( m 2. 2. 1 - 1 g|(c) ) o

C0#m^BHEBDTm^L/z6C5, ^2. 2. l-2m(C^^-j;3((:, ##y'J
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7 10°CT3 0 

#2. 2. i-3g|(i,

L/:^0T^ ('L/c^0'T^

0, 3 0##KM^UT^at6a3W)6o

P = 7x10~° Pa

in 0.4

10 20 30 40 50
HEATING TIME (minJ

m 2. 2.1 - 3g|

C 6o

*B8K, C(D^mTfFmL^##mm±(cy U ^ y 0MB 

C5\ + #2.2.

l-4gm^ (l00)&#±K 7 5 0°CTMBBj^^^-e,

l%0^^(j:/I<, -f#MBBm0

&#6 LT#mT A 5 ^0T^,6o

^6D##^^y V 3 y 7 6±

yz^, 4:#%TM^u/c#mm^m^m2.2.i-i#K^6^6o c07t, 

HNOs NH40H^ j;

c;HCjR#:#mm(j:, T;i/^u^j;c;mKj;6e±KT0/:260mmT^6o
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2. 2. 1 - 4 g| 8i y f y

2.2. i - i # y v 3 y

% m # #

Mzk 7k% lOmin
i

5minX2
1

9 0°C,15min
1

5minX2
1

MzkzK% 1 Omi n
1

HNOs m#mm SrHNOs#:# 12 0°C lOmin
* 1

jgj M 7j< 7k '9c 5m in

s HF%yf 2.5#HF lmin#i%
t 1
V) M,zk7k'9c 1 Omi n

i
NH4 0H##mm NH4OH(20#)+H2O2(20#)+H2O(60#) 9 0°C, lOmin

i
HF^yf 2.5 ^HF lmin%#

1
Mzkzk'^fe 1 Omi n

1
HCJg HC4(60#)+H2O2(20#)+H2O(20#) 9 0°C, lOmin

1
M zk 7k 'fit 15m in
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j; 5 f 7 - K-k y 4z;i/#0 ^26, #

b)
—2 —-1 0 12 (cm)
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13.5 cm --------->)
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2. 2. 1 — 5 y U 3 y
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MBBmo#^g/fbK#5%T^6o y'J^yoy UHVTT^

$)K\ #B#\ ±#m^%-f#(D#A#:@K<6j;9K#±y##^#LT(/^6o 

(c) 8i-MBE

#:S, u 3y^%±KMBE^#^^I#T&6^

m 2. 2. 1 - 4 j; 3 B

E#^x. <3 ^L/:o

##6y V 3 y ^f##T^^L/:e-f#(D#%^MBEm^mK j;

m2. 2. i-8g|(a)(j:y V ^y y-^;&#rfcKA

#T-f CK^#$-Wr^#^(DMBEm(D% f

I

2. 2. 1 - 8 g| 8i -MBE#® J: y f y f'#®##

a)
b) 3[gB6Dj^#
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cCT(j:^ C(DAjR(D^^±(o##^##q-#-a^&5 

K, Ga6AJR6®#^#;^m^5^m#(D?###^fT^/co GaCDmm&W:

A&QaAs

m2.2.

o#e(D 8EM#T^5o

11 pm

-1 0maC(Z):%Tftj3%L:tA&GaAs/GaAs

undoped A£xGa x -xAs 
6 5 0 nm

X
 undoped GaAs 

5 8 0 nm

\
Cr doped GaAs 

substrate

^ 2. 2. 1 - 1 0 g| $fmAjR

AjGx Ga % _x As /GaAs ^f o

C/ V 3 y MBE K- t^y f"

T^4z7°f6LTGa^-, Kf-6LT8b^# 

#m6L/Tkm#6&, (3:(3:l-2xi0^oM^ C

Ga(D/f^-yfkK-b°y7'(D##K#eL\ Ga(D

C(D/f^yv-y,^UHVTT^#f-6^

(e) MBE#%#J#y A(D##

yV3yMBE#%$m, ##s#

m 2. 2. i - i i EI(j:#iJ#y 7f A(D#^E|T&6o y U 3 y

j; V) <£• ffiJ ® it- 5 o
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2. 2. 1-1 lg|

iRA^®g;&6LT0.1A/sec@g#^J5%T#6ji!,#L*#3to C0

MMUlMBEy^fA^y ho-y^-mt/X

(f)

y#B^m±K^ Ni ^9-#^m#LNi8i2m^^g^^:6C(h^B#KUT^ 

6^, y Uf-/f K(DX#^%^-^^:(XP8)

K j;6#f ^[SWx y U 3 y® 2p ##:(D<l:^y

7 h <&#-</: 6 C 5\mz- 2- !-12|gK^6a6j;3K, 8i 6 Ni (Dm^cjtK
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2. 2. 1

NiSi

Ni8i

104 102 100 98 96 94
BINDIND ENERGY(eV)

2 m Ni -8i 8igp h;i/

(2)

y V 3 y ^cDGa , 8b # LT

(a) y V 3 y MBBm<D#m:$ij#

j; 3(C, zk#m#-f K c 6(C j;

Ay-7^ ^oTfy/f

7 y f < y 6 c 6K j; 7\

LT#2%[A3±^6c

ML>& # tz o

(3) ^H%"7°o4z^##

tt-c /^o

##^K(iX#UV^7 7<^#9(D^#^LV^^ ?-#

##6LT(1^ y-4f^(Cj;6^D/7 7< yf%#am%WWT&6^#m(D

(4) met - #m#m

(a) Z:^7n##7°a^7A(D#^

m-?-mm-(D/:&6(Dz:^7c##7°a^7A(DR^(c#eu/:o c,a^
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^-B^KLT^ao

4-trn^i cfL^.T(DM08FET(D#fp^#em^^&L^ 

a6K\ @#f#(C^##^#^nL/^MBE@^^(/^M08FET(D#f;y^ ; y-y 

ay^ffo/:o K'-^y^'#^#f-a#^^-ALD( atomic-

layer doped) ^^aof/L-e^a^, c®#^^M08FETKmmL/:^e^ i^m

7 CCT^^^KpnpS##^

K^T%gmUTy z, ; y - y a y /: 6 c 5% ^ 2. 2. i - i 3 j; 7^

r
/GATE

1

\SQURCE/%^?VDRAIN J
P >\̂doped

'
layers

SUBSTRATE

DRAINSOURCE
0.020

equi-potential line

LENOTH(fm)

2. 2. 1 - 1 3 g -^7C##(C j; a d? f y y -t

a) m$&9-#^##^#^aM08FET

b) M08FET|^(D^fyy^;y^*



(5)

C0j;3K^

Lf:#f =- ^ y-y a y^^T#T&5c /:o

7 7°C -fA^l/:##7°a /7

(b)

C U/:o

(j:Lli#LTU6o yUziy^^^cDMBE^m^m^^ac^^mmT^

-th^f
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3.

3.1

3. 1. 1 # ^

r@%fiN8PEO0^:m#mK j;a$:#%m^K

@a6T#$j;<#aL, ^om#K"3UT(j:e#

aA^m^T

A#(/^0T^c^:o

3.1.2

r jT(i, 4-aT&2 (9fr%:baT^%U InAs

^##AK#gL,

&ac6&%%;McL/T(^ao $gaj^^(D^

&(D 7 2 0°C&% 6 5 0°Ca<^T$y#aC6^^'3^KL,

< ##3tb:A:o

MKM#0M#&P:L,DLT8, yzz.y-37.

c 6^^^^(cLTuao

3.1.3

r&&8i y hT^,

a#\ %5K^8i c^#

soo°ciS<@(/^7

a#f^#^^^L, ceD^mK^-Aa^y^^ Hi@a6TA#w 

^##0 v^j^^Ga ^y<b K-b°y/#<&#%^ j;^^#

K- L°y/®0l##^^i3^KLT^ao 

2%, y u'f-/f rco##^,

ii^nao
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3.2

j; 30

3.2.1

-wi/:&j##LT 3 76^^ 4 76^^13

##^$CDA#^lR]±6\

em^^#x.6 c 3o

3.2.2

4-^-e^^ <&(%#—rni#6

LT InAs Qa8b C 6^

^#T&6o

C 6\ Ga8b TfiRl: < ##$§#^-^#$-^7 ± hvi/ ; ^-ky 

ck^TB^^coeF#^^? c 6^a'^^^mm7r^6o

3.2.3

3.3

-A^omMA^LT#, 4-^TCDMBB—a#J-efj:/j:<, MOCVD, ^^c^K^Ay^

MOCVD,

- A#^##^^io^,aj;7K#t)#ao
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3.
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Rgfn 57^31 (13 0

%6##lc 3:6*7

A * * « a « & O' iB ft ffF 1® t£ Iff * « i: 1- 6 

fcJ6ffl«-ajqI- 7°n -bxKEXUi'S^R

#K-3^T(D



i.

j; B ^ch L /c, #

L y:#%T&ao

^-0#mib#07°a 4z%^#(Dm#K j; -oT^/-: b ^flT^K/co L^Umf^#^MKfR]±

com

j&^#x_b#5o L^L##T(j:#^(D^^^7al#K±(s]6%m##^#6c6(i#L(/^o ,

5 6 4wa^#M^KmA^m^T#%#ma6/:o Kmu/c##®##,

Oa8b,InAs#)K-o(^T,

/Co CfLbt #%^m/vT^6AmaAs/GaAs^

7 6 6 W<A

— 7 6 —



2.

± m # ^ ^ ####%%

oB ^ #

# uu #

% * #3

$: ^ ih

— 7 7 —



3.

3.1 EfCSB

5 AAK, &©«%£• seSU Tto

(1)

(2) iiSiMUTfBK®

3.2 %##:%

3.2. i ai&T-atg*^*«K« ()

Sfam-fkirte^Sfrti-S ( GaSb.InAs « ) IC-DO'Tx KfgSfflMtttoi

»9E«-ff-3 iifeit. #*rnf AA,

'SXI U R»'*giHFF«: C o

3.2.2 )

(i)

AjRGaAs/GaAs 3 6 6 ^ K, %K##AMBE

( J;6J5%^(0@m<b##tC-3UT##L/co

(2) astern##

P L ( ^ $4zy %),

DLTs (x ^ y^ 3 -? . r. &c;x ^-y

j; 6 L /co

3. 3

# ± a % A ^ %
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4.1

GaSb,InAs#)(C"3^T,

T^,6o

#L(/^m%f##m9-KmL/c##6LT, InAs,Ga8b,AjR8b 

InAs,Ga8b

^m?-0#^6LT#x.#6

^ < -3%)^^ L /:o

«#,### 6 LT&tf&fia InAs,Ga8b,InP/j:^^##L/Co CCD?^ InAs 6Ga8b 

(C3UT#m®## , % v ^y

^ , % u 7°v ^ h v ,

GaAs <&6 GaAs &#_bK 0.3 —2^@g[(Dj#^(DGaAs

o.7^/#"r&c/co

ckc;mf

4.2

4.2.1

InAs.,Ga8b^(D##@®#M^##(C"3^Tm9-##m, ' /<7 K '

v 7° , %o #

T&6#f ##m®ATU: InAs ^ ck^GalnAs /I 

%-?-%m<:-0(^TU: InAs 6 Ga8b -o T ^3

(0, GalnAs ,GaAs8b 0 j; 7% 3 7Cm^i3^6m^^f;5 C 6(C j; 

^B^#4^^r6C6^T4 6o a/Z, AjRInAs,AjRGa8b/I(!:(DAj&^#-^im^(i 

jA^/<7 K - f'-y v7° - ^Tom^cD^-v v7°#6LTmu6C

6^T^6o

InAs,GalnAs C



^-yrT^a C 6^t»^^/co

###;%(D@%f^lC-OUT(aC#a-e(Cl nGaAs -GaAs 8b , Ge -GaAs , Ga As P- 

GaAs ,GaInP-GaAs —0,

inAs 7

0i^#07 4' 7lco(/^TA#:^^^?-#3a^^@##^L/:o

4.2.2

^T#6l^(0#(/^(DT&6CA^^#T^)ao C&TU\ InAs ^oj; [7 GaAs B 

^(c-ouT,

, % u y v 7 h u , 2#t , a'cD^j

^-moyTemL/co

InAs 1CS L T(i> /jS.'fPfJH 4o ck U* §§ ® i9T SI L $a <!?■ H2 SO4 — H202 — H2(X 

% v f y y#To^ < o^0##:7r% v f y yi/\ j; 0#

IfWiCJ: ij 7°7 7 h U

j4* ffi 31j fcb $ t\tz.o

^/cGa8b (CNLT&mmGWLfcB^mm&Brz - 7 7 7 7 y

yy#T%vyy/u,

mu/co GaSb®#4\ mmm^^j;[;mmmibmj#(cMLTinAsAR#0me

C0j;7^%vfy/^fT-3/c64,

f66^baa^vf - 1:7 C 6##A7r&6o Ga8b 0 % 7 f y 7' ^

m(C0UT(j:$ ^

4. 2. 3

E#m^m#L/co

7" , 2 j;C7y#6

-10
&#^n#(j:8 0 0G^T,j5%#^®*^m^2X10 Torr^T®@;

1 25ora'r'?#M&5o

j; < GaAs

<&6(0&y\ GaAs*#j^^_h(C0.3 —2^m0j#$0GaAs
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4. 3

(c 6c 6#cmT

&6o

4.3.1
(1) (2)-(4)

197O^0L. Esaki
(5)

K (j: 0 VD K ck 6 GaAs/GaAs i -xPx # jB 0 f;# ^ 6' ^ ^ b ^ \ ^ U: a # #)

c 6 c5^

k°f + 7 - ( J^TMBE 6 #6"#- ) 1 9 7 2-

3 #0*2##% 1 0A-# 1 0 OA® OaAs-Gai-xA&xAs
(6) - (8)

__(9) (10)

d$
^/c*#7-7y#gL arnrn*

(12)

# K=k6#mPCj;(9, *7'^y

T6^l/:o ^LT\ H. 8akaki^(Cj;^T 1 9 7 6 ^(cm^^a/c^f o#@(C)5
(13)-(15)

(16)
-f 6 ^ (9, $ b K C fL#^# 6 ^ -3 T GaAs-Ga i -xA^xAs ^f o ^ e ^ fB (/'

d%)
h 7 (HEMT) 0#^-x6^mLT^ < C 6(C^^/:o C

tl b © GaAs —Ga i _xA£xAs M &0^~FWjjk(D 6 f fr L T\ InAs—GaSb ,

^-n 1 —xGaxAg—GaSb i — yAsy ,Ge —GaAs , InAs-GaAs ^©$T L V^ ^/Fi*|i.yB' "tir <=k --5

1 9 7 6 4^(#<k (j:,

@/r (D%^;L/^- . /<y K#^: , ##&#& 6(c##^cgg^r

6 t ^^'reacDT ( 6 C ) , GaAs-Gai_x

2-f(l)^b(4)T,

(5)7r@/r(7)]l[

InAs 7(C-3(/^T##d'^^X_'5o

(1) In i-xGaxAs-GaSb !-yAsy

GaAs -Ga i _ xAj&xAs ^ T (1 (C ^o ^ 6 15#^= 0 GaAs ^ Ga i -xAj&x
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EI4. 3. 1-1

x , y@W3/E2U#WA[ (x , y )-( 0.6 2 , 0.64) ] 

x , y ( x , y )-( 0.1 6 , 0.1 0 )
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v-f E-Ef

CASE(A)

I I I I I____I________ I----L_-- L_--1----1----1--

-1.2 -0.8 -0A 0 0A 0.8 1.2

# E (VOLTS)

g| 4. 3. 1 - 1 n-Im_xGaxAs/p-Ga8bi-yAsy -xf ^

A B O D
( x , y ) = ( 0.6 2,0.6 4 ) ( 0.5 2,0.5 6 ) ( 0.5 0 , 0.2 8 ) ( 0.1 6 , 0.1 0 )

CCDct-pit InAs 0e##6Ga8b
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(25)

iStC SIS d ^ 9oXM_hicS< ~<t -§ chx Ei A Hi © TeO PI M ^ L-., ilUC (3 S i£ /c
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(27)- 0$
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00
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03
E(]^-#-5 ^ 6(C j; (9 4^##-4^^#(D^#^^$'Wr/c#^%)^ao

In 1 -xGaxAs-GaSb 1 -yAsy MB E ( 1 0 0 )GaAs ,GaSb ,

InAs&#&muT?T%::bfL/co In,Ga,8b,As®dz;i/6 K-kfx/m6LT8n

Xfj:Te0-k;i/^m^$a/co 8n(iy<0.l5T(DGa8bi-yAsy^#^
(19)

6LT#<o m@t-7^- o^-(j:BHEED(C j;(9
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g|4. 3. l-5,g]4. 3. l-6(i, ^^€dLGa8b/Al8b/InAs

, A^8b/Ga8b/InAs/AjR8b#jB(D%^;i/^-/<y

GaSb-AISb-InAs

0 4. 3. 1 - 5 GaSb-A£Sb-InAs ^ ja® x ^ )\s — /'f's K H3
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80
g|4. 3. 1 -6 AjG8b-Ga8b-InAs-Af8b#jB0%^;L/f'-/<y Kgl

(2) Ge-GaAs

K#^®#yiaGe/GaAs

(lOO)GaAs±^(DGe(DMBET(i, mmsSA-lOOOACOMT,

89-80
zr;^ fL/io

m 4. 3. 1 - 7 (i, #* 50 OA, 1 
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P4 60Xl5lt^f^a Gamf0m^&#mmit(d:##L^0C

6 It ^ a o

(4) GaAs &#^0 Im-xGaxP(As) 0^^:
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(6) InAs &Mi1/eS A't' l>f

(5)Tm^/Cck3(C^ InAs(j:#?-##m^#^TAA©©T, InAs^-#f^@A 

^-6T/^X % A LT%8#T&6o

InAs ^-#f;MA^6f7</f

(a) InAs JWlCSFffltW&t&ffitiTT* ^4 ^

&#i3aT^6 4^#m^&#(j:GaAs 6 InP AT^a^A MEET GaAs ±(C
W
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1.2 9.0 13.6 15.8
1.1 9.2 11.3
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^^/Co c®#, 0. 5 9W/vBr2-yy/ -;WCO(/'T%)%yfy/&#%«&/:

5. o^v/vBr2-yyy-;i/,o. 596 

v/vBr2 -y y y -;wc j; & (1 0 0 ) inAs % y f y y"m

m&gl 4. 3. 2 - 3 (C^L/:o

m 4. 3. 2 - 2(a)

% y y y #CD InAs

5.0 ^ v /vBrz - y y y 5

% y f- y y" 1—1 (x 8 0)
10 0y«m
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H3 4. 3. 2 — 2 (b) 

z y f y InAs

5. 0 % v/vBr2 — y f / — VI/ 1 0

% y f y y' i------ 1 ( x 8 o )
100/<in

s^v/VBr 2 ~ y y y—vi/

0.5^v/vBr 2~ y y y

z y f y/%^ (^)

g| 4. 3. 2 - 3 El Br2y^y - j; 6 z y f y

-1 0 1



H GHs COOH-H2O2 (C j; a ^ v f y ^

InAs fiWOi§^.W L T"> itTH6 H2SO4 -H202 -H20 = 3 .' 1 : 2 XT' 3

0H3G00H:H202=1 :

% V f y V f y

^®%vfy/#^0$.S^#ML^oEl4.3.2-4(C^ -eo)

%7f-L°7

b

g| 4. 3. 2 - 4

x 7 -f- y %: © I nAs # W

"?#^ 7 f" ^ ^ # 

GH3000H:H202 = 1 : 1 T 1 # 
%- V f" ^ I------ ,

100/Am ( x 8 0 )

( ) K ck 5 #f#i 7%: -3^0

|2| 4. 3. 2 - 5 (C (d: ^ ### , H2SO4 ^ 7 f- y , ?#^7^2/^'#

GHsOOOHIHzOz^l : 1 T % 7 f ^ /L/c InAs ^mKxd"f

CfUCj;6 6\ #@@^^lA^®InAs%###@^\

-1 0 2-



1 Am

.0.01 erg InAs /HzSCk: H2O: H2O2 =
^3:211.3 ^

1 Am

0.0 lem

l-

InAs , H2SO4 : H2O : HzOz\ 
/ =3:2:1

\ H2O2 : CH3COOH = ,
1-1 1,%.

4. 3. 2 InAs

gi4.3.2-6(c^L/:o

GH3 000H:H2 02 = 1 : 1 (C j;6 % v f y6,

10 3-



1 Am

0.1cm

1 Am 

O.icm

1 Am

O.icm

1 Am

O.icm

1 Am

O.icm

InAs / % y y
4

HNOg : 1
i

: 3

InAs /?#:c y f y / 
4

H202:CH3000H=
1 ' 1 , 1

4. 3. 2 - 6 InAs

InAs 9 =. /\ - 6 % y f y j; ^ T#

-e®#, (ioo)inAs#m^^/^-(c

K) H28O4 -HzOz -Hz 0 iC j; S % 7 f y /

g|4. 3. 2-7(a),(b),(c)^,H2804 :H202 = 3 :l:2T, l^M

3#fm,

-104-



El 4. 3. 2 - 7 (a)

yf"#@InAs M 

H28O4 iHgOg :HgO=s: 1: 2
T= 1 % v f ^ /

100 pm,
'------ ' (X80)

^ 4. 3. 2 - 7 (b)

^ y y ^'#0 InAs 

H2SO4 :H202 :H20=3:1:2
f 3 % v > /

1 OO^m ( x g Q )
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1 4. 3. 2 - 7 (c)

% v f- y InAs

H28O4:Hg02:H20=s:1:2 
T 5 % v f y/

(X80)

3: v f y W)X.(C^ InAs ^ v\-(D

7#:% v fy%

vfy/^fr^3C6(j:, L^Lt:

^6, im 4. 3. 2 - 8 j; 3 (C, K#(C j; -oTfj: b°y

3/:El4. 3. 2-70j;3K:b°y
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-2,01-

°9 0%H- ^O^H- ^08^H

'0#:/!/ ^ ^ E ^ < -ZJQA/A^ g 6 - Z g |g

//C^^x9T3Mr-/^K-^9 (a

°9^a.a^

( ® 8 x ) WOo"l
J/ X -jr X [f{j>£ £ aZ.

z:i:s=o^H:^o^H:^08^H

@# syUK2)^/^^/(.x 

8 - Z E |g|

■
#0



g| 4. 3. 2 - 9

^ y f XInAs ## 

5^v/vBrg - / y / -;i/T 3

% y f y y" i------ 1 (x 5 o )
10 0

H OH3OOOH-H2O2 K j; 5 % y ^ y /

EI4. 3. 2-10K, CHgCOOHIHgOg^l:!
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m 4. 3. 2 - 1 0 

x y f- y f #0 In As

ch3cooh:h202 = i : i t
5 IHj x "j -f- y

(X80)

2%X y ^-y ^ 3o g| 4. 3. 2 - 1 1 (C

( 100 )InAs 0H3G00H:H202 = 1 : HC j;6 x v f y##

Xyfy/^m#B0.25*m/#T&(Ot X

vfy/#M2 0^Km6^T, (i(^—^(Ci%y:fT,T^6o &fUC#L%\ m

^^-E-xvfy/^MlO^^/:^^^, xvfy/ 

^^t>^x.yfy/(Dm^36\ (i(^ihLT^6o

109-



0
10 zcT

% y f y (^)

m 4. 3. 2 - 1 1 0H3G00H:H202 = 1 : UC j;5 J: y f y
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0.1 jam

0.0 1 cm (a)

In As (Hg :HgOg :HgO = 3 : 1 : 2 , 1 # )

0.1 fim

0.0 1 cm
(b)

InAsCOHgOOOHiHgOg = 1:1,5^)

0.1 jim

0.0 1 cm
(c)

El 4. 3. 2 - 12 InAs

N

InAs 0 ^ f y ^'#0 InAs (C 6

4. 3. 2 - 12 (a)-(c)K^f o

H2804 :H202 :H20=3:1:2T1^ , GH3OOOH

:Hz02 = l : 1 "T 5 y f yInAs

inAs #mo ^ ^ ^

(c) InAs #@0:4-- <k 6 em

AB86%^ )(Cj;6mF#

/<v ^ /y C? y : 7.5X1 0'^Torr.

Ar U -^#05^7 : 7.5X10"^Torr.

2 51C

y 7° U 7 ^ 7 7 % ^ h ^ % h TK# o-fcL
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5KV

b'-: 3KV

: o.3~o.44A ()

Ar 'f ^ y x 7 f ^ \ b" — A x % )V^ —

9 ~~ 'f y h HbdfL ~ 2 0 /*A

K) InAs ^ /N W

g|4.3.2-13(C, InAs#@(C^-f6, /f^-yxyfy/#C7)^-^zc.%^

CNT
RATE
XIO^

470:

460 :

440:

1400 1200 1000 800

K.E.CEU]
g| 4. 3. 2 - 13 : /f d- y x y f y

^ ^ ^ ^ h;i/

( InAs #@ )

In,Asm^WC^0,0,8^#m^fLT^ao IE|4.3.2-14K^ In,0,0,8 

#t: - /f ^-y x y f y /#^(#)
4.3.2- 15(a),(b)K(j:,

1 1 2



T=40

g| 4. 3. 2 - 14 : y % v f-y (#) (c

( InAs#@ )

/f ^-y%y f y^'^^ (#)

g|4. s. 2-i5(a):^^y%vfy/#^((:^9

InAs#M)

— 113 —



yf (Xl/10.5)

50 100
/f ^-y % y f y (#)

M4. 3. 2-i5(b):^^y%vfy^'#^(cf^3

inAs#m)

v Oy 0

Askf-^^m0mik6A<%^UT^6o 0^-^#m60kf-^

y % y f y^ ^ y KK#^#(/^T^

6o

(a) GH3GOOH-H2O2 (C <k6 % y f y ^'#€» InAs #@

InAs^m^^/\-K)^LT, GH3C00H:H202 = 1 : 1 T1 0^%yf-y^ 

-e®mm^AE8^#L/:o

-114



El 4. 3. 2 - - ^ ^ ^ h;i/^zi<L /:o

InAs9^^^—In,As^^(C#(R^^L/Z7C#(^ 06

OCD^T^^, 8^#m^^L^^-o/:oim4.3.2-17(C, ln,0,0tf-^^#-

^:o

a/:, E|4. 3. 2-18(a),(b)

(c L yz o

480:

460: 
ONT :
RATE 440:
xio% !

420:

400:

380:.
1400 1200 1000 800 600 400 200

K.E.CEU]

E 4. 3. 2 - 16 : /f d- y % y f y f

GH,000H:H,0.l3 v-'vywxi • xx2 ^2

(m#^u )^u/cinAs mm

i: i -ei o y f y /

T=300

E4. 3. 2-17 :xf^-y% y f y/#^T (#)

/ OHgOOOHiHgOg = 1 : 1 "T 10^-0 % y fy^'

^ inAs mm

-1 1 5-



X 10

200 300 400
/f ;d-y % y f y (#)

g| 4. 3. 2 - 18 (a) : zf d- y % y f y (Cf|^ 3

CH3000H:H202 = 1 : 1 T

i o e® % v f y /(u ) & u /: inAs mm

y ^ 9 A (Xl/12)

g| 4. 3. 2 - 18(b) : xf ^-y % y f y

OHsOOOHIHgOg^l:1T
1 0 #0 % y f y ^'( L ) L /: InAs ##

1 1 6



/<v^/7 9yK^&(C#^#0^T^bf\ CfUj\ #

frlc^ ^( tvi'yf v^|)§^(ik"“Ai|f(Cj;l)v 0 (c x^ <5 / v y /%

C®y:66,

[q]7"a7 7^;i/(j:^

H Br 2 - t $ J — x 7 =f- y $' B fz InAs

InAs ^ 5<%v/vBr2 ~ / $ J — 71/T 3 ^0 i 7 f V ( tRff-fe U ) <£* fj

0^, AES##fLt:o

M 4. 3. 2 - 19 ^f^y%y f y hxi/^-^L/Co

500i

490:

CNT
RATE

10^

450:

440:

1400 1200 1100 800 600 400 200
K.E.CEU]

gg 4. 3. 2-19 : /f y x v f y ^'MKD ^ ^ ^ ^7 h 71/

5.0%v/vBr2 _ ^ / - 71/7!

3 ^-0 ^ v f y ^L /: InAs M

As,0,C€>^T:^(9^ IEI4.3.2-20 ln,0,

0 k"- ^ ^ h y % v f y

/^o

11 7-



T=10

T=20 T=30

g| 4. 3. 2 - 20 : y y x 7 f y y'B#^ T ( # ) (C

5.0#v/vBr2 — / y / — vi/'C

3 ^©x 7 f y InAs 0E@

4"^yxyfyy'#^(Cj;6mit:^, EI4.3.2-21

(a),(b)K^u/co otc-y^, /f^-yxyfyy#^^

^2o#j^m-c, /^vyy'y<7yK(c^Tm^LTu5o^/c, c^,u#®K 

#(cc^T^#x.a c o b°- ya^y y y"y y y ^

y x 7 if- y y m fM] :fe> o ^ T\ In b° — y ®ycic ^ L ^ ^ o

50
^ ^-y X 7 f y (#)

El 4. 3. 2 - 21 (a) : ^ 2!- y % y 7- y y#^(C#:3

5^v/vBr2 - y y y — yt/%r
3^©xy A" y y L'fz InAs Hi®

1 1 8 —



-W 
K

...X (Xl/9.2)

y h ;t/

X 10

/f ^-y % y f y(#)

gl 4. 3. 2 - 21 (b): /f ^-y % v f y

%^y

5 °/on / vBrg—yyy ~)'^rd 
3 fy(D jl y ^ y y' <£• B tz In As |I6 W

N InAs 6 AE8^@^ 6^6

® inAs#mK^y-6#{b#@(i, %vf-y/#®inAsOzc/\-#m®#:

5^Br2-yy/-;i/T3^^(D%vf-y/^fT^-3/c^®®

Bl/3 6#<^-3T^6o

GH3000H:H202 = i:iT, ##^#t)-f(cio^^0%vf-yy^

yy"#Klk^T^ #2—3f&K^cTU6o

0 inAs#@(c^y-6#ibmmm®^^^[A]eyp(i\ (,'f#,##%#(<:-o^T

As,o,o

inAsmm^^y-amfb#

As #Ib#BD6#x. (3^i6o

# %yiPyymc&y-6inAs9:c^-#m_B(Dmikmu\ s^#-%LT^

f y y^fNC ^ y- 6 AJ& 2O3 5 y J: v f y 5 0-6 0A/mi n

^ (D ^ ^ (/ ^ •& A % InAs

° InAs V ^ AN - US— 5 0~6 0A

-1 1 9-



0 5 %Br 2 — / 7 / •—7:' 3 PeO x y y 7'— —2 0^-

° OH3 00OH IH2O2 — 1 I 1 T\ 10 x 7 f y^' ( ## /X L ) — 2 5 0—

300A

/f^-yxyfy/Kj;5, 0®yyyy-y^m^A<

(d) InAs 5 J: V 7°V / h V -PF@

xvyyy-y-K^aM#, AE8^#^a'

% u y v y - y -;c ^ibm6^®TmT^a&#6

^60 ^6K, xU7°vy hVm^K&lOTW;,

InAs##±®,

^^>6 j: 7 x V 7°7 y - y -K T#bdT,/t##f$0#

-r^a6#x.6o @^®%vyyy##:(c%LT,

^f. mbmmc^yammma###

# 4. 3. 2 - IK, InAs 5 A E 8###6 % U 7° V

y h V -em#6^)^W:$-WrT^U/co ^ U 7°vy -y

AE8^#^b#/c#Kit^T, 3@#(D

InAs 6, < -#:LT

# 4. 3. 2 - 1 : InAs ##0#^##

InAs 
^ # AE8#j%

J: V 7° 7 y h V

mitmm a #f #
U 7 y @ 50—60 (1) 3 60±4 (1) 1.2 2.5 2 4±0.1

OHsOOOHIHgOg
= 1:1,10^
(

(/"»6 ^ )

250—300(1) 1 5 400±20(A) 8 2.5 0 9±0.0 4

5 % v/ v b r 2 — y 7
/ — il/ 3

(/^ A # )
—20 (A) 1 50±2 (A) 1 2.5 9 1±0.1
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C0C 6^6, % U7°77

(/^6A^X.5o ^CT, C®JLij7°V7-^^m^T, @/r®%vf-y7'mm

#4.3.2 - 2

#/:o

; #4.3. 2 - 2 : #@% v ^yinAs mmmib##

K # ®(fcK®(A) m $

^ v v y ^ mm 6 0±4 2.5 2 4± 0.1
H2SO41H2O 2 • H2O —
3:i:2,i^.

7 5±20 2.3 6 8±0.1

5.0 ^v/v Br2"
7 7 7 — vl/ , 3 ^

50±2 2.5 9 1±0.1

0H3000H:H202 =
1:1,20^.

( 3# (3/A^# 7 6^)

46±1 2.5 5 6± 0.0 5

0H3 000H:H202 =
1:1,20^..

454±30 2.7 3 1±0.1

GH3000H:H202 =
3:1,10^. 

(m(i/b^7 6^ )

7 6± 1 2.5 8 7±0.0 4

CH3G00H:H202 = 
1:3,10^. 4 7± 1 2.5 31±0.0 4

InAsmmmfk#0@^fCMLT, Br2-77 7-;L/,^/:^,

CH3000H:H202 = 1 : 1 .CHsCOOHlHgOg^l : 3^m^T, 

f y 7'^-fr^ -3 /C#e, % V f y /#ck (9 %)fiT^ ao

6 c 5T, m 4. 3. 2 - 1 (C^ U /: j; 7 AES ##T 2oA@m%T& -3 /:

mb#c#LT, ^U7°vy-^-^m(/^T#J^L/z6c6, #50A 60^7

C 6X)^^X.T, & 5OAmT0^fkmm((:)^LT

^4. 3. 2 - 2^6#x.%, mT®C

(D S.O^Brz -777 3^^ , 0H3000H:H202 = 1 : 1

^<320 , GHgCOOH: 1^02 = 1 : 3 1 0 #Hg6(/'-3

/: % v f y % v f y 7"#® InAs 7 ^ /\-#m®#-fk#

@( AES^#(cj;6 6 5 0-6ol ) j;7 b*(/^{k#&s^m3fLTU6o
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(D H28O4 :H20z :HzO=3: 1: 2 T 1 , GH3000H:H202=3 :1 T 10 ^

^ 0 m vf y -3 0 (j:, /c 6 x. -o T $) % v f y

inAs

# 0H3000H:H202 = i:i((:j;6%.vfy^lc^(/>T(i^ %vfy^'#K^

#C-DU

EI4.3.2-22

/:o

6 A-

x -y -f- y B# fM] 0¥)

g| 4. 3. 2 - 22 % V ^-y InAs

( 0H3 000H:H202 = 1 :1 (C j;6 % V f y )

InAs#m#<b#(D

% y f y f"#® inAs a

Jo j;^- 1 0

y^'#i c®c6^,

CH3G00H:H202 = 1 : 1 K j;6 % v f y m#

^71 O^Tmvf yy0m^^#ihLTU^36^9#^Km

b 6, # j;-e 4 0oA@mK^Tm#L/:#Ik#^,

GH30ooH:H202=i: 1 K% v f-y-f a #

InAs ^-0

#{b#

0tj:U##^#@^#5K&/C"3T^ -t#,

t: <\ m# ^a'0% V f y y^i^K-D^T^^^LTU <

(e) InAs#@n:vfy^(D#m^eK^'f6#M

inAs vf ,
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2-3K^6%b/:o CfWCj;66\ MT®CA^#A6o

#4. 3. 2 - 3 :%y f y y'#(C j;6, InAs#m®

% y f y %-y^y 
( Am%/yh ) ( Am )

E-fbBM
(A)

H2SO4 • H2O2 • H3O— 3.. 1 . 2 }
5—10 <0.1

O00l0c-~

5.096 v/vBr2 - y y y — ;i^
3i f 3; A <£• f£ ^ ^ £ #

7—1 0 <0.1 —20

oh3cooh:h2o2=i:1 
#12 A £#-5 £ S

—0.2 5 <0.1 <50

0 -mttmiOArn 6#=b#,a#e%0Z(Cj;

% v f y A^^@A^uH2S04 iHgOg :H20=3.: 1.: 2.^/:^ 5.096 

v/v Br 2 - / f y — 5 U (/^

(5) 5.096Br2-^f/-^^

<0.1 Am 6 # A 5 (9 0.3-0.5Am®^m^^^b tl6o

0 5.o^Br2-yy/-;i/^/c(i^ OH3OOOH:

Hg02 = i: 1 (c j;6 % v 9=-y -o

InAs#@%vTyA(C)^f-5mm#4:6LT,

H28O4 IHzOg :HzO-3.: 1 : 2 T#j 3 5.0 96Br2 - y f 2 -

3^@%yfyy^fr^(rG OH3OOOH:

H202=i:iT®j:vfy/(cj;(9,

^/c-oT(D3^(9^, 4"#^#LTU<

'J& Wi)$ <fc “5 o

(2) Ga8b 5&#^m

(a) OaSbmm^/'-K^aAES##

(111) GaSb — #@_h® @&{k#(C>#ir 6 *5 tz Z6l£ > AES

^T^-O^o $^$^[o](CAr^Ay%vfyA^fj^^/I^G, 16zk

d- y % y f y wf i so #T^5o|g| 4. 3. 2 - 23

hvi/^L/co Ga,8b^^(C060^#m$^T^6o

-123-



490:

CNT
BATE
X1Q2

1400 1200 1000 800 600
K.E.CEU].

g| 4. 3. 2 - 23 : y % v f v ^#0^- - ^ ^ h ;t/

(Ga8b#m)

El 4. 3. 2 - 24 K, Sb ,0,0®#^ - 

f y^#%mc g| 4. 3.2 - 25(a) , (b)K^L/Co

T = 0

T = 80 T=100

E4. 3. 2-24:^^-y%vfy T (#) (C

(Ga8b#m )

^^yj2vfy^#^^#8o—ioo#(c^ 

(/^T/<v ^^7 9y K0^mK^T#6>LT^(9x 8b 

6^( ^-y J: vf y#:LT^6o ^-y y

AJ&2O3 4" ^ y % v f- y 50—60A/min Ga8b(C%
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r-T y 71 y

X 10

50 100
/f y % y 7 y (#)

im 4. 3. 2 - 25(a) : /f ^-y % y 7y 

(Ga8b#m )

1000

y ( 1X1/9.8 )r-7 y

X 10

4" y % y f y (#)

Ig 4. 3. 2 - 2 5 (b) : ^ y % y f y 9

(Ga8b#m )
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f f y66, ^j;^8o-iooX

@m6U3C6K^6o ^/:L, 0#&7°o77^;i/®6(D#a^

m<bj#6k#f6^, Aj&203K%^6^^y%7fy^mm6,Ga8b

6x y-y %. y f y

##!%%#

c0Ga8b7^^-#m®#{b

##^&#KLT, e% 7 f y

6C6T, mk^mT0Ga,Sb(D7°o7 7/f;i/W:, 

t)"5, 8b#m^m<, Ga#m#@<%<)T^6#,

A#(CGa#m^A< ^60

GK)%-f67°

o7 7^;i/(C'3^i:(d:, InAsm@#ik#T^b^L/:m[R]6^:<R#T, 0(c 

67°o 7 7^ ^6®#f5#d3.K^o 

(b) Ga8b #@ 7 6## % 7 f y

-^(C, Ga8bm@^mfb^^#<, 2/:,

T(/^C^ C 6 (C*-^ < j; 7, GaAs ^ InPfCit

^T, %vfy/(cj;6mmma#@#'T&6o 

6LT#x.6#^, Zb-7,

^'#^^^6^60 J^T, Ga8b##7^/\-(C

#L T?J% -3%o #@^7 f y 

A • Br2 ~ ^ y “7HC J;|i x 7 f y ^

Ga8b(lll) ##7 LPBj^&m#^m^6Tj; < fR^

fLT(/^6, Brz-7f y-;i/(Cj;6%7fy/K'30^T##L^o EI4. 3. 2 

-26(a)(j:, A%#(lll)Ga8biC#LT, 3.0^Br2 -yf/-;i/T3^^

(D%7 f y

MG%yfy/<&, B%#(lll)Ga8b((:^LTfT7Z-3 7t#®, #m((:)^

f" 6^####^*^-, g| 4. 3. 2 - 26 (b)K^o

— 12 6 —



4. 3. 2 - 26 (a)

% v f y ^#0 A%#GaSb

3 °/o sf/v B r 2 ~ / 9- J —
3 %■ PeU x 7 ^ y {?

1^00^^ ( x 5 0 )

(E.P.D)fC#L^#^&6o E.P.D.

&0#-3T(/^6o l^v 0^
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g| 4. 3. 2 - 26 (b)

% v f V B Ga8b

?>cjbv/vBr2 — ^ y — vi/"7^

™ ( X 5 0 )

6#A 6o g| 4. 3. 2 - 26 % v

f lev

j;(A

a. OH3OOOH-HNO3 -HF IC Z 6 ^ v f y ^

Brg - —A&K, L P

OH3OOOH-HNO3-HF (C v f y /(C^^T $)##L/co

g| 4. 3. 2 - 2 7 (i , OHaOOOHIHNOs :HF=20 : 9 : 1 v f y AL/:#1 

CD, (lll)GaSbm@lC#-#-5%#m##^*'C&6o
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j? /i-h^-x v«i^g2! i: s : ox tj. i: l : g i=&n: sonh:hooo6ho

^aH-GQNH-HOOO^HO '3*8Z -Z'E'fW

mMASmoa-
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(08%) '------ '
™nooi
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CH3C00H:HN03:HF

30:19:1
20:9:1

40:29:1

X. y y f|f] (Jrf)

m 4. 3. 2 - 28 Ga8b 5 OH3 OOOH-HNO3-HF
(D % y f y
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<GaSb>
CH3C00H:HN03:HF

A0:29:1

30:19:1

20:9:1

15:7:1

1 0;um
9.01cm

g| 4. 3. 2 - 29 : Ga8b 0##%^

( OHg OOOH-HNO3 )

1 3 1



gl 4. 3. 2 - 29 (C#.

m 4.3.2 - 28 am 4.3.2 - 29 a^G, %

3OO—5OO/fm^|%0 9^^^^l:T0 6 C 6^^6o

^zc -o Tj#^^-yr6 C

catena a ^?^G<

/n- HOJK-H2O2~H20 ic x & 3l "j ^ y y

Br% - ^ ^ V -;i/ , CHsCOOH-HNOs-HF^fWCt @^0% v f-y 

^(Def'T, HOA-HgOg-HgO^^^^vfy/fC^^T,

m 4.3. 2 - 30(a), (b)K\ HOj& :H202 :HgO=4.: 1.: 2.%Gmc 6: i: 2 T,

a & It 3^f^0i7fGaSb HW \cMir & :%####

^u/co

m 4. 3. 2 - 30 (a)

lyf ^^'t© GaSb #@

H0jR:H2O2:H2O=4:i:2T
3 Pal x "j ^ y $'

( X80 )
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g] 4. 3. 2 - 30 (b)

x •>> -f- V 9' H© GaSb f!§@

HOjRlHgOg :H20=6:1:2T
3 y f yf"

lOOmn (X80)

CH3COOH-HNO3-HFK: % v f y ^ 6

% f 7 y f HOJR :Hg02 :HgO=4 : 1 : 2(C j;5 J: y f y

#

(C#bfT,TU6o—gl4. 3. 2-30(b)(C^L/:j;3((:^ H0jR:H202 :H2 

0=6 :1: 2 fc j; a J: y f-y

H0j&-H202-H20®ma'M:^m^K<i:^-yrTmmm^L/c6c5, 4:1:2 

j;a^yfgi4.3. 

2-30(b)(C^L/c®6|s|#^M###^#(cm^$^/co g|4. 3. 2

- 31(a) , (b)K ^ % y f y /#Q) Ga8b :Hg02 :HgO=4 : 1

: 2 T 3 % y f y y&L:t#2)Oa8b emm^^-^u/co

CH3CooH:HN03:HF=io

: 5 : 1 (C j;6 y i=-y 3 30 0—5 0 0Am
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1j_im

0.1 cm

Ga8b ( ^ 'J y y )

0.1 jam

0.1 cm

t- Ga8b ( ^ V y v )

g| 4. 3. 2 - 31 (a) : Ga8b#@(Dmm@.^

GaSb / HC2 : H2O2 : H2O \
\ 4:1:2, y

0.1.um 

V 0.01 cm

m 4. 3. 2 - 31 (b) : % y f y /#(DGa8b#m#^
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5^Lum)

HCH : H2O2: H20 = 4:1:2

0 1 2 3

El 4. 3. 2 - 32 : Ga8b % v f y

( HC4-H2O2-H2O % v f y f )

El 4. 3. 2 - 32 K, HOjR-HgOg-HgOfC j; 6 % y -f y

HC4 IHgOg :HzO=4 : 1 : 2 T 3 v yC 6(C j;-3T, #

#T^a 6#x.ao

^-. GaSb(C)^^a%vfy/^m^#^(!:^

^ ^ / - ;i/ , OHsOOOH-HNOs-HFfcM:^ 

T, HOAIH 0 :H 0-4:1 :2(Cj;a%yfy^(D^^, &#%###:##:

4. 3. 3

Molecular Beam Epitaxy, ^ 

TMBE6%"f)i&^m(/^T, GaAs%tff+y-Wi/#(?X GaAs(^m##)*#

MBE^gK^^

a c AK^&5/co

(1) MBE^«

El 4. 3. 3 - 1 (C , MBS L /Co
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m 4. 3. 3 - 1 MBE

^yifiSiC y — Y /<)]/-? , ^ttf iC-v* — tf 3. 1/ — ^ Tl/'6o ^

4z;i/^^79K,

Tiyyv/-yay

div7° ,X yy d^yy ,7 9^ 0mATmcM3fiT(,'6o 3&IC,

g|4. 3. 3 - 2K.

m 1 4z;L/(DMm3 yho-7-,^2 4z;i/0m&3 y h a - 7 - , 

b-7 y h a - 7 - , , Ti y 7* u / - y a y ^y 7°#im]^^

7 h , 4z;i/b — 7 —^ i£ tl ~C 0 ^ <5 o

-136-



^ 4. 3. 3
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4. 3. 3 - 3 :

g| 4. 3. 3 - 3 (a) , (b)K,

#%(^22#:(D^##LT(/^6o g|4.3.3-

3(aXit

2 2° "f 5 j; 3 (c##f ^^T(/^o

gi 4. 3. 3 - 3 (b)K ^ ^ #6t@pg^^y- 5

T^®4z;L/(j:3 2°0Am^%'f5 J:9(c,

@%5^c±[R]^(c##t^aTu6o

m^urmox 

(%) m#A(c ^o y- a

c?y K^bT(D%^m^A<-f ac6^, m

f##m^m^:^-wrac6(cm^g@%LT<ao MB Emm®###

V K6 L 6#x.5o gl 4. 3. 3 - 4 (j: ^ gc#m

A#(C)cf-f6^-^T9 ^m0^<b^L/c&®T&5o 10"^-

1 Q-^ Torr ^ 2 8^0 h L /:
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J±^J (Torr)

^-575 h

,5-7 U y-y a y diy y
on-off

gl4. 3. 3 - 4

##T, 10'^Torr y^;i/(CA-3/:6C53T##T#/co

(3) GaAs O GaAs J5%#

mm(c^y-5%^m®/<v5yyy K^mmT#/:o ^c

T, #UC, &###0#l^|^6L"CGaAs^%±^(D, GaAs#CD—

^/:o 4"#, j;5

^7TA6#A5o -oao,

^Ay5y K€»f

g|4. 3. 3-5(3, GaAs&#M& 550 G, 

^-T-BCD^m^As/Ga^SOK^y-a^^^^T,

0.7 ^^/hr-e^,6o

0

gl 4. 3. 3 - 5

60
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El 4. 3.3 -6W~(cXC: 3^Br)TCDK

El 4. 3. 3.- 6(a)

El 4. 3. 3 - 6 (b)

El 4. 3. 3 — 6 StSJB©•zx^HII)ti@^jS
( X1172)
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El 4. 3. 3 - 6 (c)

EI4. 3. 3-6
(X1172)

3O^0j^#^fr

7U: 4. 3. 3 - 7 K^L/zo

El 4. 3. 3 - 7

( 3 o )

(XI172)
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e g| 4. 3. 3 - 6 6 3: ^^-o/co

/c » gl 4. 3. 3 - 8 , g| 4. 3. 3 - 9 (C ^ GaAs % 6 #,/:##

g|4. 3. 3 -

g| 4. 3. 3 - 8

irnmn ^80)

[j^l 4. 3. 3 •— 9

(X160)
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m 4. 3. 3 - 10

( X80 )

(4) GaAs%t2^4-^-Wi/J5%#3 6#)

(a) ^^-esxio'^Torr'T^-o/co

(b) ^#^& 5 5 01C ,^#(D^gjtAs/Ga'Z3 0®g:##m:(C^y'6GaAs

^ i/ ^ M 0.7 ttm/hr 'll'$b tzo

(c) GaAs%^f

L T^o

(5) ^#0###

#^f-ac6(cj;-3T,

6#^.6o
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4.3.4

(1)

(a)

K - y y,

InAs,Ga8b,A#8b InAs,Ga8b

#T$>6 3o

(w

CCT(j:, @%f^a^a^^-Wra/ca6(Dg#^^6LT, InAs,GaSb,InP

CCDf j;0 InAs AGaSb (Co^T, ,

% V f y , % V 7° v / h U , , % '

&5##@^a^W3jE,#2:aTuao

^-Wr6 (C(l^ (92#:^^^ j; (9 ##0^:

4z ;i/ 2 t, -O [7^8^$c?f'lT(/''i

LT, j; < ^n^fiT^a GaAs ^ A (9 &

bf, GaAs 0.3—2^m#m®@^®GaAs M^a#^^T(,^aoa^

L/caa^®m@#mkm@T&(9, ^/za*mm(i o.7^m/#A&^^#7r& a 

cA^mm^^T^ao ##0##(cj;am%?-

a c. 7T (/ ^ a o

(2) ^#0#%^
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(a)

^[P]±6, j^#-#-6^^0[R,%rR]±^(i^6C6,

(b) ^^j5%#^###(C7)^T

LT inAs & =tcf Qa8b

-Wr,

6^#-<5C6, Ga8bT(3l^G<##^^^^^^, 7w-h;i/;-ky^^6(C 

=t -3 7 c: ^ %^#±#%m@T&6o

9###&&o ^^0#ee#mK#0^#(c

4. 4 3 6&6

-ecDB^,

L T InAs,Ga8b 6^^^-o/co 3

InAs^oj;C;Ga8b^^0mm##(C"3^T#m^^

##L, B^m#0/:#)(D^#m^6 L T#3 ^#@##^#6 C 6^^T#^C

tC-3/:o GaAs^#^^±(CGaAs#^gc^

m±0mm^&#6L T, 4-####^%%?-®#%^^^^^#)6 c 6^W#M&

<S» o
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6/i86®##%% - 7°o4z%%

AlGaAs/GaAsM%f^5%m##®m&#%/&fT3 <L 6 ^(C, ^

AlGaAs/GaAs@i#f#ja$n# , , yy^';L/^\-ra#ja

$o^WC"%)(/''%', > $n ^ iE K 1/ff > W ®-j51/jf <?: > L/

#&L/:o

^h/i/;^v"kyx#J^,DLT8#J^,y 

z,y^3 7- ^fLb^-tyhTyy^TUT,

AlGaAs , AlGaAs/GaAs ^ T o #^0#®## L /: o ^ /= #%f^#® 7° o -k

^^#^##^6/:86(C, -7%^77^f-®#A6^®^.v h7y7°^fr^^/:o 

AlGaAs/GaAsm^f^fC^y-aN^K-^yh^LT' 8i U,%l#^K-L°yA7°

o 7 % i ;i/^#J5)Te&6 C6^k)##A® K-^y h T*6#, ^ /: & < b fl T ®

^"7T^)6 GaAs ,AlGaAs *T®%#(C"D^T#%^^0;^/:o 

700°CJ^±T#mm ( 20^% )^f%7 ##T&^®@&® 8i®%#/l@6(:(h^flJ

otzo

+ y ( MB E ) T AlGaAs #5%#^ 6 8#,

^ < L 6/^k) 6 o C j;^

T^ 700°cmJ:lcC6o C®#%MjMTU8i%m#®%###L<%(3, MSB T

AlGaAs ®MB Ea^^f7 7 Ccb^B^lcLLTHg #A^f^ 6 MB Egc^^#®^^^- fj 

-)/=o 6f^7ZHz ®#A(Cj;0 AlGaAs i^^®(R,@^#L

%^/:o ^a@AlGaAs^a€-^&T&6^^^0^#6C6^T

tz o

###&.& 7Z 6#-j##3#^A®PF#^# A?Z 7 +F7 ± - K ' ( BBS )

(Cj;6AlAs/GaAs @%f#m®#m^#®m^:<g'g^6LT, 4»

#C®^#^^C$.^6C6((:j;^T, AlGaAs/GaAsm%%$#^®mFm(CmmT#6C6

ifi flj ^ /c o

5.2 AlGaAs/GaAs^@%yHcM-#-6###&

^ e

#%€-m866(C^/:0, ##,###((:% 0, AlGaAs/GaAs^@%%(CC^T#
— 14 6 —
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^T&6 o

2)

#r l/--f- ( MQW y-f='- ) AlGaAs/GaAs

y f j 6LT#(omm#^:my o>;zc f hc6

K%-oT&(9&CT(a#ft-#-6o #3UC&WT(it 1) , 2)W#(D#

2) Kx\f-f5M,5^#0ci-5/5^^^6 9o

i) @mm5###c<:MLTwx

6LTU, K-^y/(c zai%##^2^7c 

L /: HBMT ( ##& h 7 y 7 ) ®;##5;63Aa6(3flT(^&

L^u, HBMTu^j®m##±mya^^,^

(C#!:^2dT,T(/'6o %^TT #f6LTU

HEMT

7ZwT^5 3o

5.2.2 #a@###|q]

AlGaAs/GaAs

#%f^7'U /L/Ty

G^-Wr5C(!:(Cj;C), 100 GHz 6(/^

oT#r&&o (#A@& ) T(3, 7'V ;i/Ty

mi oA j;

%®^TyyT^^AI^MCf;(omf-C(!:^TA. 5.2.2- l^(C^U/:j;7(c, 7' 

U;i/Ty7'-y/E;-/-y(C^#l|T#5o C(Dj;90;^#4:T^, 

y #%#!### < /Z6o
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(a)

2.2—1 K#ja



(3 h y *fc##T& 6J:7^^5o by #(3

#3hc#mT&cx

±(D%a(C3^T, ^B#A®T- f 2x3

^ IEI 5. 2. 2 — 2 (a)(C^U

by h 7y^y.^(Dj;373#) 0^4,-5 o IEI 5. 2. 2 — 2 (b)(3#9-

(7)%7Wi/jp-/yf 4/z AT4,6o

p- GaAs

n - AlGaAsZGaAs ^S#Z

(b) % ^ y ^ —

'X — %
3 lx ^ ^

Bp

By

mm

5. 2. 2 - 2 hy^.;i/^<—% h 7 y v' ^ ^

##(3^0mOT,

ii) -<- %#®4 ^ U h y j; ofT/Z^^a 7t^)(c^g^o

iii) J: ; y ^ -®4 T V %#&#<& < % ; v f

«J /J-* 7jN c v ’ o
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% 7f'7 A# gl 5. 2. 2 - 3 (b) (D J; 7 o - f-v y 7°

0GaAs#(C^ID&Ab^^:2DEG(j:^ ^^1##:,

K- kry KfCCD^, #

K-ey 7lCj;5###m2DEG(i|g| 5.2.2 - 3 0j;7^#m^TO#mK

(El 5.2.2 -4)

n-GaAs

/ > K - 7°

GaAs

GaAs

300 meV

30meV

N - A1 o.3 Ga o.tAs 

N = 7 X 10"cm^

/ 7 K - 7°
GaAs

g| 5. 2. 2 - 4 K-7°Lf: AlGaAs/GaAs y y a#jE6
K#3a

HEMTtix C-Vjxm
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I^G< GaAs#J(C#m^^5 j;6* v h%^

(g|5. 2. 2-5)

AlGaAs GaAs AlGaAs

gl 5. 2. 2 - 5 (a)

ha:y^

a: fA A ^ A

5 0 Am
Con tact Spacing

V (volts)

E ( k V/ cm )

|g| 5. 2. 2 - 5 (b)

^ v h a: y f hoy I - V#%
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5. 2. 3 hr)

^ M B E

MBBfCjcaaaAs^CX

2DEG

(D AlGaAs #J(C h 7 777 7-^^1,6^, C@C6^^ #7(Df j###&(7)^/J\

co ###&/< y K^(3f&##K^y h 7 y 7 7 7 6 %xc%f

L' ±^C0#jeT(j:^^MT^C5o C0#^^h7y%77-^^mL/:(!:m^^L 

^#^4 V 7 4" X#® 7°fC j: (9 

HEMTfC-Wrj;, h%.77 hoy^###(c-Wrj;,

%-f A <#

B#^m<^T^@##(2o-iooA)m#rm(ioommm±) ^

X^#0C0 " ##?- "T&(9 ,

$) 5 7 o

:&6 LT(j:, :

7% 6 o ^ C 7T A1 Ga As/GaAs ^

AlGaAs #^6%&((:"3V^T#gL/:o

GaAs (d#LT(j: L P E ( V p B ( 6 1^1#

CO y^vi/(CglJmUTw6o AlGaAs ^^(CO^T^M B B&#m(D^{ki^^#^7(D 

#*(^#7), 5%:#®^<k(Cj;0#L<c%*(afA]±LTu&o LPBfCgc^^^

60

Al^Ga^^&L/cTo/f 7 77f-^—

T a ^ 7 7 7^ X, GaAs AlGaAs i^CO

Ga,Al tfL5, ^#6^60^, K-/^y h^##CD

m#(Cj;6AlGaAs/GaAs#m(D^MT^, @%f-^%eC0@L^7T^(9, ^^UC: 

MLT(D#&^^#T^6o j;-cT^^^%(D|p]±^g|oT^6%

K#j%@AlGaAs ^a^^#^-Wr6^#CD

5.2.4 e#^#(0#&

##) , TED tm#) , x#M ,

% $;i/^'-/<y K#jE(C7^T(i^ 9^#4% , #E# , PL(^h;i/;^y-ky7) 

0 L ( X7 7 - .y 4z y % ) , 7 -7y#&^^ ,

60 ##(C"3^T(1, y 7'- 7 7 - K - /^-7#^:
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^)^LT(/^5o

^±0j;3u^u,

^ < m&6 6^L

6o #^^EU < #E@-f 6±^b

^)6C6^#o/:o PL.DLT8

T BM#(C j;^T^^[R,%^IEL < FF#L' gcm^f^fC 7 < - K/< .y f $-WrT,

5.3

5. 3. 1 # g

^ h;i/; x ^ -tzy x ,

DLTs ) , y ^ 7'-3 7 - K - ckamp#^#

AlGaAs/GaAs^m%f^^gc#^#(cMLT,

#AMB B^#^c

5.3.2

(1) ^ hzi/ ; ^ y-ky x#IJ^

: zh h ;1/ ; ^ y -k y ^ ( P L ) - j; 06>LA

6o

C^^TGaAs PLOe&as,

p L^mvcm

6 o C(D j; 7 (C P L0#

/<;i/f -%6(a#%a#Lu:c

Tjif y y ^;i/p*3((:^gcf-a C6(j:j;<^0b^T^6o cco#r#^T y y 

gcgiia%) 6%#^###^^

PLCDe&^m^6C 6(C j;0^: L h y Aas#^

5o @%f#m®#?#6L/TPL#J^um#T^5o
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#:K_k#g© B ^©/=86K P L O

m@: ^f^g@©##K'o©T©^6o

#PL#J@##(3, GaAs&C7AlGaAs ©^^^m#^K^LT#^##KK^a

ck o #m©#%- 7'^f-%^©mfiE?L#^^K j;

^T#5-&&:h,6%#4C)%LT, #(/^##gT©#J^^Dl#T^6o 

Kr" AlGaAs(C%LTa^TGaAs0^^#7mr#5#m^

AlGaAs LT@^5 /ca6mm#^^©B#^^y"/j:WiE#

9%/\mmT0PL#&

©^^#^^##KfiX.6o ( 77K ##:^u

7AM&KT)^TU, BT##^-m^T^5o 

±g6U/c#%#K©#K, #/J\##0 2^7C0

©7U%©#(#^flX. 5 o

^K, y-tm,

5 20.8nm^6 799.3nm ^T©M©7o©^#^#^C6^K5K6o #^0^(3-

8 - i f i 7°©^ h -7^^7°7 /f ^^e©#©m-f ^&pmm#©#)©^m©

/Co 1000nmT&5o 7'y

""" X'#750nm » frMiH (3 0 • 12nm ~C fc 6 o in 7§- © j|f |g K "O (/ 'i T (5 ill S © □ y 7 

4" y T 7 y 7 P L © 2 ^CTC/'C 7 — y ©##j K (37'7 7 a ^ v7 ; 7—#

©A#### , 8i 3 y , f y b*/7 7 7^m©/Co %&##€:#©##:&

#5. 3. 2- IK, PL#j^^©7'o^7 7X7 7"7A^g|5. 3. 2-1K, PL#j^m 

g©^#:^^^.g| 5. 3. 2 - 2 K# ^ ^"^o
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m % 7 —7? — Lb # 'E- (D #

f U 7° h v y - +F 171-01/270
77,

nm fctiT) w
5 2 0.8 0.9
5 3 0.9 1.8
5 6 8.2 1.4
:i:)

7 5 2.5 1.6
7 9 9.3 0.3

m P-2 5 0 B 3#: 76 # 7*7-X%g 750nm/6 0 0$:
^ # #k 0.12nm

7^ 7102 #%/7b' SK 6 0 0 1 0 0 0 nm
# ( C 6 5 9 )

Oy^/f7T7 7° MODEL 124A PAR p re-amp . 1 1 9#

7" a '7 — MODEL 125A PAR 1 3 H z — 2 0 0 5 H z

7° 88 5115 ^ m m -f

^773-7' 7^7° 3 0 5 6 # M s # 7:%m, X-T7/f7°
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T^6o AlAs(Dt;i/jtx(i, ^ h;i/ ; v 4zy 7 ( ) 0 t: - 7

j; (O^^L^o x#(j: 0.1 5-0.2 0 T& 6o 8 i ® K-7°#;®#:

^(4:m^0O-V&K j;5o

#mL/czk#BE(i 10"-10^ T&5o /c/c L7k##7.^#AL/c#0^:^^^ y 

^-T^#A€-^^rL/:#^, L(f6 <^#zk##70E^^#mT&5o 

lO^Torr0j^^(4:, C0j:7fCLTfj^t)^,/:o

1 8 6 —



(3)

( 7 7 y - % 7 - )#J%(c j;

0-V &(C # 5. 3. 4 - 1 % tc(D## 1 - 5 #5%

iE s. s. 4 - 6 icta, ^ hu

1000 -

5 00 -

H2 #7,^j± (Torr)

IE 5. 3. 4 - 6 Al%Qai-xAs CD^M7r(D%-f ##&6 H2
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(4) ^ Hi/ ; ^ v

^ ( PL ) mU^ ( El 5. 3. 2-(l)#R% ) ^-moVco

hvi/#&^El5.3.4-7(C^^o j^mL^^b°®AlAsOt;L/jtX(j:

c ®EI® ^ -

A1 v Ga

X = 0.15

3.7 X 10 ^ Torr

5.0 X 10"^
Tor r

/ ^ 2.4 X 10 Torr

El 5. 3. 4 - 7 zK##ALTJ^^L/cAlxGai_xAs ^ -y 4zy X
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LT8

DLT8 SIGNAL (ABB.UNIT8)

Tem
perature 

(K
)

200K
 

300K
 

400K
( 2

i')
:l

'4
S:

)>
O

T0

Ol

w
rfx

00

hd
X
X

H
X
#
dn

RELATIVE PL INTENSITY
O Ol



epi-1ayer H2 pressure 
(Tor r)

X carrier cone. 
Ccm 3D

electron mobi1ity 
[n//Vs]

# 1 1.3X1 0 0.1 5 8X10^ 1350

# 2 3.7X1 0"^ 0.1 9 8X10^ 1360

* 3 6.0X1 0 0.1 5 8X10^ 1410

# 4 5.0X1 0" 3 0.2 0 9X10^ 1260

* 5 2.4X1 0""^ 0.1 9 7X10^ 1220

5. 3. 4 — 1 Electrical properties of Alx Ga i_ xAs

( e V ) # ( )

b7y7° Ti 0.4 0 — 0.4 5 — 1 X 10"14

b 7 y 7° Tg 0.4 5 — 0.4 8 3X10^4

b 7 y 7° Tg 0.6 0 — 0.6 5 2X10"14

ms. 3.4 - 2# : A^g^Ga g^As ^0##^ b 7 y 7°®## (AE)6

K ft H2 i± (Torr) TX”"3) T 2(cm~3) Ts(m3) PLssecff*)

a — 1 X 1 0 16 3X1 0 16 7 X 1 Qi4 1

b 3.7X1 O'? 2 X 1 0 16 6X1 0 16 — 7.1

c 2.4X10-6 1.5X1 0 16 4X1 0 16 — 2.7

ms. 3.4 - 3# : b 7 y 7°#&6P
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P L k:- 5. 3. 4 - 8 &gy^^C 6U\

a6T#/J\^zk#g ( 0.5-5.0 Xl0"'Tor r ) (C%^TP

C ^ T^6o CCT#(#2,#4) P L#g(iA##A#0 7#(C M
fC, + T 7 9^^ GaAs (<2^(9/: 1 0^ @ 1 (C#

^ ^(/^O

(5) DLTS#m

6%#^^®zk##%(D#A(iAlxGai_xAs %b°^^(DPL^

^^,Tw6 ( h 7 y 7° ) ^A # < 5o -e

A##AKAoTA®#^h7y7°(D^{k^^A$A/:^^Ai6#(j:, Al^ 

Qai_%As C®#/imA

TA^^AmmK^y-a Alo^GaggAsTib^a^^mf h 7y7^DLT8&Tmij^UAo 

#J%fCl%m3dT,/:K#(a 7-9Xl0^cm' ® 8i 1.5 @^0##®

^(DT^5o C^K^ay h+-#@6LT, Al%-a# 2 0 0 /,m<OF9mcm#L/Co 

^AA-;y ^#@6 L T(i AuGe/Au^#^m^/:o A

7%#E, -IV: + 1 V ; /^7t/X# , 10ms T&5o

E 5. 3. 4 - 9 KA##A##0% t: KNf'5 DLT8 #-5-^^yo (a)(^A^#A#

®b(ZX (b)(j:3.7xlO^Torr(DA#^#AL/:^0, (c)(i 2.4XlO^Torr®A#^ 

#AL/:^®-C^6o 200K,220K,350K ®#iS^#9-h7y7lC%^y5H

#M A0#^T 1%^ 7%7°o y h L El 5. 3. 4 - 10 T&60I

h7v7°®^$^#A, 10"/T=0

3. 4-2K^yo —A, DLT8##(D^K^h7 77°(D#Kx^J^ya 

El 5. 3. 4 - 2 A (9 h 7 7 7°#&^A^ (9 , 5. 3. 4 - 3

h 7 y 7°0#mi^#^ 5xio'\^ amr&O'

(b)(c)T® h 7 y 7°Tg 0#&(d:eALJ^T(h#A.b^ao M(c, jt#0/:86, 0
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N-Al

1000/Tm (if)

El 5. 3. 4 - 10

A*#A#0(W(h(c)(cjt-<Th7.y7° 

Ti6Tz^^7Z<, T3^#^o(a)0^#TTi,T2^^7Z^(7)^, Al^Ga^^As

(C^y- 6Mc(D# b A##A 6#A

h7 .y7°T3^A*^#AU/:(b)6(c)(DK#T(i#mP^#mT^^ T

Mm&##(~7 0 0°C)(C^o/c#^(Cbjg,b:h,5(Z)-f\ T3®M6HiA*#A (D 

#^(L#A6^LT(/^5o h7v7°T3 W#^^iM^-&4zy7-<!:LT#6(^T(^6 

0^bA##A(Cj;oTh7v7°T3^^^L/. PL^*^m^oLT^5

6#A^^,6o ^_k<DDLTS0^:Ej;O,
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(6)

DLT8 (cA6h 

C®j;37ZzK##x®^(hLTU, ^0 2-3

1) ;M*(D&%mmcmy"5Am#'x(Dm7cftm

2) A##%(c j; 5 ^ ;i/- x 7';i/^^ 7 - (#& )

a#^%(cm^(C@A^5C(b(Cj;5|5|#(D#^:^#Ab^5o iXlO^Torr

#&(DimETAm^f sxio" cm^ s""' (9,

(AlcbGa) l) ®

Am#A4;^Tm#(cmmL^%b°(*3,A#E6xi0^Torr) (DPL9& 

L° (*2, A#m 4x10"^ Tor r) (D-efLcM &#u <@TL 

2)0^(j:l)®^^:(CjtLT/J^W(!:#Ab^6ogp^, A*# 

AfcMLTUx 6(D^^^6o

g| 5. 3. 4 - 8 K^6 A 7 K, 5X 10"'Tor r m±0A#ET(j:,

PL#m(j:im(cm:TL//:o L^Tm^^cbA

A##A(CA(9MAL/cA$#x^®^#A##^x, #(CH2O,OO,OO2 0

6T^5X10^Torr (DA^ET^AlGaAs 

#0#@&sA&<a&&g;rL5C^T&6o 5.3.4-(2)K#^\L/:j;7K^ A*#A(CA 

6^^ 7%#/L%A#ET(jx

/f Ax Ay 7°0^ Ax#m(im=#mm(cjt^T2 9- f ^A^v:o 

A##A^^ K-7°2fLfc

A 6 8 0°C j; (9#^T0A##Ab#BW(/'o 

A##ATTMBB^mL/:AlGaAs ##g,

PL , DLT8®#J^^L/c^^, A#E0.5-5X10^ (C^o^T, PL#m(iA##

A tu © 7 f§ he & U $ ti,s f^M.(D iSM Ih^co MxMly b tifz o

5. 3.5 AlAs/GaAs AX#^#3L^# ( RB 8 )(CA6W#

5o #a, I BM0C##%)77i/-7° 6), 7)

T3MeV7'7X ' f ' A7-7^n^##^#o/=RB 8&(CA6 InAs/Ga8b@%f
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&©W?t*g*«-f§*LT(,'5o

fciJ:1?. feifBBBpK©fF1ffi f>^«t|5ii'-}§a5toti'5o #IC\ *§» 

»tg«®KK«»5<:ilcJ;l9, 6# , 3£D'
ate=BBSB®#^^#-^©F«^BTIgTaE> «o8) Mx 

tf@ 5. 3. 5 — 1 ®(a)IC7Sf <t ■) K, *®K^-®E6IUi^ *y f-AO#4stD5i> 

5>, l3»SLIC*#L%®a\ 6#©*®Rf li

SSLKS-e-X 5 X "5 IC5 o ^oTftffijfmc J; 5'f i-yb"-ArotiSLS*^iPJJSt"

6 C ch fc X 9 5 C ^ 65-e S 5 O tt@5.3.5- 1 ®(b)K^

■fi-jic, *BRf(8)tc j: a#aL©A%a-$#j&$^9 (A)K#b A

( 7" a 7 * y i ® 7 ) , IfcSL/f--’1/ K©Sc4'-f SS’IrJSS* 5^S>>

5Ci 6i-eS 5 o

o o o o o

o o o o o 

o o o o

(b) •> -v r o 4 y 7 t 7' a -y + y 7'ft 

3 5.3.5-1 ( ««SE )
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^#,4) BB8 U a 4 0 OKV /: o ^^0

^g#W:^y y;i/ k'-+ % +^ j=-y

im s. 3.5 - 2

m 5. 3. 5 - 2CD^^^(C^L/cCD(j:®#:MA ®m9-(A)

%^;i/^-^Bo ^-y e-A^mML/:6#Km@LAes &c;e^rq]T#6fiam

±%/IBB8x^^ hvi/'e&ao C(Dy.^^ h;i/^^)J^T(C^"<aj;9(C#cgLm?-(D

k2 = m cos@s 
m+M

m cos<9s 
m+M

-) + M — m 
M + m

(1)

#^44j^ijT^6o zucmm^o^K-DUTm^ao @#^^mff^a/f + y

+ t (c^am+--cmgL^^/c

/f +y

t 1C j+ ffi] ly /: x ^ ;l/ 4- — s^^:'5 o -o "Ci&?+ 4 i 7 © 1 4- — ^ iE W k> ©

C 6A^ A ( yi + - V y

#%(C(2)^T#x. 6fiao C CT

AE(t)^ [8]t ...................................................................................... (2)

[8] - k2 8in +
1

S out (3)

fiao +;##(B)K)^-fa^-^ - h;i/0^#@6UT,

## aEr BB 8&^k)#k,ftai##^#m^^,a/f ^-y(D%yyL/+:-

## (Eo) + gErKjt^^fl/cd-^:# 3 c 6T$m^tT,ao

^^,ao #x.m4)^T#x.6^,am^^m^ at,. /g-^^aK^, cs]a+-^& <-f 

aErat
[8]

(4)

+y C /y y y y ) A^A6^T,a (g|



k n E

k-1 -5

Q

W
M
>4

E'(t) k'|Eo k'§E<, E„
ENERGY

0 5.3.5-2 «;5*gLttcD,!itSI0£«E;i;l»

h;v

(i) »SLM^ 9 0° fi < Ktfc ©'x v ->y y'8i©#ffl 

(li) 2«y < "T5

( E0<lMeV Tti, Bihtgli X < ti60)

dii) wfttmsi/ a xv^^TO-'e-^tg^no-fcses

6 ti-So

ftf(i)ffl^7'/ •>> y"85i!©fre*S*/co

BJSKfiii 3 2 A 0#aS»6ti:-E»^ GaAs**±IC, *tfit6 5 0‘C(Ma 

g 0.5 /> n)/ h ) "TfigeS-tir/cGaAs ZAlAs 7@#fflti©t*fc§o

BB 33OkeV0^He+/f^y<g-m(/^o

L 8 maim (@s) # 109°

95°T22% 6^:5o L&Lt *^(C#J^L/c6C5^ 90°(C&^7'7

< 7^ (9^ ^

109° (c^TTKf 6 6 

IEI5. 3. 5 - 3K^-fo

196-



RANDOM

GaAs
450A

<1 00>
: ALIGNED

: A1As(
0:GaAs(400oA)

330keV He

8.1.GaAs

CHANNEL NUMBER

m 5. 3. 5 - 3 GaAs/AlAs

Hi/

GaAs h;i/(c^m^^

GaAs/AIAs 

AlxGai_xAs .(x=0.5) 61^1#®%^ 

^ h;i/(C^^T(/^6C6^flJc^:o MP^\ GaAs/AlAs@;(&fi^f&(D?^#iM6

^(c#KA^9 s°(D^7 vy v

3. 5 — 4 iCTF'iro

-197-



o

w m Si
n tx gm n £d
9-r CTCT 0 i| to
Oi rv sB si GO
S rv # *
Ml n> g f>A # n n ED- 0
V 
X 
>4
>o

Mr
~r

V

ig
W.
co
cn

r

m

Or

m
n
&
4
o»
rrn

0
S3
ix
nn>-
CTC

&
v>
A.

(M CX 

6

n-

&

o
o
!>°

0
A

d

Oi

M3
n
g
94

94
or
Qy
t>Cfi

Ol
co
cn

n X % * © A
$ 0 % 0 M- lx
4 20 s- fX, O n P
o* lx 1 CD 0 k >
H # C Mr * cn

lMi % ?t rv xii
M m a % V k Y |>

Pr Y Pt >= cn

0 0 Y Q Mr s
* S* m \y* y

j> ~r
o% £ d cn V k

9- o d Oi 94 \
\Y" r o

94 gm
k & Oi n Pr ▻ 0
5& r o 2 k s

k

9-v d* 94 Pc
$ % r
n d # $
to ' S mit-ever vj' #
to to % £ m®
to
>4
4-

[

to 9" 9^ d
to n k
(81 S r s m
# Pt rf #

Y 0 4 pt %

o
o

Q
X
>
%

to
to

cno

X
to
£
to
to
to o

cnO

YIELD (COUNTS/CHANNEL)
&0 CO A

Q to !>

Q

CZ)

(e0
tx

)



CHANNEL NUMBER

|g| 5. 3. 5 - 5 L88 V y /%!®GaAs/AlAs

y hvi/

^mrcuAiAs 6GaAs0miR^^(3^#L^6E^^^„

g(C, A1AS (D|mjh#(iGaAs 9 4^T&6C [ 8 ] Bf ( ^(3) )

mm0#6fj:#O:^TO^6C6^#A.6^,ao GaAs (C^LTfiL 8 8m^

1 6 & < ^ ]#(CAlAs (CX\MvT(±^ 5 0

^CD#KT#^fl5#IEx^ - V y /K j; 6T 7 y f 5. 3. 5 - 6 0

h;i/6(D—

^-) 2 4 0^3 3 0 keV
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CHANNEL

g| 5. 3. 5 - 6 #1E X/- U y/T© GaAs/Al As

H© T y 4 y h ;u

7*y y /©&MU^^©/y^±# < ^6 6^#x.bfl5^^T^6o

##^M(C|n|±$-Wr^ ^^(CAlGaAs^©IMihm^##^((:#x., M*C3ykf^.- 

^ K j; 5 x^y h9 C6K j; @^" — /—©^$f^ RT#6 ^5

T&630 ^^5/U, #^L/:j;9K^^m^c^fT,(i^5(&a^mK)^Li:4zyyT<7'

h y y x 7 % y f y /##6mm7 y y y 7j=.-;L/##^#

XT AT&5o
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B:#, ^y#^^ 2#®^ U C7 A/f ^-y b"-A#m(± 1 #0 b*-A%#

0# 5 0 #0 1 1 o 0 ^(D 1 6

^-y b'-

##^:# ( g% 5 $ )

1) D . V . La n g , J . Ap p 1 • Ph y s ., 45,3023(1974) .

2) W. Swaminathan, W . T . Ts a n g , Appi -Phys-Lett . ,

38, 347(1981).

3) R . M .F1emin g e t .a 1 • , J •App1. Phys., 51, 357(1980).

4) T • Ish ikawa e t • a 1 • , J . J • A • P . 20,L378(198l).

5) A . R. Ca1awa , Appl.phys. Lett., 33, 1020.(1978).

6) F.W. Saris, W . K . Ohu, C.A.Chang, R.Lud eke , and L.Esaki,

Appl. Phys. Lett., 37, 931 (1980).

7) 0.A. Chang, A . Segmu 1 ler , L . L . Chang, L.Esaki,

Appl. Phys. Lett. 38, 912 (1981).

8) P . Eisenberger, L.O. Feldman, SCIENCE, 214,300 (1981).

9) J.F,Gibbons, W-S.Johnson, and S . W . My 1 r o i e ,

Projected Range Statistics,Semiconductors and 

Re 1 a t e d Ma terials (John Wiley & Sons,Inc.,

New York,1975)2nd ed.
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5. 4

GaAs .AlGaAs 8 i ^ yBA#(Cfj/:^^aT-- ;i/

CCD#*#, ^#K-AL/c

AlGaAs/GaAsm^f j; 3 @^)Ty ^ - A/: K- t^y 7"7°o 7 %

f U < @#fc-#'5b0-e&5o LT(j:(l)Si ,

n#K-/<-yHDM^o(2)7 0 0°C @&T(Dfgm7°aHz%^

<3 ti 5 o

Hz#A(Cj;0' %$IUCjt"<Tj;(9{&(^mmT#[5@(7)AlGaAs ^^^MBBT$cgT#

±#G8i

6-3^#b^6Rr#e^^LT^ao ^b(cAlGaAs$§^(7)^a%{k(C^#7ZH2 CD# 

A#^^ m^®MBB#m®^#m^y7°-e^6^Ay^y7ic6^T, 

5(aa'##-e^wca6, ##(cmmL7 6K#r^6C6^m5o

6 8 0°CTj5%#L^AlGaAs^a(C-O^T, Hg(D#A(D^^:^#^/c^(DT^a^,

^ CT#^fI/c##)&®^ AlGaAs jt-<6 6^,

#C0#6&(DT&6o

^ y b" - A^n^g#m ( #A^^%GE 400KV)^-m(/VcBB8(Cj;5 

AlAs/GaAs A6 ^5, ^e^^#JL/c^^#(i#

/:o BB8^0&0U;,

@7°o4z%®#m(C#^K##0:e#%#T^5 6#A6^6 C BB 8^}

6C6. 3yb°^-7-^j;6T-7(D^##m^l%666C6, ^^yb'-A(D^^%^

C 6#T& 5o

5.5 4^#®#%%#

AlGaAs/GaAs@%f*^(Dmm#t#6LT#, $T^0MBBmm®#A^fT(/X m#

A^266o - H#(D GaAs, AlGaAs /C

^(h^A^tiao

AlGaAs/GaAs^-ra^#(7)^#^#6LT(d:\ DLT8#J^j&^y=.7^=]7' K-/\-

^ h ;i/ ; ;f' y Hz y %#J

4.2KT0#J^f:&^KL,

^5%#^®#5%7< - K/<y 7^^#-#-ao
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L/C,

wmoeiammc-o^T, ^^##Q)m9-ik(c#^6o
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6. i#s.

SSfBSift

r SKtefafiltfl:#* J ffiiA I*g®*

mmm #chi-(ex«ax*M)

InAs-GaSb^SD' AlGaAs/GaAs S toS^® TV'6 ® ii IBM.

-®v«%9reET. t/c»ttflI%$-£*Kb/c$e»%®epgTifc5o ioT8ef-*Tfe

-y ■> = • * 1- **4 *-K^iiSSSii, ttStSMisSSo

8. -e® A

u
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it, WK<tsn/cfl-^#xt"/z*.>-see®*3L*gsu, 1

6 tic, a#f, #&©W#K#©##a® 4^tttf®ffl^tc!:tt,

££ UTawiae^s-T-MK®, sssfiK* • m;+R®©m^aga^6

Ltz o

2.

B3t$SfF9r
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3. emssR*

3.1

(i)

(a tesjs* • w«se

(3) till ■ 7‘D-fe3fi*

(4) met • wese
3. 2 $##%

JtT®SBKol'T*^l

(1) .

° EEMSe®M<

O it-TiBS®

;sei 1^":

o si

o MBE#^#J#^/^f A®##

(2)

o si MBEm#m##j###(o##f 

o Si

(3) %D:C'7°a4zX##

° f #15

(4) #&#t »

o %^7C##7° a 7" 7 A 2)

3.3

o
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4.

m^m^^6^#6LT, #-?

#L/:o ^6LTMBE

4.1

4.1.1 'TfMmM;##

^ (UHV) T'rfT3^@0%^m#&'r&6^, L°^ 4 v

mj-UT^6 ) ^g&±^ + ^(C-?4 ^'y-y = y

8i 0#^(C(i, CCO^mm^fW-f 6^6 LTU, 1 2 0 0 1C

KGM&^/Co L^L^^k) 

$ff;^(cm#mUk)xh6M#0 8i 9z,/^^#m^50(c(i# 

<0@#^^7o ^MK^6C6Kj;(0,

f < , #m^(C j;^T^ g#(C% u y 7°7 4 y

i>WlW3#§^L^f^6^3/%Ad3&ao

f 4-y j; 9^,

%^T(^6o C0 j; 3 ^@^^#6 LT, Ga b'-A^m^LTv U 3

y#{b#^@^e#u^A#<t:#(c^#LT#m$-wr, -@0K

T^o

Oamwisw,

K6PMfl5:5&lcj;(% #5OA@&08iO2j#^^j5%L^#, * 

^@K#A"f6o 1 2 0 0 %:m_Uc

800'G

Ga a 6^0^157)^^5 0

Si02 + 4 Ga —* S i + 2 Ga20
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810% + 2Ga SiO + Ga%0

800 G#gE (ZX&m'T##

u, u ^ ymmas%m3fT,6o

Ga®^f##®mm 8 2 0 1C'rGa L'-A^-y V 3y&#Km#L/:6C5^

8 0 0 €0@mT##fbT&6 t 6#, M#mf#(m#(RHEED)

(AES) j; (omm^a/co Ga (i8i ^T(i7 ^ 4zy"f <b%6

+ 5 0A@&®#<b#^Mj5%L//:^#^AE8&'r##J

C 6#:b&5o C(DR#^#ibm®^C(C^^7a®^(i 

^ 8 0 0 CJ^±<D^gK% -?T#)#aS6 LT 

y U 3 y 6K^LT, Wc < (,' SiC (c^-oTL^ 3o C® 8iC 

6(C(± 1 2OO'O^l±0]%M^^3 C^,^#^(D-th--7;L/%y f

m@#fb6mcmm*u/:nc^m#MKj;-3T5A^T6U3

AE 8 7=## ^6 6^ 

CCDAE8%^^h;i/^g|4.1.1(a)(C^fA^

ccDK^-^sooG^&fc^n^^a^^ ±#6®^#(i##(c^^LTL

(a) after loading

(b) 550°C

f c) 785°C

g|4.i. 1
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El 4. l.l(b)(C^-f V V 3y^oj;c;##((:j;5##

2 k) 700 "c^±K^a 6, ^

(9^ #y u 3 y K m 4.1.1 (c))o t omm^
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4. i.9

(&)

(b) #';% # L #
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undoped GaAs 580nm
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