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Abstract

In this work, we utilized the HRXRD measurement to recover the missing off-cut
direction of substrates and qualitatively compared the twin defects density of [111]B
GaAsSh samples to study its growth mechanism by the {220} 360° ¢ scans.

First, we classified the samples into two categories by the ¢ angles of {220}
diffraction points. The one is for ¢ =60°, 180°, and 300°; the other is for ¢ =0°, 120°,
and 300°. Later, from the analyses of calibration angles of [111] vector, which is
deviated from the sample normal direction under the substrate off-cut, we suggested that
the surface steps of substrate would terrace down in the direction against to the [001]. In
addition, the reliability of this re-determination method was also discussed.

Second, in the {220} 360° ¢ -scan, we observed the twin defect density increases
as the sample growth temperature decreases, which reveals that the formation of twin
defects is good for strain releasing during the sample growth of high Sb composition.
Furthermore, we found that the higher the twin defect density, the much broader the
{220} diffraction peaks. We suggest that the broadening behavior is resulting from the
shift of twin signals, which coincide with the original {220} diffraction points firstly,
under the tilting of defects at twin domain boundaries. Also, we noticed that the
broadenings of (202) and (022) points are asymmetric at first, becoming symmetric
eventually. And, the asymmetric broadening is related to the substrate off-cut direction.
Thus, the step-growth model was used successfully, in the regime of medium twin
defect density, to explain the asymmetry of {220} line-shapes by examining the tilting

influences coming from surface steps during the twin defect growth.

Key words: GaAsSb, twin defect, high resolution X-ray diffraction, step-growth model,

off-cut substrate
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2.3.1. XRD 32

R

F_k

FRRET SHEHEEdFI AR OR T B TR R EERE ST
A FHF A~

L s BRSM - B S REES S RIGAR T

MR G FF g A - paRudireL > HY 35 B 5 R E &
[,=0f+R, R=ud, +u,a, +u,a,

HF s

LaEda B Higaiz® o a ~a,2 a, » T4+ £ (translation vector) »

v - s
ERE AU R s

SN R u > U, % Usj‘%. ff%fﬁ%’ P gy RGP FRT

AR R B E TR T R

LR SRR Rl iR MER S S8 R R
Hro sty X EREFTIHALE o AR AT 4p T

2dsin@=nA >

-

Pl L E SR PR 05 N bR AR F S F cnd o N D SEEEPE
A s Xk £ > deRl22@)  2FE S RAEY » EsfiEEx Tigy i
Ak =k'-k =G

’

2 _

3

Pk'z Kk Au LR E A Xk E G EF LG NHE LB

]

¥ HRXRD s i3 3 & o b B e84 %]+ S (structure factor)#fid- %
I PR m;#“f#“?]—? L
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SG ={f,, + f, exp[-i %(h +k+D]}-
{L+exp[-iz(h+k)]+exp[—iz(k+1)]+exp[-iz(h+1)]}

A f, 2 f, 285 =%2 7 %K+ k3 A58 5] (atomic form factor) s h ~ k 2

| ) 5 F S & ocnsk 3 4 Bie(Miller index) = F]ut > 7 0L @ dv 2herg g G 8T
A SR G o PEFHHI Y LS &K 3 ¢ (111) ~ (333) ~ (115) 2 (220)... % -

#o7b > HRXRD 5 - fE2Epb i 8 en® )= 2% > F Lendk (TR0 3 @ wd
(rocking curve)~ 0 -20 ¥ 4x ~ ¢ & 4F 3 > 2 % 5 % 7 B Bl 3 (reciprocal space mapping,
RSM)& > 7 0% ka7l anSh R ¥ B RERPBAE LR TR-FEHE ST -
Sk Sa e 2 AL R B B 22 (D)2 ()~ % 5 HRXRD 6160 -20 2 ¢ & 45 #
SRR RIET LB o A T * (220)T 6 1360° ¢ 4R 0 RERAHP BF
B B RS B ansHfElE o gt TR T o e Bl 22 (0)H1 T 0 § AR S
ETEAG DS e A X kd WG G S § ARG 2 e sl B Ak T
G o B X k2 (220) 8 G % & 5 O 0 SRR A Sk & 5 20 5 BB
PR 5 [111] 2w 5 HEBhiE 7 0 @ AK 5 3 35(220) ~ (202) % (022)F G M

S EEE  EE R R S

2.3.2. HRXRD 360° ¢ % ## 45 & B &

g2 I AT R RS f ~ #7 % % (National Nano Device Laboratories)
oo BT B R Xk YEs(HRXRD)#R 3% e & ip) o H 4] 5L 5 PANalytical X Pert Pro

system > X £k 5 4F(Cu)enK , (3 > & A 5 154 nm> K_,/K gnt @i 00X

Peim o A i F R EL2 1 B  (channel-cut) 44 (220) B & #ie s SR & 8BRS 0 X
ko g RIGE 45(220)H & e o Bonse-Hart 4 45 B 18 0 i RIE 0 110
FliE~ BRIFAXRFITER > & B ERDEITR -
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ke @0 AT 2R (220)59360° § & 4R 0 TR R 30
o MR LA S 5 2 4R AR 2.3 977 0 FRIE S A2
S RETENR 240 F %A BT
® BRI X kIS RIS o & e PSR S  #E
b £ B A BHA LR B X ETARLD o 4ol 24 57 o
® MBI Lo W REERE B LWL v 8w X %Ak
T (e o 18 (333)T G 0 -20 Hrds LR B o ek pReho 2
WER ol
® 2{7(333) 0-204+ 4 > 1" Vegard’slaw & 2} Sh ek & vt 6 0 £ 3 5 0
ik BT (220) SESBLE P & @, o
@ UL P AL 3526° T X kAN 0, 0 FHEDED
2y * T HESEE T AK =Gy
® R Ling s > X (7 360°:9(220) 4 kARl 20
O RPgh:EINFY FAUINTE L MA O Y ILE P 4R (T fine-tune
®HESIELE B B 0 T AR B RN IT R (7 o
® Tl - A xS B {220} B S B o
L T BRI B T E BB S T % (AK) 0 2

TR HL o BT SRR TG

a REAFEFEXS 253 8 3 KINEA
b. 4 w3 5 off-cut @ > FAF ez 2w T 2E[111] 2w

e
T
N

PEHRENRE LA TR 2 BApIE 120°9{ 220 BEE 2 5 5 E R
Koo PP L EReh D] 3 BEE st enfEf EL(F % &

oy SELNER N
BLip B A TR B R BA )
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(a) ® Group IIT atoms (Ga) O Group V atoms (As / Sb)

(b) ® Group Il atoms (Ga) O Group V atoms (As / Sb)

Layer B*

B 21 (@[] »~ > ¥ Pa#HLMoRF A~ % 5 BCABCAB 4ok f5iah + &
KA e g T2 gEfp k- 28 o (b) [ w FHAZPFFd RFaFsE R
=+ K adp =i Bk 5 BCABACB » misafpésifcnn &+ K (¢ R+ 4 BN a2 &a - TRa %
Hehh + i > 4ok d 2 {2977 o
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(a)

>—=>

Detector X-ray

(b)
[111]

A

Scan T‘I (333)

direction | ¢
1| 20
Ak
I %
Sample {d

Ak = G(333)

2dsin 8 =nA
v

(c)

[111] Scan
direction
(220)
-1
y .
( G (220)
\
<0
Sample

Ak — 6(220)

B 22 (@QXRD 2RI AZr LB o (0)s 0-20 Fk @ k7 R B(4(333)dd 5 ) ot HiE
LR O o FREMKE N R & 5L 20 0 # AK L E &

;\:T , ;‘%‘d ;i%ﬁ

iz e BH BT o (05 @ & 44 B o BI04 (220) % 6 A Bl) ©
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Rotation ( o increases)

o G =

Detector X-ray

Sample

Rotation (V' increases)
Rotation (@ increases)

Bl 23 LA 2 &R TET LR o AR E T o r B X R R X kY T T30 MG o KR
e AR S e EEEAEE 0 € R SRR T AR AR OB A T TG e
BTSSR 0§ P R RA S T R KG Gk T S L ph TR SR § Y
ERHI e 0440 LT E: 2 HEERSLG e BRI T 6 Fend & o

(a) (b) (c)
C1995 C1996 C1997

Input
X-ray

Output Input Output Input Output
X-ray X-ray X-ray X-ray X-ray

— < < — — WU —
(d) (e) ®
C1998 C1999 Wafer
Output Input Output Input Output Input
X-ray X-ray X-ray X-ray X-ray X-ray
«— < < "'<< < «—

B 24 #H&HA53 Foe 5 e Bl(a)~ () 4 %l 5 & C1995 ~ C1999 2 wafer h¢h 2 o £ p|pF » X
kd LRSS L2 RIBERE o 4TF & iR £ Y 5 60°2 120°-
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221 BELEERZ Sh3 At plok ¢ chSh At 5 Hd HRXRD (333)% (111) L & 10 — 20
i o m (7[28] o d g+ & 7 4v > GaAsSh &7 1Sh F A4 Bl g RS S ERARF A
5 o Cl995 2 C1996 th & @ e P i3 tufp A dad Foo AL 2 47 A B & MOER 27 3
JE B e Sh & AL ) o

Sh & A it

&R FERER(C)

#(333) % #(111) &
C1995 450 0.18/0.34 0.15-0.20 / 0.25-0.33
C1996 475 0.14/0.32 0.12-0.20/0.23-0.31
C1997 500 0.25 0.24
C1998 525 0.20 0.20
C1999 550 0.12 0.11
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3. 5% HiW

~F &Y A4 HRXRD 360° ¢ 4 # 4 k4% 31 (111)B GaAsSb 4 4L p 37

’F_*

BESodb Hind £ DB AEEE o d SRS A P [001]3 ik (7 2°00Al e EJE R
BAop o aflfgd ¢ 2 ERL > Fpt o g AAPR S - 2 HRXRD 287 2 %
Hw A F001]% b (A2 5) > F3d3h 0 p 2 E T R o B F 4 360° 4 4
BERY R REAATERP R A FRRF R EAT LR RPN IR
B RAt MRS o F - 3 G o A R p {220} EL(4 5 (220) ~ (202) % (022))
MR ERE~RERM T o 0h o BMESE7 Jfy ZAF A
w i Moo AP SpE S R B0 (Step-growth) = 4 be 2R P IR % o T AERI D D

2

= £ ALY dofe X Pl & 5 5 FF(surface steps)engs B m AL o

3.1 A Al o g

311 HEAN

M3L1@)5=7 %Pad- BE L% aRT B = a(l41414)0d =
RS Aug e E000) - (1/201/2) ~ (1/21/20)% (0 1/2 1/2):01 = f + 45 -
FJUL] = o f i3 > hoB) 31 (D)9 0 X~ Y 123 Z A u & % 1200 = %
B+ 200057 R+ £t « R H@y iz B ERIF DaEE L W04
A B REEREL A 60° Hd P EVIe, B2 BT ERF g e £ 5 <1-10>
A B EP G LML A 2R e o T [111]7 % & & S5 5 Al
BERARE G F L R A BN T F T T2 (2 1 R RS T
Bt A g B L 60°2 120%6h% & 4ok A A 17 51 GaAsSh 1 5-(F] 2.4) -

o heB] 3.2 @) 0 RS FEAERT 70 s A 0 N T
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AE LA AERL T EA N R LR o AL RSN SRS

o
R
)
4
3
N
?F
oy
i
D>
F.

LA B e B k0 @ XRD Bl A T 2
Ao RN IR Fpt e BATAIOL R § & XRD BR P F HS HR o doF
32 (b)) » FHRAEA L e 5% 60° R H B L L ABEE S e T E 0 A
217 XRD (220) ¢ & 44 P > X 3k ¢ L3 55+ R b At 2 50 > d 20
B F § W P £ T AL 35.26% Fp X kit e B £ AK R PS4 6 i
Boogia cRESFIFY 2 mRieed Bl 337 oo 1] » LR B
i3 5 {220} B B RS fe XY R ZghE 4 60 5% Bl 3.1 (b)¥
ZIRRIAERS e o FPd BI32(0)F oo A Ltk 5§ g & 5 60°
180°12 3 300°%e ! {220} dEb4320 85 > @ %57 2 egk &P & 0°~ 120° 2 2407
T O B S8 ek B {220} L & 0 Aok 31 A0 T B EILE
wafer 4 & & 3 !
® ) 1(60°-~ 180°r4 2 300°) : C1998 ~ C1999

® 73] 2(0°- 120° 2 240°) : C1995 + C1996 ~ C1997 ~ wafer

312 RFEAr S w2 2

d A chk e L (111)B GaAs » £ §P[001]3 & F 2%chAl sy AT » F)p
Bm T ot S LRSS ARl R X ke B A AK 0 R E AR
WA[LLL]S o o B (T 0-20 Fd 1 R RS Sh AL BlF 0 B LE D F Y
PobkRURARD > S eA[1L]e £ B B e £ L AK T 702 5 2 (333)

iﬁwi@ﬁﬁ*ﬂ%ﬁ&&ﬁowkﬁ’ﬂW@gi?U%é&ﬁiﬁ%’%ﬁ
- B4e[111]s B =% o i&d @ hsl s 3 % [001] o

% 32h% Z fe®s = # 5 5 1 & GaAsSb 1k &% wafer foti it ¥ Zxpeih 5 eh
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Yiro & & 0 2P G L R DR A (R 2.3) 0 & B A ER 52k (T pE 4
gk f R AR o 0 C1995 R 5 B Bl B F RIS ALY
B P AR 1.27° 0 00 0 phig PR A RE 2.756° 0 1w R fe H[111] % & - B 4
Pt ] 34 st il BRBAESL R (To-w T 6) ) Sk e B0
WA RIS - ROUR > TE Y %S HEE o KA 0 F 0 IHEPTAENRS
s S > AP TR EFE e BE odh Bihd b9 o 155 H 34 Rk

F_E IR iR > v F N (3.1)

projection of [111] vector on @ axis =sin ¥
projection of [111] vector on W axis =cosW¥ -sin w

projection of [111] vector on ¢ axis =cos¥-cosw ° (3.1)
Y -sin

o= arctan(—COS o] w)
sin ¥

off —cut angle = arccos(cos ¥ - cos w)
gGpsi g g awafer 2 2 w2 offcutfrog £ R AP E 32° e feFr T e
B35@F®ET 7 F&2 wafer q[1l1]w EHF o -¥ T o 5% o H

¢ B 43t 1k (C1998 2 C1999)» H[111]+ B 9458 g & 5 0°2 240°

e W R - Fd SR B Ao k& B R A 60°% 180°s¢ 300°
Lo R E - F I BAEE 0 d LT R RH LTI 1 A a2 i

rafraiEn T B[l 2SR E2 AR E L PR P bo-Y L EE R

T

o f & 5 d [001]% w4l Skl > 4 ¢ @ [U1]% F HaptE s A £ 4 ik
% 5 L S [001] 3 0 4oB 3.5 (b) 0 @ g & R HT L A 3 5 [001]45 B
AR EAR S EoF k> Fpd PART N EAENRELWAZES B o
RAFAT S o hd 2 SR ELR RS RET A A A
$0 AR (L) S A A T 0 SRS 120° i HH R > 4 XY 1 E Z bl
Een Fp @iz poaEs Fe0 = B{220} SRR RA o A BB AL - ¥

Btk st XY A Z iR LR o pAPSREs T 5 F

)
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$[001]2 b chil s » Fpt 7 R[5 B AL P p A 2R T Zdh o £ R A
X1E2 Y $ho 5% Q7 P FE A 11 (220) ~ (022) 12 % (202) 454 8L » L Prchz (B4
HEALEG AT ERGH T - 25 o BAHHLI FE L Ltk A e
N T AT AR RAFRTEDLER 0 F A ke A0
Fik el > B o REREEBTAL s chh B o Jid A S S ) g0 T LA,
89 :7[111]40[001] 3 o % 3t R FE e Bl - B0 50 A5 P Apst i g B 1R
VORI A R SRR hd G o FE RS F 2 [001]4p £ eh e tEFE 0 4o B 3.5 (C) ¥

oo MR ETAFELSE AR B o

3.13. ¥ 73 27 {122 3

d R AT A S P B R A T PR FRE R kS

s

AR 2w A2 FHF AR o AW E 2327 5 /2 0 APk

R[] A » 2 & R DI & R T F

o™

AR PRI B LT
B Rl E RS T BRI N R D T AR AR -

H A 4Bl 31 47F) o 5d B A 7 IR R {220} SEST BE N R eg & R o %
BRIFI b RARF O H A RFLGADT f 10° e Fl2 P02 R S U AI(F
& 60°g & R L) G AL > FPL T A PR EA RS N AT T e

BF O HHTHRERIGOE ERMrE 327 AT R .

AR FEFT AT oA R L 2° A an2°~0035 5 TR 55
05cm~1cm: B & 55 04 mmeo &7 5% &R Flhoff-cut & & &4 77 B arig = o
PG R AR B 0.17mm~035mm > et — k> REAINE FIREE LR
B, A1 AR R A d PR AT AFE AA PSS > F T
FREPIFIenp sy & BT 2bd FEATE S o ¥ - 3G o d wafer (X 547 B AJZ) R
ERenply £ R 215° FRPIREFL G015+ 0 A H B R EATE PRI
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,—L*?i)il‘jtt 20—|_ T o, ¥ ﬁL_/t_!] ’F‘I;E {‘Z; Tﬁﬁi/?q le‘éj‘ém-r)g 4 ‘_,(—‘2\41]’3 |~}JJVE".
Bipd s ERITIR Y £ R R LY AR BIE A 4 88 Rk
R H R A 2% BRI 15°~ 3% R -

Lok Bt R BRI &R0k 327 B BHFHrA) v M.

d B 3.3 7 4 F111]7 @ § » S 4 [001] 2 [220]w £ A B & B05 B
¥ {e[111]w B e & 4w 5 B5473°% 35.26° & EUGUEAT R AL T > 3§

ARG R BOIP 5 FMA KRS B B bR Bk R o 1 4o 35
@#7F » BF XA L P EA S pEHaE s P A ET e N Ao 5
[L11] s o B 21 0 $F & & ¢ cifd 32 60° &P 38+ 4k 6 d 273 1
A 2> Ka o WA 2 gD THIER 0 B {220} 5B N Ry & S
5 0°:120°02 2 240°: 4ot — % o i § 29 % & HRXRD £p) ¥ #718 chis % 7 15 >

=K

Gt T v AP A R AT Lo 3 g R A 7
BAF R AP A S e ¥ - T R RER S N L g b R Al
120°> R Al2r = o 8 5 - 4E% 0k 2 2883V - LS aF 2 9o B AJEE 327 47
Fleng 4 RV Ao FHRERITI BB Y 95 60N B AL AR ES § 15°
Z2p > R R A A 120%nEA 0 @ oo B AR 1 g 2 ok & o s

Hpo s [001]% 7 fFp 8 R - B3R GE 2 5o 4ol 35 (b)Hm o Fl

\"1-

PR EAS AR BT S ARA Y S p g SR PP RE o 2T Y
BRT @I R RIE R R fAo - R RGN S EEFRR A o Y
Fios A fEE A e EH G N E AT AR AN PR > m TR E

RIFleng & B2 % gm F dem (B ea[001]4 7 2 w2 ¥ A EF o

BEM 2SS APREE A TR K2 A S % Rt
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3.2. {220} ¢ & £ ip|

3.2.1. {220} ¢ & § 7|5+ B P

433 405 0 PP epdh e Y +[220][022] % [202] ¥ #[111] % = 4p % ¥ 35.26° -
i (7{220} ¢ & HhHEE o § kMR 500 (220) 8 He R AL 35.26%15 0 F r2[111]
5 B (0 AL 360°% 8K - A m o (022)% (202) S5 BLAE 42 & 4 $1(220)48 F
4 02t 360°%F s ¢ e pF1F 51(220) ~ (022) % (202) SESTEEIUEE 0 @t & & 120°¢ ¥
[111]° % chiEd A 2 PF > € @ R A S E R & s Bip[111]°  FRE4 > &

AR E B B o AT 0 R & 0(220) ~ (022) 5 (202) SEitEE € A ] b
(555 Goo)R (S5 ki & B0 S8 o~ 0 2 1 B & SE5T8E 5 22(220) 854

BLE 4 4A e cPMESHIE 2 0 FPL 0 B R {220} 360° ¢ & s ¢ BT URB TG
b 3B SESTBLIUEL ) U IE b B ot & & 120° #7 R4 e{ 220} 554 BER] & & 60°
B13.6 %7 % GaAsSb # 5-:1{220} ¢ & Hds &% KB ¥ ¥ BB I S L E
K 550 °C e &-(C1999) » ¥ & IR ¥ PP epdhenz B{220} S5 BEI B o " F
& KRR eniE s K R~ 2 {2203 e BT B Fobenpl B e
HAR R REFERS LA ok d > AL F AR 5 450 °C otk 5 ¢ (C1995) » #
SR8 oA {220} 5 R AR g o d 3T {220} 4 A 4R ¢ I IangE s
o [111]7 » EH A4 > © SESELR R T Lt R ¢ [111] 2 » B & Rl f > )
PAPERAENEFRRKOER Y § AR FHENEL > RGBT
JR[26] 2 5 % 4p 14 -
HAR Y 8 pEE % f - GaSh 2 GaAs it ¥ #icA u 5 6.0959 A 2 5.6532A
Sb = A bl d k&l RS R Rk d & 21 Faea LR R R MG
GaAsSh th &5 3 #B 9 Sh = At ] > H B AR JRATR s 4 (Strain) < At = &R
ERFafk&E  a A EFHEIENEAL LA E LR BB FRALF S < 0 fich
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P fedzd oA RS RA ﬁo(dISOFder) [26] > ™ Fa $2 4 fie W B é_i FREROE Y |
PO e Ft o AR S R RRMOIREY o S g Rt iEd

i
A A EPELRN KERTFF Sh &AL HarF kohp 30 4

3.2.2. {220} S4B E R B 1

i {220} ¢ AR Y 5T BREIIG S LE AR S MR
P g2t I {2203 S EEASLE R G R F R A X B HAL ) o
@ o {220} ¥e5 L A j‘ﬁhg NI ARG R aaE R o F S A e s
FILE O WEE e Fp o L0 [ Flek 33 B A ke HRXRD

BRI Y R MRS BER R  A F%‘ﬁﬂ ol @ R Y LA R R T

® 53 Ei&% 1 C1995 - C1996

® 5y % :C1997 - C1998

® Eird s E :C1999
oo s E - {220} 8EsE ¢ oo 24 A Rl B R E 0 d {220} 8RR
ol R Rds e d koo A BB B i KO R s & e E > P g S

BB EEM LS LA R FRL AP R N AhE F A Y e B A 0.2 B uh

MELE R > H 2% EEAtL 339 o

drd 33 57 > C1999 & %2 F B A 2 ik 5 o H {220} 5 BE LT A
753 01°~02%2 2 AR R AR ERBFDL T IRAELFEH 7 EL S RF
YeStELT R P A4 2 05°2 4 > £ 2 HAL R A A F o dofk 5 C1998 5§
B 7 BaBbpf s 2200 5 chpFiz o HMESPELT R § BbnB it fo 9 5 1°2 ¢
Yot 5 C1996 2 C1995 o fpt » | &8-3B #F24{220} 4554 Bh20 55 5 B e 7] 5
UL R RO EL A HEHRNT - L 3
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3T PHRELRSL R ANE PN RDEREIHZT EF B Fp {220} 5554
BB R R e BE AT E R DI o A PR LA T AR R
ﬁﬁ;@pxk,mm{zzo}%&ffﬂh WEF T R R 0t L e g0 30 g
ME o FlEERALFE MRS MOEE S B A O V AL p
FELEPE L TUERNLTE G RELNRA AL DITEE L B E
{220} et 8ts B E LcnfFa) 0 L R4 T ARLFRAEEY E - LSBT 6 § 8 R
bl R P {220}t TG LT 0 P B4 oAp ke eng T G B EE 0 )0 A 7 {220}
SES LB R s R PR RITEE S £ b L o R 2 }*L[29] s A E

*N(B.2) A ik e S

=1

p(ph+ 2gk + 2r1) —h(g* +r?)

h‘:
p2+q2+r2
. q@2ph+gk+2r)—k(p®+r?)
k= p?+q’+r’ (32

r(2ph+2gk +rl) —=1(p* +q°)
p2+q2+r2

v (hkl)E R 4sfe M enf g o (k') E % 3F A& Dh e o (por)Rl 4.2 4 &

B PR T G oo 11 (220)HEEHEE S B 0 £ T U T 3 S &6 22(220)F 7 H ¢
B AN A (T11)2 (L11) 5400 #TA 2 2 - XK TP (220) %6 » F -
BRI (111) 5 45 A2 2 - KBS B¢ (220)8 5 o @ (022) % (202) ¥e bt Bl S
TS AN EE > P - XL E Rk I A 34 - o
w7 [26]¢ BARED  AELFREGAALET A G PN L R

A4 o= EREAI R4 fl > & X Fdh ?Fﬁ“iﬁ»ﬁl‘iﬁ-ﬁgﬁ » Fl G & oo

Ft 2 A RS e d BETeE o Fp o AP RGGLE H LR RS
F] & AR R ’E‘;F B S ERR f‘f’ﬁ’f'?f’l’?"" RS RV LA Wy

5

B A b o o] 3.7 F A o g MEAYER € R AT E B R S ML E &
B At R A g 0 3 {220} R T A B R A A
B4R S R R LR MAKE T AF R b R H R R L HE S N H 4
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3.2.3. EH R A ¢ 822035851 B3 AL A

B AP # ik (4o C1997 122 C1998) » H {22035t 85 R %% 1 & i3
de2 ¢h 5 (022)2 (202) 5L B L R FHHEAF o d WA HFP R AALR L H
FEOE S e S| E S E 4 > F A B 1 RAE hE 0 R d -
| EF ATHOR N B S A Rt TP 0§ 0 {2203 9B BESU R R B 4 o p A PR
PR A AT R A £ e RS ET H -

F#F > #-C1997 2 C1998 {220} e b8t f & &~ F > $31 % (220) & 360°

§EsFs ML Ao 38 “rw o Wl P AR X ik &L AK el g U
Pl - B3 % KSR & o AR Y 7 R T S B B AT Z ph(R AL )
- RIGPARE 0 F L BIRG 0 SHA T SSEEUILE b AR gl ke
7%0@%##agga§ﬁ%a%$%a;wﬁﬁﬁ’ﬂ&£W@§$ﬂ¥;
Fo = & #°3] (step-growth model) » 4 45 & 1y i3 B R & & B2 TA 2 PR
o AR {220} S BEHR <0 A F o

SFERE RS FAA R & MOCVD cha £ Hopiee [30]0 24 o) Ezk 8

R RN R REATERF A2 S TR F T AEES KA

ot

=1

P oo g do SRFGANEESE AR PP A ESRT LR ESITERS 4
FEP F G ST et S Bt RATiER G F A o AR IR o AR
B S R R R A o R R e AR R R Pkt
PP+ 2% 3 ARt Flaan SiTERIE &APE LT HEALB
GaAsSb # &7 % 6 5 FEi 5 kR S S ) o

d 3.1 ()7 4o £[110]60 5 LS AP RF iz o RIH A[111]2 % )
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