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Investigation of InN Epilayer Grown on Ga-face
GaN by RF-CBE
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Wei-Chun Chen, Jr-Sheng Tian, Yue-Han Wu, Shou-Yi Kuo, Fang-I Lai, Chien-Nan Hsiao, Li Chang

I-V 3%+ 488 ¥ 09 fALSA (Indium nitride, InN) £ R ERE T L4 ¥ R ALAAEH NG omRTE
HE N [IFHEEEM KT TFTHEM0.65-07 eV ZAERFMEE - ® B ATKR S oYy InN st £EA 5 F
% %db (MBE) 14 # 4 B f.48 504 (MOCVD) 7 X Al - 122 R InN RFZHmHMRY > Zhkeed
InN & B4 Jegdtny > d7d InN X RARBE 45 600 °C » BEAGEY RE BB AT REHSE NN
73 R MBE & £ R Ty ik AFFR TR 095 b 77 XA BRMBILERGE R A% TH S MBE #t
MOCVD Wy % 248k InN > 42 F = 7 R4RM M2 AR TMH S V RE 11 %R X RR > Mm% InN
SRHSHESHERATAH RS - &R RABAR VILATIF - B R RiBk InN 48 3
IR EE AN - FRERISE - £ VI AB A 1.81 A RELHET > & (0002) #2 (1012)
x-ray rocking curve F & L5 51 %& 455 arcsec #1070 arcsec © W F & X & FHME (TEM) X404 » The
InN ¥ GaN 41 & 2 % W45 & 1 (0002);,0//(0002) gy 82 [1120],0//[1120]6,y * 3£ B InN &7 & 8% 2
R@@ i B—7d@ & VIIATLGS 181 B N FESZRAERE 494 1.9 umh - £ ARMHE
V/IL 78 Bk Y i 38 A

Indium nitride is a III-V semiconductor which is potential for optoelectronics and electronics application due to its
high electron mobility, high peak drift velocity, low effective electron mass and narrow bandgap of 0.65—0.7 eV.
InN has been grown using metalorganic chemical vapor deposition (MOCVD) and molecular beam epitaxy (MBE).
It has been known that InN has a low dissociation temperature at 600 °C, such that the growth temperature is limited
by the desorption of nitrogen and the thermal decomposition of the films. Therefore, the high-quality InN is usually
obtained by using MBE. Various processing parameters may affect the quality of InN, such as substrate, buffer layer,
substrate temperature, pressure, and V/III flow ratio. In this study, polar and semipolar InN films were prepared by
plasma-assisted metal-organic molecular beam epitaxy (PA-MOMBE) which can have a high growth rate. Detailed
characterizations of structural and optical properties of the grown polar InN films were carried out. The results
indicated that In-polar InN films grown with the V/III ratio of ~1.81 has the smallest full width at half maximum
(FWHM) value of 455 arcsec for (0002) X-ray rocking curve (XRC) andFWHMs value of 1070 arcsec for (1012).

The epitaxial relationship of InN with GaN substrate is (0002),,,//(0002)g,x and [11207];,x//[1120]g,x as determined

by selected area electron diffraction. Additionally, the InN growth rate decreases from 1.9 to 1.4 ym/h when the
ratio increases from 1.81 to 4.
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RF-plasma
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well) » & T & (quantum dot) #EHE B R ZLY
P35 {5 TT R S R AR A I T A L R B Y A A
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4400 | Optical emission spectrum of nitrogen RF-plasma
RF plasma : 400 W
4200 | N, flow : 0.5 sccm
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4400 | Optical emission spectrum of nitrogen RF-plasma
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Fon T E A RF-CBE RAAAYR -+ HE G e S TH I
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N . & 1. TMIn # 1 B i & 3 & = 24 2R (torr) ©
S |8 @ 540 C
S |©& o — —
> (= 8 T 3 Temperature | ¢ | 50 | 25 | 30 | 35 | 40 | 45 | 50
< g & (C)
£ 8 o«: S =}
N Z
< T 3 Vapor Pressure|  o713.05|3.56 |4.41|5.41| 7.2 | 8.8 [ 10.6
R 'Y (Torr)
N § 500 °C
o O 6 jan F ~ > S NN=] N N,
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z |6 z PRI 225 (A - DR AR BR Y P IS DL
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gas) - EfEFAMRIGE EN AR 0 HREBES
JBE 7 i v ) e L 2 R ) i 2 e R 5 T N, RIS
Fi13.56 MHz S#EESLERSE A RS EER (N,)
fRmE R E(L A (N*) - DURSEEMRNETE -
AR InN 2 A5AT » Aol IERETEENE 600 °C @ HETT
RAIBVE R 30 5788 - (FIFREENER - fEAEA
N, &R 1 scem (FI5 1 x 107 torr) » TR
350 W HYZ 8 - HEfTERRIAEEAY 10 478 - BE
HIEEZE 500 °C #EMHETT InN £ fapR - RIEANE
HIRAZ R R InN FTSRIR9A5 SR a0 E 8 EdfE 9
AJ%0 » DL RF-CBE ZA#fiAkE InN A SR
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[ - B S AR DB ABIER N, FigIRA]
FEMERIFER - (E5 RS FH &5 an Bl T {FRR
3 (<5 %107 torr) » RIELHEEAHISEN N, Ji RELE
HETHR 53 HIEE Ry 1 scem Bl 350 W »

4. B2 H
KREEFTE S InN Z A IES 8% 2 A

N FRyHEE InN IR DIRE R AT 2 B 2 8RN

k2. & InN & TRE5E -

DAASE] VAT i EE R InN 22

Substrate GaN/A1,03(0001)
Base pressure (Torr) 5%107°
Substrate temperature (°C) 500
Radio frequency power (W) 350
Growth time (min) 30
Nitrogen gas flow to
trimethfllingium (TMlIn) 1.81,2.22,2.86,4




L == . === (0002) ~ 592 arcsec
— » — (1012) ~ 847 arcsec

Intensity (a.u.)
Intensity (a.u.)

— - = (0002) ~ 645 arcsec
— = — (1012) ~ 912 arcsec

9.
500 #2 540 °C = InN

-3000 -2000 -1000 0

 scan (arcsec)

PRI B B O VL IR LL - AR AR TMIn
T o HPARAMENER - BHThR - TIFE
Bt RFHHEARREFE SR ERE -

=~ BRI

& RF-CBE At LA E VAL fiE EkF InN
DURERY GaN |+ MG BCRIR S E R 500 °C » [H]
A & S AT R T R 1 A » KR TH
SIFTAEREEES - WA LU T AR ER G -

1. BR RS

R R EGE EE AR E S G B
BRI &ESTE - KRV RS E R 2 5N
S EETEZRIE - KRR R R R R RS
FEER - B RS W E M - IRV T1E
REEEZBIERE - SR SR fEg e 25 %
aufl R + BEDIHE InN BiZE{T6EFH XRD #1T GaN
it e i S T A ©

10 Ry GaN Z2 it M EAS X HEREHIAR (x-ray
rocking curve, XRC) E IR » AIEIZETE GaN
HEHE (0002) HIEEEATR 320 arcsec 5 TMIEETH
M (1012) BRI BT R 380 arcsec » FHERHA—#i%
LA HVPE 8§y GaN H:AR - HEREE (0002) #75
90— 100 arcsec™ ZKFE » —HEF R EN GaN >
Hifdh B O S - BIELIAE VI Fig R
PURERY InN R SLES M2 11 © R R B RAE E

1000 2000 3000 -3000 -2000 -1000 0

MR (0002) ¥ (1012)
XRC 547 ©

1000 2000 3000

 scan (arcsec)

—=— FWHM of 0002 ~ 320 arcsec
—e— FWHM of 1012 ~ 380 arcsec

?_:,;:;:m

k.

Y
— R

T
Sr—

Normalized Intensity (arb.units.)

A | "
-2700  -1800 -900 0 900 1800 2700

 scan (arcsec)

10. GaN 4 87 & #H4% & (0002) #23F #H45 & (1012)

Z XRC °
~ o
g2
S S
=z
-~ |z — F
g 1586 g = S
S S S S
3 IS3 <) =
£ ™ ~ zZ
s ot z 3
g = =
= < ~
Z V/IIl ~ 1.81 A A
c
@
z V/IIl ~ 2.22 A A
VIl ~ 2.86 I\
i |V/“I~|4 i N 1 .A i
30 35 40 45 50 55 60 65 70 75 80
20 (degree)

11. &~ R VI Atz InN EREH#» GaN 4
% B oy 0-20 X RE4TE -
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3rh A /L InN(0002) ~ InN(0004) + GaN(0002)
GaN(0004) B Al,05(0006) FLAR#ESTIE - Al AT DL
AELEFTARY V/IL Fig LR T AT AGRAY InN
BRER LA ¢ Bih R AR SM  [FIRERE G
804 B (Indium metal) BJERGE (20~32°) » &
BN A UURE InN BT FH A9 11T % 17 BE
Y)-TMIn - # REELSIAR R HAIE LR HE T SFE -
ER] [ 1 o B [ 3 2 B 28 LR 5 B HURH AR - HER
A Wu Z ARFERCY > DL RE-MBE #A#fi & InN
2t BERIRFEESEERZE In BIFEK - Fi
RHHRAF In SEHEEIHE - #5H XRC &1
R B R A R 12 AT ERTE R AT
AR InN LIRS S (0002) HIF=E
HUE I EBIFEE (1012) FUFE S PR 455 — 1167
arcsec £ 1070— 1170 arcsec [ » & V/II =Lk
B EAE 1.81 FF » BEx InN A L E MR/ N2
EEE 0 H (0002) Bl (1012) 43 51R 455 arcsec Hil
1070 arcsec * [L{EME SR GaN FEEfE - AlRERYJR
R By InN HEE DR IAEL GaN 2 [0 & fs
UEFCFTE A B SERL 2= PEFTR2 2 - AT Tuna S§A
@ FI]F MOCVD B Wang %5 A\ ®® [\ RF-MBE &
InN 2 GaN EFT{SEIHIEE TR InN (0002)
—750 arcsec » InN(1012)—2900 arcsec Hi InN
(0002)—350 arcsec * InN(1012)— 1750 arcsec ° B2
RS SEAH LS AT 40 > DL CBE BREAY InN EofE Sy
BH AR SNE InN IS RMAE M -

AN 0 & VI AR 2.86 FF > FT{SE] InN
ZHEREEBERA > R - G TH
InN #8505 Y Ji - 6 B B HR T Ry AL » AT
HAE RS - SR B XRC SEIHIHEARTT DS
HI InN A B ARG A B B R e - (H A BRIAELRE
e R - KA XRD o iTEEes
HI5H) XRC BEAEE T Lt fREIAYERFERIRE -
RTERFG S B e BN B R R - 1)
HEEFIR XRC 55 AH IS 5T & IR A i) 22 5%

&« A XRC ATl &R EEBEREZEEZFA
#=HE (threading dislocation) ZERFECY - &
FAEPBEE S BE2PE (screw dislocation)
HEWNE c MEATEENRERER - HAERK
#ria) & (Burgers vectors, b) & b = <0001> * ifij
oo BT RER (tlt) AEEAEE - Al XRC AT
WHEREEREERE A FHE - JJZTE (edge
dislocation) 8 {5 a iz LGP TR BRI -
H b = 1/3<1120> - EHE# (twist) AEAR - Al
XRC FrHlf5H-FEEEREEA ; 55 BEHE
7 (mixed dislocation) 7ZHF » HAARITAER b =
1/3<1123> » Ho2 iR fEsE T =5kl & M EeHY -

T A A L Ay ] 43 B DL AR 3R
2

tilt 1

a"[p] = cos™'[cos’(p)cos(ag)tsin’ ()] (1)

a™[p] = cos ' [sin*(p)cos(e,)+cos ()] ()
A aq HEFA - o, HAEAE ¢ Ty Lattice
plane inclination - i H S EIFYE{E LA LT (3)
B (4) @) AT DARERS HisR 15 B B X BB -

2

a
N, =—"— 3)

4.35b

(12
N, =—2% (4)

4.35b

B o, BIREA - oy BIERA - b RS
[E] 8 > Heinke FRHICY » DL o BUFERERIAR AT DAME R
AR - AR B InN (1012)
PR A E R AL ) XETEEERIIE -
REEAK (3) 8 (4) XEtEE - "ThE LR
AR T ZHREE - S RIRYIRE 3 o BYIER
chEsI o IRHE AR 3.8 x 10° E 2.1 x 10°

% 3. V/II | Screw component dislocation (cm=) | Edge component dislocation (¢cm2)
Rk ZHEILT] EHEEE o 4 2.13 % 10° 5.15x 1010

2.86 2.73 x 10° 5.29 x 1010

2.22 6.63 x 108 4.43 x 1010

1.81 3.77 x 108 4.23 x 1010
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Normalized intensity (a.u.)

—-3000-2000-1000 0

(a)

Normalized intensity (a.u.)

. —— (0002) 455 arcsec
t —@— (1012) 1070 arcsec

[ v/~ 1.81

1000 2000 3000
 scan (arcsec)

L —8— (0002) 1320 arcsec

[ —®— (1012) 1872 arcsec

L VIl ~2.86

~3000-2000-1000 0 1000 2000 3000

(c)

FWHM (arcsec)

(e)

Normalized intensity (a.u.)

(b)

Normalized intensity (a.u.)

. =@ (0002) 630 arcsec
—8— (1012) 1231 arcsec

[ v ~2.22

-3000-2000-1000 O 1000 2000 3000
 scan (arcsec)

| =@ (0002) 1167 arcsec

—8— (1012) 1770 arcsec

VI~ 4

-3000-2000-1000 O 1000 2000 3000

 scan (arcsec) (d)  scan (arcsec)
2100
@ (1012)
1800 | @ (0002) o
(* ]
1500 |-
o
1200 | ) 9
" ]
900 |-
600 | o
* )
300
0 L [ L 1 n 1 " L [ L 1 A 1 L 1 L 1 n
15 18 21 24 27 30 33 36 39 42 45
V/III flow ratio
em 5 T T ZEPREER S 42 £ 5.1 x 10 cm™ > i =

& VI & A 2.86 B » (i XRC & HIAT41 - H
i e E R A B A (T Ry i R > FHIL AT H)E >
PR A A T A2 B A FE B AR P R - TRl 22 HE

FIh

#EAF (5)

12.
R E V/IL R E W (a) 1.81 ~ (b)2.22
(c) 2.86 # (d) 4 Z &t F ATt
InN #BE# GaN %1 &t XRC &
R 5 (e) & XRC BAEH V/II A& R
1% -

[z - s VI fi & g (&R - mlfH

B InN YRR -

[FIBEEE 20-0 EHFTEERIERZE
FHEHATER InN 2 a SHEH ¢ Bl 5%
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5.720

m Vil~1.81
g 5715 L e Vl~222
= | A VII~2.86
o ~
5: 5710 b ¥ Vi~4
- InN bulk i
o i il
% 5.705 | - -l
E ‘I—Y—l
Q 5700 F
)
o |
L 5695
Q
5690 i 1 1 L i
3.51 3.52 3.53 3.54 3.55

a-lattice parameter (Angstrom)
13. R V/II A&l ATt A2 InN # 5 a $h3f2 ¢
3%141 o 1% %‘%ﬂ °

28 WHATR

2 2 2
1 =ih +hk+k +I_ )

2 2 2
d(hkl) 3 a C

B dy FORTRA AL > a B e RSS2
TR AL FRANE 13 for - & VI fi&E L AE
1.81 [ » BEHY InN HIRH o Bd ¢ BEA& 2 ES
Bl 5.706 A B 3.538 A - [L{EAHEEST(LEEET &
(stoichiometry)®" » Rl FTEITERZ I F T FT R
InN » B S MBI HAER R A Z 8
[iE%# (strain) EL3-PAERFRZIAFAM (relaxed) &
fEm VI s Z 2.22 B 4 BF - BURILIRIE THY
InN HREY a B o FlE 2 MR - o S g BE R
/N HEERPTRERY IR A2 A InN FELE R N Ry IR
{LEET ERIELR - Al AL EE A AT RE R K ERY In
ZehC?) o TR AL A RS R B IR = 5 AR
SH—H » EEMEETT RS AR CRER
JASZHR) » BERRE BRI InN HIE S C &R
RS - HHATEER C BF{E InN T
AT HEBEEYE o R Duan™ EEH ERETHE A
DU » BRI 598 N {72 (substitutional
carbon on N sites, Cy) H2 (&P aEZ B 7
#% (shallow acceptor) » {HIAIRy C** B N** 2 T8
895 0.016 nm * [ Cy WF/EEZ BN E
I OSRG-S 2B RE F a il -
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Vil ~ 4

(a) (b)
14. & V/II A ¥ WA R &= InN YA SEM #A]
InN % (a) R @ (b) A @H i

FERITE V/IIL—2.86 Ff » 1] DLFS IR 24 Bl H
BROEAF - E 2 EER =R - A0
BETERCRAETEF - EEZERZ N 22k (Nitrogen
vacancy) * JEMIEEREZRE - T o B o B5
REEEK -

2 REMEEHEEH

14 BUREGRAF TRTRRZ InN [ 3% i gl
BT o AHE SRR o EIER IR AT
BN In BHERRR S - DLASRED XRD pATHG R —



TMIn ~ 0.55 sccm (V/IIl ~ 1.81)

nm nm

200 200

x : 1 um/div

RSM ~ 25.4 nm z: 200 nm/div

TMin ~ 0.45 sccm (V/II ~ 2.22)

RSM ~17.7 nm

x : 1 um/div
z : 200 nm/div

TMin ~ 0.35 sccm (V/III ~ 2.86)

nm

200

x : 1 um/div

RSM ~ 15.5 nm z : 200 nm/div

TMIn ~ 0.25 sccm (V/Ill ~ 4)

RSM ~12.3 nm

15.

AFM A& A A B V/II
REWAT R EZ InN &
o AL o

X : 1 um/div
z : 200 nm/div

B oo A BIRKREZFEAEEHEE - BB TR
SR - HERT InN ATREDA = HEEARER - K
S WA A E A EEORHY TMIn B (V/IIT—
1.81) » In R EHETEERER A EEIN G HHEH R
% HEMIP AL In BFEREE R & 8 AP
R =HEETE - & In BIENETAYELRERY In 30 N [7
FH R R B FUE RS - S LSRR I
T AT A R T T BOEAB R -

R THE—F T RRATE IR ATHE 15 7
T HIEEMSREATHI &R 5 x 5 /sz 2758 (root-mean-
square, RMS) Z[AIFHEE FE1S] - & V/III—1.81 [ -
RMS BT R 25.4 nm 3 Z » V/III—4 [ > InN 2
RMS {EAT Ry 12.3 nm » K[FLATH] » & InN HEERH
FHEEEE RMS (EFEZ V/III 7S s hnmiEd - &
B VI s bl - B InN SRR RSTEeoR - Hopk
TR AR+ A 5 B 26 ORI B B R 244

L e 2RI SRR R E A EEZ R InN &
B P 28 RS, ~ RO BOK, » DRI BRAE R b 18
PR A BORRIEE R L& R

S—7H > HETEFH A LAHDE » InN H#E
HIEEFEE TMIn HYJTERGINmmE i - £ v/ —
1.81 Bl 2.22 I - JEEEATERy 1 um ; ££ V/III—2.86
Bf > #7% 850 nm ; £F V/III—4 BF » 7% 730 nm -
B SRR A EREZLLERER InN B - R EE
ERRERE T S MER ZDIREER - IigRE
16 » HEATH] » JUFEEHER 1.4 2 1.9 ym/h » il
HElE% T™MIn ESINMmE - EE2RAER
FEHRFR ML TS 2017 I E2RUREE V R IE - ARIME
TGN TMIn i R (V/II < 2.22) > PUFEEH
PAERE - BHERELENTE - mEEES
TMIn 2R % Z AR In B N* 2R InN 237 -
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V/III flow ratio

4 2.86 2.22 1.81
2.2 T
20} @ _--- 9
IS i
3 18¢f L
Q -
© L@
S 16+ ’
; &
e s
(G) £
14+ °
1 " L i L L 1 1 L i 1
0.25 0.35 0.45 0.55

TMin flow (sccm)
[ 16.500 °C Fi Ak InN #EAREABILTZ
DR E o

3. RERRPEM GBI

17(a) k5 V/II JEEL 1.81 FrPlfEZ InN/
GaN HZEZE A RS (TEM) HH R B e A [
(near two-beam condition with g = 1120 InN) - HH[E
AR E] InN JH R 2 (A1 AE R A B Y R SR A
B 1 um - FHEIFAEE SEM FT{S- 21/ 5 i Ed g 5
Frifll AR E(E - I H InN 8 GaN 2 Ry AL E

0002,

._ L
1100,

17.

(a) V/III iLZ /2 1.81 FAIOIMZ
InN/GaN #4727k 4% & TEM B -
(b) InN/GaN 4 i 4% % L. 41 ) - (b)
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zane axes J1120

B - FERRIR A AU G AR B - [FIRFEZRTE InN
g RN B RN In B EE - BEFEL XRD
AT AE SR A I In SBREHEHIE—3 » For
G DU T AT AR InN SRR H KR K&
SIBHISEYMEE In SEEEFTH - miEETE
o E LR E R I, » RIREE AR AR T /N
A T B T e G i PfT 7 AR RO SR T EL - [RIEE
AIETIERE GaN HYE 27 = HE: 528 57 i H B
RELEMEA InN FiEH - BEAPPHAE © InN
R 25 BB 2 2K B IR R AVTHHEL GaN Z [
) A% AR UE O B 7% B InIN 388 I i 5 P o 7 2R A
5ok o [@ 17(b) 2 InN/GaN 2 2 5 [ 3
(selected-area electron diffraction, SAED) » & AHT
BT HRWE (1120) Sl ARl B R HEE - A
5 B BT A St IR - T A T LAt R T
SERE DRI ] P R S e 4 I [ 2 A5 A B T R
JEG R4 A EE In S BAVHERE - [FIIF InN AYREGTBY
SRR A6 B R EEE GaN BYfES
BEAE SN - R AT HERE InN 2 B AL AL RS - Al B
GaN Z[H/2% ER » H in-plane ZLBHRE
(0002);,5//(0002) . ~ (1100),,5//(1100) 6, B2 (1120)
n/{1120)a © 2R1T 0§ SAED [EIRE S22

w
0002, 8

.
“In™



c il 5 A AR AR ST R BRATRR - LELGARERAE InN
B 2 = B R S TR -

18 B V/III &Ll 1.81 &2 InN fAE 53R
TEM 4% > iDL g = 0002 Bl g = 1100 #5135
BEHS (two-beam) AR « 7EE 18(a) 1+ & g =
0002 FufEaf GefhiE » I DUERBHER S5 ENE
A EYEEER N KRG ; FFRFHEE 18(b) &
g = 1100 Fuff b R eEms - m] DUBISZ 2 SR ai B -
ANFL A 7= (basal stacking fault, BSFs) 8z HEER
(dislocation loops) ¥ » E#EGE R » HEEL R
1.5 x 10° cm™ » HIEHA RE-MBE FrijlfE & ihE .2
GaN HSEER G TRy 10° em™ » B THTAL
RZ InN EEPEREZK S GaN —{EfE
R EE E R B REE - HEEERE
A ZEFLEY B R B E R R B B s [REHY

19 SZLA [1120] 105 and Gan o i B 77 A0 8 52
e T REEE TEM S5 F8 BRAC (lattice fringes)
s G B [J SR (L T7 ZERE A [E] (fast-Fourier-transform
pattern, FFT) ° FH (0002),,~ HYSASEEEE - AT
DUFEHMEE] In i+ 2hE%...ABABAB...Z ft&
e 0 e #E B B RS - BLHEE T &N
AHEBE T 0 R PTHERE HoR N T il R AR S T A
% 5 (0002),y FIEEASERALE S - AT1RH] ¢ il
E S 28R 0.57 nm o [U{EFE BT InN 3247
Z it 2 80CY  HEL XRD S E B & TS E]
HIEFEEL o BLAE - — 2 7 S AR R 5
SOl FE  & .. ABABABAB.. M /& E 7
f%...ABABCBCB.../HEBIEFY - &l B Em
BRI B A A AR AT 1 0 AT HE

FRE Ry 1, type © 1M BT ZE PR G BUR 85
Fii Z= PEH A S0 AR 4F InN il GaN B 5 - ffiis gt
SEIC 2 HE L 2 R RSP R B A Ry 2.76 nm - BHEE
et InN EFE GaN 2 BB EERED (~9%) By
FERAAE - b fEREREE - SERCEBERE LT
A AR AES 53 A RS SE BC TS LAY SEBCHE R (misfit

strain) ©

I -~ #5Em

ASCFIA RF-CBE PAVUFERFEIBRAFZ VAL i
BILEE InN #EA GaN #EE g L - (v
NEEEFTE R InN HESH B RER T - S
Bk~ HERIES BIEIT A HTELERET -

InN FHHEEE &HEZE TMIn i &5 g
e ByESEREHER R 1.4 £ 1.9 um/h - XRD
il TEM F55REUR » & VI LR 1.81 FF » InN
B R ERRS S E o WA ATA InN 2B AL B
GaN Z /2% MBR » 2 in-plane Z&5LBAGRE
(0002),,1//(0002).x ~ (1100),//(1100)6, B (1120)
AT 200, 0 SPERAEEEEERE B 426 X 10 cm ™ ¢

FEE LA » DL RF-CBE FTifE2 InN #5
funtE B RF-MBE J7EFTIUEZ InN A5 il B A
L FEAEDIRREER FEY RF-MBE » {HIF% C
H {5 RSB E 2 - B RE S0 RF-
MBE FiE R Z InN » IR TR E @SR % -
DU HEE TCRIREE - A - PTG AT RS FHR B
CRUSF G ~ R i Fr B S B B 2 ] P e B e (IR
TMIn B2 N, Jii &% -

18.

VIl & 1.81 PRt
InN #% # & A EH TEM %14
» 3 (a) g = 0002 3 (b)
g = 1100 # & F R 44 (two-
beam) & A #HIFAF -
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