55 5 2006 5 Vol.55 No.5 May 2006
1000-3290/2006/55 05 /2476-06 ACTA PHYSICA SINICA (©2006 Chin. Phys. Soc.

Mg* GaN i

100871
2005 9 25 2005 12 4

metal-organic chemical vapor deposition MOCVD

GaN Y min 2.00% . / Rutherford backscattering/ channeling RBS/
C X high-resolution X-ray diffraction HXRD Mg*
GaN

1 x 10" atom/cm’ i
4.78% 1x 10" atom/cm’™  Mg* GaN Y min 29.5%

4 x 10" atom/cm’
0001 0° 4° 6° 9° Ymin Yo 6.28 8.46 10.06 10.85 700°C/10min + 1050°C/20s
1000°C/30s 1000°C/30s
GaN / X

PACC 7280E 6170T 6110D 6180]

H® He® N* GaN Mg*
1. Ca® Be” GaN n p
EX" PPt Ed” GaN
GaN Mn® Fe® Ni* GaN M
“ GaN
", GaN E, = GaN
3.4eV
LED LD
"2 GaN E,
= 28meV
} GaN
A GaN
MBE GaN
PLD MOCVD
SiC 67 . RBS  HXRD
GaN Mg®  GaN
GaN
* 10375004 2004

F E-mail sdyao@pku.edu.cn



5 Mg GaN 2477

Mg* IKS
2. 50keV. 200keV  400keV
12
GaN MOCVD
c 1.28pm. 1
1
/ atom/cm’
A 0
B 1x 10" 700°C./10min + 1050°C/20s
c 4x 10" 700°C /10min + 1050°C./20s
D 4% 10" 1000°C/30s
E 1% 10" 700°C./10min + 1050°C./20s
F 1x10% 1000°C /30s
G 4% 105 700°C./10min + 1050°C/20s
H 1 x 10" 700°C./10min + 1050°C/20s
I 4x 105 40 700°C/10min + 1050°C /20s
J 4% 105 6° 700°C./10min + 1050°C/20s
K 4% 105 9° 700°C./10min + 1050°C/20s
/
5000
2x 1.7MeV / _'_‘ o Wik
He* 2.023MeV 4000 FZ A bERLE
Au—Si 15keV 10%atom/cm? Xy =4. 78%
3000
165°. 3 =
. R
x 107" Pa 2000
0.01°
1000
. 0100 S (S il % G
X 200 300 400
B
Bruker D8-discover X Cu
K,  A=1.54056A . w | GaN  RBYC 0001
20 ¥ o w 20
0 B
e i RUMP M
X
M G RBS/C
0002 0—20 8 ?
Mg
M ! min
3. : X
Xm{n
0001 . 2
3.1. / RBS/C Yo ) 3
RBS/C 0001
B 4 5 X win

0001 1



2478

55

X min
/
atom/cm’ Y min! %o A min! %o
A 0 2.00 2.00
B 1 x 10" 2.96 2.35
C 4x10" 3.73 3.55
D 4% 10" — 2.08
E 1x10" 4.78 4.34
F 1 x 10" — 2.28
G 4x 10" 6.28 5.66
H 1x 10 29.5 19.08
I 4x10% 8.46 —
J 4x10% 10.06 —
K 4x 10" 10.85 —
1500
10"
1000
£
4
500
%00
GaN 0001
700
600 i
500
g 400
" 300
200
100
%00
GaN 0001
0001
Mg* 0001

ijn

30
25|

=
~ 20
E
=

10 1(')15 0%
HEAFIE /atom- cm™?

4 X min

11

10

)ﬁx min/%
©

/.

1 x 10"

0 2 4 6 8 10
PR ES<O00L>FENFEE /(D

5 X min

6 2
atom/cm X min

29.5% GaN Mg*

0001

1 x 10" atom/cm®

700°C/10min + 1050°C/20s
1 x 10" atom/cm’

Yo 19.08% .

Xmin
4 x 10" atom/cm’
0° 4° 6° 9° K win P 6.28

8.46 10.06 10.85.

1000°C/30s

700°C/10min + 1050°C/20s

D F
X min

1000°C/30s
2.08% 2.28%



5 Mg* GaN 2479
C E 700°C/10min + 1050°C/20s 34,60
_ (a) = {120 {5.204
Yow  3.55% 4.34%. sl © i
3.2 X HXRD o sass] | / 16-200 <<
oo ~ e
@ 34.54 1 l-xf/* 15. 196 ﬁ
HXRD GaN 0002 R a0l T" L
0—20 Mg" 34.50 \ / v e
RBS 34.48 17
6 GaN 0002
YI)\?fJg/lolsatom cm™2
2 B 5. 2040
0 1age 34.4841 wm (b) = {20
2dsinf = A 1 —n— AR B
GaN c c*. . P
20 L 34.480f ﬁ
¢ & 15.2024 3
c b -
s4.4761 = - '\ 15.2016 °©
7 8 . . . . .
0 2 4 6 8 10
1B <0001 >IENFBE /()
16000 IETEAN A IR R
14000 i m%,ﬁ,g{ 7 X 20 ¢ c a
1918. 34 34.343 0.15210 4817.6p
12000 |2 1588. 7 34.538 0. 087855 14429 fh b
10000
& I
8000 60000 55 (@) T A
6000 | f& -=- SRR {1500
50000 | 1.8 1
4000 " Jo.20 . /\ J1000
40000 }
2000 | g 10. 15{;g \ 1500 &é
ol &= 30000 ¢ g ‘% 0.6 %
P S . & -0.107‘*E B 1, =
33.0 334 33.8 342 346 350 20000} Eino o o ool 2
- T Z
firsfa26/() 100001995 - AR 17500
6 G 0002 . 0.00 2,00 8.00 1200 100
7 s VEAFIRE /10" atom cm™2
Mg’ = RERE 2
1% 10 2 (®) AR I
X atom/cm C 2400010-0432 - " L 1200
5.1884 5224 ¢ . e S
1 x 10" atom/cm’ C Eé 200001 0'0423§ oA st “&Eiﬂf - 900 %
BS ¥ g T s
R g 16000-*"°414§§ a 600 E
4 1
12000_—0.0405 . {'Z:\- By 200
=2 0 2 4 6 8 10
1R ES CO00L>FENFFE /(D
8 X
RBS a b
4 x 10" atom/cm’ 5.202A 5.204A X
Mg” 0001 0° 9 ¢



2480 55
cm
2.
C
4. 3.
1 Mg* 4.1000°C/30s 700°C/
c c 10min + 1050°C/20s
1 x 10" atom/
1 Feng Q HaoY Zhang X ] LiuY L2004 Acta Phys. Sin. 53 626 Vantomme B. Pipeleers Zhao Q 2003 Phys. Lett. 20 102
in Chinese 2004 9 Li Z H et al 2005 Chinese Physics 14 830

53 626 10 SongSF ZhouSQ ChenWD ZhuJJ Chen CY XuZ]J2003
2 FengDH JiaT Q XuZZ2003 Chinese Physics 12 1016 Acta Phys . Sin. 52558 in Chinese
3 Segawa Y Ohtomo A Kawasaki M Koinuma H TangZ K Yu P 2003 52 558

Wong G K L 1997 Phys. Stat. Sol. B 202 669 11 Kudrawiec R Syperek M Misiewicz J Paszkiewicz R Paszkiewicz
4 Zhou S Q WuMF Yao S D2005 Chin. Phys. Lett. 22 1984 B Tlaczata M 2004 Superlattices and Microstructures 36 643
5 Nakamura S Mukai J Senoh M 1994 Appl. Phys. Lett. 64 1687 12 SongS F Chen W D Zhang C G Bian L F et al 2005 Appl.
6 Zhang ] F Zhang J C H Y 2004 Chinese Physics 13 1334 Phys . Lett. 86 152
7 Zhou S Q A. Vantomme Zhang B'S Yang H Wu M F 2005 13 Chu W K Mayer J] W Nicolet M A 1978 Backscattering

Appl . Phys. Lett. 86 1 Speciromeiry  New York Academic Press pl68
8 YaoSD ZhouSQ YangZJ LuYH SunC ZhangGY A. 14 Doolittle L R 1985 Nucl. Instrum. Methods Phys. Res. B 9 344



5 Mg* GaN 2481

Study of radiation damage in Mg* -implanted GaN *

Meng Kang Jiang Sen-Lin  Hou Ii-Na Li Chan Wang Kun Ding Zhi-Bo  Yao Shu-De'
School of Physics ~ Peking University ~ Betjing 100871 China
Received 25 September 2005  revised manuscript received 4 December 2005

Abstract
The GaN films grown on sapphire by metal-organic chemical vapor deposition MOCVD have excellent crystalline quality
Ymin = 2.00% . Combining Rutherford backscattering/channeling RBS/C  and high-resolution X-ray diffraction HXRD
measurements we investigate the radiation damage in GaN films with various doses and angles of Mg™ -implantation.
The results of experiments reveal that the radiation damage rises with the increasing implantation dose. Under the dose of
1 x 10" atom/cm’ X min 18 less than 4.78% and when implantation dose exceeds the threshold of 1 x 10'® atom/cm? Y omin Will
be up to 29.5% . Random implantation causes more serious damage than channeled implantation and in a definite range the
damage level rises with a larger implantation angle. At the implantation angles of 0° 4° 6° and 9° deviating from 0001  y .,
% is 6.28 8.46 10.06 and 10.85 respectively at a dose of 4 x 10" atom/cm? . After annealing at 700°C for 10min and
then 1050°C for 20s the damage recovers to some extend. The crystalline quality of the sample with 1 x 10'® atom/cm® implanted
was reduced to 19.08% . In addition the annealing condition of 1000°C for 30s is more efficient and the damage recovers

better.
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