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Table 1 Growth conditions of GaMnN films

Hy Jif Gajfif Mnji® N diid A RKERE Mn &R

/scem  /scem /scem /scem /C /%

i A 1.0 0.5 7 50 650 0.200
Feih B 1.0 0.5 10 50 650 0.429
M C o 1.0 0.5 10 50 700 1.041
Him D 1.0 0.5 10 50 750 0.134
A E 1.0 0.6 10 100 650 2.952
S F 1.0 0.6 10 100 750 1.931
2 LI

SIS A A AT B A9 H i /5 RHEED J5 A7 W
% 25 1) ECR-PEMOCVD 3¢ & FiEf7 a9 " . R
TR (Cpo M) AE R 4R TR L = 2 R R I AR, =
B (TEGOE NI, 7 o- AL O; (0001) #F i I
HMEAE KR G54 GaMnN . iy F Cp. Mn il
TEGa 1) 25 L BAR B LA R N, Fil Hy AR A
HiES 5ca s i SRR T2 R = 1T
Ui FH 6 SO B B % BT IS R0

S L FR Ay N AT IRV VE AR Ak AR e 2
FA R AME J2 9 A B 15 S5 ECR-PEMOCVD
MBS =, X AT i A 22 PR «- AL Os (0001)
R HEAT AL R AR B 5 B FIRE T, D AR R
P43 2 A A= T . SR 5 R FH RSS2 T R X 55 B
AV Pk B Aeb IS e 1w 64T Ak . 7 R — )2 AIN (2 2
PLREAIR Al A G L . T P AR RL B A K GaN 22 np )2,
DAZE fife DR b 4 2 T 51 A6 19 IO R0 A7 46 5 Ok e TR R
KB GaMnN M E )2 4 A A X 58 28 1 AR KRB AR,
AT R A GaMnN SE 2T F K4 p 3 al . A4
K25 d it 2 W Cp, Mn JEF1 TEGa ¥ . 3 & L& <.
SUSICH  AERE IR B 2 . GaMnN A E A K
) SE 80 A5 3R 1 R .

3 GRS

Bl 1Ca), (b) 4 5| & MR GaN 28 w2 F
GaMnN 42 # RHEED K% . |8 1(a) H GaN 2%
2 RHEED B 2 3 sl iE 4ok, R w2 %
MR 4. & 1(b)d GaMnN 4pE 2 1 RHEED
PET A5 ) 52 B T ) B SR SR L ] GaMInN b 4
JZ L HAR AR AR, WoR ) =4 B R4 K
B[Rl 2R B GaMinN {RAR LR 3575 J7 tH S5 L 1 HL
WA T A 22 A

&2 FE 3 gt TR ALBLCLD ORITAE B
E.F 1 0~20 14 X A s |, S5 E 2 20 =
20°~80". Jy TEF HLA . X ST AT 5 B4R S iy X
SRP £ AT ST 5 BE ) 5k 55 WU AT T HES L I AE B AR

(a) GaNZnh)2

(b) GaMnN

[1120] [1100]

1 GaN 22 GaMnN SME 2 ) RHEED & 1%
Fig.1 RHEED patterns of GaN buffer layer and
GaMnN epilayer
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Fig. 2 XRD patterns of GaMnN epilayers of samples
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Fig. 3 XRD patterns of GaMnN epilayers of samples
E and F
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Fig. 4 Photos of atomic force microscopy of sample B

TR 3 100 B i 1 i B S 5 T 350K, DA T 2k 1Y
ARG JE BUR B AE 400K £ 4. K 4 BLELF
£ 350K Hy #E K5 4y i A 0.0919, 0.2727 A
0.3426emu/cm®. \FE 1 0] Al .45 E 159 Mn & &
KTFHSB, H @M TR S B A MER B

— 3F .Ill||llllll
e;,‘_:‘ ot

2F "
3 5
2l ‘..e"
2 o
] .
E _1 | ..l-.l
2 "
E -2 B I:F-
4 M
E 3+ ln“lllll.

-2000  -1000 0 1000 2000

Magnetic field/Oe

B 5 B B AE 300K Myl W M £k
Fig. 5 Hysteresis loop of sample B at 300K



1056 S N %28 &
3
2o g 4 &
s I # i ECR-PEMOCVD J . £ a-AlLO;
2 of i (0001) Ff JFE t » B Dl H 75 1% 30 A0 2 A= K A — 5
£l S bt EL R B 9 GaMnN i RHEED [
N o {4052 LT DT 6 BKE ACAR A5 26 W] GaMInN 3 5y 2
31 e RS 2 AR L W 4 R B X
i _zobo ’ _10'0() ’ (') ' 1()'00 ' 2600 SEEAT T 43 BT B GaMnN i Bk 75 J7 A &b A U
Magnetic field/Oe a-Al, O; (000D #F K1Y ¢ %ﬁmﬂmﬁiﬁa/n i

P 6 FFEhF 72 300K 1 Rk i 10l 28
Fig. 6 Hysteresis loop of sample F at 300K
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Characteristics of GaMnN Film Grown by ECR-PEMOCVD"

He Huan', Qin Fuwen'’, Wu Aimin', Wang Ye’an', Dai Youyong®, Jiang Xin',
Xu Yin', and Gu Biao'

(1 State Key Laboratory of Materials Modification , Dalian University of Technology. Dalian 116024, China)
(2 School of Physics and Microelectronics, Shandong University , Jinan 250100, China)

Abstract: DMS GaMnN film with a certain concentration of Mn and good crystal qualities was successfully grown on sapphire
substrate (a-Al; O3) by ECR-PEMOCVD. The RHEED graphs present a clear spot-like lattice and a surface that is not very
smooth,indicating that the GaMnN film is single crystalline and its growth mode was three-dimensional island. XRD analysis
shows that the film has a hexagonal structure with c-axis orientation and very good crystallinity. The AFM test result shows
that the GaMnN films are composed of many submicron grains with the same orientation. Superconducting quantum interfer-
ence device (SQUID) measurement shows apparent ferromagnetism at room temperature,and the Curie temperature of the
film is about 400K.
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