57 5 2008

1000-3290/2008/57 05 /3182-06

5

ACTA PHYSICA SINICA

Vol.57 No.5 May 2008
(©2008 Chin. Phys. Soc.

n-SiC

2007 8 6 2007
n-SiC
LOPC
k 1s A 1s E
em™!
SiC
PACC 7280] 3220F
1.
SiC
= SiC
4— 8
LO LOPC
910
N 4H-
6H-SiC N
2.
SiCrystal AG
4H-SiC 0001 8
6H-SiC 430 pm
* 51308030201

F . E-mail

hr526 @ tom. com

*
710071
9 27
4H-SiC 6H-SiIC  LO
. 514.5 nm
6H-SiC 4H-SiC 630.3 635
6H- 4H-
n Si 4H-SiC
8.0x107ecm™ 6H-SiC 5.0x 10®cm ™. N
SiC 1* 2% 4H-SiC
N
TRIM
110 keV 17
6.0x10%ecm™2 2* 8.0x 10" em 2.
70 keV 1*
4.0x10%m™* 2* 6.0x 10%cm ™.
40 keV 1"
3.0x10%em™ 2% 6.0x 10%em™>.
0.4
0.3 0.2pA 0.179 ym 1*
1.3x10%em™* 2* 2.0x 10" em™2
= /

1* 7.26x 10%em™ 27 1.12x10%em ™.

2200C £5C
1600°C
Renishaw
InVia Ar*
514.5 nm 20 mW



3183

5 n-SiC
100—2000 em ™' lem™.
3.
4H-SiC 6H-SiC 1* 2
4H-SiC SiC | A 6H-SiC “
: E
" 4H-SiC e ) )
~ 2" 4H-SiC
10 3A, +3E, +4E, 6H-SiC 16 5A, + 5E, % A
+ 6K, 4H-SiC
6 6H-SiIC 9 17 4H-SiC
—
6H-SiC E, 12
JG %4 4H-SiC
| A
Fano 4H-SiC 200 em”" 100 300 800 700 90 1100
2 /om?
Fano
1 n-SiC  Raman
1 N 5.0x10%em™  6H-SiC
N 1.12x 10°em™ 2% 4H-SiC  514.5 5 -
wp =+ 4mne’/ e, m Yy =el m pu 3
nm Raman B,
€4 W7 W7 TO
LO wp V4
3.1.SiC r,r, LO TO
enm
7 LA w 10
—10PC wp ¥ I, 1
LOPC n
LOPC w3
I=4 wlm -1/, o 1 4H-SiC LOPC
m-CDF " 2 n
® - o - il w? 7 SiC 25%
fm @ =Fe wr - o - il © +iwy n 2"
1 SiC
4H-SiC 6H-SiC
x=0.0 x=0.5 x=1.0 x=0.0 x=0.33 x=0.67 x=1.0
A A A
LO B, A B, B,
984.1 ecm™! 964.8 cm™! 885.6 cm™!
TO b £ E E, £ E £
797.5 cm™! 776.2 cm™! 787.7 cm™! 766.4 cm™!
A
A
LA — B, » — B, 504.1 cm™! B,
608.6 cm .
512.5cm
E, E, E, E, E,
TA — —
202.2 em™! 266.0 em ™! 149.5 ecm™! 237.2 em™! 265.1 em™!




3184

57

1.028 x 10 cem ™

LOPC n
n 5.87 x 107 em™ 2.57 x 10® em™?
LOPC 17.2em™" 967.8 cm™!
985.0 cm ™! 6H-SiC
m” =1.4m, wp
6H-SiC  LOPC
) n 5.87 x 10" ¢m™*
2.57x10%cm™? LOPC 8.2 cm™!
966.9 cm™' 975.1 cm™ 4H-SiC
172 3.
10000
B AH-SICRRA o gpmp
| n=5.87x10"cm™3 &
8000 41=180. 8¢cm?/Vs e
E 6000 1* 4H-SiC
g n=2.28x10"®¥cm3
N £#=58.1cm2/Vs
= 4000 2% 4H-SiC
b n=2.57x10¥cm3
£#=52.0cm2/Vs
2000 S
0 . . . . . .
940 980 1020 1060
WEM% /om?
2 4H-SiC  LOPC
12000
10000
2 8000 |
! n=>5.87x10""cm™3
€ 6000 |
~
] 2. 28x10"8cm 3
B 4000 f
—2.57x10"%cm™®
2000 |
0 . . L . . .
940 980 1020 1060
hr @itk /em?
3 6H-SiC  LOPC
3.2.N SiC

1s

54 4 H-SiC

1* 4H-SiC

27 4H-SiC
Na

SR /arb. units

250 350 450 550 650 750
FBRA /om
4 N SiC
4 250—750 cm™'
Burton ° 785 nm
N
4H-SiC 2* 1.1x10"
em™’ 4 514.5 nm 1 2f
4H-SiC
N 4H-SiC
Rman ° 4H-
SiC 395 em™' 49 meV 526 em™' 65.3 meV 572
em™' 71 meV 635 em™' 78.8 meV N,
N, N, N, N, 6H-SiC

422 em™' 52.4 meV 488 em™' 60.6 meV  512.5
em™' 63.6meV 585 cm™' 72.6 meV  630.3 cm”!

78.2 meV N, N, N, N,
N;. 4H-SiC N, 785 nm
785 nm
6H-
SiC 375 cm™! 514.5 nm
510 em ™!
13 A,
Colwell ** 6H-SiC
h ky k, Is



n-SiC

3185

1000

750

|g ) :,

~

@ 500
e E(TAN
T 250 o

]

0
M L A
WxRq
5 bond-charge 4H-  6H-SiC
A Is E . 20 bond-charge
13.0meV 60.3 meV 62.6 meV 4H- 6H-SiC 5
6H-SiC N, N, k
15 16 SiC 11 21 Siegle
4H- 6H-SiC
Burton ° N, N, k
SiC N . N,
N(ICSi v
N SiC C C
Si @
E
N . h {Q
7.5 13 meV =
13 14 18
6H-SiC
4H-SiC Nb N’T k 1 1 I 1 I 1 I 1 1L 1 L 1 1 1 1 1 1
h 1100 1300 1500 1700 1900
7.1meV " . N N BEAE /om™
. . d L
. 6
SiC Burton N, 6 n SC
N
siC 6 SiC
. -1
N SiC 6H- 4H-SiC  1450—1950 cm
630 cm ™! 5
a 1478 cm™' 737 cm™! K
TO b 1516 cm™ 758 cm™ L TO
3.3.6H- 4H-SIC c152em™  7lem™ 2 M TO
4H- 6H-SIiC c f 1688 em™ g 1712 em™ 856 cm™'



3186 57
M L 10 h 1920 cm™ 767cm™'  TO
965 cm ™! ' A, 10 Burton
§ d 1621 ecm™ e 1647 cm™! 4.
5 816 cm™'
-1
824 em N nsSiC LOPC
22 .
N  SiC
K 1O TO
LO
d e 4H-51C a,
» » ) LOPC n
1403 cm b, 1577 cm 6H-SiC dg 1405 .
—1 1 4H- SIC
cm Jo 1579 em )
6H-SiC  LOPC n
5
514.5 nm N
6H-SiC  1100—1450 cm ™' Is A 1s B
4H-SiC ag 1123 em™" b 6H-SiC 4H-SiC
- _ _ -1
1228 cm™ ¢ 1305 cm™! 1533 cm ™! 630.3 635 cm
e 5 aq K 560cm™ IA
by L 620em' 1A 4H-  6H-SiC 6H-
e M L e M 4H-SiC
1 Zhang X Wan S M Zhang Q L et al 2007 Acta Phys. Sin. 56 12 Okumura H Sakuma E Lee J H 1987 J. Appl. Phys. 61 1134
1152 in Chinese 2007 13 BurtonJ C Sun L Pophristic M et al 1998 J. Appl. Phys. 84
56 1152 6268
2 Qin X J Shao GJ Liu RP et al 2006 Acta Phys. Sin. 55 3760 14 Colwell P J Klein M V 1972 Phys. Rev. B 6 498
in Chinese 2006 55 15  Egilsson T Ivanov I G Henry A et al 2002 J. Appl. Phys. 91
3760 2028
3 Zhang ] C Dai L Qin G G 2002 Acta Phys. Sin. 51 629 in 16  Gorban IS Gubanov V A Kulakovskii V D et al 1988 Sov. Phys.
Chinese 2002 51 629 Semicond . 30 928
4 Zergioti I Kontos A G Zekentes K et al 2006 Proc . of SPIE 6261 17 Gerstmann U Rauls E  Frauenheim T et al 2003 Phys. Rev. B 67
626135-2 205202
5 Nakashima S Mitani T Senzaki J et al 2005 J. Appl. Phys. 97 18  Gotz W Schiner A Pensl G et al 1993 J. Appl. Phys. 73 3332
123507 19  Nakashima S Harima H 1997 Phys. Status Solidi A 162 39
6 Burton J C Long F H 1999 J. Appl. Phys. 86 2073 20  Hofmann M Zywietz A Karch K et al 1994 Phys. Rev. B 50
Campos F'J Mestres N Pascual J et al 1999 J. Appl. Phys. 85 13401
99 21 Perez-Rodriguez A Pacud Y Calvo-Barrio L et al 1996 Journal of
8 Burton J C Sun L. Long F H et al 1999 Phys. Rev. B 59 7282 Electronic Materials 25 541
9 Chafai M Jaouhari A Torres A et al 2001 J. Appl. Phys. 90 22 Siegle H Kaczmarczyk G Filippidis L et al 1997 Phys. Rev. B 55
5211 7000
10 Nakashima S Harima H Ohtani N et al 2004 J. Appl. Phys. 95 23 Lambrecht W R L. Limpijumnong S Rashkeev S N et al 1997
3547 Phys . Stat . Sol. b 2025
11 Ashraf H 2005 MSC thesis  Linkopings University Linképing

Sweden



5 n-SiC 3187

Electronic Raman scattering and the second-order Raman
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Abstract
The Raman scattering spectra of the nitrogen doped n-SiC is studied. The theoretical line shape analysis indicates that
compared with 4H-SiC  the shift of the LO phonon-plasma coupled mode in 6H-SiC with free carrier concentration is smaller.
From the electronic Raman spectra which were obtained with laser excitation at 514.5 nm there are four spectral lines in 6H-
SiC and two lines in 4H-SiC  which correspond to the 1s A; to 1s E valley orbit transitions at the inequivalent k site. The
explanation of the high-frequency signals of 630.3 and 635 ¢cm™' is that they are velated with transitions at active deep level of
defect. Finally the second-order Raman features of 6H- and 4H-SiC are identified using the selection rules for second-order

scattering in wurtzite structure.
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