53 12004 1
1000-3290/2004/53 01 /0235-04

ACTA PHYSICA SINICA

Vol.53 No.1 January 2004
(©2004 Chin. Phys. Soc.

° *
pn - SiGe
710071
2003 3 4 2003 4 9
SiGe/Si pn - oV SiGe SiGe/Si  pn GV
pn SiGe/Si SiGe
SiGe/Si pn SiGe/Si
SiGe
SiGe/Si pn Vv
PACC 7340L 7125T
SiGe/Si SiGe SiGe/
1. Si
SiGe/Si 2.
SiGe
SiGe/ St pn
SiGe c-v
SiGe .pn pn
! ? ’ MOS C-V -
M SiGe SiGe
SiGe/Si pn c-v SiGe
PLS .
PVS ’ SiGe/Si pn p n
pn N, Ny .
SiGe/Si pn c-v pn vV SiGe/Si pn
SiGe X, °
SiGe/Si pn v o 2¢e,e, Ny + N, 2 V, -V 172 |
c-v b gN Ny e, Ny + /Ny
&) &€ p n
SiGe/Si AE, V, pn
AE, AE, SiGe ) 1
Q
0 - (ZE,equ,\ND Vy = V)" 5
B &Ny + e Ny

99J509.3.1DZ0111

"E-mail binshu @ xidian. edu. cn



236 53
A 2 SiGe
SiGe/Si pn Cy pn SiGe
1% 5% 10%cm™> Ge x =0.25
co_ e,6,gN, N, 2 ; 5x10°cm™ 20 x 25pm’ . C-V
re 2 Ny + e Ny Vyp =V c-V .
SiGe/Si pn c-v -3V 0V c-v
C, vV 3 1 . SiGe HBT
Vy.
1/ Cy? c-v
n Si p SiGe
pn p  SiGe n Si 0. 40
qVy + AE, n Si
Pi p SiGe P2 0.35
=3
S
v AE § 0.30}
+ .
P = Pzexp( — Dk T 4 ol
0 R
i 0.25
k, T AE,  SiGe/Si ﬁﬁ
pn SiGe 0. 20 /
SiGe/Si ‘
pn 4 SiGe/Si 0. 1—53.0 2.5 20 15 1.0 05 0.0
SiGe AE, SiGe BB R ARE/V
AE, AE,
AE SiCe 1 SiGe HBT c-v
.- 1
E:‘:’ SiGe T = Eg Si T - AE‘ T - AE( T pn p-SlGe/n-Sl
=E,s T -AE . T 5 p-SiGe 1x10"em™ Ge x =
AE, g0 T Si SiGe 0.32 n-Si 5% 10°cm™ 25
X 25pm’ . -3V 0V
n SiGe p Si pn C-V 2
’ 0. 50
SiGe Ge
SiGe/Si SiGe 045
SiGe/Si pn Ge §
SiGe/Si SiGe ﬁgﬂﬂ
Ge SiGe ﬁ
=)
=
N
3.
0'1530 2.5 2.0 1.5 1.0 0.5 0.0
SiGe/Si pn ' SRR SRRE/Y ' '
Cc-v SiGe .
pn npn  SiGe HBT SiGe/ 2 pSiGe/nSi  C-V
Si .SiGe HBT MBE

pn n-SiGe/p-Si



1 pn - SiGe 237
n-SiGe 1x10%em™ Ge x = SiGe/Si pn SiGe E, 4. =
0.15 p-Si 1 x 107 em™ 25 E,s-AE, - AE, =0.851eV. Si
x 25pm’ . -3V 0V 1.119eV ¢ .
c-v 3 SiGe Ge
0.70 . SiGe
0.65 Ge x P E,q v =E,4-1.13x
. o.60f +0.84x" - 0.156x° . SiGe/Si pn
% 0.55 SiGe E, sc. =0.873eV.
ﬁ 0.50
gg el 4.2.p-SiGe/n-Si
50.40— p-SiGe g, = eg +4.1x =
0-3o7 13.212 2 c-v 3
0-301 V,=0.534V 4 AE,
0 Zii3.0 2.5 20 15 -L0 0.5 0.0 =0.265eV AE, =0.036eV 5
St pn s KARIE/V
pn SiGe E, sc. =
3 nSiCelpSi  CV E,s - AE, - AE, =0.818eV.
pn SiGe
E, sc. =0.838¢V.
4.
4.3.n-SiGe/p-Si
4.1.npn  SiGe HBT SiGe/Si 3 n-SiGe e =eg +d.la=
12.515. pn
ey ) V, = 0.899V AE, =0.147eV
. -3 © (;p SiGe AE, =0.020eV. pn SiGe
€ X € X
T eqe = ey + 4 1x p SiGe Feseo = Bes = 8F, - AF. =
0.952¢V.
e, =12.925. 1 SiGe HBT C- on SiCe
v pn 3 E, 5. =0.968eV..
SiGe HBT Vy = oy
0.665V. SiCe 5
4 4 1.6% —2.5%
SiGe Si SiGe SiGe
. Klaassen 13 n
p SiGe
AE, =0.236eV. AE, SiGe
AE, ' AE, =0.88AF,
AE,=0.136AE, . ;
AE, =0.032eV. SiGe BBy x = k‘[lnﬁN] * (IHJVNI) +ef O
AE, s = 0.268eV. 2 N SiGe k =6.92meV N, =1.3
9 10 11 x10"em™ ¢=0.5. SiGe
5
5 SiGe/Si pn C-V



238 53
SiGe SiGe
SiGe/Si pn c-v
SiGe
SiGe
SiGe/Si pn
SiGe/ St pn Cc-V SiGe SiGe/ St pn SiGe

pn Cc-V

Vescan L Apetz R and Luth H 1993 J. Appl. Phys. 73 7427
Shin-ichi Takagi et al 1998 IEEE Trans . Electron. Devices 45 494
Zhang S K et al 1999 Chimese J. Semiconductors 20 139 in Chi-

conductors  Beijing Science Press p221 in Chinese
1999
221

nese 1999 20 139 8 Ouyang Q Q C et al 2001 IEEE Trans . Electron . Devices 48 1245
J. C. Brighten et al 1993 J. Appl. Phys. 74 1894 9 Nauka K Kamins K I and Turner J E 1992 Appl. Phys. Lett. 60
Ding G Q 2000 Acta Phys. Sin. 49 119 in Chinese 195
2000 49 119 10 Sturm J C Prinz E J and Garone P M 1989 Appl. Phys. Lett. 54
Liu E K et al 1997 Semiconductor Device Physics Beijing National 2707
Defence Industry Press p234 in Chinese 1997 11 King C A et al 1989 IEEE Trans . Electron . Devices 36 2039

234 12 Karlsteen M and Willander M 1990 Solid-state Electronics 33 199
Chen Z M et al 1999 Foundation of Material and Physics of Semi- 13 Klaassen D B M et al Solid-State Electronics 35 125

Determination of bandgap in SiGe strained layers
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Abstract
A pn heterojunction C-V technique used to determine the bandgap of SiGe strained layers is presented in this paper. The
SiGe bandgap is analyzed and calculated by acguiring the built-in potential and discontinuities of valence and conduction bands
according to the C-V profile of the stained SiGe/Si pn heterojunction. This technique is much more convenient and the experi-
mental results agree very well with the theoretical and published calculations indicating that the method is correct. This method
is suitable for not only the bandgap of the single SiGe/Si pn heterojunctions but also that of the SiGe/Si devices with SiGe/Si pn

heterojunctions .
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