56 11 2007 11 Vol.56 No.1l1 November 2007

1000-3290/2007/56 11 /6334-06 ACTA PHYSICA SINICA (©2007 Chin. Phys. Soc.
*
127 1 1 1
1 710054
2 200050
2007 1 18 2007 3 23
ensemble-Monte Carlo GaAs SI-GaAs

GaAs 4.2 kV/em

lock-on”

ensemble-Monte Carlo
PACC 0660] 4280W 7240

2.
photoconductive semiconductor
switches PCSS’ s Auston 1"
1—3
4—6
—12 13
16—18
SI-GaAs 4.0
kV/em
: 1
ensemble-Monte Carlo 1
Auston SI-GaAs
* 10390160 10376025 50477011 2004CCA04500G

T E-mail swshi@mail. xaut. edu. cn



6335

11
ensemble-Monte Carlo
J.t)t g«IJ()’Z:Ot
Exyt zE‘x}‘z:()t .
1
It = ”JH.,-E“,dxdy 4
Vhias S : ’
19
N ‘ q\ Xyt _
-] x oyl = NN v it 5
GaAs InP ’ Athhy i=1
Ah,Ah, N.,.
15 v, i t
q
19
3.2.
Gt
Gt =]l Ed P 32b
Vbias 800 nm 8 nJ
Vias J E FWMH 100 fs
10 pm 30 pm x 30 pm
2 kV/em 10 kV/
2 em 100 kV/em SI-GaAs
It 2
It =V,.G1t 2
100
— 100kV/cm
1 3 —— 10kV/cm
It = % jJ- Ed 3 80 ... 2kV/em
bias
3. 5
2
3.1. 2
ensemble-
Monte Carlo
SI-GaAs B/ ps
SI-GaAs
30 pm x 30 pm 150 x 150 2 100 kV/em 10 kV/em 2 kV/em
5 ps 50 fs.
GaAs I' L X
2 2 kV/em 10 kV/em
2 2
€ 140 = bk . =
2m

1.5 ps



56

6336
100
kV/em
4 SI-GaAs 10 kV/em
* lock-on” 200 nJ
SI-GaAs 100 kV/em 4 a 1 ps
8nJ -
SI-GaAs
Ti-sapphire nJ i
GaAS 23 ) 4 b 2 ps
100 kV/em )
3.2.2.
3 SI-GaAs
10 kV/em 800 nm 4 . 4 ps
8 nJ 100 nJ 200 nJ
8 nJ
100 nJ 200 nJ
3 3 200 nJ
13 22
20
w 16}
s 3
o o10
R
z
ES
@ 5 -
3.2.3.
5 600 nm 8 nJ
0
0 100 fs 10 pm
M ps 30 pm x 30 pm SI-GaAs
3 10 kV/em 10 kV/em
2
800 nm

600 nm



11

6337

|
[S2

|
—
S

SIS /(10°V/ m)
|

W
wo
2

s

S

5
=

%4/ (10°V/ m)

S5 /(107 V/ m)

(=]
[=4

4 10kV/em 200 nJ
a lps b 2ps
600 nm
eV GaAs 1.43 eV
1'0.34 eV L
I'0.54 eV X

c 4ps

2.0
0.57 €V.

LY IRBE

5 600 nm

ensemble-Monte Carlo
Auston GaAs SI-GaAs

SI-GaAs 800 nm

8nJ
2 kV/em
10 kV/em

100 kV/em

10 kV/em 800 nm



6338

56

ChengG H Wang Y S Liu Q Zhao W Chen G F 2004 Acta
Phys. Sin. 53 436 In Chinese
2004 53 436
Wang X L. Wang Y Zhai HC Zhu X N Mu G G 2006 Acta
Phys. Sin. 554613 1In Chinese
2006 55 4613
HuML WangQY LiYF WangZ ZhangZ G Chai L Zhang
R B 2006 Acta Phys. Sin. 55 4243 In Chinese
2006
55 4243
Loubriel G M Zutavern F J Baca A G Hjalmarson H P Plut T
A Helgeson W D Malley W O Ruebush M H Brown D J 1997
IEEE Trans . Plasma Sci. 2 124
Islam N E  Schamiloglu E  Fleddermann C B 1998 Appl. Phys.
Lett . 73 1988
Siders C W Siders ] L W Taylor A J et al 1999 Opt. Lett. 24
241
Huggard P G Cluff J A Shaw CJ Andrews S R Linfield E H
Ritchie D A 1997 Appl. Phys. Lewt. 71 2647
Weling A S Hu B B Froberg N M Auston D H 1994 Appl.
Phys . Lett. 64 137
LiuY Pak SG Weiner A M 1996 IEEE J. Sel. Top. Quantum
Electron . 2 709
Budiarto E Margolies ] Jeong S Son J Bokor J 1996 [EEE J.
Quantum Electron . 32 1839

11

12

14

15

16

17

18

19

20

21
22

23

Zhao G Schouten R N van der N V. Wenckebach W T 2002 Rev.
Sci . Instrum . 73 1715
Darrow J T Zhang X C  Auston D H Morse J D 1992 IEEE J.
Quantum Electron . 28 1607
Shi W Zhao W Zhang X B Li E L2002 Acta Phys. Sin. 51 868
in Chinese 2002

51 868
Ye L X 1997 Monte Carlo simulation of small size semiconductor
device Beijing Science Press  in Chinese 1997
Liang Z X Shi W 1998 Acta Electr. Sin. 26 104 in Chinese

1998 26 104
Shi W Jia WL HouL XulJZ Zhang X C 2004 Chin. Phys.
Lett . 21 1842
Shi W Zhang X B JiaWL LiMX XulJZ Zhang X C 2004
Chin. J. Semi. 25 1735 in Chinese

2004 25 1735
Joshi R Pm  Dharamsi A H 1993 J. Appl. Phys. 74 3215
Auston D H 1983 [EEE J. Quantum Electron . 19 639
Qu GH Shi W 2006 Acta Phys. Sin. 556068 in Chinese
2006 55 6068

Fischetti M V' Laux S E 1988 Phys. Rev. B 38 9721
Shi W Dai HY Zhang X B 2005 Chin. J. Semi. 26 460 in
Chinese 2005 26 460
Zhou X 1995 J. Appl. Phys. 77 706



11 6339

Monte Carlo simulation of operating modes of semi-insulting
GaAs photoconductive switches ™

Shi Wei' > Jia Wan-Li'  Ji Wei-Li'  Liu Kai'
1 Applied Physics Department  Xi' an University of Technology Xi' an 710054  China
2 State Key Laboratory of Functional Materials of Microsystems for Informatics ~ Shanghai Institute of
Microsystem and Information Technology — Chinese Academy of Sciences Shanghai 200050  China
Received 18 January 2007 revised manuscript received 23 March 2007

Abstract

An ensemble Monte Carlo simulation method has been employed to study the operating modes of semi-insulated GaAs ~SI-
GaAs photoconductive semiconductor switches PCSS excited by a femtosecond laser pulse and biased in an electrical field.
The results show that under a bias field lower than the Gunn threshold field which is 4.2 kV/cm for GaAs  or the optical
pulse energy is below the optical threshold the time-resolved current in the switch operates in the linear mode. When the bias
field and triggering optical energy are respectively greater than the electrical and optical thresholds the PCSS operates in the
nonlinear mode. The simulation shows that when triggered by laser pulse with higher photon energy the switch has lower optical
threshold in the nonlinear mode. The mechanism of the nonlinear mode for the switch is concluded to be due to the inter-valley

scattering of the photo-generated carriers leading to local high field in the switch.
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