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Peculiar Photoconduction in Semi2Insulating GaAs Photoconductive
Switch Triggered by 1064nm Laser Pulse 3

Shi Wei , Dai Huiying , and Zhang Xianbin
( Department of A p plied Physics , X i’an Universit y of Technology , X i’an　710048 , China)

Abstract : The peculiar photoconduction in semi2insulating GaAs photoconductive switch being triggered by 1064nm

laser pulse is reported. The gap between two elect rodes of the switch is 4mm. When it is t riggered by laser pulse with

energy of 018mJ and the pulse width of 5ns ,and operated at biased elect ric field of 210 and 610kV/ cm ,both linear

and nonlinear modes of the switch are observed respectively. Whereas the biased elect ric field adds to 915kV/ cm ,and

the t riggered laser is in range of 015～110mJ ,the peculiar performed characteristic is observed : the switch gives a

linear waveform firstly ,and then after a delay2time of about 20～250ns ,it output s a nonlinear waveform again. The

physical mechanism of this specific phenomenon is associated with the anti2site2defect s of semi2insulating GaAs and

two2step2single2photon absorption. The delay time between linear waveform and nonlinear waveform is calculated ,

and the result matches the experiment s.
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1 　Introduction

High power ult ra2short elect rical p ulse is im2
portant for the application of ult ra2wide2band

( U WB ) radar and ult ra2wide2band communica2

tion[1～3 ] . For generating an elect rical p ulse at ult ra2
short width compatible wit h high power , t he p ho2
toconductive semiconductor switches ( PCSSs) are

more effective. When semi2insulating GaAs p hoto2
conductive switches (SI2GaAs PCSSs) are biased at

low elect ric fields and t riggered by ult ra2short laser

p ulse ,t he SI2GaAs PCSSs can operate in the linear

mode. Whereas t he biased field is above 516kV/

cm ,t he SI2GaAs PCSS is capable of switching in a

nonlinear mode ( also known as lock2on effect or

high2gain mode) . The p ulse waveform of the linear

mode is very different f rom t hat of t he nonlinear

mode. Wit hin t he last decade , the linear mode and

nonlinear mode have been reported in many pa2

pers[4～8 ] . In this paper ,we would like to show our

experiment observation of a peculiar p hotoconduc2
tion when t he SI2GaAs PCSS is t riggered by t he la2
ser p ulse of 1064nm. Besides t he current p ulse

waveform of linear and nonlinear ,we also observed

a peculiar p henomenon , which shows the switch

enters t he linear mode firstly ,af ter a delay2time of

about 20 ～ 250ns , t he t riggering laser p ulse has

gone out , t he switch undergoes nonlinear mode.

The mechanism and characteristic of t his peculiar

p henomenon are analyzed by using GaAs EL2 ener2
gy level .
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2 　Experiment

In optically cont rolled semiconductor switch ,

t he p hoto2generated elect ron2hole pairs determined

t he current p ulse. The p hotoconduction material

used for t he PCSSs was a semi2insulating GaAs

with t hickness of 016mm. The resistivity in total

darkness was > 5 ×107Ω·cm ,t he mobility was >

5500cm2 / ( V ·s) . The two elect rodes were Au/

Ge/ Ni ohmic contact s and t he distance of t he two

elect rodes was 4mm. The t ransmission line is con2
nected out side wit h two coaxial connectors as

shown in Fig. 1. The Nd ∶YA G ns laser was used

as t riggers. The laser operated at a wavelengt h of

1064nm with a p ulse width of 5ns , and the laser

p ulse energy ranged f romμJ to mJ . The storage os2
cillo scope used was Lecory28500A. A 60dB coaxial

at tenuator wit h a bandwidth of 0 ～ 18 GHz was

used between t he PCSS and t he oscillo scope.

Fig. 1 　Schematic of SI2GaAs photoconductive

When t he PCSS was t riggered by laser p ulse

energy of 018mJ , current waveforms shown in

Figs. 2 and 3 are observed. These two figures cor2
respond to two different biased elect ric fields of

210 and 610kV/ cm , respectively. Whereas t he PC2
SS was also t riggered by laser p ulse energy of

018mJ and t he biased elect ric field is 915kV/ cm ,a

clear corresponding peculiar elect ric p ulse is cap2
t ured ,as shown in Fig. 4. It is quite interesting t hat

t he switch outp ut s a linear waveform firstly , and

t hen af ter a delay2time of about 250ns , t he PCSS

gives a nonlinear waveform t hough the t riggering

laser p ulse has gone out . It is indicated t hat the in2
stance as shown in Fig. 4 is instability. In our test

t he SI2GaAs PCSS was series t riggered 60 times

with interval 5s ,when t he biased elect ric field was

also fixed at 915kV/ cm and t riggering laser p ulsed

energy was in range f rom 015 to 110mJ ,the super2
posed waveforms are capt ured as shown in Fig. 5.

The delay2times between linear waveform and non2
linear waveform of about 20 ～ 250ns were ob2
served.

Fig. 2 　Waveform of linear mode 　X : 50ns/ div , Y :

500mV/ div

Fig. 3 　Waveform of non2linear mode 　X :50ns/ div , Y :

500mV/ div

Fig. 4 　Waveform of complex mode 　X : 50ns/ div , Y :

500mV/ div

Fig. 5 　Superposed waveforms of 60 times 　X : 50ns/

div , Y :500mV/ div
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3 　Discussion

Base on our experiment s , it is indicated t hat

t he delay time between linear waveform and non2
linear pat tern is more longer t han t he widt h of t rig2
gering laser p ulse. In ot her words ,t he second non2
linear waveform is generated while t he t rigger laser

p ulse has already gone out . Therefore ,like t he non2
linear pat tern of t he PCSSs ( lock2on effect ) , t his

peculiar p henomenon is also related to t he carrier

avalanche mechanism.

For GaAs material t he defect s of ten play an

important role in many p hysical p rocess. The semi2
insulating GaAs material also has many kinds of

int rinsic2defect s[9 ,10 ] such as anti2site defect ,inter2
space2defect , and compound2defect , which closely

depend on t he crystal growt h condition and after2
t reatment craft . One of t he more notable defect s of

SI2GaAs is EL2 , an anti2site defect , where As at2
oms replace Ga atoms in t he lat tice. EL2 level has a

complex st ructure ,including neut ral energy level of

EL20 ,singly ionized energy level of EL2 + ,and the

metastable state of EL2 3 as shown in Fig. 6. It is

known t hat t he metastable state of EL2 3 energy

level is a t rap center ,which could not be activated

by light or elect ricity.

Fig. 6 　Schematic of EL2 level st ructure

In an optically t riggered semi2insulating GaAs

switch ,f ree carriers are initially generated when a

light p ulse excites elect rons f rom the valance band

to t he conduction band. Obviously ,only when the

incidence p hoton energy is greater than GaAs band

gap of 1142eV ,i. e. 876nm ,t he int rinsic absorption

can take place. We defineλ0 (λ0 = 876nm) is absorp2
tion limit of GaAs material . The laser wavelengt h

in our experiment s is 1064nm ,which is out of the

material absorbing range. For 1064nm laser there

are at least two kinds of absorption mechanisms in

SI2GaAs material . One of t he mechanisms is t he

two2step2single2p hoton absorption[11 ,12 ] , which is

based on t he EL2 energy level . Another is t he

double2p hoton absorption ,which usually occurs at

t he condition of high power of t riggering laser . In

t he p rocess of two2step2single2p hoton abst raction ,

t he neut ral energy level of EL20 t ransforms into

t he metastable state of EL2 3 gradually. Photo2
quenching experiment s in SI2GaAs proved that t he

EL20 →EL2 3 can availably take place at the irradi2
ation p hoton energy range f rom 111 to 112eV. Be2
cause t he p hoton energy of 1064nm laser is

11167eV ,t he process of EL20 →EL2 3 must occur

in two2step2single2p hoton absorp tion. The EL2 3 is

a t rap center ,which could not be activated by light

or elect ricity ,t herefore the density of t he EL20 will

reduce continuously ,and t he EL2 3 density will in2
crease accordingly. The metastable EL2 3 state can

not return to normal EL20 state t hrough the light

activating and elect ricity activating unless by t he

t hermal recovery.

From above analysis ,we can see t hat t he linear

elect ric p ulse in t he experiment shown in Fig. 4 is

due to t he elect rons f rom t he EL20 level t ransfer2
ring to t he conduction band. The elect ron density

ne in conduction band is approximate to the density

of t he EL2 , and the density ne can be expressed

by[13 ]

ne =
Epulse

A d hγ(1 +
σ0

p

σ0
n

+
σ0

3

σ0
n

)
(1)

where Epulse = 018mJ is t he energy of laser p ulse , hγ

is t he single p hoton energy , A = 015mm2 is t he

GaAs sample area illuminated , d = 016mm is t he

GaAs t hickness of sample material ,σ0
n = 115 ×10 - 16

cm - 2 is t he optical capture cross section for elec2
t ron t ransition f rom the EL2 level to t he conduc2
tion band ,σ0

p = 1139 ×10 - 17 cm - 2 and σ0
3 = 415 ×

10 - 17 cm - 2 are the optical capt ure cross section for

t ransitions between EL2 and t he valence band and

t he metastable EL2 3 states. Hence ,the conduction2
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band elect ron density of about 1016 cm - 3 is calculat2
ed f rom above f unction. This theoretical value basi2
cally agrees wit h t he EL2 defect s density of 2 ×1016

～4 ×1016 cm - 3 .

Af ter activated by the linear elect ric p ulse

shown in Fig. 4 , almost all t he EL2 defect s will

t ransfer to t he metastable state of EL2 3 . Only the

t hermal recovery can resume t he EL2 3 to EL20 .

When EL2 3 changes into EL20 again ,some of EL2

become elect ron t rap s ultimately and ot her EL2 be2
come EL2 + owing to t he elect ricity compensate. In

t his p rocess , t he elect rons are excited to t he con2
duction band by the biased elect ric field ,and t hese

conduction2band elect rons will form t he Gunn do2
main owing to t he negative differential mobility. In

Gunn domain region the localized elect ric field will

be enhanced and reachs t he elect ric field t hreshold

of avalanche impact ionization ultimately[ 12 ,14 ,15 ] .

So ,t he charge avalanche multiplication process will

take place and t he SI2GaAs PCSS outp ut s a nonlin2
ear waveform subsequently.

The delay time between t he linear operation

waveform and nonlinear operation waveform

should be the recovery times for EL2 3 ret urning to

t he EL20 ,using

τr =
exp (

Eα
k T

)

c
(2)

t he rough value of delay times can be estimated ,

where t he Eα = 0134eV is t he energy gap between

EL2 3 and t he EL20 , k is t he Boltzmann constant ,c

is t he experience constant which is associated wit h

temperat ure T , c = 816 ×1011 s - 1 at the room tem2
perat ure. Therefore ,t he recovery time of about 102

ns is calculated f rom Eq. (2) , and t his calculation

result agrees wit h t he experiment roughly.

Of course ,for many applications this peculiar

p henomenon may be banef ul . To avoid t his p he2
nomenon , the GaAs p hotoconductive switch must

be under t hresholds of optical energy and biased e2
lect rical filed in linear model or above t he t hresh2
olds in nonlinear model .

4 　Conclusion

The semi2insulating GaAs PCSS triggered by

1064nm laser p ulse could work at peculiar per2
formed characteristics. At t riggering conditions of

018mJ irradiated laser energy and 915kV/ cm bi2
ased elect ric field , t he switch gives a linear wave2
form firstly , and t hen after a delay2time of about

250ns ,t he GaAs PCSS outp ut s a nonlinear wave2
form again. The p hysical mechanism of this specific

p henomenon is associated wit h the anti2site2defect s

of semi2insulating SI2GaAs and two2step2single2
p hoton absorption. The delay time between linear

waveform and nonlinear waveform is calculated ,

and t he result matches the experiment s.
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用 1064nm 激光脉冲触发半绝缘 GaAs 光电导
开关的奇特光电导现象 3

施 　卫 　戴慧莹 　张显斌

(西安理工大学应用物理系 , 西安　710048)

摘要 : 报道了用 1064nm 激光脉冲触发半绝缘 GaAs 光电导开关的一种奇特光电导现象. GaAs 光电导开关的电极

间隙为 4mm ,当偏置电场分别为 210 和 610kV/ cm 时 ,用脉冲能量为 018mJ ,宽度为 5ns 的激光触发开关 ,观察到开

关输出的线性和非线性工作模式. 当偏置电场增至 915kV/ cm ,触发光脉冲能量在 015～110mJ 范围时 ,观察到奇特

的光电导现象 ,开关先输出一个线性电脉冲 ,经过大约 20～250ns 时间延迟后 ,触发光脉冲消失 ,开关又输出一个

非线性电脉冲. 这一奇特光电导现象的物理机制与半绝缘 GaAs 中的反位缺陷和吸收机制有关. 分析计算了线性与

非线性电脉冲之间的延迟时间 ,结果与实验观察基本吻合.
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