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Peculiar Photoconduction in Semi- Insulating GaAs Photoconductive
Switch Triggered by 1064nm Laser Pulse’
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Abdgtract : The peculiar photoconduction in semi-insulating GaA s photoconductive switch being triggered by 1064nm

laser pulseis reported. The gap between two electrodes of the switch is4mm. Wheniit is triggered by laser pulse with
energy of 0. 8mJ and the pulse width of 5ns,and operated at biased electric field of 2 0 and 6. 0kV/cm ,both linear
and nonlinear modes of the switch are observed respectively. Whereas the biased electric field adds to 9. 5kV/cm ,and

the triggered laser isin range of 0. 5 1 OmJ ,the peculiar performed characteristic is observed:the switch gives a

linear waveform firstly ,and then after a delay-time of about 20 250ns,it outputs a nonlinear waveform again. The

physical mechanism of this specific phenomenon is associated with the anti-ste defects of semi-insulating GaAs and

two- step-single-photon absorption. The delay time between linear waveform and nonlinear waveform is calculated ,

and the result matches the experiments.

Key words: photoconductive switch; semi-insulating GaAs; EL2 deep level

PACC: 0660J; 4210K

CLCnumber : TN304 2°3 Document code: A

1 Introduction

High power ultra short electrical pulseisim-
portant for the application of ultra-wide band

(uws)

[1 3]

radar and ultrawide-band communica
tion . For generating an electrical pulse at ultrar
short width compatible with high power ,the pho-
toconductive semiconductor switches (PCSSs) are
more effective. When semi-insulating GaA s photo-
conductive switches (SI- GaAs PCSSs) are biased at
low electricfields and triggered by ultra- short laser
pulse ,the SI-GaAs PCSSs can operate in the linear
mode. Whereas the biased field is above 5 6kV/
cm ,the SI-GaAs PCSSis capable of switchingin a

nonlinear mode (also known as lock-on effect or
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high-gain mode) . The pul se waveform of the linear
mode is very different from that of the nonlinear
mode. Within the last decade,the linear mode and
nonlinear mode have been reported in many pa
pers® ® . In this paper ,we would like to show our
experiment observation of a peculiar photoconduc-
tion when the SI- GaA s PCSSistriggered by the la
ser pulse of 1064nm. Besdes the current pulse
waveform of linear and nonlinear ,we al so0 observed
a peculiar phenomenon, which shows the switch
enters the linear mode firstly ,after a delay-time of
about 20
gone out ,the switch undergoes nonlinear mode.

250ns, the triggering laser pulse has

The mechanism and characteristic of this peculiar
phenomenon are analyzed by usng GaAs EL 2 ener-
gy level.
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2 Experiment

In optically controlled semiconductor switch,
the photo-generated electron-hole pairs determined
the current pulse. The photoconduction material
used for the PCSSs was a semi-insulating GaAs
with thickness of 0. 6mm. The resstivity in total
darkness was >5x10'Q - c¢cm ,the mobility was >
5500cm®/ (V - s). The two electrodes were Au/
Ge/ Ni ohmic contacts and the distance of the two
electrodes was 4mm. The transmisson lineis con-
nected outsde with two coaxial connectors as
shown in Fig.1. The Nd YA G ns laser was used
as triggers. The laser operated at a wavelength of
1064nm with a pulse width of 5ns,and the laser
pulse energy ranged fromu J to mJ. The storage os
cilloscope used was L ecory-8500A. A 60dB coaxial
attenuator with a bandwidth of 0 18GHz was
used between the PCSS and the oscilloscope.

Laser pulse

GaAs PCSS wafer

Transmission line ~ Earthing of casing

Fig.1 Schematic of Sk GaAs photoconductive

When the PCSS was triggered by laser pulse
energy of 0. .8mJ, current waveforms shown in
Figs. 2 and 3 are observed. These two figures cor-
respond to two different biased electric fields of
2 0 and 6 OkV/cm , respectively. Whereas the PC-
SS was a0 triggered by laser pulse energy of
0. 8mJ and the biased electric field is 9. 5kV/cm ,a
clear corresponding peculiar electric pulse is cap-
tured ,as shownin Fig.4. It is quite interesting that
the switch outputs a linear waveform firstly ,and
then after a delay-time of about 250ns,the PCSS
gives a nonlinear waveform though the triggering
laser pulse has gone out. It isindicated that thein-
stance as shown in Fig. 4 isinstability. In our test

the SI-GaAs PCSS was series triggered 60 times
with interval 5s,when the biased electric field was
also fixed at 9. 5kV/cm and triggering laser pul sed
energy wasin rangefrom 0. 5 to 1. OmJ ,the super-
posed waveforms are captured as shown in Fig. 5.
The delay-times between linear waveform and non-

linear waveform of about 20 250ns were ob-

served.
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Fig.3 Waveform of norrlinear mode X:50ng/ div,Y:
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3 Discussion

Base on our experiments,it is indicated that
the delay time between linear waveform and non-
linear patternis morelonger than the width of trig-
gering laser pulse. In other words,the second non-
linear waveform is generated while the trigger laser
pulse has already gone out. Therefore like the non-
linear pattern of the PCSSs (lock-on effect) ,this
peculiar phenomenon is also related to the carrier
avalanche mechani sm.

For GaAs material the defects often play an
important role in many physical process. The semi-
insulating GaAs material also has many kinds of
intrinsc-defects”®'” such as anti-site defect ,inter-
space-defect , and compound-defect , which closely
depend on the crystal growth condition and after-
treatment craft. One of the more notable defects of
SI-GaAsis EL2,an anti-dte defect ,where As at-
oms replace Gaatomsin the lattice. EL2 level hasa
complex structure ,including neutral energy level of
EL2° ,singly ionized energy level of EL2" ,and the
metastable state of EL2" as shown in Fig. 6. It is
known that the metastable state of EL2" energy
level isatrap center ,which could not be activated
by light or electricity.

0.75eV
EL2’
i A

Ef.29

£ EL
0.35¢V

Fig.6 Schematic of EL2 level structure

In an optically triggered semi-insulating GaAs
switch [free carriers are initially generated when a
light pulse excites electrons from the valance band
to the conduction band. Obvioudy ,only when the
incidence photon energy is greater than GaAs band
gap of 1 42eV ,i.e. 876nm ,theintrinsic absorption
can take place. We defineA o o =876nm) isabsorp-
tion limit of GaAs material. The laser wavelength
inour experiments is 1064nm ,which is out of the

material absorbing range. For 1064nm laser there
are at least two kinds of absorption mechanismsin
SI- GaAs material. One of the mechanisms is the
two- step-single-photon absorption™ *?! | which is
based on the EL2 energy level. Another is the
double-photon absorption ,which usually occurs at
the condition of high power of triggering laser. In
the process of two-step-sngle-photon abstraction,
the neutral energy level of EL2° tranforms into
the metastable state of EL2  gradually. Photo-
quenching experimentsin SI- GaAs proved that the
EL2° LEL2" can availably take place at the irradi-
ation photon energy range from 1. 1 to 1 2eV.Be
cause the photon energy of 1064nm laser is
1 167eV ,the process of EL2° L EL2" must occur
in two-step-single-photon absorption. The EL2 " is
atrap center ,which could not be activated by light
or electricity ,therefore the density of the EL 2° will
reduce continuously ,and the EL2 " density will in-
crease accordingly. The metastable EL2 " state can
not return to normal EL2° state through the light
activating and electricity activating unless by the
thermal recovery.

From above analysis ,we can see that the linear
electric pulse in the experiment shown in Fig.4is
due to the electrons from the EL2° level tranger-
ring to the conduction band. The electron densty
ne in conduction band is approximate to the density
of the EL2,and the densty n can be expressed

by

[13]

=
e = g?o o° (1)
Adly (1 +2 +—
o ad

where Bus= =0. 8mJ isthe energy of laser pulse,lty
is the single photon energy, A = O 5mm’ is the
GaAs sample area illuminated, d = 0. 6mm is the
GaAs thickness of sample material gh =1 5x10 *
cm’? is the optical capture cross section for elec
tron trandtion from the EL2 level to the conduc
tion band 0p =1 39 x 100 " cm % and0% = 4. 5 x
10" “cm’? are the optical capture cross section for
transtions between EL 2 and the valence band and
the metastable EL2 " states. Hence ,the conduction
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band electron density of about 10°cm™®is calculat-

ed from above function. This theoretical val ue bas-

cally agrees with the EL 2 defects density of 2 x 10%°
4%x10%cm 2.

After activated by the linear electric pulse
shown in Fig. 4,amost al the EL2 defects will
trander to the metastable state of EL2 . Only the
thermal recovery can resume the EL2" to EL2°.
When EL2 " changesinto EL2° again,some of EL2
become electron traps ultimately and other EL2 be-
come EL2" owing to the electricity compensate. In
this process,the electrons are excited to the con-
duction band by the biased electric field ,and these
conduction-band electrons will form the Gunn do-
mai n owing to the negative differential mobility. In
Gunn domain region the localized electric field will
be enhanced and reachs the electric field threshold
of avalanche impact ionization ultimately!™***!,
S ,the charge avalanche multiplication process will
take place and the SI-F GaA's PCSSoutputs a nonlin-
ear waveform subsequently.

The delay time between the linear operation
waveform and nonlinear operation waveform
should be the recovery timesfor EL2 " returning to

the EL2° ,using

exn(i)
T, = —C"I— 2)

the rough value of delay times can be estimated,
where the & =0 34eV is the energy gap between
EL2" and the EL2° |k is the Boltzmann constant ,c
is the experience constant which is associated with
temperature T,c=8 6 x 10" s * at the room tem-
perature. Therefore ,the recovery time of about 10°
nsis calculated from Eg. (2) ,and this calculation
result agrees with the experiment roughly.

Of course,for many applications this peculiar
phenomenon may be baneful. To avoid this phe
nomenon ,the GaAs photoconductive switch must
be under thresholds of optical energy and biased e
lectrical filed in linear model or above the thresh-
oldsin nonlinear model.

4 Conclusion

The semi-insulating GaAs PCSS triggered by
1064nm laser pulse could work at peculiar per-
formed characteristics. At triggering conditions of
0. 8mJ irradiated laser energy and 9 5kV/cm bi-
ased electric field ,the switch gives a linear wave-
form firstly ,and then after a delay-time of about
250ns,the GaAs PCSS outputs a nonlinear wave-
form again. The physical mechanism of this specific
phenomenon is asociated with the anti-Ste-defects
of semi-insulating SI-FGaAs and two-step-single
photon absorption. The delay time between linear
waveform and nonlinear waveform is calculated,
and the result matches the experiments.
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