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Abstract – Photoconductive semiconductor switch 

(PCSS) experiments excited by YAG:Nd laser at 

1064 nm wavelength and energy of ~ 8 mJ per 

pulse had been demonstrated. The PCSS was fab-

ricated from high resistivity semi-insulating GaAs 

and its electrode gap is 12 mm. Switching current 

as high as 3.7 kA at 28 kV bias voltage and 32 kV 

maximum hold-off voltage, life of 350 shots under 

20 kV bias voltage were realized, respectively. To 

achieve higher hold-off voltage (50 kV), different 

electrodes structures have been designed to sub-

stantially reduce the electric field enhancement. 

New test chamber design which will facilitate diag-

nostics, disassembling samples is also present. 

1. Introduction 

Optically activated semiconductor switches are based 

on the creation of charge particle carriers with help of 

an intense light source. With the development of com-

pact pulsed power technology, photoconductive semi-
conductor switch (PCSS) become a very promising 

kind of high power switch with the advantage of fast 

current rise, lower jitter, low inductance, low trigger 

energy and so on. In the past few decades, PCSS have 

been developed considerably [1–4] with the advance-

ment of semiconductor material since PCSS are highly 

dependent upon semiconductor properties. Up to date, 

there are three typical semiconductor for PCSS, i.e. 
silicon (Si), gallium arsenide (GaAs) and silicon car-

bonide (SiC), among which GaAs is most widely used 
in ultra-fast pulsed power generation setups. In our 

institute, we constructed an experimental platform for 

PCSS test. In the primary tests, hold-off voltage up to 

32 kV and current as high as 3.7 kA were observed 

respectively. In the following sections, we firstly give 

an introduction of the test platform, then making some 

description about the primary experiment results. Fur-

ther, we expatiate modified designs of PCSS in order 

to sustain higher voltage. These modified GaAs PCSS 

are being fabricated and tests are probably carried out 
late of this year. Test platform improvements are also 

presented, which will facilitate diagnostics, adjustment 

of switch position and other experimental operations.  

2. Experimental setups and test results 

Figure 1 is the photo of the primary test chamber of 

PCSS, in which two capacitors in serial with the main 

switch are charged by a DC charger through two resis-

tors of 1 MΩ each to –V and +V separately. So, the 

switch will sustain a voltage of 2V. Fig. 2 illustrates 

the equivalent circuit of the setup. The capacitor each 

has an inductance of 20 nF and can be charged to 
60 kV at most. 

 

     

Fig. 1. GaAs PCSS test chamber with the top flange re-

moved, the chamber is filled with SF6 and pressured to 

0.3 MPa. In the center are two capacitors (20 nF/60 kV) 

connected in serial with the PCSS (uninstalled). The inci-

dence of trigger laser is perpendicular to the switch surface 

  through a glass window on the top flange 

 

Fig. 2. Equivalent circuit of the PCSS experiment setup. 

Two capacitors are charged to same potential amplitude in 

  different polarity through resistors  

Capacitors and switch are positioned at the center 
of a cylindrical chamber whose diameter is about 

500 mm. The depth of chamber is about 500 mm also. 

At the top, there is a flange (removed in Fig. 1) on 

which there are three glass windows, one for laser 

incidence and two for observation. At the bottom are 

grounded connector and current diagnostic connector. 

Switch current is measured by a Rogowski coil. Its 
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sensitivity and minimum response time are 0.1 V/A 

and 3 ns, respectively. Between the coil and oscillo-

scope is a 40 dB coaxial attenuator. 

To improve insulation characteristic of the switch, 

preventing flashover at low voltage level, the test 

chamber was filled with SF6 and pressured to 

0.3 MPa. Fig. 3 is photo of a PCSS sample. The 

switching operation was realized by activating the 

semi-insulation material PCSS with a laser pulse. The 
switch gap between the two electrodes is 12 mm. 

Electrodes and GaAs chips are fixed on a ceramic 

substrate.  
 

 

Fig. 3. Photo of a GaAs PCSS sample. Between the 12 mm 

electrode gap is semi-insulating GaAs chip. GaAs chip and 

  electrodes are fixed on ceramic substrate 

In current capability test, the maximum switching 

current we recorded was 3.7 kA. The corresponding 

bias voltage was 28 kV. We chose this voltage level to 

make sure switch was not breakdown. The GaAs 

whose band gap is 1.42 eV was extrinsicly triggered 
by a YAG:Nd infrared laser (λ = 1064 nm, h

ν
 = 1.17 eV). 

Energy of the laser is about 8 mJ per pulse. 

In voltage withstanding test, switch voltage was 

increased every 2 kV. At 34 kV, switch was broken 

down instantaneously without triggering. At this 

switching condition, laser trigger was unnecessary and 

the switch was highly destroyed. GaAs chip crashed to 

pieces. So, the maximum hold-off voltage is about 

32 kV, i.e., ±16-kV charged.  
 

 
Fig. 4. Overlapped current waveform of 50 shots at 20 kV 

bias voltage. Switch was trigger once per minutes. Rise time 

  is about 80 ns (10% ~ 90%), maximum is 400 A 

Life test was conducted under bias voltage of 

20 kV and peak current of ~ 400 A with a limiting 

resistance of 21.4 Ω. Switch was triggered one shot 

per minute. After 350 shots, the bias voltage dropped 

to 18.6 kV, and could not be increased to 20 kV any-

more. The voltage hold-off capability for the PCSS 

has obviously declined. But within the 350 shots, 

pulse repeatability is very notable. Fig. 4 shows over-

lapped current waveform for 50 shots with 20 kV bias. 

3. Improved Design 

In the former experiments, only current was measured. 
Twice of charging voltage of the capacitor was re-

garded as switch voltage. In order to measure switch 

voltage by a voltage divider directly, the diagnostics 

setup was newly designed. At the same time, current 

diagnostics was also improved. Voltage on a current 

divider in serial with PCSS is measured. The current 

divider is a small but precise resistor with resistance 

of 50 mΩ, formed by welding twenty 1Ω-resistors in 

parallel. To facilitate the disassembly of PCSS sam-

ples and test PCSS in different environment, a vertical 
placed test chamber was designed (Fig. 5). In this test 

chamber, electrodes are on the axis and PCSS should 

be placed in vertical direction. Trigger laser pulse 

comes from side of the chamber. 
 

 

Fig. 5. Newly designed test chamber for PCSS. Chamber is 

placed in vertical. High voltage from pulse forming circuit 

through a cable on the middle-top drives one electrode of 

PCSS. Switch current is measured by current divider at an-

other electrode of the switch. Switch voltage is measured by 

  a voltage divider parallel to PCSS 

For solid material, breakdown is highly dependent 

upon the formation of plasma channel which will be-

come easier when there is electronic charge carrier 

injection from electrodes [5]. At the conjunction part 

of electrodes and GaAs, field was strongly enhanced. 

For example, when switch voltage is 20 kV, the 

maximum field of the switch is nearly 100 kV/cm, 

enhanced by a factor of about 6, according to field 

simulation. At even higher field level, electrons may 
be emitted from cathode according to a certain emis-

sion mechanism, then lead to avalanche and finally 

formation of plasma channel. Then self-breakdown 

happened without trigger. As a result, an effective way 
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to improve switch performance is to reduce the field at 

electrode.  

But in the primary experiments, attentions were 

mainly put on switching principle and trigger feasibil-

ity. Switch electrodes were not delicately considered. 

In order to increase switch voltage to 50 kV, elec-

trodes were newly designed. The electrode of im-

proved switch are tightly pressed and glued with con-

ductive resin rather than welded to the alloy layer 
which is sputtered on the ohmic contact area. Two 

electrode structures were designed showed as in Fig.6. 

The structures were optimized so as to substantially 

suppress electric field enhancement according to filed 

simulation.  
 

 

Fig. 6. Improved PCSS. GaAs chips are pressed to contact 

with ohmic contact area by electrode. Filed simulation was 

adopted to determine electrode structures so as to reduce 

  filed enhancement 

The improved test chamber is being machined. 

New PCSS are being fabricated also. Diagnostics are 

all in position. Tests under 50 kV bias voltage will be 

probably carried out late of year. 

4. Conclusions 

We had designed a test platform for PCSS and carried 

out some primary experiments. YAG:Nd infrared laser 

of 8 mJ/pulse energy at 1064 nm wavelength was used 

as trigger. Hold-off voltage of 32 kV, current as high 

as 3.7 kA, life of 350 shots had been demonstrated, 

respectively. To carry out test at higher voltage level, 
new test chamber and PCSS were designed.  

The authors would like to thank Prof. Wei Shi 

from Department of Applied Physics, Xi’an Univer-

sity of Technology for supplying the primary PCSS 

samples. 
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