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Photoconductive semiconductor switches 
(PCSSs) are an important component of the 
circuitry for generating Ultra Wideband (UWB) 
High Power Microwave (HPM) radiation (Fig.1).1 
Advantages offered by these switches include low 
jitter, low inductance, compact size and, in some 
cases, lower laser energy required for the 
switching action. Because of its superior electrical 
characteristics, GaAs has been primarily used as 
the switch material in applications where fast, 
repetitive switching action is required. The 
material used has resistivity in excess of ~107 Ω-
cm. The high resistivity material can be made 
through a number of  

 

processing techniques and the response of the 
device can be affected by the fabrication 
processes.  

For example, high resistivity material can be 
intrinsic, or of the compensated type. Intrinsic 

materials, due to low carrier concentrations, have 
characteristics similar to ‘relaxation’ 
semiconductors as opposed to ‘lifetime’ 
semiconductors that are used in most applications.  
Injection of minority carriers in relaxation 
materials leads to majority carrier depletion 
(through recombination). In lifetime materials 
excess injected carriers are balanced through 
majority carrier augmentation, and carrier 
transport is through the usual drift/diffusion 
process.2, 3 Semi-insulating GaAs made though the 
compensation technique, and used in most switch 
materials, exhibit characteristics very similar to 
lifetime materials. However, the presence of traps 
at various levels in the compensated 
semiconductor makes the response unique to the 
compensation process itself. As a result, during the 
switching processes, the risetime of the pulse is 
affected and so is the maximum energy transferred 
to the load. 

Hence, it is important to understand the 
underlying physics associated with the fabrication 
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Figure 1. Photoconductive switch used in microwave 
generation 
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Figure 2. Simulation results with and without n+ 
region next to cathode



processes which governs the behavior of the PCSS 
during high power operations.  

In this presentation, we deal specifically 
with one type of switch material made through 
the deep donor (EL2) and shallow acceptor(C) 
compensation process, also known as the 
DDSA process. Simulation studies were 
carried out at the University of New Mexico 
using the SILVACO TCAD tool.4 The GaAs 
PCSS used in the simulation was generated 
through the BLAZE module, which simulates 
III-V semiconductor materials. The simulated 
I-V characteristics matched the measured 
results and our initial simulations analyzed the 
premature breakdown characteristics, which 
were attributed to the presence of a large 
concentration of traps in the material.5 We 

have shown that large areas of trap filled 
regions lead to an inhomogenous conduction 
process and to premature breakdown. 
Premature breakdown of the PCSS, 
specifically those used in high power 
application is a limiting factor in operating the 
devices at high voltages. Mechanisms to 

suppress such trapping of injected carriers are 
the key to operations at higher bias. 

  In this simulation study, we have also shown 
that the characteristics of a compensated SI/n+ 
junction are different from those of a compensated 
SI/electrode junction. As a result, if we place an n+ 
region next to the cathode, the junction suppresses 
the injection of electrons from the contact until a 
high bias is reached. This mechanism thus inhibits 
the formation of trap filled regions in the substrate 
and the device can be operated at higher bias 
(shown in Figure 2). The captured trap sites are 
also minimized (Figure 3) when compared with a 
PCSS without the n+ region next to the cathode.5 

 In summary, an opposed-contact PCSS with 
an n+ region next to the cathode electrode has been 
simulated. Physical conditions during the pulse 
charging state, prior to high power switching, are 
analyzed in order to explain the increased hold-off 
characteristic of such devices. Results show that 
the introduction of the n+ region near the cathode 
inhibits the flow of electrons at the n+/semi-
insulating interface until very high fields are 
reached. Trap-filled regions near the contacts and 
inhomogeneous device characteristics are thereby 
shifted to higher voltages. Thus, for switches with 
an n+ region next to the cathode, the premature 
breakdown voltage due to unstable filamentary 
conduction is also increased beyond the present-
day values, allowing for higher power operation. 
High bias operations improve the rise time of the 
PCSS and the maximum energy transferred to the 
load will increase. 
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Figure 3. Low concentration of traps near 
electrodes allow for higher bias operations


