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ABSTRACT

Photoconductive semiconductor switches (PCSS’s) have been developed by several groups for a variety of high power switching applications. Most PCSS’s are made from semi-insulating GaAs, although other materials (e.g. InP and SiC) have been used. To make these switches, ohmic contacts are made on a semiconductor sample, which is placed in a circuit under high bias. When the sample is illuminated by above-the-bandgap light, current flows (the switch closes). At low fields, the switch is in a linear, low current, high voltage state. Turning off the illumination thus causes the current to cease (the switch opens). It has been found, however, that above a critical field (~ 20 kV/cm for GaAs), the switch can be triggered into a sustained low voltage, high current “on” state, in which the current remains on for 100’s of nanoseconds after the light is turned off.  This high gain, nonlinear state is called “lock-on”, because a switch in this state is “locked-on” to a relatively low voltage, corresponding to a field of ~ 5 kV/cm for GaAs. This effect is always accompanied by current filaments, visible in the infrared (see figure). 
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This talk will begin with an introduction to the basic physics of PCSS operation. Following this, some experimental aspects of lock-on will be discussed and collective impact ionization theory, which explains the main features of this effect, will be introduced. In the final part of the talk, some recent results we have obtained using this theory to investigate the steady state properties of  lock-on current filaments and using the Ensemble Monte Carlo technique along with this theory to investigate the conditions for the initiation of lock-on will be presented.
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