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Abstract—The time-dependent photocurrent response
in semi-insulating GaAs and InP was studied based
on 1-D, time-dependent simulations with a focus on the
Lock-On phenomenon. The results underscore the role of
trap-to-band impact ionization from deep traps in rapid
charge creation and its subsequent propagation much
like a streamer. The numerical results compare well with
the actual data. The main findings are that deeper traps
nearer the valence band at higher densities, materials with
larger high-field drift velocity, and cathode-side illumination
would all aid in attaining Lock-On. These could be useful
guidelines for producing Lock-On in new materials such as
GaN for high-power applications.

Index Terms— Lock-on, modeling, persistent photocon-
ductivity, photoconductive switch, pulsed power applica-
tion, semi-insulating semiconductors.

|. INTRODUCTION

HOTOCONDUCTIVE semiconductor switches (PCSSs)

are of interest for various applications in the pulsed
power arena [1]-[8], including microwave and millimeter
wave generation, impulse and ultrawideband radar, particle
accelerators, and directed energy systems. Potential benefits
of such switches include their ultrafast turn-ON times in the
picosecond regime, very low jitter response, isolation between
the electrical and optical systems, and ability to scale to
large voltages and currents in a single device. Semi-insulating
GaAs (SI-GaAs) [9], [10] have typically been used as the
PCSS elements in the past.

GaAs PCSS devices possess the capability of operating in a
high gain, or “Lock-On,” mode [11]. Lock-On, which occurs
when the optical switch is operated above a characteristic
threshold electric field, results in continued current flow even
after termination of the external photoexcitation. This current
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endures over hundreds of nanoseconds as long as the external
circuit supports the necessary electric field across the PCSS.
It is an efficient mode of operation, since the optical triggering
energy needed is very modest under this scenario. In the
absence of Lock-On, the GaAs photoconductive switch would
typically cease to conduct within a short period following
termination of the optical pulse. In addition to GaAs, the Lock-
On feature has been reported in other semi-insulating direct
bandgap switches as well [1].

For Progress Toward Increasing the Power Levels and
Switching Currents, Two Central Goals Remain: 1) attaining
Lock-On in wide bandgap semiconductors such as GaN
for increased voltage holdoff, power handling capability
and 2) adequately understand the fundamental physics that
would then allow for optimized PCSS design. The scope
for optimization is broad, and encompasses choosing trap
energies, their densities, the optical pulse wavelength, spatial
distribution of the laser profile, and so on. In GaAs, electric
fields roughly above ~4 kV/cm were required for the onset
of Lock-On, while higher fields around 14 kV/cm were
reportedly needed for Fe-doped InP [12]. Lock-On has also
been reported to depend on the characteristics and quality of
the samples. For example, though GaAs switches containing
EL2 levels exhibited Lock-On at fields in the 3.6-5.0 kV/cm
range, chromium-doped GaAs samples required fields around
8.0-9.5 kV/cm [13]. The Sandia group was also able to
change the GaAs Lock-On field from ~4 to 49 kV/cm by
neutron bombardment, or to 6.2 kV/cm by cooling GaAs
down to 77 K [13].

Numerous theories have attempted to explain the
Lock-On  mechanism, including band-to-band impact
ionization [14]-[16], Gunn domain formations due to satellite-
valley transfers [14], [17]-[19], double injection [20], and
strong carrier—carrier scattering [21]. A recent analysis [22] for
SI-GaAs successfully simulated Lock-On and yielded a good
agreement with the experimental data. It was shown that trap-
to-band impact ionization driven by local field enhancements
(associated with domain formation) plays a dominant
role in helping achieve Lock-On, with photon recycling
having a supportive influence. In this contribution, rough
guidelines for choosing PCSS parameters that could facilitate
Lock-On operation are presented, which would be useful for
applications to promising new materials such as GaN.
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Il. FEATURES RELEVANT TO LOCK-ON

Though triggering of the highly resistive materials into
the Lock-On mode can be achieved either by laser [9]-[11]
or electron-beam excitation [23], the use of subbandgap radi-
ation is perhaps an advantageous route. This simply arises
because the energy distribution of optical sources can be
tailored precisely to be in accord with the desired electronic
transitions; subbandgap excitation would reduce the overall
energy requirement, and a more uniform generation could
be achieved. An effective strategy for creating a switch with
low OFF currents and high hold-off voltages would be to use
shallow donors, with a larger density of deep traps to attain
a fully compensated material. Focusing on a single trap level
for simplicity, a trap energy Er closer to the valence band
edge Ey, would provide a larger density of electrons at the
trap level. Hence, a large density of conduction electrons could
be created through optical transitions from filled traps for a
given laser intensity; or alternatively enable the use of lower
optical intensities to create stronger levels of device current.

The physics of Lock-On can qualitatively be viewed in the
following simple terms.

1) Upon photoexcitation, electron creation in the conduc-
tion band is initiated, and involves transitions from filled
traps. Holes would also be formed in the valence band,
and involve two separate processes:

a) electronic transitions from the valence band into
originally unfilled trap sites;

b) transfers into trap sites that became empty follow-
ing laser excitation of electrons to the conduction
band from the previously occupied trap state.

One can expect the hole density in the valence band
to slightly exceed the conduction band electron density,
due to the higher density of states in the valence band.

2) Considering a lateral 1-D switch geometry for
simplicity, with photoexcitation focused at the center, x
the densities of mobile electrons and holes would keep
increasing over the pulse duration across the central
portion, and spread toward the contacts at the two ends.
Correspondingly, the associated conduction currents
in this central region would rise, with concomitant
reductions in the displacement currents associated with
total current conservation. The net effect of the latter
would be electric field reductions over much of the
central region, while fields near the two electrodes would
grow. Effectively, this would amount to the progressive
“electrical shorting” at the middle section, while
increasing the voltage drop across the two end zones.

3) During this time, not only are electrons and holes being
added to the semiconductor system through photoexci-
tation but also the mobile electrons and holes acquire
energy from the external field to begin participating in
trap-to-band impact ionization. This ionization process
is easier than the band-to-band process, because of a
much lower energy threshold. The electron-initiated
processes would contribute to increases in mobile
electron density, while leaving behind empty traps;
while hole-initiated impact ionization would result in

increased hole density together with trap filling. The
latter is important in replenishing the trap occupancies
and making electrons available for continued trap-to-
band impact ionization by the electronic process.

4) In addition, increases in hole density would effectively
lead to the formation of a near space-charge neutral
plasma. Near neutral space-charge neutrality ensures
that electric fields and their spatial variations are
maintained at a very low value within most of the
photoconductive switch, while growing at the end
regions. Also, the presence of such bipolar conduction
can potentially lead to an S-type instability and produce
downstream filamentary behavior [24]. Such filaments
have been observed in photoconductive switches
operating in the Lock-On mode [1], [11], [25]-[27].

5) The high fields at the end regions would easily exceed
the threshold for intervalley transfer (Ejn.h), if the
average biasing exceeded Ej,. value. This would help
create high-field domains due to the intervalley transfer
effect. High fields within domains would then function
as localized sources for trap-to-band impact ionization,
and fuel charge.

6) An interplay between the impact ionization (which
increases local charge density) and reductions in the
field due to the local space-charge enhancements would
help maintain a dynamic equilibrium. The voltage drop
across the circuit resistance would also contribute to
limiting the total current in the PCSS. In addition,
the increased fields near the cathode over time can lead
to enhanced electron injection, a process expected to
be stronger for anode-side illumination.

I1l. MODEL DETAILS

A 1-D, time-dependent approach was used to solve the
continuity equations based on the continuum drift-diffusion
theory. The model incorporated a Poisson solver for self-
consistent electric fields and contained an external circuit
series resistance Ry. The inherent physical processes of the
model included trap-to-band impact ionization, time- and
space-dependent photoexcitation, negative differential conduc-
tance of the material, both electron and hole injection from
the contacts, a trap level with associated emission and capture
dynamics, and photon recycling [28]. In addition, field-driven
electron emission from deep traps was included as discussed
by Ganichev et al. [29]. Such electric-field-enhanced emission
of electrons from EL3 and ELS5 deep-level defects has also
been reported [30]. Field-enhanced emission is expected to be
important in the present context given that high fields typically
arise in such applications.

Calculations of the current based on the drift-diffusion
theory for a voltage supply (Vp) are given as follows:

dn/dt = d[n(x)v,(F) + Dydn(x)/dx]/dx + ey (F) Ny
—cp(F)n(N1i — Np;) + nNg
x exp[ Ketectron (Ec — ETi)/F1fnvn
+ Kysech?[(t — 17)/2.5] x expla|z — zol]

+ KzNT_sechz[(t —17)/2.5] x expla|z — zo]] (la)
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dp/dt = d[—p(x)v,(F) + Dpdp(x)/dx]/dx

+epo(F)(N1i — Ny) — ¢p(F)pNyg; + p(Nti — Npy)
X eXP[Khole(ETi - Eu)/F]/BpUp

+ Kisech?[(r — 17)/2.5] x expla|z — zol]

+ K2(Nr — Ny )sech?[(r — 17)/2.5]

x expla|z — zol] (1b)

where F is the local electric field, e, ;0 are the emission rates
for electrons and holes, n and p are the electron and hole
densities, v,(F) and v,(F) are the field-dependent electron
and hole drift velocities, N1; and N; are the total and occupied
trap densities at the ith level, Kejectron and Kpole are the
constants for ionization due to electrons and holes, while 8, ,
are the equivalent cross sections for the electron and hole
rates. The fourth factor on the right side of (la) and (1b)
represents the rate of electron- and hole-assisted trap-to-
band impact ionization. Values of the various constants
given in (la) and (Ib) were given elsewhere [22]. The
field-dependent drift velocities for electrons [v,(F)] and
holes [v,(F)] in GaAs were taken from [31] and [32].

For InP material that is also analyzed here, the drift velocity
expressions used were [33]

o (F>0) = [mugF + v (F/Fin)*1/[1 4+ (F/Fn)*1  (2a)

for electrons with ug = 0.307 m?/V/s, vey = 1.25 x 10° m/s,
and Fi, = 12 kV/cm. The corresponding field-dependent hole
drift velocity expression [v,(F)] was taken to be

0p(F>0) = 5.9 x 10%] — 3.1 x 10*:5 +5.6
x10*z) — 3.5 x 10*z} — 6 x 10°z;,
+1.3 x 10%z) —2.8 x 10°z;, +7 x 10* (2b)

with z, = (|F| — 2.3 x 107)/(2.5 x 107), and v,(F < 0) =
—vp(F > 0).

For self-consistency, the charge distributions were updated
at every time step based on standard Poisson’s equation. The
boundary conditions for the Poisson solution were taken to
be Vo and I(tr)R; at the two ends, respectively, with Ry
representing the series resistance of the external circuit. The
device current 7 (¢) was calculated at each time step as: /(f) =
(A/N) SIZVLH @0 + T3 (0] + (Ae/L)d[AV (1)) /dr, where
N denotes the number of grid points along the longitudinal
direction, AV (¢) is the potential difference across the device,
J,{, p(t) represent the calculated electron and hole current
densities, respectively, A is the device area, and L denotes
the device length.

IV. RESULTS AND DISCUSSION

1-D, time-dependent simulations for photoconductive
switches (both GaAs and InP) based on the model described
earlier were performed. The results obtained and implications
of the parameter space on Lock-On attainability are presented
and discussed in the following.

A. Role of Trap Density Initiated lonization in
Semi-Insulating GaAs Material

Simulations were first carried out for SI-GaAs. The calcu-
lated PCSS current and device voltage as a function of time
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Fig. 1. Calculated PCSS current and device voltage as a function of

time for SI-GaAs subjected to an external photoexcitation pulse. The
trap energy was 0.75 eV below the conduction band with the trap density
chosen to be 1022 m—3.
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Fig. 2. Snapshots of the spatial profiles in a photoexcited GaAs PCSS
at 27, 28, and 29 ns. The laser was spatially focused at the center of the
device. (a) Temporal evolution of the electric field profile and (b) electron
density profiles.

in response to an external photoexcitation pulse are shown in
Fig. 1. The optical pulse intensity I(x,z) was taken to have
the following spatiotemporal profile: K sech?[(r—17)/2.5] x
expla|z—zol]. In the hyperbolic secant expression, ¢ represents
the time in nanoseconds, z is the position in meters, the absorp-
tion coefficient & was 300 m~!, with zo representing the
device midway point. This yielded a full-width at half maxima
of ~2.2 ns, with the peak excitation set to occur at 17 ns
from the start of the simulations, in keeping with the pulse
parameters of Shi er al. [34]. A spatially symmetric profile
with peak intensity located at the midway point was thus
used. A single trap with energy 0.75 eV below the conduction
band was assumed with a density set at 10*2 m™3. A 5-Q
series resistance was included in the circuit. The PCSS device
length was taken to be 14 mm with an initial bias of 7 kV.
The results of Fig. 1 show the device going into a Lock-On
mode after about 20 ns, with a current that fluctuates about a
mean value of 150 A. The current magnitude is comparable to
values reported for SI-GaAs by various groups [11], [34]. The
oscillations arise due to the evolution of the internal charge
and the electric field distribution.

Fig. 2 shows the snapshots of the electric field and electron
density profiles obtained at the 27-, 28-, and 29-ns time
instants. The two following aspects are evident in these results:
1) the appearance of high electric field regions toward the
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Fig. 3. Simulation results for the current and device voltage as a function
of time with the same PCSS specifications as used for Fig. 1, except for
a slightly higher trap density of 1.1 x 1022 m=3,

cathode (left) and anode (right) sides of the PCSS and 2) the
movement of these high-field regions toward each other at
large speeds of ~9 x 103 m/s. These speeds are larger than the
highest electron drift velocity in GaAs. This is in keeping with
high velocities reported in [18] and [35]. The results suggest
the following physical processes to be at work.

1) The electron density begins increasing due to the
external photoexcitation.

2) The local electric fields then decrease over these regions
of high carrier density, followed by a progression of
the electric field to an adjacent region, much like the
movement of a streamer.

3) With a shift in the electric field to an adjacent location,
strong enhancements in electron density through trap-
to-band impact ionization then develop.

This, in turn, lowers the local field dramatically. Thus, a posi-
tive feedback cycle with a moving charge domain is initiated.

Consider the electric field peak on the left at the 27-ns
instant in Fig. 2(a). The electron density just to its left
[Fig. 2(b)] is higher than the value to the right of the peak
field. Consequently, over time, the peak field advances to the
right (where the conduction currents were low and require a
higher displacement component) from ~2.4- to 3-mm location,
during the 27- to 28-ns time interval. Similarly, for the electric
field peak on the right located at ~12 mm at the 27-ns instant,
the movement is to the left since the electron density exhibits
higher values to the right of the 12-mm location.

An important change in the photocurrent is predicted if
the trap density is altered. Fig. 3 shows the simulation
results for the time-dependent current and device voltages
with the same PCSS specifications as used for Fig. 1, except
for a somewhat higher trap density of 1.1 x 10%*> m™3.
The current is now predicted to be much larger at around
400 A, as compared to the lower 150 A value in Fig. 1. The
evolution of the field and electron density profiles is shown
in Fig. 4. As compared to the previous results of Fig. 2,
the electron density profile is seen to be larger by a factor
of two at the higher trap density. Also, a comparison of
Figs. 2(a) and 4(a) reveals that the high electric field regions
tend to form sooner and start moving toward the device center.
The larger speed at which charge forms would likely be due
to the larger trap-to-band impact ionization at higher trap
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Fig. 4. Similar snapshots of the spatial profiles in the photoexcited GaAs
PCSS at 27, 28, and 29 ns as in Fig. 2, but for a higher trap density of
1.1 x 1022 m=3. (a) Temporal evolution of the electric field profile and
(b) electron density profiles.
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Fig. 5. Simulation result for the GaAs device current in response to the
photoexcitation pulse. With trap density at 0.9 x 1022 m~3, no Lock-On
is predicted.

densities. Very roughly, since this ionization rate R scales
as n Ny, a higher N value (facilitated by the larger trap
density) enhances the electron population (n) in the system.
Since the rate R is also proportional to n, any enhancement
in electron density feeds back, thereby causing larger device
currents. Our simulations also showed (though not shown
here) that emptying of the filled traps upon impact ionization
was followed by electronic refilling from the valence band.
Hole-initiated impact ionization, as well as hole emission
from the empty traps, led to the attainment of a dynamic
equilibrium.

Simulation runs at even higher trap densities further con-
firmed the above trend toward larger currents, though the
results are not shown for brevity. An important inference
then is that larger trap concentrations closer to the valence
band work to facilitate and promote Lock-On. Conversely,
a lowered presence of traps in the Si-GaAs system tended
to quench Lock-On. As an example, the simulation results at
a trap density of 0.9 x 10?> m~3 are shown in Fig. 5. The
photocurrent is seen to steadily decay upon termination of the
optical pulse.

B. Analyzing Effect of the Energy Level in
Semi-Insulating InP Material

Having presented Lock-On simulations in SI-GaAs and
the role played by the trap density in facilitating persistent
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Fig. 6. Calculated photocurrent response and device voltage as a

function of time for a semi-insulating InP sample subjected to an external
photoexcitation pulse. A single trap level 0.34 eV below the conduction
band at a density of 6.4 x 10'® m—3 was used.

conductivity, the photo-response in semi-insulating InP was
analyzed next. The primary objectives were to: 1) help provide
a more complete and comprehensive analyses beyond just
GaAs material; 2) have a consistency check of the physics-
based model; 3) evaluate changes in the photoconductive
behavior due to differences in the field-dependent velocity;
and 4) assess whether the Lock-On field might be related to
the intervalley transfer threshold.

Fig. 6 shows the calculated photocurrent response and
device voltage as a function of time for a semi-insulating
InP sample. A 21-V bias corresponding to an average field
of 15 kV/cm was applied, along with a 5-Q series resistance.
The InP was taken to have a single trap level 0.34 eV below
the conduction band at a density of 6.4 X 10 m=3, and
conforms to values reported by Wada er al. [36] for InP. The
velocity-field curve for InP exhibits intervalley transfer at a
field of about 10 kV/cm. The main result of Fig. 6 is the
existence of a persistent conductive state at an average field
of 15 kV/cm. This field matches the Lock-On field for InP
that has been reported in [11]. The result also shows that the
intervalley transfer field (10 kV/cm) is not connected to the
Lock-On field.

Next, the response in InP was compared to the predicted
behavior for the SI-GaAs case. Two different simulations were
carried out at an average field of 8 kV/cm, as shown in Fig. 7.
The trap density was set at 10*> m~ for both cases to match
the concentration previously used for GaAs in Fig. 1. The
result of Fig. 7(a) shows the InP photocurrent for a trap level
at 0.75 eV below the conduction band. Though such a trap
has not been reported for InP, this choice simply provides a
hypothetical comparison with the GaAs material at the same
defect energy. The time-dependent response of Fig. 7(a) shows
Lock-On with much higher current levels than the result of
Fig. 1. The increased current magnitude arises from the much
larger electron drift velocity with its strong overshoot in InP,
as compared to that in GaAs. For example, the drift velocity
in InP at the high fields is roughly twice that of electrons in
GaAs. This suggests that having a material with a larger drift
velocity at high fields, rather than a high low-field mobility
(as in GaAs), is an important factor from the Lock-On stand-
point. Hence, attaining Lock-On in a material such as GaN,
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Fig. 7. Simulated PCSS current and device voltage response as

a function of time in semi-insulating InP sample with trap density of
1022 m—3 and trap levels of (a) 0.75 and (b) 0.34 eV below the conduction
band. The average applied bias was taken to be 8 kV/cm.

which also exhibits high electron drift velocities at large
electric fields, would appear plausible. Very preliminary results
from Sandia seem to show persistent photoconductivity in GaN
and support the possibility of a mode similar to Lock-On [37].
The shape of the time-dependent current in Fig. 7(a) reflects
the velocity overshoot characteristic. In addition, since the
trap-to-band impact ionization rate is directly proportional
to the drift velocity, growth in the mobile carrier density is
also stronger for InP. The role played by the energy level
in influencing the current magnitudes is made apparent from
the results of Fig. 7(b), which were obtained at a shallower
trap energy 0.34 eV below the conduction band. A simple
comparison between the results of Figs. 6 and 7(b), which
both had the same trap energy, reveals higher currents in
the latter case, despite the lower average field used in the
simulations of Fig. 7. This demonstrates that a higher trap
density [6.4 x 10" m™3 in Fig. 6 but 1022 m~3 Fig. 7(b)]
can lead to much larger photoconductive currents. This occurs
since traps function as a conduit for trap-to-band ionization.
Furthermore, a comparison between the currents of Fig. 7(a)
and (b) demonstrates that a deeper trap level is more conducive
to higher current and provides easier attainment of Lock-On.

C. Probing the Role of Laser Spatial Profile on Lock-On

For completeness, the aspect of position dependent trig-
gering of a PCSS is also discussed. Some studies seem to
suggest that laser triggering at locations nearer the cathode
would create higher ON-state conductances and larger currents
[26], [27], [38], [39]. A more efficient use of the optical
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Fig. 8. Results of the time-dependent PCSS current obtained for two

different locations of the laser focal point. The 25% and 50% of the device
length represent the laser centered at distances of 3.5 and 7.0 mm from
the left (cathode) end for the simulated 14-mm PCSS device.

trigger by focusing the beam nearer the cathode contact,
and reduced switch degradation, and help to increase device
longevity [26] was also demonstrated. To probe these aspects
further, the present model was applied to simulate two different
cases with the laser profile centered at 25% and 50% of the
device length. This corresponds to distances of 3.5 and 7.0 mm
from the left (cathode) end for the 14-mm PCSS device.
Results shown in Fig. 8 predict higher currents with the
laser nearer the cathode at 25% of the device length. This
clearly shows that attaining Lock-On would then be easiest
with laser illumination that was deliberately focused nearer
the cathode end. Given the 1-D model, the implication is
that the laser spot size should cover the PCSS width. The
intensity is not as important, since as shown years ago by
the Sandia group, a lower intensity (with optical energies as
low as ~200-500 uJ) could still lead to Lock-On but with
a longer delay time and the requirement of higher external
voltages [40]. Use of optical fibers for such targeted energy
delivery could be an option. With the laser centered 3.5 mm
from the cathode, carrier creation predominantly occurs nearer
the cathode on the left, while the high field regions are formed
on the right side. Multiple field domains (not shown for
brevity) were predicted to develop, and both the high electric
field region and peaks in the carrier density moved toward the
cathode on the left. The high field on the anode side provided
greater hole injection and also enhanced hole-initiated trap-to-
band impact ionization. This led the device toward a stronger
two-carrier conduction scenario, and helped to increase the
current density. In addition, fields were effectively reduced
in the high carrier density zones and increased over the
other regions; thus supporting a more effective and continued
charge creation with a moving wavefront. As shown in Fig. 4,
the electric fields moved in a dynamic fashion from the anode
toward the cathode.

D. Qualitative Discussion

An important result that emerges from the present calcu-
lations is that the Lock-On field does not necessarily have
to equal the threshold value Ej,_g for intervalley transfer.
For GaAs semi-insulating devices, the observed Lock-On field

values (E1 o) were serendipitously around the Ej,_, threshold
of about 4 kV/cm. However, for InP, Lock-On has been
observed to require fields on the order of 15 kV/cm, which
are above the intervalley transfer threshold of 10 kV/cm for
that material. In the present simulations, Lock-On was indeed
predicted for InP at an average field of around 15 kV/cm in
keeping with experiments. Our results suggest that Lock-On
may conceivably be attainable even in wide direct bandgap
materials such as GaN. Since the GaN intervalley transfer
threshold (Ej,—g,) is high at about 150 kV/cm [41]-[43], much
higher fields would be required. The more relevant factor
that drives Lock-On is the local field needed for trap-to-band
impact ionization. Hence, the key parameters of relevance
would be the presence of a shallow donor, a relatively high
density of traps close to the valence band, and a laser operating
at an energy of at least (E¢c — E7) focused near the cathode.
For example, the 532-nm laser with its photon energy of
~2.33 eV could conceivably work for GaN Lock-On.

The filamentary conduction that is often associated with
Lock-On can qualitatively be understood in terms of the two-
carrier conduction arising from trap-to-band impact ionization.
As already obtained in this paper, this process can be driven
either by electrons or holes, and would potentially give rise to
an unstable S-shaped current—voltage characteristic. However,
detailed analysis of this regime can only be probed through
2-D calculations, and which will be reported elsewhere.
An important aspect though that could likely fuel filamentary
growth is the lateral variability in work function at the metal—
semiconductor contacts. The usual assumption of a uniform
work function is physically incorrect. Its variation with the
lateral position has been explored to some extent in the
past [44]-[46]. An effective treatment of a position dependent
work function variability can be based on a random variable
approach, with the work function taken to have a Gaussian
distribution about some mean value [47]. Nonuniformities in
the work function could be further enhanced by variations in
the electric field at the surface due to sharp localized geometric
changes, microstructure defects, or differences in plasma den-
sities in the semiconductor. This also then implies that since
the presence of cathode-side photoexcitation will create a pool
of mobile carriers at that end, the charge photogenerated would
likely work to mitigate lateral inhomogeneities in the current
injection. Consequently, the likelihood of filamentary growth
in the PCSS can be expected to be quenched. This would pro-
vide for more stable operation, as reported in experiments [26].

V. SUMMARIZING CONCLUSION

The time-dependent response of SI-GaAs and InP material
to laser excitation was studied based on 1-D, time-dependent
simulations. The focus was to model the Lock-On phenom-
enon in both semiconductor systems to demonstrate the wide
applicability of the model. The additional focus was to identify
parameters most relevant to bringing about Lock-On, such as
the trap energy and density. It was shown that deep traps
closer to the valence band, and at larger densities, foster large
long-lived photocurrents. This arrangement would only require
subbandgap radiation for photoexcitation, and thus provide
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a more efficient switch with greater photogeneration unifor-
mity. The simulations also underscored the role of impact
ionization from trap levels. Due to this process, localized
and rapid charge creations were shown to occur, pushing
a local high-field region to a neighboring location, much
like the dynamics of streamer propagation. Hence, fast field
movements, multiple domains, and charge oscillations arose.
Rapid current oscillations have been observed experimentally,
and rapid propagation of density growth is also in keeping
with the observed trends.

The numerical results presented here compared well with
actual data obtained by Shi er al. [34], and those reported
by the Sandia group [11]. The simulations also demonstrated
that having a material with a large drift velocity at the higher
fields would not only just increase the current throughput but
also aid in attaining Lock-On. This was demonstrated in InP
material, which has a lower low-field mobility than GaAs,
but a much higher drift velocity at the higher fields. By this
reasoning then, one can expect high currents and possible
Lock-On in high bandgap materials such as GaN. Yet another
result of this paper was the role played by the location of
the illuminating optical excitation. With illumination that was
deliberately centered close to the cathode contact, a much
higher photocurrent was predicted, and the Lock-On seen to be
easier to attain. Finally, since the presence of cathode-side pho-
toexcitation would create a pool of mobile carriers, this charge
would likely work to mitigate lateral inhomogeneities in the
current injection. This would provide a more stable operation
as reported in actual experiments [26]. The actual physics of
filamentation, however, will require 2-D simulations, and will
be reported elsewhere.
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