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Summary

An SCR based unit suitable for triggering thyra-
trons has been developed. It is capable of develop-
ing over a kilovolt peak into a 50 ohm load with a
risetime of under ten nanoseconds. Both grounded
grid and common cathode styles of thyratrons may be
driven with minor circuit changes. Jitter character-
istics show less than half a nanosecond peak to peak,
and a standard deviation 1less than 100 picoseconds
has been obtained.

Introduction

This unit was originally developed for the Nova
laser plasma shutter. The plasma shutter explodes a
fine aluminum foil into the laser beam path to block
reflected light from the target. This retro-pulse
could cause severe damage to the optics if allowed to
re-enter the laser chain. The plasma shutter uses
four rail type spark gaps to switch out over 500
kiloamperes to explode the foil. These rail gaps are
triggered by two redundant grounded grid thyratron
based units., This paper will discuss the development
and performance of the solid state drivers for these
thyratrons.

In earlier thyratron triggers a solid state
driver using fast SCR's_(Unitrode GA-201) in an ava-
lanche mode was used. This circuit worked well
but had several shortcomings. First a 1,000 volt
power supply was required to produce a 600 voit peak
output. The fast SCR's are costly and reqguire a
selection process. A final negative consideration
was the susceptibility of the avalanche type unit to
trigger on external noise (a special problem in the
plasma shutter application).

The disadvantage of having to use a separate
1,000 volt power supply led to the development of
this new circuit. An SCR switched Marx generator was
selected. A Marx generator charges capacitors in
parallel over a long time period, then discharges
them in series to produce a fast risetime pulse with
a voltage multiplication effect. SCR's were again
chosen as the switching elements because they had
demonstrated their ability to survive the severe
transients associated with driving grounded grid thy-
ratrons.

Schematic Diagram

An abbreviated schematic diagram is shown in
Figure 1. The unit basically consists of six identi-
cal Marx type stages with an optical trigger
receiver. Only three of these stages have been shown
for simplicity. The six capacitor banks are charged
through the 47K resistors to the supply voltage.
Three capacitors are used in each stage to minimize
the series 1impedance of the Marx which strongly
affects the load driving ability of the device.

*This work was performed under the auspices of the
U.S. Department of Energy by the Lawrence Livermore
National Laboratory under Contract No. W-7405-ENG-48.
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The first SCR (Q1) is triggered by a fiber optic
signal received by one of the photodiodes. Two
diodes are provided as both system and local test
triggers are reqguired for the plasma shutter thyra-
tron trigger units. The parallel resistors R5-R9
provide an acknowledge signal back to the plasma
shutter timing system indicating the Marx stack has
fired.

When Q1 fires it takes the positive side of the
C2-C4 capacitor bank to near ground potential. The
capacitors attempt to discharge through R10 but are
prevented from doing so by the long time constant
involved. SCR Q2 now sees not only the positive
voltage on its own anode but also the negative side
of the first capacitor bank. Thus the voltage
applied to the second SCR is effectively twice the
supply. This combined voltage exceeds the forward
breakdown ratings of Q2 and the SCR fires. It should
be noted that the voltage from the first capacitor
bank is applied quite rapidly, much faster in fact
than the rated Forward Voltage Application Rate
(dv/dt) of the device. This contributes to the trig-
gering of the SCR. Finally, capacitor C23 provides a
path for some of the first capacitor bank's energy to
discharge through the gate of Q2 to ground, again
aiding in the rapid triggering of the second SCR.

It can be seen that the rest of the stack erects
in a similar manner. At this point all the capacitor
banks are effectively in series and can provide power
to the load. The output waveform (an RC tail) can be
seen in Figure 2. CR3-CR4 provide transient isola-
tion preventing prefires of the Marx generator caused
by noise spikes from the load.

SCR Selection

The original version of this device was con-
structed with Unitrode GA-201 SCR's. These are very
fast devices with a rated turn on time under twenty
nanoseconds. They produce very good results with a
risetime in the Marx of five to six nanoseconds with
very 1little forward drop resulting a large output
voltage for the supply used. As noted before these
devices are costly and are only rated for 100 volts,
limiting the output voltage of the Marx., These
limitations led to further experiments to find a sub-
stitute type. Surprisingly, almost all types of
small SCR's tried worked well., The most interesting
factor was their exhibited risetime in the Marx gen-
erator. A1l the devices tested showed a risetime in
the ten to 20 nanosecond range. This is interesting
in light of the fact that all of these devices are
rated for turn-on times of one to two microseconds.
It would appear that the triple combination of being
overvoltaged, applying a forward voltage faster than
their rated dv/dt, and the diversion of some current
from the proceeding stage to the gate result in a
very fast turn-on time. A four-to-one speed up was
noted for the fast device, but a hundredfold improve-
ment was obtained in the slower rated SCR's,
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After some experimenting, the Motorola MCR22
typed was decided on. This device is intended for
automotive ignition service and is rated for 150 amps
peak in short (microsecond) pulses. They are small
(T0-92) plastic packages, and priced less than a dol-
lar each in quantity. These SCR's exhibited a lower
forward voltage drop than other inexpensive types
tested, resulting in somewhat  higher  output
voltages. The devices come in voltage ratings up to
six hundred volts. The MCR22 is rated for a turn on
time of 1.2 microseconds, and exhibits a risetime of
eight to nine nanoseconds in the Marx generator.

Performance

The output waveform, as measured into a fifty ohm
1oad, is shown in Figure 2. Risetime is in the eight
to nine nanosecond range, 10 to 90 percent. Peak
output voltage is over one kilovolt with a pulse
width at half maximum of 250 nanoseconds. The supply
voltage is 400 volts.

A plot of output voltage versus supply voltage is
shown if Figure 3. As can be seen the relationship
between the supply and output is quite linear. The
ratio of supply to voltage out is 1:2.5., With per-
fect switches and capacitors the output would be the
supply voltage multiplied by the number of stages.
However, non-ideal components yield about 12 ohms of
series impedance for each stage, or about 72 ohms for
this circuit. This series impedance reduces the mul-
tiplication effect of the Marx generator.

Delay through the device varies considerably with
the supply. As the supply voltage is increased the
delay decreases, delay may be minimized by choosing
SCR's with a forward voltage rating close to the
operating supply voltage. A plot of transport delay
versus supply voltage is also shown in Figure 3. the
graph shown is for the Motorola MCR22-8, a 600 volt
device, and will vary with the rating of the SCR
used. As can be seen from the plot, delay falls off
rapidly at first as supply is increased, then stabi-
lizes as the supply nears the rating of the device.
The Marx generator shown has a delay of 180 nano-
seconds at its 200 volt operating point in the plasma
shutter application.
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Jitter and drift characteristics have proven to
be excellent. As can be inferred from the discussion
above both jitter and long term drift are closely
tied to the stability of the supply. Jitter studies
conducted with an HP5370A time interval counter show
a peak-to-peak jitter, for ten thousand shots, of
less than 400 picoseconds, with a standard deviation
less than 65 picoseconds. These tests were conducted
with a +200 volt supply at a 100 HZ repetition rate.

The 1imiting factor in repetition rate is the
value of the resistors used to charge the capacitor
banks. As can be seen in the schematic diagram of
Figure 1, the charging resistors determine the hold-
ing current of the SCR's. If the value of these
resistors is too low the current will never drop
below the holding current of the device, and the SCR
will not recover. The typical holding current for
the MCR-22 series is two milliamperes. Thus the
value of the charging resistors must be kept rela-
tively high resulting in a 1long RC time constant
Jimiting the vrepetition rate to near 100 HZ.
Decreasing the value of the capacitor banks will
allow operation to higher rates, but at the sacrifice
of output pulse width, One possible solution being
investigated is to actively interrupt the supply
after each shot to allow the SCR's to recover even
with small values of charge resistors.

Applications

The circuit as discussed to this point produces a
negative output pulse suitable for triggering
grounded grid type thyratrons (such as EG&G'S
HY-1102), as it is utilized in the plasma shutter.
However, common cathode thyratrons require a positive
voltage trigger. A small coaxial transfer is used to
provide the necessary inversion without compromising
the output risetime. The transformer consists of
sixteen turns of RG-174 coaxial cable on a ferrite
core, (Indiana General P/N F626-12-05). The {input is
applied to the shield of the coax with the center
conductor grounded. The output is taken from the
opposite end of the cable in the conventional manner,
with the shield at ground and the inverting output
taken from the center conductor (see Figure 4).

When driving tetrode thyratrons, (EEV CX-1157,
EG&G HY-8), the signal applied to the second grid
must be delayed in time from the auxiliary grid drive
unless a DC priming current is used on the auxiliary
grid. The circuit shown in Figure 4 has proven quite
successful with an overall peak-to-peak system jitter
Tess than half a nanosecond being demonstrated. The
100 nanosecond delay shown has proven adequate in
this application to produce minimum jitter.

Conclusions

Driving thyratrons is a difficult application for
solid state devices. Switching transients returning
from thyratron grids, (or cathodes), can be many
kilovolts and contain substantial energy. This
development program has produced a small, inexpen-
sive, and survivable trigger of high performance
suitable for driving a wide range of thyratron with
excellent reliability and very low jitter.
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