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Introduction 

Nova is a large Neodymium glass laser system being developed to 
produce hundreds of terawatts of optical radiation. The short, powerful 
pulses of light generated in several parallel amplifier chains are 
simultaneously focused onto a tiny D-T pellet to produce an inertiaTy 
confined thermonuclear reaction. 

On its way from the final amplifier to the target, the light pass s 
through a spatial filter, 1 a pinhole typically 1 mm diameter, to 
insure optical beam quality. We shall describe the development of two 
shutters that are located contiguous to the spatial filter pinhole. An 
opening shutter is necessary to protect the target from amplified 
spontaneous emission (ASE) that occurs during the relatively long, 500 
ys,flashlamp pumping of the Neodymium glass prior to extracting the laser 
pulse. A closing shutter is required to protect the laser from light 
that when reflected from the target back into the laser would be 
amplified back down the chain and at some point damage optical components. 

*Research performed under the auspices of the U.S. Energy Research and 
Development Administration under Contract No. W-7405-ENG-48. 
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The opening shutter*? consists of a high speed rotating wheel with 
an aperture that is synchronized such that the aperture opens the optical 
beam path immediately before the amplified pulse passes. Its speed is 
limited by the strength of the wheel material. Although this shutter can 
open fast enough, 5 is or less, to minimize the ASE reaching the target, 
it at present is not sufficiently fast, 0.1 us, to also close before the 
optical pulse reflects from the target. Me are, therefore, developing a 
second shutter to rapidly inject a plasma of density greater than 
1021/cm3 (the critical density for the 1.06 pm light) across the 
optical beam path to block the return pulse. 

The opening wheel shutter has been developed into a prototype. The 
closing plasma shutter has been developed in a breadboard configuration. 
Its small signal characteristics have been measured, and it will shortly 
undergo high power tests. 

Opening Shutter 
Each shutter consists of a 20 cm diameter aluminum disk connected to 

an 8 pole, 8,000 RPM hysteresis synchronous motor. A hole at the outer 
edge of the wheel lies along the optical axis near the spatial filter 
pinhole and provides an opening time of approximately 10 pS. 
In a multi-arm laser, it is necessary to synchronize a number of these 
rotating disks. To provide synchronization, a 400 Hz oscillator supplies 
i-he basic frequency drive to each motor through a separate phase resolver 
<ind transistor power amplifier. A phase detector compares the outputs 
of an ac tachometer connected to each motor with the signal from one 
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reference motor, and drives a dc motor attached to each phase resolver 
until they are in phase coincidence. A trigger pulse is then operated 
which enables the laser oscillator to initiate a pulse at the same time 
the shutter's hole passes the beam line. 

Two units of this system have been tested. Future improvements 
might include higher strength materials to increase wheel speed and 
counterrotating wheels if it is necessary to reduce to the opening time. 

An alternative system using foils driven apart by the mutual 
repulsion of high currents has also been developed to the prototype phase 
to provide a fallback system. 

Closing Shutter 

A major element in a fusion laser system is the minimization of 
light reflected from the target that is fed back into the laser. The 
only trto schemes reported for glass lasers are the Faraday rotator with 
polarizer and an exploding mirror. The ubiquitous Faraday rotator is 
reliable, but adds to the B integral, requires additional spatial filters 
and compensating amplifiers, and is expensive. Although one could gain 
time to use a wheel shutter by extending the distance from the laser to 
the target, we shall demonstrate that an inline shutter will provide a 
possible alternative to the Faraday rotator. 

The logical location for a fast shutter is contiguous to the final 
spatial filter pinhole. With a typical pinhole aperture of 1 mm and 
distance to the target of 50 ft., the pinhole must close with an average 
velocity of 1 cm/yS. 
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Of the several candidate techniques for producing a vapor, most fall 
into a class which is based upon the sublimation of a material to produce 
a vapor. This vapor may be used directly as a plasma shutter, or it may 
drive a solid projectile^ (flyer or spall) across the optical beam 
path. The sublimation may be produced by the resistive heating of a foil 
or by laser ablation of a surface. We shall describe in detail a 
particular shutter that uses the electrical sublimation of a foil. After 
summarizing the primary physical processes involved, we will summarize 
the results of present experiments. 

To produce sublimation of the foil, a parallel array of low 
inductance capacitors is dumped through the foil. Current flow 
resistively heats the foil at constant volume until the temperature 
exceeds the binding energy of the atoms at which point sublimation 
commences. The vapor then expands adiabatically into the aperture. The 
basic relations describing these processes are given below along with 
particular coefficients for aluminum, the foil used in these experiments. 

A Kirkoff loop equation, representing the series capacitance, C, and 
inductance, L, of the source connected to the foil resistance, R, relates 
the current through the foil to the driving circuit. 

^/idt + L g + R i = Vo (. 

• 
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where V y ^s t h e inT-tial charge voltage of C. 
The resistance of the foil increases almost linearily with temperature 
until burst.4 

R = R, (1 + aAT} (2) 
where a = 0.004/°K 

Conservation of energy is used to relate the resistive heating to the 
foil temperature rise. 

T tBurst r TBurst 
J (JZ/o}dt = / P c , 
o T v 

dT (3) 

w h e r e tburst = time of burst 
T

0 = initial temperture 
Tg = temperature at t(j U r s t 

J = current density 
a = foil conductivity 
p = foil density 

c
v = foil specific heat 

where the right side of this equation is summed over heating, melt, etc. 

Typically the temperature at burst is Tn = 3 x 10 4 ° K-
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Equation 3 may be rewritten in terms of action, g, a format commonly 

used for describing exploding foils. 

t- T B 

op c y dT 

The action depends directly on the physical characteristics of the wire 
and is nearly constant for varying wire dimensions and source 
parameters. For aluminum4 g = lo (A2/cm4) sec. 

Additionally, on the time scale of these experiments, the vapor is 
resistively superheated by a factor of 2-5. The temperature achieved by 
these processes then determines the adiabatic expansion velocity of the 
vapor which is typically 0.7 cm/us. The front of such a plasma expanding 
into a vacuum has a velocity , v f r o n t > o f 2 cm/ps, where v f r o n t = ^ Y £ 

We have used a more detailed numerical mode"P'J which Incorporates an 
equivalent circuit model with an equation of state for the aluminum foil 
for parametric surveys, and for interpretation of and correlation with 
experimental results. 

In an intia' shutter experiment using a low-inductance pulse-charged 
capacitor network to explode a foil into a 1 mm diameter pinhole in 
vacuum, and with a low power CW probe laser, we have demonstrated closure 
within 70 - 20 ns after foil explosion. We next describe the present 
experimental results concerning the small signal characterization of the 
vapor shutter. 

9 = / At-/ 
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The pulser contained a Marx charged PFN which was connected to the 
foil load via a transmission line. The 2-stage Marx using tubular 
capacitors and low jitter Pulsar gaps rung onto the PFN charging it to 72 
kV in 420 ns. The PFN was constructed from 6 parallel 3-section lumped 
ladder networks using 30 kV ceramic capacitors. These capacitors, when 
pulse-charged and connected as described, provide the lowest inductance 
high voltage PFN available from commercial components. The FFN was 
connected to the foil through a printed circuit board and Mylar flat 
plate transmission line with a surface-air self-break multichannel 
switch. As configured, this circuit drove the foil with a peak current 
of 30 kA in a sinusoidal waveform with a quarter period of 114 ns. 

The 25 urn thick, 1 mm wide and 3 mm long aluminum foil was bridged 
across a tapered portion of the transmission line on the printed circuit 
board. A rectangular channel 1 rnn wide, 1 mm high, and 3 ran long was 
placed transverse to and on top of the foil as shown in Figure 1. This 
configuration simulated the pinhole yet was easy to fabricate. 

A 100 mw CW YAG laser beam was collimated to approximately 0.5 mm 
diameter and aligned through the pinhole. An EG&G SGD-100A photodiode 
with a high pass (650 nm cutoff) optical filter and a narrow band (18.7 
nm BW) optical filter was directly connected to a Tektronix 485 
oscilloscope and was used to monitor the optical signal. The photodiode 
was biased at 100 V for 1 ys during the period of interest. The 1 vis 
bias signal was split, differentiated, and appropriately delayed to 
provide hardwired oscilloscope trigger ccd fiducial signals to all data 
channels. Additionally, the foil current and voltage were recorded on a 
L12 oscilloscope. 



Foil geometry 

Laser beam 

1 mm foil 

1 mm X 1 mm X 3 mm 
channel 

^ ^ 

Copper electrode 

PC substrate 

Fiqure 1: Foil and aperture geometry. 
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We observed that as mentioned a sinusoidal current of 30 kA was 
driven through the foil. -The foil burst in 82 ± 5 ns after the beginning 
of current flow. The total energy required was 42 J. The optical signal 
was shut off in 70 + 20 ns following foil burst. A typical photodiode 
record is shown in Figure 2. 

We have obtained good agreement between experiment and model 
• concerning voltage, current, and timt> of burst. According to the model, 

the foil bursts at 3 x 104 ° K and continues heating to 7 x 104 °K. 
The plasma expansion front velocity6 was recorded with a TRW streak 
camera with a 78 fast streak head and found to be 2 _m/ps, which is in 
good agreement with the predicted temperature. 

A problem with the aforementioned configuration is that it permits 
and in fact directs a portion of the vapor toward the spatial filter 
optics, i.e. the lenses that focus the light through the spatial filter 
pinhole. Therefore, we have modified the aforementioned geometry by 
removing the channel from above the foil and replacing it by a short 
connical nozzle. This nozzle directs the vapor across the optical beam 
path and into a dump tank. Measurements with collector plates located at 
various positions within 0.6 cm of the exploding foil show that with the 
nozzle, no detectable vapor is observed on the optical axis, but 
significant vapor is deposited within a cone centered on the vapor axis 
(orthogonal to the optical axis) and within a solid angle controlled by 
the nozzle geometry. An additional benefit of the nozzle is that a 

• higher plasma density is achieved on the optical axis because the plasma 
is contained within a smaller solid angle then with the preceeding 

« 
channel geometry. We expect some vapor to expand toward the optics when 
the intense return laser pulse interacts with the plasma, but based on 
preliminary calculations, expect to electromagnetically deflect the 
charged particles off the optical axis and into collection baffles. 



Measured optical shutter action monitored by CW YAG 
probe laser and photodiode 

*Burst Close 

Time (100 ns/div) 

Figure 2: Optical Signal 
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Conclusions 
On present lasers, ASE and post pulse reflection have been 

suppressed by several techniques, including Faraday rotators for the 
latter. We have described a rotating opening shutter and a plasma 
closing shutter that might augment or replace existing techniques. If 
employed, the net benefi* of these techniques is to improve laser 
performance, The closing shutter in particular is expected to 
signficantly increase laser output power and efficiency. 
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