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ABSTRACT

To accurately measure pulse amplitude, Shape, and ralative time histories of optical
signals with an optical Stresk camera, it 15 necessary to correct each recorded {mage for
spatially-dependent qain nonuniformity and qeometric distertfon. Gain nonuniformities
arise from sensitivity variations in the streak-tube photocathode, phosphor screen,
inage-intensifier tube, and image recording system. These nonuniformities may te severe,
and have been observed to be on the order of 100X for some LLNL aptical streak cameras.
Geomerric distortion due to optical couplinus, electron-cptics, and sweep nonlinearity not
only affects pulse position and timing measurements, but affects pulse amplitude and shape
measurements as well.,

By uting a 1.053-um, Tong-pulse, high-power laser tp generate a ipatially and
tenporally uniform source as input tp the strezk camera, the combined effects of
flat-field response and qeametric distortion can be measvred under the normal dynamic
operation of cameras with S-1 photocathodes. Additionalsy, by using the same laser systex
to generate a train of short pulses that can be spatially modulated at the fnput of the
streak camera, we can effectively create a twp-dimensional grid of equally-spaced pulses.
This allows a dynamic measurement of the geometric distortion of the streak camera.

We wil) discuss the techniques invalved in performing these calfbrations, will present
some of the measured results for LLNL optical streak cameras, and wiltl discuss saftware
methods to correct for these effects,

3. INTRODUCTION

The Nova laser facility at the Lawrence Livermore National Laboratory {LLNL)T is able
to perform complex temporal shaping of the laser pulse ysed ta irridtsts targets for
fnertial confinement fusion experiments. LLML designed streak camerast.3 are routinely
used to obtain time resolved measurements of the laser power and various tarqet emissions
for each experiment. For certain experiments, and particelarly for pulse-shaped
implosions, 1t is necessary to know the laser opower and target emissions accurately
(<10% error} in order to understand and control the complex physics involved. Effects
such as image qain nonuniformities and geometric distortion can introduce stanificant
{>50%) errors in both spatial and temporal measerements, The primary concern of the work
presented in this paper has been to characterize these effects {n the aptical streak
cameras used for laser power measurements and te apply a correciion to the measured data.

1.1 Errors in streak camera measurements

There are several sources of error in making quantitative measurements with a streak
camera system. The largest contridutors are:

1) Image gain nonuniformities

2) Geometric distortion {including sweep nonlinearity)
3} Neonunifora background (dark current)

4) Spatial and temporal resolutfon Vimits

5] Random ngise

6) Dynamic range limits

This paper deals mostly with the effects of image qain nonuniformities and geormetric
distortfon. Nonuniform background, although usuzlly a smal) effect, is accounted for in
this presentation but will nat be discyssed at lenqth. The last three sources of error,
resolutian limitations, random noise, and d‘ngnic range limitatiuns, are discussed at
length in other papers in these proceedings?+5 and have been optimized for this work.
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1.2 Effects of gafn nonuniformities and qeometric distortion

Honuniformities in the image qafin are attributed to sensitivity variations in the
streak-tube photocathode, phosphor screen, image-intensifier tube, image recording system,
and to transmission variations fn the input and output optics. Geometric distortion due to
the streak camera optfcs, electron-optics, and sweep-rate nonlinearity not only affects
signal posftion and timing measurements, but affects siqnal smplitude and shape
measurements as well.

To characterize the effects of gain nonuniformities and geometric distortion in an
imaging systes, the response to a unifora or known fnput signal is measured. For a streak
camera systam 2 spatiaily and temporally uniform input signal is used to generate an
output signal, called the flat-field response. Since the input signal is flat in
amplitude, the flat-field response gives the point-for-point amplitude responsie due to the
effects of system gain nonuniformities and geometric distortion. Nonuniformity in the
flat-field respaonse can be used to correct arbitrary in)yut signals for their distortions,
and therefore improve the accuracy of the measurement. The transformation between input
siagnal and output signal is given by the equation

.

Vilxot) = Tolx'yy*) [G{x',y*') d(x*,y")] (n

ety = gt (2)

where (x,t) are the input coordinates, (x',y') are the output coordinates, Ij is the
input signal, 1, is the output signal, G §s the gain function, and J is the Jacobian
transforzation from (x,t) to {x',y'). If the fnput signal is flat, 1.e. I[i{«,t} is
constant, then the output measured stgnal, Iq{x',y'), is basically the reciprocal of the
flat-field response {the product of G and J). To use this characterization to correst
input signals, simply multiply the measured output image by the normalized flat-fielc
response image, This task is easily performed with a minf-compnter, taking only a few
seconds of CPD time for two D,5 Mbyte images.

To characterfize the geometric distortion produced by the streak camera, & spatic) and
temporal "grid® of equally spaced pulses is generated as the fnput signa) and the
distorted image produted by the stresk camera is recorded, Since the gqrid at the input has
A constant spacing in both the spatial and tempors!l directions, the nonlinear spacing in
the output image may be measured, and the Jacobian transformation frgm input to output may
be calculated from Eqg. 2.

2, MEASIREMENT TECHMIQUES

2.1 Generation of a unifor® amplitude source

The streak cameras that were characterized for this work were to be used in 3 discrete
channet applicatfon with multiple fiber optfc fnouts. This meant titat while the temporal
flatness of the input signal was vital, small spatial nonuniformities in the fnput signal
could be talerated. To nreduce a temporally flat light pulse, planar triovde amplifiers
were tuned to qenerate a 15-ns, square, high-voltage pulse that drove two Pockels cell:.
The Pockels cells were timed to slice out a square pulse from the center 81’ a 300-ns
Gaussfan pulse produced by a 1.053 um, YLF, single-mode, laser oscillator®, Using this
scheme, the flatness of the pulse 1s & few percent,

2,2 Measurement of flat-field response

The flat pulse was used to flluminate the entrance slit of the streak-tube photocathode
and the electrons emitted were deflected across the streak-tube phasphor screen at rates
between 100-30G ps/mm. The resulting output images were recorded on a CCD camera system.
The recorded image is the response through the entire stregzk camera system, and the
nonuniform effects contributed by individual components of the system are not determined
by this technique, As an examnle, Fiq. 1 shows an averaged scan {lineout} taken in the
time direction of a typical flat-field response image. Nonuniformities in excess
of 100% can be seen in this data.

2.3 Verification of flat-field response

Two experiments were performed to verify that modulations seen in the output image of
the streak camera were caused by the flat-¥ield response and wot by input signal
modulations. The first was simply to chanqe the timing of the camera triqqer with respect
to the input pulse. ®ith this type of experiment, shifting modulations in the ouiput image



& 18000
S
=
s
E . Figure 1. Streak camera
< uoo.o{ emporal response to a flat
[ pulse input. This measurement
2z is called the flat-field
1 respanse of the camera.
E $00.0
0.0 T T p— T

T
2 4 3 " 12

[ ]
Time (ne)

are caused by the input signal; those that do not shift are due to the flat-field
response. Lineouts taken in the time direction of two flat-field response images for the
same camera are shown in Fig, 2. The trigger time has been shifted 2-ns for one of the
images. The two profiles shaw the same trend and differ mostly fn the higher frequency
noise. This indicates that the modulation seen in the output image is the resy!t of the
fiast-field response rather than wmodulations of the input.
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Alternatively, we used shart pulses of equal intensity to verify the flat-field
response. By varying the trigger timing, the pulses can be displayed an different areas of
the output image. The output intensity varies as the flat-field response of the camera.
This verifies the previously determined response function at discrete pointy. Figure 3
shaws an example of this experiment performed on a camera with severe gain nonuniformity
in the temporal direction.

2.4 Linearity of flat-field response

The flat-field response of a particular streak camera may not be constant with
different input intensities due to effects such as saturation of the image-intens:fier
tube or imaqe recording system, Hovever, we can expect that it would be constant up to
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some given maximum intensity. B8y adjusting the amount of neﬂutral density ftlters at the
input to the camera, the flat-field response was measured to be constant over a factor of
at least 15:1 in input intensity. Lineouts of two flat-field response images are shawn in
Fig. 4 where the tnput intensity was 15 times greater for one image. As can been seen in
the data, the two response measurements agree to within the nofse of thes measurement,
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2.5 Heasurement of geometric distortion

We measure the geometric distortion by ¢reating a streak camera image from A
two-dimensiona) array of pulses, The pulses are equally spaced in time and across the
tnput s1it, The temporal spscing is obtained by causing the long-pulse laser oscilliastor to
g0 unstable, resulting in two axia) modes in the cavity, The two modes beat, producing a
pulse traip with a 250-ps perjod, This pulse train S1luminates a grid pattern at the sltit
af the streak camera. An example image {s shown in 7i9. 5. The Image 15 oriented with the
time direction betng vertical,
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2.6 Calculation of ~ametric distortisn effects

Using the geometric distortion image, the Jaccbian transformation way be computed as
described earlier, The gaia function G{x',y"'), from €q. 1, {s Sndependent of geometric
distortion and should be the same at different sweep rates because the nonuniformities
attributed to it are spatially dependent only. Geomeiric distortion images were taken for
sweep durations of 3.5-ns5 and 10-ns, and the flat-field response was measured for each.
€ach image was camputer corrected for its corresponding geametric distortion, and lineouts
were compared for each. Fiqure 6 shows an exsmple of lineouts taken in the time directian
of two carrected flat-field response {maqes. The two profiles are in qood agreement
differing mostly in the higher frequency nsise, This result {ndicates that the flat- fiela
response needs only to be measured at one sweep rate, 2long with the corresponding
qeometric distortion image. Yhen it is necessary only to obtain the geometric distortion
image at other sweep rates and compute the Flat-field response for each based on the
transformation corrections.
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3._SummaRY

We have successfully demonstrated a technique for measuring the flat-field response in
the temporal direction. For some LLNL optical streak cameras, the response has been
observed to have sfgnificant nonuniformities for which the data must be corrected to
obtain highly accurate measurements. Future efforts will focus on making the
characterization process simpler, routine, and on making the input Source spatially
uniform,
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