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In this paper we describe the operation and applications of a framing camera capable
of four separate two-dimensiomal images with cach frame having a 120-ps gate width, Fast
gating of a single frame is accowplished by using a wafer image intensifier tube in whieh the
cathode is ('.npuril‘i\:vl.\' coupletd to an external electrode placed outsicde of the photocathode
of the tube. This electrode is then pulsed relative to the wicrochannel plate by a parrow
(120 ps), high-voltage pulse. Multiple frames are obtained by using wmultiple gated tubes
whick share a single bias supply and pulser with relative gate tites sclected by the cable
Tengths between the tubes and the pulser. A heamsplitter svstem has been construeted
which produces a separate image for cach tnbe from a single scene. Applications of the

framing camera to inertial confinement fusion experiments are discussed.

PACS nmumbers: 07.68, 52.70.1, 52.25.1R, 52.50..]
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L INTRODUCTION

The eriterion for the time resolution of a framdng camera is given by the requined
spatial resolution divided by the speed at which the ohject is moving, The plasmas studied
in incertial confinement fusion (ICF) are typically 100 to 1000 g in size and are moving
at velocitios of [ x 107 em/see, If we require spatial eesolution of approximately 10 g,
this implics frame times on the order of 100 picosceonds. Present laser pulses of interest
1o ICF are one to several nanoseconds in duration, so one wonld also like to have nmbiple
frames to study the evolution of the plasma. The time delay hetween frames should be
casy to adjust.

Short exposure tintes can be obtained using active probiug techmigues.  Since laser

pulses as short as 6 femtosceonds are possible!, one can casily meet onr eritetion. There are,
however. many sources of cindssion in laser-produced plasinas that one would like to direetly
image. These inelude parametric seattering processes (e.g. stimulated Brillonin seatiering.
stimmlated Raman scattering, half-harmonic emission) or thernral emission whick appear
in the visible to near uv regions of the spectrwn. Studics of the deposition of laser energy
into solid materials reguire one to observe directly the appearance of shock waves breaking
throngh the tavget. Framing technigues using Kerr cells?. which require linearly-polarized
and nearly collimated light, are usually not applicable: the light sourees of inferest are not

tem will he relatively

necessarily Hnearly polarized and the fmuuber of the imaging
suall (f/2 to-f/10). Mechanical shatters ave eleardy too sl Fast gate times require

vlectro-optic technigues.

"y



Linage intensifiors converd phiotons to clectrous with an appropriate photocathode, The
signal is amplificd by @ microchannel plate (MCP). and then the clectyons are converted
hack to photons by a phosplior and the image is recorded (e.g. on film or by CCD realdont).
One-dinensional spatial informwation can be recorded with higl temporal resolution if the
plintocathode is imasked with a parrow slit amd the clectron beam is rapidly swept across
the MCT by clectrostatic deflecting plates: time resolution of less than 10 fomtosceconds
has been reported®, Indeed. streak cameras have been the work horses of time-resolved
optieal ICF diagnostics. There are. however, many applications (we will give an example
later) in which two-dimensional time-resolved pictures complement those obtained with
the streak canpera.

Au carly approach towards a fast optical framing camera is the shutter tube ', Shatter
tiuhes resemble the streak camera intensifier tubes with the time resolution ohtained by
anting off the photoeathode between franes. The eleetron beam between the photocathode
andd the MCP is deflected hetween frames to a new spatial region of the MCP in order to
obtain wmultiple frames. This procedure requdres that a complex. time-dependent voltage
he generated to gate and defleet the frames. The framne rate of the camera is typieally
fimited to 400 ps by the transit time of the elecivon beam throngh the deflection plites.

Tl frame rate of a shatter tube can be improved by modifving the deflection plate
peemetry, A traveling wave deflection strncturee® has heen demansteated which alloses the

voltage pulse to propagate at the same veloeits ax the electron beam: effeefive teansit times

cant be peduced to 50 ps. The limiting factor then hecomes the vise e of the staiee
voltage applicd to the deflection plate which has linited the frame rate to 500 ps.
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Iimage dissector tubes™, on the other kand. require simpler ramped voltages to sweep
the electron image past a slit to convert spatial information into time information. A
separite clectvode further downstream is swept in the opposite wanner (o yeconstruet fhe
2-D images on the phosphor. The frame fies can be as fast as 100 ps, Lut the image
resolution is more dependent on the quality of the clectron opties since the dissceting slit
is imaged onto the MCP. Also, the specially-built tube is physically quite large.

The clectron transit time can also he redaced by nsing proximity-foeused tubes®='"
The tube Lias no clectron-foeusing optics which reguires the cathode to be within o fw
millimeters of the phosplior. Fast frines can be obtained by applying a short electrical
pudse between the cathode and the phosphor, The gate time is proportional to the RC
time of the eathode-phosphor circuit. Oue can increase the condnetivity of the cathode by
placing a metallic conting on the substrate of the cathode. The coating caunot he made (oo
thick withont compromising the transmission of the tube. This limits the couduetivity of
the substrate, The gate time is also limited by the indunctance of the cirenit. Cotmections
into the tuhe to the conducting layer have been found to contribate significantly to the
total induetanee of the gating circuit and gate times have been limited (o 200 ps.

In the yemainder of this paper we disenss the gated aptical imager (GOT) that we
h. ve used for the fisst time to frame Taser-produeed plasmas, Development of a technique
ta produce a short high-voltage pulse to gate an hmage inteosifier tube provides 100-ps
frame tines, The cathode is capacitively coupled to an external cleetrode: this confign-
ration allows the constrnetion of a low-juductanes juhe b gromwed. Multiple Trames are
obtained by using nmltiple tubes and so the titme between frames can be sot avhitrarily.
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The intage intensificr tubes are readily available, reliable, and very compact. An exaunple
of an application of this camera at this laboratory is presented in the third section.
II. DESCRIPTION OF THE GATED OPTICAL IMAGER

A rommercinl framing camera'? lias been designed for four-frame operation during a
single event. Each chamnel of the GOI uses a wafer intensifier tube!® which has an §20
photocathode with a quartz window. (The gquartz window was chosen for onr particulae
cmmera to allow for pictures to be taken in ultraviolet light. A single-frame GOL was
previousty wsed sneeessially with a fiber-optic face plate.) In fast pulse operation, the
eathode s capacitively conpled to a eondueting electrode whieh is pulsed relative to the
MCD of the tube. To turw the tube off amwl mamtain a narrow gate pulse, the cathode is
reverse-binsed relative ta the MCP hy approximately 106 V.

The high voltage is genevated by a planar triode pulse gencrator whose ontput is a 2.5
EV pulse with a risetitue of less than 1.5 ns. The pulse is then shortened to approxdmately
100 ps by feeding it {0 a speed-up module which contains a reversed-binsed diade which
is pulse crged 1o operate near Hs avalanche breakdown point''. Since the avalanche
breakdown process is known 1o oceur rapidly (< 100 ps typical time seale). one can nse
well-eharneterized diodes to produce a very fast rising pulse at high voltages (~ 1 kV). The
pulse is then split and fod to opposite sides of the tabe to optimize impedance materhing
and to symetvize the propagation of the padse across the plataeathade. Note that the
large voltage pulse is requived sinee the capaeitiee conpling to the tithe leaves only cue
tenth of the applicd gate voltage on the cathode-to-MCP gagr.
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Multiple frime operation is achieved by using nmliple gated intensifier tabes. This
reguires Hiat the optical system provide a separate image to ecach GOI chaunel. but this
is casily accowplished (see See. 3). The output pudse from the planar triode pulser is fod
1o a single speed-up module whicl is split between the four tubes. The relative timing
hetween channels is determined by the relative lengths of the cables between each tube
awd the specd-up module, This aveangenent is illustrated in Fig, 2,

The width of the gate pulse has been verified optically wsing a strobe teelnigque with
a laser diode pulser (pulse width = 80 ps. wavelength = 84) mm) andl nsing a photodiede
to measure the light cmitted at the phosphor (P20). as is scen in Fig. 3. This is a plot
of integrated light outpue versus relative delay between the gate and the laser and was
obtained wsing a sampling-type setup.  The gate pulse is approximately Gaussian with
a FWWHAL of close to 120 ps. By uniformly ithuminating the tube with the diode pulser.
we have examined the spatial dependence of the gate time by moving the photodiode
receiver actoss the phosphor; the variation is less thau 20 ps. The gate time is determined
hy the dectron transit time to the MCP and the capacitance limits the diameter of the
photoeathode to 18 nmu a larger cathode would have a larger capacitance and a slower
pate time.

Although the gate pulse is applicd across the entire tube (electyode to gronnd). the
voltage across each part of the tube is determined by the ratio of its capacitanee 1o the
total tube capacitance.  The rise time of the gate pulse sevoss ench pact will also e
proportional to the capacitanee of each seetion of the tebes Far these peasons, the MCT
provides essentially the same gain as in die. operition. The MCP voltage can be varied
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incrementally in six steps (cach step = 50 V) from 920 V (radiant gain = 107) o 670 V
(radinut gain = 30). The shutter ratio is greater than 10% which is indicated by the tule
specifications sl has heen verified by comparing gated aml nngated exposure times to
obtai similar intensity levels with the MCP biased. The lower limit corresponds to defects
in the MCT.

The spatial resolution of the gated tube has been investigated. A contrast transfer
function (CTF) Las been obtained (see Fig. 4) using a lincar zouc plate grid. The CTF
is greater than 30% at 10 lp/mm which corresponds to the smallest spacing on the favged
aritl, Comparison between the CTF obtained in the fast gate mode and that obtained
Ly gating the AICP (300 ps gate time) shows no significant difference. The resolution
is litnited Dy (he intrinsic spatial resolution of the intensifier tube and is not degraded
by the external clectrodes, Note that the measured CTF includes effects of vecording the
inmge outo filmy; the finite thickness of the emulsion degrades the system response at higher
spatial fregquencies,

II1. APPLICATIONS

The four frinne GOL is presently a routine diagnostic wsed in conjunction with the
Nova laser, Nova is a ten-bowun laser; eacht bea is able to deliver focused 2.0 kY of energy
in the form of 0.35 g wavelength light to solid taygets of vartons materials. Pulse lengths
range from 100 ps to 5 ns. One mission of this facility is toostudye plasmas under eonditions
similar to those expeeted in an inertial copfinenent fusion reactar, Witls the GOL one ean
staly the spatial and temporal evolution of thermal cuission aromsl s target or look at
light seattered by parametrie processes driven in the laser-produced plasmas.
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The tmage is relayed to the GOLDY a Cassegrain telescope which has 2 maguification
of 84T and Las an input fnmnber of 10 (the telescope is 2 meters from the target): this
steans that the diffeaction-linited objeet plape resolution at o wavelength of 450 wus is 9
gn/lp. In the image plane, the resolation is therefore larger than 76.2 gan/lp or 13 Ip/nun.
This is romparable to the iimage resolution of the tube, Four immages of the target of nearly
vequal intensity are provided by the system of beamsplitters and mirvors shown in Fig, 5.
Small differences in the relative chanuel intensities can be compensated by adjusting the
MCP gain of cach tube individually.

An example of the use of the GOUis illustrated in Fig. 8. In this experiment, two
Beams of Nova were foensed onto one side of a 63.7-gm-thick planar aluutinun stals, The
foensed energy produses a shock wave in the targed which. when Horeaches the other side,
shows up ae a bright flash. Shown in Fig, 6 are four frianes taken during @ single cvent:
the frames are separated by 200 ps. The first frame shows cmission due to preheat, then
the shock breankout hias begun by the seeond frome and contiptes in the rewaining frames.
Note that althongh the beams were intetded to he overlapping. two distinet spots were
olserved insteard of a single spot.  Alignment errors in the target positioner were ater
determined to he the eause of this; note that this sort of information would he diffieult to

obtain nsing a streak camera alone without fortnitions alignment.

IV. SUMMARY

We have demonstrated the wsefuluess of an aptieal frandng emmera which provides
oty (wo-climensional imnges pey event with 2000 gate widths oneacls frmme. Changing,
the interframe timing is a simple procedure. The canwra has a gond spatial resolution
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aned eathode area for a wide range of imaging applications. The imager has proved to he

a useful and reliable diagnostic on the Nova laser syséom.,

This work was performed under the auspices of the U. S, Department of Encrgy by

Lawrence Livermore National Laboratory under contract No. W-7405-Eng-48.
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FIGURE CAPTIONS

1. a) A view of the rear of the framing camera shuwing the physical connections with
the speed-up wodule (far right), the de. bias supply (Jower center) and the planar
triode pulse gencrator. b) A view of the framing camera showing the arrangenent of
the fonr gated intensifier m]u;m

2. Diagram illustrating the connections used for four-frame operation of the camera.

3. Measured gate widil of the camera.

4. Measured contrast trausfer function of the GOT using a lineay zone plate grid (mini-
wmm spacing = 10 Ip/inm).

. Scheme for providing images of nearly equal intensity anrd at tie same time to all four
4 ¥ eq :

=

GOl channeis,

6. Data obtained with the four-frame GOI showing breakout of a shock wave produced

ez

in an alnminum slab tazget.
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