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TEN-PICOSECOND STREAK CAMERA FOR THE LASER
FUSION PROGRAM AT LLL~

5. W. Thomas, R. L. Carman, H. R, Spracklen,
G. R. Tripp, and L. W. Coleman

Lawrence Livermore Laboratory, University of California
Livermore, California 94550

ABSTRACT

The development and operation of 10-picosecond streak cameras
in the LLL laser fusion program are described. In addition,
modifications to two TRV Model 1-D high-speed streak cameras are

di d. Tke as are completely self-contained,

weigh about 27 kg, and occupy about 1/6 mz of bench space. Power
consumption is less than 10 W.

INTRODUCTION
With the reaiizatica of mode-locked lasers came the ability to
generale picosecond duration pulses., FKesolution capability of

diagnostic tools h2d 1o be Improved in order to diagnase these pulses

ly. Since ph d s {dlodes and mritipliers) and

p

oscill pes are limited to a al r of about 200 psec,

il became clear thal a new approach was needed.

e
Work performed under the auspices of the U.S. Atomic Energy

Commisslion.



One successful technique involves the two-photon fluorescence
{T. P.F.) characteristics of some dyes.l This process is very useful
for measuring time separation of closely spaced pulses but, by its
nonlinear nature, is not useful for accurate pulse wicth measurements;
in addition, since the pulse autocorrelates, all pulse shape information
is lost.2 Further, the tens of millijoules of laser input required limits
its applications.

Another approach uses a swept or streaked image of a slit
apertured beam. M;zchanical streak camera resolution is 1irnited3
to about 10 nsec so the sweep must be done electronically. The light
to be analyzed is passed through a narrow (25 um) siit, the image of
which is focused onto a photocathode of an image converter tube
(see Fig. 1}). Using parallel deflection plates, the electrons emitted
from the cathode are swept across a phosphor screer. The phosphor
output is then intensified and recorded on film. Typical high-speed
image converterst in use today are 2 medified English Electric Valve
P8564: Type STM, made by Instrument Technology, Ltd.: Russian

n5,6 7,8

types UMI-92 and the "picochron ; and the RCA C734435,

We use the RCA tube. Analysis and theory of the streaking tube.

electron optics and transit-time considerations have heen well treated

and will not be repeated here.5 912

‘The {ast rise, linear sweep voltage necessary for the image

converter tube has been generated in the past by using spark gaps,

10,11,13-15 g0 mid-1871, we have been

16,17

thyratrons, and Krytons.

successinlly using strings of light-triggered avalanche transistors.

Reference to & company or product name does not imfly approval or
recommendation of the procuct by the University of California or the
U.S. Atomic Energy Ci fssion to the 1ugion of others that may be
suitable.
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‘THE DREADBOARD

Our intreduciion into the uitra-fast sireck camera field began
when we modilied 8 TRW Mode? 1D sireak camers by adding avalanche
ransistor sweep and gulisy circuliry and a magnetically focused
intensifier, Figure 2 shows the breadboard cxcept for a rack of power
supplies. The RCA C-73ISAG Image converter tube with an S-1
photocr .hode and a set of one-axis dellection plates was used here
as ! laler models, although the fiber optics output face plate is not
necezsary heve since lens coupling is used. This tube has 3 shutter
grid which s biased 10 +2650 V" Instead of the normal 200 V. The
shutter grid {2 thus used a5 ¢n extraction grid® providing a 3000 Viem
fleld st the calhode. The effect Is to reduce the total transit time of
clectrons from the cathode (o the screen, thereby reducing transit
time spread due to initial velocily spread of aboui 0.3 eV of the
electrons emitted from the cathode, This resulis in improved system
temporal resolution. The breaddoarce has been in almosi continuous
use since it was built in e fall of 1971,

THE COMPACT CAMERA

‘The bresdboard system requires 2 men and a small fork lift to

2 of floor space and 208 V power

relecate. [t Alse requires about I m
inpwt ia wwal of 1.5 kW), A more compact system was in order. The

results of our efforts to develop one are shown in Fig. 13,
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ANl power supplies were minialurized and mounted within the

body. Aflalanche transi gating and sweep clircuitry was

also used. The grestest contributing factor to compaciness was the
use of a proximity coupled, proximity focused, micrachannel image
intensifier. The compact sysiem weighs 27 k gm (60 pounds), (5
completely self-contained, requires 1.6 m2 of beneh space and only
8.5 W of power at 120 V. (The clectric shutter requires an additienal
14 W.}

As shown in Fig. 3 a filter holder and adj

atit are It

toa T ix C-27 A bly, which i used for H2 convenient

structural rigidity as well as the § 1.4 lens and shutter. The C-27
focal plane is Nat, so a negative field correcting lenn wasg uxed in front
of the cathode o curve the focat plane 1o conform to the cathaotle
curvature.

‘The main body of the camera houses the sireak whe, pawer
supplies, avalenche sweep and gale electronica, and eontrola for
adjustments and mode selection. Figure 4 ahows one of the compact
cameras with the side access door apen to diapluy the sweep generatar
board. Coupled Lo the sircak tube by fiber optics (index matching
Nuid s also used) is the imensifier wbe. Film &8 dircctly contacted
to the inlensifier fbar opiic sulpal by the camera mechanism, which
provides foy use of either & Polarold holier for Type 107 Film which
has an ASA 3000 Tating! for aetup and much of our work., or a hard film
holder (for Tilm such os Roya! X-Pan which we develap tn ASA 2000}
when deasitomeier readings are dosived.
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IMAGE INTENSIFICATION

Conventional commercial &lreak camera withoul intensifiers

{such as the TRIY I}, Thompson-CSF Model TSN 320 ond the

Hadland | } have poral resolutions in the 50 ta 100 pree

regt Ifa con \] a with pling tens is used, o

coupling efficiency from the sircak tube output to film of from I 1o 5%
can be expected. Substituting prosimily caupling to the llm would
increase light coupling efficiency by 2 lacior of approsimately 20,
WYith this increase one might expect to be able to increase the writing
rate by a factor of 20 and achieve 10 psce rexolution directly without

further intensification. lHowever, factora such as defleciien plate

transit time dispersion more signift at higher sweep
rates and are affected by dispersion due to Coulomb repulsion in the
clectron beam as it travels through the tube. Coulomb repulsion
dispersion is a function of the beam current density and, hence, con be
reduced by reducing the beam current density. \Vhen this is done,
itensification becomes necessary in order to expose Him properiy.
The three-stage magnetic 19 mm intensifier used in the breadboard
system has a gain of 5X m". which produces an effective cuposure
enhancement on film {SEIF) under pulscd conditions of only aboul
100 times (due to coupling losx in the lenses). The threc-stage

ic, 40 mm ifier used in onc of the TRW 1D modifications

B

{discussed later) has a gain of 10"' and achicves o pulsed EEIF of

800 by using a reducing magnification of 0.5:1 (which increases the



{atenrily 4 times, tereby being evnziclen? with the abovel. The
fAbereeptic coupled 30 e presimity foeutad chanael plate tudex
haes mesdure? PI radiant jewer pains of 20 6 ¥ 10% and s trpical
pulzed EEIF of about 5000 tiiea ahen uredt in the comipact camera.
The secons TR ID modification vxes 3 40 e microchanne) plate
whe, lens coupled to Uw Fireak whe byt prasinyity sounted tn Aim,
The 13ind brighineas gafn 2 3000, ahich violde an EEIF o 1000,
11 has becoeme elear that, aside from the very significant

reduoetion in weight, 2ize ans power con ! the ol 1 plate
tube affers o higher effective galn when proximity cospted, Also, when
power suppliez are included, thedw channel plate tulies are
eeannmicaily compeiltive with the magnetic tubes.

DPue o proximity covpling o the film, no mechanicest shulter can
be (nterpozed. The noize 2¢en en the euimit »f thir channe’ alote tubea
i# primarily preduced by the eathode and i3 easantiatly eliminated by
gating off the eathade, Shuttering is therefare plished,prey L
film from intograting noise,by gating on the cathode voltage for aboul

30D gaac during the exposure time. A 100-uscc ome-shot triggered by
8 "wand” pickup near the sweep avalanehe transisiors, by 8 low voltage
ap in the gole board, or by an external input, drives the powsr supply
gate input. Also, en the game p. ¢, board 1here 12 a )-sec one~shot
which {2 triggered by the 7irst anc-shet and drives a Mallory model

SC 624 Sonaler? beeper, giving an sudible Indication that the camers
has been Iriggered, This haz proven extremely uieful for monltoring
whether the lager has fired, the camera has operated, or, (f the beep
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is continuous in the absence of the laser pulsc, there is a problem in

the avalanche transistor circuit.

SWEEP AND GATE CIRCUITRY

AVALANCHE TRANSISTOR SELECTION, Our avalanche transistors are
selected from the 2M3700 standard line, The 2N3700 chip is the same as
the chip for a 2N3019, but it comes in the smaller TO-18 can.

TLECTION TECIHNIQUE. With a 200-0am base-emittor resistor,
those transistors were sclected which avalanche between L and 3 mA
with an avalanche (or Zener) voltage between 183 and 2063 V.
Monitoring of the noise level with a scope is used to insure they have

a noige or grass level below 1/2 V in the range of 50 (o 400 A, which
covers the BO uA bias region where they are used in the sweep and
gate circuitry, Transistors with a “"mushy” knee in the Zener region
tend to be quiet but have a long trigger delay and should not be used.
Thosc with Zener voltages above 219 V tend 1o avalanche spontancously

and must be avoided. S lanche also occurs with some

units below ! mA. These units must not be used since if one transistor

fires, it will trigger the rest of the string.



OPTICAL TRIGGER. The laser triggered transistors are prepared
by removing ti:e top of the can with a special iransiator can culting
wo! {"Can Opener™ made by Motorola). ite formerly cemented a
small glass lens over the hole, but we found what iisis iz not necessary
and the traasisiors are now ssed with the chly exposed ns shown in
Fig. 5. The laser beam is then direcied onlo the expoaed chip.

RELIABILITY. Avalanche transisiora, by far, have the most
delelerious eflizci on esmera reliabilizy. The greates: preblem with
treazizior reliability has been operator (amiliarity. Onve the operator
learas how 10 set the trigger energy to accompltah triggering without
exceeding the damage threshold, (ow failures occur. Cameras, once
se: up, typicaily operale for months without a transistor faflure. \When

Tuse Oaes oceur, € 1o be the fanche of one

ransistor. This, in turn, causes the entire siring to svalanche at a

several-kifz rate, resulting (n high power di in the transi &

and damage to cthar transisiars in the string. The "becper' aleris
the oparalor to a faull and allows the sysiem to be shul down and
repalred belore damage to other transistors occurs. Shorting adjacent
transistor cans sequentiatly with a metal Upped plastic probe uniil the

“beeper” stopr; easily locates the bad transistor (il only one s present).

Alternately, the entire six'ng af tr s can be ref ) with a new,
previously selected set in a matter of a few minutes and the bad one(s)

can be located later.
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Trigeer threshold for the trigger (ranciztor {6 3 ot at 1.06 gr {(with
a 30 pacc pulse) when the ransistor string bias current is 30 pA |

An aperating bias of #0 pA was picked because moxt of the transistors
have a major part of their noise below 60 A, A higher bias reduses

the trigger enerzy bul causcs higher power consumption, hizher

aperating tr i 1 ature, and a slightly greater
probability of sp tanching

The trigger level should be 10 to 100 times the threshold tevel in order
to ensure 1o turn-on delay and smatl jitter. Thix puts the trigger
level in the uJ region. The upper Y« 15 2el by the traneistor damoge

threshold, which is about 1 mJ.

GATE AND SWEEP GENERATORS. Figures ¢ and 7 show the sweep
and gzate circuits. Both can be triggered by a fast rise (5 nsec)
electrica? input signal of about 150 V {of either palarity) or the optical
trigger transistor. Triggering of one transistor in the string is
sufficient to cause avalanche of the entire string. Rise time and
delay are of the order of 1 & 2 nsec.

The sweep circuit uses 29 transistors, which produce a2 4000-V
step across the series LRC circuit, where the C is the defleciion
plate capacitance plus that of C5. The resulting wave form is that of
a cosine acrosg the deflection plates. A voltage of 2800 V {s needed
to deflect the full 60 mm of the streak tube so an over-scan of more

thzn 2 to 1 is achieved within our 40 mm intensiyier field of view.
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‘This allows only the middale portion of the wavelorm to be used {near
the zero crossing) resulting fn a sweep linearity of better thap 0%
for 10 mm (and 2.5% for 707 of the usable sweep) a4 determined with

the aid of a 109 paec ctalon placed before L. 2 camera input slit.

Ringing was not d= ble and with the values shoun (C5 = 0), the

sweep rate is bels een 31 and 13 psec/mm over 90% of the usable sweep.
The total sweep lime is 1.15 nsec for the 38 mm usable tube diameter.
Increasing the value of C5 to 100 pF max {(wherc the sweep becomes an
R-C rising voltage form) will increase the sweep time to 175 psec /mm.
This is sometimes 2 handy way lo determine delay times initially.
Removel of the L {the four 0.1-zH inductors) and R (the two
51-ohm series resistors) and cutting the number of transistors to 12

will produce a sweep rate of 26 psec/mm. Ilowever, the technical

resolution remains eszentially the same L the spatiai r
decreases. Also, the flexibility of slowing the sweep is removed.

“The "wand" picknp for the beeper and intensifier gate one-shot trigger

is 2 small p.c. wire near Q10. The time fitter between initialion and
atart of the sweep has been measured at less than 50 psec by noting
the position jilter on several photogrephs of dilferent laser pulses
when laser energy from pulse to pulse Is fairly constant. The setup
delay time between introduction of the laser pulse to the sweep trigger
transistor and {ts arrival at the cathode is about 2.5 nsec {70 to 100 cm
path length difference). Electron transit time {rom cathode to the

deflection plates is 2.5 nsec.
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The gate circuit uses 14 transistors 2nd produces a fast rise
#2800 V step. (The tube grid is reverse biased by 150 V to cut it nff so
that the 2800-V gate step produces a 2650-V forward grid tias.) The
Krytron {KN-E) resets the step to zero in 150 ss2c (50 nsec for a KN-22),
An re delay in the Krytron gate circuit hes been used to extend the

gate time to several microseconds.

OPERATING MODE GPTIONS. The "Scope Trig" output can be
delayed {about 20 nsec is necessary to pass the gate circuit ringing)
and fed to the "Electrical trigger input” of the sweep board. This
method requires only one transistor in the gate board to be optically
triggered. Cf course the gate and sweep may be optically triggered
when an optical delay is substituted for the 20 nsec electrical delay.

1.1 Y

The gate efrcuit is only necessary where high ambfant (e.g., 1l
hachgromd is present or when a small part of a iong light pulsc or
train of pul is being diagr d. For single switched out pulses,

whaich comprise most of our sources, the gate board power supply is
switched off and a +2600-V dc bias is placed on the streak tube grid.
The sweep circult is then optically triggered.

THE IMAGE CONVERTER STREAK TUBE

A film exposure threshold of the camera system for a streaked

30 psec, 1.06 um laser pulse has been determined for several different
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streak tubes tested 1o be between 2 X 107
on the 25 um wide camera slit. This puts the tube sensitivity of the
cathode at about 30 W/cmz. The measured lincar range of the tubes

is greater than six orders of magnitude, limited on the low end

about one order of magnitude below fllm threshold by the measuring
instrument {PM tube) and tube noise and on the high end by tube
saturation or the available laser energy (and the fear of buralng the
cathode).

The above data are for average tubes. \We have encountered two
tube: which were far below average, one of which may have oeen
damaged by an external high voltage breakdown or too high o laser
input energy, These tubes exhibit low cathode sensitivity (10'5 to
10-7 J at the slit) and a quadratic depenadenice of the output Intensity
on the input encrgy. \Ve believe these two defects are related because
at the pecessary high input photon levels for low sensitivity cathodes,
the probhzbility of wo-phioion reactions increases, The result, besides
a low gensitivity camera, is a reduction in dynamic range. One order
oi magnitude increase in inpui produces two orders of magnitude
increase in output brightness, which uses up the dynamic range of the
film (abovt 2 to 3 orders of magnitudel and of the intensifier (about
2-1/2 orders of magnitude]. Screening of the tubes for sensitivity at

1.06 pm has eliminated the problem.
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TRW 1D MODIFICATION

We decided to see if we could add our sweep circuit to an
avaitable TR 1D streak camera withont desiroyving its normal
functions, as had previously been done here and by olhers.g This
we did, and ft worked so well a secoud camera was also converted.

A new bank 71 streak plug~in was purchased from TR\Y and
the avalanche sweep circuit was installed along with twe smoall modular
dc~dc converlers to produce the required plus and minus 3000 \*

{Fig. 8). Power was taken from an unregulated 2i-\' source already
available in the mating plug for the 7B plugin and regulated to 12 V.
A Zener diode clamp on the pin to the atreak tute shutter grid must

be removed (a switch can be used to r t it for rd

operation) and 2600 V applied to the grid as before. The focus control
of the camera must then be readjusted to focus for the higher grid

tag Thus, r ion of the Zener clump and refocusing are

a1l tbat Is necessary to return the camera to its previous siate.
On the first camera we used an available three-stage, magnetically

f d 40 mm and on the second unit, an available 40 mm

microchannel {ntensifier, Figure 2 shows the second unit. 3Both cameras

equal the 10 psec resol of the pact sy The cost to convert

was less than $1000 each plus the {ntensifier.
These cameras, in use for the past several months anw. have been
applied to study time evolution of multiple orders of stimulated Raman

ing and time d d of spatial distrisution of the near field

of each individual order.
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BPEAFORMANCE

‘The technical resolution, 4=zicrimined by the streak speed and
the dynamic spatial resolution of the camera, is 6.8 psec. The
electron transit time diszersion 1s caiculated to be less than 7 psec
as a result of the 2300 V applied to the gating grid. Quadratic

of these val yield an instrumental time resolution of

10 psec. Figure 10 verifies this. It is a shotograph of the "single”
switched-out pulse from a mode-locked Nd:glass oscillator. Each

of the subpulses §s about 15 psec long: they are separated by about

20 psec. Figure 11 shows what was believed to be a clean 2 nsec

pulse from our Long Path Laser. The envelope contains regular, «deep,
28 psec modulation and 2 weaker 300 psec modulation. The snurce of

this oscillation was traced to reflecting surfaces in the oscillator

cavity, producing sub y d Discovery of these modes explalned
a problem encountered witn the laser and led ‘o its solution.
Multiple-exposure streak photographs have been used for
accurately determining the width and shape of a pulse from a laser
t:uscﬂ!alor.ls Figure 12 shows the densitometer traces of a sireak record
of the output of « mode - :ked Nd-YAG oscillator that has bezn zuise-
stretched by the addition of some intercavity optical elements. The
multiple-exposure streak record, with a known intensity ratio between
expogures, is not shown. The half-widih of the pulse is 140 psec and
the profile is h. The 1 apparent on the curve do not

reproduce from curve tc curve and are cauvsed by intensifier and film
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The ultrafast sireak cameras have also been used to study the

effects of nonlinear optical =ffects on high-power laser pulse

Pﬂﬂllﬁw-m ‘The time-depend self-f g of pulses has beer,
directly observed. More recently, a time resolved interferometric
technique has been used to measure the refractive index changes in
optical materials induced by the passage ofa high power light pelsc,

STREAK TUBE DEVELOPMENT

Txt streak tube develonments are currently underway at LLL.
The first is a circular sweep tube designed for 1 psec resolution. It
s currently operating under teat. The second is an X-ray streak tube,
the cathode of which is being developed here. This tube uses the optically
triggered avalanche sweep. We will report on both of these tubes later.
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FIGURE CAPTIONS

Schematic diagram of ultrafast streak camera.

Original Livermore 10-psec resulution streak camera.
Schematic diagram of Livermore compact 10-psec
resulution streak camera.

Livermore compact streak camera.

The avalanche trigger transistor with the can top removed.
Avalanche transistor sweep civcuit.

Avalanche transistor gate circuit.

The 7B plug-in frame with the avalanche sweep circuitry
and power supply added.

The TRW 1D camera showing the 7B plug-in on top and the
camera with intensifier and power supply on the right.
Streak photograph of a mode-locked Nd:glass laser pulse.
Streak photograph of laser pulse generated in the Livermore
Long Path Laser.

Detailed laser pulse measurement with ultrafast streak

camera.
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