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Introductieon

We are presenting test results which compare spatio-temporsl resolution characteristics of
three commercially manufactured soft x-ray streak cameras and a prototype of *he CES50X soft
x-ray streak camera made at CEA Limeil Valenton using an RTC PE50X streak tube’ and now com-
mercially available from the Thomson CSF2 company.

These tests have been performed using ultrs short x-Tay pulses both at the Forge? pulsec x-
ray source facility at Los Alampos National Laboratory In thetUnited States and at the Ket'ak
laser facility“ at CEA Limeil-valenton in France.

The purpose of this resesrch is to eveluate the relative performance of the £450X, <he
Hadland® X-Chron 540, the Hamamatsu® C1936X snd the low magnification Kentech? soft x-ray
streak cameras. Experimenters in the ultra-high-speed community need this information to
make Kknowledgeable choices of instrumentation for time resolved x-ray experiments in <ne
subnanosecond and nanosecond Tange. Often experiments require many time resolved detection
channels which are both contiguous and synchranous in a single measurement. Time resolvsd
x-Tay spectroscopy or x-ray imaging experiments which use streak cameras as ultra-high-scead
pesition sensitive x-ray detectors are freguently constrained by limited information c=n-
sity.

Optimization of the experiments and quantitative understanding of the data require knowleZgs
of both the contrast trsnsfer function (£TF) in the spatial axis of the instrument ducing
the streak and the temporal resolution. This is the spatio-temporal performance charac:er
of the Instrument.

Complete studies of these dynamic performance features have not previously been done wlth
thege instruments., Particular carg must be takﬁn to measure performance under relevant can-
ditiens and to make complete measuremant sets? We have found that there can be significent
differenres in'the static CTF and the E€TF measured in the streaked mode. The CTF is rot
usually constant acrtoss the streaked image. These characteristics obviously vary betwsen
instruments.

This set of tests is directed toward the class of instruments which use a large elect:on
extraction field-at the photocathode in order to obtain temporal resplution limits of &8 ‘ew
piceseconds at the fastest sweep: speeds. Compared to law extraction field deSIQns, tnig
high extraction field configuration can result in degraded CTF for some streak tubes®

we have not performed detailed CTF characterizations on the iwe picasecond range x-cay
streak rcamzras which wuse the RCA C73435 and the similar RYC P501 tubes. Our extensive
experience with these instruments®:'® has shown them to have limiting dynamic spatial resc-
lytions which are considerably poorer than those discussed here when used with high extres-
tion fields in ‘the picecsecond regime. This experience is corrohorated by measurements of
the LLNL soft x-ray Streak cameras recently publishea by Glendinning arc Medecki''., Tnelr
paper also presents performance measurements of the Kentech 2X magnification x-ray strzak
camera.

The Soft X-ray Strgak Camerezs

For the purposa of an informed comparison, we have licted important features of the four
instruments in Table 1. More complete descriptions may be obtainmed in the literature and
from the manufacturers. we will try to include relevant observations on subjective opera-
tional differences as well as quantitative performance measurements. All of the instruments
use avalanche transistor sweep drivers., All of the data have been obtained on Kodak nega-
tive film after the intensification of the streak tube signal by micro-channel plate imzge
intensifiers (ITY type F4)113, Fall2). The Kentech and Hadland data were taken with Royal X
Pan film. The C&50X and Hamamatsu data were taken with type 2485 film,



Table 1.

50ft x-tay streak camera features.

Hadland Hamamatsu
Cs50X X-Chron 540 Cl936 Kentech
Streak tube RTC P650 Photochron II N2019 Kent
Tube type Bi-lamellar conventional conventional low magnif.
focus
Astigmatism Yes Yes Yes Na
correction Each Speed
Cathode voltage -15 -17.0 -6.5 -14.8
(kv
Extraction field 50 20 7.5 20
(kv/em)
Photocathode to 2.5 B.5 2.0 2.0
extraction grid
space _(mm) )
Useful photo~ 12 17 10 25
cathode
length (mm}
Photocathode slit 160 80 80 200
wigth (micronsj
Photosathode 2X15mm? on slit on slit 5X30mm?
configuratian area separate area separate
. from slit from slit
Tube mapnification 2X L.6X% 1.6X 1.2X
Tube lenath (cm) 40 20 15 3 )
i
Sweep speeds 50 20 500 113 12.5 a3 |
{psec/mm) 50 50 1000 133 28.6 250
80 100 2000 333 50 1000
200 5000 666
Photocathode regquires remotely remotely requires
accessibility instrument demountable for demauntable for instrument
demounting inspection and inspection and demounting

for accescs*

raplacement

replacement

for access

Phosphor screen 63 50 25 50
size{mm})
Relatlve camers
sensitivity 0.1 1 1 1
Image intensifier ITT F4113 ITT F4ll3 ITT F41l12 ITT F&4l113
used 40_mm 40 _mm 25 _mm 40 mm
¥acuum pumping small turbo small turbo 8 1/s ion pump pumped by
pump pump experiment
vacuum system
Tube construction gless, ceramic, glass, Kovar Aluminum plac-
Kovar stainless steel tic standoff

epoxy casting

Open to cham=-
vacuum in re-
entrant_desion

* Remote photocathode

manipulation is available in new models.



C650X

This instrument has been designred for ocptimum spatio-temporal resolution. The conecept of the
bi-lamellar P&50X (Figure ) tube is based mainly on two technplogical advances. The first
is an intense accelerating field applied to the photocathode (60kV/cm). The second is the
use of two focusing electron lenses designed to work independently. A qusdrupole lens is
used for spatiel focusing and a separate cylindrical electrostatic lens focuses in the tem-
poral direction.

The C650X streak camera (Figure 2) is conveniently self contalned with the contreol settings
on the cameTra chassiss Sweep window durations and differential variations of the sweep speed
aleng the screen are supplied with the camera. The soft x-ray tube is actively vacuum
pumped with & small 40 1/s turbo pump. The instrument slides away from the chamber on a
rail for photocathode access and teplacement. This operation can be performed several times

a day if necessari. The photocathode slit is 12 mm. Thin film photocathedes (300 A gold on
3000° A parylene) have been used for these tests.
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Fig. 1. The electron imaging con-
figuretion of the bi-
lamellar P&50X streak tube,

Fig. 2. The C&50X soft x-ray streak
camera. A new bi-lamellar
electron imaging design is
used in this instrument.

Hadland X-Chron 540

This instrument was engineered to meet a stringent Los Alamos specification. The design
constraints focus on spatial resclution, on user convenience and on reliability and flexibi-
lity under laboratory conditions. This streak camera is compact in a single chassis (Figure
3). f wide variety of sweep speeds and sweep options are switch controllable at the
chassis., Astigmatism focus corrections for the various sweep speeds are separately
controlled. The photocathode can be extended remotely for viewing through a wvacuum window
without breaking vacuum. . The photocathode can be replaced in less than 30 minutes by
removing the vacuum window without moving the streak camera. The useable photeocethode slit
length is 17 mm. A 40 1/s turbo pump provides active vacuum pumping of the streak tubs. A
4x5 cut film back is provided for image recording in addition to a Polaroid film back, A
durable ceramic, stainless steel and cast epoxy streak tube constructlion is used.



Fig. 3. The Hadland X-Chron 540 soft x-ray streak camera features s large photocathode
which is remotely demountable.

Hamamatsu C1936

The Hamamatsu soft x-ray stresk camera (Figure 4} was alsp engineered to meet the same Los
Alamos specification as the Hadland X-Chron 540, The streak camera ls also compact with all
of the adjustments on the camera chassis., A small external power supply 1is part of the
system. Four sweep speeds are used. The photocathode may be remotely extracted for exter-
nal viewing through a vacuum window., Photocathode replacement is executed without moving
the streak camers, An B 1/s ion pump actively pumps the streak tube. Astigmatic focus
correction is integrated into this streak camera. AR 35 mm motor drive film back is
available; however, a standard 4x5 Polaroid film back is not offered. The photocathode is
relatively smgll, 10 mm.

Low Magnification Kentech

This instrument (Figure 5) was -engineered for re-entrant positioning of the photacsthode
close to the x-ray source inside of the experimental chamber, It fits in a 10 inch port and
extends 20 em into the chamber. The streak tube of this model produces a 1.2X magnifica-
tion. A 2X magnification model 1s alsoc available. The sweep control chassis, the EHV power
supply chassis and the user supplied intensifier controls and supplies are separate from the
camera. The mechanical engineering is inferior to the other three instruments tested but
appears to be adequate for many applications. The photocathode and cathode slit mask are
supplied as separate items. A Polaroid film back 1s avaiiable but a negative Film back is
not offered. The streak tube, which resides in the experiment chamber and depends on the
experiment vacuum system, is assembled of plastic and aluminum parts. The useable photo-
cathode length is a relatively long 25 mm,



Fig. 4. The Hamamatsu C1936X soft Fig. 5. The low magnification Kentech x-ray

x-ray streak cameras features streak camera., This camera utilizes
a remotely demountable photo- a re-entrant design and a 25 mm
cathode. photocathode.

Experimental facilities

The Forge

The Forge pulsed x-ray socurce facility (Figure 6) at Los Alamos National Laboratory uses a
high power NDiglass laser to focus 1.5 J of 1.06 microm light onto s 100 micron spot on a
target in 100 psec. The laser pulsewidth can be varied up to 1 nanosecond. The Forge x-ray

ou is viewed the streak camerss through a vacuum. An aluminized 50 microgram/cm
H ?ifter ig dged ?5: these measurements as a Sb and charged partiéﬁe shield. qhe t §ge{ to

streak camera photocathode distancg is 56 cm for the Hadland and Kentech cameras and &6 cm
for the Hamamatsu camera.

The laser irradiation conditions in these measurements were held to 0.18 J at 2x10'* w/cm?
onto a gold slab terget. Higher energy laser pulses resuited In saturation level exposures
in the streak cameras.

The photocathodes on the Hadland, Hamamatsu and Kentech cameras consist of thin films [300 A
Al on 1000 A parylene(CH}] which are directly mounted onto the cathode slit apertures of the
streak tubes. ;

The Ketjak Lesser Facility

The Ketjak leser facility at CEA Limeil-Valenton uses a high-power ND:glass laser to focus
50 psec pulses of 1.06 micron light in a 100 micron spot onto a metallic target. Under
these conditions the laser produced plasma delivers one or more x-ray pulses of approxima-
tely 50-70 psec duration. The C650X streak camera is coupled to the experiment wvacuum
chamber and views the target through an aluminized CH filter used as a UY and charged par-
ticle shield. The target to streak camera photocathode distance is 130 om,
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Fig. 6, The Forge pulsed x-Tay source facility.

Streak camera resolution in both the temporal and the spatial dimensions of the st-eak
images are measured. We have observed that the temporal and spatial resolution charac~
teristics of some earlier streak gameras are mutually dependent and that to optimize rsso-
lution in one axis requires a compromise in the resoluilen in the other axis. Thus =ath
features must be evaluated under the same focus conditions.

Spatiz]l resclution

A variety of resoluticn masks were used to map out the contrast transfer character of he
four imstruments. In all cases, the resolution masks discussed in this comperison consist
of free standing gold bars separated bsy spaces nominally equal to the bar width. The
18 micron thick pold bars are completely opague to the incident x-radiation. This procuses

total shadowing of the photocathode at the spatial frequency of the mask, We used shzzaw
masks with spatial frequencies e¢f 5, 8, 10, 12.5, 16, or 20 lp/mm.

The mask is positioned 1 to 2 mm from the photocathods (Figure?). Fenumbral blurring of zne
shadow by the source size and by the experiment geometry is less than 0.2 micron and is
negligible.

The spatial frequengy values in this comparison refer to that of the shacdow mask at *he
streak camera photocathode instead of that In the streak image., The various streak tuses
have different values of photocathode~-to-screen image magnification.
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Fig. 7. A schematic representation of the contrast mask at the x-ray streak camera prcto-
cathode. The mask 1s positioned 1 to 2 mm from the photocathode.

Temporal reselution

X-ray pulses with pulse lengths less than the temporal resolution of these instruments wsre
not readily available. In order to estimate the temporal tresolution, we evaluale the
imaging fidelity in the temporal directien and calculate the expected temporal respcrse.
Where the pulse shapes and_ensrgy distributions may be taken tc be Gaussian, the temcczroal
resolution is approximatedl? by ihe guadratic sum of the instrumental resolution tv anc the
transit time dispersion td:

t = (1,2 + tg2) 1/2

The minimum time resolved element, t,, for a given sweep speed y-1 {psec/mm) and the exczri-
mental (unswept) width, Xg, of the slit image in the temporal direction is given by:

ty = xg v~1

The transit time dispersion iy resdlting from the photo-electron energy spread, Qe (ev}, and
field E{(V/cm) on the photocathode is given byl?:

tg = 2.3 x 108 (Aelk

E

The energy spread, Ae, of 6.5 eV or 4.6 eV for Incident l4aB87e¥ x-ray photons on go.c or
aluminum respectively may be had from Henkel3.

Data Processing and Analysis

Film digitization

The data was recorded on negative film with a density calibration wedge. The image was then
scanned with a microdensitometer at aperture sizes appropriate te the spatial freguenzy of
the data in the image. The digitized data was then converted to relative intensity vzlues
through the density versus log exposure (D-vs-logE) calibration data.

Digitization of those data was performed with a Joyce-Loebl microdensitometer at CEA
Limeil-valenton and with a PDS computer controlled micrecdensitometer at Los Alamos. Image-
processing was accomplished using a Recognition concepts image processor.



Signgl-to-noise ratioc _enhancement

High fidelity recording of temporal or spatial detafl in an ultre-fast signal Is limitec by
the signal-te-noise rstio in the image as well as by the streak system imagling capability.
The signal-to-ncise ratioc becomes @ more important issue as the recorcding time becores
shorter because the instantaneous charge turrent in the streak tube is )Jimited by Coulonb
Tepulsion effects. When this limit is exceeded, temporal and spatia}l fidelity of the sysiem
is degraded and saturation becomes apparent. Thus the Integrated electron signal through
the streak tube, Q, which must make up the streak Image, is limited by the product of tne
tube saturation current and the signal pulse width.

QR < Iggax * Ot

The imszge may be Intensified to obtainm adeguate signal levels for film recording but tris
does not improve the shot-noise-limited statistical character of the dsta. Because of tnis
signal level limitation, the Full temporal and spatial fidelity of the streak system may not
both be simultaneously available.

¥hen we wish to analyze the streak image with emphasis on spatial fidelity, we may need to
integrate signal in the temporal direction for a number of resolution times, t, to obtzin
adequate statistics for the full spatisl resolution of the streak tube to be apparent.
Similarly, if we wish to obtain the limiting temporal resolution of the imstrument, it ray
be necessary to sum over a number of spatial resplution lengths for adequate statistical
character in the temporasl profile.

Dften the spatial resolution of a streak camera is specifled in terms of that spatisl
auency for which the contrast is at the limit of visual discernability. This "limiting s
tial frequency” is an inadequate descriptor of instrument imaging fidelity for applicatis
which require quantitative image analysis. A more guantitative measure of instrument pzr
formance is the contrast transfer function (CTF).

e
a-
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The contrast modulation in the data is defined here as the ratio of the intensity modulation
to the peak intensity with an gdjustmenmt for the background level of the film.

Contrast = Lmax_-_Lmin
Lmax - background
The partameters Lpgxr Llmins @nd the background level are illustrated in Figure 8. The
contrast wes observeg to vary with position in the streak image. 1In these characterizazign

tests, we have used flux levels as high as possible without going into saturation. Rowever,
it has been necessary to use the integratiom techniques described shove to evaluate the TUll
temporal and spatial capabilities of the instruments. Substantial signal averaging in :tne
temporal direction was necessary to reduce the error in contrast level tg the few percant
level., The uncertainty in contrast as well as the integration time used in each measuremant
is listed with that value in Table 2.

Fig. B. Typicel intensity versus
position data from a comn-
trast chart image. The
parameters Lpax: Lmins,
and the background level
used te define the con-
trast value are labeled.

INTENSITY

|—background
o] 1 2 3 4




The system CTF as deflined for our measurements corresponds to the Image contrast at the out-
put of the image intensifier and is plotited with respect to the spatiel freguency of the
shadow mask at the photocathode. Thus the CTF of the streak tube and the CTF of the image
intensifier are combined to preoduce this system CTF. The different image magnification fac-
tors in the four streak tubes result in a given spatial frequency, measured at the photo-
cathode, being tramsmitted through the image intensifier at different levels of contrast
fidelity, depending on the actual spatisel fregquency at the image intensifier photocathode.
While system CIF measurements provide & useful measure of system performance for practical
applications, the effect of streak tube magnification and image Iintensifier CTF contribution
to the system CTF should be considered when comparing the streak tube performances.

Characterization results

Sample streak data from each of the four imstruments is presented and analyzed In Figures §
through 11. 1In Figure 9, typical streak images teken with a !0 lp/mm sbadow mask are shown.
Intensity versus position graphs from these images are shown in Figure 10. The nature of
the noise induced contrast uncertainty is aspparent here., The contrast values corresponding
to a range of spatial frequencies are plotted as CTF curves for the four systems in
Figure l1. Details of the various measurements sre given below,

(b) HADS55786
10lp/mm HADLAND XCHRON 540

KENB7 188
(d) 10 Ip/mm KENTECH

(c) 060586F 12

10lp/mm HAMAMATSU

Fig. 9. Typical streak images taken with a 10 lp/mm shadow mask from each of the four
instruments.
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The measurements on this instrument used the 50 psec x-ray pulse from the Ketjak facilitiy.
The unswept mode image of the 1lit produced with this x-ray pulse has an average width, xg in
thf temporal dimension, of 100 microns anywhere across the screen. With the sweep rate of
v-~ of 5D psec/mm, used In the dynamic measurements, we would obtain a temporal resoluzion
value, t, of 4.] psec anywhere on the screen.

At this sweep speed the dynamic femporal resclutlon extends to 29 1lp/mm at the 1limit of
visually discernable contrast. Signal averaglng of 50 psec in the time direction was used
determine the contrast at the 5, 8, 10, 12.5 and 36 lp/mm spatial freguency values resoec-
tively. The streaked image of a 10 lp/mm resolution chart is shown in figure %a. A plot of
signal ampllitude versus position for the 10 lp/mm data is given in Figure 10a. The contrast
at 10 lp/mm is B5X%. The contrast transfer function is given in Figure lla.

This instrument has demonstrated uniform high fidelity recording capability across both spa-
tlal and temporal dimensiens of the sweep. This advantage must be weighed against the :ube
throughput which is & factor of 10X lower in this streak camera than for the RCA 73435 tube
based x-ray streak cameras.

Hadland X-Chron 540

The measurements presented for this instrument were performed with 150 psec duration x-zay
pulses at the Forge x-ray soutce. The unswept mode image of the slit produced with this x=
ray pulse has an average width, xg, in the temporal dimension, of 170 microns at the sc¢creen
center. At midpoint between the screen centet and the end uflthe sweep the width of the
static image degrades te 220 microms. With the sweep rate of V=" of 50 psec/mm, used in the
dynamic measurements, we obtain a temporal resolution value, t, of B.9 psec at the center of

the screen. ’



Rt this sweep speed the dynamic temporal resolution extends to 20 lp/mm. Signal averasging
of 50, 50, 50, 100, 50, and 50 psec in the time direction was necessary to unambiquously
determineg the contrast at the 5, 8, 10, 12.5, 16 and 20 lp/mm spatial frequency values
respectively. The streaked image of & 10 lp/mm resclution chart is shown in Figure 9b. A
plot of signal amplitude versus position for the 10 lp/mm data {s given in Figure 10b. Tne
contrast at 10 lp/mm is 79%. This contrast degrades to 59% at the edge of the screem. ine
contrast transfer function is given in Figure 1llb.

Hamamatsu C1936

The measurements presented for this instrument were performed with 150 psec duration x-rcay
pulses at the Forge x-ray source. The onswept mode image of the slit produced with this »x-
ray pulse has an average width, Xg, in the temporal dimension, of 130 microns at the screen
center, At midppopint between the screen center and the end oflthe sweep the width of the
static image degrades to 190 microns, With the sweep rate of V-° of €6 psec/mm, used in the
dynamic weasurements, we obtain a temporal resclution value, t, of 10.9 psec at the centsr
of the screen.

At this sweep speed, the dynamic temporal tesolution extends to 20 lp/mm. Signal averacing
of 15, 15, 33, 66, lD0, and 130 psec in the time direction was necessary to unambiguously
determine the contrast at the 5, 8, 10, 12.5, 16, and 20 1p/mm spatial frequency values
Tespectively. The streaked image of a 10 lp/mm resolution chart is shown In Figure 9¢. A
plot of signal amplitude versus position for the 10 lp/mm data Is given in Figure 10c. 7he
contrast at 10 lp/mm is 54%. This contrast degrades to 34% at the edge of the screen. The
contrast transfer function is given in Figure llc.

Kentech

The measurements presented for this instrument were performed with 150 psec duration x-cay
pulses at the Forge x-ray source. The unswept mode Image of the slit produced with this x-
Tay pulse has an average width, X5 in the temporal dimension, of 215 microns at the screen
center, At midpoint between the screen center and the end of the sweep the width gf the
static image improves to 200 microns. With the sweep rate of ve! of 50 psec/mm, used in i-e
dynamic measurements, we obtain a temporal resplution value, t, of 11 psec at the center of
the screen.

At this sweep speed the dynamic temporal resolution extends te 10 lp/mm. Signal averaging
of 15, 25 and 50 psec in the time direction was necessary to unambiguously determine <ine
contrast at the 5, 8 and 10 lp/mm spatial freguency values respectively. The streaked imzaz
of a 10 lp/mm resolution c¢hart 1s shown in Figure 9d. A plot of signral amplitude versus
position for the 10 lp/mm data is given in Figure 10d. The contrast at 10 lp/mm is 2¢%.
This contrast degrades to 10% at the edge of the screen. The contrast transfer function is
given in Figure 11d.

Summary of results

A comparison plot of the contrast transfer fumections of the four soft x-ray streak camera Is

presented in  Figure 12. The contrast results are summarized in Table 2.
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Fig. 12. A comparison plot of the contrast transfer functions of the four soft x--ay
streak cameras.



TRBLE 2 - Contrast results gveraged over time for unambiguous determination of streak camera
capabllity. The imtegration time is given in brackets[l . Edge of screen contrast values at
the 10 lp/mm spatial frequency are given in parenthesis ().

avallable with the individual

instruments,

are tabulated in Table 3.

Spatial Hadland Hamamatsu Kentech
Freguenecy CE50X X-Chron 540 L1936 lpw mag.
5 lp/mm 92 * 11% 82 * 10% 80 % 5% a0t 7%
[50_psecl) [50 psee] f15 psecl {15 psec]
8 lp/mm B + 10% 82 % 5% S7 % 5% 18 * 5%
(50 _psec] [50_psec] (15 _psec] {25 psec)
10 1p/mm 75 * 14% (75%) [ 70 % 6% (59%) | 54 * 5% (34%) 24 + 8%(10%)
[50 psec] [50 psec] _[33 psec? [50 psec]
12.5 p/mm 57 £ 13% 45 * 7% 43 % 5% - -
[50 psec] {50 psec) [6é osec]
16 lp/mm 56 + 16% 18 t 6% 20 + 7% - -
L50 psec] [100 psecl [100 psec]
20 1p/mm 2} * 4% 12 * 4% - -
[50 psec] _f130_psec]
The effective temporal resclutions of the four instruments, at the fastest

The effective slit

resolution in the temporal direction, X, coupled with the useful photeocathode size, Lpe, the
output screen size, D, and the spatial resolution at 40% contrast, R, rtesults in a quantity:
the information capacity of the streak system. Calculation of this quantity is slightly
complicated by prapmatic constraints. The contrast transfer function may not be uniform
across the image in space or in tlme, The entire 50mm secreen on the large format streak
tubes cannot be used with a 40mm diameter image intensifier, Thus, we use average values to
compute the information capacity of the streak system which is taken to include a standa:d
image intensifier size. In addition to the imaging limits of the streak system, statisticel
noise will constrain the achievable information capacity to well below this optimum value.

* (Dyp/xave)

Information capacity = (2Raye * Lpc)



Jable 3 - Summary of optimized resolution and information capacity results.

Hadland

Hamamatsu Kentech
C650X X-Chron 540 Cl$36X low mag.
Ty .57 psec 2.5 psec €.7 psec 2.5 psec
Fastest
Sweep Speed 40 psec/mm 20 psec/mm 66 psec/mm 12.5 psec/mm

Rverage
Static Slit
Image Width

X ave

100 micrens

195 microns

’
160 microns

182 microns

Ty

4.0 psee

3.9 psec

10.6 psec

2.3 psec

Average
Tempoeral
Resplution

4.1 psec

4.6 psec

12.5 psec

3.4 psec

Sweep
Length
w/Il D7

40 mm

40 mm

25 mm

40 mm

Temporal
Window at
fastest sweep

1.6 psec

0.8 psec

1.6 psec

0.5 psec

Average
Resolution
at 40% Raye

17 lp/mm

10 1lp/mm

7.5 1p/mm

2.1 lp/mm

Useful PC
Length Lo

12 mm

17 mm

Ly @
10 mm

[

25 mm

Information
Caparclity

16 x 104 pixels

7.0 x 104 pixels

2.3 x 10% pixels

2.3 x_1G% pixels




Lonclusions
The four soft x-ray streak cameras evaluated have shown good spatio-temporal fidelity. Eaczh
Instrument was shown te have both strengths and weaknesses. The C650X has particularly high
fidelity and uniformity of spatioc-temporal resolution across the output screem. Users must
weigh the relatlve advantages to their applications of spatial and temporal resolution, of
resclution uniformity, photocathcde length, user convenience snd Instrument cest.

It is important that shot noise degradation of the signal-to-nocise ratio in the streak irasge
be taken into account in experiment design and data analysis.
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