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Introduction

We are presenting test results which compare spatio-temporsl resclution characteristics of
three commercially manufactured soft x-ray streak cameras and a prototype of the C&50X soft
%x-ray streak camera made at CEA Limeil-valenton using an RTC PE50X streak tube® and now com-
mercislly available from the Thomson CSF? company.

These tests have been performed using ultra short x-ray pulses both at the Forge® pulsec x-
ray source facility at Los Alamos National Laboratery in the'United States and at the Keiisk
laser facility" at CEA Limeil-valenton in France.

The purpose of this research is to evaluate the relative performance of the C650X, <“he
Hadland® X-Chron 540, the Hamamatsu® C1936X snd the low magnificatien Kentech? soft x-cay
sireak camesras. Experimenters in the ultra-high-speed community need this Informetion to
make knowledgeable cheices of instrumentation for time resplved x-ray experiments in zhe
subnanosecond and nancsecond range. Often experiments require many time resolved detec:tion
chennels which are both contiguous and synchronous in a single measurement. Time resolvsd
x-ray spectroscopy or x-ray imaging experiments which use streak cameras as ultra-high-spsed
pcsition sensitive x-ray detectors are frequently constrained by limited information czn-
sity.

Optimization of the experiments and quantitative understanding of the data reguire knowleza:
of both the contrast transfer function (CTF) iIn the spatial axis of the inmstrument dus:

the streak and the temporal resolution. This is the spatio-temporal performance charac-s
of the instrument.

i

Complete studies of these dynamic performance features have not previously been done with
these instruments. Particular care must be taken to measure performance under relevant com-
ditions and to make complete measurement sets®. We have found that there ran be significent
differences intthe static CTF and the CTF mezsured in the streaked mode. The CTF is roat
usually constant across the streaked image. These characteristics obviously wvary betwsen
instruments. :

This set of tests is directed toward the class of instruments which use a large elecizon
extraetion field at the photocathode in order to cobtain temporal resolution limits of 8 “ew
picoseconds at the fastest sweep:speeds. Compared to low extraction field designs, tnis
high extraction field configuratien can result in degraded CTF for some streak tubes?.

We have not performed dstailed CTF characterizations on the two picesecond range x-cay
streak cameras which wse the RCA C73435 and the similar RTC PS50l tubes. Our extensive
experience with these instruments*s'® has shown them to have limiting dynamic spatial resc-
lutions which zre considerably poorer than those discussed here when used with high extrsc-
tion fields in the picosecond regime. Tnis experience 1s corroborated by measurementes of
the LLNL soft x-ray streak cameras recently published by Glendinning arg Medecki®'. Tnelr
paper also presents perfeormance measuTrements of the Kentech 2X magnification x-rsy strzak
cemera.

The Soft X-ray Streak Camerzas

For the purposz of an informed comparison, we have listed important features of the four
instruments in Table 1, More complete descriptions may be obtained in the literature and
from the manufacturers. We will try to include relevant observatiocns on subjective opera-
tional differences as well as guantitative performance measurements. All of the instruments
use avalanche transistor sweep drivers. All of the dats have been obtained on Kodak negs-
tive film after the intensificstion of the streak tube signal by micro-channel plate imzge
intensifiers (ITT type 74113, Fall2)., The Kentech and Hadland data were taken with Roye:
Pan film. The CA&50X and Hamamatsu data were taken with type 2485 film,




Table 1.

50ft x-Tay streak camera features.

Hadland Hamamatsu
Ce50X X-Chraon 540 Cl934 Kentech
Streak tube RTC P650 Photochron 11 N201% Kent
Tube type Bi-lamellar conventional conventional low magnif,
focus
ARstigmatism Yes Yes Yes Na
correction Each Speed
Cathode voltage -15 -17.0 ~6.5 -14.8
(v}
Extraction field &0 20 7.5 20
(kv/em)
Photocathoder to 2.5 0.5 2.0 2.0
extraction grid
space [(mm) )
Useful photo- 12 17 10 25
cathode
lencth _(mm}
Photocathode slit 100 80 80 200
width (microns)
Photocathode 2Xx15mn* on slit on slit 5X30mn?
configuration area separate area separate
: fram slit from slit |
Tube magnification X 1.6X% 1.6X 1.2X I
Tube length (cm) an 20 15 34 bj
|
Sweep speeds 40 20 500 113 12.5 83 |
(psec/mm) 50 50 1800 133 2B.6 250
80 loo 2000 333 50 1000
200 5000 (113
Photocathode reguires remotely remotely requires

accessibility

instrument
demount ing
for accecss*

gdemountable for
inspection and
replscemant

demountable for
inspection and
replacement

instrument
demounting
for access

Phosphor screen €3 50 25 50
size{mm}
Relative camera
sensitivity 0.1 1 1 1
Image intensifier ITT F4113 ITT F4ll3 ITT F41l2 ITT Fa113
used 40 mm 40 mm 25 mm 40 mm !
i
1]
Yacuum pumping small turbo small turbo B 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

ODpen to cham-
vacuum in Tre-
entrant desion

* Remote photocathode

manipulation is

available in new models.




C650X

This instrument has been designed for optimum spatin-temporal resolution. The concept of the
bi-lgmellar P&50X (Figure 1) tube is based mainly on two technological advances. The first
is an intense accelerating field applied to the photocathode (60kV/em). The second is the
use of two focusing electrom lenses designed to work independently. A quadrupcle lens is
used for spatisl Ffocusing and a separate cylindrical electrostatic lens focuses in the tem-
poral direction.

The C650X streak camera (Figure 2) is conveniently self contained with the control settings
on the camera chassis; sweep window durations and differential variations of the sweep speed
along 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 awsy from the chamber on z
raiil for photecathode access and replacement. This operation can be performed several times

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

Fig. 2. The C650X 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 decsign
constraints focus on spatial reselution, on user convenience and on reliability and flexibi-
lity under laboratory conditions. This streak camera is compact in a single chassis (Figure
3). & 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 vacuum window
without breaking vacuunm. The photocathode can be replaced in less than 30 minutes by
removing the vacuum window without meving the streak tamera. The useable photocathode slit
length is 17 mm, A 40 1/s turbo pump provides active vacuum pumping of the streak tubs. A&
4x5 cut film back i1s provided for image recording in addition to & Polaroid film back. A
durable ceramic, steinless steel and cast epoxy streak tube construction is used.



Fig. 3. The Hadland X-Chron 540 soft x-ray streak camers festures & large phetocathode
which is remotely demountable,

Hamamatsu Cl$3¢

The Hamamatsu soft x-ray streak camera (Figure 4) was also engineered to meet the same Los
Alamouy specification as the Hadland X-Chron 540, The streak camera is also compact with all
aof the ad)ustments on the camera chassis., A small external power supply 1s part of the
system. Four sweep speeds are used. The photocathode may be remotely extracted for exter-
nal viewing through & vacuum window. Photocathoge replacement is executed without moving
the streak camera. An B 1/s lon pump ectively pumps the streak tube. Astigmatic focus
correction is integrated into this streak camera. R 35 mm motor drive film back is
availabley however, & standard 4x5 Polaroid film back is not offered. The photocathode is
relatively small, 10 mm.

Low Magnification Kentech

This instrument (Figure 5) was -engineered for Tte-entrant positioning of the photacathode
close to the x-ray spurce inside of the experimental chamber. It fits in a 10 inch port and
extends 20 cm Into the chamber. The streak tube of this model produces a l1.2X magnifica~
tion. A 2X magnification model 1s alsoc available. The sweep control chassls, 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 imstruments tested but
appears te be adequate for many applications. The photocathode and cathode slit mask are
supplied as separate items. A Polarcid film back 1s available 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 magnificatlon Kentech x-ray

x-ray streak camera features stresk 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 source facility {(Figure &)} at Los Alamos National Laboratory uses a
high power ND:glass laser to focus 1.5 J of 1.06 micron light onto a lOD 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 cameras through a vacuum. An agluminized S0 micro om
EH ¥ister ig dged ?gr these measurements as a ﬁb snd charged partiéﬁe shield. The t??SZ{ to

streak camera phototathode distancg 1s 56 em for the Hadland and Kentech cameras and 66 cm
for the Hamamatsue camerg.

The laser irradiation conditions in these measurements were held te 0.18 J at 2x10'* w/pm?
onto s gold slab target. Higher energy laser pulses resulted in saturation level exposures
in the streak cameras.

The photocathodes on the Hadland, Hamamatsu and Kentech cameras consist of thin fiims [300 A
Al on 1000 A parylene(CH}] which are directly mounted onto the cathode s1it apertures of the
streak tubes. .

The Ketjak taser Facility

The Ketjak leser facility at CEA Limeil-vValenton uses & high-power ND:glass laser tu focus
50 psec pulses of 1.06 micron light in a LDO 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 vacuum
chambex and views the target through an aluminized CH filter used &s s W and charged paz-
ticle shield. The target to sireak camera photocathade distance is 130 eom,
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Fig. 6. The Forge pulsed x-Tay source facility.

Measurement Technigue

Streak camera resolution im both the temporal and the spatial dimensions of the st-eak
images are measured. We have observed that the temporal and, spatial resolution chzrac-
teristics of some earlier streak rameras are mutually dependent and thst to optimize reso-
lution in one axis reguires a compromise in the resoluiien in the other axis. Thus :£ath
features must be evaluated under the same fccus tonditions.

Spetiz]l resolution

A variety of resolution masks were used to map out the gontrast transfer character of “he
four instruments., In all cases, the resolution masks discussed in this comparisan corsist
of free standing gold bars separated bay spaces nominally equal to the bar width. The
18 micron thick gold 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 shz-aw
masks with spatial frequencies of 2, 8, 10, 12.5, 16, or 20 lp/mm.

The mask is position=d 1 to 2 mm from the photocathode (Figure7?). Fenumbral blurring of :he
shadow by the source size and by the experiment geomstry is less than 0.2 micron ang is
negligible.

The spatial fregquency values in this comparison refer to that of the shadow 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. R schematic representation of the contrast mask at the x-ray streak camera proto-
cathode. The mask 1s positioned 1 to 2 mm from the photocathode.

Temporal resplution

X-ray pulses with pulse lengths less than the temporal resolution of these instruments were
not readily available. In order to estimate the temporal resolution, we evaluate the
imaging fidelity in the temporel directiocn and calculate the expected temporal resporse.
¥here the pulse shapes and_energy distributions may be taken to be Gaussian, the temzcoral
resolution is approximatedl? by the quadratic sum of the instrumental rescluticn tv ans the
transit time dispersion td:

to= (ty2 + tg?) 172

The minimum time resolved element, t,, for a given sweep speed V'l {psec/mm) and the exzzci-
mental (unswept) width, X., of the slit image in the temporal direction is given by;:

ty = xg y~1

The transit time dispersien ity reletjng from the photo-electron energy spread, Ae (ev), and
field E{vV/cm)} on the photocathode is given byl?:

tg = 2.3 % 10-8 [ Ae):

[3

The energy spread, 4Ae, of 6.5 eV or 4.6 ¥ for incident 14B7eV x-ray photons on go.c or
aluminum Tespectively may be had from HenkelZ,

Data Processing and Analysis .

Film digitization

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

Digitizetion of thpse data was performed with & Joyce~Loebl microdensitometer at CEA
Limeil-¥aienton and with a PDS computer contrelled microdensitometer at Los Alamos. Image-
processing was accomplished using a Recognition concepts image processor.



Signal-to-noise_ratig_enhancement

High fidelity recording of temporsl or spatial detafl in an ultra-fast signal is limited by
the signal-to-noise ratio in the image as well g5 by the streak system imaging capability.
The signal-to-noise ratio becomes & more important ~issue as the recording time becorss
shorter because the instantanecus charge current in the streak tube is limited by Coulomb
repulsjon effects. When this limit is exceeded, tempcral and spatial Tidelity 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,

R < Imgx * &t

The image may be Intensified to obtain adeguste signal levels for film recording but this
does not improve the shot-noise-limited statistical character of the data. Because of trls
signal level limitation, the Full temporal and spatial fidelity of the streak system may not
both be simultaneously available.

¥hen we wish to analyze Lhe 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 spatial resolution of the streak tube to be apparent.
Similarly, if we wish to obtain the limiting temporal resolutien of the instrument, it ray
be necessary to sum over a number of spatial resplution lengths for adeguate statistizal
character in the temporal profile.

Often the spatial resolution of a streak camera is specifled in terms of that spatial fre-
quency for which the centrsst is at the limit of visual discermabliity. This “limiting spa-
tial frequency™ is an Inadequate descriptor of instrument imaging Fidelity for applications
which require quantitative image analysis. A more gquentitative messure of ipstrument cer-
formance is the contrast transfer function (CTFJ.

The contrast modulation in the data is defined here as the ratio of the Intensity modulatian
to the peak intensity with an adjustment for the background level of the film.

Contrast = ___Lmax_-_Lnin
Lmax - background
The parameters Lpaxse Lmins, &nd the background level are illustrated in Figure 8. The
contrast was observed to vary with position in the streask image. In these characterizazion

tests, we have used flux levels as high as possible without going intp saturation. However,
it has been necesssry to use the integration techniques described above to evsluate the fLil
temporal zand spatial capabllities of the instruments. Substantiel signal averaging in :ne
vemporal direction was necessary to reduce the error in contrast level tp the Ffew perzsent
level. The uncertainty in contrast as well as the integration time used in each measurersnt
is listed with that value in Table 2.

¥

Fig. 8. Typical intensity versus
position data from a con-
trast chart image. The
parameters Lpgx: Lmins.
angd the background level
used to define the con-
trast value are lasbeled. min

INTENSITY

——background
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The system CTF as deflined for our measurements corresponds to the Image contrast at the out-
put of the image intensifier and is plotted with respect to the spatisl 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 preduce this system CTF. The different image magnification faeg-
tors in the four streak tubes result in & given spatial frequency, measured at the photo-
cathode, being transmitted through the image intensifier at different levels of contrast
fidelity, depending on the actual spatial frequency at the Image intensifier photocathode.
While system CTF measurements provide a useful measure of system performance for practical
applications, the effect of streak tube magnification and image intensifier CTF contributiopn
to the system CTF should be considered when comparing the streak tube performances.

Characterfzation results

Sample streak data from each of the four instruments is presentec and analyzed In Figures 9
through 11. 1In Figure 9, typical streak images taken with a 10 lp/mm shadow mask are shown,
Intensity versus position graphs from these images are shawn in Figure 10. The nature of
the noise induced contrast uncertainty is apparent here. The contrast values corresponding
to a range of spatial frequencies are plotted as CTF curves for the four systems in
Figure 11. Oetails of the various measurements are given below,

t
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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 facility.
The unswept mode Image of the lit produced with this x-ray pulse has an average width, x5 in
thf temporal dimension, of 100 microns anywhere across the screen. With the sweep rats of
¥-" of 50 psec/mm, used in the dynamic measurements, we would obtain a temporal resolu-ion
value, t, of 4.] psec anywhere om the screen.

At this sweep speed the dynamic femporal resclutlon extends to 20 lp/mm at the 1imit 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 16 lp/mm spatial frequency values resoec-
tively. The streaked image of a 10 lp/mm resolution chart is shown in figure %a. A plot of
signal amplitude versus position for the 10 lp/mm dats is given in Figure 19a. The contrast
at 10 lp/mm is B5%. The contrast transfer function is given in Figure lla.

This instrument has demonstrated uniform high fidelity recording capability actoss both spa-
tial and temporal dimensions of the sweep. This sdvantage must be welghed sgainst the :ube
throughput which is & factor aof I0OX lower in this streak camera than for the RCA 73435 -ube
based x-rey streak cameras.

Hadland X-Chron 540

The measurements presented for this instrument were performed with 150 psec duration Xx-ray
pulses at the Forge x-rey source. 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 screen
center. At midpepint between the screen center and the end urithe sweep the width of the
static image degrades to 220 microns. With the sweep rate of ¥-° of 50 psec/mm, used in the
dynamic measurements, we obtain a temporal resolution value, t, of B,9 pser at the center of

the screen. :



At this sweep speed the dynamic temporal resolution extends to 20 lp/mm. Signal sveraning
of 50, 50, 58, 100, =50, and 50 psec in the time direction was necessary to unambiguously
determine the contrast at the 5, 8, 10, 12.5, 16 and 20 lp/mm spatisl frequency valucs
respectively. The streaked image of & 10 lp/mm resclution chart is shown In Figure %b. A
plot of signal amplitude versus position for the 10 lp/mm data fs given in Figure 10b. Tne
contrast at 10 lp/mm is 79%. This contrast degrades to 59% at the edge of the screen., Tne
contrast transfer function is given Im Figure llb.

Hamamatsu C13836

The measurements presented for this instrument were performed with 150 psec duration x-Tay
pulses at the Forge x-ray source. The unswept mode image of the slit produced with this »-
ray pulse has an average width, Xg, in the temporal dimension, of 130 microns at the screen
center, 4t midpoint between the screen renter and the end of,the sweep the width of the
static image degrades to 190 micronms, With the sweep rate of V-~ of &6 psec/mm, used in the
dynamic wmeasurements, we obtain a temporal resclution value, t, cf 10.9% psec at the center
of the screen.

At this sweep speed, the dynamic temporal resolution exiends to 20 lp/mm. Signal averaging
of 1%, 15, 33, &6, 100, and 130 psec in the time direction was necessary to unambiguovsiy
determine the contrast st the 5, 8, 10, 2.5, 16, and 20 1lp/mm spatisl frequency values
respectively. The streaked iImage of a 10 lp/mm resolution chart is shown In Figure %e. A
plot of signal amplitude versus position for the 10 lp/mm date 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 founction iIs given in Figure lle.

Kentech

The measurements presented for this instrument were performed with 150 psec duration x--ay
pulses at the Forge x-ray source., The unswzpt mode image of the slit produced with this x-
ray pulse has an average width, Xg 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 of the
static image improves to 200 microns. With the sweep rate of v-! of sa psec/mm, used in i"e
dynamic measurements, we obtain a temporal resolution value, t, of 11 psec at the center of
the screen.

At this sweep speed the dynamic temporal resolution extends to 10 lp/mm. Signal averaging
of 15, 25 and 50 psec in the time direction was necessary to unambiguously determine the
contrest at the 5, 8 and 10 lp/mm spatial frequency values respectively. The streaked imzi=
of a 10 lp/mm resolution chart 1Is shown in Figure 9d. A plot of signal amplitude versus
position for the 10 Ip/wm data is given in Figure l10d. The contrast at 10 lp/mm is Zzi%.
This contrast degrades to 10% at the edge of the screen. The contrast transfer Ffunction is
given in Figure 114,

Summary of results

& comparison plot of the contrast transfer fumetions of the four soft x-rey 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-Iay
streak cameras.



TRBLE 2 - Contrast results averaged over time for unamblguous determination of streak camera
The Integration time Is given In brackets[l . E€dge of screen contrast valves at

cepablility,

the 10 1p/mm spatial frequency are given in parenthesis ().

—W
Spatial Hadland Hamamatsu Kentech
Freouency Ce50X% X=Chzon 540 C1936 low mag,

5 lp/mm 92 % 11% 82 * l0% 80 & 5% 40 £ 7%
[50 psecl (50 psec] {15 psecl {15 pser])
8 lp/mm 86 ¥ 0% g2 * 5% 57 + 5% 18 * ¢%
[50 psec] [5c_psec] (15 psec] {25 psec)
10 1p/mm 75 * 14% (75%) | 70 % 6% (s59%) | 54 + 5% (24%) 24 * s%{10%)
[50 psecl [50 psec] [33 psec?t [50 psec]
12.5 1p/mm 57 £ 13% 45 * 7% 43 * 5% - -
[50 _psec] £50 pser] fss psec]
16 1p/mm 58 > 18% 18 * &% 20 + 7% - -
[50 psec] [100_psecl [i00_psec]
20 1lp/mm 21+ 4% 12 + 4% - -
[50 psec] [130 psec]
The effective temporal resoclutions of the four instruments, at ths fastest

availeple with the individual

instruments,

are tabulated in Table 3.

The effective slit

resclution in the temporal directlion, X, coupled with the useful photocathcde size, Lpe, the
output screen size, D, and the spatial resolution at 40% contrast, R, results In a quantity:
the Iinformation capacity of the streak system. Calgulation of this quantity is slightly
complicated by pragmatic constraints. The contrast transfer function may not be uniform
across the image in space or in time. The entire 50mm screen on the larpe format streak
tubes cannot be used with a 40mm diamster image intensifier., Thus, we use average values to
compute the informatiocn capacity of the streazk system which is taken to include a standard
image intensifier size. In addition to the imaging limits of the streak system, statisticzl
noise will constrain the achievable information capacity to well below this optimum value.

* (D11/%Xgye)

Information capacity = (2Raye * Lgcl



Jable 3 -

Summary of optimized resolution and informatien capacity results.

) Hadland Hamamatsu Kentech
CE5DX X~Chron 540 Cl936X low mag.
Ty .97 psec 2.5 psec &.7 psec 2.5 psec
Fastest
Sweep Speed 40 psec/mm 20 psec/mm 658 psec/mo 12.5 psec/mm

Average
Static Slit
Image Width

X ave

100 microns

155 microns

b
160 microns

182 microns

Tyx

4.0 psec

3.9 psec

10.6 psec

2.3 psec

Average
Temporal
Resolution

4.]1 psee

4.6 psec

12.5 psec

3.4 psec

Sweep
Length
W/II DII

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% Rgye

17 lp/mm

10 lp/mm

7.5 ip/mm

2.1 1p/mm

Useful PC
Length Ly.

12 mm

17 mm

s
10 mm

ro

25 mm

Information
Capaclty

16 x 10% pixsils

7.0 x 10% pixels

2.3 x 10% pixels

2.3 x_10% pixels




Lonclustons
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 screen. Users must
weigh the relatlve advantages to their applications of spatial and temporal resolution, of
resolution uniformity, photocathcde length, user convenience snd Instrument cest.

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