| maging of L aser—Plasma X-Ray Emisson
with Charge-Injection Devices (CID’s)

Introduction

X-ray imaging and x-ray spectroscopy are used in laser—
plasma-generated physics research to diagnose conditions in
the laser targets. Examples of techniques used to image x-ray
emission are pinhole cameras, Kirkpatrick—Baez (KB) micro-
scopes, curved crystal optics, and Wélter microscopes. 13 All
spectroscopic diagnostics rely also on spatial resolution to
record an x-ray spectrum. Examples of spectroscopic tech-
niques are Bragg crystal diffraction and grating diffraction.
The simplest method of recording images is time-integrated
exposure of film, a common example being the calibrated
Kodak direct exposurefilm (DEF).4 Alternatively, images can
be recorded by a solid-state device that is either directly
sensitive to x rays (photons absorbed in the device) or indi-
rectly sensitive (photons absorbed in a phosphor coating,
generating visible range photons that are then absorbed in the
device).

Thiswork details the method of obtaining time-integrated
images of laser—plasmax-ray emission using charge-injection
devices(CID’s), ashasbeen demonstrated onthe University of
Rochester’s 60-beam UV OMEGA laser facility.® The CID
has an architecture similar to a charge-coupled device (CCD).
Thedifferences make them moreresistant to radiation damage
and, therefore, more appropriate for some applications in
laser—plasma x-ray imaging. |mages were obtained with pin-
holecameras, K B microscopes,? and atunablemonochromatic
x-ray microscope.® Simultaneous images obtained on these
systemswith calibrated x-ray film have enabled determination
of the absolute detection efficiency of the CID’sin the energy
range from 2 to 8 keV.

Charge-Injection Devices (CID’s)

The CID cameras used in this work are manufactured by
CID Technologies, Inc. of Liverpool, NY.” The model
CID4150 is an 812 x 604 array having square pixels with
38.5-um center-to-center spacing and overal array dimen-
sionsof 31.3 x 23.2mm. Detailsof the pixel architecturefound
in the literature®1 are summarized as follows: Each pixel
contains two storage areas (pads). At the start of integration,
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voltage applied to both padsinjects any stored chargeinto the
substrate layer. Next, charge is accumulated under a nega-
tively biased column storage pad until the bias is changed to
transfer the stored chargeto arow pad. Therow pad isattached
to a row preamplifier from which the signal is output and
digitized. The CID’s used in thiswork were operated at room
temperature and with no conversion phosphor coating on the
detector surface (direct x-ray detection). A PC-based anal og-
to-digital converter with 16-bit resolution, operating at
500 kHz, accomplished the camera readout. The relatively
high-speed readout was employed to minimize dark current in
the uncool ed detectors.

Figure 83.1 shows a CID camera in its housing and an
epoxy-encased dental imaging version, 1 for comparison, along-
side a film pack and film pack positioner, illustrating the
relative compactness of the CID camera. All signal amplifica-
tion and switching electronics are contained in the CID cam-
era. An overview of the installation on the OMEGA target
chamber and surrounding structureis shownin Fig. 83.2. The
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Figure 83.1

Picture of CID camera mounted on the end of a pinhole camera positioner.
The CID camera replaces the film pack holder (upper left) and film pack
(lower left). The CID camera was designed to be compact, as evidenced by
the dental imaging version (lower right).

119



IMAGING OF LAsER—PLASMA X-Ray EmissioN wiTH CHARGE-INJECTION DEVICES (CID’ S)

Trigger delay
box T-10
Target trigger
chamber . . -
Diagnostic port ----
(TIM, PHC,
or KB) Trigger
Upto _-_ Vi G
% 12 cz?meras deo ‘ Figure 83.2
AN — Schematic of the CID camerainterface
TCC Clock to an OMEGA x-ray diagnostic.

CID dc
power supply

E10465

dc power issupplied along with aclocking lineand an integra-
tiontrigger line. Thecommonintegration trigger supplieseach
camera in use with a pre-shot pulse to acquire a background
image and an on-shot pulse to acquire an image on the laser
target shot. The two images are subtracted to provide the final
image. The single output line contains the unformatted video
signal, whichissent to aPC-based anal og-to-digital converter
card (ADC). UptotwoPC'sareusedtoacquiresix CID camera
outputsper PC, onasmany as12 CID camerasfor thecurrently
planned system.

Experiments

The CID cameras were used to obtain images of laser—
plasmax-ray emission on OMEGA. Three different diagnos-
tics were used as platforms for these tests: x-ray pinhole
cameras and two different KB microscopes. One microscope
was outfitted with a grating and used to obtain grating-dis-
persed images of target implosion cores.12 The other micro-
scope was outfitted with metal multilayer monochromators
and used to obtain narrow-energy-band (monochromatic)
x-ray images of target implosion cores.®

Figure 83.3 shows two images obtained with pinhole cam-
eras located on opposite sides of the target chamber. The
pinhole cameras have 11-um pinholes and were located
170 mm from the target. The CID’s were located to provide
imageswith amagnification of 4.0 (~10 um/pixel at thetarget
plane). The images are of x-ray emission from a4-mm-diam,
Au-coated plastic sphere. The OMEGA beams were surface
focused onto the target using the standard OMEGA optics and
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distributed phase plates designed to produce Gaussian-like
focal spotswith adiameter of ~900 um (containing 95% of the
energy). Theseproducex-ray spotswith diametersof ~600-um
full width at half-maximum (FWHM). The images are ana-
lyzed to determine the relative pointing of each beam com-
pared to the desired pointing (all beams pointed so as to
converge at thetarget center, in the spherical -impl osi on-point-
ing mode). Typically six or more film-based cameras are used
to obtain like images, necessitating film loading, unloading,
developing, drying, and finally digitizing. Although these
processesare streamlined by using auto film devel opers, quick
drying, and video camera digitizing, the typical minimum
processing time of ~40 min cannot compete with the several-
minute time scale required to store and redisplay multiple
digital imagefiles.
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Figure 83.3
CID images taken from two opposing pinhole cameras on an OMEGA
pointing shot.
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Another example of CID-camera-obtained x-ray imagesis
shown in Fig. 83.4. The CID’s were located behind the same
pinhole camerasdescribed above, but farther away at amagni-
fication of 8.0. The images are of the time-integrated x-ray
emission from an imploded laser fusion target (in this case, a
3-atm-D,-filled, 20-pum-thick CH shell). Figure 83.4(a) was
taken with minimum filtration in front of the CID sensor
(150 um of Be, mostly in the pinhole camera itself), while
Fig. 83.4(b) wastaken with a CID on a pinhole camera on the
opposite side of the target chamber and additional filtration of
50 um of Al was used to limit the soft x-ray component of the
image. Figure 83.4(a) clearly shows the target’s outer-shell
emission plusstalk emission (all of which occursduring target
acceleration). Figure 83.4(b) shows only the harder x-ray
emissionthat isconfined to the high-density, high-temperature
implosion core region.

@

(b)

H8 view (north) H13 view (south)

filtered (hard x rays only)

E10466

Figure 83.4

CID images of a directly driven imploding OMEGA laser target (from
opposing pinholecameras): (a) soft x-ray image containing emissionfromthe
outer shell region, the stalk, and a saturated coreregion; (b) hard x-ray image
containing only emission from the core.

Pairsof images, oneonfilmand onewithaCID onthesame
X-ray microscope, have been obtained on a series of OMEGA
target shots. The KB microscope was outfitted with adiffrac-
tion grating that yielded dispersed spectra of the implosion
cores.12 The magnification of theimagesis20.3. Sincethe KB
microscope is a four-mirror, four-image version with image
views separated by 1.4° on the target chamber sphere, the
imagesarenearly identical except for differencesintherecord-
ing media. Figure 83.5 showsapair of suchimages: (a) afilm-
recorded image (K odak DEF) and (b) a Cl D-camera-recorded
image. Both images are produced by the KB microscope,
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which has Ir-coated mirrors operating at grazing angles of
0.70°. Attenuation by 140 ym of Be is common to both, asis
diffraction by the 0.2-um-period transmission grating. The
CID camera had an additional 25 um of Be acting as a light
shield and housing cover. Both images show nearly identical
features. The main features captured by the grating-dispersed
microscope (zeroth-order image of implosion and first-order
diffractedimage of the core) are seenin bothimages. Sincethe
film and microscope havebeen absol utely calibrated, compari-
son of thefilm- and CID-recorded core spectracan be used to
infer the absol ute sensitivity of the CID pixels. Figure 83.6(a)
shows such a comparison taken aong the core spectrum and
plotted asafunction of photon energy. The CID pixel’sinferred
qguantum efficiency dependence on energy is shown in
Fig. 83.6(b). Although a precise model for the CID pixels has
not been devel oped, the results of Janesick et al.13for the case
of a front-side-illuminated, thin-depletion-region CCD are
shown for comparison in Fig. 83.6(b). This model should be
representative of the CID sensitivity.
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Figure 83.5

A pair of simultaneously recorded x-ray microscope images taken with
(a) Kodak DEF film and (b) a CID camera. The image is an imploding
OMEGA target with dispersion of the core emission by an x-ray transmission
grating (evidenced by thefeatures~30° from the horizontal to the upper right
and lower |eft). The horizontal and vertical streaks are due to small-angle
specular scattering from the microscope mirrors.

Lastly, a pair of images taken with the KB microscope
outfitted with metal multilayer monochromators is shown in
Fig. 83.7. Theimaging system hasbeen previously described.*
WB,,C multilayerswith a 2d spacing of 26.5 A were used, and
the magnification of theimagesis 13.6. The monochromators
weretuned so asto produceimages of target emission centered
ontheAr He-like 3-line (3.683+0.011 keV) and the Ar H-like
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Figure 83.6

Comparison of CID- and film-recorded spectra. (a) Lineoutsthrough thetwo
spectral features; (b) inferred CID quantum efficiency, derived from the
calibrated constants of the microscope/grating/film system.

[B-line(3.935+0.012 keV), wheretheindicated energy rangeis
determined by the FWHM'’ s of the monochromator diffraction
peaks. Thetarget wasa15-atm, Do-filled, 20-um-thick, 1-mm-
diam CH shell containing 0.35% by atomic number of Ar gas
as a dopant. The images show the enhanced line-plus-con-
tinuum emissionfromtheimpl osion coreregion. Theasymme-
try of the core is ascribed to the lack of perfect direct-drive
beam balance on this shot, aggravated by severa lower-
intensity beams being near each other on the target chamber
sphere. The images show a clear core region whose size and
morphology can be easily measured.

Conclusion

CID camerashavebeen usedto obtaintime-integrated x-ray
images on avariety of imaging and spectroscopic diagnostics
on the OMEGA laser facility’s target chamber. Cross calibra-
tion of the CID camera with film shows that the CID pixels,
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Figure 83.7

Monochromatic images of animploding OMEGA laser target taken with two
CID cameras. (a) Image of emission at 3.683+0.011 keV, centered on the Ar
He-like B-line; (b) image of emission at 3.935+0.012 keV, centered on the
Ar H-like B-line.

when used in direct-detection mode (i.e., without a phosphor),
have a useful energy range of better than 2 to 8 keV, with
additional sensitivity to be expected, especially at higher
energies. Currently, all existing OMEGA time-integrated
x-ray diagnostics are being outfitted with CID cameras as an
optional recording medium.
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