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ABSTRACT 

Charge injection devices (CID's) are digital cameras that can be used to directly 

image x-ray emission. The signal level from the CID can be related to the absolute x-ray 

flux provided an accurate calibration of the CID sensitivity as a function of photon 

energy is known. Measurements of the CID sensitivity at specific energies were made 

using energy dependent filters (Ross filters) and a laboratory x-ray source. These 

calibration values will be used in conjunction with values previously derived from 

comparison of CID and film images to obtain accurate n~easurements of image intensity 

and x-ray spectral intensity on the OMEGA laser. 



INTRODUCTION 

X rays are produced by illumination of targets by the OMEGA laser.' The laser 

beams compress and heat the targets creating short-lived (5 1 x 1 0-9 sec), high- 

temperature (> 1 x 1 o6 K) plasmas. Plasmas at these high temperatures emit x rays, 

which can be imaged. Regions of higher density and temperature emit more x rays, so an 

x-ray image of the target can reveal the symmetry of the implosion. Currently, film- 

based cameras are used to make images of target x-ray emission. The film has good 

resolution (5 10 pm), and it has been calibrated so that the incident photon flux density 

can be measured. However, developing film is a lengthy process (taking about 40 

minutes). Digitizing film to the accuracy needed for scientific work requires expensive 

equipment and adds much additional time to the process. Using film also requires 

loading and unloading from cameras in the target bay, developing, and digitizing. It is 

preferable to use digital cameras, which produce results almost instantaneously. CID 

 camera^^.^ are an example of a digital camera that has been used to make images of 

targets on OMEGA. Measurements of a CID camera's quantum efficiency have been 

made by comparison of CID and film recorded images, but further calibration is needed.4 

The subject of this paper is the measurement of the response of the CID cameras 

to x-rays at several different energies. Since the camera sensitivity varies as a function of 

x-ray energy, energy dependent measurements are needed. To calibrate a camera, a 

nearly monochromatic beam of x rays is needed. Monochromatic radiation contains 



photons that are all of the same energy. X rays can be produced by high-energy electrons 

striking a solid target. When subjected to electrons at a high enough voltage, the target 

will emit an x-ray spectrum that contains several emission lines. An associated 

continuous spectrum of radiation is produced by electrons that are deflected by the atoms 

of the target and give off part of their energy in the form of an x ray.5, Using pairs of 

filters (Ross f i ~ t e r s ) ~ . ~  a narrow, nearly monochromatic x-ray flux was produced and used 

to calibrate a CID camera. 

EXPERIMENTS 

Measurements were conducted in air using an X-TECH model 1303 sealed Cu- 

tube x-ray s o ~ r c e . ~  X rays from the X-TECH source passed through a lead-lined 

collimator and filter box impinging on either a CID camera or a lithium drifted silicon 

detector (abbreviated Si(Li) detector), which is an accurate photon counter.I0 Both 

detectors were mounted on a computer-controlled table to allow precise positioning; The 

total distance from the source aperture to the recording device was 16 cm. A diagram of 

the setup used for experiments is shown in Figure 1. 

Filters were used to measure the response of the camera in a narrow energy band. 

The x-ray emission was filtered using two filters, one having a K-shell absorption edge 

just below the desired energy and the other having a K-shell absorption edge just above 

the desired energy. The thicknesses of the filters were calibrated so that the transmission 

ofthe filters was nearly equal except in the region between their K absorption edges. In 

this region, cdled the pass band, the first filter strongly absorbed the x-rays (including the 

K a  emission) and the second strongly transmitted them. This technique is known as Ross 



filtering.7, ' Figure 2 shows the transmission for a sample set of filters. The response of 

the camera to x rays transmitted through both filters was measured, and then subtracted. 

The difference between the responses of the camera to the two filters is due almost 

entirely to the energies within the pass band. There is some error in this method because 

the transmission of the filters cannot be perfectly matched for the regions outside the pass 

band, so some of the difference in the responses is due to radiation outside the desired 

region. Also, the pass band includes radiation in a narrow region, not a single energy, 

and therefore is not strictly monochromatic. However, the result is much more 

monochromatic than that which can be achieved with a single filter. 

To compute the quantum efficiency of the CID from the measurements the flux 

reaching the camera and the Si(Li) detector was assumed to be the same. Since the CID 

measures energy, the flux it measures in units of photons/(pm2 x sec) can be expressed as 

where ANADU is the number of "analog-to-digital-units" (ADU7s) recorded by the CID, 

Twin is the transmission of the Be window covering the camera alt energy E, which is 

assumed to be nearly one, Atexpure is the exposure time for the CID in seconds, Apixel is 

the area of a CID pixel (1482 pm2, assuming a 38.5 pm square pixel), QEcm is the 

quantum efficiency of the CID, Ephoton is the mean energy of the incident photons in 

kevlphoton, and C is a constant that converts ADU7s to keV. 



Since the Si(Li) detector is a photon counter, the flux it measures in photons/(pm2 

x sec) can be expressed by 

Where ANcou,ts is the number of photons recorded by the Si(Li) detector, E ~ ~ ( ~ ; ) ( E )  is the 

efficiency of the Si(Li) detector at energy E including the transmission of the Be window 

covering it (which are collectively assumed to be nearly I), Apirl is the area of the pinhole 

in front of the Si(Li) detector in pm, and Atint is the exposure time for the Si(Li) detector 

in seconds. The equations for the flux on both detectors may then be set equal to each 

other and solved to find the quantum efficiency of the CID, resulting in 

RESULTS 

Lower energy measurements were taken using a 25-pm thick Sc filter and 100- 

pm thick Polyvinylidene chloride (PVDC) filter to create a difference spectrum with an 

average energy of 4.06 keV. Both measurements were made wiih the X-TECH source set 



to 9 kV and 0.19 mA, and with a lead pinhole in front of the Si(1,i) detector. Figure 3(a) 

shows the results of the Si(Li) from these measurements, and Figure 3(b) shows the 

difference spectrum resulting from Sc and PVDC filters. Average lineouts of the CID 

response at 4.06 keV are shown in Figure 4. For higher energy measurements a I O-pm 

thick Ni filter and a 15-pm thick Fe filter were used to isolate the copper K a  emission, 

which has an energy of 8.04 keV. One measurement was taken with the X-TECH source 

set to 19 kV and 0.10 mA and a pinhole in a 1 O-pm thick Pt substrate over the Si(Li) 

detector and a 50.8 pm Al filter to reduce low-energy noise. The results of these 

measurements are shown in Figure 5 for the Si(Li) detector and Figure 6 for the CID. The 

other 8.04 keV measurement was taken at 19 kV and 0.19 mA with a pinhole in a Pb 

substrate over the Si(Li) detector and a 101.6 pm aluminum filter. A background was 

taken for each CID image and then subtracted from the corresponding image. After the 

remaining background was set to zero, the image was then corrected to compensate for 

continued exposure of the camera to radiation during the readout phase using the readout 

rate of 0.5 MHz and assuming that it is only sensitive during half of each phase of the 

readout cycle. The image produced by the difference between CID measurements with Fe 

and 1% filters is shown in Figure 7. A CID 41 50 was used for all experiments, and was 

read out with a 12-bit GAGE digitizer card." The Si(Li) detector measurement was made 

using an AMPTEK XR-1 OOCR x-ray detector and a PX2TlCR amplifierI2 with the gain 

set to 3.0. 

Table 1 shows all data obtained from experiments. The rlesults are listed by filter 

pair used to obtain the desired x-ray energy, with the filter absorbing at that energy listed 



first (Filter A) and the filter transmitting the desired energy listed second (Filter B). 

QEclD is the quantum efficiency of the CID calculated using eq-uation 3. 

If the proportionality constant (C) in equation 3 is set to 1.31, the data from this 

experiment can be normaIized to the known absorption of a 7-pm thick Si depletion 

region covered by an electrically inactive layer with an absorption equivalent to 1 pm of 

si.I3 The known absorption curve is compared to normalized data in Figure 8(a). In 

addition, Figure 8(b) shows that, when calibrated with this same constant, the data 

follows a curve of CID quantum efficiency generated by comparison of CID and film 

images of grating-dispersed x-rays4 (although some uncertainty in the absolute quantum 

efficiency still remains due to uncertainty in the value of C). 

CONCLUSIONS 

Measurements of CID quantum efficiency as a hnction of energy have been made 

with Ross filters by comparing the response of a CID to x rays vvith that of a Si(Li) 

detector. These measurements follow the trend expected based on the known absorption 

of silicon and assumed dead layer and depletion layer thicknesses. These measurements 

also agree in trend with a previous CID calibration made by comparison of CID and film 

images. However the proportionality constant needed to calculate CID quantum 

efficiency is not well known, so it is only possible to verify that the ratios between the 

measurements at different energies are correct. Estimates of the absolute quantum 



efficiency therefore have some remaining uncertainty which could be minimized by 

fiuther measurements. 
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FIGURE CAPTIONS 

Figure 1. Diagram of the setup used for taking measurements. The collimator and filter 

holder were both lead lined to prevent x-ray leakage. All elements were mounted on an 

optical table. 

Figure 2. Plot of the transmission of Fe and Ni filters. The filter transmission is almost 

identical except in the pass band. Thus, when the camera responses to the two filters are 

subtracted, the difference is due almost entirely to x rays with energies falling in the pass 

band. This filter pair was used to isolate the Cu K a  line. 

Figure 3. Si(Li) detector data from Sc and PVDC filtered x-ray spectra. (a) Sc and 

PVDC filtered spectra plotted with the unfiltered spectrum; (b) difference spectrum for 

Sc and PVDC filters. 

Figure 4. CID response to PVDC add Sc filtered x-ray spectra averaged across columns 

200 to 300, plotted with the difference spectrum. 

Figure 5. Si(Li) detector data from Fe and Ni filtered x-ray spectra. (a) Fe and Ni 

filtered spectra plotted with the unfiltered spectrum; (b) difference spectrum from Fe 

and Ni filters. 



Figure 6. CID response to Fe and Ni filtered x-ray spectra averaged across columns 200 

to 300, plotted with the difference between the two responses. 

Figure 7. Image produced by the difference between CID images of Fe and Ni filtered x- 

ray spectra. 

Figure 8. Quantum efficiencies calculated from results: (a) shown normalized at 4.06 

keV to the known absorption of 7-prn of Si with a I -pm Si dead layer; (b) plotted with an 

efficiency curve obtained by comparison of CID and film images4 
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