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Effect of film development on uniformity and modulation transfer function
of the gated /fast x-ray imagers data
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We have been investigating the different phenomena that affect the modulation transfer function
response of the gated x-ray imagers and fast x-ray imagers that we use to record subnanosecond
x-ray images at different laser facilities. As part of that investigation, we noticed that there is
definite nonuniformity to the recorded images, even when the incident radiation was uniform. After

a significant effort to track down that effect we found that the automatic developing processors,
which process the film along the length of the roll, cause the effect. Manual development, which
depends primarily on transverse agitation in the developer, and automatic processors that do not use
a feed mechanism but emulate this agitation, do not introduce such artifacts. We recommend that for
absolutely critical missions, such as target symmetry measurements, certain automatic machines
should not be used[DOI: 10.1063/1.1310585

I. INTRODUCTION was elliptical in shape and about 1 i@ mm in size. The

Gated multichannel platés1CPs made up of a stack of Source was a sealed KEVEX unit that emits about 1.34
millions of tubes, are useful for detecting x-ray radiation and™ 10" photons/s/amp/sr through a combination of a 250
for amplifying the number of electrons released by such &f and a 75um iron filters at the molybdenum 17.5 keV
radiation for recording purposég.These MCPs have been Pphoton energy using a 35 kV accelerating potential. We
used in a number of instruments, such as the gated x-raglaced the x-ray source about 82.3 cm from the gated MCP
imagers(GXIls) and fast x-ray imager&=Xls) etc.>#for de-  detector face, and attenuated the x rays such that the rate of
tecting and imaging the spatial structures in laser generateatrival of x rays is less than 1 photon per MCP tube per
plasmas with high temporal resolution. These instrumentsecond. Zirconium and iron filters with 250 and i/Z& thick-
have been used to measure the uniformity of the drive andless, respectively, were used to attenuate and filter the
the structure of shocks in inertial fusion capsuiéko that  source, thus ensuring that the rate of two photons arriving
effect, significant efforts have been expended to measure thgmultaneously during the gain/transit time of the MCP is
spatial resolution of such instruments and to flat field them inyych less than 1%We checked the uniformity of the illu-
o_rder to subtract nonlinear gains thgt exis’; across the fields Qfination by placing x-ray film in front of the MCP and re-
view of these detegtorf‘s‘? Ho_wever, in ad(_j|t|0n to the reso- cording the illumination pattern.
lution of the recording medlun_"n,_ the spatial structure of such  ~gntinuous wedges were recorded on the film before
MCPs, the low quantum efficiency of the photocathodesyee|oning and were used to linearize the film response. At
used, the coupling of the electrons to the phosphor, and thf’os Alamos National LaboratoryLANL) and Lawrence

coupl_lng of _thg phosphor light to thg recording medium, aIILivermore National LaboratoryLLNL) we developed the
contribute significantly to the resolution of the recorded data,; . . .
f#lm using a Hope500 with a roller transport for automatic

One of the areas that did not receive attention is the effect o .
film processing on the measured flat fielding data. In thigdeveloping. We used unstabled-base Kodak T-Max 3200

article we outline the results we found and we make specifié“m' T-Max Developer was used at film strengt.h for 7 min at
recommendations. 75 F. The stabled-base Kodak Instrumentation Film 2484

Estar was developed using Kodak D-19FS film strength for 6
min at 26.9 °C. At the Laboratory for Laser EnergetickE)
Il. PROCESS a JOBO processor using a LLE standard development for

For most of our work we used a GXI already built and TMAX 3200 was used. The following steps are used for
described previousl§ For this study we used film recording, Processing Kodak T-Max 3200 film in a rotarOBO
although we also studied charge coupled device camera réTL2000) processor at 24 °C€=0.1) @ 50 rpm(with short
sponses and will publish those results separately. We used #ifises in-between chemistrjes\fter preheating in an ambi-
electron bombardment x-ray source for all these studies, anent water bath{30 9 and presoaking for 2 min in tap water,
calibrated the source size and radiance using a 4 mm diathe film was developed with a T-MAX developer for 7.5 min
SiLi detector placed 44 cm from the source. The source spdhen stopped with a Kodak Indicator Stop Bath for 30 s. The

film was next fixed in a Kodak rapid fix for 7 min, followed
“Author to whom correspondence should be addressed; electronic maiPy @ first water wash for 1 min in tap water and then 2 min in
kyrala@lanl.gov Heico Perma wash. Finally the film was washed in tap water
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again for 3 min, Kodak Photo-flo, and then de-ionized water  o0.14
before it was dried. s B T
For performing a modulation transfer function measure-

ment we placed two strips of 9 mil thick razor blade with a !

knife edge on each near the MCP surface. We thus have . [ Biszelop BTt
well-defined region across the MCP of width 7 mm, in the 01 i —
middle of the MCP strips. This region is too narrow for MCP

Develop First
\

gain effects to be significant, but allows a large region to 0.08
record the wing response of the MCP for a straight edge & \
illumination. We immediately noticed that there is a left right B
asymmetry in the recorded signal. Such nonuniformities
were observed before and were assumed to be constant ar
dependent on the gains of the MCPBechniques were used 0:04
to correct such nonuniformities of response from the data.

We suspected that there may be other sources for the nor .02
uniformity of the recorded signals; either the x rays were

nonuniform, or that there is a left right asymmetry in the gain . ) \\M
of the MCP, or that the slits were not the same thickness, ol %0 15 20 25
that the slits scattered x rays differently. After eliminating X(mm)

each of these eff.eCtS we Came t(.) the then “”dlcglous” Con_FIG. 1. Slit apertured exposure with 2484 film: MCP voltage 850 V, 3 kV
clusion that the film processing is to blame. As it turns outynosphor, LANL developed.

this is related to the “adjacency effect’in film develop-

ment. The film densit_y in a givep region is not only a func- PDS processor, and at LLNL. We did not notice a major
tion of the exposure in that region, but may depend on t@yitterence between the LANL bidg. 87 film processor and

exposure in adjacent regions. The depletion of developefe Trigent film processor results, thus indicating reasonable
chemicals in a region will effect development nearby if thererepeatability within LANL. Thus in the following we will

is not enough agitation or flow to maintain a constant, uni-,q; distinguish among the LANL results individually, but
will refer only to the film and processor types.

rgs/c

0.06

Exposure

form sufficient developer concentration.

Two types of film used in the inertial confinement fusion
program were used in this study: Kodak 2484 and T-MAXIII RESULTS
3200. These films are well matched to the blue light emission
and decay time of the P-11 phospRGFMAX, is used more The results are shown in the attached figures. Figure 1
because it has higher resolution, and 2484, being less senshows a typical result for 2484 film. The exposure in erg/cm
tive to static electricity, prevalent at Los Alamos, and moreis calculated from the wedge, but has not been absolutely
useful for archival purposes, since it does not shrink in timecalibrated. The horizontal axis is shifted between the two
To prove the depletion effect, we processed six sets of filmscans in order to show the response of the edges. In each of
In each set one film was processed with the leader first, arthe two scans we found that the region which is fed to the
other with the trailer first, and the third film was processedprocessor first gets developed to a higher exposure level, and
by hand. Two of the sets each used three rolls of 2484 filmthat the nonuniform region extends over at least 5 mm! In
one set processed at LANL and another at LLNL. The nexFig. 2 we show the effect of increasing the gain of the system
four sets each used three rolls of TMAX-3200 film, and eachto get higher exposures. The voltages listed are the voltages
was exposed under identical conditions, with one set sent tacross the MCP wafer. Again, we find development to a
LLNL, one set sent to LLE, one set developed locally at thehigher exposure level where the high exposure region first
Trident laser facility, and one set developed locally at theenters the developer, followed by a lower exposure level due
Plasma Physics photo shop. Each film had the following forto developer depletion. The effect seems to depend on the
mat; a continuous P-11 wedge, an exposure at 700 V, aexposure level of the film. The hand developed film shows
exposure at 800 V, an exposure at 900 V, and in some casétile of the effect. At the higher gains, where the exposure
a P-11 step wedge rotated at 180° relative to the othelevel is highest, the effect is most severe.
wedge. The exposure time was 60 s for each image using the Figures 3, 4, and 5 show the data for the TMAX 3200
molybdenum 17.4 ke, line and a gold photocathode. The film developed at LANL, LLNL, and LLE, respectively. The
P-11 step wedge is a calibrated wedge used with a 47B Bludepletion effect is again more noticeable at higher gain, and
Weratten Gel filter that adjusts the light output from the Xe more dramatic than for the 2484 film. However hand devel-
flashlamp in the sensitometer source to approximate theping the film has a much smaller effect. If we define a
spectral emission from the P-11 phosphor used at the fibemeasure of the linearity as a percent nonlinearity per mm of
optic output faceplate of the MCP. In each of these sets, ondistance, then the hand developing gives the best linearity,
roll was developed with the trailer first into the automatic usually less than 2%/mm, while the automatic processors
processor, one roll developed with the trailer last into thegive values as large as 5% for the TMAX-3200 film. The
automatic processor, and one set developed manually. Theeasured values for the hand developing were random in
LLNL film was digitized at Bechtel-Nevada, LANL bldg. 87 nature and did not correlate with a direction on film, thus
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FIG. 4. (Color) Slit apertured exposure with T-3200 film: MCP voltage 700
FIG. 2. (Color) Slit apertured exposure with 2484 film: MCP voltage 700 V, v, 800 Vv, and 900 V, 3 kV phosphor, LLNL develope@tilue) leader first,
800 V, and 900 V, 3 kV phosphor, LANL developethlue) leader first,  (req) leader last.

(red) leader last, andgreen hand developed.

representing the best uniformity. Slight variations may occurSIOp_?hfrom or|1te edhge of thﬁ_ S[IDI;[ t? the ottr:er edge. ibl b
due to the nonuniformities in the gain of the MCP. The 2484I te;]resu S, Shown In 1avle po;n fo a posstl € pdro -
film shows a similar behavior, but with a slightly better mea- em \_’l" fs<_)“me pregflouslfrrfl_leasuremerl zo slymn:jebry z;n dunl-
sure, especially at lower exposure. Notice that in all casegirm't% OGIXLIJmIr(]jaFI())(TI im was nto h evelope 'bly and,
hand developing is best, but that there is a difference in th eSnO//e . tahn . meiasurerlrf\en S a\_/? p(t).ss' OKegvrrors up
film density among the three labs for presumably identicaf0 o/fmm In the Image piane. It a magnification e:)s
exposures. usec_i, this error due '.co film developmen_t translates to 4%/100
We tried to quantify some of these numbers to put the4m in the sourceobjech plane. We believe that unless ad_—
results in perspective. We used the leader-first develope’&lCenCy effects due to the development process of the film
film for the measurement. We define the signal as the rmgre avoided, results requiring uniform film development may

) . ) t.
average across the slit, and the percent uniformity as th8® SUSPEC .
g P y The results for the gain are also valuable. For all the
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FIG. 3. (Color) Slit apertured exposure with T-3200 film: MCP voltage 700 FIG. 5. (Color) Slit apertured exposure with T-3200 film: MCP voltage 700

V, 800 V, and 900 V, 3 kV phosphor, LANL develope(iue) leader first, V, 800 V, and 900 V, 3 kV. LLE developed, leader not relevant, colors give
(red) leader last, andgreen hand developed. an idea of repeatability.
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TABLE |. Summary of the measured response of the film at the three labgj|m processing is a necessary part of ensuring accurate mea-

for dlﬁerent fll_ms. The voltage is the' voltgge across th(_—:t MCP. The thirdg ;rements of spatially dependent information. Our observa-
column identifies the departure from linearity across the image, and the last

column shows the perceived change in gain per 100 V increase across tl Lzon SUQ_geStS that one not use film unless one callbrgtes the
MCP. system in the mode to be used. If one has to use film and
wants to get quantitative irradiance data, as some experi-

ments require, then they should not use automatic developing

Voltage %/mm Signal Gain/100 V

TMAX-3200 LANL 700 3.1 02 1 machines unless they are of the kind that emulates hand de-
800 41 .06 3 veloping, or better yet develop manually, and be patient
900 5.6 215 3.6 while it is developed.

TMAX-3200 LLNL 700 2.8 .017 1
800 25 075 4.4
900 4.4 225 3.0 ACKNOWLEDGMENTS

TMAX-3200 LLE 700 211 .019 1 )
800 1.08 13 6.8 The work could not have been done without the excel-
900 2.04 28 2.2 lent help from many individuals, principally thee photo ex-

2484 LANL 200 17 019 1 perts Bernie CarpentéL ANL ), Steve SkolnikLLNL ), and _
800 36 07 37 Eugene KowaluKUR/LLE) who have helped the authors in
900 4.0 25 36 making the film developing comparison among the laborato-

ries. They also acknowledge help from Rodger Liljestrand
who digitized the film at the Los Alamos office of Bechtel-
films, except the LLE developed film that showed the largesiNevada. This work was performed under the auspices of the
spread, the gain per 100 V increase across the MCP wdd.S. Department of Energy under Contract No. W-7405-
3.5£0.5 showing the nonsaturation in the system as meaENG-36
sured. Also the different films gave about the same average
number of erg/crof illumination at each gain.

These results have a significant impact on measuring:; p_kikenny, Laser Part. Beangs 49 (1997,
MTF using film. A nonuniform recording or processing 2J.D. Wiedwald, P. M. Bell, J. D. Kilkenny, R. Bonner, and D. S. Mont-
modifies the MTF that is recorded at long wavelengths, pre-3g02198'ért3eﬁ’élt5 aﬁ9tg;?;i;neag%f;2|a§ggng§iUlnz-lglgzﬁ
cisely the region Whgre one has trouble 'Wlth' background.4K'. S. Budil et al. Rev. Soi. InstrumG?, 48%(1996. '
Any results without film development calibration are also sg | anden, P. M. Bell, J. A. Oertel, J. J. Satariano, and D. K. Bradley,
affected at long scale lengths, with the effect dependent onProc. SPIE2002 2 (1993.

film exposure. ®S. Grantham, E. Miesak, P. Reese, and M. Richardson, Proc. ZHIE

108 (1994).

7P. J. Walsh, S. Evans, G. T. Schappert, and G. A. Kyrala, Proc. SPIE
IV. CONCLUSION 3173 214(1997.

. —_ . . 8R. G. Watt, J. Oertel, and T. Archuleta, Rev. Sci. Instr8f, 2585
Since film is still used at many laser facilities to record (1994,

the output from x-ray instruments, careful attention to the °J. C. Dainty and R. Shawmage SciencéAcademic, New York, 1974

Downloaded 22 May 2001 to 128.165.156.80. Redistribution subject to AIP license or copyright, see http://ojps.aip.org/rsio/rsicr.jsp



