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Laboratory Characterization of WSIter x-ray Optics

B.A. Remington and R.I. Morales
LLNL, Livermore, CA 94550

10th Annual High-Temperature Plasma Diagnostics Conference
" May 8-12, 1994, Rochester, New York

h

We have conducted an extensive series of characterization measurements of a WSIter

grazing incidence x-ray microscope. The measurements were carried out on 5%

sectors of the Wdlter x-ray optic in a laboratory utilizing a high brightness, "point" x-ray

source and fall into two categories. (1) Absolute reflectance measurements as a
0

function of x-ray energy were made with Si(Li) detectors to acquire continuum spectra

prior to and after reflecting off the WSIter optic. (2) Spatial resolution measurements

were made using back-illuminated pinholes or grids imaged onto film or an x-ray CCD

camera. The depth of field was mapped out by varying the distance between the WSIter

optic and the backlit grid.
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Imaging experiments in inertial confinement fusion (ICF) have evolved to a level

of sophistication where precise characterization of the diagnostics is essential for proper

interpretation of the data.( BAR,GND, BAH) Both the energy response and the spatial

resolution play a critical role in experiment design, execution, and analysis. In support

of experiments done on the Nova laser (Ca91), we describe in this paper a series of

precise, off-line characterization measurements made of a 22x magnification WSIter

grazing incidence x-ray microscope( Ellis, BAR) in a laboratory developed specifically for

this task. Details of the laboratory are described in a companion paper.(Mo94) To

illustrate the capabilities of this lab, we present the results of two measurements: (1) the

absolute reflectance of the grazing-incidence optic as a function of x-ray energy and (2)

the depth of field of the instrument. Both measurements would have been difficult to

carry out on in situ Nova.

To characterize the reflectance requires a measurement of the energy spectrum

of some x-ray source before and after reflecting off the grazing-incidence x-ray optic.

The ratio of these two quantities represents the reflectance. To carry out this

measurement, we use an absolutely calibrated Si(Li) detector at the image plane of the

22x W61ter microscope. A microfocus x-ray source generates x-rays by bombarding thin

(3-5 I_m) transmission anodes of AI, Nb, or Rh with 5 keV electrons. The absolute

emittance and brightness of this x-ray source has been thoroughly characterized, using

a proportional counter. Mo94 The anodes are backed by 50-100 IJm pinholes, thus

creating a "point" source of x-rays. In the "straight-through" mode, the WSIter is masked

off and the detector has a direct view of the emitting anode. In the reflectance mode, the

straight-through view is blocked, and a 5% sector (2 x 10.5 sr solid angle) of the W61ter

optic is opened to the source. These measurements are taken sequentially in -30 min

runs, and the source emission is kept constant during this time. The results of two such

runs, after correcting for their relative solid angles, is shown in Fig. la. The anode in this

case was Nb, with characteristic L-band emission peak at 2.2 keV. For the straight
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through case, the bremsstrahlung continuum extends out to the 5 keY cutoff

corresponding to the electron bombarding energy. For the spectrum corresponding to x-

rays reflected off the WSIter, the bremsstrahlung continuum is cut off just above 3 keV

due to the grazing incidence optic.

The reflectance is obtained by dividing, energy bin by energy bin, the lower curve

in Fig. la by the upper curve. The result is shown in Fig. lb by the solid histogram. As a

check, for the three different anode materials used, A1(1.5 keV K-line), Nb (2.2 keV L-

line), and Rh (2.7 keV L-line), we integrated over the entire peak. The results of these

three discrete reflectance measurements are shown by the solid squares in Fig. lb. As

a check on any artifacts of the Si(Li) detector itself, such as Si escape peaks, we made

two measurements with a gas proportional counter, and the results are shown by the

open circle plotting symbols. All three measurements are consistent with a reflectance

of 0.10-0.15. The high energy cutoff of the optic is at --3 keV, and there appears to be a

dip around --2 keV. All the sectors of this WSIterexamined look similar to Fig. lb. The

dashed curve shows the result of the theoretical double-bounce reflectance for 1.1° and

1.2° grazing angles off Ni, using Henke opacities. The curve has been multiplied by a

degradation factor of 0.26, presumably from losses due to scatter off the optic and

absorption from contaminants coated on the optic. This WSIterwas used in the Nova

10-beam chamber for 1-2 years prior to being brought to our calibration lab. The

possibility exists that its surface was contaminated somewhat due to the harsh

conditions in the chamber. If one assumes that thin layers of Si, At, and C were

deposited on the Ni reflecting surfaces, and that these coatings serve only as

attenuators, then the smooth solid curve is arrived at. It appears that the dip in the

reflectance could be caused by contaminants coated on the optic.

We turn next to the depth of field characterization. We first measured the

instrument point spread function by backlighting a 50 l_mpinhole with AI x-rays, as

shown in Fig. 2. The image was recorded with an x-ray CCD, and the exposure time
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was -1 hr. The low contrast image shows the -square pinhole, and the high contrast

(saturated) image enhances the low level scatter from the Welter optic. The scatter is

predominantly in the radial (vertical) and azimuthal (horizontal) directions in the image.

Consequently, in Fig. 3 we show with the dotted curves 1D profiles of exposure

localized to the azimuthal (Fig. 3a) and radial (Fig. 3b) directions. Both profiles show a

distinct 2-component shape, with a short-scale "intrinsic" smearing and a low level long-

range "scattering" component. We also show the result of an analysis starting with an

inferred ideal result, and convolving with a 1D resolution function,

R(x) = Rintrinsic + Rscatter = [1-_] [e'x/_l+Or,e'x/c2] •
0

(1)

The parameters for the fits are given in Table 1, and we see that the radial direction is

much worse, that is, has much more intrinsic smearing and long-range scatter.

Understandably, 1D imaging experiments using such an optic always use the azimuthal

"good" direction.

We next consider the results of backlit grids at varying distances from the optic.

The grids consisted of Au wires of t=25 lim period, 10 _m wide and 8 tim thick. Typical

images are shown in Figs. 4a-c. One clearly sees how much better the resolution in the

azimuthal (horizontal) direction is, and that for Az = +700-800 pm departures from best

focus (z=0), that there is considerable smearing. Since the resolution in the radial

(vertical) direction barely allows the wires to be distinguished, we will analyze only the

azimuthal direction in depth.

In Fig. 5a we show a 1D average profile of exposure across the azimuthal

direction of the grid for the best focus image shown in Fig. 4b. The data have been

averaged over 150 #m in the radial direction, and is given by the dotted histogram. The

MTF analysis centers around deducing what the image would have looked like with an
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ideal instrument. The ratio of actual to ideal contrast (peak-to-valley modulation in

exposure) then gives the MTF. The analysis is done iteratively, because we do not have

an ideal instrument to compare with. The shape of the x-ray source intensity distribution

is based on a smooth version of the profile seen through the grid. This spatial

distribution is modified by the grid wires, assuming perfectly opaque wires. We then

convolve this "grid mask" with the 1D resolution function, Eq. 1, and find the best fit to the

data by X2 minimization, varying _1, _2' e_,and an overall multiplier on the grid mask.

This best fit result is shown by the lower solid curve in the figure. The upper solid curve

is our "best guess" of the result an ideal instrument would have seen. The MTF of the

instrument at X=25gm, which is the period of the grid wires, is given by the ratio of the
0

observed contrast (peak-to-valley modulation) to the ideal, -0.6. A similar analysis of

the image shown in Fig. 4c with the W01teroptic 700 Ixmcloser to the source than best

focus is shown in Fig. 5b. The observed contrast is now only -30% of the ideal, due to

the additional smearing caused by being out of focus. The parameters for the best-fit
..

R(x) are given in Table 1.

This MTF analysis was done for steps in Az of 200-300 I.tmover a total range of

+1000 I.tm. The results expressed in terms of the MTF at £=25 l.tmare shown in Fig. 6.

An analytical expression for the MTF is given by the Fourier transform of the resolution

function, Eq. 1. It is straight forward to show that the Fourier transform of Eq. 1 is given

by

1 C_l _2

MTF(k) = [_l+°t(_2] [ l +k2o 2 + l +k2o2 ] ' (2)

where k=2rt/X is the wave number of the spatial wavelength _,. We give the

values from the best fit R(x) and the MTF at _,=25 lam in Table l, and the

results are shown graphically by the plotting symbols in Fig. 6. The smooth

solid curve is a polynomial fit to the data. If we define the depth of field



(DOF) as that range in z over which the MTF decreases by not more than

30%, then AZDol;= +--500 [am.

We have considered whether our imaging measurements are affected

by vibrations in our system, specifically vibrations caused by the various

vacuum pumps in the line. We repeated the measurement shown in Fig. 5a

with all the cryo pumps in the beam line turned off, pumping only with a

turbo pump located far from the W61ter and CCD camera and saw no

significant difference in the results of a backit grid at best focus. We have

also considered a possible dependence in the spatial resolution on the x-ray

energy. We repeated the best focus backlit grid result shown in Fig. 5a

using an AI anode (1.5 keV) instead of the Rh anode (2.7 keV). Again we

see no significant difference in the MTF.

In conclusion, we have characterized the reflectance, the spatial resolution, and

the depth of field of a W61ter x-ray imaging optic in an off-line calibration lab. Results

suggest the possibility of Iow-Z contaminants coated on the optic surface, lowering the

overall reflectance.

We gratefully acknowledge the assistance of L. DaSilva with the x-ray CCD

camera and the technical support of T. Schwinn. This work was performed under the

auspices of the U.S. Department of Energy by the Lawrence Livermore National

Laboratory under contract number W-7405-ENG-48.
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