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ABSTRACT

Image distortions produced by a cylinder mirror at the National

Synchrotron Light Source are compared with performance predic-

tions based on measurements of surface slope errors in the

millimeter spatial period regime made with an optical surface

profiler*
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Introduction

The performance of grazing incidence x-ray optical systems is severely

compromised by arc-second slope errors arising from surface irregularities

in the millimeter spatial period range. It is those errors that limit the

performance of most of the aspheric optical systems in use at the National

Synchrotron Light Source (NSLS) and it is those errors that are most dif-

ficult to control during the polishing process. We present here a set of

scanning pinhole measurements made on a grazing incidence cylinder mirror

which exhibit typical arc-second beam deflections and then correlate these

measurements with surface roughness measurements aade with a WYKO optical

surface profiler. The average power spectral density (PSD) curve for the

surface Is computed from the profile measurements, and the various band-

width-dependent statistical quantities, such as RMS roughness and slope

error, which are computed from the PSD curve, are compared with the

results from the scanning pinhole measurements.

Mirror Description and Purpose

The mirror under investigation in this paper is the principal focus-

ing optic in an x-ray beamline (X10A) at the NSLS. The mirror is designed

for 1:1 focusing of the 2.5 GeV x-ray synchrotron source: the mirror is

placed 12 meters from the source and produces an image 24 ueters distant

from the source. The effective source size is about 100 JJH high (I tr) and

1 •• wide with a vertical divergence of about 0.2 ar&ds (1 s) at a 2A

wavelength. A grazing incidence angle of 6.67 arad is selected to provide

a high energy cutoff of 12 keV with a mirror roughness specification of

10A RMS. The mirror is in the form of a cylinder (Fig. 1) with a short
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radius of 80.04 ma and Is bent along Its length to a radius of 1800 m. It

Is 600 torn long, 100 mm wide and 30 mm thick between the bottom of the

trough and the back of the mirror. The mirror material Is fused silica

with a 1000A platinum coating.

X-ray Image Measurement

In the normal operating mode the mirror will accept approximately

3 mrad of the horizontal fan of synchrotron radiation. The vertical

divergence of the source fully Illuminates the length of mirror. The

Image produced by this mirror has a full width at half maximum of 1.9 on

vertical and 0.8 mm horizontal. The latter was very close to the expected

value, while the vertical was about a factor of ten too large.

The mirror surface was further studied by observing the Image pro-

duced from small areas of the mirror. A 10 micron diameter aperture

placed Immediately before the mirror confined the x-rays to a well defined

area on Its surface. The beam footprint had a transverse dimension of 10

microns and a longitudinal dimension of 1.5 mm. A second aperture of

0.1 am diameter was scanned through the image while the intensity was

monitored using an Ion chamber. Figure 2 presents typical vertical scans

of the images produced by illuminating three locations en the mirror at

ISO, 300 and 450 am along its length. The multiple intensity peaks within

each image are separated by about 0.5 mm in the image plane* This corre-

sponds to images produced by mirror facets with an angular separation (A8)

equal to 4 arcseconds. Since the multiple intensity peaks are produced

within an illuminated length of about 1.5 mm along the surface, each facet

segment is about 0.4 ma long. Therefore an estimate of 80A peak-to-valley

can be made for the surface roughness*



Figure 3 compares an incoherent summation of 15 equally-spaced sample

images with the image produced by illuminating the entire length of the

mirror along a strip 10 microns wide. Both methods of producing an image

are equivalent, since the transverse coherence length of the source pro-

jected onto the mirror surface is about 3 mm at a wavelength of 2A. The

good agreement between the overall width of the two images confirms that

the distribution of slope facets is indeed responsible for the image

degradation.

Profile Analysis

Measurements with the WYKO NCP-1000 optical surface profiler with a

2.5X objective were made on an identical fused silica cylinder mirror made

by the same process. A typical profile shown in Fig. 4 exhibits a well-

defined low frequency periodicity with a spatial period in the millimeter

range. Simply laying a straightedge along the downward slope between 2.4

and 3.4 m enables one to see that the characteristic slope in this

profile is on the order of 30 microradians (6 arc-seconds). The low

frequency content of this surface is especially evident in the average

periodogram for this surface, shown in Fig. 5. This is an average of 12

periodograms computed from 12 profile naeasureaents distributed across the

surface. The usefulness of this presentation of the periodogram lies in

the fact that various surface statistics may be computed from this curve

by taking the appropriate numerical integral over the desired spatial

bandwidth. If we compute the RMS slope error from this curve over the

5 mm to 1 am spatial period range (2 x 10"1* to 1 x 10~3 in inverse micro-

meter frequency units), we arrive at an average slope error value of 25
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microradians (5 arc-seconds). This value agrees very well with the

20 microradian (4 arc-second) slope angle estimated from the x-ray image

analysis.

Conclusion

We have demonstrated a direct: correlation between measured x-ray

image degradation and the statistics derived from direct surface profile

measurements. We are now able to understand the relationship of the power

spectral density curve to the observed light distribution in the image

plane. Since it is much easier to make surface profile measurements using

visible light than it is to make image scans at grazing incidence with

x-rays, we can use the optical profiler as the basic tool for testing the

surface finish quality of optical components. In fact, we are developing

a specification for surface roughness based upon the shape and magnitude

of the power spectral density curve.
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Figure 1. Sketch of the fused silica cylinder mirror designed for 12
meter source and inage distances at a grazing incidence angle of 6.67
arads« The mirror is bent into the shape of a toroid with a major radius
of 1800 meters. Drawing dimensions in millimeters*
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Figure 2. Vertical image intensity
distributions using the 10 ym aperture
at the mirror and the 100 pm aperture
on the scanning detector. Horizontal
image displacements are arbitrary, for
display purposes only* Images corre-
spond to positions along mirror length:
left-150 mm, center-300 mm, right-450
HUB.
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Figure 3. (Upper) Vertical image pro-
file with mirror illuminated over a 10
ym wide strip down the entire length of
the mirror; (Lower) Composite vertical
profile made by incoherently summing
fifteen masked profiles as in Fig. 2.
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Figure 4. Profile of a 5 • long seg-
ment of a fused silica cylinder exhi-
biting large-avplitude periodicity in
the allliaeter spatial period range.
Characteristic slopes are several arc-
seconds in this profile.

Figure 5. Power spectial density curve
for the fused silica airror averaged
over 12 profiles. The RMS roughness
and slope error derived from this curve
over the low frequency range (5 on to
1 •• spatial periods) are 82A and 0.025
nr&d (5 arc-seconds), respectively.
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