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ABSTRACT 

A two multilayer x-ray mirror system has been developed to focus 8 ke V x
rays from a synchrotron x-ray source. The system uses a Kirkpatrick-Baez mirror 
geometry and the mirrors are made by sputtering carbon and tungsten layers on 
spherical optical mirror substrates. A focussed x-ray spot 40 JSm wide by 10 JSm 
high was obtained using an 8 ke V x-ray beam from a wiggler beamline at the 
Stanford Synchrotron Radiation Laboratory. Similar mirror systems may be use
ful for microprobe and small sample experiments using both synchrotron and 
laboratory sources. 

Synthetic multilayers have recently 
been developed which can be used to mono
chromatize x-rays with good efficiency and 
large bandpasa[l-2j. They are fabricated by 
sputtering or evaporating alternate layers of 
low and high Z elements onto an high quality 
substrate. U the substrate is an optical sur
face with the appropriate radius of curvature, 
the x-rays can be focused as well as mono
chromatized by a multilayer mirror. 

Photon beams produced at synchrotron 
radiation facilities provide intense white radi
ation photon beams with low vertical and 
horizontal divergence. For most experiments 
in the range above 3 keY the white radiation 
beam is monochromatized with a double cry
stal monochromator to produce an output 
beam with a energy resolution of dE/ E of 
around lXl0-4 and a spot size around 1 mm 
high by several em wide. On some beamlines 
an x-ray mirror is installed upstream in the 

beamline to focus the beam to a spot to less 
than a mm high by several mm wide. 

U intense x-ray beams with diameters of 
microns rather than millimeters could be pro
duced, many experiments that are difficult 
with present facilities would be possible. A 
scanning X-ray microprobe using a 1 JSm x
ray beam would enable the study of the spa
tial distribution of elements in a sample in 
greater detail without the need to destroy the 
sample or place it in a vacuum[3j. Extended 
x-ray absorption fine structure (EXAFS) 
experiments on very small samples or on 
different areas of a sample would also be facil
itated with a finely focussed x-ray beam. 

In the 1950s and early 1960s, the 
Kirkpatrick-Baez[4j x-ray microscope was 
seriously pursued as a microscopy method for 
biological and materials science applications. 
Theoretical studies (e. g. ray tracing) indi-
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Fig. 1 Schematic layout of mirror system. 
cated a resolution in the range of 1000 -
2000 A should be achievable. However, 
imperfections or the optical figure, scattering 
from the surfaces and residual aberrations 
limited the perrormance of microscopes that 
were actually constructed to the order of 
1 p.m. The best resolution achieved was 
0.3 J.&m, as reported by McGee[5J, using sort 
X-rays (Al Ka at 1.487 keV ). However, 
there baa been very little development on x
ray microprobe at that time because of the 
limited flux density available from conven
tional sources. With the improved methods of 
polishing and figuring surfaces and increased 
availability of high brightness synchrotron 
radiation, one should be able to achieve and 
surpass the 1 p.m resolution limit at higher 
energies and make a practical high resolution 
x-ray microprobe. 

Using a Kirkpatrick-Baez mirror 
geometry as shown in fig.l, we have demon
strated a two mirror system for focusing 
8 keV x-rays. The x-ray beam is incident 
first on a vertically mounted mirror which 
horizontally focuses the beam. The mono
chromatized output from the first mirror then 
strikes a second horizontal mirror which 
focuses the beam in the vertical plane. The 
substrates used for the mirrors were optically 
polished spherical mirrors with a RMS surface 
roughness of less than 3 A and a radius of 
curvature of 6 m. The alternate layers of car
bon and tungsten were deposited on the mir
rors using a sputtering system. 110 and 55 
layer pairs were evaporated on the first and 
second mirror respectively. Different layer 
thicknesses were deposited on the mirrors to 
give correct focusing of the x-rays to the same 
point and also to satisfy the reflection condi
tions of multilayers. The effective 2d-spacing 
was designed to be 63.41 A for the first mir-
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ror and 86.54 A for the second. These 
correspond to incidence angles of 1.39 and 
1.02 deg. With a spacing of 25 mm between 
the two mirror centers the beam was focussed 
5.88 mm after the second mirror. 

This system was evaluated on the 54 
pole LBL-EXXON beamline at the Stanford 
Synchrotron Radiation Laboratory (SSRL) 
during parasitic beamtime. A monochroma
tized x-ray beam of 8.047 keV was used for 
the initial alignment of the two mirrors. 
After alignment the bandpass of the vertically 
focusing second mirror was measured to be 
0.9 keY by varying the energy of the incident 
beam. Fig. 2 shows the measured bandpass 
of the two mirror system at different angles of 
the first mirror. As can be seen in fig. 2, the 
system has a useful bandpass of about 1 ke V 
and the bandpass changes slowly as the angle 
of the first mirror is changed over a range of 
0.04 deg. 
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Fig. 2 

Energy (keY) 

Relative transmitted intensity as a 
(unction of incident x-ray beam en
ergy for different incidence angles 
of the first mirror. 

The quality of the focussed beam was 
measured in two ways. In the first a 
microprobe stage was used with a 340 J,&m 

diameter pinhole to scan the focussed beam 
horizontally and vertically. Fig. 3 shows the 
vertical and horizontal profiles obtained. It 
can be seen that the transmitted intensity 
arises to full value within approximately 40 
and 10 JAM for the horizontal and vertical 
scan respectively. Assuming the pinhole is 
perfect, i.e. there is no gradual change or 
thickness near its edge , we conclude the size 
of the beam is around 40 X 10 J,&m. In the 
second a high resolution film was placed at 
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the focus and a series of different time expo
sures was made. Fig. 4 shows an enlarged pic
ture of the final focussed beam. The beam 
size estimated from this picture was also 
about 40 p,m in width and 10 Jlm in height. 
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Scan across pinhole (XlOOpm) 

Transmission through a scanning 
pinhole showing the extent of the 
beam. 

X BB 763-1663 

Enlarged picture of the focused 
beam near the focal plane. 

At SSRL the present electron beam size 
is estimated to be 0.35 mm high by 3.5 mm 
(FWHM) wide. This mirror system produces 
a demagnified image of the source. Since the 
focusing mirrors were 23 meters from the 
center of the wiggler magnet and the focus 
distance of the mirrors is about 5.8 em, the 
demagnified size of the photon beam from 
just the electron spot size is expected to be 
1 p,m high and 9 p,m wide. However, since 
the wiggler magnet is 2 m long and the elec
tron beam is radiating synchrotron radiation 
along the complete length, the measured spot 
size will be distorted and enlarged by this 
extended source. Since the experimental pic-
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ture of the beam spot has sharp horizontal 
edges it is probable that the film was not at 
the best position to obtain optimum vertical 
focusing and therefore the true source size is 
smaller than estimated from the picture. 

There are several applications of this 
two mirror system. If very intense beams with 
small diameter are required this system could 
be used with a white radiation synchrotron 
x-ray beam. With the wide energy bandpass 
of the multilayers the focussed intensity 
would be very high. For a synchrotron radia
tion x-ray beam with a spectral brilliance of 
1014 photons/sec·mm2·mrad 2·0.1% BW, one 
can expect a photon density of 108 

photons/sec·p,m2. The quality of the focussed 
beam spot size could be controlled using slits 
to reduce the horizontal and vertical aperture 
of the mirror system. For x-ray microprobe 
studies this system would provide a flexible 
way to use a very intense large diameter 
beam for initial sample studies and then, 
when an interesting area of a sample is found, 
a high resolution scan could be done by sim
ply reducing the vertical and horizontal mir
ror apertures appropriately. Another feature 
of this system that is the spot size is not con
trolled by an pinhole near the sample so the 
area near the sample is not limited. For x
ray fluorescence measurements this allows the 
fluorescence detectors to have high solid angle 
and low background. 

Another application of this system 
would be in experiments that require a 
focussed monochromatic x-ray beam. A cry
stal monochromator could be used to mono
chromatize the beam before the multilayer 
mirror system which would provide the focus
ing of the beam. The major advantage of 
such a system over a system using grazing 
incidence mirrors is that the requirements on 
mirror quality using multilayers is much less 
than that necessary for grazing incidence mir
rors. Although the intensity with this system 
would be much less than that from the first 
system, the improved beam spot size would 
enable many experiments are not possible 
with larger size beams. EXAFS measure
ments of different areas of a sample are an 
example of experiments that would be possi
ble with this system. 

A secondary use of such mirror systems 
may be in the reduction of harmonic content 
of monochromatized synchrotron x-ray 



beams. In many EXAFS experiments the 
reduction of harmonics and spurious 
reflections from the incident beam is more 
important than higher flux in obtaining high 
quality spectra. A multilayer mirror follow
ing a standard two crystal monochromator 
may be simple method to reduce these prob
lems. 

As well as use with synchrotron radia
tion beamlines, there are other possible appli
cations of multilayer mirror systems with 
laboratory x-ray sources[6]. Using a ray trac
ing program the d-spacing and curvature of 
the multilayer mirrors could be specifically 

·designed to improve the flux available and to 
reduce background radiation. Since high 
quality multilayer mirror system are rela
tively easy to fabricate, many experiments 
may benefit from their use. 
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