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CONSTRUCTION OF A ZONE PLATE IMAGING MICROSCOPE AND A
ZONE PLATE PHOTOELECTRON SCANNING MICROSCOPE USING
MONOCHROMATIZED CIRCULARLY POLARIZED SOFT X RAYS

Higher brilliance synchrotron radiation (SR) with circular polarization and
Fresnel zone plates with an outermost zone width as small as a few hundred
angstroms have become available in recent years. This availability has made it
possible to build a zone plate microscope having a sub-100 nm resolution and
application in circular polarization.

This dissertation describes the design, construction and experiment of two
types of Fresnel zone plate microscopes using circularly polarized soft x rays
emitted from a helical undulator available at the beamline NE1B of the
TRISTAN Accumulation Ring (AR) in National Laboratory for High Energy
Physics (KEK). One is a full-field transmission imaging microscope
equipped with a visible light pre-focus unit aiming at studying the performance
of an optical system using a fine zone plate. Another is a scanning
photoelectron microscope aiming at detecting magnetic domains using
circularly polarized soft x rays on the basis of magnetic circular dichroism.

Both microscopes need monochromatic illumination because of strong
chromatic aberration of zone plates. Since a linear monochromator, which is
popularly used in zone plate microscopes using SR from a bending magnet, does
not necessarily match to SR from the undulator, a grazing incidence grating
monochromator has been introduced and installed at the beamline NEIB to
provide monochromatic illumination for two microscopes. It meets the
monochromaticity requirement of the zone plates used in the microscopes. This
arrangement may be suitable for a zone plate microscope combining with the
next generation synchrotron radiation in the future which will provide a higher
brilliance in a very low emittance ring.

The optical system of the imaging microscope consists of a $500 pm pre-
pinhole, a condenser zone plate (CZP), a $20 um pinhole, and an objective zone
plate (OZP). The outermost zone width of the OZP is 50 nm. The pre-pinhole as
a monochromatic secondary source is placed at the post-focused point of the
beamline optics. The CZP generates a reduced image of the pre-pinhole onto an
object through the $20 pum pinhole. This object is imaged by the OZP with a
magnification about 1000. An x-ray image is recorded by a photographic film
or converted into a visible image by a microchannel plate (MCP). The working
wavelength is chosen at 2.37 nm which is within "water window" region.

The object distance of the OZP acting as magnification is very short and
close to its focal length (0.84 mm). Its focal depth is only 2.1 pm. The distance
between the pinhole and an object should be as small as possible to obtain a
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proper illumination for the object. In addition, the sizes of the OZP (40 um) and
the pinhole (20 um) are also small. Therefore, it is difficult to align the x-ray
optical system precisely without any monitor and measurement implement. For
this reason a visible light pre-focus unit has been developed and introduced into
the x-ray microscope. It mainly consists of a coarse adjustment objective which
is perpendicular to the x-ray axis and a fine adjustment objective which is on the
x-ray axis. There is a $2 mm hole on the centre of the fine adjustment objective
to make x rays pass through. The focal depth of the fine adjustment objective is
designed to be about £1.5 pm (shorter than the focal depth of the OZP). Its
working distance is designed as long as 10 mm. Therefore, the distance between
the pinhole and an object and the object distance of the OZP can be measured
and adjusted quickly, easily and precisely with the pre-focus unit. Such a visible
light pre-focus unit will be indispensable for a high resolution zone plate
microscope.

The imaging properties of this microscope have been evaluated numerically
by diffraction limit resolution and modulation transfer function (MTF) on the
basis of diffraction theory. The resolution is expected to be about 50 ~ 60 nm.
On the other hand, an experimental resolution has reached 55 nm by imaging a
fine zone plate in a resolution test, which is in good agreement with the result of
numeral evaluation. It suggests that the resolution of the microscope has almost
reached its diffraction limit. The numeral evaluation also shows that
monochromaticity of illumination has almost no influence on resolution.
However, MTF deteriorates with the monochromaticity becomes poor at the
same spatial frequency. Furthermore, a MTF curve obtained by an illumination
with a relatively wide bandwidth will drop more dramatically than the one
obtained by that with a relatively narrow bandwidth along with increment of
spatial frequency.

In addition, some dry biological specimens have also been observed by the
microscope in spite of a poor contrast due to a low photon flux. That implies
that our microscope has a potentiality of observing biological specimens.

The optical system of the scanning photoelectron microscope consists of a
pre-pinhole a zone plate with a central stop (D=160 pum, r;=5 um and Dgiop=33
um), and a ¢25 um pinhole. The pre-pinhole acts as the same way as that in the
imaging microscope. The zone plate generates a reduced image of the pre-
pinhole as a microprobe which irradiates a sample at a grazing incident angle of
30°. Photoelectron yield emitted from the sample is counted by a channel
electron multiplier. The sample is scanned across the microprobe two-
dimensionally with a scanning system consisting of a two-dimensional coarse
stage driven by pulse motors with a scan step of 0.5 um/pulse and a two-
dimensional fine stage driven by piezoelectric transducers with a resolution of
10 nm. The resolution of the scanning microscope has been evaluated to be about



1.2 um by analyzing an image of an edge of a copper mesh (#2000), which is in
good agreement with the ideal resolution of 0.9 pm.

Magnetic domains with dimensions of 20 um recorded on a piece of a video
tape have been imaged at the L, 3 absorption edges of cobalt by the scanning
microscope using right circularly polarized soft x rays. The magnetic layer of
the tape is formed by evaporation with its component of Co:Ni=80:20 which is
overcoated with 200 A-thick CoO and a tens A-thick organic lubricant. The
contrast in the images arises from that x-ray absorption mainly depends on the
relative orientation of the helicity of photon and magnetization direction of the
sample, i. e., magnetic circular dichroism (MCD). The observed pattern exactly
corresponds to the recorded one. The results demonstrate that magnetic domains
can be imaged even in a buried layer by detecting secondary photoelectron yield
using the scanning microscope combining with MCD. It is also found the
contrast in an image taken at 793 eV (the Co-L; edge) is inverse in comparison
with the contrast in an image taken at 778 eV (the Co-L3 edge). It is in
agreement with the Co-Lj 3 MCD spectrum. As a result, the contrast can be
enhanced by subtracting images obtained at the L3 and L, edges. On the other
hand, the images taken at 770 eV (below the Co-L3 edge) and 803 eV (above the
Co-L, edge) do not exhibit magnetic contrast. It suggests that the magnetic
contrast will take place at the characteristic absorption edge. Therefore, such an
observation of magnetic domains is characterized by elemental specificity.
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