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Abstract

The scanning transmission soft >:-ray microscope (STXM) , that
has been under development at the National Synchrotron Light
Source C13 has been substantially upgraded for operation with the
XI undulator [23. The principal new features are:

optical prefocusing, using a visible light interferometer,
a dedicated VAXstation 3200 with a more user friendly and

flexible software system for image acquisition and analysis,
a flow cell that makes it possible not only to .keep the

specimen wet during exposure, but to change the fluid around the
specimen as well, and

a more compact proportional counter that is capable of
counting rates of several MHz.

In conjunction with new zone plates of better resolution and
higher efficiency C33, the microscope is ready for a period of
extended use in biological imaging.

INTRODUCTION.

After a period of planning, design, fabrication, assembly,
and commissioning, the Soft X-ray Undulator, and the associated
imaging beamline, X1A, is now in operation at the NSLS.C23 In
parallel with its development, we have been working on the
construction of an upqraded scanning microscope that is matched T^^
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to the increased coherent -flu::. Here we present the new
instrumentation that makes it possible to collect 300 :•: 300 pixel
images in less than 2 minutes, with a resolution approaching 5O
rim. We also discuss changes that aid in specimen change,
alignment, focusing, image handling and diagnostics. For the
study o-f wet biological specimens, a new wet ceil has been built
which makes it possible to change -fluids and suspended specimens
in situ.

The general scheme of the microscope and much o-f the
hardware remains as reported two years ago C13. A similar
microscope has been built at King's College, London, and is
operating at the Daresbury Laboratory C43. The scanning
microscope built by the Gottingen group -for use at BESSY C53
differs somewhat more from ours in its design. In addition, Trail
and Byer C6J have built an instrument that is radically
different, in that it uses a table-top laser as its x-ray source,
and a Schwarzschi1d objective to form the scanning spot. We
believe that in relation to these other efforts, our instrument
at this time offers higher speed and better or comparable
resolution. The higher speed is a direct consequence of the
brightness of the new undulator—based beamline.

We shall organize the discussion around three major
components: the microscope proper, computer and electronic
controls, and image handling arrangements.

THE MICROSCOPE

A schematic diagram of the microscope is shown in Figure 1.
It shows the last section of the beamline that is responsible
for the coherent, monochromatic x-ray beam. A feedback system,
connected to a set of trim magnets in the storage ring, is
used to stabilise the beam.C7D A lOOnm thick silicon nitride
window is used to separate the beamline vacuum from the
atmospheric environment of the instrument proper. Part of the
beam is focused using a zone plate to form the resolution
defining spot. The zone plate is 90 yam in diameter, with a 36 ̂.im
diameter central stop, and a focal length of 1 mm at a wavelength
of 3.6 nm. The unfocused radiation is blocked by en order sorting
aperture (OSA), in a geometry illustrated in Figure 2. The zone
plates are fabricated in a collaboration between LBL's Center for
X-ray Optics and the Nanostructure Fabrication group at IBM
Research. Ultra high resolution electron beam lithography and
electroplating are the key technologies.C3U

To focus the microscope, we have to bring the focal spot
into the specimen plane. This is accomplished by moving the
motorized stage on which the zone plate / OSA assembly is
mounted. This same stage also carries one arm of a white light
Michel son interferometer, including the beam splitter, fiber-
optic illuminator, and the "fixed" mirror. The specimen itself
serves as the other mirror. When the two arms are of equal
length, white light fringes Are formed, and detected using <a 10 X
long working distance microscope objective with a TV earner a
attachment. Once the fixed mirror is set for best focus during
the characterization of the zone plate, focusing on a new
specimen can be performed by moving the stage until the fringes
appear. With the f/11 zone plate currently in use, the depth of



focus is about 2 yum, and centering the fringes is adequate to
assure satisfactory focus. The appearance of fringes on a
specimen is illustrated in Figure 3. The ability to focus the
specimen using visible light saves time and reduces radiation
exposure.

The specimen is scanned using piezoelectric flexure elements
as in the past. The stage position is monitored using a pair of
laser interferometers, one for each scan axis. The interferometer
was custom built C83 to accbmodate the reqirements of high scan
rates and lightweight retroreflectors. It has a least count of
16 nm. The range of the scan is about 50 Urn. To accomodate
larger though coarser scans, and to position the specimen in the
beam, the scanning stage is mounted on a two dimensional stepper
motor driven mechanical stage. Displacements of up to 25 mm are
possible, and an entire standard 3 mm diameter electron
microscope grid may be explored in one scan.

The specimen, mounted on a 1 cm x 3 cm stainless steel
holder, is held magnetically to the scanning stage, with a clip
pressing the holder against positioning pins. Special
environmental cells can be attached to this holder. Figure 4
shows such a cell, designed for small specimens in suspension. It
consists of two silicon nitride windows aligned with each other;
a 2 pm thick spacer or gasket to define the fluid volume; inlet
and outlet ports connected to thin plastic tubing; and a set of
chevron shaped gold structures which serve as locating and
focusing aids. By applying pressure or suction through the ports,
the fluid in the cell can be changed in less than a minute.

A flow proportional counter is used to count the x—rays
transmitted by the specimen. It is inserted in front of the
optical microscope after focusing and alignment BITS completed.
The counter has a lOOnm thick aluminized silicon nitride entrance
window, and a 12.5 urn diameter anode wire operating at about 1200 v1.
It has been redesigned with a reduced gas volume, and high rate
preamplifier and shaping amplifier circuits built into the
counter package. The output of the shaping amplifier is sent to a
discriminator; there is no attempt to do further pulse height
analysis. The counter is capable of stable and efficient operation
up to about 5 MHz rates. To reduce the deterioration of the wire
from organic deposits, the counter is operated with an argon -
carbon dioxide mixture.

We use a continuous flow of helium to reduce absorption loss
of x-rays in the atmospheric environment between the vacuum
window and the proportional counter. To make the replacement of
air by helium more complete, the gas is distributed from several
orifices in the region in front of and behind the specimen.

The entire instrument is placed on a vibration isolated
granite bench. The connection to the beamline is by welded -
bellows to reduce mechanical coupling. To reduce acoustic noise,
the microscopy station is separated from the NSLS open
experimental area by 10 cm thick walls and a suspended acoustic
ceiling.

COMPUTER AND ELECTRONIC CONTROL

The microscope is under the control of a dedicated
VAXstation 3200 computer, running the VMS operating system. The



inter-face between the computer and the instrument is via CAMAC
electronics. The philosophy of the control system is based on the
requirements that it should be possible to collect one pixel in
100 [.is, that the software overhead should impose no additional
dose penalty on the specimen, and that the image should be
displayed as it is collected. These requirements have led us to
produce an instrument with two novel features: First, the
electronics in the CAMAC crate have the capability to accumulate
data for an entire row of up to 65,000 pixels, so there is no
need for any pixel by pixel software. Second, in order to assure
that the data transfer from CAMAC to the computer memory and re-
initialization of the CAMAC modules can always occur during the
stage flyback interval a special intelligent high—speed CAMAC
driver was written. This driver is capable of 1/0 operations,
interrupt handling and flow control. It runs at the highest
priority level in the VMS operating system while allowing other
tasks to run at lower priority.

Based on the information supplied by the operator the scan
parameters ar& set up. For scans using the piezoelectric elements
a function generator is loaded with a waveform table and begins
scanning continuously, with no further software intervention. The
output waveform drives a high voltage op-amp to generate each
scan line including a margin around the image for acceleration
and deceleration. The actual pixels within each scan line are
clocked by the absolute position of the x interferometer. The
data recorded for each pixel includes the dwell time (from a
clock generator), the incident flux, and the transmitted counts
from the proportional counter. A CAMAC multichannel sealer and
dual port memory module is used for each of these data elements.

At the end of the scan line the data are transfered to
computer memory, the voltage to the second axis of the
piezoelectric actuators is incremented, and the process is
repeated for the next line.

A two channel up-down counter keeps track of the stage
position indicated by the interferometer. This information is
stored with each image, and is available to register different
images with respect to each other with high precision.

The CAMAC crate also contains an 8 channel stepping motor
control module. Two of these ars used for large area survey scans
and for initial positioning of the specimen. The third channel
drives the focusing adjustment, while the others are used in beam
steering and for setting the size of the exit slit.

IMAGE HANDLING

The software for the microscope has several tasks. We have
described the control task above. In addition there is an
operator interface, organised in a menu—driven format. Here we
outline image handling and diagnostics.

The operator's display has several windows. One of these is
used to display the image as it is passed to the computer, line
by line. Another window provides the operator with a menu to set
the display parameters (picture size, contrast levels, color
scheme, zoom, etc). Raw sealer output or normalized data may be
selected for display. A mouse driven cursor is available to
point to any pixel on the image. A third window displays the



parameters associated with the selected pixel, and two more
windows are available to display line profiles of data associated
with the row and column defined by the mouse. These features run
concurrently with data collection, but at lower priority.

When the image is complete, the operator has the option to
analyse it further, make hard copy, or store it on disk. Any of
the images on the disk may be recalled by the same program,
displayed and analyzed using other software on the VAXstation
3200, or passed to the MicroVAX II, which is the general beamline
computer. Collaborators and users from distant institutions can
transport the data on tape or receive it over PHYSnet.

PERFORMANCE

We have been operating the microscope during the past few
months with a zone plate whose finest zone width is 40 nm E33.
The diffraction efficiency of this zone plate in first order is
about 4"i, similar to the expected value based on a 50 nm
thickness of the gold plating. To study the resolution, test
patterns were fabricated in a way similar to that used to make
the zone plates. The x-ray micrograph of one such pattern is
shown in Figure 5. The rings are placed every 2 Lim in radius,
while the radial structures have widths and spaces which vary as
1/40 of the radius. To the extent that the radial structures are
clearly seen at least to the 2 j_tm ring, structures at the 50 nm
level are visible, as expected. We are in the process o-f
determining the resolution of the system in detail, by mapping
out the modulation transfer function.

To illustrate the use of the wet cell, in Figure 6 we
present the image of a group of polystyrene spheres, 1 p.m in
diameter. These objects were introduced into the cell through the
ports in situ, in the form of a suspension in water. As
expected, the carbon - containing balls stand out in good
contrast relative to the water around them when viewed with 3.36
nm soft x—rays.

CONCLUSIONS

There sre of course a number of improvements and new
features we intend to add to the microscope. The basic instrument
is nevertheless complete, and is starting to take data with
biological specimens C93. We are looking forward to an extended
period of operations.
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Office of Scientific Research, under Contract F-49620-87-K-0001.
Work at Stony Brook is supported in part by the National Science
Foundation under grant # BBS-861S066



Figure Captions

1/ Schematic diagram of the scanning transmission ;;-ray
microscope.

2/ Formation of a microprobe using a Fresnel zone plate. The
microprobe is formed in the shadow of a central stop. The
unfocused radiation is absorbed by the order sorting aperture
(OSA).

3/ Optical micrograph of a specimen on the scanning stage. White
light interference fringes are used to place the specimen in the
focal plane of the zone plate.

4/ Scanning x-ray micrograph of a wet cell for imaging small
specimens in suspension. The overall window size is 200 X-im, the
thickness of the specimen volume is about 2 ̂ .im. The chevron-
shaped structures help locate the specimens in the cell.

5/ Resolution test pattern imaged with the scanning transmission
microscope at the NSLS. Concentric rings are located every 2
micrometers in radius. The lines and spaces at the inner ring e.re
50 nm wide, a/ 300 ;•: 240 pixels, 90 nm step size, 1 ms per pixel,
b/ central region scanned at 30 nm step size, 5 ms per pixel.

6/X-ray micrograph of a group of 1 urn diameter polystyrene
spheres. 300 ;•: 300 pixels, 0.03 Lim step size, 2 ms per pixel.
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