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Introduction

Prior to the Phase II shutdown at the National Synchrotron Light Source (NSLS),
in March, 1987, a 10-period mini-undulator was used for soft x-ray imaging on the tempo-
rary X-17T beamline for six months [1]. During this brief period we gained considerable
experience in the use of undulator radiation for high brightness applications, including the
use of high power optics [2], and position feedback [3]. We commissioned a new scanning
microscope [4], using high resolution zone plates [5], and a fast laser interferometer [6]. The
microscope made it possible to study zymogen granules (subcellular structures which play
an important role in the secretion of digestive enzymes in the pancreas) in an unaltered
state: whole, unfixed, unstained and suspended in water. The first images displayed a
distribution of material different than that seen in electron microscopy [7]. In addition,
fixed and air dried zymogen granules were the subject of Gabor holography [8].

During the Phase II shutdown we made major changes to the entire system. At the
present time the installation and commissioning of the new permanent line at beamline
X-1A is at an advanced stage. The design, performance and the projected experimental
program of this facility is the subject of this paper.

The Experimental Program

The high brightness of the Soft X-Ray Undulator (SXU) operating on the X-Ray
Ring makes it an ideal source for experiments that require high coherent flux. The imaging
program is an excellent match to these capabilities. Coherent illumination of zone plates is
required to achieve diffraction limited focusing of the beam. The microprobe formed this
way will be used in two separate programs: scanning transmission microscopy and scanning
photoemission microscopy. Coherence is also a critical ingredient in those imaging schemes
that involve the detection of the diffracted radiation, such as Gabor holography, Fourier
Transform holography, and soft x-ray diffraction The wavelength range of interest is 10
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to 50 Angstroms; the spectral resolving power {X/SX) should be variable between 200 and
1800.

Two experimental stations will be set up for imaging. One station will use x rays
predominantly in the wavelength range 16 to 25 Angstroms; the other will use the range
20 to 50 Angstroms. Two zone plate based scanning microscopes are being installed, one
on each branch of the beamline. The scanning transmission microscope uses the long
wavelength branch. The beam traverses a 1200 Angstrom thick silicon nitride vacuum
window before striking the zone plate, which focuses the beam onto the specimen. The
zone plate and the specimen are in an atmospheric environment. The specimen is scanned
under computer control, using piezoelectric flexure elements, while the transmitted x rays
are detected by a flow proportional counter. This microscope will primarily be used for
biological investigations, although it is also suitable for the study of a wide variety of
microstructures [9].

The scanning photoemission microscope will use the short wavelength branch. The
beam will pass down the axis of a Cylindrical Mirror Analyzer (CMA) before reaching the
zone plate, which focuses the beam onto the surface under study. The entire apparatus
will be in a UHV environment. Electrons emitted from the surface will be energy analyzed
by the CMA, and the specimen will be scanned using a stepper motor driven flexure-
hinged stage. This instrument is designed to provide moderate resolution ( A E % leV)
x-ray photoemission spectroscopy at a spatial resolution of 0.15 microns for the study of
heterogeneous surfaces primarily of interest to the material sciences [10].

The beamline section just upstream of the photoemission microscope can easily be
removed to insert small experiments. One of these is Gabor holography. The chamber
used in this experiment includes a specimen mount followed at 400 micron intervals by
several semi-transparent resist detectors [11]. A soft x-ray camera will also be used in
this area; the camera is designed to study large angle diffraction patterns generated by
micron-sized biological specimens [12]. Both of these experiments will operate in a rough
vac\ium behind a silicon nitride membrane. Other experimental programs planned include
Fourier Transform holography (where a zone plate creates the reference wave) and soft
x-ray contact microscopy.

The Monochromator

The output of the undulator does not have sufficient spatial or temporal coherence
to be used directly for diffraction limited imaging. The function of the monochromator
is to select photons which have the required temporal and spatial coherence. Our design
philosophy [13] has been to achieve high spatially coherent flux with moderate temporal
coherence (200 to 1600 waves). We use a spherical grating monochromator with fixed
entrance and exit slits as shown schematically in Figure 1. Tables 1 and 2 list the important
parameters of the monochromator.

Because of electron beam emittance effects, less than 1% of the radiation in the
horizontal plane is spatially coherent, compared to about one-third of the radiation in the
vertical plane. We choose wavelength dispersion in the horizontal direction because an
entrance slit can be used to ensure wavelength stability at the exit slit even in the presence
of small electron beam movements. Upstream of the grating, the entrance slit collimates
the beam. This drastically reduces the thermal load on the grating and eliminates the
need for active cooling. Furthermore, the highly collimated x-ray beam remains in focus
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Parameter
Grating density

radius
size

land/groove ratio
groove depth

material

Value
540 lines/mm

44 m
5 cm square

0.75
90 Angstroms

nicke! coated fused silica

Table 1. Grating Parameters

Parameter
Entrance arm-

Exit arm
Deviation angle

Short Branch
2.00 m
2.36 m
5.68°

Long Branch
2.00 m
3.09 m
6.48°

Table 2. Parameters for Short and Long Wavelength Branches

over a useful range of wavelengths without the need to move entrance or exit slits. Note
that focusing onto the entrance slit would not provide any additional flux that could be
used for diffraction limited imaging.

Our monockromator has two exit slits both placed in the inside order allowing
two experiments to run simultaneously. One of the exit slits will supply radiation in the
wavelength range 16 to 25 Angstroms with resolving power greater than 1000, while the
other will provide radiation in the range 20 to 50 Angstroms, also with resolving power
greater than 1000. The monochromator can provide radiation down to 10 Angstroms and
up to 90 Angstroms, although not at such high resolving power. In normal operation the
undulator will be tuned so that the long wavelength branch will use the fundamental, while
the short wavelength branch will use the second harmonic.

Radiation emerging from the two exit slits is further separated in the horizontal
by reflection from a pair of sagittal focusing cylindrical mirrors at a graze angle of about
50 mrad. These mirrors provide the necessary separation for the experimental stations.
Although a large fraction of the vertical beam is spatially coherent, its size 22 meters
from the undulator source is much larger than that which can be used by our imaging
experiments; hence the need for vertical refocusing.

Beamline Components

The Soft X-Ray Undulator [14] is a longer version of the NSLS mini-undulator
whose performance was substantially in agreement with theoretical expectations [15J. Some
important design parameters of the storage ring and undulator are given in Tables 3 and
4.

Following the path of the x rays downstream from the undulator (see Figure 2), the
beamline front end consists of the NSLS standard isolation valve, mask, fast valve, and
safety shutter. A water cooled aperture restricts the angular spread of the beam to 0 6
mrad high and 1.6 mrad wide. Just downstream of this aperture are the beam position
monitors [16] which are the detectors in a closed orbit feedback system [3] which maintains
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Parameter
Energy

Maximum Current
Horizontal size ax

Horizontal divergence crx>
Vertical size <rv

Vertical divergence oy

Value
2.5 GeV
500 mA
390/urn

250 /irad
16 fim

50 fi rad

Table 3. Electron Beam Parameters

Parameter
Number of periods

Period length
Magnetic material

Pole pieces
K value range

Range of fundamental
Maximum power

Opening angle (zero emittance)
Opening angle (with emittance)

Value
35

8.0 cm
samarium cobalt

steel
0.1 - 2.5

17 - 70 Angstroms
800 Watts

33 microradians (at 30 Angstroms)
250 microradians horizontal

60 microradians vertical

Table 4. Undulator Parameters

the direction of the x-ray beam. The beam can be collimated by a set of four motor driven
water cooled inclined jaws.

Downstream of the shield wall, a water cooled plane metal mirror [2] intercepts
the beam at a graze angle of 40 mrad, deflecting it to the imaging branch, X-1A. The
mirror can be retracted to provide beam to a spectroscopy branch, X-1B. The mirror is
gold coated with a central beryllium stripe. The beryllium coating can be used to reject
wavelengths shorter than 18 Angstroms. When shorter wavelengths are needed, the gold
area can be translated into the beam. Next is a set of five interchangeable entrance slits
[17]. These slits accept from 1.5 to 50 microradians and produce a beam whose divergence
is approximately 60 microradians. The slits are made of molybdenum and are mounted to
a heat pipe cooled copper block. Four motor driven grating masks (with heat pipe cooling)
can be used for further collimation. The grating masks have been designed so they can be
used as auxiliary beam position monitors in the two detector feedback configuration which
constrains both the position and angle of the beam. Next in order is the spherical grating
and exit slits described above.

Downstream of each of the exit slits are the refocusing mirrors which have motorized
beam steering capabilities. These mirrors are about 3 cm square and have a cylindrical
radius of about 20 cm. The long wavelength branch refocusing mirror is coated with
beryllium, while the short wavelength branch is nickel coated. The long wavelength branch
has a differential pumping section downstream of the mirror which ailows easy interchange
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of experimental components. The experimental stations are mounted on massive granite
blocks which are vibration isolated from the floor with pneumatic supports.

Initial results

At the time of this Conference, the monochromator has been in use for only a week.
Figure 3 shows the first measured output of the SXU corresponding to magnetic deflection
parameters (K) of 1.5 and 2.5. The output is the total yield from a gold photodiode
downstream of the long wavelength branch exit slit. The gold surface of the plane mirror
was in the beam. The beamline apertures accepted only 6 microradians in the horizontal
and 60 microradians in the vertical, which are no larger than the rms opening angles
of the radiation. The yield indicates useful intensity out past the boron K-edge and
down to the nickel L-III edge (where the nickel coated grating becomes inefficient). The
fundamental and second harmonic at a K of 1.5 are both useful for imaging. Four harmonics
are evident from the yield at the higher K value. Note the presence of even harmonics
(m=2,4,...) on axis, an effect of the electron beam emittance [18]. Extraction of the
absolute spectral intensity from these data is underway, but preliminary analysis indicates
that the intensity of the harmonic peaks is within a factor of two of our expected intensity.
The monochromator has already achieved a resolving power in excess of 1000 at the calcium
L edge near 35 Angstroms.

Closed orbit feedback was implemented in the horizontal direction only, although
plans are underway to close the feedback loop in the vertical direction as well. The feed-
back loop seems to be working well. The loop was opened and closed without affecting
other users' experiments. Further characterization of the beamline is now underway. We
anticipate that the beamline will provide high coherent power for imaging experiments by
the end of 1988.
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Figure 1 Schematic diagram of the beamline X-IA inonochronialor.
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Figure 2 Drawing of beamline X-IA.
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Figure 3 Output of the X-IA monochromator as measured by a gold photodiode down-
stream of the exit slit. Conditions for the two K values were identical. The jump in
the yield at 44 Angstroms is an artifact of diode contamination. See the text for further
discussion.


