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ABSTRACT 

We have designed a double crystal, fixed exit monochromator which allows 
windowless operation of the APS beamlines. The crystals are mourited on a turntable 
with the first crystal at the center of rotation. A mechanical linkage is used to correctly 
position the second crystal and maintain a constant offset. The monochromator is 
designed with two adjacent vacuum chambers, one containing the drive mechanism, a 
vacuum compatible Huber goniometer, and another chamber containing a turntable on 
which the monochromator linkage and crystals are mounted. The small annular 
opening around a hollow stainless steel shaft which connects the Huber goniometer to 
the turntable is the only passage between the two adjacent chambers. The design of the 
monochromator is such that it can accommodate water, liquid nitrogen or galium 
cooling for the crystal optics. The basic design for the monochromator linkage 
mechanism is presented along with details of the monochromator chamber. The results 
of initial optical tests of the monochromator system using tilt sensors and a precision 
autocollimator will also be given. 

I. INTRODUCTION 

We have designed a double crystal, fixed exit monochromator with a constant 
offset for UHV operationl, thereby allowing windowless operation of the beamlines. A 
mechanical linkage is used to correctly position the second crystal and maintain a 
constant offset. The crystals are mounted on a turntable with the first crystal at the 
center of rotation. The main drive for the rotary motion is provided by a vacuum 
compatible Huber goniometer isolated from the main vacuum chamber. Rotary motion 
of the primary monochromator stage is accomplished by using two adjacent vacuum 
chambers linked only by the small annular opening around a hollow stainless steel shaft 
which connects the Huber goniometer to the turntable on which the crystals are 
mounted. This design allows high vacuum operation of the monochromator since it is 
possible to maintain 10-9 Torr on the monochromator side while maintaining only 10-6 
Torr in the goniometer vacuum chamber. The central shaft also allows for passage of 
crystal cooling and electrical lines from UHV chamber to the low vacuum side and then 
into the atmosphere. The design of the monochromator is such that it can accommodate 
both water and liquid nitrogen cooling for the crystal optics. 



11. REQUIREMENTS 

The monochromator is required to cover the range of energies from 2.4 to 50 keV. 
This can be accomplishedwith Si 111 and 220 crystals by allowing an angular rotation 
range of 5 to 55 degrees in theta. Due to the low energy limit, the monochromator must 
be UHV compatible, allowing windowless operation. The exit height of the beam (35 
mm) has to be fixed for the whole range of energy, i.e. the monochromator has to be a 
fixed offset type. The monochromator should be capable of scanning operation over a 
range of at least 1000 eV without a external feedback system to maintain the parallelism 
of the two crystals. The monochromator should be able to handle the high heat loads 
present at the A P S  beam lines. Lastly the monochromator design should allow the 
installation of saggital focusing for the second crystal. 

Figure 1 Geometrical representation of the BESSRC double-crystal fixed exit 
monochromator. The right triangle ABC is built of two precision slides. This linkage 
not only keeps the crystals parallel but produces a constant offset of the incident and 
diffracted beams. 

111. DESIGN 

Based on these specifications we have designed a Bragg-Bragg geometry double 
crystal monochromator system . Figure 1 shows a geometrical representation of the two 
crystal monochromator scheme. The design consists of two matching perfect crystals 
mechanically linked by way of two slides mounted orthogonal to each other ( a Cowan- 
Golovchenko linkage2.3). Energy tuning is achieved by a single rotary drive mechanism 
with the center of rotation at the first crystal (point A in fig. 1). 



Figure 2. Top view of the BESSRC monochromator chamber. The chamber closest to 
the wall (at the top of the figure) contains the rotary table which drives the first crystal 
rotation. The larger chamber (bottom of the figure) contains the monochromator 
linkage mechanism, crystal mounts and crystals. This arrangement allows easy access 
to the crystals without disturbing the monochromator alignment. 

Figures 2 shows a top front view of the monochromator system. The whole 
vacuum chamber is only 24 inches in diameter and has 27 inch OD wire sealed UHV 
flanges. The chamber will be mounted on a kinematic mount table shown in figure 3. A 
220 l/s Ion pump will be used to pump the monochromator side and a 170 l/s ion 
pump for the Huber goniometer side. During initial pumping both the chambers will 
be pumped simultaneously by a single turbo pump. Once the ion pumps are started the 
two sides will be vacuum isolated. 
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Figure 3 A front view of the BESSRC monochromator mounted on a kinematics table. 
The 170 and 220 l/sec. ion pumps are used on the rotary drive and monochromator 
chambers respectively. The monochromator chamber ion pump also has a NEG insert 
for additional pumping. 

IV. RESULTS 

Initial tests of the monochromator linkage mechanism are presently underway. The 
parallel alignment of two mirrors mounted at the first and second crystal positions was 
examined using both tilt sensors and a highly accurate autocollimator. Figure 4 shows a 
representative result for the monochromator equipped with the initial set of crossed 
roller bearing slides. The deviation from parallel alignment of the two crystals is 
approximately 200 p a d  for the slides used for these initial experiments . 
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Figure 4 The vertical angular deviation for a representative test of the parallel 
alignment of two mirrors located at the first and second crystal positions. The raw 
experimental data is shown along with the difference between the raw data and a 
polynomial fit. The later stays within the Darwin width up to -17 keV. 

It should be possible to correct for much of this deviation since it is extremely 
reproducible, as can be seen from the repeated scans shown in Figure 5. The results at 
high energies (above 17 keV) and response of the system to weighting both indicate that 
there are problems at the low angle end of the mechanism . Other optical techniques 
used to test the fixed exit mechanism indicate that the fixed exit operation of the 
monochromator mechanism is also problematic at high energies. Both problems may be 
related to bending of the light weight second slide originally used. An autocollimator 
test of this slide alone indicates that much of the error shown in the figures is the result 
of deviations present in the dismounted slide and not a result of the linkage mechanism. 
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Figure 4 The vertical angular deviation for the parallel alignment of two mirrors 
located at the first and second crystal positions and the results for repeated runs with a 
2.2 kg weight added to the 2nd crystal mount. The deviations increase when the 2nd 
crystal mount is loaded. The multiple runs show that the monochromator system is 
very reproducible. Either data set could be corrected (with a feedback system) to stays 
within the Darwin width up to -20 keV. 
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