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We describe the modified optical design of the NIST beamline complex at NSLS-II required due
to the change in undulator positions in the NSLS-II storage ring straight section. The multi station
beamline complex is based on two canted undulators, one for soft x-rays and one for tender x-rays.
The beamlines will have a total of 6 experimental stations, three will be served by the soft x-ray
undulator and three by the tender x-ray undulator, thus a variety of soft and tender spectroscopy
experiments can be accomplished simultaneously in this beamline complex. Two of the experimental
endstations (HAXPES/NEXAFS and the uXPS nanoscope) can utilize the soft and tender X-ray
undulators (sequentially or even simultaneously) enabling a continuous selection of X-rays from 100
eV to 7.5 keV. The spot size at each one of the experimental stations as well as the higher order

contamination are presented.

I. INTRODUCTION

New assumptions on the maximum allowed deviation
of the electron beam inside the straight section (SS) of
the storage ring both in angle and divergence put severe
limitations on the low energy operation of an elliptical
polarized undulator (EPU) in circular and linear verti-
cal polarizations. The solution to this new restriction
is to change the positions of the insertion devices (ID)
such that the high energy ID is located upstream and
the EPU is downstream. Evidently, this change requires
a complete redesign of the optical arrangement described
in our previous report [1].

The advanced in ion figuring and optical metrology
made possible the manufacturing of better ellipsoidal
mirrors with RMS meridional and sagittal slope errors
better than 1 urad and 10 prad, respectively. This de-
velopment allows us to simplify the optical arrangement,
making all the deflections leading to the uXPS micro-
scope to be in the horizontal plane. Another big advan-
tage in using ellipsoidal mirrors is the fact that a small
change in yaw allows to increase the spot size signifi-
cantly, replacing the fast dithering assumed in our pre-
vious report as the basis for enlarging the spot size in
the uXPS station. The modification requires to have a
stigmatic image at the exit slits. Therefore, the exit slits
need to be water cooled.

The new optical design and the expected spot sizes at
the different experimental stations are described below.
It should be noted that we assumed that both IDs
are 2 m long and that their centers are at 1.25 m
from the center of the SS. These numbers will
have to be approved (or changed) by the NLSL
IT accelerator group. The exact parameters of the
optics and their positions will have to be revised
once the final ID lengths and their positions are

determined.

The flux expected at the different experimental sta-
tions was not explicitly calculated but should be similar
to that reported in Ref. [1].

The distance between M4B and the uEXAFS station
was increased relative to our report dated 4/29 from 3
m to 3.2 m to provide more distance between the HAX-
PES/NEXAFS station and L3. Therefore, the illumina-
tion of L3 is slightly larger than described below and the
soft x-ray spot at the pEXAFS station is slightly larger
than in Fig. 9

II. OPTICAL LAYOUT

The optical layout is designed to accommodate a total
of six experimental stations (see Table I). Two of the
stations can be illuminated with soft and tender x-rays,
three only with soft x-rays, and one only with tender
x-rays. The two common stations could be illuminated
with both IDs at the same time if an experiment requires
two different photon energies. Table I also lists the ex-
pected size of the beam at each one of the experimental
stations.

The PDF file (“Multistation 2 mrad .pdf’) showing the
position of the optical elements and experimental sta-
tions as well as the names used in this report are sent
with this report. For completeness, we present in Fig. 1
a copy of the PDF file fitting in the page. One should
note that we have assumed the beamline complex is lo-
cated in a straight section with a “long” experimental
floor. The position of the optical elements and of the
end stations relative to the center of the straight section
are given in Table II. The table also lists the deflection
angles of the mirrors and the function of the different
components. A more detailed description of the opti-



TABLE I. Experimental stations, their sources, and expected
spot sizes including slope errors on the optical elements. The
spot sizes are calculated assuming the soft ID is tuned to 200
eV with the medium energy grating and a 20um exit slit, and
the tender ID is tuned to 1.5 keV.

Experimental Station Source Spot Size (FWHM) (h.xv.)

(mmxmm)

HP NEXAFS Tender  0.8x0.6* 3.3x2.5"
HAXPES/NEXAFS Tender 0.1x0.016* 4.0x3.0°

Soft  0.064x0.031 0.45x0.43°
#XPS Microscope Tender 0.015x0.002

Soft 0.014x0.005
HP NEXAFS/FY Soft 2.1x2.2
NEXAFS/XPS Soft  0.032x0.044 0.032x5¢
uNEXAFS Imaging Soft 1.1x1.2 20%20°

a L2A (toroid)

b 2B (plane)

€ 0.1°yaw on M4A

d Dithering M5C

¢ Dithering M3C and M4D

cal components, their sizes calculated as 4 times the root
mean square (RMS) beam footprint at 200 eV (soft x-ray
mirrors) and 1500 eV (tender x-ray mirrors), and their
function is given in the next subsections.

A. L1

The first optical element of the tender branch is a plane
mirror deflecting the beam in the horizontal plane (by
1.2°). This mirror will be water cooled and will absorb
the power emitted by the insertion device at photon ener-
gies beyond the energy range covered by the tender x-ray
branch. Beam footprint on mirror: 305x2.4 mm?. This
mirror is inside the first optical enclosure (FOE).

B. L2A and L2B

This is a pair of interchangeable mirrors that deflect
the tender beam in the horizontal plane (by 1.2°). L2A
is a toroidal mirror which focuses the radiation onto the
sample position of the HAXPES/NEXAFS station with a
demagnification ~1.2:1. L2B is a plane mirror deflecting
the radiation towards the uXPS common station. Both
mirrors are side cooled. Either of these mirrors can be
used at the high pressure (HP) NEXAFS station. Beam
footprint on mirrors: 350x2.7 mm?2. This mirror is lo-

cated inside the FOE.

C. Tender x-ray monochromator

The crystals in the double crystal monochromator
(DCM) diffract in the vertical direction. The DCM will
be illuminated by a converging beam when L2A is used

and by a divergent one when L2B is used. The beam
divergence for photon energies higher than 1.5 keV with
either mirror is less than 0.1 mrad. The monochromator
changes the beam height by 15 mm. The first crystal of
the monochromator requires liquid nitrogen cooling.

D. L3

L3 is a plane mirror used to guide the tender beam
to the sample position of the uXPS station. L3 deflects
the photon beam in the horizontal plane by 1.2°. Since
L3 and L4 are placed after the crystal monochromator,
they do not require cooling. Beam footprint on mirror:
660x5.5 mm?.

E. 14

L4 is an ellipsoidal mirror that focuses the undulator
radiation onto the sample position of the uXPS station.
L4 deflects the photon beam in the horizontal plane by
1.2°. It images the source with a demagnification ~23:1.
Beam footprint on mirror: 720x5.7 mm?.

F. M1

The first optical element of the soft branch is a plane
mirror deflecting the beam in the horizontal plane (by
3.0°). This mirror will be water cooled and will absorb
the power emitted by the insertion device at photon ener-
gies beyond the range covered by the soft x-ray branch.
This is the only element of the soft branch inside the
FOE. Beam footprint on mirror: 183x4.3 mm?.

G. Soft x-ray VLS PGM monochromator

The basic principles of the monochromator have been
described in detail in reference [2]. The major difference
here is that the beam incident on M2 along the vertical
direction is diverging and not vertically collimated as in
the CSX beamline [2] planned for NSLS-II. The plane
mirror (M2) in front of the gratings needs to be inter-
nally water-cooled and the gratings need to be side cooled
to avoid performance impairment due to the absorbed
power density. The chosen gratings have line densities
of 250 (LEG), 600 (MEG), and 1200 (HEG) lines/mm
at their centers and are operated with ¢ values (=cos
B/cosa, where « is the angle of normal incidence and g
is the diffraction angle) of 1.5, 1.5 and 2.0, respectively.
The expected resolution with an exit slit width of 20 pm
and taking into account state of the art slope errors on
the optical elements is given in Fig. 2. Reducing the exit
slit to 10 pm improves the energy resolution by a fac-
tor between 1.3 and 1.8 in all gratings. The variation of
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FIG. 1. ACAD drawing showing the optical elements and the experimental stations. Lines in blue and green represent the soft
x-ray beams while those in red the tender x-ray beams.

TABLE II. Optical elements, figures, positions relative to the center of the straight section (at beam height), deflection and
deflection angles, and their function. A horizontal (vertical) arrow represents a horizontal (vertical) deflection before the current
element. The orthogonal coordinate system is: y is along and downstream the straight section, x points towards the storage
ring, and z is along the vertical direction.

Label Mirror Figure Position (x,y,z) Deflection ~ Function
(mm, mm, mm) & angle
High energy ID (0, -1250, 0) hor. 1 mrad
L1 Plane (-29, 27450, 0) hor. -1.2° Heat sink
+L2A Toroid (57, 31756, 0) hor. 1.2° Focus at HAXPES/NEXAFS
+—L2B Plane (57, 31756, 0) hor. 1.2° Deflects beam
<—Tender x-ray Mono (51, 38394, 0) Double crystal monochromator
< 1] HP NEXAFS (39, 49642, 15) Using L2A or L2B
1] HAXPES/NEXAFS (29, 60039, 15) Using L2A
+——1J L3 Plane (27, 62258, 15) hor. 1.2° Horizontal deflection
+——1) =14 Ellipsoidal (-72, 66766,15) hor. 1.2° 2D focusing at uXPS
+——1) = — uXPS (-201, 69763, 15)
Low energy ID (0, 1250, 0) hor. -1 mrad
M1 Plane (27, 28580, 0) hor. 3.0° Heat sink
— Soft x-ray Mono (M2 + grating) (-589, 40564, 0) Focuses vertically at exit slit.
—71] M3AB Elliptical Cyl. (-666, 42062, 15)  hor. -3.5° Focuses horizontally at AB exit slit.
— 1] M3C Elliptical Cyl. (-666, 42062, 15)  hor. 3.0° Focuses horizontally at C exit slit.
— 1] « Slit AB (-603, 48562, 15) Slit for AB stations. Requires cooling
—11 + M4A Ellipsoidal (-573, 51548, 15)  hor. -3.5° Focuses vertically at HAXPES/NEXAFS.
—1] « + HAXPES/NEXAFS (29, 60039, 15)
—1] + M4B Ellipsoidal (-427, 66571, 15)  hor. -3.5° Focuses at uXPS
4]« ¢ uXPS (-201, 69763, 15)
—1] — Slit C (-1339, 48527, 15.) Slit forC stations. Requires cooling
—11 — M4C Ellipsoidal (-1856, 53500, 15) ver. 3.0° Focuses vertically at NEXAFS/XPS
—1J) — M4CP Plane (-1856, 53500, 15) wver. 3.0° Used to dither for uyNEXAFS
—11 — 1 HP NEXAFS/FY (-2167, 56480, 172)
41 — 1 uNEXAFS Imaging (-3063, 65093, 626)
-1 — T M5C Plane (-2546, 60122, 364) ver. -2.0° Beam back to horizontal
4] — 1| NEXAFS/XPS (-2753, 62116, 399)

TABLE III. Grating parameters. The grove density variation is given by k(w) = ko (1 +2bow + 3bzw? +...) w is positive towards
the exit slit.

Grating c ko ba bs Coating  Blaze or trapezoidal =~ Groove depth  Groove width
mm ! 10~ *mm~! 10~ ¥ mm 2 angle nm pm

LEG 1.5 250 2.451 2.75 Au 28° 20 2.4

MEG 1.5 600 2.450 2.75 Au 28° 8 1.0

HEG 2.0 1200 1.749 2.06 Au 0.9°
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FIG. 2. Expected resolution with the three gratings assuming
an exit slit width of 20pum..

the line densities and the grove parameters are listed in
Table III.

H. MS3AB and M3C

Both mirrors are elliptical cylinders focusing the beam
along the horizontal direction at the corresponding exit
slit. The demagnification of both mirrors is the same,
4.3:1. Evidently, only one of the mirrors will intercept
the beam at any given time. M3AB deflects the beam
horizontally by 3.5°whereas M3C deflects the beam, also
horizontally, by 3.0°. Beam footprint on M3A is 234x8
mm? and on M3C is 273x8 mm?. M3C is being used to
make a 20 mm wide spot at the uNEXAFS station by
dithering £0.22 mrad.

I. M4A

M4A is an ellipsoidal deflecting the beam horizontally
by 3.5°. It magnifies the beam at exit slit by onto the
sample position of the HAXPES/NEXAFS station by
~1:2.9. Beam footprint on mirror: 108x3.5 mm?.

J. M4B

M4B is an ellipsoidal that images the exit slit onto the
sample position of the uXPS station with a demagnifi-
cation of 5.6:1. M4B deflects the beam by 3.5°along the
horizontal direction. Beam footprint on mirror: 650x21

mm2 .

K. M4C

MA4C is an ellipsoidal that images the exit slit onto the
sample position of the NEXAFS /XPS station with a 1:1.7
magnification. The mirror deflects the beam by 3.0%n
the vertical plane. Beam footprint on mirror: 225x5.5
mm?. This mirror is interchangeable with M4D.

L. M4D

M4D is a plane mirror used to generate a large vertical
spot at the yNEXAFS station. Beam footprint on mirror
when M3C is being dithered to obtain a 20 mm spot at
the uNEXAFS station: 225x20 mm?. This mirror should
be capable of dithering +0.43 mrad to obtain a 20 mm
tall spot at the uNEXAFS station.

M. Ms5C

M5C is a plane mirror that deflects the beam to the
NEXAFS/XPS station sample position. Its position
and angle were determined by the need to “recycle“ the
present experimental station. Taking this mirror out of
the beam allows to get the radiation onto the uNEXAFS
station. Beam footprint on mirror: 78x1.3mm?. This
mirror needs to be dithered by +0.62 mrad to obtain a 5
mm vertical stripe at the sample of the NEXAFS/XPS
station.

III. RAY TRACINGS

We performed ray tracings (using the SHADOW code
[3]) to determine the spot size at each one of the ex-
perimental stations. We assumed slope errors on all the
optical elements. The RMS meridional slope errors as-
sumed for the most critical mirrors are “state of the art”
values: for the plane mirrors 0.2 urad, for the elliptical
cylinders focusing the beam onto the exit slits (M3AB
and M3C) we also assumed 0.2 prad. For the ellipsoidal
mirrors (M4A, M4B, M4C, and L4) and the toroidal mir-
ror (L2A) we assumed RMS meridional (sagittal) slope
errors equal to 1 (10) prad.

For the soft x-ray branch the ray tracings were per-
formed at a photon energy of 200 eV using the medium
energy grating (MEG) assuming an exit slit of 20um.
The ray tracings at the exit slit plane (without a slit)
showing the stigmatic focus are displayed in Fig. 3. The
expected RMS size along the vertical direction without
slope error is 3.9 um, smaller than the value in the fig-
ure. Along the horizontal direction, the contribution due
to the slope errors assumed on M1 and the elliptical cylin-
der are negligible. We note that the horizontal slit size
should be > 6 mm to allow for the enlarged horizontal
beam when dithering the M3C mirror.

The tender ray tracings were done at 1.5 keV and did
not include the crystal monochromator. The resulting
FWHMSs of the spots at the different stations are sum-
marized in Table I.

A. HP NEXAFS station

The spot pattern of the tender beam at the HP NEX-
AFS station when using the toroidal mirror (L2A, used



Exit slit, 200 eV, 600 I/mm
ox: 7.5 um oy: 4.8um

X (10'3mm)

FIG. 3. Spot pattern of 200 eV at the exit slit planes of the
soft x-ray branches. The caption above the figure gives the

horizontal and vertical RMS values.
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FIG. 4. Spot pattern of 1500 eV at the HP NEXAFS station
when the toroid L2A is inserted in the beam. Caption as in
Fig. 3.

to focus onto the HAXPES/NEXAFS station) is shown
in Fig. 4. If a larger spot size is required (see Fig. 5)
one could use instead the plane mirror L.2B used by the
uXPS station.

B. HAXPES/NEXAFS

This station accepts both the soft and tender x-rays.
The tender beam spot at the sample position of this sta-
tion is presented in Fig. 6. The focusing of the tender ra-
diation at this station is done with a single toroid, L2A.
This leads to significantly different beam sizes along the

HP NEXAFS 1.5 keV (using L2B)
ox: 1.4 mm oy: 1.1 mm

X (mm)

FIG. 5. Spot pattern of 1500 eV at the HP NEXAFS station
when the plane L2B is inserted in the beam. Caption as in
Fig. 3.
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FIG. 6. Spot pattern of 1500 eV at the HAXPES/NEXAFS
station. Caption as in Fig. 3.

horizontal and vertical directions, as it is in the source.
If a much larger spot size is required, one could use the
plane mirror L2B instead of the toroid. In this case the
expected RMS beam values are 1.7 mm and 1.2 mm along
the horizontal and vertical directions, respectively.

Fig. 7 shows the spot pattern at this station for 200
eV. The spot size is slightly larger along the horizontal
direction than that given by the magnification of the slit
due to the meridional slope errors on the M4A ellipsoidal.
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FIG. 7. Spot pattern of 200 eV at the HAXPES/NEXAFS
station. Caption as in Fig. 3.
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FIG. 8. Spot pattern of 1500 eV at the uXPS station. Caption
as in Fig. 4

C. XPS Microscope

This station can also be illuminated by the tender and
the soft x-ray beams. The focusing of each beam onto
this experimental station is done with an ellipsoidal mir-
ror to avoid the vertical deviations and the geometrical
constrains due to the different angles of incidence on the
soft and tender mirrors. The ellipsoidal mirrors are lo-
cated at the same distance from the pXPS station, 3 m,
and should share the same mirror tank. In the tender
line there is no focusing upstream of L4 whereas in the
soft branch the ellipsoidal mirror demagnifies the exit
slit. Fig. 8 and Fig. 9 show the spot patterns at this
station for 1500 and 200 eV, respectively. The RMS val-

uXPS, 200 eV
ox: 6 um oy: 1.9 ym

y (10 'mm)

X (10'3mm)

FIG. 9. Spot pattern of 200 eV at the uXPS station. Caption
as in Fig. 4

uXPS, 1500 eV, z":0.02
ox: 50 ym  oy: 39 ym

uXPS, 200 eV, Z' 0.015
ox: 55 ym  oy: 40 ym
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FIG. 10. Spot patterns at the uXPS station with a yaw ro-
tation of 0.02°0on L4 (left panel) and 0.015°0on M4B (right
panel). Caption as in Fig. 4

ues of the beams are very similar along the horizontal
direction but along the vertical the low energy spot is
less that three times larger than the tender. In fact, in
both directions the spot sizes have contributions due to
the slope errors on the optics. A significant advantage
on using ellipsoidals for the focusing is the fact the beam
can be easily zoomed out by a small yaw rotation. As
seen in Fig. 10, yaw angles of a few hundreds of a degree
can increase the beam in both direction to be > 0.1 mm
diameter.

D. HP NEXAFS/FY

The spot at this station (see Fig. 11) is due to the
converging beam towards the NEXAFS/XPS station.
The horizontal size could be up to 13 mm horizontally
by dithering M3C 40.22 mrad and 5 mm vertically by
dithering M4D +0.43 mrad (the values required to get a
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FIG. 11. Spot pattern of 200 ¢V at the HP NEXAFS/FY
station. Caption as in Fig. 4

NEXAFS-XPS, 200 eV
ox: 14 ym oy:19 ym
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FIG. 12. Spot pattern of 200 eV at the NEXAFS/XPS sta-
tion. Caption as in Fig. 4

20 mm wide beam on sensitive samples at the uNEXAFS
station).

E. NEXAFS/XPS

The spot at the NEXAFS/XPS station is displayed
in Fig. 12. The dithering M4C by of +0.14 mrad will
allow to increase the vertical spot size to 5 mm when
performing NEXAFS on radiation sensitive samples.

MNEXAFS, 200 eV
ox: 0.48 mm oy: 0.50 mm
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FIG. 13. Spot pattern of 200 eV at the uNEXAFS station
using the M4C mirror. Caption as in Fig. 4

UNEXAFS dithering M3C and M4D
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FIG. 14. Spot pattern of 200 eV at the uNEXAFS station
when the pitch angles of M3C and M4C are changed by 0.2
mrad and 0.43 mrad, respectively. Caption as in Fig. 4

F. uNEXAFS

The spot at this station (see Fig. 13) can be due to the
beam diverging from the NEXAFS/XPS station when
using M4C or that reflected by M4D. The former case
is shown Fig. 13. When using M4D the beam RMS size
at this station is <5 mm diameter. By dithering M3C
by £0.22 mrad and M4D by +0.43 mrad will yield a
20x20 mm? spot at this station. Fig. 14 shows that by
changing the pitch angles of M3C by 0.22 mrad and M4D
by 0.43 mrad the illumination of the sample is centered
at (-10mm ,-10mm) and the spot size of the beam is
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FIG. 16. Undulator flux from a 2 m device with 3.4 cm period
though an aperture of 106 x 72urad? (aperture equal to 4 times
the central cone at 1.5 keV) when tuned to emit 1.5 keV (black
trace) and 1.88 keV (red trace).
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FIG. 17. Combined M2 and grating efficiencies (solid lines)
and higher orders to first order ratio (dotted lines) when the
monochomator is operated with the LEG (red), MEG (black)
and HEG (green)

IV. HIGHER ORDERS

A. Tender branch

The ratio of higher orders to first order given by the
reflectivity of the L1 and L2 mirrors when using the dif-
ferent optical coatings configurations is shown in Fig. 15.
As seen in the figure, the contribution of higher orders
is less than 13% for photon energies higher than 1.9 keV
when one of the coatings is Ni. For lower energies the
undulator itself will also provide suppression of higher
orders. An example of the higher order contributions at
1.5 and 1.88 keV is seen in Fig. 16. From the figure,
which shows the flux of the undulator as a function of
the photon energy for two different k values, one obtains
that the higher order contamination at 1.5 keV is 34 %
and at 1.88 keV is 14 %.

B. Soft branch

We have designed the grove profile of the three grat-
ings such as to obtain good efficiency for the combined
M2 and grating operation as well as good higher order
suppression. The parameters of the three gratings, cal-
culated using Neviere’s code [4], are listed in Table III.
The three gratings are coated with Au and we have as-
sumed Au for the coating of the M2 mirror. The LEG
and the MEG groove profile are trapezoidal (the angle
given in the table is a typical angle and will not change
dramatically the results) and were selected to minimize
the higher order contamination. The HEG, which is to
be used for the higher energies, can be blazed providing
higher efficiency than a trapezoidal. As seen in Fig. 17
the LEG provides less than 11% of higher order contri-
bution between 100 and 828 eV. The higher order con-
tamination of the MEG and HEG is less than 5% above
688 eV. The choice between them being dictated b the
required energy resolution which is summarized in Fig 2.
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Appendix B

FMB Table of optics (location/specs)



Functional Specification FMB Oxford

NIST SST BEAMLINE S3160

APPENDIX B OPTICAL COMPONENT COORDINATES

Revised geometry with L2, M4A & HAXPES/NEXAFS moved downstream - this sheet takes into account the revised source location i.e. it incorporates both the undulators at 1.0 mrad.

Component Difference
Distance from . Coordinates | between revised
. . . Total (vector) , Resultant |Resultant| Vertical |Resultant| Resultant -
Component Coordinates previous optical i Horizontal ) } fromr comp t
distance from . angle of | angle of | Turning | angle of | angleof |Agreeswith . . .
element i . |Turning Angle optical design | coordinates and
previous optical (degrees) beam beam Angle beam beam cad model? report optical design
element & (degrees) | (mRad) |(degrees)|(degrees)| (mRad)
) z X (Calculated) | Y AZ iV Ay z X | Y | Zdiff | X diff|Y diff

Optical Component
High energy insertion

devi -1250 1.02 ] 0.05729578 | 0.05729578 1.00 ] ] ] ¥ -1250| 0O ] ] 1 ]
evice

L1 (PLANE) 27450 29.72 0 |28700.0| 28.7 | 0.0 28700.0 -115 -1.0927042 | -19.07 ] ] ] ¥ 274500 29 | O ] 1 ]
L2A (TOROID)/L2B

(PLANE) 34500 -104.75 0 | 7050.0 |-134.5| 0.0 7051.3 1.225675938 | 0.13297172 2.32 ] ] ] ¥ 31756| -57 | 0 | 2744 | -48 ]

46700.5 -76.43 0 |12200.5| 28.3 | 0.0 12200.5 ] 0.13297172 2.32 ] ] ] ¥
TENDER X-RAY MONO IN
TEMDER X-RAY MONO
ouT 475590 -74.37 15 | B889.5 2.1 [15.0 889.6 ] 0.13297172 2.32 ] ] ] Vi

HP NEXAFS| 49642 -69.61 15 [ 2052.0 | 4.8 0.0 2052.0 0 0.13297172 2.32 0 0 0 ¥ 49642 -39 | 15 0 -31 0

60347.6 -44.76 15 [10705.6| 24.8 | 0.0 10705.6 ] 0.13297172 2.32 ] ] ] ¥ 60039 -29 | 15| 309 -16 ]
HAXPES/NEXAFS

L3 (PLANME)| 62258 -40.33 15 (19104 | 4.4 0.0 1910.4 1.225675938 | 1.35864766 23.71 0 0 0 ¥ 62258| -27 | 15 0 -13 0

L4 (ELLIPSOID)| 66766 66.59 15 | 4508.0 | 106.9 | 0.0 4509.3 1.225675938 | 2.58432359 45.10 0 0 0 ¥ 66766 72 |15 0 -5 0

LXPS| 69763 201.86 15 | 2997.0 [ 135.3 | 0.0 3000.1 0 2.58432359 | 45.10 0 0 0 Vi 69763| 201 | 15 0 1 0

Figure 11. Co-ordinates of optical components on the ‘L Branch’
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Component Difference
Distance from . Coordinates | between revised
. . . Total (vector) . Resultant |Resultant| Vertical |Resultant| Resultant .
Component Coordinates previous optical i Horizontal ) B from revised component
distance from . angle of | angleof | Turning | angleof | angle of |Agreeswith . . .
element i . |Turning Angle optical design | coordinates and
previous optical beam beam Angle beam beam cad model? . .
(degrees) report optical design
| t (degrees) | (mRad) |(degrees)|(degrees)| (mRad)
) Z X (Calculated) | Y AZ AX Ay z X | Y | Zdiff | X diff|Y diff
Optical Component
Low energy insertion
d 1250 1.02 ] -0.05729578 | -0.0572958 -1.00 ] ] ] ¥ 1250 0 ] 1} 1 a
evice
M1 (PLANE)| 28580 -26.31 0 |27330.0| -27.3 | 0.0 27330.0 3 2.94270422 | 51.36 0 0 0 ¥ 28580 -27 [ O 0 1 0
SOFT X-RAY MONO IN| 40080 564.85 0 |11500.0] 591.2 | 0.0 11515.2 0 2.94270422 | 51.36 0 0 0 ¥
SOFT X-RAY MONO OUT| 41173 621.03 15 | 1093.0 | 56.2 | 15.0 1094.5 0 2.94270422 51.36 0 0 0 ¥
M3C (TANG ELLIPSE)| 42062 666.73 15 | 889.0 | 45.7 | 0.0 890.2 3 5.94270422 | 103.72 0 0 0 ¥ 42062| 666 | 15 0 1 0
M3AB (TANG ELLIPSE)| 42062 666.73 15 | 889.0 [ 45.7 [ 0.0 890.2 -3.5 -0.5572958 -9.73 0 0 0 ¥ 42062| 666 | 15 0 1 0
SLITAB| 48562 603.51 15 | 6500.0 | -63.2 | 0.0 6500.3 0 -0.5572958 -9.73 0 0 0 ¥ 48562| 603 | 15 0 1 0
M4A (ELLIPSOID)|51628.77 573.68 15 | 3066.8 [ -29.8 | 0.0 3066.9 -3.5 -4.0572958 | -70.81 0 0 0 ¥ 51548| 573 | 15 81 1 0
60347.6 -44.76 15 | 8718.8 (-618.4| 0.0 8740.7 ] -4.0572958 | -70.81 ] ] ] ¥ 60039 -29 (15| 309 -16 a
(ELLIPSOID)| 66570.0 428.35 15 |18008.0(-175.2| 0.0 15008.9 -3.5 -4.0572958 | -70.81 0 0 0 Y 66571 427 | 15 -1 1 0
uXPS| 69763 201.86 15 | 3193.0 [-226.5| 0.0 3201.0 0 -4.0572958 | -70.81 0 0 0 ¥ 69763 | 201 | 15 0 1 0
SLITC| 48527 1339.70 15 | 6465.0 [ 673.0 | 0.0 6499.9 0 5.94270422 | 103.72 0 0 0 v 48527]|1339| 15 0 1 0
MAC (ELLIPSOID)| 53500 1857.35 15 | 4973.0 [ 517.7 | 0.0 4999.9 0 5.94270422 | 103.72 3 3 52.3598776 ¥ 53500|1856| 15 0 1 0
MA4D (PLANE)| 53500 1857.35 15 | 4973.0 [ 517.7 | 0.0 4999.9 0 5.94270422 | 103.72 3 3 52.3598776 Vi 53500)1856| 15 0 1 0
HP NEXAFS/FY| 56480 2167.55 172 | 7918.0 [1564.0|157.0 8072.5 0 5.94270422 | 103.72 0 3 52.3598776 ¥ 56480|2167(172] 0 1 0
M5C (PLANE)| 60122 2546.66 364 | 6622.0 | 689.3 |348.9 6666.9 0 5.94270422 | 103.72 -2 1 17.4532925 ¥ 60122 |2546(364] 0O 1 0
NEXAFS/XPS| 62116 2754.22 399 | 1994.0 | 207.6 | 35.0 2005.1 0 5.94270422 | 103.72 0 1 17.4532925 ¥ 62116|2753 (399 0 1 0
UNEXAFS IMAGING| 65093 3064.11 626 |11593.0(1206.8|610.8 11671.6 ] 5.94270422 | 103.72 ] 1 17.4532925 Y 65093 (3063 (626] O 1 0

Figure 12. Co-ordinates of the optical components in the ‘M Branch’ and transfer branches
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150506 SST PDR

Wednesday, May 06, 2015

9:01 AM

Present: Andrew Ackerman, Zhong Zhong, Bruce Ravel, Dan Fischer, Rob Todd, John Fabijanic, Joe
Woicik, Mary Carlucci-Dayton, Steve O'Hara, Lori Stiegler, Amy Xia (at BNL), Mike Gaffney. Scott Mowat,
Andrew Broadbent (in Oxford).

General overview of the beamline.

Cryocooler rack interferes with a pylon - minor problem, will be optimized. Needs care with the
egress aisle space.
Viewports should be covered with Lexan.

Vacuum considerations

AF provided a guided tour of the vacuum sections - all seems sensible.

Question about whether VS18 could be split into 2 sections - action Dan to decide (would need
some extra vacuum hardware).

Concern about Kapton (from AML) in white beam sections. Options include alternative radiation
hard cable (including different Kapton, eg from Allectra), or shielding of cables.

Bakeout heaters and controllers to be provided by BNL.

Rob Todd asked about water cooled pumps - outside the scope of this review (this is NIST supplied
items).

Rob asked about cables. Doug Smith will calculate the cable lengths and may ask BNL to procure
this for NIST.

FOE WB and PB valves can be retrofitted with additional switches for interface to the EPS. Action
BNL/NIST.

Relief of overpressure conditions: burst discs on all WB/PB mirrors, monos, plus M3, not (cooled)
slits or any of the (uncooled) mono beam components.

Calculation required at FDR of sizing of LN2 to GN2 relief in the DCM.

Cryocooler: standard product. At FDR details on line support (extremes of rotation), fatigue -
show model with carriage in max/min positions.

Lifting

PPS
[ ]

Lifting diagrams for all large items

Jackable casters bolt on - as for CSX.

Approved rigging accessories only.

Cryocooler lifting frame - same as CSX/HXN. Nothing special required.

Mike Question about use of the frame for maintenance - BSA employees? Who does
maintenance.

Need to schedule the IWG for this beamline (not relevant to this beamline)
Need to order the vacuum switches. These can be fitted to "T-pieces" on gauge ports.

Safety



Safety overview of installation and commissioning - taken from HXN. No Be hazards. No questions or
concerns. Lori had left, but Andrew Ackerman was present.

Radiation safety

Other

Exposed lead to be painted red.

Secondary BS shields don't want to be too close to the wall.

The soft x-ray beam pipe, first section after hutch may require shielding. Amy will advise later
whether this is required, followed her calculations.

Beam stops to be in separate vessels

Dan needs to check PGM viewport locations - same window materials as CSX - should be ok.

DCM D/S viewport - NIST to decide how to deal with this - Lead glass or camera inside a restricted
enclosure.

Some stands still required to be added to the model.

150505 PDR discussion

Tuesday, May 05, 2015
6:19 AM

General layout:

1.

egress aisles. ldeas for new locations;

Upstream egress aisle - upstream of DCM, downstream of M3

Downstream egress aisle - upstream of M4A and downstream of HP NEXAFS end station. Need
to check this is a useful location with respect to the QAS end station or equipment.

Add gate valves downstream of precision slits. Need roughing port. Dan to ask Klaus to
contribute to the cost of the gate valves.

Diagnostics
Soft x-ray BPMs defined by Ruben.

O Danisinterested in the inclusion of an evaporation system for all diagnostic modules. May
need an extra port on the side. **Talk about this off-line**.

O Need diagnostic modules upstream of microNEXAFS, including slits, as other modules, etc.

O Single pair of diagnostic modules needed upstream of microNEXAFS - support on the same
stable stand. Can slits also be fitted in this location? Action FMB-O.

Tender:

O Kapton foil can be very thin (down to 7.5 microns ) Scott sent note to Dan about this. NIST
want thinnest possible foils and have nanoBPM retractable, and place for nanoBPM just at
"nanoBPM position 2".

O After DCM, PBS in separate vessel, 4 jaw slits, diagnostic module (YAG screen, Ni mesh
intensity monitor and photodiode intensity monitor), ie as standard but with Ni not Au on
the mesh.

O Just before the HAXPES chamber use the NanoBPM. Additional diagnostic not needed since
this is available after the DCM (see above).



O An additional NanoBPM could included, initially be located at DM1 just downstream of DCM
- then moved downstream to final location downstream of HAXPES.

O Support stand (for dual diagnostic module comprising, for each beamline: two intensity
monitors (Au/Ni mesh for Soft/Tender branches respectively), photodiode and YAG screen
module), and slits (if possible) to be added when the microXPS interfaces are
defined. (Action NIST).

AF has a layout drawing - useful to go through.

Model
Was up to date except: pumps - FMB-O to add pumps under the fluorescent screens in the FOE.
Needs some other changes now (diagnostics, see below)

Hexapods

Move after power failure?

Range of angular motion? L3 - range specified is less than the standard motions (question from
Joe). The "real" specs are in the HFS documents and may be less due to bellows or other
constraints.

Andrew has sent the Parasolid, split up as requested, some updates to be made. Will send an
update mid-next week.

Software changes

FMB-B will quote. The will quote too low.

CosyLab will charge for all aspects of each change.

Basic functionality for each component.

Scott doesn't know the scope of the PGM

Dithering interface not included

NIST went out to bid for the software, CosyLab rang up and were given the impression that there
was a preferred bidder.

Shutters - AF can show layout with shutters. Seems ok.

Radiation shielding

Shielding of the pink beam scattered from DCM. Use a flange after the DCM before the gate valve
with a small hole in order to stop scattered beam. ***Later thoughts in discussion with Andrew
Fairley: this is not needed, see Amy's calculations: basic vessel and transport pipes are fine to
shield the incoming pink beam, therefore scattered pink beam from first crystal should be no
problem***,

Leave the PBS inside the DCM, as manufactured, but this is part of the EPS, not PPS - this helps to
protect the gate valve from pink beam damage. New PBS in diagnostics module is the PPS

device.

Utilities - looked at the drawings from Brian. Caution: secondary Bremsstrahlung shields go close
to wall.

Get an example cable study for Doug Smith

Make sure the first pair of cable trays
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Reference Documents:

Reference Number | Date/ Issue | Title

SB1341-14-CN-0042- | 19/09/14 NIST Contract

PART |

05/05/12 Revised optical design of the NIST soft and tender x-ray
beamline complex at NSLS-1I (Ruben Reninger).

E3160 April 2014 NIST NSLS-1I SST and BMM Beamline Backbones,

Volume 2A, SST Technical Proposal
53160 Nov NIST SST BEAMLINE S3160 QUALITY PLAN
2014/REV
01

LT-C-XFD-STD-BL- May 2011 | Beamline Coordinate System Standards

COORD-001

SR-DG-LAY-3007 19/12/2014 | DIAGNOSTICS LAYOUT NIST SST1-SST2, C07-S1

FOR FULL LIST OF REFERENCE DOCUMENTS, SEE APPENDIX A

FMB Oxford Contact: Andrew Fairley

Units 1-3 Ferry Mills, Telephone:  +44 (0)1865 320 313

Osney Mead, Fax: +44 (0)1865 320 301

Oxford, OX2 OES, E-mail: andrew.fairley@fmb-oxford.com

UK,

Change log:

Revision Date Summary of Change Approval
1.0 20/03/15 | First Issue SM
2.0 23/03/15 | Component Corrections around L4/M4B.

3.0
4.0
5.0
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Functional Specification

NIST SST BEAMLINE S3160
1. INTRODUCTION

This document describes the optical layout and operation modes of the NIST SST
beamline at NSLS-II. Detailed specifications for the individual beamline components
(fixed cooled mask, mirror systems, diagnostic modules, precision slits, DCM) and
beamline controls can be found in separate documents - see Appendix A for the full
list of reference documents.

1.1 CO-ORDINATE SYSTEM

Figure 1 below shows the beamline coordinate system. At the source height (1400
mm above the experimental hall floor y=0. The origin (in terms of x and z) is located
at the centre of the straight section - see NSLS-II drawing SR-DG-LAY-3007
(Appendix C)

Figure 1. NSLS-II Coordinate System

The co-ordinate system employed complies with NSLS-II document:

Beamline Co-ordinate System Standards LT-C-XFD-STD-BL-COORD-001.
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NIST SST BEAMLINE S3160
2. SPECIFICATIONS
2.1 BEAMLINE SOURCE

The source for the SST beamlines is a pair of undulators, canted at 2mrad to each
other (see Figure 2). The source parameters can be found in the document “RSI for
the Sources and Front-Ends for the SST1&2 and BMM Beamlines (NIST)”.

'L BRANCH'
_\ _ /7
LATTICE - s
CENTRELINE El
N D
o.l 2

~

1250 1250 / A
"M BRANCH'

g7
2270 S
~—CANTING MAGNET 1) p

1.02

Figure 2. Canted Undulator Source Geometry

2.2 BEAMLINE MODES

The optical layout is designed to accommodate a total of six experimental end
stations. Two of the end stations can be illuminated by soft and tender x-rays
(HAXPES NEXAFS and uXPS), three only with soft x-rays (HP NEXAFS FY, NEXAFS XPS
and UNEXAFS) and one only with tender x-rays (HP NEXAFS).

There are 13 mirror optics in the SST beamline (excluding the optic located in the
PGM - M2). The optics are located in ten hexapods, with the L2, M3AB/M3C and
M4C/M4D mirror systems holding two optics each.

All of the optics are side bounce except for M4C (bounce up), M4D (bounce up) and
M5C (bounce down). There are four cooled optics located in the white beam section
hutch/first optical enclosure (FOE) - L1, M1, L2A and L2B. The first optical elements in
the soft and tender beamlines (L1 and M1) are internally cooled. The second optics in
the 'L’ branch (L2A and L2B) are side cooled. M3AB and M3C are both temperature
stabilised using water cooling. All of the other optics are located outside the hutch and
are uncooled.
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Table 2. End Station Details

End Station | Optical path to Energy | Comments
end station

HP NEXAFS U42-L1-L2A-DCM or | Tender L1 and L2B are planar optics. L2A is a toroid designed to
U42-L1-L2B-DCM for focus at HAXPES/NEXAFS.
larger spot size.

U42-L1-L2A-DCM or | Tender The focus of the toroidal optic L2A is at this end station
U42-L1-L2B-DCM for i.e. the meridional and sagittal radii are specified for focus
larger spot size. at this end station.

HAXPES /

NEXAFS
EPU-M1-PGM-M3AB- | Soft M3AB is a horizontally focussing tangential ellipse. It's
V.SLIT AB-M4A focus is on the precision vertical slit AB. The vertical slit

forms a secondary source which is refocused horizontally
and vertically (at HAXPES/NEXAFS) using ellipsoidal optic
M4A.
U42-L1-L2B-DCM- Tender L4 is the first focussing optic in the optical path to this end
L3-L4 station. It is an ellipsoidal optic which focusses
horizontally and vertically. It can be yawed to produce a
larger spot size.

UXPS
EPU-M1-PGM-M3AB- | Soft As with the HAXPES/NEXAFS endstation, slit AB forms a
V.SLIT AB-M4B secondary source. Ellipsoidal optic M4B refocuses

horizontally and vertically at the end station.

HP EPU-M1-PGM-M3C- Soft Takes the converging beam which is focused at

NEXAFS/FY V.SLIT C-M4D NEXAFS/XPS. M3C and M4D can be dithered to increase

the spot size in width and height (respectively).

NEXAFS/XPS | EPU-M1-PGM-M3C- Soft Bounce-up ellipsoidal optic M4C images the secondary
V.SLIT C-M4C-M5C source of precision vertical slit C at this end station.

Bounce down plane optic M5C is dithered about a
horizontal axis to increase the vertical size of the spot at
this end station.

UNEXAFS EPU-M1-PGM-M3C- Soft Tangential ellipse optic M3C can be rotated about a
V.SLIT C-M4D or vertical axis (dithered) to increase the horizontal size of
EPU-M1-PGM-M3C- the spot at the end station. Planar optic M4D can be
V.SLIT C-M4C dithered about a horizontal axis to increase the vertical

size of the spot at the end station. Alternatively, the spot
at this end station can be due to the diverging beam from
M4C (whose focus is at NEXAFS/XPS)
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NIST SST BEAMLINE

S3160

2.3 BEAMLINE COMPONENTS
2.3.1 Tender beamline "L"” branch
Item Description Vacuum Section
1 Gate Valve 0 (DN150). Not in scope 1
2 Bellows DN150 (Hydroformed) 1
3 lon pump, 300l on pumping tee with vac gauges 1
4 Fixed cooled mask 1
5 lon pump 150l on pumping tee 1
6 Bellows DN100 1
7 L1 (includes vacuum gauges) 1
8 Gate Valve 1 (DN100) 2
9 Bellows with spool piece DN100 2
10 M1 (includes vacuum gauges) 2
11 Gate Valve 2 (DN100) 3
12 Bellows DN100 3
13 Diagnostics module with cooled slits, cooled white beam stop 3
(FS1), ion pumps (751 and 300l) and vacuum gauges
14 Gate valve 3 (DN63) 4
15 Flight tube (Location of in-air secondary Bremsstrahlung 4
collimator).
16 Bellows DN63 4
17 Zero length adapter 4
18 Pump Stand with DE lon pump, 300l 4
19 Bellows DN150 4
20 L2A/L2B (includes vacuum gauges) 4
21 Bellows DN150 4
22 Stand with short tube (This holds the in-air tungsten 4
Bremsstrahlung block. Space will be required for an in-vacuum
bremsstrahlung block)
23 Bellows DN40 4
© FMB Oxford Ltd 2015 Commercial in Confidence Page 6 of 27

(Quality Document Reference A-QA-WI 03F2 Revision 2.0)



Functional Specification

NIST SST BEAMLINE S3160
24 Flight tube with cooled CVD diamond fluorescent screen added 4
(FS2)
25 Bellows 4
26 FOE Shutter 1 (NSLS-II standard — NIST supply) 4
27 Gate Valve 5 (DN63) — located inside the hutch 5
28 Shielded Pink Beam Flight Tube (DN100) through hutch 5
wall/guillotine
29 Bellows, DN100 hydroformed. 5
30 DE lon pump 150l 5
31 Bellows, DN100 hydroformed. 5
32 Shielded Pink Beam Flight Tube (DN100) 5
33 Bellows DN100 5
34 DCM (including Gate Valve 6 to isolate the turbo pump) 5
35 Gate Valve 7 (DN100) 6
36 Bellows DN100 5
38 Diagnostic module 1 with pink beam stop (transferred from DCM), 6
Fluorescent screen (FS3), slits and vacuum gauges
39 Bellows DN63 6
40 Flight tube. Removeable — may be replaced with beam shutter 6
41 Gate valve 8 (DN63) 7
42 HP NEXAFS End Station 7
43 Gate valve 9 (DN63) 8
44 Bellows DN63 8
45 Beam Shutter 2 (NSLS-1I standard — NIST supply) 8
46 Bellows DN63 8
47 Flight tube 8
48 DE Ilon pump 150l 8
49 Flight tube with vacuum gauges and RA valve 8
50 DE lon pump150I 8
51 Flight tube with uncooled fluorescent screen (FS4) 8
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52 Bellows DN63 8
53 Gate valve 10 (DN63) 9
54 HAXPES/NEXAFS endstation 9
55 Gate valve 11 10
56 Bellows DN63 10
57 Flight tube 10
58 Bellows DN63 10
59 L3 10
60 Bellows 10
61 Flight tube with uncooled fluorescent screen (FS5). Manual 10

actuator.
62 Bellows DN63 10
63 Beam Shutter 3 (NSLS-II standard — NIST supply) 10
64 Bellows DN63 10
65 DE lon pump 150l 10
66 Bellows 10
67 Flight tube 10
68 Bellows DN63 10
69 Gate valve 12 (DN63) 11
70 L4/M4B 11
71 Gate Valve 13 12
72 Bellows DN63 12
73 Flight tube with uncooled fluorescent screen (FS6) 12
74 UXPS endstation 12

2.3.2 Soft beamline “"M” branch

Item Description Vacuum Section
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1 M1 2
2 Gate Valve DN100 3
3 Bellows DN100 3
4 Diagnostics module with cooled slits, cooled white beam stop, ion 3

pumps (75l and 300I) and vacuum gauges - this unit is item 13 in
the ‘L’ branch above.

5 Gate valve 4 (DN63) 13
6 Flight tube (location for in-air secondary Bremsstrahlung collimator) 13
7 Bellows DN63 13
8 Zero length adapter 13
9 DE lon pump, 150l 13
10 Zero length adapter 13
11 Bellows 13
12 Tube with flange to accommodate in-flange Bremsstrahlung 13
collimator
13 Flight tube with vac gauges and cooled CVD diamond fluorescent 13
screen added (FS7).
14 FOE Shutter 4 (NSLS-1l standard — NIST supply) 13
15 Short flight tube through hutch wall 13
16 Gate valve 4 14
17 Flight Tube 14
18 Bellows 14
19 DE Ilon pump 150l 14
20 Flight Tube 14
21 Bellows DN100 14
22 Plane Grating Monochromator. Vacuum gauges included. 14
23 Bellows with spool piece 14
24 Gate valve 15 15
25 M3 (M3C) 15
26 Bellows DN100 15
27 Vessel with coated beam stop (FS8) 15
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28 Flight tube 15
29 Gate valve 23 21
30 Bellows DN63 21
31 Beam Shutter 7 (NSLS-II standard — NIST supply) 21
32 Bellows 21
33 Flight tube 21
34 Diagnostic Module 5 with Fluorescent screen (FS13), Gold mesh 21

intensity monitor, diode intensity monitor, slits and vacuum gauges.
35 Flight tube 21
36 Bellows 21
37 DE lon pump 150I 21
38 Bellows 21
39 Flight tube 21
40 Bellows DN40 21
41 Precision cooled vertical slit C 21
42 Bellows DN40 21
45 Flight tube 21
46 DE lon pump 150I 21
47 Flight tube 21
48 Gate valve 24 (DN63) 21
49 Bellows DN100 22
50 M4C/M4D 22
51 Bellows DN100 22
52 Flight tube 22
53 Bellows 22
54 Diagnostic Module 6 with Fluorescent screen (FS14), Gold mesh 22
intensity monitor, diode intensity monitor and slits.
55 Bellows 22
56 Gate valve 25 (DN63) 23
57 HP NEXAFS/FY 23
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58 Gate valve 26 (DN63) 24
59 Bellows 24
60 Flight tube 24
61 Bellows 24
62 DE lon pump, 150I 24
63 Bellows 24
64 Flight tube 24
65 Bellows DN63 24
66 Beam Shutter 8 (NSLS-II standard — NIST supply) 24
67 Bellows DN63 24
68 M5C 24
69 Bellows 24
70 Flight tube with uncooled fluorescent screen (FS15) 24
71 Gate valve 27 25
72 Bellows 25
73 NEXAFS/XPS UNEXAFS endstation 25
74 Beam Shutter 9 (NSLS-II standard — NIST supply) 25
75 MNEXAFS endstation 25
2.3.3 Transfer Branch to HAXPES/NEXAFS
Iltem Description Vacuum Section
1 M3 (M3AB) 15
2 Bellows 15
3 Flight tube with uncooled fluorescent screen 15
4 Gate valve 16 (DN63) 16
5 Bellows 16
6 Flight Tube 16
7 Diagnostic Module 2 with Fluorescent screen (FS9), Gold mesh 16
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intensity monitor, diode intensity monitor, slits and vacuum gauges.
8 Flight tube 16
9 Bellows 16
10 DE lon pump 150l 16
11 Bellows 16
12 Flight Tube 16
13 Precision cooled vertical slit AB 16
14 Bellows 16
15 Flight tube 16
16 Bellows 16
17 Gate valve 17 17
18 M4A 17
19 Gate valve 18 18
20 Bellows 18
21 Flight tube in splitter vessel 18
22 DE lon Pump 300l 18
23 Flight Tube 18
24 Bellows 18
25 Flight Tube 18
26 Beam Shutter 5 (NSLS-II standard — NIST supply) 18
27 Bellows 18
28 Flight tube 18
29 Diagnostic Module 3 with Fluorescent screen (FS10), Gold mesh 18
intensity monitor, diode intensity monitor, slits and vacuum gauges.
30 Gate valve 19 9
31 Bellows 9
32 Flight tube with vac gauges and RA valve 9
33 HAXPES/NEXAFS Endstation 9
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2.3.4 Transfer Branch to uXPS
Item Description Vacuum Section
1 M4A 18
2 Gate valve 18 18
3 Bellows 18
4 Flight Tube in splitter vessel 18
5 DE lon Pump 300l 18
6 Flight Tube 18
7 Bellows 18
8 Flight Tube 18
9 DE lon pump 150l 18
10 Bellows 18
11 Flight tube 18
12 Beam Shutter 6 (NSLS-II standard — NIST supply) 18
13 Bellows 18
14 Diagnostic Module 4 with Fluorescent screen (FS11), Gold mesh | 18

intensity monitor, diode intensity monitor and slits.

15 Bellows 18
16 Gate valve 20 19
17 Flight tube with vacuum gauges and RA valve 19
18 DE lon pump 150l 19
19 Bellows 19
20 Flight tube 19
21 Bellows DN63 19
22 Gate valve 21 DN63 20
23 L4/M4B (includes vacuum gauges) 20
24 Gate valve 22 DN63 12
25 Bellows 20
26 Flight tube with uncooled fluorescent screen (FS12) 12
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27 UXPS Endstation 12

2.4 VACUUM DESIGN

Vacuum UHV compatible (< 5 x10-10 mbar). Masses >38 AMU shall have
total pressure <101! Torr (1.33 x 101! mbar).

Helium leak rate <1 x 10 ‘19 mbar I/sec

Vacuum gauges One pirani gauge (MKS type 317) and one cold cathode gauge (MKS
type 422) located in each vacuum section.

Vacuum gauge controllers MKS 937B

lon Pumps Each vacuum section will be fitted with one or more Gamma Vacuum
ion pumps

lon Pump Controllers Gamma MPC controller

Gate Valves VAT Valve Series 108 with position switches. Gate valves must be

connected to the reticulated air supply by NIST/BNL

Right Angle Valves Each vacuum section to be fitted with DN40 CF VAT Valve Series 54.

2.5 UTILITIES

Utilities requirements are described on the top level drawing for the beamline
(ABM0042).
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3.
3.1

BEAM CONDITIONING ELEMENTS
DIAGNOSTICS

The six diagnostic modules are located as follows (see Figures 3 and 4):

1.

DM1 - Downstream of the DCM in the tender ‘L’ beamline - between the DCM
and the HP NEXAFS end station. Located at 48241 mm from the middle of the
straight section.

DM2 - Between mirror systemm M3AB/M3C and the precision vertical slit ‘AB’ on
the soft x ray transfer branch. Located at 45362 mm from the middle of the
straight section.

DM3 - Downstream of the M4A mirror system in the HAXPES/NEXAFS branch of
the ‘M’ soft x ray beamline. Located at 56593 mm from the middle of the
straight section.

. DM4 - Downstream of the M4A mirror system in the uXPS branch of the ‘M’ soft

beamline, allowing monitoring with optic in beam and out of beam (i.e. directly
from the precision slit). Located at 57825 mm from the middle of the straight
section.

. DM5 - Between mirror system M3AB/M3C and the precision vertical slit *C’ on

the soft x ray beamline (*M’ branch). Located at 46784 mm from the middle of
the straight section.

DM6 - Immediately downstream of the M4C/M4D mirror system. This enables
monitoring of the beam with the optics in or out of beam. Located at 54326 mm
from the middle of the straight section.
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3.2 FLUORESCENT SCREENS

There are 15 fluorescent screens in the NIST SST beamlines. All six of the fluorescent
screens located in the diagnostic modules use YAG crystals (Yttrium Aluminium
Garnet) as the fluorescent material.

The fluorescent screens used on the diagnostic modules are motorised and mounted
on a DN63/CF114 conflat. A Prosilica CCD mono camera and 18mm lens are used to
view the screen.

The details of the fluorescent screens are as follows:

Fluorescent Location Notes

Screen

FS1 White beam stop Beam stop is P43 coated,
camera is shielded.

FS2 L branch exiting first optical enclosure Cooled CVD diamond

FS3 In diagnostic module 1 YAG

FS4 On the L branch, entering YAG

HAXPES/NEXAFS - TBC

FS5%* At exit of mirror L3

FS6 At the exit of mirror L4

FS7 M branch exiting first optical enclosure Cooled CVD diamond

FS8* Imaging beam stop at exit of PGM Beam stop/FS is P43
coated.

FS9 Exiting M3AB in Diagnostic Module 2 YAG

FS10 Imaging precision slit AB in Diagnostic YAG

Module 3

FS11 Exiting M4A in Diagnostic Module 4 YAG

FS12* At exit of mirror M4B

FS13 Exiting M3C in Diagnostic Module 5 YAG

FS14 Exiting M4CD in Diagnostic Module 6 YAG, also images directly
precision slit AB

FS15 Exiting M5C YAG

*Indicates a fluorescent screen that has been added since the tender.
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Figure 3. Diagnostic modules DM1, DM2 and DM5.

VAC SEC

| GV25 ]
Imsc I P
| , _\I‘\'l;'z?i_/_ “i VAC SEC 21
ya VAC SEC
= T

I VAC SEC 24

Figure 4. Diagnostic modules DM3, DM4 and DM6.
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3.3 BEAM SHUTTERS

It is assumed that BNL will integrate beam shutters into the SST beamline. They are
positioned in the following locations:

1. At the end of the white beam section in the ‘L’ branch, before the hutch wall
(SH1)

2. Downstream of the HP NEXAFS end station (SH2)
3. Downstream of the mirror system L3, on the ‘'L’ branch (SH3)

4. At the end of the white beam section in the ‘M’ branch, before the hutch wall
(SH4)

5. Upstream of the HAXPES/NEXAFS end station, on the transfer branch from M4A
(SH5)

6. Downstream of the M4A mirror system, on the transfer to uXPS end station
(SH6)

7. Downstream of the M3AB/C mirror system, on the ‘M’ branch (SH7)
8. Upstream of the M5C mirror system (SH8)
9. Between the NEXAFS XPS end station and the uNEXAFS end station (SH9)

The selection of standard NSLS II beam shutters in these locations will facilitate the
safety approval process and allow rapid connection into the facility EPS/PSS.

NIST will therefore deliver, align and install the nine off standard NSLS II beam
shutters complete with vacuum vessels and stands, into position at a time agreed with
all parties.

Note that shutters 8 and 9 need to substantially taller than the other 7
shutters to suit the inclined (3°) beam pipes situated downstream of the
M4C/M4D mirror system.
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4. SHIELDED PINK BEAM TRANSPORT TO DCM

Figure 5. Shielded Vacuum Tube on XPD Beamline at NSLS Il

The shielded vacuum tubes have radiation shielding that conforms to existing equivalent radiation
standards. FMBO have elected to work with INNOSPEC with whom we have delivered shielded
vacuum sections into the Australian Synchrotron and NSLS II.

The pink beam shielded pipe section includes 2 support posts in addition to a double support post
which supports the lead box which encloses the pump and bellows in the middle of the section.

Parameter Value
Shielding Material Pb (EN12588)

Vacuum Tube Pb Thickness 7 mm

Pump box Pb Thickness 8 mm

Wall Collar 8 mm
Cover Material Stainless Steel

Vacuum Tube thickness 2mm

Flange box thickness 2mm

The steel stands, parts will be painted RAL5007 (FMBO Oxford Standard), as per other stands on
the SST beamline.

Any exposed lead will be painted Flame Red RAL 3000 as per BSA’s specs.
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All pipes will have non-rotatable Conflat flanges on the upstream end and rotatable Conflat flanges
on the downstream end.

Lead collars will be supplied for installation at the exit of the optics hutch. All guillotines will be
supplied by BSA/NIST. The lead shielded pipe exceeds 5.5 m in length from the external wall of
the hutch. The lead shielded pipe will include a pump stand and two pipe stands.

Figure 6. Shielded Pink Beam Tube

Guillotine-not
included in scope of

supply

Beam Direction

Figure 7. Image showing the lead collar between the shielded beamtube and the hutch wall
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4.1 PUMP BOX AND SUPPORTS

The lead box includes tube collars on either end to ensure sufficient lead coverage as shown in the
image below. The stands will provide an adjustment of £30mm.

Figure 8. Pump Box and bellows

Figure 9. Pump Box
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NIST SST BEAMLINE S3160
4.2 BELLOWS

Bellows connecting the shielded tube sections are:
200 mm long Stainless Steel Hydroformed Bellows
Axial and Lateral compliance £5mm

DN100/CF150 (6” OD) Fixed at upstream end
DN100CF150 (6” OD) Rotatable at downstream end

4.3 SHIELDED PIPE CONSTRUCTION METHOD

The lead shielded tubes will be manufactured by Innospec. They will be pre-baked in the FMBO
factory and sealed, to maintain cleanliness. They will then be delivered to Innospec for lead
shielding. The lead shielding is done by forming a shell which fits around the tube and is then
welded. A pair of thin stainless steel shells are then fitted to cover the lead.

Weld Area

-

No visible inhomogeneous
areas in the surrounding of
the seam. Lead is closely
attached to the tube.

Figure 10. Cross section through lead clad tube
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5. SCOPE OF SUPPLY

The scope of supply includes the following items which are based upon FMB Oxford’s
understanding of the Technical Requirements:

e Project Management

e Customer Documentation: User manuals, test procedures, project plan, quality
plan, factory test reports, build logs and a set of top level drawings

e Beamline Components - supplied by FMB Oxford (excluding the safety shutters)
e Factory Acceptance Testing of Beamline Components at FMB Oxford

e VAT Gate Valves for each vacuum section

e Packing Shipping, Insurance, Duties and Taxes paid

¢ On-site installation and commissioning

e Warranty is 24 months from delivery or 18 months from acceptance, whichever
comes first.

The scope of supply does not include the following items, which are supplied by NIST:
e Floor Drilling according to a template available 3 months before installation
e All Equipment Protection elements
e Water supply connection, conditioning, distribution, monitoring and alarms
e Pneumatic supplies and controls for relevant components
e Position sensing cabling and controls for gate valves
e Heater Controllers (for Vacuum Bakeout heaters)
e (Cable management - cable trays, supports, etc.

e Install nine off standard NSLS II beam shutters complete with vacuum vessels
and stands, into position at a time agreed with all parties.
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APPENDIX A — REFERENCE DOCUMENTS

Reference Date/ Title

Number Issue

SB1341-14-CN- 19/09/14 NIST Contract

0042-PART I

05/05/12 Revised optical design of the NIST soft and tender x-ray beamline complex at

NSLS-II (Ruben Reninger).

E3160 April 2014 NIST NSLS-II SST and BMM Beamline Backbones, Volume 2A, SST Technical
Proposal

S3160 Nov 2014 NIST SST BEAMLINE S3160 QUALITY PLAN

SR-DG-LAY-3007 19/12/2014 DIAGNOSTICS LAYOUT NIST SST1-SST2, C07-S1

PS-C-XFD-RSI- 12/02/15 RSI for the Sources and Front-Ends for the SST1&2 and BMM Beamlines (NIST)
SST-BMM-001
16/01/15, Functional Specification - White Beam Section Optics for NIST at BNL S2263B
Rev 05
11/12/12, Functional Specification - White Beam Section Functional Specification S2263C
Rev 03
06/03/15 S3160 NIST SST Beamline Control and Software Functional Specification Rev 01
27/02/15 S3160 NIST SST Mirror System L3 Functional Specification Rev 02
27/02/15 S3160 NIST SST Mirror System L4 Functional Specification Rev 02
27/02/15 S3160 NIST SST Mirror System M3 Functional Specification Rev 02
27/02/15 S3160 NIST SST Mirror System M4A Functional Specification Rev 02
27/02/15 S3160 NIST SST Mirror System M4B Functional Specification Rev 02
27/02/15 S3160 NIST SST Mirror System M4C M4D Functional Specification Rev 02
27/02/15 S3160 NIST SST Mirror System M5C Functional Specification Rev 02
25/02/15 S3160 NIST SST Dignostic Modules Rev 01
ABMO0042 Floor drilling, Local power outlets, Utilities Schedule Document - on beamline

top level drawing

Feb 2015 NIST SST Beamline Control & Software Functional Specification
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APPENDIX B OPTICAL COMPONENT COORDINATES

Revised geometry with L2, M4A & HAXPES/NEXAFS moved downstream - this sheet takes into account the revised source location i.e. it incorporates both the undulators at 1.0 mrad.

Component Difference
Distance from . Coordinates | between revised
. . . Total (vector) i Resultant |Resultant| Vertical |Resultant| Resultant .
Component Coordinates previous optical . Horizontal i . from revised component
distance from . angle of | angle of | Turning | angle of | angle of |Agreeswith . . .
element . . |Turning Angle optical design | coordinates and
previous optical (degrees) beam beam Angle beam beam cad model? report optical design
element g (degrees) | (mRad) |(degrees)|(degrees)| (mRad) T
z X (Calculated) | Y A7 AX AY z X | Y | Zdiff | Xdiff|Y diff

Optical Component
High energy insertion

device -1250 1.02 o 0.05729573 | 0.05729573 1.00 o 1] o Y -1250| O o o 1 1]

L1 (PLANE) 27450 29,72 0 |28700.0( 28.7 | 0.0 28700.0 -1L15 -1.0927042 | -19.07 0 0 0 Y 274501 29 | O 0 1 0
L2A (TOROID)/L2B

(PLANE] 34500 -104.75 0 | 7050.0 (-134.5| 0.0 7051.3 1.225675938 | 0.13297172 2.32 0 1] 1] Y 31756 -57 | 0 | 2744 | -48 1]

465700.5 -76.43 0 |12200.5( 28.3 | 0.0 12200.5 o 0.13297172 2.32 0 1] o Y
TENDER X-RAY MONO IN
TEMDER X-RAY MONO
ouT 475590 -74.37 15 | 889.5 2.1 | 15.0 889.6 0 0.13297172 2.32 0 0 0 ¥

HP MEXAFS| 4595642 -69.61 15 | 2052.0 | 4.8 0.0 2052.0 0 0.13297172 2.32 0 0 0 Y 49642 | -39 | 15 0 -31 0

60347.6 -44.76 15 |10705.6| 24.8 | 0.0 10705.6 0 0.13297172 2.32 0 0 0 Y 60039| -29 (13| 309 -16 0
HAXPES/NEXAFS

L3 (PLANE)| 62258 -40.33 15 | 19104 | 44 0.0 1910.4 1.225675938 | 1.35864766 23.71 0 0 0 Y 62258| -27 | 15 0 -13 0

L4 (ELLIPSOID)| 66766 66.59 15 | 4508.0 | 106.9 | 0.0 4509.3 1.225675938 | 2.58432359 45.10 0 0 0 Y 66766| 72 |15 0 5 0

WKPS| 69763 201.86 15 | 2597.0 | 135.3 | 0.0 3000.1 0 2.58432359 | 45.10 0 0 0 ¥ 69763 201 | 15 0 1 0

Figure 11. Co-ordinates of optical components on the ‘L Branch’
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Component Difference
Distance from B Coordinates | between revised
. . . Total (vector) , Resultant |Resultant| Vertical |Resultant| Resultant .
Component Coordinates previous optical ) Horizontal X . from revised component
distance from . angle of | angle of | Turning | angleof | angle of |Agrees with . . .
element X .| Turning Angle optical design | coordinates and
previous optical beam beam Angle beam beam cad model? . .
(degrees) report optical design
element (degrees) | (mRad) |(degrees)|(degrees)| (mRad)
z X (Calculated) | ¥ A7 AX AY z X | Y | Zdiff | X diff|Y diff
Optical Component
Low energy insertion

device 1250 1.02 "] -0.05729578 | -0.0572958 -1.00 0 0 1] Vi 1250 | 0O ] 0 1 "]
M1 (PLANE]| 28580 -26.31 0 |27330.0| -27.3 | 0.0 27330.0 3 2.94270422 | 51.36 0 0 0 ¥ 28580 -27 | O 0 1 0

SOFT X-RAY MONO IN| 40080 564.85 0 |11500.0| 591.2 | 0.0 11515.2 0 2.94270422 | 51.36 0 0 0 ¥

SOFT X-RAY MONO OUT| 41173 621.03 15 | 1093.0 | 56.2 | 15.0 10594.5 0 2,94270422 | 51.36 0 0 0 Vi
M3C (TANG ELLIPSE)| 42062 666.73 15 | 8859.0 | 45.7 | 0.0 890.2 3 5.94270422 | 103.72 0 0 0 Vi 42062| 666 | 15 0 1 0
M3AB (TANG ELLIPSE)| 42062 666.73 15 | 8859.0 | 45.7 | 0.0 890.2 -3.5 -0.5572958 -9.73 0 0 0 Vi 42062| 666 | 15 0 1 0
SLIT AB| 48562 603.51 15 | 6500.0 | -63.2 | 0.0 6500.3 0 -0.5572958 -9.73 0 0 0 Vi 48562| 603 | 15 0 1 0
M4A (ELLIPSOID)|51628.77 573.68 15 | 3066.8 | -29.8 | 0.0 3066.9 -3.5 -4.0572958 | -70.81 0 0 0 Vi 51548| 573 | 15 81 1 0
60347.6 -44.76 15 | 8718.8 |-618.4( 0.0 8740.7 0 -4.0572958 | -70.81 0 0 0 Vi 60033 -29 | 15| 309 -16 0
MA4B (ELLIPSOID)| 66570.0 428.35 15 |18008.0|-175.2 0.0 18008.9 -3.5 -4.0572958 | -70.81 0 0 0 Vi 66571 427 | 15 -1 1 0
wXPs| 69763 201.86 15 | 3193.0 |-226.5| 0.0 3201.0 0 -4,0572958 | -70.81 0 0 0 Vi 69763| 201 | 15 0 1 0
SLUITC| 48527 1339.70 15 | 6465.0 | 673.0 | 0.0 6499.9 0 5.94270422 | 103.72 0 0 0 v 48527|1339| 15 0 1 0
MAC (ELLIPSOID)| 53500 1857.35 15 | 4573.0 | 517.7 | 0.0 4599.9 0 5.94270422 | 103.72 3 3 52.3598776 Vi 53500|1856| 15 0 1 0
MAD (PLANE)| 53500 1857.35 15 | 4573.0 | 517.7 | 0.0 4599.9 0 5.94270422 | 103.72 3 3 52.3598776 Vi 53500|1856| 15 0 1 0
HP NEXAFS/FY| 56480 2167.55 172 | 7918.0 |1564.0|157.0 8072.5 0 5.94270422 | 103.72 0 3 52.3598776 Vi 56480|2167|172] 0O 1 0
MSC (PLANE)| 60122 2546.66 364 | 6622.0 | 689.3 |348.5 6666.9 0 5.94270422 | 103.72 -2 1 17.4532925 Vi 601222546364 0 1 1]
MEXAFS/XPS| 62116 2754.22 399 | 1954.0 | 207.6 | 35.0 2005.1 0 5.94270422 | 103.72 0 1 17.4532925 Vi 62116|2753|399 0 1 1]
UMEXAFS IMAGING| 65093 3064.11 626 |11593.0|1206.8|610.8 11671.6 ] 5.94270422 | 103.72 ] 1 17.4532925 v 65093 | 3063|626 0 1 1]

Figure 12. Co-ordinates of the optical components in the ‘M Branch’ and transfer branches
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APPENDIX C SOURCE REFERENCE DRAWING

REVISION HISTORY.
DATE DESIGNER | CHECKED BY | ENGINEER
sciuk T

REV. DESCRIPTION i I
RELEASE PER ECO 12/102014__[bko:
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k !
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Reference Documents:

Reference Number Date/ Issue Title
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Functional Specification

S3160 NIST SST — DIAGNOSTIC MODULES S3160
1. INTRODUCTION

The NIST SST beamline includes six diagnostic modules. These include four-jaw uncooled slits for
beam conditioning, in addition to diagnostics - fluorescent screen, intensity monitors (gold mesh
and photodiode). Diagnostic module 1 differs from the other diagnostic modules in that a pink
beam stop is installed and the intensity monitors are replaced by a NanoBPM.

1.1 AXIS

Figure 1. NSLS-Il Coordinate System

The coordinate system employed complies with NSLS-1I document:

Beamline Coordinate System Standards LT-C-XFD-STD-BL-COORD-001.
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2.
2.1

SPECIFICATIONS
DIAGNOSTIC MODULE LOCATIONS

The six diagnostic modules are located as follows (see Figures 2 and 3):

1.

DM1 - Downstream of the DCM in the tender ‘L’ beamline — between the DCM and the HP
NEXAFS end station. Beam-in located at 47939 mm and beam-out located at 48544 mm
from the middle of the straight section.

DM2 - Between mirror system M3AB/M3C and the precision vertical slit ‘AB’ on the soft x
ray transfer branch. Beam-in located at 45187 mm and beam-out located at 45538 mm
from the middle of the straight section.

DM3 - Downstream of the M4A mirror system in the HAXPES/NEXAFS branch of the ‘M’
soft X ray beamline. Beam-in located at 56331 mm and beam-out located at 56856 mm
from the middle of the straight section.

DM4 - Downstream of the M4A mirror system in the uXPS branch of the ‘M’ soft beamline,
allowing monitoring with optic in beam and out of beam (i.e. directly from the precision slit).
Beame-in located at 57608 mm and beam-out located at 58042 mm from the middle of the
straight section.

DMS5 - Between mirror system M3AB/M3C and the precision vertical slit ‘C’ on the soft x ray
beamline (‘M’ branch). Beam-in located at 46571 mm and beam-out located at 46998 mm
from the middle of the straight section.

DM6 - Immediately downstream of the M4C/M4D mirror system. This enables monitoring of
the beam with the optics in or out of beam. Beam-in located at 54112 mm and beam-out
located at 54540 mm from the middle of the straight section.
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Figure 2. Location of Diagnostic modules DM1, DM2 and DM5.
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Figure 3. Location of diagnostic modules DM3, DM4 and DM6.
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Figure 4. Diagnostic module 1
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Figure 5. Diagnostic module 6
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Figure 6. Diagnostic modules 2, 4 and 5
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3. DIAGNOSTIC MODULE COMPONENTS
3.1 4 BLADE IN-FLANGE SLITS

The four blade in-flange slit unit consists of two blades to define the beam in the horizontal
direction and two blades to defined the beam in the vertical direction. The slits are able to close
fully in horizontal and vertical directions. The slit blades move along in-vacuum guides to ensure
that they remain parallel to each other.

The slit blades will be manufactured from tungsten. Each slit blade is moved by a stepper motor via
a lead screw. An incremental linear optical encoder provides continuous feedback of the actual slit
position. Limit switches are fitted at each end of the actuator travel.

Figure 7. Four jaw in flange slits
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3.1.1JAW SLITS PERFORMANCE PARAMETERS

Slit Parameters

S3160

Maximum stroke available
Maximum aperture
Overlapping

Blade size

Blade Parallelism

Blade defining edge radius
Blade defining edge roughness
Blade defining edge straightness
Resolution

Repeatabillity

Blade Material

End of travel limit switches

Mounting flange

15 mm

1I5mmHx 15 mmV

Complete

36 (W) mm x 20 mm (H) x 2 mm (T)
10 um

2mm

0.1 pym RMS

<5um

<0.5um

<5um

Tungsten

2, normally closed (one at each end of travel)

DN100/CF150

Encoder details

Readhead type
Interpolator type
Interpolator resolution
Scale type

Interpolator connector

Renishaw — Tonic T1000-05A
Renishaw Ti0200E04A

0.1 pm

RGSZ20

15-Way sub D

© FMB Oxford Ltd 2015
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Linear Actuator Parameters

S3160 NIST SST — DIAGNOSTIC MODULES

S3160

Motor Type Nanotec 2 phase, hi-polar, stepping linear actuator
Step angle (full step drive) 1.8° (200 steps/rev)

Driving current/Phase 14A

Maximum velocity 20 mm/sec

Thread pitch 1 mm

Resolution per full step 5um

Maximum movement per actuator 20 mm

Maximum Overlap 5mm

Maximum holding load (power off) 90 N

Motor connector 12 way Trim Trio

Limit switch parameters

Switch type D2F Hinge lever
Max supply voltage 30 vDC

Max switching current 2A

Max temperature 65°C

Connector

12 way Trim Trio (with motor)

3.2 FLUORESCENT SCREEN

The fluorescent screen units located in the diagnostic modules use YAG crystals (Yttrium
Aluminium Garnet) as the fluorescent material. The size of the crystal is 25 mm x 25 mm, with an
aperture of 22 mm (H) x 15.5 mm (V).

The fluorescent screens used on the diagnostic modules are motorised and mounted on a
DN150/CF200 conflat. The camera mount for the Prosilica GC1290 CCD camera is mounted on

the same actuator to view the screen (see figure 5).

3.3 PINK BEAM STOP (DIAGNOSTIC MODULE 1 ONLY)

The pink beam stop has been transferred from the DCM and consists of a cooled copper block,
which is fixed to a manually adjustable (lockable) vertical translation. The height of the block is
40mm and the inclined face height 29 mm. The range of the vertical translation is 25 mm (* 12.5

about the nominal position, with the beam incident on the top of the block - see Figure 6). The face
of the block which sees the beam is inclined at 45 degrees to the beam axis. The stop is fitted with
a thermocouple whose feedthrough is mounted on a separate port on the vacuum vessel.

© FMB Oxford Ltd 2015
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Figure 8. Fluorescent screen and intensity monitor actuator
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Figure 9. Cooled beam stop showing ‘pink’ and ‘mono’ beam at nominal position

3.4 INTENSITY MONITORS

Both intensity monitors are vertically stacked and mounted on the same stepper motor driven
actuator.

3.4.1 SOFT X-RAY MESH INTENSITY MONITOR (GOLD MESH)

This diagnostic is used to measure the beam intensity by inserting an electrically isolated gold wire
mesh into the beam and measuring the resultant photoionisation current using the 1400 current
amplifier. The photoionisation current is proportional to the beam intensity. Further details of the
1400 are included in the supporting documents.

Gold Mesh Parameters

Size 16mm (H) x 12 mm
(V)

Thickness 5um

Mesh pitch 100 lines per inch

Max Approx. 85%
transmission

© FMB Oxford Ltd 2015 Commercial in Confidence Page 13 of 22
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3.4.2 PHOTODIODE INTENSITY MONITOR

The photodiode intensity monitor consists of mounted photodiode placed directly into the beam.
The resultant output current from the photodiode is proportional to the beam intensity. This
diagnostic interrupts the beam and therefore cannot be used for in-beam monitoring.

Photodiode parameters

Active Area 10 mm (H) x 10 (V) mm

Photodiode type | AXUV100G

3.4.3 Intensity Monitor/ Fluorescent Screen Actuator Motions

Linear actuator parameters

Motion Parameter Specification
Vertical Drive Linear actuator, fitted with limit switches & encoder.
(Y Direction)

Range 80 mm

Repeatability 2 pm

3.4.4 Intensity Monitor Linear Actuator

Stepper motor and linear drive parameters

Motor Type McLennan Type 23HSX-206, 2 phase, bi-polar stepper
motor

Holding torque 98 Ncm

Step angle (full step drive) 1.8°/step or 200 steps/rev

Driving current 42 A

Thread pitch 2mm

Resolution per half step 10 um

3.4.5 Intensity Monitor Encoder Data

Stepper motor and linear drive parameters

© FMB Oxford Ltd 2015 Commercial in Confidence Page 14 of 22
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Readhead type Renishaw — Tonic T1001-05A
Readhead resolution 0.1 pm
Scale type RGSZ20
Interpolator Ti0200E 4 A
Connector 15-Way sub D
© FMB Oxford Ltd 2015 Commercial in Confidence Page 15 of 22

(Quality Document Reference A-QA-WI 03F2 Revision 2.0)



Functional Specification

S3160 NIST SST — DIAGNOSTIC MODULES S3160

4. VACUUM SYSTEM
4.1 VACUUM SPECIFICATION

Maximum bakeout temperature — vessel and 150-200 °C (110°C for diagnostic
internal components modules 2-6, limited by photodiode)
Vacuum UHV compatible (< 5 x10'10 mbar).
Helium leak rate <1 x 10 ' mbar I/sec

Vacuum Pump Vacuum pumps are not fitted to the

diagnostic module, but are located
adjacent in the same vacuum section.

Vacuum gauges One pirani gauge (MKS type 317) and
one cold cathode gauge(MKS type
422) located on the vacuum vessel

Right Angle Valve VAT Valve type 54, DN40/CF70.

4.2 VACUUM VESSEL PORTS

4.2.1Diagnostic module 1

Purpose Location Size Qty
Beam In Beam inlet port DN100/CF150 1
Beam Out (in flange slits) | Beam outlet port DN100/CF150 R 1
Roughing Port for RA Inboard side of vessel DN40/CF70 1
valve

Vacuum Gauges Inboard Side of vessel DN40/CF70 2
Fluorescent screen and Top of vessel DN160/CF200 R 1

intensity monitor actuator

NanoBPM port Top of vessel DN63/CF114 R 1
Pink beam stop port Top of vessel DN100/CF150 R 1
Feedthrough for pink Inboard side of vessel DN40/CF70 1

beam stop thermocouple

© FMB Oxford Ltd 2015 Commercial in Confidence Page 16 of 22
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4.2.2 Diagnostic module 2-6

S3160 NIST SST — DIAGNOSTIC MODULES

S3160

Purpose Location Size Qty
Beam In Beam inlet portatend 1 | DN63/CF114 1
Beam Out (in-flange Beam outlet port at end 2 | DN100/CF150 R 1
slits)

Roughing Port for RA Outboard side of vessel DN40/CF70 1
valve

Vacuum Gauges Inboard side of vessel DN40/CF70 2
Fluorescent screen and Top of vessel DN160/CF200 1

intensity monitor actuator

© FMB Oxford Ltd 2015
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S3160 NIST SST — DIAGNOSTIC MODULES S3160
5. DIAGNOSTIC MODULE STAND

The position of the diagnostic module components can be adjusted in X, y, and z relative to the
support frame. There are two adjusters per side mounted on the frame, which can be used to
adjust the lateral, longitudinal and angular (yaw) alignment of the vessel and components. In
addition, the vessel is supported by adjustable feet (and spherical washers) which can be used to
adjust the height, pitch and roll of the vessel.

Vessel Manual Adjustment (Lateral x & 5 mm
Longitudinal z)

Vessel Manual Adjustment (Vertical y) +12.5 mm
Material Mild Steel
Colour RAL 5007 30% GLOSS

5.1 LIFTING POINTS

Diagnostic module weight 1: 200 kg approximately.
Diagnostic module 2-6 weight: 195 kg approximately.
The diagnostic module is provided with four M16 lifting points in the support frame.

A lifting diagram for the system will be included on the top level assembly drawing.

5.2 ALIGNMENT FEATURES

Fiducial mounts will be provided on the vacuum vessel. These will take the form of 0.25” reamed
(H7) holes, suitable for 0.5” or 1.5” spheres.

© FMB Oxford Ltd 2015 Commercial in Confidence Page 18 of 22
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6. INTERFACE PANEL
6.1 DIAGNOSTIC MODULE 1

The interface panel for diagnostic module 1 includes:
1. Bulkhead swagelok union fittings (8 mm) to connect to the pink beam stop cooling lines.

2. 15 way d-type connection to the pink beam stop thermocouple.

6.2 DIAGNOSTIC MODULE 2-6

The interface panel for diagnostic moduled 2-6 includes:

1. Mounting for the 1400 and its power supply

© FMB Oxford Ltd 2015 Commercial in Confidence Page 19 of 22
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7. FACTORY TESTING

Testing at FMB Oxford consists of Motion Testing, Vacuum Testing and Fiducialisation.

Full specifications and procedures covering all factory testing will be prepared in advance and
these will be submitted to the customer prior to final design approval. Representatives from the
customer are invited to witness these tests at FMB Oxford's works.

© FMB Oxford Ltd 2015 Commercial in Confidence Page 20 of 22
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8. INSTALLATION AND UNIT ACCEPTANCE

The site acceptance testing, included in the installation option, will ensure that all components are
carefully surveyed into position, all motors, actuators and sensors are functioning properly and the
vacuum specifications are met. All motions will be tested and the correct functioning of all limit and
datum switches checked. The complete set of detailed factory tests are not repeated on site.

There will be a full leak check of the installed vacuum sections. We expect that a turbo pump
station, RGA rig, and He leak checker to be provided by the customer for our use while at the
customer’s site.

Final site acceptance will include:
e All factory test data, documentation and manuals
e Correct operation of all motions, limits and datum switches using FMB-O controls and cabling.

o Leak testing at the best achievable sensitivity after 24 hrs of pumping and prior to on site
customer bakeout
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9. SCOPE OF SUPPLY

e All modules:
o 4jaw in flange slits
o Fluorescent screen (YAG)
e Module 1 only:
o Cooled Pink beam stop
e Modules 2-6:
o Gold mesh intensity monitor
o Photodiode intensity monitor

o 1400 Current amplifier (for intensity monitors only).
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S3160 BNL NSLS-1I NIST SST BEAMLINE 1/O LISTING

FMB Oxford

Prepared by: D. Smith Notes:
Revision: A (PDR issue) Shutters are handled by the PSS, shutters and PSS in NIST scope
Date: 22-Apr-15 Temperature and flow alarms must inhibit the beam

Vacuum alarms inhibit opening of the relevant gate valves and inhibits the beam

The beam must be inhibited when gate valves are not open

Note: The EPS PLC is in NIST scope, channels are for ref only

Note: GVO is not in FMBO scope

Note: Flowmeters are not in the FMBO scope
Thermocouples
Channel Part Type Device Fault condition
TCO1 Fixed Mask PT100 Temp sensor F?xed mask H?gh temperature
TCO02 PT100 Temp sensor Fixed mask High temperature
TCO03 1 K Type Thermocouple Mask High temperature
TCO04 K Type Thermocouple Mirror High temperature
TCO05 M1 K Type Thermocouple Mask High temperature
TCO06 K Type Thermocouple Mirror High temperature
TCO7 K Type Thermocouple Inboard High temperature
TCO08 WBSO01 K Type Thermocouple Outboard High temperature
TCO09 K Type Thermocouple Mask plate High temperature
TC10 K Type Thermocouple Slit1 - 1 High temperature
TC11 SLWOL K Type Thermocouple Slit 1 - 2 High temperature
TC12 K Type Thermocouple Slit1 - 3 High temperature
TC13 K Type Thermocouple Slit1 -4 High temperature
TC14 K Type Thermocouple Slit2 - 1 High temperature
TC15 SLWO2 K Type Thermocouple Slit 2 - 2 High temperature
TC16 K Type Thermocouple Slit 2 - 3 High temperature
TC17 K Type Thermocouple Slit2 - 4 High temperature
TC18 K Type Thermocouple Mask Upper High temperature
TC19 L2 K Type Thermocouple Mask Lower High temperature
TC20 K Type Thermocouple L2A High temperature
TC21 K Type Thermocouple L2B High temperature
TC22 FS2 K Type Thermocouple Screen High temperature
TC23 FS7 K Type Thermocouple Screen High temperature
TC24 K Type Thermocouple 1st Crystal - Si111 High temperature
TC25 K Type Thermocouple 1st Crystal - Si220 High temperature
TC26 DCM K Type Thermocouple 1st Crystal - YB66 High temperature
TC27 K Type Thermocouple 2nd Crystal - Si111 High temperature
TC28 K Type Thermocouple 2nd Crystal - Si220 High temperature
TC29 K Type Thermocouple 2nd Crystal - YB66 High temperature

Note: Thermocouples on motors are not monitored by EPS. They are sometimes monitored during the commissioning phase and if a fault is suspected.
Note: Temperatures from the cryocooler are not monitored by the EPS but by the cryocooler controls. A fault will generate an alarm from the cryocooler.

Analogue input

Channel Part Type Device Signal description Tag Name
Digital input

Channel Part Type Device Signal description Tag Name
DIOO PSS FEO Synchrotron beam not inhibited from PSS BEAM
DIO1 Relay N/O  Cryol Cryocooler healthy Cryol
DI02 Relay N/O CCO1 Vacuum gauge controller#1A Cold Cathode Vac la
DI0O3 Relay N/O CCO02 Vacuum gauge controller#1B Cold Cathode Vac 1b
DI04 Relay N/O CCO03 Vacuum gauge controller#2A Cold Cathode Vac 2
DIO5 Relay N/O CC04 Vacuum gauge controller#2B Cold Cathode Vac 3
DI06 Relay N/O CCO05 Vacuum gauge controller#3A Cold Cathode Vac 4
DI0O7 Relay N/O CCO06 Vacuum gauge controller#4A Cold Cathode Vac 5
DI08 Relay N/O CCO07 Vacuum gauge controller#6A Cold Cathode Vac 6
DI09 Relay N/O CCO08 Vacuum gauge controller#7A Cold Cathode Vac 8
DI10 Relay N/O CCO09 Vacuum gauge controller#9A Cold Cathode Vac 9
DI11 Relay N/O CC10 Vacuum gauge controller#10A Cold Cathode Vac 10
DI12 Relay N/O CC11 Vacuum gauge controller#11A Cold Cathode Vac 11
DI13 Relay N/O CC12 Vacuum gauge controller#3B Cold Cathode Vac 13
DI14 Relay N/O CC13 Vacuum gauge controller#5A Cold Cathode Vac 15
DI15 Relay N/O CC14 Vacuum gauge controller#6B Cold Cathode Vac 16
DI16 Relay N/O CC15 Vacuum gauge controller#7B Cold Cathode Vac 17
DI17 Relay N/O CC16 Vacuum gauge controller#8A Cold Cathode Vac 18



DI18
DI19
DI20
DI21
DI22
DI23
DI24
DI27
DI29
DI31
DI33
DI35
DI37
DI39
DI41
DI43
DI45
DI47
DI49
DI51
DI53
DIS5
DI57
DI59
DI61
DI63
DI65
DI67
DI69
DI71
DI73
DI75
DI77
DI79
DIgl
DI83
DI85
DIg87
DIg89
DI91
DI93
DI95
DI97
DI99
DI101
DI103
DI105
DI107
DI109
DI111
DI113
DI115
DI117
DI119
DI121
DI123
DI125
DI127
DI129
DI131
DI133
DI135
DI137
DI139
DI141
DI143
DI145
DI147
DI149
DI151
DI153
DI155
DI157

FM/WBS01
L1/M1
SLWo01
SLW02

L2
FS02 /07
DCM
DM1
M3ABC
PBSO1
SLVAB
SLVC

GV00

GVO01

GV02

GV03

GVo04

GV05

GV06

GVOo7

GV08

GV09

GV10

GV11

GV12

GV13

GV14

GV15

GV16

GV17

GV18

GV19

GV20

Gv2l

GVv22

Gv23

Gv24

GV25

GV26

Gva27

Relay N/O
Relay N/O
Relay N/O
Relay N/O
Relay N/O
Relay N/O
Relay N/O
Relay N/O
Relay N/O
Relay N/O
Relay N/O
Relay N/O
Relay N/O
Relay N/O
Relay N/O
Relay N/O
Relay N/O
Switch N/O
Switch N/O
Switch N/O
Switch N/O
Switch N/O
Switch N/O
Switch N/O
Switch N/O
Switch N/O
Switch N/O
Switch N/O
Switch N/O
Switch N/O
Switch N/O
Switch N/O
Switch N/O
Switch N/O
Switch N/O
Switch N/O
Switch N/O
Switch N/O
Switch N/O
Switch N/O
Switch N/O
Switch N/O
Switch N/O
Switch N/O
Switch N/O
Switch N/O
Switch N/O
Switch N/O
Switch N/O
Switch N/O
Switch N/O
Switch N/O
Switch N/O
Switch N/O
Switch N/O
Switch N/O
Switch N/O
Switch N/O
Switch N/O
Switch N/O
Switch N/O
Switch N/O
Switch N/O
Switch N/O
Switch N/O
Switch N/O
Switch N/O
Switch N/O
Switch N/O
Switch N/O
Switch N/O
Switch N/O
Switch N/O

CC17

CC18

CC19

CC20

CC21

FLWO1
FLWO02
FLWO05
FLWO07
FLWO09
FLW10
FLW12
FLW13
FLW14
FLW15
FLW16
FLW17
GV000O
GvooC
GVo010
Gvoic
GV020
GVvo02C
GV030
GVo03C
GV040
GVvo4C
GV050
GVO05C
GV060
GVo06C
GV070
Gvo7C
GV080
GvosC
GV090
GVo09C
GV100
GvioC
GV110
Gviic
GV120
GvizC
GV130
GV13C
GV140
GVv14C
GV150
GV15C
GV160
GVi1eC
GV170
Gvi7C
GV180
GvisC
GV190
GvieC
GV200
Gv20C
GV210
Gvzic
GV220
Gv22C
GV230
Gv23C
GV240
Gv24C
GV250
Gv25C
GV260
GVv26C
GV270
Gv27C

Vacuum gauge controller#9B Cold Cathode
Vacuum gauge controller#11B Cold Cathode
Vacuum gauge controller#5B Cold Cathode
Vacuum gauge controller#8B Cold Cathode
Vacuum gauge controller#10B Cold Cathode

Flowmeter Fixed mask & WBS
Flowmeter L1 & M1

Flowmeter SLWO01

Flowmeter SLW02

Flowmeter L2

Flowmeter FS02 & FS07
Flowmeter DCM crystal cage
Flowmeter WBS

Flowmeter M3 mirrors

Flowmeter PB stop

Flowmeter slit blades

Flowmeter slit blades

Limit switch, gate valve VO open
Limit switch, gate valve VO closed
Limit switch, gate valve V1 open
Limit switch, gate valve V1 closed
Limit switch, gate valve V2 open
Limit switch, gate valve V2 closed
Limit switch, gate valve V3 open
Limit switch, gate valve V3 closed
Limit switch, gate valve V4 open
Limit switch, gate valve V4 closed
Limit switch, gate valve V5 open
Limit switch, gate valve V5 closed
Limit switch, gate valve V6 open
Limit switch, gate valve V6 closed
Limit switch, gate valve V7 open
Limit switch, gate valve V7 closed
Limit switch, gate valve V8 open
Limit switch, gate valve V8 closed
Limit switch, gate valve V9 open
Limit switch, gate valve V9 closed
Limit switch, gate valve V10 open
Limit switch, gate valve V10 closed
Limit switch, gate valve V11 open
Limit switch, gate valve V11 closed
Limit switch, gate valve V12 open
Limit switch, gate valve V12 closed
Limit switch, gate valve V13 open
Limit switch, gate valve V13 closed
Limit switch, gate valve V14 open
Limit switch, gate valve V14 closed
Limit switch, gate valve V15 open
Limit switch, gate valve V15 closed
Limit switch, gate valve V16 open
Limit switch, gate valve V16 closed
Limit switch, gate valve V17 open
Limit switch, gate valve V17 closed
Limit switch, gate valve V18 open
Limit switch, gate valve V18 closed
Limit switch, gate valve V19 open
Limit switch, gate valve V19 closed
Limit switch, gate valve V20 open
Limit switch, gate valve V20 closed
Limit switch, gate valve V21 open
Limit switch, gate valve V21 closed
Limit switch, gate valve V22 open
Limit switch, gate valve V22 closed
Limit switch, gate valve V23 open
Limit switch, gate valve V23 closed
Limit switch, gate valve V24 open
Limit switch, gate valve V24 closed
Limit switch, gate valve V25 open
Limit switch, gate valve V25 closed
Limit switch, gate valve V26 open
Limit switch, gate valve V26 closed
Limit switch, gate valve V27 open
Limit switch, gate valve V27 closed

Vac 19
Vac 20
Vac 21
Vac 22
Vac 24
FM/WBS01
L1/ M1
SLwo1
SLWO02
L2
FS02
DCM
WBS
M3
PBS
SLVAB
SLvC

Pos GVO

Pos GV1

Pos GV2

Pos GV3

Pos GV4

Pos GV5

Pos GV6

Pos GV7

Pos GV8

Pos GV9

Pos GV10

Pos GV11

Pos GV12

Pos GV13

Pos GV14

Pos GV15

Pos GV16

Pos GV17

Pos GV18

Pos GV19

Pos GV20

Pos GV21

Pos GV22

Pos GV23

Pos GV24

Pos GV25

Pos GV26

Pos GVv27



Digital Output
Channel
DO00
DOO01
D002
DO03
DO04
DO05
DO06
DO07
DO08
DO09
DO10
DO11
DO12
DO13
DO14
DO15
DO16
DO17
DO18
DO19
D020
DO21
D022
D023
D024
D025
D026
D027
D028

Output
24Vdc
24Vdc
24Vdc
24Vdc
24Vdc
24Vdc
24Vdc
24Vdc
24Vdc
24Vdc
24Vdc
24Vdc
24Vdc
24Vdc
24Vdc
24Vdc
24Vdc
24Vdc
24Vdc
24Vdc
24Vdc
24Vdc
24Vdc
24Vdc
24Vdc
24Vdc
24Vdc
24Vdc
24Vdc

Tag

SH00
GV00
GVvo1
GV02
GVO03
GV04
GV05
GV06
GVo7
GVO08
GV09
GV10
GV11
GV12
GV13
GV14
GV15
GV16
GV17
GV18
GV19
GV20
Gv21
Gv22
GVv23
GVv24
GV25
GV26
Gv27

Signal description

Synchrotron beam not inhibited from EPS

Allow Gate valve 0 to operate
Allow Gate valve 1 to operate
Allow Gate valve 2 to operate
Allow Gate valve 3 to operate
Allow Gate valve 4 to operate
Allow Gate valve 5 to operate
Allow Gate valve 6 to operate
Allow Gate valve 7 to operate
Allow Gate valve 8 to operate
Allow Gate valve 9 to operate
Allow Gate valve 10 to operate
Allow Gate valve 11 to operate
Allow Gate valve 12 to operate
Allow Gate valve 13 to operate
Allow Gate valve 14 to operate
Allow Gate valve 15 to operate
Allow Gate valve 16 to operate
Allow Gate valve 17 to operate
Allow Gate valve 18 to operate
Allow Gate valve 19 to operate
Allow Gate valve 20 to operate
Allow Gate valve 21 to operate
Allow Gate valve 22 to operate
Allow Gate valve 23 to operate
Allow Gate valve 24 to operate
Allow Gate valve 25 to operate
Allow Gate valve 26 to operate
Allow Gate valve 27 to operate

Tag Name
Interlock
Op GVO
Op GV1
Op GV2
Op GV3
Op GV4
Op GV5
Op GV6
Op GV7
Op GV8
Op GV9
Op GV10
Op GV11
Op GV12
Op GV13
Op GV14
Op GV15
Op GV16
Op GV17
Op GV18
Op GV19
Op GV20
Op GV21
Op GV22
Op GV23
Op GV24
Op GV25
Op GV26
Op GV27



$3160 NIST SST MCS-8 Plus CONTROLLER AXIS DETAIL

Status | #1 |L1 Mirror, FLS09 & FLS13 Status | #2 [M1 Mirror Status | #3 |WB Slits Status | #4 [L2 Mirror Status | #5 |DM2 & DM5
1 [Hexleg1l 1 |Hexleg1l 1 [SLWO1-VER-TOP 1 |Hexleg1l . 1 (DMO02-SLMO02-VER-Top
= | 2 [Hexleg2 — | 2 [Hexleg2 = | 2 [stwo1-VER-BOT = | 2 [Hexleg2 § 2 |DM02-SLMO02-VER-Bot
© | 3 [Hexleg3 © | 3 [Hexleg3 © | 3 [SLWO1-HOR-OUT © | 3 [Hexleg3 % | 3 [DM02-SLM02-HOR-in
CONTROL RACK 2 3 | 4 [Hexleg4 S | 4 |Hexleg4 2 | 4 |SLWO1-HOR-IN S | 4 |Hexleg4 2 | 4 |DM02-5LM02-HOR-out
= 5 |Hexleg5 = 5 |Hexleg5 = 5 |SLWO02-VER-TOP = 5 |Hexleg5 : 5 |DMO05-SLMO5-VER-Top
2 | 6 |Hexleg® 2 | 6 |Hexleg6 2 | 6 [sLwo2-VER-BOT 2 | 6 |Hexleg6 %" 6 |DMO05-SLMO5-VER-Bot
© | 7 |DM02-FLS09/BIM © |7 © | 7 [sLw02-HOR-OUT © | 7 |wedge Jack 2 | 7 |DMO5-5LMO5-HOR-in
8 |DMO05-FLS13/BIM 8 8 |SLWO02-HOR-IN 8 ~ | 8 |DM05-SLM0O5-HOR-out
Status | #6 [DCM Status | #7 |M3AB/C Mirror
1 (Bragg . 1 |Hexleg1l
= 2 |Braggenc § 2 [Hexleg?2
s} 3 |1stRoll a 3 |Hexleg 3
CONTROL RACK 3 3 | 4 [2nd Pitch & | 4 |Hexleg4
= 5 |2nd Roll - 5 |Hexleg5
2 6 [2nd Perp % 6 |Hexleg6
o 7 |2nd Parallel g 7
8 |Lateral - 8
Status | #8 |M4A Status | #9 |M5C, FLS10 & FLS11 Status |#10|M4C/D Mirror & FLS14 Status |#11|DMO01 & DM06 Status |#12|DM03 & DM04 Status | #13|Pslit 01 & Pslit 02
. 1 [Hexleg1l . 1 |Hexleg1l . 1 [Hexleg1l . 1 . 1 (DMO03-SLMO03-VER-Top . 1 |PSlit XY -SLVO1
@ | 2 [Hexleg2 @ | 2 [Hexleg2 @ | 2 [Hexleg2 @ | 2 [DMO1-FLSO3 @ | 2 [DMO03-5LM03-VER-Bot @ | 2 |PslitXY stage Lat - LATO1
a 3 |Hexleg3 a 3 [Hexleg3 a 3 |Hexleg3 a 3 [DMO01-SLM01-VER-Top a 3 |DMO03-SLMO03-HOR-IN a 3 |Pslit XY stage Ver - VERO1
CONTROL RACK 4 & | 4 |Hexleg4 & | 4 |Hexleg4 2 | 4 |Hexleg4 & | 4 |DMO1-SLMO1-VER-Bot & | 4 |DM03-5LM03-HOR-OUT & | 4 |pslitxy-sLvo2
< | 5 |Hexlegs - | 5 [Hexlegs - | 5 |Hexlegs - | 5 [pM01-5LMO1-HOR-IN - | 5 [DM04-sLMO04-VER-Top < | 5 [Pslit XY stage Lat - LATO2
%" 6 |Hexleg6 % 6 |Hexleg6 %" 6 |Hexleg6 % 6 |DMO01-SLMO1-HOR-OUT %" 6 |DMO04-SLMO04-VER-Bot %’ 6 |Pslit XY stage Ver - VERO2
S |7 2 | 7 [DMO3-FLS10/BIM S | 7 |DMO6-FLS14/BIM 2 | 7 [DMO6-SLMO6-VER-Top 2 | 7 |PDMO4-SLMO4-HOR-IN 2 | 7 [DMO6-SLMO6-HOR-IN
-~ |8 ~ | 8 |DMO4-FLS11/BIM -~ |8 ~ | 8 |DM06-5LM06-VER-Bot ~ | 8 |DM04-SLM04-HOR-OUT ~ | 8 |DM06-5LM06-HOR-OUT
Status |#14(L4 Mirror Status [#15[M4B Mirror Status [#16(L3 Mirror
. 1 |Hexleg 1 . 1 |Hexleg1 . 1 |Hexleg 1
§ 2 [Hexleg?2 § 2 [Hexleg?2 § 2 [Hexleg?2
a 3 [Hexleg3 a 3 [Hexleg3 a 3 [Hexleg3
CONTROL RACK 6 @ | 4 [Hexlegs % | 4 [Hexleg4 2 | 4 |Hexleg4
:C; 5 [Hexleg5 E:; 5 [Hexleg5 :C; 5 [Hexleg5
2 6 [Hexleg6 ? 6 [Hexleg6 2 6 [Hexleg6
a |7 a |7 a |7
= £ =
8 8 8




Functional Specification FMB Oxford
S3160 NIST SST — MIRROR SYSTEM L3 S$3160

Reference Documents:

Reference Number Date/ Issue Title

SB1341-14-CN-0042 19/09/14 NIST Contract
April 2014 NIST NSLS-1l SST and BMM Beamline Backbones, Volume
2A, SST Technical Proposal
S3160 Nov 2014/REV | NIST SST BEAMLINE S3160 QUALITY PLAN
01
FMB Oxford Contact: Andrew Fairley
Osney Mead Telephone:  +44 (0)1865 320 313
Oxford OX2 OES Fax: +44 (0)1865 320 301
UK E-mail: andrew.fairley@fmb-oxford.com
Change log:
Revision Date Summary of Change Approval
1.0 06/01/15 First Issue NJB

Platinum binder layer added for Gold coating. No

2.0 2710215 binder layer permitted for Carbon coating.

3.0

4.0

5.0

6.0

© FMB Oxford Ltd 2015 Commercial in Confidence Page 1 of 12
(Quality Document Reference A-QA-WI 03F2 Revision 2.0)



Functional Specification AL, FMB Oxford |

S3160 NIST SST — MIRROR SYSTEM L3 S3160
TABLE OF CONTENTS ... e e e e e e e e e e e e e e eaaaeeeans 1
1 INTRODUGTION. ...ttt ettt ettt e e e e sttt e e e e e s s bbb et et e e e s e ek bbb ee e et e e e s aannbbee et e e e e e sannnbrneaaeeeeas 3

1.1 AAXIS ettt e e et e e e e e ettt e e e e e a et et e e e s e r e e e e e e s nannn 3

2. SPECIFICATIONS ...ttt ettt e e e ettt e e e sttt e e e aa bt e e e e asbe e e e e anbeeeeeanbaeeeeanbeeeesanteeeeanneeas 5
2.1 MIRROR SYSTEM. .. uutitteuttiteameeteateaseeateaseeseeaseasteaseaseesesseanseaseaneeseeaseenseseeaseenseaseanseaseaneeseesseanseseessesnsens 5

D R A I B 110 () GO (o ST STOTPROTRPR 5

2.2 IVIOTIONS ettt ettt ettt e e o4ttt e e e o4 e Rttt e e e e e 4 e ettt e e e e e s b n e et e e e e e e n e e e e e e e s 6
2.3 WACUUM SYSTEM..iiiiiiittteiiteeeetiatttte et e ae s s st e et e e e s et s s e e e et e e e s e 1 s s b e e ettt e e e aaas s E e e et e eeeesa s snreneeeeeessannnnns 7
24 WACUUM VESSEL ..iiiiiiittteittete e e sttt e e e sttt e e e a1ttt e e a4 a1ttt e e e e e s bbb e e et et e e e s e asnbeneeeeeeesannnns 8
25 ELECTRICAL DATA ..ottt ettt e e sttt e e e s e et e e e e e e b e e e e e e e e s n e e e e eeeaeas 9
2.5.1 Linear Actuators (HEXAPOM I€0S) ....ciuuuiieiiiiiie ittt e stee ettt e st e e s nbee e s e nbee e e e nbee e e e nneeas 9

D T = g Too o [T gl B L | - LTSRS 9

2.6 LIFTING POINTS -.tttttttteetiaittte et e e e e s sttt et e e o4 e sttt e e e e o4 bbb e et e e e e e 4R e et e e e e e s b e e e et e e e e e aanrnreeeeeeeneas 9
2.7 ALIGNMENT FEATURES ....ttttttttetiitttreetteessasasss e s eseaesassssane ittt e e e s e ss s b e ee e et e e e s e ss s b e eeeeteeesaasnbeneeeeesssannnnns 9
3. FACTORY TESTING ..eettiiitiiie ettt e ettt e ettt e sttt e e sttt e e sttt e e s st e e e s stseeesasbseeeaassseeessseeeesansaeeesansaeeas 10
4. INSTALLATION AND UNIT ACCEPTANCE ....coittiieiiiiit ettt st e s ntee e naee e 11
5. SCOPE OF SUPPLY ittt ittt et e e ettt e e e e e sttt et e e e e s sann b e e e e e e e s e aannteaeeeaeeeseanntannneaeens 12
© FMB Oxford Ltd 2015 Commercial in Confidence Page 2 of 12

(Quality Document Reference A-QA-WI 03F2 Revision 2.0)



Functional Specification FMB Oxford

S3160 NIST SST — MIRROR SYSTEM L3 S3160

1. INTRODUCTION

The L3 mirror system is located upstream of the uXPS endstation (and mirror system L4). The
purpose the L3 mirror system is to guide the tender x rays towards L4 and the end station. The L3
optic is planar and uncooled. The optic is mounted to the base of the vacuum vessel and is

manipulated using a hexapod, which gives six degrees of freedom.

1.1 AXIS

Figure 1. L3 mirror system

© FMB Oxford Ltd 2015 Commercial in Confidence Page 3 of 12
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Functional Specification FMB Oxford
S3160 NIST SST — MIRROR SYSTEM L3 S$3160

Figure 2. Beamline coordinate system
Inboard is defined as being in the negative x direction and outboard in the postive x direction.
The coordinate system employed complies with NSLS-Il document:

Beamline Coordinate System Standards LT-C-XFD-STD-BL-COORD-001.

© FMB Oxford Ltd 2015 Commercial in Confidence Page 4 of 12
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S3160 NIST SST — MIRROR SYSTEM L3 S3160

2. SPECIFICATIONS
2.1 MIRROR SYSTEM

Incoming Beam Height 1415 mm
Operating Position Horizontally deflecting outboard
Manual Adjustments + 10 mm in x and z (from grouted-in baseplate)

Optic location relative to centre of | -40.33, 15, 62258 (X, Y, 2)
straight section (mm).

2.1.1 L3 Mirror Optic

Substrate material Single crystal silicon
Substrate dimensions 670 mm L x 50 mm W x 60 mm D
Active Area (centred on substrate to 660 mm x 30 mm

within £ 0.5mm)

Grazing incidence angle 0.61° ][AFl]

Substrate Shape Planar, Tangential Radius 220 km, Sagittal Radius =3 km
Tangential slope error <0.25 prad RMS over active length

Sagittal slope error <5 prad RMS over active length on prepared substrate
Coating Au 300 A + 10% thick, 21 mm wide[AF2] over

Pt 100 A + 10% thick binder layer

C 300 A + 10% thick 21 mm wide. No binder layer

permitted.
Surface Roughness <3 ARMS
Surface Quality 0.5 scratches or points per cm? over 99% of active optical
area
Cooling Uncooled
© FMB Oxford Ltd 2015 Commercial in Confidence Page 5 of 12
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Functional Specification AL, FMB Oxford |

S3160 NIST SST — MIRROR SYSTEM L3 S3160
2.2 MOTIONS
Motion Parameter Specification
Pitch (Ry) Drive Linear actuators, fitted with limit switches &
encoder.
Range Nominal position = 10 mrad
Resolution <1lprad
Repeatability <5 prad
Roll (Rz) Drive Linear actuators, fitted with limit switches &
encoder.
Range + 10 mrad
Resolution <5 prad
Repeatability <10 prad
Yaw (Rx) Drive Linear actuators, fitted with limit switches &
encoder.
Range + 10 mrad
Resolution <5 prad
Repeatability <10 prad
Vertical (Ty) Drive Linear actuators, fitted with limit switches &
encoder.
Range + 20 mm
Resolution <1pum
Repeatability < 5um
© FMB Oxford Ltd 2015 Commercial in Confidence Page 6 of 12
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Functional Specification

S3160 NIST SST — MIRROR SYSTEM L3 S3160

Lateral (Tx) Drive

Range
Resolution

Repeatability

Linear actuators, fitted with limit switches &
encoder.

+ 10 mm[AF3]
< 1lpm

<5pum

Longitudinal (Tz) Drive Linear actuators, fitted with limit switches &
encoder.
Range + 5mm
Resolution <2um
Repeatability <10 um
2.3 VACUUM SYSTEM
Maximum bakeout temperature — vessel and 150-200 °C

internal components

Vacuum

Helium leak rate

Vacuum Pump

Vacuum gauges

Right Angle Valve

UHV compatible (< 5 x10-10
mbar[AF4]). Masses > 38 AMU shall
have total pressure < 10 Torr (1.33
x 1011 mbar)

<1 x 10 19 mbar I/sec

Gamma vacuum 300T ion pump
located beneath the vessel

One pirani gauge (MKS type 317)and
one cold cathode gauge(MKS type
422) located on the mirror vessel

VAT Valve type 54, DN40O/CF70.
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Functional Specification

S3160

S3160 NIST SST — MIRROR SYSTEM L3
2.4 VACUUM VESSEL

The vacuum vessel for the L3 mirror system is rectangular due to the length of the optic. The optic
is mounted to the vessel, whose position is manipulated with the hexapod.

Purpose Location Size Qty
Beam In Beam inlet portatend 1 | DN63/CF114 1
Beam Out Beam outlet port at end 2 | DN63/CF114R 1
lon Pump Mounted on the base DN150/CF200 1
granite of the hexapod.
Roughing Port for RA Outboard side of vessel DN40/CF70 1
valve
Viewport Outboard side of vessel DN63/CF114 1
Viewport Incoming wall of vessel DN40/CF70 1
angled to look at
substrate surface
Vacuum Gauges Side of vessel DN40/CF70 2
Spare Top of vessel DN63/CF114 1
Spare Top of vessel DN40/CF70 1
Mirror Loading Baseplate Aluminium wire seal 1

© FMB Oxford Ltd 2015
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S3160 NIST SST — MIRROR SYSTEM L3 S3160
25  ELECTRICAL DATA

2.5.1  Linear Actuators (Hexapod legsars))

Motor Type McLennan Type 23HS309 stepper motor
Holding torque 87 Ncm

Step angle (full step drive) 1.8°/ or 200 steps/rev

Driving current 2A

Gear box ratio 25:1

Thread pitch 2 mm

Resolution per step 0.4 um

Maximum movement per actuator +50 mm

Connector (Motor and limits) 12 way trim trio (UTO)

2.5.2  Encoder Datajars]

Readhead type Renishaw Tonic T1000-05A
Readhead (interpolator) resolution 0.1 pm

Scale type RGSZz20

Connector 15-Way sub D

2.6 LIFTING POINTS

L3 mirror system weight: 500 kg approximately.

The mirror system is provided with three M16 lifting points in the base of the hexapod, in addition
to three in the upper platform.

A lifting diagram for the system will be provided.

2.7 ALIGNMENT FEATURES

Fiducial mounts will be provided on the baseplate and on the upper platform of the hexapod. These
will take the form of 0.25” reamed (H7) holes, suitable for 0.5” or 1.5” spheres.
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S3160 NIST SST — MIRROR SYSTEM L3 S3160

3. FACTORY TESTING

Testing at FMB Oxford consists of Motion Testing, Vacuum Testing and Fiducialisation.

Full specifications and procedures covering all factory testing will be prepared in advance and
these will be submitted to the customer prior to final design approval. Representatives from the
customer are invited to witness these TESTS at FMB Oxford's works.
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S3160 NIST SST — MIRROR SYSTEM L3 S3160
4. INSTALLATION AND UNIT ACCEPTANCE

The site acceptance testing, included in the installation option, will ensure that all components are
carefully surveyed into position, all motors, actuators and sensors are functioning properly and the
vacuum specifications are met. All motions will be tested and the correct functioning of all limit and
datum switches checked. The complete set of detailed factory tests are not repeated on site.

There will be a full leak check of the installed vacuum sections. We expect that a turbo pump
station, RGA rig, and He leak checker to be provided by the customer for our use while at the
customer’s site.

Final site acceptance will include:
e All factory test data, documentation and manuals
e Correct operation of all motions, limits and datum switches using FMB-O controls and cabling.

o Leak testing at the best achievable sensitivity after 24 hrs of pumping and prior to on site
customer bakeout
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S3160 NIST SST — MIRROR SYSTEM L3 S3160
5. SCOPE OF SUPPLY

e L3 optic and mirror system

e 300 I/s ion pump & pump controller (Gamma)

e Right angle valve (Vat valve)

o Cold cathode (series 422) and pirani (series 317) gauges and gauge controller (MKS 937B)
e Motion controls as specified in the controls functional specification

e Field cables
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Functional Specification

S3160 NIST SST — MIRROR SYSTEM L4 /M4B S3160

1. INTRODUCTION

The L4/M4B mirror system is located directly upstream of the uXPS endstation. The purpose of
both mirrors is to to focus the x rays at the uXPS end station. The M4B optic is ellipsoidal,
uncooled and foucuses the soft x-rays from the transfer branch onto the end station. The L4 optic
is also an uncooled, ellipsoidal optic which focuses the tender x-rays of the ‘L branch’ onto the end
station. The optics are mounted to the bases of the vacuum vessels and are manipulated using a
hexapod, which gives six degrees of freedom. The optics are fitted with drain current take offs.

Figure 1. L4/M4B Mirror Sytem
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S3160 NIST SST — MIRROR SYSTEM L4 /M4B S3160
1.1 AXIS
¥
A
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e

Figure 2. Beamline coordinate system
Inboard is defined as being in the negative x direction and outboard in the postive x direction.
The coordinate system employed complies with NSLS-Il document:

Beamline Coordinate System Standards LT-C-XFD-STD-BL-COORD-001.
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2. SPECIFICATIONS

2.1 MIRROR SYSTEM L4/M4B

Incoming Beam Height 1415 mm

Operating Position (L4) Horizontally deflecting outboard, vertically and
horizontally refocusing.

Operating Position (M4B) Horizontally deflecting inboard, vertically and
horizontally refocusing.

Manual Adjustments + 10 mm in x and z (from grouted-in baseplate)

Optic location relative to centre of | 66.59, 15, 66766 (X, y, z)

straight section (mm) — (L4)

Optic location relative to centre of | 428.35, 15, 66570 (x, Y, 2)

straight section (mm) — M4B

2.1.1 L4 Mirror Optic

Substrate material Fused silica

Substrate dimensions 600 mm L x 50 mm W x 60 mm D

Active Area (centred on substrate | 540 mm x 6 mm

to within £ 0.5mm)

Substrate Shape Ellipsoidal.
Major axis 35509.4 mm * 1%
Minor axis 152.8 mm + 1%.
Mirror pole Xo: 32509.7 mm (off axis) + 1%.
Mirror pole Yo: 61.5 mm (off axis)

Grazing incidence angle 0.61°

Distance to source 68018.8 mm

Distance to image 3000.1 mm

Tangential slope error <1.0 prad RMS over active length
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Sagittal slope error <10 pyrad RMS over active length on prepared substrate
Coating Au 300 A + 10% thick 15 mm wide. No binder layer permitted.
Surface Roughness <3 ARMS

Surface Quality 0.5 scratches or points per cm?2 over 99% of active optical area
Cooling Uncooled

2.1.2 M4B Mirror Optic

Substrate material Fused silica

Substrate dimensions 600 mm L x 60 mm W x 60 mm D

Active Area (centred on substrate | 540 mm x 21 mm
to within £ 0.5mm)

Substrate Shape Ellipsoidal.
Major axis 10604.9 mm + 1%
Minor axis 231.9 mm + 1%.

Mirror pole Xo: 7405.7 mm (off axis) + 1%.

Grazing incidence angle 1.75°

Distance to source 18008.9 mm

Distance to image 3201 mm

Tangential slope error <1.0 prad RMS over active length

Sagittal slope error <10 prad RMS over active length on prepared substrate
Coating Au 300 A + 10% thick 30 mm wide

No binder layers are permitted.

Surface Roughness <3 ARMS
Surface Quality 0.5 scratches or points per cm? over 99% of active
optical area
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S3160 NIST SST — MIRROR SYSTEM L4 /M4B S3160
Cooling Uncooled
2.2 MOTIONS
Motion Parameter Specification
Pitch (Ry) Drive Linear actuators, fitted with limit switches &
encoder.
Range Nominal position + 10 mrad
Resolution <1lprad
Repeatability <5 prad
Roll (Rz) Drive Linear actuators, fitted with limit switches &
encoder.
Range + 10 mrad
Resolution <5 prad
Repeatability <10 prad
Yaw (Rx) Drive Linear actuators, fitted with limit switches &
encoder.
Range + 10 mrad
Resolution <5 prad
Repeatability <10 prad
Vertical (Ty) Drive Linear actuators, fitted with limit switches &
encoder.
Range + 20 mm
Resolution <1pm
Repeatability < 5um
© FMB Oxford Ltd 2015 Commercial in Confidence Page 7 of 14

(Quality Document Reference A-QA-WI 03F2 Revision 2.0)



Functional Specification
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S3160

Lateral (Tx) Drive

Range
Resolution

Repeatability

Linear actuators, fitted with limit switches &
encoder.

+ 10 mm
< 1lpm

<5pum

Longitudinal (Tz) Drive Linear actuators, fitted with limit switches &
encoder.
Range + 5mm
Resolution <2um
Repeatability <10 um
2.3 VACUUM SYSTEM
Maximum bakeout temperature — vessel and 150-200 °C

internal components

Vacuum

Helium leak rate

Vacuum Pump

Vacuum gauges

Right Angle Valve

UHV compatible (< 5 x10™° mbar).
Masses > 38 AMU shall have total
pressure < 101! Torr (1.33 x 1011
mbar)

<1 x 10 19 mbar I/sec

Gamma vacuum 300T ion pump
located beneath the vessel

One pirani gauge (MKS type 317)and
one cold cathode gauge(MKS type
422) located on the mirror vessel

VAT Valve type 54, DN40O/CF70.

2.4 VACUUM VESSELS

The vacuum vessels for both mirror systems are rectangular due to the lengths of the optics. The
optics are mounted to the vessel, whose position is manipulated with the hexapod.

2.4.1 Vacuum Vessel L4

Purpose Location

Size Qty

© FMB Oxford Ltd 2015
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Beam In Beam inlet portatend 1 | DN63/CF114 1
Beam Out Beam outlet port at end 2 | DN63/CF114R 1
lon Pump Mounted on the base DN150/CF200 1
granite of the hexapod.
Roughing Port for RA Outboard side of vessel DN40/CF70 1
valve
Viewport Outboard side of vessel DN63/CF114 1
Viewport Incoming wall of vessel DN40/CF70 1
angled to look at
substrate surface
Vacuum Gauges Side of vessel DN40/CF70 2
Spare Top of vessel DN63/CF114 1
Spare Top of vessel DN40/CF70 1
Mirror Loading Baseplate Aluminium wire seal 1
Optic drain current Baseplate DN40/CF70 1
feedthrough (2x BNC)
2.4.2 Vacuum Vessel M4B
Purpose Location Size Qty
Beam In Beam inlet portatend 1 | DN63/CF114 1
Beam Out Beam outlet port at end 2 | DN63/CF114 1
lon Pump Mounted on the base DN150/CF200 1
granite of the hexapod.
Roughing Port for RA Outboard side of vessel DN40/CF70 1
valve
Viewport Outboard side of vessel DN63/CF114 1
Viewport Incoming wall of vessel DN40/CF70 1
angled to look at
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S3160

substrate surface

feedthrough

Vacuum Gauges Side of vessel DN40/CF70

Spare Top of vessel DN63/CF114

Spare Top of vessel DN40/CF70

Mirror Loading Baseplate Aluminium wire seal
Drain current Baseplate DN40/CF70

2.5 MIRROR CURRENT TAKEOFFS

Both mirrors are fitted with drain current takeoffs to monitor the beam intensity. Two physical
takeoffs are fitted to the optic stripe to allow the continuity of the electrical connection to be
checked. The drain current will be measured using an 1400.

2.6 ELECTRICAL DATA

2.6.1 Linear Actuators (Hexapod legs)

Motor Type

Holding torque

Driving current

Gear box ratio

Thread pitch

Step angle (full step drive)

Resolution per step

Maximum movement per actuator

Connector (Motor and limits)

McLennan Type 23HS309 stepper motor

87 Ncm

1.8°/ or 200 steps/rev
2A

251

2mm

0.4 um

+50 mm

12 way trim trio (UTO)

2.6.2 Encoder Data

© FMB Oxford Ltd 2015
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Readhead type Renishaw Tonic T1000-05A
Readhead (interpolator) resolution 0.1 pm
Scale type RGSZz20
Connector 15-Way sub D
2.6.3 Electrical Interfacing

All in air motors, limits and encoders are connected locally to the relevant drive.

2.7 LIFTING POINTS

Combined weight of L4/M4B: 1800 kg approximately.

The mirror system is provided with four M16 lifting points in the base of the hexapod, in addition to
three in the upper platform.

A lifting diagram for the system will be provided.

2.8 ALIGNMENT FEATURES

Fiducial mounts will be provided on the baseplate and on the upper platform of the hexapod. These
will take the form of 0.25” reamed (H7) holes, suitable for 0.5” or 1.5” spheres.
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3. FACTORY TESTING

Testing at FMB Oxford consists of Motion Testing, Vacuum Testing and Fiducialisation.

Full specifications and procedures covering all factory testing will be prepared in advance and
these will be submitted to the customer prior to final design approval. Representatives from the
customer are invited to witness these tests at FMB Oxford's works.
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S3160 NIST SST — MIRROR SYSTEM L4 /M4B S3160
4. INSTALLATION AND UNIT ACCEPTANCE

The site acceptance testing, included in the installation option, will ensure that all components are
carefully surveyed into position, all motors, actuators and sensors are functioning properly and the
vacuum specifications are met. All motions will be tested and the correct functioning of all limit and
datum switches checked. The complete set of detailed factory tests are not repeated on site.

There will be a full leak check of the installed vacuum sections. We expect that a turbo pump
station, RGA rig, and He leak checker to be provided by the customer for our use while at the
customer’s site.

Final site acceptance will include:
e All factory test data, documentation and manuals
e Correct operation of all motions, limits and datum switches using FMB-O controls and cabling.

o Leak testing at the best achievable sensitivity after 24 hrs of pumping and prior to on site
customer bakeout
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S3160 NIST SST — MIRROR SYSTEM L4 /M4B S3160
5. SCOPE OF SUPPLY

e L4 and M4B optics and mirror system

e 1400 Current amplifier (optic drain current measurement)

e MOXA

e 300 I/s ion pump & pump controller (Gamma) for each mirror vessel
¢ Right angle valve (Vat valve) — one per mirror vessel

e Cold cathode (series 422) and pirani (series 317) gauges and gauge controller (MKS 937B)
— one of each for each mirror vessel

e Motion controls as specified in the controls functional specification.

e Field cables
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1. INTRODUCTION

The M3 mirror system is located downstream of the plane grating monochromator, on the soft x-ray
‘M’ branch. The purpose the M3 mirror system is to direct the soft x rays either to the ‘M’ branch or
to the transfer branches of the beamline. For this reason, the mirror system is equipped with two
optics, both of which are tangential ellipses. The optics focus the x-rays horizontally at precision
vertical slits — either one located in the transfer branch (slit AB) or one located in the ‘M’ branch (slit
Q).

The M3 optics (M3AB and M3C) are both uncooled. The optics are mounted to the base of the
vacuum vessel and are manipulated with a hexapod, which provides six degrees of freedom.

The optics are arranged side by side, so the hexapod platform translates horizontally to switch
between mirror M3AB ( which directs beam down the transfer line) and mirror M3C (which directs
beam down the ‘M’ branch).

The M3C optic is fitted with a flexure based dithering mechanism to increase the horizontal spot
size at the uNEXAFS end station. The beam from M3C travels to M4D and then on to the
UNEXAFS end station, or it goes on to M4C to M5C and then onwards to the NEXAFS/XPS end
station. In addition, the M3 optics are fitted with a thermal stabilisation circuit.

11 AXIS

Figure 1. Beamline coordinate system
Inboard is defined as being in the negative x direction and outboard in the postive x direction.
The coordinate system employed complies with NSLS-Il document:

Beamline Coordinate System Standards LT-C-XFD-STD-BL-COORD-001.
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2. SPECIFICATIONS
2.1 MIRROR SYSTEM

Incoming Beam Height

1415 mm

Operating Position

Horizontally deflecting inboard, horizontally focusing
(M3AB).

Horizontally deflecting outboard, horizontally focusing
(M3C).

Manual Adjustments

+ 10 mm in x and z (from grouted-in baseplate)

Optic location relative to centre of
straight section (mm)

666.7, 15, 42062 (X, Y, Z)

2.1.1 M3AB Mirror Optic

Substrate material

Fused silica

Substrate dimensions

280mmLx 60 mmW x40 mm D

Active Area (centred on substrate
to within £ 0.5mm)

230 mm x 45 mm

Substrate Shape

Tangential Ellipse

Major axis 23665.1 mm = 1%

Minor axis 497.5 mm = 1%

Mirror pole Xo: 17168.6 mm (off axis) + 1%.

Sagittal Radius > 3km

Grazing incidence angle

1.75° (deflecting beam inboard towards M4A & M4B)

Distance to source

40829.9 mm

Distance to image (precision
vertical slit)

6500.3 mm

Tangential slope error

< 0.5 prad RMS over active length

Sagittal slope error

< 10 prad RMS over active length on prepared substrate
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Coating C 300 A + 10% thick 13 mm wide
Au 300 A + 10% thick 13 mm wide
Ni 300 A + 10% thick 13 mm wide

No binder layers are permitted.

Surface Roughness <3 ARMS

Surface Quality 0.5 scratches or points per cm? over 99% of active
optical area

Cooling Uncooled

2.1.2 M3C Mirror Optic

Substrate material Fused silica

Substrate dimensions 310 mm L x 60 mm W x 40 mm D

Active Area (centred on substrate | 270 mm x 45 mm
to within £ 0.5mm)

Substrate Shape Tangential Ellipse

Major axis 23664.9 mm = 1%

Minor axis 426.4 £ 1%

Mirror pole Xo (off axis): 17167.8 mm * 1%.

Sagittal Radius > 3km

Grazing incidence angle 1.5° (deflecting outboard to M4C & M4D).

Distance to source 40829.9 mm

Distance to image (precision 6499.9 mm

vertical slit)

Tangential slope error <0.5 prad RMS over active length

Sagittal slope error < 10 prad RMS over active length on prepared substrate
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Coating C 300 A + 10% thick 13 mm wide
Au 300 A + 10% thick 13 mm wide
Ni 300 A + 10% thick 13 mm wide

No binder layers are permitted

Surface Roughness <3 ARMS
Surface Quality 0.5 scratches or points per cm? over 99% of active
optical area
Cooling Uncooled
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2.2 MOTIONS

Motion Parameter Specification
Pitch (Ry) Drive Linear actuators, fitted with limit switches &
encoder.
Range Nominal position = 10 mrad
Resolution <1lprad
Repeatability <5 prad
Roll (Rz) Drive Linear actuators, fitted with limit switches &
encoder.
Range + 10 mrad
Resolution <5 prad
Repeatability <10 prad
Yaw (Rx) Drive Linear actuators, fitted with limit switches &
encoder.
Range + 10 mrad
Resolution <5 prad
Repeatability <10 prad
Vertical (Ty) Drive Linear actuators, fitted with limit switches &
encoder.
Range + 20 mm
Resolution <1pum
Repeatability < 5um
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Lateral (Tx) Drive Linear actuators, fitted with limit switches &
encoder.
Range + 10 mm
Resolution < 1lum

Repeatability <5pum

Longitudinal (Tz) Drive Linear actuators, fitted with limit switches &
encoder.
Range + 5mm
Resolution <2um

Repeatability <10 um

2.3 VACUUM SYSTEM

Maximum bakeout temperature — vessel and 150-200 °C
internal components

Vacuum UHV compatible (< 5 x10™*° mbar).
Masses > 38 AMU shall have total
pressure < 101! Torr (1.33 x 1011

mbar)
Helium leak rate <1 x 10 19 mbar I/sec
Vacuum Pump Gamma vacuum 500T ion pump

located on a stand adjacent to the
mirror system

Vacuum gauges One pirani gauge (MKS type 317)and
one cold cathode gauge(MKS type
422) located on the mirror vessel

Right Angle Valve VAT Valve type 54, DN40/CF70.
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S3160 NIST SST — MIRROR SYSTEM M3

The vacuum vessel for the M3 mirror system is rectangular.

Purpose Location Size Qty
Beam In Beam inlet portatend 1 | DN63/CF114 1
Beam Out Beam outlet port at end 2 | DN63/CF114 1
lon Pump Mounted on the base DN150/CF200 1
granite of the hexapod.
Roughing Port for RA Outboard side of vessel DN40/CF70 1
valve
Viewport Outboard side of vessel DN63/CF114 1
Viewport Incoming wall of vessel DN40/CF70 1
angled to look at
substrate surface
Vacuum Gauges Side of vessel DN40/CF70 2
Spare Top of vessel DN63/CF114 1
Spare Top of vessel DN40/CF70 1
Mirror Loading Baseplate Aluminium wire seal 1
DPT wiring feedthrough Baseplate DN40/CF70 1

2.5 DITHERING MECHANISM

The M3C mirror system is fitted with a piezo-driven flexure mechanism to dither the beam
(increase the horizontal spot size) at AINEXAFS end station. The mirror needs to be dithered by
approximately £0.22 mrad to obtain a 20 mm horizontal stripe at the end station.

The M3C optic is used in combination with either the M4D optic (to the uUNEXAFS end station) or
the M4C and M5C optics (to the NEXAFS/XPS end station).

2.6 THERMAL STABILISATION CIRCUIT

Both optics are fitted with a side clamped copper block, which is attached to a cooled copper piece
via flexible copper braids. The copper block is cooled by water provided by a chiller. There are no
in vacuum water joints.

© FMB Oxford Ltd 2015
(Quality Document Reference A-QA-WI 03F2 Revision 2.0)
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2.7 ELECTRICAL DATA

S3160 NIST SST — MIRROR SYSTEM M3

2.7.1 Linear Actuators (Hexapod legs)

Motor Type

Holding torque

Step angle (full step drive)
Driving current

Gear box ratio

Thread pitch

Resolution per step

Maximum movement per actuator

Connector (Motor and limits)

McLennan Type 23HS309 stepper motor

87 Ncm

1.8°/ or 200 steps/rev
2A

25:1

2mm

0.4 pm

+50 mm

12 way trim trio (UTO)

2.7.2 Dithering Mechanism

Actuator type

Range

Preloaded piezo stack driven flexure.

+0.25 mrad

2.7.3 Encoder Data

Readhead type
Readhead (interpolator) resolution
Scale type

Connector

Renishaw Tonic T1000-05A
0.1 pm
RGSZ20

15-Way sub D

2.8 LIFTING POINTS

M3 mirror system weight: 500 kg approximately.

The mirror system is provided with three M16 lifting points in the base of the hexapod, in addition

to three in the upper platform.

A lifting diagram for the system will be provided.

© FMB Oxford Ltd 2015
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S3160 NIST SST — MIRROR SYSTEM M3
2.9  ALIGNMENT FEATURES

Fiducial mounts will be provided on the baseplate and on the upper platform of the hexapod. These
will take the form of 0.25” reamed (H7) holes, suitable for 0.5” or 1.5” spheres.

© FMB Oxford Ltd 2015 Commercial in Confidence Page 11 of 14
(Quality Document Reference A-QA-WI 03F2 Revision 2.0)



Functional Specification FMB Oxford
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3. FACTORY TESTING

Testing at FMB Oxford consists of Motion Testing, Vacuum Testing and Fiducialisation.

Full specifications and procedures covering all factory testing will be prepared in advance and
these will be submitted to the customer prior to final design approval. Representatives from the
customer are invited to witness these tests at FMB Oxford's works.
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4. INSTALLATION AND UNIT ACCEPTANCE

The site acceptance testing, included in the installation option, will ensure that all components are
carefully surveyed into position, all motors, actuators and sensors are functioning properly and the
vacuum specifications are met. All motions will be tested and the correct functioning of all limit and
datum switches checked. The complete set of detailed factory tests are not repeated on site.

There will be a full leak check of the installed vacuum sections. We expect that a turbo pump
station, RGA rig, and He leak checker to be provided by the customer for our use while at the
customer’s site.

Final site acceptance will include:
e All factory test data, documentation and manuals
e Correct operation of all motions, limits and datum switches using FMB-O controls and cabling.

o Leak testing at the best achievable sensitivity after 24 hrs of pumping and prior to on site
customer bakeout

© FMB Oxford Ltd 2015 Commercial in Confidence Page 13 of 14
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S3160 NIST SST — MIRROR SYSTEM M3
5. SCOPE OF SUPPLY

¢ MB3AB and M3C optics and mirror system

o DPT dithering and controls for M3C.

e 500 I/s ion pump & pump controller (Gamma)

e Right angle valve (Vat valve)

o Cold cathode (series 422) and pirani (series 317) gauges and gauge controller (MKS 937B)
¢ Motion Controls as specified in the controls functional specification.

e Field cables
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1. INTRODUCTION

The M4A mirror system is located directly upstream of the HAXPES/NEXAFS endstation, on the
soft x-ray transfer branch. The purpose the M4A mirror system is to focus the soft x rays at the
HAXPES/NEXAFS end station. The M4A optic is ellipsoidal and uncooled. The optic is mounted to
the base of the vacuum vessel and is manipulated using a hexapod, which gives six degrees of

freedom. The optic is fitted with drain current take offs.

The M4A optic may also be moved out of beam to allow the soft x rays from optic M3AB to pass
through to optic M4B, and from there be directed at end station uXPS.

B o o

Figure 1. Mirror System M4A
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11 AXIS

Figure 2. Beamline coordinate system
Inboard is defined as being in the negative x direction and outboard in the postive x direction.
The coordinate system employed complies with NSLS-1I document:

Beamline Coordinate System Standards LT-C-XFD-STD-BL-COORD-001.
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2. SPECIFICATIONS
2.1 MIRROR SYSTEM
Incoming Beam Height 1415 mm
Operating Position Horizontally deflecting inboard, vertically and
horizontally refocusing.
Manual Adjustments + 10 mm in x and z (from grouted-in baseplate)
Optic location relative to centre of | 573.7, 15, 51628.8 (x, Y, 2)
straight section (mm)
2.1.1 M4A Mirror Optic
Substrate material Fused Silica
Substrate dimensions 150 mm L x 25 mm W x 40 mm D
Active Area (centred on substrate | 110 mm x 10 mm
to within £ 0.5mm)
Substrate Shape Ellipsoidal.
Major axis 5903.8 + 1%
Minor axis 158.1 + 1%.
Mirror pole Xo (off axis): 2837.9 mm * 1%.
Grazing incidence angle 1.75°
Distance to source 3066.9 mm
Distance to image 8740.7 mm
Tangential slope error <1.0 prad RMS over active length
Sagittal slope error <10 yrad RMS over active length on prepared substrate
Coating Au 300 A + 10% thick 10 mm wide .
No binder layers are permitted
Surface Roughness <3 ARMS
© FMB Oxford Ltd 2015 Commercial in Confidence Page 5 of 12
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Surface Quality 0.5 scratches or points per cm?2 over 99% of active
optical area
Cooling Uncooled
2.2 MOTIONS
Motion Parameter Specification
Pitch (Ry) Drive Linear actuators, fitted with limit switches &
encoder.
Range Nominal position + 10 mrad
Resolution <1lprad
Repeatability <5 prad
Roll (Rz) Drive Linear actuators, fitted with limit switches &
encoder.
Range + 10 mrad
Resolution <5 prad
Repeatability <10 prad
Yaw (Rx) Drive Linear actuators, fitted with limit switches &
encoder.
Range + 10 mrad
Resolution <5 prad
Repeatability <10 prad
Vertical (Ty) Drive Linear actuators, fitted with limit switches &
encoder.
Range + 20 mm
Resolution <1pm
Repeatability < 5um
© FMB Oxford Ltd 2015 Commercial in Confidence Page 6 of 12
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S3160

Lateral (Tx) Drive

Range
Resolution

Repeatability

Linear actuators, fitted with limit switches &
encoder.

+ 10 mm
< 1lpm

<5pum

Longitudinal (Tz) Drive Linear actuators, fitted with limit switches &
encoder.
Range + 5mm
Resolution <2um
Repeatability <10 um
2.3 VACUUM SYSTEM
Maximum bakeout temperature — vessel and 150-200 °C

internal components

Vacuum

Helium leak rate

Vacuum Pump

Vacuum gauges

Right Angle Valve

UHV compatible (< 5 x10™° mbar).
Masses > 38 AMU shall have total
pressure < 101! Torr (1.33 x 1011
mbar)

<1 x 10 19 mbar I/sec

Gamma vacuum 300T ion pump
located beneath the vessel

One pirani gauge (MKS type 317)and
one cold cathode gauge(MKS type
422) located on the mirror vessel

VAT Valve type 54, DN40O/CF70.

2.4 VACUUM VESSEL

The vacuum vessel for the M4A mirror system is cylindrical. The optic is mounted to the vessel,
whose position is manipulated with the hexapod.

Purpose Location

Size Qty

Beam In

Beam inlet port at end 1

DN63/CF114 1

© FMB Oxford Ltd 2015
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Beam Out Beam outlet port at end 2 | DN63/CF114 1
lon Pump Mounted on the base DN150/CF200 1

granite of the hexapod.

Roughing Port for RA Outboard side of vessel DN40/CF70 1
valve

Viewport Outboard side of vessel DN63/CF114 1
Viewport Incoming wall of vessel DN40/CF70 1

angled to look at
substrate surface

Vacuum Gauges Side of vessel DN40/CF70 2
Spare Top of vessel DN63/CF114 1
Spare Top of vessel DN40/CF70 1
Mirror Loading Baseplate DN400/CF470 1
Drain current Baseplate DN40/CF70 1

feedthrough (2 x BNC)

2.5 MIRROR CURRENT TAKEOFFS

The M4A mirror is fitted with drain current takeoffs to monitor the beam intensity. Two physical
takeoffs are fitted to the optic stripe to allow the continuity of the electrical connection to be
checked. The drain current will be measured using an 1400.

© FMB Oxford Ltd 2015 Commercial in Confidence Page 8 of 12
(Quality Document Reference A-QA-WI 03F2 Revision 2.0)



Functional Specification

S3160 NIST SST — MIRROR SYSTEM M4A S3160
2.6 ELECTRICAL DATA

2.6.1 Linear Actuators (Hexapod legs)

Motor Type McLennan Type 23HS309 stepper motor
Holding torque 87 Ncm

Step angle (full step drive) 1.8°/ or 200 steps/rev

Driving current 2A

Gear box ratio 25:1

Thread pitch 2 mm

Resolution per step 0.4 um

Maximum movement per actuator +50 mm

Connector (Motor and limits) 12 way trim trio (UTO)

2.6.2 Encoder Data

Readhead type Renishaw Tonic T1000-05A
Readhead (interpolator) resolution 0.1 pm

Scale type RGSZz20

Connector 15-Way sub D

2.7 LIFTING POINTS

M4A mirror system weight: 500 kg approximately.

The mirror system is provided with three M16 lifting points in the base of the hexapod, in addition
to three in the upper platform.

A lifting diagram for the system will be provided.

2.8 ALIGNMENT FEATURES

Fiducial mounts will be provided on the baseplate and on the upper platform of the hexapod. These
will take the form of 0.25” reamed (H7) holes, suitable for 0.5” or 1.5” spheres.
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3. FACTORY TESTING

Testing at FMB Oxford consists of Motion Testing, Vacuum Testing and Fiducialisation.

Full specifications and procedures covering all factory testing will be prepared in advance and
these will be submitted to the customer prior to final design approval. Representatives from the
customer are invited to witness these tests at FMB Oxford's works.
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4. INSTALLATION AND UNIT ACCEPTANCE

The site acceptance testing, included in the installation option, will ensure that all components are
carefully surveyed into position, all motors, actuators and sensors are functioning properly and the
vacuum specifications are met. All motions will be tested and the correct functioning of all limit and
datum switches checked. The complete set of detailed factory tests are not repeated on site.

There will be a full leak check of the installed vacuum sections. We expect that a turbo pump
station, RGA rig, and He leak checker to be provided by the customer for our use while at the
customer’s site.

Final site acceptance will include:
e All factory test data, documentation and manuals
e Correct operation of all motions, limits and datum switches using FMB-O controls and cabling.

o Leak testing at the best achievable sensitivity after 24 hrs of pumping and prior to on site
customer bakeout
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5. SCOPE OF SUPPLY

e MA4A optic and mirror system

e 1400 Current amplifier (optic drain current measurement)

¢ MOXA

e 300 I/s ion pump & pump controller (Gamma)

e Right angle valve (Vat valve)

e Cold cathode (series 422) and pirani (series 317) gauges and gauge controller (MKS 937B)
e Motion controls as specified in the motion controls functional specification.

e Field cables
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1. INTRODUCTION

The M4 mirror system is located downstream of mirror system M3 and the precision vertical slit ‘C’,
on the soft x-ray ‘M’ branch. The purpose of the M4 mirror system is to refocus and direct the soft x
rays to the next (planar) mirror M5C (using optic M4C) and then on to the NEXAFS/XPS endstation
or to guide and vertically dither the beam towards the last endstation on the ‘M’ branch (using optic
M4D) - uNEXAFS.

The mirror system is equipped with two optics, an ellipsoid to refocus horizontally and vertically
(M4C) and a plane optic (M4D) to provide vertical dithering (increased spot size).

The M4 optics (M4C and M4D) are both uncooled. Both optics are mounted to the vacuum vessel,
which is manipulated with a hexapod.

The optics are arranged side by side, so the hexapod platform translates horizontally to switch
between the optics.

The M4D optic is fitted with a flexure based dithering mechanism to increase the vertical spot size
at the uNEXAFS end station. In addition, both optics are fitted with drain current takeoffs.

Figure 1.  Mirror System M4C/D
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Figure 2. Beamline coordinate system
Inboard is defined as being in the negative x direction and outboard in the postive x direction.
The coordinate system employed complies with NSLS-1I document:

Beamline Coordinate System Standards LT-C-XFD-STD-BL-COORD-001.
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2.
2.1

SPECIFICATIONS
MIRROR SYSTEM

Incoming Beam Height

1415 mm

Operating Position

Vertically deflecting upwards, horizontally and

vertically refocusing (M4C).

Vertically deflecting upwards (M4D).

Manual Adjustments

+ 10 mm in x and z (from grouted-in baseplate)

Optic location relative to centre of
straight section (mm).

1857.35, 15, 53500 (X, Y, Z)

2.1.1 M4C Mirror Optic

Substrate material

Fused Silica

Substrate dimensions

270mmLx 35mmW x50 mm D

Active Area (centred on substrate
to within £ 0.5mm)

230 mm x 15 mm

Substrate Shape

Ellipsoid
Major axis 6835.9 mm + 1%

Minor axis 172.4 mm + 1%

Mirror pole Xo: 1836.6 mm (off axis) + 1%.

Sagittal Radius > 3km

Grazing incidence angle 1.5°
Distance to source 4999.9 mm
Distance to image 8672 mm

Tangential slope error

< 1.0 prad RMS over active length

Sagittal slope error

< 10 prad RMS over active length on prepared substrate

Coating

Au 300 A + 10% thick 15 mm wide

No binder layers permitted

© FMB Oxford Ltd 2015
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Surface Roughness <3 ARMS

Surface Quality 0.5 scratches or points per cm?2 over 99% of active
optical area

Cooling Uncooled

2.1.2 M4D Mirror Optic

Substrate material Titania silicate low expansion glass

Substrate dimensions 250 mm L x 35 mm W x 50 mm D

Active Area (centred on substrate | 230 mm x 20 mm
to within £ 0.5mm)

Substrate Shape Plane
Tangential radius > 20 km

Sagittal radius > 3km

Grazing incidence angle 1.5°

Distance to source om

Distance to image ©m

Tangential slope error <0.25 prad RMS over active length
Sagittal slope error < 5 pyrad RMS over active length
Coating Au 300 A + 10% thick 15 mm wide over

Pt 300 A + 10% binder layer

Surface Roughness <3 ARMS
Surface Quality 0.5 scratches or points per cm? over 99% of active
optical area
Cooling Uncooled
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2.2 MOTIONS

Motion Parameter Specification
Pitch (Ry) Drive Linear actuators, fitted with limit switches &
encoder.
Range Nominal position = 10 mrad
Resolution <1lprad
Repeatability <5 prad
Roll (Rz) Drive Linear actuators, fitted with limit switches &
encoder.
Range + 10 mrad
Resolution <5 prad
Repeatability <10 prad
Yaw (Rx) Drive Linear actuators, fitted with limit switches &
encoder.
Range + 10 mrad
Resolution <5 prad
Repeatability <10 prad
Vertical (Ty) Drive Linear actuators, fitted with limit switches &
encoder.
Range + 10 mm
Resolution <1pum
Repeatability < 5um
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Lateral (Tx) Drive

Range
Resolution

Repeatability

Linear actuators, fitted with limit switches &
encoder.

+ 40 mm
< 1lpm

<5pum

Longitudinal (Tz) Drive Linear actuators, fitted with limit switches &
encoder.
Range + 5mm
Resolution <2um
Repeatability <10 um
2.3 VACUUM SYSTEM
Maximum bakeout temperature — vessel and 150-200 °C

internal components

Vacuum

Helium leak rate

Vacuum Pump

Vacuum gauges

UHV compatible (< 5 x10™° mbar).
Masses > 38 AMU shall have total
pressure < 101! Torr (1.33 x 1011
mbar)

<1 x 10 19 mbar I/sec

Gamma vacuum 300T ion pump
located beneath the vessel

One pirani gauge (MKS type 317)and
one cold cathode gauge(MKS type
422) located on the mirror vessel

Right Angle Valve VAT Valve type 54, DN40O/CF70.
2.4 VACUUM VESSEL

The vacuum vessel for the M4 mirror system is cylindrical.

Purpose Location Size Qty
Beam In Beam inlet portatend 1 | DN100/CF150 1
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S3160 NIST SST — MIRROR SYSTEM M4C/M4D

Beam Out Beam outlet port at end 2 | DN100/CF150 1
lon Pump Mounted on the base DN100/CF150 1
granite of the hexapod.
Roughing Port for RA Outboard side of vessel DN40/CF70 1
valve
Viewport Incoming wall of vessel DN63/CF114 1
angled to look at
substrate surface
Vacuum Gauges Side of vessel DN40/CF70 2
Spare Top of vessel DN63/CF114 1
Spare Top of vessel DN40/CF70 1
Mirror Loading Baseplate DN400/CF470 1
Double BNC feedthrough | Baseplate DN40/CF70 2
for optic drain currents
Feedthrough for dithering | Baseplate DN40/CF70 1
DPT (9 way d-type)

2.5 MIRROR CURRENT TAKEOFFS

The M4 optics are both fitted with drain current takeoffs to monitor the beam intensity. Two
physical takeoffs are fitted to each optic stripe to allow the continuity of the electrical connection to
be checked. The drain currents will be measured using an 1400.

2.6 DITHERING MECHANISM

The M4D mirror system is fitted with a piezo-driven flexure mechanism to dither the beam
(increase the vertical spot size) at the uNEXAFS end station. The mirror needs to be dithered by
approximately +0.43 mrad to obtain a 20 mm vertical stripe at the end station.
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2.7.1 Linear Actuators (Hexapod legs)

Motor Type

Holding torque

Step angle (full step drive)
Driving current

Gear box ratio

Thread pitch

Resolution per step

Maximum movement per actuator

Connector (Motor and limits)

McLennan Type 23HS309 stepper motor

87 Ncm

1.8°/ or 200 steps/rev
2A

25:1

2mm

0.4 pm

+50 mm

12 way trim trio (UTO)

2.7.2 Encoder Data

Readhead type
Readhead (interpolator) resolution
Scale type

Connector

Renishaw Tonic T1000-05A
0.1 pm
RGSZ20

15-Way sub D

2.7.3 Dithering Mechanism

Actuator type

Range

Preloaded piezo stack driven flexure.

+0.5 mrad

2.8 LIFTING POINTS

M4 mirror system weight: 500 kg approximately.

The mirror system is provided with three M16 lifting points in the base of the hexapod, in addition

to three in the upper platform.

A lifting diagram for the system will be provided.

© FMB Oxford Ltd 2015

Commercial in Confidence

(Quality Document Reference A-QA-WI 03F2 Revision 2.0)

S3160 NIST SST — MIRROR SYSTEM M4C/M4D
2.7  ELECTRICAL DATA

Page 10 of 14



Functional Specification AL, FMB Oxford |

S3160 NIST SST — MIRROR SYSTEM M4C/M4D
2.9  ALIGNMENT FEATURES

Fiducial mounts will be provided on the baseplate and on the upper platform of the hexapod. These
will take the form of 0.25” reamed (H7) holes, suitable for 0.5” or 1.5” spheres.
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3. FACTORY TESTING

Testing at FMB Oxford consists of Motion Testing, Vacuum Testing and Fiducialisation.

Full specifications and procedures covering all factory testing will be prepared in advance and
these will be submitted to the customer prior to final design approval. Representatives from the
customer are invited to witness these tests at FMB Oxford's works.
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4. INSTALLATION AND UNIT ACCEPTANCE

The site acceptance testing, included in the installation option, will ensure that all components are
carefully surveyed into position, all motors, actuators and sensors are functioning properly and the
vacuum specifications are met. All motions will be tested and the correct functioning of all limit and
datum switches checked. The complete set of detailed factory tests are not repeated on site.

There will be a full leak check of the installed vacuum sections. We expect that a turbo pump
station, RGA rig, and He leak checker to be provided by the customer for our use while at the
customer’s site.

Final site acceptance will include:
e All factory test data, documentation and manuals
e Correct operation of all motions, limits and datum switches using FMB-O controls and cabling.

o Leak testing at the best achievable sensitivity after 24 hrs of pumping and prior to on site
customer bakeout
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S3160 NIST SST — MIRROR SYSTEM M4C/M4D
5. SCOPE OF SUPPLY

e MA4C and M4D optics and mirror system

e 1400 Current amplifier (optic drain current measurement)

e DPT dithering and controls for M4D.

e 200 I/s ion pump & pump controller (Gamma)

e Right angle valve (Vat valve)

e Cold cathode (series 422) and pirani (series 317) gauges and gauge controller (MKS 937B)
e Motion controls as specified in the motion controls functional specification.

e Field cables
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1. INTRODUCTION

The M5C mirror system is located directly upstream of the NEXAFS/XPS endstation, on the soft x-
ray ‘M’ branch. The purpose the M5C mirror system is to guide the soft x rays to the NEXAFS/XPS
end station. The M5C optic is planar and uncooled. The optic is mounted to the base of the
vacuum vessel and is manipulated using a hexapod, which gives six degrees of freedom. The optic
is fitted with drain current take offs and a flexure based dithering mechanism to increase the
vertical spot size at the end station.

The M5C optic may also be moved out of beam to allow the soft x rays from mirror M4D to reach
the uNEXAFS end station, located further downstream.

Figure 1.  Mirror System M5C
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11 AXIS

Figure 2. Beamline coordinate system
Inboard is defined as being in the negative x direction and outboard in the postive x direction.
The coordinate system employed complies with NSLS-Il document:

Beamline Coordinate System Standards LT-C-XFD-STD-BL-COORD-001.
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S3160 NIST SST — MIRROR SYSTEM M5C

2. SPECIFICATIONS
2.1 MIRROR SYSTEM

Incoming Beam Height 1764 mm (at optic)
Operating Position Vertically deflecting downwards
Manual Adjustments + 10 mm in x and z (from grouted-in baseplate)

Optic location relative to centre of | 2546.7, 364, 60122 (X, Y, z)
straight section (mm).

2.1.1 M5C Mirror Optic

Substrate material Single crystal silicon

Substrate dimensions 120mmLx35mmW x 30 mm D

Active Area (centred on substrate | 100 mm x 15 mm
to within £ 0.5mm)

Substrate Shape Plane.
Tangential radius > 20 km

Sagittal radius > 3km

Grazing incidence angle 1.0°

Distance to source © m

Distance to image ©m

Tangential slope error <0.25 prad RMS over active length

Sagittal slope error <5 prad RMS over active length on prepared substrate
Coating Au 300 A + 10% thick 15 mm wide over

Pt 100 A + 10% thick binder layer

Surface Roughness <3 ARMS
Surface Quality 0.5 scratches or points per cm? over 99% of active
optical area
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Cooling Uncooled
2.2 MOTIONS
Motion Parameter Specification
Pitch (Ry) Drive Linear actuators, fitted with limit switches &
encoder.
Range Nominal position + 10 mrad
Resolution <1lprad
Repeatability <5 prad
Roll (Rz) Drive Linear actuators, fitted with limit switches &
encoder.
Range + 10 mrad
Resolution <5 prad
Repeatability <10 prad
Yaw (Rx) Drive Linear actuators, fitted with limit switches &
encoder.
Range + 10 mrad
Resolution <5 prad
Repeatability <10 prad
Vertical (Ty) Drive Linear actuators, fitted with limit switches &
encoder.
Range + 10 mm
Resolution <1pm
Repeatability < 5um
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Lateral (Tx) Drive

Range
Resolution

Repeatability

Linear actuators, fitted with limit switches &
encoder.

+ 20 mm
< 1lpm

<5pum

Longitudinal (Tz) Drive Linear actuators, fitted with limit switches &
encoder.
Range + 5mm
Resolution <2um
Repeatability <10 um
2.3 VACUUM SYSTEM
Maximum bakeout temperature — vessel and 150-200 °C

internal components

Vacuum

Helium leak rate

Vacuum Pump

Vacuum gauges

Right Angle Valve

UHV compatible (< 5 x10™° mbar).
Masses > 38 AMU shall have total
pressure < 101! Torr (1.33 x 1011
mbar)

<1 x 10 19 mbar I/sec

Gamma vacuum 300T ion pump
located beneath the vessel

One pirani gauge (MKS type 317)and
one cold cathode gauge(MKS type
422) located on the mirror vessel

VAT Valve type 54, DN40O/CF70.

2.4 VACUUM VESSEL

The vacuum vessel for the M5C mirror system is cylindrical. The optic is mounted to the vessel,

whose position is manipulated with the hexapod.

Purpose Location

Size

Qty

Beam In

Beam inlet port at end 1

DN63/CF114 1
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Beam Out Beam outlet port at end 2 | DN63/CF114 1

lon Pump Mounted on the base DN150/CF200 1
granite of the hexapod.

Roughing Port for RA Outboard side of vessel DN40/CF70 1
valve

Viewport Outboard side of vessel DN63/CF114 1
Viewport Incoming wall of vessel DN40/CF70 1

angled to look at
substrate surface

Vacuum Gauges Side of vessel DN40/CF70 2
Spare Top of vessel DN63/CF114 1
Spare Top of vessel DN40/CF70 1
Mirror Loading Baseplate DN400/CF470 1
Feedthrough for dithering | Baseplate DN40/CF70 1

DPT (9 way d-type)

Feedthrough for optics Baseplate DN40/CF70 1
drain currents

2.5 MIRROR CURRENT TAKEOFFS

The M5C mirror is fitted with drain current takeoffs to monitor the beam intensity. Two physical
takeoffs are fitted to the optic stripe to allow the continuity of the electrical connection to be
checked. The drain current will be measured using an 1400.

2.6 DITHERING MECHANISM

The M5C mirror system is fitted with a piezo-driven flexure mechanism to dither the beam
(increase the vertical spot size) at end station NEXAFS/XPS. The mirror needs to be dithered by
approximately +0.62 mrad to obtain a 5mm vertical stripe at the end station.
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S3160 NIST SST — MIRROR SYSTEM M5C

2.7.1 Linear Actuators (Hexapod legs)

Motor Type

Holding torque

Step angle (full step drive)
Driving current

Gear box ratio

Thread pitch

Resolution per step

Maximum movement per actuator

Connector (Motor and limits)

McLennan Type 23HS309 stepper motor

87 Ncm

1.8°/ or 200 steps/rev
2A

25:1

2mm

0.4 pm

+50 mm

12 way trim trio (UTO)

2.7.2 Encoder Data

Readhead type
Readhead (interpolator) resolution
Scale type

Connector

Renishaw Tonic T1000-05A
0.1 pm
RGSZ20

15-Way sub D

2.7.3 Dithering Mechanism

Actuator type

Range

Preloaded piezo stack driven flexure.

+0.75 mrad

2.8 LIFTING POINTS

M5C mirror system weight: 500 kg approximately.

The mirror system is provided with three M16 lifting points in the base of the hexapod, in addition

to three in the upper platform.

A lifting diagram for the system will be provided.
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2.9  ALIGNMENT FEATURES

Fiducial mounts will be provided on the baseplate and on the upper platform of the hexapod. These
will take the form of 0.25” reamed (H7) holes, suitable for 0.5” or 1.5” spheres.
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3. FACTORY TESTING

Testing at FMB Oxford consists of Motion Testing, Vacuum Testing and Fiducialisation.

Full specifications and procedures covering all factory testing will be prepared in advance and
these will be submitted to the customer prior to final design approval. Representatives from the
customer are invited to witness these tests at FMB Oxford's works.
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4. INSTALLATION AND UNIT ACCEPTANCE

The site acceptance testing, included in the installation option, will ensure that all components are
carefully surveyed into position, all motors, actuators and sensors are functioning properly and the
vacuum specifications are met. All motions will be tested and the correct functioning of all limit and
datum switches checked. The complete set of detailed factory tests are not repeated on site.

There will be a full leak check of the installed vacuum sections. We expect that a turbo pump
station, RGA rig, and He leak checker to be provided by the customer for our use while at the
customer’s site.

Final site acceptance will include:
e All factory test data, documentation and manuals
e Correct operation of all motions, limits and datum switches using FMB-O controls and cabling.

o Leak testing at the best achievable sensitivity after 24 hrs of pumping and prior to on site
customer bakeout
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S3160 NIST SST — MIRROR SYSTEM M5C
5. SCOPE OF SUPPLY

e M5C optic and mirror system

o DPT dithering and controls

e 1400 Current amplifier (optic drain current measurement)

e 300 I/s ion pump & pump controller (Gamma)

e Right angle valve (Vat valve)

e Cold cathode (series 422) and pirani (series 317) gauges and gauge controller (MKS 937B)
e Motion controls and specified in the motion controls functional specification.

e Field cables
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September 1, 2015
NIST SST Beamline Final Design Review Meeting
Room 156, Building 745, NSLS Il, Brookhaven National Laboratory

Welcome by Dan Fischer from NIST in the absence of Andrew Broadbent.
Attendance List generated

09:00 Beamline Overview

a) NIST will install 2 fast valves in the beamline a couple of metres
upstream of the most upstream endstation to protect the beamline
optics from an unforeseen vacuum failure

b) Secondary BS raytracing must be validated by calculation — currently
planned for 2016 Q1

c) 14 bar at 30 minutes FAT is acceptable for internally-cooled mirrors, L1
and M1

d) For HP NEXAFS, VS7 will be removed at the time of installation and GV8
won’t be installed and a simple spool piece will installed temporarily

e) [Scott Mowat: is there a pump, gauges on VS177?]

f) Design of VS27 still in progress — pump and RA valve are supplied, but no
gauging

g) The supply of GV32 and GV33 is currently not in scope of supply

h) Correct endstation label: “NEXAFS/XPS pNEXAES”

i) Add cooled mask upstream of DCM in Tender Branch

j) Add label to Tender Branch Pink Beam Stop

k) Cryocooler moves ~1m downstream and flip over the support column
for the cryolines

[) VS15 needs to be corrected, remove extraneous FS and add bellows

10:15 Project Plan

m) Chris Stebbins joined the meeting for this item

n) NIST will install 2 fast valves in the beamline a couple of metres
upstream of the most upstream endstation to protect the beamline
optics from an unforeseen vacuum failure

0) Goal to get BMM M1 installed during the early part of the September
2016 shutdown, otherwise it will have to wait until December shutdown

10:30 Mirror Optics



p) Reiterated agreed changes required on DCM — cooling lines, Si[311]
crystal

12:00 Lunch
Andrew Broadbent joins meeting after lunch
13:00 High Heatload Components

q) What is the heatload of the new sources — 13.8kW/mrad® and
6.7kW/mrad2 in 0.5 x 0.3 mrad aperture cf 4.1kW and 4.8kW => all
checked OK

r) L1 mask, check power density of 13,800W/mrad? against 36 W/mm?2=>
all OK

13:30 Diagnostics
s) This point skipped due to lack of time
14:20 Vacuum System

t) General comments, vacuum travellers to be filled during installation by
NIST personnel, careful FIP binder, second position indicators to be
added by BNL people after install

u) Alternatives to VAT Series 54 RA valves which can leak following bakeout

v) Action to define length of pump and gauge cables to determine how to
buy the cable through NSLS Il or backfill the NSLS Il cable stock...

w) Fit burst discs to L1, M1 and L2 mirror systems in the FOE, M3, PGM and
DCM on the experimental hall floor. Sizing calculation has been
submitted and clarification on ASME-rated unit to be completed —
complete with tags attached to items

x) Label front of controllers:- IPC:1, VGC:1, etc

14:35 Control Interfaces

y) Check on lateral positioning output signals from the DCM

z) Andrew to arrange session with Johnny Kirkland for hexapod interface

aa)Johnny to review the Functional Specification and discuss further with
Doug Smith

15:00 EPS
bb) Define cryocooler digital interfaces (2 outputs, 1 input...)

15:15 Utilities



cc) Add nominal and minimal flow to each circuit on the controls FS

15:30 FAT and installation

dd)
ee)

Standard tests for hexapods, screens, slits, cryocooler

Optics to be accepted based upon vendor reports

ff) Acceptance on radiation elements via inspection
gg)Rigging is as per top level drawings and generally acceptable
Survey is as previously agreed and is currently in progress

hh)

ii) Can consider an intermediate installation to minimize effort of final

installation

16:00 Radiation Safety

ji) Need lead viewports on all elements outside the FOE

kk)Ray tracing must be imported into BNL drawing format, approved by

BNL Radiation Specialist and uploaded into the vault

[I) On synchrotron raytrace examine the M branch and look at the most
outboard source going through BTD1, BTD2, BTD3 and fixed mask, verify
they are valid rays, and then ensure that the White Beam Stop does

indeed block them.

mm)

On synchrotron raytrace examine the L branch and look at the
most inboard source going through BTD1, BTD2, BTD3 and fixed mask,
verify they are valid rays, and then ensure that the White Beam Stop

does indeed block them.

16:30 Action Item List

Reference | Action Actionee

SST-1 Produce spool piece to replace HP NEXAFS | AF
endstation (not yet completed)

SST-2 Correct model to include latest changes, and | AF
update labelling

SST-3 Add labels to vacuum controllers AF

SST-4 Advise alternative RA valves AJB

SST-5 Confirm cryocooler EPS interfaces AF

SST-6 Update raytracing to remove effect of FE fixed | AF
mask and reissue drawings

SST-7 Provide approval for build of components, | DF
including radiation components

SST-8 Update water circuit table for nominal and trip | AF




limits

SST-9 Define actual burst discs to be used AF

SST-10 Deliver pressure test procedure at 14 bar for | AF
NSLS Il waiver of delivered components

SST-11 Test all further elements at 150psi x 1.5 = 225psi | AF
for 10 minutes

Post Meeting Note:-
Add provision for gold evaporation on all soft x-ray gold mesh diagnostics.

What is the aperture required for the diagnostics in the dithered regions on
the M branch beamline...
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= Interpolator Limit 1
b3 Wm {1 Linear Encoder SLMO1
]
0= W Encoders ] Stepper motor HORIZONTAL SLITS
S a rﬂwri_m Outboard Blade
oo
M n"u + Interpolator 1
0 m m Digital {1 Linear Encoder SLMO1
O
=8 o |l/O0 _ [ stepper motor HORIZONTAL SLITS
rﬂw Limit 2 Inboard Blade
_ Interpolator Limit 1
_ —T £ Linear Encoder SLMO1
_ Slit Drain Currents x4
[as] 1]
| g g [ Stepper motor F/SCREEN & BIM
| 2 2 gt
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_ nb ' {1 Linear Encoder
Ne o Camera
_ ZE = |————————— Pin Diode
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X _ Valve Open
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TO IP SWITCH

TO IP SWITCH

TO IP SWITCH

m
sl
=
[¢]

MCS-8 Plus

Controller MC:11

L3 Hexapod + DM02

Control Rack RGD:1

Motor/Limits

o
-—
-
B
Z c
s w
w o
m
—————— ] valve Solencid GATE VALVE
|ﬂw i alve Open
alve Closed Gv7
ENDSTATION #1 - HP NEXAFS
Not in scope of supply
1] valve Solenoid GATE VALVE
i alve Open
alve Closed Gv8
NIST SHUTTER #2
Not in scope of supply
S2
{1 Stepper motor Nano BPM
-t
Interpolator Limit 2
{1 Linear Encoder
=1 CCD Sensor BPMOT
L] valve Solencid GATE VALVE
|ﬂw Limit Valve Open
Limit Valve Closed Gvo

Not in scope of supply

ENDSTATION #2 - HAXPES/NEXAFS

Encoders

Digital

MCS-8 Plus

Controller MC:12
L4 Hexapod +
NBPM

Ethe

1/0

Motor/Limits

To Sheet 14 - DM02 - FLS11

Motor/Limits

To Sheet 14 - DM02 - FLS11

Encoder

Stepper motor
rﬂw Limit 1 + O/T
Interpolator Limit 2 + O/T

{3 Linear Encoder

Encoders

Digital

MCS-8 Plus

Controller MC:14

DM02

ot
=3
(0]

[Ethe]

1/0

Motor/Limits

TO IP SWITCH
CONTROL RACK

——————"] valve Solenoid GATE VALVE
|ﬂw Li alve Open
Limit Valve Closed Gv10
Stey Hexapod L3
-t Lo
Interpolator i
{1 Linear Encoder
Stepper motor Hexapod L3
— teoz
Interpolator
{3 Linear Encoder
Stepper motor Hexapod L3
rﬂw Li LEG 3
Interpolator
{1 Linear Encoder
Stepper motor Hexapod L3
rﬂ” Limit 1 + O/T LEG 4
Interpolator Limit 2 + O/T
{3 Linear Encoder
Stepper motor Hexapod L3
rﬂw Limit 1 + O/T LEG5
Interpolator Limit 2 + O/T
{1 Linear Encoder
Hexapod L3
LEG 6

PNEUMATIC FLUORESCENT SCREEN

—————————— ] screen Solenoid
imit Screen Out
Screen In
= Camera FLS04
NIST SHUTTER #3
Not in scope of supply
S3
Nano BPM

(Alternative Position)

Encoders

Digital

1/0

Control Rack RGD:1

To Sheet 14 - DMO02 - SLM06

Motor/Limits

To Sheet 14 - DM02 - SLM06

Encoder

————————— ] valve Solenoid GATE VALVE
HW GV11
Hexapod L4
rﬂw LEG 1
Interpolator i
Hexapod L4
— teoz
Interpolator
Hexapod L4
rﬂw LEG 3
Interpolator
Hexapod L4
— teos
Interpolator
{3 Linear Encoder
Stepper motor Hexapod L4
rﬂw Li LEG 5
Interpolator
{1 Linear Encoder
Hexapod L4
St t
epper motor o
Interpolator
{3 Linear Encoder
Drain Current x1
i GATE VALVE
HW Limit Valve Closed GV12
] Stepper motor VERTICAL SLITS
rﬂ” Limit 2 Upper Blade
Interpolator Limit 1
{1 Linear Encoder SLMO02
VERTICAL SLITS
r_HWH_ M,muummﬂ motor Lower Blade
Interpolator Limit 1
{3 Linear Encoder SLMO02
HORIZONTAL SLITS

Outboard Blade

[——— 1 Nickel Mesh

Interpolator
{1 Linear Encoder SLMO02
{1 stepper motor HORIZONTAL SLITS
rﬂw Limit 2 Inboard Blade
Interpolator Limit 1
{1 Linear Encoder SLMO02
Slit Drain Currents x4
F/SCREEN & BIM
{1 Linear Encoder
[ Camera
[ Pin Diode
FLS05

ENDSTATION #3 - uXPS
Not in scope of supply
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L4
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TO IP SWITCH

TO IP SWITCH

m
cr
I
[0)

MCS-8 Plus

Controller MC:6

M3AB/M3C Hexapod
+ FLS08 & FLS12

< Cc
s n
w 2
omn oW
1] valve Solenoid GATE VALVE
|ﬂw Limit Valve Open
Limit Valve Closed GV13

FIXED MASK #3

Water Flow Facility Water
T/C K-Type Mask

FLUORESCENT SCREEN
Water Flow Facility Water

Interpolator rﬂm i

{1 Linear Encoder
Camera

E

MCS-8 Plus

Ly
=y
Ii

Controller MC:5
DMO03 & DM06

—— 3 T/C K-Type Screen FLS06
. <.
&) ]
= =
Pt o
o) o NIST SHUTTER #4
.nwv ..m Not in scope of supply s4
= c
Q Q
(& [&]
e et
_ % % |D Valve Solenoid GATE VALVE
- = s |HW Limit Valve Open
< _ ' i Limit Valve Closed GV14
V] _ [} o
< B B2
~ _ o Qe
] S5 <5
5 _ »ng o
— £/8 gl
S | Sle 6|5
= _ W w|=
o PLANE GRATING MONOCHROMATOR
O _ Not in scope of supply
_ |.”_ Valve Solenoid GATE VALVE
|ﬂw Limit Valve Open
_ Limit Valve Closed GV15
_ Water Flow Facility Water Hexapod M3AB/C
_ [————————C3 TIC K-Type LEG1
L. [ T/IC K-Type
Motor/Limits _
| —
Interpolator
Encoders _ {1 Linear Encoder
Digital H_ Stepper motor Hexapod M3AB/C
(olgital _ rﬂw Limit 1+ O/T LEG2
1/0 _ s s Interpolator Limit 2 + O/T
_ M M {1 Linear Encoder
g8 [] Stepper motor Hexapod M3ABIC
_ a9 rﬂw Limit 1+ 01T LEG3
_ ™ ™ Interpolator Limit 2 + O/T
_ ' ' {3 Linear Encoder
© ©
(=] (=3 Hexapod M3AB/C
_ W w rﬂwﬂ_ LEG4
' ' Interpolator
_ Wy O {3 Linear Encoder
—|=Z <
_ slE B Hexapod M3AB/C
b3 3z - P ecs
— _ £l <£|T
.. 9 nterpolator
% _ 0L nl§ I I
o2 o|c £ Linear Encoder
9 L= i
| [ Stepper motor Hexapod M3ABIC
I | RS232 rﬂw_._a_:,fo: LEG6
% Interpolator Limit 2 + O/T
_ _ A {3 Linear Encoder
o o ctuators
=] _ N ¥ 5 Piezo actuator M3C
< _ &b £ T3 Strain Gauge PIEZO - DITHERING
“l ws o
N+ o |Feedbacks
© S o Water Flow Facility Water ~ PINK BEAM STOP
50 = lb— 1 T/C K-Type Inboard
CTRL IP
PBSO1
— _ {3 Camera FLS07
<
9 _ GATE VALVE GATE VALVE
[~ |.”_ Valve Solenoid
~ _ £ Limit Valve Open
3 Gv23 Limit Valve Closed GV16
< |
©
o
O
| ] Stepper motor VERTICAL SLITS
_ rﬂw Limit 2 Upper Blade
_ Interpolator Limit 1
_ {1 Linear Encoder SLM03
VERTICAL SLITS
| - L] stepper motor Lower Blade
— Limit 2
_ w -— Interpolator 1
_ % {3 Linear Encoder SLM03
| = c ] Stepper motor HORIZONTAL SLITS
_ M ()] rﬂw Limit 2 Outboard Blade
m o Interpolator Limit 1
_ — {1 Linear Encoder SLM03
Motor/Limits
/ _ ] Stepper motor HORIZONTAL SLITS
| rﬂw Limit 2 Inboard Blade
1
Interpolator
mjnoam_‘m _ {1 Linear Encoder SLMO03
_ Slit Drain Currents x4
Digital
9 _ [ Stepper motor F/SCREEN & BIM
/o _ o —;
_ {3 Linear Encoder
Camera
_ 5 5 Pin Diode
_ = = Gold Mesh FLS08
a @
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! 8 8 Water Flow Faciliy Water PRECISION SLITS
_ = = VERTICAL
_ a a Stepper motor
' ' rﬂw Limit 1+ O/T
— _ w 4<hv w Interpolator Limit 2+ O/ SLVO1
< _ 3lE  Blo £ Linear Encoder
-} )
9 2= 28
_ »w|S ®w|§ Stepper motor XY STAGE
¥ ol ol rﬂw Limit 1+ OT LATERAL
I5] _ F= FW |
% nterpolator
— _ {3 Linear Encoder LATO1
o
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=3 XY STAGE
c Stepper motor
S _ rﬂw Limit 1+ O/T VERTICAL
o _ Interpolator Limit 2+ O/
£ Linear Encoder VERO1
o o
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% M |D Valve Solenoid GATE VALVE
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TO IP SWITCH

TO IP SWITCH

AN
~
-
5
Z c
s (93]
w 9
m w
] vaive Solenoid GATE VALVE
|ﬂm Limit Valve Open
Limit Valve Closed Gv17
] valve Solenoid GATE VALVE
|ﬂw Limit Valve Open
Limit Valve Closed Gv18

Hexapod M4A

{1 Linear Encoder

LEG 1
Interpolator
{1 Linear Encoder
Stepper motor Hexapod M4A
Limit 1 + O/T LEG 2
Interpolator Limit 2 + O/T
{1 Linear Encoder
Stepper motor Hexapod M4A
Limit 1 + O/T LEG3
Interpolator Limit 2 + O/T

{1 Stepper motor
Limit 1 + O/T

Interpolator Limit 2 + O/T

{3 Linear Encoder

Hexapod M4A
LEG 4

{1 Stepper motor

Hexapod M4A

4|
Gl
Q
|
3
(]
2|
el
£ |
o
<
_
Ethe Motor/Limits _
[
® *o _
O BH
w= 29 |Encoders |
S . GO
T2 Fa _
©8 Tal _
n £ M% Digital |
g8 =z [1/0 _
_
_
|
| o e
_ a ]
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_ o [a]
_ Yo T
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Ethe Motor/Limits |
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»= 2 [Encoders |
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o |
£
Sl
€
gl
! s g
s s
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s S
=) a
e =
35 s
o= £|o
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R3 9

Stepper motor
rﬂw Limit 2
Limit 1

Interpolator
{1 Linear Encoder

Limit 1 + O/T LEG 5
Interpolator Limit 2 + O/T
£ Linear Encoder
Hexapod M4A
LEG 6
Interpolator
{1 Linear Encoder
Drain Current x1
——————— 1 valve Solenoid GATE VALVE
|ﬂw Limit Valve Open
Limit Valve Closed GV19
NIST SHUTTER #5
Not in scope of supply
S5
|D Valve Solenoid GATE VALVE
|_HW Limit Valve Open
Limit Valve Closed GV20
VERTICAL SLITS
Stepper motor
rﬂw_.:;:m Upper Blade
Interpolator Limit 1
{1 Linear Encoder SLM04
VERTICAL SLITS
Stepper motor
rﬂw Limit 2 Lower Blade
Interpolator Limit1
£ Linear Encoder SLM04
HORIZONTAL SLITS

Outboard Blade

SLM04

Stepper motor
rﬂw Limit 2
Limit 1

Interpolator
{1 Linear Encoder

HORIZONTAL SLITS
Inboard Blade

SLM04

Slit Drain Currents x4

{1 Stepper motor
rﬂw Limit 1 + O/T
Limit 2 + O/T

{1 Linear Encoder

FISCREEN & BIM

Camera

Pin Diode

Gold Mesh FLS09
|D Valve Solenoid GATE VALVE
|_HW Limit Valve Open

Limit Valve Closed Gv21

BEAM OUT
Sheet 11

M4A
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TO IOC COMPUTER

Ethe
o™
—
[¢]

.

D

[

2

45

=0

M4B Hexapod

[sp]
—
-
5
Z c
()
©s oL ols 9L AMn =
o8 O|E o8 O|E
S8 33 S8 33 w o
o | = = ==
g9 55 55 5% @
g§ g2 § £
5 5 5 5 NIST SHUTTER #6
(@] (6] (@] (6] Not in scope of supply 6
= = = = |D Valve Solenoid GATE VALVE
- . . . Limit Valve Open
© © « ® HW Limit Valve Closed Gv22
P - P b
[} Q [} Q
[} @ [} (5]
w o w o
£ £ £ £
s s s s
w w w w {1 Stepper motor KMM%MDMMr_._.m
Interpolator
{1 Linear Encoder SLMO05
VERTICAL SLITS
rﬂ__”_w Mﬁﬂumﬁ motor Lower Blade
Interpolator Limit 1
{1 Linear Encoder SLMO05
[ Stepper motor HORIZONTAL SLITS
rﬂw Limit2 Outboard Blade
Interpolator Limit 1
{1 Linear Encoder SLMO05
1 Stepper motor HORIZONTAL SLITS
rﬂw Limit 2 Inboard Blade
Interpolator 1
{1 Linear Encoder SLMO05
Slit Drain Currents x4
F/SCREEN & BIM
Stepper motor
rﬂw Limit 1 + O/T
Limit 2 + O/T
{1 Linear Encoder
Camera
Pin Diode
Gold Mesh FLS10
|ﬂ_ Valve Solenoid GATE VALVE
imit Valve Open
Valve Closed Gv23
|
8l
Q
<l
N
51
©
|
©
5|
=)
S|
7
_ |ﬂ_ Valve Solenoid GATE VALVE
_ |ﬂw Limit Valve Open
_ Limit Valve Closed Gv24
_ Stepper motor Hexapod M4B
rﬂw L LEG 1
_ Interpolator
_ {1 Linear Encoder
_ Stepper motor Hexapod M4B
rﬂw Limit 1 + O/T LEG2
_ Interpolator Limit 2 + O/T
{1 Linear Encoder
imi {1 Stepper motor Hexapod M4B
Motor/Limits s pai LEG 3
Interpolator Limit 2 + OIT
{1 Linear Encoder
Encoders Stepper motor Hexapod M4B
rﬂw Limit 1 + O LEG 4
_ Interpolator Limit 2 + O/T
|Digital _ Hexapod M4B
1 |5 <o <5 <o rﬂw LEG 5
/0 b % T € b % IE Interpolator Limit2 + O/T
28 Q5 Q|8 Q5 {1 Linear Encoder
se 3|3 sle 32
_ < = C =
5|0 5 S 5 w 5 S Hexapod M4B
I = e
_ z € z £ Interpolator
Q Q <] o] £ Linear Encoder
_ (] O [&] o
_ L) © @ @ Drain Current x1
(9] [] %) [}
] o O O
| 5 = 5 =
_ ah ‘h ;% /M GATE VALVE
_ ~ ~ — —
‘& z - a GV25
_ g 2 g 2
n %] %) 17}
_ £ £ £ £
—
= 2 2 S <] VERTICAL SLITS
a _ <4 <4 o o {1 stepper motor
] _ [y L w [ rﬂw_.:_iw Upper Blade
o Interpolator
INA.. _ {1 Linear Encoder SLM06
ISl
[~2 _ VERTICAL SLITS
— Stepper motor
o _ rﬂw_.:::m Lower Blade
€ _ Interpolator Limit 1
nw _ {1 Linear Encoder SLMO06
] Stepper motor HORIZONTAL SLITS

Limit 2 Outboard Blade
Limit 1

y

Interpolator

{1 Linear Encoder SLMO6
Stepper motor HORIZONTAL SLITS
rﬂw Limit 2 Inboard Blade
Interpolator Limit 1
7 Linear Encoder SLMO6

Slit Drain Currents x4

F/SCREEN & BIM

{1 Linear Encoder

Camera

Pin Diode

Gold Mesh FLS11

ENDSTATION #3 - uXPS
Not in scope of supply
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TO IOC COMPUTER

TO IOC COMPUTER

MCS-8 Plus

Controller MC:15
M4C/D Hexapod
FLS13 & FLS15

Ethe

MCS-8 Plus

Controller MC:17

Ethe

DMO7 & DMO8

AN
—
NF NL 5 L oF ©of vl ve -
08 OF o8 OF o8 9E 98 OF 3
28 55 28 35 38 3 3[8 23 Z c
| T =|C T =|C = | = PO N < 7))
2 2o 2W 29 22U 2o U 29 s
g 23 8 22 g TET g z° £
g g= g £=2 f g= g g= <
S 3 <] <] <] <] S S w o
O (] (&] (&] (&] (&] o o m L.
@ o @ @ o o o @
[} ]
Q Q % % % % % % ————————{"1 valve Solenoid GATE VALVE
= = = = = = = = |ﬂw Limit Valve Open
. ; ! ! ! ! ! ! Limit Valve Closed GV26
o o o o N N N N
- - - - - - - -
Q [} - - - - - -
(5] [} [ [ [ [} Q Q
< < (5] (5] (5] [} (5] (5]
2] n < < < < < <
£ c 2] 2] 2] 2] (2] (2]
<} <] £ £ £ £ £ £
s = o o o o o o VERTICAL SLITS
[N w T T = = = = rﬂ__”_w Wﬁmmumﬁ motor Upper Blads
Interpolator Limit 1
{3 Linear Encoder SLM07
VERTICAL SLITS
rﬂ__”_” wﬁhwumﬁ motor Lower Blade
Interpolator Limit 1
{1 Linear Encoder SLM07
] Stepper motor HORIZONTAL SLITS
rﬂw Limit 2 Outboard Blade
Interpolator Limit 1
{1 Linear Encoder SLM07
1 Stepper motor HORIZONTAL SLITS
rﬂw Limit 2 Inboard Blade
Interpolator L
{3 Linear Encoder SLM07
[ Slit Drain Currents x4
H_m_m_unm:soaj F/SCREEN & BIM
rﬂw Limit 1+ O/T
Limit 2 + O/T
{1 Linear Encoder
Camera
Pin Diode
Gold Mesh FLS12
Water Flow Facility Water PRECISION SLITS
VERTICAL
Stepper motor
o =t
Limit 2 + O/T
Interpolator
{1 Linear Encoder SLvoz
Stepper motor XY STAGE
rﬂw Limit 1 + OT LATERAL
Interpolator L +orm
{1 Linear Encoder LATO02
Stepper motor XY STAGE
rﬂw Limit 1 + O/T VERTICAL
Interpolator L +orm
{1 Linear Encoder VERO2
|D Valve Solenoid GATE VALVE
|ﬂw Limit Valve Open
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1 REFERRING DOCUMENTS

Document Filename / Filedate

Drawing-No.
Contract / Order-No.
FMB-B Project-No.

2 SYSTEM OVERVIEW

The exit slit unit contains a vertical defining slit mechanism mounted into a cylindrical vacuum
chamber with a DN150CF top flange.

The precision slits mechanism is assembled on a NW150CF base flange. The slit blades of the
shall be isolated in order to provide the possibility for drain current measurements.

The vacuum chamber shall be mounted on top of a granite column support, which allows to
manually adjust the location of the slit in all 6 degrees of freedom.

Optionally a motorized X-Y-stage can be mounted between ganite support and vacuum chamber in
order to allow a motorized horizontal and vertical motion.

Figure 1: Example of an Exit slit (CSX-Beamline)
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3 TECHNICAL SPECIFICATION
3.1 VACUUM CHAMBER

The vacuum chamber has a DN150CF top
flange for the h/v slit system. Beam-in and —
out flanges are DN35CF.

One additional DN35CF-flange is equipped
with a standard glass viewport for observation
of the vertical defining slit gap and the
fluorescence screen. Two other DN35CF-will
be blanked off. They are to be used during the
installation for surveying and alignment and
will be later equipped by the customer with an
angle valve and a vacuum gauge.

Figure 2: Exit slit vacuum chamber

3.1.1 LIST OF PORTS AND FLANGE SIZES
Chamber part Port description Type / nominal size
Exit slit chamber Beam entrance DN35CF-F (in line)
Beam exit DN35CF-F (in line)
Spare ports for surveying, 2x DN35CF (straddeled)
vacuum gauge, angle valve
Viewport DN35CF (straddeled)
Top flange for slit system DN150CF
17 August 2015 © FMB Feinwerk- und Mef3technik GmbH Page 4 of 17

Functional-Specification-NIST-EXxitSlit-2014-04-29

THIS DOCUMENT BELONGS TO FMB Feinwerk- und MeRtechnik GmbH AND IS ISSUED ON CONDITION THAT IT IS NOT COPIED, REPRINTED OR
DISCI OSED FITHFR WHOI 1LY OR IN PART TO A THIRD PARTY WITHOUT PRIOR CONSENT IN WRITING FROM FMB.



Functional Specification FMB Berlin

Exit Slit for NIST-Beamline @ NSLS-II NIST

3.2 PRECISION SLIT MECHANICS

The main part of the precision slit mechanism is a solid body made of a Titanium-alloy which
allows a play free and symmetrical motion of both slit blades. It is driven through a lever system by
one linear vacuum feedthrough. The vacuum feedthrough is motorized, has one in-air linear
encoder and high-precise limit switches. The connection between the linear feedthrough and the
slit mechanism is made by a leaf spring. This allows a backlash and playfree action by pulling the
slit wider but allows to protect the slit system from closing too far. An adjustable vacuum side hard
stop allows to protect the slit blades from any damage.

The gear ratio of the flexible joint slit drive is optimized to be a nearly linear 1:1 movement between
Omm and 1mm slit gap. A 2:1 lever system works as reduction gearbox and allows the assembling
of the linear feedthrough on top of the base flange as well as a drive with solely pulling force.

The slit system is mounted on a DN150CF base flange. The slit blades of the vertical defining slit
shall be mounted electrically isolated on the drive mechanism. Both blades will be connected to a
electrical BNC grounded shield vacuum feedthrough. It shall allow to measure the drain currents

on the left and the right blade separately.

Figure 3: Precision slit slit system shown from

the upstream side (Example picture with photo Figure 4: Precision slit drive and lever system
current measurement) shown from the downstream side.
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3.3 SLIT BLADE GEOMETRY

The slit blades are made from Tungsten Alloy.
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Figure 5: Geometrical dimensions of the slit blades and detail of the blade edge geometry

3.4 PRECISION FEEDTHROUGH

The precision feedthrough is a stepper motor driven linear feedthrough. It contains a harmonic
drive geabox, a fine thread spindle drive, incremental linear encoder from RENISHAW and highly
precise limit switches. The linear movement is compensated by a vacuum thight welded bellows
system. The mounting flange size is DN35CF.

Figure 6: Motorized linear precision vacuum feedthrough
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3.5 EXIT SLIT SUPPORT

The exit slit assembly is standing on its own
support. To get the lowest possible thermal
expansion and best possible vibration properties,
the support will be made of a granite block. For
the floor link FMB will deliver a steel plate which is
to be glued to the concrete floor of the
experimental hall.

This floor plate shall be adjusted horizontally and
in the correct height before grouting with 3 thread
bolts. When aligned, the gap between the bottom
surface and the concrete floor shall be filled with
epoxy resin. Finally the granite block is clamped
with several clamps to the floor plate. The
horizontal adjustment of the granite column can
be done with side pushing bolts before it is fixed
in position with the clamps.

On top of the granite column a steel plate reste on
three height adjusters. The slit chamber will be
bolted to that plate and can be fine adusted
laterally and longitudinally on that plate with the
help of side pushing bolts.

Counter nuts allow to fix the slit chamber in the
adjusted position.

Figure 7: Exit slit support with floor plate and
granite column
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3.6 HORIZONTAL / VERTICAL STAGE

The stage can be offered optionally in case a motorized vertical and horizontal motion is needed.

The horizontal / vertical stage
provides a two axis motorized
movement of the vacuum chamber
mounted on top.

It is a proven design already used in
a lot of synchrotron facilities together
with FMB’s X-blade beam position

monitors.
Figure 8: horizontal/vertical stage with encoders

Parameter Dimension

Vertical stroke +5mm

Horizontal lateral stroke +5mm

Resolution (stepper) 1.25 pm/halfstep

Resolution (encoder) 1pum

Acurracy with encoder +1 ym
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3.7 TECHNICAL DATA

Parameter

Specified Value

Drive

Holding torque

Step angle (full step drive)
Driving current

No. of ¥ steps/revolution

Stepper motor 1.8° full step = 200steps/rev.
Oriental PK244-01B

0.33Nm (stepper only without gearbox)
1.8°/200 steps/rev

0.85A/Phase (bipolar Series)

400

Gear Ratio
Gearbox

Spindle
Lever

1:50

Harmonic Drive PMG-11°-50-M-SP

(solid wavegenerator 5H7)

M8x1mm

2:1

1 mm gap = 2 mm lever stroke = 2 spindle turns
= 100 stepper turns = 20000 fullsteps

1 fullstep = 0.05 pum gap width

1 fullstep = 0.1 ym encoder count

Stroke (Slit gap)

0..2 mm symmetrically opening

Stepper resolution

0.2 um / fullstep

Repeatability

<1lpum
(typical measurements are in the range
between 0.5 um and 1 pm)

Position measurement system

Renishaw incremental encoder
TONIC T1001-05A
Renishaw encoder interface

TONIC Ti0200-E04A
(0.1um/AMHz/all References/Tri-State Alarm)

Encoder resolution

0.1 um (@feedthrough stroke)
0.05 um (@slit gap)

Limit switches

1 limit switch per limit, normally closed
Metrol precision switch PT5S1CB

Blade material

Tungsten Alloy (Density 17.5)

Blade edge length =20 mm

Blade thickness 225 mm
Thickness at blade edge <0.1mm
Blade rearside rake angle 10°

Edge straightness & roughness <1um

Slit gap parallelism <1 pum/20 mm
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3.8 VAcuum

The components are designed, manufactured, cleaned and tested to guarantee UHV conditions:

Technical data™

Helium leak rate: <2 x 10" mbar-I/s

Base pressure: <8 x 10" mbar

Baking temperature: <200 °C
The precision feedhrough drive must not be
baked!

D The given values are to be measured after baking without beam.

4 INTERFACES

4.1 MECHANICAL INTERFACES

Interface Description Type / nominal size
Beam in Fixed flange DN35CF-F (in line)
Beam out Fixed flange DN35CF-F (in line)
Photo current measurement | 2x BNC grounded shield DN16CF / BNC
Surveying fiducial holes for Hubbs sperical |4 x ¥2"H7 (6.35H7)
target mounts or similar
Floor 1|‘:||00r plate to be grouted to the | See drawing 900-22-01-01
oor

4.2 ELECTRICAL INTERFACE FOR DRAIN CURRENT MEASUREMENT

Connector-type: BNC grouded shield feedthrough welded into NW16CF flange

No Signal Connector
center pin | drain current BNC grounded shield
shield chamber ground
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4.3 ELECTRICAL INTERFACE FOR STEPPER MOTOR

Stepper motor type: see spec. above

Limit switches: normally closed type — switching against common ground

Connector: Souriau UTO 12-pin male
Machined contacts shall be used in all connectors. The contact size shall be Souriau #16.
The contact wire connection size shall be appropriate for the wire size. Part numbers for the contacts
currently in use are in the following table. Crimp connectors shall be used wherever possible.

Cable size (AWG/mm?) Pin contact | Socket contact
18/0.75 (motor cores) RM1EM23K | RC16M23K
22/0.25 (limit switch cores) AM20M1 2K RC20M12K

Letter | No Signal Color

A 1 n/c

B 2 Phase A+

C 3 Phase A-

D 4 Phase B+

E 5 Phase B-

F 6 n/c

G 7 CW (+) limit (NC)

H 8 CCW (-) limit (NC)

J 9 n/c

K 10 n/c

L 11 +24V limit switch supply

M 12 n/c

Limit and home switches operate with shared voltage supply or return (Pin K, L or M).

The rotation sense is defined by viewing from the rear of the motor towards the shaft. Clockwise
running motor shaft means a positive movement (see also NSLS-2 Beamline Systems
Instrumentation Interfacing Standard chapter 3.1).

A clockwise / positive running motor will close the slit gap.
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4.4 ELECTRICAL INTERFACE FOR TONIC-ENCODER INTERFACE (RENISHAW)

No Signal for (+ cw) clockwise motor | Color Connector:
operation D-Sub 15-pin male
1 X (Einstellung) 1 =
2 OV(UB) ("l.....)
o9 o0 00
3 Alarm E =
4 Z- (Reference mark)
5 B- (Incremental Signal)
6 A- (Incremental Signal)
7 +5V (Ug)
8 +5V (Sense)
9 0V (Sense)
10 Q (Limit) not applicable
11 P (Limit) not applicable
12 Z+ (Reference mark)
13 B+ (Incremental Signal)
14 A+ (Incremental Signal)
15 Inner shield not connected
Case | Outer shield outer shield

The encoder head counts +(positive) when it is moved in the direction towards the cable.
The encoder head counts +(positive) when the slit gap opens.

FMB-Berlin uses incremental Encoders from Renishaw (TONIC). Their pinout cannot be changed
in the encoder connector, because the interpolation electronics is mounted inside the D-Sub
connector. The PCB of the interpolator is soldered directly to the D-Sub connector. To translate the
RENISHAW pinout to the NSLS-2 Encoder pinout (shown below) the field cable need to translate
the pinout.
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5 SCOPE OF SUPPLY

5.1 LIST OF COMPONENTS

Quantity Component Supplier & Type

1 Floor plate FMB-B
(to be grouted to the floor with epoxy)

1 Granite column support with lateral adjustment and | FMB-B
3 WASI height adjusters

1 Cylindrical vacuum chamber (see ports list) FMB-B

1 Vertical defining precision slit on a base flange FMB-B
DN150CF

1 Water cooling finger with two cooling braids for FMB-B
cooling the slit blades

2 Tungsten carbide blades FMB-B

1 Fluorescence screen to be mounted 1mm below FMB-B
the beam height

5.2 FMB SCOPE OF SUPPLY

e Delivery of the hardware listed in the component list

Factory testing
e Delivery to site

e Documentation
5.3 CUSTOMER SUPPLIED COMPONENTS / SERVICES

Not included in FMB-B’ s scope of supply are:

Grouting of the floor plate

On site installation and media connection
Field cabling

Motion control hardware

Hot beam Commissioning
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6 FACTORY TESTING

The components shall be tested at FMB before shipment. Full specifications and procedures shall
be prepared in advance. These shall be submitted to the customer for information. Customer
representatives may witness these tests at FMB'’s workshop.

6.1 BAKEOUT AND VACUUM TESTING

The component will be baked and vacuum tested at FMB prior to shipment. Smaller components
will be tested together in one group. Vacuum testing shall include total pressure measurement and
RGA scan.

6.2 HYDRAULIC TESTS

The cooling circuit will be tested for the following parameters:
o Water leak tightness (cooling water pressure drop over time)
o Water flow rate

6.3 RESISTANCE/ISOLATION TESTS

The resistancel/isolation of electrical contacts for current measurements will be measured between
the pin of the electrical feedthrough and the corresponding slit blade.

6.4 MOTION TEST

In the motion test each linear feedthrough shall be moved through the full stroke.
The following parameters shall be tested and recorded:

Function of steppers and all limit switches

Linear stroke/range

Resolution

Reference (home) position of the encoder with reference to the functional position e.g.
blade edge on beam axis or zero gap

6.5 METRICAL MEASUREMENT AND FIDUCIALIZATION

The component is fitted with fiducials as mentioned in the interfaces chapter. The fiducials define
the datum of the system and the active position of the component.

The offset distances between the beam axis / chamber center and the fiducial hole(s) are
measured with a CMM and the coordinates (X, Y and Z) are reported.
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Figure 9: Example of a fiducialisation measurement report
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6.6 OPTICAL TEST

The slit shall be testet for it's optical properties using a visible laser. The diffraction pattern
projected by the laser to a screen shall be measured for different slit gaps.

Slit Screen
(o}
g n. Minimum 51
% @ = D2 Minimum g n
= /1. Minimum | S
Laser g= 0. Order /
f N
screen distance . o .
‘ Figure 11: Laser spot on the precision slit
Figure 10: principle of measurement setup blades

Figure 12: Example of a diffraction pattern Figure 13: Example of a diffraction pattern

@12.5um slit gap @125um slit gap
6.6.1 TEST PARAMETERS
Parameter value
Distance slit to screen 2000mm
Wavelength green Diode-Laser 534.5nm
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7 DOCUMENTATION

The component shall be designed, manufactured and tested to the agreed specification and
drawings. All FMB documentation shall be written in English. Material certification will not be
provided if not stated otherwise.

o General arrangement/assembly drawings of the systems shall be provided.
e Testing procedures and results shall be provided.
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Functional Specification FMB Berlin

NIST-BL PGM NSLS-II Project No. 20080444

1 REFERRING DOCUMENTS

Document Filename / Filedate

Customer technical specification SB1341-08-RQ-0191

FMB technical description TB-NIST-NSLS-VLSPGM-Rel1-080417
Updated specification of the optics | -

Purchase Order / Contract SB134108SU0722

2 SYSTEM OVERVIEW

The function of the Plane Grating Monochromator (PGM) is to select and transmit radiation of the
desired photon energy from an incident white synchrotron radiation beam. The principle set-up is
pictured in figure 1:

Figure 1: Principle set-up of a PGM

The incident white beam enters the monochromator (left-hand side) and hits the mirror with an
angle 0. The reflected beam strikes the grating at point A with an angle of incidence a. The beam
is diffracted and interference of the diffracted outgoing waves effects a spatial separation of waves
with different wavelengths. One of these suchlike generated monochromatised beams escapes
with a diffraction angle B. The angles 0, a, B are measured with respect to the optical elements
surface normal. The monochromatic exit beam runs parallel to the incident white beam with a
constant beam offset b. The energy will be selected by rotating the mirror and /or the grating and
so by varying the angles 0, a, . The axis of rotation for the grating is located in A on the grating
surface. The axis of rotation for the mirror is located in B at some distance from the mirror. The
position of B is specified by v, h with respect to A. R names the distance between B and the mirror
surface, projected on an axis normal to the mirror surface. a is half the length of the mirror. a* is
the distance between the mirror end side and an axis parallel to the mirror normal running through
B, projected on an axis parallel to the mirror surface.
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Functional Specification FMB Berlin

NIST-BL PGM NSLS-II Project No. 20080444

2.1 LIST OF COMPONENTS

Component
PGM
Quantity | Sub- assembly/Subcomponent Supplier
1 | Granite support FMB
1 | Vacuum chamber FMB
1 | Mirror / grating high precision mechanism FMB
2 | Motorized vertical working linear drives for mirror FMB
and grating pitch
2 | Motorized horizontal lateral linear drive for grating FMB
exchange and mirror translation
2 | Manual drives for mirror ROLL and grating alignment | FMB
1 | Patch panel box for electrical connections FMB
1 | Optical element: Mirror NSLS
4 | Optical element: Gratings NSLS
1 | lon getter pump with TSP FMB
1 | Angle valve FMB
1 | Rough vacuum gauge system FMB
1 | UHV vacuum gauge system FMB
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Functional Specification FMB Berlin

NIST-BL PGM NSLS-II Project No. 20080444

3 TECHNICAL SPECIFICATION

3.1 PHYSICAL PROPERTIES

Parameter description Data
Energy range 50 eV up to 3000 eV

Distance to source -

3.2 MAIN DIMENSIONS

Parameter description Data

Height / direction of incoming beam 1400 mm / horizontal

Height / direction of out-going beam 1415 mm / horizontal

Support area (granite support) 960 x 880 (length x width) mmz2
Operational area 1200 x 1700 (length x width) mm?2
Height 2200 mm

Weight approx. 2000 kg

3.3 SUPPORT SYSTEM

Description Parameter Data

Floor plate thickness 20 kg
weight 200 kg

Granite support lateral bore diameter | 70 mm
weight approx. 900 kg

3D adjustment foot stroke lateral / vertical | £ 15 mm, resolution 0,01 mm
pitch, roll, yaw * 2°, resolution 5 arcsec

3.4 PGM SETUP PARAMETERS

Description (see figure 1) Param. | Data

Mirror axis horizontal offset h -0,005 mm (upstream grating axis)

Mirror axis vertical offset v 7,625 mm

Mirrors plane distance R 15,141 mm

Mirror mounting distance a* 20 mm

Beam offset b 15 mm

Mirror angular range Ogangey | 1° ---11° with reference to incoming beam (and
horizontal plane)

Grating angular range Bpangey | 1° .. -14° with reference to incoming beam (and
horizontal plane)
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Functional Specification

NIST-BL PGM NSLS-II

35 MECHANICAL PERFORMANCE

t]ll\ FMB Berlin

Project No. 20080444

Parameter description Data
No. of available grating positions 4
Parallelism mirror axis / grating axis | <5 arcsec

Grating pitch

Limit switch positions

adapted to achieve grating angular range

Resolution < 0.02 arcsec
Position accuracy < 0.2 arcsec
Repeatability < 0.2 arcsec

Grating lateral translation

Range about 222 mm
Resolution <1pum
Repeatability lateral <1100 um

pitch / roll / yaw

<0,2/0,2/1 arcsec

Mirror pitch

Limit switch positions

adapted to achieve mirror angular range

Resolution <0.02 arcsec
Position accuracy < 0.2 arcsec
Repeatability < 0.2 arcsec
Mirror translation

Range 60 mm
Resolution <1um

Manual grating alignment in vacuum

Height range / Height resolution

£1.0mm/<1pum

Angular range / Angular resolution

Pitch

+0,25° / <5 arcsec

Roll

+ 0,25° / <5 arcsec

Yaw

+ 0,25° / <5 arcsec

Manual mirror alignment in air

Height range / Height resolution

£1.0mm/<1pum

Angular range / Angular resolution

Pitch

+ 1° /<5 arcsec

Roll

+1°/< 5 arcsec

Manual mirror alignment in vacuum

Angular range / Angular resolution

Roll

+ 3° /< 5 arcsec
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Functional Specification FMB Berlin

NIST-BL PGM NSLS-II Project No. 20080444

3.6 MIRROR AND GRATING PARAMETERS

Optical element | Parameter Data
Mirror Outer dimensions 350 x 55 x 70 mm? (lenght x width x height)
(intrinsic water Optical footprint -
cooled) - . -
Material / coating silicon / -
Slope error 0.2 arcsec meridional, 2 arcsec sagittal
Roughness -
Gratings: Outer dimensions T-shape - 150 x 40 x 30(45) mm? (lenght x height x
wide)

(4 gratings side

X Optical footprint -
cooled provided)

Material / coating silicon
Slope error: 0.2 arcsec meridional , 2 arcsec sagittal
Roughness -

Side surface flatness | -

3.7 ZERO ORDER MASK

The PGM is equipped with a watercooled Zero Order Stop at the exit flange. The Zero Order Stop
has not adjustable blades.

3.8 DRIVE PARAMETERS

Drive Component Parameter Value
Grating and Stepper motor Full steps per revolution 200
Mirror Pitch Spindle Thread pitch 2mm
Gear box Gear ratio 50:1
Horizontal grating | Stepper motor Full steps per revolution 200
transfer Spindle Thread pitch 1,5mm
Motor coupling Gear ratio 1:1
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Functional Specification FMB Berlin

NIST-BL PGM NSLS-II Project No. 20080444

3.9 TEMPERATURE MEASUREMENT

Application Position Type

Mirror temperature One for Mirror Thermocouple type K,
feedthrough flange DN 35 CF,
miniature TC male connector

Grating temperature One for each grating | Thermocouple type K,
feedthrough flange DN 35 CF,
miniature TC male connector

3.10 WATER COOLING

Figure 3: Vacuum side connection of water cooling

Figure 2: Air side connection of water cooling and guard vacuum at the vacuum  ang guard vacuum

feedthrough
Medium demineralized water
Maximum allowed water pressure 6 bar
Maximum pressure drop 2 bar
Recommended water supply temperature 22°C
Recommended water flow rate 2 I/min
Smallest water cooling tube size 26x1
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Functional Specification FMB Berlin

NIST-BL PGM NSLS-II Project No. 20080444

3.11 Vacuum

The components are designed, manufactured, cleaned and tested to guarantee UHV conditions:

Parameter Specified Value™
Helium leak rate: <2 x 10 mbar:I/s
base pressure: < 8 x 10™ mbar
Baking temperature: <110 °C

" The given values are to be measured after baking and cooling without beam.

All general design and manufacturing requirements for UHV components are standard at FMB.

The vacuum joints are metal sealed using CF gaskets made of OFHC copper. For water cooled
components no direct water-to-vacuum joints are allowed. In vacuum water cooling connections
are enclosed by guard vacuum bellows.

The internal and external surfaces of the vacuum vessels are glass ball blasted.

4 INTERFACES

4.1 MECHANICAL INTERFACES

Interface Description Type / nominal size
Floor mounting Floor plate will be grouted Floor plate
directly on to the floor Drw.-No. 356-03-02
Distance to the foor is 10mm
Surveying Holes and plane surfaces 4 x hole 6 H7
for surveying targets at upper chamber flange
6 x hole 6 H7

at each extension tower
Drw.-No. 356-01-08-00

Alignment pins -
Water cooling SWAGELOK connector for | 2x Tube @ 8x1 (mirror)
2x Tube @ 6x1 (gratings

Guard vacuum SWAGELOK connector for | 4x Tube @ 6x1 (gratings & mirror)
Beam in Fixed flange NWA40CF

Beam out Fixed flange NWA40CF

lon getter pump Fixed flange NW150CF

Angle valve Fixed flange NW63CF

Rough vacuum gauge Fixed flange NW35CF, blanked off

UHV vacuum gauge Fixed flange NW35CF, blanked off
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Functional Specification FMB Berlin

NIST-BL PGM NSLS-II Project No. 20080444

4.2 ELECTRICAL INTERFACES

Axis/Device Qty. | Unit Description Connector
name Type
Baking 1 Top lid heater 110V AC, 1513W, CEE 7/7
Baking 1 Vessel heater 110V AC, 1921W, CEE 7/7
Pitch drive 1/1 Stepper and limit switches Oriental PK268-03B UTO 12-pin
and 2x2 limit switch male
n/c
Grating / Mirror 1/1 Stepper and limit switches Oriental PK268-03B UTO 12-pin
transfer and 2x2 limit switch male
n/c
Pitch drive 1 Collision contact between contact opens at
grating and mirror pitch smallest allowed
approximation
Grating / Mirror 2/2 Decoupling contact contact closed when
transfer grating transfer is in D-Sub 9 male
operation

both contacts must be
open before grating
pitch operates

Pitch drive 1/1 Multi-head incremental Heidenhain 4 x D-Sub 15
angular encoder RON 905 -36000 female
MR4X00, 40IP0O0 UH-
Vakuum
Grating / Mirror 1/1 Incremental linear Encoder | Renishaw - D-Sub 15pin
transfer RGH24X15D00A male
Temperature 1 Mirror Thermocouple type K | Miniature TC
flat pin
connector
Temperature 4 Gratings Thermocouple type K | Miniature TC
flat pin
connector
lon pump 1 with TSPC and 110V heater | GammaVacuum
600LX-DI-8P-SC-110-
TSPC
Rough vacuum 1/1 Pirani gauge MKS317
gauge/ UHV Cold Cathode Gauge MKS455
gauge
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Functional Specification FMB Berlin

NIST-BL PGM NSLS-II Project No. 20080444

4.2.1 ELECTRICAL INTERFACE FOR STEPPER MOTORS

Stepper motor type: See specification in 4.2
Limit switches: normally closed type — switching against common ground

Pin Signal for +cw (clockwise) motor operation Connector

A Souriau UTO 12-pin male -
B Phase A+ or compatible

C Phase A-

D Phase B+

E Phase B-

F

G Cw (+) limit (NC)

H

J Ccw (-) limit (NC)

K Overtravel

L

M Ground 14- 12

The rotation sense is defined by viewing from the rear of the motor towards the shaft.

4.2.2 ELECTRICAL INTERFACE FOR INCREMENTAL ENCODER (RENISHAW)
Encoder type: see spec. above

Pin Signal Connector

1 +5V Up D-Sub 15-pin female

2 0V Uy

3 ly + E 0Oo0O0O0O &j

4 I, - 0000000

5

6 I, +

7 5 -

8

9 +5 V sensor

10 lo +

11 0V sensor

12 lo -

13 Inner shield

14, 15

Case | Outer shield
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4.2.3 ELECTRICAL INTERFACE FOR SINUSOIDAL ENCODER (HEIDENHAIN)

Encoder type: see spec. above

Pin Signal Connector

1 +5V Up D-Sub 15-pin female

2 0V Uy

3 s + E cooo0o0oO0 &j
4 Iy - cooo0o0o00
5

6 I, +

7 P

8

9 +5 V sensor

10 lo +

11 0 V sensor

12 lo -

13 Inner shield

14,15

Case | Outer shield

4.2.4 ELECTRICAL INTERFACE FOR INTERLOCK
Pin Signal Connector
1 Collision switch D-Sub 9-pin male
2 Decoupling grating
3 Decoupling mirror
4,5
6 Common ground
7,8,9
Case | Outer shield

4.2.5 ELECTRICAL INTERFACE FOR THERMOCOUPLE
Pin Signal Connector
+ TC + type K (Chromel ®) Miniature TC flat pin male
T K
therrzgiouple
- TC - type K (Alumel ®)
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5 FACTORY TESTING

The components shall be tested at FMB before shipment. Full specifications and procedures shall
be prepared in advance. These shall be submitted to the customer for information. Customer
representatives may witness these tests at FMB’s workshop.

5.1 HYDRAULIC TESTS

The cooling circuit will be tested for the following parameters:
o Water leak tightness (cooling water pressure drop over time)
o Water flow rate

5.2 ELECTRICAL TESTS

Electrical tests of the component contain the following:

Continuity check of all cable connections

Isolation dielectric tests on cables and electrical components

Functional check of limit switches, decoupling contacts and collision switch
Functional check of encoders

Functional check of motors

Functional check of thermocouples

5.3 METRICAL MEASUREMENT AND FIDUCIALIZATION

The component is prepared for the adaption of fiducials as mentioned in 4.1.
The fiducials together with the FMB measuring protocol:

measurement-report-pgm-axes-chamber_02_07_2010.pdf
can be used to define the position of the optical elements axes and the beam entrance/exit flange.
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54 MOTION TEST

In the motion test each linear feedthrough shall be moved through the full stroke.
The following parameters shall be tested and recorded:

Function of steppermotors, encoders and limit switches

Linear and angular range

Reference (home) position of the encoders with reference to the beam axis
Resolution, backlash, repeatability of horizontal and vertical drives

55 BAKEOUT AND VACUUM TESTING

The component will be baked and vacuum tested at FMB prior to shipment. Vacuum testing shall
include total pressure measurement and RGA scan.

6 DOCUMENTATION

The component shall be designed, manufactured and tested to the agreed specification and
drawings. All FMB documentation shall be written in English. Material certification will not be
provided if not stated otherwise.The documentation includes:

e A user manual of the mechanism shall be written and supplied to the customer.
e General arrangement/assembly drawings of the systems shall be provided.
e Testing procedures and results shall be provided.
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L. NIST SST DCM Burst Disk Sizi

Assumption: Burst Disc diameter must be sufficient to allow gaseous nitrogen to exit the
vessel with a resulting pressure drop no greater than 0.5 bar/7.25 psi

l
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Volume flow rate of liquid nitrogen into
vessel

Density of liquid nitrogen

Mass flow rate of liquid nitrogen
Assumption that all of the liquid expands in
one second. Liquid nitrogen expands by

646.5 times when changing from liquid to
gas at atmoshperic pressure.

Burst disc diameter (when burst) - DN40.
Burst disc area
Upstream pressure - absolute

Allowable pressure differential between
vessel and atmosphere

Gaseous nitrogen density

Flow coefficient for gaseous nitrogen.
Constant for Cv calculation

Volumetric flow rate through burst disc
given pressure differential. See http://
www.efunda.com/formulae/fluids/
calc_orifice_flowmeter.cfm#calc

Need to check that the volumetric flow rate that the burst disk can handle (Qbd) is greater
than the rate at which gaseous nitrogen is supplied (Qng).

Need to also confirm that the predicted flow rate that the burst disc can handle matches
the manufacturers data sheet (below) - in this case 336 SCFM.
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UHV LP
Burst Disk

Featuring
» 150 4126-2 Certified

n Differential pressure relief range:
345 mbar - 483 mbar @ 25°C

Leak tight to 1 x 10* mbar I/s
of Helium

316 Stainless steel body and
disk membrane

» Bakeable to 350°C

Compact design with no
moving parts

Calculated flow rates:
79 SCFM on DN16CF
flange assembly

- 336 SCFM on DMN40OCF
flange assembly

As the burst disk has been designed to always
rupture below the pressure equipment directive
(PED) threshold of 0.5 barg (7.25 psig) at room
temperature, it does not require CE marking.
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UHV LP Burst Disk

Burst disks

MDC burst disks
are designed as a
safety device to
PrOLEct vacuum
SYELEmS against
OVEr-Pressurisation
during back-fill or
from an accidental
increase in
pressure due to a
system
malfunction, LHWY
LP Burst disk burst
disks feature all-metal stainkbess steel construction and are
designed for use in UHV applications.

Application

Most vacuum vessels are designed and constructed with
internal vacuum joints and welds that are rated for an
external load of one atmosphere. They are not pressure
wessels and as such should not be subjected to positive
pressure loads. For this purpese MDC has developed a
new line of UHV LP Burst disk burst disks to prevent the
accidental pressurising of a vacuum vessel. MDC burst
disks are offered with either DN16CF or DN4OCF Del-5eal™
[CF style) metal seal flange connections. They can be fitted
o any vacuum system where ower pressurisation is a
COncem.

Improved design

Low pressure burst disks have been re-engineered to be
150 4126-2 compliant. They are constructed with a frustum
designed metal membrane which is capable of sustaining
avacuum load. As pressure inside a vacuum vessel

reaches 483 mbar the disk membrane activates and fully
opens, relieving the pressure in the system, The disk
membrane is circular scored preventing fragmenting upon
rupture and thus does not pose harm to local personnel or
equipment. Once activated, the disk is not reusable and
must be replaced to restore the vessel to an operational
condition.

UHV LP Burst Disk

Minimum differential burst pressure data

£

Roughing components

Low pressure relief system

UHV LP Burst Disk

Features

u Diferential pressure relief range:

345 mbar - 483 mbar @& 25°C

Leak tight to 1 x 10-9 mbar I's of Helium

316 Stainless steel body and disk membrane
Bakeable to 350°C

Compact design with no moving parts
Calculated flow rates:

- 79 SCFM on DN16CF flange assembly

= 336 SCFM on DNAOCF flange assembly
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For further Information on these or any other MDC product,
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1. INTRODUCTION

The NIST SST beamline includes eight diagnostic modules. These include four-jaw uncooled slits
for beam conditioning, in addition to diagnostics - fluorescent screen, intensity monitors (gold mesh
and photodiode). The four jaw slits include isolated blades and feedthroughs to allow the
measurement of drain currents. Diagnostic module 1 differs from the other diagnostic modules in
that a pink beam stop is installed and that there is a port to allow the fitting of a NanoBPM.

11 AXIS

Figure 1. NSLS-Il Coordinate System

The coordinate system employed complies with NSLS-Il document:

Beamline Coordinate System Standards LT-C-XFD-STD-BL-COORD-001.
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2.
2.1

SPECIFICATIONS
DIAGNOSTIC MODULE LOCATIONS

The eight diagnostic modules are located as follows (see Figures 2 to 4):

1.

DM1 - Downstream of the DCM in the tender ‘L’ beamline — between the DCM and the HP
NEXAFS end station. Beam-in is located at 47614 mm and beam-out is located at 48370
mm from the centre of the straight section.

DM2 — Located downstream of the L4/M4B hexapod. This module is effectively two
diagnostic modules with a common vessel and frame. It provides diagnostics for the soft
and tender beams upstream of the uXPS end station. Beam-in is located at 67436 mm and
beam-out is located at 67772 mm from the centre of the straight section (L branch).

DM3 — Located between mirror system M3AB/M3C and the precision vertical slit ‘AB’ on the
soft x ray transfer branch. Beam-in is located at 45088 mm and beam-out is located at
45559 mm from the centre of the straight section.

DM4 - Downstream of the M4A mirror system in the HAXPES/NEXAFS branch of the ‘M’
soft x ray beamline. Beam-in is located at 57040 mm and beam-out is located at 57578 mm
from the centre of the straight section.

DM5 - Downstream of the M4A mirror system in the uXPS branch of the ‘M’ soft beamline,
allowing monitoring with optic in beam and out of beam (i.e. directly from the precision slit).
Beame-in is located at 58395 mm and beam-out is located at 58866 mm from the centre of

the straight section.

DM6 - Between mirror system M3AB/M3C and the precision vertical slit ‘C’ on the soft x ray
beamline (‘M’ branch). Beam-in is located at 47492 mm and beam-out is located at 47960
mm from the centre of the straight section.

DM7 - Immediately downstream of the M4C/M4D mirror system. This enables monitoring of
the beam with the optics in or out of beam. Beam-in is located at 53988 mm and beam-out
is located at 54592 mm from the centre of the straight section.

DM8 — Located immediately upstream of the uNEXAFS end station. Beam-in is located at
63689 mm and beam-out is located at 64175 mm from the centre of the straight section.

© FMB Oxford Ltd 2015 Commercial in Confidence Page 4 of 28
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=oSgsSocu==al |

Figure 2. Location of Diagnostic modules DM1, DM3 and DM6.
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Figure 3. Location of diagnostic modules DM4, DM5 and DM7.

UNEXAFS
&

NEXAFS/
XPS NEXAFS:

Figure 4. Location of diagnostic modules DM2 and DM8
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Intensity monitors (Nickel
mesh and photodiode) and
YAG Fluorescent Screen

8 mm
Swagelok In-flange
bulkhead Slits
fittings for Cold
pink beam 2 cathode
stop cooling @@ ‘ / vacuum
w3 \ gauge
Lockable
pink beam Pirani
stop vacuum
gauge
1400 Current
Amplifiers
MOXA
Figure 5. Diagnostic module 1
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Intensity monitors
(Nickel Mesh and
photodiode) and

YAG Fluorescent

Intensity monitors
(Gold Mesh and

photodiode) and S
YAG Fluorescent creen
Screen
Figure 6. Diagnostic module 2
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Intensity monitors
(Gold Mesh and
photodiode) and

YAG Fluorescent \ J

Screen

In-flange
Slits
Figure 7. Diagnostic modules 3, 5 and 6
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Figure 8. Diagnostic module 4
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Figure 9. Diagnostic module 7
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1400
current
amplifier
Figure 10. Diagnostic module 8
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3. DIAGNOSTIC MODULE COMPONENTS
3.1 4 BLADE IN-FLANGE SLITS

The four blade in-flange slit unit consists of two blades to define the beam in the horizontal
direction and two blades to define the beam in the vertical direction. The slits are able to close fully
in horizontal and vertical directions. The slit blades move along in-vacuum guides to ensure that
they remain parallel to each other.

The slit blades will be manufactured from tungsten. Each slit blade is moved by a stepper motor via
a lead screw. An incremental linear optical encoder provides continuous feedback of the actual slit
position. Limit switches are fitted at each end of the actuator travel. BNC feedthroughs are
provided to allow measurement of the drain currents on each of the four blades.

Figure 11. Four jaw in-flange slits with drain currents
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3.1.1JAW SLITS PERFORMANCE PARAMETERS

Slit Parameters

S3160

Maximum stroke available
Maximum aperture
Overlapping

Blade size

Blade Parallelism

Blade defining edge radius
Blade defining edge roughness
Blade defining edge straightness
Resolution

Repeatabillity

Blade Material

End of travel limit switches

Mounting flange

15 mm

1I5mmHx 15 mmV

Complete

36 (W) mm x 20 mm (H) x 2 mm (T)
10 um

2mm

0.1 um RMS

<5um

<0.5um

<5um

Tungsten

2, normally closed (one at each end of travel)

DN100/CF150

Encoder details

Readhead type
Interpolator type
Interpolator resolution
Scale type

Interpolator connector

Renishaw — Tonic T1000-05A
Renishaw Ti0200E04A

0.1 pm

RGSZ20

15-Way sub D

© FMB Oxford Ltd 2015
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S3160

Motor Type

Step angle (full step drive)

Driving current/Phase

Maximum velocity

Thread pitch

Resolution per full step

Maximum movement per actuator
Maximum Overlap

Maximum holding load (power off)

Motor connector

Nanotec 2 phase, hi-polar, stepping linear actuator

1.8° (200 steps/rev)

14 A

20 mm/sec
1 mm
5um

20 mm
5mm

90 N

12 way Trim Trio

Limit switch parameters

Switch type
Max supply voltage
Max switching current

Max temperature

Connector

D2F Hinge lever
30 VvDC
2A

65°C

12 way Trim Trio (with motor)

3.2 FLUORESCENT SCREEN

The fluorescent screen units located in the diagnostic modules use YAG crystals (Yttrium
Aluminium Garnet) as the fluorescent material. The size of the crystal is 25 mm x 25 mm, with an
aperture of 22 mm (H) x 15.5 mm (V).

The fluorescent screens used on the diagnostic modules are motorised and mounted on a
DN150/CF200 conflat. The Prosilica GC1290 CCD camera is mounted on the same actuator
thereby keeping the distance between screen and camera constant (see Figure 12).

3.3 PINK BEAM STOP (DIAGNOSTIC MODULE 1 ONLY)

A pink beam stop is located in Diagnostic module 1 and consists of a cooled copper block, which is
fixed to a manually adjustable (lockable) vertical translation — see Figure 13. The height of the
block is 40mm and the inclined face height 29 mm. The range of the vertical translation is 25 mm
(x 12.5 about the nominal position, with the beam incident on the top of the block - see Figure 6).
The face of the block which sees the beam is inclined at 45 degrees to the beam axis. The stop is

fitted with a thermocouple.

© FMB Oxford Ltd 2015
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Prosilica
GC1290

BNC
Feedthroughs

Gold
mesh
intensity
monitor

YAG
fluorescent
screen

Photodiode

Figure 12. Fluorescent screen and intensity monitor actuator

© FMB Oxford Ltd 2015 Commercial in Confidence Page 16 of 28
(Quality Document Reference A-QA-WI 03F2 Revision 2.0)



Functional Specification /L, FMB Oxford |

S3160 NIST SST — DIAGNOSTIC MODULES S3160

Figure 13. Cooled beam stop showing ‘pink’ and ‘mono’ beam at nominal position

3.4 INTENSITY MONITORS

The Gold/Nickel mesh intensity monitor and the photodiode intensity monitor are vertically stacked
and mounted on the same stepper motor driven actuator.

3.4.1 SOFT X-RAY MESH INTENSITY MONITOR (GOLD MESH)

This diagnostic is used to measure the beam intensity by inserting an electrically isolated gold wire
mesh into the beam and measuring the resultant photoionisation current using the 1400 current
amplifier. The photoionisation current is proportional to the beam intensity. Further details of the
1400 are included in the supporting documents.

Gold Mesh Parameters

Size 16mm (H) x 12 mm
(V)

Thickness 5um

Mesh pitch 100 lines per inch

Max Approx. 85%
transmission
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Nickel Mesh Parameters (Diagnostic module 1 and diagnostic module 2 — L branch only)

Size 16mm (H) x 12 mm
V)

Thickness 5 um

Mesh pitch 100 lines per inch

Max Approx. 85%
transmission

3.4.2PHOTODIODE INTENSITY MONITOR

The photodiode intensity monitor consists of a mounted photodiode placed directly into the beam.
The resultant output current from the photodiode is proportional to the beam intensity. This
diagnostic interrupts the beam and therefore cannot be used for in-beam monitoring.

Photodiode parameters

Active Area 10 mm (H) x 10 (V) mm

Photodiode type | AXUV100G

3.4.3 Intensity Monitor/ Fluorescent Screen Actuator Motions

Linear actuator parameters

Motion Parameter Specification

Vertical Drive Linear actuator, fitted with limit switches & encoder.
(Y Direction)
Range 80 mm

Repeatability 2 pm

3.4.4 Intensity Monitor Linear Actuator

Stepper motor and linear drive parameters
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Motor Type McLennan Type 23HSX-206, 2 phase, bi-polar stepper
motor
Holding torque 98 Ncm
Step angle (full step drive) 1.8°/step or 200 steps/rev
Driving current 42 A
Thread pitch 2 mm
Resolution per half step 10 pm

3.4.5 Intensity Monitor Encoder Data

Stepper motor and linear drive parameters

Readhead type Renishaw — Tonic T1001-05A
Readhead resolution 0.1 pm
Scale type RGSZ20
Interpolator Ti0200E4 A
Connector 15-Way sub D
© FMB Oxford Ltd 2015 Commercial in Confidence Page 19 of 28
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4. VACUUM SYSTEM
4.1 VACUUM SPECIFICATION

Maximum bakeout temperature — vessel and 150-200 °C (110°C for diagnostic
internal components modules 2-6, limited by photodiode)
10

Vacuum UHV compatible (<5 x10~ mbar).

Helium leak rate <1 x 10 ™ mbar I/sec

Vacuum Pump All of the diagnostic modules are
equipped with Gamma Vacuum 300L
ion pumps.

Vacuum gauges One pirani gauge (MKS type 317) and

one cold cathode gauge(MKS type
422) are located on the vacuum vessel
of all modules except diagnostic
module 7, where the gauges for the
vacuum section are fitted to the
adjacent mirror system.

Right Angle Valve VAT Valve type 54, DN40/CF70.

4.2 VACUUM VESSEL PORTS

4.2.1Diagnostic module 1

Purpose Location Size Qty
Beam In Beam inlet port DN100/CF150 1
Beam Out (in flange slits) | Beam outlet port DN100/CF150 R 1
Roughing Port for RA Inboard side of vessel DN40/CF70 1
valve

Vacuum Gauges Inboard Side of vessel DN40/CF70 2
Fluorgscent screen and Top of vessel DN160/CF200 R 1
intensity monitor actuator

NanoBPM port Top of vessel DN100/CF150 R 1
Pink beam stop port Top of vessel DN100/CF150 R 1
© FMB Oxford Ltd 2015 Commercial in Confidence Page 20 of 28
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Pump port Bottom of vessel DN160/CF200 1
4.2.2 Diagnostic module 2

Purpose Location Size Qty
Beam In (soft and Beam inlet port DN100/CF150 2
tender) : in-flange slits

Beam Out Beam outlet port DN63/CF114 R 2
Roughing Port for RA Outboard side of vessel DN40/CF70 1
valve

Fluorescent screen and Top of vessel DN160/CF200 2
intensity monitor actuator

Pump Port Bottom of vessel DN160/CF200 1
4.2.3 Diagnostic modules 3-8

Purpose Location Size Qty
Beam In (in-flange slits) Beam inlet port DN100/CF150 1
Beam Out (in-flange Beam outlet port at end 2 | DN63/CF114 R 1
slits)

Roughing Port for RA Outboard side of vessel DN40/CF70 1
valve

Vacuum Gauges Inboard side of vessel DN40/CF70 2
Fluorescent screen and Top of vessel DN160/CF200 1
intensity monitor actuator

Pump port Bottom of vessel DN160/CF200 1
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5. DIAGNOSTIC MODULE STAND

The position of the diagnostic module components can be adjusted in X, y, and z relative to the
support frame. There are two adjusters per side mounted on the frame, which can be used to
adjust the lateral, longitudinal and angular (yaw) alignment of the vessel and components. In
addition, the vessel is supported by adjustable feet (and spherical washers) which can be used to
adjust the height, pitch and roll of the vessel.

Vessel Manual Adjustment (Lateral x & 5 mm
Longitudinal z)

Vessel Manual Adjustment (Vertical y) +12.5 mm
Material Mild Steel
Colour RAL 5007 30% GLOSS

5.1 LIFTING POINTS

Diagnostic module 1 weight: 345 kg approximately.

Diagnostic module 2 weight: 410 kg approximately.

Diagnostic modules 3-7 weight: 330 kg approximately.

Diagnostic module 8 weight: 390 kg approximately

The diagnostic modules are provided with four M16 lifting points in the support frame.

Lifting diagrams for the diagnostic modules will be included in the top level assembly drawings.

5.2 ALIGNMENT FEATURES

Fiducial mounts will be provided on the vacuum vessel. These will take the form of 0.25” reamed
(H7) holes, suitable for 0.5” or 1.5” spheres.
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6. INTERFACE PANEL
6.1 DIAGNOSTIC MODULE 1

The interface panel for diagnostic module 1 includes:
1. Bulkhead swagelok union fittings (8 mm) to connect to the pink beam stop cooling lines.
2. 15 way d-type connection to the pink beam stop thermocouple.
3. Mounting for the MOXA and its power supply
4. Mounting for the camera power supply
6.2 DIAGNOSTIC MODULE 2-8
The interface panels for diagnostic modules 2-8 include:
1. Mounting for the 1400 and its power supply
2. Mounting for the MOXA and its power supply

3. Mounting for the camera power supply
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7. FACTORY TESTING

Testing at FMB Oxford consists of Motion Testing, Vacuum Testing and Alignment.

Full specifications and procedures covering all factory testing will be prepared in advance and
these will be submitted to the customer prior to final design approval. Representatives from the
customer are invited to witness these tests at FMB Oxford's works.
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8. INSTALLATION AND UNIT ACCEPTANCE

The site acceptance testing, included in the installation option, will ensure that all components are
carefully surveyed into position, all motors, actuators and sensors are functioning properly and the
vacuum specifications are met. All motions will be tested and the correct functioning of all limit and
datum switches checked. The complete set of detailed factory tests are not repeated on site.

There will be a full leak check of the installed vacuum sections. We expect that a turbo pump
station, RGA rig, and He leak checker to be provided by the customer for our use while at the
customer’s site.

Final site acceptance will include:
e All factory test data, documentation and manuals
e Correct operation of all motions, limits and datum switches using FMB-O controls and cabling.

o Leak testing at the best achievable sensitivity after 24 hrs of pumping and prior to on site
customer bakeout
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9. SCOPE OF SUPPLY
9.1 SCOPE OF SUPPLY FOR CURRENT CONTRACT

¢ Diagnostic Module 1
o Cooled pink beam stop
o Nickel mesh intensity monitor
o Photodiode intensity monitor
o YAG Fluorescent screen
o 300L Gamma Vacuum ion pump
o Pirani vacuum gauge
o Cold cathode vacuum gauge
o Right angle valve
o 1400 Current amplifier (for intensity monitors only)
o MOXA to connect the 1400 output to the Ethernet
o Prosilica GC1290 mono camera
e Diagnostic modules 3, 4, 5 and 6
o Gold mesh intensity monitor
o Photodiode intensity monitor
o YAG Fluorescent Screen
o 300L Gamma Vacuum ion pump
o Pirani vacuum gauge
o Cold cathode vacuum gauge
o Right angle valve
o 1400 Current amplifier (for intensity monitors only)
o MOXA to connect the 1400 output to the Ethernet
o Prosilica GC1290 mono camera
¢ Diagnostic module 7
o Gold mesh intensity monitor

o Photodiode intensity monitor
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o YAG Fluorescent screen

o 300L Gamma Vacuum ion pump

o Right angle valve

o 1400 Current amplifier (for intensity monitors only)
o MOXA to connect the 1400 output to the Ethernet

o Prosilica GC1290 mono camera
9.2 SCOPE OF SUPPLY (CONTRACT ADDITIONS)

e Diagnostic Module 2
o Gold mesh intensity monitor
o Nickel mesh intensity monitor
o Photodiode intensity monitor (2 off)
o YAG Fluorescent screen (2 off)
o 300L Gamma Vacuum ion pump
o Right angle valve
o 1400 Current amplifier (for intensity monitors only)
o MOXA to connect the 1400 output to the Ethernet
o Prosilica GC1290 mono camera (2 off)

e Diagnostic Module 8
o Gold mesh intensity monitor
o Photodiode intensity monitor
o YAG Fluorescent screen
o 300L Gamma Vacuum ion pump
o Right angle valve
o 1400 Current amplifier (for intensity monitors only)
o MOXA to connect the 1400 output to the Ethernet
o Prosilica GC1290 mono camera (2 off)

The contract additions also include:

e 1400 current amplifiers to allow drain current measurements on the in-flange 4 jaw slits
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Prepared by: D. Smith Notes:
Revision: C (FDR issue) Temperature and flow alarms must inhibit the beam
Date: 12-Aug-15 Flowmeters are not in the FMBO scope
Vacuum alarms inhibit opening of the relevant gate valves and inhibits the beam
The beam must be inhibited when gate valves are not open
Monitored Temperatures
Channel Part Type Device Fault condition
1 Fixed Mask #1 PT100 Temp sensor F?xed mask Upper H?gh temperature
2 PT100 Temp sensor Fixed mask Lower High temperature
3 L1 K Type Thermocouple Mask High temperature
4 K Type Thermocouple Mirror High temperature
5 M1 K Type Thermocouple Mask High temperature
6 K Type Thermocouple Mirror High temperature
7 K Type Thermocouple Inboard High temperature
8 WBS01 K Type Thermocouple Outboard High temperature
9 K Type Thermocouple Mask plate High temperature
10 K Type Thermocouple Slit 1 - 1 Upper Blade High temperature
11 K Type Thermocouple Slit 1 - 2 Lower blade High temperature
12 SLWO01 K Type Thermocouple Slit 1 - 3 Outboard blade High temperature
K Type Thermocouple Slit 1 - 4 Inboard blade (T/C1) High temperature
13 K Type Thermocouple Slit 1 - 4 Inboard blade (T/C2) High temperature
14 K Type Thermocouple Slit 2 - 1 Upper Blade High temperature
15 K Type Thermocouple Slit 2 - 2 Lower blade High temperature
SLWO02 K Type Thermocouple Slit 2 - 3 Outboard blade (T/C1) High temperature
16 K Type Thermocouple Slit 2 - 3 Outboard blade (T/C2) High temperature
17 K Type Thermocouple Slit 2 - 4 Inner blade High temperature
18 Fixed Mask #2 K Type Thermocouple Mask High temperature
19 K Type Thermocouple Mask Upper High temperature
20 Lo K Type Thermocouple Mask Lower High temperature
21 K Type Thermocouple L2A High temperature
22 K Type Thermocouple L2B High temperature
23 FS2 K Type Thermocouple Screen High temperature
24 Fixed Mask #3 |K Type Thermocouple Mask High temperature
25 Fixed Mask #4 [K Type Thermocouple Mask High temperature
26 FS6 K Type Thermocouple Screen High temperature
27 K Type Thermocouple 1st Crystal - Si111 High temperature
28 K Type Thermocouple 1st Crystal - Si220 High temperature
29 DCM K Type Thermocouple 1st Crystal - YB66 High temperature
30 K Type Thermocouple 2nd Crystal - Si111 High temperature
31 K Type Thermocouple 2nd Crystal - Si220 High temperature
32 K Type Thermocouple 2nd Crystal - YB66 High temperature
33 PGM K Type Thermocouple Mirror High temperature
34 K Type Thermocouple Grating High temperature
35 M3AB/M3C K Type Thermocouple M?rror AB High temperature
36 K Type Thermocouple Mirror C High temperature
37 PBS01 K Type Thermocouple Inboard High temperature

Note: Thermocouples on motors are not monitored by EPS. They are sometimes monitored during the commissioning phase and if a fault is suspected.
Note: Temperatures from the cryocooler are not monitored by the EPS but by the cryocooler controls. A fault will generate an alarm from the cryocooler.

Monitored inputs

Channel Part Type Device Signal description Tag Name
1 Relay N/O |Cryol Cryocooler healthy Cryol
2 Relay N/O |CCO1 Vacuum gauge controller #1A Cold Cathode Vac la
3 Relay N/JO |CC02 Vacuum gauge controller #1B Cold Cathode Vac 1b
4 Relay N/O |CCO03 Vacuum gauge controller #2A Cold Cathode Vac 2
5 Relay N/JO |CC04 Vacuum gauge controller #2B Cold Cathode Vac 3
6 Relay N/O |CCO05 Vacuum gauge controller #3A Cold Cathode Vac 4
7 Relay N/O |CCO06 Vacuum gauge controller #6 Cold Cathode Vac 5
8 Relay N/O |CCO07 Vacuum gauge controller #8A Cold Cathode Vac 6
9 Relay N/JO |CCO08 Vacuum gauge controller #8B Cold Cathode Vac 8
10 Relay N/O |CC09 Vacuum gauge controller #11A Cold Cathode Vac 10
11 Relay N/JO |CC10 Vacuum gauge controller #11B Cold Cathode Vac 11
12 Relay N/JO |CC11 Vacuum gauge controller #3B Cold Cathode Vac 13
13 Relay N/JO |CC12 Vacuum gauge controller #4A Cold Cathode Vac 14
14 Relay N/JO |CC13 Vacuum gauge controller #5A Cold Cathode Vac 15
15 Relay NJO |CC14 Vacuum gauge controller #7A Cold Cathode Vac 16
16 Relay N/O |CC15 Vacuum gauge controller #9A Cold Cathode Vac 18
17 Relay N/JO |CC16 Vacuum gauge controller #9B Cold Cathode Vac 19
18 Relay N/O |CC17 Vacuum gauge controller #10A Cold Cathode Vac 20
19 Relay NJO |CC18 Vacuum gauge controller #10B Cold Cathode Vac 21
20 Relay N/O |CC19 Vacuum gauge controller #12A Cold Cathode Vac 22
21 Relay N/JO |CC20 Vacuum gauge controller #12B Cold Cathode Vac 23
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22 Relay NJO |CC21 Vacuum gauge controller #7B Cold Cathode Vac 24

23 Relay N/O |CC22 Vacuum gauge controller #13A Cold Cathode Vac 26

24 Relay NJO |CC23 Vacuum gauge controller #13B Cold Cathode Vac 28

25 Relay N/O |CC24 Vacuum gauge controller #14A Cold Cathode Vac 30

26 FMO1/WBS01 |Relay NJO |FLWO01 Flowmeter Fixed mask & WBS FMO1/WBS
27 L1/M1 Relay N/O |FLWO02 Flowmeter L1 & M1 L1/M1

28 SLWO01 Relay N/JO |FLWO03 Flowmeter SLWO01 SLWO01
29 SLWO02 Relay N/O |FLWO04 Flowmeter SLW02 SLWO02
30 FM #2 Relay N/O |FLWO05 Flowmeter Fixed mask FMO02

31 L2/FS02/FS06 |Relay N/O |FLWO06 Flowmeter L2/FS02/FS06 L2/FS02/FS06
32 FMO03 Relay N/O |FLWO07 Flowmeter Fixed mask FMO03

33 FMO04 Relay N/O |FLWO08 Flowmeter Fixed mask FMO04

34 DCM Relay N/JO |FLWO09 Flowmeter DCM crystal cage DCM

35 PGM Relay N/O |FLW10 Flowmeter PGM Mirror PGM1

36 PGM Relay N/JO |FLW11 Flowmeter PGM Grating PGM2

37 PGM Relay N/O |FLW12 Flowmeter PGM Mask PGM3

38 DM1 Relay N/JO |FLW13 Flowmeter WBS WBS

39 M3ABC Relay N/O |FLW14 Flowmeter M3 mirrors M3

40 PBSO01 Relay N/JO |FLW15 Flowmeter PB stop PBS

41 SLVAB Relay N/O |FLW16 Flowmeter slit blades SLVAB
42 SLVC Relay N/JO |FLW17 Flowmeter slit blades SLVC

43 GVO1 Sw?tch N/O |GV010 L!m?t sw!tch, gate valve V1 open Pos GV1
44 Switch N/O |GV01C Limit switch, gate valve V1 closed

45 GV02 Sw?tch N/O |GV020 L!m?t sw!tch, gate valve V2 open Pos G2
46 Switch N/O |GV02C Limit switch, gate valve V2 closed

a7 GV03 Sw?tch N/O |GV030 L!m?t sw!tch, gate valve V3 open Pos GV3
48 Switch N/O |GV03C Limit switch, gate valve V3 closed

49 GVOo4 Sw?tch N/O |GV040 L!m?t sw!tch, gate valve V4 open Pos GV4
50 Switch N/O |GV04C Limit switch, gate valve V4 closed

51 GVO5 Sw?tch N/O |GV050 L!m?t sw!tch, gate valve V5 open Pos GV5
52 Switch N/O |GV05C Limit switch, gate valve V5 closed

53 GV06 Sw?tch N/O |GV060 L!m?t sw!tch, gate valve V6 open Pos GV6
54 Switch N/O |GV06C Limit switch, gate valve V6 closed

55 GVO7 Sw?tch N/O |GV070 L!m?t sw!tch, gate valve V7 open Pos GV7
56 Switch N/O |GVO07C Limit switch, gate valve V7 closed

57 GV08 Sw?tch N/O |GV080 L!m?t sw!tch, gate valve V8 open Pos GV
58 Switch N/O |GV08C Limit switch, gate valve V8 closed

59 GV09 Sw?tch N/O |GV090 L!m?t sw!tch, gate valve V9 open Pos GV9
60 Switch N/O |GV09C Limit switch, gate valve V9 closed

61 GV10 Sw?tch N/O |GV100 L!m?t sw!tch, gate valve V10 open Pos GV10
62 Switch N/O |GV10C Limit switch, gate valve V10 closed

63 FLS04 Sw?tch N/O |FLS040 L!m?t sw!tch, Fluorescent screen Out Pos FLS04
64 Switch N/O |FLSO04lI Limit switch, Fluorescent screen In

65 GV11 Sw?tch N/O |GV110 L!m?t sw!tch, gate valve V11 open Pos GV11
66 Switch N/O |GV11C Limit switch, gate valve V11 closed

67 GV12 Sw?tch N/O |GV120 L!m?t sw!tch, gate valve V12 open Pos GV12
68 Switch N/O |GV12C Limit switch, gate valve V12 closed

69 GV13 Sw?tch N/O |GV130 L!m?t sw!tch, gate valve V13 open Pos GV13
70 Switch N/O |GV13C Limit switch, gate valve V13 closed

71 GVid Sw?tch N/O |GV140 L!m?t sw!tch, gate valve V14 open Pos GV14
72 Switch N/O |GV14C Limit switch, gate valve V14 closed

73 GV15 Sw?tch N/O |GV150 L!m?t sw!tch, gate valve V15 open Pos GV15
74 Switch N/O |GV15C Limit switch, gate valve V15 closed

75 GV16 Sw?tch N/O |GV160 L!m?t sw!tch, gate valve V16 open Pos GV16
76 Switch N/O |GV16C Limit switch, gate valve V16 closed

77 GV17 Sw?tch N/O |GV170 L!m?t sw!tch, gate valve V17 open Pos GV17
78 Switch N/O |GV17C Limit switch, gate valve V17 closed

79 GVi8 Sw?tch N/O |GV180 L!m?t sw!tch, gate valve V18 open Pos GV18
80 Switch N/O |GV18C Limit switch, gate valve V18 closed

81 GV19 Sw?tch N/O |GV190 L!m?t sw!tch, gate valve V19 open Pos GV19
82 Switch N/O |GV19C Limit switch, gate valve V19 closed

83 GV20 Sw?tch N/O |GV200 L!m?t sw!tch, gate valve V20 open Pos GV20
84 Switch N/O |GV20C Limit switch, gate valve V20 closed

85 GV21 Sw?tch N/O |GV210 L!m?t sw!tch, gate valve V21 open Pos GV21
86 Switch N/O |GV21C Limit switch, gate valve V21 closed

87 GV22 Sw?tch N/O |GV220 L!m?t sw!tch, gate valve V22 open Pos GV22
88 Switch N/O |GV22C Limit switch, gate valve V22 closed

89 GV23 Sw?tch N/O |GV230 L!m?t sw!tch, gate valve V23 open Pos GV23
20 Switch N/O |GV23C Limit switch, gate valve V23 closed

91 Gv24 Sw?tch N/O |GV240 L!m?t sw!tch, gate valve V24 open Pos GV24
92 Switch N/O |GV24C Limit switch, gate valve V24 closed

93 GV25 Sw?tch N/O |GV250 L!m?t sw!tch, gate valve V25 open Pos GV25
94 Switch N/O |GV25C Limit switch, gate valve V25 closed
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95 GV26 Sw?tch N/O |GV260 L?m?t sw?tch, gate valve V26 open Pos GV26
96 Switch N/O |GV26C Limit switch, gate valve V26 closed
97 GV27 Sw?tch N/O |GV270 L?m?t sw?tch, gate valve V27 open Pos GV27
98 Switch N/O |GV27C Limit switch, gate valve V27 closed
99 GV28 Sw?tch N/O |GV280 L?m?t sw?tch, gate valve V28 open Pos GV28
100 Switch N/O |GV28C Limit switch, gate valve V28 closed
101 GV29 Sw?tch N/O |GV290 L?m?t sw?tch, gate valve V29 open Pos GV29
102 Switch N/O |GV29C Limit switch, gate valve V29 closed
103 GV30 Sw?tch N/O |GV300 L?m?t sw?tch, gate valve V30 open Pos GV30
104 Switch N/O |GV30C Limit switch, gate valve V30 closed
105 FLS14 Sw?tch N/O |FLS140 L?m?t sw?tch, Fluorescent screen Out Pos FLS14
106 Switch N/O [FLS14l Limit switch, Fluorescent screen In
107 GV3l Sw?tch N/O |GV310 L?m?t sw?tch, gate valve V31 open Pos GV31
108 Switch N/O |GV31C Limit switch, gate valve V31 closed

Controlled Outputs

Channel Output Tag Signal description Tag Name
1 24Vdc GV01 Allow Gate valve 1 to operate Op GV1
2 24Vdc GV02 Allow Gate valve 2 to operate Op GV2
3 24Vdc GV03 Allow Gate valve 3 to operate Op GV3
4 24Vdc GV04 Allow Gate valve 4 to operate Op GV4
5 24Vdc GV05 Allow Gate valve 5 to operate Op GV5
6 24Vdc GV06 Allow Gate valve 6 to operate Op GV6
7 24Vdc GVo7 Allow Gate valve 7 to operate Op GV7
8 24Vdc GV08 Allow Gate valve 8 to operate Op GV8
9 24Vdc GV09 Allow Gate valve 9 to operate Op GV9
10 24Vdc GV10 Allow Gate valve 10 to operate Op GV10
11 24Vdc FLS04 Allow fluorescent screen to operate Op FLS04
12 24Vdc GV11 Allow Gate valve 11 to operate Op GV11
13 24Vdc GV12 Allow Gate valve 12 to operate Op GV12
14 24Vdc GV13 Allow Gate valve 13 to operate Op GV13
15 24Vdc GV14 Allow Gate valve 14 to operate Op GV14
16 24Vdc GV15 Allow Gate valve 15 to operate Op GV15
17 24Vdc GV16 Allow Gate valve 16 to operate Op GV16
18 24Vdc GVv17 Allow Gate valve 17 to operate Op GV17
19 24Vdc GV18 Allow Gate valve 18 to operate Op GV18
20 24Vdc GV19 Allow Gate valve 19 to operate Op GV19
21 24Vdc GV20 Allow Gate valve 20 to operate Op GV20
22 24Vdc GVv21 Allow Gate valve 21 to operate Op GV21
23 24Vdc GVv22 Allow Gate valve 22 to operate Op GVv22
24 24Vdc GVv23 Allow Gate valve 23 to operate Op GVv23
25 24Vdc GVv24 Allow Gate valve 24 to operate Op GV24
26 24Vdc GV25 Allow Gate valve 25 to operate Op GV25
27 24Vdc GV26 Allow Gate valve 26 to operate Op GV26
28 24Vdc Gv27 Allow Gate valve 27 to operate Op GV27
29 24Vdc GVv28 Allow Gate valve 28 to operate Op GVv28
30 24Vdc GV29 Allow Gate valve 29 to operate Op GV29
31 24Vdc GV30 Allow Gate valve 30 to operate Op GV30
32 24Vdc FLS14 Allow fluorescent screen to operate Op FLS14
33 24Vdc Gv3l Allow Gate valve 31 to operate Op GV31
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1. INTRODUCTION

The L3 mirror system is located upstream of the uXPS endstation (and mirror system L4). The
purpose the L3 mirror system is to guide the tender x rays towards L4 and the end station. The L3
optic is planar and uncooled. The optic is mounted to the base of the vacuum vessel and is

manipulated using a hexapod, which gives six degrees of freedom.

1.1 AXIS

Figure 1. L3 mirror system
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Figure 2. Beamline coordinate system
Inboard is defined as being in the negative x direction and outboard in the postive x direction.
The coordinate system employed complies with NSLS-Il document:

Beamline Coordinate System Standards LT-C-XFD-STD-BL-COORD-001.
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2. SPECIFICATIONS
2.1 MIRROR SYSTEM

Incoming Beam Height 1415 mm
Operating Position Horizontally deflecting outboard
Manual Adjustments + 10 mm in x and z (from grouted-in baseplate)

Optic location relative to centre of | -40.33, 15, 62258 (X, Y, 2)
straight section (mm).

2.1.1 L3 Mirror Optic

Substrate material Single crystal silicon
Substrate dimensions 670 mm L x 50 mm W x 60 mm D
Active Area (centred on substrate to 660 mm x 30 mm

within £ 0.5mm)

Grazing incidence angle 0.61°

Substrate Shape Planar, Tangential Radius 220 km, Sagittal Radius =3 km
Tangential slope error <0.25 prad RMS over active length

Sagittal slope error <5 prad RMS over active length on prepared substrate
Coating Au 300 A + 10% thick, 21 mm wide over

Pt 100 A + 10% thick binder layer

C 300 A + 10% thick 21 mm wide. No binder layer

permitted.
Surface Roughness <3 ARMS
Surface Quality 0.5 scratches or points per cm® over 99% of active optical
area
Cooling Uncooled
© FMB Oxford Ltd 2015 Commercial in Confidence Page 5 of 12
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2.2 MOTIONS
Motion Parameter Specification
Pitch (Ry) Drive Linear actuators, fitted with limit switches &
encoder.
Range Nominal position = 10 mrad
Resolution <1lprad
Repeatability <5 prad
Roll (Rz) Drive Linear actuators, fitted with limit switches &
encoder.
Range + 10 mrad
Resolution <5 prad
Repeatability <10 prad
Yaw (Rx) Drive Linear actuators, fitted with limit switches &
encoder.
Range + 10 mrad
Resolution <5 prad
Repeatability <10 prad
Vertical (Ty) Drive Linear actuators, fitted with limit switches &
encoder.
Range + 20 mm
Resolution <1pum
Repeatability < 5um
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Lateral (Tx) Drive Linear actuators, fitted with limit switches &
encoder.
Range + 10 mm
Resolution < 1um
Repeatabilty <5 pum

Longitudinal (Tz) Drive Linear actuators, fitted with limit switches &
encoder.
Range + 5mm
Resolution <2um
Repeatability <10 um
2.3 VACUUM SYSTEM
Maximum bakeout temperature — vessel and 150-200 °C

internal components

Vacuum

Helium leak rate

Vacuum Pump

Vacuum gauges

Right Angle Valve

UHV compatible (< 5 x10-10 mbar).
Masses > 38 AMU shall have total
pressure < 10™ Torr (1.33 x 10
mbar)

<1 x 10 ° mbar I/sec

Gamma vacuum 300T ion pump
located beneath the vessel

One pirani gauge (MKS type 317)and
one cold cathode gauge(MKS type
422) located on the mirror vessel

VAT Valve type 54, DN40O/CF70.
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2.4 VACUUM VESSEL

The vacuum vessel for the L3 mirror system is rectangular due to the length of the optic. The optic
is mounted to the vessel, whose position is manipulated with the hexapod.

Purpose Location Size Qty
Beam In Beam inlet portatend 1 | DN63/CF114 1
Beam Out Beam outlet port at end 2 | DN63/CF114R 1
lon Pump Mounted on the base DN150/CF200 1
granite of the hexapod.
Roughing Port for RA Outboard side of vessel DN40/CF70 1
valve
Viewport Outboard side of vessel DN63/CF114 1
Viewport Incoming wall of vessel DN40/CF70 1
angled to look at
substrate surface
Vacuum Gauges Side of vessel DN40/CF70 2
Spare Top of vessel DN63/CF114 1
Spare Top of vessel DN40/CF70 1
Mirror Loading Baseplate Aluminium wire seal 1

© FMB Oxford Ltd 2015
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25  ELECTRICAL DATA

2.5.1 Linear Actuators (Hexapod legs)

Motor Type McLennan Type 23HS309 stepper motor
Holding torque 87 Ncm

Step angle (full step drive) 1.8°/ or 200 steps/rev

Driving current 2A

Gear box ratio 25:1

Thread pitch 2 mm

Resolution per step 0.4 um

Maximum movement per actuator +50 mm

Connector (Motor and limits) 12 way trim trio (UTO)

2.5.2 Encoder Data

Readhead type Renishaw Tonic T1000-05A
Readhead (interpolator) resolution 0.1 pm

Scale type RGSZz20

Connector 15-Way sub D

2.6 LIFTING POINTS

L3 mirror system weight: 500 kg approximately.

The mirror system is provided with three M16 lifting points in the base of the hexapod, in addition
to three in the upper platform.

A lifting diagram for the system will be provided.

2.7 ALIGNMENT FEATURES

Fiducial mounts will be provided on the baseplate and on the upper platform of the hexapod. These
will take the form of 0.25” reamed (H7) holes, suitable for 0.5” or 1.5” spheres.
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3. FACTORY TESTING

Testing at FMB Oxford consists of Motion Testing, Vacuum Testing and Fiducialisation.

Full specifications and procedures covering all factory testing will be prepared in advance and
these will be submitted to the customer prior to final design approval. Representatives from the
customer are invited to witness these TESTS at FMB Oxford's works.
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4. INSTALLATION AND UNIT ACCEPTANCE

The site acceptance testing, included in the installation option, will ensure that all components are
carefully surveyed into position, all motors, actuators and sensors are functioning properly and the
vacuum specifications are met. All motions will be tested and the correct functioning of all limit and
datum switches checked. The complete set of detailed factory tests are not repeated on site.

There will be a full leak check of the installed vacuum sections. We expect that a turbo pump
station, RGA rig, and He leak checker to be provided by the customer for our use while at the
customer’s site.

Final site acceptance will include:
e All factory test data, documentation and manuals
e Correct operation of all motions, limits and datum switches using FMB-O controls and cabling.

o Leak testing at the best achievable sensitivity after 24 hrs of pumping and prior to on site
customer bakeout

© FMB Oxford Ltd 2015 Commercial in Confidence Page 11 of 12
(Quality Document Reference A-QA-WI 03F2 Revision 2.0)



Functional Specification /L, FMB Oxford |

S3160 NIST SST — MIRROR SYSTEM L3 S3160
5. SCOPE OF SUPPLY

e L3 optic and mirror system

e 300 I/s ion pump & pump controller (Gamma)

e Right angle valve (Vat valve)

o Cold cathode (series 422) and pirani (series 317) gauges and gauge controller (MKS 937B)
e Motion controls as specified in the controls functional specification

e Field cables
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Osney Mead Telephone:  +44 (0)1865 320 313
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1. INTRODUCTION

The L4/M4B mirror system is located directly upstream of the uXPS endstation. The purpose of
both mirrors is to to focus the x rays at the uXPS end station. The M4B optic is ellipsoidal,
uncooled and foucuses the soft x-rays from the transfer branch onto the end station. The L4 optic
is also an uncooled, ellipsoidal optic which focuses the tender x-rays of the ‘L branch’ onto the end
station. The optics are mounted to the bases of the vacuum vessels and are manipulated using a
hexapod, which gives six degrees of freedom. The optics are fitted with drain current take offs.

Figure 1. L4/M4B Mirror Sytem

© FMB Oxford Ltd 2015 Commercial in Confidence Page 3 of 14
(Quality Document Reference A-QA-WI 03F2 Revision 2.0)



Functional Specification

S3160 NIST SST — MIRROR SYSTEM L4 /M4B S3160
1.1 AXIS
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Figure 2. Beamline coordinate system
Inboard is defined as being in the negative x direction and outboard in the postive x direction.
The coordinate system employed complies with NSLS-Il document:

Beamline Coordinate System Standards LT-C-XFD-STD-BL-COORD-001.
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2. SPECIFICATIONS

2.1 MIRROR SYSTEM L4/M4B

Incoming Beam Height 1415 mm

Operating Position (L4) Horizontally deflecting outboard, vertically and
horizontally refocusing.

Operating Position (M4B) Horizontally deflecting inboard, vertically and
horizontally refocusing.

Manual Adjustments 4+ 10 mm in x and z (from grouted-in baseplate)

Optic location relative to centre of | 66.59, 15, 66766 (X, y, z)

straight section (mm) — (L4)

Optic location relative to centre of | 428.35, 15, 66570 (x, Y, 2)

straight section (mm) — M4B

2.1.1 L4 Mirror Optic

Substrate material Fused silica

Substrate dimensions 600 mm L x 50 mm W x 60 mm D

Active Area (centred on substrate | 540 mm x 6 mm

to within £ 0.5mm)

Substrate Shape Ellipsoidal.
Major axis 35509.4 mm * 1%
Minor axis 152.8 mm + 1%.
Mirror pole X,: 32509.7 mm (off axis) = 1%.
Mirror pole Y,. 61.5 mm (off axis)

Grazing incidence angle 0.61°

Distance to source 68018.8 mm

Distance to image 3000.1 mm

Tangential slope error <1.0 prad RMS over active length
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Sagittal slope error <10 pyrad RMS over active length on prepared substrate
Coating Au 300 A + 10% thick 15 mm wide. No binder layer permitted.
Surface Roughness <3 ARMS

Surface Quality 0.5 scratches or points per cm? over 99% of active optical area
Cooling Uncooled

2.1.2 M4B Mirror Optic

Substrate material Fused silica

Substrate dimensions 600 mm L x 60 mm W x 60 mm D

Active Area (centred on substrate | 540 mm x 21 mm
to within £ 0.5mm)

Substrate Shape Ellipsoidal.
Major axis 10604.9 mm = 1%
Minor axis 231.9 mm * 1%.

Mirror pole X,. 7405.7 mm (off axis) + 1%.

Grazing incidence angle 1.75°

Distance to source 18008.9 mm

Distance to image 3201 mm

Tangential slope error <1.0 prad RMS over active length

Sagittal slope error <10 prad RMS over active length on prepared substrate
Coating Au 300 A + 10% thick 30 mm wide

No binder layers are permitted.

Surface Roughness <3 ARMS
Surface Quality 0.5 scratches or points per cm?® over 99% of active
optical area
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Cooling Uncooled
2.2 MOTIONS
Motion Parameter Specification
Pitch (Ry) Drive Linear actuators, fitted with limit switches &
encoder.
Range Nominal position + 10 mrad
Resolution <1lprad
Repeatability <5 prad
Roll (Rz) Drive Linear actuators, fitted with limit switches &
encoder.
Range + 10 mrad
Resolution <5 prad
Repeatability <10 prad
Yaw (Rx) Drive Linear actuators, fitted with limit switches &
encoder.
Range + 10 mrad
Resolution <5 prad
Repeatability <10 prad
Vertical (Ty) Drive Linear actuators, fitted with limit switches &
encoder.
Range + 20 mm
Resolution <1pm
Repeatability < 5um
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Lateral (Tx) Drive

Range
Resolution

Repeatability

Linear actuators, fitted with limit switches &
encoder.

+ 10 mm
< 1lpm

<5pum

Longitudinal (Tz) Drive Linear actuators, fitted with limit switches &
encoder.
Range + 5mm
Resolution <2um
Repeatability <10 um
2.3 VACUUM SYSTEM
Maximum bakeout temperature — vessel and 150-200 °C

internal components

Vacuum

Helium leak rate

Vacuum Pump

Vacuum gauges

Right Angle Valve

UHV compatible (< 5 xlO-10 mbar).
Masses > 38 AMU shall have total
pressure < 10™ Torr (1.33 x 10
mbar)

<1 x 10 ° mbar I/sec

Gamma vacuum 300T ion pump
located beneath the vessel

One pirani gauge (MKS type 317)and
one cold cathode gauge(MKS type
422) located on the mirror vessel

VAT Valve type 54, DN40O/CF70.

2.4 VACUUM VESSELS

The vacuum vessels for both mirror systems are rectangular due to the lengths of the optics. The
optics are mounted to the vessel, whose position is manipulated with the hexapod.

2.4.1 Vacuum Vessel L4

Purpose Location

Size Qty

© FMB Oxford Ltd 2015
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Beam In Beam inlet portatend 1 | DN63/CF114 1
Beam Out Beam outlet port at end 2 | DN63/CF114R 1
lon Pump Mounted on the base DN150/CF200 1
granite of the hexapod.
Roughing Port for RA Outboard side of vessel DN40/CF70 1
valve
Viewport Outboard side of vessel DN63/CF114 1
Viewport Incoming wall of vessel DN40/CF70 1
angled to look at
substrate surface
Vacuum Gauges Side of vessel DN40/CF70 2
Spare Top of vessel DN63/CF114 1
Spare Top of vessel DN40/CF70 1
Mirror Loading Baseplate Aluminium wire seal 1
Optic drain current Baseplate DN40/CF70 1
feedthrough (2x BNC)
2.4.2 Vacuum Vessel M4B
Purpose Location Size Qty
Beam In Beam inlet portatend 1 | DN63/CF114 1
Beam Out Beam outlet port at end 2 | DN63/CF114 1
lon Pump Mounted on the base DN150/CF200 1
granite of the hexapod.
Roughing Port for RA Outboard side of vessel DN40/CF70 1
valve
Viewport Outboard side of vessel DN63/CF114 1
Viewport Incoming wall of vessel DN40/CF70 1
angled to look at
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substrate surface

feedthrough

Vacuum Gauges Side of vessel DN40/CF70

Spare Top of vessel DN63/CF114

Spare Top of vessel DN40/CF70

Mirror Loading Baseplate Aluminium wire seal
Drain current Baseplate DN40/CF70

2.5 MIRROR CURRENT TAKEOFFS

Both mirrors are fitted with drain current takeoffs to monitor the beam intensity. Two physical
takeoffs are fitted to the optic stripe to allow the continuity of the electrical connection to be
checked. The drain current will be measured using an 1400.

2.6 ELECTRICAL DATA

2.6.1 Linear Actuators (Hexapod legs)

Motor Type

Holding torque

Driving current

Gear box ratio

Thread pitch

Step angle (full step drive)

Resolution per step

Maximum movement per actuator

Connector (Motor and limits)

McLennan Type 23HS309 stepper motor

87 Ncm

1.8°/ or 200 steps/rev
2A

251

2mm

0.4 um

+50 mm

12 way trim trio (UTO)

2.6.2 Encoder Data

© FMB Oxford Ltd 2015
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Readhead type Renishaw Tonic T1000-05A
Readhead (interpolator) resolution 0.1 pm
Scale type RGSZz20
Connector 15-Way sub D
2.6.3 Electrical Interfacing

All in air motors, limits and encoders are connected locally to the relevant drive.

2.7 LIFTING POINTS

Combined weight of L4/M4B: 1800 kg approximately.

The mirror system is provided with four M16 lifting points in the base of the hexapod, in addition to
three in the upper platform.

A lifting diagram for the system will be provided.

2.8 ALIGNMENT FEATURES

Fiducial mounts will be provided on the baseplate and on the upper platform of the hexapod. These
will take the form of 0.25” reamed (H7) holes, suitable for 0.5” or 1.5” spheres.
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3. FACTORY TESTING

Testing at FMB Oxford consists of Motion Testing, Vacuum Testing and Fiducialisation.

Full specifications and procedures covering all factory testing will be prepared in advance and
these will be submitted to the customer prior to final design approval. Representatives from the
customer are invited to witness these tests at FMB Oxford's works.
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4. INSTALLATION AND UNIT ACCEPTANCE

The site acceptance testing, included in the installation option, will ensure that all components are
carefully surveyed into position, all motors, actuators and sensors are functioning properly and the
vacuum specifications are met. All motions will be tested and the correct functioning of all limit and
datum switches checked. The complete set of detailed factory tests are not repeated on site.

There will be a full leak check of the installed vacuum sections. We expect that a turbo pump
station, RGA rig, and He leak checker to be provided by the customer for our use while at the
customer’s site.

Final site acceptance will include:
e All factory test data, documentation and manuals
e Correct operation of all motions, limits and datum switches using FMB-O controls and cabling.

o Leak testing at the best achievable sensitivity after 24 hrs of pumping and prior to on site
customer bakeout
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5. SCOPE OF SUPPLY

e L4 and M4B optics and mirror system

e 1400 Current amplifier (optic drain current measurement)

e MOXA

e 300 I/s ion pump & pump controller (Gamma) for each mirror vessel
¢ Right angle valve (Vat valve) — one per mirror vessel

e Cold cathode (series 422) and pirani (series 317) gauges and gauge controller (MKS 937B)
— one of each for each mirror vessel

e Motion controls as specified in the controls functional specification.

e Field cables
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1. INTRODUCTION

The M3 mirror system is located downstream of the plane grating monochromator, on the soft x-ray
‘M’ branch. The purpose the M3 mirror system is to direct the soft x rays either to the ‘M’ branch or
to the transfer branches of the beamline. For this reason, the mirror system is equipped with two
optics, both of which are tangential ellipses. The optics focus the x-rays horizontally at precision
vertical slits — either one located in the transfer branch (slit AB) or one located in the ‘M’ branch (slit
Q).

The M3 optics (M3AB and M3C) are both uncooled. The optics are mounted to the base of the
vacuum vessel and are manipulated with a hexapod, which provides six degrees of freedom.

The optics are arranged side by side, so the hexapod platform translates horizontally to switch
between mirror M3AB ( which directs beam down the transfer line) and mirror M3C (which directs
beam down the ‘M’ branch).

The M3C optic is fitted with a flexure based dithering mechanism to increase the horizontal spot
size at the uNEXAFS end station. The beam from M3C travels to M4D and then on to the
UNEXAFS end station, or it goes on to M4C to M5C and then onwards to the NEXAFS/XPS end
station. In addition, the M3 optics are fitted with a thermal stabilisation circuit.

11 AXIS

Figure 1. Beamline coordinate system
Inboard is defined as being in the negative x direction and outboard in the postive x direction.
The coordinate system employed complies with NSLS-Il document:

Beamline Coordinate System Standards LT-C-XFD-STD-BL-COORD-001.
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Figure 2. Mirror system M3AB/M3C
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2. SPECIFICATIONS
2.1 MIRROR SYSTEM

Incoming Beam Height

1415 mm

Operating Position

Horizontally deflecting inboard, horizontally focusing
(M3AB).

Horizontally deflecting outboard, horizontally focusing
(M3C).

Manual Adjustments

+ 10 mm in x and z (from grouted-in baseplate)

Optic location relative to centre of
straight section (mm)

666.7, 15, 42062 (X, Y, Z)

2.1.1 M3AB Mirror Optic

Substrate material

Fused silica

Substrate dimensions

280mmLx 60 mmW x40 mm D

Active Area (centred on substrate
to within £ 0.5mm)

230 mm x 45 mm

Substrate Shape

Tangential Ellipse

Major axis 23665.1 mm = 1%

Minor axis 497.5 mm = 1%

Mirror pole X,: 17168.6 mm (off axis) + 1%.

Sagittal Radius > 3km

Grazing incidence angle

1.75° (deflecting beam inboard towards M4A & M4B)

Distance to source

40829.9 mm

Distance to image (precision
vertical slit)

6500.3 mm

Tangential slope error

< 0.5 prad RMS over active length

Sagittal slope error

< 10 prad RMS over active length on prepared substrate
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Coating C 300 A + 10% thick 13 mm wide
Au 300 A + 10% thick 13 mm wide
Ni 300 A + 10% thick 13 mm wide

No binder layers are permitted.

Surface Roughness <3 ARMS

Surface Quality 0.5 scratches or points per cm” over 99% of active
optical area

Cooling Uncooled

2.1.2 M3C Mirror Optic

Substrate material Fused silica

Substrate dimensions 310 mm L x 60 mm W x 40 mm D

Active Area (centred on substrate | 270 mm x 45 mm
to within £ 0.5mm)

Substrate Shape Tangential Ellipse

Major axis 23664.9 mm = 1%

Minor axis 426.4 £ 1%

Mirror pole X, (off axis): 17167.8 mm = 1%.

Sagittal Radius > 3km

Grazing incidence angle 1.5° (deflecting outboard to M4C & M4D).

Distance to source 40829.9 mm

Distance to image (precision 6499.9 mm

vertical slit)

Tangential slope error <0.5 prad RMS over active length

Sagittal slope error < 10 prad RMS over active length on prepared substrate
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Coating C 300 A + 10% thick 13 mm wide
Au 300 A + 10% thick 13 mm wide
Ni 300 A + 10% thick 13 mm wide

No binder layers are permitted

Surface Roughness <3 ARMS
Surface Quality 0.5 scratches or points per cm” over 99% of active
optical area
Cooling Uncooled
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2.2 MOTIONS

Motion Parameter Specification
Pitch (Ry) Drive Linear actuators, fitted with limit switches &
encoder.
Range Nominal position = 10 mrad
Resolution <1lprad
Repeatability <5 prad
Roll (Rz) Drive Linear actuators, fitted with limit switches &
encoder.
Range + 10 mrad
Resolution <5 prad
Repeatability <10 prad
Yaw (Rx) Drive Linear actuators, fitted with limit switches &
encoder.
Range + 10 mrad
Resolution <5 prad
Repeatability <10 prad
Vertical (Ty) Drive Linear actuators, fitted with limit switches &
encoder.
Range + 22 mm
Resolution <1pum
Repeatability < 5um
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Lateral (Tx) Drive Linear actuators, fitted with limit switches &
encoder.
Range + 30 mm
Resolution < 1lum

Repeatability <5pum

Longitudinal (Tz) Drive Linear actuators, fitted with limit switches &
encoder.
Range + 5mm
Resolution <2um

Repeatability <10 um

2.3 VACUUM SYSTEM

Maximum bakeout temperature — vessel and 150-200 °C
internal components

-10
Vacuum UHV compatible (<5 x10 mbar).
Masses > 38 AMU shall have total
pressure < 10™ Torr (1.33 x 10

mbar)
Helium leak rate <1 x 10 " mbar I/sec
Vacuum Pump Gamma vacuum 500T ion pump

located on a stand adjacent to the
mirror system

Vacuum gauges One pirani gauge (MKS type 317)and
one cold cathode gauge(MKS type
422) located on the mirror vessel

Right Angle Valve VAT Valve type 54, DN40/CF70.
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2.4 VACUUM VESSEL

The vacuum vessel for the M3 mirror system is rectangular.

Purpose Location Size Qty
Beam In Beam inlet portatend 1 | DN100/CF150 1
Beam Out Beam outlet port at end 2 | DN100/CF150 1
lon Pump Mounted on the base DN100/CF150 1

granite of the hexapod.

Roughing Port for RA Inboard side of vessel DN40/CF70 1
valve
Viewport Incoming wall of vessel DN63/CF114 1

angled to look at
substrate surface

Vacuum Gauges Outboard side of vessel DN40/CF70 2
Spare Top of vessel DN63/CF114 1
Spare Top of vessel DN40/CF70 1
Port for mounting burst Baseplate DN40/CF70 1
disc

DPT wiring feedthrough Baseplate DN63/CF114 1
Thermal stabilisation Baseplate DN63/CF114 1
feedthrough

Mirror Loading Baseplate DN400/CF470 1

2.5 DITHERING MECHANISM

The M3C mirror system is fitted with a piezo-driven flexure mechanism to dither the beam
(increase the horizontal spot size) at UINEXAFS end station. The mirror needs to be dithered by
approximately £0.22 mrad to obtain a 20 mm horizontal stripe at the end station.

The M3C optic is used in combination with either the M4D optic (to the UNEXAFS end station) or
the M4C and M5C optics (to the NEXAFS/XPS end station).
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2.6 THERMAL STABILISATION CIRCUIT

Both optics are fitted with a side clamped copper block, which is attached to a cooled copper piece
via flexible copper braids. The copper block is cooled by water provided by a chiller. There are no

in vacuum water joints.

2.7 ELECTRICAL DATA
2.7.1

Linear Actuators (Hexapod legs)

Motor Type

Holding torque

Step angle (full step drive)
Driving current

Gear box ratio

Thread pitch

Resolution per step

Maximum movement per actuator

Connector (Motor and limits)

McLennan Type 23HS309 stepper motor

87 Ncm

1.8°/ or 200 steps/rev
2A

25:1

2mm

0.4 pm

+50 mm

12 way trim trio (UTO)

2.7.2 Dithering Mechanism

Actuator type Preloaded piezo stack driven flexure.
Range +0.25 mrad

2.7.3 Encoder Data

Readhead type
Readhead (interpolator) resolution
Scale type

Connector

Renishaw Tonic T1000-05A
0.1 um
RGSZ20

15-Way sub D
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2.8 LIFTING POINTS

M3 mirror system weight: 500 kg approximately.

The mirror system is provided with three M16 lifting points in the base of the hexapod, in addition
to three in the upper platform.

A lifting diagram for the system will be provided.

2.9 ALIGNMENT FEATURES

Fiducial mounts will be provided on the baseplate and on the upper platform of the hexapod. These
will take the form of 0.25” reamed (H7) holes, suitable for 0.5” or 1.5” spheres.
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3. FACTORY TESTING

Testing at FMB Oxford consists of Motion Testing, Vacuum Testing and Fiducialisation.

Full specifications and procedures covering all factory testing will be prepared in advance and
these will be submitted to the customer prior to final design approval. Representatives from the
customer are invited to witness these tests at FMB Oxford's works.
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4. INSTALLATION AND UNIT ACCEPTANCE

The site acceptance testing, included in the installation option, will ensure that all components are
carefully surveyed into position, all motors, actuators and sensors are functioning properly and the
vacuum specifications are met. All motions will be tested and the correct functioning of all limit and
datum switches checked. The complete set of detailed factory tests are not repeated on site.

There will be a full leak check of the installed vacuum sections. We expect that a turbo pump
station, RGA rig, and He leak checker to be provided by the customer for our use while at the
customer’s site.

Final site acceptance will include:
e All factory test data, documentation and manuals
e Correct operation of all motions, limits and datum switches using FMB-O controls and cabling.

o Leak testing at the best achievable sensitivity after 24 hrs of pumping and prior to on site
customer bakeout
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5. SCOPE OF SUPPLY

¢ MB3AB and M3C optics and mirror system

o DPT dithering and controls for M3C.

e 500 I/s ion pump & pump controller (Gamma)

e Right angle valve (Vat valve)

o Cold cathode (series 422) and pirani (series 317) gauges and gauge controller (MKS 937B)
¢ Motion Controls as specified in the controls functional specification.

e Field cables
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1. INTRODUCTION

The M4A mirror system is located directly upstream of the HAXPES/NEXAFS endstation, on the
soft x-ray transfer branch. The purpose the M4A mirror system is to focus the soft x rays at the
HAXPES/NEXAFS end station. The M4A optic is ellipsoidal and uncooled. The optic is mounted to
the base of the vacuum vessel and is manipulated using a hexapod, which gives six degrees of

freedom. The optic is fitted with drain current take offs.

The M4A optic may also be moved out of beam to allow the soft x rays from optic M3AB to pass
through to optic M4B, and from there be directed at end station uXPS.

Figure 1. Mirror System M4A
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11 AXIS

Figure 2. Beamline coordinate system
Inboard is defined as being in the negative x direction and outboard in the postive x direction.
The coordinate system employed complies with NSLS-1I document:

Beamline Coordinate System Standards LT-C-XFD-STD-BL-COORD-001.
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2. SPECIFICATIONS
2.1 MIRROR SYSTEM
Incoming Beam Height 1415 mm
Operating Position Horizontally deflecting inboard, vertically and
horizontally refocusing.
Manual Adjustments + 10 mm in x and z (from grouted-in baseplate)
Optic location relative to centre of | 573.7, 15, 51628.8 (x, Y, 2)
straight section (mm)
2.1.1 M4A Mirror Optic
Substrate material Fused Silica
Substrate dimensions 150 mm L x 25 mm W x 40 mm D
Active Area (centred on substrate | 110 mm x 10 mm
to within £ 0.5mm)
Substrate Shape Ellipsoidal.
Major axis 5903.8 + 1%
Minor axis 158.1 + 1%.
Mirror pole X, (off axis): 2837.9 mm * 1%.
Grazing incidence angle 1.75°
Distance to source 3066.9 mm
Distance to image 8740.7 mm
Tangential slope error <1.0 prad RMS over active length
Sagittal slope error <10 yrad RMS over active length on prepared substrate
Coating Au 300 A + 10% thick 10 mm wide .
No binder layers are permitted
Surface Roughness <3 ARMS
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Surface Quality 0.5 scratches or points per cm? over 99% of active
optical area
Cooling Uncooled
2.2 MOTIONS
Motion Parameter Specification
Pitch (Ry) Drive Linear actuators, fitted with limit switches &
encoder.
Range Nominal position + 10 mrad
Resolution <1lprad
Repeatability <5 prad
Roll (Rz) Drive Linear actuators, fitted with limit switches &
encoder.
Range + 10 mrad
Resolution <5 prad
Repeatability <10 prad
Yaw (Rx) Drive Linear actuators, fitted with limit switches &
encoder.
Range + 10 mrad
Resolution <5 prad
Repeatability <10 prad
Vertical (Ty) Drive Linear actuators, fitted with limit switches &
encoder.
Range + 20 mm
Resolution <1pm
Repeatability < 5um
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S3160

Lateral (Tx) Drive

Range
Resolution

Repeatability

Linear actuators, fitted with limit switches &
encoder.

+ 10 mm
< 1lpm

<5pum

Longitudinal (Tz) Drive Linear actuators, fitted with limit switches &
encoder.
Range + 5mm
Resolution <2um
Repeatability <10 um
2.3 VACUUM SYSTEM
Maximum bakeout temperature — vessel and 150-200 °C

internal components

Vacuum

Helium leak rate

Vacuum Pump

Vacuum gauges

Right Angle Valve

UHV compatible (< 5 xlO-10 mbar).
Masses > 38 AMU shall have total
pressure < 10™ Torr (1.33 x 10
mbar)

<1 x 10 ° mbar I/sec

Gamma vacuum 300T ion pump
located beneath the vessel

One pirani gauge (MKS type 317)and
one cold cathode gauge(MKS type
422) located on the mirror vessel

VAT Valve type 54, DN40O/CF70.

2.4 VACUUM VESSEL

The vacuum vessel for the M4A mirror system is cylindrical. The optic is mounted to the vessel,
whose position is manipulated with the hexapod.

Purpose Location

Size Qty

Beam In

Beam inlet port at end 1

DN63/CF114 1
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Beam Out Beam outlet port at end 2 | DN63/CF114 1
lon Pump Mounted on the base DN150/CF200 1

granite of the hexapod.

Roughing Port for RA Outboard side of vessel DN40/CF70 1
valve

Viewport Outboard side of vessel DN63/CF114 1
Viewport Incoming wall of vessel DN40/CF70 1

angled to look at
substrate surface

Vacuum Gauges Side of vessel DN40/CF70 2
Spare Top of vessel DN63/CF114 1
Spare Top of vessel DN40/CF70 1
Mirror Loading Baseplate DN400/CF470 1
Drain current Baseplate DN40/CF70 1

feedthrough (2 x BNC)

2.5 MIRROR CURRENT TAKEOFFS

The M4A mirror is fitted with drain current takeoffs to monitor the beam intensity. Two physical
takeoffs are fitted to the optic stripe to allow the continuity of the electrical connection to be
checked. The drain current will be measured using an 1400.
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2.6 ELECTRICAL DATA

2.6.1 Linear Actuators (Hexapod legs)

Motor Type McLennan Type 23HS309 stepper motor
Holding torque 87 Ncm

Step angle (full step drive) 1.8°/ or 200 steps/rev

Driving current 2A

Gear box ratio 25:1

Thread pitch 2 mm

Resolution per step 0.4 um

Maximum movement per actuator +50 mm

Connector (Motor and limits) 12 way trim trio (UTO)

2.6.2 Encoder Data

Readhead type Renishaw Tonic T1000-05A
Readhead (interpolator) resolution 0.1 pm

Scale type RGSZz20

Connector 15-Way sub D

2.7 LIFTING POINTS

M4A mirror system weight: 500 kg approximately.

The mirror system is provided with three M16 lifting points in the base of the hexapod, in addition
to three in the upper platform.

A lifting diagram for the system will be provided.

2.8 ALIGNMENT FEATURES

Fiducial mounts will be provided on the baseplate and on the upper platform of the hexapod. These
will take the form of 0.25” reamed (H7) holes, suitable for 0.5” or 1.5” spheres.
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3. FACTORY TESTING

Testing at FMB Oxford consists of Motion Testing, Vacuum Testing and Fiducialisation.

Full specifications and procedures covering all factory testing will be prepared in advance and
these will be submitted to the customer prior to final design approval. Representatives from the
customer are invited to witness these tests at FMB Oxford's works.
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4. INSTALLATION AND UNIT ACCEPTANCE

The site acceptance testing, included in the installation option, will ensure that all components are
carefully surveyed into position, all motors, actuators and sensors are functioning properly and the
vacuum specifications are met. All motions will be tested and the correct functioning of all limit and
datum switches checked. The complete set of detailed factory tests are not repeated on site.

There will be a full leak check of the installed vacuum sections. We expect that a turbo pump
station, RGA rig, and He leak checker to be provided by the customer for our use while at the
customer’s site.

Final site acceptance will include:
e All factory test data, documentation and manuals
e Correct operation of all motions, limits and datum switches using FMB-O controls and cabling.

o Leak testing at the best achievable sensitivity after 24 hrs of pumping and prior to on site
customer bakeout
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5. SCOPE OF SUPPLY

e MA4A optic and mirror system

e 1400 Current amplifier (optic drain current measurement)

¢ MOXA

e 300 I/s ion pump & pump controller (Gamma)

e Right angle valve (Vat valve)

e Cold cathode (series 422) and pirani (series 317) gauges and gauge controller (MKS 937B)
e Motion controls as specified in the motion controls functional specification.

e Field cables
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1. INTRODUCTION

The M4 mirror system is located downstream of mirror system M3 and the precision vertical slit ‘C’,
on the soft x-ray ‘M’ branch. The purpose of the M4 mirror system is to refocus and direct the soft x
rays to the next (planar) mirror M5C (using optic M4C) and then on to the NEXAFS/XPS endstation
or to guide and vertically dither the beam towards the last endstation on the ‘M’ branch (using optic
M4D) - uNEXAFS.

The mirror system is equipped with two optics, an ellipsoid to refocus horizontally and vertically
(M4C) and a plane optic (M4D) to provide vertical dithering (increased spot size).

The M4 optics (M4C and M4D) are both uncooled. Both optics are mounted to the vacuum vessel,
which is manipulated with a hexapod.

The optics are arranged side by side, so the hexapod platform translates horizontally to switch
between the optics.

The M4D optic is fitted with a flexure based dithering mechanism to increase the vertical spot size
at the uNEXAFS end station. In addition, both optics are fitted with drain current takeoffs.

Figure 1.  Mirror System M4C/D
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Figure 2. Beamline coordinate system
Inboard is defined as being in the negative x direction and outboard in the postive x direction.
The coordinate system employed complies with NSLS-1I document:

Beamline Coordinate System Standards LT-C-XFD-STD-BL-COORD-001.
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2.
2.1

SPECIFICATIONS
MIRROR SYSTEM

Incoming Beam Height

1415 mm

Operating Position

Vertically deflecting upwards, horizontally and

vertically refocusing (M4C).

Vertically deflecting upwards (M4D).

Manual Adjustments

4+ 10 mm in x and z (from grouted-in baseplate)

Optic location relative to centre of
straight section (mm).

1857.35, 15, 53500 (X, Y, Z)

2.1.1 M4C Mirror Optic

Substrate material

Fused Silica

Substrate dimensions

270mmLx 35mmW x50 mm D

Active Area (centred on substrate
to within £ 0.5mm)

230 mm x 15 mm

Substrate Shape

Ellipsoid
Major axis 6835.9 mm + 1%

Minor axis 172.4 mm + 1%

Mirror pole X,: 1836.6 mm (off axis) + 1%.

Sagittal Radius > 3km

Grazing incidence angle 1.5°
Distance to source 4999.9 mm
Distance to image 8672 mm

Tangential slope error

< 1.0 prad RMS over active length

Sagittal slope error

< 10 prad RMS over active length on prepared substrate

Coating

Au 300 A + 10% thick 15 mm wide

No binder layers permitted
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Surface Roughness <3 ARMS

Surface Quality 0.5 scratches or points per cm? over 99% of active
optical area

Cooling Uncooled

2.1.2 M4D Mirror Optic

Substrate material Titania silicate low expansion glass

Substrate dimensions 250 mm L x 35 mm W x 50 mm D

Active Area (centred on substrate | 230 mm x 20 mm
to within £ 0.5mm)

Substrate Shape Plane
Tangential radius > 20 km

Sagittal radius > 3km

Grazing incidence angle 1.5°

Distance to source om

Distance to image ©m

Tangential slope error <0.25 prad RMS over active length
Sagittal slope error < 5 pyrad RMS over active length
Coating Au 300 A + 10% thick 15 mm wide over

Pt 300 A + 10% binder layer

Surface Roughness <3 ARMS
Surface Quality 0.5 scratches or points per cm? over 99% of active
optical area
Cooling Uncooled
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2.2 MOTIONS

Motion Parameter Specification
Pitch (Ry) Drive Linear actuators, fitted with limit switches &
encoder.
Range Nominal position = 10 mrad
Resolution <1lprad
Repeatability <5 prad
Roll (Rz) Drive Linear actuators, fitted with limit switches &
encoder.
Range + 10 mrad
Resolution <5 prad
Repeatability <10 prad
Yaw (Rx) Drive Linear actuators, fitted with limit switches &
encoder.
Range + 10 mrad
Resolution <5 prad
Repeatability <10 prad
Vertical (Ty) Drive Linear actuators, fitted with limit switches &
encoder.
Range + 10 mm
Resolution <1pum
Repeatability < 5um
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Lateral (Tx) Drive Linear actuators, fitted with limit switches &
encoder.
Range + 40 mm
Resolution < 1lum

Repeatability <5pum

Longitudinal (Tz) Drive Linear actuators, fitted with limit switches &
encoder.
Range + 5mm
Resolution <2um

Repeatability <10 um

2.3 VACUUM SYSTEM

Maximum bakeout temperature — vessel and 150-200 °C
internal components

-10
Vacuum UHV compatible (<5 x10 mbar).
Masses > 38 AMU shall have total
pressure < 10™ Torr (1.33 x 10

mbar)
Helium leak rate <1 x 10 " mbar I/sec
Vacuum Pump Gamma vacuum 300T ion pump

located beneath the vessel

Vacuum gauges One pirani gauge (MKS type 317)and
one cold cathode gauge(MKS type
422) located on the mirror vessel

Right Angle Valve VAT Valve type 54, DN40O/CF70.

2.4 VACUUM VESSEL

The vacuum vessel for the M4 mirror system is cylindrical.

Purpose Location Size Qty
Beam In Beam inlet portatend 1 | DN100/CF150 1
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Beam Out Beam outlet port at end 2 | DN100/CF150 1
lon Pump Mounted on the base DN100/CF150 1
granite of the hexapod.
Roughing Port for RA Outboard side of vessel DN40/CF70 1
valve
Viewport Incoming wall of vessel DN63/CF114 1
angled to look at
substrate surface
Vacuum Gauges Side of vessel DN40/CF70 2
Spare Top of vessel DN63/CF114 1
Spare Top of vessel DN40/CF70 1
Mirror Loading Baseplate DN400/CF470 1
Double BNC feedthrough | Baseplate DN40/CF70 2
for optic drain currents
Feedthrough for dithering | Baseplate DN40/CF70 1
DPT (9 way d-type)

2.5 MIRROR CURRENT TAKEOFFS

The M4 optics are both fitted with drain current takeoffs to monitor the beam intensity. Two
physical takeoffs are fitted to each optic stripe to allow the continuity of the electrical connection to
be checked. The drain currents will be measured using an 1400.

2.6 DITHERING MECHANISM

The M4D mirror system is fitted with a piezo-driven flexure mechanism to dither the beam
(increase the vertical spot size) at the uNEXAFS end station. The mirror needs to be dithered by
approximately +0.43 mrad to obtain a 20 mm vertical stripe at the end station.
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2.7.1 Linear Actuators (Hexapod legs)

Motor Type

Holding torque

Step angle (full step drive)
Driving current

Gear box ratio

Thread pitch

Resolution per step

Maximum movement per actuator

Connector (Motor and limits)

McLennan Type 23HS309 stepper motor

87 Ncm

1.8°/ or 200 steps/rev
2A

25:1

2mm

0.4 pm

+50 mm

12 way trim trio (UTO)

2.7.2 Encoder Data

Readhead type
Readhead (interpolator) resolution
Scale type

Connector

Renishaw Tonic T1000-05A
0.1 pm
RGSZ20

15-Way sub D

2.7.3 Dithering Mechanism

Actuator type

Range

Preloaded piezo stack driven flexure.

+0.5 mrad

2.8 LIFTING POINTS

M4 mirror system weight: 500 kg approximately.

The mirror system is provided with three M16 lifting points in the base of the hexapod, in addition

to three in the upper platform.

A lifting diagram for the system will be provided.
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S3160 NIST SST — MIRROR SYSTEM M4C/M4D
2.9  ALIGNMENT FEATURES

Fiducial mounts will be provided on the baseplate and on the upper platform of the hexapod. These
will take the form of 0.25” reamed (H7) holes, suitable for 0.5” or 1.5” spheres.
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3. FACTORY TESTING

Testing at FMB Oxford consists of Motion Testing, Vacuum Testing and Fiducialisation.

Full specifications and procedures covering all factory testing will be prepared in advance and
these will be submitted to the customer prior to final design approval. Representatives from the
customer are invited to witness these tests at FMB Oxford's works.
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4. INSTALLATION AND UNIT ACCEPTANCE

The site acceptance testing, included in the installation option, will ensure that all components are
carefully surveyed into position, all motors, actuators and sensors are functioning properly and the
vacuum specifications are met. All motions will be tested and the correct functioning of all limit and
datum switches checked. The complete set of detailed factory tests are not repeated on site.

There will be a full leak check of the installed vacuum sections. We expect that a turbo pump
station, RGA rig, and He leak checker to be provided by the customer for our use while at the
customer’s site.

Final site acceptance will include:
e All factory test data, documentation and manuals
e Correct operation of all motions, limits and datum switches using FMB-O controls and cabling.

o Leak testing at the best achievable sensitivity after 24 hrs of pumping and prior to on site
customer bakeout
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S3160 NIST SST — MIRROR SYSTEM M4C/M4D
5. SCOPE OF SUPPLY

e MA4C and M4D optics and mirror system

e 1400 Current amplifier (optic drain current measurement)

e DPT dithering and controls for M4D.

e 200 I/s ion pump & pump controller (Gamma)

e Right angle valve (Vat valve)

e Cold cathode (series 422) and pirani (series 317) gauges and gauge controller (MKS 937B)
e Motion controls as specified in the motion controls functional specification.

e Field cables
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1. INTRODUCTION

The M5C mirror system is located directly upstream of the NEXAFS/XPS endstation, on the soft x-
ray ‘M’ branch. The purpose the M5C mirror system is to guide the soft x rays to the NEXAFS/XPS
end station. The M5C optic is planar and uncooled. The optic is mounted to the base of the
vacuum vessel and is manipulated using a hexapod, which gives six degrees of freedom. The optic
is fitted with drain current take offs and a flexure based dithering mechanism to increase the
vertical spot size at the end station.

The M5C optic may also be moved out of beam to allow the soft x rays from mirror M4D to reach
the uNEXAFS end station, located further downstream.

Figure 1. Mirror System M5C
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11 AXIS

Figure 2. Beamline coordinate system
Inboard is defined as being in the negative x direction and outboard in the postive x direction.
The coordinate system employed complies with NSLS-1I document:

Beamline Coordinate System Standards LT-C-XFD-STD-BL-COORD-001.
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2. SPECIFICATIONS
2.1 MIRROR SYSTEM

Incoming Beam Height 1764 mm (at optic)
Operating Position Vertically deflecting downwards
Manual Adjustments + 10 mm in x and z (from grouted-in baseplate)

Optic location relative to centre of | 2546.7, 364, 60122 (X, Y, z)
straight section (mm).

2.1.1 M5C Mirror Optic

Substrate material Single crystal silicon

Substrate dimensions 120mmLx35mmW x 30 mm D

Active Area (centred on substrate | 100 mm x 15 mm
to within £ 0.5mm)

Substrate Shape Plane.
Tangential radius > 20 km

Sagittal radius > 3km

Grazing incidence angle 1.0°

Distance to source © m

Distance to image ©m

Tangential slope error <0.25 prad RMS over active length

Sagittal slope error <5 prad RMS over active length on prepared substrate
Coating Au 300 A + 10% thick 15 mm wide over

Pt 100 A + 10% thick binder layer

Surface Roughness <3 ARMS
Surface Quality 0.5 scratches or points per cm” over 99% of active
optical area
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Cooling Uncooled
2.2 MOTIONS
Motion Parameter Specification
Pitch (Ry) Drive Linear actuators, fitted with limit switches &
encoder.
Range Nominal position + 10 mrad
Resolution <1lprad
Repeatability <5 prad
Roll (Rz) Drive Linear actuators, fitted with limit switches &
encoder.
Range + 10 mrad
Resolution <5 prad
Repeatability <10 prad
Yaw (Rx) Drive Linear actuators, fitted with limit switches &
encoder.
Range + 10 mrad
Resolution <5 prad
Repeatability <10 prad
Vertical (Ty) Drive Linear actuators, fitted with limit switches &
encoder.
Range + 10 mm
Resolution <1pm
Repeatability < 5um
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Lateral (Tx) Drive

Range
Resolution

Repeatability

Linear actuators, fitted with limit switches &
encoder.

+ 20 mm
< 1lpm

<5pum

Longitudinal (Tz) Drive Linear actuators, fitted with limit switches &
encoder.
Range + 5mm
Resolution <2um
Repeatability <10 um
2.3 VACUUM SYSTEM
Maximum bakeout temperature — vessel and 150-200 °C

internal components

Vacuum

Helium leak rate

Vacuum Pump

Vacuum gauges

Right Angle Valve

UHV compatible (< 5 xlO-10 mbar).
Masses > 38 AMU shall have total
pressure < 10™ Torr (1.33 x 10
mbar)

<1 x 10 ° mbar I/sec

Gamma vacuum 300T ion pump
located beneath the vessel

One pirani gauge (MKS type 317)and
one cold cathode gauge(MKS type
422) located on the mirror vessel

VAT Valve type 54, DN40O/CF70.

2.4 VACUUM VESSEL

The vacuum vessel for the M5C mirror system is cylindrical. The optic is mounted to the vessel,

whose position is manipulated with the hexapod.

Purpose Location

Size

Qty

Beam In

Beam inlet port at end 1

DN63/CF114 1
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Beam Out Beam outlet port at end 2 | DN63/CF114 1

lon Pump Mounted on the base DN150/CF200 1
granite of the hexapod.

Roughing Port for RA Outboard side of vessel DN40/CF70 1
valve

Viewport Outboard side of vessel DN63/CF114 1
Viewport Incoming wall of vessel DN40/CF70 1

angled to look at
substrate surface

Vacuum Gauges Side of vessel DN40/CF70 2
Spare Top of vessel DN63/CF114 1
Spare Top of vessel DN40/CF70 1
Mirror Loading Baseplate DN400/CF470 1
Feedthrough for dithering | Baseplate DN40/CF70 1

DPT (9 way d-type)

Feedthrough for optics Baseplate DN40/CF70 1
drain currents

2.5 MIRROR CURRENT TAKEOFFS

The M5C mirror is fitted with drain current takeoffs to monitor the beam intensity. Two physical
takeoffs are fitted to the optic stripe to allow the continuity of the electrical connection to be
checked. The drain current will be measured using an 1400.

2.6 DITHERING MECHANISM

The M5C mirror system is fitted with a piezo-driven flexure mechanism to dither the beam
(increase the vertical spot size) at end station NEXAFS/XPS. The mirror needs to be dithered by
approximately +0.62 mrad to obtain a 5mm vertical stripe at the end station.
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2.7.1 Linear Actuators (Hexapod legs)

Motor Type

Holding torque

Step angle (full step drive)
Driving current

Gear box ratio

Thread pitch

Resolution per step

Maximum movement per actuator

Connector (Motor and limits)

McLennan Type 23HS309 stepper motor

87 Ncm

1.8°/ or 200 steps/rev
2A

25:1

2mm

0.4 pm

+50 mm

12 way trim trio (UTO)

2.7.2 Encoder Data

Readhead type
Readhead (interpolator) resolution
Scale type

Connector

Renishaw Tonic T1000-05A
0.1 pm
RGSZ20

15-Way sub D

2.7.3 Dithering Mechanism

Actuator type

Range

Preloaded piezo stack driven flexure.

+0.75 mrad

2.8 LIFTING POINTS

M5C mirror system weight: 500 kg approximately.

The mirror system is provided with three M16 lifting points in the base of the hexapod, in addition

to three in the upper platform.

A lifting diagram for the system will be provided.
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2.9  ALIGNMENT FEATURES

Fiducial mounts will be provided on the baseplate and on the upper platform of the hexapod. These
will take the form of 0.25” reamed (H7) holes, suitable for 0.5” or 1.5” spheres.
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3. FACTORY TESTING

Testing at FMB Oxford consists of Motion Testing, Vacuum Testing and Fiducialisation.

Full specifications and procedures covering all factory testing will be prepared in advance and
these will be submitted to the customer prior to final design approval. Representatives from the
customer are invited to witness these tests at FMB Oxford's works.
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4. INSTALLATION AND UNIT ACCEPTANCE

The site acceptance testing, included in the installation option, will ensure that all components are
carefully surveyed into position, all motors, actuators and sensors are functioning properly and the
vacuum specifications are met. All motions will be tested and the correct functioning of all limit and
datum switches checked. The complete set of detailed factory tests are not repeated on site.

There will be a full leak check of the installed vacuum sections. We expect that a turbo pump
station, RGA rig, and He leak checker to be provided by the customer for our use while at the
customer’s site.

Final site acceptance will include:
e All factory test data, documentation and manuals
e Correct operation of all motions, limits and datum switches using FMB-O controls and cabling.

o Leak testing at the best achievable sensitivity after 24 hrs of pumping and prior to on site
customer bakeout
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5. SCOPE OF SUPPLY

e M5C optic and mirror system

o DPT dithering and controls

e 1400 Current amplifier (optic drain current measurement)

e 300 I/s ion pump & pump controller (Gamma)

e Right angle valve (Vat valve)

e Cold cathode (series 422) and pirani (series 317) gauges and gauge controller (MKS 937B)
e Motion controls and specified in the motion controls functional specification.

e Field cables
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Preliminary Bremsstrahlung and synchrotron ray-tracing
for SST beamlines
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