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STANDARD DOUBLE CRYSTAL X-RAY MONOGHROMATOR
for SPring-8

General

As it is usual for synchrotron radiation facilities, X-ray
double crystal monochromator produces a monochromatic
exit beam, running parallel to incident white X-ray beam
with fixed offset. It is required, that optical axis of the exit
beam does not shift during a change of the exit beam
energy produced by change of the crystal orientation, or
the angle of incidence 6 . In addition, it is desirable to
change the energy of the exit beam by actuating least
number of motors.

Here we offer our standard cam type monochromator
with 1st and 2nd crystal holders placed on common
rotating table. The design meets above described
requirements and allows to have the exit beam in desired
position. The monochromator is being produced in two
modifications, either with* rotating inclined” ot variable
inclined” geometry. Nevertheless, the design is the same
except the crystal holder adjustment mechanics.

Main rotational axis coincides with the surface plane of
the 2nd crystal. Shift of the 1st crystal position with
respect to the incident beam, which would be caused by
simple rotation of the table around the main axis is
compensated by vertical motion of the Ist crystal guided
by the cam. Then, the energy of the exit beam is
determined only by the rotation angle 8 without any
displacement of the crystals with respect to the beam. Any
thermally or mechanically caused distortions of the crystal
parallelism can be corrected by precision tilting
mechanism installed on the 1st crystal holder.

General Specification

Bragg angle range 3°025°0
Beam offset 30mm upwards
Vacuum degree 10Torr

Every motor driven movement is secured by limiting switches.
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Main rotation axis 6 is the most important part of the monochromator. It is because the high
precision movement of the rotating table with all adjusting mechanisms in order to set the Bragg
angle must be provided without breaking the vacuum. Nevertheless, our company possess the
necessary technology, since we produced more than 30 monochromators based on the same
principle, which are being successfully used* in Japan and abroad. Although the design of the
monochromator is basically similar to that of other similar devices, it supposes the operation
mainly at small angles of incidence. In this case, the distance between the crystals is large, and
hence the load moment applied to the monochromator mechanism is large as well. In order to
eliminate the resulting effect on the performance, the device is equipped with our peculiar moment
load cancellation mechanism **.

* T.Ishikawa, SPring-8 Annual Report (JASRI, 1996) p.30.00
** 00000 O patent application submitted(]
O

00O 0O 0O O O Specification of the mechanism parts

000000000 (0D0O0ooooooooo
Actuator 5 phase stepping motor
ooooo R R

Angular range trosrg

oooo Y

Resolution 0Ly

oooooo e

Angular repeatability

oooooooo 2'000

Backlash within 2" 0

goooo Boo00000000O00
Drive mechanism 2 step speed reduction worm gear

00 O O Characteristic feature

100o00oooboooooomoooooooobooooon
goooooboobomhoMnooomooooooom
2000000000000 goooobbooooom

1.In order to pass the cooling water tubes through the 0
O central axis, the doughnut-type encoder [

00 Heidenhain ERO-725 (1" reading) is being used. O
2.The moment load cancellation mechanism is included.
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2.0010 0 0 0O First Crystal Part
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First crystal adjustment mechanism consists of the crystal holder
adjustment mechanics, translation stage and the cam stage. The latter
two parts secure desired position of the exit beam.

The holder adjustment mechanism, mounted on the horizontal ¢ 1-axis
rotation stage, differs for the rotating inclined and variable inclined
geometry except for x1-axis translation stage.

The translation stage motion can be controlled by vacuum compatible
absolute linear motion magnetic sensor.

ooooo
RotatingO
Inclinedd
Geometry

oooo
Variable
Inclined
Geometry

X1

ooono
Rotating
Inclined
Geometry

FIRST CRYSTAL PART

oooo

Variable
Inclined
Geometry

I~ BEAM

000000000 [Crystal motion drive part specification

m 00000000 NODLY-axis translation stage

oooooooo

gooOoooooooooo

Feed mechanism

Actuator vacuum compatible stepping motor
ooood

Stroke 270mm

ood

Resolution 11 m/step

gooooo oJooooooono
Positioning accuracy %%‘PH (with a feedback control
ood Oomoooooo
Straightness H]Il/g'ﬂ)@(i;l(yawing, pitching)
ooooaod ooooooooood

Guidance system precision ball race guide

gooo ooooooo

precision ball screw

Ooo
Characteristic feature position origin magnetic sensor

gooooooooo

is provided

m 000000000 [Cam Zc-axis stage

ogooooooo

oooooooooooooon

Guidance system

Actuator motion guided by cam attached
nearby the Y—axis

opoooo

Stroke * 3mm

Ooo 0.5"0 000000 moooooo

Straightness within 0.5” /stroke (yawing, pitching

gooog goooooooood

precision ball race guide

s J0000000@ZO
[Wp-down Zi—axis translation stage

oooooooo

oooooobobooooog

s JO0000000m

10

MLeft-right Xi—axis translation stage

gooooooo Jooooooooooog

Actuator vacuum compatible stepping motor|

ooood

Stroke + 5mm

goo

Resolution 0.051 m/step

ooooOoo

Positioning accuracy +0.50m

ooood Ooodooooooodd

Guidance system precision ball race guide

gooo . ooooog

Feed mechanism precision feed screw

oo oooooogoogd

Function adjustment of the rotation axis within
the plane of the crystal surface

s JO00000@.0O

On-plane @ 1—axis rotation mechanism

Oooooooono Oo0o000oOooooooOog
Actuator vacuum compatible stepping motor
ooood °

Stroke 5

goo ™

Resolution 0.5"/step

ooooo +1"00

Angular repeatibility within+ 1"

ooood Oododoooodoodod
Guidance system angular bearing guide
gooo Joooooooooo
Feed mechanism tangential bar system

m 000000000
[Bragg angle AB 1—ax

Ooodme d
is precision adjustment mechanism

oooooooo

oooooooooooooo

Actuator vacuum compatible stepping motor

i ° L " 00000000000

Stroke (0100 05) mm Meft-right x1-axis translation stage

oono goooogooo O00000000000 OO0 O
Resolution 0.1y m/step Actuator micrometer head (manual)
ooooog " ooooo

Yawing 1"/stroke Stroke =5 ST

oooood gog oo

Positioning accuracy| = 0y Resolution 10u m/scale unit

ooooao oooooooooon ooooao oooooonnoon
Guidance system | precision ball race guide Guidance system | precision ball race guide
oooad oooood gooao X 0oooooo

Feed mechanism | precision feed screw Feed mechanism precision feed screw

oo Ooooooooooon oo oooooogooooog |
Function adjustment of the crystal surface height Function adjustment of the rotation axis with

respect to the plane of the crystal surface

s 0000000000 OOO0D0OO00
O 1—axis crystal inclination mechanism

Feed mechanism

tangential bar system

[MLeft/right TX1—axis

sJJggoooooooxomooooo

crystal tilting (used in rotating inclined geometry)

Actuator OOoOoOoOo0Oooooo (used in variable inclined geometry)

vacuum compatible stepping motor oooooooo ooooOoooooooon

and piezodrive with a feedback Actuator vacuum compatible stepping motor|
ooooo 0 [ 0000 Ctoarse (motor) + 3° ooooo 015° 0 0O030°
Stroke 0 (00 0O Fine(piezo) + 14” Stroke ( )
ooo 0.01" /stepll0 O 00 O motord ooo . 0.2" /step
Resolution 0.001" /step 00 00 O piezol Resolution

goooo Ooo0oooooogoooood
CD; E-E 0o ooo IZIIEI oo00ooo EIbIIIII oo - Guidance system | precision cross roller arc guide
uidance system semi—circular type precision ball race guide| 000 O Ooooooo

gooo goooooooooo Feed mechanism worm gear

s jJgoooooooovwmooooo

[Forward/backward TY1—axis crystal tilting
(used in rotating inclined geometry)

goooooog Oooooooooooono goooooog Ooooooooooooo
Actuator vacuum compatible stepping motor]| Actuator vacuum compatible stepping motor]|
gooood o gooog o

Stroke £z Stroke 2

goo " goo "

Resolution 0.01"/step RS 0.01" /step

gooo oooodog gooo oooooog

Fine motion mechanism | two—plate tilting Fine motion mechanism | two—plate tilting
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econd Crystal Part

MOo0o0o00000o00o0ooooogooooooooOobDbc0obOOboogoooooe
goboooobooobobooooboo
MoooooDOOoobOoOoOoe20000DL0000000OO0O0OOOOOO0ObObOOOO
OxeOOOOOOOOOOOOOOOooOoOo

2nd crystal adjustment mechanism consists of the crystal holder motion stages. The function of
this part is to adjust the relative position of the crystal surface with respect to the main rotation
axiso .

The holder adjustment mechanism, mounted on the horizontal @ 2-axis rotation stage, differs for
the rotating inclined and variable inclined geometry except for x2-axis translation stage.

Tx:&

TY2

ooood
Rotating
Inclined
Geometry

TX2 X2
2 \ oz oooo
- k Variable
Inclined
Geometry
Z2
(Dee SECOND CRYSTAL PART

O0000O0O0O0O Crystal motion drive part specification

e 00000000RZ0
[Wp—-down Z2—axis translation stage

s 000000@ 0

h-plane @ 2—axis rotation mechanism

oooooooo ooooooooooooo oooooooo ooooooooooooo
Actuator vacuum compatible stepping motor, Actuator vacuum compatible stepping motor
ooooo ooooo
4+ o

Stroke (010005) mm Stroke £S5
ood ooo "
Resolution 0.14 m/step Resolution Dzl
ooooo 1" /stroke ooooo +1"00
Yawing Angular repeatibility| within+ 1"
gooooo +0.50m ooooo Ooooooooooooon
Positioning accuracy, Guidance system angular bearing guide
ooood Ooooooooooodd oooad OooOoooooood
Guidance system precision ball race guide Feed mechanism tangential bar system
oooad ooodood
Feed mechanism precision feed screw s 0000000000300
oog 0o00o00ooooooo [Left-right X2—axis translation stage
Function ﬁceiiuf]:ment of the crystal surface Oooooooo OooOooooooomooo

& Actuator micrometer head (manual)

ooood +5
e 0000000000OMRe-0 Stroke 23 Sl
[Bragg angle AB 2—axis precision adjustment mechanism Ooo 0ooo
oooooooo Joooooooooooo Resolution 10u m/scale unit
Actuator vacuum compatible stepping motor ooooo OoO0O0O000oOoo
ooooo + 30 Guidance system precision ball race guide
Stroke oooo oooooo
E O IIII . 0.1" /step (motor) Feed mechanism precision feed screw
ESOLLION 0o 00O00O0O0O0O0O0O0O0O0O
ooooad Ooooooooogooooa Function adjustment of the rotation axis
Guidance system semi—circular type precision ball with respect to the plane of the
race guide crystal surface

oooo
Feed mechanism

goooooooooo
tangential bar system

[Left-right x2—axis tr

s 000000000

anslation stage

Ooooooooo

Oooooooooooooo

Actuator vacuum compatible stepping motor]|
ooood
+
Stroke Sl
ood
Resolution 0.051 m/step
oooood
+ O.
Positioning accuracy sum
ooooaod Oooooooooodd
Guidance system precision ball race guide
oooo Oooooo
Feed mechanism precision feed screw
oo gooooooooo
Function adjustment of the rotation axis

within the plane of the crystal surface

s jO00gooood

ooxXe0mooood

I]left/rlght TX2—axis Cl’ystal tlltlng (used in rotating inclined geometry)

gooooooo Jdoooooooooooo
Actuator vacuum compatible stepping motor
oooood + 20

Stroke

oo 0.01"/step

Resolution

oooo 200 000

Fine motion mechanism | two—plate tilting

m J000o0oooa

g 0000000

2-axis Crystal inclination mechanism wsed in variable inclined geometry)

oooooooo Joooooooooooo
Actuator vacuum compatible stepping motor
ooood . .

Stroke (@15°0030°)

Oood "

Resolution 027520

ooooo Joooooooooooooo
Guidance system precision cross roller arc guide
oooo gooooog

Feed mechanism worm gear

s 00000000

oov:0mooooo

[Forward/backward TY2-axis crystal tilting

[used in rotating inclined geometry)

Oooooooo Oo000o00oooooooOoa
Actuator vacuum compatible stepping motor
Oooooo + 20

Stroke B

ooo "

Resolution 0.01"/step

ogood oooood

Fine motion mechanism | two—plate tilting
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upporting Structure

O OO O O BSupporting structure design O 00O 0O O [Cooling water tubing

Mmogoooobooooboobooboboobboobooboobooboooooooooobooooboo
gbobgoboooboobboobobboboobbbooooooooobobboboobobooobooobaon
oooooooooo

Mmmooboooooobooobb oo oo bbb booooooDobo Do
gbbooooooooboooooboooboobooooboooboooboooboobooboboo
gobboooooobboogoooooooooooboda

Supporting structure is made of two parts. The upper part is a mild steel plate, which carries Flexible tubes are used inside the vacuum chamber for cooling water supply to the both crystals.
directly the vacuum chamber. The plate is equipped with rails to move the main rotation axis The tubing connection in the vacuum is provided by VCR fitting. The joint size is 1/2 inch for the 1st
support with the mechanics. and 1/4 inch for the 2nd crystal cooling system.

The lower part is a welded structure support equipped with the Up/Down - Left/Right adjustment
mechanisms.

OO 0O O O [Adjustment mechanics specification

0000 O m 000000 XeYbO
[Wp/Down Zb axis translation [Forward/Backward - Left/Right Xb, Yb axis translation
gooooooo ooooooooog gooooooo 0 oo
Actuator Stepping motor Actuator Bolts
ooooo ooooo
Stroke + 20mm[ Stroke + 20mm0
ooo gooooao
. e + 2mm(J
Resolution M sgeg Positioning accuracy
gooooo +2um oo J000oooobooooooog
Positioning accuracy | Function O0000000oooooooooo
Oooooo 0000000000 Adjustment of the relative position
Guidance system | linear bush guide of the whole monochron)ator with
respect to the beam during the
oogo . oO _D,DD,D installation.
Feed mechanism precision jack
oo odooO0ooOooooooooo
Function Adjustment of vertical position of the
whole monochromator

m 0 0000MO0o
[Horizontal alignment tilting

obooooo

T + 5"
Positioning accuracy|
00 000000000000 0oooOo
Function oooooooooooooood
oooooo

Adjustment of horizontality of the
whole monochromator during the
installation in a beamline.




e —
0 O 0 O DYz Systearn 0 0 D00 [ gtions W RORZ0

OO000O00O00 0O 0O [Crystal Bending Mechanism

00000000 O Wacuum Chamber Design

MoboooboobobooobobooboboooobobooooooboobboODOD0o o
goobooooboobobbobobobobooooobobboooooooboooboooooobooon
obooooboooooooboobobbboobobooooobobobboooo
mooobobooboooboboooboobobobooo
mooooooobooboboboobooooooooooo

Both crystal adjustment mechanisms are enclosed inside vacuum chamber body, covered with two
large size flanges. Material of the chamber is SUS 304 stainless steel. The main axis shaft passes
through the right side flange, if to look on the system from the beam source. The rotating table
containing the adjustment mechanics of the both crystals is mounted on the vacuum side of the
shaft.

The main axis shaft is passed to the vacuum chamber through a ferrofluid seal. Both left and right
large size flanges are sealed by Viton seals.

00000000 O IWacuum chamber specification

goooooood

Beam pass flange ICF 152
Ooooooo 00000000000 DO D0d0ooooo
Viewports ododoooddddmmd 000 O0OOOOOOOO

0o0oOOoooooooog

Viewports are mounted on the ICF 152 and

ICF 203 flanges at 5 locations of the chamber body.
Glass windows are covered by leaded glass

with thickness equivalent to 3mm of lead on the
atmospheric side.

gooooo 0000000000000 O00O000OO00OoOO
Electrical feedthroughs O0000dddmoooooomooooooooo o

10 electrical feedthrough on the ICF 70 flanges for
vacuum stepping motors and piezodriver are
located on the main axis side of the chamber.

0oooooo 00000 Moo0ooooO00o00o0o0ooooao
Service ports Joooooooooo

There are 3 service ports for vacuum gauge, leak
testing and venting. The size and the position of
each port shall be discussed with the customer.

00000000 0 Baking and Ultimate Pressure

0000000000000000000000000000000000"OD00 00000

The monochromator is not baking type. Minimum achievable pressure is 10°5Torr by turbomolecular
pump.




S
QD
=
S

-

)

-

)
=
]
]
]

1845

= IN

02 F¥00rL
= [1L3S440 Nv3g 0€ 009 0¢ +008
S seL | oz vl 6Ly 901
7/
$ L
B o ﬂh wﬁ | wHJHMH
O
/|
58 ] il , m 8 2
d= T ) o
= 1 2y i<
el /
N
[
S
0
00zl o0l 0
009 T 009 (1135440 Wv3d € 0z F007L
5901 009 008
0 =
No JUN =5 m
e [RER R i - ]
i N N v B 2 - =
il NFA s =~ [
| | i ] 1
WTi , [ , “ M
Inall .
il T
5| [l [ |
B ,HHU | g | Amw |
T ] ﬁ,,, -,T\ { w
R=llki : _ i ., ﬁ{ E Ifw G=—=]
& A = L o ==
—] i
el |
| R
g i = wﬁ/
g
“““““ J M
008
056

14

13





