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Introduction

'Kohzu vacuum-compatible stages' are precise and durable positioning instruments ideally suited for the extreme
requirements imposed by high-vacuum environments. With few exceptions, our vacuum-compatible stages exhibit
performance characteristics comparable to those of Kohzu standard motion products. Kohzu vacuum-compatible
stages are manufactured, assembled, inspected and packaged under highly controlled conditions. Since proper
material selection is at the core of vacuum-compatibility, Kohzu engineers only specify low outgas metals, plastics,
lubricants and components... construction materials are limited to aluminum, stainless steel, and phosphor bronze.

Kohzu's years of developing customized vacuum-compatible solutions for synchrotron radiation research, semicon-
ductor lithography and space development applications have yielded a vacuum-compatible motion instruments prod-
uct line of unsurpassed quality, reliability and performance.

Ultrahigh vacuum oil-free lubrication as well as high-precision linear and angular encoders can be provided on
request. Please feel free to contact us for all your high and ultrahigh vacuum needs.

i
Vacuum Test Results
e Ultimate System Pressure Test Equipment
® Residual Gas Analysis
y Stage: MVSAO7A-RT
e Qutgas Rate
(eIl UElme: 17 1. Kohzu 70mm stage, Medium Vacuum
Q St”:ﬁ” cht?]mber was p:eptared to con- Pump: 400l/sec, Turbo Molecular? 2. Seiko Seiki SPT.400
uc ese ree vacuum tesis Pump: 250|/r‘n|n7 Scro||3 3. Anesto lwata ISP-250B
H H X a 4. Anelva MG-2F with MIG-430 Controller
Zr?gugr:?ar?h;rpek)regnltsrglésutctiizte}goirzﬁz CRGER [FEVETCHATL 1B 11726 5. Anelva M100QA-M, 2.5mA filament current,
i , RGA: Quadrupole Mass Spectrometer?® 1400V induced voltage at 2nd electron multiplier.
MVSAOQ7A-RT vacuum-compatible swivel . i ° i
stage.
1. Ultimate System Pressure 2. Residual Gas Analysis
. Quadrupole mass spectrometer detects mass to charge ratio (m/z), where
m most elements detected are hydrogen, water, carbon and nitrogen com-
w _ —1 ] pounds. Additionally trace amounts of hydrocarbon and carbonate fluorine
\ are detected and directly attributed to the vacuum grease used to lubricate
F ol our stages. The partial pressures of trace contaminants represent a small
g A contribution to overall system pressure. However, outgassed contaminants
2w 3\ o | will increase as stage temperature rises. If ultrahigh vacuum conditions are
a ., required, we offer customized oil-free stages fitted with materials and lubri-
10 e g cants suitable for baking. Kohzu can address all of your vacuum require-
ments, including those for UHV motion applications.
o 0 s 10 15 20 25 4.9310° 1.87610%
Time T(h) 30" Y 316°
Fig. 1 Pressure vs. Time 2510” ‘ W i 2510” e
=2 zm‘1 3 210°
g uo“, § 110"
510 : H ‘ ‘ ' 510
OO NI 1 bl i i
m/z(amu) m/z(amu)

Fig. 2 After introducing stage (no baking) and After baking chamber for 10hrs. at 150°C (without stage)
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3. Outgas Rate

Outgas rate, or the speed at which gases are released into a vacuum environment can
be calculated from the system's increasing pressure rate. After closing off the system's
pump valve, gases continue to release (outgas) from material surfaces and system
pressure rises. If this pressure rise is uniform, the following relation can be deduced...

Q=V - dP/dt
Where...
Q = Outgas Rate or Gas Release Speed
V = Volume, Vacuum Chamber
Since gas molecules are released and adsorbed on the surfaces of vacuum stages as P = Pressure
well as the vacuum chamber walls, we measured system outgas rates, both with and t=Time in seconds
without stages. We then calculated the net stage outgas rate from the difference
between these two data. The following outgas rate was calculated for Kohzu's MVSA-
07-RT vacuum-compatible swivel stage.

Qsample=Qsample+chamber = Qchamber = 883 X 107 (Pa' rﬁ/S)

This value is typical and constant for most Kohzu catalog stages. It can be used when
designing your vacuum vessel and pumping system.

Important Design / Usage Considerations

Vacuum Chamber
Consideration must be given to vacuum vessel content, content outgas rate and the system's pumping conductance.

Vacuum Handling
Minimize exposure of vacuum-compatible stages to atmospheric conditions. After unpacking, install vacuum-compati-
ble stages into a vacuum vessel as soon as possible.

Motor Heating
Heat conductivity and dissipation are significantly reduced in a vacuum environment. This will lead to over-heating of
in-vacuum stepper motors if operated continuously for long periods of time. Motor overheating will lead to a rise in
system pressure caused by the evaporation of motor-bearing lubricants. Evaporation of motor-bearing lubricants can
in turn lead to premature bearing failure. Furthermore, dimensional instabilities produced by thermal gradients and
different coefficients of thermal expansion will occur within positioning mechanics.

2510"

g The left graph depicts pressure change over time as a vacuum-compat-
- ", ' ible stepper motor is powered 'On' and 'Off' inside a vacuum chamber.
v According to the data collected, after starting a current flow to an in-

vacuum motor, system pressure will increase until reaching a saturation
point. Subsequent 30 second power-cycles produce temporary, but

1.510"

Pressure (Pa)

1o v v noticeable pressure bursts that, almost immediately, return to original
v pressure levels. Repeated cycling of the motor over a period of 25
Sty - hours gradually improves system pressure to pre cycling levels.

010°
0 5 10 15 20 25

Time (h)

Fig. 3 Pressure vs. Time (while cycling motor)

To improve or maintain minimum system pressure...
e Cycle in-vacuum motors as previously described
e Maintain lowest possible motor holding currents

To improve or maintain maximum positional accuracy...
® Reduce motor heating by minimizing power 'On’' cycles and holding current
® |ntroduce thermal insulation between motor and motion mechanics
e Add optional, vacuum-compatible, linear or angular encoders with feedback control

1. Some Kohzu stages can not be fitted with insulating spacers or encoders. Please contact sales for more information on stage options and functionality.
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Table size 50mmX50mm

CMENENEMENERS V-groove & Crossed roller guide

Motion range +7.5mm

IEEL N LB Ground screw, Pitch 0.5mm

CEEIREEGTNT I 0.5 1« m/step (Half step)

(W EVAITT Kol 2.5mm/sec.

P TE L EERRGIE 6 « m/20mm

Repeatability +0.5 xmm

Lost motion

Tum

Straightness 1 «m/20mm

Backlash 1um

lLERETNEEY 3arcsec./kgfem, Roll direction

Load capacity 5kg

Material Aluminum alloy

Weight 5709

5-phase stepper motor

Acutuator .
i (Vacuum compatible)

(ool lel Yo [-8 8 D-sub type (Vacuum compatible)

=)

MVXAO07A-R1

Table size 70mm>X70mm

([CTLENMENNEENENN V-groove & Crossed roller guide

Motion range +10mm

TN e EGTS 0 Ground screw, Pitch 0.5mm

[SEEINEEG i 8 0.5 wm/step (Half step)

\EVARTTTES M 2.5mm/sec.

Accumulated lead error

10 xm/20mm

Repeatability +0.5 gmm

Lost motion

Tum

Straightness 1 xm/20mm

Backlash

r®
3

W BEIBERETESY 1arcsec./kgfem, Roll direction

Load capacity 10kg

Material Aluminum alloy

Weight 7509

5-phase stepper motor

Acutuator .
(Vacuum compatible)

(Ol T S8 D-sub type (Vacuum compatible)

MVXA10A-L2

Table size 100mm><100mm

CHLENVINEENEGN Linear guide

Motion range +50mm

IEG N L ETTE N Ball screw, Pitch 2.0mm

ICEEINEEC e 2 1 m/step (Half step)

W EVARTTRS A 10mm/sec.

Accumulated lead error

15 £ m/100mm

+0.5 gmm

Repeatability

Lost motion 2um

Backlash 2um

Mo lECETEEE 0.5arcsec./kgfem, Roll direction
Load capacity 20kg

5-phase stepper motor

Acutuat .
CHEISIOr (Vacuum compatible )

Connector type

D-sub type (Vacuum compatible)
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% Every stage is inspected in air-side. These stages are not compatible
for any baking.

% Please feel free to contact us for bakable type.
* Specification and extrior will be changed without any natification.
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MVZAO07A-X1

70mmX70mm

V-groove & Crossed roller guide
Ground screw, Pitch 0.5mm

0.5 xm/step (Half step)
2.5mm/sec.
m Aluminum alloy
[woight |

Acutuator 5-phase stepper motor (Vacuum compatible)

D-sub type (Vacuum compatible)

Table size ¢ 68mm

0.02mm/360°
7arcsec./kgfcm
m Aluminum alloy
[woight |

(elITs ERN I ERTET I8 Angular contact bearing

Motion range +135°

Lead mechanism Worm & worm wheel

Ideal resolution 0.004° /step (Half step)

Maximum speed 20° /sec.

Accumulated lead error JNIERNET 0}

Acutuator 5-phase stepper motor (Vacuum compatible)

D-sub type (Vacuum compatible)

Lost motion 0.006°

Repeatability 0.01° /4°

Backlash 0.005°
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Svynchrotron Radiation Applications
HDouble-Crystal Monochromators

Synchrotron light is comprised primarily of a wide range of wave-
lengths, mostly between hard X-ray and vacuum ultra-violet radia-
tions. Single-crystal diffraction is used extensively in synchrotron
radiation research as a means of extracting or filtering specific
radiation wavelengths from an incident and polychromatic syn-
chrotron beam. The resulting diffracted beam is monochromatic,
of a specific or very narrow wavelength range.

The double-crystal monochromator (DCM) is the tool most com-
monly used for this filtering process. DCM's are fitted with two
adjustable and offset parallel single-crystals. The first crystal is
used to filter and select the beam's desired wavelength, while the
second crystal is used to redirect the diffracted beam onto a path
parallel to the original incident beam. The beam resulting from
second crystal diffraction is referred to as the exit beam. The inci-
dent and exit beams must be parallel and at a constant distance
from each other at all times for most of the applications. This dis-
tance between the incident and exit beam is called beam offset.
The DCM must insure that the beam diffracted off the second

crystal maintain a stable and accurate exit position, or offset while
the first crystal scans through various wavelength settings.

It is well known that thermal instabilities can be detrimental to the
performance of precision motion systems. The heat load pro-
duced by an X-ray beam on DCM crystals is estimated to be from
100W/mm? and higher, so efficient crystal cooling is essential for
the optimum stability of crystal motion-mechanics. Operating in a
high-vacuum environment, 10° Pa, is vital for crystal cleanliness
and to eliminate beam scattering that greatly reduces beam
strength and performance. It is for these reasons that materials
and lubricants used inside a DCM are carefully selected for opti-
mum vacuum and radiation compatibility.

Kohzu monochromators are constructed with a main, in-vacuum,
rotation stage that supports crystals with respective motion
mechanics, cooling lines and electrical wiring components. This
rotation stage is driven from the atmosphere side of the DCM and
precise rotation is translated through the vacuum vessel wall via a
ferro-fluidic rotary vacuum seal.

Computer Controlled
'v

Offset DCM

-

This type of DCM uses \;érious, individu

- N

ally driven, linear, rotary and swivel-arc

:

.

N
;

vacuum compatible stages for

precise crystal positioning. Each stage is stepper motor driven and independently controlled via a driver and
computer interface. The computer monitors and adjusts relative crystal positions, insuring a stable and con-
stant exit beam. Kohzu has built many computer controlled offset double-crystal monochromators for the APS
(Advanced Photon Source) synchrotron facility located at Argonne National Laboratory in the United States.

Cam Controlled Offset DCM, Single-Cam Type
This type of DCM is the instrument of choice at
the SPring-8 (Super Photon Ring 8GeV) syn-
chrotron facility in Hyogo Japan. Single-cam
style DCM's employ a precision contoured
mechanical cam to maintain a constant offset
distance between crystals and thus produce a
constant and stable exit beam.

1R
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Cam Controlled Offset DCM Dual Cam Type

In addition to a crystal offset cam, the dual-cam DCM pro-
vides an additional cam to adjust crystal position along the
beam axis. Since these two crystal motions are not motor-
ized, as in computer controlled monochromators, crystals
are displaced and positioned by the cams as the main axis
is rotated to a specific Bragg angle. Therefore, any change
in energy can be done by actuating just one motor of the
main axis. This type of DCM is commonly used in applica-
tions where minimal reliance on computers is essential or
preferred.

BCustom Monochromator Applications

This customized instrument consists of a stack of several
vacuum-compatible stages that provide a total of five
degrees of motion freedom. The assembly is used in the
adjustment and positioning of a Kohzu crystal-bender. A
crystal bender is used to deform (bend) a single crystal
substrate for the purpose of focusing diverging X-ray
beams. Operating in a high-vacuum environment, 10° Pa,
is vital for crystal cleanliness and to eliminate beam scat-
tering that greatly reduces beam strength and perform-
ance.

List of vacuum-compatible stages from top to bottom...

1. Swivel-arc stage, 100mm

2. Swivel-arc stage, 130mm

3. Rotary stage, 160mm

4. Vertical linear stage, 130mm

5. Horizontal linear stage, 250mm

Kohzu has built many positioning instruments for use in the
field of neutron research. This particular devise, consisting
of two 160mm vacuum-compatible swivel-arc stages, is
used for the precise positioning of neutron detectors.
Operating in a high-vacuum environment of 10* Pa, is vital
for cleanliness and minimal beam scattering.

e-sale@kohzu.co.jp http://www.kohzu.co.jp
12



Kohzu Precision Co.,Ltd.

2-6-15, Kurigi, Asao-ku, Kawasaki-shi, Kanagawa 215-8521 Japan
TEL +81-44-981-2131 FAX +81-44-981-2181

http://www.kohzu.co.jp
e-sale@kohzu.co.jp

Kohzu America, Inc. /

5674 Stoneridge Drive, Suite 202, Pleasanton, CA 94588 U.S.A.
Tel +1-925-460-1350 Fax +1-925-460-5050

http://www.kohzuamerica.com
sales@kohzuamerica.com
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