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Beamlines 

Complete Beamlines 

IDT have a proven capability in delivering complete beamlines as turnkey solutions. We can provide a variety 

of components and services including: 

Â Detailed beamline design & layout. 

Â Optical component design, including FEA and 
raytracing. 

Â Supply of beamline components, including, 
monochromators, mirrors, power management 

components, diagnostics, radiation safety 
components & experimental equipment. 

Â Controls hardware & EPICS software. 

Â Testing, installation & commissioning. 

GSECARS Sector 13 Upgrade 
at the Advanced Photon Source 

GSECARS has undergone an upgrade to a canted undulator 

layout. IDT have designed & built all the first optics enclosure 

components plus other beamline components as part of this 

upgrade.  

The first optics enclosure features a dual primary slit system 

for both canted beams which are suitable for operation at 

200mA ring current, an upgrade to the existing DCM for the 

canted beam geometry plus a new air-bearing DCM, a double 

horizontal focusing mirror system as well as beam conditioning 

components. IDT also provided a Secondary Source Aperture, 

a family of multi-functional beam position monitors, and a 

Small KB Mirror System.  

Dual Canted Primary Slit System 

Upgraded DCM 

Air Bearing DCM 

Double Horizontal 
Mirror System 

Pinhole Aperture Collimator & 
Beam Stop 

Left: Air-Bearing Double 

Crystal Monochromator. 

Â Dual canted undulator primary slits. 

Â DCM upgrade for canted geometry. 

Â New air bearing DCM. 

Â Double horizontal mirror system. 

Â Beam stops, pinhole, secondary source apertures. 

Â Multi-function beam position monitors. 

Â Small KB mirror system. 

Â Measured beamline stability of 54 nrad (see p21). 

Above: XRF imaging data from upgraded 
GSECARS ID-E beamline. 
High spatial resolution (500nm) with high 
flux (>10

11
 ph/s) 
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Beamlines 

X-Ray Fluorescence Microprobe Beamline 
at the Australian Synchrotron 

Â Horizontally focusing striped mirror with novel 
water cooling for zero vibration transmission to 
optic. 

Â Cryo-cooled horizontally deflecting double crystal 
monochromator (Si(111) & Si(311)) with unique 
cooling interface for zero vibration transmission to 
crystals. 

Â High power slits & cooled mask for windowless 
interface to front end & undulator. 

Â Beam diagnostics including high resolution CCD 
camera & quad diode system. 

Â Horizontal & vertical secondary source aperture 
with sub-micron repeatability. 

Â Small KB mirrors (240mm long) in helium 
environment. 

Â 44 axis motion control & EPICS software. 

Â Measured stability of 18 nrad (see page 13). 

Fixed Mask & 
Differential Pump 

Horizontal & 
Vertical Primary Slits 

Horizontally Focusing  Mirror 

Horizontal Double 
Crystal Monochromator 

Beam Defining 
Aperture 

Multi-function  
Beam Position Monitor 

Quad Diode BPM 

Secondary Source Aperture 

Small KB Mirror System 
(in end station) 

IDT designed, built & installed the X-ray fluorescence 

microprobe beamline at the Australian Synchrotron. 

This extensive turnkey project included the supply of 

all beamline optical components, beam transport & 

beamline control system. IDT were also responsible for 

on-site installation & full commissioning. 

The beamline features a horizontally deflecting mirror 

& monochromator, each designed for maximum 

stability & minimum vibration. 

Scope of supply: 

Â Design & layout of beamline & all components, 
including ray tracing and finite element 
analysis. 

Â Assembly & factory testing of optical 
components. 

Â EPICS based beamline control system. 

Â Delivery & on-site installation. 

Â Full commissioning of beamline. 

Shielded Transport 
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Imaging & Medical Beamline 
at the Australian Synchrotron 

Beamlines 

The Imaging & Medical Beamline at 

the Australian Synchrotron is a 

150m long beamline for high-

resolution, phase contrast x-ray 

imaging of biomedical samples. 

The beamline source is a 

superconducting multipole wiggler, 

with a total power output of >20kW. 

IDT designed, manufactured & 

tested the beam conditioning 

equipment in the first optics 

enclosure, including very high heat 

load slits, filters, fixed mask and 

beam stops, designed to handle the 

very high power output of the 

wiggler. IDT also designed, built, 

tested and installed a Double Laue 

Monochromator, designed for 

stability due to the large mono-to-

sample distances involved. 

Â Fixed 5mrad mask absorbing >8kW wiggler 
radiation. 

Â Very high heat load primary slits capable of 
absorbing >7kW per blade. 

Â 5-axis graphite filters capable of absorbing >6kW. 

Â Thermal photon stop. 

Â Safety shutter. 

Â Double Laue Monochromator with energy range 
16keV - 100keV. 

Above: Primary slits and 5-axis filter system. 

Below left: Very high heat load vertical slit system. 

Below right: Double Laue Monochromator. 
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Hard X-Ray Micro Analysis Beamline 
at the Canadian Light Source 

HPCAT Sector 16 
at the Advanced Photon Source 

IDT designed, built & installed the multi-function 

Hard X-Ray Micro Analysis (HXMA) beamline at the 

Canadian light source, used for a variety of 

techniques such as XAFS and powder diffraction.  

HXMA is a wiggler beamline requiring cutting-edge 

solutions for high heat load components. 

The project included the design, assembly, testing 

and on-site installation of a collimating mirror, a 

double-toroidal focusing mirror, primary slits, filters, 

beam diagnostics (including tungsten vane monitors 

and fluorescent screen) and a family of experimental 

tables.  

IDT were tasked with the full design of 

HPCAT (Sector 16) at the Advanced Photon 

source, from the optical concept stage 

through to full engineering solutions The 

project scope was for a full sector layout, 

including hutch design. 

HPCAT is a complex multi-function 

beamline sector with an insertion device 

and bending magnet source. 

IDT also supplied many hardware systems 

including a large offset monochromator, a 

high resolution monochromator, a large KB 

mirror system, high heat load slits plus a full 

3 metre spectrometer and several 

experimental tables. 

Beamlines 

HPCAT has since undergone an upgrade to a canted 

undulator layout. IDT have designed, built & tested the 

upgraded beam conditioning components, which are 

rated for 200mA ring current operation, including dual 

canted primary slit systems, beam apertures and beam 

stops. 

Right: Canted undulator primary slit system installed on 

HPCAT. 
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Monochromators 

Monochromator Systems 

IDT have developed a wide range of 

monochromators with market leading 

performance for synchrotron facilities around the 

world.  

Key features of IDT Monochromators: 

Â Every monochromator is fully tailored to the 

specific individual needs of the customer. 

Â Unique thermal isolation approach for minimal 

thermo-mechanical drift, removing the need 

for water stabilisation circuits and/or heaters. 

Â Novel crystal cooling solutions designed for 

the specific beam profile & heat load. 

Â Ultra-stiff mechanics and rotary tables, with 

highly reliable mechanisms. 

Â Monochromator mechanics mounted directly 

onto granite base blocks and entirely 

decoupled from vacuum vessel. 

Â Multiple encoders on Bragg axis. 

Â UHV compatible DC servo motors, as options. 

Â Factory energy scan tests using custom laser 

quad diode system. 

IDT monochromators in operation: 

9-BM X-Ray Absorption Spectroscopy Beamline at 
the APS. 
Air-bearing DCM with two direct water-cooled crystal sets. 

MRCAT Sector 10 at the APS. 
Air-bearing DCM with two cryo-cooled crystal sets, suitable for 
canted undulator geometry. 

GSECARS Sector 13 at the APS. 
Air-bearing DCM with two cryo-cooled crystal sets, suitable for 
canted undulator geometry. 

I14 Hard X-Ray Nanoprobe beamline at Diamond 
Light Source. 
Ultra-stable horizontally deflecting cryo-cooled DCM. 

B18 Core EXAFS beamline at Diamond Light Source. 
Fixed offset double crystal monochromator featuring two crystal 
sets (Si(111) & Si(311)) with direct water cooling & DC Servo 
bragg motor for quick EXAFS mode. 

B21 SAXS beamline at Diamond Light Source. 
Fixed offset double crystal monochromator featuring Si(111)
crystals with direct water cooling and sagittal crystal bender. 

Imaging and Medical beamline at the Australian 
Synchrotron. 
Double Laue monochromator with variable mono beam offset. 
 

X-ray Fluorescence Microprobe beamline at the 
Australian Synchrotron. 
Cryo-cooled horizontally deflecting fixed offset double crystal 
monochromator with two crystal sets (Si(111) & Si(311)) and novel 
crystal cooling for zero vibration transmission to optic. 

B16 Test beamline at Diamond Light Source. 
Directly water cooled fixed offset double crystal monochromator. 

I04.1 Monochromatic MX beamline at Diamond Light 
Source. 
Branching monochromator with indirect water cooling for zero 
vibration transmission to optic. 

I15 Extreme Conditions beamline at Diamond Light 
Source. 
Cryo-cooled fixed offset double crystal monochromator. 

Upgrade on GSECARS Sector 13 at the APS 
Upgrade to existing double crystal monochromator for canted 
undulator geometry featuring new crystal cage with two cryo-
cooled crystal sets. 

Upgrade on DUBBLE CRG at the ESRF. 
Upgrade to existing double crystal monochromator for bending 
magnet beamline featuring new crystal cage with two water-cooled 
crystal sets. 
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Air Bearing DCM 

IDT have developed an air bearing rotary stage, based upon a licenced goniometer* from STFC, as part of our 

program of continuous  development of cutting-edge monochromators 

The combination of this air bearing goniometer with our proven ultra-stable crystal cage mechanics provides a 

world class platform for DCM operation and offers significant improvements over other mechanical 

goniometers, with a frictionless & ultra-smooth Bragg drive with no degradation or wear over time. Other 

features of the air-bearing goniometer include: 

Â Very high radial stiffness of 270N/Õm 

created by 10Õm air film. 

Â Zero backlash & no mechanical hysteresis. 

Â No contact points, only a 10Õm air film. 

Â For mechanical tables the rotational speed 

is limited by the high ratio gearbox; with a 

direct drive air bearing the speed is limited 

by the motor torque. 

Â High speed direct drive torque motor with 

variable Bragg speed greater than  20Á/sec 

achievable. 

Â External Bragg encoder with Renishaw DSI 
ring encoder technology. 

Â Measured angular stability of 54 nrad. 

The high Bragg speeds achievable are ideal 

for Quick EXAFS operation. The DCM can 

also be operated in step-scan mode with the 

distinct advantage of no wear or degradation 

over time. 

IDT have installed air bearing 

monochromators on GSECARS, MR-CAT 

and 9-BM at the APS, SMI and XFM at NSLS

-II and XAS at the Australian Synchrotron 

Monochromators 

* É Copyright Science and Technology Facilities Council 2011. 
 Manufactured by Instrument Design Technology under licence from the Science and Technology Facilities Council. 
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Monochromators 

AXIS RANGE RESOLUTION REPEATABILITY 

Bragg Angle 
Direct drive motor 

as required 
Encoder resolution 

<0.08ɛrad 
Ñ0.20Õad 

2nd crystal gap 
Used to maintain fixed offset 

as required 0.1Õm /half step Ñ0.20Õm 

2nd crystal coarse pitch  
Stepper motor driven 

Ñ1Á 0.45Õrad /half step Ñ0.26Õrad 

2nd crystal fine pitch  
Piezo driven 

320Õrad <50nrad <<1Õrad 

2nd crystal coarse roll  
Stepper motor driven 

Ñ1Á 0.63Õrad /half step Ñ0.33Õrad 

2nd crystal fine roll  
Piezo driven 

450Õrad <50nrad <<1Õrad 

Horizontal crystal exchange 
Entire air-bearing assembly is 
translated outside the vacuum 

as required <5Õm Ñ1Õm 

Technical Data of Air Bearing DCM: 

The stability of the GSECARS beamline has been 

measured to be 54nrad. This stability 

measurement included the effects of the air-

bearing DCM as well as an IDT-built double 

horizontal mirror system. The plot to the right 

shows the beam position over 500 seconds, 

standard deviation of beam angle:  54 nrad. 

See pages 20 - 21 for more details. 

54 nrad measured stability 

Bragg axis static stability 

The many applications of an air bearing DCM 

(XAFS, pseudo channel-cut mode etc) rely 

fundamentally on the stability of the Bragg drive in 

maintaining its position once commanded to sit at 

a particular energy. IDT have been able to directly 

measure the static stability of our Bragg rotation 

stage by sampling the closed loop encoder output 

directly over a 10s time frame as a function of 

Bragg angle, yielding an average static stability of 

35 nrad across the angular range of the DCM. 
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Monochromators 

Bending Magnet DCM 

The IDT Bending Magnet DCM features a direct 

water-cooled first crystal with a novel small bore 

cooling arrangement designed to match the specific 

beam footprint to minimise thermal gradients. Other 

features of the monochroamtor are: 

Â High precision, ultra-stiff rotary table. 

Â Stepper or DC servo driven Bragg axis. 

Â Cooling circuits running via central bore of main 

rotary table. 

Â Guard vacuum on water cooling circuit to 

prevent water-to-vacuum joints. 

Â Access to crystal cage via sliding door. 

Â Full extraction of crystal cage on simple linear 

rails for maintenance. 

Â Very compact footprint in optics enclosure. 

Â High vacuum level 5Ĭ10
-8
 mbar. 

Â Very stable base block of natural granite. 

Â In-vacuum encoder system. 

Â EPICS control system. 

IDT have installed bending magnet 

monochromators on beamlines B16, B18 and B21 

at Diamond Light Source, and on the DUBBLE 

CRG at the ESRF. The bending magnet DCM installed on beamline B18 

at Diamond Light Source is designed to perform 

Quick EXAFS experiments and features a DC servo-

driven Bragg axis for high Bragg speeds. The DCM 

is required to operate in scanning mode. Beam 

stability during the scan is therefore very important. 

The DCM has completed over 150,000 scans since 

installation. 

Â High precision, ultra-stiff rotary table. 

Â Stepper or DC servo driven Bragg axis. 

Â Cooling circuits running via central bore of main 

rotary table. 

Â Guard vacuum on water cooling circuit to 

prevent water-to-vacuum joints. 

Â Access to crystal cage via sliding door. 

Â Full extraction of crystal cage on simple linear 

rails for maintenance. 

Â Very compact footprint in optics enclosure. 

Â High vacuum level 5Ĭ10
-8
 mbar. 

Â Very stable base block of natural granite. 

Â In-vacuum encoder system. 

Â EPICS control system. 

IDT have installed bending magnet 

monochromators on beamlines B16, B18 and B21 

at Diamond Light Source, and on the DUBBLE 

CRG at the ESRF. 

Â Energy range 2.05keV - 35keV 

Â Si(111) & Si(311) crystal sets in single chamber 

with automated crystal exchange. 

Â Step, quick & continuous scanning EXAFS 

mode. 

Â Vertically deflecting bounce-down geometry with 

25mm fixed beam offset. 

Â High speed scanning mode of several Á/sec. 
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Monochromators 

AXIS RANGE RESOLUTION REPEATABILITY 

Bragg Angle 

DC Servo motor driven with speeds of 
severalÁ/sec 

as required 0.16Õrad /encoder step Ñ0.5Õrad 

2nd crystal gap 

Translates 2nd crystal perpendicular to 1st 
crystal surface, used to maintain fixed 
offset 

as required 0.25Õm /full step Ñ0.3Õm 

2nd crystal coarse pitch  

Stepper motor driven 
Ñ1Á 0.55Õrad /half step Ñ0.5Õrad 

2nd crystal fine pitch  

Piezo driven 
400Õrad <50nrad <<1Õrad 

2nd crystal roll  

Stepper motor driven 
Ñ1Á 0.53Õrad /half step Ñ0.4Õrad 

2nd crystal fine roll  

Piezo driven 
400Õrad <50nrad <<1Õrad 

Horizontal crystal exchange as required 0.5Õm /full step Ñ0.13Õm 

Technical Data of Quick EXAFS DCM: 

Right: Nickel foil Quick EXAFS scan 

with B18 DCM. 

Blue is a standard 50 minute step scan, 

1-5s per point. 

Red is a Quick EXAFS scan in 1 minute, 

25ms per point. 

Measured spot stability was between 

0.5Õm - 1.0Õm rms at a distance to 

sample of 14.5m. 

Data courtesy of Diamond Light Source. 



www.idtnet.co.uk Page 12 

idt 

Copyright É 2018 Instrument Design Technology Ltd. 
Ver. 0518 

Monochromators 

Cryo-Cooled Horizontally Deflecting DCM 
installed on XFM Beamline at the Australian Synchrotron 

Â Upgrade path for multilayers. 

Â Ultra stable horizontal deflecting geometry. 

Â Preservation of undulator coherence. 

Â High precision, ultra-stiff rotary table. 

Â Fast piezo feedback for fine control of 2nd crystal 
pitch & roll. 

Â Very compact footprint in optics enclosure. 

Â High vacuum level <5Ĭ10
-8
 mbar. 

Â Ultra stable base block of natural granite with 
measured amplification factor of 1.0. 

Â EPICS control system. 

Â Measured stability of 18 nrad. 

The IDT DCM installed on the X-ray Fluorescence 

Microprobe beamline at the Australian Synchrotron is 

a horizontally deflecting fixed-offset monochromator 

operating over an energy range of 4keV - 25keV, with 

Si(111) & Si(311) crystal sets in single chamber 

The DCM features a novel cryo-cooling system with 

soft annealed copper couplings giving minimal 

vibration transmission from the cooling circuit to the 

first crystal while maintaining excellent thermal 

contact. 

Other features of the DCM include: 

IDTôs unique approach of multiple thermal barriers 

thermally isolates the crystals and cryogenic cooling 

circuit from the rest of the monochromator. 

This prevents thermal leakage into the 

monochromator mechanics and minimises thermo-

mechanical drift, removing the need for water 

stabilisation circuits and offering exceptional 

mechanical stability. 

Below: DCM thermocouple readings  
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AXIS RANGE RESOLUTION REPEATABILITY 

Bragg -5Á to 30Á 0.16Õrad /encoder step Ñ0.5Õrad 

2nd crystal gap 

Translates 2nd crystal perpendicular to 1st 
crystal surface, used to maintain fixed offset 

10mm 0.2Õm /step Ñ0.7Õm 

2nd crystal coarse pitch  

Stepper motor driven 
Ñ1Á 1.15Õrad /step Ñ0.9Õrad 

2nd crystal fine pitch 

Piezo driven 
400Õrad <50nrad <<1Õrad 

2nd crystal coarse roll 

Stepper motor driven 
Ñ1Á 1.29Õrad /step Ñ2.7Õrad 

2nd crystal fine roll 

Piezo driven 
400Õrad <50nrad <<1Õrad 

Vertical crystal exchange 30mm 1.25Õm /full step Ñ1.0Õm 

Monochromators 

Left: The beam was locked in the vertical 
direction at the sample position using the DCM 
roll piezo.  
 
The position was measured using a wire scan 
over a 10 hour period. The RMS deviation was 
0.37Õm. 
 
The DCM-sample distance was 22m, giving an 
angular stability of 18 nrad. 

Right: The DCM energy 
axis was rocked over the 
Cu K edge 115 times in 10 
hours.  
 
The RMS deviation in edge 
position was 0.06eV. 

Technical Data of XFM horizontal DCM: 

Beam stability measurements: 
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Monochromators 

Ultra-Stable Horizontal DCM 
installed on I14 Hard X-Ray Nanoprobe beamline at Diamond Light Source 

The mechanism is mounted on a massive granite 

block, which is supported on ultra-stiff adjustable 

wedges. 

The I14 DCM features: 

Â 35mm fixed horizontal offset. 

Â Si(111) crystals with 4 keV - 26 keV energy range. 

Â Novel first crystal assembly for minimal crystal 
strain. 

Â Low mass & high stiffness components for high 
natural frequencies. 

Â High precision, ultra-stiff rotary table. 

Â Fast piezo feedback for fine control of 2nd crystal 
pitch & roll. 

Â High vacuum level <5Ĭ10
-8
 mbar. 

Â Mounting provisions for capacitance sensors. 

The vibrational performance of the DCM has been 
measured with capacitance sensors and in-sit with an 
XBPM. No significant modes of vibration were found 
below 100 Hz. The first mode was found at 160 Hz 
with an amplitude of 25 nrad. 

AXIS RANGE RESOLUTION REPEATABILITY 

Bragg 
Stepper / rotary table driven 

<0Á to 30Á 1.75ɛrad 0.2ɛrad 

2nd crystal coarse pitch  
Stepper motor driven 

Ñ0.7Á 0.73Õrad 0.6ɛrad 

2nd crystal fine pitch 
Piezo driven 

80Õrad <50nrad <<1Õrad 

2nd crystal coarse roll 
Stepper motor driven 

Ñ1Á 1.12Õrad 0.4ɛrad 

2nd crystal fine roll 
Piezo driven 

125Õrad <50nrad <<1Õrad 

2nd crystal gap 
Used to maintain offset 

3mm 0.20ɛm 0.5ɛm 

IDT have developed an ultra-stable horizontally deflecting Double Crystal Monochromator for the I14 Hard X-

Ray Nanoprobe beamline at Diamond Light Source. I14 is a long beamline, extending beyond the main 

building for 175m. Due to the very long distances involved a highly stable DCM is critical to the beamline goal 

of a focused spot size of 30nm. The I14 DCM has been designed and engineered with stability as the primary 

goal.  

The first crystal cage has a novel kinematic mounting system to support the crystal on a stable platform about 

the centre of rotation to ensure no out-of-balance forces, minimising strain in the first crystal.  

The DCM is cryo-cooled. The cooling scheme has been carefully designed to minimise vibration effects of 

turbulent coolant flow. 
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Double Laue-Crystal Monochromator 
installed on the Imaging and Medical Beamline at the Australian Synchrotron 

Monochromators 

Â Energy range 16keV - 100keV. 

Â Asymmetric crystal using [111] and [113] 
reflections. 

Â Variable mono beam offset 20mm to 25mm. 

Â Indirect water cooling of first crystal. 

Â High precision, ultra-stiff rotary tables. 

Â Precision tilt cradle for roll alignment of Laue 
crystals. 

Â High vacuum level 1Ĭ10-7 mbar. 

Â Ultra stable base block of natural granite with 
measured amplification factor of 1.0. 

Â Stationary 2nd crystal acts as a fixed energy 
reference. 

Â Highly repeatable bending moment actuators. 

AXIS RESOLUTION REPEATABILITY SPEED RANGE 

Bragg <1Õrad Ñ0.5Õm 0.2Á/s 
-16Á to 

24Á 

Height <0.4Õm Ñ0.5Õm 1mm/s Ñ30mm 

Translation <1Õm Ñ1.0Õrad 3mm/s 560mm 

Tilt <2Õrad Ñ1.0Õrad 0.2Á/s Ñ5Á 

The Imaging & Medical Beamline 

Double Laue Monochromator, 

designed & built by IDT, is optimised 

for stability due to the very large 

sample-mono distance (>150m). 

The monochromator is designed with 

a translating 1st crystal and a fixed 

2nd crystal which acts as a fixed 

energy reference. The first crystal is 

mounted on a long linear slide with a 

straightness of Ñ15Õm over 500mm 

travel. 

Both crystals are mounted on highly 

repeatable vertical slides, with 

precision tilt cradles for roll alignment 

of crystals. The first crystal can be 

fully translated out of the beam to 

allow the white beam to pass. 

Above: IDT designed linear actuators 

installed on Australian Synchrotron 

crystal bending mechanism. 

Other features of the monochromator include: 
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DCM Upgrades 

Natural granite 
base block   

Use existing 
vacuum vessel 

Use existing 
ion pump 

Use existing Bragg 
goniometer drive axle 

IDT have designed and implemented a 

full upgrade to the existing óDaresburyô 

DCM on GSECARS Sector 13 at the 

APS. This was part of  an upgrade of the 

ID beamline to a 1mrad canted undulator 

geometry.  

The original DCM has been in operation 

for 15 years and the mechanical Bragg 

axle & vacuum vessel were re-used.  

The upgraded DCM featured a new ultra-

stable crystal cage designed for the 

1mrad canted undulator beam geometry 

with indirect cryo-cooled Si(111) & Si

(311) crystals, a new in-vacuum Bragg 

encoder using the latest Renishaw 

technology, and a new high-stability 

natural granite base block. 

New crystal cage 
mechanics for 

canted undulator 
geometry 

Cryo-cooled  
Si(111) & Si(311) 

crystals 

Above:  Technical data  

Below: Upgraded DCM 

Monochromators 

AXIS RANGE RESOLUTION REPEATABILITY 

2nd crystal coarse pitch  
Stepper motor driven 

Ñ0.9Á 0.45Õrad Ñ0.68Õrad 

2nd crystal fine pitch 
Piezo driven 

210Õrad <50nrad <<1Õrad 

2nd crystal coarse roll 
Stepper motor driven 

Ñ1.5Á 0.63Õrad Ñ0.51Õrad 

2nd crystal fine roll 
Piezo driven 

160Õrad <50nrad <<1Õrad 

2nd crystal gap 
Used to maintain offset 

16mm 0.20ɛm Ñ0.18ɛm 

Below: Cryo-cooled first crystals for canted 
undulator beam geometry. 

Canted Undulator DCM Upgrade 
installed on GSECARS at the Advanced Photon Source 

IDT can offer a cost-effective upgrade of an existing DCM to our latest ultra-stable crystal cage technology. 

We have designed and implemented full upgrades of existing monochromators at the APS and ESRF. 
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Monochromators 

Bending Magnet DCM Upgrade 
installed on DUBBLE CRG at the ESRF 

AXIS RANGE RESOLUTION REPEATABILITY 

2nd crystal coarse pitch  
Stepper motor driven 

Ñ1Á 0.94Õrad Ñ0.46Õrad 

2nd crystal fine pitch 
Piezo driven 

400Õrad <50nrad <<1Õrad 

2nd crystal coarse roll 
Stepper motor driven 

Ñ1Á 1.31Õrad Ñ0.33Õrad 

2nd crystal fine roll 
Piezo driven 

400Õrad <50nrad <<1Õrad 

2nd crystal gap 
Used to maintain offset 

12mm 0.20ɛm Ñ0.20ɛm 

Horizontal X translation 50mm 0.63Õm Ñ0.50Õm 

IDT have designed and implemented a 

full upgrade to the existing óDaresburyô 

DCM on the DUBBLE CRG at the 

ESRF. 

The original DCM featured a single Si

(111) crystal set and has been in 

operation for 15 years.  

The upgraded DCM features a new ultra

-stable crystal cage Si(111) & Si(311) 

crystal sets with a novel direct water-

cooling   scheme optimised for the 

beam footprint, a new in-vacuum Bragg 

encoder using the latest Renishaw 

technology, and a new high-stability 

natural granite base block. 

The existing goniometer and DC servo 

drive train, crystal cage extraction 

mechanism, and vacuum vessel & ion 

pump were reused. 

IDT have also upgraded the h-line 

SAXS DCM at DUBBLE, and a DCM on 

the Swiss-Norwegian Beamline. 

Below: Direct water-cooled first crystals. 

Below right : Technical data. 

Above: New crystal cage featuring 2 crystal sets on upgraded 

DCM. 
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Monochromators 

Horizontally Deflecting Monochromator 
installed on I04-1 Monochromatic MX Beamline at Diamond Light Source 

Beamline I04.1 at Diamond Light Source is a 

dedicated facility for macromolecular 

crystallography experiments at a fixed 

wavelength. The beamline consists of a canted 

undulator geometry. 

IDT designed, manufactured, tested and 

installed a horizontally deflecting, fixed energy 

monochromator on I04.1.  

AXIS RANGE RESOLUTION REPEATABILITY 

Coarse pitch  

Stepper motor driven 
Ñ1Á 1.14Õrad Ñ0.7Õrad 

Fine pitch 

Piezo driven 
400Õrad <50nrad <<1Õrad 

Coarse roll 

Stepper motor driven 
Ñ1Á 1.30Õrad Ñ1.4Õrad 

Horizontal X translation Ñ2mm 0.1Õm Ñ1.6Õm 

The monochromator features a single 

Si(111) crystal and operates at a 

fixed Bragg angle of 8.402Á (giving a 

fixed energy of 13.53keV) and 

features coarse & fine pitch 

adjustment.  

The crystal is indirectly cooled via a  

copper finger immersed in a gallium 

bath for vibration-free cooling.  

The monochromator stability is further 

enhanced by thermally isolating the 

monochromator mechanics, 

preventing thermo-mechanical drift, 

and an ultra-stable base block of 

natural granite with measured 

amplification factor of 1.0. 

Â The monochromator operates at an 
Ultra High vacuum level of <5Ĭ10

-9
 

mbar. 
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Monochromators 

Sagittal Crystal Bender
*
 

Â Based on ESRF Swiss-Norwegian Beamline 
design. 

Â Bend radius to 1.2m. 

Â Ribbed crystal to minimise anticlastic bending. 

Â High resolution repeatable bending moment 
actuators. 

Â Motorised yaw alignment adjustment. 

Â Horizontal beam acceptance 60mm. 

IDT have developed a sagittal crystal bender based on a design from the Swiss-Norwegian Beamline CRG at 

the ESRF. The bender has been in routine operation since 2013 on B21 SAXS beamline at Diamond Light 

Source as part of the IDT-supplied DCM, while the original sagittal crystal bender was designed and built by 

SNBL during the construction phase of the beamline and has been in routine operation since 1995. 

The highly repeatable design is based upon a very stable 4 bar bender. The crystal is bent by driving the 

tungsten bending rods about the support rods. The mount is wire EDM machined for the highest possible 

tolerances and alignment.  

The crystal features a central multi-ribbed zone designed to minimise anticlastic bending, and two side flat 

sections that allow the crystal to be polished in a highly uniform manner to maintain parallelism of the crystal 

faces when mounting in the 4 bar bender. 

Yaw actuator 

Ribbed crystal 

Bending actuators 
drive bending rods 
about support rods 

Crystal is held 
between 
bending & 
support rods 

Yaw stage with 
rotation axis aligned 
with centre of crystal 

Bending rod 

* built under licence from the Swiss-Norwegian Beamline 
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Monochromators 

Proven Thermal Isolation Approach 

IDT adopt a unique thermal isolation approach in 

monochromator design to minimise thermal drift and 

maximise stability in the mechanics.  

Thermal drifts in monochromators can result in a 

dramatic loss of beam intensity and stability. The 

thermal stability of the mechanics is a crucial factor in 

the performance of any monochromator. 

Vibrations from water flow in cooling circuits, which are 

often used to thermally stabilise monochromator 

mechanics, can introduce further instabilities into the 

beam. 

Our approach involves thermally isolating all 

components subjected to temperature fluctuations 

(crystals, motors etc) from the monochromator 

mechanics, and removes the need for water 

stabilisation circuits or heaters. 

Point contacts, thermal insulators and machined 

thermal barriers are used throughout the 

monochromator design to provide multi-layer thermal 

isolation and offer excellent monochromator stability. 

Cooling Techniques 

A well engineered crystal cooling system is crucial 

to monochromator performance. Efficient cooling of 

the heat-loaded first crystal is essential for good 

optical performance. Poorly designed cooling 

schemes can lead to big thermal distortions of the 

crystals and introduce vibrational instabilities to the 

monochromator which can have detrimental effects 

on beam quality. Examples of cooling schemes 

which introduce large thermal gradients include 

indirectly back-cooled crystals and large bore 

directly cooled crystals. 

IDT monochromators feature crystal cooling 

schemes designed and engineered for the specific 

beam profile and heat load from the source of the 

beamline. Thorough design & FEA studies are 

carried out to determine the optimal cooling design 

for each individual monochromator. 

For insertion device monochromators IDT can offer 

vibration-free cooling using soft annealed copper 

couplings, giving excellent thermal conduction and 

zero vibration transmission. 

For bending magnet monochromators IDT have 

developed a direct water cooling system which can 

be adapted to the specific bending magnet beam 

profile. 

Above: Direct Water Cooled Crystal, featuring cooling 

hole pattern designed to match the beam profile giving 

optimum cooling over the entire bragg angle range. 

Above: Cryo-cooled first crystal assembly, 

featuring novel cooling design with soft annealed 

copper couplings connecting crystals to cryo lines 

giving excellent thermal conduction and zero 

vibration transmission from cryo lines. 

Monochromator Stability 

The stability of a monochromator is the most important factor in beamline performance. IDT have invested 

great effort into ensuring our range of monochromators are exceptionally stable, allowing the full potential of 

beamline performance to be realised. 
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Monochromators 

Canted Primary Slit 
System (~25m) Air Bearing 

DCM (~28m) 

Double Horizontal 
Mirror System (~32m) 

BPM (~43m) The stability of the IDT-built 

GSECARS Beamline at the APS 

has been measured.  

The beamline consists of a 

primary slit system, an air-bearing 

DCM and a double horizontal 

mirror system. The quad-diode 

beam position monitor, located 

downstream of the double mirror 

system, is used to measure 

fluoresce signal onto the top and 

bottom diodes to determine X-ray 

beam position far from source. 

Beam energy at 7.2 keV, no active 

feedback,  sampling position every 

0.5 sec for 500 sec. 

BPM vertical position is recorded 

and converted to an angle. The 

vibrations observed are the net 

effect from the source, DCM and 

double mirror system. 

Standard deviation of beam angle:  

54 nrad    

54 nrad Measured Beamline Stability 

Vibration Isolation & Mitigation 

Minimising the transmission of vibration from motors,  

cooling lines and external sources to the crystals is 

critical to monochromator stability.  

Our design philosophy of low mass, high stiffness 

components leads to very stable devices with high 

natural frequencies.  

We have developed proven cooling schemes 

specifically engineered to minimise the transmission of 

vibrations from the cooling lines to the optic.  

We have also developed a proven method of isolating 

a monochromator from external environmental 

vibrations, using viscoelastic dampers in the 

monochromator support system. 

This approach has yielded a measured beamline 

stability of 54 nrad on GSECARS at the APS (see 

below). 

DǊŀƴƛǘŜ ōŀǎŜ ōƭƻŎƪΦ 

!ŘƧǳǎǘŀōƭŜ ǿŜŘƎŜΦ 

±ƛǎŎƻŜƭŀǎǝŎ ŘŀƳǇŜǊ 
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Monochromators 

Monochromator Quad Diode Scan Testing 

IDT have developed a unique factory 

testing procedure for scanning Double 

Crystal Monochromators.  

A laser beam is shone through the DCM to 

simulate an x-ray beam. The laser 

illuminates the crystals and the position of 

the transmitted beam is measured with a 

custom quad diode detector placed several 

meters away from the monochromator. 

The scanning performance of the DCM can 

be tested by driving the DCM through the 

energy range and measuring the exit beam 

angle with the quad diode detector. This 

can be done under vacuum conditions at a 

fixed beam offset with coolant flowing, 

giving a very close indication of the true 

DCM beamline performance. 

Above: Factory quad diode test set-up 

on Quick EXAFS DCM for B18 at 

Diamond Light Source. 

Left: Quad diode test results of B18 

DCM, showing open loop performance 

over energy range. 

Below: Repeat of B18 quad diode test 

at low energy using a pitch & roll look-

up table to correct for low energy 

movement. 

Our monochromator 
quad diode testing 
makes it possible to 
obtain the parasitic beam 
walk effects at the factory 
and to optimise for x-rays 
before delivery to site. It 
allows measurement and 
implementation of lookup 
tables for pitch & roll 
correction as part of 
factory acceptance.  
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Mirror Systems 

X-Ray Mirror Systems 

IDT have built a range of large vertically and 

horizontally focusing mirror systems. These are 

available in mirror lengths up to 1.4m and offer a 

unique cooling approach for minimal vibration 

transmission from the cooling system to the mirror 

optic. Our 2 moment differential bender uses a 

closed-loop force bar system with bending along the 

neutral axis of the mirror giving zero strain on the 

optical surface. 

IDT Large Mirror Systems
*
 in operation: 

Dynamic Compression Sector at the APS. 
A large horizontal and vertical mirror pair in a KB geometry. 

I20 LOLA X-ray Spectroscopy beamline at Diamond 
Light Source. 
Six vertically deflecting large mirror systems. 

X-ray Fluorescence Microprobe beamline at the 
Australian Synchrotron. 
Horizontally deflecting large mirror system. 

HXMA beamline at the Canadian Light Source. 
Two vertically deflecting mirror systems, including a toroidal 
mirror. 

X05L MicroXAS beamline at the Swiss Light Source. 
Horizontally deflecting toroidal mirror system. 

HPCAT Sector 16 at the Advanced Photon Source. 
Two sets of large vertical and horizontal mirrors, arranged in a KB 
geometry. 

I15 Extreme Conditions beamline at Diamond Light 
Source. 
A large horizontal and vertical mirror pair in a KB geometry. 

BL11 Non-Crystalline Diffraction beamline at ALBA. 
A large toroidal mirror and a small collimating mirror. 

I18 Microfocus Spectroscopy beamline at Diamond 
Light Source. 
A large horizontal mirror with differential bender & gallium cooling 
system. 
 
* built under licence from the University of Chicago 

IDT are a leading supplier of Small KB mirror systems. Our Small KB Mirror system offers dynamic figuring 

with sub-Õrad slope error, a highly repeatable sub-Õm focused spot size, and a low cost of ownership. 

IDT Small KB Mirror Systems
**
 in operation: 

I18 Microfocus Spectroscopy beamline at Diamond Light Source. 

XFM beamline at the Australian Synchrotron. 

Micro XAS beamline at the Swiss Light Source. 

Sector 7 at the Advanced Photon Source (2 systems). 

Sector 9 at the Advanced Photon Source. 

Sector 33 at the Advanced Photon Source. 

Hard X-Ray Microfocus beamline at the Shanghai Synchrotron. 

BioCARS at the Advanced Photon Source. 

HPCAT at the Advanced Photon Source (2 systems) 

GSECARS at the Advanced Photon Source (2 systems) 

Phoenix beamline at the Swiss Light Source 

P02 Extreme Conditions beamline at Petra III, DESY (2 systems). 

** developed by IDT with a grant from the North West Development Agency 


