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Abstract 

The project to upgrade the I16 polarisation analyser 

was necessary to increase its functionality and to intro-

duce a more robust and reliable construction. The re-

quirement that the device was to be mounted on the arm 

of a diffractometer meant the construction needed to be as 

lightweight and as compact as possible. This provided 

opportunities to explore new collaborative ways of work-

ing with both in-house and external suppliers. 

The paper describes the approach taken to develop 

lightweight aluminium vacuum chambers using a compa-

ny specialising in additive layer manufacturing tech-

niques. In addition, the design of lightweight and compact 

slit assemblies are detailed; these were developed in col-

laboration with a supplier of driven linear stages. 

The paper also describes the process of using additive 

layer manufacturing to model prototypes to optimise the 

design of cable management systems where previously 

basing the design on 3d CAD models had proved unsatis-

factory. 

Another novel requirement for this device is having an 

x-ray detector mounted on a rotation axis in vacuum. The 

results of working with the in-house detector group to 

develop a design to allow this to be realised with all the 

necessary thermal and electrical connections, are outlined.  

POLARIZATION ANALYSER 

Overview 

The I16 beamline at Diamond is dedicated to the study 

of advanced materials using X-ray diffraction; part of this 

process is to use a device that can analyse magnetic scat-

tering from samples. Magnetic scattering is different to, 

and weaker than, normal scattering and analysis of the 

polarisation of this scattering can be used to gain insights 

into the magnetic properties of materials. This infor-

mation allows details of the three-dimensional magnetic 

structure of the sample material to be determined. 

The device in question, known as a polarisation analys-

er (PA), allows a crystal/detector assembly to be rotated 

about the axis of the x-ray beam direction in a similar way 

to a polaroid polarizer being rotated in visible light. In 

addition, utilizing a high quality crystal with the analyser 

can give higher resolution diffraction that allows struc-

tures to be studied on length scales that range from the 

atomic to 10-3m. 

The design of the PA essentially comprises an assembly 

of vacuum chambers, sets of slits to remove unwanted 

scattering, and various detectors which are arranged to 

rotate about different axes. Data collected from the detec-

tors as they are moved and rotated allow information on 

the polarisation of the scattering to be built up.  

The project to upgrade the design of the existing polari-

sation analyser was an opportunity to increase its func-

tionality and to introduce a more robust construction.  

The analyser itself is mounted on the arm of a diffrac-

tometer so it was important that the construction was 

made to be lightweight (see Fig. 1). A lightweight con-

struction would avoid the need for additional counter-

weights on the diffractometer which would reduce its 

performance. 

 

 

Figure 1: View of polarisation analyser mounted on dif-

fractometer arm. 

Lightweight Vacuum Vessels 

A significant proportion of the structure of the PA com-

prises vacuum chambers. Conventionally these vessels 

had been constructed as two separate parts, a vessel body 

with a lid. In order to make an effective seal both parts 

have to be thick enough to accommodate an O-ring seal 

and also to be stiff enough to compress the seal. In addi-

tion, to compress the seal a large number of nuts and bolts 

are required, all of which add weight.  

It was decided that by using additive layer manufactur-

ing these vessels could be made as one piece. This would 

remove the need for flanges and the nuts and bolts; also 

the wall thickness of the vessels could be reduced to the 

minimum required to provide an air-tight and rigid shell.  

Working in collaboration with a specialist additive lay-

er manufacturing company: 3d-Alchemy [1], who advised 

on materials and minimum thicknesses to prevent porosi-

ty, the chambers were manufactured and the relevant 

sealing surfaces were machined to complete the finished 

chambers (see Fig. 2). 
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Figure 2: Two of the vacuum chambers produced by addi-

tive layer manufacture of aluminium alloy. Chambers 

shown are approximately 600mm long by 200mm high. 

Slit Assemblies 

The requirement for weight reduction extended to the 

slit assemblies of which there are two sets: one in air and 

one in vacuum. In order to keep the assemblies simple 

and lightweight and to minimise the complexity of instal-

lation and commissioning, a collaboration was entered 

into with the supplier of suitable piezo-actuated linear 

stages: SmarAct GmbH [2]. 

DLS established the design of the assemblies and free 

issued the main components to SmarAct who assembled 

the linear stages to the bases and then were able to supply 

the slits sub-assemblies completely wired and tested. The 

only additional task was to add the tungsten blades. 

The in-vacuum slits are in the form of two sub-

assemblies each comprising a pair of slits mounted in a 

casing wired to connectors. The casings are then bolted 

together with one orientated at 90 degrees relative to the 

other to form horizontal and vertical slits.  

The in-air slits comprised an assembly where all four 

actuators with their respective blades are mounted on a 

single plate and wired to their respective electrical con-

nectors, which are also contained on the same sub-

assembly. 

In this way for both slits assemblies, a compact and 

lightweight design could be realised, which could be 

easily incorporated into the bigger assembly (see Fig. 3). 

 

 

Figure 3: An example of a compact in-air slits assembly 

designed in collaboration with SmarAct GmbH. Stages 

shown have ranges of 12mm and 20mm with sub-micron 

resolution. 

Cable Management 

The mechanism of cable management was an important 

consideration in the design of the analyser because the 

detectors are rotated about an axis that is itself mounted 

on a second rotary axis arranged perpendicular to the first. 

The wiring and detector cooling lines have to accommo-

date the rotations in order that they can operate over the 

lifetime of the analyser without the cables or hoses being 

subject to excessive strain or abrasion that could result in 

damage.  

Formerly, cable management has been treated as a sec-

ondary element in the design of systems however, because 

of the complex combination of motions on the analyser, a 

different approach was needed. Previously cable man-

agement mechanisms had been designed by looking at the 

three-dimensional model and predicting the behaviour of 

cables as the various axes are operated. This has proved to 

be unsatisfactory in the past as making predictions about 

the behaviour of cables of different stiffnesses in different 

orientations has proved very difficult. 

Access to in-house additive layer manufacturing tech-

nology means that proposed designs could be produced 

quickly in plastic material. The design could then be as-

sessed using suitable lengths of the actual cables that 

would be used on the final design. Once a design had 

proved to perform satisfactorily in a full-scale prototype 

version then this design was carried forward to be incor-

porated in the final design (see Fig. 4). 
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Figure 4: Image showing a prototype of the cable man-

agement mechanism produced to evaluate its effective-

ness. 

In-vacuum Detector 

An important feature of the upgraded analyser was the 

facility of having an in-vacuum detector, which could also 

be rotated about an axis within the main vacuum chamber. 

The detector was adapted from a Medipix [3] Merlin 

detector. The Medipix detectors are produced by an inter-

national consortium of which Diamond is a member.  

The requirement of putting the detector into vacuum 

meant all the necessary wiring to the detector had to pass 

though the vacuum boundary and also the detector had to 

be thermally managed which necessitated a thermal con-

nection passing through the vacuum boundary. The ther-

mal connections were designed to remove a heat load of 

approximately 5W and limit the temperature of the detec-

tor to below 40°C. Both the electrical and thermal con-

nections had to accommodate the rotary motion that was 

required of the detector. 

The electrical connections were produced in collabora-

tion with the detector group and consisted of two custom-

made ribbon connectors made of DuPont AP8535R, a 

polyimide material. The ribbon connectors each needed to 

carry 78 tracks, be flexible enough to accommodate the 

rotational motion of the detector and be suitable to oper-

ate in a vacuum environment. One end of each connector 

attached to the detector and the other was potted into the 

feedthrough that made a vacuum tight seal with the main 

vacuum chamber. 

The thermal management was necessary as in operation 

the detector generates heat which in a vacuum environ-

ment has to be removed by conduction. The method of 

conduction needs to accommodate the rotary motion of 

the detector. To achieve this the detector board with its 

heatsink is mounted on a copper bracket which is attached 

by flexible copper braids to a pillar that is situated at the 

centre of rotation. 

The central pillar was also produced using additive lay-

er manufacturing as it could then be manufactured as one 

piece incorporating the cooling channels without the need 

for forming joints suitable for vacuum. Again working in 

collaboration with 3d-Alchemy a suitable material was 

chosen, this was a copper alloy which had the necessary 

thermal properties and, with a minimal thickness, was 

free from porosity. 

The rotary motion of the detector is achieved by a 

worm and wheel mechanism, which with preloading will 

minimise backlash (see Fig. 5). 

 

 

Figure 5: CAD model of the mechanism located inside the 

main vacuum chamber showing the detector mounted on 

its rotary stage with thermal and electrical connections. 

The face of the detector is approximately at a 100mm 

radius from its axis of rotation. 

CONCLUSION 

It is necessary to continually upgrade beamline facili-

ties to keep them at the forefront of scientific research. In 

the case of the I16 beamline at Diamond, there was the 

requirement to improve the polarisation analyser. This 

provided an opportunity to work collaboratively with 

suppliers in ways to effectively use more advanced tech-

niques to achieve lightweight and compact sub-

assemblies. 

Currently, the upgraded analyser has been installed, 

commissioned and is operational on the beamline. Further 

upgrades are planned to be carried out to improve its 

performance. 
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