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Abstract. Two types of directly cooled, 0.2-mm-thick, 8-mm-diameter clear aperture CVD diamond windows have been 
designed and successfully fabricated by two different vendors for use at the Advanced Photon Source (APS). Both 
windows contain a direct braze joint between the diamond and the cooled OFHC copper. These windows can be used to 
replace the front-end beryllium windows in high-heat-load applications and can be used as white beam windows in the 
beamlines. This paper presents the detailed design of the diamond windows, the thermal analysis of the diamond window 
under different thermal load configurations, as well as a complete list of the existing APS front-end beryllium window 
configurations and replacement scenarios. Small-angle scattering experiments have been conducted on both diamond 
windows and a polished beryllium window, and the results are presented. 
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INTRODUCTION 

In current Advanced Photon Source (APS) operation, insertion device (ID) front ends (FE) are operated either 
windowless or with beryllium (Be) exit windows. There are several types of Be windows installed in ID front ends, 
including the commissioning window assembly for the original front end (FEv1.2), which consists of a 0.3-mm-
thick graphite filter, a 0.16-mm-thick CVD diamond vacuum barrier and two 0.25-mm-thick beryllium windows, 
and a single 0.5-mm-thick Be window for undulator-only front ends (FEv1.5 and other variations). There are several 
different sizes of 0.5-mm-thick Be windows for different types of front ends. Beamline 26-ID operates two inline 
3.3-cm-period, 2.4-m-long undulators at closed gap. A typical Be window without filters at APS has the size of 
3.6×2.6 mm aperture and 0.5 mm thick can only handle absorbed heat load of about 85 watts which is equivalent to 
one undulator at 130 mA. The heat load from the two inline undulators exceeds the level that can be safely handled 
by a single 0.5-mm-thick beryllium window. A diamond window is needed as a front-end exit window to handle the 
high heat load. It is also desirable to develop a single diamond window that can be the replacement window for all 
APS Be windows to reduce the number of different types of Be window spares and simplify operation and 
maintenance.  

The existing CVD diamond window design in other synchrotron facilities, such as ESRF, consists of two parts: 
the diamond window and its water-cooled copper chamber. The diamond part is made of a 300-μm- or 400-μm-
thick CVD disk that is sealed to two molybdenum rings by a diffusion-bonding technique. Molybdenum is used for 
its expansion coefficient, which is close to that of diamond. The diamond/molybdenum subassembly is then clamped 
to the cooled copper base via a gold wire to create the UHV seal [1]. There are disadvantages in this design. First, 
the cooling is contact cooling, which is not efficient. The only path to transfer heat from the diamond/molybdenum 
subassembly to the cooled copper body is via the gold wire seal. Second, this design contains a mechanical vacuum 
seal, which is the gold wire within the window assembly, and this could be a concern with respect to vacuum leaks. 
The design goal of the new diamond window is to have direct cooling instead of contact cooling, to eliminate the 
mechanical seal within the window assembly, and to make the window as thin as possible. To achieve the design 
goal, the diamond has to be directly brazed to the cooled OFHC copper. 
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CVD DIAMOND COMMISSIONING WINDOW 

Due to a large difference in the thermal expansion coefficient between CVD diamond (1.2 μm/m ºC) and copper 
(17.7 μm/m ºC), direct brazing of diamond and copper poses a great challenge. One concern is that, during the 
cooling cycle of the brazing, the copper will shrink much faster than the diamond and the brazing rim of the copper 
will crush the thin diamond. One way to ease this problem is to make the copper rim very thin where the diamond is 
brazed to it, and thus the rim is very soft, allowing the copper to yield to whatever deformation the diamond 
demands. A single-flanged diamond window is designed (shown in Figure 1a) as a test window. If successful, this 
test window can be used as the replacement window for the existing APS commissioning window, which uses glue 
(Torrseal vacuum tight) to seal the diamond to the stainless-steel flange (shown in Fig.1c). Upgrading the 
commissioning window from a glued joint to a brazed joint was one of our objectives. For the test windows, the 
diamonds were purchased from Applied Diamond, Inc. (www.ddk.com). The diamonds are ½” diameter, 0.2 mm 
thick, thermal grade with a thermal conductivity of 1.2 W/mm ºC, and they are polished to have better adhesion to 
the brazing alloys. The brazing was performed by Omley Industries (www.omley.com). Three test windows were 
made and all of them were leak tight to 10-10 torr. The procedure is to braze the assembly of stainless-steel flange, 
cooling tube and OFHC copper block first, and then braze the diamond to the assembly with a silver-based alloy at a 
lower temperature than the first braze. A picture of the test window is shown in Fig.1b. These test windows replaced 
the existing commissioning windows having a glued joint and have been used in commissioning for several hutches. 
With slight modification, a two-flanged window can be derived from the test window, which can be used as the 
front-end exit window. 

CVD DIAMOND FRONT-END EXIT WINDOW AND THERMAL ANALYSIS 

In order to meet the schedule to build a diamond front-end exit window for Nano FE, we did a world-wide search 
for vendors capable of diamond-to-copper brazing. We found that Diamond Materials in Germany (www.diamond-
materials.com) are capable of making diamond windows with diamond-to-copper direct brazing. The minimum 
thickness of diamond window they can produce is 0.1 mm. After collaborating with them on the design of the 
window’s cooling body, diamond thickness, window’s clear aperture and heat-transfer capability, the new design of 
the front-end exit window was derived (shown in Fig.2). The detailed design and fabrication technique of the joint 
between the diamond and the copper is proprietary information and was not disclosed by Diamond Materials. The 
design concept is that the diamond disk is supported by two thin copper washers and soldered into a copper jacket 
(tube). The diamond/copper subassembly is then soldered to the cooled copper base. The diamond window has clear 
aperture of 8 mm diameter and is 0.2 mm thick. The diamond is optical quality, colorless, clear and transparent with 
thermal conductivity of 1.5 W/mmºC. The window is UHV tight and is bakeable to 250ºC. We chose 0.2-mm-thick 
diamond over 0.1-mm-thick diamond for its structural rigidity and better thermal conductance. Due to the copper 
washers, which support the diamond, and have an equivalent thickness as that of the diamond, a 0.2-mm-thick 
diamond window will double the thermal conductance from the center of the aperture to the brazed rim, while the 
power absorption only increases 35% compared to a 0.1-mm-thick diamond window. Two such windows were 
fabricated, and the photos of the diamond window are shown in Fig.2c and Fig.2d. 

a b c

FIGURE 1.  a) Test window sketch, b) test window photo, c) old APS commissioning window with the glued joint. 
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The temperature plot of a ¼ model of the diamond window without flanges for Nano FE is shown in Fig. 3. The 
thermal results for all cases are tabulated in Table 1. The diamond-to-copper brazing joint should be kept at a 
moderate temperature to prevent thermal fatigue failure on the joint. Because the window can be safely baked to 
250ºC, the brazing rim temperature should be maintained 
below 250ºC in initial operation until more testing data on 
the diamond window become available. This window can 
be used as replacement window for all cases shown in 
Table 1 except the case in the last column with a large exit 
aperture and no filter, where the total absorbed power is 
much higher. This case usually does not occur because a 
M4-30 mask will typically be installed downstream of the 
L5-83 exit mask to reduce the exit aperture to 3×2 mm and 
thus reduce the total absorbed power. However it is 
important to point out that this window design has 
relatively large thermal resistance due to the long and thin 
copper sleeve. To reduce the thermal resistance, the copper 
sleeve length (Fig.3 distance from A to B) should be 
minimized. The brazing joint design in the test window has 
a much shorter thermal path and will be better for high-
heat-load applications. 

 
TABLE 1.  Thermal analysis results of the FE exit diamond window as a replacement window for different types of front ends.      
                   (cooling film coefficient h=0.01 W/mm2ºC, cooling water temperature 25.6 ºC)  
Front-end type Nano FE FE v1.5 or 

FEv1.2 with 

M4-30 

mask 

FEv1.2 with  

L5-83 as exit mask 

Existing windows 0.5-mm-
thick Be 

0.5-mm-
thick Be 

Window/filter assembly consists of 0.3 mm graphite filter 
box, 0.16 mm vacuum barrier, two 0.25 mm thick Be 
windows 

Replacement scenarios Replace Be 
window 

Replace Be 
window 

Replace two Be 
windows, retain the 
filter and vacuum 

barrier 

Replace two Be 
windows and the 

filter, retain 
vacuum barrier 

Replace the entire 
commissioning 

window assembly 

ID source 2 inline 
undulators  

One 
undulator A 

One undulator A One undulator A One undulator A 

Exit mask aperture (mm) 2×2 3×2 4.5×4.5 4.5×4.5 4.5×4.5 
Filter upstream of diamond 
window 

none none 0.3 mm graphite + 
0.16 mm diamond 

0.16 mm CVD 
diamond 

none 

Window distance to the center of 
the source (m) 

25.5 24.25 24.25 24.25 24.25 

Total absorbed power (watts) 124.9 100.1 98.0 133.5 293.8 
Peak power density (W/mm2) 32.5 17.9 7.0 9.1 17.9 
Peak temperature in diamond (ºC) 325.3 254.1 225.6 298.6 608.1 
Peak temperature in the diamond 
to copper  brazing joint (ºC)  

206.9 171.6 171.1 225.1 453.1 

a b c d
      FIGURE 2.  New front-end diamond exit window:  a) 2D sketch,  b) ProE model,  c) photo taken from 4.5” flange,  d) photo 
      taken from 6” flange. 

FIGURE 3.  Temperature (ºC) of Nano FE window 

A 

B 
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SAXS COMPARISON OF CVD DIAMOND AND POLISHED BERYLLIUM WINDOWS  

In an effort to study the effect of CVD diamond windows on the quality of a third-generation beam of hard x-
rays both the high (optical) and lower (thermal) quality CVD diamond windows were studied with small-angle x-ray 
scattering (SAXS) on the pinhole-geometry camera at the ChemMatCARS facility (15-ID, Advanced Photon 
Source). The camera length was 6.9 meters using a monochromatic x-ray beam of wavelength 1.5Å (8.3keV). At 
this wavelength the minimum obtainable scattering angle of 0.35 mrad allowed us to see the scattering effect of real-
space features smaller than about 200 nm. 

 Both CVD diamond windows, as well as a polished beryllium window, were mounted such that they could be 
translated transverse to the beam in both the horizontal and vertical directions. This allowed a series of images to be 
taken on a 5 × 5 raster with 0.5 mm between each point. The incident beam dimensions were 0.1×0.2 mm, giving an 
approximate flux of 1012 phs-1 (dE/E = 10-4) and ensuring that there was no overlap between irradiated regions in the 
raster.  Exposure time for each SAXS image was one second. 

Fig.4 shows four images taken from each raster of images done on the three windows, as well as the inherent 
background scatter of the instrument. The background scatter (a) arises from parasitic scatter optics, air and the mica 
window in front of the camera flight tube. It is immediately clear that the overall scatter from the beryllium window 
(d) far exceeds that of the high-quality CVD diamond windows (b), but appears to be much more azimuthally 
uniform.  It is also clear that the lower quality CVD diamond (c) scatters much more strongly than the high-quality 
window - but still significantly less than the beryllium window.  

 
FIGURE 4.  Comparison of 2D scatter from 1 second exposures of a) Inherent background scatter  b) High-quality CVD 
diamond window  c) Lower quality CVD diamond window d). Polished beryllium window.  Graph on the right shows the 
corresponding average SAXS profiles - each azimuthally integrated from an average of 25 exposures. Note: q = 4πsin(2θ)/λ 

SAXS analysis (a Guinier fit) of the azimuthally integrated data showed that the beryllium window had surface 
roughness features in the 100-200nm range while the lower quality CVD window indicated a small amount of 
roughness in 20-40nm range. For the high-quality CVD diamond no Guinier knee could be fit to the profile and 
hence no estimate of roughness could be made. The strong asymmetry of scatter suggests that refraction at grain 
boundaries rather than surface roughness is responsible for most of the scatter seen from the CVD diamond 
windows. Whether the intensity of scatter from CVD windows levels off, or continues to increase at lower scattering 
angles (lower q) will have a bearing on how suitable this material is for techniques such as phase contrast imaging. 
USAXS measurements would access even lower scattering angles and help answer this question. 
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Abstract 

An innovative design of a chemical vapour deposited (CVD) diamond vacuum window is presented. The 
thermo-mechanical properties of the integrated window have been optimised through extensive 
numerical modelling. An innovative brazing procedure suited for thin non-metallised windows was 
concurrently developed. Mechanical and optical tests performed on the prototype of the window 
confirmed the validity of the adopted concepts, thus providing proof that the developed solution 
constitutes a valid and in many aspects advantageous solution with respect to beryllium windows so far 
used at synchrotron radiation facilities for this purpose. Based on the proposed design, an off-the-shelf 
diamond window is being brought to market. 

 

1. Introduction 

At synchrotron radiation (SR) facilities around the world, beryllium (Be) windows are used as standard 

beamline front-end components. In fact, due to its low atomic number resulting in good optical 

transmission, as well as rather good thermal properties, Be has long been the material of choice for 

front-end windows. Be windows have generally two functions: a first thicker window absorbs the low 

energy photons (lowering the heat load on the downstream components), while the second, generally 

thin, Be window, separates the ultra high vacuum of the storage ring from the beamline environment 

(often this window has also the safety function of absorbing the pressure wave of an accidental 

downstream inrush of air) [1]. 

Despite these advantages, in SR applications requiring high synchrotron beam quality, Be shows also 

drawbacks, the main being coherence degradation due to the roughness of the Be foil (leading to phase 

shifts), as well as to Fresnell diffraction on the surface pits and voids of the foil [2]. For these reasons, 

an increased attention is being dedicated to the development of CVD (chemical vapour deposition) 

diamond windows. In fact, the optical quality of CVD diamond allows today the problems encountered 

in the usage of Be to be avoided. Moreover, CVD diamond has also excellent thermal and mechanical 

properties [3], which could allow both functions of the Be front-end windows to be combined in a 

single diamond vacuum window. The challenge with the latter solution lies in the low thermal 

expansion of diamond, resulting in big differential thermal expansions with respect to the window 

frame material. A further challenge is represented also by the brazing process of thin diamond foils to 

the window frame material so to achieve the desired vacuum tightness. 

An optimised design of a CVD diamond vacuum window for the Swiss Light Source (SLS) beamlines 

is presented in this work. The single diamond window has in this case both the functionality of a 

thermal filter, as well as of a vacuum and safety element. Results of a numerical optimisation of the 

mechanical behaviour of the window in the case on an air inrush, as well as its thermal behaviour 

during brazing, bake-out and under photon beam absorption are given. Thermo-mechanical and optical 

tests performed on the prototype of a high vacuum brazed window are also presented. 

2. Mechanical Properties of CVD Diamond Compared to Beryllium 

CVD diamond is characterised by high thermal conductivity and hardness, as well as excellent optical 

properties. In fact, although its atomic number Z is higher than that of Be and thus its absorption is 

higher, this is highly compensated by the thermal conductivity λ (which implies that the absorbed 



energy is quickly dissipated to the edges where it can be removed by appropriate heat sinks and cooling, 

resulting also in reduced stresses) and strength σ (which makes possible the usage of thinner foils) of 

CVD – Table 1. Taking then into account the thermal figure of merit which is proportional to λ/Z2 and 

the structural figure of merit which is proportional to λ/(Z2 .E.α) [4], CVD diamond is 4 and 17 times 

respectively more advantageous than Be. Moreover, contrary to Be which can be hardly machined due 

to the toxicity of its pulverised particles, CVD can be produced with a homogeneous thickness (which is 

often not the case with Be), laser cut to various shapes and polished down to nanometric levels [5]. A 

significantly smaller degradation of the quality of synchrotron beams has thus been shown in several 

applications [6-8]. In these applications, however, the CVD window was executed in a configuration 

which was either not vacuum tight (i.e. it was just used as a thermal filter) or it was joined with a low 

thermal expansion material, which thus leads to the degradation of heat conductivity to the heat sink. 

Table 1: Comparison of mechanical properties of CVD diamond and beryllium 

Property CVD diamond Beryllium 

Atomic number Z 6 4 

Hardness (kg/mm2) 12000 – 15000 150 – 200 

Tensile strength σtens (MPa) > 1200 80 – 550 

Density ρ (g/cm3) 3.52 1.85 

Young's modulus E (GPa) 1140 290 

Poisson's ratio ν 0.069 0.02 – 0.08 

Specific heat c (J/(g.K)) 0.52 1.87 

Thermal expansion 

coefficient α  (μm/(m.K)) 

1.1 (at RT) 

2.6 (20 – 500°C) 

11.6 (at RT) 

15.0 (25 – 500°C) 

Thermal conductivity λ 

(W/(m.K)) 

2000 (at RT) 

730 (at 500°C) 

180 (at RT) 

97 (at 540°C) 

Optical transparency UV to far IR Opaque 

Resistivity (Ω.cm) Insulator: 1013 – 1016 Conductor 4.1.10-6

Melting temperature 
at 1500°C diamond 

transforms to graphite 
1285°C 

Toxicity None 
High (even small amounts can 

cause severe health hazards) 

3. Numerical Optimisation of the Mechanical Design 

The design was optimised for the bending magnet beamlines working at energies neighbouring the SLS 

critical photon energy (5.35 keV). Given the necessary beam acceptance (the window was to be 

mounted at 5.5 m from the source within the machine shielding wall and accept 0.4 x 3 mrad), as well 

as the necessary flux (a transmissibility of at least 50% at the considered energy was required) for the 

foreseen applications, the chosen window had to have an elliptical shape of 6 x 18 mm with a thickness 

of 100 – 250 μm (depending on the beamline being considered). 

A thorough thermal and mechanical analysis was performed on an integrated window of such shape 

using the finite element method (FEM). Due to the thermal requirements of absorbing and dissipating 

up to 160 W of beam energy, oxygen free high conductivity copper (OFHC Cu) with a suitable cooling 

system (keeping the edge of the Cu block at 30°C) was adopted as the window frame material. Solid 

elements were then used to model numerically this frame, while shell elements were used for modelling 

the CVD foil itself. 

3.1. Optimisation of the Thermal Behaviour 

As it was already pointed out, an innovative brazing procedure was developed in the frame of the 

proposed solution. In fact, an active high vacuum brazing process not necessitating the metallisation of 

the window foil was pursued. This has advantages in terms of the optical performances, in terms of the 

production times and costs, as well as in the fact that the resulting window can then be baked-out to 

high temperatures (≥ 250°C). A suitable brazing alloy which allows the formation of the active layer at 



the CVD-to-Cu interface and that allows the best wetting of this interface [9] was thus chosen. Given, 

however, the high solidus temperature of the alloy (ca. 750°C), a suitable design had to be found. This 

is based on a compliant region which can accommodate the differential thermal expansion effects (CVD 

has the above listed expansion coefficient α, while that of Cu is 18 μm/(m.K), i.e. more than 6 times 

higher), while concurrently taking into account also the possible occurrence of a bi-metallic type effect 

(with the resulting bending stresses in the CVD foil) which could lead to the loss of the structural 

integrity of CVD. The structure resulting from an iterative optimisation process (Fig. 1) allows not only 

to take into account all these effects, but also to keep at acceptable levels the stresses in the operative 

conditions with a beam power thermal absorption of 160 W. In the latter case the temperature on the 

foil reaches a maximum of ca. 330°C in the centre of the foil and decreases to 230°C on the transition to 

the cooper block (Fig. 2). Given the chosen brazing procedure and alloy, this temperature levels are 

acceptable, as are the resulting stresses of 377 MPa in the centre of the diamond foil. 

        

Fig. 1: Stress distribution on the window        Fig. 2: Temperature distribution in °C resulting from a 
  during cooling from the brazing         heat load of 160 W applied in the centre of the  
  process. The Cu edge experiences some       window (beam footprint: 6 x 3.3 mm, window 
  plastic deformation, but given its        thickness: 200 μm) 
  mechanical properties after brazing  
  (high ductility) this does not imply any  
  practical problems 

Eventual problems could occur only if a miss-steered beam would impinge exactly on the brazing 

location which would imply its heating already after 0.1 – 0.2 seconds to temperatures that could 

endanger the integrity of the window. For this reason on the upstream side of the window assembly a 

suitable OFHC Cu aperture has been added to the design (Fig. 3) – for obvious reasons in the final 

configuration this aperture was executed with a suitable taper. 

3.2. Optimisation of the Mechanical Behaviour 

Given the safety function the foreseen window has to have, in the FEM analysis two cases of structural 

load were considered: a 1 bar (0.1 MPa) pressure difference on the two sides of the window (during 

slow aeration of the beamline), and an accidental pressure wave coming from the experimental side of 

the beamline on which the window is mounted (i.e. from downstream with respect to the window itself). 

In the first case a stress of ca. 300 MPa in the centre of the foil is generated (Fig. 4). Even when in this 

configuration the beam would still be impinging on the window, it could operate with a suitable safety 

factor. However, when a pressure wave would be speeding from downstream, an equivalent pressure of 

almost 5 bar would be generated on the foil (Fig. 5a) which would cause its breakage. A suitable 

solution here was an introduction of an 18 mm circular diaphragm 20 cm downstream of the window, 

which allows the dynamic effect of the pressure wave on the foil to be reduced down to a level of 1.25 

bar (Fig. 5b). 



   

Fig. 3: Temperature (°C) distribution on the   Fig. 4: Stress distribution on the CVD foil when a 
  aperture which protects the brazing   pressure difference of 1 bar between the 
  location from a miss-steered beam   two sides of the foil occurs 

  
            (a)      (b) 

Fig. 5: Pressure wave effect (Pa) on the CVD foil without (a) and with (b) a diaphragm mounted 
downstream of it 

4. Prototype Window 

The designed 100 μm thick CVD diamond window has been integrated on a double side DN63CF 

flange (Fig. 6). A careful frame production and especially brazing procedure with strictly defined 

brazing phases for the integration of the CVD foil (Fig. 7), the Cu aperture and the cooling system was 

defined. On the obtained integrated structure a support for the alignment reference marks was also 

added. Leak rates lower than 10-10 mbar.l/s have been measured on this prototype. The structure was 

thus considered suitable for the subsequent structural and optical tests. 

5. Tests Performed on the Prototype Window 

5.1. Structural Testing 

The window was mounted on a vacuum system resembling as much as possible the foreseen beamline 

configuration (including the diaphragm). First an increasing pressure wave on the downstream side of 

the window was generated and, as expected, up to a 2 bar pressure wave no negative effects on the 

window occurred. 

A static pressure was then applied to the window, which was finally broken only at an absolute pressure 

of 4.3 bar. 

The irradiation of the window with the beam producing a heat load of ca. 100 W on the foil was also 

performed and no detrimental effects could be observed. 



   

Fig. 6: Integrated DN63CF CVD diamond   Fig. 7: Detail of the brazing of the CVD foil to the 
       vacuum window with the water cooling  OFHC Cu frame 
       and alignment systems 

5.2. Optical Measurements 

5.2.1. Surface Roughness Measurements 

The surface roughness of the 100 μm thick CVD diamond foil on the prototype window was measured 

by employing the Zygo NewView 5010 white light interferometer characterised by a roughness 

measurement resolution better than 0.1 nm. A three dimensional plot of the surface roughness with a 

peak to valley (p-v) value of 16 nm and with a root-mean-square (rms) surface roughness of 2.4 nm has 

been measured (Fig. 8). During a similar measurement performed on a high quality (PF60) Be window 

with a thickness of 75 μm, a p-v value of 7 μm with a 630 nm rms roughness was obtained. The CVD 

 diamond shows thus not only a much better surface smoothness, but also a much smaller variation of

the foil thickness. 

 

Fig. 8: Roughness measurement on the brazed CVD diamond foil: p-v roughness: 16 nm; rms 
roughness: 2.4 nm 

5.2.2. Transmissibility Measurements 

The transmissibility of the brazed and a “raw” (as produced) CVD diamond foil was measured at the 

SLS materials science beamline. The respective setup is shown in Fig. 9a. Two gas cells have been used 

to measure the beam intensity upstream and downstream of the window. The collimated beam size was 

limited to 2 x 1 mm with a slit system directly upstream of the first gas cell. An integration time of 10 

seconds with the highest sensitivity of the counter cards was used. In cases when the intensity was too 

high (the counters went into saturation) the attenuators (absorption foils) of the beamline have been 

applied. No difference between the brazed and the raw window could be measured (Fig. 9b). What is 



more, the measurements agree very well with the theoretical prediction for a 100 μm diamond foil. No 

measurable contamination of the surface of the foil due to brazing alloy elements could be detected 

either. 

     
        (a)                 (b) 

Fig. 9: Measurement set-up for the CVD diamond foil transmissibility measurements (a) and results 
obtained on the brazed (red line) and raw (blue line) foil (b) 

5.2.3. Influence of the CVD Diamond Window on the Coherence of Synchrotron Radiation 

Coherence properties of X-ray beams (and of any phase-shifting devices along the beamline) may be 

characterized by using a shearing interferometer technique and by observing a magnified Moiré-type 

fringe pattern on a large pixel-sized standard X-ray detector [10]. The arrangement of the thus used 

transmission-type interferometer consists of a beam splitting phase grating and of a slightly tilted 

analyzer grating which provides the spatial resolution required on a standard X-ray detector. Parts of the 

X-ray beams of the same source interfere in the detector plane and show a “magnified” (Moiré-effect) 

fringe pattern caused by a small or “shear” tilt angle (on the order of 0.5°) between the gratings. From 

the observed fringe pattern, the resulting normalized intensity distribution |γ| can be calculated. 

                    
      (a)               (b)        (c) 

Fig. 10: Normalized intensity distribution |γ1| of the beam without the CVD diamond window (a), 
normalised intensity distribution |γ2| with the inserted window (b) and ratio of the intensity distributions 

|γ2|/|γ1| (c) 

The experiment aimed at characterising the respective performances of the here developed CVD 

diamond vacuum window was performed at the European Synchrotron Radiation Facility (ESRF) in 

Grenoble, France, with 17.5 keV X-rays. The obtained fringe pattern shows the coherence of the X-ray 

beam (plus any phase-shifting elements along the beamline) without (normalized intensity distribution 



|γ1| in fig. 10a) and with the inserted CVD diamond window (normalized intensity distribution |γ2| of 

Fig. 10b). The ratio of intensity distributions |γ2|/|γ1| is shown in Fig. 10c. The fringe pattern of the X-

ray beam affected only by the CVD diamond foil remains unaltered, i.e. it is demonstrated that the CVD 

diamond window does not influence significantly X-ray beam coherence. 

6. Conclusions 

The herein proposed innovative mechanical design of a CVD diamond vacuum window allows to 

combine both the thermal filtering and the vacuum and pressure safety functions of the so far used pair 

of Be windows in a single thin diamond window with excellent thermo-mechanical and optical 

properties. Moreover, the developed brazing procedure makes unnecessary the metallisation of the foil 

material, which also has advantages in terms of the optical quality of the window. In fact, the developed 

solution was shown to have virtually no influence on X-ray beam coherence. The adoption of high 

vacuum brazing makes the window also bakeable at high temperatures, and thus the UHV conditions 

easier to reach. 

After completion of the thorough thermo-mechanical and optical tests on the prototype windows, a 

production of ready-to-use  windows has been initiated, and the windows have been
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successfully installed on the SLS X02DA Tomcat and D tic lines. Further employ

he design is planed for several new SLS bending magnet beamlines, while concurrently variants 

the described designs are being developed for different heat load levels (well below 100 W and well 

above 160 W) and for different X-ray beam sizes. 

Based on the presented window design, an off-the-shelf CVD diamond window solution is also being 

brought to market through Diamond Materials GmbH [3]. 
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