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We have investigated a prototype diamond superlattice using x-ray diffraction topography. The 
undulator fabrication principle involved CVD growth of diamond on a diamond substrate while varying 
the concentration of boron in the gas phase during growth. This should lead to the periodic variation of 
the lattice dilatation by the varying concentration of the single substitutional boron impurity atom.  

Problem :  
Too much lattice damage and one achieves a distribution of undulator amplitudes within the 
crystal. à This is the motivation for a Diamond Superlattice 

Before the superlatice … scoring 

X-ray evaluation of the Graded doped B-layer 
The graded boron doped layer was studied with X-ray diffraction techniques at the ESRF in Grenoble, 
beamline BM05. 

Conclusions 
1.  The validation via x-ray diffraction topography proved non-trivial  

a.  The pitch of the layer is much larger than the nano-scale, so the interference effects from Bragg 
scattering normal to the layer are not visible and able to be used in the characterization. 

b.  The pitch of the layer is nonetheless rather small to use collimation in the entrance and exit channel 
to define the diffracting volume within the crystal 

c.  Eventually, a large data set of both Bragg and Laue condition Rocking Curve Imaging 
measurements and Plane Wave Topography measurements could lead to a picture that was 
eventually promising. 

2.  Indeed, the lattice parameter evolves over the depth of the graded layer. 
3.  The graded B layer acts as a very effective multi-layer mirror. 
4.  It would be preferable to develop the graded layer on the best possible (lattice) quality substrates. 
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Doping with nitrogen, boron à expands the lattice. Boron is favoure. We expect one could obtain up 
to CB < 1.5 at% maintaining excellent lattice quality. Using the “Lang” Dilatation Formula : 
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Introduction 
A crystal undulator is similar to a normal 
undulator as typically found at a 
synchrotron to produce extremely 
brilliant X-ray beams. The difference is 
the magnetic lattice is realized by the 
periodic electrostatic potential of a 
crystal  lattice  seen from the reference 
frame of the GeV range electron or 
positron beam. The extremely relativistic 
incident particle beam would need to be 
captured in a high index crystallographic 
channel of a crystal superlattice. The 
particle beam will then “see” a many 
Tesla range periodical ly varying 
magnetic field with a few micron pitch. 
This method could theoretically lead to 
an MeV range gamma ray laser by the 
FEL principal. 

Ib 

graded B layer 

Ib 

graded B layer 

The expected dilatation 
δd/d ~ 10-4 

Δθ ~ 21” >> Darwin width 
 
à Expect a multi-layer mirror behaviour 
 
This is the start of the iterative process to 
produce the undulator. 
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The first step to produce a diamond 
superlattice with a 100m period have been 
taken by Element 6. A single graded doped B 
layer was produced by varying the boron 
concentration was varied up to  ~7x1020 at 
cm-3 (0.3% or 3000 ppm)as indicated, grown 
on a Ib substrate. The second sample is 
capped with an “intrinsic” layer, 5-53 ppb 
boron. 

Plane wave monochromatic dispersive case 
Integral of an angular scan set 

400 Bragg Case reflection 

Graded B-layer acts as a multi-layer broad band pass mirror 
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Distance across edge 

Plane wave monochromatic dispersive case 
Selected one fixed  sample angle 

400 Bragg Case reflection 

The diffraction vector is is parallel to the maximal change of the lattice constant in the graded doped 
layer. The geometry chosen presents a perspective view of the diamond crystal. The penetration 
depth of the x-ray beam is a complex mix of effects related to the angular and energy dispersion of the 
beam, the quality of the crystal, and the angle at which the rocking curve is taken. In this case, the 
image presented is the integral of several rocking curves. The reflectivity of the graded doped layer 
appears significant over the whole crystal surface. The continuous variation of the lattice constant over 
a relatively shallow depth in such a way that the acceptance of the crystal in the graded doped layer is 
much wider than the reflectivity curve of the interrogating beam. This is not true for the bulk of the 
diamond, as we can see in the perspective view, where the edge is not screened by the surface layer, 
one still has the usual view of the defects within this (lattice) quality quality CVD diamond. 

This geometry optimises the view of the sample edge. It was taken with a shield over the diamond 
main surface to reduce the Laue case component of the diffraction and emphasise the more surface 
sensitive Bragg case diffraction. A component of the strain due to the dilatation should still be visible, 
and this seems to be the case. 

Schematic of a superlattice to 
indicate what dilated regions 
(boron doped) and intrinsic regions 
(impurity free) would look like and 
indicate their effect on an axial 
channeled direction. 


