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Hartmann sensor

• Sparse pinhole array (             ) � most photons lost in mask
• Restricted to near field (                   ) � limited angular sensitivity
• No information on coherence (or, at best, difficult to obtain)

D

p

Pinhole array

Detector

J. Hartmann, Z. Instrumentenkd. 20 (1900) 47–58

• Measure centroid 
positions of spots

• � � Get local beam 
propagation direction
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Using gratings instead

D

p

Pinhole array

Detector

D

Grating 1
(“beam splitter”)

Detector

p1

Talbot
self image

Grating 2
(“analyzer”)

p2

• � Grating 1 is a dense array, and can be a pure phase grating 
� high photon efficiency

• � Not restricted to near-field operation � high sensitivity
• � No need for detector pixels to be smaller than grating period
• � Gives information about coherence function
• Two modes of operation: 

• linear grating scan (“phase stepping”) – high spatial resolution
• Moiré operation – single-shot operation

• � Information only in direction perpendicular to grating lines
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Effect of wavefront distortions
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Signals extracted

Three types of information
• a: Wavefront amplitude
• b / a: Fringe visibility (“dark-field image”) 

� degree of coherence 
• c: Fringe position (“differential phase contrast”)

� local beam deflection angle

Detector position (moiré mode) 
or grating scan coordinate (phase-stepping mode)

Signal 
on detector

a

b

c
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Grating scan
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Grating interferometer at ESRF-ID19
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C. David (PSI)
with interferometer

(2006, MS beamline at SLS)

Compact setup

Detector nose

Interferometer

Sample 
(on tomography stage)

Dimensions determined by 
• field of view (lateral size),
• desired sensitivity (length).
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Gratings
Phase grating (Si) Absorption grating (Au on Si)

• Silicon, wet-etched
• � Efficiency limit: 100 %

(fraction of useful photons)

• Gold, deposited on a Si grating
• Efficiency limit: 50 %

(fraction of transmitted intensity)

h = 22 µm

p = 4 µm

4 µm

p = 2 µm

h = 24 µm

Au

Si

4 µm

C. David et al., Microelectronic Engineering 84 (2007) 1172
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Last month, x-ray tube

Large-area grating

65 x 65 mm2

silicon grating
on a 4” wafer

Mask made by 
photolithography

Grating area limited
only by wafer size
(i.e., can easily be 
made larger)

PSI-LMN, C. David et al.
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• Pitch: 2.4 � m
• Height: 60 � m
• Pattern area:

60 x 20 mm2
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Brain imaging (rat)
F. Pfeiffer, O. Bunk, C. Kottler et al., Phys. Med. Biol. 52 (2007) 6923

3D rendering of phase tomography volume data

• Rat brain in formalin,
with implanted tumor

• 25-keV X rays
• Interferometer:

p1 = 4 µm
p2 = 2 µm
D = 360 mm

• ESRF ID 19
5 µm
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Brain imaging (rat)

Pfeiffer et al., Phys. Med. Biol. 52 (2007) 6923

Discriminates 
white from gray 

matter

Interferometric phase tomogramAbsorption tomogram

Reconstructed tomographic slice through the cerebellum
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Characterization of mirror surface

T. Weitkamp et al.,
Appl. Phys. Lett. 86 (2005) 054101

Incident 
X rays

Multilayer mirror

Interferometer

Interferogram
W/Si multilayer, d = 3.7 nm,
E = 12.4 keV, Bragg angle: 0.77o

Setup (ESRF-BM05)

Extracted slope-error profile

ProcessedRaw
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Metrology of X-ray lenses
(T. Weitkamp, C. David, J. Patommel, C. G. Schroer)

Phase profile of a
single refractive Be lens,
17.5 keV, f = 61 m
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Metrology of X-ray lenses
Raw interferogram Difference to ideal shape

� Accurate measurement of overall focal length
� Spherical aberrations: longer focal length outside
� Inhomogeneities: probably bulk defects

(d� /dy)measured – (d� /dy)ideal(d� /dy)measured
200 µm

Unwrapped image

Beryllium compound lens, N = 16 single lenses, E = 14.4 keV, f = 3.80 m
(T. Weitkamp, C. David, J. Patommel, C. G. Schroer)
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Talbot effect

• Fringe pattern repeats itself
• It is possible to use a pure phase grating � efficiency
• Can use distances D � p2 / � � high, tunable sensitivity

T. Weitkamp et al., Proc. SPIE 6318 (2006)
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Access to coherence properties

• Decrease of visibility with increasing distance from 
grating, due to limited coherence length
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Quantitative coherence measurement

T. Weitkamp et al., Proc. SPIE 6318 (2006)

Relation of visibility and source size (for a Gaussian source)
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Measurement of coherence function

variable distance d

Setup Interferograms observed
(SLS beamline X06SA, 14.4 keV)

F. Pfeiffer et al., PRL 94 (2005) 164801

Area 1

Area 2

F
rin

ge
 v

is
ib

ili
ty

0

1
0

1

0 600Distance d (mm)

� Measure coherence function,
determine local coherence length

� Locate optical elements that degrade
coherence properties
(here, a CVD diamond window 
12 m from the source)
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From one-dimensonal to two-dimensional

• Why:
Line gratings only yield 
information along the direction 
perpendicular to the lines.

• Therefore, we would like 
to have an interferometer with 
two-dimensional grid structures.

• Design for line gratings is trivial. 
But for two-dimensional gratings?

Contrast
direction

Example of 1D interferometry:
Refractive lens characterization

No contrast
horizontally
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Possible unit cells for 2D gratings

Which pattern?
What phase shift?

Same pattern for both gratings?

“Checkerboard”
type

“Mesh”
type
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2D gratings: pattern design
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2D grating interferometer

• G1: Checkerboard-pattern, � -shifting phase grid
• G2: Mesh-pattern absorption grid, p2 = p1 / 2
• Can be made with current fabrication technology

• p1 = 4.8 µm, p2 = 2.4 µm
• Materials: Si (for G1), Au (for G2)
• Material thickness: between 10 and 50 µm

X rays

G1

G2• Combo of checkerboard 
and mesh type:
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What we have now

• Interferometers for efficient use for the multi-keV range (> 
8 keV)

• One-dimensional and two-dimensional
• Give information on wavefront shape and degree of 

coherence
• Wavefront phase sensitivity down to � /10 (with � the X-ray 

wavelength)
• Wavefront deflection sensitivity down to < 50 nrad
• Sensitive grating areas up to 65 mm x 65 mm (could also 

be larger).



T. Weitkamp - XFEL workshop, 14-17 February 2010, Ryn, Poland 34

Outlook

Adaptation of instruments to lower energies?
• Why not? In principle, any energy for which a Hartmann 

sensor can be built is also accessible to Talbot 
interferometry.

• Beam-splitter grating G1 may have to be absorption 
grating (not phase grating) at low energies.

• Will change Talbot distances but not affect the principle as 
such.

• Heat load: manageable – if Hartmann sensor possible…
2D grating interferometers
• Convergence Hartmann sensor – Talbot interferometer
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