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3-Way Optics Workshop II       May 29 & 30  , 2003

Thursday  May 29
8:15-8:20 welcome Gluskin
8:20-8:30 Overview of  3-Way  Workshop I    held at ESRF 12-13 Nov. 2001 Freund
8:30-9:00 Overview of optics  at  APS Macrander
9:00-9:30 Overview of optics at ESRF Morawe
9:30-10:00 Overview of optics  at Spring - 8 Ishikawa
10:00-10:30 cofee
10:30-11:00 Profile coating at  APS Liu
11:00-11:30 Polychromatic x-ray microdiffraction with differentially deposited K-B mirrors Ice
11:30-1:00 Working  lunch /   Osmic presentation Wood/Maratynov
1:00-1:30 Metrology initiatives at  APS Assoufid
1:30-2:00 ESRF mirror and metrology group activities Hignette
2:00-2:30 coffee
2:30-3:00 Mirror initiatives at  APS Khounsary
3:00-3:30 Depth graded multilayers Morawe
3:30-4:00 New double multilayer  monochromator  at the  ESRF optics beamline BM5 Bigault
4:00-5:00 Poster session
5:15 Bus departs for Chicago



Friday    May 30
8:30-9:00 APS crystal fabrication overview Khachatryan
9:00-9:30 High energy resolution monochromators at  APS Toellner
9:30-10:00 Topography of diamonds at APS Krasnicki
10:00-10:30 coffee
10:30-11:00 Mono stabilization at Spring 8 Nishino
11:00-11:30 Optics for modulation spectroscopy at Spring 8 Suzuki
11:30-1:00 Working  lunch/  Insync presentation Tonnessen
1:00-1:30 Low energy photon optics at Spring 8 Kimura
1:30-2:00 Beryllium  windows for coherent x-rays  at Spring 8 Goto
2:00-2:30 High  resolution analyzer development at  APS Sinn
2:30-3:00 Spherical crystal analyzers  for inelastic x-ray scattering  at the  ESRF Verbeni
3:00-3:30 Analyzer developments for RIXS Alp
3:30-4:00 5 minutes workshop summaries Macrander

Ishikawa
Morawe
Goto
Freund



Posters The ESRF crystal laboratory Vassalli
Microfabrication at APS and CNM Mancini
Recent progress of In-line refractive and diffractive optics at ESRF Snigirev
Topography calculations at APS Zhong
Metrology facilities  at APS Qian
E-beam lithography at APS O'cola
Zone plates fabricated at APS Divan
Multilayer facilities at APS Conley
X-ray facilities at APS Maj
Mirror design for new NanoCAT  beamline Khounsary/Li



Financial Sponsors Blake 
Osmic 
Oxford Danfysik
InSync
American Institute of Physics



Synchrotron Optics-Main themes 
on May 29,2003

• Submicron focusing
• The  frontier  in figure and finish
• Diamond crystal perfection
• Effects on coherence
• Narrow bandpass multilayers



Workshop highlights/ A. Macrander

SPring-8:

•Development of x-ray interferometry using intensity correlation has continued. First order coherence obtained 
from a Michelson interferometer in addition to a Mach-Zender interferometer. X-Ray Hanbury-Brown & 
Twiss interferometry applied to measure pulse widths.

•Coherent scattering microscopy with oversampling is being used to obtain images by inversion of scattering 
patterns. Coherent scattering microscopy  is developed in collaboration with Stanford/SPPS.

•A dynamical diffraction method is being used to measure the modulus of the mutual coherence function.

•Elastic emmission machining is being used to make K-B mirrors with a focal spot of 90x180 nm2

•Monostabilization is being implemented on several beamlines to stabilize to 0.13 micron.

•An XMCD microscope which incorporates a Fresnel zone plate has been constructed.



ESRF/ A. Macrander

•K-B systems with benders are being implemented at a projected  total of 18 beamlines by the end of the year. A 
focus spot of <100 X 100 nm2

•Results of collaborative measurements made at the APS for a combined depth graded and laterally graded “fish” 
shaped ML were reported.

•MLs with bandpasses as low as 0.3% were reported  (also by Osmic).

•Double ML mono was implemented at BM5. Studied for harmonic rejection and as a primary monochromator. 
Coherence effects are being studied.

•“Production” of  IXS analyzers is happening.



APS /A. Macrander

•Profile Coating K-B pairs commissioned at UNICAT.   Report given by Gene Ice

•Profile coating on flats succeeded after  overcoming thermally evolved stress form differential 
thermal expansion.  1-2 microrad slope errors for ellipses are now routinely obtained.

•Topographic method to separate tilt from stain implemented fro diamond. Finding is that the 
larger effect on broadening of rocking curves is from the tilt.

•Work on laterally graded MLs continues/ implemented at SPPS

•IXS analyzers   Si/glass diced from both sides and dynamically bent is being pursued.

•Micro and nanofabrication efforts on going and slated for CNM.



T. Ishikawa

•The information exchange made in this workshop has been most effective, so that it should be 
continued.

•However, rapid progress in the field may require more frequent information exchange. Annual 
SPIE conference may be a good occasion for this purpose.

•Some parts of the optics developments in each facilities are made by users. Therefore, we might 
think about inviting users to this workshop.

–European users to ESRF, US users to APS and Japanese users to SP8.

•I am wondering if you agree scheduling the next workshop on weekend or….



Ch. Morawe

PRINCIPLE ACTIVITIES

•Focusing & Coherence preservation
•Complementary approaches
---- diffraction limit reached 100 nm using K-Bs
•MLs, High Resolution   0.25%,  lateral and depth gradient combined
•Alternative optics:  Fresnel zone plates, compound refractive lenses

TO BE DONE
•Stability issues, feedback
•Wavefront considerations on ML focusing
•Fabrication limits of MLs
•New metrology (stitching?)
•“round robin” reference for mirrors
•Theoretical modeling
•Sub microrad optics, deterministic polishing
•Diamonds: thinning & polishing (Plasma chemical vapor machining, ion beam figuring)

General:
•Discussion
•Exchange of Data & Samples
•Lab visits
•Common experiments



S. Goto

Wave Optics:  propagation of amplitude-phase for coherence preservation

Next Optics Workshop: 

•Nov. 2004

•Osaka University tour

•Tutorial of Spring-8 accelerator

•Heat load problems to have more emphasis

•High resolution monochromators and analyzers to have a continued 
emphasis



A. Freund

• Important to have Shared/split approaches

• Exchange of people who do the hands-on work is important – Jean Pierre Vassalli
visit APS

• IR microscope at ESRF now also.
.
• A company in Japan will start to provide mirrors made by EEM/deterministic 

polishing. This is important to the larger synchrotron community, and technology 
transfer of this sort is something the community should encourage.

• ESRF is providing  K-B focusing optics for SPPS.

• Studies on diamonds should continue.



Coating on a cylindrical mirror



Profile Coatings
Mask DesignAu t-distribution Uniform coating (< 0.3%):

x y, t,( )

0.8

0.85

0.9

0.95

1

340

350

360

370

380

390

400

410

420

-4 -2 0 2 4

Th
ic

kn
es

s-
N

or
m

al
iz

ed

Thickness (0.1 nm
)

Position (cm)

Elliptical KB mirrors:
Modeling

0.5 0.996269 0.996206 0.996008
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From G. Ice

APS mirror RMS figure errors are smaller than 
errors in original cylindrical blanks 

• Virtually entire mirror is useable

• Mirror figure limit ~2.35x2xF1σ’

– 0.3 µm horizontal
– 0.4 µm vertical

• Need to procure better substrates
– Believe 0.15 x 0.15 µm2 realistic 

with microfocusing setup
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(center-focus) = s2 = 57.0 mm
mirror angle = 2.81 ± 0.00 mrad
tilt = -0.03 ± 0.00 mrad,  s1=36.5m

slope 1.030 µrad rms
spot 0.323 µm FWHM

34 mm Mirror
file = '3-4KBP10.SLP'

Fri Oct 25 09:13:25 2002
Macintosh HD:Users:tischler:data:KB mirrors:put in Nov22, 2002:

cross-correlations
ang offset theta

ang offset  1.0000 -0.0390
theta -0.0390  1.0000

Can still get better focus by limiting aperture (not diffraction limited)



2D Focusing with KB Configuration2D Focusing with KB Configuration
From T. Ishikawa

Diffraction-Limited 2D Focusing (90 nm x 180 nm) at 15 keV with KB Configuration
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Pulse-motor based linear actuator

Flexure hinge

Pulse-motor based linear actuator

Micrometer head

Mirror A

Mirror B

Manual stage

KB mirror aligner  

1 hour for alignment1 hour for alignment
High Stability (>24 hours)High Stability (>24 hours)



ESRF KB nanofocusing on ID19 (O. Hignette, P. Cloetens)KB nanofocusing on ID19 (O. Hignette, P. Cloetens)

• W/B4C multilayer + Pt mirror
• E = 20.5 keV,  ∆E/E ≈ 10-2

• gain = 4·106 !!!

• W/B4C multilayer + Pt mirror
• E = 20.5 keV,  ∆E/E ≈ 10-2

• gain = 4·106 !!!

slits

mirror 1
mirror 2

focus

Aperture
V X H (µm)

Focus Size
FWHM (nm)

Flux
Ph/s @ 90mA

200 X 50 92 X 87 5 10 10

400 X 100 70 X 74 2 10 11

600 X 160 90 X 70 4.5 10 11



Diamond #1540 (as-cleaved):CCD Image

S. Krasnicki, Y. Zhong, J. Maj, A.T. Macrander



Diamond #1540 (as-cleaved)

Due to misorientation Due to lattice spacing variation

Azimuth angles 0◦/180◦

S. Krasnicki, Y. Zhong, J. Maj, A.T. Macrander



C. Liu, A. Macrander, J. Als-Nielsen, K. Zhang,
J. Vac. Sci. Technol. A19, 1421(2001)



3-Way Optics

Take on challenges to go beyond the state-of-the-art
Complementary efforts/friendly competition
Collaboration when appropriate

Winners:    Synchrotron  Users

Workshop Acknowledgements:
Ch. Morawe, T. Ishikawa,
J. Werner, J. Brunsvold, R. Fenner, L.Assoufid, D. Fornalsky,
D. Rognlie, J. Wood, A. Broadbent, T. Tonnessen, D. Berger
E. Gluskin, M.Gibson
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