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X-ray coherent imaging

Nanomaterials
biological specimens

1974 S.Aoki and S.Kikuta, first x-ray hologram
Jpn. J. Appl. Phys. 13 (1974) 1385.

2004 S. Eisebitt et al., Observed  magnetic
domain using soft x-ray FTH

2008 S. Marchesini et al., Massively parallell x-ray 
holography: Nat. Photonics 2 (2008) 560.

2009 E.Guehrs et al., Biorogical specimens,
Opt. Exp. 17 (2009) 6710.

Synchrotron radiation
Table top high harmonic laser
X-ray free electron laser (XFEL)

・Simple image recovery
・50nm spatial resolution (10-90%)
・Magnetic structure based on MCD effect

Suitable for one shot imaging

S. Eisebitt, J. Lüning, W. F. Schlotter,
M. Lörgen, O. Hellwig, W. Eberhardt,
and J. Stöhr,
Nature (London) 432 (2004) 885.

Coherent sources

Fourier transform holography (FTH)

Application to Imaging

Technical features



Lens-less FTH using integrated samples
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Sample

Difficult sample preparation
Limited field of view (transverse coherence length      ~2µm)
Observation area can not be changed
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Weak points as a microscope
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Holography-mask

Sample

In case of finite :
Need focus correction 
Degradation due to finite 
Relative vibration

Holography-mask and sample separated FTH

zΔ

zΔ In contact:
No focusing correction 
No degradation by 
Suppresses relative vibration

0→Δz

LξLξ

We chose contact mode
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Pinhole

Holography-mask
Sample

HologramReference hall

Window

Experimental configuration

in contact

X-ray
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Soft x-ray FTH of Co/Pt magnetized film

Piezo-stage
ANT200/RT/UHV/NUM

CCD
PI-SX2048B

Pinhole/shutter

Circularly polarized soft x-ray
SPring-8 BL25SU

Co L3 edge: 778 eV

mmZ 3700 =
mmZ 496=

mPinhole μ20=

Charge structure &
Magnetic structure (MCD)



Magnetic domain of Co/Pt film

1µm

Co 0.4 nm
Pt 0.7 nm

Co 0.4 nm
Pt 0.7 nm

Co 0.4 nm

Co 0.4 nm
Pt 0.7 nm

Pt 0.7 nm
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SiN membrane

Ru 1 nm
Ta 1 nm

Ru 5 nm

Ta 4 nm

ImageR - ImageL

Succeeded in obtaining 8 µm
Image (A bird's-eye view)

Holography-mask

Sample

invFFT

7 images

Spatial resolution
42nm (10-90%)

Holograms

1.7µm thick Au

Edge response
Recent report using a circular
shaped window: D. Stickler  et al.,
Appl. Phys. Lett. 96 (2010) 042501.

N. Awaji et. al., 
Appl. Phys. Express, 3, (2010) 085201.



Hard x-ray FTH

Piezo-stage
ANT200/RT/NUM

Undulator x-ray of SPring-8 
BL16XU (SUNBEAM)

Shutter

Pinhole

CCD(PI-LCX1300)

Photomultiplier
Vacuum pipe

mmZ 500 =
mmZ 3040=

mPinhole μ10=

Energy = 5500 eV

Sample

High penetration power
Measurement in the air



Artificially patterned sample

Holography-mask

SEM image of artificially
patterned sample

3.4µm thick Au

1.7µm thick Au

1µm

Image of 7 µm area
(A bird's-eye view)

Combined 5 images

Holograms



0.27 μ m

Cross sectional image of Cu-interconnect-line

Cu-line structure
(Cross section)

SiO2

SiN

Ta
Cu

Line intensity on the
Cu cross section

Spatial resolution
75 nm (10-90%)

Thick
ness

2 µm thick sample

Reconstructed image
(A bird's-eye view)

LW=0.27 µm

Hologram



XFEL

XFTH

Super computerReal-time movies

In the future



Summary and Conclusion

We succeeded in large area FTH imaging 
in both soft x-ray and hard x-ray.

The obtained spatial resolution of the image was 
42 and 75 nm at 778 and 5500 eV, respectively.

An arbitrary selectable view area of this method
in addition to the robust imaging based on FTH
will provides the realtime imaging for nanomaterials
and biological specimens in the future.

N. Awaji et. al.,Appl. Phys. Express, 3, (2010) 085201.

The experiments were performed at BL25SU and BL16XU in SPring-8 with the approval of
the Japan Synchrotron Radiation Research Institute (JASRI) under proposal Nos. 2008A1513,
2009A1840, 2009B1844, and 2009B5110. This study was supported by the promotion program
of XFEL research by ministry of education, culture, sports, science and technology (MEXT). 


