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Phase-Contrast X-ray Imaging

Atsushi MOMOSE
Advanced Research Laboratory, Hitachi, Litd.

Recently, techniques for phase-contrast X-ray imaging, especially in the hard X-ray
energy region, have been studied actively. Development of X-ray sources, such as third-
generation synchrotron facilities, also contributes to this activity. The most attractive
property of phase contrast is the high sensitivity to weakly X-ray absorbing materials.
We have developed tomographic imaging method dependlng on phase contrast for bio-
logical imaging. In this article, the author will introduce some studles on phase contrast ;

X-ray imaging, including our results.
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Figure 1. X-ray wavefront is bent by traveling through

an object. X-ray phase shift corresponds to the amount
of the distortion of the wavefront.
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Figure 2. Comparison of the sensitivity between absorption contrast and phase contrast.
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Figure 3. X-ray interferometer and X-ray beam paths

produced in the interferometer.



WER HI0BE3 S (19974F)

AORELET A EMBEON—T7 ISR
COXDEfEREASEMBCEMEL S T T
XBPRAIZHESh, BROICKIICRL
E57= 9\ £V —BOFEHFERPER S
N5, B, STZROE—ADEREN, M
WX CxOfTHANPEZ BN (EFEICIIM
Ik ARFEFEEZFIRT 2 WS 8), A
Ko THENBUEREDINS, —HDOE—LA
N B R RAT A L, TN X ANMIEY Y
FERBLCTFEHEREEA»PEBLNLE— A
PICRAZ ENTEA,

W EREHR L I2BOWE TH HWHERE A exp
(i®) RUBMRYE Bexp (id) HFHE L THOLNS
TR L3 '

Ii=|A exp (i®)+Bexp (id) |2
=A2+B2+2AB cos (d+4) (9)

THY, YT &M 2n 2 AEICTHRN
FETLZ EDOM D, il 43R ESR
WORIEECTH B, K3 OF TN IR
INTEVERAZELRTNIZDEIRFETH 5,
BCRT KD IR ZFIE L TABICA D
ExESZ LS TES,

COFERYLr SHEEEROBETRA D &
THHEEMCELMEL LT, HAEENFIC
RMULaV oA L2525 LR VWEVWD T
EMBBH, DM 2n LD THINIWEEICIT, #E
LR AVWAEOFE TV PS5 A MBE
LA PITHBIT B LD ICRE T A LT
o LL, —EMICIT @ DI WETER O
BRPEDVDBINADT, RA—OBENEICHL
oV FSANTIREND Y, BB A5 A ARIC
BIE L, EETERARE LTWESICLTIh
FTHAOBENFE SN TWBRLEED, K
FIIC_EELORIBIIE 5,

COMBEAR BT A7 @ OBINT I L

277

THBOBRINET AAES TR (RIHEANZ
BWRTOMEIV FI A M) MBI NIT X
W ZD72DITIE, ATEAFEIC S W TR S N
7o 77 U VAHETEIES 28 X AR TR 8
TE5, HICH3 DL DT TET—U IE
PRI LRAEEEO N EY TH L, B4y —V
THMEE, RS ICREREEZEATH7-00ONFE
BLE A7 L7,

7—) TEHk

H 4 XSO A U — A/ ST A
T 5 LAEAESER SN, BEANEAINT
WIRWREE TR ERROTER (Fr U770V
VEWD) BENL, BERICELBMEMEY T b
SMMbBEFY VT TV VIBRERL, ZD
BRENPONHEY 7 FREENICRD LN,

Wedge phase shifter

Figure 4. Setup to use the Fourier-transform method
with a wedge phase shifter. )

Plate phase shifter

Figure 5. Setup to use the fringe scanning method with
a plate phase shifter.
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Figure 6. Process for the determination of the phase
shift from an interference pattern.
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Figure 8. The relation between an object f(x, y) and
the projection image g ( X, ) in a tomographic measure-
ment.
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Figure 10. (a), Phase-contrast tomogram of cancerous
rabbit liver. (b), Three-dimensional expression of the en-
tire body of data, which was obtained by stacking a series
of tomograms. One quadrant has been cropped by a com-
puter. Cancerous lesions (left side) and structures in the

tumor can be seen.
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Figure 11. " Phase-contrast tomograms of human tissues
in a breast. (a), Breast cancer and (b), benign tissue.
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