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X-ray Imaging Technology Using a Talbot-Lau Interferometer
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Abstract

The possibility of applying X-ray Talbot-Lau interferome-
ter to medical imaging was studied. This interferometer
allows the visualization of soft tissue, nearly impossible
with conventional X-ray imaging. The X-ray Talbot-Lau inter-
ferometer consists of a medical X-ray tube, a source grating,
two X-ray gratings, and an X-ray detector. Image formation
in the interferometer was first simulated, and, based on
results, experimental X-ray equipment was constructed. Us-
ing this equipment, an X-ray image of the soft tissue bone
cartilage of a chicken wing was taken, and that X-ray image
was obtained exactly as predicted by the earlier simulation.
Even in the X-ray image of a human cadaver finger, the
bone cartilage was visualized. Further, in the X-ray image
of a cherry, the cherry’s vascular bundle was visualized,
impossible with conventional X-ray imaging. These results
indicate that an X-ray Talbot-Lau interferometer is an im-
portant X-ray imaging technology by which soft tissue in
the human body can be visualized other than by magnetic
resonance imaging.

kA=A I LTTLY—
BHFs L v & —  BHFE

XMWk % B80T % L &, WkIC X 2 XEROWRIN®
B X > TXIDNEE T 2, 2O XBOWMEIC X 2
Barv b7 A MBIy M7 A EFENR, X
FRDFE ROk D XRE GO FETH 5, —I7 XX
B D —DOTHB I Lon, XErWikzEHd 2 L
SICXBOBAY 7 P b FEIFICAT 5, MY 7 i3y
R E LR Tla 240, o 22 Tl
AL 2Bt 2 v b 9 2 MREEfiTH Y, o
iy 7 MICERT 2§y F 7 A FBHay o
AFTHBHY,

it a > b7 A MREET I, //7me/Xﬁ(

PHUNERXEE 2 FHV T, 1990 4RI B A ICiFSE
ﬁﬁ”oZ@&W@%ﬁﬂi%@ﬁ%ﬁ%@%gﬁt@

NTwsILEThh, BHEGZH~OMEHHRES N
Tw3, LrLyvzutorviERERTH), £~
PINEE H XA | 3 A R R L B S 2 X R 2sH0 T i
e, R OTIRE 22 JEER A I IE W 5 2
EWTETH, AMEZEEMARE 2 EHmGZWICIEH
WBEIENTER Y, ZOUW2ITMHa Y 7 R MRSy
Beffio—MBERIMHR COFEHIZREE L ZEZ S Twi?),
20004EfRIC A% &, BN a Yy R MichifHa v b
7 A MR BERGHOY XIS E ST a4 74
Vikic, BHX#EEZHO L0 a v b7 2 AERE
(phase-contrast mammography), 3 74 % PCM i
PRFE I N, #afbsnid 9, —H, X2 Hw
3 XTI clE O XBE 2 H W 2 7 Lk -
0 —FUEHEY REm S NS k) Ik ok, FEHE LT
ZIVR - v —THEGOMGRERICOWTY S al—>a
VEMMi RIS L, hUCHEOE, RO %
HE Lo R - o —T3ato 52 L 7, &
EFEBZ T\ Z OFEHIHRA~ O H R 2 BET L 720
THET %,

2 R
2.1 ZIIRFHa

LA Z 2 o 7RO Big, Fig. 1 1R $ L9 &
2y PRS- ELE 0D L TEBOEA KT (GL)
ZRUET 2 L, BTOKAY v Tl L BRER &
HOIZTFHE T2 Lick>T, BT S —ERLc

82 KONICA MINOLTA TECHNOLOGY REPORT VOL.8(2011)



DKL T TFBRZIERT 2 (H2BR). ZoBlfR%E 5L
RENHE LR, 1836 4E1C Talbot 12 X DB I N TV 39,

Fig. 2 IS8T & 912, GIgTFORiicEzEL &, ¥
R TOWRHDIEIFBEENZE D 5 2 L2 6 YiRE#EEGE D
WHIZWA T, e KL TR TOHCERD 0 ads
AU, ZoHCBROBEIHRICIZYIEZ KL 72 E o
Lo AET 5, ZOHCERET H0EIC, Lo
BITNST 2 o 2FHOK T (G2) ZIEE, 0
BrEEPICT ST L, MEREBITERL 72 “Q23a”
ML sk 7 L FAET S (Fig.2), G21%1
WX TRELZET L OFIMRRD “WHR” 2 BT
B2 EickoT, ZoYkomirEoBAiEE gL
L 7208 e AHI R 2 TR T 2 2 &3 C& %, Tz s
VR TG E RS, 2003412, FHAS IE8 LR TG
I & 2 Xtligdsg 2 Wt L Cw s 7,

L LaH6, ZIVRTEGTHH 2 XEE AT
EHTZMENHY, IETIED XA BT 2 BE O X
MEZHOLIENTERO fE>T, XfEE LT, &
vru ke y XERCBMERXBEPHweNTE T,

> Fading out

¢ —_—>
 Self- | Self-

image | image

Fig. 1 Talbot effect.
Distortion of
Grating: G1.-Self-image Grating: G2
_ [ |

Objectf .-
Point I i

P
A S —
L
J0p818Q

"« Projected
image

Fig. 2 Talbot interferometer.
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Fig. 3 Talbot-Lau interferometer.
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Fig. 4 Overlaying of self-images due to microscopic light sources at source
grating. The self-images, 1, 2, and 3 are due to the X-ray beams B1,
B2, and B3, respectively, from the microscopic light sources.
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Fig.5 Object-models compared.
(a) Simulation model

(b) Result of moire image

(c) Result of differential phase image at 3mGy

(d) Result of differential phase image at 9ImGy

Table 1 Simulation conditions for the object-modeles in Fig. 5.

X-ray energy 28keV

Exposure dose of object 3mGy and 9ImGy
Focal spot size of X-ray tube 300um

Pixel size of X-ray detector 85um

Distance between source grating 1.36m

and G2 grating
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Fig. 6 Imaging system employing a Talbot-Lau interferometer.
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Fig. 7 Images of chicken wing bone with its cartilage. (a) Photograph,
(b) conventional absorption contrast image, (c, d) differential
phase images at 3mGy and 9mGy.

Fig. 8 Images of cadaver finger. (a) conventional absorption contrast im-
age, (b) differential phase image.
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Fig. 9 Images of a cherry. (a) conventional absorption contrast image,
(b) differential phase image, (c) small angle scattering image,
(d) photograph of cut-open cherry after radiographing.
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