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Monochromatic X—ray CT Based on Synchrotron Radiation
Katsuhisa Usami and Tatsumi Hirano

Hitachi Research Laboratory, Hitachi, Ltd.

High resolution,tunable monochromatic X—ray CT based on SR has been constructed
and the performance wes investigated. A Si(400)or Si (111) monolithic (channel cut)
type crystal monochromator was used and the energy range was varied from 7 to 40
keV. It was demonstrated that distribution and concentration of a specific element in a
sample can be obtained using subtraction method. Spatial resolution of 10 ym in a CT

image was achieved with an X—ray pickup tube.

1. RCBHIC

X#CT (X-ray Computed Tomography)
R ED S HOH RN L O XFEEBERN S, X
maEE L E OB WEH) ZitEiciD
BT 2 HETH 5, BRI XTI D
TSR E LTEONS, FEIERICAED
IREEN B T &0 5, Hounsfield 1 & % Alka
PIsk" EEliEE LTRBICER LY, &
FTITIS » TTEMEP T EREFEOR ML L
LCHERNEE > TEY, L LAFREM
HodtahcEE T 58, ko XEERTHV

7CTHEE T, (DCTRDOZERM D RENE 4
0. 2mmfE B TR N DB/ NRI O HIE T X 7S
Wl QHBXBERFEICLTVWSRY, T
FNFPTRBEOHMINETHL I LHD
FoOBERERNC TR TSV,

v o bho e (Synchrotron Radia-
tion : SR) IHBEXTH B EE I, SEET
FITHE b EV. Bl b EE R b+ mEN iRy
TEAIENSEREAIETHDENEEELEEX
FCT (LIFSR-CT&MSEET 5) MAEJREICIS D,
B B RBaMBETFEE L TOCTY SRR

(C) 1989 The Japanese Society for Synchrotron Radiation Research



10 19894 8 A

& L TOCT~DORENEFIN 5,
SR—-CT®Di A dThompson®’ ®Borodin*’ %
WKLO|MEINTVWAN, EEREZHO1>ELT
BEfsn/cbDTH Y, ZEROEERICIEZNIE
EBVHO TR -T2, MERHEESFEICH
72SR—CT 3%k, Flannery® %% Kinney® %%
KEDIEINTV S, fiFE biFEE X g x i
ST L D RMRGICER L, Lo XRICKDIEKR
LTCCDTHHIT 5 E W9 FEEAWTCTED
BN ER > T\WE, EEHHSR-CTEL
PR OIEBEER RNV B & A HIIC, KEK
~PFOSREFHWCTEBE/ERI LT ¥ 7,
PAT RSB U 7o 5608 ORI EE & BRFERRE Ric oW
THET 5,

2. EBEOERETESOEN
FEBIZKEK-PFOE — LT A v 812&E L
720 BeZZ(0. 2mE X 3HOE N LT L 0 26.4
mitE TARGITERD L7 EHEE KRBT L
Too BV ITEFERERT, Tl ZE 3572
OE O EERERE T TR A B ARG
L7 XU w b1 THEHEZRE LSS0t
LOHEENITT B, 2V v 2L OTEDOEE
OEFHEEERT 5 & & i, REREHTERER
£ 5, XERFEIIE2Dmm, =120, 05mm~2. 5mm

Array

Detector

Sample
Crystal Slit 2
Monochromator /
Si(400) ;
Slit 1
> Photo-Diode Array
Detector (PDA)
o X~-ray Sensing
Synchrotron T Plenup Tube
Radiation

s
Interface
) Image
Display —FC PU A‘!Processor

Fig. 1. Schematic diagram of the monochromatic
X-ray CT
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Fig. 2. Spectrum of monochromatic X—rays. Chan-

nel cut monochromator is used.
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Fig. 3. Dynamic range of X—ray photo—diode ar-
ray detector.
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Fig. 4 . Dependence of the sensitivity of X—ray pho-
to—diode array detector to X—ray energy
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Fig. 5. Dependence of MTF of X—ray photo—diode
array detector to spatial frequency.MTF:
Modulation Transfer Function
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Fig. 6 (a). Projection image of radial patiern X-—ray
test chart obtained by X-ray sensing pickup
tube.
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Fig. 6 (b). Dependence of MTF of X—ray sensing
pickup tube to spatial frequency.
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Fig. 7(a). Monochromatic X-ray CT images of veg-
itable okra. The slice planes are 1. Ommapart
from each other. The X-PDA was used
as a detector.

Energy:15 keV Slice width:0. 3mm
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Fig. 7 (b). Monochromatic X—ray CT image of green
bean.
The X—PDA was used as a detector.
Energy:15 keV Slice width:0. 3mm
Exposure time: 1 sec/projection
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(a) Below the absorption
edge (E=19.6 keV)

(b) Above the absorption
edge (E=20.6 keV)

(c) Differential CT image
obtained by subtracting
(a) from (b)

Fig. 8 . Detection of Mo in a test sample using energy
subtraction method. The X—PDA was used
as a detector.
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Fig. 9. Testing of quantitative elemental analysis
using a test sample. The X—PDA was used
as a detector.
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Fig.10(2). Method of X-ray image magnification
by asymmetric Bragg diffraction.
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Fig.11(a), Cross section of a test sample for evalua-
tion of spatial resolution.

0.5 mm

Fig.11(b). CT image of the test sample (Fig.11(a))
obtained by 5 fold magnification of pro-
jection image. The X—PDA was used as a
detector.
Energy:20 keV Slice Width:0. 5mm Exposure
time: 10 sec/projection
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Fig.12. SR—CT system for measuring three—dimen-
sional CT images using X-ray pickup
tube.
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Fig.13.CT image of SiC fiber reinforced Si; N,
using X-—ray pickup tube as a detector.
Energy:24 keV Slice width; 110pm Exposure
time : 7. 5sec/projection
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Fig. 1 4. CT values across a SiC fiber in CT image
shown in Fig.13. On the right hand ordinate,
the X—ray absorption coefficient u (cm™")
calculated from the CT value is shown.
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