b

» 7 2

BHEES I v o REHE A BRIGE X 8
A A—SU T RBEDER

kW

PRSI ATGHRIE KRRt % — XFEL FIFIBFSEHEES  T679-5198 S R U: AT A 1-1-1
[R5 SRR AT ORI 2 —  T679-5148 SERIA e IS FIMT RS 1-1-1

B S

EZOFERa s R AL ERTZERT A ER DT JE L v 2 —  T679-5148 i Lo FUAR e FRTSEHE 1-1-1

XA A= REBEAREOSVEEY —LELTECALLATWS, XEEBGEI /O ~Y T3/
O>O5WEMABETRET S84, XEBRES D FL -4 —CTAEHEEICTRL, L>ATI A=
Y — (TR T IMBERB XA A - VRHBEFERT2EN—RNTHD, —HT, COERTIES >
FL—4 —POXFERORE, ZOEEETELZFHEAOILBENERTEIEEL /-8, 500 nm FitEOEEDREE
NRATHDLEINTET,

KRaFa A0S EzERETCINT I LE2H-7HRE CNETIT> TE o BEMNICE, BHELT IV IR
Bz AOCTHAOBIERTHI2T I VEBREE A WEE o FL -5 —2BHL, RXOEEZ I
L7co CNEHAAMLEXBA A=z y FEEE, ZOTHDBEDOFMAZER L, 200 nm line-and-
space )XY — > DIMRICHIN L 7o 7o, JOMAEZ AVTHBRBEEREE (VLSI) ABED300 nm g7 L 3
BEROBBRICHRII L Tco AARMRT, METHRE XBRA A - VREBORRA(CEVEGEHEZLEL TSI EH
TFREEWIT D EDEE . BITHREETNI30um BELHEWN, E—L707 74 ILHRAEORAERTHNE
+ATHY, XBEAEFL —¥ — Mk SACLA & L ARSI MR SPring-8 (CHEWTERBEE —LE=ZY —
ELGERICE->TWS, COBBENEZESICXECTEDHAERICERTAICEEFOLANBETH S, &

BODYICZDOHMMEICOWTHND,

1. BUBIC

XgaFfA LG X ey L, zon
HAEU 28 XA« B3 X4 « B X BHEOE T & llE
T5HZ L THAROEREBE S, ChODEFEHHIET S5
B % O AR T X AR B IS W T BN R R 7 B
FETHbH, FITA A=V v 7 BREBEBIAHEEO X RRES
wEEE L CREL, oMo fERERIA IV 7T
"5 EDnHkRS, TOEVIHE EEONLIFERFEOK
XD, BELOFERLEBETHRASIN TV A,

B X RO LD e AE L - TRET 5 X 55T,
A H—EORHE E E ZEHNINK L Th B IB T 5
AR NDT, B ORGEITR 9 5 BRI iy
INEWV, =BT, X#ECT R EORKBO X #5:8% % it
W57 77—y a /it Cid, XA A=V v 7
B OIRGINE T — ZAEE A RO HEIEIZ/NT A— X —
Ein b, XHEG Y S WHRE TG T 258, VT
V—2 —CTXMEETHEICERL, Chae L v ATIK
L THwRE T2V VAEETROBBEERI XA A=V
VI B RIS, CoRBHRIE, v F

V=2 =%l L THERRENTEL BT 7 1+ — N AK
DEBRETHIET, BRNEEHDHT EREKS, Hx
i, YV FU— 2 —m I RERICEERTEA L, 10 um
BEECEIINET L L TClum 2B 2 ABEOE B %
BLIENAEERLY, LL, TOFEBELOFEITX
FRIC K 180 TEERBOIFEREN S L T D A A —
VIRBATLE DD, UV AR ORI TS
HEBLNZNE WD AR D - 722,

2. BRFV—9—DHAR

KT, XA A=V VI REBOMGRIIORR
BRI A7 DIC IR Y v F U — R — DN 2 o 5
HICHEN LY, EIE FTFHRERE SN S HOEELE
Fr/Mbd 5 ET, BHEOSVY VF L —x— LT E
HERAEANLERT TR, CThohBEEES T HHEENNL
L2, HEBPETNE, £ THEL HAHOEELP
RHORBEERRIRRTE LD S TH b, Wi, &
Yo 3y 7 ZE#O 2 W Ty VI L — 2 —O L
BRATI, T Iy 7 A DOPIITERA I 5220 (% FL)

26 HET Jan. 2020 Vol.33 No.1

(C) 2020 The Japanese Society for Synchrotron Radiation Research



PEY 7R T ERET I v 7 ARKIMERVCICSRIRE X RA A —2 2 ViaHE0ORRE

(a)

() (i) (i) (iv)
A- 0 - [- 1l
( Q

Impurity-doped Non-doped  Solid state diffusion
ceramics bonding

Polishing Optical
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Fig. 1 (Color online) (a) Fabrication sequence of the thin-film
scintillator. (b) Photograph of the transparent LuAG:Ce/
LuAG composite ceramics. The thickness of the LuAG:Ce
and LuAG layers are Sum and 1 mm, respectively. (c)
Secondary electron micrograph of the LuAG:Ce/LuAG
composite ceramics cross section at the region of the bonding
interface. The arrows indicate the bonding interface.
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Fig. 2 (Color online) (a) Photograph of the constructed X—ray imaging detector. (b) Schematic of the optical system in
the detector. Reprinted with permission from 3). Copyright 2019 Optical Society of America.
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Table 1 System performance of the constructed X-ray imaging

detector.
Effective pixel size [um] 0.065
Field of view [um?2] 133x 133
Image format [ pixels] 2048 x 2048
10 keV Conversion ratio [electron/X-ray ] 13
Dynamic range [bit] 16
Frame rate [fps] 30
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Fig. 3 (Color online) Experimental setup of X-ray imaging. Reprinted with permission from 3). Copyright 2019 Opti-

cal Society of America.
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Fig. 4 (Color online) (a), (b), (c) Microradiographs at the areas
of 200, 400, and 600 nm line-and-spaces, respectively. (d),
(e), (f) Projection profiles at the areas of 200, 400, and 600
nm line-and-spaces, respectively. Reprinted with permission
from 3). Copyright 2019 Optical Society of America.
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SAVLAT U778y b LTW5, Figs.5(a, b)it
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ZDay 5 AR Fig. 5@) BEREICE, Fig. 5(c) TR
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Fig. 5 (Color online) (a), (b) Microradiographs of a tantalum

Siemens star pattern acquired at photon energies of 7.3 and
16 keV. (c) MTFs calculated from the microradiograph of a
tantalum Siemens star pattern. (d) MTFs around the cutoff
region. The arrow A indicates the cutoff frequency of 2650
line pairs/mm (w.=189nm). The arrow B indicates the
diffraction- limited cutoff frequency of the present detector
at 3269 line pairs/mm (w.=152nm). The label m in (c) and
(d) indicates the frequency sections without data points (see
the text). All the bars in (¢) and (d) show the standard er-
rors for the data points. Reprinted with permission from 3).
Copyright 2019 Optical Society of America.
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Fig. 6 (Color online) (a) Designed layout of metal layers (gray)
and vias (black) in a CMOS imaging sensor. One pixel with
an area of 30 X 30 um square is shown. (b) Microradiograph
for the pixel region shown in (a). (c) Line profile calculated
for the image section depicted as a dotted rectangle in (b).
Reprinted with permission from 3). Copyright 2019 Optical
Society of America.
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Fig. 7 (Color online) Comparison of the objective lens structure.
(a) Dry lens. (b) Liquid immersion lens. (c¢) Solid immer-
sion lens equipped with a lens-shaped scintillator.
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Takaki HATSUI

Abstract An X-ray imaging detector is a versatile tool for measurement of X-ray signals. In resolution
ranges of a few micrometer or less, an indirect X-ray imaging detector is generally used. This de-
tection system consists of a scintillator, imaging optics, and an image sensor. The detected X-ray
image is converted to a visible one on the scintillator plane, and then projected to the image sensor
through the magnification optics. In this imaging system, the optical diffusion of the luminescent
light in the scintillator makes a blur and limits the resolving power of around 500 nm.

This development focused on suppressing the optical diffusion to enhance the resolving power of
the indirect X-ray imaging detector. We have successfully developed thin-film scintillators with
high transparency by using transparent ceramics technology. The fabricated scintillators have no
adhesive layers and pores causing the optical diffusion. We have constructed an indirect X-ray im-
aging detector equipped with the fabricated scintillator for evaluation of the resolving power. X—
ray transmission images of 200 nm line-and-space patterns were successfully resolved. Also, the
detector performance was demonstrated by visualizing the aluminum wiring lines with 300 nm
width patterned in the inner layer of very large scaled integrated circuits (VLSI). In this research,
the indirect X—-ray imaging detector has achieved the resolving power close to the diffraction limit.
The developed detector is deployed to high-resolution beam monitors in the X-ray free electron
laser facility SACLA and the synchrotron radiation facility SPring—8. The current field of view of
130 um square is however too small to be applied to user experiments such as X-ray computed
tomography. At the end of this report, we mentions direction for enhancement of the field of view.
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