Chinese Physical Society
Mﬂ#ﬁ Acta Physica Sinica :

€D Institute of Physics, CAS

ETFZn0: | nGRIERESIRIXS R NIRE IR RHIE S5 4R
A AR LA INEHA I DK REA KRS

Preparation and properties for X-ray scintillation screen based on ZnO:In nanorod arrays

LiQian-Li HuYa-Hua MaYi-Fan Sun Zhi-Xiang Wang Min  Liu Xiao-Lin  Zhao Jing-Tai
Zhi-Jun

5] F{& &, Citation: Acta Physica Sinica, 69, 102902 (2020) DOI: 10.7498/aps.69.20200282

TEZL R View online: https:/doi.org/10.7498/aps.69.20200282

MHANZE View table of contents: http://wulixb.iphy.ac.cn

LT RGN HA SO

Articles you may be interested in

PO REX ST R h PRI R AE 5 B TR 5
Detector characterization and electron effect for laser—driven high energy X-ray imaging

WIFEAEAR. 2017, 66(24): 245201 https://doi.org/10.7498/aps.66.245201

XS EIHOET BRI E A B 23 (6] 73 BRI 5T
Spatial resolution study of soft X—ray laser backlight shadow imaging technique
YAz 2018, 67(1): 015203  https:/doi.org/10.7498/aps.67.20171124

— T R N K 3 SR 5 2 18] 0 B
Spatial resolution of novel liquid scintillating capillary array

WIFI£4. 2020, 69(6): 062801  https://doi.org/10.7498/aps.69.20191545

XHP R BB Bt F it
Optical design of X-ray focusing telescope
PrEezd. 2019, 68(16): 160702  https://doi.org/10.7498/aps.68.20190709

KUREX S A AR BRI 5
Research on dual energy grating based X-ray phase contrast imaging

PP, 2017, 66(1): 018701  htips://doi.org/10.7498/aps.66.018701

Zhang


http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.69.20200282
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.66.245201
https://doi.org/10.7498/aps.67.20171124
https://doi.org/10.7498/aps.69.20191545
https://doi.org/10.7498/aps.68.20190709
https://doi.org/10.7498/aps.66.018701

Y 32 2 3R Acta Phys. Sin. Vol. 69, No. 10 (2020) 102902

E T ZnO:In K EFEFIH) X BT A Mk
EHFEGE SRR

A AN WTEY Lwl) HE#YD T
XAARD RERD KIFU

1) (R R RRLSE S TSR, 1 200444)
2) GFEICFBERIIARE, 524 314001)

3) (FIPF R ERl 2 5 TR AR, B 200092)

(2020 4F 2 A 25 Hig#; 2020 45 3 A 9 HUEMERHR)

Sk T VR A LRI ) BT A 4 5 — S A R B e B e e ) R 2 ) 43 A XS ERIA
PR A 40 I3 360 DD 7 SR AR SO FH 42 8 S RN K AR R 5 1 48 T ZnO:In G0 K A [ 371 X S5 28 TN R 46 5, O %
HHEAT AR T BOSE B A AR AL LI R & e BE . X SR IR K 553 SR ZnO:In 0K B[4 51 B A 395 nm
(58 1 & AT 450—750 nm (7] L& SE WA K, ()i 2 I S0 A5 B A AL 30T 8 25 1 5 ZnO:In 440K
BB 1) 58 A0 o, B0 FL AT 0 % . R o' R ) e R B, ZnO:In 44 K R [ 311 48 A0 2K 0'6 5 D I i) A IE 4
Fog, AT WL & 6 S I [R) 7R g RD 2, WA 3 24 3 A R B TR 43 R G XS R I T oK . 7E i TR B SR SO TR Y
X S s o] oy B AR B ZERB R 20 keV 1 X ST IRT, R 12 pm 19 ZnO:In Z K FE51] /E
o X G N MR e bR P GA 2 1.5 pm 1 RG2S [ 43 R . ARWF5R R AR A ZnO:In 99K B RS AE R X ST I
O A8t 3 S R SHE B g ESF I 60 55 25 18] 43 1) X S R AR 5 AR ) — R T A7 0 .

G X LRIUREHR, ZnO:in ARHEFED, USRI, R52s i 5k

PACS: 29.40.Mc, 61.46.Hk, 77.55.hf, 87.59.—e

1 5 =

DR A e e — ot e IR AL o B (o BT
¥, BTF5F) Bk (X Tk~ IT4R L B S245E),
R HC A S AN BT DG —Fh e et . 7S
[ REY B B AR e R Tl
PRI | LA 2 A S0, 1h DR A o] 5 R AL AR
B8 5 2 S BUORE TR 0 55 UG AR o P 21,
— Bk, PR IR RRE G B2 5 A RER K
FIPASCHE SR, RV [] 73 B 3 0 2 ] o 3 81,

DOI: 10.7498/aps.69.20200282

AAG AT I 8] 5 15 4 8] 23 ¥ 00 DR PR 48 o o
I IILKESR B B AR, FeBERE KRR e s
FISEI Y &, 0 A A5 1 R A5 ) JBRE B
H (matter-radiation interactions in extremes,
MaRIE)! | AR AR AL (inertial confinement
fusion, ICF)P! LI Mu2e & Mu3e 525 6 45 FEHE
% — S PR B =, 0 X DR R e 4
T AN RD R e R ] 43 B ROK G0 e 25 [) 3
PrER 1,

TSI XS S TN BRI 48 R ) s I 1) S B
(R PR e St s U i ) ) R, 0 A R B

* R ARPLEIEA (EHES: 11905122, 51772185, 51402184, U1832159), hEH + 5 Rl A3 4 (S 2019M651469) FlF: %

MR R E @S 2017AY13015) YERNKIFAE.
t BIE1E#E . E-mail: zhangzhijun@shu.edu.cn
©2020 HEHEFS Chinese Physical Society

http://wulixb.iphy.ac.cn

102902-1


http://doi.org/10.7498/aps.69.20200282
mailto:zhangzhijun@shu.edu.cn
mailto:zhangzhijun@shu.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y 32 2 3R Acta Phys. Sin. Vol. 69, No. 10 (2020)

102902

PR ol P 8] A AR A4 181, BT 3R B A ) AL 7

(ZnO:In) 7EFAE X GIEARIT, HATHR ST RERE 55 |

W9y BS B 3 R RO R B K T 10000
photons/MeV 4845 55, & — Ml B & e 1 i
PR AR 900, o In 19 51 A BN R AT LAAE
ZnO I — A5 PR O KR Rt =,
PAEE ZnO By N MR & EPERE 11, XS 2R IN R e
189 228 [0 43 B3 — f bl DA MR 2 1 T LT TR P
RARAIOR G 23 [B) 43 B, ] 45325 HH DA AR s
— A R T ARz I R A 1 P — it
A JUAOK 12, HRSCROCREAR, AR T m s A
YBE2f X SRR, e X SRR R G a4y
PR Iy —Fh 7 B AR 3R A2 H TR M e
Ji 0314 {5 AR SE A 0T LUAT R N RS AR ) B
B AR, DT DRVRR 40 5 A A U — a2 JEE B )1
BT (BB BT EL) IR 3R 28 ) HeR B,
2L, S BB F AL ZnO:In BT A
FEREVHI AR, fil AR E AL R ZnO:In 9K
A 1) e S B HE T v ek 1] 12 R 0 3 X B 5 1
—FPEAHZEPE. 2015 4, Kobayashi%: 19 il 4% 1 J&
JEN 0.5 wm B ZnO GKLRREF, H-7E 7] A4 o2
B FoRHBEE N 20 keV 1Y X ST AT RGN,
RAF T 3 wm WZS[E]S3 R, 2017 4, Tzakids 16 ]
% TIEER 1 um B9 ZnOAKZERES 575 T 4 pm
(423 18] 5 3E % I ZnO W51 33 17 25 25 6] 43 3¢
X PR O 4318 T — 2oy 45 3, (B2 Bk
Bkl 1) ZnO BRI E R, HoAR % S A
In BAOKUGE ZnO MRS INKRPERE, DA X oY
R DN R B (R B ) 43 B e

AR SR R 4 I SRR s g vk % T B
G R AL B “HHE LR ZnO:In 99 K45 145
VB X SR IN R, J1XF ZnO:In 94K AR 51 1E
7T ARG TR, X HINER & G RE T
THAk. FIFH SEM, XRD il X SRk & 45

TFBIIE T ZnO:In YK M5 1) TR IE S A5 14 |
S i VERE AN MR AR i AR S /B S 5Ot
HEAEAGNNIR T ZnO:In 44 K A% B4 51 562 Yol ) [a] e
I AE L0 [R) 20 58 5 S U R AR ZnO:In 4K
H 1 25 (8] 43 BE 3 UE SR SCRT il 5 19 12 pm J5
ZnO:In G FEFEH NSRG4 5 1) 22 58 25 18] 73 e
AI3K 1.5 pm, #E Y HATEHGE 1K, X 25
K JEwm A Bt X GG BA —E s 28 L.

2 LISk
2.1 HmEE

B L E/R T ZnO:In GKFERES il 25 R
BB R TR N 4 ZnO:In 40K 451,
T AREIE S ZnO Mk R, KN BT A
AR IR B IR HES Y ZnO FEg KR 5.
U, BRI R I A e e BT — 2R
24100 nm ¥ ZnO F 72, BEREHEE ZnO:In 442K
BRFEB A A K T EE, ORI R I 40 5 %) A A5
K. SRJG, B ZnO FhFIZ IR A 7SI 3
DY i (CgHyoNy, HMT, AR). il FR £F (Zn(NO3)y-
6H,0, AR) Flfif fR4H (In(NO3)44.5H,0, AR) 4
BRI, Forh In B4 0 1 mol%, Zn(NOs),
1 CeH Ny B EE IR N 121, S0 W) B8 R ok JBE
0.4 mol /L, I & FE Ky 120 °C, KW IFE] 4 7 h.
&5, PR G %5 8 TR RS (inductively
coupled plasma, ICP) X} il & Y ZnO:In 44 KA [
P AT SRR N AR TR, AR
20% 1R 80% IR AL TR AR, 555
TR SR B R ARG AGE 2 100 scem
(1 scem = 1 ml/min), RS 50 Pa, JEJIEIR
30 C, % M) 40 min, [ R AR R 5K
600 F1 50 W, FE4H A & AR5 5 A0 B B W] O
TR RRIFFE TAE 7.

Hydrogen
Hydrothermal Hydrogen

Magnetron reaction plasma
sputtering method treatment
— — —

Quartz substrate ZnO seed layer

ZnO:In nanorod arrays ZnO:In nanorod arrays

B 1 ZnO:In 9K [ 51 ) 2 i F s = A

Fig. 1. The schematic illustration of the fabrication process of ZnO:In nanorod arrays.
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Fig. 2. SEM images of ZnO:In nanorod arrays: (a) Cross-sectional; (b) top; (c) surface; (d) oblique views.
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Fig. 3. XRD patterns of the ZnO:In nanorod arrays before

and after hydrogen plasma treatment.
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Fig. 4. XEL spectra of the ZnO:In nanorod arrays before

and after hydrogen plasma treatment.
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Fig. 5. The fluorescence decay curves of (a) ultravioletemis-
sion (A = 325 nm, A, = 395 nm) and (b) visible emis-
sion (Aexy = 325 nm, A, = 530 nm) for the ZnO:In nanorod

arrays.
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Fig. 6. Schematic diagram of the synchrotron radiation X-ray imaging measurement setup at BL13 W1, SSRF.
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Abstract

X-ray scintillation screens as the core component of X-ray imaging detectors have widespread applications
in the medical imaging, security inspection, high energy physics, radiochemistry, and so on. For a long time, the
development of X-ray scintillation screen mainly focuses on improving the light yield in order to enhance its
detection efficiency. However, a novel tendency has recently emerged for ultrafast time performance of the
X-ray imaging detector. The indium doping zinc oxide (ZnO:In) with high radiation hardness, higher light yield
(>10000 photons/MeV) and subnanosecond decay time is a promising scintillation material for ultrafast
detections. In order to satisfy the requirements of X-ray scintillation screens with ultrafast and high-spatial-
resolution in the existing and upcoming high energy physics experiments, the ZnO:In nanorod arrays have been
prepared on a 100-nm-thick ZnO-seeded substrate by hydrothermal reaction method and then treated by
hydrogen plasma in present work. The results of SEM demonstrate the average diameter and length of the
ZnO:In nanorods are about 0.5 and 12 pm, respectively. The XRD shows the ZnO:In nanorods are highly
aligned perpendicular to the substrate along c-axis direction. The X-ray excited luminescence spectra show that
two luminescence bands are observed, i.e. an ultraviolet emission peak located at about 395 nm and a visible
emission band at 450-750 nm. It is particularly important to point out that hydrogen plasma treatment can
enhance the ultraviolet emission of ZnO:In nanorod arrays and suppress its visible emission. The reason is
attributed to the formation of shallow donors through hydrogen entering the ZnO and the combination of Vg
and O;. In addition, the fluorescence decay times of the ultraviolet and visible emissions for the ZnO:In nanorod
arrays are subnanosecond and nanosecond, respectively, satisfying the demand of the fast X-ray imaging. The
spatial resolution of ZnO:In nanorod arrays has been characterized in X-ray imaging beamline at the Shanghai
Synchrotron Radiation Facility. Under excitation of the X-ray beam with the energy of 20 keV, a system spatial
resolution of 1.5 um could be achieved by using an 12 pm thickness ZnO:In nanorod arrays as the scintillation
screen, which is exceeded the highest level had ever been reported on ZnO:In nanorod arrays scintillation screen.
In conclusion, this present work shows that it is a feasible solution for X-ray detection and imaging with high

temporal and spatial resolution by using ZnO:In nanorod arrays as the X-ray scintillation screen.

Keywords: X-ray scintillation screen, ZnO:In nanorod arrays, ultrafast decay time, high spatial resolution
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