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Abstract: Nal:Zn(0, 0.05%, 0.08%, 0.4%) ,TI(0.18%) crystals were grown using Bridgman method respec-
tively. The crystal samples were tested by X-ray powder diffraction, inductively coupled plasma emission spectra,
and ultraviolet-visible near-infrared transmission spectra. The results show that the grown crystals have a single phase,
and the crystal structure of Nal does not change with Zn and Tl ions doping. As the doping concentration of Zn in-
creases, the concentration of Zn®* ions in the crystal increases, while the concentration of Tl ions decreases. The

transmittance shows a trend of firstly increasing and then decreasing with the increase of Zn doping concentration.
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When the doping concentration of Zn is 0. 08% , the transmittance of the sample is the highest. The transmittance of

all the Nal: Zn, Tl crystals is higher than 70% in the 350-700 nm wavelength range. After cutting, polishing, and

packaging processes, Nal:Zn, Tl crystals were enveloped into radiation detection components. The scintillation per-

formance test results showed that under the excitation of a *’Cs radiation source, the energy resolution of Nal:Zn, Tl

crystals with Zn doping of 0. 05% and 0. 08% were less than 6. 80%, and the light output increased 6%—-10% com-

pared with that of Nal: Tl crystal. This is conducive to the further application of Nal crystals in the field of high-ener-

gy particle detection.
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1 5 7

DR R R T 45 A2 — oo e B S 42 B v BB R - 5
e B BE G T A 00 ke B B N A R 2
BUAR CE A RS IR R e A
B RO WAL B (Nal: T F AR DL H R 65
PR ol B R] L R4 A AL R R AR B AR 1 D
IR AS S5 00 22, B Ry B fe )z A0 B TN R
PR, I HL 2 I\ Ry 2 T At DR R b A T O
AE A bR ME" . A WFSE R W] T1. In Eu 48 22 48 BB 7E
Nal ff i = A2y & ot b TI B 25 T
[i] B LA 3 3K L 7 R0 25 oI g 0 T A Ry B i AR
(005 7R 5 I TR B AR I B X A
DR A 19 D't Bt R R B 43 B R A R TR B AR
PRI, B Am] 1 — A 45 8 Nal DRk P i 2 I8 b1 k)
WF 5T B0 — A~ HZE R 2 PR, S P e R R K
AR E A T I BT R o R EOR
U CTL) Fo e B 2 B AR 1, AR B Y 298, R ATT vl LA
a3l o 48 RNt O 22 08 ok S B v 1 TR R

H A, mF st A 51 & 2l 1 5 A 2= 093 4 oo
£, LA BE A5 B2 m B i A% 2 M N SRS &
B Mn.Pb.Ag. E ALY B T R KK T R R
Nal df R 19 ME RS ma AR /N BR 25 TR 22 Z 51, B
T & BITE 5 TIILB 5 H 248 X Nal d 7K 1Y I8k
PEREA IR KR4I, U0 Yang %5 Y BIF5¢ % B Sr* Al
Ca™ 5 T3 45 BRI 4 i B AR 1 15% , (5 )2 fig
AT RS TE R 5. 3% , 5 P[] 98 /0 2] 170 ns",
Khodyuk %% & #L i + 4 J& 5C & Ba fil Eu d:42 7] L)
[] s 52 i Nal: T A B Ol 4 t1 Rl BE 5 43 3 3217
Zn i Too R R DAV E W A OBJ%E, F1 Calnl
JE), AT Zn 3548 %5 Nal: T1 G AV e A R 5
M), {ELAF G T AR 5 B A il

AR SC3E aof HEH R B % (Bridgman 75 ) il £ T

Nal: Tl &4 LA K Nal: Zn, T1 g A, 3 %65 5 (AR 5 ik
577 X SHE00 R AT 57 (XRD) | S8R 45 45 85 11K
RSG5 (ICP-OES) Fl£8 h 7] UL i £1 4 (UV-VIS-
NIR) i 5 O 1% W 3k A H 2 38 6e 3% DU 3 3% &
(MCA )X it 7K 11 DN R B R AT T D3

2.1 H&ZH&E

% H Bridgman A K Nal: T A DA M Nal:
Zn,TUAR AR o 5006 7 T 4B 24 MR 0 0. 18% (JEE IR
SPEC, IR L Zn (45 R M B O 0. 05% . 0. 08% LA
B 0. 4%, ¥ MG E L FRICE 448k TR B
IR AIR R A BB ARIEAT RAREK.
Nal: Zn, TI f4 1A 4 K0 T2 B 800 - 6 B AR ~
9.5 Clem, A= K #H # 1.5 mm/h, 763% 5144 T 15 3
T IR 24 ARE VR o R R T A
W B ) Nal . an &1 iR, 2R SE SR @50

mmX100 mm.

BIT R R A K9 Nal: Zn, T1AR £
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Fig.3 XRD of Nal:Zn, Tl crystals
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Tab. 1 Lattice constants and volumes of Nal:Zn, Tl crystals
B B i /nm  a=b=c At A B /nm? AV/nm’ P/ (g-em™)
Nal: Tl 0.6470 0.270 84 0 3.6750
Nal:Zng o, Tl | 0.647 1 0.271 05 0. 000 21 3.6722
Nal:Zng o, Tl | 0.6477 0.27173 0. 000 68 3.663 0
Nal:Zn, ,, Tl ¢ 0.6487 0.272 97 0.001 24 3.6463
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Tab.2 Element’s concentration in Nal:Zn,TI crystals

o Bt R IRIE %
m Zn Tl
Nal: Tl 0 0.048 0
Nal:Zn, . T1, | 0.0136 0.0380
Nal:Zn, ., Tl, 0.0168 0.0375
Nal:Zn, ,, Tl 0.0218 0.0298
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Fig.4 The UV-Vis transmittance spectra of Nal:Zn, Tl crys-
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Fig.5 Energy spectra of Nal:Zn, TI crystals
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Tab. 3  Scintillation properties of Nal:Zn, Tl crystals

Relative Energy
Sample FWHM ) )
light output  resolution/%
Nal:Tl, 42.7 1.00 7.30
Nal:Zn, Tl . 43.5 1.10 6.78
Nal:Zn, Tl 42.1 1.06 6.80
Nal:Zn, . T, 53.2 114 8.01
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