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Fig. 1. The mean free path of neutron in CdZnTe.
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Fig. 2. Schematic diagram of Geant4 geometric model struc-
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Fig. 3. Neutron reaction cross section: (a) Cd; (b) Te; (c) Zn.
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I BEHABAZ SRR T . 23T R S T
SR AETHL, A A TSR b R AR S
TARELI, DL SO0 B A 2.

3.2 AEREPRF=EL PKAEE

F1HIHT D-D H¥ (2.45 MeV) 5 D-T H¥
(14.00 MeV) RE&E 1Y ¥4 IR CZT AHBHITAE By
PKA R ghge bl G ISR E R (B2 ReR |
PKA {5 BV SR). 44l 81, PKA FhERE S
AR AT RGN, BT SRR
HEIEAR JONE, BN (n, p) AT (n, o) &5, Az S
EL_JE@H%, ﬂan’ 41_167 64, 67011, 107Cd’ IISCd’ lllAg, 103
Pd 4%, #¢l th T 'H A ‘He MiFPIT R M B D7 i
BER /N, AR 2B B U s S0, 280 kR
A U B AU IS, R BRI, 1 R

SRy A AL, R TR M BB PRI A5 LA
o FL TR A i B AT

AN, N 1R RI IR Y, Cd, Te 28 PKA 5
K, I HIEA S P FREE T 5, Cd_PKA
B b O Te PKA i e Cd, Te, Zn 5
HAh2 5] PKA shik, v LU B HAL2E PKA 3hik
R T Cd, Te, Zn 2 PKA (3hHE, Hko 5 L IH
RBEA ST FAI L, WA it M. mEE PKA M

B, W R BOE 2 B 0 7T 7 A G R
W2 i R ORI R A

Kl 4451 T RER R 2.45 MeV(D-D f F) &
14.00 MeV(D-T ) iyhF# CZT MR ™
4 PKA e, 43 %1J& Cd PKA, Te PKA LJ
K Zn PKA. Xt oMMl AL, BEE A S FRER R
HR, PKA i Keemf 288w (B 4(b) BEAkbr
R i A7 AT AT AE R BE PKA JE AR AR, {H4 R H8
43 PKA 4 FHEAKAE S, 3 28 PKA AU S KE %
ReTF R D, I AR T FREE R 2.45 MeV
L JE 14.00 MeV, Cd_PKA 5 Te PKA (&
ZHYIN H Te  PKA 7R HEA, 111 Zn PKA
BOH /N T HA PSS PKA, 332 iy H s vy i L
JHE A O [ Ji % A b BT R [ L (R
T 14.00 MeV HFHE TS PKA iS5, A
kB 1) Te PKA#UH ZF Cd_PKA, HiF
His g PKA BH /T &figss Cd_PKA $(H,
L5101, Cd_PKA B HH KT Te_PKA, 5% 1
B R B AR, M 2.45 MeV 7T i Y PKA
ek A, Te_ PKA 7E = figsi H ¥— /Mg, X 7]
RE2 T H A T AR PR A S 350k s e R
1) PKA, 2 FEORR B AR 1772k, Pl
LI EBZE R, 1 R™ A R

F 1 AFGEEH TR OZT 7= PKA FRILESE
Table 1.  Summary of PKA generated by neutron incident Cd, Te, Zn.

Energy/ Element

MeV Recoil atoms

By Egan(T)  Percentage/%

MOA(12.57%) 120d(10.47%) MCd(5.57%) 13Cd(5.44%)

0.002 eV— 0.002 eV—

cd 100d(5.33%) M6Cd(3.31%) 106109 15, 1170 (0.98%) 91.79 keV  76.80 keV 43.67
o Te(18.43%) BTe(16.58%) *Te(9.94%) ¥ Te(3.71%) ' Te(2.51%)  0.03 eV— 0.03 eV— 53,05
122T6(1,32%5) 120 121123, 127, 129, 131T¢ (). 58%) 81.05 keV  69.68 keV :
2.45 - -
Zn 6170 (1.59%) SZn(0.93%) “Zn(0.55%) 65676 071(0.15%) e s 323
527.59 eV 492.12 eV
Other TH “He 61 54Nj #4Cu etc. — — 0.05
5.62 MeV  239.7 keV
oq  "CA(114T%) MICA(10.38%) 'BCA(9.46%) 1CA(8.68%) 1°CA(T.08%) 0.07 eV— 0.07 eV— 5134
‘ H6CA(2.66%) 9Cd(2.02%) 15CA(1.47%) 105108 117 (1.12%) 548.26 keV 314.20 keV :
o Te(13.88%) Te(18.17%) ®Te(7.87%) *Te(2.85%) #Te(2.02%)  0.05 ¢V— 0.05 eV— 1199
122T6(1,10%) 120121, 123,127, 129, 11T (0, 41 %) 458.06 keV 279.67 keV :
: ) : o 0.87 eV— 0.85 eV—
Zn 647n(1.30%) Zn(0.87%) %Zn(0.54%) 6 67 69-7071(0.13%) 2.83
14.00 861.92 keV 325.25 keV
313.33 oV
H TH(0.71%) 2H(0.02%) ?igokilv — 0.73
: 1.69 keV
. 328.98 eV 315.24 eV
4 0 61, 63—65, 6TN\J; 6368, 70, 120128, 130 102—111, 113
Other He (0.26%) Ni Cu Sh Pd e = 01

105—114, 116Ag 117, 119—123, 125, 127Sn ete

19.94 MeV 0.66 MeV
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Fig. 4. PKA spectra of different types of neutron irradiation: (a) 2.45 MeV; (b) 14.00 MeV.
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HE IS4 BIAS [A] 3 B A O \) fg & (1.00,
2.45, 5.00, 10.00, 14.00 MeV) 4& 5 CZT ¥4 K}
Hi NIEL, W& 507~. ME 5 1T LLEE 2] HEE
TR BRI, FESRA i NIEL BERRE 3 A 5], 1%
JE W T AEAR BT 5, 80 b R B 15 8
1 mm, & 1 AAARRGH T K3 T Re
FELEL G R 1 vh 7o 35 A el R A RO B2, ik
1 mm JEREERBPRL, JGH o F AL R A —
UCRIETE , Al 38 U B /D 45 NIEL RfiGREE 43 A 3
s, B S K oegh T AN R N 2R A Y
NIEL BEA S FREE AR LI E K. WE 6 FTLLE
BBl A AGhFRE R RIS, $E P9 ALY NIEL Jf
WA FFEE R, MR M AG T FBEE R 9.00 MeV
', A T/NEFERFEAL, kA7 1.00-14.00 MeV
JEFEI, 9.00 MeV HF AGET, P42 ) NIEL
RENEAE, 51 5 F 8RR R E &7 AL
B ) NIEL S0 s —20 t— 400l i, H
NTEL == % 2 Hy J0: il 2 LA % A o it i 5t ok, G
rh | P il 8 38 B9 NIEL 76 1.00—9.00 MeV i
BBl NOBW T, 7E 2.45 MeV i it 3 if 13 Fr i
RAY NIEL, BCA SRR NIEL ) 25wk o,
Jf B i FHEABHE A, FE e,
AR5 v AR A BOA R A — e R
RS, 207 TR R FEEEA S R FREEI R, B
(1) NIEL 560 KI5/ Ny H, SR i s
B NIEL # #— 20, 1 5 507 3K 0r 1 i
NIEL (5 e/, 5 st i i se ik i NIEL ¥ jf
NS RE T AR Ak

m 1.00 MeV % 10.00 MeV
6.00 ® 2.45 MeV @ 14.00 MeV
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FEar ey H . JF B i F AR f B Re i b EE PG A
2, T DAIE 2448 K ERM 48 s B AL R R, taT
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X

F AL BT AS CdZnTe A PKA FEANE UL AR
Table Al.  Summary of PKA details generated by neutron incident CdZnTe.

Energy/ . Percen-
MeV Element Recoil atoms By dam (1) tage
1Cd (13.61%), 12Cd (11.30%), Cd (6.00%)
cd 130d(5.83%), 19Cd (5.80%), 115Cd (3.56%) 0.03 eV—37.49 keV  0.03 eV—32.95 keV 47.16%
106109, 115, 117Cd (106%)

130Te (16.79%), 2 Te(15.86%), % Te (9.30%) »Te (3.51%),

100 Te 124To((2.4o%)), - (1_27%))120‘]21_ 12(& o lzg‘mTC (o) 002 V31T KV 0.02 V2967 keV 49.69%
64! 0, 66 0, 68

Zn Zn (1.55 670)67 ngnn(gfz(fl)é%)zn (0.57%) 0.10 eV 61.31 keV  0.10 eV—47.55 keV  3.14%
Other “He, 6INi, etc. 0.12-3.84 MeV 5.88171.64 keV  0.01%

WCA(12.57%), 12Cd(10.47%), 1Cd(5.57%) 13Cd(5.44%),
110030 (5,395%). 1OCA(3.3190) 195 100 15 1704(0.98%) 0.002 eV—91.79 keV  0.002 eV—76.80 keV 43.67%

130 0, 128 1261 125

ous  Te rel8Ass), PHTe(16.58%), FITe(9.94%) Te(STIL). )03 V8105 keV  0.03 eV—69.68 keV 53.05%

124Te(2_51%) 1’22Te(1_32%) 120, 121, 123, 127, 129, 131Te(058%>

Zn  %Zn(1.59%), %7Zn(0.93%), 7Zn(0.55%) %676 7Zn(0.15%) 1.33 eV—150.18 keV  1.29 eV—102.91 keV 3.23%

Other 'H, “He, 6 6!Ni, 61Cu, etc.

527.59 eV—>5.62 MeV 492.12 eV—239.77 keV 0.05%
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FAL (2 BT AS CdZnTe P4 PKA PRAIE BIL A
Table Al (continued). Summary of PKA details generated by neutron incident CdZnTe.
Energy/ . Percen-
3 Ey,
MeV Element Recoil atoms by qam( D) tage
1Cd(12.56%), 12Cd(10.53%), 11Cd(5.60%) "0Cd(5.39%),
cd 30 (5.8200). T6CA(3 83%) 106 00 15.17Ca(0.030p) 04 VISTZS KV 0.04 6V I4T.I8 keV 43.66%
10T ¢(17.82%), 25Te(16.26%), 2Te(9.67%) 5Te(3.61%),
500 T ure(a 450, 2 Te(180%) 02113 o i gy 002 V16322 KV 0.02 6V-—133.96 keV 5165%
Zn  $Zn(2.07%), %Zn(1.26%), Zn(0.86%) -6 T7n(0.21%) 0.20 eV—306.43 keV  0.20 eV—150.03 keV 4.39%
Other 64,66 67Cyy, 103, 108pq, 1H, 4He 6163 65 Nj, 106,180 etc. 163.93 eV—10.68 MeV 154.95 ¢V-—368.6 keV 0.30%
WO (13.72%), 12Cd(13.72%), 1°Cd(7.19%) 1Cd(5.30%),
Cd U30d(4.80%), 160d(3.44%) 106109 115, 170 (1.32%) 0.04 eV—387.48 keV  0.04 eV—234.63 keV 49.08%
130Te(15.10%), 125Te(15.02%), %Te(9.37%) 5 Te(2.65%),
Te B To(250%), 12 Te(1.37%) 13 120,17 10, 1To(0 4205 | 002 V32702 keV  0.02 V20762 keV 46.425%
10.00
Zn  Zn(1.77%), %Zn(1.15%), %Zn(0.81%) 9 0Zn(0.17%)  0.21 eV—614.56 keV  0.21 eV—256.14 keV 3.90%
1-2[(0.21%), 6364 66-63Cu(0.17%), “He (0.10%) 6% 66 Ni,
Other 102—103, 105, 107—108, 110Pd 117, 119—123, 127Sn’ 106, 108, 11()7114Ag 194087 eV71572 l\/l[ev 55483 eV754711 ke 060%
120,122 126,128, 130G gtc, v
120d(11.47%), MCd(10.38%), 13Cd(9.46%) 1Cd(8.68%),
Cd  10Cd(7.08%), 16Cd(2.66%) °Cd(2.02%), **Cd(1.47%) , 0.07 eV-—548.26 keV  0.07 eV-—314.20 keV 54.34%
105108, 117C1 ] (1.12%)
10T ¢(13.88%), %5Te(13.17%), 2Te(7.87%) 5Te(2.85%), .
o e iaro(p02%), 1B Te(1.10%) 121 130127 3, 17 4195) 008 V43806 ke 0.05 V27967 keV 41.29%
Zn  9Zn(1.30%), Zn(0.87%), $Zn(0.54%) ©-67. 691071 (0.13%) 0.87 eV—861.92 keV  0.85 eV 325.25 keV 2.83%
H TH(0.71%), *H(0.02%) 2.17 keV—14.60 MeV  313.33 eV—1.69 keV 0.73%
He (0.26%), 61 8365 67 Nj, 6368, 70Cy; 120128, 130G,
Other He (0. “3P2L W5 11416 g 715 135, 125, 127G oge, 328.98 eV-—19.94 MeV 315.24 eV-—0.66 MeV 0.81%
%%iﬁk [15] Chfen JY 2014 M. S. Thesi EXI an: X.l,(.lfan T‘J‘l?lver51‘€y) (in
Chinese) [PR4: 5 2014 Wi+ 00830 (B %: LR FRHER
[1] Alam M D, Nasim S S, Hasan S 2021 Prog. Nucl. Energy 140 )]
103918 [16] Xie F, Zang H, Liu F, He H, Liao W L, Huang Y 2020 Acta
[2] Takahashi T, Watanabe S 2001 IEEE Trans. Nucl. Sci. 48 Phys. Sin. 69 192401 (in Chinese) [¥f &, J8UL, X177, f3k, B2
950 SO, BEHE 2020 W)EEAAR 69 192401
[3] Rao C V S, Shankara Joisa Y, Hansalia C J, Hui A K, Paul [17] Cui Z G, Gou C J, Hou Q, Mao L, Zhou X S 2013 Acta Phys.
R, Ranjan P 1997 Rev. Sci. Instrum. 68 1142 Sin. 62 156105 (in Chinese) [BIRE, 2R, R4, FHI, HLE
[4] Alper B, Dillon S, Edwards A W, Gill R D, Robins R, Wilson i 2013 HELAAR 62 156105]
D J 1997 Rewv. Seci. Instrum. 68 778 [18] Agostinelli S, Allison J, Amako K, et 2003 Nucl. Instrum.
[5] Ingesson L C, Alper B, Peterson B J, Vallet J C 2008 Fusion Methods Phys. Res. Sect. Accel. Spectrometers Detect. Assoc.
Sci. Technol. 53 528 Equip. 506 250
[6] Yin Y, Li Y, Wang T, Huang C, Ye Z, Li G 2020 Sensors 20 [19] Allison J, Amako K, Apostolakis J, et al. 2006 IEEE Trans.
E1294 Nucl. Sci. 53 270
[7] Johns P M, Nino J C 2019 J. Appl. Phys. 126 040902 [20] Allison J, Amako K, Apostolakis J, et al. 2016 Nucl. Instrum.
8] GuY, Jie W, Rong C, Wang Y, Xu L, Xu Y, Lv H, Shen H, Methods Phys. Res. Sect. Accel. Spectrometers Detect. Assoc.
Du G, Fu X, Guo N, Zha G, Wang T 2016 Nucl. Instrum. Equip. 835 186
Methods Phys. Res. Sect. B Beam Interact. Mater. At. 386 16 [21] Srour J R, Marshall C J, Marshall P ' W 2003 IEEE Trans.
9] Xu L, Jie W, Zha G, Xu Y, Zhao X, Feng T, Luo L, Zhang Nugcl. Sci. 50 653
W, Nan R, Wang T 2013 Cryst. Eng. Comm. 15 10304 [22] Hao R J, Guo H X, Pan X Y, Lv L, Lei Z F, Li B, Zhong X
[10] Bao L, Zha G, Gu Y, Jie W 2021 Mater. Sci. Semicond. L, Ouyang X P, Dong S J 2020 Acta Phys. Sin. 69 207301 (in
Process. 121 105369 Chinese) S5, S0408E, W5, A%, HkE, 29, Hmam,
[11] Eisen Y, Shor A 2009 IEEE Trans. Nucl. Sci. 56 1700 RRBRBEE, #1161 2020 PHE24R 69 207301]
[12] Bao L, Zha G, Xu L, Zhang B, Dong J, Li Y, Jie W 2019 [23] Shen S S, He C H, Li Y H 2018 Acta Phys. Sin. 67 182401 (in
Mater. Sci. Semicond. Process. 100 179 Chinese) [HIb, BURAZy, 257K 7% 2018 PFE4 67 182401
[13] Bartlett L M, Stahle C M, Shu P K, Barbier L M, Barthelmy [24] Akkerman A, Barak J, Chadwick M B, Levinson J, Murat M,
S D, Gehrels N A, Krizmanic J F, Kurczynski P, Palmer D Lifshitz Y 2001 Radiat. Phys. Chem. 62 301
M, Parsons A M, Teegarden B J, Tueller J 1996 Hard X- [25] LiuY, Zhu T, Yao J, Ouyang X 2019 Sensors 19 1767
RayGamma-Ray Neutron Opt. Sens. Appl. 1996-07-19 pp10-16 [26] Zhu J H, Wei Y, Xie H G, Niu S L, Huang L X 2014 Acta
[14] Li W, Bai Y R, Guo H X, He C H, Li Y H 2022 Acta Phys. Phys. Sin. 63 066102 (in Chinese) R4 ¥, K, WLIRI, 4~
Sin. 71 082401 (in Chinese) 254k, FIMI%, SBR4F, P&, & F], EWDL 2014 YRR 63 066102]
KT 2022 PP T1 082401 [27] Robinson M, Torrens I 1974 Phys. Rev. B 9 5008

226102-9


http://doi.org/10.1016/j.pnucene.2021.103918
http://doi.org/10.1016/j.pnucene.2021.103918
http://doi.org/10.1016/j.pnucene.2021.103918
http://doi.org/10.1016/j.pnucene.2021.103918
http://doi.org/10.1109/23.958705
http://doi.org/10.1109/23.958705
http://doi.org/10.1109/23.958705
http://doi.org/10.1109/23.958705
http://doi.org/10.1063/1.1147876
http://doi.org/10.1063/1.1147876
http://doi.org/10.1063/1.1147876
http://doi.org/10.1063/1.1147876
http://doi.org/10.1063/1.1147876
https://doi.org/10.1063/1.1147645
https://doi.org/10.1063/1.1147645
https://doi.org/10.1063/1.1147645
https://doi.org/10.1063/1.1147645
https://doi.org/10.1063/1.1147645
http://doi.org/10.13182/FST53-528
http://doi.org/10.13182/FST53-528
http://doi.org/10.13182/FST53-528
http://doi.org/10.13182/FST53-528
http://doi.org/10.13182/FST53-528
http://doi.org/10.3390/s20051294
http://doi.org/10.3390/s20051294
http://doi.org/10.3390/s20051294
http://doi.org/10.3390/s20051294
http://doi.org/10.1063/1.5091805
http://doi.org/10.1063/1.5091805
http://doi.org/10.1063/1.5091805
http://doi.org/10.1063/1.5091805
http://doi.org/10.1063/1.5091805
http://doi.org/10.1016/j.nimb.2016.09.001
http://doi.org/10.1016/j.nimb.2016.09.001
http://doi.org/10.1016/j.nimb.2016.09.001
http://doi.org/10.1016/j.nimb.2016.09.001
http://doi.org/10.1016/j.nimb.2016.09.001
http://doi.org/10.1039/c3ce41734d
http://doi.org/10.1039/c3ce41734d
http://doi.org/10.1039/c3ce41734d
http://doi.org/10.1039/c3ce41734d
http://doi.org/10.1039/c3ce41734d
http://doi.org/10.1016/j.mssp.2020.105369
http://doi.org/10.1016/j.mssp.2020.105369
http://doi.org/10.1016/j.mssp.2020.105369
http://doi.org/10.1016/j.mssp.2020.105369
http://doi.org/10.1016/j.mssp.2020.105369
http://doi.org/10.1109/TNS.2009.2020599
http://doi.org/10.1109/TNS.2009.2020599
http://doi.org/10.1109/TNS.2009.2020599
http://doi.org/10.1109/TNS.2009.2020599
http://doi.org/10.1109/TNS.2009.2020599
http://doi.org/10.1016/j.mssp.2019.05.002
http://doi.org/10.1016/j.mssp.2019.05.002
http://doi.org/10.1016/j.mssp.2019.05.002
http://doi.org/10.1016/j.mssp.2019.05.002
http://doi.org/10.7498/aps.71.20211722
http://doi.org/10.7498/aps.71.20211722
http://doi.org/10.7498/aps.71.20211722
http://doi.org/10.7498/aps.71.20211722
http://doi.org/10.7498/aps.71.20211722
http://doi.org/10.7498/aps.71.20211722
http://doi.org/10.7498/aps.71.20211722
http://doi.org/10.7498/aps.71.20211722
http://doi.org/10.7498/aps.71.20211722
http://doi.org/10.7498/aps.71.20211722
http://doi.org/10.7498/aps.69.20200064
http://doi.org/10.7498/aps.69.20200064
http://doi.org/10.7498/aps.69.20200064
http://doi.org/10.7498/aps.69.20200064
http://doi.org/10.7498/aps.69.20200064
http://doi.org/10.7498/aps.69.20200064
http://doi.org/10.7498/aps.69.20200064
http://doi.org/10.7498/aps.69.20200064
http://doi.org/10.7498/aps.69.20200064
http://doi.org/10.7498/aps.69.20200064
http://doi.org/10.7498/aps.62.156105
http://doi.org/10.7498/aps.62.156105
http://doi.org/10.7498/aps.62.156105
http://doi.org/10.7498/aps.62.156105
http://doi.org/10.7498/aps.62.156105
http://doi.org/10.7498/aps.62.156105
http://doi.org/10.7498/aps.62.156105
http://doi.org/10.7498/aps.62.156105
http://doi.org/10.7498/aps.62.156105
http://doi.org/10.7498/aps.62.156105
http://doi.org/10.1016/S0168-9002(03)01368-8
http://doi.org/10.1016/S0168-9002(03)01368-8
http://doi.org/10.1016/S0168-9002(03)01368-8
http://doi.org/10.1016/S0168-9002(03)01368-8
http://doi.org/10.1016/S0168-9002(03)01368-8
http://doi.org/10.1109/TNS.2006.869826
http://doi.org/10.1109/TNS.2006.869826
http://doi.org/10.1109/TNS.2006.869826
http://doi.org/10.1109/TNS.2006.869826
http://doi.org/10.1109/TNS.2006.869826
http://doi.org/10.1016/j.nima.2016.06.125
http://doi.org/10.1016/j.nima.2016.06.125
http://doi.org/10.1016/j.nima.2016.06.125
http://doi.org/10.1016/j.nima.2016.06.125
http://doi.org/10.1016/j.nima.2016.06.125
http://doi.org/10.1109/TNS.2003.813197
http://doi.org/10.1109/TNS.2003.813197
http://doi.org/10.1109/TNS.2003.813197
http://doi.org/10.1109/TNS.2003.813197
http://doi.org/10.1109/TNS.2003.813197
http://doi.org/10.7498/aps.69.20200714
http://doi.org/10.7498/aps.69.20200714
http://doi.org/10.7498/aps.69.20200714
http://doi.org/10.7498/aps.69.20200714
http://doi.org/10.7498/aps.69.20200714
http://doi.org/10.7498/aps.69.20200714
http://doi.org/10.7498/aps.69.20200714
http://doi.org/10.7498/aps.69.20200714
http://doi.org/10.7498/aps.69.20200714
http://doi.org/10.7498/aps.69.20200714
http://doi.org/10.7498/aps.67.20181095
http://doi.org/10.7498/aps.67.20181095
http://doi.org/10.7498/aps.67.20181095
http://doi.org/10.7498/aps.67.20181095
http://doi.org/10.7498/aps.67.20181095
http://doi.org/10.7498/aps.67.20181095
http://doi.org/10.7498/aps.67.20181095
http://doi.org/10.7498/aps.67.20181095
http://doi.org/10.7498/aps.67.20181095
http://doi.org/10.7498/aps.67.20181095
http://doi.org/10.1016/S0969-806X(01)00207-9
http://doi.org/10.1016/S0969-806X(01)00207-9
http://doi.org/10.1016/S0969-806X(01)00207-9
http://doi.org/10.1016/S0969-806X(01)00207-9
http://doi.org/10.1016/S0969-806X(01)00207-9
http://doi.org/10.3390/s19081767
http://doi.org/10.3390/s19081767
http://doi.org/10.3390/s19081767
http://doi.org/10.3390/s19081767
http://doi.org/10.3390/s19081767
http://doi.org/10.7498/aps.63.066102
http://doi.org/10.7498/aps.63.066102
http://doi.org/10.7498/aps.63.066102
http://doi.org/10.7498/aps.63.066102
http://doi.org/10.7498/aps.63.066102
http://doi.org/10.7498/aps.63.066102
http://doi.org/10.7498/aps.63.066102
http://doi.org/10.7498/aps.63.066102
http://doi.org/10.7498/aps.63.066102
http://doi.org/10.7498/aps.63.066102
http://doi.org/10.1103/PhysRevB.9.5008
http://doi.org/10.1103/PhysRevB.9.5008
http://doi.org/10.1103/PhysRevB.9.5008
http://doi.org/10.1103/PhysRevB.9.5008
http://doi.org/10.1103/PhysRevB.9.5008
http://doi.org/10.1016/j.pnucene.2021.103918
http://doi.org/10.1016/j.pnucene.2021.103918
http://doi.org/10.1016/j.pnucene.2021.103918
http://doi.org/10.1016/j.pnucene.2021.103918
http://doi.org/10.1109/23.958705
http://doi.org/10.1109/23.958705
http://doi.org/10.1109/23.958705
http://doi.org/10.1109/23.958705
http://doi.org/10.1063/1.1147876
http://doi.org/10.1063/1.1147876
http://doi.org/10.1063/1.1147876
http://doi.org/10.1063/1.1147876
http://doi.org/10.1063/1.1147876
https://doi.org/10.1063/1.1147645
https://doi.org/10.1063/1.1147645
https://doi.org/10.1063/1.1147645
https://doi.org/10.1063/1.1147645
https://doi.org/10.1063/1.1147645
http://doi.org/10.13182/FST53-528
http://doi.org/10.13182/FST53-528
http://doi.org/10.13182/FST53-528
http://doi.org/10.13182/FST53-528
http://doi.org/10.13182/FST53-528
http://doi.org/10.3390/s20051294
http://doi.org/10.3390/s20051294
http://doi.org/10.3390/s20051294
http://doi.org/10.3390/s20051294
http://doi.org/10.1063/1.5091805
http://doi.org/10.1063/1.5091805
http://doi.org/10.1063/1.5091805
http://doi.org/10.1063/1.5091805
http://doi.org/10.1063/1.5091805
http://doi.org/10.1016/j.nimb.2016.09.001
http://doi.org/10.1016/j.nimb.2016.09.001
http://doi.org/10.1016/j.nimb.2016.09.001
http://doi.org/10.1016/j.nimb.2016.09.001
http://doi.org/10.1016/j.nimb.2016.09.001
http://doi.org/10.1039/c3ce41734d
http://doi.org/10.1039/c3ce41734d
http://doi.org/10.1039/c3ce41734d
http://doi.org/10.1039/c3ce41734d
http://doi.org/10.1039/c3ce41734d
http://doi.org/10.1016/j.mssp.2020.105369
http://doi.org/10.1016/j.mssp.2020.105369
http://doi.org/10.1016/j.mssp.2020.105369
http://doi.org/10.1016/j.mssp.2020.105369
http://doi.org/10.1016/j.mssp.2020.105369
http://doi.org/10.1109/TNS.2009.2020599
http://doi.org/10.1109/TNS.2009.2020599
http://doi.org/10.1109/TNS.2009.2020599
http://doi.org/10.1109/TNS.2009.2020599
http://doi.org/10.1109/TNS.2009.2020599
http://doi.org/10.1016/j.mssp.2019.05.002
http://doi.org/10.1016/j.mssp.2019.05.002
http://doi.org/10.1016/j.mssp.2019.05.002
http://doi.org/10.1016/j.mssp.2019.05.002
http://doi.org/10.7498/aps.71.20211722
http://doi.org/10.7498/aps.71.20211722
http://doi.org/10.7498/aps.71.20211722
http://doi.org/10.7498/aps.71.20211722
http://doi.org/10.7498/aps.71.20211722
http://doi.org/10.7498/aps.71.20211722
http://doi.org/10.7498/aps.71.20211722
http://doi.org/10.7498/aps.71.20211722
http://doi.org/10.7498/aps.71.20211722
http://doi.org/10.7498/aps.71.20211722
http://doi.org/10.7498/aps.69.20200064
http://doi.org/10.7498/aps.69.20200064
http://doi.org/10.7498/aps.69.20200064
http://doi.org/10.7498/aps.69.20200064
http://doi.org/10.7498/aps.69.20200064
http://doi.org/10.7498/aps.69.20200064
http://doi.org/10.7498/aps.69.20200064
http://doi.org/10.7498/aps.69.20200064
http://doi.org/10.7498/aps.69.20200064
http://doi.org/10.7498/aps.69.20200064
http://doi.org/10.7498/aps.62.156105
http://doi.org/10.7498/aps.62.156105
http://doi.org/10.7498/aps.62.156105
http://doi.org/10.7498/aps.62.156105
http://doi.org/10.7498/aps.62.156105
http://doi.org/10.7498/aps.62.156105
http://doi.org/10.7498/aps.62.156105
http://doi.org/10.7498/aps.62.156105
http://doi.org/10.7498/aps.62.156105
http://doi.org/10.7498/aps.62.156105
http://doi.org/10.1016/S0168-9002(03)01368-8
http://doi.org/10.1016/S0168-9002(03)01368-8
http://doi.org/10.1016/S0168-9002(03)01368-8
http://doi.org/10.1016/S0168-9002(03)01368-8
http://doi.org/10.1016/S0168-9002(03)01368-8
http://doi.org/10.1109/TNS.2006.869826
http://doi.org/10.1109/TNS.2006.869826
http://doi.org/10.1109/TNS.2006.869826
http://doi.org/10.1109/TNS.2006.869826
http://doi.org/10.1109/TNS.2006.869826
http://doi.org/10.1016/j.nima.2016.06.125
http://doi.org/10.1016/j.nima.2016.06.125
http://doi.org/10.1016/j.nima.2016.06.125
http://doi.org/10.1016/j.nima.2016.06.125
http://doi.org/10.1016/j.nima.2016.06.125
http://doi.org/10.1109/TNS.2003.813197
http://doi.org/10.1109/TNS.2003.813197
http://doi.org/10.1109/TNS.2003.813197
http://doi.org/10.1109/TNS.2003.813197
http://doi.org/10.1109/TNS.2003.813197
http://doi.org/10.7498/aps.69.20200714
http://doi.org/10.7498/aps.69.20200714
http://doi.org/10.7498/aps.69.20200714
http://doi.org/10.7498/aps.69.20200714
http://doi.org/10.7498/aps.69.20200714
http://doi.org/10.7498/aps.69.20200714
http://doi.org/10.7498/aps.69.20200714
http://doi.org/10.7498/aps.69.20200714
http://doi.org/10.7498/aps.69.20200714
http://doi.org/10.7498/aps.69.20200714
http://doi.org/10.7498/aps.67.20181095
http://doi.org/10.7498/aps.67.20181095
http://doi.org/10.7498/aps.67.20181095
http://doi.org/10.7498/aps.67.20181095
http://doi.org/10.7498/aps.67.20181095
http://doi.org/10.7498/aps.67.20181095
http://doi.org/10.7498/aps.67.20181095
http://doi.org/10.7498/aps.67.20181095
http://doi.org/10.7498/aps.67.20181095
http://doi.org/10.7498/aps.67.20181095
http://doi.org/10.1016/S0969-806X(01)00207-9
http://doi.org/10.1016/S0969-806X(01)00207-9
http://doi.org/10.1016/S0969-806X(01)00207-9
http://doi.org/10.1016/S0969-806X(01)00207-9
http://doi.org/10.1016/S0969-806X(01)00207-9
http://doi.org/10.3390/s19081767
http://doi.org/10.3390/s19081767
http://doi.org/10.3390/s19081767
http://doi.org/10.3390/s19081767
http://doi.org/10.3390/s19081767
http://doi.org/10.7498/aps.63.066102
http://doi.org/10.7498/aps.63.066102
http://doi.org/10.7498/aps.63.066102
http://doi.org/10.7498/aps.63.066102
http://doi.org/10.7498/aps.63.066102
http://doi.org/10.7498/aps.63.066102
http://doi.org/10.7498/aps.63.066102
http://doi.org/10.7498/aps.63.066102
http://doi.org/10.7498/aps.63.066102
http://doi.org/10.7498/aps.63.066102
http://doi.org/10.1103/PhysRevB.9.5008
http://doi.org/10.1103/PhysRevB.9.5008
http://doi.org/10.1103/PhysRevB.9.5008
http://doi.org/10.1103/PhysRevB.9.5008
http://doi.org/10.1103/PhysRevB.9.5008
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

#) 32 2 3R Acta Phys. Sin. Vol. 71, No. 22 (2022) 226102

[28] Nordlund K, Zinkle S J, Sand A E, Granberg F, Averback R Willaime F, Dudarev S L, Simeone D 2018 Nat. Commun. 9
S, Stoller R E, Suzudo T, Malerba L, Banhart F, Weber W J, 1084
illaime F, D L, Si D 2018 J. Nucl. Mater.
?1/‘2 gge » Dudarev § L, Simeone D 2018 J. Nuel. Mater [30] Bryant F J, Webster E 1967 Phys. Status Solidi B 21 315
[29] Nordlund K, Zinkle S J, Sand A E, Granberg F, Averback R [81] Guo R, Xu'Y, Wang T, Zha G, Jie W 2020 J. Appl. Phys.
S, Stoller R, Suzudo T, Malerba L, Banhart F, Weber W J, 127 024501

Simulation study of neutron radiation damage to
cadmium zinc telluride®

Wei Wen-Jing  Gao Xu-Dong  Lii Liang-Liang
Xu Nan-Nan  Li Gong-Pingf

(School of Nuclear Science and Techology, Lanzhou University, Lanzhou 730000, China)

( Received 17 June 2022; revised manuscript received 22 July 2022 )

Abstract

In recent years, the development of new semiconductor materials has made an opportunity and challenge
for technological innovation and the development of emerging industries. Among them, cadmium zinc telluride
materials have highlighted important application prospects due to their excellent properties. The CdZnTe, as
the third-generation cutting-edge strategic semiconductor material, has the advantages of high detection
efficiency, low dark current, strong portability, and applicability at room temperature without additional
cooling system. However, when the cadmium zinc telluride detector is exposed to radiation environment for a
long time, it will cause different degrees of radiation damage, which will affect the performance of the device or
even fail to work, and greatly shorten the service time of the detector in the radiation field. The transport
process of 1.00-14.00 MeV neutrons in CdZnTe material is simulated to obtain the information about the
primary knock-on atoms, and then by combining with the cascade collision model, the irradiation of neutrons
with different energy in CdZnTe material is analyzed. The damage is simulated and calculated. The calculation
results are shown below. The energy of most of the primary knock-on atoms is located at the low-energy end,
and with the increase of the incident neutron energy, the types of primary knock-on atoms are more abundant,
and the energy also increases gradually. With neutron irradiation of CdZnTe, the non-ionizing energy loss is
uniformly distributed along the depth direction in the material, and the non-ionizing energy loss first increases
and then decreases with the increase of the incident neutron energy. The calculation results of displacements per
atom(dpa) show that the dpa also increases first with the increase of the incident neutron energy. And further
analysis shows that the number of Te displacement atom atoms and the number of the Zn displacement atoms
both increase first and decrease then with the increase of incident neutron energy, while the number of Cd
displacement atoms increases with the increase of incident neutron energy, which is co-modulated by its
inelastic scattering cross-section and other nuclear-like reaction cross-sections. The comprehensive analysis
shows that with the increase of the incident neutron energy, inelastic scattering becomes the main factor
causing the internal displacement damage of the material.

Keywords: neutron irradiation, CdZnTe, radiation damage, Geant4 simulation
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