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CdZnTe detectors with parallel capacitive Frisch grid

SHI Zhu-Bin, WANG Lin-Jun, MIN Jia-Hua, QIN Kai-Feng, LIANG Xiao-Yan,
ZHANG Ji-Jun, HUANG Jian, TANG Ke, XIA Yi-Ben

(School of Materials Science and Engineering, Shanghai University, Shanghai 200072, China)

Abstract: The crystal size and energy resolution of CdZnTe (CZT) detectors are limited by crystal growth technology. In
this paper, capacitive Frisch grid detector structure was used to reduce the leakage current and overcome the charge carriers
“recombination by the geometric of unipolar charge. The electrode contact of the detector was made of Schottky contact
which can further compress the weight of potential and reduce the leakage current noise. A large volume multi-element par-
allel detector was made by capacitive Frisch grid structure and Schottky contact electrode (In-p/CZT-AuCl3). The energy

resolution of multi-element detectors is not limited to the worst energy resolution unit and the detection efficiency is 2.45 ~

7.31 times more than that of the single unit.

Key words: capacitive Frisch; Schottky contact; parallel detector; CdZnTe detector
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Table 1 Electrical properties of CdZnTe crystal in four
different growth cycle

No Carrier den-sity Mobility Hall resistivity ~ Conduction
/em ™3 /(em?/Vs) /Qcm? type

1 5.66E09 65.2 1.68E7 p

2 1.91E8 50.5 6.48E8 p

3 1.17E9 59.6 8.96E7 p

4 3. 19E9 62.1 6.89E7 p

H 2 ik J LA A, p AR R4S B 1 Ry
S fil, DOZE BT R B L SR N 2 B 5
IRTE i fh. t T CdZnTe (S5 HLZEA N P AL BT LA
S 43R FH P ER AR DR In A8 CZT BHR , AL
SARTUAR Au B , In/p-CZT/ AuCl, 1 FrHE AR
BT A R AR

Firsch HLZ MG 25 0 il 45 B 26 R & NIk
PISASORE ELAE R 0.5 pum 9 NI 3 oy Bt CZT
s ARG THLIRA O, 5 48 8 oK Pk I 7 N, AR
TR, 2R BM Bl (5 vol% Br + HIEE) il LB )3
T (2 vol% Br +20 vol% FLIR + £ —F) 43 %G
JE i CZT iy Fr #E A7 FTH AL 2255 1k, R ] KOH-KCI +
NH,F/H,0, W%t CZT ik AT — i %
R USROG R 4 2 2 A 2 AE CZT A FElIf A 78
VE Ay BB A A, 25 55 A A g (e 5 A
IRz ), Hoh CZT R K/ R 6 mm x 6 mm x
8 mm,Z6% K BE R 7. 4 mm , GG 20T A4 R
7 mm, HAP 22 S R AL 0.2 mm, & 1
i

PUTTFHATHERI A5 R U L 251 Frisch M B 45 2
PRI EFHRITH G I, TS HL 25 Frisch B 14 47 FE 45
I8 43 S 3 2 5 1 00 7. B DB ROR 7 5 R i
K% e S0 i B 45 B (5 5 A9, i sE 3
S5 [A] BAAS TR I 8 1 B8R, HL 238 i S
SCHR[ 17 1. BT HE 25 317 HES, Z2 A AR 2 mm,
ARG 1 mm, S8 IR A B S 60 em, DU

8 mm -
< 74 mm q
Anode Extended

CdZnTe Insulator /Cathode

.. — A
Positiv
Bias A;// g /
N
=
] 7 mm| » W
yradation ! = L

K1 A Frisch #lf CdZnTe 650857 G A
Fig.1 The schematic structure of capacitive Frisch CdZnTe

Cathode

detector

‘ 60 cm |
t

__ 6x6x8 mm’ :Z 777777777

Radiation
source

2 mm

1mm [6x6x8 mm’ |

Four element
parallel detector

B2 puoTIfA TR L
Fig.2  Geometry of four element parallel detectors measure-

ment

Fr A B LA s B AN 2 frs.
2 HREHi

In/p-CZT/ AuCl, £5 4 1 19~ B T 248 43 ) i
£ ALB,C,D, H U FebE I E 3 s, IO~
o3 R PO Al AR A R MEBEER A, B4R BB 22 901 &
PRI 25 iV 2k 72 b i) T 204 1 22 S5 4 L PO A BROTHR
WIS 1-U thZ 220 B AR AR KR T R 451 1 RSy
PE. RIES ABCD (1) H BH 23 1) Ay (2008 1 R 35 2 (1]
HEL T X 52 ) A:3.37 x 10°Q,B:1.09 x 10"°Q,, C.
6.69 x10°Q,D:5. 14 x 10° Q; fEFHZ /TR A:2.7
x10°Qem,B:8.72 x 10° Qem, C:5.35 x 10° Qem, D
4.11 x10°Qem. 5536 1 w28 /R A BH 258 ( 3% 18 AR BH R
P BF TR LA 1 mm B ARIE ) M) &, JF H I-U
FEPERIN S R AR VR, BRI T 40000 25 A g 75

FIE 2 FE 7R A3 ) % S U Cs Y Am (Y Co
Th.'""Ba, J5AER K 4 & 4 Fis. [ A B.C.D,
3 F N RO g AB.C.D,A +B +C +D £/R
PUICIFATHL A M Frisch M 1 SRS 480 75 B8 00 2% fr
T 2k 1250 V., A EF[] 8 2 s, FLRE B4 HE R
R RN 2 fros. 5256 Bt AR I 2% 1Y) CZT &
PR JEE B A RS (8 mm ) , AORF A 35— M A4 o, 200
Sz i R AT AR 0 TL3E b — /N B B RN 25 A



EAND/NES I SR8 14

30 %

516
6.0x10°% T .
/ 9.0x10°} S
oo} /
< 010 // < 60x10°7 )/
2.0x10% 1 = /
3.0x10°]
4 IWAWAN + +
A0 204 b 2008 20 40
. [0/A% U
2.0x10° 3.0x10%
(a) (b
12x10%7 1.0x10%T
e "
gox10°1 ’
/‘ 5.0x10°1 /
= o100} N /

. —*I-U curves \ Can
ZIRGTN5 S T 40 -20 ‘7 20 40
— uv e

-4.0x10°+ -5.0x10°+
(©) ()

K3 HoTr AE Frisch fif H AR EER I R 1-U 5k (a) 5
MEF A (b)FRMER B (o) TRME C (d) LR D

Fig.3 The I-U characteristic of single capacitive Frisch schott-
ky CdZnTe detector (a)detector A (b)detector B ( ¢) detector C
(d) detector D

FITHE TN, FBESE 1 R AR 0 , i b 750 R T S
FOR/IMESHIFZ IR, P ot TARRE v SF 2 pBE &3
BrREZE (AT R AE v ST AEE 70 B0 5 [ PR
R A SCRRATL , FROCHERI A5 X T AR y SR
REHE M HER LA 2. th3 2 nl DL, DUSCIHAT 4RI 45 Y
REHL P HER I B0AT 52 IR T fe 22 (9 B TR 4 , 1 2
AT eI PR dc I Pl 22 B9 BT AR 4% 22 1. PR
A 4 5 41 T8 B SCRRARABL, T AR 3 U S 47 #R0
o BRI AL A3 3 o BRI AR A 2. 45 ~ 7. 31 4.

3 #ig

R PUAN L 25 Frisch HF CdZnTe 025 47
B, TR A CdZnTe b ATRIAS AR FR/IN , SR00 4%
BERAG AR, (A BRI RE R PR, th T H
R Frisch MRS B 2RI 45 B T I B U, (] I 4
A LA R AT 48 R A R i 1 08 T R = 4, 2R
o 10 PG A i DAy P A S o, DU — 2D ARG T R

3 , T T T T 2. 3 T T
9.0x10 — =% 0x10 —
—B 3.2x10°F —B 1 LSx10¢ —B
—cC —C Sx107F —C
o 6.0X10° - b ) 2.4x10°H_—p i —D
g — A+B+CHD|| & — A+B+C+D. £ 1ox10°} —A+B+C+D
8 2 1.6x10°- i 2
3.0x10%} @) @)
8.0x10° 5.0x10¢
0.0 - 0.0 —— 0.0 V\J‘\
0 1000 2000 3000 4000 100 200 300 400 500 600 0 600 1200 1800 2400
Channel Channel Channel
() (b) (©
2.4x10¢ e 2.0x10° —
e 1.5x10° e
» 1.6x10° - b 2 - b
3 — A+B+C+D 2 1.0x10° — A+B+C+D
© g0x10° ©
5.0x10?
0.0 - 0.0
0 200 400 600 800 1000 1000 2000 3000 4000 5000
Channel Channel
(d (O]

P4 BASTHRINEE ABCD 5050 AR AR RO BRI REE I ()™ Th ()™ Am (¢)™Ba (d)¥Co ()7 Cs

Fig.4 The spectrum of single detector and four element parallel detectors for different radiation sources (a)**Th (b)**' Am

(¢)™Ba (d)7Co (e)"Cs

x2 BREZTRU[MAWBERUE

Table 2 The energy resolution and detection efficiency of the single detector and multi element detector

o Resolution Detection efficiency
Radlallon source

A B C D All elements AllVA  AIVB  AI/C Al/D
137 Cs662keV 3.09% 1.90% 2.10% 2.53% 2.37% 3.45 3.42 7.31 3.56
2 Am59. 54keV 10.4% 14.15% 8.04% 7.92% 10.53% 4.76 2.45 4.89  4.63
57 Col22keV 3.89% 4.07% 3.49% 4.17% 3.97% 4.31 2.64 5.41  4.88
28The4. 4keV ,215kev  12.2% ,2.72% 10.66% ,2.49% 7.69% ,2.36% 7.67% ,3.10% 9.41% ,2.99%  4.96 2.45 5.37  4.90
113 Bag81kev,356kev 8.05% ,2.12% 7.30% ,2.10% 6.41% ,1.93% 6.27% ,2.72% 6.54% ,2.59%  4.52 2.94 4.91  4.26
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