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Abstract: Samples with different In dopant concentrations were grown by Low Pressure Vertical Bridg-

man Method. Low temperature photoluminescence (PL) spectra, Deep Level Transient Spectroscope

(DLTS) and high resistivity Hall test were used to study major defects in high resistivity In-doped

CdZnTe crystal and its possible compensating mechanism. The PL spectra showed that in the In-doped

CdZnTe samples of high resistivity, In dopants occupied Cd vacancies, which would exist in undoped

CdZnTe crystal, forming shallow donor defect [In+
Cd], located at Ec-18meV, and the [In+

Cd] interacted

with [V2−
Cd] to form a complex defect [(In+

Cd-V2−
Cd)−] at Ev+163meV. The DLTS results showed that

a deep level donor defect was found at 0.74eV below the conduction band, representing probably the

energy level of antisite defect [TeCd]. The results indicated that the electrical properties of In-doped

CdZnTe crystals were dominated by a comprehensive compensating consequence among In donor de-

fects, deep level donor defect Te antisites, intrinsic acceptor defect Cd vacancies and other impurities

acceptor defects.
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1050 � m / O Q � 23 ){Q�w-E~Z��y6B CdZnTe �y?�℄#�oq�bS}K��w�6 Cd 6��p<�y�\V'�
�m<[#�)�!}W-E~Z�6B CdZnTe �yG�# In <N�D3v8�y�\VV�SSV
�%Æ γ -/�
8wQ_	 [3−5]. mK In K�Dw IIIA Y
f�|��SBD� 5S25P 1, |! CdZnTe G|i Cd �GI<N�.�3mht8\0P�
3ht n D}\0P
,3k��y6B�n5^mu�PA~�1F
ÆY�f*��2#N��||K�F�D��/�.w1``{�)EnA
}�I<�I
(PL) xK[# CdZnTe �yG�.kzwJbT� [6,7], �2kzbrx (DLTS) K#�2kz�.w�9�� [8]. ��`3{}� PL V DLTS, �Z8\j�;P�[#8\> In CdZnTe �yGw�.kz�#�tX In <N� Cd 6�z�/�.w1``{�)EnA

2 �5

CdZnTe �yK�}WU5-E~Z�A�ht [9]. ;P_u#$<V%Z6BP\�|G
CZT-15 � CZT-35 �> In _u�|> In K#$� 5×1017/cm3 V 7×1017/cm3, �?fO��>�
CdZnTe �y (CZT-05) `�Æ�
_uU(C{�5&/H�H`℄[d��_{ Al2O3 N(d<n=pI�5:_u#℄J�℄_{F3�!�r��_{ BM )�d (5%Br+ �V) V LB )�d
(2%Br+20%"h + j�V) �HbS)�pI�%{�VL!)�#℄�^_{l�S2�{
}� PL x;P3{}�PU
I<�I#�
#�wqI��P - fqI��qI&B�
655nm, qI_� 10000 ��o#?� 2s×2, 3{
600/mm I&�G;��� 50 �
#�G{dPU
A?�^}�	3a 4.2K. DLTS � DLTS-

HRCV D2kzbrxi;t
0;;Pp�#rdlG�?�r�	 78K. ;P_uw7�7Ag	
! 77∼90K?� 0.05∼0.08K/s; 90∼300K?�
0.02∼0.05K/s; 300∼360K ?� 0.08∼0.1K/s. ^8�	37: 360K. �yw�SKkK�N HL500PCD8\j�9u;P#�tr

3 �{} Æ
3.1 CdZnTe 	#rs& PL �� 1 � CdZnTe �y! 5K ?w PL x
��

1(a) GwÆ/ a 3m.r�> In CdZnTe �yw
PLx�Nb�;%��� 1.653eV�	
8w<N\/qS% (D0, X) ��� 1.641eV �	
$wYN\/qS% (A0, X) ��� 1.608eV <NYNÆ
(D, A) ,Z�-%�%7! 1.488eV -��-fmu%��� 1.658eV wV�qS% X. �� 1(b) 31��>� CdZnTe �yw PL x�Nb�;%��� 1.641eV GKYN\/qS% (A0, X), mu�	1Æ
$%�! 1.601eVw<NYNÆ,Z�-% (D, A). f���� (A0, X) K�� Cd 6��FwYN�.\/V�qS#Iw [7,10].�N�
 In >��yV�>��yw PL x/3m�)� In >��yw PL x�m'u/
|f�> In �y! 1.653eVPN)Nf;?wGK<N\/qS% (D0, X), �GKYN\/qS%
(A0,X) w�	$

�}�uK Cd 6��>#w
In �Sm)'�GIN�>��<N`{w|i�. [In+

Cd], p<1uw Cd 6�o	
��}
|��> In �yGw<NYNÆ (DAP) �-%
�%��,3kK��!� Cd 6�)E_�g�`!f�^Kw In <N�,;NKw In ��yGw

� 1 CdZnTe �x 5K >v PL w
Fig. 1 PL spectra of CdZnTe crystals at 5K

(a) In-doped (a:CZT-15, b:CZT-35); (b) Undoped (CZT-

05)
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5 y B 3�y�7[ In =� CdZnTe �x�-jyvY! 1051f;8�YN�D! Na � Li � N z,Z�\�C (D, A) %tr��
|%�> In �yGN)N%7�� 1.488eVwm�w A GA�-f�,3kK� [In+
Cd] V [V2−

Cd] 3�w1``{�GIw,Z�. [(In+
Cd-V2−

Cd)−] m< [11].� 1(a)GÆ/ aw> Ino	� 5×1017/cm3,�Æ/ b � 7×1017/cm3. �N�
�GwÆ/ a V b3m�)�!Æ/ b GGKYN\/qS% (A0,X)69��GK<NYNÆ (D, A) %mu A GA�-f��m%�
,3kK��> In Kw%��
In 1Fw�.w [In+

Cd] � [(In+
Cd-V2−

Cd)−] wo	%8� Cd 6�)E?���
,;)5
�f.
b (A0, X) � (D, A) mu A GAw�	K� In �F��+K�yGw|o�Dm<

In >� CdZnTe �y (CZT-15)w PLx��	wF#!� 2mG�3m�)�kP�	\ 5K78r 80K, <;�>w�I%,�+�K	w�}��;%'�t℄8�5:69
,NbK�℄^w�C��SV6T+�m�IwGD����KNb�N�q� &-��
Y
�f3m.N�kP�	w78�m�w�I%�,4}kK�4h�
,Kr�kP�	w78�_uw�f:	K��8��9A^W
 
m#Iw
,fB\�M�> In CdTe �ywAX�M'Z
R [12].

3.2 CdZnTe 	#r������ (DLTS)� 3 � CdZnTe _u! 80∼360K w�	�Æhw DLTS x�|G (a) � CZT-35 _u!
en=0.173ms−1 ~�';tw� (b) � CZT-05 _u! ep=0.043ms−1 ~�';tw
\� 3 G3m.N�> In_uw DLTS Æ/9�f;k% (a), 
b0_uG`!f;2kz�S.b���>�_u

� 2 In =� CdZnTe �x (CZT-15)  *���&v PL w
Fig. 2 PL spectra of In-doped CdZnTe (CZT-15) at

different temperatures

� 3 CdZnTe �xv1jyaqw (DLTS)

Fig. 3 Deep Level Transient Spectra of CdZnTe crys-

tals

(a) In-doped CZT-35; (b) Undoped CZT-05w DLTS Æ/
9�f;k% (b), 
b0_uG`!f;2kz6T.b
;tw DLTS x%w8	�xN�.w$r\	 [13]. �S�-{V en �6T�-{V ep K��_o#v,�wZNBS�r
7? (wbrxw%7) mÆuw8^BSw?�A^ τmax, ^S#aD�

e =

1

τmax
=

lnt2 − lnt1
t2 − t1

(1)|G t1 V t2 #$��_o#v,�w�_?�
(1/τmax)�VR7
1 VR7�3mtr+�w2kzbrx
� ln(en/T 2) Æ 1/T V ln(ep/T 2)Æ 1/T `Q^Æ/�>'Æ/w<V3
t2kz�>�!� 4 mG
\� 4(a) 3tr> In _uG2kz�S.bkz�pfm'� 0.74eV, ,;�M�� Berding[14] F����. [TeCd] wAX}j7 0.75eV. �� 4(b) 3tr�>�_uG2kz6T.bkz��fm) 0.45eV, ,;^'���+ [15,16] �sw Cd 6�kz�|^7!�f)
0.47eVmh
mK!�>�_uw DLTS G���. [TeCd] %[�tr�x�,3k��y6B~��F�m|�	�rf�j�f.2#[#

3.3 CdZnTe 	#ru2/�

CdZnTe �y_uj�;P�M!# 1 mG
\#G3m.N� CdZnTe _uw�SKk�|>�o	5�1F
> In _uw�\Vb�8��>�_u�
p�>D+��> In_uwp�>D� n D��>�_u� p D
rY3m	;��>�_uG Cd 6�o	Æ|�SKk�+�`{��>�_u�� In <Nws#�Æ Cd 6�u|n�DYNw)E`{�GINÆ|�SKk�+�`{w In |i�. [In+
Cd], rY_uwp�>DO
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1052 � m / O Q � 23 )

� 4 1jy�,U
��2�vE"
Fig. 4 Temperature dependence of deep level emission rate

(a) In-doped CZT-35; (b) Undoped CZT-05g 1 h$k In 
p CdZnTe 6�pt1.>
Table 1 Electrical properties of CdZnTe crystal with different In dopant concentration

In dopant Carrier Mobility Resistivity Conduction
Sample

concentration/cm−3 density/cm−3 /cm2
·V−1

·s−1 /Ω·cm type

CZT-03 0 1.23×1010 62.1 8.20×106 p

CZT-15 5×1017 1.77×106 189.0 1.87×1010 Weak n

CZT-35 7×1017 1.06×108 153.0 3.85×108 n�G n C��=�[!Ed1k-q�< In n�6u℄s�ZT�< In n�{u℄s`{�*1iI}� In :L�	 Cd 4���'C^d�8�u In :L�< In I���wE8��RQn��6�q��ZTg
{�A~'��wun�=Cks�RQn�1iI}�wE Cd 4�� Te ���,ks:L In A�_yu�K [12], qW	<
In Iks�wuaP|I�}�0D�
3.4 In j9 CdZnTe �!?o�+��=%{� PLks DLTS u9N	!��K�1k�96Z In <� CdZnTe �wEue:L`�,ix� � 5lE�=%X !` [17], CdZnTeT}pQ[.i�� 10.8meV, v��nd%�
10.8meVO�}W=%T}pQ$u$� (1.658eV)1|iM�wu�d9��z6� 1.669eV. }�
In :Lix	 (D0,X) 
tuiI0��℄6'7
2.5meV[17], � (D0,X)$�� 1.653eV,qW [In+

Cd] uix�=�nd% 18meV, *e�K	 M.Rub x�u�K [18] 0e�:LWL
�+$ (D, A) ��
1.601eV,qW
tuWLix�=� Ev+50meV[6],[1iI Na �Li �N x6�WL�Bix [19,20];

AE�u$�� 1.488eV,}�z�wuI [In+
Cd]	

[(In+
Cd-V2−

Cd)−] :LWL
���qW A E�
tuix�=t� Ev+163meV[8], *e�KÆ��*

� 5 7[ In =� CdZnTe �xFvMa�-jyFp�
Fig. 5 Dominant defect energy levels in high resisi-

tivity In-doped CdZnTe crystals

[21,10] u�K�
4 �Æ1y{� PLks DLTSxR
X L In<�
CdZnTe �wEuL`�,ixsz1i^�u'Cl?��K!`�� CdZnTe �wEu< In I
�wEu�,=C�n�ks�,u'C_y?4�bv2���<� CdZnTe ℄sE��-�,
Cd 4�
�w�PIi�*�_y��<�℄sE��wEu Cd 4�� In ÆQl'%�EGLzg�:L�, [In+

Cd], zix�� Ec-18meV; �
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5 y B 3�y�7[ In =� CdZnTe �x�-jyvY! 1053

[In+
Cd] dg	 [V2−

Cd]_yEGix�� Ev+163meVu*X�, [(In+
Cd-V2−

Cd)−]; �=ndk%� 0.74eVu0ix:L�,v���, [TeCd], e�4	'C�-WL�, Cd 4�T6�WL�B�,�qW� In <� CdZnTe �wu�PIBI In <�:L�,� Te ��0ix:L�,	�-WL�,
Cd 4�T6�WL�B�,'CuWX�K�i�')
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[18] Rüb M, Achtziger N, Meier J, et al. Journal of Crystal

Growth, 1994, 138 (1-4): 285–289.

[19] Molva E, Pautrat J L, Saminadayar K, et al. Physical

Review B, 1984, 30, 003344.

[20] Molva E, Saminadayar K, Pautrat J L, et al. Solid State

Communications, 1983, 48 (11): 955–960.

[21] Franc J, Babentsov V, Fiederle M, et al. IEEE Transac-

tions on Nuclear Science, 2004, 51 (3): 1176–1181.


