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Design of a Low Noise Preamplifier with Constant Current

Bias Circuit for HgCdTe Photoconductive Detector
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Abstract: The crosstalk in a multi-element photoconductor is one of the factors which have influences

on the performance of a system. The electronic crosstalk caused by ground resistance can be reduced

by increasing bias resistance. According to the characteristics of a HgCdTe photoconductive detector, a

preamplifier with a constant current bias circuit is designed. The operation principle and noise of the

circuit are analyzed. The noise model of the circuit is given. An expression for its equivalent input noise

is derived. Finally, the circuit is implemented and its noise performance is tested.

Key words: photoconductive detector; preamplifier; low noise; constant current bias

1 *�Ve�i2LMeO�onw+�i}eMp4Sd��2TY�bA�E.�; �+*�D��EE`M!W�?4`<�i[*� [1] �H`< HgCdTeI[*�M24℄�;-C&z`#M)P��℄�6[*<9MBRTm/�MT;-['�_yZTm(\ [2,3] �H>524℄�TuM�pT�/
7��?4�sTmM[*�ZTuH��24℄X��A	MmU�xf|l(\T;-M#���t24n&_ HgCdTeI[*�MLa��sZmATu��Z�M�mH1� kΩ ',�vTuD�;F�['49`<
HgCdTe I[*�M�'�� ['(\6AAMBRTm/�MT;-�>i�H�i}e℄��i[*�I5MT�o/m'� &<5.�2009–12–15�"L+�Op 863 n\ (2007AA12Z179)b℄�!���4 (1981-)	(	�Z	�.���	�S�~L	�~3
w��e=l℄�~�E-mail: lidayu@ustc.edu

Infrared (monthly)/Vol.31, No.3, Mar 2010 http://journal.sitp.ac.cn/hw



f 31 m	f 3 r k w 7�HomrPm0�,>�mATu!���KQI6�yM*M#��
2 &�Io4y
2.1 ���z/�ÆaU&H�Ia&o|G$0g���Ia�M7�Tg�\�%?>#ITMOuZb�K�ITMi6Z�?b?�IaMTIxM7�P_��1oTI
2�i4TI
2\pM[*�1oTI[*��TI[*�Hi7T�p4~�>HI5Tu℄-8Ts(T��
2.2 -^�(�7�I[*����pHi7ZZ�bZTuM�A^[*�M��87�A3��/�ZTu/$MI6��BQ9[*��3MI6�I[*�MTsZ#f 1WB�f℄M
I

B
oTsZTs�R

d
o[*�MÆTm�� V

s
�? A S�5����SK�ZmA��

g 1 ÆJ\+�NÆ[Uv
2.2.1 nvfleruTI[*�I5�MI6T��I�VZTs� b� �VeZTsMMA�&j~�?[*��5M�%MA�q&j~�[*�I5MI6$%MA�HZTsMAK&V3Y<�[*�,��T�xb-8M m%?Æm<	�?bIYI5�M,9

TxVsMMAb?Q�d<�[*�M�:I6$%�℄MA�,>�[*�I5MI�VZTs?	KA7&z�,9�~?M� �3�TI[*�7&zo6Zin�H>Zin��[*�I5MI�Ay�
2.2.2 ilsnvfmf 2 ℄MTm R

E
� PNP La� T �2n�dLa�Ts�Tu�PzTu℄M(jI6k��sha�7n [4] �,>vTu['poQI6Z��o[*�_�ZTs�HvTui4La�H����p<�-T,�0,M�sO
Tm�A��JR�sM^�[>��sZ�D49[*�ÆTmA	M�`�rf 2 ℄M V

CC
− V

B
> 0.7V �L7�

I
C
≈ I

E
= (V

CC
− V

B
− 0.7V )/R

E
(1)A℄� I

C
o-T,Ts�/ZTs�MI5Ts� I

E
o0,Ts�?A (1) [R�X#La�#89��Z� I

C
Q:-T,T�x	

[5] �

g 2 Mb�NUtAUv
2.3 1^	~/�iTI[*�MI5�&�C�m'M�,>&#7
R?4P_��Q��7�ZmA'.��mATu��ZmATu^[*���M4pe#o/`#�H24�ZmATu<�2vYw'~&�W��I6�M*�C^�mX'.vV�O�H�i*m}e℄�I6W�5�`#�&�X#>�ZmA�242QI6mATu�A� ��K�D

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.31, No.3, Mar 2010



8 k w 2010 p 3 yM7�<=�x�<=|lI6W�#��
2.4 �'-^�X9	~�(�7�f 3 CI[*�M�sZmATu>ef�HPh�4��d,� Z_�*,MT�
V

B
�

g 3 ÆJ\+�NÆ�nBUv?fg
2.5 X9�JH24QI6TgTu℄MTsT�<���YwT�-8MTI6.�u"'.[��s�KT�℄M��T��#�u"^ZTuM3�AA�Q�#^T�I�7�y"�H	�mATu℄�T�ll�#tC&z&0La�Tgy"� [6] �#�T�y"l��I6Q#%2o�`Mw`�,o7
Mu"y7jf^iT�℄Md,��TmMI6d!C7
M�f 3 MTu℄�I$I6a#6[*��ZTu�mATu-8�69Tu℄M<=A

`�Hp{I6��<�['�YwZTs�%p��E�TuI6M
_O
Tu�E$mATu�G�EQzTuMO
I$I6�ZTu%pMO
I6��#f 4 WB�La�I5M[uTs i
o
/oZTs�MI5I6 I

nx
� r

b
� (1 + β)r

e
� r

e
/(1 + β) � βr

boLa� T M&� h )PO
Tu�E
b
C*,bOTmM I6� I

b
C*,kTsM(jI6� I

c
C-T,TsM(jI6� I

f
oLa�M 1/fI6�E

E
CTm R

E
M I6�E

B
CTm R

B
M I6� R

z
� I

z
p�C��d,� ZMO
Tm�I6Ts�f 5of 3TuMO
I6����℄�Z

iomA�MI$Tm� A
v
oM*� E

n
� I

n
p�omA�MO
I$I6T��Ts�N

d
o[*�-8MI6� R

d
o[*�Tm� E

c
�

E
f1
�E

f2
p�oTm R

c
�R

f1
�R

f2
-8M I6�R

s
oZTs�MI5Tm�I

ns
oZTs�MO
I5I6�f℄M�=UoxI6Me��=�Hs�T" C1 "m#�<�%� I

n
-8t7I6�H C

1
U�Ll�A<�['z�s�T" C

1
^TuI6M3��}RI6��Mp{�YwK>524℄Tu<=M)P��4U['L5�TuI6a#HFmMI6T��Ts�haTm R

f1
.Tm R

E
M I6M3���Y{I6�M3�['�z�f 3℄MTuH[*�qZ-8MFqC^I6T� ([*�I67i) o

g 4 Æ[UtAUvNP�J7��
Infrared (monthly)/Vol.31, No.3, Mar 2010 http://journal.sitp.ac.cn/hw



f 31 m	f 3 r k w 9

E′

n =
[

E2
n + I2

n(R2
d + R2

f1)

+4kTR
f1

+ 4kTR2
d/R

E

]1/2

(2)A℄� E
n
CFmMFqC^O
I$I6T�� I

n
CFmMFqC^O
I$I6Ts�

k o!f}/P (1.38× 10−23h� /K)�T oIaMT^sY (Fqo K) �

g 5 UvNP�J%J7��
2.6 �X9/ �Q2�> ℄'4MC HgCdTe 0"�i[*����p"\o 7.5µm ∼ 15µm ��psYo 77K �[*�ÆTm R

d
= 24Ω �DT"

C
d

< 100pF �o6ZTs I
B

= 5mA �Ph�QI6FUmA��4CQ,�La�I$M LT1028 �H�x f = 1kHz <��O
I6T� E
n

= 0.86nV/
√

Hz �O
I6Ts
I

n
= 1000fA/

√
Hz �La��sZTu℄M��d,� Z �4M��)9T�o 5.1V M

1N4733�}RA (1)�H R
E

= 820Ω<�Ts�MI5Tso[*�Mo6ZTs 5mA �Tu℄MTm�4 I6AQMGK�Tm�}RA (2)�haTmE	E��Ph� R
f1

= 10Ω�>{)PE$A (2) ��LTu-8MFqC^O
I$I6T�o 0.96nV/
√

Hz ��mTu��:�4M[*����6,Np{[R��24>L2vC?I6K[�<	�H/�`~�mATuMI6�242::x�M�d�,omA��:x�X���dMI6�}eMkI6O9FzpmM √
2

��onK[�R<	6�mTuI6/$M}eI6�2v>mA�MI6��242[*�I6M;pS&�/mA�MI6o[*�M 1/
√

10 �ADo 1/3 �#�G<	mATuMI6�>%M724�Y�b'*�%�L5.�
3 &�?K�+�X/℄{MI6*m&�82H7�M�xC^�
,I6MI5 [6] �H*mTuMI5I6<�B$n&zI6C^o 10.5kHz MQy"��H*FTuMI6<�HTuI$ZBn&z 24Ω Tm�'�	B$[*�MTuM�pZ���4B"�*mTuI5�MUj}U�� 1 |5nTuM>*D�� 1 fmtodpjhUv J7 J%C 24Ω Un=NJ%C\+�=NN+ D_ J6J7Vk~V J6J7Vk~V
11000 10.5kHz 1.47mV 4.92mVFqC^O
I$I6Uj}T�['6~A�LGrD_P�J%J7Vk~U�

=
J6J7U� (Vk~V)UvN+×

√J7D_ (3)6� 1 *LMPR[R�I$B 24ΩTm<�}eMFqC^O
I$I6Uj}T�o
E

ni1
=

1.47 × 10−3

11000
√

10.5 × 103
= 1.30nV/

√
Hz (4)�℄�Tu/$MO
I$I6MUj}T�o

E
ni2

=
√

E2
ni1 − E2

i (5)A℄� E
t
o 24Ω TmMUj}I6T��['4~A�5�

E
i
=

√
4kTR (6)A℄�k o!f}/P�T oIaMT^sY

(Fqo K) � R oTm�>)PE$A (5) �A
(6) �['�LTu/$MI6o 1.14nV/

√
Hz �

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.31, No.3, Mar 2010



10 k w 2010 p 3 yHI$ZB[*�<�O
I$I6o
E

ni3
=

4.92 × 10−3

11000
√

10.5 × 103
= 4.37nV/

√
Hz (7),>�[*�MI6o

E
n4

=
√

E2
ni3 − E2

ni2 = 4.21nV/
√

Hz (8)64UD�[R�Tu�3MI6�[*�MI6	L`�Tu24q�#��
4 x^6',F/nI[*�M�sZTu��ZmATuM24.I6p{� I�nTu*F�H>5*F℄�!#YwT=:"24�'<	}e�%.i%{_T=)�^TuM3��onI&$_yTuM���!�#^T

uM0\Tu�24'.}eM���BRjAI��4$M�O�wI�y$FK
[1] yjg	P
 �BTE��> [M]. �N��l�%6�1	 1998: 182–183.

[2] k�p	()	"1
a=ÆJqr�\+�NU<. [J]. �BT�*xRu, 1997, 16(1): 77–80.

[3] gB;	℄�$	p"W
a=�jÆJ\+�Uh�<.�P [J]. ��T�B, 2009, 39(9): 952–955.

[4] Paul Horowitz, Winfield Hill. �`R [M]. �N�Uh�%6�1	 2005: 349–350.

[5] Paul Horowitz, Winfield Hill. �`R [M]. �N�Uh�%6�1	 2005: 62–63.

[6] C D Motchenbacher, F C Fitchen. �Y:�`8�
[M]. �N��l�%6�1	 1979: 225–226.

[7] Paul Horowitz, Winfield Hill. �`R [M]. �N�Uh�%6�1	 2005: 366–367.NH�? News

360 ��C{�0WMOI3�6�=}
P# www.shephard.co.uk D[ 2009 , 10V 9 4t� �������'G`℄z=5D&J,�~?f�pE�Et��!P�RYs�?6aUq!�W�DU��~?f�p�� 360 +Ys�?6d^![�7����="��BFTw<QBF4s�Z*1G!D&J,�=d<Q�:}�rVTEÆ2"v+N�-Æ��Q�E	���~?f�p (&Av 54in) UT v=���89Tg,{+mt�7�0Hm!���D&J,�!�<S3 2009 - 9 ;=�N$,a�RN#|z-.$y�!�E7�W��H$~?f�p���k�= sv$"�-K�:}Yh�rVTEÆA�!*��nP 360+!Ys:>��-*Jd C{>!'�yLTC}(!r	�wU!A#Mk! 360+	C%M�?6�
^?9�d 10 ~!�

��v*��D6�23=1�'�Z.'�y�P���=G`!2L;�?_�e!#QYs<Su�℄�GA�?6�V=!A���{!aUq)�v�k�'�P���%MF	f�#Mk�3WDÆ�?6!�*�0[u�l��#��k�! sgT?I*����D&J,��2!A�5!wI^}�f1!AZ*1G!9�qKR7�6 (02`/Rjj02<S) �!A��R$"CT!A:�V2O,I��`/R2<SQ 
^?9*=�� 1min !Ns)�_7�6E!�?6$iN�Y��℄!A��;���'7�D&J,��kF�2�P�o�*!\tR2<S$K��/�!A��DÆ2<S|�!AV2bUR%MTuMVz�	6! 360 +aUq�!AxV= 90 +aUSE!}(RYs�	6�!A�R:}�?6�!A�R! 360+Ys�?6T!A#Mk!�2���v*�! 360+%M�	6�� gkq
Infrared (monthly)/Vol.31, No.3, Mar 2010 http://journal.sitp.ac.cn/hw


