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Abstract: Laser imaging guidance is one of the development directions of precision guidance. A laser

imaging guidance detector is the key component for a laser imaging system. The research progress of

laser imaging guidance detectors including HgCdTe focal plane arrays, Si Avalanche Photodiode (APD)

focal plane arrays and InGaAs PIN detector and APD focal plane arrays are presented. Among them, the

InGaAs APD focal plane arrays will become the main development direction for laser imaging guidance

detectors. Their key technologies include growth of epitaxial materials, fabrication of high uniformity

detectors and design of readout circuits.
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�"� Si����InGaAs ���� HgCdTe��

�
!18-� 1.47 µm ���*	)�45�

���
*	)5��189� 1.47 µm �-1

)(��,�����,�.:Æ#��"�

#
.��18� 1.55 µm ����;�.*	
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1 CDEJKFGLHIMNJ
* 20(3 60 )?3*�44@5A+56

,����(6-B�4 He–Ne ��74�*

��
�.6,�556/76,*0��8

)7�9�&���B�4 CO2 �
����

�B�4 YAG C8D����
* 20 (3 80

)?�*�*:;159��E1����<

F-��������8

&GÆ# [3] 
1985

)�44��=��92

*>:����

:%�;��*6�;��<�3����<

&H�I�����=>
?����<� 24

C759 GaAs���:;1������=>

�<� Nd:YLF :;1E1�>:�����

=>����������� 200 m � 2 km 
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@�5��4� 20(3 90 )?
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��Æ#�#8+��@8M�A��3�

@
2002 )�44@4�(�9AB�92�

���&<� 4×47CDC5 Si–APD�6C�

���0� (Gen–I � ) 
 2006 )�D�1�

��<� 32×327CDC5 Si–APD�����

�90� (Gen–III � ) 
�� ���18�

532 nm ���EE-� 500 m ����%��

40 cm 
2010 )�44�:D�F76,���

�&<� 128×1287 InGaAs APD ����*E

)+8��
��
������18� 1570

nm ���#�� 5 ∼ 60 cm 
2011 )�44A

B�92�����&<� 32×1287CDC5

APD 59��:���
�;994 (Airborne

Ladar Imaging Research Testbed, ALIRT) � 
�

� �
���� 9 km ��3*>-:%F�

���%�6C�
��* 3 km ��-���

�%�� 10 cm 
�!�6C�
�����;

FG:&�$9G;
	������&�:

;1E1;�����H<<�>?�����

�����3�=>��G�=�!(AB�

�	�����
�H��%�(��


2 CDKFOKPQLRS
2.1 HgCdTe >MN

4( HgCdTe,#-�I��;Æ#I��

��;�H�"0)44� DRS 6,��.6

,�J4� SELEX6,� BAE � 6,
�'

4� CEA–LETI �;3+� Sofradir 6,
2001

)�444$�:�;�IJ (DARPA) �!�

6C�
NJ��I�?*�;<�@AK APD

�OK'8
�����
��L�#L
�


�6C�
����B�0�(
�3�MNK

P · OQ6, (+ DRS 6,�����) ��.

6,��R� 128×1287� 32×27/10×107@
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AK APD���59�* 1.55 µm��	���

������ [4−7] 
2004)�BAE� 6,��

���&<� 1.57 µm�L������MN�


� �����R� 320×256 7@AK APD

59�77 K O�P�PC18� 4.5 µm �7 V #

QP�/R� 97 �MN�	� 60 ns �Q?� 9

m
2006)�SELEX6,� ���MN���

��
L!����� F(� 4.5 )��3�

M����@R�G� 1300 h 
� 1100 K O�

SN
����* 77 K P�PC18� 4 µm �

�*,�(�#Q-��" CMOS #L�5�

#Q (6 V) �!�"����	S)(����

�
�3)(A�
 [8] 
2010 )�SELEX 6,

�@AK APD ���18� 4.5 µm B-G 2.5

µm
:�S0-T#T [9] 
�6,���31

APD ����� FG�
* 13000 in ��3

*>-:%CT�
 (+' 1) [10] 
2012 )�'

4 CEA–LETI�;3+UD��&+ 1.57 µm �

����MPC18� 3.1 µm � 32×2567@A

K APD59D������� 
0M APD5

9�(�O�� 200 K �����8U� 8 ns �

OE�*� 8 mJ �6 V 0EQP� APD /R�

23 
�� * 50 mV EQP��	6�)(�


����
��* 30 m F�����:%�


��#�� 9 cm [11] 


2.2 Si OF>MN

GV3CDC5 Si–APDFG�&����

��'�� �U�VHL�9'�
W4��

%�;(�8:IG�(W,�V�
X��

����6C�
� Si XY,#-���(�

FG%G�P�4W�JZ$� [12] ��30)

Q�R�@CDC5 APD 59�CKR�@C

DC5 APD 59<&
!G�"+44@4�

(�9AB�92��;	HL�
2002 )�

��92[\��&<�C?C5 Si–APD59

�6C�����
� �� APD 59�S?

� 4×4 7�C7]^� 100 µm×100 µm ���

-T� 30 µm×30 µm [13] �L�D�"����

32×327Q�5CDC5 Si–APD [13] 
D�NU

Y 1 I 13000 Z_`VW[�aJ 320×256 KLMX APD NXY\bYMc]Z[\OYc]
Nde`O�Z]
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Y 2 32×32 K^cP_`[P Si–APD NX`YQ^Z Si afg\`]hbiY

PQc^
�jCDC5 APD 59���� Si

L�#LR�G��R��' 2 �D
�3�_

M
7`�#-aH�
7]^� 30 ∼ 50 µm�


7	�� 100 µm 
����R� –23.5 V �

5 V <&(�#Q�L� APD �0EQ� 28.5

V ���  #Q
2011 )�AB�92[\�

�& 256×256 7C?C5 Si–APD 59
D��

��#L:%c^�D��,#-�I [14] 


CKR�@C?C5 Si–APD
��"+S

$MTbk�(�9�_9�cd�(9�(

�H��;	HL�
D�NU�U(`jC

?C5 APD 59����L�#LR�G��

R
' 2�D����� 32×327CKR�@C

?C5 Si–APD 59
D�R� 0.8 µm CMOS (

`Æ��l�����R�#L
��-� 

e� 38 µm �	�� 58 µm 
����59R�

–25.5 V � 5 V <D#Q�LC?C5 APD �*

30.5 VEQP
0&#L�����l
�UH

dR�4"*&Gf#
C?C5 Si–APD ,#

-�"�����+���X+��+��e

*	)S�VW��,�%G��!�3�


2008 )�S$MTbk�(�9[\��&


7]^� 25 µm � 128×128 7 Si–APD 59
�

59R� 0.35 µm CMOS (`�l!����	

�6C�

' 3� 32×327CKR�@C?C

5 Si–APD 59�'K��
7�f9' [15] 


2.3 InGaAs >MN

���
 InGaAs ,#-���Tm<M�

#Æ#�������g&;��*�U�:;

Y 3 32×32 KnQhca_i[P Si–APD N
X`YQZX]K`biY

1:C59����L��
R��j@ InGaAs

,#-����g(�MU� hR�XY@

InGaAs ,#-���


2.3.1 InGaAs PIN PQR

2001 )�P4 Federal 4$9�� 128×128

7 InGaAs PIN -13�,#-�����UD

����
B�0�
�YlR�44NJ�

&36,'�� 128×128 7 InGaAs ,#-
�

Nd:YAG OPO�������18� 1574 nm (*

	)5�) �!��
ak�	
+��!%G

L1�����&�3��0&�5����


���3�9V� 1 km
�!�44NJ�&3

6, (	6 Goodrich6,Zl) * InGaAs���

�;�-��(6��>b
�6,���<�

128×1287�320×2407�320×2567� 640×5127

)(,#-�c@S)(��FG�	��d

m��#`���� 6×1012 cm·Hz1/2·W−1 �*6

��9� 70% 
D�FG�&��� 1024×1024
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7� 1280×1024 7 InGaAs -13�,#-
g

(�[Io\6,�44 Indigo 6,�U�� Xen-

ics 6,(8*�� InGaAs ,#-��(�


2.3.2 InGaAs APD PQR

����*	)5�� 1.55 µm �n�	�

����&PC18� 1.7 µm � InP < InGaAs

APD 
+� InGaAs APD ���*���-�


U InGaAs PIN �����M]*o�InGaAs

APD ,#-����
�������"Æ#

�#
P�5�4W+i��* InGaAs APD ,

#-��;!�
<� InGaAs APD ,#-��

 ��H!�������4ep*��Cp

AB�&!L�dR������W��T-�

$*^��IH�_��	�.Lq_����

���$����&��� (


* 20 (3 90 )?q*�44 Hercules $Æ

3+�&����4��=/j�� 1.32 µm>

����
��
�� R�<�^e1��:

;1E1 Q 
%� Nd:YLF ���
� InGaAs

APD ,#-��X`(�&�� 0.8×10−8 W �

2-����n&�� 1.5×10−7 W ��
99

3����%�� 0.25 m �29��� 2 km 


44r���:*kl+� 3�����R�

(�18� 1.571 µm � Nd:YAG E1 KTP OPO

���
� InGaAs APD,#-����#��

1 m 
MNKP · OQ6,�H�I��� �
 �44m��b�Æ#�6��
�� R

�<�s�/GPS �W�����f�����

� ��
+ AGM–130 ���AGM–154 ���

�1tna� tn��m�=���� �

SUU–64 =��;br�gf
����f��

�Bcd 370 m×900 m9-�EE���'�%

�� 15 cm�6C��.
�
<Y"e���

�
2008 )�44���JAfu�16,gh

��v�* 2 )�=E 350 h47��Æ
�6

,wZ
Æ��6C�
8������ �

<� InP CDC5 APD �,#-59Co
0

&C�6��Co���6C�
8����

 iK���*=i+


C7XY InGaAs ������j�H-�
�!*k/-F�lÆ�m�X��7�-5
������(�H�pj
InGaAs APD ,#

-59DI�A��@6C�
�����%
(sI
2008 )�AB�92���&���
� 128×32 7� 256×64 7CDC5 InGaAs APD

59
P[ 2011 )�APD 59�S?FG�
G 256×2567
g("�j��;�H+* InP

< APD :%�9*�;�U�1k6,Pn�

Spectralab6,(
+�Lq APD���*9E
QP�o #TH9�#6��l+t�u/
UW��\UpX`H9
.L!":%�K(
Wv� (U�L�m)a:%u/��) ��N

U,mwR�fqUW
n�UpX`
' 4�

InGaAs APD �aHD_'
41��(oOK

�Y�"�������l(`-
r� InGa-

As APD+U InGaAs PIN:;1dR&�
!G
R�pZr�u/rÆM��� APD aH
�

3�PN a6Y�*UKq InP x3�
0-�
I�T#T�Æ��NU* InP � InGaAs %	
=I�KÆM� InGaAsP ��
B-�':T
6*�6--�Ts�	
*�����l(
`3��;	HR:�<Sfq�y'���
* InP x3r� PN a�:�*�����Er
�</N�
$.EQU�!�\�I  
g
(�+�]t��8D��*�3 (0����
*�9sNt��(.u�%) ��<Y&G�
!������APD ,#-59DI�]^4
�^&s9�.Letv�!��	�%�


Y 4 InGaAs APD `ZxwuY
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�!�4F� InGaAs APD �;"��RS

V��9�]�;	H+�*:u�C7 InGa-

As APD:%C�6���;�yG�* InGaAs

APD :%�v,m
2007 )�$x_#9��

���GV3 InGaAs APD�����/,�	

≤1.5 ns �/,� ≥9.5 A/W�T#T ≤40 nA
3

4#6Rv6,B 44 �;�FG����C7

�G7 InGaAs APD �Æ��/,�	� 1 ns �

/,�� 9 A/W �0E#Q� 25 V 


3 STU
z!0)44*F�5�Æ�4WT\!

����
� �;����*XY,#-�

���-
4F����
��
�"���

vvYV��.L!"i�,#-����6

C'
��������'�;�
wF�	

���
��,�
InGaAs APD ,#-�e�

����
�������"Æ#�#

#

InGaAs -5,#-�;Fw&`
`xy��

��*(oOK'8��`a�����l
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