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Cross-type Differential Ultra High Precision
Solar Sensor with Small Field

ZHU Zhen-tao 1,2, XI Hong-xia 1

(1. Shanghai Institute of Technical Physics, Chinese Academy of Sciences, Shanghai 200083, China;

2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: A high-precision solar sensor specially used for image stabilization systems of solar-observing

is designed. In view of the shortcomings of traditional four-quadrant solar sensors, a detector based on

cross-type silicon photovoltaic solar cells is designed in order to improve the sensitivity and anti-jamming

capability of the sensor. The sensor has a low error of 10 arc seconds in the effective field of view (1◦).

Key words: solar-observing; high-precision solar sensor; cross-type silicon photovoltaic cell; arc-second

level

0 ;<
����
���
	
����	��

��
	��		
	��	��

���

������
��Æ��
	��	 [1] ��

�
�����	 (Active Pixel Sensor, APS) �

���
	��	��	��	�����
�

����
	��	�������;�	�
(Charge-Coupled Device, CCD)��������

��� (Complementary Metal Oxide Semiconduc-

tor, CMOS) <� APS ����
	��	 [2] 	

��
�� CCD ����
	��	� �!

��
�Æ 0.01◦ �����
����!��

���
"���	#��$��%��� !

&��"�
� CCD�'�!�""
�(#

=�� ���)�� �	#�*$
%&�

� CMOS APS�
	��	�$+% !%%'

�
&!','&*$("��� CCD APS �


	��	
#�)()*+#$-�� CMOS

>?@A�2017–03–10

BCDE�=>? (1992-) �F�G@HAB�ÆCDIE�FGDIJHIJKKLL.
E-mail: billow.z@outlook.com

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.38, No.7, Jul 2017



2 � � 2017 M 7 N

APS �*
���/����
	��		

%&��Æ���	��+$�
Æ
�

��� 0.01◦ �
	��	��,�
#���

�$,-0�./-%0&.�
' �/��

����	1,/(12��()�2�<12

30
4����(30 (1.5×1011 m) 	
	5

$*6�+3,� 1×107 m
'�-0��,�

13′′ 	
	�+3� 1.4×109 m
'�-0��,

� 32′ 	14

	5$-5�.�-0$/6

�-0�7
23-%0�����8 �"

7�����	� 
0�
	���	14M

8&������ 0.5◦ 
����
	��	6

�9����0�9'��
5	��
)6�

����$,-0�
	��	*$':�2

;<�#:'4	7)�=� 1998 �� 2010 �

�8�
	�>93,:;0	 (Transition Re-

gions and Coronal Explorer, TRACE) �
	?;

)�(< (Solar Dynamics Observatory, SDO) ��


	-0��	=�@4�/����
	�

�	 [3−4] 	��
TRACE ;0	4
	-%0

�<3� 30 cm 
�!� 8.5′ 
./�A="7

1′′ 	���Æ���'�
B>5=@4��

�+$&.�?�6�&.5,�>5C?+

$� 20′′ 

	��	����"7����	

�DE>�
F(@?���7A��$

,-06�&.���!%/��� (���)


	��		

1 OPQNOPRSQ
1.1 RSTUVWXYZ[\]^_

? 1 ��.B/8Æ�
	��	�C9

?	B/8��;0	���A=�0:DG

0�%@�;+�$;+$&*$*
AH<

� [5] 	��B/8
	5��E [6] �Æ��


	��	IB*
F�Æ����	�"J


KGC5,=>HI�5L�	

#��?�@?�
0�@�AJMKB

�D���E=
E��C���E=�D8

$�F
?L-
	M8�	?�@?$@�

A�GHN/H-�I����
F@�A�

+�M�NE*
J
5O�O��� $G

H`F�����"�	14@�A3��E

��GI$P�7
238 ��KHPL�

$�6��Q	

1.2 abcWXYZ[\]^_

I$�.B/8Æ�
	��	�QJ


F(�������ERMG?�*�6�@

R 1 SSTTJKUVWLXUYTZMR

Infrared (monthly)/Vol.38, No.7, Jul 2017 http://journal.sitp.ac.cn/hw



� 38 ��� 7 � � � 3

R 2 [d\VW]TXYZMR

R 3 WLXUYTN^NO

?	? 2 ������E�Z[C9?	��


BP��E�_-�Q�=�

I1 = (x10 + dx) · w · μ (1)

I2 = (x20 − dx) · w · μ (2)

I3 = (y10 + dy) · w · μ (3)

I4 = (y20 − dy) · w · μ (4)

��
μ ���E�O<=
��0P� 340

µA/mm2 	RS� (1) ∼ � (4) 


:7�

dx =
1
2
(x10 + x20)

I1 − I2

I1 + I2

− 1
2
(x10 − x20) (5)

dy =
1
2
(y10 + y20)

I1 − I2

I1 + I2

− 1
2
(y10 − y20) (6)



T-
0����G?�@?UQ
F(

@?��������E�
	��	 (V? 3)


� WXR��Q&L(	� 
0�*
+

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.38, No.7, Jul 2017



4 � � 2017 M 7 N

�M�
@�A\`
JMKB���E=
a

�GH��]:9^	

� 
0�F(@?�
	��	� 1◦ �

��!�a�
0
	M8�Q'�_8b�

]�

I�WX	@?�

	��	���

h � 600 mm 
';
	*0�� α %`S��

β  


α = arctan
dx

h
� dx

h
(7)

β = arctan
dy

h
� dy

h
(8)

0D
V
�F(@?�
;0	�_-!'3


	��T/
UYZ�C�2[�	

1.3 ef^_

���E_-�!'�%M�
��aV

�\g[ �]G ADC �W�*�	�\g[

 �]�
0�XL[ 	�bc^cd��

dYef
�
 �gZ��Ee[H<�C�

9(�� 0�XL[ 	*
_��_Mg

`
B�]hF�� �W�g�]*
9��

��	\� OPA2188XL[ 	]E� AD7612

Æ�^a		?b SAR VÆ�^a	 (16 0) �

�A=

"7 16 bit 	? 4 �!'�%�]�

C9?	

�0�S=C
�
	+8�
��E30

R 4 _cidVeTZMR

$�fjg��Q I0 � 340 µA/mm2 	��E�

kl� 5 mm×23 mm	�f0 
��E2D7

�$�,� 50 mm2 
�h P,� 100 mm2 	

`D
ah�XL[ 	�bc^�g@b� 1

kΩ 	

2 TUij
��i���	�c��5
ahjd��

ek
	Æ�	����^< (�0��� 3′′)

�!>�6��0l	0��ek
	Æ�	

��Db�,� 0.05 �
	��
F(�XL

[ 	�c^�g)�� 10 kΩ

a;0	*


=,�����	

? 5 �? 6 �=�^<`S��*0�3

R 5 fmmgghnhgoTiiR

Infrared (monthly)/Vol.38, No.7, Jul 2017 http://journal.sitp.ac.cn/hw



� 38 ��� 7 � � � 5

R 6 fmpnghnhgoTiiR

��	2<0�PT/�[&?	

T-
�

�	�0�P3^<2<�PT/*
YZ�

C�[&	��
̀ S��0�jG� 9.97′′ 
*

0��0�jG� 7.06′′ �
k�!�,� 1◦ �

olp=� 100 Hz 	

2.1 kl3m
0�a�� 4 P�j�D���E
F(

@?�
	��	���E�kl%ÆF��

��=q����kG	I$��EO<=�

I�


���e���Q&�	��E�Æ

F��jG
2.�aL�D���E�l�

jG	14`'G���P��E�l�2G
Δw 
23

Δdx =
1
2
(x10 + x20) ·

I1 − I2 − I2

Δw

w

I1 + I2 + I2

Δw

w

− I1 − I2

I1 + I2

(9)

0 α � dx

h

m
; h=600 mm  
qkG

� ±0. 1mm 
'�Q' , 1′′ �jG	� 0

�F(f�^<���� 3′′ 
��nM2<�

0�jG	

3 iVW
��@?��l���G?�;0	
a

Æ�
	��	���! (1◦) ��Æ�/��

� (10′′) �0�
� Cgm�Æ�
	��	

ol=��
J	�r'9����0l@r

�2[leTK
q���QÆ
jGn"7

9����
'N�5�>5$,-0'�&

oo�pp <�	

no67

[1] sts�tuuvpqrstuvwxy [M]. �

����qqwxv�2003.

[2] rrw�xys�ytuvCMOS APS sWLXU

Y�Ttu�� [J]. z{|}, 2004, 26(4): 76–80.

[3] Joseph B I. Transition Region and Coronal Explorer

Mission [C]. Aspen: IEEE Aerospace Applications

Conference, 1996.

[4] James R L, Alan M T, David J A, et al. The Atmo-

spheric Imaging Assembly (AIA) on the Solar Dy-

namics Observatory (SDO) [J]. Solar Physics, 2012,

275(1–2): 17–40.

[5] zvw�vz�xw�{vyxTJK{nYTyU

|}zznh{{ [J]. Æ~|}v�, 2007, 20(5):

1188–1182.

[6] |||�}~~�}~�vTJK�V{nYJ

K}~�nhp� [J]. Æ~|}v�, 2006, 19(6):

2610–2612.

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.38, No.7, Jul 2017


