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Screening device of CCD spectral conformance for wide field of
view space camera

YE Zhao"** , LIU Ze-xun'?, LI Xian-sheng', WAN Zhi', REN Jian-wei', LIU Hong-xing"*
(1. Changchun Institute of Optics, Fine Mechanics and Physics,Chinese Academy of Sciences,Changchun 130033,
China; 2. Graduate School of the Chinese Academy of Sciences,Beijing 100039, China)

Abstract : Focal plane array assembled by one CCD has been used for wide field of view space camera. For
several assembled CCDs of focal plane array,each CCD should have higher spectral coherence, because
relatively large errors can influence the focal surface spectral characteristics, causing the target spectral
information loss and affecting earth observation. Combining with CCD radiate response function, we pro-
pose a screening experiment scheme based on relative spectral response and spectral parameter,and then
fabricate a screening device for them. It ensures sectral coherence for the assembled CCDs of focal plane
array very well. The facility is highly integrated. It can test the relative spectral response, peak wave-
length, center wavelength, full width at half maximum (FWHM) and other spectral parameters quickly
and easily. We establish a database in accordance with the test data,and carry out the optimal screening.
Using this device,we test 10 time delay and integration charge coupled devices (TDICCDs) in a batch.
According to the analysis and calculation of the experimental data,the results show an optimal combina-
tion of four TDICCDs. The measurement uncertainty of the facility is less than 3. 5%. The TDICCD se-
lected by this device has been used in focal plane array assembly wide field of view space camera. It pro-
vides a favorable technical support for the camera image quality.
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Main compositions of the screening device for CCD spectral conformance

Equipment
name

Component
name

NO.

Application

The main technical indicators

High-precision
horizontal slip

Electric
1 displacement

. Electric filter wheel
mechanism

Supporting
mechanism

Grating
monochromator

Quantum well
detectors

Spectral
2 test

mponents <
components Collimator and

imaging
objective

Data
acquisition
device

Automatic control, the positive
and negative mobile

Place cut filter to eliminate
secondary spectrum

To ensure the stability of the slip
table and spectral test components

Pure monochromatic

The passing benchmark standard
detector

Collimated monochromatic
imaging CCD photosensitive
surface

Acquisition the detectors output
data

Stroke:500 mm

Repeat positioning accuracy:
<C0. 005 mm

Maximum speed:40 mm/sec
Resolution: 0. 001 25 mm
Pitch:¢I" ($25.4 mm)
Available Quantity:6
Repeat positioning accuracy:
<C0. 005 mm

The cut-off filter;300 nm,600 nm,
900 nm

Plane accuracy:<C0.1 mm

Spectral range:

330— 1000 nm(linear dispersion
0.8 nm/mm,repeatability 0. 08 nm,
resolution 0. 03 nm)

stray light:<C0.05%

Minimum step:0. 002 3 nm
Detector Wavelenglh response
range:200 nm~1 100 nm

The detector non Stability((20£5)°C) :
<£0.08%/h

Relative sensitivity:5X 107"
(maximum output signal 5 V)
A/D Accuracy: 16 ;signal-to-
noise ratio: =60 dB

Reflective structure

focal length 1500 mm, relative
pore size 1/15

The imaging lens focal length
300 mm, relative pore size 1/3
Accuracy of the DC power
supply:0. 005%

Long-term stability:0. 05% /year
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Inner diameter 300 mm,opening
50 mm,4 15 W tungsten halogen
lamps
Integrating Diffusely reflected light Measured reflectivity: =97 %
Integrating sphere (450 nm~900 nm)
3 sphere Integrating sphere outlet
assembly uniformity;99. 8%
Integrating sphere outlet
Integrating cosine: 98. 9%
sphere support
assembly Integrating sphere stable Plane accuracy:<<0.1 mm
Detector
acquisition
circuit CPLD+ MCU control
. " . Drive 57 stepper motors
Mast Stepper motor nglgl.l[t)remsilonls(lilp. drive (maximum current o 3A)
raster controller Hter wheel drive Scan Mode:2,4,8,10,20,40
4 Control ; .
S The deceleration: trapezoidal
System .
wave deceleration
PC—+frame Software: VB. NET, Matlab 7
grabber+ Image acquisition: VB. NET,
control Image acquisition. testing control Maxtor acquisition card
software age acquis rtesting ¢ interface
Communication
Interface: RS232,Camera-Link
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Tab.2 Spectral parameters of 10 TDICCDs

CCD Peak Central FWHM
wavelength/nm  Wavelength/nm /nm
10238586 662 722 540-916
10238596 660 726 536-920
10238 602 670 718 514-924
10238 609 664 730 544-924
10238616 670 714 532-914
10238631 660 726 536-918
10238638 680 724 532-924
10238 647 688 708 518-906
10 238 655 698 734 548-922
10238508 850 740 540-926
2 . FWHM 3
,10238586.,10238596
10238609 10238631,4  TDICCD
o 4 , 4 TDIG-
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TDICCD 8% . 4
TDICCD o
[15]
D 400~1000 nm ,
3%
0.5%;
2) 0.05%;
3) N N
) 1%;



e 270 -
4) ’ 1%;
5) TDICCD 1%,

o =

0.03% 4 0. 005% + 0. 000 5* 4 0. 01* + 0. 01* 4 0. 01°

=3.5%
, 3.5% .
CCD ,
CCD .
0 3- 5%; ’
, CCD
TDICCD . .

[1]

2]

(3]

(4]

Chen Shi-ping. Design and test of space camera M. Bei
Jing: China Astronautic Publishing House. 2003, 12 236~
250.

. [(M].

,2003,12:236-250.
ZHANG Xing-xiang, REN Jian-yue. Mechanical interleaving
assembly of TDICCD focal plane[ J]. Acta Optica Sinica,
2006,26(5) :740-745.

, .TDICCD [J].

,2006,26(5) :740-745.
XIAO Zhan-quan, ZHAI Lin-pei, DING Yalin, et al. Re-
search of optical assembly errors effects on TDICCD
cameral J]. Semiconductor Optoelectronics,2008,29(5) ;
795-798.

s s s . TDI-CCD

[J]. ,2008,29(5) :795-798.

Nivedita Sanwlani,Charu Singh, Prakash Chauhan, et al.
Post-launch calibration of the INSAT-3ACCD geostation-
ary satellite sensor[ J]. International Journal of Remote
Sensing,2012,33(16) :4871-4885.
XUE Qing-sheng, WANG Shu-rong, YANG Xiao-hu, et al.
Spectral radiance responsivities calibration of limb ima-
ging spectrometer [ J]. Journal of Optoelectronics * La-
ser,2010,21(3) :406-410.

’ s s

[J]. . ,2010,21(3):

[6]

7]

[8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

2013 24

406-410.
Michaela Schuster. Saulius Nevas, Armin Sperling, et al.
Spectral calibration of radiometric detectors using tunable
laser sources[ J]. Applied Optics, 2012, 51 (12): 1950~
1961.
Junichi Nakamura. Image sensors and signal processing
for digital still cameras[M]. U. S: CRC Press, 2006, 95~
143.
CHEN Feng, ZHENG Xiao-bing. Influence of spectrum not
matching on calibration precision of remote sensor[ J].
Optics and Precisiom Engineering,2008,16(3) :415-419.
[J]. .2008,16(3) :415-419.
REN Jian-wei, ZHANG Yan-qi, YE Zhao, et al. Establish-
ment and application of CCD radiate response function
matrix[_J]. Optics and Precisiom Engineering, 2012, 20
(5):957-962.
s s ., .CCD
[J]. ,2012,20(5) :957-962.

SHANG Yuan-yuan,ZHANG Jie, GUAN Yong,et al. Design
and evaluation of a high-performance charge coupled de-
vice camera for astronomical imaging[ J]. Measurement
Science and Technology.2009,20(10) :104002-104011.
LIU Xu. REN Huan. BA Rong-sheng. et al. Full aperture
measurement of transmissivity for large aperture optic
components [ J]. Journal of Optoelectronics + Laser,
2010,21(6):907-910.

[J]. . .2010,21(6):907-
910.
YE Zhao., REN Jian-wei, LI Xian-sheng, et al. Screening
device for the LED as spaceborne calibration light source
[J]. Optics and Precisiom Engineering,2012,20(1) ; 64-
71.
. LED

[J]. ,2012,20(1) :64-71.

Andrew Walkera, Tim Eatona, Roy Stewarda, et al. The
gaia challenge: testing high performance CCDs in large
quantities[ A]. Proc. of SPIE[C]. 2008, 7106 71061-
71076.
James M. Palmer.Barbara G. Grant. The art of radiometry
[A].Proc.of SPIE[C].2010,184:241-268.
YE Zhao,WAN Zhi, LI Xian-sheng,et al. Spectral calibra-
tion for the large aperture infrared radiometer. Spectros-
copy and Spectral Analysis[J].2012,32(7).:2-5.

’ ’ s

[Jl. ,2012,32(7) . 2-5.

(1985—), s



