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Table 1 Basic parameters of CCD275

Parameters Value
Pixel size 26 pm X 26 pm
Active Pixels(H X V) 10241024
Peak charge storage =700 ke /pixel
Maximum readout frequency 5 MHz
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Input: current, mean, var, length

Output: mean_new, var_new

01 # find PTC full-well point first time by EMV A1288 standard

02 fori= (length—1) to 2 do

03 if ( (var[i—2] <<wvar[i] ) & (var[i—1] <var[7] ) ) then

04 full_point_old = i;
05 break;

06 end

07 end for

08 # make PTC full-well point compensation

09 for i = current[ full_point_old— 1] to current[ full_point_old+1] do

10 setCurrent(7) ;

11 wait image stable;

12 (mean_second [i— current [ full_point_old—1] ], var_second [i—current [ full_point_old—1] ] ) =

capturelmg( ) ;

13 end for

14 # create new mean and var array

15 mean _new = combine( mean, mean _second ) ;

16 var_new = combine( var, var_second );

17 drawPTC( mean_new, var_new );

fRAS 5 A current . mean | var 43 HIAC R — KRB W HLIE YI(E A7 22804 length RR B K& . Ha
th mean_new .var_new 3R 100G S B 3 (E RN T 228004
2.5 WikmEiLIt

W BEPERE A9 F s I AR BT an & 6. K TF a5 J5 , KT & 1 e R AR — AL S S I B R 2% e AR
MM Vo BERESE NG ST I R AT Koo 8 1 255 LRDGRA 8, fr BUR R 2 5 R
0 Y (8, 308 2k R A 1 T AR IO 2% , BRI 2 M RN V7, 25 o 5 R 300 RIS FR 90 FORE R RS Y S L 25 R IE AR
MRV, Hrp M AER PTCR AR, VAR R AR . Z IR TG0 , B R B0 TR, B B 58 UR SR B,
BN HNAM, A VIS 3R B4R A A, AT U R s AN DN, BRAS 0 AR A S S i PTC BR, H5
G R G R BEE .
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Fig.9 Test result of PTC
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i B, AR SEPRERAE R B TE N 51 23 MR 48 28 50 %o B — B50(E PR RE 1) 440 0 A7 398 sl 08 Y, O EL AR 08 8 B 0 5
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Table 2 Line move period of CCD275

Symbol Description Min Typ Max Unit
Line move period 800 1000 / ns
T, Image/store section pulse ries time (10%~90% ) 45 50 / ns
T, Image/store section pulse fall time (10%~90% ) 45 50 / ns
T, Register clock period / 334 / ns
T./T, Register/reset pulse rise time (10%~90%) 5 10 15 ns
T./T, Register/reset pulse fall time (10%~90%) 5 10 15 ns
T.. Reset pulse width (at 50% levels) 20 25 / ns
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TE 2 bRl R b e B /N T 2 s BAT B RS TR TN, DG G e 3 5 AR BIL Y H b 2 K, AEAIL BG  BF AR
TE AN BE A BRI 25 0 B5 R BIF 5 7055 T 2 pos IF, REAIL A it 3 T L0 3K 80 00 25 06 B 5 60 R 7 2 s 945
P A, A REHE— 20 T IX — W PR, an sk 30 i, i RAHE 2 ps RN A BT S/, Bl E 2 WAl G
iz
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Table 3 Results of different line move period

Transfer time/ps Full well performance/ke
1.2 312
1.6 658
2 951
3 951

P # RV IR AE S 2 ps I, R SR IR B M S 4. 3R A9 MG T A [R) 7K1 B Ik v v i P o oz ) 3 B 3000 3K
fE o DK 7 VB0 T 5 B Tk ol i L F RO ns S2 B IFIA] o S5 R W KCF AR AE N 7 VAR THE 8 V I £
Bt 2 6 B B B2 T SR B 8 VS AR S 4R v T A 2 X 1 B 7 A R

R4 FREESHMKER

Table 4 Results of diifferent circuit parameters

No. Transfer voltage high/V  Register voltage high/V Overlapping/ns FWC/ ke
1 7 7 0 850
2 7 7.5 0 924
3 7 8 0 951
4 7 8.5 0 951

) Bf , T BL R L 38 B I ) IR % A 2 4% B IR Bl e b A o s bt 2 B i B PR RE R E BN R L &
SR FLR L I X5 AN [R] (4 S R0l A BEAT I, B8 T Bt S R UC IC 3k B R E TR T 0 AR K B

W2 %S B0 W — B B0 28 28 47 100 Uk, 16 B I 2 8 A9 25 {8 A 960 ke o B UK I 5 A Y
i 22 S EAS o0 A e R 25 20 R £ 110, Geit b 25 9 0.6 0, AT LATA Ry 12 2% B8 R0 3% 7 125 ) B AIL I &t 12 22
H+0.6%,

W 2,375 fir ik, BRI RO 5 7 1E IR I 2 b g AT, (R O TG AR I g AT IR A L SR DU AR AR AR
IR 2 7 AR T R AR AR, e P I R R AR R 2551 A 0.1 % RO BE I iR 25 . 2.5 795 Bk, I O AR SR
PTC P Sk, (72 PO SR A 5 25 KA PR AR R 7 A S 2 50 A — R MR 25 . 1R, T BRI
i 1 1 2R R 0% 22 Ak B A T S AR R A DG IR A R E PE B DI ABRBLIR 22 .

SRy 96 I A SC e i B I AR A 0 E A M L 7E R G S8 S L B 4 R i R CCD AT OF 5T R
DA ZE AT X . WK CCDAE I /T, | R #1477 MRl il , 2L P G 56 W Bk S 400, U0 251
W5, TE—40 CHRLE 2 ps AT RS JE ] 1 MHz K P32 3 F 647 .

x5 T RMKEH
Table 5 Factory test condition

Factory test condition Value
Test temperature —40°C
Test pressure <107° mbar
Line transfer time 2 us
Readout frequency 1 MHz

Xt F CCD HL T &, 152 H 8 02 | B BE O JIE 78 40 5% 4% v Aoy , FRL S 500 00 e T B R 2 I b /N o T R
B I 1 MIHz 7K 352 M 3 B, /N T A SCRSA% B % 2.5 MIHz A9 7K S 352 i R BRI DA R T 52 A0 i 2%
TN . MR g5 R e n 6.
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x6 TREFEMALERITLL
Table 6 Results of factory test and platform test

CCD Factory test Platform test Measurement error
1 942 ke 938 ke —0.42%
2 951 ke 943 ke —0.84%
3 956 ke 957 ke 0.10%
4 966 ke 975 ke 0.93%

Hi e 6 A DL, 32 %% B A DN A 2R 5 T S5 2R de K 22 2 0.93 00, e /M 22 24 0.10 %6, AT LA Ay X
RG22/ T 100, 5T A IHAEE R A — 2.

BOZ B RGERR LT 1.600 . W 7% B2 T4 B CCD M it , 2ot e il A Ol i 2
HOE DU RO BIERICR |, 4 U 5w DR ORI R RS R ORI N L 1.6 06 FR RS B 2 R AB Il 2 A K .

4 #Hig

AT AR R CCD R 5 B A IF ] J 39, i e s e, DL 17Ot 756 8% il 4 i) TR S0 , OF 83t 17—l
BTOL TR A BR R A S & o RN ZT G 5, CCD I 1 i 18] 2R e 47 %, W03 1 i B Jir
i ] A 2 h 728 2 20 min, AT PLZETE B SF B9 00 T 647 .

A A R BN M R SR BE LR 22 0 220.6 040, 5 ) S8 I a5 2R A X I 7 G R K A 22
290.93% 0 HZ BRI FAT 1 4 R A R & BT R 208 R, e S8 LS R (5 9 i) A MK &
Bt AR B S 9 B AR AR A 4 R RGeS, B0 AR BT LU I R G i 25 /0 T 100 .

2N ZR G 2 S B 00 i B RN B0 A IE R AR BRI, R G AR MR s AT AR E TR B AT AR
A F A 2o b T A TRt S R R i B B R B I R AR M T A R S EE
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Automatic CCD Full-well Test System and Its Application in
Camera Development

LIN Fang'’, LIU Wenqing"*, WANG Yu’, CHANG Zhen®, SI Fugi’
(1 School of Environmental Science and Optoelectronic Technology, University of Science and
Technology of China, Hefei 230026, China)
(2 Key Laboratory of Environmental Optical and Technology, Anhui Institute of Optics and Fine Mechanics, Hefei
Institutes of Physical Science, Chinese Academy of Sciences, Hefei 230031, China)
(3 Information Materials and Intelligent Sensing Laboratory of Anhui Province , Institutes of Physical Science and
Information Technology, Anhui University, Hefei 230039, China)

Abstract: This paper designs an automatic full-well test system based on PTC technique. This system is
applied to measure the full-well and readout noise of CCD cameras to improve the development conditions
for the imaging circuits design. Scientific CCDs usually have deeper full-well capacity and lower readout
noise, making it suitable for measurement instruments with large dynamic range and high accuracy. The
project mentioned in this paper is a satellite-born instrument measuring the components of atmosphere,
which employs a spectrometer and a camera to capture the spectral image data of the atmosphere. Since the
brightness of the target varies in a wide range, the measurement requires a large dynamic range of the
camera. In addition, to obtain an adequate image spatial resolution when the camera is scanning along the
trail of the satellite, the readout rate of the CCD is determined to be 2.5 MHz. E2V's scientific product
CCD275 1s selected to make the new camera. According to the datasheet of CCD275, it has a full-well
capacity of over 700 ke and a maximum readout rate of 5 MHz. However, the maximum readout speed
specified in the datasheet is not the speed, at which the CCD full-well performance can be guaranteed. The
CCD factories usually measure the full-well capacity at a low readout speed, and obtain the maximum
readout speed under the condition that imaging function is achieved. The full-well of a CCD is determined
by the storage and transferring capability of the CCD. The charge transferring capability is affected by offset
voltage, driving current, and clock phases, which are the design parameters of the imaging circuit in the
camera. Theoretical calculations and design references can only provide rough ranges of these circuit
parameters. In a low readout speed, these parameters do not significantly affect the full-well transferring
capability. However, when the readout speed is increased close to a certain speed, the effect becomes
significant and these parameters need to be finely adjusted to keep the full-well performance. Over the
certain speed, however the parameters are adjusted, the CCD can not output full-well. The required speed
of 2.5 MHz is the speed, at which the design parameters are needed to be finely adjusted for the best
performant. When a parameter is changed, the full-well measurement on the camera is required to provide
feedback. Due to the numbers of parameters and their complex relationship, during the development of the
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new camera, such adjustments and measurements are required in a large number of times. The process of
full-well test with PTC method is quite complicated and each test also takes a lot of time. To improve the
development condition, this paper investigates PTC technique and designs an automatic CCD full-well test
system. The system includes a test bench and a software. The test bench is comprised of an integrating
sphere, a dark box, the camera to be tested, the stands supporting all the devices, and a computer. The
software implements the data acquisition and data processing. By adjusting a remote controlled current
source, which drives halogen lamps in an integrating sphere, the software sets up flat—field light at different
illumination levels. In each illuminance, the software acquires an image data from the camera. Each image
contributes a point to the PTC, the horizontal ordinate is the average value of the image and the vertical
ordinate is the variance. Densely acquiring the points of PTC will slow down the test, as every time of
adjusting the light source takes a time to stay stable. On the other side, less points of the PTC will reduce
the precision of the measurement, as break point of the curve, which is the full-well point, will be difficult
to be located. This paper creates a novel PTC plot method called “quick-=PTC-plotting” , to shorten the
acquisition time without any decline of the precision. It firstly adjusts the light source with a large step and
acquires corresponding images, roughly plotting a PTC with few points. Then it determines a narrow
range, where the break point of PTC most likely exists, obtains images with a small step in the narrow
range, and re—plots the PTC. The software implements the “Quick-PTC-plotting” and reduces the times
of light adjusting. The software also acquires dark images and background images, which are used for the
calculations of the PTC. The automatic CCD full-well test system has been applied in the real engineering.
The methods and implementations have been verified. Statistic result shows the random error of the system
is +0.6%. Four space-grade CCDs, of which the full-well capacities have been tested by the factory with
lower speed, are also tested in the system. The deviation of the tests in factory and the automatic system is
less than 1%. The accuracy of the test system is adequate for the application of camera development. The
automatic system shortens the full-well test time to 20 min, while manual operation takes 2 h. It also
brings a benefit of unattended operation.

Key words: Charge coupled device; Photo transfer curve; Parameters matching; Full-well capacity; Test
platform
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