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Development of measurement instrument for photoelectric

parameters of CCD
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Abstract: A measurement system for testing the photoelectric parameters of CCD was developed. It can
realize automatic testing for the photoelectric parameters of various types of linear or area CCD, including
invalid pixels, relative spectral responsivity, saturation irradiance, responsivity, equivalent noise irradiance,
dynamic range, linearity, threshold illuminance, nonuniformity. The measurement system for relative
spectral responsivity of CCD was based on the method of direct comparison of single optic path. The
other parameters measurement system was built on a special designed integrating sphere light source. Four
halogen lights was plant in four secondary integrating spheres, then cascaded with main integrating sphere
using high-precision electric diaphragm. After calibrated, the light meter planted on the wall of main
integrating sphere can test the luminance of export in real-time. The color temperature of the light source
unchanged, the luminance of export was uniform, and can adjust in a large dynamic range continuously.

The demand of testing the photoelectric parameters of CCD was satisfied. The photoelectric parameters of
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CCD47-10B was tested, and then the uncertainty of those systems was analyzed. Results indicate that the

spectrum range of measurement system of relative spectral responsivity is 400—1 000 nm, the uncertainty

is 4.37% . At the distance of 23 mm from exit port of source in measurement system for photoelectric

transform parameters of CCD, the dynamic range of luminance was 0 —235 Ix, and the irradiance

uniformity within @80 mm has reached 99%, the uncertainty is 4.9%. The measurement system can be

used in testing the photoelectric parameters of aerospace-grade CCD and filtering it.

Key words: CCD; dynamic range;

0 51 &

CCD H 1970 4F [al Ik , ZE458 o8 & ot Rt
REE DR TEEEE A TR KBTI
JTE T Tl MR RS D R | BR 2R 2 W
AR e T WIHERDES T RA ETHm
T W 2 S, Hur, B CCD g 4 il &
Ot L B0 Ty T Ah 25 BE AR T CCD 4 1
W kg )iz T 2 s BOR B £ G fe] T A M 2 45 R0 R ]
CCD 2 BHF T4 o T Il 9 52 B[] 8, [R) B, 76 O &
ik [ 5K e i L R 9 CCD i 46 4 o B 5t B0 7 s 35 4K
HANRT, BRI ENEEE, 3T A0 E g
A N AL ZS 0K S N R 40 3 3 R I AR L
o, Tl 2% CCD ith A 4% J8 #5841k 58 a0 17 W03 | i 4% 1
PE AR H OGS HCRAE , X T CCD #& 4F i
FH . BT 5 PE R IE AL Sk U, CCD Jt i 2 5
B 0 3 G AR

&3k E Z X CCD St L 2 i Il 4 Rl Sy FA
25 [ it K Js JF % 19 Corot CCD il 2 28 48 A] 3] 2 K
SCR R R SE CCD # R 2tk . 1R 5 R85
PE LB R BSE O B S 8L, TR RROK SC A AE BRI /N
20 JF % () ESO CCD TestBench #% 1% AL i % 42 ']
MFRICES RGN ZF CCD 4L
SR [ YA TFSCHER X CCD ¥ L 2 it
BB ST £ Wi 17 46 4 CCD, 1994 4F | b [ B} 22 g K
B RG AL S BB 5T T S T B S 2R
CCD Jt i Z &K R 41, & A 2 CCD ik iw i
FE M R 4t DA R DL B 43 3RO TR A 0 B Al DG L S
IR R G, AT IR Bl 2 O R e R e N R
Byo) e S a8 ot | A AP
S0 Y 3 S B R B AR AL Bl A B A R LRy
BRIR BB A AR b o @ 48 K #E Y 26 BF CCD 4%

measurement system;

uncertainty

PEZH0m & g2 Al T 2 B CCD Ry o't i Fi L
fal 2%, o o W OB IR 5 CCD /Y BB 825 30 A 52 il
AN R A PR RO R S R R AR AL, DR TR I A M
IC, Ao E BB, T ™ gk f5 1R H] LED #4 &
£k B CCD Z: 80 il & 58 WA R AR , HE 20 O 46 Bk
JHT LED G B 42 B G 558 B 3 5, 0 aORg B2 AR
A TS e A0

4R K ,CCD #n R P & Ji&, 78 R UE K gh &
7 ORI BT, A ke O O R AR
PG S HON L R R U, SO T IR S T TR
I B L BT ) CCD AR ' 3% e 7 B2 I 4 2k
Fo DA il K 2l 285 90 AR 43 3Kk 5 Oy BR il i CCD Ol
BG40 2 BN 8 JF SR 56 [E NI 2 A i BDE b
i #235 T Labview!24i 5 T H sh b il 4, SE 8L T
X} 4% 25 Tk B ol 1T P CCD % 4F e B 2 804 A 3
MWt SEPRil T B2V A Al B 2 CCD47-10B , Jf:
3BT & GE ) Je KA1 0 B

1 CCDEESHREMIXEK

CCD Y 25 A £, 3 2% i 2 500 45 M Xk
TR RO N RE AR AN R O R | TE AR T (RO T Bk B
S WERFE G S R ORE R FRORE T M R RE Y AN
SV BASVE R A BB SENE XS
TERH G A 7 R0 AR i e

53 Bt CCD Wyt i S 80 SOl . E 5, Ik
CCD A X o 3% w17 75 o7 98 47 % 4 i 3 0 06 U5 3L
W, 38 a6 H R CCD 7E o A A G A T
iy S 2 M, AT LASR A0 CCD Y G e 7 e sk %G
PR 03 07 B | Bl A5 PR Rk BE AR R B R T B
i MR AR 0% A R 3h A VU 1N O 2 T U Y AR o A
U5 s e Ja | 58 i CCD i1 i 57 B2 3E 349 5 1 i 3 7 25—
ANFE CCD M AE# ¥ i Yy, EiE e, 7«



% 10 #

J B % . CCD & & A& 4 ml X & % &9 #F 41 3453

M 37 J3E 24 Ol L 2 B I b, R SR — SRR T 1)
CCD i mi fr AR oo g i, i e i, L 2R %)
CCD #ll 1fif 4 ) fE ]

2 CCD HExfi&ma il E

2.1 WiKEE

P 25 AR KT 3 ) 7 0 3 R UE g4 Sy DU e 3 AR
A UE O i R TR AR IR RO L AT
R B A vk MR R I T, L B N A 25 A R
o4 BT A9 46 D 5 R G G S e R 1 2 2 0 2
AT H A, W R 25 XPOR IR R e R A &, 5
Tz ad ab B ST A A Sh Ak, B R T,

FEROG I B A TA ) TR RN 2 % R T
AL EQ) S I T W ES %R Ve,
SR GBI CCD B & W] — B oSt AT | a0 s L 4
HAES Ve, MIFE K A a4 BEF A 8I CCD Y
AH X 6 3 g

— ViM)=V7 g .
Sr(A)= VeA)—Vesn Sc(A) (1)

A2 Ve ancr Vi 709018 25 25 200 25 F1 4% 1 CCD 1
A5 5 5 Se(A) i 2 25 00 25 19 B X 6 355 e B 7
U= s e R S 7 W [ K b DS = N 8 N
AH X 3 w1 AT IS — fk b B BRI RT SR A5 g CCD
F18 U — P A Xt Y 3 i 7 T £
22 MiKEE

I T LR R B T SE Y CCD AR X 6 33 i f
REEWE V() i, ol 40 R ARG IR B I
M 5 S B R AR AL B U A A . R G AROR TR
o BIRELT LA s A R AR i e R R, R O
FE M T 0.1%/0.5h, H €0 {35 H 2€ JL OG5
AL, 6% VE Bl 350~1 100 nm, 7 & P~ 0.05nm, £k
EECk 1.7nm/mm, 73 HEF K 0.05nm , 7% #56<0.05%

I 5 W5 28 ] T e/ A2 OGP Tk EORS E
2 PN 2 2 B0 4 AN g CCD Bk [ 5 78 = 45 B H
i b, TR RTE A A A S )
22 PRI 25 AL CCD i B € 43 H 3 4 5 BEG, n
E1(b) s . 2 2% 4500 2% 16 F s R O RE ol i — i
B0 I T A Y SR R S R R A

CCD 1% th 15 = >R FH o 2o € 3 i S ple 4 B 5
4 34 5 DX B S 07 B L 56 B e 7S IR R Y
B U R R R, S 5 I 3R 5 B CCD Bk 32

B D) e BB A SR IR AT, LIS R
H A S, A2 CCD 7 K H
P AR XS 38 i 7, e ) P € A 3 T — S D A
At S8 I 3 Y R PR A AR RS I 3% e o 3

Power Measuring
supply, darkroom Monochromator

Tungsten
lamp

Reference
detector header

Mobility
controller

(a) HELEH
(a) Construction of equipment

i Precision
: mobile station

Controller

1
i
1
1
1
; i
; i
i i
i Reference !
i probe !
i !
i ; PC
! H
. !
Monolc'hl}':;matlc i Measured i | Data acquisition L
ig . CCD i card
H 1
; i
i i
: Darkroom;

(b) W55 P % B HE ]
(b) Block diagram of measurement system in darkroom
&l 1 CCD AR X 5t 33 ma oz ) 4 26

Fig.1 Measurement system for relative spectral responsivity of CCD
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transform parameters of CCD
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Tab.1 Test result of photoelectric transform

parameters of CCD

Photoelectric parameters of CCD Test result

Noise 11.045
Saturation irradiance/Ix 0.255
Dynamic range/dB 74.4
Threshold illuminance/Ix 4.85x107"
Responsivity nonuniformity/% 2.8593
Equivalent noise irradiance/lx 4.85%107
Valid pixels ratio/% 100
Responsivity 2.28x10°
Non-linearity/% 0.02
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