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ABSTRACT

We designed and developed a multi-purpose CCD camera system for three kinds
of CCDs; KAF-0401E(768x512), KAF-1602E(1536x1024), KAF-3200E(2184x1472)
made by KODAK Co.. The system supports fast USB port as well as parallel port
for data I/O and control signal. The packing is based on two stage circuit boards for
size reduction and contains built-in filter wheel. Basic hardware components include
clock pattern circuit, A/D conversion circuit, CCD data flow control circuit, and CCD
temperature control unit. The CCD temperature can be controlled with accuracy of

approximately 0.4°C in the max. range of temperature, A33°C. This CCD camera
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system has with readout noise 6 e, and system gain 5 e~ /ADU. A total of 10 CCD
camera systems were produced and our tests show that all of them show passable

performance.

Keywords: CCD, CCD camera, multi-purpose
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% 1. AL3 CCDEY] 7] AH(Full frame CCD Image Sensor Performance Specification, KODAK 2002).

KAF-0401E KAF-1602E KAF-3200E
Dimension 768x512 1536x1024 2184 %1472
Pixel area 393K 1.6M 3.2M
Photosensitve area 6.9 x 4.6mm 13.8 X 9.2mm 14.85 x 10.26mm
Output sensitivity 10pV /e~ 10puV/e™ 20pV/e™
Dark current < 10pA/cm?@25°C < 10pA/cm?@25°C < TpA/cm?@25°C
Quantum efficiency (450, 550, 650nm)  40%, 52%, 65% 40%, 52%, 65% 40%, 52%, 65%

(2) KAF-0401E (b) KAF-1602E (c) KAF-3200E

¥ 4. o] dFellM A8 CCDE.
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£ 2. CCD 43} A4S 9% 28 A5 E9 AYg(Full frame CCD Image Sensor Performance Specification,
KODAK 2002).

Description Symbol Level KAF-0401E KAF-1602E KAF-3200E  Units
Norm. Norm. Norm.
Vertical CCD V1 Low -10.0 -10.0 -8.5 \
Clock - Phase 1 High 0.5 0.5 2.0 v
Vertical CCD PV2 Low -10.0 -10.0 -8.5 \
Clock - Phase 2 High 0.5 0.5 2.0 A%
Horizontal CCD dH1 Low -4.0 -4.0 -3.0 \
Clock - Phase 1 High 6.0 6.0 7.0 v
Horizontal CCD PH2 Low -4.0 -4.0 -3.0 \
Clock - Phase 2 High 6.0 6.0 7.0 \%
RESET Clock R Low -2.0 -2.0 4.0 \4
High 10 10 11.0 v

41CCD 58

CCD 7&% & CCDAA F4& €& F A=F 3te 282 ¥Eo £ CC
£33 CCDAl ?_17}5]% AR dHFer
signal) & % T FEez FAE Yk

j el
o} 414
)

411 CCD €% A4 3] 2(Clock shaping circuit)

CCDERE 94 ARE ¢= A3L W CCD Z 4o AFD AstEol ¢4 +2 AsA
% Z2(vertical clock) V13 V271 AZ2Ed 43 #dALEHEZ o534 "ot o] g4 =3 KAF-
0401E9] 3% 768719) AdtFe s YA AE 7L AdiA Ak £ dA2E e £33 A3 A$ 2
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% 3. CCD +5-¢ 9319 CCDel 21715+ A4S (Full frame CCD Image Sensor Performance Specification,
KODAK 2002).

Description Symbol Pin KAF-0401E KAF-1602E  KAF-3200E  Units
Norm. Norm. orm.

Reset Drain VRD 4 11 11 12 A\
Output Amplifier Return VSS 6 2.0 2.0 3.0 \%
Output Amplifier Supply VDD 3 15 15 15 \'
Substrate VSUB 11, 14 0 0 0 A\
Output Gate VOG 1 4 4 5 \%
Guard Ring Guard 23 9.0 9.0 10 A%
Video Output Current Tout -5 -5 -5 mA

2h(horizontal clock)$]l H1, H27} AgdH ¥ 3 g X262 Adtdko] vty 8o E HEH I
o]AE o Ao utF o £HGE WulA ok 34, AFH M CCD +5& A5t HEAAE
g2 1AL (high level)2] F$ +5Vo]il, A HLEH (low level)= 0Ve] 7] wiEol, & 204
%0] CCDol A &7 3= AdT 2hel 7t glt. whekr] CCDe A3 A5& A% &
7] 1 F 27t BostA Aok ol A 4719 53 AU OP AmpE 7HA L Sl LM348(LM348
Data sheet, Texas Instruments 2002) 2} 7H# % @& AH-&3l) Al 744l /52 CCD EFoX 9 A3t
A4S A% 299 AYS UE 5 UASF AUk 0] 5 CCD 5L AT 2 = TE7] §
A obd B A9 X ICE A3 FAFE Y B wet 25 93 UEEE Sth 18 62
CCD 23 A4 3z o)}

ko

o2 A9 A= LM348oA Aol CCD T5& 93 24 29 TALGEAS AALES
AL AFE AN Y2 TTL Az w9 ghol uie} 2884 &) 48 £ KAF-0401E9]
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5% 4% L57h -10°0¢ A& e5hd, A AHgh7lo] Rusith @9, 22 =900
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7o RE GAAA BT ANFSS ~ 60" AER BT B, datg 2L It 7}
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(a) ST-7: =& 30%, 28mm A= AE, Y7 &5 —10°C, 2004\d 5919 214 28 &4,

(b) skycam: =% 30%, 28mm A= AMg, W7k 25 ~10°C, 2004 59 199 214 75 &9

1, 5, 10, 20, 30, 50, 100, 200, 400, 600, 800, 1000= %=
£°] 0.14ADU/sec® T3t ATt 181, 2 A7tz
ARE A BEHESN REUAEE o185, Y4)5 ~ be” /ADUS
IRAF/CCDREAD(Stetson 1991)2] imcombine, imstat 52| 2
Ztzte] CCDEA 2ol 43 Fadolth o 7)o Jeprd 13
FobA W gl 248 Aelch

R, ol E2HH &3t
e %3 (sky flat)9] 3}
2Rt o] FYElE

53 &= AlH

4449 CCD 7Iviztz HAE 4oz 3 A4 B3 A¥-2 2004 59 19Y)A 2040
A dAE D R A GARZ 260N o)RoHTh FF APolE o] d7oA ATH CCD
7t 2}F KAF-0401E(768x512) 8 A}-83 CCD 7Hvletet 28 CCDE AHE3te vHE SBIGAMY
ST7-EX CCD 7tH|ztE 543 3t thate a7 wa #&g stk F o sluiz 2% 22
28mm BZAA=2E AR AN, 22 3029 =22 FAh ojw CCD 7ivjete] ¥z 2x&= F of
EF -10°C2 stglehk 29 19+ 1 33 JA-Eoth 45 IRAF/CCDREAD(Stetson 1991)2)
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a7 20. 7iEE CCD 7hetse] A& A4 24,

digiphot/phot& At-&-3to] A4 E M N4E Fatod wmsidch /)EE CCD 7Hleke) 4ol
A 67719 25 o] A4S 3, STT-EX A £ 32702) B Ee] dAH Atk /e CCD 7o ete]

o] dFelME AHMBEE 1A S CCD 7Holla} A2} Alo] £z ES ] SAA LY AR
KODAKAFS] KAF-0401E(768x512), KAF-1602E(1536x1024), KAF-3200E(2184x1472) 5 Al &
9 CCDE v 7k A28 = gl ¥4 CCD Aveir A e /M ga3anh AS7HA 2
10909 Zojetrt v ol Hch 19 202 CCD 7tvetEel A& #A4 2] Bgolth

7iE CCD 7hvete] 474 o] 5-& 5e” /ADUo| 2, At izt 82 A2 on] oF A33°Cot}. 1}
B Yo HAA 43 uA I EF AR 27 —10°C AL voistd, Afo] A3
Fdsttt. g, 2z Egolof o3t 2% AHol= o 04°Ce HYEZE o] FojAh A FHe
8T A 4R Gl ol 59 B ANFHE LS ~6.0e” FEolth
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of APl Y 45 APIA SEHF 45 S Hol 23 U7, YO USB EES o[ 1
oF Bgol 2717 o2 WTHE 94 U7) S5t 4G5 FolT HolnE Mk 44 At B
o] 75 Aolth 1Y 212 USB B2 224 OCD hvllzhe] Zrolc.
of A7l 4 CCD Azt Al AdBomn, BA GAE AT Fots RUHSoE B2
4384 CCD Fvilztol B Be $R8 FIA7A Ak tobrh $FIA 2AG e 4%
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