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Application and test of two different high-speed
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Abstract; Two kinds of high-speed industrial digital cameras with a resolution of 1 280 x 1 024 and a high
frame rate of 300 — 500 frame/s were designed based on two different models of high frame rate CMOS imaging
sensors from two different CMOS sensor manufacturers. The CMOS image sensors are MI-MV13 and LUPA
1300-2. Some experiments of imaging performance evaluation by a laboratorial test were presented. Spectral
response and quantum efficiency (QE ), gain, photoelectric conversion nonlinearity, dark-current, readout
noise, full well electron quantity, dynamic range, etc. were tested and analyzed. Experimental results show
that the LUPA 1300-2 is superior to MI-MV13 at quantum efficiency testing, and their peak value QEs are

50% and 12% , respectively, which is basically the same as the reference data of manufacturers. The test re-
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sults prove that proposed test method is correct and the evalution for two high-speed CMOS image sensors is

objective and credible. The high-speed CMOS cameras designed can satisfy the system performance require-

ments for a high-frame rate.

Key words: high frame rate CMOS image sensor; Quantum Efficiency ( QE) ;dark signal ; photo response ;non-

uniformity
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Tab.1 Performance comparison of two models of CMOS image sensors
2 Eia 2
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56 R (pum x ) 12.0x12.0 14.0 x14.0
RITEEH (R i) 4T 6T
(B JRER IO T A/ mm H.15.36, V:12.29, Diagonal:19. 67 H:.17.92, V.14.34, Diagonal :22.95
KW/ fps@ SVGA 500 500
e s e . On-chip 10-bit
1% ook E#R 10 bit x 10 Column Parallel ADCs x 12 Column Parallel
Channels@ 66 MHz System Channels @ Master Clock 310 MHz
Clock (660 MBytes/s) (12 LVDS serial outputs@ 620 Mb/s)
R T 40% 40% (Peak QE x FF)
PRI B L 63 000 e~ 30 000 e~
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Fig.2 Block diagram of CMOS digital camera with high

frame rate

CMOS BIGALIEES FPGA NEB 2T A FIURH 26 /M5
HEAT IR AL, SR 5 v AR L R E S Rt
IR %

4 EZMERRIEAF A MK T E

T DA BIL A S B0 e s e SCRTR
AT R B

(1) BRMIZS () R BB R AR S BN OE N
WHE R FRCR, AR SCRHE TR, B T0RE
SRR ZREE B0 H 5505 A S 25 2R THT 1Y)
HFHZ I,

W79 R G F e AnbR e 12, BRI 48
X E AR G LSRR AR v, XA CMOS 1563
R AT RE AR A SRS TR CMOS 18 FR0R
AT 2 A B Y R, 0 A S B B 2
) BB AR B SR AR I K i T RCR N

n(1/e)/(P/hw), (1)

Hordr,n EFROR, T oyl b EA R A g
TE, e NHETHE, P HAF TR, w L+

SH=N
|

o>
i

o

(2) 344 0 LR — DB 3 5057 (ADU)
A AR H Y — B RS R 7 1Y) S Dl A L

D 7 s o 388 25 0 S 7 VR R X PR TR 3R
R LTS 0 < FRBE AR 7k, HTW
BRI CMOS HRABIIAE L R B #4, X
PERICT AR ZE BB MR, R AR X G 4R R
RR M AT, HAER D FHBH AR Tk,
NeFHERF AR T i B i S BRI 5 5 5
FZIAIER

(3) MRS . S5 ST, AT A
PRI JT B Jom g 000 25 A B 3 B P I s BV g
FLIRS 30 H P32 8 75 3 —F8 A R DAk 25 428 110 g
FRIKE

W77 R 2 IR R bR e 2 I
BOFME

(4) BEHLYE - BB ) N — BT N = AR Y
P T HE

D3 - 00 S PR T, B SR 2 R



55 3

PN 45 WA I CMOS R AL g% 1 7 FH -5 103, 457

SCEMG, 17134 )5 15 20 51 Bk R A IS BIAS, 28
Je % CMOS $ELIRIEAEFR S Al o R v
AL PR A G H TG T 2E CMOS JEREIX, PRk
ARG RV E]) TR R s) , DU UE I 37 L 7
ANEFHGTHEBHEA, KBGO B AE R N
(HA R ADU)  UNZAZ T 1% I e (A (o 4s T
MR 2 A e Y M T DM ) O
_ N -BIAS
T
SRR R AR R R A
] T, FFVEZeMEADS R RIS I f A
(5) BhASTE R SC A DN 5 0 6 B Ha o7 5452
H RS Y

I G. (2)

Niat
DR = ZOIOgN :

W70k AT 2Rk FH WD 5 ok RAE , —Fh
B2 % CMOS FABLI St i 2k ; o —Fh 4 id
AT B € SO BUE, B3 50 & 3R A5 3%
CMOS HHAIL A T B Fo ey RS2 L

(6) & 5E K275 (FPN) ; CMOS #$1-FA 1Y
GRS S

MR 2%  AEPDEIE LT RS Z iR i/
B R G, S P 1A B H i R A b
HEZZ R ] 5 P 8 M

(7) G W AR S PE (PRNU) . — N S EAE
BRI AR A BT N A — SO S8
W77 02 < 7E 50% Tl BF A 38 5 56 BETF 3R A5
MAEY A% 10 frame DL |, %8 FPN F1 DSNU
FBRUGE R , B35, RS B NIZ P i RS )
FRifE2E , RIS CMOS FHHLAY G b 3R 51 1

[dB]. (3)

5 KR L 5

FHALER B PEREACIN P 5 AN T&] 3 s, i IR
YR B A% A BUROLIR, Zead 38O R AT I Be Ot
JEHEATRIFER A, FEFR A3 3K P 77 A 10 2 50 s DTG
2, gead HOE I RS R ARPLE CMOS &4 1%
SRR B I IROL, 1 5] BRAR DL LR B IR 5t 3 n]
PAHARHEC LR SL N AR 2, BARPLAE £t
SEHLARAE PR T 13 2000 & 1R, S PLIN Y
RIERREAHBITEHL, Z )50 AR E 5

PF R B G R s BEA T TH 3, 45 21 B & A 2R
P 4 Sy AHAILR P REAS I 5 28 B S Bl 1B 45 1R
H‘O

SRR FEHL

PRI R

K3 ARPLAR IR REAIF &
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Fig.4 Darkroom of camera irradiation performance
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Fig.5 Comparison curves of quantum efficiency spectral responses for two CMOS image sensors
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Fig.6 Linear optical response curve and dark current response curve of MI-MV13 testing
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Tab.2 Comparison of testing results for two cameras
FEAR HD300( MI-MV13) HD500( LUPA-1300-2)
Wit5/ (e /ADU) 295 180
B M /e - 133 36
BT /e 73 800 45 100
A 550:1(54.8 dB) 1 260:1(62 dB)
U AH AR 12% @500 nm 50% @ 650 nm
I LU (e~ /pixel - ms™") 21.87(#35 C) 442 (2455 °C)
FPN bR 228 (K IEJE) 5.1(4.85%RMS) 6.064 (5% RMS) /3. 121(3.63% RMS)
PRNU trifEZ{H (KRIEE) 2.1(0.85% RMS) 3.642(1.47% RMS) /3. 140(1.27% RMS)
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