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Study on the performance of high-speed CMOS image sensors in

transient imaging mode

Yan Ming, Bai Qiong’, Li Gang, Li Binkang, Yang Shaohua, Guo Ming’an, Zhang Xueying
(Northwest Institute of Nuclear Technology, Xi’an 710024, China)

Abstract: High-speed CMOS image sensors (CISs) have the advantages of high integration, high frame rate, low
power consumption, and radiation difficulty. It is widely used in scientific experiments. When used in image
measurement and diagnosis, CIS usually works at a synchronized mode triggered by an external signal. This
mode, called the transient imaging mode, is quite different from the continuous imaging mode in which the sensor
outputs images frame-by-frame at a specific frame rate. In this paper, the performance of a high-speed CIS that
has 5T pixels and a global shutter is analysed in transient imaging mode, and the key performance of the sensor is
tested using an EMVA1288 compatable device and compared with continuous imaging mode. The results show
that in transient imaging mode, CIS has a larger dark current and a lower signal-to-noise ratio and dynamic range.
However, the temporal readout noise and photo response nonuniformity are better. The test results could be used
in scientific imaging system design and performance optimization.
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Tab.1 Performance of the high-speed CIS

Parameter Performance Parameter Performance
Resolution 12801024 Response 10 V/Lux-s @525 nm
Pixel size 5.5 umx5.5 pm Conversion gain 75 uVie
Pixel type 5T Shutter speed =500 ns
Max frame rate 1000 fps Shutter type Global shutter
Throughput 1440 Mpixel/s MAX SNR 42.5dB
ADC resolution 12 bits Dynamic range 56.8 dB
Full well 18000 e PRNU 0.9% rms

1R LUE Y, 5 R R4 2% CIS i F
FH#EATH T (Rolling Shutter) A [a], & isst CIS i
F 4 R (Global Shutter) 254 . 545 PR 177452 Hy
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Fig.1 Structure and picture of the transient imaging system
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Fig.2 Pixel and typical structures of the high-speed CIS

B 2 BT i ST AR R 440 £ EAL D6 X Z A
TEEMIE AL, FR ] TR BR B AT e
S . R R IX A S
He & 2R R 5 S8, PRI NP 3 s

Exposure Transfer  gpyger
start start end
o 2 1T el
PD_RST : (Optional)
|
|
X :
| (Optional) | |
| | |
FD RST I @ I I

3 ST RR2RWITNF
Fig.3 Global shutter timing of 5T pixel

Wi 3 iR, ST &S PD RST (55 44 m1%
FMIX FEATIE R, KMZME 1% I T 4R R,
I ERAGS TX WIF4h 4 5 B i 5% 5%, 55 56 45 dbn

B RO G R H T IRTTZ R TEBRS R
T, SRR RS SRR RS FRED, B ST R
FAOCHIXAL TEADIRE, HR(55 FiE S E
155 K, AL ARG = A N A DLBUIX DA
o 8 S A ) R . ST &R CIS RS
AR AR A 2 UG I 7 SR Bl AN [R], 25 1Y)
XA 4 FR o
Trigger

in <l ps PD exposure
y

PD_RST >10 s PD reset

I

| Burst
X No readout ! |_| readout
I
FD_RST | |_|

|
(a) B A B IR B ] 7

(a) Timing of transient imaging

<< 1 ms PD reget

L

X Continuous readout |_| Continuous readout
. Optional

PDﬁRST_I ~1 ms PD exposure

FD _RST

(b) RS BUE A IR S

(b) Timing of continuous imaging
K 4 ST (GRS G FIELE AR A LE
Fig.4 Comparison of 5T pixel drive timing in transient and continuous

imaging mode

PR S AG AR U HE AR 2R BB I T ARSI A7 7
BRI : ME 4 () iR, EBFSBEBEAT, 4
i A X S ] A A RS, SR SR &
Voo 44N fih % 15 5 20k, PD_RST & KM, FE51%
X T Uh Z2REUE A AT, B Ve SRR, BT it
WOLHUX T Ve WiTT, Vi G280 B AR Ok 19 1 1 3%
B, X EHLX B EOEAS T A W& 4 (b) R, 7E
Fa S UGS UT , X R 43 ik ] Ak F Fi fir R AFUIR
A, X A E] B /0N T T[] B, 224 B ' A (1] 5 o
[E1) B 4220, D X AR A I T . AR 3R 3 G A
DX A S} ) 4267, 27 Vi b 368 0 7 28 10 S 06 K,
H PD_RST & {7 & T JF (4 Bk (8], Vprx L2338 im— A4~
20 nF 1Y F B 258 P 67 40, 06 A % B W O 1 3Rk 3
1 A/50ns. 1% 5880 B Vg TE12 R FEH N H 3 3,
e RAR R A S B — B AR IR . RV 2 AR X

202106944



s Gk A2

% 84

www.irla.cn

23

%51 %

N, BRER S B G R — Bk 2 T B A SRR 5, B
DG T B, T 0 P 3T Dl o — B PE 2

7 A A 3 Y R g% 9 AR AR 25T T A AR
AT s B 285 G S I ) AT PRI 4R 32, 9 4k 3
HL B b D A6 SEFRIRAS, I CDS H B% (Y R A HL 2
PGA HLH IS 5 UK HLA | {5 5 & 4 e b 10 77 f
FL A SR A D A PR P S IR 2 AN BT RUR e A, i
PHE R RIS AS SR AR = AW LT, (5 T i i A
Ak T AR TARIRZS, I P I AR 2 /D T AR S A X
T, BBAE TS AR, B b PR Ak TS T
PEIRZS, BATBE M, FIAL B 8% 2 F S R ALIE &,
AR ZR BB A IS AR SR A5 5 35/, (EL L i — LA 7 e O
TAERAS, WA 2w RS R, &

Signal source'—o Oscilloscope

LED light Photolectric||Guide
transducer .
source rail

Data
CMOS acqui

R BRI AR TR A, (ELAS o W 7 K5 i 2 i AR A5 X
T, BRRBESIREA R, (H 7 0/

3 EBEMHERENKRERTTE

O AN ) TARRET B 3 G 1) O o Ak B 4
bR, SCHIT RS R B S E BRI R L AN 5 Brs, £
ZHOLIRARLE . BEE 55U, RUs CMOS HIAL.
FIGERER . LA R RGN %I RG]
$RBEWTY | WG WA 5 Al U R ST
WA TARRR SR AR S TR AT I . WA AR
PR M i e A5 5 PRI T R, s TARBEUR
FH 25 0 OC MO R TR, i CH: v — i PR R kAT
i

camera|gition

circuit]

laser
LED light source Homo.geneous_.
light

Dark room

(a)

Control system|
of upper
computer

(b)

5 GRS RS EREMNR RS IR

Fig.5 Structure and picture of the transient imaging performance measure system
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