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A wide dynamic range (WDR) image sensor with linear response is required for many imaging
applications such as automobiles, security systems and industrial applications because a wide
linear response for entire illumination range with high resolution enables reliable image recogni-
tion and signal processing. Consumer-grade CMOS image sensors, however, have a dynamic
range of typically around 60dB to 70dB.

Numerous methods to expand the dynamic range of image sensors have been reported for last 10
years. Representative methods of wide dynamic range (WDR) imaging can be clarified by its
response type. One is nonlinear response and the other is linear response. However, these WDR
image sensors have critical problems to be solved such as image lag, high noise level, deficient
dynamic range and SNR dip, etc.. This paper presents new approaches to expand the dynamic
range for both the dark and bright region, simultaneously, and improved analog-to-digital con-
verters for column integration in WDR image sensors.

In chapter 2, preliminary knowledge on CMOS image sensors (CIS) and cyclic ADCs is pre-
sented giving fundamental principles for recent imaging devices and systems. To investigate pixel
structures, working principles and specifications of CMOS image sensors is very helpful to un-
derstand a concept of dynamic range expansion method and to develop new devices for wide

dynamic range image sensors. Column parallel cyclic ADCs are used to very high speed signal




readout to achieve multiple exposures. In this chapter, basic concepts of CMOS imaging, previous
researches for expanding the dynamic range of CMOS image sensors, and fundamental principles
of the cyclic A/D converters are described.

Chapter 3 introduces a new active pixel structure with pinned photodiode and direct detection of
the photodiode potential using a floating gate structure. In wide dynamic range image sensors, in
order to expand the dynamic range to the low illumination level, a pixel structure with pinned
photodiode should be employed. The pinned photodiode structure can reduce the dark current
significantly, and the reset noise can be canceled by in-pixel charge transfer and correlated double
sampling (CDS) at the  column readout circuit. Recently, an active pixel sensor with pinned
photodiode and in-pixel charge transfer has been reported. However, in this structure, reset and
signal levels of the floating diffusion will be varied during the readout operation if the light inten-
sity level is very high. This causes a complicated non-linearity in the photo-conversion curve. The
outstanding benefit of the proposed pixel structure compared to the conventional active pixel is
that the read signal and reset level are stable during readout operation because our device directly
detects the photodiode potential with the floating gate.

Chapter 4 proposes a wide dynamic range CMOS image sensor that expands the dynamic range
further to both high and low illumination regions compared with the previous design. To expand
the dynamic range to high illumination, a technique of reading extremely short exposure time
signal using inverted reset-signal sampling is proposed. The expansion of the dynamic range to
low light level corresponds to the reduction of a random noise and other disturbances that degrade
the image quality in low light level. Noise due to a capacitive coupling is reduced by simple reset
operation. This chapter also introduces an improved cyclic ADC for column integration. A tech-
nique for amplifier's offset cancellation greatly reduces the column fixed pattern noise (FPN). A
simplified cyclic ADC with 4 larger-size capacitors in fully differential configuration improves
the DNL to be full 12-bit resolution. Using these techniques for the dynamic range expansion to
high and low light levels, the total linear dynamic range of 153dB is achieved.

In chapter 5, a high-performance column parallel cyclic ADC utilizing an improved low-noise
architecture and a digital calibration technique is presented. Errors caused by capacitor mis-
matches and finite gain of an internal amplifier is calibrated in digital domain. This technique
enables a resolution of the column ADCs to be enhanced to 14 bits. Further DR expansion for
lower illumination region can be achieved by reducing random noise generated at column circuits.
To reduce the random noise, a new-type of cyclic ADC which begins the A/D conversion without
S/H mode is proposed. Measured RMS noise of the fabricated ADC is 274uVrms. Measured

results shows the effectiveness of the proposed ADC structure.



moX EE KR OEE

WA XV HDTAFIv 7Ly VPR EHHAI A T2 5714 AA
ATE[EO. HOWDLAETLEE SN IR B 2 8 E - & 4 L,
KIGHDOBEL XVETHN—FT2EBEICBIT LN A F I v 7Ly PR MV TE
AHEARO LN TV D, Kid, CMOS 1 X — V-t otEertizE L, 1K 4
AR L BB D 51 F 3 v 7 L o VK E  FS S REFRBA~D ¥ 1 F
Ry 7V yVIREHNE L LVEERE. Y1 -39 7L Uy DHIRD 70 O
SR T LR e o e AD IR RUCEI T 20782 ) 2L 072 D TH Y,
EOENLL D,

FIRIHSTH), AMEOFFEENEZRCTND, FH2ETE, K¥AF 3y
JLy VARV IETAEMNERL LT V1T Iy 7 Ly VI ADOFEE
TAFIv Ly VR EOLMRERICMLTID FEDTVD, 35 TlE, 70—
T4 e BBEIC WV EROEEEAICL S ) £y EIESE VTR A
ZALZEH S & & I BRI O BT B & 2 2 2 & 2 FIH L7287 L Vil 3%
DILTAFT IV 7Ly VA A=V HZREL TNAAL 3a b= ary2HnT,
TOEMBEYLNIIL TS, F4TTIE, | 7L — 20T, EROEHEROE
MBI AN AR T ALY A FI v 7 Ly VRIEHFRICBWT, 1 KFEZAE L
FIFIE D S NE T EME RIS Y 2BENMESERIREREL D, T2, 2
DFENHEDLIETAF I v 2 Ly VAW E 2 B 4 T L0 5F A/DZE82 & L C.
EHEEMEL A 72y NEEE T Y ¥4 4 LK L7225 L3 A 2 ) v 2 Rl
DEBEGTZREL TWVD, AMEIZLD, 12E vy MZBWT0.3LSB DM IEE B % 15
THED, AT LEFEE LTI, ROBRABEREZERLTVE, $72, T DR
EFEEZHOTRIESNIIES A FIv 7Ly VA A=T L HI2B VT, 153dB & \»
IMIPILE S RELTRREDI AT I v 7 Ly VBT, £58TIE, LV A+
RV I L A RA=T ORBEIIB I ABEOYHE L HIWE L7 @ fRe K
RADZREEEDT A VY VBB ESTREREL T D, RIESNZ14E b A/
D ZHREF B VT, 0.85LSB UL T O IEEMMEE IS TB Y, 79 A EFIRTIEMD T
L% 14 €y MIRRROFEHDOTREME LR L T 2,

PEDE)ITARR LI H LS A F Iy 2 Ly VIR ARE N ETREICT 553
TEIRREDADERGFICEL, Y Iab—var balEa@ L CHIgE L., fEkEEET
HoTBIEIZBIT 5 EEAR A AR EBROTLWT A F 3y 7 LY YDMWIA
DEEFVLDTH ) WEBBOFTTHICHGTTLLIANREV, Lo T, Kia
3, (I OFNERS T2+ 0 aNEZETHLDERED S,



	img255.pdf

