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1. Introduction

Various techniques have been proposed for high-speed
image sensor. These sensors require both high-sensitivity
and high-resolution. Digital pixel sensor (DPS) is very at-
tractive since the pixel performance can be significantly
improved with scaling-down the size of MOSFET [1-2]. A
DPS integrates an analog to digital converter (ADC) into
each pixel resulting in a high speed A/D conversion. The
DPS with an in-pixel ADC provided a very high frame rate
of 10000-frames/s in 352x288 pixels which was fabricated
by a 0.18-um CMOS technology [3]. However, a number of
MOSFETs are required for each pixel, hence the chip size
increases and the resolution decreases. To realize high speed
CMOS image sensor without scarifying the resolution, we
have proposed a block-parallel image processing system
with a three-dimensional (3-D) stacked structure [4, 5]. The
eventual target of our image processing system is to develop
parallel analog to digital conversion and digital readout at
rate of 10000-frames/s with a pixel number of 2-MPixel. In
this paper, we describe the fundamental study of
block-parallel ADC. ADC designed in the test chip for
evaluation employed the time interleaved successive ap-
proximation (SAR) technique.

2. Image Processing System with 3-D stacked structure

The conceptual diagram of the 3-D image processing
system is illustrated in Fig.1. The proposed system consists
of five layers of image sensor, correlated double sampling
(CDS) array, A/D converter (ADC) array, frame memory
array, and processing element array. In proposed analog
block-parallel system, one block consists of 3 stacked layers
which are 99 pixels image sensor, analog CDS circuit, and
one ADC. Each circuit layer is stacked and electrically con-
nected vertically using Through Si Vias (TSVs) and micro
bumps, which can improve sensor performance. The 3-D
structure can also improve the I/O bandwidth between image
sensor and image processing element with the block-parallel
processing.

3. Pixel circuit for Global Shutter

The configuration of one image sensor block with 3-D
stacked layers which include 99 pixels, one CDS, and one
ADC, respectively. The pixel consists of photo diode (PD),
pixel select transistors (PS), a transfer gate transistor (TG), a
source follower amplifier (SF), a reset transistor (RT), and
photodiode reset transistor (AB). The floating diffusion ca-
pacitor (Cgp) for global shutter consists of the parasitic capa-
citance associated with the gate of SF and the drain diffusion
of the TG. The pixel block and CDS are connected by TSV
formed in the image sensor chip. However, the area of TSV
gives rise to chip size penalty and a limited size PD area be-
cause TSV and the PD cannot be overlapped. Therefore, a
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TSV is shared by 99 pixels. Our system can cancel the Fixed
Pattern Noise (FPN 2 using CDS circuit. The one pixel block
area is 100x100um~ and TSV size is around Spm in diame-
ter.

4. ADC for Block-parallel signal processing

In the high-speed CMOS image sensor, ADC can be inte-
grated at the chip level, at the column level, or pixel level. In
the chip level approach, a single high-speed ADC operating
at 100MS/s or more is used. To realize low power dissipation,
the column level approach is used. These ADC are operated
in parallel, therefore low to medium speed ADC architec-
tures can be employed. For example, single-slope ADC, al-
gorithmic ADC, oversampling delta-sigma ADC, and suc-
cessive approximation ADC are used. On the other hand, the
proposed block-parallel system requires ADC with extremely
small circuit area and low power dissipation. Therefore, the
trade-off among area, power dissipation, and conversion
speed is important factor. The ADC used in our system is an
architecture of the hybrid charge-redistribution SAR. The
reason for employing this type of ADC is due to the small
circuit area and low power. Fig. 2 shows the circuit schemat-
ic of the SAR ADC. The proposed ADC consists of compa-
rator with a built-in offset voltage canceller, control logic
(SAR logic), two sets of capacitor-switch array and ladder
resistors. It is designed 9-bit resolution with 5-bit capacitor
and 4-bit resister array. The proposed ADC has been
achieved in a small circuit area of 95><100um Although a
conventional SAR algorithm usually gives medium speed,
our new algorithm can provide a high speed conversion by
using two sets of capacitor-switch array and time interleaved
method. Fig.3 shows the configuration of proposed ADC unit.
The ladder resistor, reference circuit and timing controller for
SAR logic are shared by eight ADCs. The total circuit area
for a set of ADC unit is 800X100um Consequently, the
equivalent area of one ADC occupies 100x100pum”. Thus we
achieved a very small size ADC by using the proposed con-
figuration. A proposed ADC is designed and fabricated in
90-nm one-poly nine-metal CMOS technology. A chip pho-
tograph of the test chip is shown in Fig.4. The designed test
chip consists of a four sets of ADC unit (i.e.32 ADCs). The
power dissipation of the SAR ADC was very low as 381uW
at supply voltage of 1.0V and sampling rate of 4MS/s. The
measured differential nonlinearity (DNL) and integral nonli-
nearity (INL) at temperature of 0, 25 and 85 degrees Celsius
are shown in Fig. 5. The DNL is the range of -1.33/1.97 LSB
whereas the INL is within -2.67 / 3.93 LSB. Thus it was con-
firmed that the requirements for DNL and INL were also satisfied
in our proposed ADC.

5. Conclusions
This paper presents a very small circuit area SAR ADC.



The proposed ADC was fabricated in 90-nm CMOS tech-
nology. The fundamental tests confirm that the proposed
9-bit ADC achieved extremely low power consumption
less than 0.4mW with 1.0V supply voltage, 4 MS/s con-
version rate and small circuit area (100x100pum?).
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Fig.1. Conceptual diagram of the 3-D stacked sensor system.

4
3|

22

a1 | ‘

g_? \' l \H”“‘\' “”}M“ “”“ ‘h"”‘ W iy ‘wl M‘ ’ !
2 :iiii
3 —— 0T
: 0 64 128 192 256 320 32;4 4;18 512
. Code

ﬂ
3 ‘ “ W W n‘ l
2 il \

5+ Ll

a L “l l 'Hr,

2_? }l”m ‘ ‘h( /IHIM} {\ ! \‘ H‘ M Iy ’
2 ——— 85C
3 — 25;“@

b . | | o
0 64 128 192 256 320 384 448 512

Code
Fig.5. Measured DNL and INL
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Fig.2. Circuit diagram of SAR ADC.
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Fig.3. Layout of SAR ADC unit.
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Flg 4. Photograph of the test chip.

Table I Characteristics of SAR ADC

CMOS 90 nm 1P9M
Resolution and Conversionrate 9 bit , 4MS/s

Technology

Power supply and consumption 1.0V , 381 uyW

INL -2.67/3.93 LSB
DNL -1.33/1.97 LSB
Circuit Area 100 x 100 pm®
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