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Abstract

Complementary metal oxide semiconductor (CMOS) image sensors have surpassed charge-
coupled devices in many field of applications due to their low cost, low power consumption,
miniaturization and feasibility to integrate electronics on chip. Due to technology scaling,
CMOS image sensors (CIS) allow multiple transistors to be placed inside the pixels taking
care of both signal information as well as signal processing. These pixels, therefore, allow CIS
to operate as a global shutter in order to meet the requirements in high speed applications. In
addition, the parallel data readout of multiple pixels makes it possible to design high speed
cameras which are useful for applications like motion detection.

The speed of CIS is limited by the performance of analog to digital converter (ADC),
which is a main element of readout circuit. The present work is, therefore, mainly focused
on improving the readout speed of ADC. Readout electronics in an image sensor can be imple-
mented at the chip-level, column-level or pixel-level. To achieve high speed and high resolution,
column-level ADCs are preferred in the state-of-the-art image sensors as these architectures are
best optimized in terms of speed and fill factor. In order to implement ADC in a column pitch of
high resolution image sensors, its architecture needs to be area efficient. Slope ADC occupies
minimum area, therefore is widely used as a column-parallel readout. A circuit level improve-
ment in increasing the speed of slope ADC can be achieved by reducing the comparator latency.
The present work describes three techniques: dynamic bias, recyclic approach and adaptive bias
to reduce the latency of comparator. However in general, the speed of slope ADC is limited by
its architecture, therefore these ADCs are not preferred for high resolution and high speed CIS.
The better alternates to slope ADC are cyclic ADCs and hybrid ADCs.

To design a high speed and high resolution image sensor, this work presents a novel 2.5-

bit/phase cyclic ADC wherein 1.5-bit algorithm is implemented in a 2.5-bit framework. A



redundant 2.5-bit stage reduces the total number of comparators to half as compared to the
conventional 2.5-bit stage, therefore saves power. Further, to improve the speed, the ADC
uses two multiplying digital to analog converters (MDAC) in a pipelined fashion. The ADC
is designed and fabricated in UMC 180 nm CMOS technology. A 12-bit ADC results in a
sampling rate of 1.1 MS/s, while consuming 650 W of total power. The ADC is also designed
and fabricated in a column pitch of 5.6 yum to understand the design issues of implementing
ADC in column. To further increase the speed and reduce the power, a two-stage ADC with
2.5-bit architecture is designed, wherein the pipelined operation of two stages improves the
conversion rate. Power reduction can be achieved by relaxing the design constraints on the
second-stage. A two-stage ADC with 12-bit resolution is designed and fabricated in UMC
180 nm CMOS technology. Measurement results show the ADC conversion rate of 1.67 MS/s
for 12-bit resolution.

Two MDAC:S used in the previous design improve the conversion rate at the cost of large
column area. To reduce the column area, while maintaining the speed, a slew rate enhanced
cyclic ADC with single MDAC is proposed. An additional saving in area is achieved by reusing
the double sampling circuit for input folding operation of ADC in the successive conversion
cycles. The ADC is designed as a column-parallel architecture of CIS. An area efficient and
high speed CIS is designed and fabricated in AMS 350 nm CMOS OPTO process. The single-
stage ADC designed in a column pitch of 9 um results in a sampling rate of 1.38 MS/s. A CIS
with 96 x 64 pixel array processed by column parallel readout results in a frame rate greater
than 5000 fps. A single ADC consumes 560 W of power and the total power consumed by
CIS is 59.4 mW. As an extension to this work, a CIS with column-parallel hybrid ADC is
designed and fabricated in AMS 350 nm CMOS OPTO process to reduce the readout power.

The hybrid ADC consists of cyclic-SAR (successive approximation register) architecture. The
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initial images obtained from combination of 6-bits cyclic and 6-bits SAR are included in this
work.

Aforementioned techniques ignore the characteristics of input signal. Considering the fact
that in natural images, neighboring pixels carry similar information, on-chip compression tech-
niques are explored for further power reduction. Instead of reading all pixels which unnecessar-
ily consume readout power, only one pixel from a group of pixels with similar characteristics
is read. The discarded pixels are later reconstructed off-chip using bilinear interpolation. Fur-
ther, two enhancement approaches are developed to improve the output image quality. The first
approach is based on wavelet decomposition whereas the second approach uses a deep convo-
lutional neural network. The on-chip compression circuit is designed and simulated in UMC
180 nm CMOS technology. For 70% compression, the proposed design results in about 33%
power saving. However, off-chip compression is undesirable for integrated solutions. There-
fore, to reconstruct the image on-chip, an on-chip interpolation circuit is designed and simulated
in AMS 350 nm OPTO process. The proposed techniques are, therefore, suitable for area effi-

cient and high speed CIS.
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