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Range images are images composed of a set of distance coordinate arranged in a rectangular
image grid. Time-of-Flight (TOF) range imaging is a well established method to acquire range
images in real time allowing 3D video imaging to be accomplished. Unlike other 3D image acqui-
sition methods such as triangulation, Moire and interferometry, the TOF method eliminates the
use of scanning mechanical parts in the imaging system, rendering it to be cost effective. In TOF
sensors a controlled light source widely known as the active illumination light source is placed in
line with the TOF sensor. TOF is defined as the delay time the light signal travels from its source
to objects and back to the sensor. Range is calculated by multiplying the TOF with half of the
speed of light constant. This work concentrates in developing purely CMOS TOF range image
sensor with high accuracy and range resolution comparable to that of existing TOF range image
sensors but with major expansion in the imaging grid. This thesis is organized as follows.

In chapter 2, preliminary knowledge on range imaging is presented giving stress to TOF range
imaging. The TOF range imaging can be subdivided into many categories where difference be-
tween categories lies in the method of sensing the light traveling time and the type of active
illumination light source used. The most popular TOF methods used are the pulse modulation,
continuous wave modulation and pseudo-noise modulation. The pulse modulation method has
been demonstrated using CCD and CMOS TOF image sensors. A CCD-CMOS hybrid TOF range
image sensor using the continuous wave modulation has been demonstrated with an array of 176
X 144 pixels. The best range resolution reported is 1.33mm for a CMOS TOF range image sensor

where a laser light pulse was used as the active illumination light source. At the end of chapter 2,




material regarding CMOS image sensors and CCD charge transfer are presented.

Chapter 3 introduces a modified version of the pulse modulation principle to estimate the TOF
using the CMOS active pixel TOF sensor. A high gain cascode amplifier is used to separate the
light pulse induced photo charge into two capacitors. The charge packets are than converted to
signals V| and V> and read out through an in-pixel source follower.

Through a set of algebraic equations, it is shown that the modified ratio of Vo/(V+V>) is directly
related to the TOF. The time delay dependant charge separation has been confirmed via computer
simulation.

Chapter 4 discuses the CMOS gates-on-field-oxide TOF sensor which is another design that
works using the same principle. Photo charge induced under a photogate is separated into two
packets by manipulating the in-pixel electric field via two single layer gates. The packets are
readout as corresponding signals V; and V; via two in-pixel source followers. This pixel incorpo-
rates charge draining structures in order to minimize the effect of background illumination on
range measurements. From simulation, it is shown that a 15 X 15um? pixel is possible with a fill
factor of 19%. A mathematical formula stating that range resolution is inversely proportional to
the number of induced signal charge is derived. Since range resolution is a function of induced
optical signal, range resolution is thought to improve by the number of averaged range images. At
the end of the chapter, design of the active illumination light source is presented.

In chapter 5, experimental results obtained from the fabricated CMOS gates-on-field-oxide
TOF sensor are presented. The sensor was fabricated using a double poly triple metal CMOS
process. A QVGA image format comprising of 336 X 252 pixels was integrated into the sensor
chip. Through experiments, theoretical relationship between accuracy and range resolution to
signal intensity is proven. The error of measurement is only 1.9% for a measured distance of up to
12.3m at 0.5V signal intensity. By using a 100ns light pulse, range resolution is 2.35cm at 30fps
and can be improved to 0.75cm at 3fps for 1.05V of detected signal intensity. Examples of range
images are also presented. It is shown that resolution of the range images can be improved using
a shorter light pulse and by averaging several frames. The functionality of the background charge
draining structures are also presented by analyzing resolution of range images captured with the
presence of background illumination superimposed on the active illumination of the system.

In chapter 6 a conclusion is drawn about this work. It is shown that the gates-on-field-oxide
structure is suitable for the design of a highly accurate, high spatial and range resolution TOF
image sensor. Real time on-chip complete cancellation of background illumination effects is left

as a future subject of study.
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