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Visual control of manipulators promises substantial advantages when working with targets whose po-
sition is unknown, or with manipulators which may be flexible or inaccurate. The reported use of
visual information to guide robots, or more generally mechanisms, is quite extensive and encompasses
manufacturing applications, teleoperation, fruit picking as well as robotic ping-pong, juggling, and
balancing. The enormous amount of data produced by vision sensors and technological limitations
in processing that data rapidly, has meant that vision has not been widely exploited as a sensing
technology when high measurements rates are required. A vision sensor’s output data rate, for exam-
ple, is several orders of magnitude greater than that of force sensor for the same sample rate. Thus,
special purpose hardware (special purpose computer system) is needed for the early stages of image
processing in order to reduce the data rate to something manageable by a conventional computer.

The hardware design of a digital computer consists of three interrelated phases: system design, logic
design, and circuit design. System design is concerned with the specifications and general properties
of the system. This task includes the establishment of design objective and design philosophy, the
formulation of computer instructions, and the estimation of the economic feasibility. The specifications
of the computer structure are translated by the logic designer to provide the hardware implementation
of the system. The circuit design specifies the components for the various logic circuits, memory
circuits, and power supplies.

The performance of the design on the circuit design stage is simulated based on the compact
analytical models of transistors used to build a circuit. The transistor models for circuit design have
to describe the device physics as accurately as possible but at the same time be simple enough to
allow for simulation of large circuits. Obviously, such models depend on the transistor fabrication
technology and have to be updated for every new technology generation.

The extraordinary advances in integrated circuits (IC’s) over the last 30 years are very well known,
and this is the reason for the most rapid progress ever achieved in a technology by mankind. The
underpinning for the remarkable advancement in IC technology has been the continued scaling of
the metal-oxide-semiconductor (MOS) transistor to smaller feature sizes. Successively smaller devices
have consistently resulted in higher levels of integration, higher performance, and greater reliability,
all at a continually decreasing price per bit or per transistor. Throughout most of the 1970’s MOS
transistor scaling was very straightforward with no problems in approaching any kind of technical,
material, or physical limits. In the late 1970’s and early 1980’s, the scaling to smaller feature sizes
led to adverse hot-carrier problems, in which highly energetic electrons caused a slow degradation
in device performance. This problem began to shift attention to metal-oxide-semiconductor field-
effect transistor (MOSFET) design, and "drain engineering” produced the LDD (lightly doped drain)
MOSFET structure. This basic structure permitted the continuation of the rapid advances in IC’s
during the 1980’s and 1990’s while suppressing hot-carrier reliability problems.

While the shift from NMOS to complementary MOS (CMOS) technology was the major factor in
managing the chip power dissipation problems in the 1980’s and 1990’s, the continued rapid improve-




ments in circuit performance along with the continued increase in transistor count on the chip during
the 1990’s are resulting in power dissipation problems even for CMOS. This has altered the thinking
considerably on power supply voltage and device operating voltage compared to the consensus views
and projections in the late 1980’s. That is, the device operating voltage is being reduced more rapidly
today than envisioned in the 1980’s, since the power dissipation is proportional to CV?f and it is
desired to increase the frequency f (performance) and the total capacitance C (level of integration).

In looking ahead to scaling the MOS transistor to and below 0.1 microns, in the next decade,
the device scaling problems multiply rapidly and become very serious. In addition, serious obstacles,
and in some cases limits, are being encountered in practically all areas of IC technology such as
lithography, process control, interconnect parasitic resistance and capacitance, material requirements,
and escalating development and manufacturing costs. The point is reached where new breakthroughs
are urgently needed if IC technology is to advance to and below 0.1 ym. One among many other
possible approaches to achieve such breakthrough is to use new transistor structures.

CMOS integrated circuits now are almost exclusively fabricated on bulk silicon substrates, and this
is for two well-known reasons: the availability of high quality silicon substrates, and the possibility of
growing a good quality oxide on silicon, a thing which is not possible on germanium or on compound
semiconductors. Yet, modern MOSFETs made in bulk silicon are far from the ideal structure. Bulk
MOSFETs are made in silicon wafers having a thickness of approximately 500 pum, but only the
first micrometer at the top top of the wafer is used for transistor fabrication. Interactions between
the devices and the substrate gives rise to a range of parasitic effects. One of these is the parasitic
capacitance between diffused sources and drains and the substrate. This capacitance increases with
substrate doping, and becomes larger in modern submicron devices where dopant concentration in the
substrate is higher than in previous MOS technologies. Another parasitic effect found in bulk CMOS
devices is called latch up, which consists in the unwanted triggering of a PNPN thyristor structure
inherently present in all bulk CMOS structures. Latch up becomes a severe problem in devices with
small dimensions.

If a Silicon-on-Insulator (SOI) substrate is used, quasi-ideal devices can be fabricated. The full
dielectric isolation of the device prevents the occurrence of most of the parasitic effects experienced
in bulk silicon devices. In an SOI CMOS inverter a latch up path is ruled out because there is no
current path to the substrate. In SOI circuits the maximum capacitance between the junction and
the substrate is the capacitance of the buried insulator. This capacitance tends towards zero if thick
insulators are used. The absence of the latch-up, the reduced parasitic source and drain capacitances,
and the ease of making shallow junctions are merely three obvious examples of the advantages presented
by SOI technology over bulk. There are many other properties which allow SOI devices and circuits to
exhibit performances superior to those of their bulk counterparts. Hence, SOI technology is now under
intensive investigation as a possible candidate for future main-stream technology and the development
of design tools for computer design using SOI technology becomes an important task.

It is the circuit design phase where the specific features of scaled down SOI circuits have to be taken
into account. There are several areas of difficulties in scaling down the SOI MOSFET: influence of the
parasitic source-and-drain series resistances, impact ionization phenomena, difficulties in achieving
adequate drive current and adequate turn-off simultaneously and others. Accurate physics-based
models of these phenomenon are most important both for design of the scaled down transistors and
for accurate circuit simulation using SOI circuits.

Therefore, in the present work we concentrate on compact models for circuit design which accu-
rately account for important physical phenomenon in SOI MOSFET. We then develop a software
simulation tool for SOI circuits and systems by implementing an SOI models into well-known circuit
simulator SPICE. Finally, we demonstrate circuit design of a highly-parallel computer system for
image processing to be fabricated using three-dimensional SOI technology.

In the first chapter we describe the motivation for the research. In the second chapter the current

status of the SOI MOSFET modeling is reviewed and existing problems are pointed out.



In the third chapter we develop a method to extract parasitic source-and-drain series resistances
of the SOI MOSFET and than develop a new model for the impact ionization phenomena in SOI
devices. Both parasitic series resistances and impact ionization phenomena were mentioned above as
major limiting factors influencing design of the scaled devices. In the fourth chapter we address one
more important problem of designing the scaled down SOI devices: achieving adequate drive current
and adequate turn-off simultaneously. Firstly, a two-dimensional compact model for the potential
distribution and the subthreshold slope ( the rate at which the device turns off as the gate voltage
is reduced ) in the SOI device is developed and, than, issues of SOI device design with emphasis
on achieving a proper threshold voltage are described. In the fifth chapter the compact model for
the subthreshold current in SOI device is developed using potential distribution model obtained in
chapter three. In the sixth chapter implementation of the SOI device model into the circuit simulation
program SPICE is discussed. In the seventh chapter design of a computer to be fabricated using
three-dimensional SOI circuits is demonstrated. The conclusions are made in the chapter eight. An
acknowledgement is expressed in chapter nine, after which bibliography and list of publications follow.

In summary, in this work the mathematical methods, models and software tools were developed
for the circuit design of VLSI systems based on SOI technology which is considered to be one of the
candidates for the future mainstream technology.

The mathematical methods and models for physical phenomena crucial for successful scaling down
of SOI devices, accurate circuit simulation and comparison with the performance of circuits and
systems based on the bulk technology were developed.

1. The accurate mathematical method was developed to extract and model the parasitic source-
and-drain series resistances of LDD MOSFETs. The method is based on measuring output resistances
of transistors with varying channel length. New model for circuit simulation of the impact ionization
current in SOI devices was developed. It was shown that an accurate model for the impact ionization
current in submicron LDD SOI MOSFETs has to account for the voltage drop on the parasitic source-
and-drain series resistances and the gate-voltage dependent saturation field in the expression for the
maximum channel electric field Ey,. It is demonstrated that the plot of Itprp/(IpEm) versus 1/ Ep,
is a single straight line for a given technology.

2. New potential distribution model for the subthreshold region of operation of SOI MOSFET
was developed and design issues for 0.1 pm SOI devices were thoroughly investigated. The model
accounts for the nonlinear potential distribution inside the buried oxide without use of any fitting
parameters. The analytical model is compared to the numerical device simulation results and a good
agreement is found. Our model accurately describes the effect of the subthreshold factor decrease with
increasing-the substrate doping concentration in thin-film fully-depleted SOI MOSFETSs. The model
can be utilized to predict design criteria for scaling down thin-film fully depleted SOI MOSFETs and
is suitable for use in circuit simulators such as SPICE.

3. A new two-dimensional model for subthreshold current in fully-depleted silicon-on-insulator
metal-oxide-semiconductor field effect transistor (SOI MOSFET) is developed. The model is based
on analytical approximation of two-dimensional Poissons’s equation solution, drift-diffusion current
equation and accounts for the drain-induced barrier lowering and channel-length modulation in weak
inversion. The model provides a convenient tool for the design of submicron SOI MOSFETs. The
model adequately describes the submicrometer devices, and, at the same time, is simple enough to be
implemented in circuit simulators.

The software design tool for SOI circuits was then developed by implementing an SOI structure
into the circuit simulator SPICE which is an industrial standard for circuit simulation. The device
and model cards for SOI device were developed, the linked list structures for internal representation of
SOI devices and models were specified and the software code for their implementation was developed.

Finally, performance advantages of the SOI technology were demonstrated on the example of the
design of the circuits of a highly-parallel computer system for image processing to be fabricated using
three-dimensional SOI technology.
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