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Kyoto University Cesar Moran Hidetoshi Onodera  Keikichi Tamaru
Introduction When designing any VLSI system, power efficient, compact, simple
library cells are a staple ingredient. Three op amps with suitable performance
have been implemented on this TEG to facilitate accurate parameter measure-
ment of the analog library.

Experimental Chip The analog library to be tested consists of three typical op

amp circuits. A basic, unbuffered amplifier with a DC gain of approximately 80 dB was first designed to drive
small capacitive loads (typically 20pF). A two-stage, class AB amplifier with a DC gain of 65dB was then included

to handle somewhat larger capacitive and small resistive loads (typically 100 pF and 10 kQ , respectively.) The
third type of op amp was a folded cascode, developed for its increased PSRR and common-mode input
range. The typical capacitive load of the folded cascode is 2 pF, with a gain of 65 dB. These three amplifiers have
been implemented along with the current mirror used in the folded cascode amplifier, and ten transistors repre-
senting those used in our amplifiers. Adequate attention has been paid to prevent latch-up and facilitate accurate
parameter testing of this analog library. The present chip was designed over one month by a foreign undergradu-

ate student, with assistance from a PhD candidate.
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EF Y TOFMZEITIRD EEBHIT, OMEBZE A
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2. LSIICHITBERRIRE
JRFE—BE, BREE, HIRE
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DHHBIZDNTIFRL T3S, avd s i
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1. Chaos in Semiconductor Devices and Their
Integration to Chaos Generator

K.HOH, M.FUJISHIMA, SKITAZAWA, T.IRITA
and T.TSUJITA

We have developed a simplest chaos-generating de-
vice with a single npn transistor and a single capaci-
tor. We have quantitatively clarified the mechanism
of chaos generation in this device based on the physi-
cal principle of a transistor. Besides this externally-
driven chaos generator, we have proposed simple self-
oscillating chaos generators based on multivibrators.
We are fabricating these circuits in CMOS and
BiCMOS chips. The operation of these chips will be
evaluated and a novel information-processing system

utilizing chaos will be constructed.

2, Study on Wiring Problems in VLSI
K.HOH, M.FUJISHIMA and C.-H.DU

We have studied several wiring problems due to the
reduction of feature size. At a contact of metal to sili-
con, we investigated experimentally the reliability of
TiN/Ti barrier under high-density current stress by
clectrical measurement, and observed the cross-sectional
and surface view using a focused ion beam and an
atomic force microscopy. We also calculated power
dissipation and signal delay taking the dielectric loss
of the inter-layer insulator into consideration, and de-
veloped a simulator for a transient thermal response
at any points on a silicon surface where heat is gener-
ated from integrated transistors. We are also analyz-

ing the mechanism of barrier failure through the ob-
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MR, BEE—BR, IR, RNEFE

B4, LSIORAMBRER L L TOR—BTT
NAADWENE, BXUFALEaL—YEZEHL 28—
BTEEOHRTEFLHT— LU THREZED T
W5, BETEBICHVWATINAALLT, Yav b
F—EEEE b RNVEBGEUTHALZE—ET b
5 UUAY (SET) 2REL, TORMEZM L. Z
DRI AZIE, WRODSET LU TR G
Hy bR ERL, £, FRTOEABRERD
JUHYA RSOt X&2fATES 20, BRILICH

servation of cross section and the ingredient analysis
of metal and substrate. Additionally, we will develop
the electro-thermal simulator integrating both electri-

cal and thermal effects in integrated circuits.

3 . MOSFET with Low Barrier Schottky Junctions
at Source and Drain

K.HOH and M.FUJISHIMA

In order to reduce parasitic resistances at shallow
source and drain suppressing short channel effects, a
MOSFET with silicide source and drain is studied.
Source-to-channel and drain-to-channel junctions uti-
lize low barrier Schottky contacts to suppress turn-on
channel resistance. Last year, we developed a fabrica-
tion process and made a prototype with titanim sili-
cides at source and drain, where gate lengths were be-
tween several to twenty micrometers. The normal
MOSFET operations are confirmed through the mea-
surement of the prototype devices. By optimizing the
device structure and fabrication processes, we plan to
reduce the channel length to verify and overcome vari-

ous problems caused by miniaturization.

4 . Engineering Application of Single Electron De-
vices and Circuits

M.FUJISHIMA, K.HOH, H.FUKUI and S.AMAKAWA

Our study on single-electron devices and circuits has
two major aims.
(i) Single Electron Device as a Basic Component of
Future LSI
We proposed a silicon Single-Electron Transistor
(SET) with Schottky-contact tunnel barriers, which can
be fabricated with the standard silicon VLSI process.
Our theoretical analysis shows that it exhibits much

better cutoff characteristics than the conventional SETs.
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We plan to fabricate the SET to demonstrate the ad-
vantages experimentally.

(ii) Computer Aided Design of Single-Electron Cir-
cuits

We implemented a single-electron circuit simulator that
incorporates all standard simulation techniques based
on the orthodox theory and cotunneling; i.e., tran-
sient and steady-state analyses using either Monte Carlo
method or the master equation. In addition, we suc-
ceeded in visualizing the stochastic behavior of single-
electron circuits. Transport characteristics of capaci-
tively-coupled one-dimensional tunnel junction arrays

are studied utilizing the simulator.

5 . Speed Improvement for Integrated Circuits by
a Staggered-Parallel Operation of Function Mod-
ules

M.FUJISHIMA, K.HOH and T.IRITA

The target of this study is to realize high speed op-
eration of integrated circuits utilizing parallel comput-
ing blocks staggered in a time domain. For the high
density integration of digital neuro chip, we proposed
a synapse circuit that processes bit-level pipelined ad-
dition and fabricated a test chip, where 128 synapses
were integrated in 2.3 mm square die. In this circuit, a
multiplier and an adder conventionally used were re-
placed with an absolute-value circuit and an adder
where the operations were fully pipelined in a bit level.
As a result, high throughput operation was realized
in high density of synapses. For the high speed opera-
tion of microprosessor, an ALU with multiple-input
computing elements was proposed, where a series of
instructions were operated simultaneously. The carry
propagation which limited the operating speed was
shared with several instructions. As a result, it was

shown that the number of cycles to execute applica-
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tion programs was reduced to 90 % of that executed

by a conventional ALU.

6 . Micro Human Sensor

M.FUJISHIMA and K. HOH

We start studying micro human sensor for sport and
medical application using a integrated circuit embed-
ded with different kinds of sensors. We have designed
an intelligent sensor calculating human sensible tem-
perature from wind velocity and air temperature. In
the sensible sensor, a flow sensor utilizes an opera-
tional amplifier where one of MOSFETs in the first
differential amplifier is fabricated on a cantilever and
a temperature sensor utilizes the subthreshold charac-
teristics of MOSFETs. We are post-processing the
CMOS chip fabricated by VDEC (VLSI Design and
Education Center) to accomplish the sensible sensor.
We also plan to fabricate an on-chip heart-rate recorder

and electrocardiogram this year.
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1. Studies on MOS devices and interconnections

K. ASADA, R.IKENO, H. ITO, M. AOYAGI, T. MIDO

We have estimated the in-depth structural parameters
of real thin-film SOI devices with a 1D numerical analy-
sis method considering the quantum mechanical ef-
fects in the electron inversion layer. We also have in-
vestigated the Ar-doped SOI MOSFETs deducting the
floating-body effects and concluded that both the ef-
fects of the bandgap narrowing and the recombina-
tion enhancement mechanisms are indispensable to
explain the reduction phenomena. A Quasi-Transient
method has been presented and evaluated through the
hysteretic Single-Transistor Latch simulation of SOI
MOSFETs. We have investigated the gate-capacitance
characteristics affected by the supplied voltage and the
gate length with measurement results.

We have characterized self- and mutual capacitance
of metal interconnect, and the optimum cross section
of metal layer which makes propagation delay mini-
mum. We also have studied stress-induced migration
in Al interconnect through high temperature storage

test and fundamental experiments.

2. Studies on logic synthesis and circuit tech-
higque

K. ASADA, T.S. CHEUNG, T. TORIIL, T. YAMAS-
HITA, J. QIAO

We have proposed three logic synthesis methods that
use symmetry of logic, circuit and decomposed dia-
gram to utilize selectors. and have demonstrated that
about 15% of logic benchmarks are better than the

conventional method, and synthesis time is minimized
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by efficiency of using selectors depending on the char-

acteristics of logic. We also have shown that the present

method is effective compared with FPGA synthesis
tools targeted at multiplexor-based designs.

We have studied on a new pass transistor logic with
sense amplifiers in the middle of the transistor chain
to recover signal swing. Applying the proposed tech-
nique to a 16 bit adder, we demonstrated that the
present method is 2.4 times faster than the conventional
CMOS at a supply voltage of 1.5V. We have designed
two VLSI chips based on the present method. We
also have studied a regenerative pass-transistor logic
(RPL), which consists of nMOS logic tree with pMOS

signal-swing regeneration circuit.

3. Studies on high-speed processors
K. ASADA, M. IKEDA, J.H. LEE, S. KOMATSU, Y.
SATO, R.T. ZHENG

We have proposed two types of completion detec-
tion mechanism for ripple carry adder; a completion
detection adder that checks the change of the carry-out
for all the segments of the adder and a completion
prediction adder that generates completion signal by
analyzing the input data. The target is to take advan-
tage of an ripple carry adder whose avarage carry
propagation is bounded by logN for random num-
bers. We designed pseudo asynchronous micropro-
Cessors.

We proposed a pipelined-bus architecture, which
divide a bus line into time slots to enhance through-
put. We demonstrated the optimum bus architecture
for the design rule generations from 0.5um down to
0.1lum. We have also proposed a code-book encod-
ing for reducing power consumption in chip inter-
face. We have proposed a time-domain minimum

Hamming-distance detector and designed an encoder/
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decoder chip. We have made a comparative study on
the conventional bus architecture and a multiplexer
architecture, which reduces the capacitance of a bus
line. We designed a chip to demonstate the power

reduction.

4. Study on image sensor
K. ASADA, S. SUZUK]I, J. AKITA, R. WATABE,
M. ZHANG

We have proposed a image signal scan method treat-
ing the image signals with a tree structure to skip the
redundant step for the blocks of 0 or 1. We have
shown that this method has about the 1/10 compres-
sion ability in case of the image containing much pix-
els of 0, such as inter-frame difference of moving pic-
tures. We have designed a image sensor chip contain-
ing photo detectors and circuit of the tree structure
whose clock signals are gated just along the signal path

to reduce the power consumption.
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1. Design and Fabrication of Sub-0.1 um VLSI
MOSFETs
T. Hiramoto, T. Saraya, M. Takamiya, and T.

Mukaiyama

Devices in the very large scale integrated circuits (VLSI)
are becoming smaller and smaller for higher perfor-
mance. The device size less than 0.1 ¢ m will be real-
ized in the production in ten years. The purpose of
this study is to clarify the challenges and issues of sub-
0.1 1 m VLSI devices and to develop a clear design
methodology of such devices by proposing the opti-
mal device structures. We pay special attention to thin
film silicon-on-insulator (SOI) MOSFETSs which are
one of the most promising devices for the future VLSI
devices. So far, we have designed and fabricated the
sub-0.1 £ m SOI MOSFETSs which operate success-
fully. We also developed a scaling scenario of fully
depleted SOI MOSFETs: to the deep sub-0.1 1t m re-
gime by analytical way and two-dimensional device
simulation. We are now fabricating deep sub-0.1 um

SOI MOSFETs.

2 . Characterization of sub-0.1um SOl MOSFETs
T. Hiramoto, T. Saraya, and T. N. Duyet

The thin film SOI devices have various problems
which come from the existence of the buried oxide be-
low the channel region. The purpose of this study is
to clarify the problems peculiar to this device and solve
them experimentally. We have shown for the first time
that in partially depleted SOl MOSFETs the sub-band-
gap impact-ionization takes place below 1 V and causes

severe floating body effects which had been believed
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not to occur. We have also developed a new charge
pumping technique which allows us to characterize the
silicon/oxide interfaces in SOI materials. The impact
of fluctuations of device size and dopant number on

device characteristics is also discussed.

3. The quantum effects and single electron phe-
nomena in nanostructure MOSFETs

T. Hiramoto, H. Ishikuro, and K. Saito

The quantum effects and the single electron phenom-
ena will affect or degrade the characteristics of very
scaled VLSI devices in the future. One the other hand,
these effects would be utilized in the future quantum
devices. In this study, we fabricate very small silicon
nanostructures and study the quantum effects and
single electron effects in these structures. So far, we
have successfully developed a VLSI-process compat-
ible fabrication process of Si nanostructures (less than
10 nm) where the size does not depend on lithography
limit. The very small MOSFET fabricated by this tech-
nique operates as a single electron transistor where the
Coulomb blockade oscillations are clearly observed
at room temperature. We have also clarified experi-
mentally that not only single electron effects but quan-
tum effects play an important role in the transport in

such very small devices.

4. Integration of MOS devices and single elec-
tron devices

T. Hiramoto, H. Ishikuro, and K. Saito

In the present VLSI devices, the number of electrons

which is required for one-bit storage or one-gate trans-
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fer is about 1 milion. Recently, very low power VLSI
chips are essential for portable systems. The energy
consumption in devices is proportional to the num-
ber of electrons. Therefore, the single electron devices
are the extremely low power devices. Our idea is that
the present MOS devices will be gradually changed to
the direction of single electron devices by reducing the
number of electrons. We have developed a future vi-
sion for VLSI chips where the conventional MOS de-
vices and single electron devices are integrated into one
chip. The fast circuits will be conventional MOS de-
vices and the high-density circuits with slower speed
will be single electron devices. We address the process
and devices issues to realize the new device architec-

ture.
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