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1.

Hardware Emulation of Quantum Computing Using VLSI
Architecture
K. Hoh, M. Fujishima, S. O’uchi, and T. Chiba

We are studying the application of information processing based
on gquantum computing for a massive parallel computing system.
For the first attempt, we have designed a genera -purpose hard-
ware emulator of quantum computing with silicon CMOSLSI in
order to investigate the requirements for realization of a practical
computer system. A basis of the quantum mechanical system
consisting of quantum bits (qubits) corresponds to a periodic sig-
nal in each signal frequency slot. Superposition of statesis rep-
resented by a synthetic signal and observation probability of
each base corresponds to a power spectrum in the frequency
domain. Unitary evolution of qubits in quantum computing is
realized by operation on the amplitudes using complex Finite
Impulse Response (FIR) filters and frequency converters.
Three-qubit quantum computation has been demonstrated and its
performance and scalability have been discussed quantitatively.

Theoretical Study on Single Electron Circuits and
Devices
K. Hoh, M. Fujishima, S. Amakawa, S. O’ uchi

The effect of atunneling electron on the tunnel barrier shape is
studied within the limit where a static image charge model is
applicable. It is shown that the single-electron tunneling current
through an ultrasmall voltage-biased junction is not proportional
to the junction area because of charging at the electrodes.
Simple expressions are presented for the effective static barrier
shape of a voltage-biased junction and of a junction in a circuit,
the former of which accounts for the anomalous current scaling.
A possible experimental arrangement for verifying the scaling
relationship and the corresponding calculated results are sug-
gested. For the future integration of nano-scale memory, we
have also studied operation mechanism of a metal-oxide-silicon
(MOS) type single-electron memory that realizes stable retention
and fast writing, and shown design guidelines for performance
improvement of the single-electron memory. This memory uti-
lizes the direct tunneling of electrons between a floating silicon
dot and the conducting channel on the interface of silicon and
oxide. By a simple analysis taking the structure of the energy
band of silicon into consideration, we showed that the writing
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time of less than one microsecond as well as the retention time
of more than one hour was obtained at room temperature. It is
aso clarified that the features of the energy band were substan-
tial for the memory function of the device.

Schottky MOSFET
K. Hoh, M. Fujishima, R. Tnabe, T. Tgjima

In order that silicon-based devices and circuits satisfy the
requirements for high-speed networking society, miniaturizing
processes of MOSFETS need to be developed. Unwanted char-
acteristics such as the short channel effect, punch through, and
random distribution of doping atoms, however, have increasing-
ly degraded device performance as the gate length of a MOS-
FET is scaled down. We have studied the Schottky MOSFET to
overcome these difficulties. Titanium silicide in source and
drain regions has been adopted in the MOSFET, which operate
as both n- and p-type on the same substrate depending on a gate
material. Currently, we have successfully fabricated 0.1-pm-
gate devices. We are planning to scale down the gate length fur-
ther and will challenge the CMOS devices using different sili-
cide for PMOSFET and NMOSFET aswell. We are also devel-
oping deposition and salicidation processes of one of the rare-
earth metals, Erbium, which has received attention for a last
decade, and to investigate formation kinetics and properties of
erbium silicide (ErSi,;). We are currently fabricating Schottky
Barrier NMOSFET with high-quality erbium silicide.

Low-Power Analog Circuits for Micro Medical Sensor
Systems
M. Fujishima, K. Hoh, T. Fujita, Y. Kondo, K. Ishida

We are studying a low-power RF transceiver realized with
CMOS process for “Micro Medical Sensor” system, where the
whole system is integrated into a small chip with very low
power consumption. The 2.4-GHz transmitter circuit with a
simplified power amplifier is fabricated in order to realize low-
power consumption. We are also studying a low-power sigma-
delta A/D converter applying chopper-stabilized amplifier to
meet the following requirements.

0 Low-voltage operation (Supply voltage is a silver-oxide bat-

tery of 1.5valt.)
0 No pre-amplifier is required to capture small input signals.
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Pipelined A/D Converter Using Chaotic Dynamics
M. Fujishima, K. Hoh, A. Imamura

We have studied the chaos-generating nature of the pipelined
A/D converters, which results from the function of each conver-
sion stage with the chaos-generating return-map (Bernoulli
shift map). As a result, we have clarified the relationship of
three aspects, namely, the sustainability of chaotic output, the
shape of the return-map, and the conversion accuracy. We have
also proposed the on-chip calibration method for pipelined A/D
converters to maximize conversion accuracy, where process-
dependent variables, such as gain, threshold and offset, are
adjusted with monitoring the sustainability of the chaotic out-
put. The effect of the method has been simulated and estimat-
ed, and itsimplementation has been discussed.
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Studies on polycrystalline silicon thin-film-transotors
and GTBT Power Devices
K.Asada, Y .Murakami

We have been studying an polycrystalline silicon TFT (Thin-
Film-Transistor) model considering the drain current character-
istics changing substrate temperature. The one-dimensional
device simulator was developed for calculating the drain cur-
rent with structural parameters, such as grain size of poly-sili-
con on the glass, flat band voltage, substrate temperature, film
thickness, substrate concentration, effective gate width and
effective gate length. We are also analyzing the effective
mobility depending on the substrate temperature using some
measurement results and simulation results. Relationship
between the switching speed and the device structure of GTBT
(Grounded Trench MOS assisted Bipolar-mode FET) has been
investigated by simulations and fabrications. GTBT isakind of
bipolar-mode power switch having a functional trench MOS
structure of which potential is permanently grounded.
Geometrical design of the device can control the switching
characteristics, such as the main current fall time. Less than 10
ns of current fall time for 100 A/cn’ is possible, theoretically.
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Interconnections and Power Supply Line Optimization in
VLSI
K.Asada, M. Ikeda, Y .Nakashima, T.Nezuka, H.Kodama

We have studied a new agorithm to reduce number of opera-
tions in extracting self inductance of interconnections in VLSIs.
We employed an one-dimensional approximation of skin effects
in carriculating current distributions in cross-section of wires.
We demonstrated this algorithm achieves good agreement with
the conventional matrix solver. We have also studied trends of
inductance in power supply systems according to positions and
densities of bumps. We have developed a test structure for
measurement of alignment error between metal layer in VLS|
which is based on atest structure for capacitance matrix extrac-
tion. We can measure the alignment error by measuring capaci-
tance matrixes in sets of two wiresin different layer with various
offsets. The alignment error is equal to the offset of two wires
which have the maximum symmetry of capacitance matirix or
the maximum capacitance between two wires.

Power Supply Noise Analysis
K. Asada, M. Ikeda, T. Ishihara, S. Sugiyama, X. B. Shen

We have proposed new a power supply noise estimation method.
Our method use power spectrum to express noise waves. Power
spectrum is a transformed value of self correlation function by
the Fourier transformation method. By integrating this spec-
trum, we can estimate a probability of noise which violates noise
margin of power supply line. We have developed a basic algo-
rithm of this method. We have studied a new on-chip voltage
monitor architecture for measuring VLS| power and ground
bounce. We employed a simple voltage comparator using
switched capacitors for measuring voltage bounce, and shift reg-
ister structure for series data read-out just the same as the data
scan path. Using this architecutre, power and ground bounce in
LSlIs can be easily measured using logic testers. We have fabri-
cated a test structure of this architecture, and demonstrated the
measured voltage-bounce wave-form.

Studies on high-speed and low-power circuits
K.Asada, T.Yamashita, H.Y amaoka, D.Nakahara

We have proposed a CSPL (Capacitor-Separated Pass-transistor
Logic), that separates pass-transistor logic part and sense-ampli-
fier using a capacitor. The CSPL achieves |low-power due to the
signal-swing reduction in logic part, and performance improve-
ment due to the bias optimization of sense-amplifiers. We
demonstrated the CSPL operates 9.5 times faster than the con-
ventional CMOS. We have proposed a sense-apmplifiered
PLA(Programmable Logic Array) structure, that aimes to realize
high-speed logic block using simple structured layout. We
applied the proposed structure to a 32-bits comparator and
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achieved 2.58 times faster than the conventional CMOS static
circuit by SPICE simulation.

Studies on Smart Image Sensors
K.Asada, T.Nezuka, Y.Oike

We have developed high-speed position detection sensors for an
active 3-D measurement system using laser spotlights, and a 3-D
measurement system with the sensors. The sensor detects posi-
tions of spotlights projected on target objects with a novel scan
method using a hierarchical access path. We can reduce the
number of cycles in scanning images in comparison with con-
ventional raster scan. We have evaluated the performance of the
3-D measurement system by

measurements using developed system. We have been studying
an image sensor for high flexible 3-D measurement system,
which can acquire 3-D shapes in non-idea environment. 3-D
measurement system in such an environment has some difficul-
ties caused by various background illuminations and needs weak
laser intensity. We propose an image sensor for 3-D measure-
ment with correlation technique, which can acquire the projected
light independently of background illuminations.

Studies on High-Speed Processors
K.Asada, M.lkeda, R.Zheng, S.Komatsu

We have proposed a method of addtion completion prediction,
which utilizes dynamic logic instead of a shift register as we did
before. This scheme has features of high-speed and low power
consumption. Besides, the hardware overhead of the prediction
circuit is also decreased as single-rail data encoding isused. We
proposed statistical encoding method for low power data trans-
mission on VLSI bus. We evauated the reductionof signal tran-
sitions and the relation between the entropy of data and the sig-
nal transition reduction. We aso evaluated Adaptive Code-book
Encoding method in terms of performance, circuit size, delay
time and power dissipation.

Logic Synthesis for FPGA and Multi-Level Logic
Minimization using Advanced Phase Assignment
K.Asada, S.Suzuki, J.Qiao, K.Seto, H.Y oshida

Function encoding is one of the critical factors that greatly
impact the quality of the final decomposition results. In this
study, we presented a novel encoding approach which can large-
ly merge two compatible alpha functions or an alpha function
and g function into a single CLB keeping the multiple-output
architecture of the CLBs. To examine the approach, we applied
our algorithms to logic synthesis for LUT-based FPGASs using
subset of MCNC91 benchmarks, and compared the results with
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those from state-of-the-art methods. We have proposed an
advanced phase assignment, where the phase assignment tech-
nique in two-level logic is applied to multi-level logic. We
demonstrated that a combination of the advanced phase assign-
ment and algebraic factoring produces Boolean decompositions
of logic expressions in some cases. We have experimented the
advanced phase assignment for area and delay optimization. We
have also experimented the results of the advanced phase assign-
ment with a state-of-art technology mapper, that employs map-
ping graph. The proposed method is very simple and easy to
employ, yet it is effective both on area and delay optimization.
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Right-Brain-Computing Integrated Circuits
T. Shibata, Q. R. Gu, H. U. Xu, M. Ogawa, and K. Ito

Digital computers are dedicated machines for vary fast execu-
tion of numerical calculations. However, their performance is
extremely poor in such tasks like seeing, recognizing, and taking
actions, which are effortless tasks in our daily life. Thisresearch
aims at building intelligent LS| systems based on the psycholog-
ical model of abrain. In our system past experience is stored as
template vectors in non-volatile vast memories and the maxi-
mum-likelihood event to a current event is recalled in rea time
by afully parallel processing. The key ingredient of the system
is a new functional device called “Neuron MOS Transistor”
(neuMOS or vMOS) which mimics the action of a nerve cell
neuron at asingle transistor level. Based on such an architecture
that “association” is the very computing primitive, we are pursu-
ing human-intelligence system implementation directly on sili-
con integrated circuits. Currently research is in progress for
image recognition and voice recognition processing.

Ultra-High-Speed-Writing High-Density Non-Volatile
Analog Memory
T. Shibata, T. Yamasaki, D. Kobayashi, K. Yamamoto

Human brain is a kind of a huge assembly of associative memo-
ries and intelligent information processing is carried out based
on such a vast amount of memory. Therefore, the development
of high-density semiconductor memory inseparably merged with
processing functionsis essential. In thisresearch project, we are
developing high-precision nonvolatile analog memory technolo-
gy which is applicable to short-term memory for capturing high-
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speed event as well as to long-term memory for storing past
experience as template vectors. In contrast to the conventional
flash memory in which one bit of datais stored by the presence
of injected electrons in the floating gate, we are controlling the
amount of electron injection by a real-time monitoring tech-
nique, thus having established analog data storage in a memory
cel. In particular, we found a new writing scheme in which the
very fast electron injection phenomenon occurring by a positive-
feed back mechanism is well under control. This will allow us
data capture as fast as that at a video rate while only about 10
KHz sampling is possible with conventional analog nonvolatile
memories employing write/verify scheme. The memory tech-
nology is going to be integrated into the association processor
architecture as the integral part in intelligent systems.

A Robust Characteristic-Vector Image Representation
and its application to Handwriting Recognition and
Medical X-ray Analysis

T. Shibata, M. Yagi, M. Adachi, K.Saito, and T.Taguchi

Since image data are massive in quantity, an effective dimen-
sionality reduction technique is quite essential in recognition
problems. The maximum-likelihood search VLS| chips we are
developing accept image data in the form of avector. Therefore
we need to generate a one-dimensional array of numerals, well
representing the characteristic features of the original image. In
the representation, two vectors representing two images looking
similar to our eyes must be closer in the vector space. A robust
image representation technique for recognition has been devel-
oped based on a hardware intensive algorithm. An input image
either in a binary or grayscale format is subjected to adaptive
spatia filtering and the generated feature maps are reduced to a
64-dimension vector by “Principal Axis Projection (PAP)”
method. The representation has been applied to handwriting
recognition and the cephalometric landmark identification, to
investigate the performance. Interestingly, it is shown the sepa-
ration of handwritten overlapping patterns is possible based on
the representation. Using a simple template matching technique,
identification of Sella (pituritary grand), Nasion, and Orbitale
has been successfully carried out. Some false identifications are
found very similar to typical errors made by humans. The algo-
rithm is fully compatible to real-time processing on the hardware
architecture under development in a separate project.

Real-Time Moving Image Processing System
T. Shibata, H. Kimura, S. Nomura

Aiming at real time processing of moving images, a saliency
catcher that detects objects in motion in non-stationary as well
as in stationary backgrounds is under research now. Two key
components of the system were implemented as test chips
through the VDEC chip fabrication program. They include the
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circuit detecting local minima in the parallel matching architec-
ture and the spatial integrator to be used in the scale- and trans-
lation-invariant characteristic vector extraction. The test chip of
the saliency catcher was also fabricated and is now under evalu-
ation. The chip informs the visual recognition system where to
pay attention for detailed analysis for recognition. Furthermore,
the system that extracts three-dimensional information from the
object of interest is aso under study now.

0000000000000 oooooooooooon 5. Sensor, Processor, Actuator integrated intelligent
gooo microsystems
good Y. Mita
0000000 Andreas Kaiser( Patrick Gardad 0 0 0 0O O (Joint research with: A. Kaiser, P. Garda, M. Arai, and H. Fujita)
good
Since first demonstration of Micro Electro Mechanical Systems
J000d0oooooooOooi1eso0 00 oooon (MEMS) on 1980s, many pieces of research are carried in many
00000000000 000000000000noon fields. Some are industrialized as simple micro mechanical
000000000000 0000000000000 components, mechanical components with a small-scale inte-
00000000000 oooo00ooooooooooon grated circuits, and so on. On the basis of these successes on
0000000000000 ooooomoooon MEMS field, the authors intend to propose and demonstrate a
00000000 0ooo0ooooooooooooon “Smart MEMS’ that can make a decision by itself. An intelli-
00000000000 oOoooooooooooooon gent conveyance system made of microactuators is selected as
0000000000 0O0Dooooooooooooog an example. The system can detect the shape of objects with the
00000000 00o0oooooooonoooooon integrated photo-detector-arrays and processors, and can carry
000000000000D0O0000000o0OO0000Q them to the different directions depending on their shape.
00000000 ooooooooooooooooon Performed research spans on many fields such as algorithm,
00000000 0000DOo0oO0OoOooooooooo architecture of processor, microactuators, and integration tech-
0000000000 ooooo0o0ooooooooon nologies. Many innovative technologies for MEMS are pub-
ooo0ooooooooooooon lished through this research. Some of these tecnnologies are
being carried for practical uses.
ooood
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1.

Computer aided design for software/hardware com-
bined systems
M. Fujita, T. Kurohaand D. Nakatani

Design methodologies and corresponding CAD techniques for
software/hardware combined digital systems are studied. The
goal isto partition given specifications into the ones for software
and the ones for hardware so that the cost-performance of the
designed systems is maximized. We are studying on perform-
ance analysis methods based on simulations and program compi-
lation techniques that can utilize special hardware units that are
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generated based on the analysis.

Logic synthesis and layout combined techniques
M. Fujita, M. Kubo and M. Sera

Traditionally logic synthesis of digital circuits and their layout
processes are separated and are sequentially run. Asthe sizes of
semiconductor becomes smaller and smaller, however, delays of
routings dominate the entire delays and it is almost impossible to
accurately estimate the fina circuits delays in logic synthesis.
As a result, logic synthesis and layout processes must be com-
bined appropriately. This research is trying to identify effective
and efficient ways to integrate logic synthesis and layout
processes, and developing a common framework for both logic
synthesis and layout. Also, we are studying on engineering
change techniques that can rectify circuits with layout, even if
specifications of them are changed after layout.

Formal verification of digital systems
M. Fujita

As digital systems become larger and more complex, it takes
much more time to verify and validate designs than to build
designs. Tremendous simulations are necessary to completely
validate large and complicated designs. We are studying on
techniques by which effective and compact simulation patterns
can be generated and also studying on formal verification tech-
niques that can mathematically prove the correctness of designs.
Formal verification techniques for various design levels, such as
system-level, register-transfer-level, and gate-level, are being
studied. We have developed an equivalence checking technique
that can be applied to the comparison of two programs, one is a
slight modification of the other. We have also developed a
formal verification technique for similar problems in gate-level
that can be applied to designs having millions of gates.

Diagnosis techniques for manufacturing faults and
design errors
M. Fujita

Diagnosis techniques for LSI manufacturing faults and automeat-
ic error correction techniques for logic design errors are studied.
We have proposed an unified model that can capture both manu-
facturing faults and design errors, and are studying on circuit
analysis techniques based on that model. Diagnosis and error
correction techniques not only in gate-level designs, but also in
register-transfer-level and system-level are being studied.
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1.

Extremely low power MOSFET operating at 0.5 V by the
threshold voltage control
T. Inukai, H. Im, H. Gomyo, and T. Hiramoto

Extremely low voltage and low power operation is essential for
VLSI circuits and devices. In this study, we aim at the 0.5 V
operation and discuss the possibility of variable threshold volt-
age CMOS (VTCMOS) where the threshold voltage at the active
mode and stand-by mode is controlled by well potential. This
year, the scalability of VTCMOS isinvestigated. It isfound that
VTCMOS scheme is effective when the supply voltage is above
1.5V, but the subthreshold leak can not be suppressed when the
supply voltage is scaled down. It is aso found that VTCMOS
acts as a high-speed scheme at low supply voltage in combina-
tion with BGM OS described below.

Boosted Gate MOS (BGMOS) for leakage free integrated
circuits
T. Inukai, A. Ohsawa, and T. Hiramoto

As the device size shrinks, a MOSFET is no longer an ideal
switching device. Large leakage current flows even when the
device is off, resulting in the increase in the stand by power.
The leakage current includes subthreshold current due to low
threshold voltage, gate tunnel current due to very thin gate oxide
below 2 nm, and junction leak current due to high doping con-
centration. In this study, a new circuit/device cooperative
scheme has been proposed for the suppression of stand by leak-
age current. A MOS switch and main circuits are connected in
series. The MOS switch has thicker gate oxide than devices in
main circuits and has much smaller leak current. The gate volt-
age higher than supply voltage is applied to the MOS switch in
order to suppress the speed degradation in main circuits. This
boosted gate MOS (BGMOS) scheme is one of the most promis-
ing circuit schemes for the future VLSI.

Physics and short channel effects in scaled SOI
MOSFETs
T. Saraya, T. Saito, and T. Hiramoto

Silicon-on-Insulator (SOI) MOSFETS attracted much attention
as a low power device. In this study, physics and short channel
effects in SOl MOSFETs are widely investigated. MOSFETs
with triangular wire channel array have been fabricated on SOI
substrate. In this structure, gate electrodes cover only two upper




40

50

60

oo0oOooooo0ooooooooooowBsoOoono
goooboooOooooboOoboboobOooooDn
gosoooooobooooooooboooooogn
gboooboobooooboooosorooooogon
gooooooooooooobooooooooboOooo
oooooooooooooosorgooooooooon
goooooooooooooobooooooboobooOoo

oooMOSFETOOOOOOOO
ooooooooo

goosorMoSsFETOOOOOOOOOOoOoooonoo
gooooooooooooobooooooobooboooo
goooooooobooobooOooonO MosFeTO OO
oomoooooooooooooooobooboooooon
gbooboobooooobooooboobooooon
gboobooboooooboooobooboooooon
gobooobooooboooboooobboobooboooon
MOSFETO O OOOODOODOOO0O1M0OnnmOOO0000OD0
gboobooboooooboooobooooboooogon
goooooobooboboboOoMOSFETODOODOOD
gboooboobooooobooooboooboooogon
goooooooooooooboOoooooooboOooo
ooooooo

oooooooooooooo
ooooooooo

gooooooooviwsioooooooooooo
oosiooooooo0oooooooooooooooo
gbooboobooooobooooboobooooon
goviLsigooooooooooooooooooao
gboobooboooooboooobooboooooon
goooooooogoMOosFrETOOOODOOOOOOOO
gbooboooboooooboooobooboooooon
gboboobooboooooobooboooobooomoon
gbooboooboooooboooobooooboooogon
gbobooobooooboobooobooboboooboon
gboboz2000000b00boooobo0oboobooooD
gooooooooooooobooooooooboOooo
ooooooooooooooboOoooooooboOoon
oooooooogd

oooooooooboooo
obooooooocoooooooobooo

gooooooooooooboooooooobobooo
ooboooooooooooooooobooooooobooon
gbooboobooooobooooboobooooon
gboobooboooooboooobooboooaon
gboobooboooboooboooobooboooon

side of the triangle, the fabrication process is much easier than
that of double gate devices. It is demonstrated that the short
channel effects are much more suppressed than fully depleted
single gate SOI devices. We also discuss the mechanisms of the
dynamic pass gate leakage problem in partially depleted SOI
devices and the enhancement of statistical impurity fluctuations
in fully depleted SOI devices.

Quantum mechanical effects in very narrow MOSFETSs
H. Mgimaand T. Hiramoto

It is well known that the threshold voltage increases in very thin
SOI MOSFETs by quantum confinement effects. In this study,
we have demonstrated by experiments and simulation that the
carriers are confined not only vertically but also horizontally and
that a stronger quantum confinement is attained in very narrow
channel MOSFETSs. The fabrication process has been improved
and extremely narrow channel MOSFETSs have been fabricated.
The threshold voltage increase due to the quantum confinement
has been clearly is observed when the width is less than 10 nm.
The numerical calculation of energy states in narrow channel is
also performed and it is verified that the observed threshold volt-
age increase is due to the quantum confinement effects. We
refer to this phenomena as the quantum mechanical narrow
channel effect.

Physics of silicon single electron devices
M. Saitoh and T. Hiramoto

Fabrication and physics of silicon single electron devices have
been extensively studied for the future ultra-low power VLS|
device applications. We adopt silicon as a material to consider
the compatibility with the VLSI process, and our research work
is recognized as one of the pioneering works in this field. In a
MOSFET with point-contact channel, a silicon dot is naturally
formed, and the device acts as a single electron transistor even at
room temperature. The quantum mechanical effects in dots play
an important role in transport. This year, we observed large
Coulomb blockade oscillations whose peak/valley ratio is as
high as 2 at room temperature. The origin of negative differen-
tial conductance and the formation mechanism of a quantum dot
have been studied.

MOSFET memory with silicon nano-crystal quantum
dots
E. Nagata, H.-N. Wang, M. Saitoh, and T. Hiramoto

Characteristics of MOS memories with silicon floating nano-
crystal gates have been studied. The memory effect is demon-
strated at room temperature. This year, it is found that the
threshold voltage shift increases in MOSFET memories with
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extremely narrow channels. In the ideal memory devices, the
number of electrons in the dots is precisely controlled. The
device parameters for the electron number control are simulated
and it is found that the dot size distribution should be less than
about 10%.

Oodog
Kitagawa Laboratory
[ http://gaas.ec.t.kanazawa-u.ac.jp/merl/[]
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1.

Nonvolatile Memory Devices Based on Reversible
Phase Transition in Chalcogenide Glasses

K. Nakayama, Y. Imai, T. Kasai, S. Fukushima, A. Kitagawa,
and M. Suzuki

The chalcogenide amorphous semiconductors show the
reversible amorphous-crystalline phase transition by means of
electric pulses. The purpose of the project is to fabricate non-
volatile memory devices based on reversible phase transition
phenomenon. This device was not reliable, because of set/reset
error that is attributable to degradation of the clear-cut transi-
tions in the reset process. The breakthrough was brought by the
scaledown of the feature size of memory cells into deep submi-
crons. The decreased volume of the cells has the advantage of
low power dissipation. Then, we attempt to fabricate the non-
volatile memory card devices with a very large capacity.

Strained Tunneling Devices for ULSIs
A. Kotani, T. Tsujikawa, A. Kitagawa

An active device based on strained tunneling gap properties has
been proposed in this project. The computed current-voltage
characteristics of this device show high current gain and low
voltage gain for device dimensions around several nano-meters.
A fabrication technology with precise control of the device
dimension is required in practical application, because the cur-
rent gain is sensitive to the tunneling gap length. According to
computer simulation, it is predicted that a negative transconduc-
tance is observed in a STD, and it is supposed that static random
access memory devices are composed of only a STD.

LS| Architectures to Generate A Continuous Self-
Projection of An Identity
A. Kitagawa

Animated nature, especially intelligent beings can be positively
discriminated from edp systems on account of their ability for
clear self-recognition. An objective self-definition with a con-
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textual description, however, is nonsignificant solution for the
definition of immanent self and subjective imagery. Therefore,
we can have a mechanism to generate a self from a cognitive
space and to follow an etiologic sequence. If we find this mech-
anism, it makes easy to develop LS| systems that have self-
recognition. Some psychiatrical lucubrations suggest that an
algorithm of self-recognition is similar to a system structure of a
state-machine with multiple-regression.

Polycrystalline SOI structure for Power MOSFETs
H. Mizuno, T. Yokoyama, A. Kitagawa, and M. Suzuki

A polycrystaline SOI (Silicon On Insulator) structure is applica-
ble to devices with large area and particular geometry of LSI.
The goal of this project is to fabricate the integrated power
devices on the poly-SOI structure. The electron mobility and
electronic property of the grain boundaries in the poly-Si films
on the quartz substrates are improved through the very high tem-
perature thermal process with the gas flame apparatus. The high
ON/OFF ratio and low leakage currents of fully depleted SOI
MOSFETs (Metal-Oxide-Semiconductor Field Effect
Transistors) have been attained using the gas-flame-annealed
SOl (Silicon-On-Insulator) substrates.

Model for the glass transition in amorphous solids
based on fragmentation
A. Kitagawa and M. Suzuki

The glass transition (2nd order) between supercooled liquid and
glass state is experimentally observed in various non-crystalline
solids. The transition point depends on the heating rate and
cooling rate in a thermal process, and it, however, conflict with
the entropy change at the glass transition. The model of the
glass transition should be considered that the glass transition
point is dependent on the trace of the thermodynamic variables.
We have proposed a model for the glass transition in a heating
process with ideas of fragmentation of amorphous solid and a
transient phase diagram. To examine the present model, appli-
cations of the model to the phase changes of amorphous Si in
heating processes are carried out and it is found that impurities
in amorphized layer of Si surface are anomalously redistributed,
because the amorphous layer is passed through the supercooled
liquid state in the heating stage of rapid thermal processes.
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1.

Hardware Implementation of a Genetic Algorithm with a

Crossover and Mutation Circuit using
Microprogrammed Control

S. Koizumi, H. Nakatsuka, T. Koide and S. Wakabayashi

Genetic Algorithms (GAs) have been widely used to solve large-
scaled optimization problems with complex constraints. Since
GAs have many parameters, it is difficult to set these parameters
to appropriate values to obtain good solutions. Therefore, many
parameter-setting methods have been proposed. On the other
hand, GAs generally requires a large amount of computation
time, and to solve this problem, many research results for hard-
ware implementation of a GA have been reported. We have pro-
posed an LS| implementation of a GA, which selects crossover
operators adaptively during the algorithm execution based on a
new measure called “elite degree,” that we have proposed to
estimate potential superiority of an individual. We have per-
formed software simulation to evaluate the LS| chip and verified
the LSI chip with evaluation board. We have developed GA
hardware called GAA-I (Genetic Algorithm Accelerator-1) and
GAA-II, in which the crossover operator to be applied to each
individual is dynamically selected during the algorithm execu-
tion. The GAA-I and GAA-II were implemented as LS| chips,
and their effectiveness were verified by simulation and experi-
ments with the evaluation board. However, we could not apply
them to some problems, for which other crossover and mutation
methods are effective. In this paper, we introduced micropro-
grammed control to the crossover and mutation circuit of GAA-
Il and enabled users to implement any crossover and mutation
algorithms as a microprogram. From the experiments, we have
demonstrated that the hardware implementation of the proposed
adaptive GA is effective for performance improvement.

DLX-GA : A RISC Processor for High-Speed Execution
of Genetic Algorithms
S. Koizumi, S. Wakabayashi, T. Koide, K. Fujiwara, N. Imura

In this research, we propose a new RISC processor, whose
instruction set is tailored to the efficient execution of GAs. The
proposed RISC processor is designed based on the DLX instruc-
tion set, and we add several specia instructions, which are effec-
tive to high-speed execution of GAs. Newly added instructions
can be classified into three groups. The first group consists of
bit-oriented instructions, because GA operators such as
crossover often require bit-oriented operations. The second
group consists of instructions concerning with random numbers.
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Since a GA frequently uses random numbers, the computation
time for generating a pseudo random number has a heavy effect
on the performance of GA execution. The proposed processor
has a pseudo random number generation circuit, and in each
clock cycle, a pseudo random number is generated. The proces-
sor has several instructions using random numbers, which are
very effective to shorten the computation time of selection,
crossover, and mutation. Finally, the third group of instructions
added to the proposed processor consists of SIMD instructions,
which are mainly used to implement a crossover operation.
Using the instruction set of the proposed processor, more than
90 % reduction of the number of clocks to execute GA operators
such as 2-point crossover can be achieved. The processor has
been designed with the Verilog Hardware Description Language
to be implemented as a VLSI chip with a 0.350 m standard cell
technology.

A Parallel Genetic Algorithm with Adaptive Adjustment
of Genetic Parameters
N. Toshine, N. Iwauchi, S. Wakabayashi, T. Koide, I. Nishimura

Genetic Algorithms (GAs) are known as one of robust heuristic
algorithms for complex large optimization problems. However,
there are two notorious problems on GAs to realize their per-
formance. One is the difficulty of setting genetic parameters to
appropriate values so as to draw out a maximum capability of
GA. The other is its large amount of computation time. To
solve the former problem, the concept of adaptive GAs has been
proposed. An adaptive GA isaGA, in which genetic parameters
are adaptively tuned automatically during the algorithm execu-
tion, and many results on adaptive GAs have been presented.
On the other hand, to solve the latter problem, introduction of
parallel and/or distributed processing into GAs has been also
intensively investigated. In this research, we propose a new par-
allel genetic algorithm with adaptive adjustment of genetic
parameters, which runs on a hierarchical island model. During
the execution of the parallel GA, each subpopulation executes an
adaptive GA, and genetic parameters of a subpopulation with
low performance are adaptively adjusted by exchanging the val-
ues of genetic parameters among the neighboring subpopula-
tions. Experimental results show the effectiveness of the pro-
posed algorithm compared to a parallel genetic algorithm with-
out adaptive parameter adjustment among subpopul ations.

An Adaptive Genetic Algorithm Using the Sequence-Pair
Representation for VLSI Floorplanning
S. NAKAYA, T. KOIDE, S WAKABAYASHI

In VLSI layout design, the circuits are usualy implemented by
combination of designed modules (hard macro) and new
designed modules (soft macro). A floorplanning is one of the
most important element techniques of minimizing the chip area
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and improving performance. We have proposed a genetic algo-
rithm (GA) for the floorplanning problem in VLSI layout
design. In the proposed algorithm, a solution of the problem is
represented as a sequence-pair. The proposed algorithm has an
adaptive strategy, which dynamically selects an appropriate
operator among newly proposed crossover operators as well as
the one of two mutation rates to be applied to individuals during
the algorithm execution. Experimental results have demonstrat-
ed the effectiveness of the proposed adaptive GA compared with
conventional methods based on a simulated annealing (SA) and
non-adaptive GAs.

A Performance-Driven Floorplanning Method with
Precise Area and Interconnect Delay Estimation with
Wire Sizing and Buffer Insertion

S.NAKAYA, T. KOIDE, S. WAKABAYASHI

In this research, we propose a floorplanning method for ULSI
building block layout. The proposed method produces a floor-
plan under the timing constraint for a given netlist. To evaluate
the wiring delay, the proposed method estimates the global rout-
ing cost for each net with buffer insertion and wire sizing. The
slicing structure is adopted to represent a floorplan, and the
Elmore delay is used to estimate the wire delay. The proposed
method is based on simulated annealing. To shorten the compu-
tation time, a table look-up method is adopted to calculate the
wiring delay. Experimental results show that the proposed algo-
rithm performs well for producing a floorplan for an instance
with 200 modules and 20,000 nets in a practical computation
time.

Architecture for Compact and Fast Associative-
Memories with All-Parallel Nearest-Match Hamming-
Distance Search

T. Gyohten, Y. Soda, H. J. Mattausch, T. Koide

Finding the nearest-match between an input-data word of W bit
length and a number R of reference-data words is a basic opera-
tion for pattern recognition as well as data compression.
Associative-memory architecture for Hamming-distance search,
compact implementation and short nearest-matches times up to
large distances is proposed. Main ideas are fast analog word
comparison and self-adaptive winner-line-up amplification. A
0.6 um, 2-poly, 3-metal CMOS design with 32 rows and 128
columns verifies the key concepts.

RISC processor based read-time picture-segmentation
system
T. Morimoto, T. Koide, H. J. Mattausch

Picture segmentation is an important genera picture-processing
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task and the first step in the process of picture recognition.
Recently we have proposed an algorithm, which promises the
possibility of real-time software-based picture segmentation,
which was previously considered to be impossible. The task of
this research is to further improve this algorithm and to build a
RISC-processor based prototype system for performance verifi-
cation. First, the original LEGION agorithm is improved and
modified for digital processing (we call this algorithm the
Improved-LEGION algorithm for short). Next, the Improved-
LEGION & gorithm is implemented as a program on a M.CORE
system, which is a RISC processor based system, verified per-
formance of the algorithm, and the necessary resources for real
time processing is investigated. Finally, based on the prelimi-
nary study, a picture-segmentation hardware/system with
M.CORE processor is designed and implemented.
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