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On the Mechanism of Benard Convection in

a Thin Liquid Layer Induced by Evaporation

Masahiko SAKAMOTO and Wen-Jei Yang*

Two types of natural convection are well-known. On is induced by the buoyancy force, called the Rayleigh-Benard

type and the other is by the surface tension force, being referred to an the Marangoni-Benard type. In common to the two

type is the requirement of a negative temperature gradient in the direction normal to a liquid layer. namely heated from

below or cooled from above, Recent experiments reveal natural convection in a thin liquid layer induced by surface evap-

oration, irrespective of being heated, cooled below or adiabatic. This study develops measurements with indicate that the

liquid layer consists of two strata with Benard cells appearing in the upper stratum and heat conduction taking place in

the lower one. A stability analysis is performed by means of the separation of variable method. The governing dimension-

less parameters are identified and stability are determined.

1. INTRODUCTION

It is well known that the Rayleigh-Benard type convection
induced by the buoyancy force [1], the Marangoni-Benard
type convection caused by the surface tension force [2], and/or
a type convection by a combined action of the two forces [3]
are characterized by a negative temperature gradient in a lig-
uid layer heated from below or cooled from above. The
physics of natural convection in a fluid layer was described in
detail by [3] and [4].

Recently, [5] investigated the flow by means of the tracer
method (aluminum powder), intrusive technique, to observe
cellular convection in an evaporation thin liquid layer heated,
adiabatic or cooled from below. Twelve liquids of low evapo-
ration point were tested. It was concluded that cellular con-
vection occurs when the liquid layer is cooled from below.
The temperature profile in the layer is nonlinear. However, no
attempt was made to explain the mechanism. Yang et al. [6]
have proposed a new model to explain the mechanism of cel-
lular convection in a thin liquid layer induced by surface
evaporation. The mechanism is distinctly different from those
of the Rayleigh-Benard and Marangoni-Benard type cellular
convections. The model shows that evaporation at the free

surface of the thin liquid layer results in a negative tempera-

ture gradient in the upper stratum in which cellular convection
may occur irrespective of a positive, zero, or negative temper-
ature gradient prevailing in the remaining lower stratum, as
shown in Fig.1. That is to say, the model suggests the forma-
tion of two regions in the liquid layer with the occurrence of
the cellular flow patterns in the top region where the tempera-
ture gradient is negative, irrespective of the bottom region
being cooled, adiabatic heated.

This study develops a theoretical model for this new type of
natural convection based on temperature measurements which
indicate that the liquid layer consists of two strata with
Benard cells appearing in the upper stratum and heat conduc-
tion taking place in the lower one. A stability analysis is per-
formed by means of the separation of variables method. The
governing dimensionless parameters are identified and a sta-

bility criteria are determined.

2. ANALYSIS

Consider a liquid layer consisting of two strata with Benard
cells appearing in the upper stratum and heat conduction tak-
ing place in the lower one, as shown in Fig.1. The normal
coordinate y measures the distance from the solid surface.
Line 4 is the temperature profile induced by evaporation cool-

ing at the free surface, y=¢ which is at a temperature of 7,

*Deapartment of Mechnical Eng. & Applied Mech., The University of Michigan
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Line 1 is due to the layer being cooled from below wit the sur-
face at a temperature T, which is lower than T*. T* denotes
the temperature at a location y=J that separates the upper
form the lower liquid region. Line 2 corresponds to an adia-
batic surface corresponding to an insulated case with T,=T*.
Line 3 occurs when the liquid layer is heated from below with
T,>T. Superimposed in the figure is line 5 for both the
Rayleigh-Benard and Marangoni-Benard type conduction for
reference. In contrast to a monotonic temperature distribution
of line 5, the y=¢ temperature profile in an evaporating liquid
layer are, in general, nonlinear as monitored by thermocou-
ples irrespective of the layer being cooled or heated from
below or adiabatic.

The present analysis follows that of [2] for a liquid layer
being heated from below, except that evaporation takes place
at the liquid surface. It is postulated that (I) The flow field is
treated by one-dimensional quasi-steady state, and constant
physical properties. (I) The liquid layer thickness el has a con-
stant value. () A saturated vapor phase exit over the liquid
layer and the liquid-vapor interface is a flat. and nonde-
formable surface. (IV) The only physical quantities that are
assumed to vary within the liquid are the temperature, the sur-
face tension, which is regarded as a function of temperature
only, and the rate of heat loss o the surface, also a function of
temperature only.

Under the above assumptions, the rate of heat loss per unit
area from the upper free surface in the unperturbed upper lig-

uid region can be expressed as
Q,=ri" * hy= —kp —AAT M

Here, m"” denotes the mass flux of evaporation at the liquid
surface; hy,, latent heat of evaporation; &, thermal conductivity
of the liquid; 4 ,temperature gradient in the upper region
where the temperature gradient is negative; A, local heat
transfer coefficient at the liquid-vapor interface; AT , temper-
ature difference between the free surface and the atmospheric
environment 7, — T,. Note that positive »i” implies conden-
sation and negative for evaporation. Let Ty(y) and Ti{y) be the
liquid temperatures in the upper and lower regions, respec-
tively. /3, can be expressed as the temperature gradient of the

upper liquid region.

_oT,_ T.-T*

P=ay=T-s 2)

where, T, denotes a liquid temperature at the free surface y=

¢ : T*, the liquid temperature at a location y=9 that separates
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the upper from the lower liquid regions. When the lower lig-
uid region is heated from below, the temperature gradient of
the lower liquid region [3;can be expressed as

oT,  T*T,
o e ®

where, T, denotes the temperature of bottom surface, y=0.
The temperature gradients of the upper and lower liquid
regions are equal at y=4¢ , it can be expressed as

8 _T=T _g
(=8 T,—T* ()

The location & that separates the upper from the lower liquid

regions can be obtained by solving Eq.(4) as
Ik (5)

On the other hand, the local heat transfer coefficient A at

the liquid-vapor interface is obtained from [7], [8] as
f2a ). [ M _( [, _ Pes
A (2—&} J27RT, [Tgy,g 1= 2, (6)

Here, a is an accommodation coefficient and the value of it is

referred by [12]; M, molecular weight; R , universal gas con-
stant; hg, latent heat of evaporation; T,, temperature in the
vapor phase; V,,, change in specific volume from liquid to
vapor, and P,, vapor pressure.

The equation of motion and heat conduction become
o .
[a—t—vV]Vu_o (7)
o 2
=Z—aV |T'=83,
[a, a ] B (®)

Here, v is a kinematics viscosity; v’ velocity in the y-direction;
a thermal diffusivity of the liquid; T’, temperature disturbance;
S, temperature gradient of the upper liquid region. It will be
noted that the equation for v’ contains no buoyancy term and
is the same as that of [2].

The relation for S and @ are taken to depend linearly on 7"
because we are considering an infinitesimal disturbance theo-
ry and therefore need only the first two terms in a Taylor

expansion.
S=So— o T (9)

Where ¢ =—(3S./9T),_;, represents the rate of change of
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surface tension with temperature.
0=Qo+qTe (10

Where g=(9Q/9T).r, tepresents the change of heat flux
with respect to temperature at the liquid surface.

Since the lower liquid region is quiescent, four hydrody-
namics for the upper liquid can be described as follows:
Aty=0:

,_ Yy _
V= oy~ 0 1y
Aty=t—:
, 2% .
V=oand st;l,:——_— UV]ZT (12)

Here V?=(8% 3%+ 3% ay'?).
Thermal boundary conditions are

T=Y3T/ 9y 13

At y'=0, and
-k3T13dy'-AT'=qT" (14

at y=¢ - ¢ . The thermal boundary condition (13 is the supply
of heat to the bottom surface of the upper liquid region from
the lower liquid region under the “conducting” condition,
T=0 (i.e., ¥=0).

Let dimensionless variables be defined as

”

[ * , Yy , Z _ SY
o 80=(755 125 1eg) T o) (8

Here, y"=y— & . v'and T'be written in the form of
ve—al(t-8)- F¢,8)- f(z) - e 19
T=p8+W-6)-FE,¢)-gly)- e )

It yields

' F(8,L) , 9F(£,0)
o¢’ o’

+aF(£,8)=0 19

where « is a nondimensional wave number derived from the
application of the separator of variables method. One also

obtained

[P_Pf (Dz—a’)J(D’— ) fi)=0 a9
I.P— (D2‘a2)J8(77)= ey )

where, D =d/dy and Pr=va which is called the Prandil
number.

The boundary conditions (1), (12, and (4) become

FO)=f"0)f1)=0, f (1)=a’Bg(1),g(1)=— Lg(1) ey

where,

_ 6[3,(3-3)2
B= tvea @
and
L= (q+A)I‘c(e—6) (23)

Are the dimensionless parameters, called the Marangoni and
Biot numbers, respectively.
The thermal boundary condition, for the conducting
case(Y=0)yields
g0)=0 @

For neutral stability, Eqs.19 and @0 for p=0 are reduced to

(D'—d)D—d")f(y) @

and
(D'~ &) gn)=A) @0

respectively. Equation @9 subject to the first of Eq.0) is
solved to yield

f@=af{sinha - y- coshay — cosha - sinhay } e
where a=—a * B - g(A2 - sinh’a).
Similarly, Eq.20 subjects to the last condition of Eqs.2]) and
29 gives.
3(7)2% [{a - sinha - - sinhay — sinha - - coshay

(asinh’a — (a*+ 1)sinhacosha

— 2a - cosha - 5 - coshap} —

— 2a cosh’a)+ L(asinh’a — sinhacosha — 2acosh’a) sinhaq]
(acosha + Lsinha)

@

for the conducting case, and
A substitution of Eqs.28) into the fourth boundary condition
of Eq.@) results in one

_ 8asinh{acosha + Lsinha)
= Cosha(sinl’a — 2&) + asinha 8y

For the conducting case.

3. RESULTS AND DISCUSSION

Equation B)) is graphically illustrated for B versus in Fig.2

with L as parameter. The obtained curves are similar to the
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marginal(neutral) curve to Person. The values of the critical
Marangoni number and of the critical wave number are, for
the conducting case and L=0 as in the present study, B,,=57.6
and a,,=1.7, respectively. In general, Larger positive values

of L lead to greater stability.

4. CONCLUSION

Temperature measurements revealed a thin liquid layer
consisting of two strata with Benard cells appearing in the
evaporating upper stratum and heat conduction taking place in
the lower one. A theoretical model has been developed to
describe the new type of natural convection in the present
study. The following conclusions have been derived:

(1) Cellular convection in a thin liquid layer induced by sur-
face evaporation can be explained by the present stability
analysis.

(2) The governing dimensionless parameters, Marangoni and
Biot numbers, are derived by means of the separation of
variables method.

(3) The analytical results are verified by the experimental data.

REFERENCES

[1] Rayleigh,L. 1916 On convection currents in a horizontal
layer of fluid the high temperature is on the under side.
Philosophical Mag. Vol.32, No.192, 529-546.

[2] Pearson, J.R.A. 1958 On convection cells induced by sur-
face tension. J.Fluid Mech.4, 489-500.

[3] Nield, D.A. 1964 Surface tension and buoyancy effects in
cellular convection. J.Fluid Mech. 19,341-352.

[4] Verlarde, M.G. & Normand,C. 1980 Convection. Scientific
American.243,92-108.

[5] Chai, A.T.& Zhang, N.1996 Marangoni-Benard convec-
tion in an evaporating liquid thin layer, presented at 4th
Int. National Symp. On Heat Transfer. 7-11. Oct. Beijing.

(6] Yang, W.J., Guo, K.H. & Sakamoto, M. 1997 Evaporation-
induced cellular convection in the thin liquid layers.Exp.Heat
Transfer.

[7] Carrey, V.P. 1992 Liquid-vapor phase change phenomena:
An introduction to the thermophysics of vaporization and
condensation process in heat transfer equipment. 112-120.
Hemisphere, New York.

[8] Faghri, A. 1995 Heat pipe science and technology. 72-75.

MARLE $H345 (199)

Taylor & Francis.
y“ Atmospheric Environment
) Te Free(Top) Surlace

Upper Liquid Region hin Liquid Layer

Lower Liquid Regnon

$Bottom Surface
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f(50<>:1Ieat'le'w Adiabatic Heated from
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1:positive tempaerature gradient due to cooling from below
2:zero temperature gradient due to no heat flow from below
3:negative temperature gradient due to heated from below
4:negative temperature gradient due to surtace evaporation

5:Rayleigh-Benard and Marangoni-Benard type convection

Fig.1 A model for evaporation-induced natural convection in
a horizontal, thin liquid layer of thickness of 1 mm or
less subjects to being cooled, insulated, and heated from
below (line 1,2, and 3) as compared with Rayleigh-

Benard and Marangoni-Benard convection (line 5).

700}

Fig.2 Neutral stability curves, conducting case.
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A trial for generating high negative pressure by sealing a plug in a boiling water

Kazuki HIRO

A liquid is stretched isotropically under negative pressure. Where it is in a thermodynamically metastable state, it is apt

to cavitate through nucleation process. We aimed to generate high negative pressure in Berthlot method using a metal tube

for facilitating measurements of properties in the still uncovered range. Negative pressure was not found to increase with

repeated cavitation by sealing a metal a boiling water. The result means that negative pressure was affected by the pore-like

defects in the metal bulk.
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Super Finishing with Water Soluble Grinding Fluid

Tadahiro WADA

In super finishing of the sintered stainless steel with the water soluble grinding fluid, the surface

roughness was investigated experimentally. The super finishing stone used was WA600RH70. The main

results obtained are as follows: (1) The surface roughness was constant above the stone pressure 0.25MPa.

The super finishing stone wear increased with the increase of the stone pressure. This is the reason why

because the abrasive grain easily released at the high stone pressure. (2)The surface roughness increased

with the increase of the maximum inclination angle.(3)The surface roughness became better among work-

piece speed from 28m/min to 100m/min.
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Electro-striction Effect of Polyurethane Elastomer (PUE)
and Its Application to Actuators

Jun KYOKANE, Haruhiko ISHIMOTO, Hideyuki YUGEN, Toshihiro HIRAI*,
Takashi UEDA ** and Katsumi YOSHINO ***

The polyurethane elastomers (PUEs) similar to a polymer gels have been found to show the electro-

striction effect. We proposed the application to an actuator without ionic solvent utilizing the electro-

striction effect of PUEs. PUEs were synthesized by prepolymer technique and were polymerized in the

form of films by casting method. The actuator is a monomorph type which is formed metal electrodes on

the both surfaces of PUE films by thermal or ion-beam-assisted deposition method. While, it was tried to

operate the actuators under low voltage by inducing Cg, derivative into PUEs. The bends of both the nor-

mal PUE actuator and the fullerenol doped PUE actuator increased with increasing an applied voltage.

All of samples were bent in the direction of the cathode, and they have polarity effect. The bends of the

fullerenol doped PUE actuators were larger than that of the normal PUE actuators and it became possible

to operate at low voltage of 400 V. Also, the pincette type actuator could smoothly pick up a sponge like

a finger.

Keywords: polymer gel, polyurethane elastomers, electro-striction effect, actuators, Cg, derivative.

1. Introduction

Since the polymer gels take place a nonlinearly volume
change by a stimulation from outsides, these gels have been
actively studied the application to functional materials and
devices. In several kinds of application of gel, the methods

for moving devices are phase transition of volume by the

substitution of solvent or using the gels responded by light, -

thermal and electric field. The volume change of these gels
are large, but their response is slow and the control is diffi-
cult.

Then, Hirai's group found that the unionic polymer gels
based on polyvinyl alcohol bend high response in the direc-
tion of electric field [1]. It is considered that the bending

mechanism of these gels originates form the rearrangement of

The contents of this paper were presented to the
International Conference on Science and Technology of
Synthetic Metals (ICSM' 98), Montpellier, France (July
13, 1998).

* Dept. of Chemistry, Shinshu University.
** Research & Development, Nitta Co. Ltd.

*** Dept. of Electronics, Osaka University.

the unionic solvent with a large electric dipole moments by
electric field. However, in case these polymer gel works in
atmosphere, the solvent leaks out from the gel material. This
is the weak point of the swollen polymer gels by solvents.
Therefore, we synthesized the polyurethane elastomer (PUE)
without solvent which is responded high speed under D.C.
voltage [2-3].

Polymer gel Elastomer

(contains solvent)

(without solvent)

Fig.1 Schematic diagrams of the polymer gel and

the elastomer.

PUE has molecular structure with the hard segments and
the soft segments, which the role of unionic solvents is

replaced with a polymer chain itself, and both segments are
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similar to the relation of microcrystals and solvents as shown
in Fig.1. Because it can be expected to work as the moving
devices without solvent, we proposed the application to actu-

ators like a finger.

2. Experimental

PUEs were synthesized by conventional prepolymer
method. Diisocyanate for the hard segment and polyol for
the soft segments were used paraphenylenediisocyanate
(PPDI) and poly (3-methyl-pentamethylene adipate) glycol
(PMPA), respectively. Chain extenders are 1,2-propaneediol
(1,2-PD) and 1,1,1-tris (hydroxymethyl) propane (TMP).
Elastomers were polymerized in the form of films with thick-
ness from 2 mm to 200 zm by casting method. The actuator
of PUE is a monomorph type which was formed aluminum or
gold electrodes on the both surfaces of PUE films by thermal
or ion-beam-assisted deposition method after corona dis-

charge treatment.

The synthesis of fullerenol (1st step)

{a#——— Mix and stir in N2
(55-60°C, during 3 days)
«——— Into dicthyl ether and stir
Centrifugation
« (4000r.p.m, during Smin)
Washing with
* dicthyl ether /Acetonitrile (2 : 1)
Vacuum dehydration
(4 0C, during 2 days)

[ Sulfrated fulleren derivative J

The synthesis of fullerenol (20d step)

Sulfrated fulleren Distilled
derivertive (3.0g) water(60m!)
| Mix and stir in N2
(85, during 2 days)
4___(knmfugmmn

(4000r.p.m., d\fﬁngSmin)
|- Vacuum dehydrfmon
(4 0C. during 2 days)

[_Fullerenol

Fig.2 Synthesis method of the Cg, derivatives.

While, in order to obtain the new functional properties,
we controlled the morphology of PUE by inducing Cg, deriv-
atives into the elastomers. The morphology control of PUE
films was carried out after hydrolyzing the sulfurated Cg,

derivatives through sulfurating of Cg. The reaction from

MRLE $£345 (1998)

fulleren to sulfurated Cg, derivative was added oleum to
destroy double bonds of fulleren by the procedure as shown
in Fig.2. The sulfurated Cg, derivatives are obtained to put
hydroxyl groups to the sulfurated fulleren after hydrolyzing.

The reactions of the fulleren, from sulfurated fulleren
derivative to fullerenol, were analyzed for functional group
by measuring of the Furrie Transformation Infrared absorp-
tion spectrum. Figures 3 (a), (b) and (c) show the FT-IR

absorption spectrums of fulleren, sulfrated fulleren derivative

i

1182.3
(1182.4) 574.7
(576.4)
1429.2
(1428.5)
526.5
(527.4)
(b)
(e)
L

4000 3000 2000 1000 400
Fig.3 FT-IR absorption spectrums of the fullerern and the
fulleren derivatives. (a) Cg, (b) sulfurated Cg, deriva

tive, (c) fullerenol.

and fullerenol, respectively. In the sulfrated fulleren, new
peaks were observed at near 1040 cm and 1180 cm™. It is
considered that these absorption spectrums occur by the
stretching vibrations of sulfa groups. In figure 3 (c) the
absorption peak of fullerenol at 1180 cm™ becomes more
remarkably large, and also the absorption peak of hydroxyl
groups is observed at near 3300 cm™. The reaction of fulleren
completely occurs from the observation of these absorption

peaks. The number of the hydroxyl groups are not measured,
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but it is assumed that the fulleren puts 10 to 12 hydroxyl
groups [5].

The detail measurement methods for the electrical proper-
ties etc. of both PUE films and actuators have been reported
[2-4].

3. Results and Discussion

The PUE films with 2 mm thickness applied to the 1 KV

appears the large strain as shown in Fig.4. These strain curves

indicate the stable response with respect to the voltage "on"

T T T

ON

.
E-S

Strain (um)
&

OFF

—
)

L n L 1

0 15 30 45 60 75
Time (sec)

Fig.4 Response curve of the strain on the applied voltage.

and "off".Also, the strain of PUE films increased in propor-
tion to the square of an applied electric field as shown in
Fig.5. It was clear to indicate the electro-striction effect.In
order to clear whether the strain of the PUE films depends on

the modulus of elasticity of PUE itself or not, wemeasured

25 - - .

Normal PUE film
209 o Thickness : 2 mm o?

107

Strain (pm)

S0 25 0.0 25 5.0
Electric Field (KV/cm)

Fig.5 Dependence of strain on the electric field.

the relation between generated stress vs. dielectric constant
about different molecular structure such as polyether type
polyester type and polylactone type.
The dependence of stress on the dielectric constant obtained
for the elastomer of polyester type and polylactone type, but
the stress for polyether type elastomer did not generate. This
polyester type elastomer also observed the charging and dis-
charging characteristics. Therefore, it is not considered that
the strain of the PUE films is originated from the modulus of
elasticity of elastomers. These results are suggested that the
electro-striction effect of elastomer films takes place by ori-
entation due to polar group in the soft segments of polymer
chain.

Then, we fabricated the PUE actuator of monomorph type
utilizing the electro-striction effect as shown in Fig.6.

Figure 7 shows the bending displacement for the PUE
actuators of monomorph type. The bends of PUE actuators
increased in proportional to the squared of the electric field.
The detail mechanism for the bends of PUE films is not clear.
But as the above mention, since the PUE films have many
polar groups in the soft segment, the bend of films take place
that the molecular chains are stretched by the orientation of
polar groups in the soft segment of PUEs under the electric
field.

Fig.6 Monomorph type PUE actuator.
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50 " ' T "

40t Normal PUE films * .
—_ Thickness : 200 y m o
E | ]
é 30 .
2 .
2 207 )
m L]

10 * 7

L
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0 —o ® . . .
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Fig.7 Dependence of the bends of PUE actuators on the

electric field.

Fig.8 Photograph of the operation of monomorph type

PUE actuators.

Photograph of the operation of monomorph type PUE
actuators is shown in Fig.8.

The operational voltage of PUE actuators is 1 KV and
this voltage is so high. It is very difficult to use practically.
Therefore, it was tried to induce a fulleren derivative into
PUE so that monomorph actuators obtain the large bends
under a low voltage. Figure 9 shows the bends of the normal
PUE film, the films doped different fullerenol concentration
of 0.05 %, 0.1 % and 0.25 % and the film doped fulleren of
0.1 %. The bends of thePUE actuators doped fullerenol
increase with increasing the concentration of fullerenol in
PUE. The monomorph PUE actuators doped fullerenol con-
centration of 0.25 % were found to bend about three times

larger than that normal films at 400 V as shown In Fig.9. It

e E 55345 (1998)

60 T T ' '
°
507 1
® Fullerenol : 0.25%
_ A Normal PUE g
E 40 . Fulleren : 0.1%
é ° A
= L
5 30 ) A
[==]
" A
207 -
- A
=
10 . .
° A =
° A a v
on—= N . .
0 10 20 30 40 50

Electric Field (KV/cm)

Fig.9 The dependence of the bends of various kinds of
PUE films on the electric field.

was clear that the PUE actuators doped fullerenol of 0.25 %
bend at low electric field. On the contrary, the bending dis-
placement of a film dispersed fulleren become small compare
with a normal PUE films.

Since the bends of fullerenol doped PUE films are large in
proportion to the fullerenol concentration, it is considered
that the crosslinking density increased in the PUE films by
the combining hydroxyl groups of the star shaped fullerenols
which were doped into hard segments. As the result, the large
bend of the PUE actuators doped fullerenol occur to restrict
the stretches of soft segments by an applied voltage. This
effect is also understood that the bend of PUE actuator only
dispersed Cg is smaller than normal PUE actuator. All PUE
samples are bent in the direction of cathode electrode by an
applied voltage and have a polarity effect. If polar groups
are formed in molecular chains as mentioned above, this
bending direction of the PUE actuators can be explained.

It was measured the relative dielectric constant to clear
the role of polar groups in PUE samples. Figure 10 shows the
dependence of the relative dielectric constant for the normal
PUE films and the fullerenol doped PUE films under an
applied voltage. The relative dielectric constant increase with
increasing the applied voltages for the various kinds of PUE
samples as shown in Fig.10. Also, it was clear that the dielec-
tric constant increase with the concentration of the fullerenol
doped into PUE films. This is considered that the polar
groups per a molecular chain increased to progress the
crosslinking reaction by the fullerenol in hard segments of

PUE. Therefore, these results are supported the polarity effect
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of bends for the PUE actuators.

é‘; 25 T T T

)

= e Fullerenol : 0.25% L

‘g 20f 4 Normal PUE - .
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o 107 e a i
= g 4= =

3 [ |

)

&~

50 1 2 3 4 5 6
Applied Voltaga (V)

Fig.10 Dependence of the relative dielectric constant on

applied voltage.

A pincette type actuator which is combined two pieces of
the monomorph PUE actuators could smoothly pick up a

sponge like a finger as shown in Fig.11.

Fig.11 Photograph of the pincette type actuator.

4. Summary

The results of this study are summarized as follows.

PUE films of polyester type were the most shrinkage
compared with both polylactone type and polyether type.
These strain increase in proportion to the square of electric

field. It is considered that the strain of PUE films take places

the electrostriction effect based on the stretch of molecular
chains.

An actuators using the PUE films were found to bend in
the direction of negative electrode by applied voltage. The
operation voltage of PUE actuators is 1 KV, and it's a high
field region. Then, the molecular structure of PUE was con-
trolled by the fulleren derivative so that the bends of actuator
can smoothly occur at a low field region.

The fullerenol doped PUE films also have the electro-
striction effect, their bends of PUE actuator increased with
increasing to an applied voltage. All of samples have the
polarity effect. The bends of the fullerenol doped PUE actu-
ators were larger than that of the normal PUE actuators. It
became possible to operate at low voltage of 400 V.

The relative dielectric constant of PUE films was mea-
sured to make clear the relation between electro-striction
effect and behavior of the polar groups in PUE films. The
dielectric constant increased with increasing the applied volt-
age and also increases in proportion to the concentration of
fullerenol in PUE. This is considered that the polar groups per
a molecular chain of PUE increased to progress the crosslink-
ing reaction by fullerenol.

The dipole moments due to polar groups play important
role for bend of the PUE actuators.

Pincette type actuator could smoothly pick up a sponge

like a finger.
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Realtime Gesture Recognition by Dynamic Control of Visual Interest Points

Toshiyuki KIRISHIMA, Kosuke SATO* and Kunihiro CHIHARA*

A method to track and to recognize human actions in the real world environment is proposed. Gestures can convey a

wide range of information, not only emotional state and intentions but also such varied physical information as position,

posture and motion. In a previous paper, we have proposed a vision-based gesture recognition framework called QVIPS,

which enables the system to observe a gesture from multilateral perspectives and to obtain the relevant gestural infor-

mation of a user under an unified framework. The problem with QVIPS is that it is susceptible to the load fluctuations

generated by the accompanied application programs and the increase of the amount of gesture standard pattern.In order to

overcome above-mentioned problem, we propose a framework called QVIPS%(Quadruple Visual Interest Point Selecting

Strategy). QVIPS? realizes the dynamic control of effective visual interest points, and the robust estimation of gestural

phase. Experimental results show that QVIPS? enables the recognition of human natural gestures in a stable, flexible and

realtime manner.
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Computer Simulation of Constant M and ¢ Chart
and Nichols Chart in Continuous Control System

Takashi KURIMOTO

In design and analysis of a continuous control system, Bode diagram, Nyquist diagram, root locus,
step response, constant M and ¢ chart and Nichols chart etc. are used properly. Such characteristics can
be drawn by the personal computer. In this paper the method to draw them briefly by N88-BASIC is
described. The auther reported about Bode diagram, Nyquist diagram, root locus and step response in

the reference 1). Continued from this reference 1), constant M and ¢ chart and Nichols chart are taken

up.
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10 REM R10-PROG1T

20 PI=3.1416

30 DEF FNX1=M"2/(1-M"2)

40 DEF FNY2=1/(2»TAN(PHI))

50 SCREEN 2,0 : CONSOLE :,0,0
60 WINDOW (-5,-3)-(4.3)

70 VIEW (40,0)-(639,399)

80 LINE (-5,0)-(4,0),,,&HFOFO
90 FOR J=-3 TO 3 STEP 1

100 LINE (=5,4)-(4sd)5 s &HT111 : NEXT J
110 FOR J=-5 TO 4 STEP 1

120 LINE (Js=3)-(J»3),.,&HT111T : NEXT J
130 M=1 : LINE (-.5,-3)-(-.5,:3)

140 FOR I=1 TO 15 : READ M

¢ LINE (0,-3)~(0,3)

» 1 s SHFOFO

150 DATA .3,.55.6+.7+.8,.9+1.1:1.2+1.35,1.4:+1.6+1.8:2:3,4

160 R1=ABS(M/(1-M"2)})

170 CIRCLE (FNX1,0),R1 : NEXT I
180 PHID=-180 : LINE (-5,0)-(4,0)
190 FOR I=1 TO 12 : READ PHID

200 DATA -170,-160,-150,-135,-120,-90,-190,-200,-210,-225,-240,-270
R2=SAR(1/4%(1+1/((TAN(PHI))"2)))

210 PHI=PHID/180%P1 :
220 CIRCLE (-.5,-FNY2),R2 : NEXT I
230 END
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10 REM R10-PROG2
‘20 PI=3.1416 : DTH=.002%PI
30 DEF FNA(TH)=-M"2/(M"2-1)%#COS(TH)

ELE %345 (199)

40 DEF FNB(TH)=M"4/((M"2-1)"2)#(COS(TH))"2-M"2/(M"2-1)

50 DEF FNGA1(TH)=FNA(TH)+SQR(ABS(FNB(TH)))

60 DEF FNGT(TH)=20%LOG(FNGA1(TH))/LOG(10)

70 DEF FNGA2(TH)=FNA(TH)-SQR(ABS(FNB(TH)))

80 DEF FNG2(TH)=20#LOG({FNGA2(TH))/L0OG(10)

90 DEF FNGA3(TH)=SIN(TH)/TAN(PHI)-COS(TH)

100 DEF FNG3(TH)=20#LOG(FNGA3(TH))/LOG(10)

110 DEF FNG4(TH)=20#LOG(-1/(2#COS(TH)))»/LOG(10)
120 SCREEN 2,0 : CONSOLE »+0:0

130 WINDOW (~4/3#PI,-40)~(0,20) : VIEW (40,0)-(639,399)

140 LINE (-4/3%PI,0)-(0,0) : LINE (0,-40)-(0:20)

150 FOR J==40 TO 20 STEP 10 : LINE (-4/3#PIsJ)-(0sJ)s»,&H1111 : NEXT J

160 FOR J=-4/3#P1 TO 0 STEP 1/6%PI : LINE (Jy-40)-(J:20),s:&H1111 : NEXT J
170 MDB=0.: FOR TH=-4/3%PI TO -1/2#PI#1,005 STEP DTH
180 LINE (THy=FNG&(TH))-(TH+DTH,~-FNG4(TH+DTH)) : NEXT TH

190 FOR I=1 TO 15 : READ MDB

200 DATA =.1,=.2+=.4s~.6+~.8+s-1+-1.5+-2,-3+-4+-5,-6,-8,-10,~-15

210 M=10"(.05+MDB)

220 FOR TH=~4/3%PI TO O STEP DTH

230 LINE (TH»~FNG1(TH))}~(TH+DTHs-FNGT(TH+DTH))
240 NEXT TH : NEXT I

250 FOR I=1 TO 11 : READ MDB : DATA .1,.2,.4,.6,.8,1,1.5,2,3,5,10

260 M=10"(.05%MDB)

270 IF MDB<=1 THEN TH1=-4/3%Pl

280 IF MDB=1.5 THEN TH1=-4/3#PIx.988

290 IF MDB=2 THEN TH1=-4/3#PI# 968

300 IF MDB=3 THEN TH1=-4/3#PIx 937

310 IF MDB=5 THEN TH1=-4/3%PI#%.891

320 IF MDB=10 THEN TH1=-4/3#PI# 823

330 FOR TH=TH1 TO 0 STEP DTH

340 IF FNB{(TH)<.01 THEN GOTO 400

350 IF FNGA1(THI<.01 THEN GOTO 400

360 IF FNGAZ2(TH)}<.01 THEN GOTO 400

370 LINE (TH,=FNG1{TH))=(TH+DTHs~FNG1(TH+DTH))
380 LINE (TH»~FNG2{(TH))-(TH+DTH:-FNG2(TH+DTH))
390 NEXT TH

400 NEXT I

410 PHID=0 : LINE (-PI,-40)-(-PI,20)

430
440
450
460
470
480
490
500
510
520
530
540
550
560

PHI=PHID/180%P1

FOR TH=-4/3#Pl TO O STEP DTH

IF FNGA3(TH)<.01 THEN GOTO 480

IF FNG3(TH)<~-25 THEN GOTO 480

LINE (THs-FNG3(TH))~(TH+DTH,~FNG3(TH+DTH))
NEXT TH : NEXT I

FOR I=1 TO 8 : READ PHID : DATA -5,-3,-2,-1,1:2,3,5

PHI=PHID/180#P1

FOR TH=-4/3#P1 TO 0 STEP DTH

IF FNGA3(TH)<.01 THEN GOTO 550

IF FNG3(TH)<0 THEN GOTO 550

LINE (TH,=FNG3(TH))}-(TH4DTH,~FNG3(TH+DTH))
NEXT TH : NEXT I

END

420 FOR I=1 TO 17 : READ PHID : DATA -10,-20,-30,-40,-50,-60,-70,-80.-90,-100,-1

10,-120,-130,-140,~150,-160,~170
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Three Dimensional Computer Simulation of Distorted Wave by Fourier Series

Takashi KURIMOTO

As the distorted wave is the periodic wave and is represented by Fourier series, computer simulation

is performed easily. When the results of computer simulation are used in learning the distorted wave,

the effect of education is increased. In this paper the method to draw some distorted waves and these

three dimensional Fourier spectra briefly by N88-BASIC is described. The auther reported about the full

rectified wave, the saw-tooth wave and the trapezoid wave in the reference 1). Continued from this

reference 1), the half rectified wave and the pulse width modulation wave are taken up.
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10 REM R11-PROG1

20 PI=3.1416 : WTE=4%PI :
30 SCREEN 2,0 : CONSOLE ,.0,0
40 WINDOW (0,-1.2)-(WTE,.6)

50 VIEW (40,0)-(639,399)

60 LINE (0,0)-(WTE+0)s++&HFOFO.
70 LINE (0,-1.2)-10,.6)

80 FOR J=-1.2 TO'.6 STEP .2

90 LINE (0,J)-(WTE»J)»» &HTTTT : NEXT J

100 FOR J=0 TO WTE#1.01 STEP WTE/16
110 LINE (Js-1.2)-(Jr.6)s&HTT1TT
120 FOR WT=DWT TO WTE STEP DWT :
130 FOR N=1 TO S50 STEP 1
140 F=F+A/ (PI#N)#((1-COS (N#WTAU)I*SIN(N*WT)+SIN(N#WTAU)#COS (N#WT)) o .

X9 /OVAWEEREEZ KD

20707 A

: NEXT J

150 NEXT N
160 LINE (WT-DWT,»-PFI-(WT»-F) : PF=F :
170 END

b ‘L
£
{
0w T W
i Vg 4n
—swilrad]
Turysa K9
(a) wr=%n
1 fw
£
? .......
0 i
2 i 4r
—wwi[rad

Ty h W9 272L20--WTAU=PI %34

b) wr=%n’

10 /UL RIEEBENS I2l—Tay
()37 A—% . wr [rad])

@) IS RARERED T —UITANRT bV
BORL Y. wr=trlrad] OLED/ L RRERYEO3
RERRT =V LARY M ERDLLDOTTT T A
AR T . SV AR wr [rad] 235 42— 553
RILFR7—VLARY bIVERI2@ 0) IZRT. T2

DWT=WTE/300 : A=}

NEXT WT

: WTAU=PI/4

F=A®WTAU/ (2%P1)

PAREA FNBET )3

® wr=%n’

K12 7SV ABERENIRTRR7 -V T
ARZ P (8T A—% ! wr [rad])

12 (a) O3 KR % K132 577,
I 2T, 1Lz onwT, #F0OT0Y 5 AMEROBREY
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10 REM R11-PROG2
20 NE=50 : PI=3.1416 : RAD=PI/180 :
30 SCREEN 2,0 : CONSOLE ,,0,0

40 WINDOW (-1.35,-.3)-(.3,1.35)
50 FOR I=1 TO 3 :

A=

READ X3,YS»ZS:XEsYEsZE

: WTAU=P1/4

: VIEW (40,0)-(639,399)
: GOSUB =ROTA

60 LINE (XS,-YS)~-(XE>-YE)» BH1111 : NEXT I

70 FOR J=0 TO NE STEP 5

80 XS=-.3 : XE=.3 : YS=0 : YE=0 : 2S=J : ZE=J : GOSUB =*ROTA
90 LINE (XS,-YS)-(XE>-YE)»»s&HT111 : NEXT J

100 FOR J=0 TO NE STEP S

110 XS=0 : XE=0 : YS=0 : YE=.3 : ZS=J : ZE=J : GOSUB #ROTA
120 LINE (XS»-YS)-(XE,»-YE)»» »&H1111 : NEXT J

130 FOR J=-.3 TO .3 STEP .1

140 XS=J : XE=J : YS=0 : YE=0 : 25=0 : ZE=NE : GOSUB #*ROTA
150 LINE (XS»-YS)-(XE»-YE),» &H1111 : NEXT J

160 FOR J=0 TO .3 STEP .1

170 XS=0 : XE=0 : YS=J : YE=J : ZS=0 : ZE=NE : GOSUB ®*ROTA
180 LINE (XSs-YS)~(XE>=-YE)»» »&H1111 : NEXT J

190 XS=0 : XE=A#WTAU/(2%PI) : YS=0 : YE=0 : 2S=0 : ZE=0 : GOSUB ®ROTA
200 LINE (XSs-YS)-(XE»-YE)

210 FOR N=1 TO NE STEP 1

220 FX=A/ (PI#N)#SIN(N*WTAU)

230 XS=0 : XE=FX : YS=0 : YE=FY : ZS=N :
240 LINE (XS»~YS)-(XEs-YE) : NEXT N
250 END

260 #ROTA

270 TY=-2.5#RAD

280 X1=XS*COS(TY)+ZS#SIN(TY)

290 21=2S#COS(TY)~XS#SIN(TY)

300 XS=X1 : XE=X2 : 2S=21 : ZE=22
310 TX=3%RAD

320 Y1=YS#COS(TX)-ZS*SIN(TX)

330
340
350
360

Z3=Z5#COS(TX)+YS#SIN(TX)
¥YS=Y1 : YE=Y2 : 2S8=23 :
RETURN

DATA 0.0+0,.3,0,0

ZE=24

: DATA 0,0,0.0,.3,0

2 FYSA/(PI#N)#(1-COS(N=*WTAU))
ZE=N :

GOSUB *ROTA

I X2=XE#COS(TY)+ZExSIN(TY)
1 22=ZE#COS(TY)-XE#SIN(TY)

T Y2=YEXCOS(TX)-ZE#SIN(TX)
1 24=ZE#COS(TX)+YE#SIN(TX)

DATA 0,0,0,0,0,50

M1l 7OVREERED SKTER7—JIZARY MVERDDDOTUT T A

JFurZsh @Il RL
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Engineering Education to Cultivate the Creativity by Design and Production of Autonomous Robot

Takahiro MICHISHITA,Hiroaki ICHII,Rei NAKASHIMA Mituyoshi SHIMAOKA,
Haruaki KISHIGE and Toshiya SAKABE

The Department of Control Engineering in NNCT(Nara National College of Technology)puts the basis

on four technical engineering,i.e.mechanical,electrical,control and information engineering.And this

department is carrying out the engineering education in which the design and production of autonomous

robot is performed.The reason why the robot-making was selected is that it is concrete and easy for the

students to understand.This report describes the engineering education putting emphasis on the produc-

tion of autonomous robot which is the main theme in this department.
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Experiments in Department of Control Engineering

Attached Importance to Production

Mitsuyoshi SHIMAOKA ,Hiroaki ICHII,Toshio NAKATA,
Takahiro MICHISHITA and kenichi IIDA

We at the department of control engineering,Nara National College of Technology,have been undergo-

ing a new education under the reformed curriculum since 1997.As one of the primary focuses under this

curriculum,'Experiments in Control Engineering'have already been implemented on first-year students

sincel997. This course is based on four themes and aims at understanding the several electrical phe-

nomenona through production experiences.In this paper,the outline and characteristics of this course have

been described. Forthermore,the problems to be solved have been cleared and its countermeasuer has

been discussed.
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A CMOS Threshold Gate and its applications

Ryo IGARASHI, Ken-ichi YAMAGUCHI

This paper discusses the circuit design of a CMOS threshold gate and its applications to the multiple

valued logic circuits, multiple valued memory, A/D converter and D/A converter. CMOS threshold gates

have been shown to be particularly attractive for multiple valued logic and multiple valued DRAM

applications because of a simple circuit configuration and long retention characteristics of several min-

utes. Being applied CMOS threshold gates to a conventional logic circuit, silicon die area is reduced one

third or one fourth. It is also emphasized that A/D converter and D/A converter with high accuracy are

realized.

1. INTRODUCTION

Recent technological requirements of sophisticated elec-
tronic devices have created demand of large scale, complex,
integrated circuits. Meeting the demand has required techno-
logical advances in materials and process refinement. It is ,
however, likely that limit of process technology is expected
for VLSI circuits to be no more improved from viewpoints of
manufacturing yield and cost.

It is, therefore, important that process dependency of
VLSI circuits is lowered in technological advances. One of
the most attractive approaches is to utilize multiple valued
logic. Several proposals of this approach have reported 12,
In this circuit, conventional MOSFET's with floating gates
are used. Input signals are given to capacitors connected

between several input terminals and the floating gate. An

input weighting is determined by the values of capacitors. It -

is noted that capacitors are hard to be integrated in a VLSI
circuit.

On the other hand, authors have studied Neuron Cell con-
sisting of CMOS transistors.®+ ! As a result of this study, it
has been found that the Neuron Cell capable of positive and
negative weighting is implemented, adding or subtraction
input currents each other through current mirror. This Neuron
Cell is used to realize not only neural network, but also
threshold gates applied to multiple valued logic circuits.

In an application to multiple valued logic circuits, a, mul-
tiple valued register is required to implement multiple valued
system which avoids use of binary logic circuits. This paper
describes multiple valued register with long retention char-
acteristics and A/D converter with high accuracy and high

performance.

When the CMOS threshold circuits are utilized as logic
circuits, number of MOS transistors can be reduced one third
or one fourth. This means that silicon die area of VLSI can be
reduced without process innovation.

It may be concluded CMOS threshold gates provide sub-
stantial leverage over conventional CMOS gates because of

simple circuit configuration and high function.

2 Basic multiple valued circuit
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Figure 1 Basic multiple valued circuit
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Figure 1 shows the multiple valued logic circuit consisting
of only CMOS field effect transistor (CMOSFET). The circuit
has positive and negative weighting capability to inputs.
The above circuit shown in Figure 1 was proposed as a neu-
ron cell composed of four parts. The first pért is a circuit of
positive weighting to input signal X;, the second part being a
circuit of negative weighting to input X;, the third being pos-
itive threshold circuit, the fourth being negative threshold
circuit.

Lets describe operation principle of the neuron cell. The pos-
itive weighting circuit consists of N channel field effect tran-
sistors (call NFET hereafter), W, Wy, Waio. W, ALA,,
As,... , A,, P channel MOS field effect transistors {call
PFET hereafter), P,,P, and P,. The purpose of W;, W,, W;,

. ,W, is to generate constant currents. The purpose of A,
Ay Aj,...
When input X, of '1' is applied to the gate of PFET P, to be

, A, is to control on/off of constant currents.

turned off so that weighted current I, is allowed to flow
through P,. Based on current mirror function of PFET P, and
P, P; generates 1.

On the other hand, the above concept of positive weighting
circuit is adopted to a negative weighting circuit consisting of
PFET P; and P;, NFET's B's and W's. It is noted that addi-
tional NFET current mirror consisting of Q, and Q, function
to change the direction of current I.

At the output F, the current I, is compared with I;. When
I, >I;, a high voltage is obtained at F. When I,<I;, voltage at
F becomes low. Since output voltage is not fixed when I ,=I3,
a bias current is supplied through Q,.

Now, it is described how to establish threshold value. The
threshold circuit is not shown in Figure 1, but, a positive
threshold circuit is obtained by removing P, form the positive
weighting circuit previously mentioned. Also, a negative
threshold circuit is implemented at the same manner. The

following equation represents the above functions.

F= f(x; E’Zn:\ivi —Xj Eiv‘vj)

+( Zzz?k— 2::?1)

Lets explain how to do weighting. A current corresponding
to weighting is determined by combination of the constant
current sources consisting of NFET's W;, Wy, W,,... , Wm.
Each current is determined by the ratio (W/L) of NFET chan-
nel length (L) to the channel width (W). When m=4, W/L's are

defined as 1:2:4:8. In this case, four bits are required to con-

HRLE £345 (199%)

trol NFET's A,, Ay, Az and A,.

Lets consider how to utilize the neuron cell to multiple
valued logic circuits. Figure 2 shows an application to a bina-
ry full adder. In the Figure, the full adder consists of PFET's
Py, P,, P;, and others (NFET's). The NFET's W,, W,, W, are
current sources generating the same current. Binary inputs A,
B and carry C are applied to the gates of NFET's B, B,, B,. If
any two of A,B and C are '1', P, generates current 2I which is
compared with current 1.51, resulting in a high voltage at the
terminal C. This means carry is generated, but, sum is not. In
more detail, since Q; is turned on, the current of P; is com-
pared with the constant currents of 21 and 0.5I, resulting in a
low voltage at S.

When all inputs are '1' ,both outputs S and C are become'l’.

Figure 3 Full adder by threshold gates

Figure 4 shows 4 bit comparator using threshold gates of
N,, N, and N;. In the Figure, each input of 4 bits has different
weighting such as 1,2,4 and 8. When input A is given to Ny,
output of N1 is obtained as a result of D/A conversion. In the
same manner, N, generates an analog output as a result of
D/A conversion for input B.

Comparing 4 bit input A with B, the outputs from N, and
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Figure 4 4 bit comparator

N, are given to N3 and N, as inputs in order to obtain com-
parison results of A>B and A<B from N3 and N,, respective-
ly. Threshold gate N5 generates an output corresponding to
A=B.

Figure 5 shows the circuit diagram of a part of the com-
parator shown in Figure 4. It is noted that this circuit consists
of only MOSFET's.
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Figure 5 Circuit diagram of 4 bit comparator

In Figure 5, N channel MOSFET Q, and Q; consists of a

current mirror to implement negative weighting. Threshold
gate N, consists of N channel MOSFET Q, and Q;, and P
channel MOSFET P,. Threshold value is provided by a con-

staut curreut of Q.

3. Structure of Multiple valued Register

At present, DRAM's are widely used as a main memory of
MPU. It is, however, difficult for DRAM to be used as mul-
tiple valued memory because of its short retention time.

Authors have proposed Multiple valued DRAM cell con-
sisting of two diodes and one capacitor in order to obtain
longer retention time. It is, however, hard for this memory to
be used in combination of multiple valued logic circuits.The
reason is that a large current deviation takes place even if a
small voltage change in the capacitor occurs. It is, therefore,
required that multiple valued register has long retention char-
acteristics equivalent to SRAM.

Figure 6 shows the circuit diagram of multiple valued
register in which multiple valued information is stored in a

form of electric charge in the capacitor.

Voo

Figure 6 Circuit diagram of multiple valued register

Lets explain the theory of operation associated with Figure
6. The diodes D, and D, are designed so as to have the same
electric characteristics. Parameters of NFET Q, and a value of
externally supplied voltage to the diode D, are determined in
order for the current of the diode D, to be equal to the current
of D,. This current flows through NFET Q, and PFET P;.
The current mirror consisting of PFET Pl and P, supplies to

the diode D, the same current as the diode D,. This means
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that the current of the diode D, is cancelled by the current of
the diode D,, resulting in no charging or discharging current

in the capacitor. Therefore, a long retention time is obtained.
4. Application to Multiple valued Multiplier

In a multiple valued system, it is desired to use multiple
valued register in multiple valued arithmetic and logical oper-
ation instead of conventional binary register.

In figure 7, 2 bit multiple valued multiplier and multiple
valued register are shown, storing the multiplication result
from the multiplier to the register. When 2 bit input A, A, is
multiplied with input B,, B,, multiplication result is obtained

as a current through PFET P,

Write pulse

Read palse

Figure 7 Application to multiple valued multiplier

The circuit consisting of PFET P;,P, is a current mirror.
NFET Qg,Q, is also a current mirror. Through these current
mirrors, an output current is generated in PFET P;, being
converted to a voltage.

In writing operation, a write pulse is applied to PFET Pg,
NFET Q,, a voltage corresponding to the output current is set
to the capacitor C.

In Figure 7, an output current is converted to a voltage.
This is for explanation purpose only. In general, it is not
required to use resister in a VLSI.

Figure 8 shows a simulation result of the system with
multiple valued multiplier and register.

In an application of the multiple valued register to A/D
converter system, the register is used as sample and hold cir-
cuit. An A/D converter is shown in Figure 9, which is
designed with capability of high-speed operation. It becomes
evident that an accuracy of each digital output is determined
by values of reference currents and is not degraded by a sig-

nificant bit .

FARE F4U5 (1998)
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Figure 8 Simulation result of multiple valued multiplication

system
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Figure 9 High precision A/D converter

In corporated with the high precision A/D converter, ref-

erence current sources shown in Figure 10 are provided.

Vpp

Vop

—0 >
aw

= =N-2

Figure 10 Reference current sources

Assuming that the maximum input current is I, the refer-
ence current sources have to generate [,/2,1,/4,1,/8,1,/16, - -

Referring to Figure 10, current mirror P-1 and P-2, con-
sisting of three PFET's, and current mirror N-1 and N-2, con-
sisting of three NFET are connected each other so that P-1

generates a half of input current (I,/2). N-1 generates an out-
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put current same as input current.

It is, therefore, clear that I;/2 and 1/4 are obtained at ter-
minal A and B, respectively.

If other reference current sources as shown in Figure 10 are
added to terminal C, I;/8 and I/16 are obtained.

5 Conclusions

It has been shown that utilizing neuron cell capable of
positive and negative weighting as threshold gate, multiple
valued logic circuit can be obtained. Using threshold gates,
logic circuits are so simplified that number of FET's is
reduced to one third or one fourth times as many as that of a
conventional binary logic. It is, however, noted that further
considerations are required from viewpoints of die area,
power dissipation, operation speed, etc.

For further discussion, it is pointed out that threshold
gates require DC current. However, much less power dissi-
pation is assumed due to current mode operation which does
not require power dissipation to charging and discharging
wiring capacitors. One of effective approaches in power
reduction is to control to shut down power sources when not
required.

One of the most important problems is of speed degrada-
tion due to low charging capability when difference of posi-
tive current and negative current is small.

As for multiple valued register, it is described that long
retention characteristics is obtained by supplying the same
current as leakage current which flows through the memory
diode. This type of register will be effective for realizing a
simple multiple valued system.

It is, also, evident that the threshold gates, the neuron
cell, the multiple register/memory, the A/D converter, a D/A
converter, an analog circuit are integrated on a chip as well as
conventional binary logic/memory.

It is, therefore, concluded that based on the threshold
gates and multiple valued register/memory, LSI design capa-

bility is enhanced..

References

(1] M.Kameyama and T. Higuchi, "Multiple valued logic
system and its application”, Proceeding of the Institute

of Electronics, Information and Communication

Engineers, Japan, Vol.68, No.5, pp.515-521.

(2] T.Ohmi, T.Shibata:"An Intelligent MOS Transistor
Featuring gate-level Weighted Sum and Threshold
Operations"(1991), pp.919-922, IEDM

{3] J. Kobayashi, Y. Nishimoto, Y. Mimura and R. Igarashi,
"Current Summation Neuron Cell ( ¢ -Neuronn Cell)",
Proceeding of the 3rd student convention of kansai-sec-
tion of Institute of Electronics, Information and
Communication Engineers, Japan.

(4] J. Kobayashi, R. Yokosu and R. Igarashi, "A proposal of
o -Neuron Cell and its application”, Proceeding of the
1997 convention of Institute of Electronics, Information
and Communication Engineers, Japan.

[5) K. Yamaguchi and R. Igarashi, "A multiple valued mem-
ory considerations” 1997 Joint convention of Kansai-

section of electrical engineer related institutes, G11-2.



78



ZRIXBEEMER

MRALE %345 (1998) 79

A YT =%y MIBTHHERGEHEAFTICHETHZE

T %% -FN Ekx

About the Education of Information Ethics on the Internet

Hideo KUDO and Hiroshi YOSHIKAWA

EBEEMERPEHAZTE, FRY TV -HFILBWT, ar¥a—v8E (¥ —%v MEA,
BEMOILALZ ERATWS, Thwz, FAEIF, FROEFRUERK,OA -4y F2ZEBHICFIATE
5. L2Lads, A5 -7 POBBREICHTLIELAD VL OPFEEL ZoTWAE. ARTIE, BHED
BRLFRCHAOBREFRFH TCOERLEBEE L EDDL Lo T, FEDA V¥ —F v b EEREHEIC
B3a7 7 — PREBLIZERIIOVWTHETS. &8, 77— PORBIE, BHREEEEHE NV -7

EBWTEREN- LD 2FIHEE TRV .

1. BU®IC

Avy—%v POERICLY, BEEMER UT,
BHLRT), BHAEBLIUREOHERERKE D
T, AV —2v VOEREEOERY TV —KTF
FEHEho2H 5., T7z, BRERTIE, HHRHEEK
FOLEUIRHBESATWEY,

HFRLEHE LT LT, ZEOBERLILEL, B%
FEICR)ANSZEPERETHLHEEX TS, £2
T, BER, AFRIIBIA 2o -5 CBTLER
DEBEFEWELT, 7vr - RERIToTELSY,

FRTIE, HREYEZRLT, [1vy—%v b LiF
BEE] CHTAFEOERLRAET SEHTHER L
27— NORFIALT, BUROR%L AF CEMDOEE
THHEBED ] - 2ELBEBEMROREIL OlEBL &
UBED4 - SELEKRED] - 2ELDREFH L
HRIIOWTHRET 2.

2. RERMRIRICRIT 3 BAAE

ZITE, REOBE L FHEMICOWVWTRT.

* KRG KE

21 ERBEOME
COMEOHMIX [4 5y —% v } LERGE] 8
LT, FiBROR2 LB LEBOZEL HRICEEOER
OHBSHTHZ L THE. B, BRENROBET
i, KRB LOTEBRD 145, REEVOER (B4
ZH) 01 - 2EEAME6 L VBEIZEETH Lo
[MR] T7rr—rEEELAOR, ZABEOHEHRT
FH1-2-4-5%F KREPKZEOREHRER
1 - 28ThHY, NBUIEhFN39%, 424, 384%, 40
%, RU674%4, 38&THo7.
[REEE] BEEMEIICHKS 2FHSE TR,
FHEMA (BB, RVaVBEORE, 15 —%v
MNIBOARE), FTREMB (RFEOM#K), AKM (@
MNEH, AT = FREFa)T14%2E) OD3oDESD
"oHhh.

22 FHERM
FEFWMYEL A Ea— yBRBIZOVWTHIERZT S
(08 ®x]
96 K24
wxix |
Pl | —
e |
wmee [ -
swie | i
% 20% 40%

K1 BEEEOHER



80 FZRTESFEMER HELE $HUF5 (199)

1-OOHMTHL.

M1kY, £F#ER, BEESHLSE»S 38, &
KESHAEPLS5ETH S,

M2y, IXValFEOFE] owTid, BEE
T 3D 6 HROEENMBATHAL TS, &5,
WREZ/ - MV ERASETWAED, 8HILL
FtéBoTwa,

K3 &y, [RETODA 7 —%vy MR 122V T
i, 1820 3HTRENLITLIIETL hoTWb,

B4ty [BREOAL % —%v FRH] iIconwT
i, BEANDL - 5ETIHE, ERERS - 68 TH2.

RIZ, FEOBHBEICHT 5 HESOMEL VL
HRTHHEMTHS. H5-alBFEEL, M5-bIZEKX
HEIZDWT, A2 SN TREED LAV TS
WERRTL-F—F v~ FTET.

BEAICBWTIE, W1 EETRENENFSIICD
TR L Y, SEEIFT—FBNAITHE., ERkEDLH
BEEEMPRON LN, AREICHS, BEEOH?H
Wizdbs. BEEBITEHAELD, [HWAllnd
5] HEOENLDIZ, Windows, { ¥ ¥—% v b, ¥
ANADHAH. [HLLEV] FEOBVI DL, 2F 7y
L, T7729Y, BFEA—2H5.

BEROBHZRT &, BREIKRFOEES/SV 1
YEMAL, FEISM -2y FEFEHL WD,
HEE DI,

BHAEICEOEEISVIVEHAL, IFORE
BAry—Fv P EFIAL, BBEOHRIEETHS.
%0, BEARBICIERI Y2 -5 0EMEEF %
FFTWAELD, FERDEREL ) MEND .

2B, REOLDCERECOVWTHET L, RE
TO/XV A DOFEFIR, B TEBRESMOEE
WHRESGUTEL RV, $/, RETS Y —%v b
R DRENDH Y 2HS, ERICESTWAEREIT]
MW= VWHIKTH 5. FEOMEICE L T, [1SDN]
[LAN] [DOS/V] % EDEFAEREICOWTIE, [Bivw/Z
Edbwn] LV EFEF4IEDIL8E L. [£F Ty
FlizonTid, Lo%ERS 8ELU EO&EED [Hv 7
ZEbhv] EEZTVAS.

3. BRBEICH T2 0HER
T, BHREHICHTAFEEOFEZOENIION

T, PUBORL BB LERDOFEICBILZERIIONWT
DT 5.

X2
EXIE
MWSE
WWAF
W2
WUELE

o% 20% 40% 60% 80% 100%

X2 sNvaro@EARE

(@ an |

axe |
sHx1E
wwsE
swaE g
s [
I .

o 20% 40% 60% 80% 100%

K3 FETHALv5—%v FFIE

|y 0L L]

HX2F
X1
HY5F
W
HW2AE
mELIE

X4 ZHETHLr—Fv A

A ¥—Fph

S o 4EEE 2% 164 |

H5—b HEOHHM (HXE)



A% —%y MBI AERGREKFTICHT 28 81

3.1 FEROER
BB, HWFTEE, X254 (3vV¥a—%
JUSR), EBEHERT T ANY ) v FIZOoWTIEICRT.

(1) EATEBICRES 5 %M

a. AFBBROME

M6 th, [2r€a—sxHnT, MADBAT—%
(fEpr, K&, BFEHFS, HH, FRiY) *HHICAS
CENTEDLELLEDL, HRIZERLVEERI D] I
2WT, S5ER (RIERW, L6 E0nITRTH
2w, EBEL TRV, EEohlnIERAL W,
IR W) TEXZTHL o7

SR 1 F0FED [RIERV], 4ERI%HOEE
PHRADEHRIBELERL TS,

b. BAFROHE

M7&0, 32— %2AVT, MAXDHLL-DME
ANT7T—% (EFr, K%, EEFES, M, Friy) %
RABZEIZDVTEIBIN?] 1220 T, S5EE (K
ELMENH L, HLEEMEN DL, EELTH RV,
L ALHBE 2V, Fo7-HEN RV K11 F TH
B20T, IPFTORREIET) TELTLL-7:.

HR1FZ4ETHED, BR2ELEHEHENY - 54
TR TEHESDFEDN [METHL] LEXTVD. D
0, ERPLYSIZE, BFOBAERERONLE
WCHER B L TW AP ALN S,

c. BAF— 7 RPEHEOER

M8 &Y, [F—bR=VHREIBATFT—F2HELS
LIZDWTEIRIN?] IZ2o0nWTIE, FEICERELRL,
S5EEDEAD [METHL] LEZTVWD., BRAE
b4 EEIKRY [METHL] LEXTVEY, TEBK
DIETIE2HN [2<HELV] LEXTVDE.

oLy, [F—aR=VHEBAOEEE2RELZ L
WZOWTEIBIN?] 122V TiZ, 3ERIHRDOFEN
[METHL] LEZTVAED, [REI L] PEFEE
ICHEZTWA, 2B, BRTEIIESKRT [HEF 2V
PDOFERNI RSN,

Pk, MAERCEL T, tBAOBAEREBEE
WEBWEAICIRBGOBABREHON vk
W BEAEbNE. F—AR—VIZEBRBRTLIHNEL L
T, BABRL VEEOHD [MEF 2] L) EE
ICEERE R L 5.

(2) WA A HECBE S 5 3% R
a. MADEE - FR O

MI1I0& Y, [F—R=VLEIMADBEERET LS
BRICETITD LI VEI 2?2 ] I2onTid, 7TEEVWE

BRIERTHE O RTHAN
B R B ez R

OYboLbRI

s
x4
s
o
1 273
s

X6 MMADBAT—5HE (Q2)

B XSMENHS B HIREMESHD OLLOEL R
Wizl A MM B kST PEEAS 2

|R2F

X1

#hRSE
mRAE

2

muE

R
X%
e
moE
Y 0T
wWLE

0% 20% 40% 60% 80% 100%

10 MADERE - FEOMTT (Q5)



82 ZRIEXSFEMER HALE $£H45 (198)

A [METHL] LEZ TS, FRENETECE
M 5.

b.BFIZ) Y IHD

11t by, MEADF—LR—JI12, BFIZV 2%
BADIZEHATHLLEI N ?] 12onTid, 6FLE
DEAED [METHL] LEZ TN,
HMPFARCELT, ADEEREED L VIIMA
DE—LR=TIZ, BRIV V2722813, KD
ZHELEIRANVWILEERLTWE L) IfAbIs.

3) X274 LMY HRM

a. 827 —FOZRLAROWNE

M12iz, BB EN RS &) 2fEHREFoTw
ZWVOT, NAT— FAHAICHSATHRER 2w
Boy»?] %, MI13IZ, [BEFD/XAT— N, KEIC
BZTHVWEEIR?] 27T,

WMEL DL, TEREOFEN METHZ] ExTw
5. BRETII4EHLEVDY, FEIETIONTER
BET-oTnA,
b.lADIAT—FTUOs4 » .

14 &b, [Huizh, bLBMAOI—HFHEI/ISRAT
— Ko7 Ln, O A LznERI RN ?] 12
SWT, SEE (RIFER->THLV, RoTHIW, &
L5V RV, RoTHL W, EHIIRLL %
W RIS bR DT, IR THORTIIBET) TERT
bHo7z.

2QEFEDFED [RoTHI] EEZTWEYS, [H
Iz %] A3ECOVnE, TEX*BRIBRAET
3E3ED [RoTHAV] LEXTWVAEY, TESK
TIX5E5EAT [RoThV] LEZTWAY, KEE
ARLEEDOBFETIE [RoTHLLL W] M5 ERE
»5b.

C.AYEa2—FI A NARIZDONVT

M15& b0, [d%d, bLarEa—-9¥I7f VA%
MRETELELES, $IREFRTOIMBADITI ¥
—FIZARTALWERIH?] 1220V TiE, 2F§0
FHEN [RoTHIV] LEXTEY, [HFIZR5%
W] HF5EE VA, TEXRIBRETIRH2ED
[RoTHIZV] EEZTVEY, TEBKTIEO HIFHH
[RoTh\] EEZTVWAY, REEK - KE¥ETIE
[RoTHI V] HEFEBI TS,

UE, £Fa2) 5128 CBBLTE, NAT—-FDOE
ENOTBIKFEBENTWS L) D, FEATS
AVRTANVADRALZEIZ2EIZEDEENELE R
LTwa, ¥/, TEBROAREIZBVTIE, HRHL
0 AR (A AR (P

FR2F
EXIE
USE
HEAE
U2
IE

K1l BFic) 7285 (Q6)

B XMENHS B HIBAMENHD OYbobibnai, |
B LAY 2 B Eo At |

X2
|XIF
W WEE
WA
w2

HHIE

X2
TXRIE
wHSE
HUAE
wW2E
wHLE

K13 /SA7—FOAFE (Q8)

BRHACHTHM ORoTHRY  OUbbEbIRI
ll R THME2 B R IZRHR |

SER2F
EXIE
mWsE
WW4E
W2
mEIE

X2
EXIE
EHSE
3 2T
W2
wEIE |

K15 w4 VADORA (Q11)



A5 —Fy BT L EREEEFT ICHT 2 E% 33

(8) 74 0% ) 7MY 5

a. RBR¥E - FHERIZOVT

16 &0, MBELEBZREN Y — Y OEE R LD
WAV —Fy FTRLZENTEDL, 20 L) %1E
BARTAILICEIBIRN?] 12onT, 5EKER (K
ELHEEVD L, HLEEMEIHL, EHLTHRV,
T AEHENR L, $o7- BN L K17 b [k
DT, MPTHORRNIIET) TEXTHLo

2EEZBROBELEDSEE DFED [MENFD 5]
LEZTWD, AREOBELUPLMHERTH L. &b,
TEEZBRCERETIIH6ED [MEFHZ] LEZT
W5, TE¥EKTIR (ME L] L [Fo- MER
v AM2IZEH (385 TH5HY.

b. 74 NWVF ) Y TIZDOWT

17&Y, [WWWH AL FDT74VF) »7iZonT
EFEIDP?] o0 TE, BEAPERELY 1H12
E% [HMEFHH]| LEZTwA. LhL, 6FIEL
R IEsoThhv] EEXTVWE. £RNIZZOER
VAP R VEENKETHS .

c. VAT LEHEDA-NVHABOHE

M18& b, [VATLEHEL, BAX-IVONEL
AT 2B 2VEIL?] 122V T, 6EH»5 8%
M HENHE] LEZTWE, FEFENLIZONT
MEERIE T > TVA5.

Dk, BELEESCENY - VOB EFEERF—
LR=TDTANE) 2 TRVAT A TIZDWT,
FHEOBHBHLOBFRLIH Y, BHEDKFEDOERTIE
BLVHETHL. F7o, [F#ICE o TAME BRI
FE&NED] #ELVHGRE LTHIZDFLLRED
WEELTALEZOLND. B, VAT LEBREDA
— VABDEEIZOWTIE, REOEKRTI ZIZANT:

(5) EZVEHEICBES % 3%

a. iy 7 boEBIIOWT

19Xy, [FRY 7y x27%23E—-—T&5L9)I1
FTHEIEIIZDWTEIRID?] 1220 T, SERE (X
WERS, RIBELZLIVERS, #liLV 7 %5
TWtES, ALV 7 b ebhEbhnilEH, &
(W ERD K20 AR T, RIFTORRNIET)
TEZTOL o7 [BALLY 7 M aohtbint R
5] PEFEIELRAONS,
b. %y bI7—27TOHKY 7 bOFHFIZONT

X204 0, [ERPBETHoTNDE A Y FT—2T
—ODHRY 7 e EEMEZL L L HITTHI LDV
TEIBID ] 20T, [LWEES | PRENEH
HIIEELBoTWVDS,

BoREMENSHS O HIREMENHS OYLLLbV RN
Bz A M@ 2 B ko <2

K26
TKRIE
HSE
HRAE
w2
HWLE

K2

sEx1E

W5

g

H2E

mELE

0% 20% 40% 60% 80% 100%
K17 WWWH A FDT7 45 7220 T (Q18)

MR
FKRIE
WS
EAE
24
HEIF

M18 VAFLBEHEOX—VEE (Q7)

B ES 0 Ry BARLE
O RV 7Mbb BRALLY 7Reb)EDR
[ F<e/ A0 5] ¥

X2

\XIE

54

P
w2
UL

K24
EXIE
HUSE
BHE
e

wEIE

0% 20% 40% 60% 80% 100%

20 #v r7—2TOHEY 7 FOFA (Q16)



84 FRIFEREHFMER

DLk, EfeEzBELTIE, RV 7 FOBREET LAY
FT =27 TCOHRY 7 FOFIRIZOWVTOEEDE S A
METHLLEZOLNS,

32 SAHDEED
DEiFLdrl, ko) REMEALNRS. A
EHRICE L CIBEEFERIE, BAFHRICELT
i, MADBEAFRERELVEBVEHAEIESD
BABREAONL BV EVIHEAELR L. HH
ERMADBEEREED 2 WVIIMBAD K~ L <R—J|Z,
BRI 7 ERBAILE, KFOREALBIREWVE
LEBEBLTWDR I ADLNE. $72, £Xxa) T4
KBLTRARAT - FOEEROERIIXNFEB ST
WA EHEN, RELZOTL R TANVADORALZ LI
EREMDOT 2T EOFENBLERL TS, 72,
TANS Y Y TIZOVWTREFENERIET . ASET
BRI L CIERESEERME. EERICEL T,
HERY 7 FOERE SRy T2 TOHE Y 7 POF)
AoV TOBERDKIIHMETHLEELLNS.
ThoREBT AL, B2 ERREHFOA LT
AvF—%y PRIREBITIZHA FI4 Rt aER
PRI EREEAFTOLEREMICELARATH

A 7,8,9,10

4. BbHYIC

FEREEROWETICHEY, BRTIR [TEH] &)
FLOEHORBIRFERTWVEY, Tho0RED
hicd, HHRERICETAEMFETATND. T2,
KETOERGEROKM & LT, RIFFOFFA 2
MhHb. 4k, BEIIBVTH, BEE,SERTES
FEXAMPLETHLEEZOND,

ARCIE, 4oy —%v b eiERMEE] LT,
BORL HE CERMOZE R I L AERICOW
TRz %8B, 7rr—MCEELTLNZEEERK
O, 7— ¥ D& EFRo T MAERIER, b
E—ZOmMEBICERHLET. /4, ) LAHEFEHE
DR O EEFREENANR RARE | 5SS
Sete) THREERAET Uy r— MEFIBSETEN:Z L
CHEERLIET.

MRELE $34%5 (1998)

EEUR

D) () HHLAEEE (EHESERICBIT 2 ERLES
FOERICHTIRENS) | EUREERICBIS
HRUEHEOER BT > AENATR 6 EHERE
# (1995).

2) T, TH, 2B BEAZEO L Ea— 73T
LEHAE, BHE VAT LEBRERE0DLEREH
SO, pp.145-146 (1995).

3) TR, ) HHRAEICBTLIEEENERFAAG) -
BEAEELER1EELOLK—, T8 EEHR
M E IR SHEFRCE, pp.256-259 (1996).

4) Tk, N, RE A9 —%vy MBI 2 EHBAE
CHT2ERRALE)-BHEELERELORE—, &
FUAT L ERFERE 23N EE KRR E, pp.277-
280 (1998).

5) MR, B, £H 1 4 v ¥— % v MERICBIT 1ERRK
BHEL), HE VAT LAERFERBBAEEREH X
£, pp.289-292 (1998).

6)IiE, WE A& —%v MEHIIBI L ERRER
FQ), HEVRA T LABRERFE22INLEREFLE,
pp.293-296 (1998).

7) i, A, LAYy — %y MERICBITAERG
BEEQ), HE VAT LHERESE2BOREEREIHX
%, pp.285-288 (1998).

8) T, &i8, B . BHIIBIASL 7y —%v MEA
LERGEEE, ETHRABEABMIFERE,
ET98-55 pp.7-14 (1998).

9) L, &8, X, FIl: “4v¥—%vy MBS
AT 5 BBRAEC) - SFELERERUK
FHEEOWE ", XEATRI0EEERLEZER
FeE AR U, pp.389-392 (1998).

1001i%, &, %, B3, Fe, T “fv b7-
IHREERGHORE", HRULEZAMASERE,
98-CE-50, Vol.98, No.102, pp.109-115 (1998).

1IDEFRRRERARE | SFFRERICBIT 2 BHRAE
EREFMDO-ODT 4~V 1Y T4 - AT T4,
TR T - SEEIERENAR (HRIFEBN) &
BEE (1997).

IR KFERHE RS | HREEHR (1995).



