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Generation of Selves:

Identitiy Matrixing and Transculturality in the 3™ Paradigm of

Informatization
Setsuko Adachi General Education, Kogakuin University
Michael Kearney General Education, Kogakuin University
Shuichi Kawasaki The Japanese Red Cross College of Nursing
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ABSTRACT: The influence of transculturality during the process of Identity Matrixing is increasing at a high rate as a
result of developments in Advanced Information and Communications Systems. ~This report, for the academic year
2008, presents the investigations conducted by the research group into the process of Identity Formation in relation to
issues of regional identity, globalization in the 3" Paradigm of Informatization, and transculturality: an understanding
of the mechanisms of Identity Matrixing and its relationship to transculturality reveals the systems operating in, and
the problems of, the 3" Paradigm of Informatization. First, a brief overview of the related concepts that will be
utilized to discuss transculturality and Identity Matrixing will be given; then the developments and applications of the
relevant theories, concepts, and models will be discussed in three parts. The first part will focus on the development
of global consumerism. The second part will detail the development of educational programs that foster regional
identities, which are able to operate in the global forum without losing their specific cultural integrity. The third part
will be comprised of two case studies on the interface zone of regionality/globalization: one will be an analysis of the
relationship between globalization and the Japanese psychological infrastructure of amae; the other will consider the
audibly explicit interference force of Japanese logocentric thinking that inhibits the grasping of transcultural/global
systems, structures, and texts, which thus results in disabling the abilities of Japanese structured identities to operate
on a global landscape. This report will conclude with two projections of future human identities: the first is a
comparison of an examination of the future as it is presented in The Possibility of an Island by Michel Houellebecq in

juxtaposition with the present socio-cultural situation; the second deals with William Gibson’s view of Japan as the
global imagination’s default setting for the future.
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5. Case Studies
5.1 Globalization and Identity: A Case

Study of Japanese Amae
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ANALYSIS AND ASSESSMENT OF
THE 3-BUNDLE ANTERIOR CRUCIATE LIGAMENT RECONSTRUCTION

Hiromichi Fujie, Kunio Kokubo Kogakuin University
Ken Nakata Osaka University Medical School
Konsei Shino Osaka Prefecture University

ABSTRACT: The anterior cruciate ligament (ACL) is one of the most important structures in the
knee joint although it is frequently injured. The reconstruction of the ACL using autogenous
graft materials is a common procedure for the restoration of the knee stability after the ACL injury.
The traditional procedure of the ACL reconstruction is performed by the use of a single bundle
autograft. The double bundle ACL reconstruction was developed by one of the coauthors in which
the ACL is replaced with two looped Hamstring grafts. Previous studies indicated that the
function of reconstructed knee with the double-bundle grafts was recovered more closely to normal
knee as compared with that with the single bundle reconstruction. The recent anatomical studies
have found that the ACL is consisted of three different bundle structures; anteromedial (AM)
bundle, posterolateral (PL) bundle, and intermediate (IM) bundle. Following the anatomical
finding, a novel ACL reconstruction technique has been developed in which the ACL is replaced
with 3 grafts corresponding to the 3 bundles. However, the biomechanical significance of the
triple bundle-ACL reconstruction has not been clarified yet. Therefore, the objective of the
present study was to determine the biomechanical characteristics of the triple bundle-ACL
reconstruction technique using a custom-made robotic system.

A 6-degree of freedom robotic system has been developed in which a custom made 6-DOF
manipulator was combined with a 6-DOF load transducer. All the actuators attached to the axes
of the manipulator were position control-based actuators. A LabView-based control program runs
on a Windows PC. Hybrid control of position of, and force/moment applied to, the knee joint was
developed. Using the system, the mechanical function of the human ACL for anterior stability of
the knee joint, was determined. Results reveal that the function of the PL bundle is more
important than other bundles in response to hyperextension, and anterior and internal loads at
low flexion angles. As the flexion angle increases up to 60 degree the function of the AM bundle
becomes more significant. When the flexion angle is more 60 degree the function of the IM
bundle becomes more significant. The force in the AM bundle decreases with the increase of
flexion angle while the contrary relationship is found in the IM bundle. The laxity matched
tension (LMT) in anterior translation was approximately 12 N in the triple-bundle and
double-bundle ACL reconstructions with Hamstring tendon grafts. Note that the obtained LMT
is significantly lower than the LMT (44 N) in anterior translation for the single-bundle ACL
reconstruction determined in a previous study. The graft force in response to internal moment to
the knee is lower in the triple-b. ACL reconstruction than in the double-b. ACL reconstruction.
The LMT in anterior translation is approximately 10 N in the rectangle-bone-tunnel (Rec.)
bone-patellar tendon-bone (BTB) ACL reconstruction which is significantly lower than the LMT
(30 N) in the conventional BTB reconstruction. Besides the anterior stability, the anterior
translation is limited within 1 mm in response to internal moment of 5 Nm, which suggests that
the rotational stability is also high in the Rec.BTB reconstructed knee.

Keywords: Anterior cruciate ligament (ACL), Knee joint, Triple-bundle ACL reconstruction, Knee
laxity, Graft force, Six-degree of freedom robotic system, Hybrid position/force-moment control
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Figure 1: Anterior view of the human knee joint with
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Figure 2: Laser digitizer to determine the position of
the femoral insertion sites of the MCL and LCL for the
establishment of the femoral coordinate system'"
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Figure 3: Six degrees of freedom (Grood&Suntay)
model of the human knee joint 12 connecting the
femoral coordinate system, Cp, to the tibial coordinate
system, C;
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Figure 4: Six-DOF robotic system for biomechanical
tests of the human knee joint 2
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Figure 6: Six-DOF force/moment applied to the human
knee joint controlled at prescribed levels to simulate a
physiological anterior translation test
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Figure 8: ACL force and ACL-bundle forces during
hyperextension and passive flexion of the knee
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Figure 9: A-P laxity of the intact knee and
ACL-transected knee in response to A-P force
application from 100 N of posterior force to 100 N of
anterior force
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Figure 10: ACL force and ACL-bundle forces in
response to anterior force of 100 N
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Figure 11: I-E laxity of the intact knee and
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internal moment,
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Figure 12: A-P laxity in response to I-E moment
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internal moment
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Figure 13: ACL force and ACL-bundle forces in
response to internal moment of S Nm
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Figure 14: Hamstring tendon (ST and GT) grafts for
the triple-bundle ACL reconstruction
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Figure 15: Schematic of the anatomical triple-bundle
ACL reconstruction using Hamstring tendon grafts®
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Table 1: Load set for the grafts in the triple-bundle and
double-bundle ACL reconstruction

Triple-b. reconst. = Double-b. reconst.
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2 3 3 6 6 6
3 5 5 10 10 10 (N)
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Figure 16: Schematic of the anatomical triple-bundle
ACL reconstruction using Hamstring tendon grafts
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Figure 17: Schematic of the anatomical triple-bundle
ACL reconstruction using Hamstring tendon grafts
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Figure 18: Total bundle forces in the grafts in the
triple-bundle and double-bundle ACL reconstructions
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Basic Study of the Axial-Flow Viscous Micropump Using a Spiral Rotor

Kotaro SATO, Faculty of Global Engineering, Kogakuin University
Kazuhiko YOKOTA, Nagoya Institute of Technology

In the present paper, a new viscous micropump using double-circular flows is proposed.
Its pressure characteristics are investigated by using a theoretical analysis, a model
experiment and a numerical simulation. In the theoretical analysis, the two-dimensional
lubrication theory for a journal bearing with infinite length is adopted. In the model
experiment, the low Reynolds number flow in practical micropumps is realized by using
glycerin as working fluid, and a centimeter-scale (not micrometer-scale) model pump is
examined. In the numerical simulation, the SIMPLE method is used to obtain steady-state
solutions. With respect to the pressure characteristics, the theoretical results show good
agreements with the experimental and the numerical ones quantitatively. The pressure at
zero flow rate obtained is quite larger than that of an existing viscous micropump.

Key Words: Micromachine, Viscous Flow, Lubrication, Numerical Simulation,
Model Experiments, Pressure Characteristics
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Study on Construction of Surgical Master-Slave Robotic forceps systems
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ABSTRACT : Recently, robotic surgical support systems are in clinical use for minimally

invasive surgery. For improvement in operability of the minimally invasive surgery,

development of haptic forceps teleoperation systems is required to help surgeon's

immersion and dexterity. Besides, motion scaling function which can adequately reduce

and enlarge a movement of the forceps against a surgeon's operation and a tactile sense

to the surgeon under time delay, is necessary for safety. We have developed a multi-DOF

robotic forceps manipulator using a novel omni-directional bending mechanism, so far.

In this paper, such a passivity based bilateral control that enables motion scaling in

both position tracking and force tracking is proposed for the developed robotic forceps

teleoperation system with constant time delay. Experimental works were carried out and

results showed the effectiveness of the proposed control scheme.

1. Introduction

Minimally invasive surgery has a characteristic
that can reduce a burden of patients. However, it
causes difficult operation for surgeons due to the
inflexibility of surgical instruments. Therefore,
development of surgical support devices with the
application of robot technology is in demand [1]-[5].
Recently, robotic surgical support systems such as “da
VINCI' are in clinical use. We have developed a
multi-DOF robotic forceps manipulator for minimally
invasive surgery using a novel omni-directional
bending mechanism with screw drive mechanism that
we call double-screw-drive (DSD) mechanism, so far
[6]. For improvement of operability in minimally
invasive surgery, development of haptic forceps

teleoperation systems is required to help surgeon's

immersion and dexterity. Most recently, haptic
forceps manipulator for minimally invasive surgery
has been proposed in [7]-[9], in which operation force
is measured by force sensor and force feedback is
provided.

On the other hand, a remote surgery experiment
between Japan and Thailand using an internet is
presented in [10]. In a remote teleoperation of robotic
surgical support systems, time delay is inevitable.
From the above viewpoints, motion scaling function
which can adequately reduce and enlarge a
movement of the forceps against a surgeon's
operation and a tactile sense to the surgeon under
time delay, is necessary for safety. [11] proposes a
passivity based control scheme for Dbilateral
teleoperation systems with constant time delay, in

which delay dependent exponential stability of the
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position and velocity tracking error is guaranteed.
However, in [11] coupling torques are given as a
function of position and velocity, and is not a function
of force. Hence, motion scaling in force tracking
cannot be achieved.

In this paper, improving a control scheme proposed
in [11], such a passivity based bilateral control
scheme for a teleoperation systems with time delay
that enables motion scaling in both position tracking
and force tracking is proposed. This can be achieved
by adding force tracking error terms to the coupling
torques. Besides, the joy-stick type master
manipulator for teleoperation built in [6] is modified
so that the operator can feel reaction force. Then, the
proposed bilateral control scheme is applied to a
haptic control of bending motion of the modified DSD
forceps teleoperation system with constant time

delay.
2. DSD robotic forceps

Overview of the developed DSD robotic
forceps manipulator is shown in Fig. 1, and

configuration of its bending part is shown in Fig.

2.

Fig. 2 DSD forceps manipulator

2. 1 Specifications

DSD mechanism has three linkages. Two are used
to achieve omni-directional bending motion, and one
is used to rotate a gripper. The opening and closing
motions of the gripper is achieved by wire-driven. The
main specifications of the DSD robotic forceps are

described as follows.

1. Diameter of the forceps is 10 mm, which enables
to insert the forceps into a trocar.

2. Bending power must be larger than 4 N, which
enables the forceps to lift up 1/3 of liver.

3. Bending range is =+ 90 degrees in horizontal and
vertical direction, respectively.
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4. The gripper can rotate arbitrarily.
5. In the grasping motion, only one side of the jaw

can move. The other side of the jaw is fixed.

2. 2 Bending mechanism

One block of bending mechanism is shown in Fig. 3.

A C B

.

A and B: Bending linkage, C: Grasping linkage
@ Universal joint shaft
® Coupling
® Plate with left-handed screw hole
@ Plate with right-handed screw hole
® Screwed universal joint
® Spline shaft with bumped hole

Fig. 3 One block of DSD mechanism

Three linkages of the DSD mechanism are assigned
on the circumference of a circle with diameter 6 mm
by center angle of every 120 degrees. Let us call a
group of @ and @ as “bending linkage” and a group
of ® and ® as “grasping linkage”. Then, one side of
the screwed universal joint is left-handed screw and
the other side is right-handed screw, which also have
such grooves that can accord with the shape of
bumped penetration hole of the spline shaft. Thus,
the screwed universal joint can transmit the rotation
power to the spline shaft with translating inside of it.
When another block of DSD mechanism is connected
after one block, a joint is formed. Principle of the

bending motion for one joint is illustrated in Fig. 4.



C AorB

Fig. 4 Principle of bending motion

The left-handed screw of the screwed universal
joint connects with the plate with left-handed screw
hole, and the right-handed screw of the screwed
universal joint connects with the plate with
right-handed screw hole. The rotation of the linkage
changes connecting length of screw and plate at both
ends of universal joint. As a result, an inclination is
occurred between the plates at both ends. For
example, when the linkage rotates clockwise, the
plates at both ends approach each other and when
the linkage rotates counter clockwise, the plates at
both ends part from each other. Thus, bending motion
is achieved. The maximum bending angle of one joint
is 30 degrees, since it is the allowable bending angle
of the universal joint. One bending linkage enables
bending motion in one direction, and using two
bending linkages and controlling the amount of
revolutions of them, arbitrary omni-directional
bending motion is attained. The total length of the
bending part is 59 mm excluding a gripper.

2. 3 Attachment and rotary gripper

The gripper is exchangeable to the other end
effecter such as scalpel or surgical knife. Fig. 5 shows
the attachment of the end effecter and mechanism of
the rotary gripper. The gear 1 on the tip of the
grasping linkage and the gear 2 in the root of the jaw
bite each other, and the gripper is turned by rotation

of the grasping linkage.

End plate

Gear2 :

sseesesszaene srsasssonssesead

End effecter

cevssvaas

Fig. 5Attachment and rotation of gripper
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2. 4 Open and close of jaws

The opening and closing motions of the jaws are
wire-driven. Only one side of the jaw can move. The
other side of the jaw is fixed. The wire for the drive
goes through inside of the forceps and is pulled by
electric motor through friction pulley. The closing and

opening states of the gripper are shown in Fig. 6.

Close Open

Fig. 6 Gripper

Although rotary gripper can rotate arbitrary degrees,
it should be rotated within = 360 degrees to avoid
winding of the wire which drives the jaw. In fact, this

is enough amounts in actual suture work.

2. 5 Drive unit

The feature of drive unit for the DSD forceps
manipulator is shown in Fig. 7. Tail end of bending
part and drive unit are connected by three rods,
whose length is 300 mm and diameter is 3 mm. A
gear mounted on the tail of the rod and a gear
mounted on the tip of the driveshaft of the motor bite
each other. Thus, driving power from the motor is
transmitted to each rod. Those gears are assigned in
spiral position respectively so as not to interfere each
other. Three motors which transmit the driving
power to the three rods through the gears are
mounted in central position of drive unit. Two of
them are for the bending motion and the rest is for
the rotary motion of the gripper. The fourth motor is
mounted in the tail for the opening and closing
motions of the gripper driven by wire. DC micro
motors 17270U012C (3.65W) made in FAULHABER
Corp. are used for four motors in drive unit. Rotary
encoder and deceleration gear are installed in each

motor.
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Fig. 7 Drive unit

2. 6

The built DSD forceps manipulator is shown in Fig.
8, which is made of stainless steel SUS303 to satisfy

Prototype DSD robotic forceps

bio-compatibility. Its maximum diameter is 10 mm,

and total length is 85 mm including the gripper.

Transition chart of rotary gripper is shown in Fig. 9.

Fig. 8 Built DSD forceps manipulator

0° ag 180° 20

Fig. 9 Transition chart of rotary gripper

2. 7 Master manipulator for teleoperation
In a laparoscopic surgery, multi-DOF robotic
forceps manipulators are operated by remote control.
In order to control the DSD robotic forceps as a
teleoperation system, in [6] joy-stick type master
manipulator for teleoperation was designed and built
by reconstruction of a ready-made joy-stick combined
with conventional forceps, which enables to control
bending, grasping and rotary motions of the DSD
robotic forceps manipulator. Besides, the built
joy-stick type master manipulator was modified so
that the operator can feel reaction force generated by
electric motors. The teleoperation system and force
feedback mechanisms for bending force are
illustrated in Fig. 10. Operation force is detected by
strain gauges, and variation of position is measured

by encoders mounted in electric motors.
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/_\/ Strain sanoe

A\

Fig. 10 Robotic forceps teleoperation system

3. Bilateral Control

Let the dynamics of the master-slave teleoperation
system be given by
m, X +b X, +c,x, =T, +f. (6))
mi, +bx +cx, =7,-f,> 2)
where subscripts 1 and § denote master and slave
respectively. X, and X, represent  the
displacements, m_ and m, the masses, b, and b,
the viscous coefficients, and C,, and C, the spring
coefficients of the master and slave arms. fm stands
for the force applied to the master arm by human
operator, fs the force of the slave arm due to the
mechanical interaction between slave arm and
handling object, and 7, and 7, are input motor
toques. There exists constant time delay 7T in the
network between master and slave systems. Define
motor torques as
T, =1, -mAx, -b Ax, +c,x, @)
T,=T, -mAX, -bAx +cx,, Y
where A is a positive constant, and T, and T, are
coupling torques. Then, the dynamics are rewritten as
follows.
m +br =T, +f (5)

m'm m-m m

myr +br. =t - f, ®)
where r, =X +Ax, , r, =X +Ax, . Let the

coupling torques be given by
f‘m=Kl(Gprs(t_T)_rm)_Km(fos(t_T)—fm)’ (7)
‘Fs=K](rm(t_T)_Gprs)+K:(fm(t_T)_fos)’ (8)

where K,, K, and K_  are feedback gains, and

Gp =1 and Gf =1 are scaling gain for position

tracking and force tracking, respectively.
Assume that the human operator and the remote
environment are delay independent passive. Then, the

following inequalities hold.

‘_f;rmfmdfzo’ J;rsfsdrzo 9)
-j:r:fm(f—T)drzO’ j;r,,,fx(r—T)drzO (10

Define a positive definite function as



V = mmrm2 +G},msr:2 + Kljj_r(rmz + szrsz)dr
~2(K,, +1)[7, fud7 +2G, G,k +1)fr.f.dz

- 2Gszﬂ’rsfm (c-T)dr + 2Gmej;rm(fs §1: -T)dr.
11

The derivative of /' along trajectories of the system
(5) and (6) is given by

V =2m,r,F, +2G msrsrs+K( +Gp2r52>

“Kl-1)+ G, (- T))
-2(k,, +1)r, f, +2G,(G, K, +1)r, f,

-2G,K,r.f,(t-T)+ 2G K, 1, f,(t-T)

=2rm(—b r, T, + fo +2G r( b,r, +%, - f,)

)
K,(G,r,(-1)-r, )G, )

—Kl(rm( )(r +G r)
~2(k,, +1)r f +ZGP(G K, +1)
~2G,K,r,f,(t-T)+2G ,K,r, f,(t-T). (12)

Using (7) and (8), (12) is rewritten as follows.

V =-2b,r,*+2r,%, +2r, f,
-2G , b,r,” +2G 17 -2G,r f,

+{5, +K, (G, £,t-T)- £, )}

x[2rm vk Kk, G, £,6-T)-f )}]
“F -k, (1. -1)-6,1)}
<6 r k7 -k, (7, -T)-G, 1, )]
-2(k,, +1), . +26G,(G,K, +1)r,f,
-2G,K,r,f,(t-T)+2G,K,r, f,(t-T)

= —2bmrm2
-k vk, G, 1 -T)- 1, )F
k7 -k, (£, -1)-G, 1, )F

(Gr —r)zK(

Thus, delay independent exponential convergence

-2G,b,r,’

T)-Gpr:)z. 13)

of the tracking errors of position to the origin is
guaranteed.
Finally, motor torques (3) and (4) are given as
follows.
7, =KG,x (t-T)+2K,G,
-(K, +Am, )x, +(c

x,(t-T)-K,G f,(t-T)
L —AK, +b))x, + K, f,
(14
=K%, (t-T)+AKx, (t-T)+K, f, (t-T)
~(K,G, +Am, )i, +(c, - A(K,G, +b,))x, - K. f,.
(15)

4. Simulations
Simulation work was executed using the proposed

bilateral controller wunder the conditions that
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T =0.125 and G, = G;=2.In the simulation, it is

assumed that spring force is imposed to a slave

manipulator. Simulation results are shown in Fig. 11.

Tire [s]
10" Pogition

Time [&]

Fig. 11 Simulation results

From Fig. 11, it is verified that the motion of slave
tracks the motion of master with half scale in both

position tracking and force tracking.

5. Experiments

Next, experimental works were carried out for the
developed DSD robotic forceps teleoperation system.
Here, only vertical direction of the bending motion is
considered, namely bending motion of the DSD
forceps is restricted to one degree of freedom. Then,
dynamics of the master-slave teleoperation system
are given by equations (1) and (2), since only one

bending linkage is used. Parameter values of the

system are given as

m, =007 , m, =0.025

b, =025, b, =25, ¢, =9 and ¢ =9.

DC micro motors 1727U012C (3.65W) produced by
FAULHABER Corp. are used for four motors in drive
unit. Rotary encoder and deceleration gear are
mounted in each motor. Resolution of the encoder is
2048 pulses per revolutions. The gear ratio of the
deceleration gear installed in the motor is 159:1, and
the gear ratio between linkage and motor is 10:18.
From these facts, the DSD forceps manipulator can
be operated by an accuracy of 0.05 degrees in bending
angle. Control system 1is constructed under the
MATLAB/Simulink software environment.

In the experiments, a 200g weights pet bottle filled
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with water was hung up on a tip of the forceps, and
lift up and down were repeated. Appearance of the

experiment is shown in Fig. 12.

Fig. 12 Appearance of experiment

Firstly, in order to see the effect of motion scaling,
experimental works with the following conditions
were carried out.

A) Verification of the effect of motion scaling.

) G,=G,=1and T =0.

11) Gp=3’ Gf =2 and T=0

Secondly, in order to see the effect against time
delay, comparison of the proposed bilateral control
scheme and conventional bilateral control method
was performed.

B) Verification of the effect against time delay.

1) G,=G; =1 and T =0.125.

ii) Force reflecting servo type bilateral control law
with constant time delay T =0.125.
In B-ii), force reflecting servo type bilateral control

law is given as follows.

=K (fn - f.@=T)), (16)
r:=Kp(xm(t—T)—xs), amn
where Kf and Kp are feedback gains of force and

position. The time delay T =0.125 is intentionally
generated in the control system, whose value was
referred from time delay of control signal between
Japan and Thailand: 124.7ms in [10]. Note that the
proposed bilateral control scheme guarantees
stability in the presence of constant time delay,
however stability is not guaranteed in force reflecting

servo type bilateral control law under the presence of
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constant time delay.
Feedback gains were adjusted by trial and error

through repetition of experiments, which are

determined as A =38, K, =30, K, =400,
K, =400, K, =60 and K, =650.

Experimental results for condition A) are shown in
Fig. 13 and Fig. 14.

Time [s]

Tire [s]

Fig. 13 Experimental result for A-i)

(K]

B

f and T

Time [s]
Position

E

-

2 .

s :

g b x5 ||
: — = —xm

L I 1 L I 1 I
[} 5 10 18 20 25 30 35 40 45

Time (8]

Fig. 14 Experimental result for A-ii)

As shown in Fig. 13 and Fig. 14, it is verified that
the motion of slave tracks the motion of master with
specified scale in both position tracking and force
tracking.

Experimental results for condition B) are shown in
Fig. 15 and Fig. 16.



Time [s]

Time [s]

Fig. 16 Experimental result for B-ii)

As shown in Fig. 15 and Fig. 16, tracking errors of
both position and force in Fig. 15 are smaller than
those of Fig. 16.

From the above observations, the effectiveness of t

he proposed control scheme was verified.

6. Conclusions

In this paper, such a passivity based bilateral
control for a teleoperation systems with time delay
that enables motion scaling in both position tracking
and force tracking was proposed. The proposed
control scheme was applied to a haptic control of
bending motion of the modified DSD robotic forceps
teleoperation system with constant time delay, and
experimental works were executed. Experimental
results showed the effectiveness of the proposed
control scheme.

Improvement of a sensing method of the force,

extension of the proposed control technique to the

4
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omni-directional bending motion, and application of
the proposed control technique to the grasping motion

are left as future works.
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Study on Manipulation of micro droplets using surface tension forces

Kenji Suzuki, Department of Mechanical Systems Engineering

Yasuhiko Sugii, Research Institute of Science and Technology

Katsumi Fukuda, Tokyo National College of Technology

ABSTRACT : This paper describes the electrowetting-on-dielectric (EWOD) actuation of
liquid droplets for transportation of micromechanical components. As the dimension of

mechanical parts decreases, surface tension and electro static forces become dominant
compared to gravity force. Recent studies show that these forces can be utilized for
actuation of liquid droplets and lubrication of hydrophobic surfaces of small objects. In
this study, actuation of liquid droplet by EWOD, and its application to micro
transportation systems driven by the droplets are proposed.” A device for the
transportation system was fabricated by MEMS techniques and the behavior of the
liquid droplet actuated by EWOD was investigated experimentally using a high speed

camera.
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Table 2 Experimental results
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Establishment of the method for evaluating migration behavior in minute wiring on flexible

substrate and optimization of material system through conducting various improvements

Yuji Kimura, Dept. of Materials Science and Technology, Kogakuin University
Ichiro TAKANO, Dept. of Electrical Engineering, Kogakuin University
Michi Ohata, Asian Center for Environmental Research, Meisei University

ABSTRACT

Recently, miniaturization and high density mounting have been demanded in the various electronic
devices. Above all, flexible print circuit has been paid attention especially in the field of notebook
computer and the cellular phone for realizing high density mounting and also obtaining higher
degree of freedom in design. The insulation failure due to an electrochemical migration damage
advanced in a fine pitch wire mounting becomes serious problem. Electro chemical migration is an
electrochemical phenomenon related to chemical solutions under electric potential. Migration in
electronic materials is caused by electrochemical phenomena related to chemical solutions and electric
potential. Involved in migration are deposition reactions and metal ion transfer reactions induced by
such factors as metal dissolution reactions, diffusion, and migration. Migration is especially likely to
occur when electronic devices using high-density mounting are affected by both materials and
environmental conditions. When migration occurs, it causes changes in electrical characteristics and
results in equipment failure. Therefore, the analysis of migration behaviour in FPC (Flexible Printed
Circuit) becomes important for evaluating the reliability of an electronic devices based on FPC. In this
research, Steady-State Temperature Humidity Bias Life Test (THB Test ) under the conditions of 85C
and 85 %RH withapplying electric potentials of 5, 25 and 45 V was conducted using COF as a sample
to understandthe electro chemical migration behaviour in FPC. Then, various investigations concerning
generatedelectrochemical migration behaviour were conducted employing SEM and EDX. Then, some
trials wereconducted for establishing the evaluation method of ionic migration behaviour. In addition,
improvement of ionic migration character was conducted employing alternative under fill resin and
manufacturing process in FPC materials system using tooth profile wiring specimen with 30 u m
pitch.

Then, in this paper, the surface treatment of the polyimide substrate is conducted for improving
adhesion strength with under fill resin. For the surface treatment method, the atmospheric pressure
plasma processing and the excimer VUV processing were employed. These processings can improve
adhesion strength through removing an organic contaminant and changing chemical bonding state. In
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addition, because this processing can be conducted under the atmospheric pressure condition, this
method can be built into in-line manufacturing process. The effect of the surface treatments were
evaluated by the contact-angle of the surface of polyimide substrate. Then, it was evaluated by adhesion
strength between under fill resin and polyimide substrate. These characteristics were evaluated with
passage of time. Moreover, THB for examining ECM character was conducted by using polyimide
substrate with surface treatments. As a result, ECM is assumed to be controlled through improving
adhesion strength on adhesion interface.

In addition, various surface treatments were conducted for improving adhesion strength between
polyimide substrate and under fill resin. For this purpose, the atmospheric pressure plasma processing
and the excimer VUV processing were employed. These methods can improve adhesion strength by
removing an organic contaminant and/or changing chemical bonding state. Improvement of adhesion
strength between polyimide substrate and under fill resin may result in the improvement of ECM
resistance.

Results obtained are summarized as follows:

1. Migration behaviour such as color change that corresponded with dendrite formation was
recognized in the specimen after 24 hrs THB testing, however, insulation failure of specimen was
detected after 168 hrs THB testing.

2. Generated dendrite from wiring on COF was composed of Cu, and this dendrite was initiated from
the interface between plated Sn coating and polyimide substrate.

3. Cl included in epoxy resin used for under fill material is dominant factor affecting migration
behaviour. Absorbed moisture in under fill resin and the bias potential between anode and cathode
electrodes accelerated migration behaviour.

4. Generation of migration initiated from some distant area from Sn plating. Initiation site of dendrite
was understood to be Cr/Ni seed layer which is essential element for making specimen by sputtering
and plating process.

5. Results of THB testing till 1,000 hrs obtained employing 30 um pitched tooth profile wiring
specimen showed that manufacturing method and types of under fill resin clearly affect migration
behavior of FPC.

6. Surface treatment such as the atmospheric pressure plasma processing and the excimer VUV
processing can change surface characteristics of substrate PI resin and under fill resin to hydrophile.
Therefore, it is understood that compatibility of PI substrate with the under fill material was improved
by abovementioned various surface treatments.

7. Adhesion strength has improved by the atmospheric pressure plasma processing. Therefore, the
functional group with polarity may be introduced on PI substrate material. As a result, it is understood
that the hydrogen bonding as the secondary bonding may be more exercised by this surface treatment.
However, the functional group with polarity which made target materials hydrophilic may also cause
easier adsorption of water molecule.

Therefore, effects of abovementioned surface treatment upon ECM resistance are going to be
evaluated in mean future.

Keywords: Electro chemical migration, FPC, Fine pitched wiring, Reliability, THB testing,
Cr/Ni seed layer, Surface treatment, Adhesion strength
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Fig.3 Sputtering and electroplating
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Fig. 4 Bottom view of migration damage observed by an
optical microscope mainly generated in B and C
regions
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Table 1 Generation of migration with time
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Fig. 14 Analysis of ECM by EDX
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Fig.16 Dendrite generation observed by SEM image
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Fig.17 Observation of microstructural by SIM after FIB

process

L7=0%5 T, THB &5k 200 BRI % OB A IcB WO TER
2E (PI 2FiR) 6L —F — MBI LB EEIT o7
FERICRENT-ER CEREOREITEUZERN., 4
o ECM BHELHREN, ZNIZKT 5 —REDOE SO
BEENRBINTHDEIEND, V—RBOELZ B KER
STWHRER BT 51 ECM OB EBEIFIND,
Fig. 18 1%, [E#RIT FIB f#liin T2 i L 7= i8R Fr DEL
BEBLOEFHAOHEBRERT . RAKICIEENS—
REOHRNEFAMICESZDIXS DENZIfThNT
WBZEEZRLTWS, £2. 2BRLEDOERIZEL
BERARD, Cu & Sn EOREIZRFFRDOENLE TRILLD
WCRHaELCTEEL TWAZEEZRL TN,

Fig.18 Observation of microstructure of longitudinal
cross section by SIM after FIB process :
COF(b)

AKIZ. THB Bk 200nr # ABIZHT S COF
DERERERT,

200hr THB B E it D COF IZDWT L —H —§i
MBS TR U 2 4R % Fig. 20 IR A%, BRARICE
ENBEEINEDR. v — REOWN@)DAHTH > 7=,
HEIZIZ PIZER & CuERE DERICE AR 5.
NS OEAITERR B LIBAFN - TIEXETT S

Ni-Cr
S~ K

CUGSII5

Ni-Cr
o= KR

REFFEFT 7OV 7 MIgE®RESE (H20)

Fig.19 Observation by Laser Microscope :
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Fig.20 Observation of microstructural change by
SIM after FIB process:COF(a)
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Fig.22 Test piece

Table 7 Details of specimen used in this study

Substrate Polyimide
Solder mask Polyurethane
UF material Acid anhydride
Wiring pitch 25um

ERIE

KGET S AUETIE, BB AR N 2, ik
HE 10mm/s(BAF NA10) . #4670 A Ar. Oz &2 AW, Hik
PEHEE 200mm/s(CLF AL200) 2 #E LA W, TF 2T
UV AT, BEES 2mm. HBEEE 40mW/cm?,
TR 20 B (AT UV20) 2 BE L W=,

REWERIBOFTMEE LT AFM I X 2 RAEHLE,
FiKIZ X BEMARE. XPS ICX D EAEEAREDE(
DOREZET-7. /- Fig23 DL =77 A MTEK
DEERENEZETo .
6.3 ERFER
TKIE ISR

BIKIC & B B A BIE 2 RGUE T 5 X, TH Y
< VUV BB TITW, PLERFEIL DX I
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Fig.23 Interfacial shear strength test

BWTHE L7, FigsS ICHIERERERLZ. BREOK
K[UET S AXNE R T F 2~ VUV LT PTEARE
BHEAMEE Lo =D, LA MRBICBWTIRARETS
AXPBIZBNTEAKEICKES NN o7z, TOFEIT
L0, REKFITX DHFAMEICHKE SN TIX UF
MEOEMENMELEZDDTH S,

90
80
70
o
E 60 e Y substeate part]
o s 143 Jor mask part)
(E‘ 80 et a1 0( tstrate pact]
< 40 121 Disokier mask part]
= & substrate pert] o
S 30 Pt (v2Olsoider masiean) o e
©o20 b g
10
0
0 1 2 3
Storage tune/day
Fig.24 Change in contact angle with time
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Fig.25 XPS analysis result of C1 spectra
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Table 8 Ratio of XPS analysis results of C1 spectra

band C-C,CH| CN C-0 C=0 | N-C=0 | COCH
Unprocessing | 5223 34.64 0.00 0.00 1227 084
AL200 5851 15.53 480 112 1224 780

Pl e T 52 | 16 | 603 | 207 | su | 578
V20 6227 | 1300 | 075 | 186 | 966 | 1246
Unprocessing | 5383 649 3136 267 0.00 1.03
AL200 4898 | 618 | 3377 | 3 | 470 | 036
Solder mask

NALO 4315 234 2714 1.16 0.00 349
UV20 S7.10 0.00 29.60 9.04 0.00 149
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Fig.26 Roughness before and after surface treatment
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(a) Unprocessing solder mask part (b) UV20 solder mask part

Fig.27 Surface figure before and after surface treatment
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Fig.28 Changes in adhesive strength with time after the
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COMERED., REET T X <N TIIARMEIT X,
BEEBENR LU ZENERENRZ, 2T PI EKE
CBWTHEBRENEALZZIEIIED., ZREET
HIHIKREHENL VBN D EEZEND, £, #F
BEE(LZRLUTEN, DEHNRKREWERICE->7Z, 2T
BATL7Z UF M2 LI B 2-DICREMABN., 20O
BRICHESIIOHANTERZb D EZZ NS,

7. ROELELD ‘

FPC DA T L — a yE@HeilET 520, BHE
HOWBRIAN—T2 EICHWS S COF(Chip On
Flex)& itk M EI &L, 17 L —2 a3 > OREEERHBR S
LTibn T THB (BIREE/NT 7 X)) 2170,
IERICA T L —a UFEI Rz, £, FBAELR
XA —3a IZHUT SEM - EDX 12X % #Hfi 21T
W, Y17 —2a VEHMEEOMILEHEWE L 2L D
EBRRFAEEBL 2.

Z DR, COF P OEBMOIA L —2a Tk DH
HLUETURIA ORI CuTHD, Cu D1 T L
—2a il Sn AvFEEREOAEBLORELTNS
TENHERINE, £ DRFUMERIZBWT. &
FINd Cl KOMEICRBINZKIZEDERDOT A
TJU—a iIMEEINEHAICH S T ENHRI NI,
F2. T RIA MERIL CAF BAEITIIER E 72 B M
MUBETHDZENRBEIN, BEREIZIZ, ANy
Z e Ay FETERLEERITBTS C/Ni — FEOD
KAKRRCLIZEBEHP #MEhEE 17 > olgIic &
DBRENEZ NS, THB IZX D ERE DEE M
L5 EN5EREBREETICBWT COF KBIF5Y
A= a DREQR S ERABEBRATICH T S RH
DOFEMEEZINTNS Z ENHEH I N, COFITBITS
ATV —2a lkEEZBITHZ> T, WA
TV —a ORE[ERIBMEESIRONMANHRITKE
5EEZEZLENS,

78

WEMAF 7Oy MREHREE (H20)

FhE5IT, LNy —CEREFALESTT L
—a VRRETWREREEH OERERFERST
27 2 =T 4 Mk ER ERE LR, LT OER
MWRE Nz,

a-1) EMOBWIZE D, HEFARIC/LS ETORRMICE
MWHBDZENFIMND T,

a-2) MIEHORBHEREN L VT > TV D, Bz
E< T2 LEBICEANBEND ZEMHHALE, &
—REZERERNFY AT 4 VT THEOEMTH>T
HEBMOYL 7L —2a VBT Cu OBFHITX
LEMMPEEDAREEND S Z EMRB I N,

a-3) T2 =T 4 WMOENTIA T L —a VRER
BWRH D ENDN DT,

INSDFERICETE, 512, FIB IZX5HHMT
L. SIM IZ& 2 MMl ERg 21T > 2R,
DTOBEWNHS N ER> T,

b-1) THB REBE AR OB IZBITIBERHRIY. &-
RALA RIS LDRARORENBESNT, T72bb,
Cu 28 Sn IZFDWIEHIL . &BH LAY CugSns DIEER
W2 E NIz, CugSns BRI N2 EITLD, Cu &
CugSns DN HA RINEU Tz,

b-2) PI/Sn/Cu & DFRMEITIERA RREET 5.

b-3) THB SREAT ARZ IZHIT B A BLER R IV EMR LA
BMEORBEIVEGMNAELTEY, ECM HEOFIHIERE
IZIE Ni-Cr ¥ —REAEEL Wb EnzD, $o. TR
FANKDERINIT & —7 4V IR DI TV DE
SMBEETEY, Cu BERODEENZEITLIVRBELTND
ZENbE EMC BBDFAITIE Ni-Cr —FE2EEL
TWABZENBRREE I, F72, Ni-Cr ¥ —FEDEH
FHRIE-HEBR A ICRIT5 ECM HEOWEIHER
niz,

b-4) ANy FIZE DRI NIz Ni-Cr > — RBDIRED
MR ZITo MR, OHBEREIZBITS Cu & PLEKRD
REOEAIL. Ni-Cr >— REOBEHICTERL TWa
ERBINZ, NS OHENETTHEREL T

ONi-Cr >— RE/Sn/P1 DFE N5 . BEICTHEHNED

ONi-Cr > — REOBHICEDEUEZTEE2EAIT Cu
OEHNED I EICED BB INT NS Z EHUREE
TNz,

b-5) 7> RI4 DA U7 Anode T, PI EARITIT ER
PLT.Sn DIBHIZE D Sn®d > EDEEHNFET 2.

E/-, Ba R REREED P1EK & UF M RER OB
EBRERNLOBNTHEAEINTVWADOT, AIFFETIEK
[ETSAUERVLF I~ VUV UEZ AW, RE
WEERATZ. TNSOFERTERBEMEORE. B
HEREOEAICL ST, BEREOMLEMTADEE



bhTtws, ZHICE-> T, E#EREZM LI ERHO

BWAEZ LD ECM O&RBRT OBE 2 HiH§ 28R

DOUJREMED D B,

BONTHBREEZUTIORT,

c-1) RERET I ATNER O LF < VUV ALEHIT PI
HBIRIBKEICHRE TS &0 MR TER, Z0E
Tk, REREITL D EKEICHE S N8 TIE
UF M & DEMENMELZBDTH S,

c-2) RAET T AP TIIRWEITH A, HEBEN
Mk U7 EN Rk, 23 PI ERBITB W TE
MERENEALEZIEIZED, ZREATHBKE
HWENXVBWEDEZZ 515,
BB ZITS T IR D BIEERERIIKEREL

RILKBBEHERETEE, 20D, GRRETTO

THB REZ1TWV., SHEEBORAEETD,

SE 3

(1) GT.Kohman, H-W.Hermance and GH. Dowenes, “Silver
Migration in Electrical Insulation” Bell System Tech.
Journal, Vol.34, No.6, pp.1115-1147, 1955.

(2) S. Krumbein, "Metallic Electromigration Phenomena,"
IEEE Transactions on Components, Hybrids, and
Manufacturing Technology, Vol.11, No.1, pp.5-15, 1988.

(3) Tsutomu Tsukui, “Insulation Deterioration and the
Prevention Method by Electrochemical Migration of
Electronic Equipment (Part 1)”, The Journal of Japan
Institute of Electronics Packaging, Vol.8, No.4, pp.339-345
2005.

(4) Hirokazu Tanaka, “Factors leading to ionic migration in
lead-free solder”, ESPEC Technology Report No. 14, pp.
1-9, 2002.

(5) M. Pourbaix, “Atlas of Electrochemical Equilibria in
Aqueous Solutions”, NACE, 1966.

(6) J.A. Augis, D.G. DeNure, M.J. LuValle, J.P.Mitchell,
Pinnel, M.R. and Welsher, T.L. “A Humidity Threshold for
Conductive Anodic Filaments in Epoxy Glass Printed
Wiring Boards”, 3rd International SAMPE Electronics
Conference, pp. 1023-1030, 1989.

(7) T.L. Welsher, J.P. Mitchell and D.J. Lando, “CAF in
Composite Printed-Circuit Substrates: Characterization,
Modeling, and a Resistant Material,” Reliability Physics,
18th Annual Proceeding, pp 235-237, 1980.

(8) J.P. Mitchell and T.L. Welsher, “Conductive Anodic
Filament Growth in Printed Circuit Materials,” Proceedings
of the Printed Circuit World Convention II, pp. 80-93,
1981.

(9) B. S. Rudra, and M. G. Pecht, “Assessing Time-to-Failure

Due to Conductive Filament Formation in Multi-Layer

’

REMEF O 7 MHFEREE (H20)

Organic Laminates,” Packaging and Manufacturing
Techniques, Part B, Vol. 17, No. 3, pp. 269-276, 1994.

BFZERRR DA

1. AWEEZ i 7L F 2 TIVEREOHMERICE
B YA UL — a CEFOE & FMIEOMIL, B
20 BITL Y bOZ ) AEBRFRHERRM IR,
(2006), pp.118-119.

2. Yuji KIMURA et al., Migration Behavior in Minute
Wiring on Flexible Substrate and Establishment of
Evaluation Method, Proceedings of 8th International
Conference on Electronic Materials and Packaging, Hong
Kong University of Science and Technology (HKUST),
Hong Kong, December 11-14, 2006, pp. 540-543.

3. Ichiro Takano, Yoshiharu Arai, Michiko Sasaki, Yoshio
Sawada, Kaori Yamada, Takayoshi Yagasaki and Yuji
Kimura, Surface modification of bio degradable plastics by
ion beams, Vacuum,80,pp788-792, 2006 F£7A.

4 . Yuji KIMURA et al., Ionic Migration Behavior in Minute
Wiring on Flexible Substrate, Eighth International
Conference on Computer Methods and Experimental
Measurements for Surface and Contact Mechanics,
16-18 May 2007, Wessex Institute of Technology, The New
Forest, UK, pp.75-87.

5. KM= flt: <AL —2a BROFEEIILS
FC A58 D A S 2L D LR & ReMEBGE IS 72 AR
VAT LAOREL, 2 ELL Y b0 AREFER
FBIE AR SE, Paper No.18B-11, pp.1-2, 2008.

6. Hiroki Nagai, Chihiro Mochizuki, Hiroki Hara, Ichiro
Takano, Mitsunobu Sato, Enhanced UV-sensitivity of
vis-responsive anatase thin films fabricated by using
precursor solutions involving Ti complexes, Solar Energy
Materials & Solar Cells Vol. 92 pp.1136— 1144, 2008.

7. Osamu Kato, Yuji KIMURA, Mitsuru Chino and Sanae
Isawa, Improvement of Adhesion Strength between Under
Fill Resin and Polyimide Substrate through Conducting
Surface Treatment on Substrate Resin, Proceedings of
International Conference on Electronics Packaging, Kyoto
International Conference Center, 2009, pp.

8. INgEE. AR, TEM., FHERE  BEBRER
112X % Chip on Film @ Electro Chemical Migration @
#I#l, JPCA Show 2009/2009 ¥ 7O TLLZ7 bO=2
A3 3 —/JISSO PROTEC 2009 7 AT I v U 7 I4,
2009. 6 A3 H~5H.

79






BEMEFR ooy MHEREE (H20)

Il O—RFEOFEEREREME S BEEEMENDER
—)O—-RBEELV T VEORIIT—ADEA—

S LR

NP BEIR, BTER Tedh

<TUTIVEER A RE

Functional Materials from Cellulose Based Chemical Platform

— Introduction of Levulinic Acid Derived from Cellulose into Polymers —

Hirokuni ONO , Department of Applied Chemistry

ABSTRACT : Poly(vinyl alcohol-co-levulinate) was synthesized by N,N- dicyclohexyl- carbodiimide
assisted esterification of poly(vinyl alcohol) with free levulinic acid using 4-pyrrolidino pyridine as a

catalyst in N,N-dimethyl acetamide/lithium chloride solvent system in order to optimize the reaction

condition. The vinyl levulinate content in the copolymer was attained up to 0.95. The 13CNMR dyad

compositional analysis indicated the block character of the copolymer was 0.92, suggesting almost

ramdom poly(polyvinyl alcohol-co-vinyl levulinate) was formed. Glass transition temperature (Tg)

dependence on vinyl levulinate content of the copolymer fitted better into Gordon-Taylor equation as

compared with Fox equation and the Tg of poly(vinyl levulinate) was given as 2.3 °C by the least

regression method.
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LTHAK U, LiCl 1 100-105°C TH#R L, HRAETT
=S RTREL .

2. 2 VA-VLHEESHBHDOERK
RTRTA YDA —T— % ANTZRESFEERNTA
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REwEm oY o7 MRrFEREE (H20)

WA NP K OEREE 2250 L 72 200ml FREOAEZ DO
75 ZIWIT 70-80°C DIRE T 1.1g (0.026mol) D LiCl
% 110ml ® DMAc TR L TERBRIB R Z %7, LiCl
BEEXTXNTOART Tosh 5OHFEKICELT 1%
(wt.ivol.) EUL7z[32]. BRIIBRETHAL. 1.1g
(25mmol OH mol ¥ &) @ PVA Z2FEMLTH 5, #R
LDD 70-80°CEX THEMBA L THEHZ PVA AR E L
[14]. PVA B ZHEREETHAL. 5.1g (25mmol)
® DCC & 0.37g (2.5mmol) @ PP. =L T 3.63g
(31.3mmol;PVA @ OH EILHEIZX L 0.25mol &)
DOLAZEREINL 24 E CTERFHKATICERTT
ATFIE LR, BB L BREEEZ,

2. 3 VA-VL HEAGOER

BB LI=RAEROHLZ DCU (DCUMAERLZZZ
E1E 1H-NMR IZ & 0 #ER) 2O0BICk DD REEH
BEISKREER, DAV TFIr h R OBERKE
EEAN, H VA-VL {ESEEAHIE, 0@l TH
BEL 7=, DEEL7M VA-VL HEAKEEEAY / —)
B EE, RATAY TFIUT b P THLBRIET
VA-VL #EARZEHLZ, BHICE-oTH, HHEZ
LT OBEERER DR Lz, 738, A5/ —
JUIE PVA IZIAMR L 72 WAS VA-VL R EAEKIIBMT 5
I TOMABL TS,
2. 4 HEAEHONREZE

HEAARD 1H-NMR & 13C-NMR A7 MU HA
E 75 JEOL JNM-A500FT NMR 2L D 20CD5HT
T, HEEEEZTNTH 500MHz B L 125.6MHz T
BELE, BIEIZBEE I T DMSO-dé B LW
MeOH-d4 % il \\ Tetramethylsilane Z NFBEHE S L 7z,
FEHARD VA-VL LR 1 7 v R —F DA%
BT 27729012 13C-NMRIZBWTY — MMIET v T
U T ETHERAKRDAF L VREOBRELEHEL 72,
HIEIZH 7= > Tid Overnall 5 D|E#=SE &L Tl19].
JNIVANR 0.54 7. RebefZ 28 &L, 10,000 LA LD
FID ZFEE U7z, BEIX 35> 7V O EHIE EDFEH
EbBEWE, BB, RY (EZT7Ia—)-EZ)Tt
F— ) HESEOEATIZ. Head-to-Head H 2 Wi
Tail-toTail A ZEHITEEBIANTVWEZNWDT, TIT
HEINSOHERREEHTE &L
2. 5 RS

HEAEDTHEDHIL Perkin-Elmer 8D Model
CHN ZTE//HEB L V1T, VLC (VL BHE) 251E
L7z,
2. 6 KRB

BEohr-HEAKOHNSAGBGHEE (Tg) %
Perkin-Elmer DSC-7 (HA/N—F> )L v—%8) 12k
DHEIELZ. 2B, JEITELE. 1P ULTRER
EZFoMEZ AU TLAFHKTIC 20CH5 150C
ECHIEEE 0C/HTHRIkoiz. BABEZMT 2/
O, TgldAYRIDHUEODDEHFA L.



3. BHREER

3. 1 VLEME (VLC) irst

Fig. 11C VA-VL 3t EA/KD IH-NMR A X7 RV D 1
B2 LABEIOPVADZFNEEBLTRT, HES
HKoFnFho7obk ORBIZRKFICRLTH
o EEGEIT. BB PVA OB ORI 7S
NWENONL T VEBIATINOREMEZHRLT
W5 [47-49], 2.10ppm D>~ F)L & 2.43ppn B &
X 2.69ppm D—XH DT 7 FINE. FNENL T Y >~
BMIATINDAFIEE 2 DOAFL U EITRE
xha, 1219wm@%ru§ﬁﬂ/7%wm
HEASKROEHEBIDOAFL UHEEICHKT 5,

3. 76ppm & 5. 02ppm I EP'L,\%:E<§7J}Z’”/7%)H .

FNFNE ROFIUINEEFETEAFELTY
CBIATNEEREDEHOATF VETREIN
5, TNSGOHANSEH —-RIL AT IVERIET
VA-VL HESEAVERL TWB Z ENVHIAL 7=,

DMSO

aa'
OH b .
M Alﬁ LA
uh—-cu ch——cu
¢ a f e
f‘ol-CHFCHv—‘Co‘—Cﬂg B

Fig. 1. "H NMR spectra of VA-VL copolymer (A); LA (B); PVA (C) in
DMSO-dg.

LITY CBOIATIALEGRY EZ)VT)Va—
JVOBEHE VLO) &, LTY VBT ATIVFEER
U —FHHOFNFNDI T FIVOBELN SR
HOENDETHD, 22T, HAIX. T[CH2(W) I
Figl #FOXF L > H d O T FINEEZ.
[[CH2(ata’ )JWEAFL > Ha &EAXAFL > Ha @

REMEFR IO s MIEHREE (H20)

BEDBMEND S, ZNEND T F)L OF
I EWIEBEEMTEZDOEMINT ST I
DBEELTERT LTS, §5&, VLCIZEAT
DLIITERINS,

VLC = 1[CH2(d)]/I[CH2 (ata’ )] (1a)
VLC = I[CH2(e)]/ T[CH2(ata” )] (1b)
VLC =21 [CH3(g)]1/31[CH2 (ata’ )] (1c)

s OXOF TIL, VA O DMS0-d6 D> 7 FILIT
HET 50 BEEZZITPTVWI TV EED
(1) RZBRNT. U RBIK U)X SIFFIE—
KT HHEE/TND,

Table 112 LA OFRMEZ B S ETHL VLC D

Hizs VA-VL H£ESGEZHE & L T 1H-NMR.
13C-NMR BELUITEE DD SEF = HTHERERT,
723, 13C-NMR TOMHEIIHBRT 5.
Z ZT. IH-NMR & 13C-NMR O#5RIZTCHRERHED
ERELSHIGLTBD., NMR TOWEENHRTE
T7o LEDFERMN S, DIEOERICHBIT S VLC EZE
IH-NMR TRD B Z &L T,

Table 1
Comparison of VLC values obtained from NMR and elemental analysis

'H NMR BC NMR Elemental analysis
0.14 0.15 0.12
0.24 0.24 0.28
0.58 0.57 055
0.69 0.70 0.65
0.91 0.90 0.95

3. 2 BULVLCEZEHD VA-VL HESRDERK
3.2.1 RIGERE
IZATIAEDEHEZ. RIGKRE 24 KR,
LiCl/DMAc &R 1% (wt./vol.). LiCl/DMAc iALE
1253 % PVA DIEEE 1% (wt./vol.). LA
A DCC DEI A 0.8, PVADKEBEYBICHNTS
LA L PP OEINHZZENEN1.20 BXUO0.1 &L
RO RGIRE & VLC OBEf% % Fig. 2 1ITR LTz,
VLC EIZNIREZE 60CICETER BRI
> TEKERWIZEDT 2HEMAR SNz, ZORE, &
EEERIEZICONT. RAEAMENHEHATLSZ L
MR 5Nz, KISEE 40CU ETH SN/ DCU
@D 1H-NMR A7 BIVIZiE. VR B ORIKIET
HERTD N-T NI T IRBEEINARD R
FIVMBD 5N, N-7 )L 7 DAL, DCC
@%ﬁ%%bﬁmll?»kﬁm%%%?éztﬁ
Moore & Stupp IC&K > THEIN TS [20],
ERFEELERL DFERE W@ﬂ@#b.uéwlx
FIL TR ENREZ 25CICEE L 7=,
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Fig. 2. VLC as a function of reaction temperature.

3.2.2 RIGEHE

FOGIREE 2 25°CICHEE L. PP il DR INE 24
fEEETVLC ERER DBIfRZ AT L7z, Fig.3
ICZORERERT . VLC I 24 RERESUE £ T3
THMN, ZENUBIITEHEICET S, LEN> T, T
AT IALRERIE 24 BERRRE T TH D & Ol
X & Yt

0.30
A
0.25 "
B
020
C
&) A
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0 ] { { | 1
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Reaction time (hr)

Fig. 3. VLC as a function of reaction time at different PP molar ratio based
on PVA: 0.1 (A), 005 (B), 0.03 (C). Reaction temperature; 25 °C,
LiCl/DMAc concentration; 1% (wt./vol.}, PVA concentration based on the
LiCI/DMAc solvent; 1% (w/v), the molar ratio of DCC to LA; 0.8, the
molar ratio of LA 1o PVA hydroxyl equivalent; 1.25.

3.2.3 DCCHEME

PP ittt & Z Ak o 0. 1 IR L. LA ICK 3 % DCC
BINEZZLIET, VICANDEEEZRF L=,
R%EFig. 4125”77, DCCRMEMN 0. 8 BETVLC T
N ER->TNS, 2O EMS, PIBEOKIETIE
DCCAHMMEZ 0.8 ICEEdT B & &Lz,

3.2.4 PPAMERIME

F75% PVA IR IC BT S PP it & & VLC DOBIf%
% Fig. 5 ISR T, VLCIZPVAEBEDHEME & B ITH
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REREF IO s MRFEREE (H20)

mLTnW5s, ZLT. PPIRMEN 0.2 ITEBET
winl., ZNLAIZ L &725, PP OFMEZ 0.2
PAEETHEENWVLCEZEDLDICENTH S,

0.30

0.25

0.20

VLC

0.15

0.10

0.05

o ] { { | 1 |
0 02 04 06 08 10 12
DCC molar ratio (based on LA)

Fig. 4. VLC as a function of the charge amount of DCC based on LA.
Reaction condition: reaction temperature; 25 °C, reaction time; 24 h,
LiCY/DMACc con.; 1% (w/v), PVA con.; 1% (w/v), the molar ratio of LA and
PP to PVA; 1.25 and 0.1, respectively.

VLC

0 0.05 0.10 0.15 0.20 0.25 0.30
PP molar ratio (based on PVA)

Fig. 5. VLC as a function of the charge molar ratio of PP at different PYA
concentration (w/v): 1% (A), 2% (B), 3% (C), 5% (D). Reaction condition:
Reaction temperature; 25 °C, reaction time; 24 h, LiCV/DMAc con.; 1%
(w/v), the molar ratio of DCC 10 LA; 0.8, LA molar ratio based on PVA;
1.25.

3.2.5 LAFME

PVA FRINEZE 4 KHEE L, PVAICKHT S LA DELE
BAELMEIET VL ANDOEEZRF L. HEEZ
Fig. 6 IZ7R 3. VLCIZ LA RAINEDS 2.0 FREE £ Tl
T 2APVAEEN 3% 2B A5 E/ETRL.5%PVA
BETIEFRMBENVEZRLTNS, LA DRBE
73 < PVA BB 3% LA ETIE, RUSHIHIIZ PVA D7
A S, RISV ET TS ICREVWEERT 2 2 &
BHOSNT-, BAMRETORRIZPVA & LA DRE
MEVEFEEE L. PVABEN %I/ & KIS
DR EMN 3% RN THIHICES 25 2R
DHENT, TNHDI EMN 5% IEETENVLC &
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LA molar ratio (based on PVA)

Fig. 6. VLC as a function of the charge molar ratio of LA at different PVA
concentration (w/v): 1% (A), 2% (B), 3% (C), 5% (D), 3% for 48 h (E).
Reation condition: LICI/DMAc con.; 1% (w/v), PP molar ratio to PVA; 0.2,
DCC/LA molar ratio; 0.8, reaction temp.;25 °C, reaction time; 24 h (A)-
(D), 48 h (E).

EZ2BATHDEEZEZI TS, LML, BWVLC
ZES-DICIE,. BBEDOPVABIVNLADES,ZE

REmEm IO s MRE#RSEE (H20)

BN, BR L EHAMRERZZE LT, 24 R
FORIEEITS ZENLEELRS,
EE, RIGEMZE 48 BMEEELZLEIT.
Fig. 6B)ICESNZXIDICEWN VLC Z2RDOEES
ENESN TS, LML, PVABENETNIEIK
JRROED ERAZRE WOHFNIIRDEN
SHEMNEEI N, VLCAY0.95 EWOEWEZ S
ZBILEHENLATIVIBE 2.0, PVARE 3%, X
JREER 48 RO THE SN TS ZEIdERI
B9 %,
3.3 13C-NMR ICL B VA-VLHEEBEMEHDVLC B LY
MRS A Ty R =T RA9H

Fig. 7 1T VA-VAL #*EAKD DMSO-d6 H TD
13C-NMR ARZ "V ZER LTz, HEEEKDZAXRY b
VT VAL F LT 32— RERITHED IV R F
IViRFE (173ppm). AU RZIVir#E (208. 3ppm).,
2 HDOAFL > pFE (27.8ppm. 37.3ppm). BLNN
AF )V ik#FE (28.3ppm) DT FINNEEINS,
T ELED— O AZES PVA EEHICHKT S
AF U k#FE (66.5ppm). AF L p#E (43. 0ppm)
NEEaINS, BER LIANIZATIVERET S &,

DMSO \K €
g

A d
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bb' a,a

| | ¥
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i i 1 = H
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Fig. 7. C NMR spectra of VA-VL copolymers with VLC of 0.56 (A), LA (B) and PVA (C) in DMSO-ds.
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LA Hi3& D 174. 6ppm 5 K X 208. 9ppm D > 7 F )L,
FNFN173. 0ppn & 208. 3ppn N EEmEE T T ML
TW5, NMR v DMSO-d6 i 39. 5ppm IZFRER D &
TFIVERT O TG Z MeOH-d4 1T X T, BEHLE
DEIED 3 HOEERERDAFINBIVAFL >~
EMERELZARY MVE Fig. 8 1TRT,

e
3
A
d
B
CH2 dyad region
(VA\VL) (VL.VL)
(VA,VA) h
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N S
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Fig. 8. Enlarged partial >C NMR spectra of VA-VL copolymers at methy]

and methylene region in MeOH-d;: VLC=0.2 (A), VLC=0.56 (B),

VLC=091 (C).

ZZC, 27.8ppn (M d O F)) & 28. 3ppm
(B g 7T FIVIEENEFNAIRFIIVEE

FIWVIRZIIVEICHEELZHDTH S, 37. 6-46. 5ppn
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REMEFRTOY oy MIEREE (H20)

OFHPFIIE, 2EOEHETFINELTY X =1
EPOHNRIINITHEEGLEAF L REZ (K e
TFIIN) MBEWCIHBEL - TEHEINS. &
BMELINS T FINORELIIDOVWTERT S
E. VLC M EMMT BI2DNT, 44.5ppn ICHLZE B
S EHET 7 FIVOBENEDT BH. 39. Ippn D
T FIVREIIHE AT D, £z, 42. lppn IZH L E
BT FIVIEZVLC A80.56 TIEHEAL, 0.91 T
BHAOLTNWD,

DLEDZ EE2EZEDESBE. 25 44.5ppm,
42. 1ppm. 39. Ippm IXFNZFNH.LEBLLESE
RV, EBESEN S EZIL T IIVa—IV/EZ)
7)a—J) (VA,VA), EZV7IVa—=)V/ ¥V
JYx—bk (VA VL), ES)IVL T UEB/EZVL
TV B (VL,VL) ORRIY A 7w Ro—F X
ERELTWSEMRTED, ZOTXI AN T RO
EEIIARY EZ)tEr— MR EZNTIVa—)l/E
7o EFdx— MEEAKOENEHEUL TY
51021,22],

ISR ZEEZ T, ARRTH SN VA-L
HEAROHBRNT AT v R —7 > ADHH %
MatL7=. Overnall 53RV EZINLNT 5T —F (&
HE 10%) @ 13C-NMR IC K5 EHEEEUEICH
WTAFL VRBICEBL. Y —MMIETHY TV
SUEIZEKD, JUVAE 0.2 %A 7 a8, JUVA
BHEE ;28 (TI O 108 OFBZHANT.
EETEABEEZETVS[19], ZIT. BRedHI
DEMEITHERL TEREERUEZIT>/Z. 2T,
BEHTS 3 HEOAFL U EFESZFIVE 37. 3ppn

(MedT 7)) BEU27. 3ppm (KH d D
TFIVDAFL T FINICBTBEF—N—NT
= RIIFFEL VW ERE L.

AR @ VLC JIEIZ W /= 1TH-NMR TORERHRE D
MEEE I ZTHEAT S E, SEOMBRNY 1T
v R =T RFUTOLDITERETINS,

[VA, VA]/[VA, VL1/[VL, VL]

= T(VA, VA) /1 (VA, AL) /1 (VL. VL) (2)
ZZT. [VA,VA]. [VA,VL]. [VL,VL1iZ 3 D& A
Ty RI—=TUADENDRTH 5,

ZZT. (VL,VL) @ 7 FIVISEENHETICD
NTAFL I T F e LEHELTLSBED.ED
FENREZEBICHE TERVNES OMERMNT
T %, ZNZEHTDH=DI1Z, 27. 3ppn D> T F
WXL T ) e DRREICELNWI &, T2b5,
[(e) =1(D)ZFMETS, £5FT5&, 1(VL, VL) I,
PLFoLHiIcEEINS,

[(VL,VL) = {I(VL,VL) + I(e)} - 1(d) (3)

@), QEFEALT, HEAKOEENY 1T
w RS =AM ERANOEE (ST LR
randomness) MEHETE 5, VARSI & VL EALOE



BT OX S ITERENS,
(VA] = [VA,VA] + [VA,VL]/2 4
(VL] = [VA,VL]/2 + [VL.VL] 6))

@, GOXMS VLCIFUATOL DTS,
[VLC] = [VL]/{[VA] + [VL]} (6)

Fo7Na—I)VEEZIN LT Y x— kO
$iE% LOH. LLA &fEd a2 iz, =ns
OFEHHEERIIUT OIS ITEREINS,

LOH = 2[VA]/[VA, VL] (7
LLA = 2[VL]/[VA, VL] 8

SUFAXRADRETHD T O IF ¥ I35 —
(n) BETFTEEZNS,
n= [VA,VL]/2[VA] [VL] (9)

13C-NMR DREMEZERL. U EOERXF D (5),
(6) M 53R 7= VLC i, Table.1 T® IH-NMR D&
ERL—HLTWBZEMNS 13C-NMR IZXBHRIE
DFZEHEIRIN TN S,

VA & VL OFCFEESHE & VIC OBfR%E Fig. 91T
sRU 7=, LOH & LLA ORI & LGl 72 B R 23R 8 5
. VLC A8 0.5 fHE Tl IR ZE L. TL T, F
HEGEREITIFEFE L2 Eso7z, 2D EIE. 100 fE
DFAT v REOVA VA], [VA, VL], [VL, VL] Dtk
L 27, 46, 2T ENWZ EERLTWS,

10 &
= 8
)
=
2 LOH
8 ¢
g
= LLA
=
g, L
-]
80
=~
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4
< 2+
0 ] ] | i |
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Fig. 9. Dependences of average sequence length on VLC.

VA OFENEIZHT S VA VLI 1T v ROEI
NRZEFig 101Kk Lz, TIT, 7Oy rFy I
D= 1 ORFIIZLERT Y LRI —TH
5ZLEHO5DL. n=1 ORKIREXEHLELSK
THBIEERT ZOEBFROT OV I F ¥ T
757 —ERDBEDIZT, ODREUTOLDITER
T 5,

[VA,VL1/2 =n [VA] [VL] (10)

BEMEFTOT oy MHEREE (H20)

ZDEFITED niZ[VAI[VL] vs. [VA,VL]/2 7O
v hOEEELTRESND  R/N_FIETKRDZ
n OME. AHEGRE0.99 ODBEICBNT0.92 TH
S DT ENSAERTER L VA-VL HLEA
ITHLRICIZNE T Y LRBEEZE S 2 &
BHL 7z,

10 A
=
/ A\ (completely alternate)
08 / \
/ \— pseudo-alternate
/ \
'-; 06 / =l (andom) \
'S \
< / P R \
2

04 F

02
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Fig. 10. Diagram of [VA,VL] dyads proportion as a function of VA molar
fraction.

3.4 FERE/EORISHT

Table 2 1T VA-VL HEEAEDE VLC ITBT B H
S5 AEBIR (Te) 28T /-. VA L VL DEBHEREZE
NEFNVNABLULWB ETHE. ZNSIEVICHENS
LFO XD IcENMN S,
WA = 44(1 - VLC)/(44 + 98VLC) an
WB =1 - WA = 142VLC/(44 + 98VLC) (12)
ZIT. 4BV BEFNTNVA & VL O T
BEHEL, 9813FDEEEL TS, Table 2Tl
ZVLC TOWB DEBHBTTH 5,

Table 2
T, dependence on the molar fraction and weight fraction of vinyl levulinate
unit

VLC W (%) T, (°0)
0 0 70.0°
0.13 325 52.1
0.20 447 444
0.28 55.7 359
0.40 68.3 28.8
0.57 8.1 16.9
0.71 88.8 124
0.87 95.6 6.1
091 97.0 52
* T, of PVA.

HEASADO TgIZRY EZIN T IV a—)VITEAL
LT CBBIIRESEEINTNS EESK
TORMPDOERHSRE Tg OBRITII—R> - 71
S—R23BHVE Ty 7 AKX U] TR SN
5, I T, —HOKEGZKD IgNd—K>. 7
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A 7—RICETEELINENERIEL . EZILY
WA—=INRPEEZIIN LT X— KR D Tg &%
NZENTer JUEM 70C) BXU T &THE, I
— R T4 7—RIIUTFTTEREEINS,

Tg = (Tga+ WA + KTgB + WB)/ (WA + KWB) (13)

ZZT, KIZHEAKRD Tg 1B 2 EMIITHE
IBHARBICEETSER TH S,

1)NKXEERTH L, AR 1/K) & Tgs (100%
VL BHIORUEZIN L TYR—R) HIREDLUTF
DORITIZD,

Tg = (1/K) (Tga - Tg)WA/WB + TgB (14)
ZZTI1/K & Tepid, Fig. 11 IT_RL 7= Tg vs. (Tga
- TOWA/WB 7Oy N TOYR EAENSRD 5N
o

330

Tg=1.3116(TgA-Te) WA/WB+275.27
(R2=0.996)
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Gordon-Talor equation(K=0.76)
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Fig.12 Tg of VOH-VLA copolymers.

ZDOXDIZL T2 78R AN 0. 99 BA EOAHEE
B ZERL, KELTO0.76 M50, Tes (100%
VL BHADORYEZI L TYFR—K) OHTRAEB
BEZ2.3CERETE.
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REMRFT IO o) MREREE (H2 0)

—H., TAv I ARTOELTE, I—RKR> -7
17— LD EVEERZE (6.3) ZRL. Tes
135.3CERLE, Fig 12Icd—R> - 51 5=k
BETHw 7 RPOEGNVWERLZ. ZOEEK
T I—R2 T4 F—EMITK< —H L TNVS,

4 o

1. DCC Z#E&#H & L.DMAC/LiCl yAts AT PP filifgt
DTFPVA ETDIATIVLE 25C DL TIT
SRR, VLCAY0.95 10T 2 VA-VL #EA
&SNz,

2. HEAEKOHRHYT AT v R—F 2%
13C-NMR DFERENSFHE LR L TH
SN0y Fr I 75 —130.92 LKRD S
N, LEEHTERLEZEAKRIZET YL
TeEE R ELS 2 EAVHIBA L 7=,

3. BoNHEAKIIBITAVLC & Tg DB,
T ARIDHIT—R2-T14F7—HITH
TIREBZENHBHALE, £ I—R 71
S—ANSEELEZVLRYS— (2L T
CEEEHD) D Tgld 2.3CThHo 7=,
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Experimental Investigation of Response of Endothelial Cells Cultured in

Microchannel with Fluid Shear Stress Exposure

Yasuhiko Sugii, Research Institute for Science and Technology

Motomu Minamiyama, Hiroshima International University

ABSTRACT : In order to investigate vascular diseases such as cause of atherosclerosis
and myocardial infarction, relationships of endothelial cells (ECs) covered with surface
blood vessels and blood flow stimulation have been experimentally studied. In the study,
a blood vessel model for in vitro experiment made from polydimethylsiloxane (PDMS)
microchip with a straight microchannel with 400 pm width and 75 um depth was
developed. By optimizing cells cultured condition such as the liquid introduction method
and the surface coating for enhancement of cell attachment on the microchannel wall, a
cell culture method in the microchannel with fluid shear stress to be confluent were
developed. The morphological response, such as shape index, area and orientation, of
cultured ECs with shear stress 0.1 Pa was investigated. In the period of low cell density
until 60 hours culture, cells were elongated and aligned with flow direction. In the
period of over about 50% cell density of confluent, cells became gradually randomly
distributed. The area of cell at confluent with shear stress became 1.7 times larger than
that of cell without shear stress. The results indicated that interaction of surrounding
cells influenced the morphological response of ECs.
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La Constitution et la Réforme du du systéme politique

—— DI’étude comparative relative aux actualités de l'activité citoyenne dans
la mondialisation et le régionalisme —

HASEGAWA Ken Département d’ éducation générale
Pierre Brunet Université de Paris 10
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Aprés la fin de la structure de la guerre froide de 'Ouest et I'Est, sous I'affrontement des deux camps de I'Ouest
et de I'Est, les differents problemes abandonés commencent 4 se transomrmer. En matiére de contexte de
l'avancement de la réforme des systémes au Japon les années 1990, on ne peut pas ignorer qu'il y ait eu la détente de
l'opposition idéologique entre la gauche et la droite en raison de l'effondrement de I'U.R.S.S., le détachement du
régime socialiste des pays de 1'Europe orientale et centrale et la fin de la guerre froide entre le camp de 1'Ouest et

celui de 1'Est.
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Constitutionnalisme et démocratie : comment concilier la démocratie avec le
controle de la constitutionnalité de la loi?

Professeur a 'Université Paris10 Pierre Brunet

La question la plus difficile que la théorie constitutionnelle ait & affronter est bien évidemment celle de

la justification de l'existence méme du controle de constitutionnalité. La comme ailleurs, plusieurs

réponses existent, dont aucune n’est réellement satisfaisante, tout le probléme se ramenant a celui de

savoir comment on peut concilier le controle de constitutionnalité avec ce quiil est censé justement

assurer ou garantir : la démocratie.

Je me propose d’examiner ici plusieurs réponses apportées a cette question de la conciliation, sans

prétendre a 'exhaustivité.

1. Suprématie de la constitution

De nombreux juristes ont tenté de justifier le
controle de constitutionnalité par la suprématie
de la constitution. ’argument est assez simple.
On le trouve fort bien exprimé chez Marshall
dans la décision Marbury vs Madison qui

écrivait :

«ou la constitution est un droit supérieur,

supréme, inaltérable par des moyens
ordinaires ; ou elle est sur le méme plan
que la loi ordinaire et, a l'instar des autres
lois, elle est modifiable selon la volonté de
la législature. Si c’est la premiére partie de
la proposition qui est vraie, alors une loi
contraire a la constitution n’est pas du

droit ; si c’est la deuxiéme qui est vraie,

100

alors les constitutions écrites ne sont que

d’absurdes tentatives de la part des peuples

.. . 11,0 1
de limiter un pouvoir par nature illimité »".
La structure de 'argumentation consiste donc en
ceci :
a) La constitution est supérieure a la loi

b) Une loi contraire & la constitution n’est

pas du droit, elle est nulle (void)

c) Si elle est nulle, elle ne doit pas étre
appliquée. Il faut donc des juges pour

T'annuler.

1
Décision Marbury v. Madison, in E. ZOLLER (dir.), Les

grands arréts de la Cour supréme des Etats-Unis, Paris,

PUF, 2000, p. 102.



On trouve le méme raisonnement chez Kelsen qui,
comme Marshall, fait découler le confréle de
constitutionnalité de la suprématie de la
constitution. Il soutient que si la constitution est
« silencieuse sur le point de savoir qui a a
examiner ou contrdler la constitutionnalité des
lois, il s’ensuit en principe que les organes de
Papplication des lois, donc en particulier les
tribunaux ont le pouvoir de procéder a cet examen
ou controle. Puisqu’ils ont le pouvoir d’appliquer
les lois, ils doivent nécessairement établir si ce
qui prétend étre une loi a bien objectivement ce
caractére et signification de loi ; et il n’en va ainsi
conformes a la

que des actes qui sont

. . 2
constitution™ ».

Autrement dit :
a) la constitution est supérieure a la loi,

b) cette supériorité entraine soit la nullité
soit l'annulabilité de la loi contraire et,
dans le silence de la constitution, le
pouvoir des juges d'exercer le controle de

constitutionnalité

Mais comme cela a été si bien démontré, toute
Pargumentation n’est qu'une pétition de principes.
En effet, de deux choses 'une :

— ou bien la constitution est supréme, et il

n’est nul besoin de la faire respecter ;

— ou bien il faut la faire respecter... c'est

donc qu’elle n’est pas supréme.

H. KELSEN, Théorie pure du droit, trad. Ch.
Eisenmann, Paris, Dalloz, 1962, p. 361.

’ M. TROPER, « Marshall, Kelsen, Barak et le sophisme
constitutionnaliste », in E. ZOLLER (dir.), Marbury v.
Madison : 1803-2003. Un dialogue franco-américain,
Paris, Dalloz, 2003, p. 215-228.

Or, tant Marshall que Kelsen montrent, malgré
eux, que ce n'est pas la suprématie de la
controle de

constitution qui justifie le

constitutionnalité mais bien le controle de
constitutionnalité qui justifie la suprématie de la
constitution. Bref, la constitution n'«est» pas

supréme, elle « doit » I'étre.

On peut ajouter une pierre a cette critique.
Marshall — comme beaucoup d’autres —, prétend
démontrer la nécessité du controle de
constitutionnalité en enfermant son auditoire
quil croit définitive.

dans une alternative

Reprenons la citation déja utilisée -

«ou la constitution est un droit supérieur,

supréme, inaltérable par des moyens
ordinaires ; ou elle est sur le méme plan
que la loi ordinaire et, a l'instar des autres
lois, elle est modifiable selon la volonté de
la législature. Si cest la premiére partie de
la proposition qui est vraie, alors une loi
contraire a la constitution n’est pas du
droit; si cest la deuxiéme qui est vraie,
alors les constitutions écrites ne sont que
d’absurdes tentatives de la part des peuples

de limiter un pouvoir par nature illimité ».

Or, le raisonnement souffre ici du méme vice que
celui que lon trouve dans les conceptions

dualistes du droit propres aux jusnaturalistes.

En effet, en disant que la constitution est un droit
supérieur et qu'une loi contraire a la constitution
n'est pas « du droit », Marshall emploie le terme
«droit » dans deux sens trés différents : le droit
qui vaut pour la constitution, le droit qui vaut
pour la loi. En admettant que la constitution soit
un droit supérieur, elle n'est toutefois pas «du
droit » parce qu’elle est conforme a elle-méme : or,

si 'on se demande pourquoi la constitution « est

101



du droit», il faudra recourir a une autre
définition que celle employée pour dire que la loi
contraire a la constitution n’est pas du droit — ou

que la loi conforme en est.

C’est 14 un raisonnement classique et propre a
toutes les formes de jusnaturalisme: pour
justifier la supériorité du droit naturel, les
auteurs ont toujours recours a un argument
négatif déniant la qualité de droit & toute norme
contraire au droit naturel. Mais en aucun cas ils
n'iraient jusqu’a reconnaitre que le droit naturel
est du droit parce qu’il est conforme a lui-méme.
Ils préféreront expliquer que le droit naturel
contient des vérités que le droit positif doit mettre
en ceuvre, ou encore, que le droit naturel découle
de la raison de sorte qu’il est du devoir de chacun
de s’y conformer. Autant de propositions qui ne
permettent en aucun cas de savoir a quoi tient la
supériorité du droit naturel mais qui servent —
cest leur fonction — a justifier la norme selon
laquelle le droit positif doit se conformer au droit

naturel.

C’est précisément la norme que pose Marshall a
légard du législateur : il doit se conformer a la

constitution, un point c’est tout.

2. Le juge constitutionnel comme protecteur des

droits de la minorité

Un autre argument est souvent avancé pour

justifier Pexistence du controle de
constitutionnalité : celui de la protection des
droits de la minorité contre la tyrannie de la
majorité. Cet argument se présente sous deux
formes, I'une ancienne imputable & Tocqueville,
lautre moderne que l'on trouve par exemple chez

Dworkin.

Quel rapport Tocqueville entretient-il avec le

controle de constitutionnalité demandera-t-on ? 11
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suffit de le citer : « Resserré dans ses limites, le
pouvoir accordé aux tribunaux américains de
prononcer sur l'inconstitutionnalité des lois forme
[encore] une des plus puissantes barriéres qu'on
ait jamais élevées contre la tyrannie des

Assemblées po]jtJ'ques4. »

Ainsi, le contrdle de constitutionnalité serait le
meilleur instrument pour préserver les droits de
la minorité de la menace que fait peser a leur
encontre la tyrannie de la majorité. Cet argument
est 4 premiére vue trés convaincant d’autant qu’il
est fondé sur cette idée que le pouvoir absolu
corrompt absolument ce que nul n’oserait
contester. Il repose toutefois sur un préjugé pour
le moins anti-démocratique dont, en réalité,
Tocqueville ne parvient jamais a se défaire
complétement. En témoigne un passage de la

de la

Démocratie en Amérique dans lequel il pose la

seconde partie du premier volume

question suivante :

«dJe regarde comme impie et détestable

cette  maxime, quen matiére de
gouvernement la majorité d'un peuple a le
droit de tout faire, et pourtant je place dans
les volontés de la majorité 'origine de tous
les pouvoirs. Suis-je en contradiction avec

moi-méme ? »

Et telle est la question serait-on tenté de dire...

Tocqueville, lui, répond par une autre question :

« Quest-ce donc quune majorité prise
collectivement, sinon un individu qui a des
opinions et le plus souvent des intéréts
contraires a un autre individu qu'on nomme
la minorité ? Or, si vous admettez qu'un
homme revétu de la toute-puissance peut

en abuser contre ses adversaires, pourquoi

4
De la démocratie en Amérique, 1, 1, ch. VL.



n'admettez-vous pas la méme chose pour

BTN
une majorité 7 »-.

Voila ce que I'on pourrait appeler le sophisme de
Tocqueville. En effet, contrairement a ce qu’il
feint de croire, il demeure quelque peu délicat
sinon franchement déplacé — en démocratie du
moins — de définir la majorité et la minorité
comme deux individus équivalents et réductibles
I'un a Pautre. Tocqueville se trouve alors pris
dans un dilemme : §’il ne veut pas admettre une
différence de nature entre majorité et minorité en
démocratie, comment justifier que la volonté de la
majorité puisse ne pas toujours s'imposer ? La
encore, le seul moyen d’en sortir est d’envisager
un droit supérieur et distinct du droit positif.
Cest d’ailleurs en ayant recours a ce dualisme
que Tocqueville croit pouvoir répondre
négativement a la question qu’il posait. Il n'est
pas en contradiction avec lui-méme, dit-il, parce
quil existe au-dessus des lois positives des

hommes une loi supréme, une loi universelle qui

g’'appelle la justice :

« Il existe une loi générale qui a été faite ou
du moins adoptée, non pas seulement par la
majorité de tel ou tel peuple, mais par la
majorité de tous les hommes. Cette loi, c'est
la justice. La justice forme donc la borne du
droit de chaque peuple. Une nation est
comme un jury chargé de représenter la
société universelle et d'appliquer la justice

qui est sa loi. Le jury, qui représente la

’ Ibid., 1, 2, chap. VII. Il continue : « Les hommes, en se
réunissant, ont-ils changé de caractere ? Sont-ils devenus
plus patients dans les obstacles en devenant plus forts ?
Pour moi, je ne saurais le croire ; et le pouvoir de tout faire,
que je refuse a un seul de mes semblables, je ne

l'accorderai jamais a plusieurs. »

société, doit-il avoir plus de puissance que
la société elle-méme dont il applique les

lois 7 »

Mais affirmer cela ne revient plus, comme le
croyait Tocqueville, a « placer dans les volontés de
Ila majorité l'origine de tous les pouvoirs». Cest
au contraire affirmer quil existe deux systémes
de normes: l'un, naturel ou universel, peu
importe ; autre, fait par la majorité a 'origine de
tous les pouvoirs. Ces deux systémes de normes
ne se voient pas reconnaitre le méme statut : le
premier précéde le second et le prime, c’est un

droit auquel la majorité doit se conformer.

Cest dailleurs ce que Tocqueville reconnait
volontiers : « Une Constitution américaine n'est
point censée immuable comme en France; elle ne
saurait étre modifiée par les pouvoirs ordinaires
de la société, comme en Angleterre. Elle forme
une ceuvre & part, qui, représentant la volonté de
tout le peuple, oblige les législateurs comme les
simples citoyens, mais qui peut étre changée par
la volonté du peuple, suivant des formes qu'on a
établies, et dans des cas qu'on a prévus. En
Amérique, la Constitution peut donc varier ; mais,
tant qu'elle existe, elle est lorigine de tous les
pouvoirs. La force prédominante est en elle

6
seule” ».

La théorie que Bruce Ackerman développe depuis
quelques années semble prolonger l'analyse
tocquevillienne. Comme on. le sait, Bruce
Ackerman oppose la démocratie moniste — dans
laquelle la volonté du peuple est réputée
représentée par ceux qui détiennent le pouvoir
législatif (le Congrés et le Président) — a la
démocratie dualiste dans laquelle cette volonté

« est présumée représentée par les principes de

® Ibid., 1,1, ch. VL.
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droit supréme qui ont obtenu dans le passé le
consentement du peuple »'. Cela le conduit 4 une
seconde opposition entre la législation ou la
politique ordinaire et la législation ou la politique
constitutionnelle. Dans la premiére, le peuple
« n’existe tout simplement pas; il ne peut-étre
que représenté par ses tenant-lieu ». Dans la
seconde, en revanche, « quelque chose de spécial
se produit : les représentants et les citoyens, dans
leur entreprise de redéfinition et de rénovation
des fondations du gouvernement ameéricain,
parlent un langage commun. Ce langage a été
testé 4 de multiples reprises au sein d’assemblées
d’élections

délibératives et a loccasion

populaires »’ dong, il s’agit bien de la volonté du

peuple lui-méme.

Ainsi, chez Tocqueville hier comme chez

Ackerman aujourd’hui, la constitution
« représente » la volonté de tout le peuple. On
pourrait s’interroger longuement sur ce que cette
« représentation » signifie. Bien évidemment, on
peut tout d’abord étre tenté de n’y lire qu'une
métaphore : la constitution représenterait la
volonté de tout le peuple comme la colombe
représente la paix. Mais il ne viendrait jamais a
Iesprit de quiconque de dire que la colombe oblige
les hommes a la paix tandis que Tocqueville dit
que la constitution américaine oblige les
législateurs comme les simples citoyens. En
affirmant que la constitution représente la

volonté de tout le peuple, Tocqueville parvient a

7
B. ACKERMAN, Au nom du Peuple. Les fondements de

la démocratie américaine (1991), trad. J.-F. Spitz, Paris,
Calman-Lévy, 1998, v. not. p. 37 et 327 s. ainsi que « La
démocratie dualiste », in M. Troper et L. Jaume (dir.), op.
cit., p. 191-204.

: Au nom du Peuple, p. 329.

* Ibid, p. 358.
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substituer, par métonymie, I'effet a4 la cause. C’est
en effet la volonté du peuple qui fait la
constitution mais une fois faite cette constitution
représente cette méme volonté non pas au sens

iconographique mais au sens juridique : elle vaut

pour elle, elle en tient lieu, elle s’y substitue’.

L’argumentation est étonnamment identique chez
Bruce Ackerman. On se doit pourtant de
remarquer que s’il y a un point commun entre la
théorie selon laquelle le peuple est représenté par
des individus et celle selon laquelle il est
représenté par un texte, une analyse plus
approfondie permet de mesurer 1'écart qui les
sépare. En effet, le peuple représenté demeure,
dans les deux cas, une entité que l'on ne peut
saisir qu’au travers d'un biais, un truchement, ses
« tenant-lieu » dans un cas, la constitution dans
lautre. Une fiction dira-t-on. Mais au-dela tout
les oppose puisque cette fiction s’incarnera, pour
l'une dans une parole humaine, pour l'autre dans
un texte, de sorte que la volonté du peuple sera,
dans le premier cas, produite par des individus et,
dans le second, déduite d’'un texte. Ce sont donc
bien deux théories radicalement antagonistes de
la représentation politique auxquelles on a affaire
puisque, dans l'une, représenter c’est vouloir et
que, dans l'autre, représenter cest connaitre. Il
reste enfin a se demander en quoi cela confére a la
constitution wune prédominance. Or, cette
prédominance s’explique chez Tocqueville comme
chez Ackerman parce qu’ils raisonnent selon I'a
priori quil n’y a de « vraie » constitution que s’il
existe un controle de constitutionnalité. Si on la

prolongeait, cette thése conduirait & admettre un

. Qu’il me soit permis de renvoyer a P. BRUNET,
Vouloir pour la nation. Le concept de représentation dans
la théorie de I’Etat, Paris, P.U. Rouen-LGDJ-Bruylant,
2004.



controle des lois au regard non pas tant de la
constitution entendue comme norme juridique
positive mais au regard d’'une Constitution pensée
comme norme de justice universelle ou du moins

intégrant cette dimension de justice.

On trouve ayjourd’hui 'argument sous une autre
forme, qui insiste davantage sur les droits qu'une
Constitution est censée protéger et reconnaitre.
Cet argument se présente de la fagon suivante :
une Constitution a pour fonction essentielle
d’établir des droits et ces droits sont des barriéres
aux décisions de la majorité permettant de
protéger les intéréts des individus. En sorte que,
¢’il n’y avait pas de controle de constitutionnalité,
il n’y aurait pas de reconnaissance de ces droits
parce quil n’y aurait aucune limite aux décisions
de la majorité exprimées par les organes
politiques et notamment le Parlement. Les juges
constitutionnels ont donc pour mission de
protéger les droits et dés lors que l'on reconnait
des droits, on doit accepter le controle de

constitutionnalité.

Cette theése est trés largement répandue au point

qu’elle apparait comme une évidence.

Ainsi, par exemple, Pasquale Pasquino écrit:

«'Etat constitutionnel sest construit pour
défendre les citoyens du pouvoir des majorités
politiques et pour protéger les minorités, non pour
consacrer le pouvoir sans obstacle des élites
politiques. Une structure polyarchique semble le
meilleur instrument pour faire obstacle a
Iintempérance, comme lappelait Tocqueville,
dun  organe

monocratique qui  pouvait

. . - R
revendiquer pour lui I'autorisation populaire » .

1
P. PASQUINO, «La politica limitata. I principi

liberal-democratici dello Stato di dirittto il controllo ddi

Cette méme évidence se retrouve également chez
Dworkin lorsqu’il propose de distinguer entre les
politiques et les principes pour ensuite expliquer
que les politiques définissent des objectifs
collectifs, tandis que les principes établissent des
droits. Ces derniers constituent une limite aux
collectifs et

objectifs préservent la sphére

individuelle de cette sphére collective. Les
objectifs doivent étre définis par des organes
politiques mais les droits doivent étre établis sur
le fondement des principes par les juges. Sous
couvert de tracer une frontiére entre la sphére
publique et celle privée, on en vient a déplacer le
lieu de l'exercice du pouvoir des assemblées vers
les juges. La critique majeure de I'argument est
qu’il repose sur une confusion entre les intéréts de
la majorité — qui sont toujours susceptibles
d’entrer en conflit avec les intéréts des individus —

et les décisions de la majorité.

Comme le fait justement remarquer Carlos Nino,
il n’y a aucune contradiction logique a soutenir
qu'en démocratie I'unique autorité légitimement
investie du pouvoir de reconnaitre les droits est
précisément la volonté de la majoritém. Sauf a
admettre, comme Tocqueville le fait, qu’il y a une
identité de nature entre la majorité et la minorité.
Mais il faut alors parvenir a expliquer en quoi le

systéme que l'on décrit est encore démocratique.

3. Le juge constitutionnel représentant de la

souveraineté du peuple

Une autre justification, sans doute peu éloignée
de celle que proposait Tocqueville, est aujourd’hui

défendue par Dominique Rousseau en France, qui

costituzionalita », Analisi e Diritto, 1996 (187-205), not.
p- 204.

2
C.S. NINO, Fundamentos de derecho constitucional.

op. cit., p. 680.
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cherche a présenter le Conseil constitutionnel
comme le «représentant de la souveraineté du
peuple »'2, Pourquoi voir le juge constitutionnel,
en France ou ailleurs, comme le représentant de
la souveraineté du peuple ? Parce que le juge
constitutionnel oblige le législateur a respecter la
volonté du peuple souverain déclarée dans la
constitution : « Lorsque le Conseil constitutionnel
censure une loi (...) il ne le fait pas au motif que
les représentants ont méconnu la volonté des
citoyens qui les ont élus (...), il ne le fait pas
davantage au motif qu'il connait et donc
représente mieux que les élus la volonté du
peuple qui s’est exprimée lors de ces élections ; il
censure en montrant aux représentants (...) le
texte ou le peuple figure en souverain et qui leur
interdit de prendre ces dispositions. En d’autres
termes, le Conseil ne représente pas le peuple

souverain, il représente ce en quoi et par quoi le

A . 14
peuple se pense et se reconnait souverain »

A Pexamen, cette thése se fonde sur deux
présupposés qui, bien que parfois explicites, ne
sont pas pour autant démontrés : selon le premier
le controle de constitutionnalité vise a préserver
la suprématie de la constitution ; selon le second,
la représentation juridique s’analyse en la
reproduction d’une réalité préexistante,
autrement dit, la représentation juridique est

toujours symbolique.

. D. ROUSSEAU, « La jurisprudence constitutionnelle :
quelle “nécessité démocratique” ? », in Molfessis et alii
(dir.), La légitimité de la jurisprudence du Coﬁseil
constitutionnel, Paris, Economica, 1999 (363-376), p.
370 : «les citoyens figurent comme représentés dans les
institutions législative et exécutive et, la est 1a nouveauté,

comme souverain par la juridiction constitutionnelle ».

14
Ibid., ici. p. 374
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Le premier présupposé est ancien. On le trouve
formulé pour la premiére fois chez Hamilton au
n°78 du Fédéraliste : « lorsque la volonté de la
législature, déclarée dans les lois, est en
opposition avec celle du peuple, déclarée dans la
Constitution, les juges doivent étre gouvernés par
la seconde plutot que par la premiére. Ils doivent
fonder leurs décisions sur les lois fondamentales
plutdot que sur celles qui ne le sont pas» "
L’affirmation semble procéder du raisonnement
suivant : la constitution étant la volonté du
peuple, elle est une loi « fondamentale » et parce
qu’elle est fondamentale, elle doit s'imposer et au
législateur et aux juges, il faut donc préférer la
constitution a la loi qui lui serait contraire. Ce
raisonnement procéde lui-méme d'une théorie
bien connue selon laquelle le droit est et doit étre
un ensemble de régles de justice qui dérivent
toutes les unes des autres, autrement dit, c’est la

vérité de la constitution et non lautorité du

législateur qui fait la loi.

Une telle conception contient cependant une
contradiction : en effet, pour parvenir a dire que
la constitution « est » la volonté du « peuple », on
doit logiquement admettre que le peuple existe
avant la constitution et que cette derniére ne
contient des normes de justice que dans la mesure
ou elle est 'expression de sa volonté. C’est donc en
dernier ressort 'autorité du peuple qui fait la loi
et non la vérité de la constitution. Dans ces
conditions, comment savoir quune loi est
contraire a la volonté du peuple? Et si la
contrariété de la loi a la constitution ne procéde
pas de la logique, comment justifier que les juges
doivent respecter la constitution plutot que la loi ?

Enfin, comment justifier que les membres de

15
Hamilton, lettre n°LXXVIII, Federalists Papers, ed.,
p. 468.



lassemblée législative, qui agissent au nom du
peuple, ne puissent eux aussi exprimer sa

volonté ?

En réalité, ces questions insurmontables ne se
posent qu'en raison de la trés grande ambiguité
de la prémisse initiale présupposée qui fonde le
raisonnement examiné et selon laquelle la volonté
du peuple existe indépendamment de celle de ses
représentants. Dire que le peuple existe avant la
constitution conduit a un dilemme dont il est
malaisé de sortir : ou bien le peuple existe, et il
n’a pas besoin de représentant; ou bien il en a
besoin, donc il n’existe pas réellement. Ajoutons,
pour étre complet, que cette prémisse n’a rien de
descriptif et dissimule a peine une norme de
comportement a I'égard de tout corps législatif
élu'®,

Cela étant, quand bien méme on justifierait la
suprématie de la constitution par sa conformité a
la volonté du peuple « réel », on ne pourrait pas en
inférer la nécessité d'un organe chargé de
controler la loi. Cest a cela que sert le second
présupposé selon lequel la représentation, en

droit, est symbolique. Ce dernier présupposé est

d’ailleurs explicite chez Dominique Rousseau qui

16
Ibid., «II n’est pas de proposition plus évidemment

vraie que tout acte d’une autorité déléguée, contraire aux
termes de la commission en vertu de laquelle elle est
exercée, est nul. Donc, nul acte 1égislatif, contraire a la
Constitution, ne peut étre valable. Nier cela, ce serait
affirmer que le délégué est supérieur a son commettant,
que le serviteur est au-dessus de son maitre ; que les
représentants du peuple sont supérieurs au peuple
lui-méme ; que des hommes qui agissent en vertu de
pouvoirs peuvent faire non seulement ce que ces pouvoirs
ne les autorisent pas a faire, mais encore ce qu’ils leur

défendent. » (trad. Jeze).

écrit : « Le mécanisme de la représentation (...)
est un mécanisme de constitution de la réalité en
ce que celui qui représente donne une forme, une
consistance a ce qui est absent. Ici, ce qui est
absent, c’est la personne du peuple souverain et le
Conseil donne corps a cette personne, produit sa
réalité de souverain en mettant au jour, en
rendant visible ce qui est construit par sa
représentation, cest-a-dire, précisément, la
souveraineté du peuple. Cette derniére n’est
réelle et n'acquiert une possible effectivité que si
elle est représentée en tant que telle. Or, Cest
justement cette présence du peuple souverain
dans la sphére du pouvoir que représente la
juridiction constitutionnelle face aux institutions
renvoient

parlementaire et exécutive qui

seulement aux citoyens I'image de représentés et

. 17
non de souverains. »

La difficulté a laquelle aboutit ce présupposé est
qu’il contredit le précédent : tandis que le premier
assoit la suprématie de la constitution sur
I'existence d’'un peuple dont la volonté est tout
entiére contenue dans la constitution, voila que
l'on nous dit maintenant que cette volonté a
besoin du juge constitutionnel pour se déployer.
Contradictoire, la thése est en définitive moins

une thése qu'un jugement de valeur déguisé au

v D. ROUSSEAU, art. cit., p. 372. Nous soulignons. Ou

encore : « Le Conseil est, ainsi, I’institution qui réfléchit
la structure dialogique de la représentation politique : il
est, pour parler en termes kantiens, la condition de
possibilité de la perception — et de la réception de cette
perception — de la représentation du peuple comme
souverain et des représentants comme délégués
subordonnés. L’apport de la juridiction constitutionnelle,
loin de heurter le principe démocratique de la
souveraineté du peuple, en permet donc la représentation

symbolique et pratique. »
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terme duquel il n'est pas bon quune assemblée
législative agisse sans limites, sans rencontrer
d’obstacles. En d’autres termes, le droit ne doit

pas étre le produit de la volonté mais de la raison.

4. Le contréle de constitutionnalité justifié par la

structure du raisonnement juridique

Afin déviter les écueils des justifications
précédentes, Carlos Nino en a fourni une autre
qui a le mérite de la simplicité : le controle de

constitutionnalité est logiquement inévitable'.

Cette these s’'appuie sur ce que Nino appelle le
« théoréme fondamental de la philosophie du
droit » a savoir que le droit n’est pas autonome
par rapport a la morale parce que « les normes
juridiques ne constituent pas en elles-mémes des
raisons opératoires pour justifier des actions et
des décisions comme celles des juges, a moins
quon les congoivent comme dérivant de
jugements moraux, cest-a-dire, de jugements
normatifs qui possédent les caractéristiques
justification,

suilvantes : autonomie,

universalisabilité, généralité, supervenience, et
publicité »'°. Nino appuie toute sa démonstration
sur une critique serrée et habile de la validité
chez Kelsen que le conduit a distinguer deux
concepts de validité : I'un normatif, selon lequel

« valide » signifie « obligatoire » ; 'autre descriptif

’ C.S. NINO, Fundamentos de derecho constitucional,
op.cit., p. 681 et pour une version anglaise de
I’argumentation, v. « A Philosophical Reconstruction of
Judicial Review», in M. Rosenfeld (dir.),
Constitutionalism, Identity, Difference and Legitimacy.
Theoretical Perspepectives, Duke UP., 1994, p. 285-332,
spéc. p. 300 s.

C.S. NINO, «Breve nota sulla struttura del

ragionamento giuridico », Ragion Pratica, 1993, 1, p.

32-37.
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selon lequel « valide » désigne le fait d’appartenir
A un systéme juridique. Fort de cette distinction,
Nino décéle chez Kelsen une confusion entre ces
deux concepts et conclut que la conception
kelsenienne de la validité est minée par un
sophisme naturaliste car Kelsen déduirait la force
contraignante dune norme de sa seule
appartenance factuelle au systéme comme le

prouverait sa théorie de la norme fondamentale

. , 20
présupposée .

Si Ton veut éviter une telle
confusion, Nino recommande de n’admettre quun
seul concept de validité ; et si l'on veut parvenir a
rendre compte du raisonnement juridique, ce ne
peut étre qu'un concept normatif au risque de
violer la loi de Hume. En effet, si comme le font
les théoriciens positivistes, on définit les normes
juridiques comme des entités factuelles, elles ne
pourront jamais servir de fondement a des
normes puisqu’une norme ne saurait dériver d'un
fait. On ne pourrait pas non plus contourner la
difficulté en décidant de privilégier l'origine de la
norme et en justifiant cette derniére par 'autorité

qui I'a posée.

Cest donc la structure méme du raisonnement

juridique  qui  justifie le  controle de
constitutionnalité : les juges ne peuvent justifier
leurs décisions sur le seul fondement de
Iexistence factuelle d’'une loi ou sur le fait qu’elle
a été posée par une autorité mais ils doivent
nécessairement fonder leurs décisions sur des

normes qui sont valides en raison de «leurs

20
C. S. NINO, « Some Confusions around Kelsen’s

Concept of Validity », Archiv fiir Rechts-und
Sozialphilosophie, 64, 1978 repris in La validez del
derecho, Buenos Aires, Astrea, 1985, réimp. 2000, chap.

L.



mérites intrinséques »2'. Or, aucun systéme de
normes ne peut par lui-méme fournir les critéres
de sa propre validité. I1 faut donc nécessairement
avoir recours a des principes moraux que la
constitution contient et qui garantissent la
légitimité des lois votées par le Parlement. Dés
lors, les juges ordinaires ne peuvent faire
autrement que de controler la constitutionnalité

des lois par rapport a la constitution.

Il n’en demeure pas moins que si la critique de
Kelsen par Nino est pertinente, la thése est trés

ambigué.

D’une part, justifier I'obéissance a une norme en
se fondant sur le «fait» que le législateur l'a
posée ne revient pas, contrairement aux
apparences, a décrire un fait duquel on inférerait
— de maniére erronée — une norme. Il faut ici
distinguer entre l'acte de poser la norme et la
signification de cet acte. Si 'acte en lui-méme ne
permet d’inférer aucune norme, la signification
qu'on donnera a cet acte peut, dans certains cas,
étre normative ! un juge peut parfaitement
considérer que telle norme est valide — qu’elle est
obligatoire — parce qu’elle répond aux conditions

de validité posée par une norme supérieure

elle-méme « obligatoire ».

D’autre part, rien ne nous contraint a interpréter
le terme méme d’obligatoire au sens moral : le
méme juge peut parfaitement considérer telle
norme comme juridiquement obligatoire sans
pour autant adhérer moralement a celle-ci ni
d’ailleurs exiger une adhésion morale a cette
norme de la part des sujets de droit auxquels il en

impose le respect. Et ce qui vaut pour le juge vaut

' C.S. NINO, Fundamentos de derecho constitucional,
op.cit., p. 683 et C. S. NINO, «A Philosophical

Reconstruction of Judicial Review », cit., p. 299.

pour tout organe d’application du droit : tous ceux

qui paient leurs imp6ts ne le font pas
nécessairement en vertu d’'une adhésion morale
au systéme de redistribution de la richesse
nationale dont I'impo6t est censé procéder. Ils ne le
font pas non plus en vertu d'un sophisme
naturaliste. Ils estiment au contraire qu’il existe
bien une norme valide selon laquelle ils doivent
payer leurs impots et qui justifie l'ordre émanant
du percepteur. Bref, contrairement a ce que
semble croire Nino, la reconnaissance de
lautorité d'un organe par un autre n’est pas un
fait mais une norme juridique : la proposition par
laquelle le juge dit que telle norme est valide
parce quelle a été posée par tel organe ne
s’'analyse pas en un jugement de valeur inféré
d’un fait mais en un jugement de validité inféré
d’'un autre jugement de validité. Le respect que
Nino voue a la loi de Hume est tout a son honneur
mais 'usage qu’il en fait ne lui permet pas de
conclure que le raisonnement juridique n’est
quune modalité du raisonnement moral ou

pratique.

Enfin,
fondamentale est habile mais excessive. Si la

thése de la

la critique par Nino de la norme

norme fondamentale s’avére
indéfendable en ce qu’elle procéde d’une confusion
entre deux concepts de validité, cette méme
confusion n'est pas inéluctable. Ainsi, la
description d’'un systéme de normes valides
reste-t-elle possible 4 'aide d’un concept descriptif
de validité au terme duquel dire d'une norme
qu'elle est valide, revient a dire qu'elle appartient
au systéme juridique. Et, si I'on cherche a décrire
les normes valides, c'est-a-dire les normes qui
appartiennent au systéme, il devient dés lors
inutile de chercher a décrire la validité de la

constitution elle-méme, sa force obligatoire : d'un
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point de vue descriptif, la constitution
n’appartient a4 aucun systéme et la question de sa

validité ne se pose tout simplement pas22.

On Tlaura compris, le controle de
constitutionnalité n’est logiquement inévitable
que pour ceux qui, comme Nino, en viennent a
poser une exigence de validité absolue des normes
juridiques, exigence que ne contient pourtant

aucun systéme juridique.

5. La présence d’un juge constitutionnel améliore

la démocratie

Enfin, il y a un argument sur lequel se fonde
Victor Ferreres et que l'on peut résumer d'une
phrase : la présence d'un juge constitutionnel « se
justifie par la contribution que peut apporter le
juge au maintien d'une culture de délibération
publique », en d’autres termes, « on discute de la
constitutionnalité dune loi parce qu'une
juridiction existe qui peut faire respecter cette

. 23
constitution » .

Autrement dit, dans une culture publique
constitutionnelle ou 'on estime que le législateur

ne doit pas prendre ses décisions de maniére

2
Cf. E. BULYGIN, « An Antinomy in Kelsen’s Pure
Theory of Law », Ratio Juris, 3, 1990, p. 29-45 repris ds

Norme, validita, sistemi normativi, trad. ital. P.
Comanducci e R. Guastini, Torino, Giappichelli, 1995,
Chap. XI, p. 189-211 et GUASTINI R., « Sur la validité
de la constitution du point de vue du positivisme
juridique », in M. Troper et L. Jaume (dir.), op. cit., p.
216-225.

* V. FERRERES COMELLA, Justicia constitucional y
democracia, Madrid, CEC, 1997, p. 139 et p. 180.
Clairement prescriptive, la démonstration constitue sans
doute une des plus approfondies sur la question du

controle de constitutionnalité en démocratie.
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arbitraire — ou parce qu’il trouve des voix pour

approuver sa décision -, la majorité
parlementaire doit se fonder sur des raisons
solides et répliquer aux contre-raisons de
Topposition. Parmi ces raisons et contre-raisons,
beaucoup dérivent de la constitution, mais ne sont
prises au sérieux que s’il existe une juridiction
constitutionnelle susceptible d'en imposer le
respect au législateur. Ainsi, la présence d’une
cour constitutionnelle

agit-elle comme une

contrainte susceptible de peser sur
largumentation politique et de renforcer, par la

méme, la démocratie.

On peut cependant avancer au moins une
objection, elle-méme politique : si on parle de
constitutionnalité parce que la cour existe, cela
veut dire que la conformité de la loi a des normes
constitutionnelles est une affaire politique et non
strictement juridique. Le juge constitutionnel qui
entre dans ce jeu y entre comme acteur politique
mais dont la légitimité ne procéde pourtant pas
d’'un mandat électif**. Ce qui revient a dire qu’il
n'est ni véritablement un juge — il est amené a
trancher un débat politique — ni véritablement un
législateur — il ne vote pas la loi. Il échappe ainsi
A toute responsabilité : nul ne peut espérer le
sanctionner par les urnes, nul ne peut tenter de
mettre en cause sa participation a la fonction
législative. On ne saurait dissimuler plus

longtemps ce que cette conception du contréle

politique a d’incompatible avec l'acception de la

2
Sur la spécificité de la participation du juge

constitutionnel frangais dans le jeu politique, v. J.
MEUNIER, « Les décisions du Conseil constitutionnel et
le jeu politique », Pouvoirs, n°105, 2003, p. 29-40 et, plus
généralement, du méme auteur Le pouvoir du Conseil
constitutionnel. Essai d’analyse stratégique, Paris, P.U.

Rouen-LGDJ-Bruylant, 1994.



démocratie que défendent ceux-la mémes qui

tentent de justifier ce controle: le juge
constitutionnel devient un acteur d'un processus
que l'on sévertue a qualifier de démocratique
alors que l'une des parties prenantes échappe a

tout controle®.

Enfin, cette rationalisante ou

« processuelle » que lon reconnait a la cour

légitimité

constitutionnelle a travers la « participation a
débat

pourquoi ne pas la reconnaitre a toute autorité

lenrichissement du démocratique »,
dont I'action est susceptible de peser sur ce méme
débat ? Outre les juges de premiére instance, on
pense aussi aux autorités dites, aujourd’hui, de
régulation ou celles, consultatives, qui sont
amenées & rendre un avis (le Comité consultatif
national d'éthique, par exemple). Ne pourrait-on
considérer que dés lors quil fait appel a des
arguments d’ordre éthique, le débat démocratique
devrait étre susceptible de contrdle par un comité
spécialisé ? Si un tel argument semble absurde,
c’est — en partie du moins — que le probléme est
ailleurs, dans cette idée a la fois fort évidente et
fort complexe que la constitution est la norme
supréme et quun ordre juridique qui ne S’y
conformerait pas ne serait pas réellement
juridique. On en mesure la portée a l'aune du
refus si fréquent et pourtant si surprenant
résolument

quessuient les propositions

démocratiques, sinon républicaines, en faveur

» D’ou le phénomene de « suprématie judiciaire » que
connaissent particuli¢rement bien les Etats-Unis, v. sur ce
point L. KRAMER, « We the People. Who has the last
word on the Constitution? », Boston Review,
February/March 2004 disponible a I’adresse Internet
suivante : bostonreview.net/BR29.1/kramer/html et The
People Themselves: Popular Constitutionalism and

Judicial Review, Oxford UP, 2004.

d’'une liberté d’appréciation laissée aux
représentants eux-mémes en matiére de
constitutionnalité des lois. L'objection

immédiatement soulevée consiste en ce que ces
derniers seraient alors libres de «tout faire ».
Cest la penser quun désir irrépressible de
puissance voire de despotisme animerait ces
mémes représentants et craindre ainsi davantage
une assemblée d’élus qu'une assemblée composée
de personnes nommées; croire, donc, en une
vérité juridique seule apte a dompter la volonté
politique. Nul ne peut plus alors douter que,
contrairement a ce qu'elle prétend affirmer, cette
justification « démocratique» du contréle de
constitutionnalité dissimule — aussi paradoxal

que cela puisse paraitre — une conception

aristocratique de la démocratie.

La spécificité du juge constitutionnel ne réside
donc pas dans l'interprétation de la constitution a
laquelle il est contraint mais dans la justification
dont ce contrdle fait l'objet et qui elle-méme
repose sur la question préalable de savoir si la
constitution est supréme ou si elle doit 'étre. 11
n'y a en effet rien d’illogique ou d’absurde a
considérer que la suprématie de la constitution ne
requiert pas pour autant le controle de
constitutionnalité des lois. Quiconque répond en
revanche que la constitution doit étre supréme
n’en a toutefois pas encore terminé car la question
se double inévitablement d’'une autre : pourquoi
faut-il nécessairement confier a des juges le soin
de controler la loi ? Ceux qui souhaitent répondre
A cette question sans donner aucun gage a une
conception aristocratique du pouvoir dans
laquelle le controle de constitutionnalité reste
I'ultime moyen de tenir le peuple — méme
représenté — en dehors du jeu politique ne sont

pas au bout de leurs peines.
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6. Une conception essentialiste de la démocratie ?

Une telle conclusion — sceptique — suscite parfois
une critique : elle serait le produit d'une

conception essentialiste de la démocratie,
cest-a-dire, une conception de la démocratie qui
ne voudrait pas mesurer les évolutions que le
concept de démocratie subit dés linstant ou le
contrdle de constitutionnalité est introduit dans le
systéme juridique. La critique consiste donc en
une thése selon laquelle «le contréle de
constitutionnalité produit un nouveau concept de

, . 2
démocratie » .

On peut objecter que, puisque le systéme
politique désigné habituellement du nom de
démocratie a profondément changé depuis qua
été introduite la justice constitutionnelle, il
semble raisonnable de ¢’interroger sur
Iopportunité de continuer a parler de démocratie
pour désigner la forme que le systéme politique a
désormais prise. Mieux encore, le changement est
tellement profond que la démocratie dans laquelle
existe une cour constitutionnelle semble n’avoir
que le nom de commun avec la démocratie
représentative classique, tout comme cette
derniére n’avait que le nom de commun avec celle

de la Gréce antique.

Dans ces conditions, il serait peut-étre plus
éclairant de ne pas employer le méme mot pour
désigner deux réalités aussi différentes ou, du

moins, on ne peut employer le méme mot sans

6
L’un des défenseurs les pus brillant de cette these est,

en France, Dominique Rousseau. Voir son article
« Constitutionnalisme et démocratie », La vie des idées
(http://www.laviedesidees.fr/Constitutionnalisme-et-dem

ocratie.html)
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s'interroger sur les conséquences (pragmatiques)

de cet emploi.

Dire cela ne signifie pas du tout que l'on soit
attaché a4 une conception essentialiste de la
démocratie et que l'on tende & en naturaliser une
forme historique. Au contraire ! c’est reconnaitre
que lon est tellement détaché d’'une quelconque
essence que l'on serait méme prét a reconnaitre
quil y a autant de sens du mot « démocratie »
quiil y a de gens pour 'employer. Mais parce que
cest un nom et non une essence, chacun de ces
emplois doit étre analysé et évalué a l'aune des
fins poursuivies par celui-la méme qui l'utilise. Or,
il en est de ce nom comme de beaucoup d’autres :
les usages peuvent en étre descriptifs mais aussi

prescriptifs.

Dans ces conditions, I'affirmation selon laquelle le
contrdle de constitutionnalité produit un nouveau
concept de démocratie ne consiste pas seulement
en une thése descriptive : elle est également tres
largement suggestive (ou persuasive comme le

. . 27 . . .
disait Stevenson”’) sinon prescriptive.

Elle est suggestive parce qu'elle laisse entendre
quil est tout a fait légitime d’employer le mot de
« démocratie » pour désigner un systéme politique
dans lequel est exercé le contréle de
constitutionnalité. Or, puisque c’est précisément
la 1égitimité de cet emploi ce qui fait probleme ici,
on ne saurait prétendre avoir démontré quoi que
ce soi en tenant ce probléme pour résolu avant

méme de 'avoir posé.

La thése est également prescriptive puisqu’il ne
fait aucun doute que, dans l'esprit de ceux qui la
défendent, cette « démocratie par la constitution »
continue » est bien

ou cette «démocratie

7 C. L. Stevenson, « Persuasive Definitions », Mind, Vol.
47, No. 187. (July 1938), pp. 331-350.



évidemment préférable a la «démocratie
électorale » a laquelle elle succéde, parce qu'elle

est, selon lui, tout simplement p/us démocratique.

La démonstration revient donc a affirmer que, si
le contrdle de constitutionnalité améliore la
démocratie, et si la démocratie est bonne, alors,
on doit reconnaitre que ce contrble est bon. Il
n‘empéche que si la prémisse majeure ne décrit
rien et n'est elleeméme ni vraie ni fausse, la
conclusion a laquelle on aboutit ne saurait

constituer une quelconque vérité.

Ainsi, parce qulils sont attentifs aux usages de

certains noms et notamment de celui de
démocratie, les sceptiques ne sont pas tous des
essentialistes égarés dans le monde moderne.
Mieux, ils peuvent eux aussi se revendiquer de cet

empirisme qui manque si souvent aux juristes.

(Texte original de la conférence du vendredi

23 janvier 2009 a I'Université Kogakuin)
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Research on safety at earthquake of nuclear reactor

ABSTRACT : Onset of nucleate boiling —ONB- and critical heat flux —CHF- on subcooled
flow boiling under oscillatory flow and vibration conditions, focusing on liquid velocity,
amplitude and frequency of oscillations were investigated experimentally. Experiments
were conducted using a copper thin-film and subcooled water in a range of the liquid
velocity from 0.27 to 4.07 m/s at 0.10MPa. The liquid subcooling was 20K. Frequency
of oscillatory flow was 2, 4 and 6 Hz, respectively; amplitude of oscillatory flow was 25
For the vibration condition,
acceleration of vibrator was 1.3 and 4.2 m/s2, respectively. Temperature at ONB and

and 50 % in a ratio of main flow rate, respectively.

critical heat flux for oscillatory flow were lower than those for steady flow. The
decreasing of liquid velocity by oscillatory caused the ONB and the CHF to decrease.
Critical heat flux for the vibration condition was higher than that for steady flow. The
effect of liquid oscillatory flow and vibration of heater on CHF examined through the
liquid velocity profiles under oscillatory flow and vibration conditions. Now correlation
was proposed by using the present experimental data.
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Development of New Surface-Acoustic-Wave
Sensor Installed in Sensor Network

Mitsutaka HIKITA Faculty of Global Engineering, Kogakuin University
Masao TAKEUCHI Faculty of Engineering, Tamagawa University

Abstract — A new concept called “Sensor Network” has been proposed with the development of mobile
communications system such as cellular phone, radio LAN and Bluetooth. Sensed signals from many sensor
nodes installed in a wide area are gathered to a center node by technology similar to that used in mobile
communications. Home/office circumstance control, environment monitoring and protection can be conducted
based on the collected data. We propose a new SAW subtle-gas sensor, which can be used in these sensor
nodes. The new sensor structure removes a limited selection for piezoelectric crystal substrates, while only
Quartz crystal substrates have been used in conventional SAW gas sensors. The sensing dynamic range was
widely extended by utilizing both fundamental and 3rd-harmonic frequency SAWs. Moreover, our sensors are
also designed to be combined with 2.4-GHz ZigBee, which has been regulated by IEEE802.15.4, and ZigBee
Alliance as a wireless-communications medium for the “Sensor Network”. It is predicted that our network
system will possibly provide hydrogen-gas leakage sensing for future fuel-cell cars and
environmental-pollution gas sensing.
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Fig. 1. Concept of ZigBee-based sensor network.
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1. INTRODUCTION

Cellular-phone systems have spread all over the
world and their technologies continue to be
developed during the first half of the twenty-first
century. On the other hand outstanding technical
innovations have been observed in a sensor area. A
new concept called “Sensor Network” has been
proposed recently by combining sensor technologies
with such mobile communications system as
cellular-phone, radio LAN and Bluetooth. In this
network system, a lot of sensors distributed in a
certain area such as home, office and public places
are connected via rather simple private radio
communications network. It is thought to have a big
impact on our lives and to grow to be a giant
industry like the cellular-phone systems. It will also
contribute to future ecology, i.e. energy saving and
environmental preservation. In our laboratory, we
have been studying the sensor network to achieve
comfortable living circumstances by home/office
sensing and control [1]. As shown in Fig. 1, many
sensor nodes with various sensors will be arranged
within homes and offices, where nodes can
communicate one another via simple radio network.
Sensed signals from all nodes are gathered to a
center node. The center node not only supervises
sensor nodes and processes collected data but also
sends control signals to other installations.

In this paper, we propose a new sensor-node
structure and a novel SAW (Surface Acoustic Wave)
gas sensor which can operate within the sensor node.
One of the most successful SAW gas-sensors is a
SAW GC (gas chromatography) invented by E. J.
Staple, et al [2][3]. However, it has a rather
complicated structure using not only a SAW sensor
but also a trap tube and a column tube to separate
gases according to their molecule weight. Due to the
rather large size and the high power consumption, it
can not be adopted in sensor network. Moreover,
only Quartz crystal substrates have been used in
these kinds of conventional SAW gas sensors,
because conventional SAW sensors require very
good temperature characteristics for the piezoelectric
substrates. We have invented a novel SAW gas
sensor, which can remove such a limited selection
for piezoelectric crystal substrates.

ZigBee has been regulated by IEEE 802.15.4
[4] and ZigBee Alliance as a
wireless-communications medium for the sensor
network. One important feature required for ZigBee
is the extreme low-power consumption, which
provides several-year operation with a single battery.
In ZigBee, 2.4 GHz is used to connect sensor nodes

RMEFRFT 7O bHE#REE (H2 0)

mutually in the sensor network. They can provide
not only conventional star-link but also new
mesh-link types of network topology. Our sensor is
also designed to be combined with 2.4-GHz ZigBee.
Sensing signals with several hundred MHz are
generated by division and multiplication of 2.4-GHz
signal, which can remove the necessity of a SAW
feedback oscillator used in the conventional SAW
sensors [5][6]. Moreover, the dynamic range of our
sensor is expanded by using not only fundamental
but also 3-rd harmonic frequency SAWs to detect
gasses. For example, 150 MHz obtained from 2.4
GHz divided by 16 is used in coarse sensing, while
450 MHz i.e. 150 MHz multiplied by 3 is used in
fine sensing. The proposed sensor not only can be
assembled within the sensor node but also provides
self-temperature-compensated characteristics. We
will give an illustration of the 2.4-GHz
ZigBee-based sensor node in the 2nd Section and
present a detail explanation about the SAW gas
sensor in the 3rd Section. These sensor nodes with
gas sensors installed in the sensor network will be
used for sensing hydrogen gas leaked from fuel-cell
cars as well as other pollution gases in the future.

2. PROSOSED ZIGBEE-BASED SENSOR
NODE

ZigBee which uses 2.4 GHz has been regulated
by IEEE802.15.4 as one of radio standards for low
data-rate communications media such as a sensor
network [4]. We have proposed a new sensor-node
structure which is constructed with not only
conventional RF circuits but also a SAW gas sensor
as shown in Fig, 2. In our configuration, sensing RF
signals e.g. 150-MHz and 450-MHz signals which
are supplied to the SAW sensor are generated from
2.4-GHz signal in the ZigBee circuit. These
frequencies are obtained from 2.4 GHz divided by
16 and from 150 MHz multiplied by 3, respectively.
As will be explained in the next Section, 150 MHz
corresponds to a fundamental SAW, while 450 MHz
to a 3rd-harmonic SAW. Both of them can be excited
by a single IDT (Interdigital Transducer). When the
concentration of hydrogen-gas molecule is very
subtle, the 450-MHz 3rd-harmonic SAW is used for
sensing with high sensitivity. On the other hand, the
150-MHz fundamental SAW is used for coarse
sensing of dense concentration. Therefore a wide
sensitivity dynamic range can be achieved by
changing two frequencies.
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3. NOVEL SAW GAS-SENSOR STRUCTURE

3.1. Fundamental configuration of sensor

We use three SAW delay lines in our sensor as
shown in Fig. 3. Each delay line has input and
output IDTs, between which thin film reactive to
specific gas molecule is formed. In the case of
palladium (Pd) thin film, hydrogen molecule reacts
with Pd to produce small mass loading along the
SAW propagation path, which results in phase shift

of the received SAW. As shown in Fig. 4, the
propagation length between input and output IDTs
for the delay line of D-1 is defined as L. Other
lengths for D-2 and D-3 are L+Ao/8 and L-Ao/8,
respectively, where Ao is a SAW wavelength. The
D-1 is used as a sensing delay line. The D-2 and D-3
are isolated from air and provide standard phases
determined by SAW propagation lengths between
IDTs.

First we assume that the 150-MHz signal which
corresponds to a fundamental SAW is providing
from the sensor-node circuit shown in Fig. 2. The
signal is supplied to all input IDTs of three delay
lines, and the received signals from output IDTs are
numbered from (1) to (3) in order according to the
delay lines from D-1 to D-3 as shown in Fig. 3.
Phase relations of three output signals from (1) to (3)
are shown in Fig. 4. If the output signal (2) is
assumed to be a standard signal with O-rad phase and
to exist on X axis, the output signal (3) is located on
Y axis with mt/2-rad phase due to Ao/4-propagation
path difference. With no concentration of sensing
gas, location of the sensor output signal (1) is in the
middle point between two output signals (2) and (3)
as shown in Fig. 4, because the delay-line length of
D-1 is in-between for both D-2 and D-3. With
increase of gas concentration signal (1) moves along
Fig. 4’s circle. This phase shift for propagating SAW
is produced due to mass loading effect of sensing
gas. It also can be measured based on x1 (in-phase)
and yl (quadrature-phase) components given by
projected values to X and Y axes respectively as
shown in Fig. 4. Moreover the delay lines D-2 and
D-3 are isolated from the sensing gas, therefore they
can provide standard in-phase (I) and
quadrature-phase (Q) signals unrelated to gas
concentration. The x1 and yl can be obtained by
mixing the sensor signal (1) with the standard
signals (2) and (3) respectively as shown in Fig. 2.
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3.2. Self-temperature-compensation

characteristics of sensor

SAWs propagating along the general
piezoelectric substrates, e.g. LINbO3, LiTaO3, LBO
have velocities with negative temperature
coefficients for rising temperature. Their values are
from 20 to 100 ppm/°C, which can not be neglected
when considering wide temperature range from -40°
to 100°C required for the sensor network especially
for use within a garage. The phase relations between
sensor signal (1) and the standard signals (2)/(3) at
room temperature are shown in Fig. 5(a)’s
constellation, which are same as in Fig. 4. When the
temperature rises the velocity of SAW is decreased,
which results in increase of each delay line’s phase
delay. This corresponds to clockwise rotation in the
constellation for each output signal as shown in Fig.
5(b). The more rises the temperature, the further
increases the rotation-angle as shown in Fig. 5(c).
However, the temperature change has same
influence to all three SAW delay lines, which keeps
unchanged relative phase relations among three
output signals. Therefore, if we introduce new axes
of X’ and Y’, the values projected to X’ and Y’ can
provide same I and Q components as x1 and y1 at
room temperature. This means that the novel sensor
structure has self-temperature-compensation
characteristics. The actual phase shift due only to the
gas concentration can be obtained independent of the
environmental temperature condition.

3.3. Sensing characteristics at 3rd-harmonic
frequency

An IDT can excite both fundamental and
3rd-harmonic SAWs in principle as shown in Fig. 6.
However, a problem is low excitation efficiency for
the 3rd-harmonic SAW. We have been investigating
finger shape of IDT electrodes versus excitation
efficiency focusing on the 3rd-harmonic SAW.
Various kinds of combination between Fig.6’s
electrode finger width W(M) and space width W(S)
are possible. We have found that some combinations
can provide good excitation efficiency for the
3rd-harmonic SAW as well as reasonable efficiency
for the fundamental SAW, which will be shown in
experimental results later.

Almost same excitation efficiency for both
fundamental and 3rd-harmonic SAWSs are assumed,
which provides phase relations between the output
signal (1) and the output signals (2)/(3) for the
3rd-harmonic SAW as shown in Fig. 7’s
constellation. In this case, if we take the output
signal (2) as a standard signal on X axis with 0-rad
phase, the output signal (3) is on —Y axis with
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3m/2-rad phase because the quarter-wavelength path
difference for fundamental SAW corresponds to
three-quarter-wavelength path difference for the
3rd-harmonic SAW. The sensor output signal (1) for
the 3rd-harmonic SAW is located in the middle point
between (2) and (3). Therefore, changing the sign of
the output (3), which is equivalent to changing sign
of the mixer output signal obtained from mixing
between (1) and (3) shown in Fig. 2, ensures that
same procedures as used in the fundamental SAW
can be applied to the 3rd—harmonic SAW. The phase
shift of the output signal (1) which can be monitored
by x1 and -y1 provides amount of gas concentration,
whose sensitivity is three times higher than that of
the fundamental SAW.
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Fig. 5 Phase rotations due to temperature change.
(2) Room temperature; (b) Clockwise rotation
due to temperature rising;

(c) New axes, X’ and Y’.
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Fig. 6 Excitation of fundamental and 3rd-harmonic frequency SAWs.

4. EXPERIMENTAL VERIFICATION
for PROPOSED SENSOR STRUCTURE

To verify our proposal, we carried out basic
experiments using Fig. 8’s structure equivalent to
that shown in Fig. 3. Three same SAW delay lines
are introduced as shown in the figure. Functions of
Fig 3’s D-1, D-2, and D-3 were equivalently
achieved by combination of the three delay lines and
three different external electric-transmission lines as
illustrated in Fig. 8. The phases of the transmission
lines, 6; (i=1, 2, and 3), are determined as follows:
Fig. 7 Phase relations for three output signals 0,=arbitrary, 0,=arbitrary, and 0;=0,+m/2. If the

at 3rd-harmonic frequency. phase of the Fig. 8’s SAW delay line is denoted as
@saw, total phases are @saw+0:, @saw+0,, and
@saw+0; respectively. If the phases of Fig. 4’s (1),
(2), and (3) are denoted as @; (i=1, 2, and 3), they are
given by @=@+m/4, ,=0, and @;=@,+m/2, which
correspond to one specific condition of the above
@saw+0; (i=1, 2, and 3). These values can guarantee
|cpd2 -3 = |62-83]_n/2 Those shown in Fig. 7 at the
3"-harmonic frequency are three times of the above
values at the fundamental frequency. Therefore,
| @2-3| =| 8,-63| =m/2 at the fundamental frequency
and | r-qs| =| 02-0;| =37/2=m/2 at the 3“-harmonic
frequency can be achieved. This means that the axes

/ j W / -/‘ for directions of (2) and (3) are perpendicular to

each other at both frequencies. Thus the exact phase

Fundamental
/ 3r4-harmonic frequencies

N shifts of D-1 due only to gas concentration can be
measured by projecting (1) onto the above

Fig. 8 Experimental sensor structure equivalent perpendicular coordinate.
to that shown in Fig. 3. In the experiments, as 6;’s depend on the

transmission-line lengths, we used appropriate
transmission lines which had the phase
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characteristics of 0,=230°, 6,=60°, and 6;=150° at
the fundamental frequency at room temperature
which will be shown later. We fabricated SAW delay
lines using process equipments in Kogakuin
University’s MBSC research center. The SAW delay
line mounted on a TO-8 package is shown in Fig. 9.
In order to obtain good exc1tat10n efficiencies for
both the fundamental and 3™-harmonic frequency
SAWs, we designed a modified-electrode-width IDT
based on computer simulation procedures as shown
in Fig. 10a. Examples of excitation characteristics
for the SAW delay line are illustrated in Fig. 10b,
which shows that SAWs with almost same levels can
be excited at both frequencies.

Fig. 9 Experimental SAW delay line fabricated
in MBSC. SAW chip is mounted on TO-8.

A 128° Y-X LiNbO; was used as a substrate.
Experimental results for temperature characteristics
of phases of Fig. 8’s (1), (2), and (3) at the
fundamental frequency, 7SMHz in this case, are
shown in Fig. 11a. Phases of (1), (2), and (3) are
about 230°, 60°, and 150° respectively at room
temperature, and the phase shifts due to temperature
changes are exactly same for all phases. Phase
difference between (2) and (3) is exactly 90°. Thus,
projecting (1) onto the axes for directions of (2) and
(3) can provide correct phase shift due only to the
sensing-gas effect over wide-temperature. As
explained previously, projection procedure can be
operated by mixing (1) with (2) and (3).

Experimental results at the 3“_harmonic
frequency, 225MHz in this case, are shown in Fig.
11b. Almost same characteristics as those at the
fundamental frequency were achieved. Phase
difference between (2) and (3) is also exactly 90°.
The phase shifts due to temperature changes are also
same for all phases, which can provide correct phase
shlft due only to the sensing-gas effect even at the
3"-harmonic frequency. These results implicate a
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possibility to achieve wide-dynamic range from
coarse sensing to fme sensing by switching the
fundamental and 3"-harmonic frequenc1es We can
include functions of Fig. 8’s transmission lines with
phases of 6; (i=1, 2, and 3) within SAW chips by
introducing SAW transmission paths with nmn/4 (n:
integer) as shown in Fig. 3.

Metal1  Metal2  Space
=Spm =18.5um =5um
@
10 dB/div

160MHz + 150MHz

Excitation Efficiency (arbitrary unit)

Frequency (MHz)
(b)

Fig. 10 Exc1tat10n of both fundamental and
3" harmonic frequency SAWs.
(a) Designed IDT pattern;
(b) Experimental results.
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Fig. 11 Experimental temperature characteristics
for Fig. 8’s three output phases.
(a) Fundamental frequency (75 MHz);
(b) 3"-harmonic frequency (225MHz).

S. CONCLUSION

“Sensor Network” has been investigated as a
small-sized radio-communications infrastructure. We
have been studying such sensor network as a method
to improve home/office circumstances. In this paper,
we have proposed a new sensor-node configuration
based on 2.4-GHz ZigBee and a novel SAW sensor.
Features of our SAW sensor are as follows: (1)
Sensing RF signals are generated from the ZigBee
circuit, (2) Temperature coefficients of piezoelectric
substrates do not need to be considered due to
self-temperature-compensation characteristics of the
sensor, (3) Wide sensing dynamic range can be
achieved by wusing both fundamental and
3rd-harmonic SAWs.

By carrying out fundamental experiments, we
confirmed the wvalidity of the proposed sensor
structure. The possibility of wide-dynamic sensing
range using both the fundamental and 3"_harmonic

BEWMZFER 70y 7 MNFFE#RESE (H20)

frequencies was also shown. This sensor has been
developed to be installed in the 2.4-GHz
ZigBee-based sensor network. The fundamental and
3"-harmonic frequency signals can be generated
from a 2.4-GHz VCO in RF circuit of ZigBee’s
sensor node by division and multiplication of
2.4-GHz signal.
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Synthetic Studies on Natural Products Having a Unique Chemical Structure and
Distinctive Biological Properties

—Synthetic Studies on Lepranthin, a Novel Dimeric Macrolide, and Cortistatin A,

a Marine Natural Product Displaying Potent Anticancer Activity—

H20)

Masaaki Miyashita, Department of Applied Chemistry, Kogakuin University

Keiji Tanino, Graduate School of Science, Hokkaido University

Shinji Nagumo, Department of Applied Chemistry, Kogakuin University

ABSTRACT : Lepranthin is a novel 16-membered-ring dimeric macrolide,
isolated from the lichen Arthonia impolita in 1904, and its structure was
unambiguously determined by X-ray crystallographic analyses in 1995.
We set about synthetic studies of lepranthin having a novel molecular
structure with stereochemical complexity, because its biological properties
as well as synthetic studies have never been reported so far. Synthetic
challenges posed by lepranthin are as follows: (1) Stereoselective
construction of six asymmetric carbon atoms including four contiguous
stereogenic centers; (2) Different functionalization of four hydroxyl groﬁps;
(3) Macrolactonization toward construction of a 16-membered ring. As a
result, we were successful in construction of the six asymmetric carbon
atoms including four contiguous stereogenic centers in a highly

stereoselective manner by using our original stereospecific epoxide-opening
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reactions. Eventually, we successfully synthesized lactone 10 bearing all
the requisite stereogenic centers and functionalities for the total synthesis
of lepranthin.

Cortistatin A, isolated from the marine sponge Corticium simplex, is a novel
steroidal alkaloid which has been demonstrated to exhibit highly selective
anti-proliferative activity against human umbilical vein endothelial cells (HUVEC:S).
We were very interested in the potent anti-angiogenic activity of cortistatin A as well
as its unique chemical structure and embarked on a total synthesis. To this end, we
chose P-estradiol, a commercially available steroid, as the starting material and
explored an efficient synthetic route from B-estradiol to tricyclic spiro lactone 19, the
key synthetic intermediate in the present synthesis. The synthesis of the tricyclic
spiro lactone 19 was efficiently performed which involves an oxidative cleavage of the
aromatic A-ring, subsequent Dieckmann condensation leading to diester 11, formation

of tricyclic lactone 14, and stereoselective construction of the C8 stereogenic center by

the use of Davis oxidation of ketone 16, as the key steps. We also developed a

promising methodology for introduction of an isoquinoline moiety.
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A Network Resource Management Scheme for Next Generation End-to-End QoS Control

—QoS Aware Routing Protocol-

Koichi Asatani, Saneyasu Yamaguchi, Department of Information and Communications Engineering
Mitsuji Matsumoto, Graduate School of Global Information and Telecommunication Studies, Waseda University

ABSTRACT : It is difficult to fully monitor network resource usage in the Internet. Various new applications

including IP telephony and IPTV requires each QoS.
and delay variation.

Inparticular, real-time applications are sensitive to delay

This report proposes a delay-aware routing scheme with use of multiple routing tables to reduce end-to-end

delay of real-time communication. It first establishes minimum spanning trees for real-time and non real-time

communications. Then the maximum node degree is specified to avoid excessive traffic loads in specific nodes. The

unused links are assigned to real-time and non real-time links alternately according to the cost order. Simulation

results show that the number of unused links is reduced and each node degree is balanced.
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What should be the teacher's License System
— Historical Study —
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Yasuyuki Shimizu, Aoyama Gakuin Women's Junior College

ABSTRACT : This is a historical study on the teacher's license system based on what
should be school teachers. In 2008, as the first year of this study, we have two meetings
and presented reports about this study on a meeting of JSSTE (Japanese Society for
the Study on Teacher Education) .

The fruits of this study are published as the Report 1. Five papers as follows are
printed in this book.

1) On the International Formation of Agreements on Teacher License and

Evaluation on Teacher

2) The Gap between the Japanese view and Western view on the Role of Teacher in

early Meiji Era

3) The Management of Teacher Training Course of AICHI University after WW II

(1955-1988)

4) Teacher's Competency and Gender — in the Case of Physical Education —

5) What a Teacher Training School established Local School Board is — through

my experience in that school —
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Optimization of Position Resolution with MPGD

Takashi Watanabe , Department of General Education, Kogakuin University
Takayoshi Kohmura, Department of General Education, Kogakuin University
Osamu Nitoh, Tokyo University of Agriculture and Technology

ABSTRACT : A Time Projection Chamber (TPC) is a strong candidate for the central
tracker of the international linear collider experiment. We have been studying about a
TPC using multi-wire proportional chamber (MWPC) and micro pattern gas detector
(MPGD). In this study, we are focusing a design of the read-out pad and optimizing it
using small chamber and UV laser system.
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Research and Development of a Biomass Fuel Vehicle with a
Tarless Gasification Furnace

— Development of Dual Tower Gasification Furnace and
Selection of Gas Engine Generator —

Takashi Saika, Dept. of Mechanical Innovative Engineering
Hidetoshi Nagamoto, Dept. of Environmental Energy Chemistry
Yuji Sakai, Dept. of Environmental Energy Chemistry
Toshiyuki Koya, Eco Engineering LLTD

ABSTRACT: Converting the fossil-fueled vehicles to woody-biomass fueled vehicles,
where the biogas is produced by a tarless gasification furnace, is estimated to
reduce global fossil emissions of CO2. In this study, a production device of solid
fuel, a gasification furnace and a compact gas engine system with high efficiency
and security are designed and developed experimentally to completely remove tar
occurring by thermolysis with the solid fuel. Miniaturization of the gasification
furnace, increase of quantity of generation gas and reduction of tar are necessary
to install the gasification furnace in a vehicle. Result of this study must lead to
diversification of an energy source for vehicles and contribute to reduction of
greenhouse gas discharge.
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Fig. 1 Schematic diagram of experimental apparatus
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Fig. 2 Woody pellet.

Table 1 Ingredient of woody pellet.

Ingredient Mol %
C 32.5
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Fig. 6 Heating value of the generated gas.
Fig. 4 Temperature distributions in oxidation,

restoration and dry distillation layers.
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Fig. 8 Schematic diagram of the biomass engine
system.

Table 2 Specifications of generator.

Test engine Fuji Heavy Industries
LTD. SGD2200 DY-23
Diesel engine

230 mL

2.2 kVA at 3200 rpm

2.5 kVA at 3200 rpm

1.2 L/h

CH4

Engine type
Displacement

Output at rated speed
Maximum power
Fuel consumption
Supplied fuel

Burette

Generator

Fig. 9 Schematic diagram of engine experiment.
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Investigation on Internal Structures and Optimal Processing Conditions for Artificial Bones of
Senile Titanium by Metallic Optical Prototyping

— Evaluation on Mechanical Properties of Senile Titanium by Metallic Optical Prototyping —

Jianmei He, Kunio Kokubo, Department of Mechanical Engineering

ABSTRACT :

Mechanical properties of senile titanium based on metallic optical

prototyping processing were experimentally evaluated. Two kinds of titanium material

(Ti-6Al-7Nb titanium alloy and pure titanium) were utilized based on three different

metallic optical prototyping conditions (energy density during the processing). Young’s

modulus, Poison’s ratio and tensile/bending strength of these senile titanium materials

were examined through tensile tests and 3-point bending tests for future study on

structural design of artificial bones.
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Coating of a Biodegradable Ink Film

on a Biodegradable Resin Substrate Using a Screen Printing Technique

and Characterization of the Coating Films and Coated Materials

by

Takayoshi Yagasaki, Department of Environmental and Energy Chemistry, Kogakuin University

Riko Katahira,
Takashi Shimoda,

Faculty of Home Economics, Tokyo Kasei-Gakuin University
Nagano Giken Co. Ltd.

ABSTRACT : In order to prepare biodegradable plastics with an electro-conductive surface
in an economical and environmentally friendly way, a plate of biodegradable resin was
coated with an electro-conductive and biodegradable film. The coating was preformed by a
screen print process, employing ink which consists of a biodegradable vehicle and carbon
powder. The obtained films and the plastics coated with the films were characterized in
terms of the microstructure, the electro-conductivity, the strength of adhesion and the
behavior of biodegradation. The film shows a good adhesive strength to the substrate. The
carbon particles were well dispersed in the film and the film was electro-conductive. The
electro-conductivity could be varied by control of the content of the carbon particles in the
film. It was found that the substrate coated with the biodegradable film biodegraded

faster than the one without it.

1. Introduction

At present, a number of studies to investigate
functionalization of biodegradable resins are being carried
out. In previous works?® the authors carried out
experiments based on materials prepared by formation of
thin films of metals and metallic compound on the surface
of biodegradable resins. However, the formation of
non-biodegradable films on the surface of biodegradable
resins is problematic, as the film will remain as a residue
in the environment after the biodegradation process.

In order to overcome this problem and develop a low
cost, environmentally friendly method of film formation,
we examined the use of screen printing techniques to
prepare materials consisting of a biodegradable resin
coated with a biodegradable film (consisting of a
biodegradable vehicle and a functionality auxiliary
material (abbreviated as FAM) with low toxicity levels to
both the environment and living bodies), and we

investigated the electro-conductivity and biodegradability

of the resulting materials. The experiment began with the
application of a commercial conductive ink on to a plastic
substrate used in the field of engineering, and with
examination of the drying conditions to obtain adhesive
strength in a cold-setting type ink film comparable to the
strength obtained from a hot-setting type film. Based on
these results, a cold-setting type conductive ink film was
formed on a biodegradable resin substrate of low heat
resistance; the adhesive strength of the film was
measured, and this value was used to benchmark the
adhesive strength of the other biodegradable ink films
tested. Then, experiments were conducted to test the
homogeneity of dispersion of the FAM in the ink film.
Based on these results, adjustments were made to the
ink,
biodegradable resin substrates. In appropriate conditions
the

biodegradable to be used to form films on

determined by these preliminary experiments,

substrates were printed with cold- and hot-setting type

ink. Adhesive strength and electro-conductivity were
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evaluated for the coating film and the biodegradability
was assessed for the whole material with or without
coating film. The results of these tests are presented in

this paper.

2. Testing materials and experimental methods
2.1 Substrate material

For the substrate, one engineering plastic and one
biodegradable plastic were used. A poly ether imide (PEI)
resin with ether and imide bonding, known as ULTEM

(Japanese GE plastic Co. Ltd.) , was selected as the
engineering plastic. This material was used as a substrate
for commercially available hot-setting type and
cold-setting type conductive ink, in order to understand
the conditions necessary for formation of a stable ink film.
For the biodegradable resin substrate was chosen LACKA
(Mitsui Chemistry Co., Ltd). It is a resin produced
through chemosynthesis (the method through which the
largest quantities can be obtained), and a poly lactic acid
(PLA) resin with a glass transition point higher than room
temperature.

2.2 Film materials (Functional inks)

In this experiment, we used two types of commercial
ink (hot-setting (100~150°C) and cold-setting (50~60°C),
Asahi Chemical Research Laboratory Co. Ltd.), and two
types of experimental ink (cold-setting).

The commercial inks were formed by adding a solvent
to vinyl resin to form the vehicle, and then prepared silver
powder as the FAM. The commercial inks were used to
form print films on the surface of LACEA at room
temperature in order to elucidate the conditions required
to form a stable film using cold-setting type ink on a
biodegradable resin surface, while the experimental inks
were used to form biodegradable ink films on
biodegradable resin substrates.

In the experimental inks, vyloecol (Toyobo Co. Lid.,
BE-400)Y, a copolymerization-type polylactic acid resin
mainly composed of biodegradable amorphous polylactic
acid with a high concentration of D-lactic acid, was used as
the vehicle, and carbitol acetate was used as the solvent

for vyloecol. Carbitol acetate is an ester-based solvent,

and therefore shows high polarity and solubility, while
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being biodegradable. Vyloecol and carbitol acetate were
mixed to form a 2:3 solution by weight. Both vyloecol, the
primary constituent of the film, and LACEA, the
substrate, were tested for biodegradability under the
same compost environment. It was confirmed in advance
of the printing experiments that the time taken for the
former to begin biodegradation was about 65% of the time
taken by the latter, and the time taken for complete
biodegradation was about 7% that of the latter. Silver
particles and carbon particles® were used as the FAM.

The silver particles (mean diameter : 0.5, 1.0, 2.5,
5.0um) were prepared via a water atomization process,
one of the methods used for producing metallic powders,
and the dispersal of the particles in the vehicle was
examined. Generally, powders prepared by this process
are spherical, with a sharp particle diameter distribution,
and we could therefore predict that the vehicle would
possess high dispersal properties and corrosion resistance.
2.3 Film formation method and equipment

Screen printing® was used as a cost-effective means of
forming a stable, conductive ink film on the surface of a
resin substrate. An schematic diagram of the equipment
The ink was

placed on the screen and a urethane rubber blade, known

used to print the film is shown in Fig. 1.

as a squeegee (hardness; 60-70IRDH)?, was drawn across
the frame horizontally. Ink that passed through the

screen was printed on to the substrate, which was placed

f >

Squeegee

Screen frame Functional ink

— AL

iz

I e |
/

Resin plate (Substrate material)

Screen frame

|

Screen

Printing base
Fig.1 Schematic diagram of the equipment used to

produce the film.,

beneath the screen. The screen was prepared by
stretching a piece of cloth made from polyester fibers,

fixing it to the screen frame, and forming a resistant film



on top. The ink film formed on the surface of the resin
substrate by printing was dried in a constant temperature
dryer under set conditions, and then a number of

evaluation tests were carried out.

3. Results and discussion
3.1 Film on a biodegradable resin substrate formation
using cold-setting type ink

ULTEM, which a high heat resistant, was used for the
substrate, while commercial hot- and cold-setting type
inks with a vinyl-resin-based vehicle were used as the film
forming material. First, in order to identify the optimum
drying temperatures of both types of ink, ULTEM
substrates with printed ink films were placed in a dryer
and dried for a set time at a set temperature, after which
observation of the condition of the film was carried out
using a microscope, and a scratch test was conducted to
measure the Lc value of the film. Critical break away load
and drying temperatures are shown in Fig. 2. It was
determined that when drying was carried out for 30
minutes, the temperatures that resulted in the strongest
adhesive bonding were 150°C for the hot-setting type ink
film, and 50°C for the cold-setting type ink film.
Furthermore, visual and microscope observation revealed
that in the former case, the ink film did not deform even
at a drying temperature of 170°C, while in the latter case

there was some deformation at temperatures over 70°C.

640

0 - Cold-setting i .
— =« Hot-setting L -
40 v .

Diving time @ 0.5
i .
(1] 0 100 150 200

Critical break away load. L ¢ [2f]
w

Dryving temperature, T [C]

Fig.2 Variation of critical break away load with drying

temperature.

In order to verify the optimum drying time for

cold-setting type ink film, the drying temperature was set
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to 150°C for hot-setting type ink film and 50°C for
cold-setting type ink film, and the adhesive strengths
were measured at different drying times. Neither film
showed any morphologies of excessive roughness, peeling
or cracking. Based on these results, it is apparent that
even when commercially available cold-setting type ink
film was used, a high L. value, equivalent to 87.5% of that
achieved with commercial hot-setting type ink film, could
be obtained by drying for one hour at 50°C. In other words,
given sufficient drying time, cold-setting type ink can be
conferred with an adhesive strength almost equal to those
of hot-setting type inks. The drying time required to
obtain an adhesive bond of sufficient strength was
roughly equal to the time taken for weight loss due to
drying to cease.

Based on these results, it was determined that the
optimum drying conditions for the cold-setting type ink
film were a  temperature of 50°C, at which non
heat-deformation, and a drying time of one hour.

Next, an experiment was conducted to test whether
commercially available cold-setting type ink could be used
to form a similar type of film on a substrate made of
LACEA, a low-heat-resistance biodegradable plastic,
under the same drying conditions as used for the
high-heat-resistance substrate. When an electron
microscope was used to observe the condition of the ink
film formed on LACEA, no defects were detected,
although film was highly uneven due to the particle

The point which break away preduced

100

80
Partial break away morphology
60 |
40 |

20 r

Critical break away load, L ¢ [gf]

LACEA ULTEM

Fig.3 Results of scratch tests of the surface of the
commercial cold-setting type ink film formed on the
LACEA and ULTEM.
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shapes of the silver powder. The L. value was then
obtained via a scratch test in order to evaluate the film’s
adhesive strength. The results are shown in Fig. 3. It was
found that for all types of ink film, an relatively high
adhesive strength was obtained when the film was formed
on a biodegradable substrate, compared to film formation
on ULTEM; the adhesive strength of the ink film formed
on LACEA was about twice that of the ink film formed on
ULTEM. It seem likely that the higher adhesive strength
achieved using LACEA is due to the use of ethyl carbitol
acetate as a solvent in the cold-setting type ink.
3.3 Formation of functional ink film with a
biodegradable resin vehicle containing carbon particles,
and evaluation of film functionality

The content of carbon particles in the biodegradable
resin vehicle was varied, and the average thicknesses of
the films produced by inks containing various amounts of
carbon are summarized in Fig.5, surface and cross-sectio
of a film containing 40wt.% carbon particles are shown in
Fig. 6. Cross-sectional observation of the film showed that
regardless of the amount of carbon particles added, the
film maintained a relatively even distribution of the
particles. However, as the amount of carbon increased, the
average thickness of the film decreased, while the widths
and heights of bumps in the surface of the film-which are
thought to have been formed when the screen mesh was
lifted away—grew larger.

A scratch test was performed in order to evaluate the

adhesive strength between the biodegradable film and

30

rickness, t [pun]

L,

10 2 S
Quantity of carbon kneading, W ¢ [wt.%]

Average filin tl
yi

Fig.5b Variation of the film thickness with a content of

carbon in the ink.
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(a) Surface (b) Cross section

Fig.6 Morphologies of the surface and the cross section
of the film from an ink containing carbon particles
by 40wt.%.

biodegradable resin substrate. The results are shown in
Fig. 7. In comparison to the values obtained for films
containing silver particles only a few micron meter in
diameter, films containing carbon particles showed a
relatively high L. value, indicating greater adhesive
strength. While the carbon content of 20~30wt.%

resulted in lower I values, larger amounts of carbon
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Fig.7 Results of the scratch test for the biodegradable

films on the biodegradable resin substrate.

particles did not result in any clear reduction in Lc value,
indicating that adhesive strength was maintained.
Normally, when particles of a few micron meter in size are
used as the FAM, increase in the content of the particles
results in a corresponding reduction in the content of the
vehicle, causing a significant drop in adhesive strength
between the film and the substrate. Accordingly, further
investigation is required to examine whether this
decrease in adhesive strength can be avoided by reducing
the size of the particles and whether there is a

proportional relationship between particle diameter and
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film thickness.

The film’s surface and volume resistivity are presented
in Fig. 8. The values obtained were slightly lower than
those obtained when silver particles were used as the
FAM; as the content of the carbon particles was increased,
both surface and volume resistivity decreased by a
significant extent. In other words, by proactively varying
the amount of carbon particles used, it is possible to
control both the surface and depth-direction conductivity
of the resulting ink film.

These results show that the use of carbon particles in a
biodegradable resin vehicle allows the preparation of

biodegradable ink with a high level of functionality.

4. Conclusions
In an attempt to create a relatively low-cost,

environmentally friendly material, screen printing

techniques were used to coat a biodegradable resin
substrate with a film composed of a biodegradable vehicle
and a functionality auxiliary material with low toxicity.

The functionality and biodegradability of the resulting

material were then examined. Based on these results, the

following points may be noted:

(1) When silver powder formed in a water atomization
process is used as a functionality auxiliary material
in an ink with a biodegradable resin vehicle, its
spherical particles and even saize distribution result

sufficient

in a high level of dispersion and

MAEDTIERT—BATZE GLEDFE) #@#E (H20)

conductivity to make the product useful for a
conductive material.

(2) When carbon particles, which have a low toxicity, are
used as the functionality auxiliary material with a
biodegradable resin vehicle to produce an ink film,
together there is high adhesive strength between the
biodegradable resin substrate and the film.

(3)When a biodegradable substrate is coated with an ink
film containing a biodegradable resin vehicle mixed
with carbon particles, the resulting material possesses
sufficient. conductivity to function as a conductive
material. Furthermore, by adjusting the amount of
carbon particles used in the film, it is possible to
control the degree of conductivity.

(4)A substrate with a biodegradable film undergoes faster
decomposition than one without a film. In all cases, the
application of such a film vresults in quicker

resin  base

decomposition of the biodegradable

material.

References

1) T. Yagasaki, and Y. Kimura, Journal of the society of
materials science Japan, 47, 84 (1998).

2) K. Yamada, T. Yagasaki, Y. Kimura, and I. Takano,
Journal of the society of materials science Japan, 54,
79 (2005).

3) T. Yagasaki, Material stage, 6, 18 (2006).

4) T. Miyamoto, K. Shimeno, Journal of Japan society of
mechanical engineers, 14, 147 (2005).

5) T.Shimazaki, “Applied technology with carbon” CMC
(200D).

6) Edited by the Japanese society of printing science and
technology, “Printing engineering handbook ;1st

Gihoudo(1983).

7) Japanese industrial standard, JIS K 6253, “Hardness
test method of rubber” (1999).

edition”

181






—_—
[=]

=)

&

WEvEm — &R GEEME) #EE (H20)

EBRMBEMHERVCREE 2 —IVORE

RTUTIVEER B

YL IOF TEEFEM AR

INEEHEEE

YL oA TEFEMFR K2 D)

Preparation of High Density Sintered Oxides for Thermo-module

Hitoshi Kohri, Department of Materials Science and Technology
Masahiko Kato, Salesian Polytechnic
Isao J. Ohsugi, Salesian Polytechnic

ABSTRACT :
thermoelectric generation.

P-type CasCo20¢ and n-type CaMnOs are promising materials for
Not only high Seebeck coefficient but also low electrical

resistivity is required for practical use of the thermoelectric oxide materials. The

electrical resistivity of both oxide were, however, too high for practical use.

P-type

Ca3Co1.8Mo.206 (M= Co, Mn or V) and n-type CaMnosMo.103 (M=Cu, In) were prepared by
solid-state reaction and hot pressing. Relative density of p-type CasCo20s (HP) was
over 94 %, which is larger than the one of CazCo20s (SSR). CazCo20s (HP) showed larger
strength and lower resistivity than CasCo206 (SSR). The maximum value of power factor
(a2p1) for V-substituted CasCo206 (CasCo1.9V0.10s) was 66.9 pWm'K2, which is the
largest of all specimens at 1175 K. Relative density of n-type CaMnOs (HP) was over
99%, which is larger than the one of CaMnOs (SSR). The maximum value of power
factor (a2pl) for In-substituted CaMnOs (CaMno.oIno.103) was 204 uWm1K2, which is the

largest of all specimens at 673 K.

1. RC®IC

BMP LTIV IV EOTEFBINITAHABRFN S
500~1300 K DEMNKBRICHKHEINTWS. BfE,
NEREANSOBHEINFEE L THFEFINSR{LDZ
AWERBERBEOMENBEATHS. BERELT 21—
T p BIBVEMEL L n BIBEMEI 2 BEMTHELGELIZDD
WE/NERBEA &2 5. 4, ERBICESRKICTH X
SLBICMRABMENEREINTWVS., RFETITE
BRETD 12— IHBOEBNFFRELT p BBEUYn
BB LR EMEL OB R & AT

p B & L TR ICEN, SRAKFTEHN
BMEREMEEZ DD CazCo0s BEHINTNS. HETH
TW3 CasCoz06 V3T 1 XD/ o B RS, HEHEEE

DIEWE EEEEICETIHONKRETHS. EAICH
TTRRERTSIZOLONMBETHD, ELRBRHME
D EICETAMEEITIICHIZ> TON—RERDE
FEERHEEKIINEATHS.

ZFITAMETIE, E—0HMELTKRY NT LRk
WX BBEEE CasCo20¢ FEIEHRDIERIG 2L, D
WT, BEE CasCor- xMxOs (M=Mn, Cr, Mo, V) x=0.05,
0.1, 0.2 ZEHL, Co U1 bADILREMWHDRDOMEH 2
A

Kiz, nBHBAYREMEE L TIIEVWE— XXy V%
¥E2RT CaMnOs i I T3, LML, Zofkd
PIILEFIN B WO ERICE SN,

BEHZTFTTB2FERELTIE, BEELDZNVIE, Mn
1 bPNOLEEBRENEZZ SN, TRERICKIDHEED
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AEFIIN DDHESINTNS. Mo 1 hAD In &
7213 Cu OEBEBBANHE N TSN, FMIZHASNT
AN . :

ZIT, EZOEMELT, AETIE, Sy ML
AHEIC L B EHEE CaMnOs FEREEDIERISHZHESLL,
DT, BEEE CaMnosMo10s (M=In, Cu)Z/E&IL,
Mn Hf FADILRBERIN R OMFHERASTZ.

2. R

2. 1 p%Ca,Co,0

JEHRHZIX CosOs (BEE : 91 0r 99.9%), CaCOs (99.9
or 99%), MnO2 (§iE :90%), Mn20s (FiE :99.9%),
CrOsz (HiEE :99%), Mo (i :90%), V205 (HifE :
99%) ZRWiz. &EEHRK%E CasCosz-xMxOs (M=Mn,
Cr, Mo or V) x=0, 0.05, 0.1, 0.2 725 XD ITFH&EL,
DOIHSLT 1 hiBALE. ERHEAWIIMERES 30
MPa £7213 420 MPa THEI TV AL, MEEEERML
7z. BUIMNEES 30 MPa Tid\23 £7/213\32 DH—R
SHFAABMEHL, 420MPa TIEAT > LAY A A% H
AU 7. MEES 30 MPa THJE L 7z e#E K13 [SSR30],
420 MPa I3 [SSR420] &%kidd 2. N 5REBHEIZK
L[HFITT1223 K, 40 h in#l, EHEKIE (Solid state
reaction PAF, SSR) Z#1T->7z. SSR30 #HEMMKL,
38 um A FIZA#HkE, &y b 7L X (R, HP) %17
o572, HP BWH—R ¥ 1 RIZERE, »5WIE BN £/
1 ALOs AT —%20—F 4 > LEA—R T RAIZ
AELEFEL, 60MPa THEL NS 1223 K T2~4h
BEELZ. AlOs AT —13 AlOs R EKEZIZ
5mass ¥ PVA /KIFHK 2B TER L 7= (PVA /KIBHEHEH
OFREHILAT, PVA). HP #EHIAKKH T 20 h~50 h
BULECLT, HDZfTo 7=,

Ben/zamEHNT XRD IZ L A REORE, SEM IZX
DHBBEEZITY, WRTEICX B LHENp, ¥Ry
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Effect of Magnetic Field for Photo-functional Property of Titanium Oxide

Ichiro Takano, Department of Electrical Engineering

Masato Sasase, The Wakasa Wan Energy Research Center

ABSTRACT :

Titanium oxide including iron was prepared by reactive magnetron

sputtering. The glass or ferrite magnet was used as the substrate. Effect of applying
magnetic field for photocatalytic property of Titanium Oxide was investigated by using a

methylene blue solution under light irradiation. In this experiment the effect of applying
magnetic field was obtained from both of the glass substrate in magnetic field and the
ferrite magnet substrate. The effect of using the ferrite magnet substrate was superior

to that of the glass substrate in magnetic field.
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Fig.1 Photocatalytic measurements of the glass

substrate

Fig.2 Photocatalytic measurements of the ferrite

magnet substrate
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Fig.3 XRD patterns of the titanium oxide film

including iron
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Fig.4 Photocatalytic properties of the titanium oxide

film including iron under a sterilization lamp
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of the titanium oxide under a sterilization lamp
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Fig.6 Effect of the ferrite magnet substrate for
photocatalytic property of the titanium oxide under a
sterilization lamp
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Fig.7 Effect of the ferrite magnet substrate for
photocatalytic property of the titanium oxide under a
fluorescent lamp
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sIGNDEX V3 2 & 2R AMGFEERREICET 28K

THpERY HHRFE REH
FRRERY  HEE  thEf=E

The Development of SIGNDEX V3 : Notation of Japanese Sign Language

Yuji NAGASHIMA , Faculty of Informatics
Kazuyuki KANDA , Chukyo University

ABSTRACT : Sign language is one of the communication means for the hearing impaired. It is a
visual language and the articulatory components of a sign are presented in three-dimensional space.
Moreover the so-called non-manual signals including facial expressions and body postures are
attached to it. They are linguistically characteristic and are different from those in vocal languages.
Social interest for sign language has been increasing in Japan and Sign Linguistic Informatics is
attracting their attention. On the other hand, the discretional system for the articulation of signs is
not established yet. The history of sign language analysis by linguists and engineers is too short and
researches have not been fully advanced.

In this report, we analyze linguistic characteristics of sign language focusing on the linguistic feature
to verify our notational system. Then we discuss a blueprint on what we call SIGNDEX V3 should be
like. We argue that the animation generating system should utilize the linguistic concept "distinctive
feature” and that by so doing , we can develop an efficient and error-free, and consequently

user-friendly sign animation generating system.
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AHFFEIT, BOKBURRAA O ED K R ZBEMNTIC R > Tl 2 FEZRETH L%
HiE L, BIZ/NKABEKE (brash ice channel) fifThe DRI EEBEMITICK VBT S
liE, EOLEDOMMOEIIZMT 2 I LITERZLETTHIEL .

AFZETIE, TNETICRA DTN —T DR L TELMERN—ZET Y > VITHED < F
%, BERR O brash ice channel HEHIEHEICEA L TW5. ZFUTPEW, KTITEMRTS
Wik 1% IS 2 RO/, KA R L OBBRROBRE 2175 21350, Mt OB LZ LR
TBHEHDOTOT T LAORFE, KEEToOTNS.

AHFEDOREE LT, AW T LM FENZ R OER 24 D BROMITITEA AT
HBE, Fr RIHEPIEFHTE S &N ok, FBERTICKDESNLT v )b
HRET O ER AR R O REKBO Mk —)L TdH % Finnish-Swedish Ice Class Rules

(FSICR) OESGFHER E BT D ENIREREETVND. 1220, BUAT =)V OFRERNS 3
FelIZ I WTHEE LIZEM AT — IV OF v )V HHTAY FSICR OEBTEHM T K 2 FHE L D
b2 BERERENIENS, BN EZBAML THeEBbND. INEWUET DS
HBELT, KU1 X007, BEEREOBEYIREE, WK OFMEOSE, EiAT—ILoK
EFHT7R EIC DN TR L TVS. IN5ZEEEFT DI LICKD, FSICR 243Kk 5, et
K& H TV IEMFE ] (more exact calculations) ZRETE LR DITRDEEZTND.
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A AfnffiEE L¥amsCE 5 85 (2008), pp. 99-106.
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4. Akihisa Konno, Numerical simulation of ship navigation in brash ice channels (Second
report: effect of size and layer number of ice pieces), Proceedings of the 24th

International Symposium on Okhotsk Sea & Sea Ice (2009), pp. 35-38.
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HKEK P DTEEZIE T HT A E L L T DPD(Diethyl-p—Phenylene-Diamine) N L {4 L TLVB A,
DPD MR T BHIL. oo R UNFEHN TV, o-FIDUIFREEAS VN EVNVIBRTTORESR
LT 1978 EEM LK BEEICHE . BR(BEEELRERER) TLEMNALDEL DPD b\ﬁ%‘%tﬁ%
HERELLTAESHETHEDOND LS4 o1=, 20 DPD (FEFRIZL>TEIESN . FRE(A=510nm)%
BI5IEhn, COFRBREEERALETETHLICKYKFOEBERREEZMOCLENTES,
2ERGTRERTHOBFLBEEMETHHZENSECALGLNA T, REITZZD DPD DBEILEEKR
BEFIALT. KEHDEEHRAEERADAMIZDOLTHRIILIz, DFY DPD ENREBHAELEATZS
Iz, —EEORHAREES Rk, R LOEREEEZRFBRAEDREICIYIERTRADRE
ZRAETELDTHD, EERALMEMFERT DL, AHOMEC AT IIVEMO L AMREE/LO0—
ATF—T BB TH 1=, ) RUEBRPDOBERMER (T—F L TEENILZERIGEED HT=DIZIZR
BEINBET 16%7 1)) o—A2/— LIBBRNRBE TH o1z, £z, TV IV ITAMERE TONE RS
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—BIUTAAA UL, Cu( 1 ) EREEERDEVEARERRTHIENS Cu(ll) & Cu( 1) EAEF
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EAA> DEIZHELTDPD AEMEEIN D LERBLY 7L KFEH R EEAMRERFLZ, 71k
MAF U EERETHHEE. RBICHEBEMABMEICT 5 EICKYSTULkRELEAMTIOVE
FRNTR BN SR EEAMICES - THELT-, DPD BMLAD 2 BE (RIS RETRAERE CKYE
{E1EL7=,

DPD &b R THREMEHN1/300 B, EREEICHTAREREMN10EEC. SoI2, RBEEELRT
EIVIRILERIA 2 (E5ELSBNI-{EE,.SBT A 2003 FIZthOBARF LY BB SNIT=,

SBT &1& NN’ -bis(2,4-di-sulfobenzyltolidine tetrasodium salt MB&T, DPD MIERBIEFRRAITE ALK EL
EMELTERIN., ZOHRTRICRFFINTE - FAREFNMESN TS ELHHT, 10g HfzY
67,000 A& B THSH. DPD DRBILAEMEL TS ETIT O TERLI T ULMAA U EEAEDYRIC
KELGEASEAHTH LML, Fi-HET—<ELTERY LIF7=, SBT (& DPD LEIHRICIERICK>TE
EESN2/E(1=6750m)T B{LEWED T, DPD LEHRDFE, YR THREN TEDEER =, TOHE
B FARLEEESMORFHEEKIBICHBESN ., KFDL 7AW/ A2 1239 HIRHTRIL 10
1 gCN/L &77Y DPD 2RV EEAMELLEL TIEIF 1 HrietE SN, BREXTSHHEEE
(ImgCN/L)D BRI I+ RIS TESED TH 1=,
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BRIZERICEVWHBILERZRT T AYFY OF O ET ROFH O FUEERNE<EAL
TWBIZENSMo7z BAhoT /A REFE : £ 90 mg/g dry weight cells) . KIZ, & 7EJIFE
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WERIEB N T AT INHEE LI OMESEFEELTNS I ENND ., TUIBRFITBT
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1. E V=17 A[Cay(PO,), , TCPIIZIE, F1150°CLL F TR ER BMEENLL L TR
ER e ARHY, FNENATEELUSHENTWD, 20X BH DV ML FHB L5,
TCPD f — o MG IZBE T AW 2 NER THDH, BAHIECa* ( r;,=0.100nm ) LDAF L HEED/HSWN
ERAFVEEERSELE MEBIRES LA LTBHRENRICH LG T2, £0MAHIIMg>(0.072
nm ) THHH, Mg LIFIEF U DZn? (0.075nm ) TiE, [E ¥ & ETCPHE i fl 36 LU F E AL kI
T HEBEBR TRV, AR TIX, ZOL e XIEHEEELE T 5ZnE R TCPORFEZ RAET D2
LR HRELT,

2. EB:Zn E¥% TCP %, CaHPO,-2H,0-CaC0O,-Zn0 RiEA M AK( (CatZn)=M &L T, M/P E/L
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Abstract: The reduction of reverse-bias leakage current in GaN-based Schottky diodes was investigated using
an aluminum facepack technique, which resulted in a decrease in the reverse-bias current. The large
reverse-bias current was reduced by the facepack technique. This is due to the mask effect of the facepack
reducing the number of dislocation-related leakage current paths. The reduction leads to the enhancement of

quantum efficiency in Schottky-type light-emitting diodes (ST-LEDs).
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