we

ELT, BEHOTFIVIYXA (Genetic Algorithi : GA) -
ERAWBZELLEN, GA 3. JEOREHEEH S
MARFLHEG LU IBEMBEEHMTELHE 2FR
THOH., XBEAMZTORIFICTHL TWDIEER .

GA . ({EEBNTTEGIENLL TELBENZL

ERZ, T2HETIMEL=DDTH S, GAD—R:

R FIREZ. STIMEROREREER (DAL

L. L BMBER TABEADORAEERET S (¥

i), TTT. RT&RHZEERL, BEENBAOEG
EREMRETE RTHE). k. BAEOBVEK
BETOHERPL. ENDOIEREN (BR). ¥x
FEABTOMRIMAETFVHLVWESAEZERTS
(ZER). I, TFAICBITNEBEEDWTOhY
OEEELZINOEICBERZ (BRTR), FE~E
B3,

GA Z2EIIERLEBBLERH IO/ SAD 70—

Fy— k& Figl I0RT. BT&EZ, SRABIER

YT7ELUTERLAELE, U—5 3 5000 [rpm] BFICS
JBASA R 242 NIULLOBSRSIHHFE LT
LizofeEEE Uk (Typel). EFTOS LIS
IAHPHEEERLAORKREEBICHRE N, &
SEZORIBLIVHEBE L. ZNETN 1.5 [TH2[W].

55 [mm], 65 [mm)& L 7%, & ZC &70S S LTRAN
Lafﬁit'miﬁmmﬁé%@L'cw.;mmb HEM

§*}t@-amﬁa&am ERETERNI LMFRINS,

Lo T BEB3I A BN TELSBR 152 %5 & D363,
48.4 [N] LUEOHR %,ET?&K&%%&
(Type2: Type3)- 0)%3@, ) 5
Type3 Ty wﬁ&m%%k__bngw\miM§ﬁ
4 XDOHBZE. %n—fnsoxm [mm] soxso [mm]}&
l/z_o S .

umE | 9Jsru-mmnw:zwmmwwa]
o BN

n*a~m£umﬁ
BB
OR LAMRER B15[T) OHRBRGRS L =55 [mm] T
O LRAHRBA W < 2.0[F) OMKKRRZOEE D s65(mm
£RE
HTERE RELTND oo
BTAE < OMK®RSIN F=242(N okl
SAERELTOED S - - ‘

Ar| nsm<mmgmwm\m§mm_aﬂ
¥

=X &m_mnmmv &mmuwa | -

aazal fimmmnaﬂmmgml-mu [———

Flg 3-Flow of the: optumzahon desxgn
for the magnehc bearing (Typel) -

5. &i&ﬂ:&&fﬁﬁﬁﬂb@ﬁ

xz70V50%H W B RE DR EE Fig4 IZR
T BEPS, BEHMERYEHER. DX OREIMR
WHIAENBRESTNE I ENINZ, 5. —
FRRFNED S —FNERDIENI V- MRL
ZoTW%, £5T, GA &mb\fﬁ;’ﬁ{biﬁﬁ’m‘oi<
BELAEEAS,

36
420

- GE EREOP TR ERANRENNRBENES
%ﬁiﬁ%c‘: UTRAX, T OMEH LK % Table.l IKRT
Stk CORREDBEI, FRERKERNE 3R
BBHEFEITO. RO IBERS HRRLEAETHS
AERBL. HELLLOOERRELTHET S,

48 49 ) SIO 5-1 ;2 53
. Attmctive !cﬂw (L]
Fig.4 Result of the optimization design with GA

Table.1 Dimension of the magnetic bearing
. Typel | Type2 | Type3
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Power consumption (W] 1.5 1.76 1.76
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Length of the permanent magnet {mm]) 9.9 - 285 17.8
Winding [turn] 155 295 738
Length of the maecﬁc bearing [mm]_ 483 598 -]-.76.9
Diameter of the magnetic bearing 59.9 699 764
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ABSTRACT ‘

Diamond-like carbon (DLC) films were coated on
gh-polymer materials and we evaluated the durability
y an immersion test. In addition, we carried out a
"Ball-on disk test for the tribological evaluation. After the
immersion test, the bending moment and Young's
modulus ‘values were measured using a three points
bending test machine. In the immersion test, the DLC
film was detached from the PMMA without the
“pre-treatment , whereas, there was no deterioration on
the PMMA with the pre-treatment. In the ball-on disk
‘test, some scratch traces can be seen on the PC without
pre-treatment, whereas, there is no scratch trace on the
PC with pre-treatment.

INTRODUCTION

Poly-methylethacrylate (PMMA) has been used for
‘contact lenses and denture teeth because of its various
advantages, such as high light transmission, light weight
and lower susceptibility to fracture. Polycarbonate (PC)
also has good characteristics such as an impact resistance,
thermal durability (up to 190 °C) and optically transparent
‘in a wide spectral region [I, 2]. However, these materials
demonstrate low hardness, low resistance to abrasion and
‘poor chemical attack.

On the other hand, DLC films have many superior
properties such as extreme hardness, low fiiction
coefficients, chemical inertness and high-corrosion
resistance. Since chemical vapor deposition (CVD)
technique under room temperature, CVD method is widely
used for DLC deposition on polymeric materials.

The DLC coated samples were immersed in the acid
solution for estimation of the durability. In addition, the
tribological measurement was achieved by ball-on disk
test and bending moment and Young's modulus values
were obtained.

. EXPERIMENTAL PROCEDURE

Sample preparation
PMMA plates (Yamahachi Dental Mfg., Aichi, Japan)
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and PC (Takiron Mfg., Hyogo, Japan) were cut into 0.8 x
0.8 x.1.0 mm® pieces using a diamond cutter. -

The Oxygen plasma pre-treatment of the polymer
substrate and the deposition of the DLC were performed
in an ANELVA PED-401 radiofrequency plasma CVD
system. Oxygen plasma pre-treatment was for improving
the adhesion strength of the substrate to the deposited

~ DLC films. The substrates were cleaned in H,0 by an

ultrasonic washing machine for 10 min before deposition.
Half of the samples received plasma pre-treatment before
DLC deposition. For this, the gas pressure was keep at
13 Pa and rf. power was fixed at 250 W. The
pre-treatment time was kept constant at 2 min.,

For DLC: coating, high purity methane (CH,) gas
(99.9999 %) was introduced into the chamber as a
reactive gas. The coating was carried out at 13 Pa and
250 W. The deposition time was 3 min to keep the
coating thickness at 0.1 pm. The temperature of the
substrate remained below 100 °C during the deposition
process.

Immersion test ‘

The three kinds of substrates were used for the test.
The substrates were the PMMA substrate, the DLC
coated substrate without Oxygen pre-treatment, the DLC
coated substrate with Oxygen pre-treatment. These
samples was immersed in 30 ml of nomnal saline
solution 0.9 % at 60 °C for 10 days. Subsequently, the
Young's modulus of the immersed substrates were
measured using three point bending machine. The
substrate surfaces were observed using optical
microscope before and after the immersion.

Ball-on disk test

Wear testing was performed using a ball-on-disc
apparatus. The lower rotating disc slides against an upper
stationary stainless steel ball (316 L; 10 mm in diameter).
The used substrates were the DLC coated PMMA and PC
with and without the Oxygen pre-treatment. Each
substrate was fixed onto the lower rotating disc. The
rotating speed was 132 rpm. A normal load of 100 mN
was applied to the ball. The test was carried out for 2 min
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in room-air with humidity up to 35 %.
Afier the sliding test, optical microscopy was used to
observe the morphology of the surface.

RESULTS AND DISCUSSION

Surface observation after the immersion test

Figure. 1 and 2 show the photographs of sample
surfaces using the optical microscope before and after the
immersion. DLC film deposited the PMMA without the
pre-treatment showed many crack (Fig. 1-(b)), whereas
there were no cracks in the DLC-coated PMMA with the
pre-treatment (Fig. 1-(c)). After the immersion, the film
was detached from the PMMA without the pre-treatment
(Fig. 2-(b)), whereas, there was no deterioration on the
PMMA with the pre-treatment (Fig. 2-(c)). This suggests
that the strength of adhesion of the DLC film to PMMA
was increased by the Oxygen plasma pre-treatment.

Fig. 1 Micrographs of the sambl&s before the immersion
test. (3) PMMA, (b) DLC/PMMA without pre-treatment,
(c) DLC/PMMA with pre-treatment.

Fig. 2 Micrographs.of the samples after the immersion
test. (@) PMMA, (b) DLC/PMMA without pre-treatment,
(c) DLC/PMMA with pre-treatment.

Measurement of Young’s modulus values

Young’s modulus values were measured using a three
points bending test machine. The DLC/PMMA with
pre-treatment showed highest Young’s modulus values in
all samples.

Surface observation of the samples after the ball-on disk test

Fig. 3 shows the micrographs of the samples after the
ball-on disk test. In the PMMA substrate, there was no
“difference on the surfaces between with and without the
pre-treatment. In the PC substrate, some scratch traces
can be seen on the PC without pre-treatment (Fig.3-(c)),

whereas, there is no scratch trace on the PC with
pre-treatment (Fig.3-(d)). These results also indicate that
the oxygen plasma pre-treatment can improve the
adhesion strength of the DLC film to PC.

(a) DLC/PMMA with pre-ireatment, (b) DLC/PMMA
without pre-treatment.

(c) DLCPC with pre-treatment, (d) DLC/PC’ without
pre-treatment. - . e

2

Fig 3. Micrographs of the samples afier the ball-on
disk test.

CONCLUSIONS

. DLC films were coated on high-polymer materials
(PMMA, PC) and we evaluated the durability by the
immersion test and the ball-on disk test. In the
immersion test, the DLC film was detached from the
FMMA without the pre-treatment, whereas, there was no
deterioration on the PMMA with the pre-treatment. In the
ball-on disk test, some scratch traces can be seen on the
PC without pre-treatment, whereas, there is no scratch
trace on the PC with pre-treatment.
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Charactenstlcs of a Two-dimensional Integrated Magnetic Sensor
for! Posmon Sensmg and Motor Control
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Two-dimensional integrated magnetic sensors for position sensing were designed and fabricated with the

_ standard 0.35-um CMOS process on silicon. One such type is the n-type Hall sensor that uses an inversion
']ayer under the gate oxide of the MOSFET. ‘The -Hall sensors were arrayed (64 x 64), and the control digital
circuits and output amplifier were also iiitegrated into the samie chip. ‘One pixel” was 50 x 50 jm, and the entire
chip was 4.9 x4.9 mm. The sensitivity of one of these sensors was 2.7 mV/(mA.- kG). The two-dimensional
magnet]c ﬂux dlsmbutxon was measured from the 5-mm diameter Nd-Fe-B rare-earth permanent magnet. About

| 49 s wasrequired to measiifé bhé frare. The position of the magnet could be detected with the fabricatéd sensors.
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\M'agnenc. sensors using an inversion- ‘layer in MOSFETS ar¢ useful for position sensing systems, but their noise
eristics, such as poor sensmvny, should be improved. © 2006 Institute of Electrical Engmeers of Japan

Kevwords hall sensor, CMOS, two-dlmensmnal magnetxc field, position sensor
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1. Introduction

The position sensors used to control motors and
actuators in robots or medical tools need to be extremely

* precise. Although. there are variois types of position

sensors, magnetic field sensors are-usually used for
reasons of price and size. Several magnetic field sensors
are needed. to accurately detect the position of an object.
Magrietic - field - sensofs are coniventionally fabricated
with InSb and GaAs, using the Hall effect, because of
their high- sensmvny that corresponds to high-mobility,
However, it is difficult to achieve compact and highly
accurate positioning systems with sensors using such
materials.
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In contrast, Si is not used to fabricate magnetic field
sensors because of its poor sensitivity and mobility. How-
ever, Si has demonstrated its supenomy in mtegraled
cnrcuns [1] Integrated circuit technology can’ overcome
faults in silicon characteristics and poor sens1t1v1ty with
an amplifier and analog signal processing. Si magnetic
field sensors show poor sensitivity, but it does ot mean
the noise floor is high. By using a low-noise amplifier,
effective sensitivity can be made comparable to that of
InSb and GaAs.- Si is also useful in integrating analog
and digital systems. Control and signal processing cir-
cuits also can be integrated on magnetic field sensors.

We fabricated two-dimensional integrated magnetic
field sensors using the Hall effect in Si for sensing
position, slant, and rotation. This sensor will be applied
to sense the position and to contro] a magnetic levitated
motor with only one sensor. We discuss their fundamental
characteristics in this -paper.

2. Principles of the Hall Sensor using Inversion
Layer in MOSFETs

Magnetic field sensors are made in bulk from InSb and -
GaAs using the Hall effect. Because Si is not as sensitive
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3 Prmc:p]es of: Position’ Sensmgxand Structure of
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3.1. Concepts ‘
measurement of magnetic flux density from a magnet
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_ d:mensmnal magnetic:sensor will:be

-Position - sensing is done by the

[ S

d.etsxt- !he:.~pos. 0 A M
magnet. is ;attached:to: the edge of a motomaxls A twq—
dimensional.magnetic.sensor;is placed below: thxs,magnet
without: ubemg dn, comact Magneuc gﬂux ﬂows,\\frgm

magn.en.c,.ﬂu,x-densuy-q.l,i,&@nn,ﬂl!x,, magn.eth.ﬂux .dcnsz.ty
from a.column-shaped. magnet- will spread radijally.- So,
‘the: image: :-ofi;magnetic- flux; density.«from  the ,two-
.a stack.of concentric
cxrcles of the;same. voltage: The Ieadou image is already
the object-in signal processing. Figure:3.shows the signal
processing -diagram. of..how. the..position.:can- take: the
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The two—dlmensmnal mlegra-

tioh of a magnenc ﬁeld sensor, a as can b¢ seen in an 1,

is needed to fabncate a posmon sensor 'Various methods
are used to make two- d1mens1ona] anayed sensors. From
thésé, we: chose the one used to fabncate the ¢irduit of a
€EMOS irnage sensor. The: readout mrcmt for réading the
Ha]]“volmge is'in 'Fige4. It consnsts of ‘4 two-stageé souice
follower. ‘The " fifst- stage source follower-is in- a pixel,

and:consists of two p-channel: MOSFETS. Both' p-chiannel
MOSFETSs are ¢onnected to ‘6utfiil’ and: ‘output2’: and
read the Hall voltage alternately. This instruction loses
time, but saves area 6n-the L'ST (large-scale iritegration)
chip. The second-stage source follower is located in each
column and conmsts of' n- channe] MOSFETs with an
active load. ' :

Signals in one‘horiz‘ontal line from the Hall magnetic
field sensors are read at the same- time in parallel
columns. As the Hall voliage is the difference between
‘output]l’ and ‘output2'’; readout. is: done twice from
edch pixel. Then; readout is done sequentially from each
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Fig. 4 Readout circuit for Hal) voltage. This is one arrangement
for CMOS image sensors

column. These instructions are repeated in every TOW,

until one frame readout is ﬁmshcd The two read signals
in"each pixel aré subsmuted for each other, and the Hall
voltage is ﬁna]]y obtained. Although this calculation can

be done by the LSI chlp, we dnd it on a PC (personal
'computer) o

ﬁeld sensor was desngne ;_::for 1he 2-poly 3 metal stan-
dard 0.35- -pm CMOS process by Rohm Co., L. The
fabricated two-dimensional magnetic sensor is shown in
Fig, 5. The control logic circuit for timing generation and
the outpupbuffer,elrcult_were also integrated on the same
chip of the two-dimensional magnetic field sensor. This
integration of the sensor .and the other logic circuits. is
the advantage of the sxhcon process. This advantage con-
tributes to-minjaturization of, the device.. The dlmensxons
of the LSI chip were 4.9 x: 4, 9 mm and the pixel size was
50:x 50,um. The sensing; area was:3.2 x 3.2 mm., The
magnetic field-sensors and output | buffer circuit were fully
custom-designed by Cadence V'rtuso and the. contro]
logic circuits in the Verilog-HDL by Synopsys Des:gn
Compiler.

Integmted 64x64 HALL magneuc sensor

Control logic <pms i
’ L. : ¢E £
=
=)
<
Output buffer T=rAe
3 2
N 4%mm T
Fig. 5 Overview of fabricated two-dimensional magnetic sensor
LSI chip

1EEJ Trans 1: 188-193 (2006)



i
{;
I8

[
"’,3,1

image. Signals needed to bé ’a’nip]iﬁé“d

,

TWO-DIMENSIONAL INTEGRATED MAGNETIC SENSOR

Magnet

o lcommol [T gont

. i6bitADE | ;
’ + ggych digital
N £ ;-sngn?l‘output
" Control N RN '
Signal rPC

Fg 6 Block dmgram of the measurement system
A . ;,‘:l I,.MM '?' i

gt iy

gnehc Field

:A‘, IS 2NN “’n‘}f‘u,i’ 1‘:.» A .B I3 &,

0'.«. J\héa‘ .e,]

Koy

permanemmagne The strength‘ofmagnenc ﬁux densny
Was Changed by, thé-distancé between the*magnet and the
two-dimensional magnenc “field sensor. ‘Figure:6” shobs
the block :diagram of:the. measurement system. .The
output Hall voltage from.the.magnetic sensors was read

=kt

‘out as - 8:channel analog -signals.’ These signals -were
converted. to digital signals at.the same, time by eight
16-bit:- ADCs. -Finally;. digitized:, Hall - voltage .signals
were read into the PC." The’ digiti'ied si‘gﬁ'a’ls ‘were
recOnstrucled mto a two dlmensxonal |mage of magnenc
field distribution.” ~ * " :

The output signal from the fabncated magneUC $ensors.

Was very sma]l'and xts mé"“n‘fde WS aTFew Millivolis,
Aé such a sma]] sngnal is easﬂy'mﬁuenced by néise d:g;
1tal “signal’ averagmg Was'done’ i6'; remo }

pioaink

For example Fxg 7 shows the**nmag‘e wuh veragmg

£3.4

g §uppresse ’.lhe.r d

the Hall 51gna]s ThIS averag1h

‘

and measurement ume Al magnequ ﬁeld dlSU‘lbUthﬂ
1mages in this paper were' obtamed with 128 times aver-
agmg By the limitatién’ 6f output voitage level"readout
time is very slow. ‘B, potenually, thé digital ‘féadolit
drlve cireuit i§ strong, and few thousand frames per §ec:
ond readout rate will be a¢hieved if the ieve] of the output
voltage is increased. o

4.2. Results and discussion Figure 8 plots the
results of the relationship between input magnetic flux
density and output Hall voltage. This graph shows
the average for four different magnetic sensors. The

t'l'gg'i’of:"'iwl)e
nonal magneué f’ﬁeld‘%:‘ "”:' d

191

\_‘-,‘,.»‘Lﬂ_/ Rt

1mage wnh 16 nmes avemgmg

Output Hall voltage [mV]

1 EL b ot .41 sdeo,: ).

O 0151 02,025, 0343035 04 045
» ﬂ i

Fig. 8 Relationship between sirength’ ofthe mput magnetic flux
density and the output hall voltage

sensmvny ‘calcu]ated from ‘Flg 8 was 2 7: mV/mA kG
These sensors are less sensitive than the-ones:.made
with InSb and GaAs by two or three figures, but as
previously mentioned, signal amplification can boost this
low sensitivity. There is good lmeanty belween the mput
magpetic field and the output voltage. ,
Figure 9 shows reconstructed two-dimensional mag-
netic flux distribution images:: The shape.ofy.the, magnet
can be- recognized. Figure:9(a) is a:magnetic flux-d
tribution image-.fromi.the side- of: the, N,p,o]ggand"(b)

»1hat from the: S-po]e Here,; voltage, polant haS'been

voltage) reverses between Lhe magnencvﬁux from the N-
and:.S-pales. - Essentially,, a. magnetic : sensor using; the
Hall eﬂ'ect«can sense #he, direction: of the-magnetic:flux.
The LwQ,Adlmcnsmnal,magn_euc field sensor.we fabricated
could also:detect-the direction of the;magnetic.flyx. .
Flgure« 10 plots a-horizontal one line, profile.of the Hail
voltage* This graph correSponds to the top horizontal line
in-the. magnetic flux, dnst_npuuon,lmage of Fig., 9(a).-Noise
can be seen: This corresponds to the fixed, paitern.noise
caused by the characteristic fluctuation of the MOSFET
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Y

reverses: Voltage polarityii
v . L eyoltag

eg‘lectediind only the absolute hall
is represented

used in the source fo]]owers at each colurmn, but the
magnet position can be dlstmgmshed by the- magneuc
flux distribution.

,x PR A

5. Coriclusions

“Two-dimensional' integrated- magnetic -sensors were
designed and: fabricated" with: ‘the. standard - 0.35-pum
" CMOS process on-silicon: The Hall sensors were artayed
(64 x 64), ‘and -the control. digital :circuits' and output
buffer were dlso intégrated :Onto- thie :same- chip. The
sensitivity of 6ne of these:serisors was 2.7 mV/mA-kG.
The two-dimensional: magnetic - field . distribution was
measured from the ‘5-mm diameter Nd-Fe-B’ rare-earth
perimanent: magriet ‘with -128' times -averaginig. About 42
s was required to measure-one frame. The magnetic flux
disiribution was obtained as a bitmap image. The position
of the maginiét could- be detected with -the “fabricated
sensor. Magnetic sensors- using’ an inversion layer in
MOSFETS are- useful- for position sensing systems, but
théir noise chéractensbcs, such-as- poor sensmvnty, should
be improved: - :
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Fig. 10 Honzontal one~lme proﬁle of a magneuc field sensor
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Abstract The research for controlling of a motor with a tow-dimensional integrated magnetic sensor which '
was designed and fabncated standard 0.35 » m CMOS process has been performed. A type of magnetic sensor
is Hall sensor using inversion layer under gate oxide of MOSFET. Magnetlc field with a two-dimension
magnetic sensor was successfully measured. Improving output voltage and reading speed of 1000frame/sec
- was achieved by the dynamlc dnve method As the result, 20% improvement of sensor output voltage with

new structure of Hall sensor was obtained
Keyword Magnetxc sensor , inversion layer
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Collagen-phospholipid polymer hybrid gel designed for artificial blood vessel
Kwangwoo Nam', Tsuyoshi Kimura', Toshiya Fujisato?, Takeshi Nakatani?, Soichiro Kitamura?, Akio Kishida'?.
'Division of Biofunctional Molecules, Institute of Biomaterials and Bioengineering,
Tokyo Medical and Dental University
2-3-10 Kanda-Surugadai, Chiyoda-ku, Tokyo 101-0062, JAPAN
National Cardiovascular Center
5-7-1 Fujishiro-dai, Suita, Osaka 565-8565, JAPAN
TEL: 03-5280-8029 FAX: 03-5280-8005 E-mail: bloodnam. fm@tmd.ac.jp.

Introduction: Collagen is ofien applied for diverse
biomaterial, especially for cell related products, for its
many advantages. However, use of collagen should be
considered very carefully for its high thrombogenicity and
low mechanical strength [1]. In order to use collagen as a
artificial blood vessel, prevention of graft failure resulting
from thrombus formation, and reinforcement of physical
and mechanical properties is . required. 2-
methacryloyloxyethyl phosphorylcholine (MPC)-collagen
network gel was developed. MPC polymer is a well-
known material for its blood compatiblity and being
applied in biomaterial field in various form [2]. In this
study, we prepared a collagen hybrid gel using MPC
polymer and collagen by immobilizing MPC polymer on
the collagen gel surface and characterized the physical
properties of this gel. .

Methods: Collagen was made into film and was cross-
linked by immersed into the 0.05M 2-morpholinoethane
sulfonic acid (MES) buffr (H 9 N-G-
dimethylaminopropyl)}-A'-ethylcarbodiimide (EDC) and
N-hydroxysuccinimide (NHS) for 4 hours at 4°C. And
then this gel was immersed into MES buffer containing
EDC/NHS-preactivated poly[2-methacryloyloxyethyl
phosphorylcholine (MPC)-co-methacrylic acid] (PMA)
and immobilized PMA on the collagen gel to make a
collagen hybrid gel. To increase the mole ratio of PMA
immobilized on the collagen, EDC/NHS activated PMA
was re-added to the collagen hybrid gel and immobilized
under same condition as written above to make a double-
immobilized collagen hybrid gel (DIC hybrid gel). X-ray
photoelectron spectroscopy (XPS) and Scanning electron
microscope (SEM) was used to characterize the surface of
the hybrid gel. Swelling ratio and free amine group
analysis was used fo cheracterize the cross-linking
efficiency. Collagenase was used to measure the stability
of collagen hybrid gel against degradation. And cell
" adhbesion test was executed to characterize the cell
compatibility of the collagen hybrid gel.

Results / Discussion: PMA was successfully immobilized
on the surface of the collagen gel. XPS result showed that
the phospholipids group was mainly deposited on the
suiface of the collagen gel. And when the surface
morphology and the razor-cut surface was observed by
SEM, the surface became much smooth compared to that
of uncross-linked surface. The razor-cut surface showed
that the porous layer, indicating collagen layer, was
placed between non-porous layers of PMA. This implies
that the collagen hybrid gel would be phase separated,
with PMA layer totally covering the collagen gel.
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The free amine groups exist in the microfibrils was
about 60%. The percentage of unreacted amine group
decreased maximum 20% when the gel is cross-linked
once again by same procedure. The cross-link of the
collagen gel using EDC and NHS is known stop reacting
after 1 hour [3], but the re-activation of carboxylic group
by EDC and NHS made the collagen to cross-link with
PMA and formed much denser network.

The shrinkage temperature increased for the
collagen hybrid gel compared to uncross-linked collagen
gel. This implies that immobilization of PMA occurred on
the surface of the collagen gel, but made the gel tougher
and protect the gel from the thermal degradation by
forming much denser network. Formation of the denser
network increased the elastic modulus also.

The collagen gel would bé completely degraded by
collagenase within 3 hours. In the case of collagen hybrid
gel, approximately 40% would be degraded after 3days."
And for DIC gels, it would be left undegraded for more
than a week. The leak of PMA was not detected, for DIC
gel, indicating that the high cross-link network would be
stable. .
The contact angle of the collagen gel decreases as
the PMA is immobilized on the collagen. The surface of
the gel is tuming hydrophilic, indicating that the surface is
becoming more blood compatible and able to control the
cell adhesion The cell adhesion test using 1.929 showed
that the number of cell adhered on the surface decreases
as the density of PMA increased. This is not due to the™
toxicity, for phospholipids polymer is already proven to
be non-toxic [4]. The morphology of the cells was round,
indicating the interaction between the cell and surface was
suppressed. This result was also observed by other groups
{s).

Conclusions: The collagen that was immobilized on the
collagen gel was firmly cross-linked with collagen
microfibrils. The adoption of phospholipids polymer
increased the mechanical property, while maintaining its
soft tissue viscoelastic behavior. Increase in the
hydrophilicity made the cell difficult to adhere, which is
the affect of phospholipid head group.

References: [1] M. J. B. Wissink et al., Biomaterials 22
(2001) pp. 151-163. [2] K. Ishihara, Sei Techno! Adv
Mater 1 (2000) pp.131-138. [3] L.H.H. Olde Damink et
al., Biomaterials 17 (1996) 765-773. [4] T. Ito et al,
Collo Swf B Biointerf 41 (2005) 175-180. [5] A.
Yamasaki et al., Coll Surf B Biointerf 28 (2003) 53-62.
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Influence of nano-vibration stimuli on cell differentiation for tissue engineering
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The handling of cells is one of important factors for tissue enginesring. Recently, physical stress and stimuli, such as 2-D stretch,
hydrostatic pressure and shear stress, have been extensively studied for controfling cell function. In this study, we report the influence
of nano-vibration stimuli as physical stress on cefl differentiation. Here, we adopted nano-vibration stimulation system as a novel
physical stimulation method. The piezo-electric actualor ks employed fo apply micrometer- to nanometer amplitude. To investigate the
influence of nano-vibration on cell difarentiation, PC12 cefis were used as mode) cell and stimulated using nano-vibrator. The cells were
seeded on multi cullure plate and then nerve growth factor (NGF) was added at final concentration of 50 ng/ml. The cell culturs plate
was set on nano-vibrator and shaken at various frequencies for 1 hour from day to day. The morphology of live cells was observed by
light microscope for 4 days. The cells having at teast one neurite with a length equal to the call body ‘diameter were defined as
differentiated cefls. The degree of cell differentiation was expressed as a percantage of the total cells. In the case of no addition of NGF,
the calls were hardly differentiated with and without nano-vibration stimuli. On the other hand, with NGF, the cell differentiation was
observed and promoted with nano-vibration In the initial stages. The length and number of neurite per a cell were investigated using NIH
image. The no different In number and length of neurite was observed wilh or without nano-vibration stimull. These findings may lead to
novel cell culture systems controiling cell differentiation of some of stem and progenitor cells,
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Development of bioscaffold preserving collagenic structure in biological tissue
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The development of regenerative vascular grafts is strongly desired especially for the pediatric patients, There are many research works
related to artificial grafts made of biodegradable synthetic materials. However, it is still difficutt to control the biodegradability due to thelr
hydrolysls, adapt the mechanical properties required in the artery, and reproduce complex shape such as aortic arch. In this study, a
regenerative collagenic vascular graft was developed from porcine aorta by removing cells and structural proteins other than collagen
from the tissue.

Porcine aorta was isolated from the Clawn minlature pig (Japan Farm, Co. Ltd.). The tissue was placed in @ vacuum oven at 120-C to’
cross-link coliagen fibers. Elastin fibers were then taken away form the tissue by enzymatic digestion using elastase of 0.56 w/m) in tris
buffer solution including CaCl2 of 10 mM and NaN3 of 0.02% at 37-C with gentie stir. The obtained tissue was subjected to histolegical
and biomechanical studies. :

The mechanism of cross-linking by the dehydrate heat treatment in vacuum atmosphere may be attributed to condensation reaction
betwesn a carboxy! or hydroxyl group and an amino group of the protein. However, the elastic fibers were digested enzymatically even
after the treatment and it was confirmed histologically that the obtained tissue has no elastic fiber and cellutar components Inside. The
coliagen fibers remalning in the tissue were also degraded completely by collagenass. The tensile strength certainly decreased after the
enzymatic treatment, however an appropriate cross-linking could reduce the dedline in tensile strength. The tensile strengths of the
obtained vascular graft, a porcine native aorta, and pulmonary artery were 1.09, 2.45, and 0.87 MPa, respectively. The graft may
applicable not only to the pulmonary artery but to the other arteries. Also, the graft may have better ability to promots csll infiltration and
tissue remodeling compared with the acellular tissue without elastin digestion since the tissue may have more porous structurs. The
original structure was well preserved all through the process.

The collagenous grafis were prepared by the cross-inking followed by elastin digestion of the porcine vascular tissue. This may be
adapted fo the vascular tissue regeneration. .
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(42) Cell Culture on Nano-Vibrating Surface for Controlling
Cell Function
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Introduction: Handling cell function is one of important factors
for preparing functional cell groups. Recently, physical stress, such
as hydrostatic pressure and shear stress, has been studied for
controlling -cell function. These systems are inspired by physio-
logical stress. To examine the influence of non-physiological stress
on cell function, we developed nano-vibration system. In this study,
we report the effect of nano-vibration stimuli on cell function—cel}
adhesion, proliferation and differentiation. :

Methods: To investigate the influence of pano-vibration on cell
-adhesion and proliferation, L929 cell and MEF were used as typ-

. ical cells. In the differentiation experiment, PC12 cell was used.

All cells were vibrated at 10kHz for 1 hour everyday for 4 days.
Then, the alternation was studied by counting cell number, ob-
servation of cell shapes and gene expression analysis using real-
time RT-PCR.

Results: In L929 cell, theré was no effect of nano-vibration on ad-
hesion and proliferation. On the other hand, MEF cell showed drastic
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change in adhesion and proliferation by nano-vibration. PC12 cell
was hardly differentiated without nerve growth factor (NGF) addi-
tion, irrespective of nano-vibration. On the other hand, with NGF, the
cell differentiation was promoted by nano-vibration in early culture
period. However, the level of integrin and neuritin gene expression
was not different in both nano-vibration and static culture.

Conclusion: We found that nano-vibration was effective on cell
adhesion, proliferation and differentiation. These findings may
lead to novel cell function controlling systems for stem and pro-
genitor cells.
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