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Fig. 1 SEM images of micro-/nanostructures formed on Si
(100) by various etching. (a) in NaOH for 5 min at 90°C, (b, c)
metal-assisted chemical etching for 10 min using Au and Ag
catalyst, respectively.
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Fig. 2 Contact angle of Si substrate with different structures.
All experimental conditions were the same as in the case of
Fig. la-c.
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Fig. 3 SEM images of (a) GaAs pillar, (b) needle, (c) nanowire
arrays formed by a combination of anodic etching and
chemical etching.
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Fig. 4 Current density-electric field intensity curves of
anodized GaAs with different structures.
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Fig. 9 Cross-sectional SEM images of as-detached amorphous
alumina membranes formed in (a, b) oxalic acid at 40 V and
(c, d) phosphoric acid at 185 V. (a, ¢) Top, (b, d) bottom part.

a b

Fig. 10 SEM images of top surfaces of a-alumina membrane
formed at (a) 40 V, (b) 60 V, (c) 100 V and (d) 185 V. Heat
treatment was conducted at (a, b) 1250 °C, (c, d) 1400 °C for 4 h.
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Fig. 11 Change in the pore diameter of top surface of
alumina membrane with through-hole treatment and
subsequent heat treatment. The chemical dissolution of
alumina membrane formed at 40, 60, 100 and 185 V was
carried out in 5 wt% phosphoric acid at 30 °C for 5, 30, 60
and 120 min respectively.
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Fig. 12 Vickers hardness of amorphous and crystalline alumina
membrane. Nanoindentation was performed with a 980 mN
(100 gf) load and a dwell time of 15 s.
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Fig. 18 (a) Schematic illustration of a device fabrication
process based on a hydrophobic/hydrophilic pattern using a
photoresist ~ (PR)/octadecyltrichlorosilane  self-assembled
monolayer (OTS-SAM) stacking structure. (b) Photograph of
a hydrophobic/hydrophilic pattern. Dispersion droplets were
located only within the square hydrophilic region. (c)
Microscope image of the square-patterned GaAs NW film
before electrode deposition.
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Nanowires

(b)

Fig. 19 (a) Laser microscopy image of vertically aligned GaAs
NWs prepared by anodic etching. The etching of bulk GaAs is
along the {111} direction. (b) TEM image of the GaAs NW of
300nm diameter. The outer layer is an amorphous substance,
whose thickness is about 20 nm. (c¢) High-resolution TEM
image of GaAs lattice taken from the NW core. The inset
shows a schematic atomic model of GaAs; green and red balls
correspond to Ga and As atoms, respectively.
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Fig. 20 Normalized Raman spectra of GaAs nanowires from
top surface of the vertically-aligned nanowires corresponding
to (111) plane.
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Fig. 21 Relationship between the reverse electrolysis treatment
time and LO phonon frequency. The red line is the LO phonon
frequency of the starting bulk GaAs substrate.
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High density (600 s)
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Fig. 22 (a) Schematic diagram of TFT structure. (b) Typical Ip-
Vas characteristics of GaAs NW TFTs with 600-s treated NWs
with high and low density networks. TFTs were measured at
room temperature in the dark under ambient atmosphere. The
inset shows the Ip-Vgs characteristics of the TFT with 600-s
treated NWs with low density network. (c, d) Optical
microscope images of the TFT channel region corresponding
to TFTs with the high and low density networks. The length (L)
and width (W) of the patterned NW network film were 200 and
240 pm, respectively.
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Fig. 23 (a) Typical Ip-Vas characteristics of oxide TFTs with
and without SAM modification. (b) Schematic cross-sectional
diagram of a bottom-gate TFT structure.
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Fig. 24 (a) Schematic cross-sectional diagram of a fabricated
capacitor. (b) Optical microscope image of the capacitor.
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Fig. 25 Capacitance-voltage (CV) characteristics of SAM

capacitor with the control sample (without SAM). (a) f = 100
Hz. (b) f=1MHz.
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Fig. 26 Capacitance variation as a function of bias frequency
both with and without SAM.
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Fig. 27 I-V characteristics of air-annealed TFT. The annealing
condition was 150 °C for 30 min. The TFT with SAM showed
counterclockwise hysteresis, while TFT without SAM was
normal behavior.
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PVA 21— ¢ > 7 DB, Fig. 28N d & 512, BRI
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(a)

CNT
channel

(C) 10’“;

PVA solution T
4 Uncoated
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L/ electrode
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/ channel
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Drain voltage = -1V
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Fig. 28 (a) Schematic of PVA-coated CNT-FET. The SiO2/Si
substrate is employed as a gate insulator/gate electrode (G),
whereas the CNT network acts as source (S) and drain (D)
electrodes, and a semiconducting channel. PVA solution is
dropped on the channel region and heated for solidification. (b)
SEM image of the channel region before PVA coating. (c)
Typical transfer characteristics of an uncoated FET (black) and
a PVA-coated FET (red). The device was measured at room
temperature under ambient conditions.
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Fig. 29 (a) Typical C-V characteristics for capacitors with and
without a PVA layer. The insets show schematic cross-
sectional diagrams of the stacked capacitor structures. The
PVA thickness estimated using a stylus surface profiler was
670 nm. The frequency for the C-V measurements was fixed at
10 kHz. (b) Estimated Vrs as a function of the PVA thickness.
The dashed line represents the quadratic fitting curve. The error
bars are the maximum and minimum values of the 5 measured
samples for each PVA spin-coating condition, while the data
points represent the average value.
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Fig. 30 (a,b) Schematic cross-sectional diagrams of a PVA-
coated CNT-FET with applied Ve < Vin and VG > Vin. ppva,
Qrva, and Qsio2 are the bulk charge density in the PVA layer,
and the charge densities at the PVA/SiO2 and SiO2/p-Si
interfaces, respectively. The bulk charge-induced and bias-
induced charges are accumulated in the CNT. (c,d) Possible
band diagrams for the bias voltage application shown in (a) and
(b). The Er is located at mid-gap caused by the PVA coating.
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Fig. 31 (a) Transfer characteristics measured at room
temperature under ambient conditions for a CNT-FET before
and after PVA:NH4" coating. (b) C-V characteristics for the
Au/PVA:NH4"/SiO2/p-Si capacitor. The increase in the
capacitance at positive bias is attributed to the heavily positive
charged PVA:NH4" layer.
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Fig. 32 Resonance Raman spectra for CNT films. The black,
red, and blue lines correspond to as-grown CNT film, PVA-
embedded CNT film on a SiO2/Si substrate, and a PVA:NH4"-
embedded CNT film, respectively. Intensities were normalized
with respect to the G-peak for comparison of the peak width.
The excitation wavelength was 488 nm and the measurement
was conducted at room temperature.
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Fig.2 Tribological properties of various surface treated CaCOs3
filled PA6/PP composites. (a) Frictional coefficient and (b)
Specific wear rate.

Fig.3 SEM photographs of fracture surface for various surface
treated CaCO; filled PA6/PP (=20/80) composites

T L Rk (PP RINE) OBRRETHY, CaCOs DFEMEL
Bl LTIE, RO (Untreated), =LA U (MA), fgHh
WRALFE (FA), 7TIFAR_UP o 2Lk (LAS) B
T /vTy (ASC) OFt SHEEAE AW DOTH D, BEHE
783 DO L b2, 7 L v REEEB L OEBELED
EUMZ LW BB R L, R0 2 & B 7o 7% d AL PR
EER LT NERO2WI E2URIBIND. ZiuE, Mk
B & O3E T L0 M BPNERREE 2L L, Z AUV IRE &
WXL E LTS Bt S —fIC B (LT 570 5
ZHD. ZOMEINEHEEOEWEHEET H7-012,
PA6/PP/CaCOs AR B Ok i &2 SEM #1582 L 7=k R 41X 3
WZoRT. 7272 L, PA6/PP =20/80 T&H 1V, PA6 I35 HHE (B,
PP B~ bV w7 R () &725. REWLELOE LY
PAG SRR N 2D Z L, £ CaCOs Dy HikEEN
K&ELSEL, DG b RIAIEOMIEIC L K& < B
HIZENDMNDL., Lo T, EEAHOEWNILY, 7L
VDO RE ST TR, 7 4 T — O BURIECIEAE S T
HENT D LT, ZROREDTTHEO N T AR e —)
HEZIICDE LESHEHELHIE T 5 2 LR SR
5. Wi, Wb mtERebz B L, [F PA6/PP/CaCOs B4
MEIOXFEMEIZRIETT aa A K CaCOs DRIEOFEL K
L, FOREFE LT, K4 hTA R O—HEIC K
E9 CaCOs KIR DB A /9. J=72L, AV = CaCOs i3l
BAFRALER 2 fii U 7= EHTRi£Z A% 40 nm (40FA), 80 nm (80FA)F
LV 150nm (150FA) D 3 FIETH D, FARMITIE, BEEMR
HlB X OB & LRENNE L R 51E EdEd 0N
ot 272 L, HEREEICRBWVWTIE, 40nm LY H 80 nm
DI LT E <, R DEIT L 0 BEEEERE D A
H=RLPNEZR Y AR K > O3y ekt 2 @R L
RITNIER BN b,

R, W—RrF /) F2—7 (CNT) FEZDEEYZHE
BMEHZBW TS, R ~—7 L M OREECF LD
FENERFETHER 2R L. ZOBRIZONTE, &
ORI LI L 5 FETHRREDT, ZZTIREKTS.

-107-

¥=0.5mis
| 2=3,000m &
P=SON ——

Counterpart:S45C
| PA6/PP=80/20
| CaCO; 5vol.%

o

Specific wear rate, X 105 ¥, (mm*/N-m)

=

50 100 150 200
Particle size of CaCO;, (nm)

Fig.4 Influence of particle size of nanosized CaCO3 on the
tribological properties of PA/PP/CaCO3 composites. And SEM
photographs of three types of nano-sized CaCO3.
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Fig.5 Tribological properties of maleic anhydride treated CF/PA6
composites. (a) Frictional coefficient and (b) Specific wear rate.
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composites. (a) Untreated CF and (b) MAH trated CF.
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Fig.7 Schematic diagram of four kinds of processing method for
VGCF/PA6/TPE composites.
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Fig.10 Specific wear rate
vs. size of dispersed SEBS
particles of ternary nano-
composites.

(b)sc2




X PA6 ~ U v 7 2 fH e (M) P28 LTV 5 VGCF-X
DO—ERIZEEER (K 9 OO AES) NBEShDDITR L,
sc2 (X 3(b)) Tix VGCF-X DEEMRITELZ S 112 PA6
HFIZESBLTWA Z ERbh5b. DE 0 27 U 2Tko%
FIZ &Y SEBS ffEICiT R Z g% 5 2 912 VGCF-X
OHBIREEZ L IED Z EMARETH VD, ZTOoEEic &
O LLEERE R OB A RESHETE D L)
5.

D ORRFEHRE R D, IRRBRAERE O R EHE A FIECIE R
IR 2 iR o2 7 U 2tk Ee TR H L
72 EORIEM T OFEE, (EROM B FH O FE LA D
BEZ LT, AUMEICH-ThH, MBS 2
W52 ENFRETHY, B EmMiEENTTRETHD Z L
BoMND.

2. 4 REHBEMNSIZXZFE

FEAESEFGIZED2FELELUL, 722 M L—FB X
(O PRV Vv DIV - LAY o) | IR (el G R AR 0 (7 fh= 7S
7 — L OISR 2 &y T EHC AT 532 k2 REd 5
Ll BoniT ) s~ A T a R — L OIS & A
BENEEBEESFMEO T A Ro O—Fepkrp & & E5k
IR L 7.

Tz b ML= EHWEINTE LT, &9 F 4R
< T VT NVORKRN MBI THALRY T M I 7 v taxF
L' (PTFE) I22WT, 7= ML —HFE2HW-REK
N A FAZ 3N LA 048, 38 LUV FL S 300N L% i
L 7= PTFE OEEEHEEIZ DWW CEBRIICHGE LTz, ABF4ET
R L7 EHTHiR D PTFE o — b~ (7 v v T3k E4,
F-8035-04) Th 5. MEOWHMI LI L — K 800 nm,
UL ANE190 fs BLOKED IR LERKE 1 KHz O 7 = & b
L= (A =L —P—fkXS4E, [FRIT) &AWV CHER
ROWHM L AL, M12I27 b ML —PFICL D%
L—HH O PTFE DR S &L L —HF D% v HEORRZ R
I PSR AR DI, RS BIELS D OO,
L 23 5 VIS CIER S B — E OISR T 5. &
7o, WRSIIV—VHAIC L DR bR TE, L—TH
FABRKEL 2DICONTERSITHEL R EM 2R~ T. K
13124 L— 32 L A BN L% > SEM B F(x1,000)%
IRT L PHENEL DI ONTHEOREINEL b &
E BT, NEFRIBIRERT ZENbD. 2O RN
O, L—=PITEMEICE - T, ~A 7 Bl N R 5720,
EEORARERHICAH 5T D020, KNI NT A—H
(L—VHA, V—VFE, L—V 2Ry MR Y) &Kl
IbTHHERDDZ ERNbNG.

Z I, HAREICBT DA 7 a i T oM EIZ oW
T, TR A =2 Ot 2 Ral LR, L—V D%
0.001 W, L —¥#HE% 15 mm/min, BL ARy MEE 1.7
um IZEHS 5 Z & T, K 14@IRd & 5 7218 10.1 pm B &
EE 6.8 um O~ A 7 BifEIREM LT 5 2 LN AlRE L 72
ST, ORI TEMAEANT, KI1SIRTLHIdEs
oYy FHkEE 20, 50 B ON100 um & 28T U 7= o
W% PTFE RENICIT L, Zi 6 OEEERME 2 EEER <
O EFEABAIC LV EME L7, 2L, MW T (Sml o
Va4 AR B L OMTM2IRIE), MEME L
T SUR A—/1(p 2.5mm)Z HWCTFEH L= D TH 5.
16 2R EARE S 211 5- L7 PTFE OEEERHEIC KIE T
Mg DB AR, HEFE2 20 mm 38 X V50 mm TiE, R
L PTFE £V b @ WVEBEEGRSE A R olxt L, @ 100
mm CIEEWVEREEZ "9, Lz~ 7T, PTFE £H@IZ7
=AML=V ERANWTY A 7 vt 5352812k Y,
PEERE A HIEITE D 2 e85, B, b OMAIRE
ETHIZOWT, omm s Fa0E, BARBIZIER

-109-

=N}
(=}

Eso | O W 02W O 0.8W

= 0 04W O 1.OW

= o A 0.6W

-%40 r

30+ °

E <

—§ 20 o W g

-

'§ 10 - g A o x| g m]
8 8 9 &

L —8 B
0. 500 1000 1500

Laser speed, (mm/min)
Fig.12 Relationship between the microchannel depth of PTFE and
the laser speed

v=600mm/min

.I(Em [

v=400mm/min

oy 5| 1(ﬂm
v=200mm/min
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Fig.15 SEM photographs of surface microchannel on the PTFE at
various pitch distance.
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Fig.16 "I-L curves of various pitch distance of micro -structured
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Fig.20 SEM photographs of surface microchannel of COP
fabricated by nanoimprint: (a) before, (b) after sliding wear test (1
cycle), and (c) after sliding test (10 cycles).
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poly(HexMA)~7 7 > % {5 L7z,

H 0 0 CHs CHs
fo—‘P(CHZM10—0—9%0%—10—}&
OH CHs Cc=0 n

O(CHy)sCH
sus34 (ChasCHa

substrate Surface initiator unit ~ Poly(HexMA) brush
Fig. 23 Chemical structure of poly(HexMA) brush on SUS304

substrate

&g L OMEMERNBRWY VB2 AT 5 1 &2 SUS FEiR
FIEIZEEIL L, SI-ATRP (2 X Y B9+ 8 My = 850000,
B 33 nm @ poly(HexMA) 7 7 Y SUS Hebl 3 i 12 5
b7z, poly(HexMA)Zx L TRIBFHETH D M iz
DT T UEREREL, BEEREHWEHE L (Fig 24).
Hertz #EAME N 53R D HIUL S 1L 236 MPa &\ 9 @&
THY N5, BRWVEEGHEHP 104~ 10" ms! 12BN T
RO TRV < 0.02 &7 L7=(Fig. 24a). —J7, FALHE D SUS
FMD n 1% 0.18 UL EDfEA /R L7 (Fig. 24b)Z &, R
~—7 7 U XA BEEERIEH LN TH S, £
PEEGHEE L L B2 p MET L 0.0l LFICETELTWS D
EMD, 7T UNRERTREER O AR LS FUEE 2
DA~ EHIERERBIT L WA LEX NS, &5
W2, BIRIEF OR Y < —SHITRES 1 & OBIRIER @2
eI BB 7 0 — 7 L ORI EAER 2355 < 72 0 BEER I
INEL ot EZBND.

;&; : " (b) ndbn-modified SUS
210" 3
0 E 3
e L (a) Poly(HexMA) brush |
S107%F E
S ]
i

10 10° 10?7 10"

Sliding velocity, m s
Fig. 24 Sliding velocity dependence of the friction coefficient of
(a) poly(HexMA)brush on stainless steel plate in toluene by
sliding a SUS304 ball with the poly(HexMA) brush and (b)
non-modified SUS304 plate in toluene by sliding a SUS304 ball
over a distance 10-30 mm at sliding velocity of 10* ~ 107! m s°!
under a load of 0.49 N at 295 K.

—7, KFIZBWTT Z VHERD pid 0.15 L EOfEAE R
L 7. /K% polyHexMA)IZ%f L CHIBEH TH D=9
poly(HexMA)IZH it /y F & o #Efitimifi 4 /NS L LD &
LI-OMRCEBEE e —T7 Th D AT v VAR EFAEE
AN 7Y, phREL Ko bBEZBND.
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Fig. 25. Number of friction cycles of friction coefficient on of (a)
non-modified SUS304 plate in toluene by sliding a SUS304 ball
and (b) poly(HexMA) brush on SUS304 plate in toluene by
sliding a SUS304 ball bearing the poly(HexMA) brush over a
distance 30 mm at sliding velocity of 2.0x10- m s*! under a load
0of 0.49 N at 295 K.

T EEEEME & 31419~ % 72912 Poly(HexMA) 7 F D < V) K
UM 21T > 7-. #FHE 049 N, #E0E 30 mm, EEHEE
2.0X107 ms! OFMTREIA T — ¥ O EMMEEEE 21T 5
7-(Fig. 25). ARMBED SUS304 FobRK D EEEREL T BB IS
02~04 OFEVMEZRL, BREREE L HIZ03IZIRT S
B DFED DAz, TIVUIRII B RS CRERED I8 A4 L, BN
DR END L EEGENERT D 2 & TEREBREDN —E
DR ol EZBND. —J, 77 HERTITH 900
FEICE S £ CEERHIT 005 LT Z#EE L, Tnligix
EH U7z, #0K UBEEIZ XY poly(HexMA) 7 7 o D &
FEDHEIT L, 77 VENMEK L & S ICEBRE R L
EEZLND.

7T O TEERENE 2 ) _E S8 5B T
ICBERBIEE R B AT DB, v~ A 7 A —F —F—F—D
SRS 7 7 > R BT D 70 EOTRE M3 LA
HDH. FTITRIL, BEREEEETLINVCT T VRS
DLIREEIT o7,

3. 3 FAREB~OESTEBHRET L DMNE

BIAPER B SR T OB X OV, RO
OB RIECIRERO T H e EHEKOFTHRZ T LND T
B, BLOEWIIESRTH S, Fl 2T M2 & o
FEEARERIT 0.0001 ~ 0.03 TH B, ZHHIFTKDEFELT T
ER SN b TR nO. kB IERISEEAMELS, BER
TR Z R CE 0=, ERITR L7 7 o0 X 9 it
EERTHHES T BKICEMSE 5 Z L Tl 2
MRS L TV DO, Bl IE, ERREICEEND T T4
TV AhEary RaAFURBREO 7 ) axT I 7Y
BN EBEICES LT T Ar DR SN T
BY, RINT T DX 0EEE L&y +EME T
HDH. Ihonad—7 i oMR T EDOKERFET S
Z&T, ARBEEIKEEEEBE LTV,

F T, AW IR OIS AL, 2G5 —
FrDORDVIZEELIZRY =7 L a—L(PVAE, 7
TR L2570 T4 270 1 v O 0 ITBEIK
PRV T =F T TIWRICT T 7 U BAMEERE 2 A
THC AR L, St TicB T D REEME 2~ £ m DOk
F 27 7- (Fig. 26). R CEBOKEEZX 256, 77
EH L VRBE S OBIFIE D BEBIRE N KR E A 52 5. B
BRI O R Y ~—8ITIRE > 7 & OBIFIED & T2 DA T
IR 0 —7 L OMBEAERAE < 72 0 BER IV S
7ed. —J5, BT ORY ~—BITREy + & ol
Ha /NS LIS ET A DMMNICEE Y v —7 L O
HAEADEL 220, BERENHAT S, #-TC, A ~—
TITUICE DK ERRSEDICERY) ~—T T2 LK
EOBFMENEE Th 5. % 2 CANF TITBEEAMEEZ 7T
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poly(3-sulfopropyl methacrylate) (SPMK)~7 Z % FH\ T H
D~z hIARa D — R HE L7

poly(SPMK) brush

)

PVA gel film

o

0" 805K

Fig. 26 Preparation of super hydrophilic poly(SPMK) brush on
crosslinked poly(vinyl alcohol) film.

%) 2%PVA K¥E# 1 mL 12 0.01 M PUAR 7EEF R U w7 LK
100 WL 2%, vV ayiERIZAY a— Lz, BE
SR CINEL L IR 120 nm F2EE O PVA A 55 L 7=,
T REA Y TFNERT 0 2 REL S, HEEEIC
FALT VXL EEA LT, ZnERAE L THifirE F ¢
SPMK @ SI-ATRP #1T 9 Z & T, PVA #2212 poly(SPMK)
7T UERMLIZ (Fig. 27). 7 7 VEEOBEEILE 100 nm
Th-o7-.

] 2%PVAaq./ OH OH
Siwafer 0.01 M NayB,O7 4. PVAgel
I (120 nm)
(a) 40°
Br
CHy—C—C0,(CH,);SO03K
CuBr,/ bpy/ CH
2-bromo Br 2 5
isobutyl  CHy-C-CHs 7‘;‘;3&'080'(’ Cha-G-GH, POIV(SPMK)
bromide ¢=0 L_ brush
_> ~
o 5 (~100 nm)
(b) C N
: 750 (c) 7
2o SR TR SRS

Fig. 27 Surface modification procedure of PVA gel film by
surface-grafting poly(SPMK), and water contact angle on (a) PVA
gel, (b) Br-immobilized PVA gel, and (c) poly(SPMK) brush-
grafted PVA gel surfaces: Deionized water = 2 uL.

(a) PVA gel film

(b) poly(SPMK) brush
on PVA gel film

(c) poly(SPMK) brush
on Si wafer

o
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Fig. 28 Sliding velocity dependence of the friction coefficient of
(a) PVA film (b) poly(SPMK)-g-PVA film, (c) poly(SPMK) brush
on Si wafer, by sliding a glass ball over a distance 20 mm at
sliding velocity of 10 ~ 10" m s under a load of 0.49 N at 298
K in water.



BALT VXV EEE PVA FOVREICHES S 5 & xbkEEflfm
I 40° 5 75°F T EF Lz, KEBE/RICEIV T =4
My FEME D poly(SPMK)% 77 7 b4 5 &, skl
X 7PETIERT L, @BKERENIESNT.

Y ~—7 T KO8 BRI w2
Tribostation Type 32 % FHV>, [EE 10 mm O A T ABR % FEERE
T & U CTHEBIEBEERR AT O 2 & THlE Lz, JIE K
W, SRR (298 KW CHEE AR 0.49 N, 15 0 B 104~ 10 ms™,
PR1E 20 mm D et TIT - 7= Fig. 28w d & 9 (22848 PVA
FEOKFIZIB D BHEEEIRENT 104 ~ 10 m s DR
BBV T 01 ~ 015 L ETH-72. ZHiCxL
poly(SPMK) 7' 7 + % {595 Z & CHRINIC BIEEELRER I3
b U7 (Fig. 28b). FEEEHEE 2N K & VI CEHEEEIREOME T
DHEAIFFED 5D, 1EEFICu<0.04 [KUVMEEZ R LT
HENFEMTH D, —J7, Fig. 28c DX 512V 3 U EMKRIC
B4 poly(SPMK)7 7 v &I L7-FH b 10° ms' DL LD
EGEAIZ BT < 0.01 £72 D, PVA /1T poly(SPMK) 7
T ERB UK & R A R L7z, LA L, 104 m
ST DRV R FE FEI T ldp > 0.25 O VWMEZ R LTz,

RIS NTET D BRI, BEESEE MRV 7213)
(RO HEE ARG B U B A T [R] L 23 B2 i3 2 B2 S vtk
REICH D, REREBEEEEZRT. BEEEDO LF L b
PR S 2 il TR A E NI IRy TR E I I %
e LB RSN T& 5 2 & CREEBARMNET
T 5. 2T LY EETERIEET EE 0 HIRGTEE 2R TR
KW ~B1T9 5©. Fig 28c TiI/KF1 L 7= poly(SPMK)~7 7
NI ORE Z R U, BRESHEE O 107 m s T TEE
FRME»ORERMEE~E B b L= EZOND.

L2 L, AU poly(SPMK)~7 7 & T% Fig. 28b DX H
IZ PVA ZIVRIENCT 7 U BFET D54, REBEEEE T
TR TR W ENEBR I 2R LTV 5. ZHITIER O S 35
BLTWDHEEZDBND., YV arov 78R3 1.30 x 10
MPa T& % DIZkT L, PVA 7 /L% 20 MPa Td 9 JERIAGIZZ:
L. BT 0 —T DH T AEREET & R E D~V
it RETHE, U arEike PVA 7 v Lo+
IZFNEHN 140 MPa & 093 MPa & 72 5. D%V, PVA #L
VR EICR U CER LEMERE NS X 54y, B E T
WREEAREE N A LD e B2 BN 5. AKFIE LZR Y
~—T7 V@M ORET HEEEITB LT MPa & RED
BIENTEEDOT, WY TV BIFEBEEE o LT+
PRI B F A L, AR R SR C b PRI TE A it (AT
WIENTER SN D Z & CIREERZZER LB 20615,

3. 4 MY UINBERE~OFKET T A5

ANEDORFRLHOT O FERRICHA SIS I 0
VYA RORMET 7 AT v PEEEAREN R AT K
ELHFETEZERRESNTNHO. AT Eum~3K
B pum O FEFE ) 72BN S A L TR Y, KRN H LY
Fr WML LT RREE T 0 T Y i EREa D4R
R ZEmy FEMEE T D & CHREREREL
TS, ZHERKFNT S Z & TR ORMERIA L 720,
LZERMEBIEE R URBEEE 2 R T 2 E 0N IRE SRS, R
FIFZE T LA 22 IS T 7 A F ¥ 23T 5 Tk L
THEIZEL A D 70 (Lb) EikicER L7200, —Ri,
Btk e = T A N~ — DR EZHITE D RO EE FEE
RICHERS S, BT RICWEREEZ N A D & BRI E S
FAT—EREEZ L, BN 0 B3BAET L. 2R
LHThY, ZOMBAUIKN(eq)D &L 2 2ERNH 5.
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Z 2T hITEEMBIOE S, Erk L O Es 3TN E g
MR LB B DY o TR ERT S ORI 5 2 DOME
DY TRII—ETHLHD, HEMBOBEELZE 252 L
THEEOMIFO LbZEEMT 5 2 LN TE 5. ARFETIER
AR Y P A F a9 2 (PDMS)I BRI IS 2 iR
VA REHERZFHIL, LbOEmkzE R .

Fig. 29 12”83 & 512 15wt% R Y 7 2~ 7 B DMAc IR %
Si HMRIcAE 23— kL, 250 °C T2 B¢ 2 2L T
FABE R 2 4% T/ & 100 ~ 1000 nm O Pl @A L L 7=, 7
2 74RO PDMS T 7 A k< —(50 x 20 x 5 mm?3)|FEAE L
JGICE VAL, TRETI%MESE-REICLE
PEAE A% A0 U7 PLIERE A DGV A A N % 72 & & 12 1FF
MEFE L7z, 22K PIciRIET 5 2 & C Si R % H
HEL, fhEZMNNT 25 L PDMS 2NAET 5 & & HICEKBIC
MEEtum DA R Z A RO LRI T,

Bohic LbtlgEs L —F—BEEiHc L VL, Lbo
BB IOESEWE LZ. £0—f#% Fig. 30a,b [Z"7.
Fig. 30c lZ PIEEDIE S h L HE LN LoD EMIAZ TR L T
WA, M TR B WERBIRICH D, PI DY T ERE
Er=3.4MPa, PDMS OV > /%% Es=029 MPa & L TR®
SN D BEE I G L7z AZ R LT,
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/ 1) Spin coat /
i- 2) annealing at50 °C
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Fig. 29 Preparation procedure of wrinkle-patterned polyimide
film attached to buckled polydimethylsiloxane (PDMS) test piece
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Fig. 30 (a) Laser microscopy image of the surface morphology
and (b) depth profile of wrinkle-patterned PI film (2 = 465.4 nm,
A =189 pm) on buckled PDMS, and (c) relationship between
wrinkle interval A and thickness 4 of PI film
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Fig. 31 Immobilization of catechol-functionalized alkyl bromide
on PI film, and successive surface-initiated AGET ATRP of
SPMK in the presence of CuBr, 2,2’-bipyridyl, and ascorbic acid
in aqueous methanol solution at 303 K for 2 h
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(a)

Fig. 32 Static water contact angle on the surface of wrinkle-
patterned (a) PI film and (b) poly(SPMK)-grafted PI film; parallel
direction view along with the wrinkle pattern.
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Fig. 33 Sliding velocity dependence of the friction coefficient of
poly(SPMK)-grafted flat PI film (@) and poly(SPMK)-grafted
wrinkle-patterned (4 = 18.9 pm, depth = 2.3 pm) PI film
(direction parallel [J, and vertical A) in water by sliding (a)
10 mm) and (b) poly(SPMK) brush
immobilized glass ball over a distance of 15 mm under a load of
0.49 N at 298 K

non-modified glass ball (¢ =

ZIREHT a—AVEEAT HRAT VX ACEY A EE
{fbL, $RfkfEE & 12 SPMK @ SI-ATRP #4752 & T, L
DO poly(SPMK) 7' 7 ¥ & FHH L 7= (Fig. 31). 77D
PR IA) 20 nm Th 5. Z OFREIKME & FHET D & xbkiE
fil 1% 8°% 7R L(Fig. 32), EBUKMED Y 7 WVEEE /T 5
%ﬁ# LNT-Z xR L. £/, BT LboJimh
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%%mbbtﬁﬁﬁﬁTS?,ﬁﬁﬁm?4WT%b,7?
7 MEORIITENEFN 8L 3 ThoTe.

B 10 mm DO H 7 ABRE BT & L, TE M E 0.49 N,
25 °C GefF T CARHITEIT B B EERLRER (0) & EL R FE B R 28
BEHBRINC LV HIE L. B, 7 AKIIERERLHEO L
DL, RKMEIZ poly(SPMK)7 7 > &+ 5 LI=b DD 2 flifH %
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M L7-. Fig. 33a l3RMBLD H 5 ZERk & PI-PDMS & D7k
2B D BRI O KFETH D, FiR7R PI RKE T
ITHEDHINE & bl @ﬁ%%&#ﬁ@Lﬁ.mmfﬁﬁb
TR ~—7 7 UnEIRE R A R L, BREEED |
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W, FD7, LbOMERE AT AR EIC BRSNS 72
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f,wfn%@ﬁﬁﬁﬁiy(NS&@wfﬁw@ﬁﬁ%&
R L7z, ZHUIAH 7 ABKES L O PI-PDMS O i iE & (2
BUKMED poly(SPMK)Y' 7 U BFELTZZ & T, KEMREFL
T OBEAE R L= &, SR T =4 EtLo
#*ﬁ%ﬁﬁﬁﬁ & v Fdhim R+ o E it s i < h
T2 T2 DI TIRWEBIEBYR A R LT B2 b d®. £
7o, BESEE N v=102ms' L EOEMATIZBNTYH, Lb
& TME ST OBIEEEREII L = 0.015 LERWVEZHERFL TR
D, BUKMET Z N2 L DKDEFRITINZ, LT
VXENE O AE S ZE e B ORI L 0 (KEE %

HEFFLT-EEZ D,
3. 5 ARY~—TF7 MUK I X 2 BEREREL
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ThHoHN, BMEEREKISHERICRESEZ2MLERH D, K
R —ICEET 22 ENE LWL, 51T, BHRIZLY

EHRTHLIT VIR T v 7 ENTLE D720, KIGKE
R ST FRCARMY 2 IR ET 2 HENH 5. HAHE
IR O BEE LR ERE O K & 2R EmICR Y ~—7
T U EPRBT BI1E, KEO ISR & @i CHEF T 5 2
L2y, HA e NEE A LS 72D, ERLIZE > TR
DOBRBURTH 5.
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Fig. 34 Schematic images of friction (a) at the interface between
polymer-grafted substrate and polymer-grafted sphere probe in
water, and (b) in aqueous solution containing polymer-grafted
silica nano-particle (SiNP).



FIT, RAPRTERY ~—T7 F V&5 Lihi iz &
LEER O E RS D Z LT Ui, SehL TIRRiER AN &
WIE EHNARE S 720 ORERITRE K20, Filfbrast
BNy FRTRKEIZFRETH 5728, [ Ui O Y- DK ik
MBIV AEEDRITE LS TROASH ThDH. £z, BHAKMN
ERTRMEA A LBIRY) v —% 7 T 7 N LI+ 2 1408
IR L 2R3 B8 (CHR A T35 8, JRPTIIZIERF
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&M SN B (Fig. 34). FRICAME TR AR Y L=l v
% A 7 2% poly(2-methacryloyloxyethyl phosphorylcholine)
(PMPO)NZH B L7=. PMPC (A 7= K A1 2 7~ 95K
PEDE Y FEMETH Y O, K THEEEZ =TI LB A
TRE~OIEHA LIRS TS, LLED XS R Ens,
KR TIIA A HEREEZETOHAMERN ) v—T7 7+
[E AR 2 K FE 71T V3 — VISR L, O ek
RN OW T HEMEEV RS 2 D TGE 5 2 &
iz,

BEEGRBR AT O ICH T, TIRO N T AR ST R EH S
MRE S, PEERINF (DR - BERBIR 2 BT D IRIR & 7 572,
T IR TEICENT- BT a— T BEET 7 A6 AET
HZ Lz Uiz, 16 mm DA T AEO—I & R Sk, W
A 522K 275V A ERE 30 mm 1F EDERIRICAR D ETH
LEE. BbN K E AFM THET 5 & (Fig23)dilo
T AKE Y REMH I ITRO T/hE L, LR, SEET T A
(smooth glass: SG) &4 LEEE Y m—7 L LTHWAZ &
(2 L7z, FEBRIT, SG W T ZFKITHIRDO N T ZAERE Y bR
BRI E ST L EHRA L TEY, REOH S D/NER
BT a—7 % 5 2 & TEEROBIM - (SO
rERLZE LT

(a) Conventional glass ball

(b) Originally-prepared smooth glass
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Fig. 35 Photographs and AFM images of (a) conventional glass
ball (¢ = 10 mm) and (b) originally-prepared smooth glass (SG)
sphere for friction probe in this study

Fig. 36 TR T LIy T vy 7V VI RIGIZ LY Kil
BAAFI(BHE) Z [E£S 100 nm 03 U ki (SiNP)IZ [ E{b
L, £mEB#E ATRP (2L VW MPC OEASEITHZ & T
poly(MPC)[ 7E1k. SiNP (poly(MPC)-g-SiNP)% &k L 7=. XPS
AL R LY SINP A poly(MPC) 7 T ¥ THE S LTV 5
T hMEER LTz, E72, SEM BRI 205 £ 11 nm £ T
BMALTWS Z ENBIESNT-. 5 BT poly(MPC)-g-SiNP
® TG-DTA JEZITVY, RV ~—T7 7 V@O ERER (oo =
5534)%7E L7z, £72, PMPC-SINP % 7 vt /kFE KTV
NEERSE, R ~—%EULL SEC JIEIC XV KL
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Fig. 36 Immobilization of BHE on smooth glass (SG) or silica
nano-particle (SiNP), and surface-initiated AGET-ATRP of MPC
from BHE-SiNP or BHE-SG

Fig. 37 SEM photograph of poly(MPC)-g-SiNP
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Fig. 38 Friction coefficient of BHE-Si wafer in ethylene glycol
containing poly(MPC)-g-SiNP by sliding a BHE-smooth glass
sphere (d = 10 mm) over a distance of 6 mm under load of 0.49 N
at 298 K.
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Fig. 39 Friction coefficient of BHE-Si wafer in water containing
poly(MPC)-g-SiNP by sliding a BHE-smooth glass sphere (d =
mm) over a distance of 6 mm under load of 0.49 N at 298 K.
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Fig. 40 Friction coefficient of BHE-Si wafer in water containing
non-modified SiNP (O) and poly(MPC)-g-SiNP (@) by sliding a
BHE-smooth glass sphere (d = 10 mm) over a distance of 6 mm
under load of 0.49 N at 298 K.
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Fig. 41 Friction coefficient of poly(MPC)-grafted Si wafer in
water containing 0.1 ~ 1.0 wt% poly(MPC)-g-SiNP by sliding a
poly(MPC)-g-SG sphere (d = 10 mm) over a distance of 6 mm
under load of 0.49 N at 298 K.

-116-

=AY,

%2, polyMPC)7 7 v & ft5 L7 Si HEikiFKE T
poly(MPC)-g-SG 7'1 — 7 % {8l & WK Fh CEIEEIRE A
JE L7z (Fig. 41). JIERFUTIT MED TIRW BRI (n <
0.0)Z R L7223, T OKEIKIZ poly(MPC)-g-SiNP Z sl L
THEEEGEO LRGN, HEHEE 104 ~ 102 m

sTORTOFEIRIZEB WD TRWEEZREEL TV . 37hb b,
FEEI I polyMPC)%& 775 7 b L7k 123 B AiA 4
THMEERET S Z L < {Eﬂmﬁﬁi‘%?ﬁ%% HLimH9 o
EMHALMNE o7, R , THEhZR 1 & ok 1K
@ﬂﬁ@77/7§>mb‘&@r J: Dﬁ%ﬁ L, Kb O BEEE
fihd il 5 2 L CIREBENAE LB DD,

Dbk Xz, ki, =F Lo 7Y a—nfoEEETIE
BUKMORY ~—% 27T 7 F LR HI3iEmiciEs+5
RN H D Z ERHALNE o, T X D A, HkMER
V~—% 2777 b LTRL T 2 B0 U 72 SefF C DR % 1
FLBITES, HLWEEAIE LCoRAN IS,

4. #=

AWFGE T, i E AT 2 80 T REGMEZ Az
NIFAR~T VT NVORBEMRFT LICHER, -7 —~ &
LCi, MBREGHZ L2 T, g Tic k2 Rk, BLW
FEEGEA 512 & D FIEIC X0 &S TR BEE B 2 1T
L& Lz b TR o—FtaH#EcE 52 & 2 FERNY
T BN LT

—J, BZOT—~TiX, 5 LEANREENOR ) v —
TIUCERL, Wi ENREE, HRERT S VKR
BHRY > 7 A K AMIMFR I IZB WV T RBESEFICB W TE
ntﬁ@ﬁ%%%tgﬁ’&%ﬁMLt S BIZ, Bk
ERT @ EMET 7T T 7 Ly ki &
ﬁ%t/_n%ﬂﬁéﬁtmzﬁﬁﬁntﬁ{@%%%t
T EEPDTHLIZ L. (EROBEERmIA Y ~—%
77 R TBHE0BIEDENICES CISHTHAG IR &2
WIFFSh, Hiicie N7 A P IER T D REEN RS
7.
INDOMBITEERERE S TR N TAR~T U TV E
BT 5 ET, THEMICH LENICHMERE W EB b
5.

<BHBIHE>

(1) Y Nishitani, T. Kajiyama, T. Yamanaka, Materials, 10, 2017,
1040.

(2) MR, EA, BH, A8, AL, BURINT, 22, 2010, pp.35-47

(3) M. Kobayashi, M. Kaido, A. Suzuki, A. Takahara, Polymer
2016, 89, 128.

(4) M. Minn, M. Kobayashi, H. Jinnai, H. Watanabe, A.

Takahara, Tribol. Lett., 2014, 55, 121.

J. Klein, Ann. Rev. Mater. Sci., 1996, 26, 581.

M. Kobayashi, H. Tanaka, M. Minn, J. Sugimura, A.

Takahara, ACS Appl. Mater. Interfaces, 6, 2014, 20365.

C. W. McCutchen, Wear, 5, 1962, 1.

L. Han, D. Dean, C. Ortiz and A. J. Grodzinsky, Biophys. J.

92,2007, 1384.

R. A. Berthe, G Westhoff, H. Bleckmann, S. N. Gorb, J.

Comp. Physiol. A, 195, 2009, 311.

(10) K. Suzuki, Y. Hirai, T. Ohzono, ACS Appl. Mater. Interfaces,
6,2014, 10121.

(11) K. Ishihara, T. Ueda, N. Nakabayashi, Polym. J.,
355.

®)
(6)

0
®)

)

1990, 22,



1.3. MEMS 84 & FlH L7-rERmE DAl & IS A
Creation and Application of Functional Surfaces Using MEMS Technology

A
Kenji SUZUKI

Keywords :

1. ¥
KFr—=iL, K777 b (SMBC £ XU BERC)
TEHE SN MEMS #H.0 & T 5~ A 7 v N L2 15
L, BRI T 21T 2 &2k, fix OiEE2 A
THRBEEAIRT D EEBENET S, £, HSon-£HE
2R LT, fmdutE, (M7 EOFMAEITV, oS & 45
FEMSEE O BEfR A B SN C L, EmEE 2 T 57 572D D% E
FIEEMEST 5. S OICIREEIC L 53y 7 7BEREIC &
EELT, ERR2 PO VX —OHINC X 2 REHEEED T
7T 4 THE AR, FHLOT A ZAOBF &I 5B OB
WEITH. £, MEMS #7225 H U7z R m ok o il
VEEAN, S FERRER T ORF FIEEAME T HZ LICLY, il
DT —<ITxt LERFE L Ie RECHM ORI E 1TV, 77—~ M

OEPEEX D Z L BT

KT —<TiE, BHLIZLLTD 2 O3+ FEwL7-. —>
&, BEICHEAEEZ M T35 Z LI X KO mEE
AR T DHETH Y, b H—oi%, BEOHINZ X VA
i O FPT RN Z HlH5 EWOD (Electro Wetting
on Dielectric) i fffV@% FH T, iDL, oHE, ik,
PR EERATOMETH D, ARTIE, TD 2 >OWFERR
IZHOWTH~ 5,

i

2. FREOWMMITIZ X BEAKREDAIRK
REOFEDT, MEORBH AR X LX— &, FEO%
T2 72 iEE D 2 SOBERIC X 0 TRIE S, [EIARSR 2K
EERIE, 5 WVIIBE S S B OKEER OB E A TH DB
iy TR SN D . NADESL U, B OB EOERE
EBERTD L, HURS D WITHLEEIR OB NEREENFIE L,
ZOMEIC I BOBAKERER SN TEY, SHICRED
KL & BIENRELRLT WAL T 7 U —= 2 VRN
HBHTLEBMENTNDOD, g7 [E A OB A % 0
ET5 L&, BEREFROMINKEL 2D, BWRAEOEE
G r BTN L7 A oA 0'1%, kD Wenzel DX
TRINS.

cos8 =rcosh

€y

6 >90° DFEKRETIL, MEINKEL RDIT A 0
DEINL, BAMERRD HND. £z, EHOHESNEBIC
N3 2 &, BERE IR E ORICZERN A AL AN FAE
15, ZORETIE, RAEICBOCOKERERESEL TV
HEOEIEE f, R

Bfih /g 0’13 Cassie-Baxter DX TEIND.

cos@' =fcosO+f—1 2

JKi# 7S Wenzel & Cassie-Baxter @& H 5 DIRMESE & D)
L, AECORKEHHBAT KA —RNELLR/NI NI L
S>TIRFED. F£7-, Wenzel DIRTE I ILEIAE G E D
fFFEMER BV OIZKT LT, Cassie-Baxter OIRAE CTII/ARIX
BARE & OFFEENMEEBE LT WHAR S 5.

ARG TIE, FFRmICAROMMREEZ T L, #Ek
&840 L2356 O KM E R~ iz, MMz 7

EELTCWDEIEELI-fFLETDLEE,

-117-

MEMS, Functional Surface, Microstructure, Electrowetting

VE—Ty M) AT T- "re-entrant” ZKEEAERLL,
T A=y N OF PR RIS TR RN T
B—Hy "ML+ 52 L2k T, KN ZER LT %
FIEG DI UARED B E DR BHIFFCE 5721 The <,
MW EREEITOBRNVEERBIZ L XEEEIHTX 5 HE
PR 56,
2.1 HEEEGEZMT L= REm oKt

VY arERoOERmMIZTZ A4 NY V7T 7 4L Deep RIE
=T 7) Ik b, MEEEEZINTL, #KH (7
nu7 7 /aY— - FS1010) ZR{EEIC L B LR
ZHWELT-. Deep RIE TiZ SFs /7 A=k b=y F o o
& CyFsiC X D MBERENR O R Z R AT H 2 & ¢, A
FRDOIRIIEy F o T EH#ETIET AT MMELO@EOHEE
T D ZENTES. Ao NAZ—10F, M1 DX 5T
E=ZAFBOEAOMBEIZHOF LA 5L ICEEL, Fo
B d LHE c 2FL< LY, d ¢ OfE% 20~150 pm,
EE h & 19~55 um O TEL ST, #filhfA, %A
DMEZEAT - 72, AT 5 pl Z2REICHE T L TET
TN L&D, KENELIRD DER/ANOHFEL Uiz, MiEH
D SEM Eifg %X 11277

@)
-

/ \ / \
.IE H. .
d: diameter

(d=c) c: clearance

Fig. 1 Mask pattern and a SEM image of the micropillar structure
(d=c=30pum, h=55pum)

BEfihfn, REAONTEHEREZNENK 2, X 3 TR T.
MO EH 29 um O & X, EREMBRED T2 & B
AP L7, EEMAESESN 55 um O & X bRk
PRBEEBN RSN, EE 29 um O L FITHNTEEMIC
A IIRE <, EREEIRA 80 um & 70 pm O [E]CHEik
£ OB BN R S B & B82S 30 um LA T T,
B S ITBIR e R K 160° & 7poT. 72, AREE
55 um DREMOFER T, EREERORD &L bk
AN L, 80um & 70 um O TIETERBO B RS
iz, K 2120%, FigleFiEm coEfiifid 0 =112° & L1z
L EDOEEMADHRME L REN TS, X 1 IR &
<k, KD o r, KOO fIIENRFRKRDOL SRS,

Th 3

2 e ®
Z XY, Cassie-Baxter MIRRETIL, 0 =112° D L =
0'=149° O—FfEL 7D, M2 LV, HimiE & FEREIT X
—HLTHEY, MEOEE - MENEL T & BT
ey, »oMMLLT Tk Wenzel OIREND
Cassie-Baxter OIRFEIZER U CHALA, 9 AN 2MMITE

T
r=1+




O  Exp. (h=19,35 um) == == Cassie-Baxter
® Exp. (h=55um) Wenzel (h=55 pm)

A Exp. (h=29um) Wenzel (h=29 pm)
160
0150 Qe P @gemmmmc e cc e e e
S, ® o
o 140 A
i
< 130 4
k3] ()
8 _
£ 120
9]
© 110 A
100 T T T T T T
20 40 60 80 100 120 140 160
Diameter, Clearance [mm]
Fig. 2 Variation of contact angle
50
F
3, 40
L2030
)
8
0 20
g
g 10 | ——Exp. (h=55 um)|
0
20 40 60 80 100 120 140 160

Diameter, Clearance [pm]
Fig. 3 Variation of sliding angle

Wt 25 EEZLNS. MO SBBINT 5 &, #ihmi
L, RIEER DA T HER - HBOBEIZRE 2 5.
2H, BRSO 2RI A T ) o v BRI BE KA A& A L
7258 OKOEEMAIT 118 Lino7hs, §=118° L L7z
LEOHEMAOHFEEITERELY bREL Rl THIL,
D & 5 R EN T AKFN —FRICBA SN TE LT, T
7B NS roalb tEZBND.

22 TUF—Hy NEET DHEMEE OB

Wiz, &7 X —0 v b EFRITTZ “re-entrant”
REE OB ZARE . K4lT o=y hEATHH
HEOKE SEM BERHZ/7RT. HIEO~ A7 F —,
1EFCbOEAV, BEREMBIE d=c=60 pm~100 um
L L7z, Fiz, 8ETHRE, Deep RIE 2179 BRIZ, H&AID
10 A 7 WAIHIBECR IS DO IR 21T T2 SFe (2L D=
Y F U T DIBEIT, T O%ITRIBELER (CsFs) Ok
L SFe [Tk ATy F U T ERHIATHTC, HE h=60 um
L 80 um OEBELMFEEEK L. 7o & —h v hOEsy
OFESIEFF 10 pm THDH. =y F U 7%, 7+ L PR
MEBREYTIZ, 20O L 6HKA (FS1010) ZiRHEEIC
Xt

photoresist
(OFPR-800)

10um

silicon wafer

Fig. 4 Reentrant structure (¢=100 um, /4=20 pum)

-118-

160

— 155
g
— 150
2
2 145
8
2 140
g —8— rcentrant (h=80um)
O 135 | —#—reentrant (h=60um)
—@— pillar (h=80um)
130 L—A—npillar (h=60um)
50 60 70 80 90 100 110
Diameter, Clearance [pum]
Fig. 5 Variation of contact angle
30
— 25 \/‘—-—‘\‘
0
Q
=20
2
)
2 s E:Etssfz;ﬁ;:}
0
510
g —&— rcentrant (h=80pm)
2 —a&— reentrant (h=60pm)
—o— pillar (h=80pm)
0 —a— pillar (h=60pm)
50 60 70 80 90 100 110

Diameter, Clearance [um]

Fig. 6 Variation of contact angle

Bl OWPERE S 2 X 5, 5% A OPER R EZ X 61277,
h=60 pm, 80 um PWTNDEH S, reentrant DOHEIED
FsgEib A A E <, BREA DR (BEARMED R R 232
DI, FRER RIS L DA, EAOEIEbE
DRLT, AT 145° ~155° ik, AL 157 ~
20° FiETHLHZ LD, WTFHDOEMETE Cassie-Baxter
DOIRFEIZ IR > TV DB EEZBND.

3. EWOD % W= IRTEHI#ET A 2 DB%

AHFZETIX, FBIEOHIMZ LY MR E O /TR Rt
BT VT 4 TIHIBE L, BNl oo R v T E
179 EWOD (Electro Wetting on Dielectric) V@i i2 35 H
L7, 53k EWOD #FZEICBWTIE, T34 AN TR D
ARk, ERE, IRA, WHER EEITV, LIS AT
BWFRENSEITONTE N, T3, 29N 2 P15
HRI3IZ & A E1Thh T, # 2 TAZE TI, EWOD
TNA A B HIE TN~ 7 L— b~
OMERESHT 5 2 L 2 BEL, —ERBOM/NER &£
B L CHTEDALE IC#iE L, EWOD ZFIH L TF /A 2D
NI HEH T2 HFiEEML T A Z 2 BINET 5.

3.1 XD FE

EWOD % FI|f L 7= ikidmsix, —Heo Hik b CTikiE % i
KT BHOE, EEEER & TEER O BNk & B A Tk
THHOD 2 FEHICKENS. 71X FENR E Tk
L ZIT D BB DT A ADHEE Lk OB %2R LT
W5, AR ECHIEH oERmE, MiE, #KEEIRICT K
T5. HKEO LICHEFEES, IWHO—H & ERHMEIC
H D EMIEEEZNNT 2 &, Wi & S ORI ELLZED
AU, ElEDOER Y BRKE L RDHFRITERE TR



F,C G F
fe==1>
\ [ —— = [+
)
llllllll‘ll||||||||lll|ll||l||l|
1 9 4 v
Substrate F, G C, F,
v [[ITT hydrophobic layer L — ==
p | dielectric la
1 | g yer
77777 [ electrode

V
Fig. 7 Principle of EWOD (One-plate EWOD device)

WRBET 5. KRN 700 FIZER I T RWEAIE
W OENITIFE & 72 0, WS IEA O BEBO FIITBE) L
7o & XITWEMN D DOFEEIIN OV G- CTHIET 5.

K 8 X E FOFEROMICHKIN 21X S A THEE1T 5 HE
DF A ZORERE R LTV, B OERLSBEZ1T ) 8%
BT, BB X0 W % R & AT B IS ERE L B
<, MESF AN H)JEHE L CREOEN 2 @D B LEND 5T
W, X8 OEEEAVDNLERD D, FEBEMU ITHIEH O
B, fikiE, SRR ENRICRET 5. BRI T
v REM, HKEERIET 5. FEORKE RS
TIXIER OEALIT 77 v v REMIEL 720, TEOBEMRIZ
TBIEZEHINT 5 Lk & OMICELZENE T, HUNER L o
B NREL RDFINCEE N ZRFELBET 5. &
JEZHN U 7= BRI IR S 52 RIS E 22 D &, Wi Rk e
WICELCEIET S, K7, M8DMT A ALY, EMAE
Y72y FCHRSIL, BEOHIMIE Z EREE SE 5 Z &
ICE - C, EIEIZEINEBICIBLE L GERMICBEIT 5.

Ground electrode

Substrate (glass) (ITO 1pm)
I I N N - lll I N N N N N N : I N N N %/
Drop‘et 0 I:> ) Spacer| Hydrophobic layer
S / (Teflon AF 0.1pm)
| N N N N N N N N N N N N w4 . .
_T_”_I__H.HI._,_H_H__,_M U \lilelelctrlclcaifer
Substrate (glass) (Parylene C 1pm)

Control electrode
(Cr 0.3um)

I

7777
Fig. 8 Principle of EWOD (Two-plate EWOD device)

3.2 R4 DI E T2 ink 28

TP, M 7R T ORI E DTN AEHNT,
Fix OIRIBZEET 2 EREIT oo BUE L 72T N A A D
EE IR T. T AR EICEBED Cr 2 ANy # Y
VWK VREIEL, 74 N YT T T 4K VEBEIEA L
7=, WICHERRE O R Lo C &L, #KE D Teflon AF
AR LT,

kT AR & LCiE. flik, Bk, =%/ —n v
a—2 A A N(1eST) ZHEH L. AKX AEAEK
(0.9%), 5%, 10% 3 FEJEZ /=,

TeflonAF

Parylene C

Electrode (Cr)

HOBE

Glass substrates

Fig. 9 Cross section of the one-plate EWOD device

(1) b oZ(b

TNA A RIZENENOWER & T L, 0V~250V O#ifH
TELEZ 50V 3 22 b ST/ BEoEAlA O LA HIE L.
ZOREREK 10 127, Hlik & EIEAK (0.9%, 5%, 10%) X
KREREBIIR SN -T2, £, MK AR #
J =& a— A VI OfED N E < B
OB/ NS ot

(2) BHAKDEGL

Bk & 3 FRIH OB O RIEK CTHIRE R 21TV I %
TR AR DT & Wik vl RE 70 e | O B AL ORI E 54T - 72
FETEE ORERFILE B 5% 10Hz, B#EORERHLE
J£% 100V ICEE L7cRETITo 72, ZO/RRZE 11 125w
7.

I HERRARELICIE, REKOREOEEIIR O
72Dy T2, Wk P RE A e R O B RN TRE S R B
NTIRTRR LNz, £z, RENEWEEK CIEERRBIEK
EEND ERAIEE LIC K RBBEN Ao, 2k
TNAARENBIEIZ LIV BERINGZENFRKEE XD
nas.

Q) =& ) —nE ) a—rF A LDk

fik, =& ) —, Y a—rd A L E RV TClnEIR %
ATV, B B 7 B (RER T & 25 TTRE 720 fi v JB I 3 o0 T8 i
EiTo7-. ERTELEORERNIF RS 10Hz, FRED

=== pure water (3pl)
saline(0.9%)
— - saline (10%)

e e b e pure water (1)
saline (5%)

= === cthanol

— & =qgilicone oil

]
4

60
TR e ]

contact angle [’

9—--—<>—-.._.<>_._<>_.-®.

- .

I silicone ol |

0 50 100 150 200
voltage [V]

(]
o
[=}

Fig. 10 Variation of contact angle with applied voltage

—&— maximum frequency

e +®e+ eminimum voltage

BN
a O
o O
O =
o o

(=}

= —
= =,
g 120 80 &
5] @e@ccrcccccc@ecccccccccc@® 8
= 80 70 2
o
T 40 60

0 50

0 2 4 6 8 10

concentration [%]

Fig. 11 Experimental results of saline transportation



BIERIXEEL 100V ICHEEL TiT-o72. TORREER 112
AT MK E T )= THEETE TR, v a—v A AL
T TNICERT DDA TRHEIT TE oz, FMkiX
TH ) — VTR TRV AR COMBENATRECTH - 71-.
FERDRE R L FEBICHER Lk o Bkt a R 2 10
LD, Rtk EEREORE D, BREER, HER, MM
PR A TSI AN S D LB DN, ), RiEERS,
B OB EII S ) — ey ) a— F Al B S
H/NSVMETH LR OHRNEETE D Z LN BEED

FRENZBI D EZ bND. Tz, BXRUREERN 1.4

X1098/m THLH T J — /L bk CTE=Z Lnh, BRI
ERMNMELS THBMS 7 ChHNILTETRETH D EEZD
n5.

Table 1 Experimental results of ethanol and silicone oil

transportation
Pure water | Ethanol | Silicone oil
Maximum frequency 240 140 .
[Hz]
Minimum voltage [V] 65 60 —

Table 2 Properties of liquid and experimental results

Electrical . . | Initial [Variation |Surface
... | Dielectrig .
Transport| conductivity constant contact pf contact|tension
[S/m] angle [°] | angle[°] |[mN/m]
Pure 6
water @) 5.5x10 80 120 40 73
Saline 110
0.9.5.10% O 1.6~8.1 50~80 ~120 30~40 73~80
Ethanol @) 14x10° | 246 40 10 23
Sﬂfi?ne x 1x10™ 27 20 10 21
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Table 3 Experimental results for the droplet transportation

Electrode shape Frequency Droplet amount
Dogleg (113° ) 1~100 Hz 0.5~2.5ul

Dogleg (143° ) 1~100 Hz 0.5~3.25l
Rectangle 1~10 Hz 0.5~3.0 ul
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Fig. 16 Snapshots of the droplet generation

Table 4 Experimental results for the droplet generation

dogl dogl
Electrode shape ( 1(;§°eg) ( l(ﬁoeg) rectangle
Averaged volume 0.75mm’® | 091 mm® | 0.80 mm’
Standard deviation 0.2 mm’ 0.12 mm’ 0.03 mm’
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Table 5 Results of droplet transportation

Transportable amount | Maximum
of droplet [pl] frequency [Hz]
Horizontal surface 1.5~20.0 100
Inverted surface 1.5~15.0 15
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Table 6 Experimental results

Amount of | Sliding angle | Sliding angle 2/1[;2}1121;;?
droplet (ov) (100V) angle
5 uL 60.7° 90° 90°
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Functional Creation and Application of Material Surface by Pulse Beam Machining
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Application of Surface Technology to Biomedical Engineering

A R, &l A&
Shigehiro HASHIMOTO, and Toshitaka YASUDA

Keywords : Micromachining, Biomedical engineering, Cell, Flow

1. ¥%8

ARFGETIE, MALOZEH) - RO A BIET 2720 D in
vitro RER T AT A EWET D, ERETLFHIERL X —
BERC DO FE L THELNMEERKOZ IR SET,
~ A 7 N T OMBLO S B & BT 5 R AT L%
T 5. BMMAEC, IRay, M52 & o Mtk 2 1
L7 > AT DMZB W T OB 2T+ 5 2 AT A,
FHROOEL A - HEFH - (b - KRR 7R &~ DRI D %
fENT T DV AT L7 EORREEED . AL RS L
THBHT AMEEHT 5720, REOM™N - IR kM -
BUKM: e &) OFIEENT OBRRE DR R %, ML DA HIH o
B ~SHT 572 8, thoF —< L LT, KF—< D
ZEOHEME A NS 5. FEa AR OB - HE5H - b - SRR L
Z I % 72D 0 SRR O FFIEN o, FAEERIC
BB MEOMBAL O IERMT 72 ElcF 5T 5 2 LR RAIA
FND. ~A 7 eI E - T, MuEERAO T L — b
DERMIZ~A 70 A— LA —F =DM 7 — 2 m%E
L, £/, EEMIERZHI+5.

2. MEEFE
21 =4 7 uiiLE%
MR ZEET -0 T O RSE2 % - lE Lz, ek

TAEIZ & > T, MlBOFIRRE COEZEZ U T OEE LT,

0.01 mm LA T OFAEAED (Fig. 1) « TR D~ 7 1 M,
(Fig. 2) C7 « RAME D B2 DREEC (TRY O AF v
7 %42 (PDMS)] DfF & LDV DGAE({EMERE SU-81 @
WL AERBICEE LZ) (Fig. %6t Lz G ek Lz, &
7o, BHEICMNER~—B 2o 72BH 7 4 L 2R 2B
ZAERL L 72 (Figs. 5&6). BRI - FHAD 72 DK H B A
FAGAATZ RGO % B LT= (Figs. 7-10). £7-, % #l
~A 7\ ag 2% B5IZE A L7z (Fig. 11).

2.2 JIEHIEER

W ARG DRSO - B8 - BlR 2887
D720, AT PR BRI R L O RS E A @A L= =
M RAVREREE (319 % VERR L 72(Fig. 12). MM OREE FITHin
FMEEALSEDZENTE D HFRIKEHKOZ/FERK LT
(Fig. 14). & 575 Ul S 7= flglcfulig z iz % 7=
WIZ, FATEMR TR O % o B M IR AL 0D & VERK
L 7= (Figs. 15-17). YA k- T, WHEHICHE 0.0004
mm~0.020 mm O A Y v NO8"2)A21F 7~ (Figs. 18-22). K54
BRI B ENTMIEEE L) VPR FICEL > T—ED
T CREl LT,

TN IT 2 — R 30 2 RE L, VAR D REHERR D
LR AWIS D EEH L. (K2 Pa). WEICIR S -
MRS D 2T 2 Y BT T L. BIBICHE Lol
DI - Bl - BEZ XA 5T PSRRI L > BB LT,

mDAEERS (K 100 G) Z2FIH L ClRE A BREE® 0%
AR L7 (Fig. 23). BEWEIRE) 7 & K& MU MU BV £+
17 TEN1 MHz O Fifei) 7o k8 2 I 2 72 (Fig. 24).

-131-

2.3 ERICHE L= Mtas

EER T, ~UAMEFEME (C2C12), <~ v XFEME
(Hepal-6), ~ o7 A F#lll (MC3T3-E1), ~ 7 ANGNiniEEAM
Ja (3T3-L1), ~ v AfpMEEFHINE (L929), HUVEC (t K
WERN IR, BEYY, ~ 7 AREEMIE  (Neuro-2a)
ZHAWEZ., 25 OMI%E 310K, CO2 5%DEREE T T L
7. F£7-, WS E LT, T XRIMERE V-,

3. HRBLIUOBE

~ A 7 v B Figs. 1,8,9,16)F L OV Hifa 8 & — L (Figs.
2&3) + v A4 7 mag idh (Fig 11) - MiEEE(Fig. 4)IzB W
T, BHoORERITEF LizMROEmAEEINE. &
S5 0.0007 mm LA EORmOMMAH 5 & =, MGt
T, MRAAEL A U7-. feR o Rl & Aiin o i 7 m A —&
T BEET R AEEE MR IO TS S (Fig. 1).
R 82— o D F AR5 ]~ O B 6] (2 FE - PR B VP 1
Fig. 2)% %A LT, Bl - #kA L S B 7oA AH 22 BAM B8 % Fig.
3IRT. MRAER Y — BT, EEMIE O SU-8 ~0
B GEMME) 285872 2 LB TE=(Fig. 4).

WIS/ N~ — 2 OBLY 2 G T 5B HERO £&E
TSRS % Fig. 5 \ORT. F oML B & U CRR R
B L, BRI AL 5 f78 O INHE & e A BissE - CllE
T & 7=(Fig. 6). Tl ORI 7= R BMAHI T, iz
SNV ABEICKIS L CHRABE T - PEE s
(Fig. 7). NMABZEBEMEEBRICBWT, B BT fikom
I U CEL A L 7ol 23 @l S 7z (Figs. 8&9). Z DB
NEMMOA v E—F o 2DzEL L THESNEZEEZD
1% (Fig. 10). MAHZEBMEHL IR NT, FEXU-_2TY
T DA NVEEGEL LTRET DM B S
(Fig. 11).

H AWV T (Figs. 12-17)TlE, EAWIERT) 2 Pa B Z 5
LN OEENRKE LY, B ETOMBO Ti~0%
B - WIS K A RIBEARAE U, HAMISS 2 Pa LT T
AHRIE, B ECAR - BEIL, AT L mEO )
mcELE L, ET L7 (Fig. 13). MEOBRPOERIZ,
WZxt L CAEDRR DMBAREZER T2 enTERZ &
N, EAETBEMBE CHER ST (Fig. 15). BEmt A WS
J123 2 Pa LR ONEHZIBNT, MIEO MRz -
BB AT D X A LT 7 ARV TGRS L
7= (Figs. 16&17).

~A 7 v AV v hEFEEFOMNOER BN EHE S
72, HEENT-AY v MEIZEZ > THIRRZIEY 500 bz,
iz, RMEROHHE - I BIEE SN 7= (Fig. 19-22).

50 G FREE O E A (Fig. 23) BIZB Wi, BEHD
Jia~OELH, F 72 T E ) & WE R ST~ OE M
DB ST, BEEIREAIK T (Fig. 24) CHiRn O B DR
ENBIEI N,

I o DOFRE R L OEW I FHORENL, Ml OFEREMR
BIZE-TEbTDEEZLND.



Fig. 4: C2C12 (each contour is traced) cultured on micro pattern
for 24 hours. Dimension from left to right is 2.2 mm.

Fig. 2: SEM image of C2C12 adhered on surface of scaffold with : igi{ Sd SEfM ifr?al%ie ﬁ(l)f .néi.cro protrgrsionsl ;rr ay .n;larl.(ero (1)151
checkered micro-pattern. n?;l-m e of scaffo m: dimension from left to right is 0.

Fig. 3: C2C12 cultured on micro checkered pattern for 20 days. Fig. 6: Cultured myotubes and rear markers.
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Fig. 7: C2C12 (marked in circle) near electrode: flow from right
to left: every five seconds: upper left, upper right, lower left,
lower right, in sequence.

Fig. 12: Couette flow device. Upper disk rotated by motor.

(

VI
I AT
LMQ?N‘“ | L)

I BT (R 1P
“H l‘.l‘m [ il ] 'n! |I|“ ! 700 +
Fig. 8: C2C12 after 24 hours of culture on micro pattern A near
electrode.

350
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2700 &

Fig. 13: Migration of ten cells (C2C12) under shear flow (wall
shear stress of 1 Pa). Unit: micrometer.

Fig. 9: C2C12 after 24 hours of culture on micro pattern B near
electrode.

Micro pattern

1|

Fig. 10: Orientation of cells on micro pattern A (left) and B
(right). Fig. 14: Design of cross type of flow channel.
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Fig. 15: SEM image of micro grooves on glass: angle () between
the longitudinal direction of the groove and the flow direction: 0
rad (left), 45 degree (middle) and 90 degree (right).

Fig. 16: Cells on micro-pattern at seeding (left), and at 2 hours
without flow after seeding (right). Flow will be applied from left
to right.
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Fig. 17: Migration of cell on ridges of 45 degree at wall shear
stress of 1 Pa (left) and 3 Pa (right).
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Fig. 18: Slit between ridges.
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.
Fig. 19: Hepal-6 flows through slit from right to left (a—d).
Dimension from left to right is 2.4 mm on each figure.

Fig. 20: Scanning electron microscope image of slit between
micro pillars.

Fig. 21: C2Cl12 is captured between micro cylindrical pillars:
diameter of cylinder is 0.025 mm: flow from left to right.

Fig. 22: Hepal-6 through slit: flow from left to right, bar shows
0.1 mm.




Fig. 24: Vibration in incubator.

4. WS

(1) FROBRRDIEIRDO~ A 7 v BARE LD BEEER L
f.~vA7unRy—r ECOEBMROFEEZHE LD
5, = U AGEFMESRAROEFH RO E A 5N
7-(Fig. 1).

Q) A 7 uITHAIC L - T, HRBREOM N2 A4 % 2
BEAER L, MIMOTARITIE T, M oBm z & <
&5 Z & &R L= (Fig 2&3).

(3) AL \ZIE U 7= iR OB B 238152 S 7= (Fig. 4).

4) BEEP OGO 2857 5D oM ER~ —
T H&A S ToBmRN 7 4V BRBGE AR L BRIV R R
B U 72 A UHEZS T % 1A C & 7= (Figs. 5&6).

(5) VA 7 B PICER T T R BT T OME OB B
(FEEVKE) ZBlE & 7=(Fig. 7).
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(6) ~A 7 o NTHAFIC L T, EmEEMEZIERL, BHRRH
O DELAN S Ul A v B —F U ZADBE N RTT 5 2
& 8T X 7= (Fig. 8-10).

(7) F¥ o REBHATOMBOEZEEL, T4 ll~
A7 mag i ETORFEMRORE~ORH %R A7
(Fig. 11).

(8) ElsMEZEA Lz = v i T COMIREEE > R
T AERRGHRE L, BRIE N TR T I < oWkt L CREE
MWDo Fmmicm< 2 & & R L7k (Figs.
12&13).

9) MlEOREEFICHAFMEELIEL N TE S+
FRIFEE 2B U, MR T B O IG U, i
N & 2SS ED 2 L& RE L7 (Fig 14).

(10) BB MIMERERIZ & - Th 52 Cfdm S8 7=/
IR Z N Z, 2Pa B X 5 &, MRAFN G IR -
T-EW - BENT 5 2 &3 bnro 72 (Figs. 15-17)

(11) v A 7 v BIROMAEDLEIZ L 5T, 0.0004 mm F 7213
0.010 mm O~A 27 AV v FE{ERL, <~ U AT
HIRMERAZER L7223 il 3~ A7 2 TSR F CElgeC
& 7= (Figs. 18&19).

(12) FTIHER LT T~ 7 a (A D » b 2N T,
KE S EEBHEIHE > TIOR3 TR ARETH D Z &
MR- 7z (Figs. 20&22).

(13) ELHEFIA LI AFHICB T HRR/ICE - T, Mk
NEML, T2 5 R L7 (Fig 23).

(14) 1 MHz DEEMPIIEBNC K - TR O BEAE 22+ 5 =
ENTE, ZTOMERBREITMROME Liciihd b s
FLHH L 7= (Fig. 24).
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Nano-Biomechanics and its Application to Tissue Repair
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Functional role of Nano-/Micro-Ordered Structures on Micro-biosystem
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90 M EBIMEBM A HE L, AR H ISR —T 2 Si 2{ER LT,
VERL L 7= R — 5 2 Si 13 HE OVEIUVIEZ ST 2 72 DI 51
Bl 2 0E Uiz, —J7, SiFEt EICES 100 pm, B OHE
S50um D7 4+ h VYA MUz vy F U Ry EER L, ARk
DIRATRIRIC CEBRBM 0 2L, N—F A Sin
BRDTA LRI = EER LT, 2D ER U723 R
~ U AHKEHEMIE (MC3T3-E1 i) Z#ERE L CA v %=
NR— KNI T 24 R R 21T o 72, B8, [EE L7/
, X LPFERCHRE L, SEFBMEN CGlllaniEls L O
Bl e 4 & FEAT L 72,

K412, 7/—KRzoF o 7TSi BREHIZA—T R Si
ZAERLL, MRS AR U 7% O F BB G & AERL L 7= i o
KA 2R g, BAREER] 90 M CIREN 2 um OR—F
A Si B S iz, EiE7e Si K OB L 66° ThH o
7208, X 4a OBl 56° , X 4b OBflAIX 123° THo
7o JEFBAMSEIC X D MBI DO RN D, Bz WRE
VBN T VREDIZ ) PHROMENSRIFTHLZ &
Nbohotz, K512, FREOSM THE 50 pm OR—F A Si
BETAy  AR—2=1:1 (FAH 100 um) TIERL, 24
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REE RS S 2 T o 7o R 2 R T, K4 LT 58, £h
LOFEMTHTA U RXE = > THIBEAER LT3
BT DEE I, X 5a OFMTCIEEEe Sim (667 ) T
172 <, O L VIRWER—F 2 Si (56° ) L THIfmO
BARONZDIK L, K 5¢ D&M TIIR—F A Si(123° )
TIEAR <, B2 S (567 ) BTN T A X7 —02ih
STHEIA L TWAEETR RO, 25 ORER, Hick
WFRE OFREDOFIETZ T TrE7e < Kl OTEAED, Mz
EHEOMBICERRGZ 7206 L2 a2 R LT0D, U ELXY,
RE OB IWENERZENE L TGS, L0EAST»
REZBWTHIRROBENBEFTHY, 2T A RITHE—
SR Si BERIT B LT Lo THIBANR T A 3% — iR
STHEIAIT 5 Z & NIRRT,
' 123°

B4 7/ —FxyFr 7Lk Si B ET 24 h & L7
MC3T3-El #ifd, #HABITA B O KA, (a) R—F
A Si (HF:TPA=1:1) ,(b) A—F A Si (HF:1PA=1:4)

50 pm 50 um i I i -Si }

K5 A R_E—=ROR—F X Si 12T 24 RefijEaE L7

MC3T3-El #Jld (a) W—F A Si (HF:IPA=1:1) ,(b) X 5a
DOPEKRE, (¢) W—F A Si (HF : IPA=1:4) ,(d) X 5¢c DYk
PN

3. BHEBEEZHIELIE-R—F X Si ERETOY VBRI
U LD EBERIREINTH

RSN NTAA a7 8% 4 + (HAp) 134 v
PRI FEOERDFITEOBAMEZ R T Z &b, AN
AF Y —OBREEHE LTHIEEZED TN D, FFET N
A ZADFEMITIIMHIN EARE 72 SiNIL AN b TRY,
SiZ_N—R L Lizkix e o —0 B STV 5, AFZE
Tuayxg NCIET ) — Ry F U7 HWT Si ER R
R—=TF A ) a & &R & RIS T A RICERIL, X
AF®T Iy AE LT HAp OO EEIREHHICE LT
PEATV, HTHNLE, FTHEBEBICRIET R —T A Si RED
WHRE DB LS/ T 2 AL L,

FUEHZIE p 2 Si (100) FEMK (HE&HT : 0.01 Qem) & v iz,
T b UBUE, 10 wt% HF THRELIEZ R L7z Silc



XL, 74 NV Y 7T 7 4 —% HOTHEW 100 pm , BIAER
S50um DL A MUT A B —v w27 BERILT-, 2D
% Silzxt LT 50 mA cm?, 90 POSMFCTERRT / — K=
v F T BT, TA URICKR—T X Si G EER LT,
BRERIZIE 46 wt% HF Ikt LA Y e L7 a—u
(IPA) ZIRA Lok z A L7z, HAp i% 0.085 mol dm
KERAL AV D & 0.05 mol dm3 U VU ER/KIAIK AZIRA LT
ERLL, SBiEAE AT 5 2 & Tl L7, ERLL7= HAp
ZRSWRSETHRIRIC L%, FKICHESBSET
HAp '&BiE 2R L=, 7/ — Rz o F L 7%o Si i g
0.2 mol dm?® U »EeHIZ 10 43R iE L, & D% HM & Peif ik,
HAp MBI 2 AR EICii 95 2 & ¢, HAp OHTHALED
Tl 2 5 T2,

HF, [PA OEEE X 2 BRIRTT / — Ry F 2 7 %17
ST fER, HF:IPA=1 : 2 OEMIFIZIW TR bl (H
B 10 nm) ZRFOR— T AREERG DT, KEEEEALA X
9 63° L D FEMIK (HF : IPA=2 : 1 THK 102°, HF : IPA=
1:1THK 86°) &bz L TIRS 22572, ¥ 6a |2 HF : IPA=1 :
2 DIRBIETIER L= 4 VIRAR—T A Si OFK1H SEM B %
R, RAITCRLULEEFN A IRICER LTZAR—T 2 Si
R T 5, X 6b ITAR—F 2T Y Ve h Wb KW T-1%,
HAp ¥ 2 T L7=3El o SEM # % 7~k d, HAp 13K — 7
ARG HERE L7281, T4 IRDRF — N2 » Tk E
LTCWAHET b5, HAp OREEIT IR Sif & R—T
A3 AV HOERTIEE > TND I LD, N—F A
EBIZ W CERIRAYIZ HAp OHERE & A O REDE Z o 72
EEAD, TRAF—HAE X #2558 (EDS) 12X - Tl
AT LTAER N D S, R—F A SiFHZB W TP & Ca B3R
HSiz, L LR s, HR EICEA LIoiT o CaP
i, HAp OfbZ2EGGLE (CaP b @ 1.67) 1T TED -
72282 b, HAp BHERAE T DBRICAN T U LA F
(Ca?") AAEL, CaKHER HAp RV VR —KFEH LT
L Ca(H2POs)2 & LTHE LT EE X B,

X6 (a) TA RICTERL L= —F % Si OFHE SEM 14 (&
fif 4t HF : IPA=1: 2, 50 mAcm?2, 90s), (b) HAp /LB
DIEFEIO K SEM

4. ESMUESBME (7 XV U LAEE) OREHE

Mg 15 FEBBR EE TR SR A (R B IZIE W EIT Tl <, AR
WIHTLHR TH D Z N BLAKATHMHE L THEAMENE N
LEZLNTWD, ZNETIZ, MBERNRAT V NOBEEM
LA B~ DIS AP RF SN TELD, WIho
WA S Mg O MRBIRINENZ ERMBEE 720, 53 fiFdE o
EEHEAE EENTE L, AR T =27 MW T
1E, FEAFIC X0 6 B RO AP &t U7 b T
B AT 5750 Tle <, AFREA O G2 LT H MR
1ol AT —~I%, 2014 FELETFMS D PD & LT
Yy MRS o 72 Anawati 1+ (BUFE, 4> Fxry
TRE, T=aT7 Iy IR ar) LERTET LA,
< TR AEEIIH LT, T A BB CHAMEE I
AL IE % JE AR U R T I 0 il B 2 3 7 2 & RIS R M0
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HAp OERLREIC RS2 7 v U AL 22 & NZ A4t (Ca)
DR ZHANTFEAM U7z, LA FIZ Anawati {8 238E8E T4
Wi & L TR LIRS S LI AFOE
KWERET D,

(DEnhanced Uniformity of Apatite Coating on a PEO Film
Formed on AZ31 Mg Alloy by an Alkali PretreatmentAZ31
AZ31 = 7T hE4 BT U IR B E~ 0
TREA ha—TF 4 7 OH—HICRIETRILE DR

(HFEER L BHY)
Magnesium (Mg) exhibit
biocompatibility, suitable mechanical properties and spontaneous

and its alloys excellent
degradation in a physiological environment which are applicable
for biodegradable implant devices. In many cases of implantation,
the body needs a temporary implant or device, in which case
biodegradable materials represent a better option than inert ones.
Historically, Mg and its alloys have been studied as implant
material since 1878; however, commercial medical devices are
still not available. The corrosion rate of Mg in a physiological
environment is still considered to be too high, leading to two
major consequences: the rapid generation of gas (Hz) bubbles and
the loss of mechanical integrity. High corrosion rate was observed
on the first week of implantation, as indicated by the generation
of significant gas bubbles, and normally reduced in the following
weeks. Therefore, improving temporary corrosion resistance of
Mg implant to retard early degradation in a physiological
environment is crucial. Anodization is an effective way of
mitigating the corrosion of an Mg metal surface by forming an
anodic oxide film to prevent direct contact of the substrate with
the corrosive environment. Plasma electrolytic oxidation (PEO),
also called micro-arc oxidation (MAO), is a common surface
treatment used to form a ceramic-type oxide film on Mg alloys as
well as on other valve metals (Al, Ti, Ta,Nb, Zr, etc.) by the
application of a high anodic voltage to create intense plasma near
the metal surface to induce oxidation. A PEO film is often applied
on Mg alloy substrates before final organic coating. Compared
with the direct application of organic coating on the bare Mg alloy
substrate, the corrosion resistance of Mg alloys with a PEO film
formed before organic coating was much improved. Apatite is
frequently used as a final coating for orthopedic implant materials
to provide bioactivation properties. The existence of apatite early
during the implantation period enables the strong fixation of an
implant to the host tissue or bone.

Apatite coating can be synthesized by immersion in
physiological solutions such as simulated body fluid (SBF),
Hank's solution and Kokubo's solution. However, it normally
requires a long immersion time, in weeks, to fully cover the
surface with apatite while the Mg specimen may severely degrade
in such highly corrosive environment. The application of an
method  (AIM) Ca-
phosphate-containing solutions has been reported to be an

alternative ~ immersion in and
effective means of accelerating the deposition of apatite layer on a
porous oxide film formed on Ti in a short time. Compared to other
coating techniques, such as plasma spray and sputtering, AIM
treatment does not the involve application of high temperature,
which is suitable for Mg substrate, considering its low melting
temperature. In this work, the AIM treatment was applied on a
PEO film formed on AZ31 magnesium alloy specimens. To
enhance the apatite coating uniformity, alkali treatment is
proposed. Alkali treatments are typically used to promote apatite

nucleation on a Ti metal surface in simulated body fluid (SBF).



The alkali-treated Ti metal surface becomes highly bioactive
owing to the formation of a hydrated sodium titanium (Na2TisO11)
hydrogel layer with a submicron porous structure. The release of
Na* from the hydrogel layer, which is further transformed into a
Ti—OH layer during immersion in SBF, induces HA nucleation on
the titanium surface. Apart from its application on metal surfaces,
the specific application of an alkali treatment on a PEO film to
induce strong bonding to a final coating has not been investigated.
In this study, the effect of the alkali treatment on the apatite
coating uniformity of a PEO film on AZ31 alloy was investigated.
The corrosion resistance and bioactivity of the coated specimen
were further studied by an in vitro immersion test in SBF. The
electrochemical corrosion behavior was also examined by
performing a polarization test in NaCl solution.

(REROBEE)

Anodization by plasma electrolytic oxidation (PEO) and
subsequent apatite coating were performed on a biodegradable
AZ31 magnesium alloy to enhance its corrosion resistance and
bioactivity in physiological solution. The PEO film itself (~48 pm
in thickness) exhibited low bioactivity, where only aggregated
apatite particles were deposited locally on its surface as a result of
the alternative immersion method (AIM) in Ca—phosphate
solutions. The uniformity of apatite coating on the PEO film was
markedly improved by pretreatment of the film in a dilute NaOH
solution. The alkali treatment induced the formation of a
nano-size platelet Mg(OH)2 layer on the film surfaces that
drastically enlarged the effective surface area for the precipitation
of apatite. A uniform apatite layer as thick as 1 pm was
successfully deposited on the hydroxide layer after AIM treatment.
The enhanced uniformity of the apatite coating on an alkali- and
AlM-treated surface significantly improved the corrosion
resistance in both simulated body fluid (SBF) and NaCl solution,
and the bioactivity in SBF, as shown in Fig. 7.

Void Mg(OH), layer

Crack
%

PEO film

PEO film

)

AZ31 substrate AZ31 substrate

Alkali treatment

Anodization

AlM-apatite SBF-apatite

AZ31 substrate

AZ31 substrate

AIM treatment SBF immersion
7T TREA NDOY—a—T 4T TrEA

Reference: Anawati, H. Asoh and S. Ono, Enhanced Uniformity
of Apatite Coating on a PEO Film Formed on AZ31 Mg Alloy by
an Alkali Pretreatment, Surf. Coat. Tech., 272, 182 (2015).
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(@Effects of alloying element Ca on the corrosion behavior
and bioactivity of anodic films formed on AM60 Mg alloys
AM60 < 7R T b RITHER L e BRIGIE DT &t & A A8
ftEICRIETAETHR (Ca) DRE

(WrEER L BHY)

Alloying with Ca has attracted significant interest not only in
engineering application for improving thermal stability and
mechanical properties of Mg alloys but also in biomedical implant
for reducing the corrosion rate and accelerating formation of new
bone during implantation. Study on binary MgCa alloy have
shown that the a-Mg phase grain boundaries were enriched by
second phase Mg>Ca which contributed in reducing corrosion rate
and enhancing the apatite forming ability, so-called bioactivity, in
simulated body fluid (SBF). In commercial alloys, addition of 1
and 04 % Ca in AZ91 and AZ61 alloys respectively also
improved corrosion resistance of the alloys as a result of
reduction in the number and size of Mgi7Ali2 precipitate and
formation of new phase AlxCa along grain boundaries. In this
work, the effects of Ca on corrosion behavior and in-vitro
bioactivity of as-received and anodized surfaces of AM60 alloys
in Na3POs solution by Plasma Electrolytic Oxidation (PEO) were
investigated.

The specimens used were rolled plates AM60 alloys containing
0, 1, and 2% Ca. Anodizing was done by PEO in 0.5 moldm™
Na3POq solution at a constant current of 200 Am™ at 25°C. Prior
to anodizing, pretreatment was applied by dipping the specimen
in acid solution (8 vol% HNOs- 1 vol% H3POs) followed by a
subsequent dipping in a hot alkaline solution (5 wt% NaOH).
Surface characterization was performed by FESEM and EDX
while the crystalline composition phases were analyzed by XRD.
Corrosion behavior was evaluated by polarization tests in 0.9
mass% NaCl solution at 37°C and immersion in SBF at 37°C for
1 and 2 weeks. The bioactivity after SBF immersion was also
analyzed by EDX.

(REROME)

The surface microstructure of AM60 alloy exhibited grain
boundary (GB) precipitates of Ali2Mgi7 and AlsMn particles
about 1 pum size. Addition of Ca increased the number and size of
precipitates along GB and induced formation of new phase Al.Ca
along GB. During anodizing, the Ca containing alloys had longer
life time of the intense plasma that formed above the breakdown
voltage (~100 V). The density of the plasma was high and hence
responsible for uniform thickening of anodic oxide film. The
plasma life time increased with Ca content in the alloy and as a
consequence the onset of big plasma occurrence shifted from 8
min in AM60 to 10 and 12 min for AM60-1Ca, and AM60-2Ca
alloys respectively, as shown in Fig. 8a. The big plasma led to fast
thickening of oxide film at local sites (Fig. 8b). The average film
thickness resulting from 20 min anodizing was 42, 36, and 34 um
for AM60, AM60-1Ca, and AM60-2Ca respectively. The oxide
film composed of Mg3(PO4)2 and Mg(POs):2 as analyzed by XRD.

The polarization test results on as-received specimens indicated
that the presence of 1 and 2 wt% Ca in the alloy did not give
significant effect on the corrosion behavior of AM60 alloy. The
corrosion potential of AM60 and AM60-1Ca was similar at -1.57
Vagagar and slightly higher at -1.54 Vagagar for AM60-2Ca.
Meanwhile, the anodized specimens had higher -corrosion
potential in the range -1.55 to -1.50 Vagagci and lower corrosion
current in the range 5x107 to -8x1077 A/cm? compared to the
as-received specimens with corrosion current between 2x107 to



5x10°¢ A/cm?. Immersion in 1.5SBF for 1 week promoted uniform
corrosion and formation of visible pits in the as-received
AM60-1Ca and AMG60-2Ca specimens while only uniform
corrosion was viewed in the base alloy. For anodized specimens,
no visible pit or corroded area was seen on any of the specimens
after 1 week immersion. The Ca and P concentration detected on
as-received AM60-1Ca and AM60-2Ca after immersion in SBF
was significantly high than that of on base alloy surface as
analyzed by EDX. Meanwhile on anodized specimens, higher Ca
concentration was detected on the film surface of Ca-containing
alloys particularly in AM60-1Ca than that of on the film formed
on base alloy. Ca and P deposition was initiated in the vicinity of
voids and cracks in the oxide.

Polarization measurements indicated that the corrosion
behavior of AMG60 alloys was not affected significantly by
addition of Ca in the alloys. Among the three alloys, the highest
bioactivity was obtained in AM60-1Ca for both as-received and
anodized specimens.
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8(a) 0.5M U v MU v LMK T THETE Mg % T
J — REAL L= BB E-BER R, (b)7 2 — REgb% DR
BOABI G, REVERIZL, KACFE DR & 58 < T T (&7,

Reference:

+ Anawati, H. Asoh and S. Ono, Role of Ca in Modifying
Corrosion Resistance and Bioactivity of Plasma Anodized AM60
Magnesium Alloys, Corrosion Science and Technology, 15,
126-130 (2016).

+ Anawati, H. Asoh and S. Ono, Effects of alloying element Ca on
the corrosion behavior and bioactivity of anodic films formed on
AMO60 Mg alloys, Materials, 10, 11 (2017).
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5. BTt R (T /—FBYb) CLBRT UV VRA~NDAE
R A M 5

SEMBHIEN 3R E L IEN D E < DEFRAT A 2
W EH, IMNBARIT A 20 710%% 505 L Sbi
TN, BT Iy 7 ARESTTREL LI L0 HIRAITS
Te Bl HIVTW AN, JIFNEEEOBA TERIZND S
MEHIBRE SN, XA A=T VT L LTOLEMEOE
EPENHRERR SN TV D, L LAaRS, &F B ERICIT4A R
BEREMEDN 72N 2 & b, ERTEACIC G U C ik & (B
TERCHE) LG A (BE M) 72 & & R LIRCE H
BIZE > THETIHNERDD,

A7 a7 b TIEAEREESBEME S LTAS T
ERHENTWERT U L AMESRE LT, 7/ — Fiigfk
TAT v VAR 2T 7 R—T 21 & FFOmRLI %
KL, N RaxsT73% 4~ (HAp) OHFHIERE, ST
W3t 2 R — T AL OMABE S O R 2B S 0T 5
ZEEEHMELE, ZIZTIE, MM A BT IVIATHD
HAp ZHEFEROETT AMEILE LT, AT ULV AREE LT
Ry AMET B EICEALTHLRFEITo T,

SUBHTITM G & L Tl b A< FE L LTS SUS304
(18Cr-8Ni) MM L7-, 7 & M BiET%, 2 mol dm™iEfE
{bkFEEETe 3-7 mol dm? FRFRIRA BT CERBEE %
100 72>5 1000Am™? OEIPH CTHIE L7 / — Rk 21T o 7=
BRI L, EHIXIRE % 60°CITHERE L 7=,

AREAPEORIL, HAp DOIAHE TRl L7-, AKFE{b
BN T RE Y VKRBT ST AOWIRICERE AT H
IR L HAp % P S ¥ 7%, Blfmiciilelz 138
MR U7, BURkR d OO Ok 1, AT E 7B
i (SEM) =3 /L¥—3@f X SoirEE (EDX) % H
VTR L7z,

X 9 |ZhiEE- R E LK RIRA B TR AT /) —
RE&{L % i L 7= SUS304 D72 H NS T > SEM
Y, 7/ — REE#EoORBHIEGEZEL, 15 50T/
— REE(LCTIE X 400 nm OFRLIEA FA L HIZE K S 7z
([ 9b), 120 53, MEEITHI 1.3 um, 240 43% TIIE S 3.2
pum F TELIEN AR LTz

a

o

E95Mm@aMﬁﬁmm$@é%%W¢mmmﬁf7/
— Rk L7= SUS304 D Fifi & AT > SEM 4 (a,b) 1547,
(c,d) 120 57, (e,f) 240 57



B LK & B F 7RO RREE O B D BEMRHR Tl SUS EKE D
Wy FUTRETL, 7 v — 4 — DR S ROl
(LB IFE R S e o 723, i E ok E ORI X 0 Bk
B DM X 2u i ME AT 2 R o IR L EE AN T AR X A7z,

B 10 \2FE R E T BMEE & AV -SSR A~ T, Bk
DOVERIZATIER 9e & RIS TH B M TIE A R
DFENER DS ) 7 LT Lz, mERICEBIT 5
BIERER DD BT FeCra04 Z2 52 Cr V v FIRRLIRER (L)
PO I TR Y, BLIRYE O RIBRES 2 5+ nm OFHIFL
&L TENICSEBGET D Z b o T, ZBHLRIT, KK
JEE D HRENZ T TRHA L TR Y, B i) 7 Hifk
& RIRE BT DIEOEE L, B9 D SEM BRIl s
N5EH7%r 7y 7REICEAE LTV EEX LI,

B 11 12 HAp DFERLHE THAMME A2 FAM L 72/ R 2 7~
RHEIZEE 5 A 7 Vi LToi NI B W T HEHIRD HAp @
@ sns s (X 11a, b), 20 %A 7 VPR L 7250k}
DN, JNEIFHIZ HAp BB IV TNWD Z &R’ bhroTe

(K 11c,d), =D, BLUAIRIC 1 BRI Ui Ci,
RHIZIETHH L7z HAp # 4% & LTS HIZJE L HAp A K
Rl (M 1le, ), EEOHTT / — REEL L7= SUS 3k

(K 11g,h) Ti, HAp BOBEIBEE SN2 o722 &2
O, Wl fLa R oML DR ERL, LA EA HAp JERL
FRETLIERNTHD EE 2O, ZOMHEMIE, #ko
Mg DR TSRS NMRE b EAMIC L, 7/ —F
FE{IC & D SUS FtR E~DR—F ARMLIRIE AL, A& A
BHEOUET THREETHE LTOIRARE, i /o
RERE O L VOB THLAHOITANHF IS,
Reference:

+ H. Asoh, M. Nakatani and S. Ono, Fabrication of thick
nanoporous oxide films on stainless steel via DC anodization and
subsequent biofunctionalization, Surf. Coat. Tech., 307, 441-451
(2016).
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(a,b) ZZHIRE 5 VA 7L, (c,d)
RHFE 20 4 7 v, SRR 1 HERIE

T ) — FERILSAE « (a-f) 5 M HiEE-2 M BER L /K BIRA BRI
i1 200 Anr2, 120 43, (gh) 5 M Bifgt 200 Am2, 15 45

B HIZE 20 YA 7 b, (e-h)

OffaEs KO (Ed:, Brd) 12 RIE e sk
DOFREPHHE DB L ST H7-0I12, 7/ A— L
F—Z— DML FFOR—F AT TR, N—F % Si
HARZER U7-, MERICEAL TIZT —~ 1.1 L OE#ELZm D
T, B - HHoOEFER -2, SRS ETOMEEGE D
RS, BEERDERO T EECTEN D HI OB
ROV HEIC M %2 MTT 2 L 2L L-, BT,
BN FL 2 FF ol R BE Bz TUE, FLEE 60 nm LL T O
LSS S & O o il B AR 5 BE AR KT
HDHZERbhoT,

@7 I v ARERMEICHD U VEEALT T LE Si K
RO E BRI S E DRIV TIE, e
oM ETIE, IR ERICHS, MIcE 5T 58 Mk
SR APNICIR IR T 2 ENTE, VUL
OWFTHENZE LLEINT 52 RN bhol-, 77, T h—
NRAEFEL, VBT LEE KR EOBEEEN R L
THZ L EMHR LT,

OFEAEREMEE LTHEASRTVWDEY IRV T LARD
WNZAT VL AORELE - RIELEZRF L2, ThEh
DOERIZK LT, 7/ — FE LTI A RIS KT 5 2
LT, THAEMAZM EES®L7200 TR, EREERENE -
EVEEFETEHZE2HALMNILE, 2D OFZERRIL,
ENA TOZEFERIZITICE T 6T, BRI L
LCTREREITST,

5 EMOFEEE U T, BESIC X - TR 5 L H%
AE & Z O T HAHFIC B 2 R 2 Fiffiid H oo oS T &
mEEZ TN,
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8.1. AR— Firett A D BAFE

Development of the functional cloth for sports

g E—RS, KEF B
Shinichiro ITO and Akisato MIZUNO,

Keywords :

I

1. #3

KIKRPAE— RAF— K, =T VL EDAR—VIH A A
O AR—Y ThHH, FHESNDZAR—=Y T =T O
IRESFL OIS AR R D BT E 7=, F 72, AITEDIRY,
RIENZ L ERT 5. KEO EFIC X A RPIIEHE O
NI =2V RAIRELSBETHEEZEZOLNDLDOT, HEBEVE
REDOEWT = 7 ORFENRD 5TV D. Gavin & DTl
W ORIR & BEARIEEE 0> BLR % f -~ 22 ) CIRRIR DS 5
LNz Ez@s L Tnas.

Fox OFATHITE 2T, RI v T 774 RABBITHERL
TV, AMEBR T ORBTHREN RN L3505
7-DT, WREEHT L HEEWERED WIS & D Bl D, T
EDORME FTOMATDOLDIZFHEH L, KLY = 7HRIC
WL 7p DA OB A IRET 5. 8 FHOMAHIZONT,
PEARTTEHA & HERMEREEHI AT\, A HIO FROM LA ED
HEWIZ L AR MERREZ LR - B4 5. DRIAREHUERI & PEEL
PEREM £ 2 DOBEFEOWNL & WS BLEND 7 = 7 BAFIZHE
LAtz R T2 2 B ET 5.

2. EBHE
FRRIAE A L7z 8 OO R % Table.1 12, 3 IR
PRE RS TR L 7= A iR i O Wi % Fig.1 1 2R L7z,

Table.1 Fabric characteristics

Main application Surface shape
1.F11673-A-1 Underwear Fluff
2.FG1543-P-1 Compression wear Dimple
3.FG1439-B-A Sports shirts Unevenness
4.KU0295-A-1 Skin material (chair etc.) Blooming with
raised fabric
5.FG1439-D-1 Sports shirts Unevenness
6.FI1676-A-1 Underwear Fluff
7.FI11666-A-1 Underwear, compression Fine
unevenness
8.KG0673-2-1 Sports shoes Mesh

FARAFHANC WU, AHAEROEIO KN Ei#iRmT 5
72012, BT IGIRICHIE LW BB 2 3H L 72, B
WH AT 2 FRE LCay TRIEREELZRAL, MHE
ETIVATHIABE D 10, 3 S himiiEsE AV CEREZIT-
7. HIERPHIZER 3~30m/s & L, HIE L72HPiE» 6 1A
J VAR L BRI A R L. Fe, a7 RS
BEOIWBEOEHIZ 2 LFI< Z & T, flafmthoBEEEGTO
HERHT D720, Fig2 lonTHEEEZ AW, 77 #HE1T
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Fig. 3 Typical flow patterns of the synthetic jets produced by the asymmetric slot (L, =10, C =5, f'=60Hz, U, = 3.0 m/s, Re

= 990). The cross markers are plotted on the center of vortex. Where, clockwise and counter clockwise are blue and red,

respective.
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Fig. 4 Typical flow patterns of the synthetic jet in numerical simulation (L, = 10, C =5, f= 60Hz, U = 3.0m/s, Re = 990).
The cross markers are plotted on the center of vortex.
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Table 1 Machining conditions

A(13um) B(28um)
Laser power [W] 0.1 0.5
Feed rate [mm/s] 0.0023 0.0023
Circumferential speed [mm/s] 0.286 0.242
Groove depth [pum] 12.75 28.19
Groove width [um] 25.09 30.85
L \\ g

30mm
Fig. 3 Geometry of the sample
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Table 2 Contact angle, Lift force and Pull-off force

A B Brass
(13um) (28um) FS-1010 wire
Contact 125 146 120 80~90
angle [deg]
Lift force
[mN] 5.8 5.8 5.6 4.7
Pull-off
force [mN] 1.8 1.2 2.8 33
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Fig. 7 Bump and dent on the surface of water
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Fig. 8 Drag as a function of projection area

5. KEBEIERY b
AT ORGSR EZ b &1, KEBE oAy hORE, BEEZT

S, vRy FOFEEAK 9ITRT. TEINT, BEL kD
Ehia/ &L T, EE0SMm, £ S 130mm O FHEHR

Z0E 10mm ORMFBICHIF b 0% 4 AW, 4k 3
72357713 86.5 mN (8.8gf) TH Y, Ry NOEE4.39
ef DI 2 5L 7o TnD. HENZIE, K9 WTRTTF=E Y
=7 U U A B LA AV, Mo DC £ —



ZCEREI L=, F=b =7V 7R, Voo OMn
D FROHIEZ X, ERHBIEE, #s & <.
ZOMWEEFHA LT, MZEZKESETIZKE 3.6 mm OfZE
ZEETAKZE, KELY EZ2EETRT LI 7D
FIEFAE L. vy NI=v VR ~—R_y T —%
HEHE L, B BENATRECTH 5. KHBEIERZ1T - 725 E,
4 Hz T/KEZNE, EHHEE 60 mm/s THREIT D 2 & 3k
RaEhni-.

Fig. 9 Water strider robot and its driving mechanism

6. FPUAREZHEL LI ER/A Ry b

WM TH L RRI, PIX 2R L TR 4 3l
WIREH L, AN 7 RofliEml e ERBID S L 13 B D E
RIRAZEF L WD, g XphEL i, Bhn+a
WIZBELNRL D Tc ), BERIZHAATPNLZ &I L D
BEFNCRD EEZBND. RIFFETIE, BAROFTH 4
KD BEEHEZE L CRERRAEZER LTS bR
O ETRAMTEH L=, brRiE, #oNELx (77
v EU7), RCY (T =Y 7)), BitgEE (V— KT )
EENENOFHAI Lo THNLICHIE L, S SISRIISE T
TP ZFHOAERCHIGDOBOA A EE LI ED 2
CICE - TEERMALZFER L TCWD. AT —<TiE, b
ROREN 2 HE & LT, PUET2 & im0 £ B O s & #58
U, (Rl RE 278 2 FICHEE ) O F &2 H T& D425
TEL, Bbe, ATMRAT, BEESZESACITI IRy o
B EIT-o 7. T2, MOBIREED, L EREOMDOZE
B3R L ORET HHEE I RIETHELZM-. b, b
NSNS NRF IRV aW-Y 1 UUNAS/SS Sk | I Y b . g LR (=
L, BUMESEDS AR RIETHEE R~

7. 1337 & PE A EREE

X 10 [ IREh A (2 D 13072 & SE o4 B & 28 rfEe
A /rd. DCE—XIZXV 7 T 7 2hlinsy, £0OH
EE AT A X OFEEEREZNICERT D OO
EEICEBRT D E N TN S,

(b) a=50°
Fig. 10 Stroke plane angle (& ) adjusting mechanism

WADITIET- Z AITAENS +30° 122> TEY, T F
T A B IR L2 %F LT 0°, 50°, 90° O THIE T 5 &
IR - TN A,

8. HAROFR O

kU R OBOATFRERSTIT = A5 L TN D D &
WERSY R B Y IR K RIS T RO LR 2 M b Z &
T, BEETTICHE L bDICLTWEEEZ NS, 20
X5 e IRAE &S D TREIVERE I C I E TR B 2D, X
RS &9 TGRSR E oW A & =AEZFHBL
7B ERWELT-. MIFEX 8um DRV =F L7 ¢ VA
ZAV, WIRIZES 0.5mm O —Rrmy REAF L
fEZ& F =, BUE L7 B4 X 10 OJNT7- ks I B Y 1417,
1T & B R 0~23 Hz £ LS TRAET DHIES
ZHE Lz, iR, NS &% 3 EHCEE L
PNEF &P TEAT A ) & RE AR 2 HE LA ERD
7208, AT L A omE T PNE & EEmIIFIFERE THIGIC
BN I TH-T2720, ZhaEHE)) (thrust) EFESZ 2T
35, #EHORPERFEER 12 1277,

3.7V OFEMIC X0 BREN AR 22T o X A 23 Hz o &
X, BEPROBAROA A OHEIE 53 mN, =AELZFEL
72 BIIHES L 68 mN TH W, ST 28% M L7, F
7o, WX EEMEZEEE D A T THELLER, 8B O
I AN RIS OB R R E N2 E BRI LT-.

| #A |

L 100 | I&ﬂ ﬁmﬂfﬂﬂﬂ[mm‘Z]I
|§Eﬂ W H:3200[mm"2] |

Fig. 11 Configuration of wing vein

Thrust [mN]
5

30
20 —— Wing B
10 —8— Wing A
0
0 5 10 15 20 25

Flapping frequency [Hz]
Fig. 12 Variation of the thrust with flapping frequency

9. MEFHEER

X 10 O = Em M ETEEE L X 11 O=AEL2H
B B 2MAabE T, BEIZMICHERE L EE 5 21T
raRy M, KERITEZIT>uRy NE2RIEL-. BE E
AHAOaRy MIPIET-EFHAEZ 0 IZHREL, n—1
VT F U EMA DT, BIED B FEICARBL R
RO A2 Ee, KERITHO ARy MEIINET & Fm
ALY 90° IREL, a—A VT Ly TF T EMz b7
W, BARBMICEEZER &KERERE R (172, 28 ED



oy hOGFEAZX 131277, vhy M, 3.7VO U F
7 AR Y = — i & R CHEMER B A A v F AR L.
oy FOBEEIXEE FAHN 73 g, KERITHN 71 T
HD. WABFOBMOBLITNALV CPIE BN
25Hz) L72h720, K12 ORI VHENIZE > THEESX
FARETHE ZENTFRENS. £7-, BEMET 5.8 N/mm?
L n, KB AROME 4.0 N/mm? D 145 5 L 7e 7=
FEBRCTRIAER 2T o oG, M|E BRIk, HimicH
IELIREEND 26 PRI T 1.75m OESE£TLEAL, 328
MMZe Lz, £/, AERIT T, Mk L2 REN S

RDICHRONL S, 1 PRI 4m OFREEA 1FITKETHRIT L.

PNE T & A A TR T RE BRI K 0, KFERAT, TRE
LHROWMNAAGETH D Z L BREIES T,

>

Fig. 13 Flapping-wing robots for vertical lift and level flight
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