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Figure 1 Rough surface (periodic structure) and the two
states. A: Pores filled with water, the Wenzel state. B: The
AT, Y Vs Yo U, BEARRIR, EHIA- &R, iR drop rests on a composite of solid and air, the Cassie state.
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Figure 2 Parameter of the test-pieces with periodic structure
cos @ = V(st — 7y ) / Y., =r-cos 0 ©6) fabricated on silicon by photolithography.
ZZIZ, 0 EEimcBIT aEA ), Table 1 The 12 different test-pieces to evaluate wettability
0’ : MmEIZH T HEMm ¢ ), from measurements of the contact angles.
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No.5), SPM TOHERKOFHFESR L v, 3XEHE & FZH Figure 3 SPM image of the scales of the test-piece No.5.

- 155 -



FORM TECH REVIEW 2016 VOL.26

[EXOFE Y e
7= (Fig4),

1 — 20% OFPHIZILE > TNDEZ &34

Fig.5 1ZI%, #filf o FH5RE & SERME 2 ik L-OR L7
(22T, r=Qh+ Hlf), EMMINTIL, Wenzel ET /L&
Cassie-Baxter 7 LAVRIfHB &, L<—HLTWD,
WenzelE 7 /L ClX, WEBEA O DPBIAKME (0<90°)
THIEEMIRSERIZ LY —@EAEE 720, BN 0
> 90°) TohIVUTJEIIEEIC L0 — @Rk 2 &
% (Fig.5A), Cassie-Baxter® 7 /LTI, [EIK L Ozl
HRTA IS L TR & OBEMERORIE Z T 2 &1
F, B 2180° 1TSS HND Z E0VHD (Fig.5B),

i Ol AL LT, EREO SR E g
L7z & 25, ©=1000 nm, /=300 nm, i/ =2 2B\ T,
P A ORI EIIIR AR & 720, 55°7 5 105.1°~ 50.1°H8 K
L7z, —F T, t=500 nm, 2 =700 nm, £/ fo =2 2B C,
Pefih g OW O RITHR K E 22D, 5505 5°LLF (=00,
TEARRE) ~ 50°08 L= (Table 2), 37205, Mokl HHS
WEDORY = DR EFASED LT, F—HMEOREIE
Tl O %, 100°HIEI C& o &b, ZDED
RFEEROIUE, BN 150°% 88 2 D EHE KIS,
EIE 0COBBUKMEA RIS EH Z LN TEX D,

3. Tl ML—Y—I& ARSI EDNIT

3.1 Dz LM L—Y—OREETH

Birnbaum 1%, L —H%— I TJEDEMICEE A XD
WIEENTE DL 2 MBRER L D, 4R, ZoHH
&I, ABPEERMIZTE D77 A< L < IEHLEL
Bl DTV LD TEDEMED, B w2 8NN
AKESPREICL > THMT 284 (T 7L —vay;
ablation) L& x b TW5, HEIEO Y v F a i, L
— P —D A AOICIKTE L T a=M( £sin 0) ORIFRTE
42 97,

Fig6 (21%, 7 = & NP L—P—TAE L B2 KmE T &
ZaVE WA E RSSO R B A R LT, B8 72
EOREEOWEREIC, BEIROBREMRR LD S
NWANRD 7 = A ML —F— %2 W35 &, mEICHKE
TIAEREEND, L =D R L X —gRER
B % A8 2 7= BB 0y TR A A U i 23 2 > T
S, [BIHTHE TR OB E RS S B D, Z OBIgI,
B OISR SN 5D T, RENEZEEL TS, M
MO Z B SE5 2 LN TED,

3.2 &FRMER

KT 100 mm £8 O FCHIJE BIREE 4 i L 72 SR OFRE
\ZiE, E 780 nm O T = A ML —Y— (FH YT
7 A4 7 L—H#—, IFRIT, ¥ A "—L—H—F) 2L
TOMTEEEE G Y, R, VAN, EERE, B
L [HofnLigiE, 780 nm, 210 fs, 1.5 mm/s, 2mm T
bbH, EEE —HHFNIITo7, Lo T, 100 mm £
OFEMILRERMIT 1 KR TH - 72, &BIRHF (SKDII,
AN de TR (BF), BEX72E L, X 58.0 HRC) I3,

400

200

Height, % {nm)

2000

Displacement for pitch direction, x

Figure 4 Measured results of the surface of the test-piece

No.5 using the SPM.
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Figure 5 Comparison of contact angles between the

theoretical and the experimental resulys. A Wenzel equation.

B: Cassie-Baxter equation.

Table 2 Top data of the contact angles for both
hydrophobicity and hydrophilicity in the 12 different

test-pieces.

Hydrophobic Flat surface

Hydrophilic

B

105.1° (+50.1°)
No.6

<O

55°

5 k|

v ey

5° or less (-50°)
No.8
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Figure 6 Principle of formation of a laser induced periodic

structure using a femtosecond pulsed laser.

Table 3 Relationship between surface roughness of the base material and nano-periodic pattern (x2,000)

Surface roughness of the
base material

Before laser processing After laser processing

R, 203 um

R,=0.1 um

R,=0.05 um

R,<0.05 um
(withpolish processing)

* The ellipse formed by the white dotted lines show defects in

the processing areas.
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(a) with periodic structure

Table 4 Injection molding conditions of the keeping pressure
and the time.

Condition Without periodic Periodic structure
structure (difference)
A 77.2°(+8.7°)
B 97.4°(+28.9°)
68.5°
C 94.9°(+26.4°)
D 89.8°(+21.4°)

Table 5 The contact angles on AES film surfaces.

Condition Keeping pressure (N) Time (s)
A 6,860 5
B 7,546 5
C 7,546 10
D 6,860 10

Table 6 Contact angles on both the without and with periodic

structure.

Without periodic

Periodic structure
structure

(erf L (i
68.5° 97.4°

Q) 7=z A M L—VF—oRmEFEHEE AT, FX
mm ZETAROBHIE WIS %, B mm &0 O A
HWE TR CTE S Z &2 FFE LT, B HiHEEo T
a2 NEEZDHE, 10271 Ll EOry FTITEIELN
LTTHHRILTE, ZNZTELIE Y FTIE 7= ML
—WF—DEdtE L VS BRFTREETL 5,

(b) without periodic structure

Figure 7 Comparison of water-repellency on the AES plastic injection-molded plates.
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Figure 8 Time-course changes of the sliding angle and the
contact angle hysteresis in an exterior environmental
exposed durability test for 6 months (0, : advancing angle,
Og: receding angle, error bar : standard deviation, SD).
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Figure 9  Application to the society of wettability controlling technology.
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