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Flt R L i M L QSR oV - 2 a0
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(1) Mask fabrication
(a) First anodization
~Alumina
< Aluminum
{b) Removal of alumina layer

{c) Second ancdization
——
{d} Removal from Al sheet

URIRIATAIRIRY

B12.6 513 I 4r i ilcd &

..‘.-,‘ ]
i’"\--__

hT@anninﬁmﬁgfdﬁf*ij.Lg
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-\...._

: 'F-:'-" -

41
n

TR0 %% 0 T2 Al E‘J;ﬁﬁ& 5] /ﬁ 72 24 (rigorous coupled-wave

analysis ; RCWA) & #i$i:t & =tk

(2) Pattern transfer

(e) Mounting alumina layer
(LU LU Silicon

(f) Removing upper layer and
adjusting pore diameter

(h) Removal of alumina layer

r@ﬁﬁﬁa%ﬁmﬁﬁ

'I

L < 00nm> R

-'{ -‘.:

£ iR B Ao R12.77
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(c) U'.B-.I_ .- Si substrate (measured) |
0.5/ —— SWS (measured) ]
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0.4 S
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tri-layer resist ( after NIL )
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ko~ BR o @34 R (surface-relief structure) » £ 48 ¢ — K
& s 0 348 (electroforming ) = ;¥4 & S AR Wl & EE
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}
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'

Development of
Surface-relief Structure w

Replication mto Metal =

by Electroforming il

v

Repeated Production of
Stampers from one Master

Structure
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1. Thermal oxidation 4. Pore widening

— 000000

Si

2. Al film deposition
Al film 5. FAB Etching
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RRR
AAAAAAM
3. Anodization
U " NAAAAAM
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018 | e gt £
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Alkali-textured sc-Si

— SWS on sc-Si
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2.2 FuF b2 % B L3 Pk
221 &% Fm@ (EMT)

& - 1993 & Raguin & ~ | * % »c 4 12 3#% (effective medium
theory ; EMT) A 44k dtend i 2 H5[25] > 4 6] j€1-D#2-Dini 3
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Structured Surface Effective Medium
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Multi-level Profile (a)
ng ng
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Continuous Profile {(b)  Gradient-Index Film
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222 E#fmépmsm: (RCWA)
B TP B e A4 G i3 (surface-relief) g i@ imins o
- AR A R e 48 £ A 323 (rigorous coupled-wave analysis |
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IR E I L] o 2 Ak § (binary optics) R B
#iTAIT 0 B ¥ BRCWAG IR G4 M J 3 o

F] 7 1994 # Moharam +~ FF A& W] 4% - & =x & £ ( 2-D
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2D ] v Ll ] Ll v L) I
[ [—= ReWA =909 |
t |o——a RCWA fy = 0°)
—— 2DEMT (¢=0" |
15 [ |o—s 2DEMT ¢y =90) |

Power Reflected (%)
n =

0 10 20 830 40 50 80 70
$2.17 RCWAL EMT# fa 12 34 ¥ = ‘fé’éi_‘féé.:f#% BBt i R

2 F b A 4

223 } B L4 (FDTD)
3 "UpFE £ &2 (finite difference time domain ; FDTD ) #_d Yee
B1966# “rde o JUF BB EFE B AR S AREY L L 002

Lotz BFOTESRER7HRE X EF WZRF I ESOLE

27



B 0w BRI 0T B EcE A 17[32] 0 Bl2.18 8 Yeeds it che £ TR

AP B RS AR R T HAT T

E, o, B g, v
JH @ @ O @ O
, f‘f’ H, H,
+L I~
o o ° @ «
7 z
a H, i, By E,
i < o
L H, H,
3 @ *— ®
E, 4, E, 4, 2,
10 @ O
i-1 i-: i i+ i+1

B2.18 - #Yee &5 % BEFE
] Bt AR o 2% = Yee 90 & H 4 4o Bl

2.19%77m

e B0 ST L S AR B Kk e IR AL

Far e T o B KRR T TR ES A G EE e oo T8

28



Fretr &) <o) (AxAy ) fepF ez &)< 0 (At) €% 7 B4 g o
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Reactants Plasma

(SiH, + CH, + Ar+ H,)
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2

Silane Plasma + Methane Plasma
— Silicon Carbide Cluster
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) . . SiC
. ., . / cluster
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Argon Plasma + Hydrogen Plasma

Si1C
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