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The Fabrication of Optical Element Molds through the Use of Electron Beam Lithography
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Abstract

Electron beam lithography (EBL) has drawn great at-
tention as a promising technique for the production of fine
structures of sub-wavelength dimensions, such as blazed
diffraction gratings, anti-reflection structures, and devices
employing structural birefringence. This paper presents a
new EBL technique that obtains fine structure on any
curved surface of an optical element mold. This EBL tech-
nique has led to the successful fabrication of a densely
blazed diffraction-grating lens.
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Fig.1 Process flow chart

3 LYRAMNER

M ECTHOAE Yy a—FMIEBL YA MERGDET IV
. MEEEREEON (r, 0, z) IZBWTTI TN
HIMOEE v, fAdEw & Lzga, AXTHE2 67052,

o2%v
27 =pw?rCos [0] + pgSin [0]

ZZT. nBLVIYANORE, pldiRELET, M
Hy BOHEENPLZTFEIONT VAT L%
%o Fig. 2 IFEBICAE v a— M X Y57zl
Kifi OV VA NREDOGATH B 05, HEHH L, LD
HiEi2mm~25mmIiZ 22 TR &  JE DL B3 2 GHiAS
FAT DB ENTND, Tl &EENEONEK
PRIET BB PFEET L0 TRETLIHRTH
Bo foT. HREINIZDMEEZFHF-TL AL EZ
DHIZED T TOBCPITH— R BEE /2 212K 4 2 b
R BAIERAT o720 KR ARBENICBWTIIBEEE
1t20nm., PEEME T2 & a<lGE, FERIGE. BRmE
W33 0.001 A (4 =405nm) LA DY) — A 6 7z,

-

KONICA MINOLTA TECHNOLOGY REPORT VOL.1 (2004) 31



1900 1 l l‘ — |,

1880 Vi

1860 l/m. ----45°
'g 1840 [/ N B B 90°
£ 1000 et | LA
< 1780 — : L
£ 1760 225°

1740 ~--270°

1720 Effective radqu a5

1700

0 0.5 1 1.5 2 25 3
Radius [mm]

Fig.2 Result of resist film thickness measurement
on curved surface
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(@) Microscope image

(b) AFM image

Fig.3 Images of blazed diffraction-grating pattern
on the concavity surface with EBL
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(a) Appearance form

(b) Microscope image

(c) AFM image

Fig.4 Images of blazed diffraction-grating pattern
on the concavity surface with EBL

32 KONICA MINOLTA TECHNOLOGY REPORT VOL.1 (2004)



4. 3 EAEEHNEEETEF

7L — AP TS BT O IRDS M) 3 %
KRELEAT S, WE, Ly X EICHEFRTFZ2ET 5
LA SN A 1 Z S EAH IR E <L [T
TOYy FIL b0, X)PARBHILEL S
MDA, EHRRIC XY BEEHEE ) OWIBIRE R L D%
FEFICHEEIC R 5, FEBIFRITT L— A2 5586 L
[ L F— X454 %Fig.5-@)2. #®D F— X THEFE—24
AEH45° DY I 2L —Y 3 R L72K R % Fig. 5 -(b)12
RS o ZOREEDSMHED N — X5H0 TS i %
YA ENTERNI EWGH 5. €T, Fig.6-@"»
XD ITHEEBICHI IS B E IR K — X %2 5. 2 Z D fE
WM G EB 2 52522 E 22, ThICX ) BIE
DHTEBTEC— 2O AFHINIHEL & H ICHFESE5
CEHREE D, Fig.6-O)IRT VI b — g U
A0SR ONE LIRS ETT L —ADREMIZIHE-> T
B 2 0 h b,

Dose

(a) dose
profile

(b) resist development simulation

Fig.5 Result of blazed grating pattern simulation on the slope
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Fig.6 Result of blazed grating pattern simulation
on the slope by the new technique
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(a) Appearance form

(b) Expansion image of the inclination part

(c) Cross—sectional image of blazed grating

Fig.7 Images of blazed diffraction-grating pattern
on the convexity surface with EBL
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Fig.8 Images of blazed diffraction-grating pattern
fabricated on the metallic mold
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Fig.9 Interference pattern

Table 1 Result of aberration measurement (A =405nm)

COMA3 AS3 SA3
Form error |Aberration|Form error [Aberration|Form error{Aberration
[nm] [ Arms] [nm] [ Arms] [nm] [ Arms]
10 0.002 10 0.003 -16 —0.006
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Table 2 Result of aberration measurement (A =405nm)

Aberration | COMA AS SA3

[ Arms] 0.018 0.013 0.018
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Fig.10 Data of beam shape at the point of focus position
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