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Continuous R-Theta Stage Movement 100% Duty Cycle E-Beam Lithography to
Fabricate Patterned Media

T.Miyazaki, K.Hayashi, K.Kobayashi, Y. Kuba, H.Morita, H.Nita, and H.Ohyi
Crestec Corporation, 1-9-2 Owada-machi, Hachioji-shi, Tokyo 192-0045, Japan

To fabricate master molds of high-density patterned media, we have developed a high-resolution
and high-throughput r-theta stage electron beam mastering system. We accomplished the
fabrication of discrete track media groove patterns with 45-nm track pitch, and also a dense bit
array with both track and bit pitch of 35nm for bit patterned media under the conditions of a bit
rate of 1.32 MHz/bit at 50-kV acceleration voltage. The high resolution and high throughput are
derived from using a continuous stage movement blankingless beam shift lithography (BLSL)
capability. BLSL is enabled by differentiated capabilities, such as an electron optical column that
achieves a large beam current at a small beam diameter, and a friction-driven slider stage that
provides a highly accurate positioning capability and a dynamic focus correction feature. The
BLSL capability, working in conjunction with a flyback lithography (CSFL), is very effective for
fabricating data and various kinds of servo pattern elements with a single pathway mode and
ultra-fast flyback frequency of 20 MHz/bit.

Key words: electron beam mastering, flyback e-beam lithography, blankingless beam shift
lithography, single pathway pattern writing, friction drive slider stage.
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Fig.1. (a) EOC with a precondenser lens mounted
right below the thermal field emission gun to
increase angular current density. (b) A beam
diameter at a beam current is estimated from a
SEM image resolution. (¢) Beam diameter vs beam
currents with and without pre-CL.
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Fig.2.Relationship among the z-direction magnetic
flux density, defocus value, and stage position. (a) Z
direction magnetic flux density vs stage position. (b)
Defocus value vs stage position. (c) Fitting curve vs
defocus value.
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(a) Line dose: 0.21nC/em
Groove width: 20nm

LE0kE0 0 Vi g1 241500
(¢) Line dose: 0.36nClc

Groove width: 9.6nm

(b) Line dose: 0.35nC/cm
Groove width: 15nm

Tig.3 Results of DTM groove writes to evaluate resolutions: (a) 80nm pitch, (b) 60nm pitch and (c)
45nm pitch. Common write conditions: Vacc of 50kV, Beam current of 3nA, 75nm thick ZEP520

resist, and write mode of CLV.

5

&

«

%

B~
Bit Size: 23.9 nm dia
Beam Cur: 5 nA
Dose: 3 fC/Bit
Bit Rate: 1.7 MHz/Bit

35 nm TP x 35

Bit Size: Ave. 10 nm dia

Beam Cur: 3 nA
Dose:! 2.27 fC/Bit
Bit Rate: 1.32 MHz/Bit

Fig.4 Results of BPM bit array writes using the CSFL capability.
(a) High-throughput fabrication for 50nm period with bit rate of 1.7 MHz.
(b) High-resolution pattern write for 35 nm period with bit rate of 1.32 MHz.
Common write conditions were Vace of 50 kV, 75 nm thick PMMA resist and write mode of CLV.
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Fig.5 Data and servo pattern element writes using the CSFL and BLSL functions. (a) Groove and dot, (b)
Groove and right angled groove, (c) Different-length pits with various doses, (d) Simultaneous pit writes
in dual tracks per revolution. .

Write Time : 116H

le
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Write Range: 5-34.469 mm (Radius)
TP and BP: 70 nm

Bit Rate: 1.7857 MHz

Total Bits:  745.7 Billion

Resist: ZEP520
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Fig.6 Evaluation results for continuous long-period lithography with TP and BP of 70 nm for full patterned
area between 5 and 34.469 mm radii for a write time of 116 hours with a good pattern uniformity.
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Fig.7 High-throughput performances by using the
CSFL capability having the ultra-fast flyback
frequency of 20MHz/bit to fabricate a BPM bit
array with pitches of 120nm and bit sizes of 35nm
under the conditions of beam current of 100nA, a
line velocity of 2,400mm/sec and a maximum stage
rotation speed of 1,082rpm.
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