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Character Size Optimization
for Higher Throughput of Character Projection Lithography

MAKOTO SUGIHARA," YUSUKE MATSUNAGAT't
and KAZUAKI MURAKAMIt

We present a character size optimization technique to enhance throughput of character
projection lithography, which can be applied to maskless lithography as well as photomask
manufacture. The number of electron beam shots to draw the patterns of circuits is a dom-
inant factor in the manufacture time and the cost for devices. Our technique is capable of
drastically reducing them by optimizing the size of characters, which are the patterns to
project and are placed on CP masks. Experimental results show that our technique has
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reduced 71.1% of EB shots in the best case, compared with the ad hoc character sizing.
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VSB (Variable Shaped Beam) CP (Character Projection)
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Fig.1 VSB and CP lithographies.
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Fig.2 Simplified CP equipment.
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Fig.3 A CP mask.
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Fig.4 Specification of a CP mask.
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Fig.5 Partitioning a logic cell.
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Table 2 Specification of CP equipment.
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Table 4 The number of EB shots.
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Table 5 Computation time.

odoooboooooooooooobooboooooo
ooooobooooooboooboooooooooo
ooooooo

oo1 002 0OO03 004

ooo 1 0.0 0.0 0.0 0.0
ooo 2 7.4 11.2 4.9 0.1
ooo 3 2.9 2.4 15.8 0.5

gooobobooooooooooooobooooooo
gooooboooooooboooooobooooooon
goooobooooooooooooooooooon
gooooooobooboooooboooooooon
gosoo0booooboboooooooboooooon
gobooooooz2oeoco0oobooobooooon
goooboooooooooooooooonoooon
gogzoco0ooooooobooooobonooon
gooooboooooooooooooooooooon
gobooogzoc0o0b000O0bDOOOOOOOOO
gooobobooooooobooboooooooooo
gooobooooooooobooobooooooooon
goooobooooooooooooooooooon
gooobobooooooooooooooooooon
gooobobooooooooooboooooooo
gooooboooooooooobooooooooo
gobooooboooooooobooboooonoooon
goooooooooooooooooooo

5. 0 000

goooooooooooooobooooooooo

goooododooooooooooooooooaa

ocoob40000000000000000000O
gooobooooooooooobooooooooo
goooboobooooooooooboooooooo
O0o0oOoooooooooooo n11%0o0000
goooboooooooooooooocoonoooon
gobobooooooooboooooooooooono
goooobooooooooooboooooooooo
gooobobooooooooooboooooooo
gooooooo
goboboooooooooboooboooooooon
goooboboooooooooboooooooooon
goooboboooooooobooboooooboobooobooon
gooooboooooooooooobooboooooo
gooobobooooooboooobooooooooo
goooobooooooooboooboooooooo
gooobooooooooboooboooonoooon
gooobooooooooboooboooooooo
goooooooobOoooooboooooooo

g o0 0 0O

1) ILOG, Inc.: CPLEX 9.1 Reference Manual
(Apr. 2005).

2) Hattori, K., Yoshikawa, R., Wada, H.,
Kusakabe, H., Yamaguchi, T., Magoshi, S.,
Miyagaki, A., Yamasaki, S., Takigawa, T.,
Kanoh, M., Nishimura, S., Housai, H. and
Hashimoto, S.: Electron-beam direct writing
system EX-8D employing character projection
exposure method, Journal of Vacuum Science
& Technology B, Vol.11, Issue 6, pp.2346—2351,
(Nov. 1993).

3) Hirumi, J., Kuriyama, K., Yoshioka, N.,
Yoshikawa, R., Hojo, Y., Matsuzaka, T.,
Tanaka, K. and Hoga, M.: Shot number anal-
ysis at 65nm node mask writing using VSB
writer, Proc. SPIE Volume: 5130, Photomask
and Next-Generation Lithography Mask Tech-
nology X, pp.309-317 (Apr. 2003).

4) Inanami, R., Magoshi, S., Kousai, S., Hamada,
M., Takayanagi, T., Sugihara, K., Okumura,
K. and Kuroda, T.: Throughput enhance-
ment strategy of maskless electron beam di-
rect writing for logic device, Technical Digest
of IEEFE International Electron Devices Meet-
ing, pp-833-836 (Dec. 2000).

5) Inanami, R., Magoshi, S., Kousai, S., Ando,
A., Nakasugi, T., Mori, I., Sugihara, K. and
Miura, A.: Maskless lithography: Estimation of
the number of shots for each layer in a logic de-
vice with character-projection-type low-energy
electron-beam direct writing system, Proc.
SPIE Volume: 5037, Emerging Lithographic
Technologies VII, pp.1043-1050 (June 2003).

6) Nakamura, F., Watanabe, K., Kinoshita, H.,
Sinozaki, H., Kojima, Y., Morita, S., Noguchi,
K., Yamaguchi, N., Isokawa, H., Kushitani, K.,
Satoh, T., Koshiba, T., Oota, T., Nakasugi, T.
and Mizuno, H.: A character projection low en-
ergy electron beam direct writing system for
device of small production lot with a variety
of design, Proc. SPIE Volume: 6151, Emerg-
ing Lithographic Technologies X, 61512A (Feb.
2006).

7) Nakasugi, T., Ando, A., Inanami, R., Sasaki,
N., Ota, T., Nagano, O., Yamazaki, Y.,
Sugihara, K., Mori, 1., Miyoshi, M., Okumura,
K. and Miura, A.: Maskless lithography: A
low-energy electron-beam direct writing system



1896

with a common CP aperture and the recent
progress, Proc. SPIE Volume: 5037, Emerging
Lithographic Technologies VII, pp.1051-1058
(June 2003).

8) Pfeiffer, H.C.: Variable spot shaping for elec-
tron beam lithography, Journal of Vacuum Sci-
ence & Technology, Vol.15, No.3, pp.887-890
(May/June 1978).

9) Pfeiffer, H.C.: Recent Advances in electron-
beam lithography for the high-volume produc-
tion of VLSI devices, IEEE Trans. electron de-
vices, Vol.LED-26, No.4, pp.663-674 (1979).

10) Sakitani, Y., Yoda, H., Todokoro, H., Shibata,
Y., Yamazaki, T., Ohbitu, K., Saitou, N.,
Moriyama, S., Okazaki, S., Matsuoka, G.,
Murai, F. and Okumura, M.: Electron-beam
cell-projection lithography system, Journal of
Vacuum Science € Technology B, Vol.10, Issue.
6, pp.2759-2763 (Nov. 1992).

1) 00 00000000000 O00OO0OO00O0

0 Oooobooooobooooobooooobod
ooboooooobobooooobooboooooboao

goooooooo

May 2007

XIIT, 62833J (Apr. 2006).

16) 00 0O000O00OO0O0O0OO0OOOOOOOOO

000000000000000 CPOODODO
000000000 DADOODODOpp.25-30
(July 2006).

17) Sugihara, M., Nakamura, K., Matsunaga, Y.

and Murakami, K.: CP mask optimization for
enhancing the throughput of MCC systems, to
appear in Proc. 26th Annual BACUS Sympo-
situm on Photomask Technology (Sep. 2006).

18) Sugihara, M., Nakamura, K., Matsunaga, Y.

and Murakami, K.: Technology mapping tech-
nique for increasing throughput of character
projection lithography, to appear in IEICE
Trans. Electronics, Vol.E90-C, No.5 (2007).

19) Tomo, Y., Shimizu, I., Kojima, Y., Yoshida,

A., Takenaka, H. and Yamabe, M.: Shot num-
ber analysis on character projection e-beam
lithography for random logic device fabri-
cation at 70nm node, Proc. SPIE Volume:
4348, Emerging Lithographic Technologies V,
pp.715-726 (Feb. 2001).

000000000O00oO00ooooooooog
000000000 O00dSIP2005-128, ICD2005-
147, TE2005-92, pp.105-110 (Oct. 2005).

12) Sugihara, M., Takata, T., Nakamura, K.,
Inanami, R., Hayashi, H., Kishimoto, K.,
Hasebe, T., Kawano, Y., Matsunaga, Y.,
Murakami, K. and Okumura, K.: Cell library
development methodology for throughput en-

20) Williams, H.P.: Model Building in Mathemat-
ical Programming, John Wiley (1999).

21) Yamabe, M.: Overview of CPL activities in
Japan, the handout of CPL Workshop (Sep.
2005).

22) Yasuda, H., Haraguchi, T. and Yamada, A.: A
Proposal of MCC (multi-column cell with lotus
root lens) system to use as a mask making tool,
Proc. 24th Annual BACUS Symposium on Pho-
tomask Technology, pp.911-921 (Dec. 2004).

hancement of electron beam direct writing
systems, Proc. International Symposium on
System-on-Chip, pp.137-140 (Nov. 2005).

13) Sugihara, M., Takata, T., Nakamura, K.,
Inanami, R., Hayashi, H., Kishimoto, K.,
Hasebe, T., Kawano, Y., Matsunaga, Y.,
Murakami, K. and Okumura, K.: Technology
mapping technique for throughput enhance-

(0018090 15000)
(0019020 1 000)

od oooood

ooO4900000 1300000
gooooooocoooooooo
goooooocooooooooo
gooooocoooooooooo
gooooooooobi1s0o00

ment of character projection equipment, Proc.
SPIE Volume: 6151, Emerging Lithographic
Technologies X, pp.71-82 (Feb. 2006).

14) Sugihara, M., Takata, T., Nakamura, K.,
Inanami, R., Hayashi, H., Kishimoto, K.,
Hasebe, T., Kawano, Y., Matsunaga, Y.,
Murakami, K. and Okumura, K.: Cell library
development methodology for throughput en-

o<
goooboooooooobooooooobooooo
goooOoOoOoOopopoOooOoOoooooovLesIog
goooboooooooooooooobooooooo
oo0oooooooomuoo 12000000000
4000000000000000000IEEEOSPIE
oooo

hancement of character projection equipment,
IEICE Trans. Electronics, Vol.89-C, No.3,
pp-377-83 (2006).

15) Sugihara, M., Takata, T., Nakamura, K.,
Matsunaga, Y. and Murakami, K.: CP mask
development methodology for MCC systems,
Proc. SPIE Volume: 6283, Photomask and
Next-Generation Lithography Mask Technology



Vol. 48 No. 5

o0 O0o0o0oooo

oo 3rooblegroooooo
gooooooooooooooon
goboooobodooooooooon
OO0O0O0OLSIO CADOOOOOoOO
1991000 1000000000
gboooboooooboooboobooboz20100000
gooooboooooooobooboooooobooooon
gooooboooooooooooooboooooDo
gooboooooooboooboboOom4ooonn
gooobooobooboooyoooooooon
00 LSIo000o0oo0o0ooooooooooo
O0OO0OIEEEDACM OO0

ooooooooooboooooooooooboooooo 1897

o0 O0o0o0oooo

oo 300000 s9000n
gooooooooooooooon
ooooooooooooooooo
gbooooocoobobooboooo
b e2000000000060
gobooOooooooooooboooooooooo
gboobooooooooboooooooobooooo
goooooo0O0ooooooooooo LsIoo
gooooobooooooobobooooooobonoo
gooooboooooobo3booooobooDboo
ob400000000000009000O000O0O
goob 12000 BPOIPOOOOOOO 1200
gooboooo40000000000000O0 140
gboooooboooobooooooooo




