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Electron Beam Resist, “TOYOBEAM’ CMS Series

Mitsutoshi FUKUDA
Masaaki TODOKO

The title partially chloromethylated polstyrene (CMS) is a negative-working electron beam resist

developed for the VLSI microfabrication. By utilizing a living anionic polymerization technique, we have

succeeded in removing the heterogeneity of molecular weight of CMS to effect very high resolution. CMS

thus obtained exhibits the highest resistance to dry etching of all known resists and may be used for

mask production and wafer fabrication through the direct writing with electron beam exposure system.
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Table 1 Commercially Available Electron-beam Resists

Commercial Name Material Type Supplier o
PBS Poly (butene-1-sulfone) Mead Associates
FBM—110 Poly (hexafluorobutyl methacrylate) . Daikin Kogyo :
- — | positive L
EBR—9 Poly (trifluoroethyl a-chloroacrylate) T_oray

RE--5000 P Novolak/Poly (2-methylpentene-1-sulfone) Hitachi Kasei
OEBR--100 Poly (glycidyl methacrylate) Tokyo Ohka

COP Poly (glycidyl methacrylate-co-ethyl acrylate) Mead Associates
SEL—N Maleic acid ester of polymthacrylate Somar Kogyo o

negative —=

CMS Chloromethylated polystyrene Toyo Soda

RE—4000 N Iodinated polystyrene Hitachi Kasei o
MES—E Chlorinated polyvinyltoluene Japan Synthetic Rubbe:»

—CH.—CH)+—+CH.—CH ——

<
CHLCI

Chloromethylation ratio: n/(m+n)

Fig.1 Chemical structure of CMS.
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Fig.2 Typical sensitivity curve of a negative resist;
definition of contrast 7
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Fig.3 Typical example of gel permeation chromato-
grams of CMS and original polystyrene.
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Fig.4 Proposed scheme for thermal crosslinking of
CMS -
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Table 2 Characteristics of “Toyobeam”
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Fig. 5 Effect of chloromethylation ratio on electron

beam sensitivity of CMS relative to original
polystyrene (PS)
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Fig. 8 Molecular weight dependence of electron beam
sensitivity and contrast y for CMS

BE72%, 7 BICHATFBIKEENS H, Fig.9 cHS
CMS for Electron-beam Lithography.

Type CMS-EX(SS) CMS-EX (S) CMS-EX CMS-EX(R)
Molecular weight 2.1x10°% 1.3x10° 5.3x10* 1.3x104
Sensitivity (pC/cm?)V 1.1 1.8 4.0 16
Contrast r 1.6 1.7 1.8 2.3
Resolution? B o
isolated line (p) = 0.3 0.3 0.2
gap pattern (gu) 2.0 1.8 1.5 1.0

Dry etching durability

-—

Etching rate : 1/5 to Al (for CClp)

1) Value of Dg?5 def;led irﬁ‘i; 2q._“Accelerating voltage is 20kV
2) Isolated line and gap pattern are defined in Fig. 10,
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Fig. 7 Sensitivity curves of 4 types of CMS.
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Fig.8 Sensitivity characteristics of CMS-EX(SS),
compared with other types of commercial
resists A and B.
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Fig.9 Post-polymerization effect after electron beam
irradiation for CMS, compared with other
types of commercial resists A and B.
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% ? A Resist

(a)

substrate

Fig. 10 Two types of resist pattern for evaluation of

resolution ; (a) isolated line and (B) gap
pattern.

Table 3 Durability Characteristics to Dry
Etching for CMS

Substrate | Selectivity Ratio Apparatuszeactive Gas
Al 5 PP [cCl,
Al-Si 4 PP [CCl,
Si N ~ 00 BP [CF,+0,
Poly-Si 6 BP [CF+0,;+N,
Mo ~00 BP [CF,+0,
PSG 2 RS |[CF,
Cr 2 RS |CCl,+air

. :n— Etching Rate of Substrate
Select1v1ty Ratlo~m—lzm—

P P : Parallel Plate
B P : Barrel
R S : Reactive Sputter

Residual Film Thickness(%) Resist Profile

_@_ @ Weak profile
6080 % % Appropriate
. back scattering

less than 50

higher than 90

Fig. 11 Schematic representation for electron dose
dependence on resit pattern profile delineated

by CMS.
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(a)

Photo. 1 SEM photographs of resist pattern profile
for CMS-EX (R) ; (a) isolated line of 0.2
width and(b)gap pattern of 1.0 # space.
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Fig- 12 Effect of electron dose on feature size deli-
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circles represent line and space images,
respectively.
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