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A progress of total dry resist process for e-beam lithography using plasma poiymerization for
resist casting and plasma stching for development, mostly by our group, is reviewed. i) Use
of flow type reactor, ii) copolymerization of e-beam sensitive monomer with etch-resistive monciner,
ili) sensitization by high-z atom, and iv) use of hydrogen plasma for development gave rise to a great
extent of e-beam sensitivity which finally reached to B gCfem® A modeling study of dry de-
velopment have shown a linear dependence of logalithmic film thickness change to the logalithmic
seission fraction per momomer unit, A A 0.15 of 1 is found to be necessary which figure will ex-
plain cbserved decrese of e-beam sensitivity by dry development from that by wet development.
Several way to improve dry devlopment process and also dry devlopable X-ray resign is discussed

on the hasis of knowleges so far obtained.
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Table 1 Histrical review of all dry resist process.

Transfer

Develop

Casting

1975 5i0:
R. A, H. Heinecke

Solid-State Electr, 18, 1164
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Thermal dev. P(aCNEtAcr)
T. Asano et, al.
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PDV UV

J. N, Smith et. al.
Semicon. Intl. 2, 41

CCD Process UV

T.C. Penn

IEEE Trans ED 26, 640
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1930 PPMMA. CCl4Fl Cr
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J. Appl Phys 51, 3938
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Table 2 Merits & demerits of dry process.
General Transfer Develop Coating
Reduce Directional “Avoid Swelling Fast R & D
Utility Etching
Environmental Handy for
Safety Process
Engineers
Controllability Feasibility
for Complex
Structure
Expensive Less Sensitive
Instrument Less Selective

Table 3 Sensitivety improvement of plasma-polymerized e-b resist.

Polymerization

Developing

’%rgaistoorf Monomer Plasma Plasma Sensitivity
Paraliel MMA MMA CClLy =104
Plate '
Flow MMA Ar Ar4+Ce 10°
Flow MMA + Sty Ar Ar+0: 102
Flow MMA - TMT Ar Ar+0, 20
Flow 6 FBMA + Sty Ar H, 102
Flow 6 FBMA+Sty+TMT Ar Ha ’ 5

Parzllel Plate

C—couple Separate

Fig. 2 Various RF plasma reactors
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Parallel Plate Flow

lon Shower Apparatus

a: Outer electrode C-couple; b: Quter electrode L-couple ; ¢: C-couple flow ; d : C-couple flow
{multiple inlet) ; e : C-cople separate; £+ Parallele plate reactor ; g: Parallel plate flow ; h: Jon

shower appratus

P: Pump; W: Water; G: Gas inlet; E: Electorode; WC: Cooling water ; B: B Field ; RF:
RF power supply ; EA : Accellerating E ; G(a) : Momomer gas inlet ; G{c) : Carrier gas inlet
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Takle 4 Method of preparation polymer character condition resist property.
Plasma Polymerization  highly x-linked
Paralle| Plate fregmented
high power high etch resistive
low Ar flow r. less functional
t f
Plasma Polymerization mederately x-linked ! !
Fiow Preserving monomer sfr.  low power fow elch resistive
randem high Ar flow r. functional
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Fig. 3 The dependence of IR absorption spectra
on the gas flow rate of argon at 0.7 Torr and
10 watts : {a) 77 cm® STP/min, (b) 63 cm?® STP/
min, and (¢} 42 ¢em® STP/min.
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Fig. 4 The dependence of IR absorption spectra
on the discharge power at 0.7 Torr, 63cm?
STP/min {ar) and 6.3cm® STP/min {(MMA):
(a) 10 watts, (b} 20 watts, and {¢) 30 watts,
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Fig. 5 Change of number average molecular

weight distribution function for various
random scision  fraction, starting from
Gaussian initial distribution.
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Fig. 6 Dependence of wvolatile {fraction of
polymer layer on random scission fraction.
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Fig. 8 Experimental self development chara-
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b OE DEWEREE R A, O RERTERN TR
i, @ibiﬁ(S)ﬂﬁ‘&r{-iiéﬂ
SR 2 T &k, PMMA @207 BT

15%7 R Loy FBE UIBA OBBHHE: (KA 44,
HOHEoESEFAL o 2HGT

Ve )= (A4 Aa)® (7)
T (Ehs) TEHBENACLTHE S, (Fig. 7
DOEEIT =008 ZDZrid, 77 X7y F0E)
B, BTRODFELAETCEHOUIFOBRERET O
SR LT LEERL TN, (7)) OBREEEFY
W s 7 LOBEBTEMLT

V(D= CLA- da)y® reof A4 (8)
LY EE AR a BHATRIWEELLS, 20Tt
BT Ay FIRED, BORENEEL S LA
BLTE, TN, MES e R OMR LB

7o R ORENINENTEH B BRI S
W ki d,

5%

MAE (1984)
3
.. Etching Gas; Ar-0, (20 %) f
2l

PPMMA

CSMI
T

lllll\' \Vl

10 100
Exposure Dose (pCIcmz)

Il Lt

1000

0 1 1]

Fig. 9 Chemical structure medification index
{CSMI) for plasma-polymerized methylmetha-
crylate (PPMMA) and poly methylmetha-
erylate (MMA),
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Fig. 10 Effect of plasma etchirng gas on the
resist development,

EETEONIHBDREIN(T Y052 2HEDRED
M {LE e s CSMI &sEssd 2 &.
L 0 Pt (9)

TVl Dlenp—cA®
CSMI BB RE L ETRSEOINEE - 04h, &

U RESATELA oBTRo RO HEEe R
b, FO—FiIFig. 90T L, 75 X vESPMMA
rimE e PMMA wdh bbb,

FETEREE b, Hxy FESSTEEET
BEEESFOLELSONRES, BEIRIETHRDR
DIMEHED S OANCER LTS R 6100,
AF v E G0Y EEAO MMA KRB HES T
PMMA O 4ECH 75 X~y FHEET L, fris
COHFALENS PMMA ©T40 OB THF—XT
A= v FEREEREE NI LG, 08 B



i

#

UREOSTRE TETRICL > THFRBET L &
Fiz, PMMA LEEEOWS S X x o P37 Fm
BLLEENT S, —HF EIEEETO L=0.15 ©7
D10 LRI 5% BT 3 10 BER L=
0.048 @F1 A+14=0.089 TIHIHEET O 38% LA

BAC &I,

S

= — 451 ~—

KEF 5 A= L 3RBOHR >0 TERABO T -
WEZZ, Fig, 10 2 PMMA it H 7.3 KkE 752
v DTy FHEEES 20% BRBAT AT VTS A wDT
y FHERRE L0 TEHES, REF I A EHLT
W, SFEEMLY, (SETE O 2TR O U LosT
BT —y FEECHEBERIETOTE B,

Table 5 Plasma polymerization parameter of multiple layer film.

Discharge frequency 13,56 MHz

Dis¢harge power AW

Flow rate of Ar 500 SCCM

Monomer (Ms) MMA MA MMA MMA MMA MMA MMA
{source (Ss)) ] +5%TMT 459 TMT

Flow rate {ceimin) 200 300 100 100 200 200 200

(Gas pressure {Pa) 13.3 15 13.3 13.3 14 14 —

Discharge duration (rmin) 5 10 20 15 5 10 —

Menomer (M) — — — — MA S 5
{source (S:))

IFlow rate feofrmin) — — - - 300 150 150

Gas pressure (Pa) —_ — — — 16 13.3 17

Discharge duration (min) — — — — 5 5 6

Monomer (M,) MMA MMA MMA MMA MMA MMA MMA
(source (5.9 +5%TMT 459 TMT +502,5 +102%MIPK  +5%TMT +5%TMT +539%TMT

Flow tate fcc/miny 100 100 100 100 100 100 100

Gas pressure (Pa) 13,3 13.3 13.3 13.3 13.3 13.3 13.3

Discharge duration (min) 5 5 20 30 5 5 4

Kepeat cycle 3 4 3 3 3 2 3

Film thinkness (A} 2500 4000 12000 6000 2500 5000 5000

Tabhle 6 Plasma

etching parameter and etching rate.

Discharge frequency 13. 56 MHz 13, 56 MHz
Discharge power 50 W 50 W
Etching gas Ar+409%0; CCls
Gas pressure 13.3Pa 13.3Pa

S Dlsc:harge Thmkz;ess Etching Dlscgharge Tthkr-less Etching
Plasma polymerization film duration  removed T8 duration removed T2t°

{min) (A) (A/min) {min} {(A) (A/min}

MMA 3 2500 830 5 2500 500
MA 2 2000 1000 5 1000 200
S i0 4000 400 5 2000 400
(MMA +5%TMT) 5 2000 400 5 1600 200
(MMA +50%353) 10 5000 500 10 2500 250
MMA-MMA+5%TMT) 5 2500 — 5 1600 e
MA-(MMA +56%TMT) 8 3000 — i0 1500 —
(MMA+5%TMT)-(MMA +50%3) 15 7000 - 30 5500 —
{MMA 5% TMT)-(MMA. + 10% MIPK) 8 5000 — 10 3000 ——
MMA-MA-(MMA +5%TMT) 3 1500 — 8 1500 —
MMA~S-(MMA +5% TMT) 3 1800 — 10 2500 —
(MMA-3) 4 2500 630 7 2000 290
(MMA-S}-(MMA +5%TMT) 4 2500 — 3 2000 —
Cr —

- — 10 700 70
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Fig. 11 Effect of plasma etching gas on the film
properties. Etching gas; Ar+40%0..

Discharge frequency :13.56MHz
power T 50w
Etching gas s AT +A0%02
1t Gas pressure : 13.3Pa
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Tig. 12 Plasma etching progress of e-b exposed
multilayer resist film including transition

layer.
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Tabhle 7 Requirment for X.ray resist
sensitivity, ‘

FEME H55

# 45 (1984)

Table 9 High sensitivity X.ray resist
design.

A=(GD)/L @ ==30+107% P/L?
T}Ae= TinA =(30-10-8"1P-Y L/d)’s

s=0T

A+ Nominal Resolution G : Proximity Gap
D : Effective Diameter of X-Ray Source

L : Distance from Source to Mask

s : Sensitivity @ : X-Ray Flux

P : Electron Beam Power

n : Number of Steps A : Area of Exposure
Ag: Area of Wafer

T Total Exposure Time

(Lid)=6 P =4LkW s=2mJ/em?

TInA =00 sec/cm?®

High Sensitivity E-Beam Resist
=(AfMId gl i V)  Scission/eV

A=G.10% M=100 d=10"*
g=1.6x10""%  7,=5.10"¢ =015
Q.=0.14 Vem=2:10
High Sensitivity X-Ray Resist
Q= =AM A} (Ten V) a=2
Qe=aG. An=0.015
(Jon Vo) ={A/M)d Ang/Qx di=4x107

{(Jam Va)=2%107% Jlem?

Table 8 Sensitivity and 7 value of typical negative-working and

positive-working X-ray resist.

sensitivity sensitivity
n{dl/g) (mJ/em?) {(mJfcm?) T
negative 50 50 positive s0
workizng  [eop 0.45 B8 185 1.0 workizg  Mpniva 2500 2
DCPA 1.85 3.5 8.4 1.3 FBM 53 2.5
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