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Physical and Chemieal Interactions between Low Temperature Plasma
and Organic Thin Film
——Clarification of the mechanism and its application
to the molecular design of dry developable resist——
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Faculty of Pharmaceutical Sciences, Chiba University
1-33, Yayoi-cho, Chiba 260

(Received September 14, 1984)

Physical and chemical interaction mehanizms between low temperature plasma and organic polymer
film was elucidated on the basis of the results of quantum-chemical czleulations and experimental
observations. The radiation effects on polymers are approximately reproduced in low temperature
plasma, because the degradable and crosslinkable properties originate from the reactions on the

lower excited state potential energy hypersurfaces.

In oxygen plasma, crosslinkable polymers are

converted to degradable polymers by the reaction with oxgen atom. The origin of the dry etch
resistance of resist film was also clarified. The elucidated interaction mechanism was applied to the
molecular design of dry etch resistant and dry developable resist, an example of which was shown

in the last section,
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Fig. I Electron energy distributicn in CHa
plasma.

Experiment: RF power BW, gas
pressure 0.22 Torr and gas flow rate
3 scem.

--------- Mazwellian distribution.

—+—+ Druyvesteynian distribution.
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Fig. 2 Cross section in the collision of elec-
tronand nitrogen molecule.
TOT: Total cross section
MT : Momentum transfer cross section
EL : Elastic collision cross section
ROT : Rotational excitation cross section
(J=0—2}
VIB: Vibrational excitation cross section
TRIPLET : Excitation cross section to the
triplet states (Sum of the 6 states including
A, Band C) A: A¥ .Y B B%, C: Coaw
SINGLET : Excitation cross section to the
singlet states (sum of the § states including
a}) a: a'm,
DIS: Dissciation cross section
ION : lonization cross section
N: N icn production cross section
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Fig. 3 Electron energy loss spectrum of poly

(vinylcinnamate} film.

Initial energy of electron beam: ~17.8, 15.8,
14.0, 12.5, 11.0, 9.5, 7.8, and 6.2¢V from
the bottom,

------ : UV Absorption spectrum

PPP : Theoretically caleulated values by SCF
MO CI under w-electron approximation

INDO/S: Theoretically calculated values by
SCF MO CI considering all the valence
electrons.

Excitation cross section to the lowest tripet

state is extraordinarily large in the cases of
low-energy electron beam.
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Fig. 4 Proton beam and electron beam sen-
sitivities of organic polymer flm,
The sensitivity for the proton beam (100kV} is
10v5~10% times higher than that for the
electron beam (20 kV).

LML TES (Fig. %, #2112, 4
A VYOHER VYR AT EHEET 2 RETOERITHD
DT, W LBA 2y 2 ) v IEREERT L2 L
TEI, HEW, 14 v O{EERSAEERETEH
B (REZE, VT FF 4T e AFd vy F S,

3. EOETFRIRMERETORHER

2.2 THOhiC Lickdic, WR7 9 X~T, HH#
HWEho4TE, Bk ¥ -2H 0BT (b, &8
Fe =) Kk TEOE BRI E S, 37,
A VE—LCE»THEMRCEMBL S, 2DkD
IPAR W E TR TR » o ) v — S F OB,
FOATHBEOECLD, 220X FCANAT &
B, BTROFEC L TRTCEMTEEY, £
—24d, Fig. 5 wrlieX S 2 SRR EmoERT
HY, BI3—0iF Fig. 8 R L7 WS X 5 #
W2z —3 PHAOERTES, FIEORA 7OR ) v —
i1, TORR ATEMETTAMREBD L 4 I TH,
HER LR w5 VA MEMELTE»T T A
B, BT @EHICREELLS, EraR v —0E
TRovE - SR (T o A A v —n) 2H
BEEE, HTHEEORNCE T, SR EEHTN



— 458 — FEMY: 68 FLT (1589

5
£z
2
3
[&]
2
5]
=
[y
o
= Fig. 5 Potential energy change following the
5 ' main chain scission of radiation-degradable
& s . ‘\.‘ polymer {theoretically calculated).
© s A AEg: Activation energy in the main chain
g , scission in the ground state {(thermal de-
E - S gradation).
o 3l AEsi: Activation energy in the lowest exci-
= ted singlet state,
g 2 i ABzy: Activation energy in the lowest exci-
3 1i- 4B ted triplet state.
I3 - .
The main chain seission takes place easily in
1) ol TP TS Sl o the excited states of the radiation-degradable
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Fig. 6 Potential energy change following the main chain scission {left) and
side chain scission (right) of radiation-crosslinkable polymer (theoretically
caleulated). See the foot note*,
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Oxygen atom

The Initial Stage
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The Final Product {Alcohol)
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Fig. 9 Insertion of the singlet oxygen atom to organic molecule (theore-

tically calculated). See foot note®*,
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hydrocarbon and
oxygen atom. Alcohol is produced
in any case. See foot note®

Fig. 11 Reaction between

singlet
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Fig. 12 Dry etch resistance of various polymer film.

Degradable polymer

QEBR 100: Poly {glycidyl methacrylate)

OEBR 1000: PMMA

OEBR 1030 : Co-polymer of methyl methacrylate and acrylonitrile

ODUR 1010: PMIPK.
Crosslinkable polymer
SVR: Poly (vinyl cinnamate}

CMS: Choromethylated Polystyrene

OS8R : Poly {(f-cinnamoyloxy-ethyl vinyl ether)

OMR-83: Cyclized Rubber (- Bisazide Compound).
Crosslinkable polymer films were exposed to the CF+O: plasma after the
usual patterning irradiation.

OFPR-78, AZ 1350 ] and OFPR 77 : Novolak {+orthodiazonaphthoquinones)
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Fig. 18 Dramatic change of dry etch resis-
tance at the grass-transition temperature

PMMA and PMIPK in CF-Os plasma.
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