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Abstract . The chemical structure, surface free energy, and deposition rate of hexamethyldisiloxane
(HMDSIO) were investigated in terms of the discharge power(W), mass flow rate(Fm) and subst-
rate temperature(T,). It was observed that both the substrate temperature and the input engery
(W/Fm) level of grow discharge significantly controlled the chemical structure and surface energy
of plasma polymer. It was found that the deposition rates of HMDSIO could be properly described
as a function of W/Fm and T, as follows. DRm(W, Fm, T,) =CXFmXexp(—Ea/(W/Fm)) Xexp
(~bT)
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DRm(W, Fm) =C’ XFm Xexp(—Ea/(W/Fm)) (1)

t, Ea=apparent activation energy.
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Fig, 1. Schematic representation of plasma polymeri-
zation system (RFG : RF generator, IM : impedance
matching circuit, MKS | MKS Baratron gauge, S .| RF
shield, V\ 415
throttle valve, FM : flow-meter, LN : liquid nitrogen

. shut-off valve, V, . needle valve, Vs :

trap, VP ! vacuum pump, CW : cooling water.)
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Table 1. Experimental Conditions for Plasma Polyme-

rization of Hexamethyldisiloxane

Time  Watts Fm W/Fm Substrate Temperature(T,)
(minute) (W) (mg/min) (MJ/Kg) (K)
20 50 9.1 331 298, 323, 373, 423, 473
20 50 294 102 298, 323, 373. 423, 473
20 50 737 41 298, 323, 373, 423, 473
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Fig. 2. FTIR spectra of HMDSIO monomer and pla-
sma polymerized HMDSIO (T.=298K, W/Fm(M]J/
Kg)) : (a) HMDSIO monomer, (b) 41 MJ/KG, (¢)
102 MJ/Kg, (d) 331 MJ/Kg.

Table 2. Band Assignment of FTIR Spectra

Peak Position Band Assignment

(em ")

3400 v(O—H)

2957 v.(C—~H) in CH;

2899 v.(C—H) in CH,

2125 v (Si—H)

1705 v (C=0)

1255 8.(CH,) in Si—CH,

1033 v.(Si— 0—Si)

838 p(CH3) in Si—(CHy)n, n=2, 3
795 p(CHy) in Si—(CHy)n, n=1, 2
687 v(Si—C)

v . stretching & : bending p : rocking
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Fig. 3. Effect of T, on the chemical structure of
plasma polymerized HMDSIO(FTIR, W/Fm=102

MJ/Kg) : T.=(a) 298K, (b) 373K, (c) 423K, (d)
473K.
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Fig. 4. Plot of IR absorbance ratio (1255cm '/1033
cm ) vs. substrate temperature(T,) : W/Fm(MJ/Kg)
= (A) 41 MJ/Kg, (@) 102 MJ/Kg, (O) 331 MJ/Kg.
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Table 3. Surface Energy of Plasma Polymerized
Hexamethyldisiloxane

Watts  Fm W/Fm T. A A
(W) (mg/min) (MJ/Kg) (K) (erg/cm®)
(cover glass) - 298 2299 36.30 59.29
50 9.1 331 298 2811 240 29.20
323 26.72 248 29.20
373 2774 223 2997
423 2855 1.99 30.54
473 2943 190 31.33
50 294 102 298 2190 183 23.73
323 2234 1.89 2423
373 2266 1.75 2441
423 2283 148 2431
473 2299 142 2441
50 73.7 41 298 2295 131 24.26
322 2265 1.70 2435
373 2150 2.06 2356
423 2309 1.61 2471
473 2295 (.91 23.86
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Fig. 5. Relationship between P./P. and substrate tem-

perature in the plasma polymerization of HMDSIO :

W=50 watts, Fm(mg/min) =() 9.1 mg/min, (@)

294 mg/min, (A) 73.7 mg/min.
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min - K) 2/(2)9] 4% C"= W/Fmo) o8] 235
T RE o5 Ak

du EetzulEgule) Sx4mo] oy W 2
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Fig. 6. Effect of substrate temperature on the deposi-
tion rate of PP—HMDSIO : W/Fm=(A) 41 MJ/Kg,
(@) 102 MJ/Kg, () 331 MJ/Kg.
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Fig. 7. Plot of In(DR/Fm) vs. 1/(W/Fm) : T.=((})
298K, (@) 323K, (~) 373K, (&) 423K, () 473K.
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o, Ea=82+2 MJ/Kg
b =0.003 A/min - K
C =constant (determined by the geometric

factors of plasma reactor)
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