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Abstract Dielectric thin films for TFT(thin film transistor)s, such as silicon nitride(Si;N4) and silicon oxide(SiO»,), are
usually deposited at 200-300°C. In this study, authors have tried to form dielectric films not by deposition but by oxida-
tion with ECR(Electron Cyclotron Resonance) oxygen plasma, to improve the interface properties between the dielec-
tric films and semiconductor films(hydrogenated amorphous silicon(a-Si:H)). The substrate was not intentionally
heated during oxidation. The oxidation was performed consecutively without breaking vacuum after the deposition of
a-Si:H films on the substrate to prevent the introduction of impurities. In this study, especially pulse mode of micro-
wave power has been firstly tried during ECR oxygen plasma formation. Compared with the case of the continuous
wave mode, the oxidation with the pulsed ECR results in higher quality silicon oxide(SiO.) films in terms of stoichiom-
etry of bonding, dielectric constants and surface roughness. Especially the surface roughness of the pulsed ECR oxide
films dramatically decreased to one-third of that of the continuous wave mode cases.
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Fig. 1. Schematic Diagram of ECR PECVD system.
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Table 1. Deposition Conditions of a~Si:H films and Oxida-
tion Condition of SiQ. films

Item Condition
Substrate Temperature RT(No heating)
Microwave frequency 2.45GHz
Magnetic flux density 875G
Substrate position ~ 15cm

(distance from plasma chamber)

Base pressure ~2x107° torr

Pulse frequency 27.5kHz
SiH; flow rate 40sccm
Microwave power(for deposition) 300W
Deposition time 40min
Deposition pressure 2x107* torr
Flow rate(99.999% pure O,) 30~60sccm
Microwave power(for oxidation) 250~400W
Oxidation time 40min
Oxidation pressure ~10"*torr

Si0x

v

a-SitH (24004)
<ECR PECVD>

c-Si (100) wafer

Fig. 2. Schematic cross-section of the sample.
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Fig. 3. Experimental procedure for the preparation of a-Si:H
films and SiO, Films.
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Fig. 4. FTIR spectra of oxides grown by O, plasma excited with
27.5 kHz pulsed ECR at Q. flow rate of (a) 30 sccm, (b) 40
scem, () 50 scem, and (d) 60 scem, respectively.
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Fig. 5. FTIR spectra of oxides grown by O. plasma exited with
27.5 kHz pulsed ECR condition at microwave power of (a) 250
W, (b) 300 W, (c) 350 W, and (d) 400 W, respectively.
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Fig. 6. FTIR spectra of oxides grown by O. plasma exited with
continuous wave ECR condition at mic rowave power of (a) 250
W, (b) 300 W, (c) 350W, and (d) 400 W, respectively.
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Table 2. The data of ECR silicon oxide thickness.

me | soom) | powerty | mimy | S8
27.5kHz 30 300 40 134.6
27.5kHz 40 300 40 106
27.5kHz 50 300 40 95.1
27.5kHz 60 300 40 114
27.5kHz 40 250 40 105
27.5kHz 40 300 40 106
27.5kHz 40 350 40 114.7
27.5kHz 40 400 40 1149
CW 40 250 40 107
Cw 40 300 40 112
Cw 40 350 40 141
Cw 40 400 40 147




216 A 10 A3 (2000)

2.25

N
N

2 1 5 DCODOOODOQOOOOODQOOOGOQQOOOCOGCO

——

no
<
(ol

DOBDQDODDEBDDGGDDDDDDDDOCEUGDGQGDCBGGGGSQGGGUUQUG

Dielectric constant
[av]
[a™3 —

.95
1.5 2 2.5 3 3.5 4

Photon energy(eV)

Fig. 7. The real part of dielectric constant of Si0, films with O,
flow rate change. The a-Si:H was oxidized at 300 W(27.5 kHz
pulsed) for 40 min.
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Fig. 8. Dependence of oxide surface roughness on Q, flow rate.
The oxides were grown by O. plasma exited with 27.5 kHz
pulsed ECR. The a-Si:H was oxidatized at 300 W for 40 min
without heating substrate.
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Fig. 9. Dependence of oxide surface roughness on the micro-
wave power. The oxides were grown by O, plasma exited with
27.5 kHz pulsed ECR and continuous wave ECR at different
microwave powers.
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