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Abstract: In this work, the SiO» films on the silicon substrate with different orientations were first prepared by the low temperature process using
the ECR plasma diffusion as a function of microwave power and oxidation time. Before and after thermal treatment, the surface morphology, Si/0
ratio from physicochemical properties, and the electrical properties of the oxide films were also investigated. The oxidation rate increased with
microwave power, while surface morphology showed the nonuniform due to etching. The film quality, thercfore, was lowered with increasing the
defect by etching and the content of positive oxide ions in the oxide films from bulk by higher self-DC bias. The content of positive oxide ions in
the oxide films with different Si orentations showed Si(100) < Si(111) < poly Si. The defects in Si/SiO; interface of SiO- film could be decreased
by annealing, while Q: and Q: were independent of thermal treatment and the dependent on concentration of reactive oxide ions and self-DC bias of
substrate. At microwave power of 300, and 400 W, the high quality SiO; film that had lower surface roughness and defect in S/SiO: interface was
obtained. The value of interface trap density, then, was ~9x 10" em?ev
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Table 1. Analysis Methods for the Characterization of the
Silicon Dioxide Films

Physical and

) , Analvsi
electrical properties nalysis

Structure Single beam FTIR(Shimadzu, 8501)

Oxide thickness Spectroscopy Ellipsometer(Rudolph, S2000)
Surface morphology | AFM(Atomic Force Microscopy, PSI,
Auto probeM5)

SiO; stoichiometry | XPS(X-ray Photo electron Spectroscope,
SSI, 2803-S)

Capacitance-Voltage | Capacitance Meter(HP 4140B)

Electron
inversion layer +Vo Gate
i / /Silicon oxide
&
Acceptor ions

p-type silicon \ Depletion

Figure 1. Cross-section of the MOS capacitor biased to
inversion layer, depletion, and neutral bulk.
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Figure 2. Oxide charges associated with oxidized silicon.
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Table 2. Comparison of O/Si Ratio in the SiO; Films Prepared by ECR Oxidation on Si(100), Si(111) and Poly-Si Substrate with

Substrate DC Bias

Experimental conditions Sensitivity factor DC bias Orientation Si 0
Si(100) 1 2.010
Mi D600 W B

crowave power 0 volt Si(111) 1 2083
0 flow rate : 30 sccm C(1s) : Si(2p) : O(1s) Poly-Si 1 2133
Pressure © 4.5 mTorr 1:099:25 Si(100) 1 2125
-2 Si(111 1 2.147

Substrate : 12 cm from lower magnetic 0 volt iy
Poly-Si 1 2.249

Table 3. Comparison of O/Si Ratio Before and After Annealing of the Si0, Films Prepared by ECR Oxidation on Si(100), Si(111)

Substrate
Experimental conditions Sensitivity factor annealing Orientation Si 6}
Microwave power @ 400 W before Si(100) 1 2.047
O flow réte 5 scem Cls): Sip): O(1s) Si(111) 1 2121
Pressure : 2.5 mTorr . o
, oo 9 1:099:25
Temperature - 225 C after Si(111) 1 1989
Substrate : 0 cm from lower magnetic
22 7]%011 = DC bias7]- 7}'3}11]‘3 02" O* 0]%%6‘ 7]12-2 T T T T T T T T T T T 80.0
& A5 = Abslor JW 3lol| oske = .28 }-Si(100) e :Si(100
HEse 48 taue 2usd 93 Fo e oughness(rms) . ’SiEl]li‘
DC biasZ -20 volt2 &t ulelazul 3L 600 W, A4 & —B8— : Roughness(average) :
are] 30 o] 45 mT ESICE] o] z7d 24 : Bare roughness(r.m.s.)
2} scem, 4Eol 45 mTorr, 7189 7} 12 emd) 239 _ L - Bare roughness(average) - 60.0
A FYE 7ol FAE Absiehe XPSEA Z3, Cls), Si2p), € 20| —
O(ls) sensitivity factor® 223}l Adtd Si:09 Hx= % [ =
- v
Si10008 ¢ 1:2125, SIS A% 1:2147, poly Siel 29 1 g °r 00 §
122492 Si:0¢ ¥aE DC biasE 7HeHA & A4 2ol 0 S 12} )
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Figure 4. Effect of oxidation time on the oxide thicknesses and
roughness of the SiO» film surface for the different Si
orientations.
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Figure 5. (a) Magnetic field for two magnetic currents at 100 A
and (b) the axial profile of magnetic flux density at the top of
ECR chamber with currents. The ECR resonance occures when
the magnitude of B is 875 Gauss.
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interface trap density profile in the Si band gap as calculated
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Table 4. Electrical Properties of Silicon Oxide Film Prepared by
ECR Plasma Oxidation. Microwave Power was 300, 400 W
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