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Abstract—Dry etching of LPCVD tungsten film was performed using CF4/O, plasma in both reactive ion
_etching(RIE) and plasma etching(PE) modes. The etch rate of tungsten and the selectivity of tungsten to
Si0, were examined as a function of oxygen content in feed gas, pressure and RF power. The maximum
etch rate in PE and RIE modes were observed at 40 and 50% O; in feed gas, respectively. The maximum
selectivities of tungsten to SiO, in both modes were about 16 and 2.3, respectively. Mass spectroscopy(MS)

and optical emission spectroscopy(OES) were used to identify the reactive species in CF/O. plasma. The
results of MS and OES analyses in measuring the etch rate as a function of O, percent suggest that WOF,
and WFs are main etch products for tungsten etching. The maximum etch rate was obtained at 0.6 torr
for PE mode and 200 mtorr for RIE mode. With the increase of RF power, the etch rates of both tungsten

and Si0, increased, but the selectivity of tungsten to SiQ, decreased.
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Fig. 1. Laser end point detector signal observed in the et-

ching of PR and silicon dioxide(Pressure: 200

mtorr, Power: 200 W, Total flow rate: 20 sccm,

CF4: 10 scem, Oy 10 scem).
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Fig. 2. Laser end point detector signal observed in the et-

ching of tungsten(Pressure: 200 mtorr, Power: 200

W, Total flow rate: 20 sccm, CF4 10 scem, Oa:

10 sccm).
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Table 1. Experimental conditions for dry etching of tung-
sten and SiO,

Etch mode Plasma etching Reactive ion

Parameter (PE) etching(RIE)
Powered electrode upper electrode lower electrode
Pressure 0.1-1.2 torr 80-300 mtorr
RF power 100 W 100-300 W
Substrate temp. 60C water cooled
O, % in feed gas 0-70% 0-70%
Electrode distance 5 cm 5 cm
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Fig. 3. Typical mass spectroscopic histrogram of CF/O;
discharge.
(a) CF;=20 sccm, (b) CF4=16 sccm and O,=4
scem.
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Fig. 4. Typical optical emission spectra of CF,/O; plasma.
(a) CFy 20 sccm only, (b) CF, 16, O, 4 sccm.
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Fig. 5. Relative intensities of F(W) and O(a) radicals as

a function of O, percent. F and O are normalized

to 1.0 and 0.6, respectively.
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Fig. 6. Effect of O, percent on the partial pressures of

various gas phase species in CF/O; discharge.
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Fig. 7. Effect of O percent on the etch rate of tungsten
(M), SiOx(a) films and selectivity(O) in PE mode
(pressure: 0.3 torr, RF power: 100 W, Total flow
rate: 100 sccm).
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Fig. 8. Effect of O, percent on the etch rate of tungsten
(W), SiOy(a) films and selectivity((J) in RIE mode
(pressure: 200 mtorr, RF power: 200 W, Total flow
rate: 20 sccm).
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Table 2. Comparison of results of CF/O, based dry etching of tungsten films

Method of tungsten Resistivity of tungsten Etching 0, % exhibiting
film preparation film(pu-cm) mode maximum W etch rate
PECVD?® >50 PE 10%

E-beam evaporation? 140 RIE 15%
Magnetron sputtering” >13 RIE 20%
Magnetron sputtering” 113 PE 30%
Magnetron sputtering®® 113 RIE 35%
LPCVD® 10 PE 40%
LPCVD? 10 RIE 50%

a) Tang and Hess(Ref. 8), b) Bestwick and Oehrlein(Ref. 10), ¢) Pan and Steckl(Ref. 9), d) Oehrlein and Lindstom

(Ref. 11), e) This work.
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Fig. 9. Dependence of tungsten etch rate on the reaction
pressure in PE mode(A)(RF power: 100 W, Total
flow rate: 40 sccm, Substrate temperature: 60°C),
and RIE mode(@)RF power: 200 W, Total flow
rate: 20 scem, CF4/O; flow ratio: 10/10).
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Fig. 10. Effect of RF power on the etch rate of tungsten
(W), SiOy(a) films and selectivity(() in RIE
mode(CF,/O, flow ratio=10/10 sccm, Pressure:
200 mtorr).
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