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Abstract—Stress and junction leakage current characteristics of CVD-tungsten have been investigated. Stress
versus continuous annealing temperature plot, shows hysteresis curve where the stress level of the cooling curve
is higher than that of the heating curve. It is found that the thermal and intrinsic stress of tungsten film deposited
by SiH, reduction is higher than that by H, reduction.

The tungsten film deposited by SiH, reduction is in the tensile stress state below 700C and the stress of
the film decreses with increasing annealing temperature. The stress state changes into compressive stress at
about 700C and the compressive stress increases rapidly with increasing temperature.

Leakage current of the n*/p diode increases rapidly especially in the range of 400~450T with increasing
deposition temperature of the CVD-W by SiH, reduction, which is due to the Si consumption by W encroachment.
On the other hand leakage current of the n*/p diode slightly increases with increasing SiH,/WF; ratio.
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Table 1. Deposition conditions of CVD-W film for stress property

Deposition Pressure SiH, flow rate WF; flow rate H, flow rate
temp. (C) (m torr) (sccm) (scem) (sccm)
SiH; reduced W films 300 100 10 20 1000
H, reduced W films 400 1000 - 80 1600
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Fig. 1. Schematic representation of LPCVD equip-
ment.
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Fig. 3. Schematic representation of the n*/p diode for
junction leakage test.

Fig 2. Thin film stress measurement system.

o=E h¥(1—v) 6 R,

where, E/(1—v)=The biaxial elastic modulus
of the substrate (1.805E11 Pa for 100
Si wafers)
h=Substrate thickness (m)
t=Film thickness (m)
R=Substrate radius of curvature (m)
o=The average film stress (Pa)
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Table 2. Deposition conditions of CVD-W film for jun-
ction leakage test

Deposition 200 250 300 350 400 450
temperature(C)
Sample No. El E2 E3 E4 E5 Eé6

Pressure : 100 mTorr, SiH, : 10 sccm, WFs : 20 scem,

H, : 1000 sccm

SiH,/WF; flow ratio
(SiH; flow rate, sccm)
Sample No. F1

03 05 07 09 11 13
6 10 (14 (18 22) 26
F2 F3 F4 F5 Fé

Temperature : 300C, pressure . 100 mTorr, WF; : 20
sccm, Hp @ 1000 scem
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Fig. 4. Stresses in SiH, reduced and H, reduced tung-
sten films as a function of annealing tempera-
ture.
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Fig. 5. Stresses in SiH, reduced tungsten films as a
function of annealing temperature.
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Fig. 6. Junction leakage current of n*/p diode as a
function of W deposition temperature.
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Fig. 7. Junction leakage current as a function of W de-
position temperature.
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Fig. 8. SEM photographs for selective W films deposi-
ted at (a) 300C and (b) 400T.
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