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Properties of Ta–Mo alloy gate electrode for n-MOSFET
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As complementary metal oxide semiconductor
(CMOS) devices are scaled beyond the 50-nm gate
length node, the effective oxide thickness must be
below 10 Å to reduce short-channel effect and to
improve device performance. Polysilicon has been
extensively employed as a gate electrode, however,
it has recently shown to suffer from instability on
high-K dielectrics [1]. In addition, the inversion
oxide thickness is increased by about 3–5 Å due to
polysilicon gate depletion [2]. Based on the above
reasons, the investigation of metal gates is critical for
scaling of advanced gate stacks [3].

Metal gate electrodes must have suitable work func-
tion, process compatibility and thermal/chemical inter-
face stability with underlying gate dielectrics. In order
to replace the polysilicon gate while maintaining the
proper threshold voltage, work functions of the metal
gates for n-channel MOS (NMOS) and p-channel MOS
(PMOS) must be close to those of n+ and p+ doped
polysilicon, which are close to 4 and 5 eV, respectively
[4]. Metals with mid-gap work functions are known
to be unsuitable for advanced CMOS devices due to
severely degraded short channel characteristics [5].

While several thermally stable metals have been re-
ported as possible gate electrodes for PMOS devices
[6], metals having NMOS compatible work function
typically suffer from thermal instability. Their high
affinity towards oxygen promotes the reduction of the
underlying dielectric and the formation of a metal ox-
ide layer [7]. Binary metal alloys have been recently
reported [6] and may provide a possible route for
NMOS electrodes. In this work, we have investigated
the electrical/material properties and thermal stability
of a novel binary metal alloy, Ta–Mo, for NMOS gate
electrode.

Field oxide of 3500 Å was grown to define active area
on (100) p-type silicon substrate. The gate dielectric
was 100 Å SiO2 which was thermally grown at 900 �.
The binary metal alloys were deposited using a UHV-
PVD sputtering tool with a base pressure of 3 × 10−9

Torr. Sputtering was performed using a Ta target (purity
of 99.5%) and a Mo target (purity of 99.95%). As shown
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in Table I, the powers of the two targets were adjusted
to obtain alloys with varying compositions.

The thickness of the Ta–Mo binary alloy gates was
∼500 Å and the gates were patterned by lift-off process.
All samples were then rapid thermal annealed (RTA)
in Ar ambient at 600 �, 700 �, 800 �, and 900 � for
10 s to ascertain the thermal properties of the alloys.
Capacitance-voltage (C-V) and current-voltage (I-V)
were obtained using HP 4280 LCR meter (1 MHz)
and HP 4155 semiconductor parameter analyzer, re-
spectively. Sheet resistances were measured using a 4-
point probe. Flat-band voltage (VFB) and effective oxide
thickness were extracted using a quantum model [8].

Fig. 1 shows the atomic percent of Ta and Mo mea-
sured by field emission scanning electron microscopy
(FESEM). Ta-rich film was obtained even when the
percent of Ta sputtering power was far less than that of
Mo.

Fig. 2 shows C-V characteristics of all samples after
RTA at 600 �, for 10 s. The flat-band voltages shift
to positive values as the Ta composition decreases,
which indicates that the work functions of metal gates
is changing as a function of the alloy composition. In
order to obtain the appropriate work function, varying
thicknesses of gate dielectric must be used. Although,
in this work, only one thickness is used, the VFB trends
suggest that the work function trends are also similar.

Fig. 3 shows the variation of flat-band voltage as the
Ta power changes. Flat-band voltage varies between
−0.75 and −0.21 V. These values of flat-band volt-
age suggest that low work function is obtained when
the percent of Ta sputtering power is higher than 50%.
The most NMOS compatible VFB values were obtained
when the percent of Ta power was 58.8% (atomic per-
cent of 90.7%).

The reported sheet resistance of polysilicon is about
80–300 �/� [9]. When the Ta atomic composition was
90.7%, the measured sheet resistance of Ta–Mo alloy
after 600 � RTA was about 16�/�. Since the sheet resis-
tance of Ta–Mo alloy is very low, the alloy can be used
as a gate electrode of a low power device. After 600 �
RTA, the leakage current of capacitor with Ta–Mo
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TABLE I List of sputtering power conditions

Sample number Ta power (W) Mo power (W) Ta power (%)

1 100 30 76.9
2 100 70 58.8
3 100 100 50.0
4 70 100 41.2
5 30 100 23.1
6 0 100 0.0

Figure 1 Composition of Ta–Mo alloys as a function of Ta power.

Figure 2 C-V curves showing the dependence of flat-band voltage on
the composition of Ta–Mo alloy.

Figure 3 Flatband voltage extracted from C-V curves for various percent
of Ta power.

alloy electrode that has 90.7% Ta atomic composition
is about 4.2 × 10−12 A at Vg = −4 V.

The thermal stability between metal film and dielec-
tric can be judged by the formation of interface layer
and the change of flat-band voltages. To identify ther-
mal stability, MOS capacitors with alloy electrode of

Figure 4 The change of gate dielectric thickness after various annealing
temperatures.

Figure 5 The change of flatband voltage after various annealing
temperatures.

90.7% Ta atomic composition were rapid thermal an-
nealed in Ar at 600 �, 700 �, 800 �, and 900 � for 10 s.

Figs 4 and 5 show the effective oxide thickness and
flat-band voltage measurement results. As can be seen
in Fig. 4, the difference of effective oxide thickness be-
tween the two capacitors annealed at 600 � and 900 � is
0.33 Å. This indicates that the interface layer is almost
not formed between metal and dielectric after 900 �
RTA. The variation of flat-band voltage after 900 � an-
nealing is 0.007 V as shown in Fig. 5. This change is
negligibly small. The leakage current increases about
10 pA after 900 � annealing, but this increase does not
greatly affect the device operation. The Ta–Mo alloy
with 90.7% of Ta atomic composition can be consid-
ered to be thermally stable, since there are very little
changes of effective oxide thickness and flat-band volt-
ages up to 900 � RTA.

In conclusion, Ta–Mo alloy metal gate was deposited
by co-sputtering technique. Co-sputtering enables the
easy control of the composition of alloy by varying the
relative sputtering power of each component. Flat-band
voltage was dependent on the composition of alloy.
When the atomic composition of Ta was 90.7%, flat-
band voltages obtained were appropriate for NMOS.
Pure Ta gate was reported to be unstable with the under-
lying gate oxide if the processing temperature of over
700 � was employed [10]. But Ta–Mo alloy was very
stable up to 900 �. Since the binary alloy of Ta and Mo
provides the appropriate flat-band voltage and corre-
spondingly the appropriate work function, it is suitable
for the gate electrode of NMOS devices.
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