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1. Introduction

Metal gate technology is essential to overcome gate
depletion and boron penetration problems of poly-silicon
gates. Though dual work functions (WFs) appropriate for
both n- and p-MOSFETs in CMOS devices is necessary,
process integration of the dual metal gates is a challenging
issue. A fully silicided (FUSI) gate with dopant segrega-
tion is a candidate for the dual metal gate process [1].
However, this technology still suffers from the Fermi level
pinning on high-k dielectrics due to Si contained in the sili-
cide gate [2].

It was previously reported that interdiffusion of dif-
ferent metals stacked can provide different WFs for n- and
p-MOSFETs without an etch-off process of an unnecessary
metal from either n- or p-MOS region [3,4]. However,
thermal robustness of the metals reported so far is not suf-
ficient for a usable gate first process. In this paper, we
select Mo and Ta with high (4.95 eV) and low (4.25 eV)
WFs [5] for the interdiffusion dual-metal gate process. Ta
and Mo are possible to pattern with a reactive ion etching
(RIE) and are expected to have high thermal stability. We
experimentally demonstrate the WF controllability of the
Mo and Ta/Mo stack dual metal gates and confirm the suf-
ficient thermal stability for the gate first processes.

2. Sample preparation

MOS capacitors with a single Mo layer and a
Ta-on-Mo stack were fabricated though the processes
shown in Fig.1. Deposition of the Mo layer on the SiO,
gate dielectrics was carried out by e-beam evaporation or
sputtering for comparison. For the case of the Ta/Mo
stack, Ta (46 nm) was deposited by e-beam evaporation
after the deposition of Mo (10 nm). After the gate patter-
ing by RIE using SF¢ plasma, interdiffusion annealing
(IDA) was carried out in vacuum to enhance the Ta diffu-
sion into the Mo layer, followed by forming gas (3% H,)
annealing (FGA) at 450°C for 30 min.

3. Results and Discussion

The cross-section of the Ta/Mo stack [Fig.2(a)]
shows that the Ta and Mo layers were deposited homoge-
neously. The profiles of Mo and Ta across the Ta/Mo
stack were explored by an EDX analysis and compared for
different anneal conditions as shown in Figs. 2(b)-(d).
After the FGA at 450°C for 30 min., the diffusion of Ta
into the Mo layer is recognized [Fig.2(c)] in comparison
with the as-deposited sample [Fig.2(b)]. The additional
IDA at 800°C enhances the Ta diffusion [Fig.2(d)].

The C-V curves of the Mo and Ta/Mo gate samples
prepared by e-beam evaporation of Mo are compared in
Fig.3. The IDA was carried out at 700°C for 1h. It is
shown in Fig.3 that the different flat band voltage (Vfb) is
obtained for the Mo and Ta/Mo gates, and the difference
(AV1b) amounts to 0.43 V. However, the maximum ca-
pacitance at the accumulation shows the difference between
the Ta and Ta/Mo gates, which means the capacitance
equivalent thickness difference (ACET) of 0.74 nm. The
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Mo and Ta/Mo gate samples prepared by sputtering Mo
(Fig.4) show the AVtb of 0.39 V. The maximum capaci-
tance of both the samples is almost the same and the ACET
0f 0.13 nm is negligibly small.

The effective work functions (EWFs) of the Mo and
Ta/Mo gates were estimated from the V{b-CET plot as
shown in Fig.5. The EWF change as a function of the
IDA temperature is shown in Fig.6. For both the Mo
gated capacitors by e-beam evaporation and sputtering, the
EWF decreases remarkably with the IDA at 800°C. Thus,
the optimum IDA temperature is 700°C or less. In this
condition, the EWF difference between the Mo and Ta/Mo
capacitors is 0.47 eV for the e-beam evaporated Mo sample
and is 0.31 eV for the sputtered Mo one.

The thermal stability of the Mo and Ta/Mo gates
was evaluated in terms of the CET change during the IDA
at 600~900°C. The CET values for the capacitors with the
Snm-thick thermal oxide are shown in Fig.7. The CET of
the Mo gates increases with increasing IDA temperature,
while that of the Ta/Mo gates decreases. It is noteworthy
that the CET change is less significant for the sputtered Mo
sample than that for the e-beam evaporated Mo sample.
In the IDA range of 600~700°C, the CET difference be-
tween the Mo and Ta/Mo gated capacitors prepared by the
Mo sputtering is negligible. It is concluded that the sput-
tered Mo gated capacitors have the higher thermal stability.

The robustness against the thermal budget necessary
for the gate-first process was examined. As a sufficient
thermal budget for the source/drain activation [6], the rapid
thermal annealing (RTA) at 850°C for 20 sec. was carried
out after the IDA at 600°C for 1h for the samples prepared
by the Mo sputtering. As shown in Fig.8, the sufficient
amount of AVfb (0.39 V) remains after the RTA, and the
CET difference between the Mo and Ta/Mo gated samples
keeps a insignificant level (0.4 nm). Thus, we conclude
that the Mo and Ta/Mo gates are promising as the dual
metal gates and are applicable to the gate-first CMOS proc-
esses.

4. Conclusions

We have studied Mo and Ta/Mo gates as candidates
of the dual work function metal gates. In the Ta/Mo stack
gate, Ta diffusion into the Mo layer gives lower work func-
tion than the Mo single layer gate. Actually, the annealing
at 600~700°C gives the sufficient WF difference (0.31~0.47
eV) between the Mo and Ta/Mo gates. The thermal ro-
bustness of the Mo and Ta/Mo gates prepared by Mo sput-
tering is superior than that by e-beam evaporation of Mo,
and the robustness against RTA at 850°C for 20 sec. is also
confirmed. Thus, the combination of the Mo and Ta/Mo
gates is one of the candidates for the dual work function
metal gates acceptable to the gate-first CMOS processes.
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