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Abstract

In this study, we applied a new heat treatment method
of microwave annealing (MWA) to form Ni silicide films.
MWA is a volumetric heating method using microwave
energy and has the advantages of high energy transfer
efficiency and low thermal budget by transferring
energy directly. To evaluate Ni silicide films formed with
MWA, electrical characteristics and x-ray diffraction
(XRD) measurements were performed. In addition,
schottky-barrier (SB) MOSFETSs were fabricated. Rapid
thermal annealing (RTA), which is widely used for the
formation of conventional silicide, was also fabricated
and compared. In particular, Ni-silicide SB MOSFETs
using MWA showed better electrical characteristics than
Ni-silicided SB MOSFETSs using RTA.

1. Introduction

Metal silicide is used as interconnect and contact materials
in complementary metal-oxide-semiconductor (CMOS)
technology because of its low contact resistance and
compatibility with Si. [1,2] Among metal silicides, Ni
silicide are attracting attention in next-generation deep
submicron CMOS devices because they offer superior
performance at the nanoscale level. [3] In particular, there
are many advantages such as low resistivity, less Si
consumption, low formation temperature, and little or no
resistivity degradation on narrow lines/gates. [4,5] On the
other hand, RTA was mainly used as an annealing method to
form silicide. However, because of the vacuum process, the
process time is relatively long and the thermal budget is
high. MWA, on the other hand, is a volumetric heat method
using microwave, which directly transfers energy, thereby

enabling high energy transfer efficency and selective heating.

It also has a short reaction time. [6]

Therefore, in this work, we applied MWA as a method of
forming Ni silicide. For comparison, Ni silicide was formed
by RTA. To evaluate the Ni silicide films, the electrical
characteristics were measure through the sheet resistance
and the physical characteristics to confirm the crystal
structure wre measured using XRD. The SB MOSFETs
were fabricated by RTA and MWA and compared.

2. General Instructions

To confirm the electrical charactersitics and cryscal
structure, the substrates used in this study were a p-type
(100) 10-20 Q-cm Si wafer. After RCA cleaning, the Si
wafers were loaded into the E-beam evaporator with a

basepressure of 3 x 10® Torr. Ni was deposited to a
thickness of 30 nm on the sample surface. MWA process at
a power of 250-1000 W in the N2 ambient for 2 min was
performed for silicide formation. For comparison, RTA
process was conducted at 500 °C for 2 min in N2 ambient.
Then, the unreacted Ni was removed using H2SO4 : H20; =
1:1 soulution at room temperature. The substrates were used
a p-type (100) SOI wafers with a 100-nm-thick top silicon
layer and 750-nm-thick buried oxide (BOX) layers for SB
MOSFET. First, standard RCA cleaning was performed to
remove surface contamination and native oxide,
respectively.The active region of SB-TFTs was defined by
photolithography and dry etching. In order to form the
metallic junctions, 30-nm-thick Ni layers were deposited by
E-beam evaporator. The deposition rate was 0.2 A/s.
Silicides formation were performed by MWA process at a
power of 600 W in the N, ambient for 2 min. The RTA
process was conducted at 500 °C for 2 min in N2 ambient for
comparison. Then, the unreacted Ni was removed using
H,SO4 : HO2 = 1:1 soulution. Subsequently, a SiO, of
50-nm-thick was deposited for the gate oxide by using RF
magnetron sputtering. Finally, a 150-nm-thick aluminum
layer for gate electrodes was deposited by E-beam
evaporator. Figure 1 shows the schematic structure of the
fabricated Ni-silicided SB MOSFETSs.

Gate electrode : Al (150 nm)

» Channel: Si (100 nm)
» Source/Drain : Nisilicide
» Gate Oxide : Sputter SiO, (50 nm)
Figure 1. Schematic structure of the fabricated Ni-silicided SB
MOSFETs.
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Figure 2. Temperatrue profiles of RTA and MWA process.

Figure 2 shows the temperature profile of RTA and MWA
process. The RTA process took about 15 minutes to reach
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room temperature after heat treatment as shown in figure 2
and had a thermal budget of 2.84 x 10° °C-s. The MWA
process was a direct heating method using electromagnetic
waves. Thus, a process temperature within about 20 seconds
could be reached and a very short ramp-down time of 10
seconds was required. The thermal budget of MWA 250 W,
500 W, 600 W, 750 W and 1000 W were 0.48x105,
0.55x10%  0.56x10° 0.58x10° and 0.64x10°°C-s,
respectively. This indicates that the thermal budget applied
to the sample in the MWA process is smaller than the RTA

process.
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Figure 3. Sheet resistance of Ni silicide according to annealing

conditions. Inset shows XRD patterns of Ni silicide.

Figure 3 shows the sheet resistance of Ni silicide measured
by a four-point probe according to annealing conditions. The
as-deposited Ni films had a sheet resistance of 28.01 Q/o.
After the silicidation, the sheet resistance showed a very low
value of about 6 Q/o in all the heat treatment conditions.
The silicide devices fabricated by MWA showed lower
sheet resistance than RTA. In particular, it showed the
lowest value of 5.43 Q/o in MWA 600 W heat treatment.
Inset shows the XRD patterns of Ni silicide layers annealed
various conditions. As shown in inset, the XRD pattern of
as-deposited Ni films, which are black lines, showed (111)
and (200) peaks, which are pure Ni peaks. However, the
XRD patterns of the thin films annealed at RTA 500 °C,
MWA 500 W, 600 W, 750 W, and 1000 W were (200),
(210), (211), (220), (310), (221), (301) peaks. In particular,
it was found that Ni silicide can be formed even though the
microwave power is as low as 250 W.
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Figure 4. 1-V characteristics of Ni silicide Schottky diode
according to annealing conditions. Inset shows the schematic
structure of Schottky diode.

Figure 4 shows the 1-V characteristics of the Ni-silicide
Schottky diodes according to annealing conditions. It can be
seen that a Schottky diode fabricated with MWA 600W has
the highest on-current and lowest off-current, resulting in

the highest on-off ratio. In comparison, the Schottky diode
fabricated with RTA 500 °C showed a large leakage current.
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Figure 5. (a) Transfer and (b) output characteristic curves of
theNi-silicided SB MOSFETs at MWA 600 W or RTA 500 °C.

Figure 5 shows the electrical characteristics of Ni-silicided
SB MOSFETs at MWA 600 W or RTA 500 °C. The channel
width/length (W/L) of the fabricated devices were 10/10 pm.
The transfer curves measured at a drain voltage (Vp) of 0.05
and 1 V are shown in Fig. 5(a). The Ni-silicided SB
MOSFETSs using MWA had a mobility of 170.67 cm?V =,
subthreshold swing (SS) of 323.62 mV/ dec, Vw of 2.15 V,
and lon/lofe OF 3.38 x 10°with a lower leakage current. On the
other hand, the Ni-silicide SB MOSFET fabricated at RTA
500 °C showed a higher leakage current than the device
fabricated at MWA 600 W and had lower electrical
characteristic parameters.

3. Conclusions

We fabricated Ni-silicided SB MOSFET by applying
MWA. MWA 600 W with the lowest sheet resistance was
applied. For comparison, SB MOSFET was fabricated using
RTA. The Ni-silicided SB MOSFET using MWA showed
better electrical characteristics than the devices using RTA.
In conclusion, the MWA method is expected to be used as a
silicide process in future CMOS technology because it has
less power consumption and is more efficient in thermal
budget than the convetional RTA method.
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