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Self-Aligned Titanium Silicidation by Lamp Annealing

K. Tsukamoto, T.Okamoto, lvI. Shimizu, T.I"latsukawa, and Il.Ilarada

LSI R&D Lab., I'litsubishi Electric Corp.

Mizuhara, Itami, 664 JAPAN

Silicidation reaction of sputter-deposi.ted titanium (Ti) thin films on silicon
(Si) are performed by lanp annealing. A rapid thermal processing with halogen lamp
heating is found to be quite effective to form oxide-free TiSi2 . Rutherford
backscattering analyses and X-ray diffraction studys show that the lamp annealing
above 650"C results in stolchiometric TiSi2 within as short as 30 sec. A self-aligned
titaniun silicidation is successfully applied to source/drain and gate of 1"105
transistors by 2-step lamp annealing.

1. INTRODUCTION

Refractory metal silicides have been used to
lower the resistance of gate 1evel interconnects
in MOS-VLSI I ) Recently a self-aligned
silicidation of source/drain and gate has been

investigated for scaled l'1OS transistor2l tiSi, i"
the most promising material for self-aligned
silicidation because of its lowest resistivity
among various silicides. Ti is, however, known to
be quite active metal easily to form titanium
oxide during sillcidation by a eonventional
furnace anneali-ng. We have developed a rapid
thermal processing with halogen lamp heating for
self-aligned titanium silicidation. This paper

describes characteristics of silicidation reaction

A-3-3

of Ti and Si by the lamp annealing, and

self-aligned titanium silicidation of source/drain
and gate of I"IOS transistors.

2. SILICIDATION REACTION OF TI AND SI BY LAI'{P

ANNEALING

Ti is deposited onto (100) Si subsrrates or
poly Si filns of 300-500 nm thickness by dc

magnetron sputtering. Silicidation reactions are

perforned with the lamp annealing system at the
temperature range of 450-900 o C for 15-240 sec.

The lamp annealing system has an Ar-purged quartz
annealing chamber equipped with halogen heating
lamps. Anneali-ng temperature is nonitored in
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situ, and controlled with a closed J-oop feedback.

The rj-se time of wafer temperature to a presetted

value is typicallY l0 sec.

Ti is known to be quite active metal easily
to form titaniun oxide during silicidation by a
conventlonal furuace annealing, as is shown in the

Rutherford backscatteri-ng ( RBS ) spectrum of
Flg.l(a). This is caused by residual oxygen gas

in a furnace during the heat treatment. A rapid
thermal processing with the halogen lamp annealing

system ls found to be quite effective to form

oxide-free TiSi2t 4s is shown in Fig.l(b). This

is due to the oxygen-free ambient durlng the

annealing in the Ar-purged quartz annealing

chamber. A thin layer of titanium nitride is
observed by RBS at the surface of the samples

silicided by the lanp annealing in N, atmosphere.

T i ( 20onm) on Si
LAMP ANNEALED
Ar . 90 sec
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Fig.2
RBS analysis of sillcidation
reaction of Ti and Si bv
lamp annealing at 550-7bOoc
for 90 sec.

Characteristics of silicidation reaction as a
funcLion of annealing ternperature are investigated
by RBS. Figure 2 shows RBS spectra from Ti thin
fihns silicided aL 550-700 oC for 90 s€c.

Intermixing of Ti and Si is clearly seen in the

samples annealed at 550-625oC. Si atoms appear at
the Ti surface even at the lowest temperature'

i.e. 550 oc, which might be a result of Si

diffusion in a Ti fikn to the surface. Up to 625
oC annealing temperature, no homogeneous titanium
sil-icide fihns are forned. While an annealing at
700 oC, a homogeneous ti-tanium silicide filn is
formed, a stoichiometry of which is estimated to

be Ti:Si=l:2 by RBS. To identify the phase of

titatiun silicides, X-ray diffraction study is
performed. Figure 3 shows X - ray diffraccion
peaks from the samples annealed at 625oC and 700

oc. Frorn the sample anneal-ed at 625oc, X-ray

diffraction peaks from TiSl can be observed,

though the intensities are weak. Fron the sample

annealed at 700oC, intense peaks frorn TiSi, are

observed. This result combined with the RBS

analysis indicates that the honogeneous and

stoichiometric TiSi2 filn is formed by the larnp

annealing at 700oC for 90 sec.

Figure 4(a) shows the sheeL resistance of 60

nm Ti. silicided by the lanp annealing at various

temperatures. The sheet reslstance increases by

the anneallng below 550oC up to two times of the

as-deposited filn, the resistivity of which is
75-g}pfl,cm. Around 65OoC, the resistivity reduces
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Fig.4 Sheet resist,ance of TiSi"films forned by
lamp annealing, (a) temperature dependence,
(b) annealing tine dependence.

drastically to l4-l6pf/cn, whieh is almost the same

as that of bulk TiSi2. The change of the sheet

resistance with the annealing time at 700 o C is
shown in Fig.4(b). The lowering of the sheet
resistance is saturated over 30 sec anneal-ing with
50 - 100 nm Ti filns on Si. Silicidation reaction
is compleEed within as short as 30 sec at this
temperature range, which is more than I0 Lines
faster than the reported silicidation speeds with
f urnace anrrealirrg5 ).

3. SELF-ALIGNED

TRANSISTORS

TITANIW SILICIDATION FOR MOS

In order to form TiSi 2 at source/drain and

gate of MOS Lransistors, we have developed

self-aligned titanium silicidation technique.
Ti is sputter-deposited onto silicon wafers

which have exposed Si and poly-Si portions, and

then annealed to forn TiSi2 in a self-aligned
manner by the lamp annealing. Unreacted Ti filns
on Lop of SiOrare etched off by wet chemicals. At

elevated silicidation temperature, e.g. 700oC,

self-aligned titanium silicidation cennot be

obtained. Figure 5 shows that TiSi, is undesirably
formed beyond SiO, openings. A SBM observation
reveals that silicon is hollowed out at the edge
of SiO, openings. The length of TiSi2 laterally
grown over SiO, is proportional to square root of
the annealing tine, as is shown in Fig,6. This
clearly indicates thau the formation reaction of
TiSi2 is diffusion limited process, and the
predominant diffusing species is Si. The

diffusion lengrh of Si is abour 5 p, wirh lamp
annealing at 700oC for 240 sec.

Self-allgned titanium silicidation can be

successfully obtained by 2-step annealing: (1)
annealing below 600 o C followed by removal of

Fig.5 Titanium silicidat
teEperature.
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unreacted Ti on toP of SiO2 by wet chemicals, (2)

annealing above 650 o C to complete TiSi 2

formation. RBS anal-yses show that with the

optimized annealing temperature and time of the

l-st stage annealing, the filn composition on

exposed Si portions is not altered by succeeding

eEching of unreacted Ti on top of of SiOz. After

the 2-nd stage annealing, the silicide formed is
sroichiomerric Tisi2 with L4-L6 prf2 . cn of

resistivlty.
The self-aligned silicidation technique is

applied to form Tisizat source/ drain and gate of

t"lOS translstors. To separate source/drain f rom

gate, SiOrside waLls are forned at the side of the

poly-Si gate electrodes by using reactive ion

etching. Thses Si02 side walls are also used to

conslruct LDD (Lightly Doped Drain) structures
with phosphorus and arsenic irnplants for lightly

and heavily doped drain, respectively. Figure 7

shows the SEI'{ photograph of the self -aligned
Eitanium silicidation of source/drai-n and gate of

t'{OS transistor. A transistor characteristics
fabricated with the self-aligned titanium
silicidatl-on technique by using lamp annealing ls

shown in Fig.8. The gate length is 0.8 pn and the

gate oxide is 25 nn thick. With the optimization

of Ti thickness and lamp annealing temperature'

the junction integrity and the gate diel-ectric
integrity are preserved. Sub-threshold

characterlstics are typicaLly 75 nV/decade.

Flg.7 SEI'I photograph of self-aligned titanium
slllcidatlon of source/drain and gate of
MOS transistor.

4. CONCLUSION

Silicidation reaction of Ti and Si is
performed by rapid thernmal processing with
halogen lamp heating. A lanp annealing is found

Lo be quiLe effective to form oxide-free TiSi2.
RBS and X'ray diffraction study show that with the

lanp anneali.ng of Ti on Si below 625o C,

internixing of Ti and Si occurs and only TiSi
phase is identified at this temperature range.

The lamp annealing above 650 o C results in
stoichiometric TiSi2 within as short, as 30 sec.

The forrnation reaction of TiSit is diffusion
limited with Lhe predominant diffusing species of
Si. Resultant resistivity of TiSi, is 14-16pf,)cm.

A self-a1-igned titanium silicidation is
successfully appl-ied to source/drain and gate of
MOS transistors by 2-step lamp annealing.
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Fig. 8 I"IOS trnsistor characteristics fabricated
with self-aligned titaniun silicidation
technique by irstng lamp annealing.
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