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Abstract: An amorphous Si laver was added for the
reduction of Si consuruption n the ultra-shallow junctions
dunng the silicide formation. The present experintents
show an cpitaxial CoSi, laver with good single-crystalline
quality was grown by Co/ Si/ Ti /Si(100) reaction. By
vaning the thickness of interposed ammorphous Si. its
cffect on the cpitaxial CoSi: growth and sclf-aligned
process was investigated.  The film  structure  and
cnstalhmity were charactenized by N-ray diffraction
(XRD). Rutherford backscatiening(RBS) / channchng and
transiussion clectron miucroscopy (TEM). RBS,C shows
that the channeling vicld mnmum of CoSi: forined by
Cot15nm) /Si(dnim) /Ti3nmy/Sic100) reaction is 5.2% It
was also demonstrated that within a certain thickness
range for the deposited Si the sclf-aligned silicde
(SALICIDE) contact structure can be formed by such a
mululayer.

Introduction

As devices are scaled down to deep submicron
dimenston. formation of a umform. thermally stabie. low
resistvaly sthicide contact to ultra shallow junctions 1s one
of the key ssucs for device fabncation technology Among
all stheides, coball disihicide attracts special mterest, not
only because of ats low resistvaty (14 - 20 pQecm) and
lugh thermai stability, but also s excellent lattice match
with Si. ~1.2% at RT.

Recently a new method of epitaxial growth of CoSis
on Si substrate has attracted much attention. This ncw
CoSi: solid phasc cpitaxy(SPE) technique is based on the
sojid phasc interaction of Co/Ti/Si ternary system and
received intensive studies in the past few years[1-3]. It has
been found that epitaxial CoSi filins with flat interface.
high conducuvity and high temperature stability can be
grown on both Si(100) and Si(111) substrate by anncaling
a Co/TwSi structure. There 15 afso un cffort to develop a
sclf-aligned process by this methiod which can be applicd
to improve the present fabrication technology of ULSL
Generally. it has been believed that the success of this
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cpitaxial growth is duc to the reducing nature of Ti on the
native oxide of the Si substratc and to the fact that the
interdiffusion of Co and Si is slowed down by the Ti-
induced barrier laver, which favors epitaxial nucleation
and growth of CoSi:.[4-5}).

As the device dimension is scaled down to deep
submicron range, the problem of consumption of Si in
shallow junction during the formation of silicide is morc
and more scrious. Inm Co will consume 3.6 Si to fonn
3.5min CoSi; film. The consumption of excessive Si in
shallow junction will result in degradation of clectrical
charactenstic of pn-junction. So it is imporant lo
imvestigate how to reduce the consumption of Si durning
the siliaide formation while keeping the excelient
clectrical and thermal stability of the epitaxial silicide.

In this paper we report our cfforts on adding
amorphous silicon layer in Co/Ti layer for reduction of the
St consumption in shallow junction. It was found that
cpitaxial CoSi: can be formed by CosSi/ Ti/ Si (100)
rcaction By vaning the thickness of Si laver. its effect on
the growth and self-aligncd process was iy esbigaied.

Experiments

N-type Si (100) wafers with resistivity of 5-8§2ecm
were used as starting substrates. 500nm SiQ. was
thermally grown on somc wafers for sclective ctching
experiment. The ion beam sputtering technique was
applicd for metal deposition. Following a standard RCA
cleaning process and shori-time dipping in a diluted HF
solution, the wafers were load into an oxford sputtering
systemn equipped with Ti, Co, and Si targets. The chamber
was evacuated to a base pressure of 2x10” torr and then
back filled with high purity argon. By rotating the target
holder, Ti, Co. Si films were deposited sequentially by Ar”
beam sputicring under an argon pressure of 5x10°° torr.
The film thickness was on-line monitored by a quartz
crystal oscillator. The thickness of Co and Ti was fixed at
15nm and 3nm, while the thickness of a-Si was varied
from 4nm to 15nm.



Rapid thermal anncaling was applicd for the silicidation.
Onc sicp anncaling or two step anncaling was appliced. In
the onc step anncaling, samples were dircctly anncaled to
certain tcmiperature and in the two step anncaling,
samplcs were first anncaled at certain temperature
between 600~900°C, then after sclective ctching the
unreacted Co and Ti. they were re-anncaled at a higher
temperature. Different selecive ctching solution werc
apphied for 1est of their sclectivity on SiO-/Si substratc.

The filin phase and structure were characterized by
x-ray diffraction(XRD) using Cu Kal radiation. cross-
scctional transmussion clectron microscopy (XTEM) and
Rutherford  backscaticring  spectrometry(RBS)  using
2IMeV He' ions at cither random or aligned (channcling)
mcidence with a back-scattering angic of 165°. The
ternary silicide was removed in a buffercd HF solution
before RBS measurement. A four-point probe was uscd 10
micasurce the sheet resistance and thermal stability of the
formed films

Results and Discussion

The sohid phase reaction of Co/SUTv/Si inultilaver
aftcr anneahng at vanous temperaturcs was investigated
by N-ray diffraction measurcment. Frg. 1(a) and (b) show
the XRD spectra of the samples after anncahing at 750°C
and 1000°C for | munutes respectively. After anncaling at
750°C. the donunant difTraction peaks of CoSi; from the
sanic lattice phasc as Si(100) have appcared with a small
pecak of CoSi1z(220). It indicates that anncaling at 750°C
has produced a thin cpitaxial CoSi; film on Si(100) while
with a hitle amount of nus-oncnted grains. When
carcfully observed. a low broad peak with the d valuc of
0.199nin maiching the JCPDS data for Co;Ti,0 can be
found. Recenly. Sclinder ct.al have studied the Co/TVS1
solid phase reaction using in-situ XRD technique. They
found that dunng anncaling in a cenain temperature
range. a transicnt compound which is called M phasc by
them is formed{6]. The M phase is a kind of 1crmary
compound of Co. Ti and Q. It can be CoTi:O, or CoTiO:
with a structurc of cubic spinel. The ternary compound
can act as a difTusion barricr in the solid phasc rcaction.
In our cxperniment. a ternary compound of Co;TilO is
observed. After high teniperature anncaling of 1006°C,
only the scrics of (100) duffraction peaks of CoSiy are
detected.

With the interposed Si thickness varying from 4nm
to I2nm, the XRD spectra of the samples aficr 1000°C
thermal anncaling show no obvious changes. They ail
show sharp peaks of (100) scries of CoSi., which indicates
the cpitaxial characteristic. Yet when the added Si layer
was 15nm, a very small CoSix(220) peak appeared in the

XRD spectrum of the CoSiz. Shown in Fig. 2. which

265

indicates there are a few of noncpitaxial grains in the
CoSis layer.
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Fig.1 The XRD spectra of Co(!Snmy/Si(dnm)/Ti (3nm) /
S1100} after anncahing at (a) 750°C; (b) 1000°C for |
minute 10 N atmosphere.
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Fig. 2 The XRD spectrumn of Co(1Snm) /Si(1Snm) /
Ti(3nm)/Si(100) aftcr two step anncaling. (hat is.
650°C/Imin + S.E.+1100°C/10s.

The cpitaxial quality of CoSi: was investigated by
RBS channeling. Fig.3 is the random and aligned RBS
spectra of CoSi/Si (100) formed from Co(l5nm)



266

/Si(dnm)/Ti(3nm)/Si(100) afler removal of the surface
TiN and ternary silicide. The prominent channeling cffect
i the aligned spectra indicates the cpitaxial growth of
CoSi» fGitms on Si(100). The channcling yiclds
minimum(ymin)of Co signals of CoSi, are 5.2%.
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Fig. 3 The RBS random and aligned spectrum of
Cot L3nmy/Si(dnm)y/Ti3nmy/Si(100)  after  1two  step
anncaling. The surface TiN and termany compound have
been removed.

RBS results show that. within a certain thickness
range for 1he added Sy, the Si affects little on the epitaxial
quality of CoSi: When the thickness of added amorphous
Si1s increased 10 6Gnm. the gmin of CoSiz 15 about 7%. We
found in our thickness range of the added Si. all the film
show the promunent channeling offect. Yet the thicker the
added Si layer. the larger the channeling yvicld minimum
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Fig. 4 The channeling yield minimum of CoSi; calculated
by intcgration method vs. the Si thickness in Co/SifTi/Si
structure.

The relation between jmin of Co signal and the
thickness of added Si layer is plotted in Fig. 3. It is
interesting to find that they have a lincar relationship
when the Si thickness is larger than 6nm.

When the added Si layer is thicker, that is the atomic
ratio of Si to Co becomes larger, the Co will not only react
with substrate Si to form cpitaxial CoSi., it will also react
with added Si to form nonepitxial CoSia. Thus the ¥m,
will become Jarger. So there may be an optimum thickness
of «.-Si layer for good cpilaxy.
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Fig. 5 The sheet resistance variation of Co/SuTiS
structure with anncaling temperature for imin.

The sheet resistance of Co/SU/TYSH structure with
different thickness of added Si after isochronical thermal
annealing at different temperature for Imin was shown in
Fig.5. No significant difference can be found in the
anncaling behavior of these film. All the films have
excellent thermal stability, The film obtained from
Cot ! 3nm)/Si(4nmn)/Ti(3nm)/Si(J00) anncaling at 1000°C
for 1 mmnute has a minimum sheet resistance valuc of
2.9¢V73. The thickness of the CoSi: filin mcasured from
the TEM micrograph is about 46nm. so the resistvity of
CoSi: formed by this method is about 14p€2ecm.

The nucro-structure of the formed CoSi: was
observed by XTEM. Fig.6 shows the XTEM of
Ti(3nmy/Co(15nm)/Si(dnm)/ Ti(3nm)/Si(100) after two
step anncaling . The insert on the up-nght corner was the
sclected arca clectron diffraction pattern of CoSi; along
{110] zone axis. It shows that CoSi; has Nat interface with
Si. The film also has flat surfacc, which is duc to the two
step anncaling. The CoSi; layer is homogenous without
grain boundary, indicating the film has excellent
crystallinity. When one carcfully observes the CoSiy/Si
interface, a few (111) facets were scen at the interface.
Because CoSiy(11!) has lower surface cnergy than
CoSiz(100), the (111) facets tend to form 10 lower the
whole system energy.

To test the applicability of this method in VLSI
technology, selective ctching experiments on both oxide
wafer and pattered wafers were carried out. The resulls on
oxide wafer show that using a proper sclcctive solution
and procedure, the unreacted Co, Ti and Co:Si can be



reinoved cven the amorphous Si layer is as thick as 15nm.
By comparing thc H.SO4+H:0.. HCI+H:0,;, NH,OH +
H-0s solution, we found that the NH,;OH+H.O: solution is
the most cffective selective solution for removing the
Co:Si phase. The SEM photograph of a lum patterned
CMOS wafer(Fig.7) shows that under proper anncaling
procedure and sclective ctching, fully scif-aligned silicide
film can be formed on both source/drain and poly gate
regions with no latcral growth.

SUMMARY

The solid reaction of Co/SUTI/Si multilayer was
investigated for reduction of Si consumption in junction
rcgion. XRD, RBS. TEM show that cxcellent cpitaxial
CoSi; film has grown on Si(100) wafer by Co/SUTVSi
sohid reaction. The effect of added amorphous Si layer on
the cpitaxial growth of CoSi: and Sclf-aligned process
was investigated. RBS shows that with a-Si laver of
certaun thuckness an epitaxial CoSi; thin film with very
low channchng yteld minimum can be obtatned. The SEM
shows that by proper thermal anncahing and sclective
ctching procedures, a sclf-ahigned silicided MOS deviee
structure can be formed by the Co/a-SVTuSi(100)
multlayer.
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Fig. 6 The XTEM of Ty3nm)/Co(!5um)’ Si4nm) /
Ti(3nm)/ Si(100) after two step anncaling. The insert on
the nght is the clectron diffraction of CoSi: along
<110> zonc axis.
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Fig. 7 The SEM photograph of Iuin patterned CMOS
wafer after two step silicidation by Co(15nm)/Si(4nm)/
Ti(3nm) /Si(100) rcaction,





