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Abstract:A new approach to fabricate S/CoSi/Si hetero-

structure is presented. By incorporation of novel solid
phase epitaxy with molecular beam cpitaxy (MBE). an
cpitaxial Si/CoSi~/Si(100}) double heterostructure has been
grown. With Co/Ti/Si ternary solid state rcaction and
subscquent surface treatinent, high quality CoSia surface is
obtned. on which a crystalline Si layer is epitaxially
grown by MBE. The double cpitaxial heterostructure is
confirmed by Rutherford backscattering spectroscopy and
transmission clectron microscopy mcgsu_rcfncr]ls.

Introduction

Recent yvears cpitaxial growth of Si/ metal stlicides
/ Si heterostructure has attracted much interest for the
possibility of realizing a novel class of devices such as
permeable base transistors| 1] and new 1ype of photodiode
device|2]. Among the metal silicides. cobalt disilicide.
having potenual application in deep sub-nucron device
technology. is one of the most favorite candidates for such
cpitaxul growth because of its good latice match to
silicon CoSi:enstallizes in the CaF: lattice structure with
a latice nusmatch wath respect to Si of -1.2% at room
tciperature.  Despite tlns  pronusing  structural
compaubility. epitaxial growth of CoSiy on Si(100) is stil}
not a malure tecchmque . Furthermore, the overgrowth of Si
is more difTicult duc to the tower surface energy of Si than
that of CoSi.. Varous techmques such as molecular beam

cpitaxy  (MBE)[3]. lon beam synthesis(IBS)[4] and
molecular beam allotaxy(MBA){5] have been studicd for
the purpose.

Solid phase rcaction of Co/T/Si ternary system is
investigated by several groups.[6.7] Anncaling of Co/Ti/Si
structurc in N; ambient results in an cpitaxial growth of
CoSi- layer on both Si(100) and Si(111]) substrates. This
new technique has an advantage of being compatible with
the current self-aligned silicide(Salicide) technology for
ultra-large scale integrated circuit (ULST). In this paper we
report the results of the incorporation of such novel solid
phase epitaxy with MBE to grow Si/CoSi/Si structure.

Experimental
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N-type Si (100) wafers with a resistivity of 5-8 Qecm
were used as the starting substrates. A standard RCA
cleaning procedure was adopted. followed by a short-time
ctch in diluted HF in order to remove the native oxide from
the wafer surface. Immediately afer cleaning, the wafers
were loaded into Oxford ion beam sputtering system
cquipped with Kaufman ijon source. The base pressure of
the vacuum system was 3x 10" torr. The typical working Ar
pressure was 5x10° torr. The energy of Ar ion bcam was
1000 ¢V and the beam current was 50 ~ 65mA. The
structure of thc as-deposited samples is Co{15nm) /
Si(dnm)/ Ti(3nm)/ Si(100).

The wafers with a multilayer on top were then
anncaled in a high purity N: ambicnt using a KST-3 rapid
thermal anncaling (RTA) system. Two step annealing with
a sclective ctch in between was carried out. The wafers
were first anncaled at 700°C, then iinmersed into
H:SO,+H.0; solution at 120°C for 10 minutcs to remove
the unreacted Co, Ti, finally annealed at temperature
between 850 and 1000°C. Afier a proper surface treatment
samples were loaded into a Riber MBE system 1o grow the
top Si layer.

The prepared Si/CoSi/Si samples were analfyzed by
2MceV He” Rutherford backscattering spectroscopy (RBS)
and transimission clectron microscopy (TEM). Channcling
cfect spectroscopy of RBS, cross-section TEM (XTEM)
and sclective area diffraction (SAD) were cinployed to
characterize the crystalline quality.

Results and discussion

The starting point for the formation of the
Si/CoSi:/Si heterostructure is the growth of a high quality
CoSi: layer. In Co/SU/TV/Si solid statc epitaxy, proper layer
structurc and anncaling procedure arc the keys for
achieving high quality CoSi.. In previous paper, we have
reported that the channeling yicld minimuin{ymin) of CoSi:
obtained by this method is about 5.2%(8]. Furtheninore,
the surface smoothness of CoSi; is of vital importance to
the subscquent heterocpitaxial quality of Si by MBE. The
surface treatinent applicd in present experiment can be



divided into two steps: ex-situ ctching and in-situ thermal
treatment in MBE chamber. When Co/SVTi/Si is reacted
in N, ambicnt at high temperaturc, Co atoms diffuse
towards the substrate interface to form single<crystalline
CoSis, while Ti atoms diffusc out to the top surface to form
a TiN top surface layer and a thin polyv-crystallinc
CoTiSi(O) alloy layer in between|9].

To remove the outertnost TiN and CoTiSi(O) from
the surface. the wafers were ciched by 500¢V Ar' ion
milling followced by a standard RCA cleaning and dipping
in a diluted HF solution. TEM shows that after cx-situ
ctching the CoSi; layer is about 10nm with flat surface.
Such cx-situ treatiment  resulted in a clear spot paticrn of
Reflection High Energy Elcctron DifTruction (RHEED)
when samples were loaded into MBE system. Pnor to the
growth of Si. the CoSiy/Si substrate first is heated to
remove  possible  residual  oxide, under the in-situ
monitoring by RHEED. The RHEED pattcrn docsn’t
change much until the substrates arc heated 10 800°C
When the temperature of substrate reaches higher than
800°C, the RHEED spots clongate and a typical 122
reconstruction patiern appears. Fig. 1 shows the RHEED
pattern of a CoS12/S1 substrate after 10 minute anncaling at

§30°C.

FIG | RHEED pattern of the CoSi; after anncaling at
850°C in MBE system.

The anncaling procedure is favorable for obtaining
high quality CoSi; surface, since the native oxides at the
surface may be desorpted at high temperature and some
damage caused by spultcring may be reduced aficr
annecalhing. The appearance of 2x 1 reconstruction is critical
for following Si overgrowth. which not only show the
success of the appropriate surface treatment, but also prove
the good crystalline quality of CoSi- prepared by the novel
solid phasc cpitaxy tcchnique. After the anncaling, the
substrate temperature was lowered down to 550°C. Then
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100 nm thick Si was grown on (he top of CoSi: at a growth
rate of 0.07~0.08 nm/scc.

Fig. 2 shows thc random and channcling RBS
spectrum of the prepared Si/CoSi:/Si structurc. It shows
that CoSi is very thin with cstimated thickness of about 10
nm. Because of the instrument limits, Si signal contributed
from CoSi: cannot be resolved. making the determination
of the atomic composition of CoSi: impossible. The
rcduction of Co and Si signal along channcling dircction
indicates  the cpitaxial growth of  Si/CoSi./Si
heterostructure. The ymin of the top Si layer cxhibits 59%.
while that of CoSi; layer exhibits 29%. The somnewhat
high ymin of Si signal indicates there exists some defects in
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Fig2 The random and aligned RBS spectra of ihe
Si/CoS1./Si heterostructure

the Si overlaver. which can be tmproved by funther
optimization of growth process.

The atomic force microscopy(AFM) shows that the
100nn: Si overlayer has a surfacc roughness of a few
nanometers. The mean ronghness of Si overlayer is about
6nm.

High-resolution cross-scction TEM image of 1he
Si/CoSi,/Si hetcrostructure along Si[110] axis shows the
epitaxial characteristic as scen 1n Fig. 3 . The Si/CoSi~/Si
has following cpitaxial reiation®

(001)Si overlayer//(001)CoSi-//(001) Si

1001} Si overlayer//j001]CoSi+//[001] Si

The image shows that CoSi> has sinooth interface
with both Si overtaver and Si substrate. Yet there are some
stacking faults and twins in Si overlayer. When carcfuily
obseryed. it can be seen some stacking faults grown from
the defects in CoSi-.

Fig. 3(b) shows sclective clectron diffraction pattern
of the Sioverlaveralong | 110} zonc axis. [t shows the good
crystalline quality of MBE-grown Si laver. Duc 1o
sccondary difTraction. the (200) difTraction which is
forbidden for silicon also appeared. However. it should be
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Fig 3(a). High resolution XTEM image of the Si/CoSi/Si
heterostructure.  (b) Seclective arca  diffraction of Si
overlayer along | 110] zone axis.

pointed out that the sandwiched CoSi: layer is not
homogeneous and in some region. there are some pinholes

which are filled with columns of Si. In purely MBE grown
purcly MBE grown Si/CoSi:/Si(111) system, this
phenomena had also been observed, scen in Ref10. This
may result from the roughness of the surface of the starting
Si substrate or the thermal instability of unltra-thin CoSi,
film, which could be prevented by further improving the
above process.

Conclusion:

The present cxperiments show that the Si/CoSia
/S1(100) hetcrostructure can be fabricated by incorporation
of a novel SPE with MBE growth. A fair crystalline quality
and smooth top surface of CoSi: can be obtained bv
Co/Ti/Si solid state reaction and subsequent proper surface
treatment. Good crystalline Si can then be grown on CoSia
by MBE. RBS and TEM characterization prove the
formation of the epitaxial Si/CoSi-/Si heterostructure.
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