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Probing Co/Si Interface by Raman Spectroscopy
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The characteristics of the metal on the Si surface have been extensively explored due to the industrial
relevance of transition metal silicide in integrated circuit technology and scientific interest in the influence
of the adlayer on Si substrate reconstruction and heterodiffusion. Even though the interaction of Co with Si
is not entirely understood, there are still disagreements over the nature of the Co/Si system. Several prob-
lems remain unsolved, including predictions of the phase that would precipitate among the several phases
of the Co/Si system as a function of film thickness and temperature. Therefore, in order to understand the
same, cobalt (Co) thin films of thicknesses 10, 40, and 100 nm were produced by electron beam physical
vapor on silicon substrates. After deposition, the samples were further annealed at 200, 300, and 400 °C for
2 h. Micro-Raman spectroscopy (due to its non-destructive nature) was used to analyze the chemical compo-
sition and silicide formation at the interface as a result of the thickness and temperature variation in as-
deposited and annealed samples. The results demonstrate that the grown films are of high quality and devoid
of impurities. Studies reveal that silicide is formed during deposition at the interface, and the development
of a new band at 1550 cm -1 as a result of annealing shows structural transformation from CoSi to CoSiz,
which strengthens further at higher annealing temperatures.
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1. INTRODUCTION

The interface between two layers of different materi-
als with similar/different layer parameters opens up an
incalculable number of possibilities. By choosing suita-
ble growth conditions, substrates and temperatures, one
can tailor the physical properties of these structures. In
recent years, the experimental and theoretical research
of metal/semiconductor interfaces has witnessed rapid
growth. In particular, due to the technological im-
portance of transition metal silicide in integrated circuit
technology and scientific interest in the effect of the
adlayer on Si substrate reconstruction and heterodiffu-
sion, the properties of the metal on the Si surface have
been widely studied [1-3]. In this respect, the interface
between Co and Si has been extensively studied due to
its low resistivity, high thermal stability, minimum lat-
tice mismatch with silicon, sharp interface (ideal for
making Schottky barriers), and compatible handing out
treatment [4, 5]. In addition to this, cobalt and Co-based
thin-film structures have attracted large interest in na-
noscale device applications and offer tremendous oppor-
tunities for designing futuristic and innovative magneto-
transport devices [4-7]. However, any structural insta-
bility at the Co/Si interface can significantly limit the
spin injection efficiency [8, 9]. Due to the negative heat
of mixing at elevated temperatures, silicon involves the
diffusion of metal, silicon, or both species across the in-
terface [10, 11]. CoSiz is often used as gates and connec-
tions between all-metal silicide because it has low re-
sistance, a lattice structure that works well with silicon,
and can be used as a conductive and magnetic material
in many electronic applications. But the main problem
with making these kinds of devices is that a lot of the
semiconductor elements in the substrate end up in the
overlayer. This alters the properties of the material de-
posited in a significant way [12, 13].
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In the recent past, several techniques, namely X-ray
diffraction (XRD), transmission electron microscopy
(TEM), X-ray photoelectron spectroscopy (XPS), Ruther-
ford backscattering (RBS), etc. have been utilized to
characterize the Co/Si interface and the chemical com-
position of different phases of Co silicide as a function of
thickness and temperature. As compared to the above
analytical methods, Raman spectroscopy is more advan-
tageous, since it is not only a powerful tool for material
research; it is non-destructive and does not require any
special arrangement for sample preparation [14]. But so
far, not many Raman studies have been done on co-sili-
cide [15, 16]. This could be because silicide does not have
any lattice vibrational modes (making it "Raman inac-
tive") or because the vibrational frequencies are too low
to be seen.

The interaction of Co with Si is not fully understood
yet, and controversies still exist about the nature of the
Co/Si system. Various questions are still unanswered,
such as the predictions of the phase, which will precipi-
tate among the different phases that exist for the Co/Si
system, how thick the silicide layer formed at the inter-
face will be, and how it will vary with film thickness. In
addition to this, these properties are also very suscepti-
ble to degradation with temperature due to the signifi-
cant intermixing of the underlying substrate element
into the over layer [17, 18]. Using micro-Raman spec-
troscopy, the goal of this study is to find out how thick-
ness and temperature affect the Co/Si interface.

2. EXPERIMENTAL DETAILS

Using the electron beam physical vapor deposition
method, cobalt thin films with thicknesses of 10, 40, and
100 nm were formed on silicon substrates. Prior to the
depositions, the deposition chamber was evacuated to a
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low pressure to allow electrons to travel from the source
to the evaporation material. Substrates were washed
with soap solution first, then rinsed with distilled water,
and finally with acetone solution before deposition. After
deposition, four segments from each silicon wafer were
cut and annealed independently for 2 h at temperatures
of 200, 300, and 400 °C. On an InVia Renishaw micro-
Raman microscope, a 514 nm line of Ar laser with a max-
imum power of 50 mW was used to measure all nine an-
nealed samples and three pure samples.

3. RESULTS AND DISCUSSION

Raman spectroscopy is a non-destructive chemical
analysis technique that provides detailed information
about the chemical structure, phase, contamination, and
impurity. Therefore, to investigate phase formations and
characteristics of the Co/Si interface as a function of
thickness and temperature, micro-Raman measure-
ments have been taken. All nine annealed samples and
three pristine samples underwent micro-Raman spec-
troscopy studies. Raman spectra for pristine cobalt films
of 10, 40, and 100 nm on silicon are displayed in Fig. 1.
The spectrograms show four distinct peaks at 517, 938,
and 1330 cm~1. Raman active phonon modes from the Si
lattice are responsible for the peaks at 517 cm ~! and
938 cm 1. The 517 cm —1! peak is the first-order Si Raman
band and has a high intensity. Moreover, as the thick-
ness of the Co film increases, the intensity of these peaks
decreases. In fact, these peaks practically disappear in
the case of Co (100 nm) film. The reduction in the inten-
sity of Si bands with increasing Co film thickness from
10 to 100 nm is due to the increased thickness limiting
laser penetration and therefore only a weak signal from
the Si substrate and more from the Co surface can be
detected. One can also see a second peak at a higher fre-
quency (1330 cm — 1), which corresponds to the Raman
band of silicide and whose intensity increases with in-
creasing Co film thickness rather than decreasing as one
would expect for Si bands. Also of interest is the fact that
the Co oxide peak reported by F.M. Liu et al. [12] is not
present in the current study, indicating that no cobalt
oxide was formed during deposition. This is indicative of
the high quality of the samples that were prepared.

Fig. 2 depicts a comparison of the Raman spectra of
Co placed on Si with a film thickness of 10 nm for as-
deposited and samples annealed for 2 h at 200, 300, and
400 °C, respectively. Except for a very small drop in the
intensity of peak position, 517 ¢cm ~ 1, no change in the
intensity or location of the Raman peaks is noticed as the
annealing temperature changes (see the inset of Fig. 2).

Similarly, Fig. 3 displays the Raman spectra of cobalt
(40 nm) film deposited on silicon substrate as a function
of annealing temperature. In contrast to the earlier Co
(10 nm) film, a notable difference (drop) in the intensity
has been observed at the peak position, 517 cm ~1 (see
the inset of Fig. 3).

On the other hand, it may be seen in Fig. 4, at a film
thickness of 100 nm, the peak intensity at 517 cm 1 is
extraordinarily low, and the intensity drop is likewise
very negligible (Fig. 5) when the annealing temperature
increases. Fig. 5 compares the Raman spectra of a Co
(100 nm) film as a function of annealing temperature
ranging from 400 to 1700 cm ~ . Interestingly, it is also
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Fig. 1 — Raman spectra of Co film as a function of layer thick-
ness
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Fig. 2 — Raman spectra of Co (10 nm) film as a function of an-
nealing temperature
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Fig. 3 — Raman spectra of Co (40 nm) film as a function of an-
nealing temperature

visible from the curve that a shoulder-like peak at posi-
tion 1550 cm ~ ! appears and is notable (in addition to
1330 cm — 1, as seen in Fig. 5). Unlike other peaks, the
intensity of these peaks at 1550 cm ! and 1330 cm — 1
increases as the annealing temperature increases. The
increase in peak the intensity at 1330 cm ~ ! and the
emergence of a new band at 1550 cm ~ ! as a result of
annealing suggest the structural transition from CoSi to
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CoSiz at the interface, which improves further at higher
annealing temperatures.
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Fig. 4 — Raman spectra of Co (100 nm) film as a function of
annealing temperature

4. CONCLUSIONS

A systematic thickness-temperature-driven micro-
Raman study was undertaken to learn more about the
chemical composition and formation of silicide at the in-
terface of Co film deposited on Si substrate. Based on
these investigations, we may draw the following conclu-
sions:
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Fig. 5 — Comparison of the Raman spectra of Co (100 nm) film
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e The grown films are free from impurity.

e Silicide is formed at the interface during deposi-
tion.

e At the higher annealing temperature, CoSi un-
dergoes a structural transition that yields CoSiz as a by-
product.
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3onaysanua inrepdgeiicy Co/Si 3a mormomMoroo pamMaHiBChbKOI CIEKTPOCKOIIi1
R. Brajpuriya
Applied Science Cluster, University of Petroleum & Energy Studies, Dehradun, 248001 Uttrakhand, India

XapaKTepUCTUKH MEeTaJIy Ha TOBEPXHI KPEMHI0 O0yJIr MIMPOKO JIOCITIIPKEeH] 3aB/IsIKH IIPOMUCIIOBIN 3HAYY-
IIOCT1 CHJTIIIMY IePexiHOro MeTally B TEXHOJIOTLI 1IHTerpaJbHUX CXeM 1 HAyKOBOMY 1HTepecy [0 BILIUBY aj-
copOOBAHOTO APy HA PEKOHCTPYKINIO IMiIKJIAIKA KPEeMHI0 Ta reTepoandysio. 3Bakanun Ha Te, 0 B3aeMO-
misz Co 3 Si He 30BciM 3po3yMiJia, Bee I iICHYITh po3biskHoCTI oo mpupoau cucremu Co/Si. Kisbka mmpodsiem
3aJIUIIAIOTHCS HEBUPIIIEHNMY, BKJIOUAIOYN IlepefbaveHHs (pasu, sKa BUIUINTHCS cepel] KiIbKoX a3 cuc-
Temu Co/Si K QyHKINA TOBIIWHY IUIIBKY Ta TeMmeparypu. Tomy, 11100 3p0o3yMITH OCTaAHHE, TOHKI ILTIBKH KO-
6aseTy (Co) ToBmIMHOWL 10, 40 1 100 HM OyJi BUTOTOBJIEHI METOIOM €JIEKTPOHHO-IIPOMEHEBOT0 OCAIKeHHS Ha
KpeMHieBl makaanku. [licss ocamrenns spasku gomatkoBo Bigmasosaau mpu 200, 300 1 400 °C mporsrom
2 ronuH. Mikpo-paMaHiBChbKa CIEKTPOCKOIMIA (dYepes Il HepyHHIBHY Ipupoy) Oyjia BUKOPHUCTAHA [IJIS aHAJI3Y
XIMIYHOTO CKJIAJy TA YTBOPEHHS CHUJIIIMIIB Ha iHTepderlici B pe3ysbTaTi 3MIHA TOBIIWHU TA TEMIIEPATYPU B
ocaJKeHUX 1 BIAIaIeHUX 3paskax. Pe3yIpTaTty JeMOHCTPYIOTh, 10 BUPOIIEH] IIIBKU MAlOTh BUCOKY SKICTH 1
He MICTATH AoMIToK. Jloc/Ti e HHs TIOKA3yI0Th, 10 CHJIIITH] YTBOPIOETHCS IT1)T YaC O0CAREHH Ha 1HTepdeiic,
a PO3BUTOK HOBOI cmyru mipu 1550 cM~! y pe3ysibrari BIAIALY CBLIUNTH IIPO CTPYKTYPHY TpaHCOpMAIIiio Bifg
CoSi mo CoSiz, ska mie 6iyIbIlle TOCHUITIOETHCS IIPU BUIIKMX TeMIIepaTypax BiIIay.
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