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Micro-Raman Spectroscopy Investigation of Nickel Silicides
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The formation of Ni silicides has been successfully monitored by Raman spectroscopy. Ni silicides formed at different annealing
temperatures using rapid thermal annealing were analyzed using Rutherford backscattering spectroscopy and X-ray diffraction.
Raman spectroscopy was further used to examine these samples. The results showed that Raman spectroscopy could accurately
identify the phases of Ni silicides formed at various temperatures. These findings were used to demonstrate the incraased therm
stability of NiSi by the addition of Pt. This study demonstrates the applicability of Raman spectroscopy for monitorimgathe for

tion of NiSi, which was suggested to be the future silicide for deep submicrometer integrated circuit processing. Raman spec-
troscopy offers a unique tool for phase identification at localized areas and mapping characterization of Ni silicidesowith mic

eter spatial resolution.
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Silicides are used in complementary metal oxide semiconductodevice detectors. Three laser wavelengths of 488, 633, and 782 nm
(CMOS) technology as local interconnect and contacts applicationwere employed in the investigation. No surface degradation of the
The present silicide materials, Tj3ind CoSj, have certain limita-  sample was observed by visual inspection after the laser irradiation.
tions that pertain to future implementation in high-performanceAll the spectra recorded using different laser wavelengths were in
CMOS applications. For example, the sheet resistance 0§ TiSiagreement with each other. In this paper, we report the Raman data
shows linewidth dependence due to insufficient nucleation density imbtained by the 633 nm laser excitation. These spectra were collect-
narrow lines for complete phase transformation. Cp@ictions can  ed with 30 s integration time and 1.0-érspectral resolution.
suffer high diode leakage because of nonuniform g&8Bnterfaces Figure 1 shows the Raman spectra for as-deposited Ni and sam-
or Co spiking. A replacement silicide material, which can be pro-ples annealed at temperatures ranging from 300 to 900°C. As shown
duced uniformly at lower process temperatures, is needed for shair Fig. 1a, the as-deposited Ni film shows no Raman peaks. In con-
low junction formation. NiSi is a suggested candidate for future inte-trast, the Raman spectrum of the samples annealed at 300°C has two
grated circuit generations due to its linewidth-independent low-resisstrong peaks at ~100 and 140-{nwith a weaker peak at 217 dm
tivity, low-temperature, one-step annealing and low silicon con-The Raman spectra obtained for samples after annealing at temper-
sumption! However, NiSi is thermally stable only up to 750°C, atures ranging from 500 to 700°C were similar, with a strong peak at
above which the high resistivity phase NiBéegins to nucleate. By 217 cm! and a lower intensity peak at 199-én©ther peaks, which
alloying with a small amount of Pt, the thermal stability of NiSi was were relatively weak, were found at around 258, 296, and 36% cm
improved? This should greatly favor the use of NiSi for deep sub- At 700°C, the peak intensity of NiSi varied with the location of the
quarter micrometer CMOS technologies. laser irradiation, and a silicon substrate peak at 52bwas observ-

Raman spectroscopy provides information on the vibrationalable in some areas. For samples annealed at 750 and 900°C (Fig.
properties of a material. It serves as a material fingerprint and allow&b), weak-intensity broad peaks in the range of 250 to 400veene
analysis of its vibrational modes and interatomic forces. It has beenbserved.
reported that Raman spectroscopy is a useful tool in the study of the The films were analyzed using RBS and XRD. RBS analysis
formation mechanism of silicid&st In this paper, we have identi- showed that after annealing at 300°C, about 400 A gBiNias pre-
fied the Raman spectra from thin films of,8i, NiSi, and NiSj. sent together with 200 A of NiSi. For annealing temperatures below
From the phase identification obtained by Rutherford backscattering00°C, the film composition corresponded to NiSi (Fig. 2). Starting
spectroscopy (RBS) and X-ray diffraction (XRD), Raman spectra offrom 600°C, the RBS spectra show a tail in the Ni peak (Fig. 2),
three different silicides have been established, and characteristiwhich indicates roughening of the silicide surface and/or of the sili-
Raman peaks can be attributed to the thin films gSNNiSi, and cide/silicon interface. NigSiwas found to be present at temperatures
NiSi,. We further used Raman spectroscopy to demonstrate theigher than 750°C. The XRD spectra (Fig. 3) confirm the presence
increased thermal stability of NiSi by an addition of small amount ofof Ni,Si and NiSi at 300°C, polycrystalline NiSi at temperatures
Pt. This study showed that Raman spectroscopy could be used between 500 to 700°C and epitaxial Nigi temperatures above
monitor the formation of Ni silicides. 750°C.

The Ni and Ni(Pt) films were deposited by sputtering on p-type  From the XRD and RBS results, which allow us to determine the
Si(100) wafers. The film thickness was determined to be ~300 A byiature of the film, the Raman spectra obtained can be attributed to
RBS. Prior to deposition, the wafers were subjected to RCA cleanthe different phases of Ni silicides formed at various annealing tem-
ing and an HF dip to avoid contamination and native oxides. Thesperatures. From the results of RBS and XRD, the Raman spectra
films were then annealed by rapid thermal processing between 30@bserved for Ni films annealed at 500 and 600°C (Fig. 1a) can be
and 900°C for 60 s in a nitrogen ambient. The films were analyzedssigned to NiSi. The prominent peaks at ~217 and 199atrar-
by RBS of 2 MeV#He* ions and XRD in Bragg Brentano geometry. acterize the Raman spectra of NiSi thin film. For the samples
The Raman spectra were recorded with two micro-Raman systemannealed at 300°C, the Raman peaks at 100 and 14Guchar-
with single-grating spectrographs, notch filters, and charge coupledcteristics of the presence of,Bi. These two Raman peaks were

also obtained by Nemaniddt al. in their previous study of N&i
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Figure 2. RBS spectra of 2Me¥He* for Ni films on Si(100) after annealing
at 500, 700, and 750°C.
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Figure 1. Raman spectra for Ni films on Si(100) (a) as deposited and after  3q 35 40 45 60 65 70 75

50 55
rapid thermal annealing at 300, 500, and 700°C and (b) after annealing at 750 2 Theta

a_nd 900°C._ The spectra in_(b) were multiplied by 20 to take into account th‘llfigure 3.XRD spectra (Cu K) of as deposited Ni films on Si(100) and after
difference in Raman peak intensity. rapid thermal annealing at 300, 500, 700, 750, and 900°C. (Intensity scale is
expressed in a logarithmic manner.)

formed by annealing of an Ni film on hydrogenated amorphous Si
and Ni on Si(111%.The small peak at 217 chis certainly due to
the thin layer of NiSi observed by RBS. Upon a further increase, theule that the more symmetrical the unit cell, the fewer the number of
annealing temperature to 750°C and above, the presence gf NiSinodes that have Raman activity.
gave rise to the broad peaks between 250 and 460 Thus, the Having identified the Raman spectrum for pure Ni silicide films
observed Raman spectra changes with respect to phase transfornaa-different temperatures, the reaction of Ni(Pt) films on Si(100) was
tion allow monitoring of Ni silicide formation by reacting with the monitored. The concentration of Pt added was determined by RBS
Ni thin film on the Si substrate. to be 5 atom %. After rapid thermal processing in aatshosphere

The Raman activity and polarization properties are determinedt temperatures ranging from 500 to 900°C, NiSi was found to be the
by the crystal symmetries. Hence, the dramatic change in the Ramatable phase up to 900°C as reported by Mangethek? Raman
spectra can be attributed to the phase change of Ni silicides. Th&pectroscopy was used to examine these films and demonstrated that
Raman spectrum is related to the crystallographic structure of ththe NiSi Raman peaks were identifiable up to 900°C as shown in
compounds. For the as-deposited Ni film, the absence of signals Big. 4. The Raman results are in good agreement with XRD and RBS
typical for metallic films that crystallize in a high-symmetry struc- characterization of the sampRFhe Raman spectrum for Ni(Pt)Si
ture with an equivalent atom site (monatomic) that has no optic latis relatively similar to that for pure NiSi films. The high-intensity
tice vibration. In NiSi (space groupnma D,,18), which has an  peak at 217 crhis still present for identification of NiSi even with
orthorhombic structure (MnP type), the film is Raman active. Therethe presence of small amount of alloying element. The ability of
exist previous Raman studies of silicide films belonging to theRaman spectroscopy in monitoring the improved thermal stability of
orthorhombic structures,.g., TiSi, and PtSi, which have produced NiSi by the addition of Pt serves as a further proof that the Raman
identifiable and distinctive Raman spectra for phase characterizespectroscopy can be used to characterize accurately the different
tion. As shown in this work, significant Raman peaks can also bghases of Ni silicides.
detected from NSi, which has an orthorhombic structure. On the  The appearance of a silicon Raman peak at 520iorNi(Pt)Si
other hand, NiSi (space groug-m3m, O,5) has a cubic structure samples, starting from 800°C annealing, can be attributed to
(Cak, type) which is the same for CgSDistinct Raman peaks are agglomeration as observed by scanning electron microscopy
difficult to obtain for both compounds as shown for Nili this (SEM)2 For pure NiSi samples formed at 700°C, agglomeration was
study and for a Cogiilm.> This result complies with the selection also observed and can account for the difference in the Raman peak
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Raman microprobe. As a result of this study, these potential applica-
900°C tions can be tapped by Raman spectroscopy on Ni silicide charac-
terization.

This technique, while useful for identifying various crystalline
phases produced by thin film reactions, still suffers from a lack of
standards in some cases. Although the sharp line spectra can be asso-
ciated with appropriate crystalline structures, we should be cau-
tioned that there might be some Raman-active modes that are not
detected because of the thin films and weak signals. Orientation
effects in the film could also be responsible for not detecting some
of the Raman-active modes.

This study characterizes the Raman spectra of nickel silicides
after rapid thermal processing at different temperatures. We further
demonstrate the improved thermal stability of NiSi achieved by the
addition of Pt, using Raman spectroscopy as a phase-characteriza-
tion tool. This nondestructive technique has the potential for explor-
Figure 4. Raman spectra for annealed Ni(Pt) films on (100)Si at 800 andiNg additional aspects such as stress or film properties. A baseline for
900°C. analyzing Ni silicides on a microscopic scale was created for process
monitoring in very large scale integrated device fabrication.
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