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Structural and electrical properties of (Ti  ¢Zrqg1)Si, thin films on Si(111)
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Alloy films of Ti and up to 20% Zr were prepared by codeposition ont@) surfaces in ultrahigh
vacuum. Afterin situ thermal annealing at temperatures-e800 °C, the films form the C49 phase

and are stable in this phase up to at least 910 °C. In contrast, Ti films(dhlSinitially react to

form the C49 phase and transform to the C54 phase780 °C. The surfaces of th&@ig oZrg 1) Sk,

alloy films are studied by atomic force microscopy and are shown to be smoother than the surfaces
of TiSi, films on Si substrates. In addition the tendency to island formation is also not observed for
annealing temperatures less than 910 °C. The sheet resistivity @¢TiheZr, 1)Si, alloy films is

found to be~46 w(Q)cm for annealing temperatures from 600 to 910 °C.1@94 American
Institute of Physics.

Refractory metal silicides are often considered for con-defect density and therefore a lower sheet resistivity may be
tacts and interconnections in very large scale integrated cimbtained.
cuits. Compared to other metal silicides, Ti%ias a rela- In previous studies from this laboratory, it has been pro-
tively low electrical resistivity and high thermal stability. posed that the stability of the C49 phase of JiSirelated to
The formation of TiSj on Si by thin film reaction is often its low surface and interface free energié¢8 Since the C54
considered for source or drain contacts on Si metal-oxidephase is the stable phase in the binary phase diagram, this
semiconductor device structurs. phase must exhibit a lower bulk free energy. It has also been

TiSi, exhibits two different phases, a stable C54 phaseeported that reacted films with the C54 phase have much
with an orthorhombic face centered structure and a metdower strain than films in the C49 phase, and it is possible
stable C49 phase with an orthorhombic base centered struthat the strain may also contribute the stabilization of the
ture. Previous studies have shown that the Si atoms diffus€49 phasé® Thus, it may be possible to codeposit Ti with a
into the Ti and react to initially form the C49 TiSphase. It small amount of another metal element to stabilize the C49
is established that the metastable C49 Jithins formed at  phase of the film. The C49 phase formed in this way may be
low temperature$<700 °Q contain substantial faulting and stable to higher annealing temperatures without transforming
other microstructural defects. After annealing at higher temto the high surface energy C54 phase. In this study, alloying
peratured>700 °Q, the TiSj, transforms to the stable C54 of TiSi, with a small amount of Zr was studied to determine
phase, which has a lower sheet resistivity and a much lowsf the C49 phase could be stabilized. Since both Ti and Zr are
defect density than the C49 phdsé.Thus, the question in the group IVb transition metal column, the elements ex-
arises as to whether the low resistivity is intrinsic to the C54hibit many chemical similarities, and Zr seems to be the
phase or due to the lower defect density. optimal choice to be alloyed with Ti. Films formed from the

Also accompanying the C54 phase transition is the tenreaction of Zr and Si to form Zrgialso exhibit a relatively
dency towards island formatidf:®1° For films produced low electrical resistivity(35—40u( cm) and a high thermal
with 200 A of Ti or less, islanding is readily observed at stability® More important, ZrSi has only one stable phase,
annealing temperatures of 750—900%This effect can sig- namely the C49 structuré&:’
nificantly degrade the sheet resistivity of the C54 phase of The experiments described here were carried out in an
TiSi, films less than 400 A thick® While the effect is less integrated film growth/characterization system. Three cham-
significant for films formed with greater than 400 A of Ti on bers from that system used in this study included the depo-
Si, the need for shallow junctions on the source and draisition system, a chamber with low-energy electron diffrac-
regions of metal-oxide-semiconductor field-effect transistotion (LEED) and Auger electron spectroscopfAES)
devices requires thinner metal layers while not sacrificing theapability, and a chamber for Raman spectroscopy. The base
contact or sheet resistivity:'* For thin TiSi, flms on Si  pressure of the transfer line of the system is1®° Torr.
there is only a narrow temperature range in which to obtairBefore the Ti-Zr depositionp-type Si{111) substrates were
low resistivity while avoiding the formation of islands. Al- cleaned by exposure to UV/ozone irradiation to remove hy-
ternatively, a laser processing technique was recently used girocarbon contamination from the surface, and HF-based
TiSi, thin film deposition, which does not require the high spin etch to remove the native oxide, and followed by heat
temperature annealind The technique demonstrates smoothcleaning to 850 °C for 10 min in the ultrahigh vacuum
film surfaces, but the process is not self-aligned, and furthefUHV) chamber to desorb hydrogen and other residi&.
high temperature processes may be inevitable during devic&hein situ LEED pattern of the cleaned substrates exhibited
fabrication. In order not to be limited by this narrow tem- a 7X7 Si(111) reconstructed structure, and AES showed no
perature range for processing, a different approach was triedetectable carbon or oxygen on the surface prior to the depo-
in this study. If the C49 phase of Tigilms can be stabilized sition. The base pressure in the UHV chamber was
at higher annealing temperatures, a C49 phase with a lower5x10 1% Torr. The Ti and Zr alloy films were codeposited
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FIG. 1. Raman spectra of 200 A jkZr,, film on Si(111) annealed at
temperatures from 500 to 910 °C.

(b)
on the atomically cleaned @ill) substrates by electron
beam evaporation with the substrates at room temperatur: - ) ) ———100 nm
The total thickness of the alloy metal films was 200 A. The il 4 (Tio sZro 4)Si

compositions of the alloy films were selected by controlling
the deposition rate of the Ti and Zr sources. The films were
then annealedn situ at temperatures between 500 and
910 °C.

It has previously been shown that Raman spectroscop
can be used to distinguish between the C49 and C54 phasc.
of TiSi,.2° Raman spectra were excited with200 mW of
514.5 nm Ar ion laser radiation. The laser spot on theF!G. 2. () AFM image of 200 A TiSi film annealed at 900 °Cb) AFM
samples was-200 umx2 mm. The scattered light was first 'nTi??OZf;fﬁ%f\zg%ﬁr%fz'r:_'?sfﬂﬂﬁﬂﬁﬂS;zﬁoat%?oqg,ss'se(’t'o” TEM
filtered with a subtractive 0.32 m double monochrometer and
then dispersed with a 0.64 m spectrometer. The light was
detected with a LB cooled multichannel charge coupled de- SFM-BD2. The piezoscanner used for this experiment had a
vice detector. Figure 1 shows tire situ Raman spectra of a 10 um scanning range in both th€ andY directions and a
200 A (Tigy oZry o) alloy film on Si111) annealed from 500 to 2.5 um range in theZ direction. The scan area on the sample
910 °C. The annealing time was 20 min in each case. Theurfaces was-2 umx1.6 um. As shown in Fig. 2, in con-
features displayed in the range of 250—350 ¢of the 600—  trast with TiSj, thin films, the(Ti, ¢Zro1)Si, alloy disilicide
910 °C spectra can all be assigned to the C49 ,TiSifilms with the C49 phase consisted of many small grains.
structure’ The broad features in the range of 180—220¢m The grains cover the Si substrate uniformly, and transmission
of the spectra are artifacts of the spectrometer used and haeéectron microscopy results also shown in Fig. 2 indicate a
been observed in the spectra of many of the samples aneelatively smooth interface with the Si substrate. The sizes of
lyzed with this spectrometer. No signal was observed athe grains increase as the annealing temperature is increased.
~240 cm ! where features associated with the C54 phas&he diameters of the grains are0.1 um for the film an-
are located:?° From the signal to noise ratio in the data, the nealed at 600 °C and up t60.4 um for the film annealed at
volume fraction of any C54 component is estimated to bed10 °C. No island formation was observed at temperatures
less than 10%. The Raman results indicate that the transitidess than 910 °C. For each image, the mean surface (&vel
temperature from the C49 phase to the C54 phase is greattre Z direction) was calculated and removed from the images
than 910 °C for the 200 ATi, oZr, ,) alloy films on S{111),  before the rms surface roughness was calculated. Shown in
which is more than 200 °C higher than the previous observeéfig. 3 is the temperature dependence of the rms surface
transition temperature for Tigiflms on S{111) with the  roughness for the 200 ATi, oZr,,) alloy films on Si. The
same thickness. surface roughness results for the Ti&@nd ZrSj films are

The surface roughness and surface morphologies of thalso plotted for comparison. We note that the Zr@isults
samples were studied using atomic force microsd@gyM). were obtained from a film formed with 100 A Zr, and we
The AFM used for this experiment was a Park Scientificexpect that the rms roughness should scale with thickness.

2414 Appl. Phys. Lett., Vol. 65, No. 19, 7 November 1994 Dao et al.



(~18 uQcm). The sheet resistance of th@iy¢Zry1)Sh

= 30r films is also lower than that of the C49 TjSilms annealed

< 300l 2004 Ti/Si at 500 and 600 °C. For comparison, the sheet resistances of

2 : Ti-Zr alloy films on Si with 20% and 5% Zr were also mea-

_"é 250 sured. The(Tig gZrg »)Si, films have slightly highef~30%)

2 E sheet resistances than those of (Mg Zry 1)Si, films over

s the temperature range studied. The increase of the sheet re-

3 150 Zr, DISi sistance as the Zr composition is increased may be due to

& . alloy scattering effects. Th@ig o521y 05 Sk, alloy films have

7 10r 100A Ze/Si the same shet resistance as (g oZr; 1)Si, alloy films for

w ; annealing temperature below 910 °C. At 910 °C, however,

E 50 the sheet resistance of tki€i; gZr 059 Si, increases dramati-
L cally, and the AFM measurements indicate that islands have

formed. The results confirm the original suggestion that the
island formation would occur at higher temperature when the
Zr alloy composition is increased.

We also note that the sheet resistance of the C49
FIG. 3. The rms surface roughness results of (ffig Zr, )/Si, Ti/Si, and  (Tig 2l 1)Si, alloy is significantly less than that usually ob-
Zy/Si films obtained from the AFM measurements at different annealingserved for C49 TiSi. This indicates that a large contribution
temperatures. of the increased resistance of the C49 TiSilikely due to

the presence of defects and stacking faults. The higher an-
The rms roughness of tH&i, oZr; 1)Si, films is significantly  nealing temperatures used to form the C49 alloy silicides
less than that of the Tigifilms at temperatures above apparently results in a reduced density of defects and stack-
700 °C. ing faults.

The sheet resistance of the alloy films were measured We thank D. B. Aldrich, M. Joo, Z. Wang, and C. A.
using a four-point probe. The results are shown in Fig. 4. Th&ukow for their invaluable help. This work is supported in
C49 (Tigp Zry 1)Si, alloy films annealed at high temperatures part by the National Science Foundation through Grant No.
(>600 °Q have a much lower sheet resistar{e€9.9 /1) DMR 9204285, and the US Department of Energy, Division
than the film annealed at 500 °C. The sheet resistance of thd Material Science under Contract No. DE-FGO05-
C49 phase remains almost unchanged from 600 to 910 “GB9ER45384.

Although higher than the resistance of the C54 Jffhins on
Si(111) annealed at 700 °C~4.0Q)/0J) and 800 °C(~7.9Q)/
0), the resistance of the C4i, Zry1)Si, alloy films is
much lower than the resistance of the Jifims annealed at
900 °C (25.3 /). The sheet resistivity of the C49
(Tip oZro 1)Si, alloy films is calculated to be-46 w() cm,
which is higher than the lowest sheet resistivity of Fifdims
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