Effects of Mo-free C40 Ti ( Si 1x Ge x ) 2 precursors and the thickness of an interposed
Mo layer on the enhanced formation of C54 Ti ( Si 1x Ge x ) 2
Jian-Shing Luo, Jun-Chieh Huang, Wen-Tai Lin, C. Y. Chang, and P. S. Shih

Citation: Applied Physics Letters 75, 3482 (1999); doi: 10.1063/1.125362

View online: http://dx.doi.org/10.1063/1.125362

View Table of Contents: http://scitation.aip.org/content/aip/journal/apl/75/22?ver=pdfcov
Published by the AIP Publishing

Articles you may be interested in

Change in entropy at a first-order magnetoelastic phase transition: Case study of Gd 5 ( Si x Ge 1x ) 4 giant
magnetocaloric alloys

J. Appl. Phys. 93, 8313 (2003); 10.1063/1.1556274

Magnetic properties of the U ( Ge 1x Ni x ) 2 system
J. Appl. Phys. 93, 7825 (2003); 10.1063/1.1543922

Magnetic force microscopy characterization of a first-order transition: Magnetic-martensitic phase transformation
inGd5 (SixGelx)4
J. Appl. Phys. 91, 8852 (2002); 10.1063/1.1456059

Electronic structure and magnetic properties of Gd 5 ( Si 1x Ge x) 4
J. Appl. Phys. 91, 8540 (2002); 10.1063/1.1455614

Magnetocaloric effectin Tb 5 (Six Ge 1x ) 4
Appl. Phys. Lett. 79, 1318 (2001); 10.1063/1.1399007

NEW! Asylum Research MFP-3D Infinity” AFM [~ FroRD I

Unmatched Performance, Versatility and Support

The Business of Science®

Stunning high 9 Simpler than ever

performance - ¢ to GetStarted™

b

Comprehensive tools § f  Widest range of accessories
for nanomechanics for materials science and bioscience



http://scitation.aip.org/content/aip/journal/apl?ver=pdfcov
http://oasc12039.247realmedia.com/RealMedia/ads/click_lx.ads/www.aip.org/pt/adcenter/pdfcover_test/L-37/1018974610/x01/AIP-PT/Asylum_APLArticleDL_043014/Asylum-Research-MFP3D-Infinity-APL-JAD.jpg/5532386d4f314a53757a6b4144615953?x
http://scitation.aip.org/search?value1=Jian-Shing+Luo&option1=author
http://scitation.aip.org/search?value1=Jun-Chieh+Huang&option1=author
http://scitation.aip.org/search?value1=Wen-Tai+Lin&option1=author
http://scitation.aip.org/search?value1=C.+Y.+Chang&option1=author
http://scitation.aip.org/search?value1=P.+S.+Shih&option1=author
http://scitation.aip.org/content/aip/journal/apl?ver=pdfcov
http://dx.doi.org/10.1063/1.125362
http://scitation.aip.org/content/aip/journal/apl/75/22?ver=pdfcov
http://scitation.aip.org/content/aip?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jap/93/10/10.1063/1.1556274?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jap/93/10/10.1063/1.1556274?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jap/93/10/10.1063/1.1543922?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jap/91/10/10.1063/1.1456059?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jap/91/10/10.1063/1.1456059?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jap/91/10/10.1063/1.1455614?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/79/9/10.1063/1.1399007?ver=pdfcov

APPLIED PHYSICS LETTERS VOLUME 75, NUMBER 22 29 NOVEMBER 1999

Effects of Mo-free C40 Ti (Si;_,Ge,), precursors and the thickness of an
interposed Mo layer on the enhanced formation of C54 Ti (Si;_,Ge,)»
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The effects of Mo-free C40 Ti($i,Ge), precursors and the thickness of an interposed Mo layer
between Ti films and $iGe, -4 Substrates on the lowering of formation temperature of C54
Ti(Si;_4Ge), were studied. Metastable C40 Ti¢SiGe,), precursors were grown by pulsed KrF
laser annealing. Upon rapid thermal annealing, the Mo-free C40 phase could not be directly
transformed to the C54 phase without going through the C49 phase. When the thickness of the
interposed Mo layer increased, up to 2.5 nm, the temperature at which the C54 phase was initially
formed changed from 750 to 600 and then to 650 °C. The present result showed that with increasing
Mo concentration in the reacted layer, the phase stability shifted from C54 to C40 and no C49 was
observed. It seems that apart from the C40 template mechanism, the electron/atom ratio also plays
an important role in the enhanced formation of the C54 phasel19@9 American Institute of
Physics[S0003-6950199)02048-3

TiSi, has been widely used for Ohmic contacts and gatehase by interposing the refractory metal to Ti films still
electrodes in ultra-large-scale integrati@fSI) devices be- remains to be clarified.
cause of its low resistivity, good thermal properties, and  Si;—xGeg, material offers the promise of greater carrier
compatibility with the self-aligned silicidation process. TiSi mobility and band-gap engineering, and hence, has potential
may exist either as the high-resistivity C49 phase or as th@Pplications in high-speed electronic and optoelectronic
low-resistivity C54 phasé.For device applications, C54 Qeyice§7 The formation of metal—$i,Gg, Ohmic or rec-
TiSi, is preferred because of its low resistivity. The caglifying contacts is required for device applications. There-

phase generally forms first at temperatures ranging from 558)re, the motivation for St”‘?'yif‘g the Ti/Si Sygfgm is favor-
N ably transferred to the Ti/Si,Ge, systen In the

to 700 °C and then transforms to the C54 phase at temper?ﬁterfacial reactions of Ti/SL,Ge,, the modes of agglom-

tures above 750 °C. Fine line effects further raised the C49-— x 26 99

C54 f . #ah hological stabil eration and Ge segregation of the germanosilicide could be
_ transformation tempgrat o e morphological sta - _generally regarded to occur after higher-temperature anneal-
ity of the C54 phase during high-temperature annealing

i '?ng. It is desired that reducing the C54 transformation tem-
crucial to the development of ULSI technology. perature would improve the aforementioned phenomena. In
Recently, it has been shown that the C49—C54 transforthe present study, therefore, we interposed a Mo layer to the
mation temperature can be lowered by preamorphization ofi/Sj, .Ge, », system to study its thickness effect on lower-
Si substrates before Ti depositidi,ion implantation of Mo ing the C54 transformation temperature. In addition, Mo-free
or W into Si substrates before Ti depositibhand deposi- €40 Ti(Si,_,Ge,), films prepared by pulsed KrF laser an-
tion of an interposed layer of refractory metals or alloys be-nealing were also provided to examine whether they could
tween the Ti film and Si substrate, respectiV&l}? The en-  enhance the growth of the C54 phase or not on subsequent
hanced formation of the C54 phase by preamorphization ofapid thermal annealing. From these results the viable
Si substrates or Mo or W ion implantation is attributed to themechanisms responsible for the enhanced formation of the
increased nucleation sites of the triple junctions in the C49=54 phase could be elucidated.
phasei®1314The enhanced growth of the C54 phase by the  Strained and partially relaxed ¢3Gey.24 films with
interposition of a refractory metal layer may be explained a§h'0k0n83,3e3 of 100 and 150 nm, respectively, were grown at
due to the formation of the C40 phase which acts as a te 250°C in an ultra-h|gh-vacuum_ chemmal-vapqr deposition
plate for the growth of the C54 pha&e@2Recently, it has system. Ti films about 25 nm thick were deposited onto the

also been reported that the phase stability of Ji$ianges jleojcﬁi?bzr? ZIn;tserz;t ?rhr:tga:feo.rle:srﬂiz waznasfgjrﬁgégun
from C49 to C54 and then to C40, being facilitated by in- b Y ' P

_ o or 1.0x 10" Torr. Rapid thermal annealing was conducted
creasing the electron/atom rativ.” Therefore, the mecha- . 4 temperature of 500-800 °C for 30 s in. WPulsed KrF

nism responsible for the enhanced formation of the C54,qq, annealing was performed in a vacuum around 2.0

X 10 2Torr. The pulse length was 14 ns. The laser beam
3E|ectronic mail: wtlin@mail.ncku.edu.tw was focused onto an area ok4 mn?. Phase formation and
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FIG. 2. Initial formation temperature of the C54 phase as a function of the
thickness of the interposed Mo layer.

FIG. 1. DP of the Mo-free C40 Ti($i,Ge,), precursors grown by pulsed . .
KrF laser annealing at 0.3 J/@rfor 50 pulses. increasing the annealing temperature the amounts of the C54

phase increased, as shown in Fig. 3. For the
microstructures were observed by plan-view transmissio%—(')(gfcnm)t/h'\go(gssr;?%?wf%f;si:i?gﬁs q &r::e?ilgr?ificzat
electron - microscopy (TEM) and cross'-secuonall T.EM amounts of Ti remained in the film surface and most of the
(XTEM). The depth profiles of the chemical species in theMo was still concentrated around the interface of

et Sy £ where he Mo concentaton was bt &
' quipp 9 at. %, as shown in Fig. 4. Between the remaining Ti layer

an electron probe 1.2 nm in size. Grazing incidence x-ray . ) i
diffraction (XRD) was carried out for phase identification and the $j7¢5&.4 film the C40 phase was formed concur

with the incident angle fixed at 0.5°, rently with a trace amount of the C54 phase. Upon annealing

s at 700 °C Ti was completely consumed and the C54 phase
For the T'/Sb-mGQ)-Z‘? samples annealed by a pulsed KrF became dominant, meanwhile the distribution of Mo became
laser at an energy density of 0.2—0.3 Jdor 30—50 pulses,

i , ; more homogeneous, the average Mo concentration being in
Mo-free C40 Ti(S|_,Ge&), films were formed. Figure 1 SR .
shows the electron diffraction patterfDP) of CA40 the range of 1.0-2.5 at. %. These results indicate that a rela

Ti(Si;—4Geg),, which is consistent with the XRD pattern of tively low Mo concentrat!on in the (Ti,M0)($L,Ge)2
.  oa05 ., - layer promotes the formation of the C54 phase.
C40(Ti, Mo)Si,.“"“1t is suggested that for pulsed-laser an- . .
) . S For the Ti/Mo/S}7¢G& 04 Samples annealed at a tem-
nealing the rapid melt/solidification process allows preferen- 5 .
. o o perature of 600—700 °C, the amounts of the C40 phase in-
tial growth of metastable C40 Ti(Si,Ge,), requiring lower . . . .
e . . creased with the thickness of the interposed Mo layer. This
activation energy. Upon subsequent rapid thermal annealin o )
R sult is similar to the previous report that the amounts of the
at 650 °C for 30 s, the metastable C40 phase was transform . . o .
40 phase increase with the Ta or Nb concentration in the Ti

to the C49 phase. The C54 phase was not formed until th%lloy.lz For the samples with the interposed Mo layer 2.5 nm

annealing temperature reached 750 °C. This result revealeq. . . )
that upon rapid thermal annealing the Mo-free CA40 precuﬁ ick, the C40 phase was still dominant even after annealing

sors could not be directly transformed to the C54 phase with-
out going through the C49 phase. For the C40 and C54
TiSi,, their hexagonal planes stack in t#ABCABC and

ABCDABCDorders, respectively. The two stacking patterns
are very similar to each other. Therefore, it has been sug-

C54(040)
Pl

>

- C54(022)
it

gested that the C40 phase may provide a crystallographic = o \
template for nucleation of the C54 phdsé ?resulting in a € ¢ = / \
lower C49—-C54 transformation temperature. However, the '§ & S N A
present results seem to indicate that in addition to the struc- < ] / \ \_/

- : 2 800°C [T
ture or kinetics effect, other effects may also be responsible Z ~ v
for the enhanced formation of the C54 phase. g g A |
or the enhanced formation of the phase E w%?:gﬂ/ %/ \ \\V

Figure 2 shows the initial formation temperature of the w \
C54 (Ti,Mo)(Si_,Geg,), as a function of the thickness of L /ﬁ\f\,ﬂ

the interposed Mo layer. With increasing the Mo thickness, ﬂw_,_/ T
the C54 formation temperature first decreases from 750 to M@QM
600 °C and then increases up to 650 °C. In the present study, ' ‘ ‘

. . . 36 38 40 42 44
the C54 formation temperature was determined by analyzing
the DP of the annealed sample. It should be noted that below 26 (degree)
the C54 formation temperatures, ranging from 600 to 650 °Cgi, 2 xRD patterns of the T25 nm/Mo(0.5 nm/Si 7Ge, 5 Samples an-
the C40 phase was formed instead of the C49 phase. Witfealed at various temperatures.
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) ) . thickness of the interposed Mo layer. Upon annealing at a
(|M(S|1_xe)2_ minimum temperature of 600 °C, the C54 phase was noted to
4 — be formed in the samples having an interposed Mo layer with
a thickness of 0.5 nm. With increasing the Mo concentration
in the reacted region the phase stability shifted from C54 to
GO Wi C40 and no C49 was observed. It seems that for the
Ti/Si,_,Ge, system with an interposed Mo layer, apart from
the C40 template mechanism, the electron/atom ratio is also
responsible for the enhanced formation of the C54 phase.
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