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The phase and morphology stability of NiSi and®jSi formed on the poly-Si lines and wide pads have been studied. Differ-
ences in the NiSinucleation temperature and the extent of layer inversion have been analyzed. The nucleation ofaliSi
hindered on the narrow poly-Si lines as compared to that on the large area poly-Si pads at 750°C. Stress is believed to play an
important role in the delayed nucleation of NiSin addition, layer inversion was found to be less severe on the narrow poly-Si
lines as compared to that on the poly-Si pads after being subjected to the same annealing condition. This is likely due to the
limiting grain growth of the poly-Si in the narrow lines. Enhanced stability ¢PY5i was achieved up to 800°C on both poly-Si

wide pads and narrow lines.
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Silicides are essential in the complementary metal oxide semi-cal interest to explore the thermal windows for silicide, and identify
conductor technology as local interconnect and for contact applicathe possible effects on shrinking the dimension of the poly-Si lines.
tions. The once commonly used TjSias been replaced by CgSi  Differences in the phase formation and tendency of layer inversion
due to the sheet resistance of TiSihich is a strong function of ~ On the larger area pads and narrow lines were compared. The phase
linewidth as a result of incomplete phase transformation of C54Stability and morphology changes were studied using micro-Raman,
phase on narrow lines. Nevertheless, Gojinctions may suffer ~ Micro-Rutherford back scatteringnicro-RBS, and cross-sectional
high diode leakage because of nonuniform G@Si interfaces or transmission electron microsco¥{TEM) analysis with diffraction

Co spiking. The high Si consumption of Ce$nay lead to problems analysis.
in ultrashallow junction formation. Much effort has been channeled
to develop a replacement silicide material that can be formed uni-
formly at low temperatures. NiSi is a promising candidate for future A layer of undoped polycrystalline-$poly-Si) was deposited by
integrated circuit generations due to its linewidth independent lowlow pressure chemical vapor depositiCVD) on a 400 nm thick
resistivity, low temperature one-step annealing and low siliconoxide grown by furnace oxidation of the p-typgBi0). The poly-Si
consumptiort. However, NiSi is thermally stable only up to a tem- pads were doped with phosphoi(@ of dosage 5x 10 cn? at 40
perature of 750°C. Thereafter, the high resistivity phase Nifairts keV and followed by an annealing at about 1000°C in dinbient
to nucleaté. In addition, the stability of Ni silicides on poly-Si can for 720 s. The poly-Si lines were patterned to 0.gBn. 70
be disrupted by the process of layer inversion, which may occur at< 70 wm poly-Si pads were defined in the vicinity of the poly-Si
temperature as low as 550%Cat which the layer reversal of the lines. After the poly-Si line patterning, nitride spacers were formed
silicide and poly-Si bilayer occurs. on the poly-Si sidewall. Following a dilute HF dip, Ni and(R{)
During the layer reversal, an abrupt increment in tensile stress irfilms of about 30 nm were blanket sputter deposited. Rapid thermal
NiSi/poly-Si at 550°C was observed and grain growth from 25 to annealing(RTA) was carried out in an Nambient at temperatures
300 nm was reportetiThis is due to the additional driving force for  ranging from 500 to 900°C for 60 s. The unreacted metal was sub-
morphological changes arising from the grain boundary energy ofsequently removed by a selective etch using @, and HO,
poly-Si. The surface energy and interface energy of the poly-Si aremixture.
also important in view of the changes in texture after grain growth  Micro-Raman measurements were done on the poly-Si pads.
of poly-Si from (110 to (111) which gives a lower surface energy Mapping analysis along the npoly-Si lines was also performed.
than other orientations. The presence of silicide prOVideS a fast dlf-The Raman Spectra were recorded with a confocal Spectrometer in
fusion path for the transport of material, and therefore enhances théne backscattering configuration, fitted with single grating spectro-
grain growth of poly-Si. This causes severe roughening of thegraphs, notch filters, and charge coupled device detector. A 513 nm
silicide/poly-Si interface and eventually leads to the inversion of theargon laser was used and focused to a spot diameter of ahout 1
two layers. The driving force for poly-Si inversion is the enhanced The sample was mounted on a computer contratted motorized
poly-Si grain growth to reduce the grain boundary and interfacestage which allows mapping analysis to be performed on narrow
energy in the poly-Si. It involves the growth of the existing grains |ines at micrometer intervals. An integration time of 300 s was used
(secondary grain growjhrather than nucleation of new graii®-  for these spectra with 1.0 crh spectral resolution.
crystallization. Layer inversion requires the deformation of the sil- The micro-RBS measurements were carried out using 2 MeV
icide, which also kinetically enhances the reaction by providing ape+ jons. The backscattered ions were detected with two detectors.
fast diffusion path. The process starts with the growth of the p0|y'S'The 300 mré PIPS detector of 19 keV energy resolution at 145°

grallin;_of many orierﬂation_s into S”iCi.(ljle’ the fenergetri]callyr:‘a\r/]ored scattering angléCornell Geometry was used to generate the 2D
poly-Si grains(e.g, (111) orientation will grow faster through the  pgg maps in order to identify the regions of interest. Once the

Experimental

top silicide Iayer"_? o _regions were identified, the scan size was further reduced and the
~ This paper aims to study the silicidation on the narrow poly-Si peam was raster scanned within the pad area only. On the identified
lines and poly-Si pads using pure Ni and®j. It is of technologi-  pad areas, the backscattered particles were detected at a scattering

angle of 160°(IBM geometry using a 50 mrh PIPS detector with
an energy resolution of 14 keV. The beam was focused to a beam
Z E-mail: elepeykl@nus.edu.sg spot of ~5 wm and the beam current used wa$00 pA. In order to
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Figure 1 shows the formation of Ni- and (Ri)-silicides on the Channel
70 X 70 wm poly-Si pads using micro-Raman after annealing at ©
various temperatures. The fingerprint Raman spectra of various Ni-
silicide phases has been identified previously with the silicide for- by Evergy(MeV) 1o
mation on S{100).° The formation of pure NiSi can be observed at e T T T ‘
600 and 700°C on the poly-Si pads with the presence of the signifi- 0k 3
cant NiSi Raman peak at 215 ¢t At 750°C, the NiSi Raman peak i E
disappears and this can be due to NiSicleation or agglomeration ol s
or layer inversion. The spectrum is very close to that of pure \iSi E 3 E
which has relatively weak intensity. The formation of Ni®n the S sf 3
poly-Si pads at 750°C is expected since NiBas reported to nucle- £ Wb 3
ate at 750°C in an abrupt and almost instantaneous manner on =7F
Si(100.2 On the other hand, NPY)Si demonstrates an enhanced st 3
stability up to 800°C on the poly-Si pads as indicated by the pres- . A : ° : .

ence of the strong NiSi Raman peak at 215 ¢
Figures 2a-d show the micro-RBS analysis on the Ni- an(@i

silicided poly-Si pads after annealing at various temperatures. For
the pure NiSi formed at 600°C=ig. 23, the composition ratio of Ni
and Si correspond to NiSi. At 700°Eig. 2b), the reduced yield of

Ni and the tailing at the Ni peak together with a relatively high ratio
of Si are due to the start of layer inversion, at which the Si grains
start to extend toward the free surface. This was affirmed by the
increased Si intensity ratio from the Raman analysis even at 700°C.
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Figure 2. Micro-RBS analysis on poly-Si pads with Ni-silicidation &)
600°C (b) 700°C and NiPt)-silicidation at(c) 700°C and(d) 750°C.

With Ni(Pt)-silicidation, the composition ratio of Ni to Si is close to analysis shows that the Nior Ni(Pt)]-silicided P-doped wide
Ni(PY)Si at 700°C(Fig. 20. At 750°C (Fig. 2d), there is a slightly ~ poly-Si pads underwent layer inversion at temperatures about 700-
higher Si yield due to the start of layer inversion. Therefore, RBS 750°C.
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Figure 3. Micro-Raman analysis along a 0.26n poly-Si line of 100um
length with(a, left) Ni-silicidation at 750°C andb, right) Ni(P?)-silicidation
at 800°C. Bold lines indicate the absence of NiSi phase.

Figures 3a and b show the mapping analysis using micro-Ramar
on a single 0.25X 100pnm poly-Si line after Ni silicidation at
750°C and NPy silicidation at 800°C, respectively. The formation Figure 4. XTEM analysis along a 0.2pm poly-Si line with Ni-silicidation

of NiSi can be observed on many locations along the 100long  5750°C. The inset shows the diffraction pattern of the Ni-silicided film.
Ni-silicided poly-Si line at 750°C. The presence of NiSi on the

narrow poly-Si lines at 750°C is indeed a little surprising in view of

the detection of NiSiand the absence of NiSi on the poly-Si pads at o . . ) .

750°C. There are certain locations at which the NiSi Raman signal is "€ Silicide formed is rather uniform with no protrusions or layer

absent and this can be attributed to the NiBiicleation or layer Inversion being obs_,erved. n other words, the a_bser_u:_e of NiSi Ra-

inversion in which the poly-Si extended to the surface, both leading™an Signal at certain locations along the pure Ni-salicided .25

to the disappearance of the NiSi Raman signal. In contraf@tgi  POly-Si lines of 100um length as shown by the Raman mapping

was detected from almost all the analyzed locations along the nar2nalysis in Fig. 3a is unlikely due to severe layer inversion. Conse-

row poly-Si line after silicidation at 800°C. This is in agreement to duéntly, the presence of NiSis most probably responsible for the

the analysis on the wide poly-Si pad regions which show the forma-absence of the NiSi Raman signal at those locations along the

tion of Ni(PYSi even at 800°C. poly-Si lines.
Figure 4 shows the XTEM analysis of a 0.2%n Ni-silicided

poly-Si line that was annealed at 750°C and the corresponding dif-

fraction pattern. From the diffraction analysis, it was confirmed that  The enhanced stability of KP)Si was previously demonstrated

NiSi is still present on the narrow lines after annealing at 750°C.on Si{100) and S{111) wafers and was attributed to the change in
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Figure 5. T-SUPREME 4 stress analysis of a 0.2 poly-Si gate electrodé) with and (b) without sidewall nitride spacer.
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the Gibbs free energyQ) and the formation of texture in KRY)Si The group V element can cause higher grain boundary motion and
which changes the interfacial energy). Both factors could affect ~ grain groyvth8 rate due to an increase in the point defect
the nucleation-controlled reaction of NjSiormation according to ~ concentratiort® With an enlarged and stabilized starting poly-Si
the classical nucleation concept where the nucleation rite, 9rain, the tendency for layer inversion will be reduced.
= exp(o¥/AG?). The N(PYSi formed on the poly-Si pads and lines In addition, the addition of Pt into the Ni silicide film seems to
are polycrystalline films, and therefore the interfacial energy shoulgh@ve little effect on the extent or onset temperature of layer inver-
not contribute too much changes in the interfacial energy term comSion. Similar resy!gts have been obtained with the use of the Ni/Pt
pared to pure NiSi case. Therefore, the Gibbs free energy seems fjlayer on poly-Sit> This may be due to the relatively small changes
play a preponderant role in the (R{)Si stability. in the grain boundary diffusion and /or the mechanical properties of

The electron diffraction analysis confirms the presence of Nisi the silicides such as plastic deformation temperature or film stress of
on the pure Ni salicided 0.25m narrow lines at 750°C. This further POth NiSi and NiPYSi. These factors are important in the process of
corroborates the results of micro-Raman that show the presence dfyer inversion as evident by the findings that the effects of impurity
NiSi on narrow poly-Si lines at 750°C. This set of result is different strengthenlngd_ufj,lnr? (|: implant into sﬂtl)cn’fa)r_ changing film thick-

- ; - the layer inversion behavior.

from that on the poly-Si pads where the formation of Nigias ~ MN€SS ¢an modi o .
found at 750°Cfsame as those on blanketBI0)]. The stress/strain At 700°C, the RBS spectrum of pure Ni-salicided poly-Si pad
might affect the difficult nucleation of Nigion poly-Si lines at has already exhibited obvious layer inversion. However on the
750°C. From the simulations using T-SUPREME 4 as shown in Fig poly-Si lines at the same silicidation temperatures, there seems to be

5 (no implantation or annealing was introduced during the simula-ng teensdtgr;ﬁgtcl’; IZ?’?;V'Q;’S?L??Q r?]grtehgx?:rzrs?\\;\é gﬁl)fjle“g?:é;-:losm-
tion), a large amount of compressive stress is generated in theu99 y 9

poly-Si gate by the presence of sidewall nitride spacers which exerpgrecti \}V%(;agow na;ﬁaéhnaer?).v\;l'f;ls"nmsay tr)eindut;: \t/\?ththef t“'?: W'O:thSi
tensile stress. Similar results were obtained using Raman shift exchec eby o € ower fines, grain gro 0 poly-sl
periments, which obtain a compressive stress near the edges of tdl es can be pinned by the edges of the lines. The corollary of that is

. . e restricted extent of layer inversion on the poly-Si lines. Support-
poly-Si gateS. It has also been reported that the tensile stress exert-Ing this is the higher activation energy of grain growth for metal

ing on the _nitrid%/poly-Si interfaces increased with decreasingﬁlms on narrow lines than that on blanket films; which was attrib-
poly-Si linewidths'® This stress state may be a hindrance to the uted to the geometry constraints on grain groe\‘?t’h

nucleation of NiSj, and therefore slightly delayed the nucleation of In conjunction, the stress factor could not be neglected in view of

NiSi, on poly-Si lines. In fact, it has been shown that Miirma-  {he |arge compressive stress generated in the poly-Si lines by the
tion is more favorable inside smaller contact holes in which com- gjqewall spacer. The stress increases as the poly-Si linewidth
pressive stress is more relaxed and the presence of compressi@inks. With the formation of silicide on tofusually in compres-
stress was ascribed to inhibit nucleation of Nisn the narrow  sjon), the stress generated in the smaller poly-Si lines could be less
poly-Si lines: tensile(compensated by the initial compressive staaed therefore

On the other hand, the nucleation and propagation of Nii  reduces the grain boundary diffusion and restricts the grain bound-

large areas of poly-Si or @00 may be easier compared to narrow ary migration or grain growth of the poly-Si, which is the basic
poly-Si lines due to a larger availability of nucleation sites. Similar process of layer inversion.

linewidth dependence of the nucleation sites density has been ob-

served for the TiSiformation in submicrometer lines, due to nucle- Conclusion

ation controlled transformation of C49 to C54 phd%én addition, We h firmed th £ NiSi at 750°C
the absence of the NiSi Raman signal at certain locations along the © have confirmed the presence of NISI at on narrow
poly-Si line seems to suggest the possibility of the coexistence oPOly'S' lines v;/thle .lf\_lf'si was ﬂetected at th'.s temperatl;]re on alarge f
NiSi and NiSp at 750°C along the line. This suggestion is not elimi- area pads. The difference has been attributed to the presence o

i o compressive stress on the narrow poly-Si lines exerted by the spac-
nated because Nisusually nucleates at 750°C. . grenrs on both sides. The extent of layer inversion was found to be
S - L ; . ore severe on the poly-Si pads compared to that on the narrow
at 700°C on the P-doped poly-Si pads while virtually no inversion lines, suggesting that the grain growth of the poly-Si in the lines

was present at 600°C. Full layer inversion has been observed a - : - :
NS 2 ; g y be pinned by the edges of the lines. The formation GPH&i
silicidation temperature of 600°C with pure NiSi on the undoped was demonstrated to be stable up to even 800°C on both narrow

poly-Si!® Thus, the onset temperature for layer inversion is higher S
on the P-doped poly-Si compared to the undoped poly-Si due to ePOly'S' lines and pads.
larger grain size of the P-doped poly-Si. The microstructure of the
poly-Si prior to silicidation plays an important role in controlling the
extent of layer inversion since the driving force for inversion is to ~ The authors acknowledge R. Lee and W. D. Wang for technical
reduce grain boundary and surface energies of the poly-Si grains. lassistance. Data Storage Institute and the Physics Department of
is well known that the poly-Si grain is in needle-like columnar form NUS are thanked for providing technical support. This work is sup-
in the as-deposited state using the conventional LPCVD prdéess. ported in part by a National University of Singapore-NSTB Grant, a
No or little grain growth will occur with these intrinsic undoped National University of Singapore research scholarship, Chartered
poly-Si grains even after annealing up to 10084CThe silicide Semiconductor Manufacturing-special project, and Institute of Ma-
enhanced grain growth in poly-Si occurs mainly by the growth of terials Research and Engineering.

the existing grains via secondary grain growth. Th's can be driven Chartered Semiconductor Manufacturing Limited Jerome-Case assisted
solely by the reduqtlon qf the totgl energy assouated.wnh the NOT, meeting the publication costs of this article.
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