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Formation of self-aligned CoSi , on selective epitaxial growth silicon layer
on (001)Si inside 0.1-0.6 um oxide openings prepared by electron
beam lithography

J. Y. Yew, H. C. Tseng,? L. J. Chen,® K. Nakamura,” and C. Y. Chang®®
Department of Materials Science and Engineering, National Tsing Hua University, Hsinchu, Taiwan,
Republic of China

(Received 13 August 1996; accepted for publication 4 October)1996

The self-aligned formation of CogSwas achieved on the selective epitaxial gro®EG silicon

layer on(001)Si inside 0.1-0.6um oxide openings prepared by electron beam lithography. The
uniform, high quality SEG Si layer was grown by ultrahigh vacuum chemical vapor deposition at
560 °C with SjH. Self-aligned CoSifilm without lateral growth of silicide was grown on the SEG

Si layer by rapid thermal annealing at 700 °C i &mbient. The successful integration of the
self-aligned CoSiand SEG of Si processes promises to be a viable process technology for the future
deep submicron devices. @996 American Institute of Physids$S0003-695(96)02450-3

As the microelectronics device dimensions scale dowrcm in resistivity, were first cleaned by standard RCA process
to the deep submicron level, silicides in the source/drain aretollowed by a low pressure chemical vapor deposition
are needed to reduce the contact resistance to an acceptabl®CVD) to form a 160-nm-thick silicon dioxide at 700 °C
level. The self-aligned silicidéSALICIDE) process has been in decomposing tetraethoxysilaf€EOS), Si(OC,Hs),4. The
generally used for gate, source, and drain metallization ir¢lectron beam exposure system utilized was of the model
microelectronics devices. Although low-resistivity TiSs ~ EBML300 made by Leica Cambridge. The etching process is
currently the most common silicide for this application, composed of two steps, oxide etching amditu post etching
CoSj, is the only silicide that offers properties and reliability treatment using GJEHFy/Ar and CR/O, gas mixtures, re-
for continued use in the sub-0.26n devices: However, the ~ spectively. The oxide opening patterns consist of 0.1-0.6
consumption ratio of the substrate silicon to Co to formum linear openings and contact holes.

CoSj is as high as 3.6 in the direct interaction of Co with the ~ Prior to loading into the UHV-CVD chamber, the wafers
substrate silicon. The high consumption ratio is a criticalVereé ~ chemically —cleaned — in  480,/H,0, and
drawback for the formation of self-aligned Ce®h shallow ~ NH4OH/H;0,/H,O and dipped in a dilute HF solution

junctions since it results in the series resistance increase aﬁHF:HZO:LZOQiOThe base pressure of the UHV-CVD sys-
degradation of junction integrify. tem was 210 - Torr afte 6 h of baking. Prior to the

Elevated source/drain structures are a potential solutiof =C~S the native oxide on the Si surface was removed by a

to many of the problems by the deposition of an uItrashaIIOV\;hermal proceoss. Thin S't,u thermal clear!mg Process was
and defect-free junctio?.> The common approach to fabri- doneo at 860°C for 5 min. The SEG-Si temperature was
cating elevated source and drain has been the selective e Ilg\?v r(;tsr\]/\?atshg gesrécéi:tlon time was 30 min. TheHgigas
taxial growth of silicon(SEG-S) on the source and drain After the SEG-Si tr.1e wafers were dipped in the dilute
areas. Selective epitaxial growth is a method_ n Wh'(.:h 2HF solution before loading into an electron gun evaporation
eplta_X|aI layer can b_e grown on the eXp‘?SGS silicon .W'thOUtsystem. The 30-nm-thick Co thin films were then electron
growing polycrystalline _S|I|con on Fhe SO .TO ‘?Ch'e"e_ beam deposited onto the patterned substrates. The vacuum
low-temperature SEG-SI, a promising technique is UItrahIgn:iuring the deposition was maintained to be better than 1
vacuum chemical vapor depositigdHV-CVD). High qual-

ity epitaxial silicon layer has been grown on exposed Si by
applying UHV-CVD with disilane(Si,Hg) as the source on
silicon wafers with oxide patterris!?

In this letter, we report the successful integration of the
self-aligned CoSiand SEG-Si processes inside 0.1-ré
oxide openings prepared by electron beam lithography. The
scheme promises to be a viable process technology for the
future deep submicron devices.

The patterned oxide wafers were prepared by using the
electron beam lithograph¢yEBL) and reactive ion etching
(RIE). Six-in. diam, boron dope(D01) Si wafers, 1-20 ohm

SEG Si

dDepartment of Electronics Engineering and Institute of Electronics, Na-
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YNational Nano Device Laboratory, Hsinchu, Taiwan, Republic of China. FIG. 1. Cross-section TEM imagéaken along th¢110] direction of the
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formal coverage of the deposited Co film on the SEG Si
layer inside the oxide opening is evident. The interface be-
tween the epitaxial silicon and silicon substrate is discrete
and sharp. The success of the SEG-Si demonstrates that the
ex situwet cleaning andn situ thermal cleaning processes
were effective in removing the native oxide on the exposed
silicon inside oxide openings.

The surface morphology of the SEG Si film appears to
be uneven due to nonuniform etching of the oxide pattern
and undercutting of oxide wall. The epitaxial silicon was
grown on the exposed silicon inside a @éh linear opening.

No polycrystalline silicon was found to grown on the $iO
The epitaxial growth is therefore considered to be surface
FIG. 2. HRTEM image of the interfaces between SEG Si and Si substrate ak2action limited, which is expected at the growth temperature
well as the oxide sidewall. of 560 °C. The thickness of the SEG Si film is 80 nm and is
independent of the size of oxide openings. The epitaxial
X 10~ ® Torr. The deposition rate was 0.05 nm/s. The silicid-growth rate was measured to be 2.7 nm/min. A HRTEM
ation reaction was carried out in a rapid thermal annealingmage of the interfaces of SEG Si/Si substrate and SEG Si/
system in N ambient. The samples were annealed at 400-sidewall oxide is shown in Fig. 2. The epitaxial silicon is
900 °C with a heating rate of 100 °C/s and annealing time ofeen to be of rather high quality. No extended defects such as
60 s. Selective nonreacted Co removal was carried out in agtacking faults or dislocations were observed to be present. It
etchant solutionHCI:H,0,=3:1). The surface morphology is worthwhile to note that oxide undercutting is an important
of the oxide openings was observed by a Hitachi S-400@ssue in the SEG-Si process. Typically, oxide undercutting
field emission scanning electron microscope. A JEOLoccurs during the thermal cleaning step prior to the SEG-Si
200CX scanning transmission electron microscépEM)  deposition->*4
operating at 200 kV was used for obtaining microstructural ~ Figure 3a) shows a cross-section SEM image of a 0.18
information. For high resolution TEM observation, a JEOL um contact hole. Good anisotropy is seen in the profile of
4000EX operating at 400 kV with a point-to-point resolution the oxide opening although the sidewall is somewhat rugged
of 0.18 nm was used. due to the nonuniform etching of the oxide wall. Figu(®)3

Figure 1 shows a cross-section TEMTEM) image shows the as-deposited Co film on the SEG Si layer inside a
(taken along thd110Q|Si direction of the as-deposited Co 0.13 um contact hole. Figure (8) shows a SEM image of
film on SEG Si layer inside a 0.2m linear opening. Con- CoSj formed on the SEG Si layer inside a QuZn contact

FIG. 3. SEM images ofa) a 0.18um contact hole, cross-sectiofl) as-deposited Co film on the SEG Si layer inside a Qb8 contact hole(c) CoSj
formed on the SEG Si layer inside a Qu2n contact hole after RTA treatment at 700 @) selectively etched Cogfilm on the SEG Si layer inside a 0.23
um contact hole after RTA treatment at 700 °C.
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though the SEG is common for advanced devices, the report
on the successful implementation of SEG-Si at low tempera-
ture by UHV-CVD inside deep submicron devices is rela-
CoSi, tively recent and rar& In addition, the growth of CoS$i
T layer, which is considered to be the most promising contact
material for the sub-0.25 micron devices, on SEG-Si inside
deep submicron oxide openings was never achieved before.
Both CoSj and SEG-Si are part of the scheme for the fab-
rication of deep subquarter micron devices. The successful
integration of the self-aligned CoSand SEG-Si processes
promises to be a viable process technology for the future
devices.
In summary, the SEG Si was grown by UHV-CVD on

FIG. 4. Cross-section TEM image of the Co3Im on the SEG Si layer (001Si inside 0.1-0.6um oxide openings. The SEG Si is of

inside a 0.23um linear opening after RTA at 700 °C and selective etching Nigh quality without the formation of growth defects as ob-
treatment. served by HRTEM. The thickness of the epitaxial selective

silicon film is independent of the size of oxide openings. The

hole after RTA treatment at 700 °C. It reveals that the Cdformation of self-aligned Cogiwithout lateral growth of sil-
starts to ball up on the SiQayer. Figure &) shows a SEM icide on the SEG Si layer inside 0.1-Quén oxide openings
image of selectively etched CaSilm on the selective epi- Was achieved by rapid thermal annealing at 700 °C in N
taxial layer inside a 0.23:m contact hole after RTA treat- ambient. . _
ment at 700 °C. The nonreacted metal was removed success- The research was supported by the Republic of China
fully and a smooth top layer of silicide on the SEG Si layerunder Grant No. NSC85-2215-E007-011.
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