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Nanometer patterning of epitaxial CoSi  ,/Si(100) for ultrashort channel
Schottky barrier metal—oxide—semiconductor field effect transistors

Q. T. Zhao,? F. Klinkhammer, M. Dolle, L. Kappius, and S. Mantl
Institut fir Schicht- und lonentechnik (ISI-IT), ForschungszentruiiciuD-52425 Jlich, Germany

(Received 3 August 1998; accepted for publication 17 November)1998

A nanometer patterning method, based on local oxidation of silicide layers, was used to pattern
epitaxial CoSj layers. A feature size as small as 50 nm was obtained for 20 nm epitaxia} CoSi
layers on Si100 after patterning by local rapid thermal oxidation in dry oxygen. A Schottky
source/drain metal—-oxide—semiconductor field effect transistor with epitaxial, ©a%$i-Si(100

was fabricated using this nanopatterning method to make the 100 nm gate. The device shows good
I-V characteristics at 300 K. €1999 American Institute of Physid$§0003-695(99)02503-¢

Downscaling of microelectronic devices is primarily at room temperature. The nanometer patterning of the £oSi
hampered by the size of the source and drain contacts. Cofgyers based on LOCOSI involves two key steps. First, a
ventional metal—oxide—semiconductor field effect transistorgonyentional oxidation mask of 20 nm Si@nd 300 nm
(MOSFETS$ use ohmic source and drain contacts to the iong; N, \as deposited by plasma enhanced chemical vapor
implanted silicon. Replacing these contacts by S'I'C'desdeposition(PECVD) and patterned along.10) directions by

wh|ch form SChOtth contacts at source and drain allows aogtical lithography and dry etching. Second, rapid thermal
considerable reduction of the contact areas because of the. . .

: . . L oxidation (RTO) was performed in dry oxygen. The pat-
much lower series resistance per unit area. This issue b(te— d struct . tigated b i l t
comes even more important for nanoscaled MOSFETgc/ned structures were investigated by cross-sectional trans-

where the carriers are injected from the contacts to th&iSsion electron microscopXTEM) and scanning electron
channel Simulations show that the MOSFETs with Microscopy(SEM). For fabrication of the devices, the buffer
Schottky contacts at source and drain are promising devicddyer of Si was doped by B ion implantation and rapid ther-
with ultrashort gate lengttfsSo far, the shortest gate length mal annealing to form a uniforrp-type doping layer with a
of the Schottky barrier MOSFET&SB-MOSFETS$ reported ~ concentration of X 10 B/cn®.
is 0.25 um patterned by electron-beam lithography of Figure 1 shows the XTEM micrographs of a 20 nm ep-
silicon? and polycrystalline silicides were used as theitaxial CoSj layer on S{100) patterned after RTO at 950 °C
Schottky contacts at source and drafh. for Fig. 1(@ 1 min, and Fig. b) 3 min. The originally
Epitaxial silicide, such as Cosihas superior properties continuous silicide layer is separated near the edge of the
as compared to the polycrystalline silicides due to the excel-
lent interface sharpness and the lack of grain boundaries. As
the feature size of the devices decreases to nanometer, these
properties play a more important role. Nanopatterned epitax-
ial silicides provide a new approach to the future silicon
nanoelectronics. Patterning of the silicide nanostructures,
however, is very difficult because of the need of electron-
beam lithography and the lack of suitable gases for reactive
ion etching. In this letter we used a new silicide nanometer
patterning method to fabricate the ultrashert}00 nm) gate
structures for the SB-MOSFETSs. This patterning method, as
reported elsewher®’ is based on local oxidation of silicide
(LOCOS layers. It is similar to the well known local oxida-
tion of silicon (LOCOS technique which is used to form the
field oxides for MOSFETS. / / Sig N4
Epitaxial CoSj layers with a thickness of 20 nm were ’ » '
grown by molecular beam allotaxIBA) after growth of
140 nm Si buffer layers on floating zone phosphorus doped
Si(100) (>1 kQ cm) substrate® The MeV He ion channel-
ing measurements have shown that the GdSiers have a ' .
high crystalline quality with minimum yields of 4%. Their .. tSif(lo0
specific electrical resistivity was measured to beuXd cm

Si09

FIG. 1. XTEM micrographs of a 20 nm epitaxial CgoSpatterned by
LOCOSI at 950 °C for(@ 1 min, and(b) 3 min. The gaps between the
¥Electronic mail: g.zhao@fz-juelich.de silicide layers are 50 and 90 nm for the casegapfand (b), respectively.
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FIG. 2. SEM image for the sample of Fig(k) after oxide removal, indi- i
cating good uniformity of the 90 nm gap. © Si0, \
SR

nitride mask with a gap of 50, and 90 nm for the case of

Figs. 1@ and Xb), respectively. In the unprotected regions

SiO, formed on top of CoSilayer. The breakdown fields of

SiO, layers on CoSiwere measured to be 5-8 MV/cm ap- )
proaching nearly the quality of thermal oxide on silicon.

During RTO the oxidant (§ diffuses to the Si@/CoSi

interface where two chemical reactions take place: the disso-

ciation of CoSj and the oxidation of silicon. The excess Co ) o ) o )
difuses through the siicide layer to the lower CafSi in- 110, DS abricaon procesa pattring of side wiesty par
terface to form CoSiagain, while the excess Si forms SO metallization of gate, source, and drain contacts.

The latter process gives rise to the growth of the typicabSiO

“birgi’s bgak” underneath the gdge of the nitride mask. Theliftoff of 20 nm Ti/300 nm Al[Fig. 3(d)]. Figure 4 shows the
vertical displacements of CoSlayers are less than 10 nmin |_y characteristics measured from the two separated areas
Fig. 1. This is a great advantage, since the structure remainse  from the source and drain contacts in Figd)3with
nearly planar, in contrast to the large vertical distances zerg gate bigsof CoSi, wires with sizes of 88180 and
(>100nm) in Refs. 6 and 7 for thicker silicide layers. Pat-100x 400um, as indicated in the figure, after RTO at
terning of thin CoSi layers in this work also needs a smaller ggg°c for 5 min. The curves show typicetV behavior of
thermal budget as compared to thick silicide layers. ~ two reversibly biased Schottky diodes. According to Ref. 11,
For applications a high lateral uniformity of the gap is the Schottky barrier height and the ideality factor can be
necessary. In order to investigate the lateral uniformity of thespproximately calculated from the reversed/ curves with

separation, the oxide was removed by buffered HF etchinghe following equations for the voltagé>3kgT/q:
A typical resulting structure is shown in a SEM micrograph

of Fig. 2 for the 20 nm CoSilayer patterned by LOCOSI at I=—lsexpqVin'kgT),
950 °C for 3 min. We can see that the gap of 90 nmiis highly | ~ AA* T2 exp(— qey, /ksT),

uniform. We found that the stress generated by the oxidation ) )
masks plays a key role in this patterning process. A Mont&vhereq is the electron chargég is the Boltzmann constant,

Carlo simulation, considering the stress dependence of thE IS the measurement temperature in Kjis the Schottky
dissociation of CoSi and the oxidation of Si at the contact area in cnt. T?e Schottky contact areas are
Si0,/CoS}, interface as well as the stress dependent diffu80%<90 and 106200um®, respectively, because of the
sion of Co, has been established. It could be shown that the
simulation predicts well the evolution of the micrographs 107
during local oxidatiort®

The structure shown in Fig. 1 is the base for the fabri-
cation of the ultrashort channel SB-MOSFET. One silicide
region is used as source, the other one as drain. The ul-
trashort channel gate length was defined by this new tech-
nigue, instead of e-beam lithography. Figure 3 shows the

IT1(A)

transistor fabrication process. In the first step silicide wires I Y A 30x180

with two silicide contact pads were mafleig. 3(a)]. Then 107 — 100%400

an oxidation mask was patterned and aligned so that half the .

structures were coverdéig. 3b)]. Subsequent RTO in dry 10775 05 0.0 05 1.0
oxygen at 950 °C for 5 min produced a 100 nm wide gap in Voltage (V)

the silicide wire, near the edge of the oxidation méBlg. FIG. 4. 1V characteristi dfrom the t ted patsf
e . . . . 4.1-V characteristics measured from the two separated patsfrom
3(0)]' The silicon gap IS now covered witkr 30 nm SiQ ource and drain areas in FigdBwith zero gate bialsof CoSi, wires with

which served as the_ gate oxide. Fina”yf me_ta”izations C'fzizes of 8 180m and 100x 400 4m after RTO, showing two reversibly
gate, source, and drain were made by optical lithography anslased Schottky diodes.
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4 the device can be further improved by reducing the gate ox-
ide thickness and the drain and source contact areas, and by
replacing the metal gate by polysilicon contact. Even smaller
channel lengths seem feasible with this new technique.

In conclusion, a nanometer patterning method for thin
epitaxial CoSj layers based on local oxidation was investi-
gated. Separation of CoSayers takes place near the edge of
the nitride mask during rapid thermal oxidation. Highly uni-
form gaps as small as 50 nm between the protected and un-
protected CoSilayers were fabricated. The vertical displace-
ments of the oxidized part amounts to less than 10 nm. This
technique was used to fabricate ultrashort channel SB-
MOSFETs. A Schottky barrier n-MOSFET with a gate
length of 100 nm was fabricated using this technique, and it
Drain-Source Voltage (V) shows good -V _characteristics at 300 K. Further investiga-

tions of the devices are under development.

FIG. 5. 1-V characteristics of an-channel Schottky barrier MOSFET with .
a gate length of 100 nm at 300 K. Source and drain contacts are made with 1 he authors would like to thank St. Mesters for prepar-

20 nm thick epitaxial CoSion Si100). ing the TEM micrographs, H.-P. Bochem for the SEM mi-

crographs, and M. Gebauer for performing the ion implanta-
separation of the CoSivires near the edges of nitride mask tion. One of the authorQ. T. Zhag is grateful to the
after RTO. A* is the effective Richardson constant Humboldt Foundation of Germany for support.

(=32 Acm 2K 2 for p-Si substratg and¢, is the Schottky 'F. . Pikus and K. K. Likharev. Appl. Phys. LefL 3661(1997

. . _ — . . . . G, PIKUS an . K. LIKharev, . S. Lell, .
barrier heightn’ 1=1-—n"'. Heren is the ideality factor 23 "1 cver . wang, and P. S. Cperljrney,);\ppl. Phys. B51618(1994,.
for forward bias. From the two curves in Fig. 4, the Schottky 3s. A Rishton, K. Ismail, J. O. Chu, and K. Chan, Microelectron. E3%.
barrier height of CoSifor p-Si is calculated to be 0.42 eV, 4361 (1997. o
and the ideality facton is 1.03 indicating a good CoSBi J. P. Snyder, C. R. Helms, and Y. Nishi, Appl. Phys. Léff, 1420

. (1995.
interface after RTO. 5J. R. Tucker, C. Wang, and T.-C. Shen, Nanotechnolag75 (1996.

Figure 5 shows the output characteristics at 300 K of anés. mantl, M. Dolle, S. Mesters, P. F. P. Fichtner, and H. L. Bay, Appl.
n-channel SB-MOSFET with a channel length of 100 nm and_Phys. Lett.67, 3459(1995.
a gate width of 50um The drain and source contact areas "F. Klinkhammer, M. Dolle, L. Kappius, and S. Mantl, Microelectron. Eng.

‘ L . 37/38 515(1997.
2

are 80x80um-. The_ -V chara_ctenstlcs ;how the typical sg pant and H. L. Bay, Appl. Phys. Let61, 267 (1992.
SB-MOSFET behavior. The drain current increases slowly at®s. Mantl, J. Phys. 31, 1 (1998.
low drain-source bias because the carriers cannot pass t/. Mantl, L. Kappius, A. Antons, M. Lien, F. Klinkhammer, M. Dolle,

Schottky barrier. As soon as the electrons overcome the bar-Q- T- Z1ao, S. Mesters, C. Buchal, H. L. Bay, B. Kabius, H. Trinkaus, and
. .. . . K. H. Heinig, Mater. Res. Soc. Symp. Prdto be published
rier, they are injected into the channel and a normal transistofig, . Rhoderick and R. H. Williamdvleta-Semiconductor Contactand

behavior and saturation are observed. The performance ofed.(Clarendon, Oxford, 1988 Chap. 3, p. 129.

Drain-Source Current (mA)




