Very low Schottky barrier to n-type
silicon with PtEr-stack silicide

Xiaohui Tang, J. Katckf, E. Duboi, J. Ratajczak G. Larried,
P. Loumay$,
O. Nisolé and V. Bayot

* Microelectronics Laboratory (DICE), Université
Catholique de Louvain,
Place du Levant 3, 1348 Louvain-la-Neuve, Belgium
Tel: +32(0)10472555; Fax: +32(0)10472598
E-mail addressTang@dice.ucl.ac.be

2Institute of Electron Technology, Al. Lotnikéw 32/46, 02-668
Warsaw, Poland

3EMN/ISEN UMR CNRS 8520, Avenue Poincaré, BP 69, 59652
Villeneuve d'Ascq Cedex,France

1. Introduction

Recently, the Schottky-barrier MOSFET has been
proposed as an alternative to traditional MOSFEM dob-
100nm devices because of its low source/drain cbnta
resistance and swallow source/drain junction, whimn
effectively prevent the short-channel effect angpsass the
floating-body effect. To obtain a higher currentver lower
Schottky barriers are required in this kind of deviAlthough
Er has the lowest Schottky barrier ta-type silicon, it
potentially exhibits severe oxidation problems that turn,
induce strong contact resistance and kill the perémce gain
expected from the low intrinsic resistivity of EfSiThus
processing Er silicide requires UHV deposition amhealing
which adds strong constraints in the MOSFET apfitioa To
solve that problem, a Pt layer was deposited orofdgr layer
to protect the later from oxidation. We investigatbe as a
viable solution for the erbium silicidation stephérl results
show that the PtEr-stack silicide is a good cartdidiar then-
channel Schottky-barrier SOI-MOSFET.

2. Results and discussion

In a real Schottky-barrier MOSFET, current flowsotigh
two Schottky diodes separated by a silicon sedsistance. To
reproduce this lateral configuration, two Schottkgntacts
were produced om-type silicon by the successive deposition
of a 50nm-thick Er layer and a protecting 40nm¥iHrt layer.
Then this system was annealed at 600°C for 2mirRD.
When an external voltage V is applied to the dtaiminal, the
drain Schottky diode Dy ) is reverse biased and the source
Schottky diode D) is forward biased. The voltage drop across
Dg is negligible compared to that acro$;. Hence, the
barrier of the drain Schottky diode controls theximam
current drive. In the thermionic emission theotye reverse
saturation current| 4 is given by:

Y
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With the help of an Arrhenius plot, wheteg(| /T2) is plotted
vs. 1/T, the drain Schottky barrier heiglgg can, in principle,
be determined.

Figure 1 shows the |-V curves taken at different
temperatures for a PtEr-stack silicide system om-#ype
silicon substrate with a concentration of 1.4%X¢67° in the
active region. In the temperature range from 11®RQ0K, the
I-V curves show a non-linear behavior and the aurircreases
with increasing temperature. This implies that teserse-
biased Schottky contact limits the current. Howetlee current
does not saturate at large voltages due to théebdmwering
and the field emission mechanisms. Both mechanisars
significantly enhance the current level comparegrnediction
of pure thermionic emission model and can affeetabcurate
determination of very low barrier height. Forturatethe
additional current contribution does not affect
determination of the barrier height extrapolatedhia limit of
zero applied bias. The extracted barrier height ne@ voltage
is found to be smaller than 0.1eV, which is muchep than
the lowest reported value of 0.27eV for the siniplesilicide
system. The data in Fig. 1 show that the tempezatur
dependence of the current reverses above 200Ke el |-V
characteristics become linear. This indicates that silicon
series resistance limits the current. Figure 2 shtive cross-
section of the system before and after an annealiager
boundaries are very regular before annealing, vesetbe
ErSk/Si boundary becomes undulated after annealing. SOI
should solve that problem by limiting vertical difion to the
buried oxide layer. It can be seen that the depadditr (50nm)
reacts with silicon to form an ErSayer with average 120nm-
thick while Pt layer of 40nm-thick remains essdhtia
unaffected. This consolidates the role of Pt amtepting layer
that prevents Er and EgSirom oxidation, and does not
penetrate into the silicide, which might have erdearthe
Schottky barrier height to n-type silicon, as itte case for
pure PtSi.

the

3. Conclusion

A PtEr-stack silicide was formed by the successive
deposition of Er and Pt on a-type silicon substrate with a
concentration of 1.4x#cm?® in the active region and annealed
at 600°C by RTA. A Schottky barrier height nearozeoltage
smaller than 0.1eV has been observed. Hence thestiek
silicide system is a potential candidate n-charehottky-
barrier MOSFET as it exhibits a very low Schottlgrier to
electrons while Pt protects the silicide from oxida under
non-UHV conditions. Since the Schottky-barrier M@IFwill
be fabricated on SOI, the PtEr-stack silicide systwill
contribute to improve SOI technology in the future.
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Fig. 1: Current-voltage characteristics from 300K00K
(thick lines) and below 200K (thin lines).
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Fig. 2: TEM micrographs of the cross-section of BhEr-stack
silicide before (a) and after (b) annealing.



