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I-. Introduction
We have proposed the use of the Schottky barrier con-

tacts at the source and drain in SOI MOSFET for near-
future very-short-channel devices.l*3) The device has the
advantage of the drain breakdown and the drain induced
barrier lowering(DlBl). This is because the potential bar-
rier at the source Schottky contact for majority carrier of
body is smaller than that of pn-junction and approxi-
mately insensitive to the drain field.

However, the Schottky barrier MOSFETs have a la,rge
source resistance caused by the spacer between silicide
contact and the inverted channel and by the potential
barrier at the source for channel ca,rrier. Moreover, the
device acts as an ambipolar device, which is unfavorable
for such applications as CMOS. Addition of metal field-
plate has been shown to be efiective in reducing the am-
bipolar characteristic. a)

In this work, we report ctraracteristic of the Schottky
source/drain SOI MOSFET with shallow doped source
and drain extensions (SSD) shown in Fig. 1. The in-
corporation of SSD reduces the effective potential barrier
for transportation of channel carriers, while the efiect of
the Schottky contact at the source is maintained. In-
crease in current drive of n-channel SOI MOSFET and
suppression of the floating body efiect is experimentally
demonstrated.

2. Experimental
SOI MOSFETs were fabricated using a self-aligned Co

silicide process. The active layer of the SIMOX wafer was
p-type, 200 nm in thickness, and 30 O.cm in resistivity.
The gate oxide thickness was L2 nm. After gate pat-
terning, extension implantation (P+, 25 keV) and spacer
formation, a 100 nm-thick Co film was deposited using
vacuum evaporation in UHV. The wafer was then an-
nealed in vacuum at 450oC for 30 min to form Co sili-
cide. Unreacted Co on the side walls was removed with
nitric acid. For comparison, SOI MOSFETs having con-
ventional r+/p junction at the source a^nd drain were also
fabricated.

3. Switching Characteristic
Figure 2 show the subthreshold characteristic of the

Co silicide Schottky source/drain MOSFET with and
without SSD. The channel length of the MOSFET tested
was 3 pm. In case of Schottky S/D without SSD, a typical
ambipolar operation is observed. In the n-channel opera-
tion (positive gate bias), however, the subthreshold slope
is small and the drain current contains large noise. In the
p-channel operation (negative gate bias), drain current
(in other words, leakage current for n-channel operation)
flows and is larger than the current in the n-channel op-
eration. On the contrarS the Schottky MOSFET that
has n-SSD steeply turns on when the gate is positively

biased and leakage current under negative gate bias is re-
markably reduced. Drain characteristics of these devices
shown in Fig. 3 show the source resistance is reduced and
that the current drive in n-channel operation can be re-
markably increased by introducing the SSD into Schottky
SOI MOSFET.

Flom the mea.sured Schottky barrier height tDs =
0.70 eV of Co-silicide/n-type-Si, we can draw the band
diagrams of n-channel operation Schottky MOSFET as
shown in Fig. 4. For the Schottky S/D without SSD
structure (FiS.  (a)), the field emission of electrons from
the source dominates because of the relatively high (0.7
eV) potential barrier between the source and ctra,nnel. In
addition a distance of the spacer is present between the
contact and the channel. Therefore the current drive is
very much reduced. At the reverse-biased drain contact,
the holes can flow into the body through the relatively
low (0.4 eV) barrier, causing the leakage current. For the
device with SSD structures, the tunneling Ohmic contact
forms between the source contact and the SSD and, there-
fore, effective potential barrier at the source is reduced.
Moreover, at the drain, the hole injection from the drain
contact is reduced because the high field is induced not
at the Schottky contact but at the junction between the
SSD and.the body.

4. Lateral Bipolar Action
We also fabricated SOI MOSFETs of these Schottky

S/D that have p+-body contact. In order to investigate
the efiect of Schottky contacts on the floating body ef-
fect, lateral bipola^r characteristics of these devices have
been examined. Figures 5(a) and 5(b) show the output
ctraracteristics of the conventional pn-junction SOI MOS-
FET and Co-silicide Schottky SOI MOSFET when they
are operated as a bipolar transistor using the body as
the base. The pn-junction MOSFET operates as a bipo-
lar transistor with the current gain hpn of. about 8. On
the contrary, the Schottky SOI MOSFET with SSD does
not show bipolar action. In case of Schottky device, a
fixed barrier height exists between the source (emitter)
and the body (base). It interrupts the injection of elec-
trons from emitter to base, while the back injection of
holes is enhanced. Thus, the Schottky S/D, even with
SSD, is efiective in reducing the floating body effect .

5. Conclusion
Incorporation of shallow extensions into Schottky

source and drain SOI MOSFET can increase the current
drive owing to reduction of the series resistance, and can
decrease the leakage current owing to the reduced field at
the drain Schottky contact, while it maintains the effect
of suppressing the floating body effect owing to the Schot-
tky contact at the source. Similar effects can be expected
in p-channel devices.
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Fig. 1: Schematic cross-section of a Schottky source/drain
SOI MOSFET with SSD structures.
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Fig. 2: Subthreshold characteristics of Schottky sowce/drain
SOI MOTSFET with SSD (solid line) and without SSD (dashed
line)' 
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Fig. 3: Drain characteristics of Schottky SOI nMOSFET with
SSD (solid line) and without SSD (dashed line).
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Fig. 4: Band diagra,ms for n-channel operation of Co-silicide
Schottky source/drain SOI MOSFET. (a) without SSD. (b)
with SSD.
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FiS. 5: Output characteristics of SOI MOSFETs when they
are operated as bipolar transistor using the body contact as

the base electrode. (a)pn-juction SOI MOSFET. (b) Co-
silicide Schottky SOI MOSFET.
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