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l.Introduction
The Schottky barrier MOSFETs (SB-MOSFETs) are

expected to overcome the difliculty in making the shallow
junction. tll-t2l However, the oFleakage current (Isrp) has

been larger than p-n MOSFETs, because Schottky junction
is more leaky than p-n junction. In the present work, the
effect of the Schottky barriers ( 0 rJ on device performance

is studied by both simulations and experiments. It is found
ttrat high performance SB-MOSFET equivalent to p-n
MOSFET can be fabricated by adjusting the barrier height
and thinning width of gate sidewall, in addition to using
silicon-on-insulator (SOD substrates.

2. Simulations and Experiments
Simulations for SB-MOSFETs were carried out using

ISE{ICAD Ver.6.l simulator made by ISE Corp..
Hydrodynamics model and both thermal and tunneling
emission models for Schottky junction were assumed in
device simulation. 0oo is varied from 0.2to 0.8 eV.

For experiments, SOI wafers with 100 nm-thick top Si
layer (B-doped : 1.0X l0r5 cmi) are used as subshates. Gate

oxide thickness is 10 nnq and the gate length and width are
10 &m and 3 ltffi, respectively. Three-types of device

structure shown in Fig. I are investigated. The first type is
the SB-MOSFET having Schottky junctions at both source
and drairq the second has a Schottky junction at only source
or drain, and the third is ttre conventional p-n MOSFETs.
Additionally, three types of silicide are used for source and
drain, ErSi,.r, NiSi and PtSi, to know the effect of difference
of 0 ,o. 4.0 X 1015 cm-2 of Boron difloride (BFJ and
phosphorus (P) were implanted to source and drain, and
activated at 850t for p and n-channel p-n MOSFETs,
respectively.

3. Results and Discussion
For the SB-MOSFET, drain current is sffongly related to

06o. Figure 2 shows simulated results for the relation of
0 6n and lou, i.e., hole current from source or Ispp, i.e.,

electron current from drain for p-channel operation Bt Vu = -
0.3 V. As shown in Fig. 2, as 0 ro, increases, lo* is
increased and lorp is decreased. This is explained by that as

barrier height for p-Si ( 0 rJ decreases, hole current crossing

over the barrier or tunneling through the banier is increased.
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Contrary to it, as 0 un decreases, the Ioo from drain is

increased. The similar story can be mentioned for n-channel

operation. Figure 3 shows the experimental results for SB-
MOSFETs with Schottky junction at source and p-n junction
at drain. The p-n junction at drain blocks the electron
leakage current from drain and makes it easier to observe

hole current from source. Here, the measurements were
caried out for the three types of 0 ro. IoN increases as 0 oo

increases. The experimental result demonstrates the validity
of the simulated results.

In p-channel SB-MOSFETs, total currents are expressed

as the summation of hole current from source and electron
current from drain. Figure 4 shows the experimental results
for the relation of the barrier height and IsN or Io* for p-
channel operation at Va = - 1.5 V for the Schottky MOSFET.
Io* and Io* reflect the barrier height as mentioned in Fig 2.
When 05o is high, Iep is increased for p-channel. The same

can be said for n-channel SB-MOSFETs. From simulated
results, over 8-orderd ratio of ON/OFF current at Vo = +
0.3 V is obtained in case of 06o less than 0.3 eV of 06o for
n-channel operation and less than 0.8eV for p-channel

operation.

To obtain higher Io* in SB-MOSFETs, the width of
sidewall is decreased. Figure 5 shows the simulated results

for the relationship between drain current and width of the
sidewall. Drain currents increase in double when the width
changes from 122 nm to 23 nm. It is due to the parasitic

resistance at spacer region. Formation of sidewall by
thermal oxidation can make the width of thin sidewall
precise and it was carried out in wet oxygen at 850C to

obtain 20 nm-wide sidewall.
Figure 6 shows the comparison of characteristics for the

fabricated PtSi SB-MOSFET and p-channel p-n MOSFET at

Va = -0.3 V and -3.3 V. IsN and Io* of the PtSi SB-MOSFET
are almost equal to those of p-n MOSFET and the 16* is
slighfly larger than the prediction by simulation. Figure 7
shows output characteristics for both ftSi SB-MOSFETs at
125 and 300 K. Little difference of Io* is observed for FtSi
SB-MOSFETs as like p-n MOSFETs. The phenomenon was

not observed for NiSi and ErSi SB-MOSFETs. PtSi
Schottky junction at source is considered to have 0 5p much

less than 0.26 eV of theoretical value. Here, it was

summarized that the PtSi SB-MOSFET can realize Io* and
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loo, as much as p-n MOSFET by selecting proper material
with low barrier height for source.

4. Conclusions
It is found that high performance SB-MOSFET

equivalent to p-n MOSFET can be fabricated by adjusting
the banier height and thinning width of gate sidewall, in

addition to using S0l substrates.
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Fig. l. Threetype structures of fabricated transistors
in the study.
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Fig. 5. Simulated results for the relationship between
the drain current and the width of the sidewall dt Vu =
-3.3 V.
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Fig. 6. Comparison of characteristics for PtSi SB-
MOSFET and p-channel p-n MOSFET.
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Fig. 7. Output characteristics for both PtSi SB-
MOSFETS at 125K and 300 K.
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Fig.2. Simulated results for the relation of 0u
Ier or lorr for p-channel operation at Vd = -0.3 V.
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Fig" 3. Experimental results for SB-MOSFETs with
Schottky junction at source and p-n junction at drain at
Vo = -1.5 v.
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Fig. 4. Experimental results for SB-MOSFETs with
Schottky junction at source and drain at Vd = -1.5 V.
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