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In this paper, a method to fabricate Silicon-on-Nothing (SON) MOSFETs using HT and Het co-implantation is
presented. The technique is compatible with conventional CMOS technology and its feasibility has been experimentally
demonstrated. SON MOSFETs with 50nm gate length have been fabricated. Compared with the corresponding bulk
MOSFETSs, the SON MOSFETSs show higher on current, reduced leakage current and lower subthreshold slope.
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1. Introduction

As the channel length of MOSFETSs is reduced
to below 100nm, the short channel effects (SCE) be-
come very serious which prevents the further scal-
ing of devices to the decanano-metric dimensions.
Silicon-on-Nothing (SON) MOSFET has been pro-
posed as a possible alternative structure for sub-50nm
MOSFETSs.[M2 Some experimentally fabricated SON
MOSFETs[~% have demonstrated I — V characteris-
tics that are strongly immune to SCE when compared
with other structures. However, most methods used to
fabricate SON MOSFETS required some complicated
processing technique such as selective epitaxy!®4 and
empty space in silicon,®) making them impractical for
large scale device fabrication.

Fichter et al have reported that bubbles can be
formed in the silicon substrate by implantation of he-
lium at high dose and subsequent annealing in ni-
trogen ambient.[%] Using a similar approach, Agar-
wal et al have observed that hydrogen and helium
co-implantation results in a reduction of the total
ion implantation dose necessary for formation of void
layer,[”=9 While the properties of silicon with void
formed by helium bubbles have been studied in detail,
no transistors characteristics based on such material
is reported. In this paper, we propose to use the top
silicon film on the void layer to fabricate SON MOS-

FETs with the conventional CMOS technology and
study the characteristics of the fabricated devices.

2. Device Structure and Fabrica-
tion

The schematic cross-section of a SON MOSFET
is shown in Fig.1 which possesses a bubble void layer
underneath the MOSFET. As the void region consists
of no solid material, it can be considered as ‘nothing’.
The device fabrication starts with the formation of the

void layer.
gate
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Fig.1. The schematic cross sectional view of a SON
MOSFET.

*Project supported by National Natural Science Foundation of China (Grant No 90207004) and State Key Fundamental Research

Project of China.
fCorresponding author. E-mail: huangr@ime.pku.edu.cn

http://www.iop.org/journals/cp  http://cp.iphy.ac.cn



2752 Bu Wei-Hai et al

Vol. 15

In this work, a (100) oriented p-type bulk silicon
wafer with resistivity of 20 —402- cm was used as sub-
strate. The key steps in device fabrication are shown
in Fig.2.

photo resist

/) /

substrate

void layer substrate

(b)

gate gate

/ D
na
%
7 7

void layer  gubstrate

substrate

void layer

CY

Fig.2. Key fabrication steps of the n-channel SON
transistor and bulk silicon transistor on the same
wafer. (a) Ht /Het co-implanting to the exposed re-
gion, (b) void layer formation after annealing, (c) gate
stack and off-set spacer formation, and (d) source and
drain formation.

After defining the active region of a MOSFET
with local oxidation of silicon, the active regions cov-
ered with 200nm low-temperature-oxide (LTO) were
exposed and H* /He™ were implanted to the exposed
region where the void layer was to be formed as
shown in Fig.2(a). The implantation was performed at
room temperature with H* /He™ at energy of 40 keV.
The doses of HY and Het were 1 x 10'®/cm? and
5 x 106 /cm? respectively. After the implantation,
the substrate was annealed for 30 minutes at 1180 C°

in Ny. After the annealing, a dense void layer was
formed beneath the surface of the substrate as shown
in Fig.2(b). The depth of the void layer in the sub-
strate was determined by the HT/He" implantation
In this
work, the depth was targeted to be around 80nm. A

energy and the pattern of the photoresist.

transmission electron microscope (TEM) image of the
formed SON structure is shown in Fig.3.

1 Surface

Substrate

Fig.3. TEM image of SON material samples im-
planted with Ht /HeT and subsequently annealed in
No.

The formation of the void layer using the H /He™
implantation method did not affect the surface topol-
ogy, which was advantageous in comparison with other
reported process for subsequent transistor fabrication
steps. The SON MOSFETSs were fabricated using con-
ventional CMOS process. Boron implantation with
the dose of 2x10'3/cm? and the energy of 35keV was
used for threshold voltage adjustment. The gate ox-
ide thickness used was 5nm with thermally grown ox-
ide. The 50nm gate length was defined by electron-
beam lithography. After the etching of the poly-gate,
12nm oxide was deposited and etched to form off-set
spacer for the source and drain extension implantation
as shown in Fig.2(c). 120 nm oxide was deposited and
etched to form gate spacer for the deep source/drain
region as shown in Fig.2(d). After source and drain
implantation, back-end steps including contacts open-
ing and metallization were performed to complete the
process. The final structure is shown in the SEM and
TEM image in Fig.4. The gate length as defined by the
polysilicon width is measured to be 50nm. Together
with the SON MOSFET fabrication, bulk MOSFET'Ss
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are fabricated for comparison with exactly the same
process steps but without the void formation by the
H*/He* implant.
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Fig.4. Cross-sectional images of SON MOSFET, (a)
TEM image of SON structure, and (b) SEM image
of 50nm gate length SON MOSFET (the void layer
cannot be detected by SEM method).

3. Characterization results and

discussion

The turn-on characteristics of a n-channel SON
MOSFET are shown in Fig.5(a) together with the bulk
MOSFETs. It is observed that the SON MOSFETs
exhibit higher on current and lower off current and
about one order higher on/off current ratio than the
bulk MOSFETS, especially when the drain voltage is

high (Vs = 1.0 V).
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Fig.5. (a) Transfer characteristics of 50nm gate

length SON nMOSFET and the corresponding bulk
silicon nMOSFET. (b) Output characteristics of 50nm
gate length SON nMOSFET.

The advantages of lower off current and higher
on/off current ratio in the SON MOSFETSs are due to
the void layer which reduces the leakage path between
source and drain and does not influence the on cur-
rent simultaneously. Improved subthreshold slope of
94mV /dec is achieved with the SON structure when
it is compared with the 99mV /dec of bulk MOSFETs.
The output characteristic of the SON MOSFET is
shown in Fig.5(b), indicating that a reasonable charac-
teristic with sufficient breakdown voltage is achieved.
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Furthermore, the void layer formed by discrete voids
in the partially depleted SON transistors brings some
other advantages. The discrete void layer makes such
silicon-on-insulator-like devices free from self-heating.
For SON device with higher scalability, silicon film
can be relatively thick. Simulated results show that
the device can achieve higher tolerance to small vari-

ation of the void location or size in Fig.6.["]
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Fig.6. The dependence of threshold voltage shift in-
duced by L, and X on the thickness of silicon film.
L, and X means the void size variation and location
variation respectively. X = 0 is defined when the cen-
tre point of one void is right under the centre point of
channel.

To study the SCE, the threshold voltage (Vin)
with different gate length is shown in Fig.7. The
Vin is extracted with linear extrapolation at low drain
voltage of 0.05 V. As inherent from the Silicon-on-
Insulator (SOI) structure, the SON MOSFET shows a
smaller V;y, roll-off in comparison with that of the bulk
MOSFETs. It indicates that the void layer can effec-
tively reduce the two-dimensional electric field cou-
pling from the drain to the channel through the buried
layer. This advantage is achieved from the lower di-
electric constant void layer, and it can be seen as a vac-
uum layer if the voids grow to a single layer. Actually,
the improvement of V;y, roll-off due to the void layer
in SON MOSFET is more effective than in SOI MOS-
FET, which is proved with simulation by Integrated-
Simulation-Environment (ISE), as shown in Fig.8.[1]
The difference of performance of SON device between
Fig.7 and Fig.8 is because the parameters of simulated
device has been optimized and ignored some parasitic
effects such as source and drain contact resistance.

One concern on the device performance using the
high dose ion implantation is the quality of top silicon
film, which may reduce the electronic mobility. No ob-

vious defects are seen in the top silicon film as shown
in Fig.3. Furthermore, no mobility degradation due to
the high dose ion implantation is observed as shown
from the measured data in Fig.9. The mobility com-
parison demonstrates that HY /He™ co-implantation
does not induce the mobility degradation. It is be-
cause that HT and He™ are both light ions and their
co-implantation does not bring effective damages to
the silicon film. Even there are some light damages
from co-implantation, they will be recovered during
the post annealing. So the implanted silicon film ex-
hibits relatively good quality for device fabrication.
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Fig.7. Threshold voltage with difference gate length
of the SON transistors and the corresponding bulk

transistors.
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Fig.8. The simulation results of threshold voltage as
a function of the gate length for SON MOSFETSs and
ultra-thin-body SOI MOSFETs.
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Fig.9. Comparison of electron mobility in the inver-
sion layer of the SON MOSFET and the corresponding
bulk silicon MOSFET.

4. Conclusion

In this work, we have successfully developed a
process to fabricate SON MOSFETSs by using HT and
He™ co-implantation. 50nm n-channel SON MOS-
FETs have been fabricated with the process. Exper-
imental results show that the SON MOSFETSs can
exhibit higher on current, lower off-leakage current,
higher on/off current ratio, and better SCE immunity.
The mobility of the device has also been measured and
no degradation due to the high dose implantation was

observed.
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