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Abstract

The novel features of an asymmetric double gate single halo (DG-SH) doped SOI MOSFET are explored theoretically and compared with
a conventional asymmetric DG SOI MOSFET. The two-dimensional numerical simulation studies demonstrate that the application of single
halo to the double gate structure results in threshold voltage roll-up, reduced DIBL, high drain output resistance, kink free output
characteristics and increase in the breakdown voltage when compared with a conventional DG structure. For the first time, we show that the
presence of single halo on the source side results in a step function in the surface potential, which screens the source side of the structure from
the drain voltage variations. This work illustrates the benefits of high performance DG-SH SOI MOS devices over conventional DG
MOSFET and provides an incentive for further experimental exploration.
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1. Introduction

CMOS technology has seen excellent high-speed per-
formance achieved through improved design, use of high
quality materials and processing innovations over the past
decade. One such innovation, double-gate (DG) SOI
MOSFET using lightly doped ultra thin layers, seems to
be a very promising option for ultimate scaling of CMOS
technology [1,2]. Excellent short-channel effect (SCE)
immunity, high-transconductance and ideal subthreshold
factor have been reported by many theoretical and
experimental studies on this device [3-7]. In particular,
asymmetrical DG SOI MOSFETs (front gate pþ poly and
back gate nþ poly) are becoming popular since this type of
structure provides a desirable threshold voltage (not too
high or too low) unlike the symmetrical DG SOI MOSFETs.

However, for channel lengths less than 100 nm, DG
MOSFETs also show considerable threshold voltage roll-off
and increasing effort is focused to circumvent the undesir-
able SCE. The reduction of threshold voltage with
decreasing channel length and increasing drain voltage is
widely used as an indicator of the SCE in evaluating CMOS

technologies. This adverse threshold voltage roll-off effect
is perhaps the most daunting road block in future MOSFET
design. The minimum acceptable channel length is
primarily determined by this roll-off. The threshold voltage
roll-off can be reduced or even reversed, i.e. the threshold
voltage increases with decreasing channel length, by locally
raising the channel doping next to the drain or drain/source
junctions. In the past few years, the local high doping
concentration in the channel near source/drain junctions has
been implemented via lateral channel engineering, e.g. halo
[8] or pocket implants [9]. Single halo MOSFET structures
have been introduced for bulk [10] as well as for SOI
MOSFETs [11] to adjust the threshold voltage and improve
the device SCEs. Halo implantation devices show excellent
output characteristics with low DIBL, no kink, higher drive
currents, flatter saturation characteristics, and slightly
higher breakdown voltages compared to the conventional
MOSFET. However, no such attempt has been reported on
DG MOSFET. In this paper, for the first time we have
investigated the performance of the DG structure with halo
implantation using two-dimensional (2D) numerical simu-
lations. The unique features of the double gate single halo
(DG-SH) device are explored and compared with those of a
conventional DG structure in terms of threshold voltage
ðVthÞ variation with channel length and film thickness,
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drain-induced barrier lowering (DIBL), on-current ðIonÞ;

off-current ðIoffÞ; and the ratio of transconductance to drain
conductance ðgm=gdÞ with an intention to explore the
potential benefits of the DG-SH structure over its
counterpart.

2. DG-SH structure and its parameters

Schematic cross-sectional views of DG and DG-SH
n-channel MOSFET implemented in the 2D device simulator
MEDICI [12] are shown in Fig. 1. The doping in the p-type
body and n þ source/drain regions is kept at 1 £ 1015 and
5 £ 1019 cm23, respectively. Pocket implantation, NAP, on
the source side of the DG-SH MOSFET is kept at
8 £ 1017cm 23, while the length of the pocket, Lp; is
fixed at 4 nm. The front-gate oxide thickness ðtf Þ and
back-gate oxide thickness (%) is taken as 2.5 nm while the
thin-film thickness ðtsiÞ is kept at 20 nm. The values of
different parameters used in our simulation are summarized
in Table 1.

3. Simulation results and discussion

Simulations are performed to explore the characteristics
of DG-SH SOI MOSFET with conventional DG structure.
Comparisons between the two structures are out on the basis
of threshold voltage variation with channel length, DIBL,
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Fig. 1. Cross-sectional view of (a) DG-SOI MOSFET and (b) DG-SH SOI
MOSFET.

Table 1
Simulation parameters

Parameter Value

Front gate oxide, tf (nm)
Back gate oxide, tb (nm)
Film thickness, tsi (nm)
Body doping, NA (cm23 )
Source/drain doping, ND (cm23 )
Halo doping, NAP (cm 3)
Length of halo implantation, LP (nm)
Work function pþ poly (eV)
Work function nþ poly (eV)

2.5
2.5
20
1015

)5£1019

8 £ 1017

4
5.25
4.17

saturation current ðIonÞ; off-state leakage current ðIoffÞ;

transconductance and drain conductance. The DIBL is
measured as the difference between the linear threshold
ðVth;linÞ voltage and the saturation threshold voltage ðVth;satÞ:

The linear threshold voltage is based on the maximum
transconductance ðgmÞ method (linear extrapolation of
ID 2 VDS to zero) at VDS = 50 mV. The saturation threshold
voltage is based on a modified constant-current method at
VDS = 0:75 V [13]. The saturation current ðIonÞ is the drain
current at VDS = 0:75 V. The leakage current ðIoffÞ is the drain
current at VGS = 0 V and VDS = 0:75 V (or VDS = 0:05 V, as
stated). The transconductance, gm; is extracted from the slope
ofID 2 VGS at VGS = VDS = 0:75 V. The drain conductance
ðgdÞ is extracted from the slope of ID 2 VDS between VDS =
0:5 and 0.75 V at VGS = 1:0 V.

Output characteristics of the DG and DG-SH SOI devices
are compared for the same channel length, L = 0:1 mm in
Fig. 2 from which it is evident that the drive capability of
DG-SH is slightly less when compared with conventional
DG structure. This is because of the increase in the threshold
voltage of DG-SH when compared to the DG structure. It
can be easily interpreted that while the transconductance is
almost same for both the structures, the drain conductance is
much less in the case of DG-SH MOSFET, which leads to
an increased voltage gain. The other advantages of DG-SH
MOSFET are the absence of kink in the drain characteristics
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Fig. 2. ID 2 VDS characteristics of the DG-SH and DG-SOI MOSFETs for a
channel length L — 0:1 mm with a film thickness of 20 nm.
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Fig. 3. Surface potential profiles of DG-SH and DG-SOI MOSFETs for
channel lengths 0.2 and 0.1 mm with a film thickness of 20 nm.

and a slight increase in the breakdown voltage when
compared to the DG MOSFET.

To gain an insight into the physical mechanism
responsible for the improved performance of the DG-SH
structure, the surface potential profile is plotted at the
interface of the front-gate oxide and the thin film. Fig. 3
shows the surface potential plots for both DG and DG-SH
MOSFETs for channel lengths 0.1 and 0.2 mm. As can be
observed from the figure, a small step on the source side
occurs in the surface potential profile in the case of DG-SH
structure due to the higher doping near the source end. There
is no such step profile in the surface potential if channel is
larger than 0.1 mm for the both structures. Because of this
step in the surface potential profile, there is almost a zero
shift in the minimum surface potential [14] which leads to a
reduced DIBL and an extended threshold voltage roll-off is
observed.

Fig. 4 shows the threshold voltage variation with channel
length for DG and DG-SH down to 80 nm for a fixed film
thickness, tsi = 20 nm. The so-called reverse short channel
effect [15-18] is clearly seen here as the threshold voltage
slightly increases with a decrease in the channel length
for DG-SH MOSFET. This is because of the screening of
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Fig. 4. Threshold voltage of DG-SH and DG SOI MOSFETs is plotted for
different channel lengths for a film thickness of 20 nm.
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Fig. 5. Threshold voltage of DG-SH and DG SOI MOSFETs is plotted for
different film thicknesses for a fixed channel length 0.1 mm.

the drain voltage as the channel length decreases due to the
step function in the surface potential profile and the surface
potential minima is essentially least effected. On the other
hand, the threshold voltage rolls-off at a fast pace for DG
MOSFET. In the case of DG structure, as the channel length
decreases, the drain bias shifts the surface potential
minimum, which leads to the roll-off in threshold voltage.
It can also be noted that the threshold voltage of the DG-SH
structure is slightly higher than that of DG structure due to
the increase in the doping at the source end in the former.
Fig. 5 shows the threshold voltage variation with film
thickness, tsi; for a fixed channel length, L = 100 nm. Due to
the presence of the reverse short channel effect, it can be
observed that the threshold voltage dependence on film
thickness in DG-SH MOSFET is much less compared to the
DG structure. Another important short channel effect is the
DIBL. Fig. 6 shows the DIBL parameter for both DG and
DG-SH MOSFETs for channel lengths down to 80 nm. This
figure demonstrates that the DIBL is far less in DG-SH
structure when the channel length is reduced below 120 nm
than in the case of DG structure.
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Fig. 6. DIBL of DG-SH and DG SOI MOSFETs is plotted for different
channel lengths for a film thickness of 20 nm.
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Fig. 7. Subthreshold slope of DG-SH and DG SOI MOSFETs is plotted for

different channel lengths for a film thickness of 20 nm.

Fig. 7 shows the subthreshold slope of the DG and DG-SH
MOSFETs. It is clear from the figure that the presence of
single halo has not affected the subthreshold behavior DG-
SH MOSFET and that both the structures have almost
identical subthreshold slope of around 60 mV/dec. The
subthreshold slope of the DG-SH is expected to
degrade because of the increase in the doping near the
source end, but as can be seen the increase is very small.
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Fig. 8. (a) Variation of Ioff and Ion with channel length for DG-SH and DG

SOI MOSFET for a film thickness of 20 nm. (b) Ratio of Ion and Ioff with

channel length for DG-SH and DG SOI MOSFET for a film thickness of

20 nm at VDS = 0 :75 V.
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Fig. 9. Variation of gm; gd with different channel lengths for DG-SH and

DG SOI MOSFETs.

Due to the screening of the drain bias by the step function
in the surface potential profile, any increase in the leakage
current is suppressed in the DG-SH structure and the off-state
leakage current is in fact less than that of the DG MOSFET
as can be observed in Fig. 8. Fig. 8(a) shows the saturation
current ðIonÞ and the off-state leakage current ðIoffÞ for
both the configurations. It demonstrates that the saturation
current of the DG-SH MOSFET is slightly lower than that
of the DG MOSFET, which is due to the increased threshold
voltage of the former structure. It can also be observed
that the off-state leakage current in DG-SH structure is much
less and there is nearly an order of magnitude difference in
this current for a drain voltage, VDS = 0:75 V, when the
channel length is in the sub 100 nm regime for the two
structures. In other words, the on-off current ratio ðIon=Ioff Þ of
DG-SH MOSFET is large compared to that of a DG
MOSFET. This can be clearly observed from Fig. 8(b),
where the Ion=Ioff ratio of both DG and DG-SH is shown.

Fig. 9 shows the transconductance ðgmÞ and drain
conductance ðgdÞ of DG and DG-SH MOSFETs. This figure
clearly demonstrates that while the transconductance of both
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Fig. 10. Variation of voltage gain with different channel lengths DG-SH and

DG SOI MOSFETs.
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the structures is identical, the drain conductance is much less
in the case of DG-SH MOSFET. This is primarily due to the
reverse short channel effect and reduced DIBL in the case of
DG-SH MOSFET. Fig. 10 shows the voltage gain of both the
structures. Because of the drastic improvement in the drain
conductance, a considerable increase in the voltage gain
ðgm=gdÞ can be observed for the DG-SH MOSFET when
compared with the DG-MOSFET making the DG-SH
structure more suitable for analog applications.

4. Conclusions

The concept of channel engineering has been applied for
the first time to an asymmetrical double gate (DG) SOI
MOSFET. The features of the resulting DG-SH SOI
MOSFET have been studied in the context of its potential
integration in the current CMOS technology and a
comparison has been drawn out with the conventional
asymmetric DG SOI structure. The unique features of the
DG-SH that are not easily available in the conventional
asymmetric DG SOI devices include: threshold voltage roll-
up, reduced DIBL, kink free output characteristics and an
increase in the drain breakdown voltage.
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