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Abstract: Asymmetric doping channel (AC) partially depleted (PD) silicon-on-insulator (SOI) devices are simulated using

two-dimensional simulation software. The electrical characteristics such as the output characteristics and the breakdown

voltage are studied in detail. Through simulations,it is found that the AC PD SOI device can suppress the floating effects

and improve the breakdown characteristics over conventional partially depleted silicon-on-insulator devices. Also compared

to the reported AC FD SOI device,the performance variation with device parameters is more predictable and operable in

industrial applications. The AC FD SOI device has thinner silicon film, which causes parasitical effects such as coupling

effects between the front gate and the back gate and hot electron degradation effects.
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1 Introduction

Since the 1970s, silicon-on-insulator (SOI) de-
vices have attracted attention due to their superior
performance:radiation hardness,reduction in parasit-
ic capacitances, higher packing density,and latch-up-
free operation''’. There exist two kinds of SOI de-
vices, namely, partially depleted (PD) SOI and fully
depleted (FD) SOI according to the ratio between
film thickness tg and vertical depletion width X4,
i.e.,tg>Xq4 for PD and t3<<X, for FD.

According to the IBM Corporation reports, the
PD SOI device has more advantages in application
than the FD SOI device, since the FD SOI device is
not manufacturable. Especially in submicron CMOS
technology,control of the short channel effect (SCE)
is critical. Adopting PD device design allows the use
of many of the techniques developed for controlling
SCE'". There are many other benefits associated with
PD SOI.:it is very difficult to design a high-threshold
voltage (V1) FD device,because if the film doping is
increased in order to raise the Vi, the device is not
fully depleted; it must be made thinner, then the V.
decreases and the fabrication of FD SOI becomes
more complex?'. However, the floating body effect
becomes one of the barriers for SOI device applica-
tions, especially in PD SOI el

device Pavenello
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et al .'" reported a new asymmetric-channel (AC)
SOI MOSFET in an FD SOI device to suppress the
floating body effect, as shown in Fig. 1. The AC SOI
MOSFET has an asymmetric concentration profile in-
side the transistor channel region due to a small modi-
fication in the fabrication process of conventional SOI
transistors, preserving total compatibility with the
currently used SOI CMOS technology. In the AC SOI
MOSFET, the channel region is divided into two
parts: the first, beside the drain and with a reduced
doping concentration,is designated as a low doped re-
gion (length L,p). This region behaves as an exten-
sion of the drain region for positive values of front
gate voltage, reducing the device effective channel
length (L =L — L,p, where L is the mask channel
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Fig.1 Cross section of the asymmetric channel SOl MOSFET
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Table 1 Parameters of AC PD SOI MOSFETs
Gate oxide thickness 15nm
Silicon film thickness 200nm
Substrate concentration 1x10%cm™?°
Buried oxide thickness 400nm
Gate material Aluminum

length)"® . In order to find the impact of this new
structure on the PD SOI device, the characteristics of
AC partially depleted SOI MOSFETs are simulated in
detail by SILVACO ATLAS software®’. Compared
with previous reports of AC FD SOI devices, it is
found that the effects of an asymmetric doping chan-
nel on PD SOI devices abide by some rules™® ,such as
that increasing the ratio of L,,/L or reducing the
value of N, can suppress the floating effects and im-
prove the breakdown characteristic monotonously.
However,the case is quite different for FD SOI de-
vices "', This is because the FD SOI devices have
thinner silicon film,which makes the coupling effects
between the front gate and back gate outstanding for
some L,p/L or Np. Actually, this is unpredictable
for the AC FD SOI application due to its parasitical
effects. The floating potential, surface electric field,
and electron temperature are studied to confirm the
results.

2 Device simulation

Two-dimensional numerical simulation is imple-
mented by SILVACO ATLAS tools. Typical values of
the AC PD SOI MOSFETs are listed in Table 1. In or-
der to simulate the device correctly, the Shockley-
Read-Hall recombination mechanism, Auger recombi-
nation,the CVT mobility model,band gap narrowing,
electric field dependent impact ionization mecha-
nism, hot carrier effects, and energy balance condi-

tions are included in the simulation process™ .

2.1 Output characteristics

The analysis of output characteristics with differ-
ent N,p is shown in Fig. 2. The gate voltage is biased
at 3V and the ratio of Lp/L is 0.5.The figure indi-
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Fig.2 Output characteristics curves with different Np
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cates that reducing the N,p can suppress the kink
effects and improve the device breakdown character-
istics. Figure 3 shows the curves of Vi, versus Nip
(Vi 1s the drain voltage where the kink effect oc-
curs. ). This simulation result agrees well with the re-
ports in Ref.[4]. The kink effects caused by the
floating body potential are due to the accumulated
holes by the injection of the hole current near the
drain'*'. The hole concentration near the drain end is
reduced at lower N, p near the drain end. Therefore,
the number of holes injected into the floating body
decreases compared to the higher N p. Thus, the
floating body potential is suppressed with lower Np.

Figure 4 illustrates the output characteristics with
different L,p/L ratios of 0.75,0.5,and 0. 25, with a
channel length L of 1um. Increasing the L.p/L ratio
can reduce the kink effects in AC PD SOI MOSFETs,
which is different from the AC FD SOI MOS-
FETs"". This is because the AC FD SOI MOSFETs
have a better coupling between the front gate and the
back gate than that in AC PD SOI MOSFETs, and
thinner silicon film causes hot electron degrada-
tion™ . The longer L,p can also increase the transistor
breakdown voltage. As the L,/ L ratio increases, the
total hole concentration, which can be accelerated by
the high electric field near the drain end,shows a re-
duction,as shown in Fig. 5. Figure 5 demonstrates that
the length of the hole concentration region near the
drain end increases with the L,,/L ratio, although
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Fig.6 Floating body potential versus Vps with different Lp/
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the hole concentration with a small L,,/L ratio near
drain end is lower than that with a large L/ L ratio.
This will cause the increase in breakdown voltage.
Figure 6 presents the floating body potential ( Vi)
versus the drain-to-source ( Vg) with different L,/
L ratios,where the values of Ve are extracted from
the simulated AC SOI structure. This figure depicts
that a small L,/ L ratio causes the sudden increase of
floating potential more casily than a large Lp/L ra-
tio,in accordance with the illustrations in Fig. 4.
Figure 7 shows the longitudinal electric field dis-
tribution along the channel with different L,p/L ra-
tios. This simulated result further confirms the conclu-
sion in Fig. 4. The peak electric fields shift towards
the source end when the L,p/L ratio becomes large.
This peak electric field is related to the impact ioniza-
tion field and the accelerated electric field. When the
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Fig.7 Longitudinal electric field distribution along the channel
with different L,p/L ratios

different L,p/L ratios

peak clectric ficld shifts towards the source end, the
impact ionization field and the accelerated electric
field near the drain end will be reduced. Therefore,
the floating body effects and breakdown characteris-
tics can be improved, as displayed in Fig. 4. Figure 8
gives the electron temperature along the channel for
different L,/ L ratios. The figure demonstrates that
the peak values of electron temperature shifts towards
the source end,which corresponds to the electric field
distribution.

2.2 Breakdown characteristic analysis

From Fig. 2 and Fig. 4, AC PD SOI MOSFETs
can suppress the floating effects and improve the
breakdown characteristic. The performance for PD
SOI devices with certain parameters can be easily
forecasted according to our simulation results, com-
pared with that for FD SOI devices. In this subsec-
tion, the breakdown characteristic of AC PD SOI
MOSFETs is illustrated in detail.

The SOI device breakdown characteristic is relat-
ed to the floating body structure,namely the parasitic
bipolar structure,where the source corresponds to the
emitter,the channel to the base,and the drain to the
collector. When the drain voltage Vs rises, the holes
near the drain end are injected into the floating body
region by the high electric field near the drain end. In
order to investigate the inherent physical causes of
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the breakdown characteristic, the factor S(M — 1) is
used". B is the current gain of the parasitic bipolar
“1 M is the multiplication factor due to the
high electric field, which is given by-" .
I,

T = 10 +1 (D
where I, is the hole current generated by the impact
ionization, which can be extracted from the region
near the drain end,and Ips is total current that flows
through the channel which involves the impact ioniza-

transistor

M =

tion. The total drain current can be expressed by .
— Mlch
Ios = 7= M =) 2

where I is the MOS channel current,not considering
the impact ionization. Following Eq. (2), the device
reaches the breakdown voltage when the product s(M
—1) tends to one. When the value of (M — 1) is lar-
ger,the breakdown voltage decreases.

Through two-dimensional simulation, it can ex-
tract the hole current near the drain end (I,) genera-
ted by impact ionization. The total current [Ips in-
volves the impact ionization mechanism. Therefore,
the factor M can be determined according to Eq. (1).
With the same simulation, it is possible to extract the
current I, without the impact ionization mechanism.
The value of 3 can be derived through Eq. (2).

Figure 9 illustrates the value of S(M — 1) in the
function Vps — Vpsar with different L,p/L ratios.
Vpsar 1s the saturation voltage, which is equal to Vg
(Vgr 1s the difference between the gate voltage and
the threshold voltage) . All the AC configurations ex-
hibit a smaller (M — 1) than the conventional PD
SOI MOSFETs, namely, the AC PD SOI MOSFETs
can increase the breakdown voltage obviously. Larger
ratios of L,p/L for the AC PD SOI device result in
larger breakdown voltages. The result is monotone,
and thus more predictable for controlling the process-
ing parameters in industrial application than that for
FD SOI devices . The simulation results explain the
illustrations in Fig. 4 well.

3 Conclusion

In this work, AC PD SOI MOSFETs are simulated
by SILVACO ATLAS tools. The output characteristics
of the proposed device are presented with different
N.p and different ratios of L,p/L.From the simula-
tion,we find that the AC PD SOI MOSFETs can sup-
press the floating effects and improve the breakdown
characteristics,and, further, the performance is more
predictable in future industrial applications due to
smaller parasitical effects than FD SOI MOSFETs. To
some extent, the AC PD SOI MOSFETs are superior
to conventional SOI MOSFETs and AC FD SOI MOS-
FETs.
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