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technology node. The electrical

studied by TCAD process simulations in order to provide the
improvements on the electrical characteristics. We focus mainly
on the drain-bulk junction breakdown voltage, of a double 130
nm poly gate transistor for Non-Volatile Memory technology. It
is used as a word line select transistor, handling the drain
voltage up to 13 V. The proposed structure has been
implemented on silicon and the electrical measurements
demonstrate the good predictability given by simulations.
Finally, a new zero-cost added process asymmetric architecture
is also studied to propose further improvements in terms of
footprint or electrical characteristics.

Keywords—MOSFET  architecture, junction engineering,
Jjunction breakdown

I. INTRODUCTION

Nowadays, as the memory density is increasing, the
maintaining of low energy consumption is a major challenge
for the logic circuits. The scaling of peripheral components,
such as high voltage transistors (HV), remains complicated,
even if it is possible to reduce the size of memory point. This
is a crucial point for the memory array operation in charge
storage technologies. In order to guarantee a good product
functionality, the HV transistors must assure a drain-bulk
junction breakdown voltage (BV) greater than 13 V with a low
leakage current. The “more than Moore” [1] approach leads,
in the case of HV transistors to a drastic drop in break down
voltage or a strong increase of static leakage. To prevent these
problems, it is necessary to explore new HV architectures.

Therefore, in this work, we investigate a new double gate
MOS transistor to improve performances without adding extra
photolithography operations and then process cost. Two-
dimensional simulations are performed using Synopsys® [2]
[3] Technology Computer Aided Design (TCAD) simulator to
predict and compare the fabrication process and electrical
characteristics of proposed device with respect to the
conventional one. First, TCAD process and electrical
calibration of the standard architecture is needed to be
predictive for the development of new architectures. Then,
after obtaining promising simulation results on the proposed
architecture, it has been manufactured in 130 nm Non-Volatile
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characterizations demonstrate the good predictability given by
simulations. Finally, to deeply push the study on TCAD
simulations, we propose an asymmetrical HV transistor for
scaled technologies.

II. DEVICES ARCHITECTURES

Fig. 1a shows the assembled TCAD/TEM (Transmission
Electron Microscopy) view of the conventional 13V double
gate nMOS architecture having a self-aligned (SA) gate length
in a range of 0.6-0.9 um. As the fabrication is integrated in a
charge storage memory process flow, it is free to obtain a
select transistor with a double-gate. The first polyl layer,
result from the floating gate deposition step, and the second
layer (poly2) is a consequence of a control gate fabrication.
These are shorted to obtain a single gate terminal. Both
polysilicon gates are etched by a single operation called Self
Aligned Etch (SAE). TCAD simulation in the Fig. 1b shows
that the leakage current, when a 13 V drain voltage is applied,
mainly comes from the drain-bulk junction under the gate
overlap region. This is due to the doping junction profile. The
aim of our study is to propose a new architecture that solves
this weakness by varying the length of the poly2 layer with
respect to the polyl.

In Fig. 2a a well-known architecture of drift-MOS [4] is also
represented. It enables to reach a better BV. The electric field
across the drain-bulk junction can be mitigated using low
doped implants [5]. Moreover, the increase of the distance
between the drain contact and the junction allows to obtain a
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Fig. 1. Cross-section of the conventionnal double gate nMOS a) Two-
dimensional Sprocess simulation and Transmission Electron Microscopy
(TEM) are assembled. b) Leakage current observed during a high voltage
biasing (13 V) on drain terminal using Sdevice simulation. The source, gate
and bulk are grounded.



Fig. 2. Cross-section of double gate architecture: a) drift-nMOS and b)
nMOS-T assembled with a Transmission Electron Microscopy (TEM)
picture.

high drain resistance and thus to enhance the breakdown
voltage limit [6]. After the polyl gate etching, three
consecutives boron implantation are made in order to control
the punch-through current leakage [7] and the threshold
voltage (Vth). Then, a phosphorus lightly doped drain (LDD)
implantation is made to create source and drain regions.
Oxide-nitride-oxide stack (ONO) is processed for the NVM
and the second polysilicon layer is thus deposited by Low
Pressure Chemical Vapor Deposition (LPCVD) at 620 °C, and
etched with an overflow on both sides, followed by a heavily
N+ arsenic implantation close to the surface to finally obtain
the source and drain regions. The main drawback of this
architecture is the footprint. The transistor length increased by
40% compared to the conventional architecture.

A new architecture studied in this paper is proposed in Fig.
2b[8]. We called it “MOS-T” [8]. The TEM picture is
assembled with the TCAD sketch. This device configuration
allows to use a portion of polyl gate to implant the LDD
regions saving the transistor size. Contrary to the SA
architecture, the double-gate is etched by two different steps.
First, the polyl is immediately etched after the deposition.
Then, the poly2 is etched after deposition shorter to an
identical dimension on both sides than the polyl gate. In this
case, the drain-bulk junction under the gate overlap region has
a smoothed profile to achieve an increased junction BV [9].
Fig. 3a shows the main standard process operations to develop
the SA architecture. The LDD source/drain implantations are
made after the SAE operation and before the poly2 etch (not
used for the SA transistor). However, for the MOS-T
transistor, the LDD implantations must be shifted after the
poly2 etching (Fig. 3b). This is mandatory to obtain the source
and drain regions, because of the higher thickness of poly2
that is two times ticker than the polyl. The shift of these
operations does not impact the functioning of the other
components because they are specific to the SA transistor.
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Fig. 3. Main process operations of (a) Standard SA architecture (b) MOS-
T architecture.
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Fig. 4. Simulated NetActive Concentration in channel device versus
channel length for conventional SA and MOS-T transistors.

The conventional SA and the MOS-T architectures use an
identical well (EPM13V) and source/drain implants. For these
last, the phosphorus implantations are made in two steps in
order to achieve a smooth junction profile. In Fig. 4, the
simulation of the effective channel length (Les) for the MOS-
T and SA transistors is plotted. Because of the LDD
implantations through the polysilicon gate, we can observe a
Legr reduction of 35 %, for the MOS-T. This impacts the
threshold voltage with a decrease of 200 mV. Thanks to
TCAD simulations, the dose of the lowest boron energy
implantation localized in the channel region has been
increased by 40 % with respect to the SA transistor. The
implantation energy was also investigated through TCAD
without significant improvements. Changing the order of the
process steps and avoiding extra lithography operations, the
fabrication cost is thus saved.

III. SA AND MOS-T COMPARISON

A. Electrical calibration for TCAD prediction

In order to evaluate the performances of the new
architecture, the simulations were optimized on the already
existing SA transistor to be predictive for the proposed one. In
preamble, the device morphologic calibration such as gate
oxide thickness or poly gate doping, was done before the MOS
architecture investigation. For example, the boron segregation
parameter [10] has been modified from 3:10'® cm™ to 5-10"7
cm to adjust the boron concentration near to the silicon oxide
interface. Poisson and drift diffusion models are used for the
simulation of carrier transport associated to an avalanche
model to simulate the junction comportment at high drain
voltages. We are thus able to fit experimental measurements
to be predictive in the simulation of the MOS-T. Higher width
gate than the real device dimensions has been used for the
calibration to avoid narrow channel effect [11]. The Fig. 5a
and Fig. 5b show the simulated and measured electrical
characteristics of drain current (Id) versus drain (Vd) and gate
(Vg) voltage (Fig. 5a and Fig. 5b respectively). In 2D
simulations, the back end of line (BEOL) is not considered. A
1.3 kQ source/drain access resistance has been used in order
to be realistic in the ON state operation (Vg>Vth).
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Fig. 5. Simulated and measured electrical characteristics of conventional
transistor. a) Drain current versus drain voltage for different gate biasing. b)
Drain current versus gate voltage for different drain bias conditions.

The MOS-T simulations have been carried out using the same
models implemented for the SA transistor. The drain current
as a function of the drain voltage characteristics were
simulated to qualitatively verify the improvement on BV
parameter. The comparison between the conventional SA and
MOS-T architectures is shown in Fig. 6, no significant
variation of leakage current is observed while an
improvement of the BV up to 1.5 V is reached. Even if the
Lesr of MOST transistor is decreased, the leackage current is
limited by the triple Boron channel implantation and a double
LDD step. The achieving of a smoother drain/bulk juction
enables an electric field decreasing with a consequent BV
increasing. This, together with the maintaining of the
footprint, makes the MOS-T architecture suitable for the non-
volatile memory logic circuit design.

B. Electrical characterization

Based on the good results obtained by TCAD simulations,
MOS-T has been manufactured on 200 mm wafers.

The Fig. 7 shows the experimental 1d-Vd characteristics
of the SA and MOS-T transistors in a wide range of
temperatures in the OFF-state. During these tests the gate,
source and bulk terminals were grounded. The simulation
prediction was accurate at room temperature. At low and room
temperature, the electrical characteristics show two different
slopes while the drain voltage is increased. At the beginning,
the leakage current starts to increase slowly following the
typical impact ionization contribution [12]. While the
avalanche contribution becomes dominant for the drain
voltage increasing. We can see that for the highest temperature
(150 °C) the leakage current is suddenly around 30pA for both
devices due to the punch through current, but
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Fig. 6. Simulated drain current versus drain voltage for conventional SA
and MOS-T architecture.
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Fig. 7. Drain current measured of MOS-T and SA transistor as a function
of drain voltage for different temperatures.

the MOS-T architecture improves the breakdown voltage up
to 2.5 V. Hence, with the same footprint, both leakage current
and breakdown voltage constraints have been respected.
Concerning the operation in the ON-state, experimental
comparison of Id-Vg characteristics is shown in Fig. 8. We
can see there is no variation in the threshold voltage as
desired and a difference in the conduction current (Vg>Vth)
around 5 % between the SA and MOS-T explained by the
higher resistance of the source and drain region induced by
the LDD implants.

The promising results obtained by simulations have been
confirmed by electrical characterizations. Taking advantage
of implanting through the poly1 gate allows to gain up to 2.5
V on BV, 1 V more than expected by simulation.

In order to explain this improvement, we took a look at
different simulation results such as the electric field, the
impact ionization and total current density generated during
a 10 V stress applied on the drain. As we can see in Fig. 9a,
the electric field is clearly mitigated by the LDD until the P-
N junction for the MOS-T while it remains important and
concentrated in the junction space charge region for the SA
transistor.

This, if the electric field is strong enough, can results in the
creation of free electron-hole pairs induced by the impact
ionization mechanism (Fig. 9b) for the SA transistor thus
inducing quickly the avalanche breakdown. Meanwhile, the
electric field across the junction for the MOS-T is weak to
improve the avalanche mechanism and it needs higher
voltage on the drain. The consequences are shown in Fig. 9c,
where the junction leakage current density is plotted. The
current induced by the avalanche phenomenon is minimized
for the MOS-T.
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Fig. 8. Drain current measured of MOS-T and SA transistor as a function
of gate voltage for a 0.1 V drain bias applicated.
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Fig. 9. Two-dimensional electrical simulation of SA and MOS-T transistor.
a) electric field, b) impact ionization and c) total current density generated
during 10 V stress applied on drain terminal using Sdevice simulation. The
source, gate and bulk are grounded.

IV. ASYMMETRICAL MOS-T

In order to go further in the MOS-T study, we have
evaluated the impact to the poly2 gate alignment on the
threshold and breakdown voltage. Several simulations were
done from the initial poly2 gate position until the case where
the polyl is aligned to the poly2 gate on the source side, in
order to extend the LDD implant for the drain region. No
additional process steps are required to evaluate this
architecture.

The consequences on the BV are shown in the Fig. 10. We
can expect an increase up to 1 V taking advantage of
asymmetrical architecture. No significant Vth variations have
been observed (<60 mV) since there is no variation in the
effective length. Furthermore, this option potentially allows to
find a tradeoff between the transistor length and the BV to
address different applications.
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Fig. 10. Simulated drain current as a function of drain voltage for
asymmetrical MOS-T.

V. CONCLUSION

This paper presents a new double gate MOS architecture. The
simulation results are in agreement with the experimental
electrical characterizations, demonstrating the TCAD
modeling predictability. With the combination of a source
and drain implantation and a shorter control gate, we were
able to create LDD regions for free and so to provide with the
MOS-T architecture a better breakdown voltage in regards of
the SA architecture without additional lithography
operations. Finally, we demonstrate that it is possible to
implement an asymmetrical gate to extend the LDD region
for the drain side increasing the BV allowing to explore
footprint reduction.
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