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Abstract—This paper analyzes the potential of fully depleted
silicon-on-insulator (FDSOI) technology as a multiple threshold
voltage VT platform for digital circuits compatible with bulk com-
plementary metal–oxide–semiconductor (CMOS). Various tech-
nology options, such as gate materials, buried oxide thickness,
back plane doping type, and back biasing, were investigated in
order to achieve a technology platform that offers at least three
distinct VT options (high-VT , standard-VT , and low-VT ). The
multi-VT technology platform highlighted in this paper was de-
veloped with standard CMOS circuit design constraints in mind;
its compatibility in terms of design and power management tech-
niques, as well as its superior performance with regard to bulk
CMOS, are described. Finally, it is shown that a multi-VT technol-
ogy platform based on two gate materials offers additional advan-
tages as a competitive solution. The proposed approach enables
excellent channel electrostatic control and low VT variability of
the FDSOI process. The viability of the proposed concept has been
studied through technology computer-aided design simulations
and demonstrated through experimental measurements on 30-nm
gate length devices.

Index Terms—Back plane (BP), multi-VT , ultra-thin body and
buried oxide (BOX) FDSOI (UTBB FDSOI), well implant.

I. INTRODUCTION

CONTINUED scaling of planar bulk CMOS technologies
enables density increase with diminishing improvements

in performance and power dissipation. Device variability and
threshold voltage VT limited scaling hamper the reduction
in power dissipation by limiting the minimum operating and
standby supply voltages. To continue increasing the speed of
low-power (LP) applications while keeping adequate static
power consumption, various design and process solutions have
been developed. Among them, multi-VT CMOS design plat-
forms are commonly used. High-VT (HVT) (500 mV ≤ HVT
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≤ 650 mV) transistors are used in noncritical paths to keep
low leakage currents, whereas standard-VT (SVT) (350 mV ≤
SVT ≤ 500 mV) and low-VT (LVT) (200 mV ≤ LVT ≤
350 mV) transistors are commonly used in critical paths to meet
timing constraints [1], [2]. In addition, at a design level, various
power management (PM) and circuit process compensation
(PC) techniques have been developed and are also widely used
to overcome the process limitations. The efficiency of most of
these techniques (body biasing, reverse source biasing, etc.)
depends on the efficiency of the body effect on the VT adjust-
ment of the devices [3]. Below the 45-nm node, the increase in
short-channel effects (SCE) in bulk devices makes PM and PC
techniques less efficient.

Undoped thin-film planar fully depleted silicon-on-insulator
(FDSOI) devices are being investigated as an alternative to bulk
devices in 32-nm node and below because of their excellent
short-channel electrostatic control, low-leakage currents, and
immunity to random dopant fluctuation [4]–[7]. Although
FDSOI technology has a superior IEFF/IOFF ratio, it is still
necessary to incorporate multi-VT , PM, and PC techniques to
reduce the active/standby leakage and improve the variability
control.

In contrast to bulk technology, VT is primarily set by the
gate material work function (WF) in FDSOI devices. Setting up
multi-VT devices in FDSOI technology is then very challeng-
ing, requiring a processing expertise to finely control the VT

value. Today, the cointegration of two gate materials has been
demonstrated [8]–[11]. However, cointegrating more than two
gate materials prohibitively complicates the process. Indeed, it
requires perfectly controlling the gate patterning and cleaning
to avoid degradations of the device electrical characteristics. To
get additional VT options, the solution would be to dope the
channel, as in bulk technology, but at the expense of a higher
VT variability and mobility degradation, limiting the primarily
benefit of FDSOI technology [12].

In [13] and [14], it has been proposed and demonstrated in
45-nm node that integrating a doped back plane (BP) below
an ultra-thin buried oxide (BOX) (< 30 nm) allows setting up
three distinct VT options with a single metal gate. Regarding
the process flow, this approach is very attractive due to its
simplicity and compatibility with a standard FDSOI CMOS
process. However, at a design level, this approach is not fully
compatible with bulk CMOS circuit design and may require a
redesign of certain existing intellectual properties (IPs).

In this paper, a fully compatible bulk CMOS multi-VT

technology platform derived from [13] and [14] is proposed

0018-9383/$26.00 © 2011 IEEE
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Fig. 1. Cross-sectional view of UTBB FDSOI nMOS and pMOS devices
with BP.

TABLE I
VT OPTIONS OF UTBB FDSOI nMOS AND pMOS DEVICES FOR VARIOUS

BP DOPING TYPES AND VBS

and evaluated in ultra-thin body and BOX (UTBB) FDSOI
technology. This paper is organized as follows: In Section II,
the efficiency of the single-gate multi-VT approach is analyzed
for 30-nm gate length devices. Furthermore, the impact of
the different device architecture on the body effect efficiency
is analyzed. In Section III, the circuit design limitations are
discussed, and then, technological options are proposed to make
this approach compatible with bulk CMOS circuit design. In
Section IV, the concept is expanded to a solution based on two
gate materials and demonstrated on silicon. Finally, conclusions
and remarks are given in Section V.

II. SINGLE-GATE MULTI-VT DEVICE CONCEPT

As illustrated in Fig. 1, UTBB FDSOI devices consist of
an undoped silicon thin film (TSi ∼ 1/4 · LG) on a thin BOX
(10 nm < TBOX < 30 nm), covering a highly doped BP [15].

This device architecture was initially proposed to improve
SCE and drain-induced barrier lowering (DIBL) by reducing
the source/drain (S/D) capacitance coupling to the channel
[16]–[18].

Later, the interest in this device architecture was extended to
obtain multi-VT devices [13]. In this approach, the VT of the
device is adjusted by the electrostatic control of the BOX/BP
back interface. This back interface is shown as a thick oxide/
poly-Si back gate, either n- or p-type. Depending on the BP type
and the voltage applied (VB), different VT are then achieved.
Table I summarizes the different nMOS and pMOS device VT

configurations. HVT devices are based on a BP doping type
opposed to the S/D one and VB equal to the source voltage
VS . LVT devices are based on a BP doping type similar to the
S/D one and |VBS| = VDD. SVT option can be achieved by the
following three different schemes: 1) similar BP with VBS = 0;
2) opposed BP with |VBS| = VDD; and 3) finally, without BP
implementation (w/o BP).

A. Simulation Conditions

The electrical characteristics of nMOS and pMOS devices
have been extracted from technology computer-aided design

Fig. 2. Spike annealing at 1050 ◦C simulated BP doping profiles of UTBB
FDSOI devices at TBOX = 10 nm.

Fig. 3. Linear VT versus TBOX of FDSOI nMOS and pMOS devices for
various BP configurations at LG = 30 nm.

(TCAD) simulations based on an improved low-field mobility
model including surface roughness and remote Coulomb scat-
tering effects calibrated on experimental data [19]. Simulated
devices present a midgap (MG) metal gate (ΦMG = 4.71 eV),
a high-κ dielectric gate stack of 1.2 nm equivalent oxide thick-
ness (EOT), a Si-film of 6 nm with a doping level of 1015 cm−3

and BP doping profiles depicted in Fig. 2. BP doping profiles
have been obtained by process simulations [20] based on the
doping concentration and energy implantation parameters used
in [21] and [22]. They have been optimized in order to keep
the Si-film undoped leading a low VT variability, as shown in
[23]. Drift-diffusion with density-gradient quantum correction
and usual Shockley–Read–Hall generation–recombination rate
are used for carrier transport. Moreover, an advanced low-
field mobility model including surface roughness and remote
Coulomb scattering effects ensures a good mobility description,
compared to experimental measurements [19]. Finally, SCE
have been calibrated on recent experimental data by adjust-
ing access doping levels and profiles down to 30-nm gate
length [24].

B. Threshold-Voltage Characteristics

Fig. 3 shows the linear VT (extracted at constant current
(70.10−9/LG (μm)) at VDS = 50 mV) variations versus the
BOX thickness (TBOX) for the device configurations defined in
Table I. As expected, for TBOX below 50 nm, the VT response
to VBS and BP doping type becomes significant, giving rise
to three distinct VT options. It is worth to note that the VT

mismatch between the nMOS and pMOS devices is due to the
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TABLE II
ELECTRICAL CHARACTERISTICS OF MULTI-VT UTBB FDSOI nMOS AND

pMOS DEVICES AT TBOX = 10 nm, LG = 30 nm, AND VDD = 0.9 V

Fig. 4. Electron concentration versus Si-film depth (XSi-film) of a UTBB
FDSOI nMOS device for various BP configurations at TBOX = 10 nm and
LG = 1 μm.

adjustments of access doping levels and profiles allowing to
target the silicon data.

Table II summarizes the electrical characteristics obtained for
each device options at 10 nm of TBOX. The results obtained
confirm the efficiency of the BP approach to set up multi-VT

devices. The LVT option is 290 mV lower than the HVT option
for 2 nA/μm of IOFF current, which complies with the LP
32-nm node specifications (IOFF < 5 nA). Furthermore, the
results show excellent SS and DIBL for each option.

C. Body Effect Characteristics

Recent device developments have shown that UTBB FDSOI
technology is also a compelling alternative to bulk technology
regarding PM and PC due to an excellent body factor (γ =
ΔVT /ΔVBS) [14]. In UTBB FDSOI technology, γ is related
to the Si-film charge QSi variation, which depends on the
conductivity of the back Si-film/BOX interface. Fig. 4 shows
the electron concentration in the Si-film for the different VT

options of a long-channel nMOS device at VG = VT . In contrast
to the HVT option, the highest concentration appears close
to the back interface for the LVT option, meaning that the
barycenter of QSi, and therefore, the channel is located close
to the back interface, when VG = VT . The space between the

interface and the QSi barycenter, which is called dark space
TDS, is induced by the quantum-confinement effect. Besides,
for the SVT options, the front and back Si-film interfaces are
balanced, meaning that the QSi barycenter is in the middle of
Si-film, leading to a volume-inversion channel.

For a long-channel device with a thick Si-film (TSi ≥ 10 ×
TDS), (1) and (2) give γ when a channel is created at the
front γFC or the back γBC interface at VG = VT , respectively
[25], i.e.,

γFC =
CBOX

COX
· CSi

CBOX + CSi
(1)

γBC =
CBOX

COX
· COX + CSi

CSi
. (2)

Substituting the capacitance with their formulas (Cox =
ε0εSiO2S/EOT, CSi = ε0εSiS/TSi, CBOX = ε0εSiO2S/TBOX),
the following equations can be derived:

γFC =
EOT

TBOX + εSiO2
εSi

TSi

(3)

γBC =
EOT + εSiO2

εSi
TSi

TBOX
. (4)

Equations (3) and (4) translate the body factor dependence
on the Si-film potential φSi, which depends on the gate-to-
substrate capacitance network. For a front channel, [see (3)] φSi

is between Cox and CSi in series with CBOX, whereas φSi is
between Cox in series with CSi and CBOX for a back channel
[see (4)]. φSi is related to the QSi barycenter, and then, the
φSi location in Si-film linearly varies with the QSi barycenter.
Equation (5) proposed a model precisely describing γ when
the channel is located in the Si-film volume. The following
equation is derived from (3) and (4) and the QSi barycenter
location in the Si-film (Xbar):

γ =
EOT + εSiO2

εSi
(Xbar)

TBOX + εSiO2
εSi

(TSi − Xbar)
. (5)

When Xbar = TSi/2, it approximately gives γ of the SVT
options. When Xbar = TDS, it gives the γ of the HVT option,
and when Xbar = TSi − TDS, it gives the γ of the LVT option.
For 1.2 nm of EOT, 1.6 nm of TDS, 6 nm of TSi, and 10 nm of
TBOX, analytically, γ are 141, 200, and 263 mV/V for the HVT,
SVT, and LVT options, respectively. These results highlight that
the back interface conductivity increase boosts the body effect
due to the higher QSi charge controlled by the back gate.

Fig. 5(a) and (b) show the γ variation versus TBOX of
each nMOS and pMOS device configurations (LG = 1 μm)
extracted in forward (FBB) and reverse (RBB) back bias modes.
FBB and RBB are defined with regard to the default VBS value
of each VT option (see Table I), as illustrated in Fig. 6. The
maximum |ΔVBS| applied is VDD/2 = 450 mV. As expected,
the results display a significant increase in γ with the BOX
thinning and a higher γ for LVT devices than the HVT ones.
However, the LVT option does not achieve the theoretical
maximum γ expected at 10 nm of TBOX (156 to 180 mV/V
versus 263 mV/V) and does not outperform the SVT options



2476 IEEE TRANSACTIONS ON ELECTRON DEVICES, VOL. 58, NO. 8, AUGUST 2011

Fig. 5. Body factor (ΔVT /ΔVBS) versus TBOX from (a) FBB (VBS +
450 mV for nMOS and VBS − 450 mV for pMOS) and (b) RBB (VBS −
450 mV for nMOS and VBS + 450 mV for pMOS) effects of FDSOI nMOS
and pMOS devices for various BP configurations at LG = 1 μm.

Fig. 6. Linear VT versus VBS of UTBB FDSOI nMOS and pMOS devices
for various BP types at TBOX = 10 nm and LG = 1 μm.

Fig. 7. Doping concentration versus BP depth XBP of a UTBB FDSOI
nMOS device for various BP configurations at LG = 1 μm.

for nMOS devices. As illustrated in Fig. 7, it is caused by the
BP depletion at the BOX/BP interface, increasing the equivalent
BOX thickness, which limits the conduction state of the Si-film

TABLE III
BODY EFFECT CHARACTERISTICS (ΔVT /ΔVBS WITH

ΔVBS = VBS ± VDD/2) OF LONG- AND SHORT-CHANNEL MULTI-VT

UTBB FDSOI nMOS AND pMOS DEVICES

AT TBOX = 10 nm AND VDD = 0.9 V

back interface. This physical effect is amplified with |VBS| in
FBB, explaining why γ of LVT is lower than expected and
lower than the SVT (i) and (ii). Indeed, SVT (i) is based on
the same BP type, but the BP depletion is weaker. The HVT
option is also affected by the BP depletion but much less than
to a higher doping level, as shown in Fig. 2. SVT (ii) leads
to the highest γ due to the opposite BP type used, setting the
BOX/BP interface in an accumulation mode and resulting in an
equivalent BOX thickness close to TBOX.

The same issue affects even more the SVT (iii) device
configurations without BP due to a lower doping. For the
nMOS device, with 0 V ≤ VBS ≤ VDD (−VDD ≤ VBS ≤ 0 V
for pMOS devices), the BOX/BP interface is depleted, increas-
ing the equivalent BOX thickness. For VBS < 0 V (VBS > 0 V
for pMOS devices), the BOX/substrate interface reaches an
inversion mode, whereas for VBS > VDD (VBS < −VDD for
pMOS devices) the interface is in an accumulation mode [24].
In these former cases, the equivalent BOX thickness remains
close to the intrinsic BOX thickness, which leads to γ values
similar to the device with a BP.

The depletion phenomenon below the BOX can be intro-
duced in equation (5), as shown in equation (6) where Tdep is
the depletion thickness, i.e.,

γ =
EOT + εSiO2

εSi
(Xbar)

TBOX + εSiO2
εSi

(TSi − Xbar + Tdep)
. (6)

In taking into account the BP depletion thickness for the
HVT, SVT (i) (ii) and LVT nMOS devices, (6) gives γ of 122,
170, 180, and 154 mV/V, respectively. These results are in good
agreement with those of the Table III. Regarding pMOS de-
vices, due to complementary BP doping types, compared with
nMOS devices, Tdep is higher for the HVT/SVT (ii) options,
decreasing γ, and lower for the LVT/SVT (i) options, increasing
γ. Nevertheless, it is worth to note that a hole channel leads to a
higher TDS, which slightly increases the γ of the HVT devices
and decreases the γ of the LVT devices.

For short-channel devices (LG = 30 nm), extracted γ re-
mains close to the long-channel ones, as shown in Table III.
The SCE naturally reinforce the back interface conduction,
increasing γ by few millivolts for the LVT and, to a lesser
extent, SVT (i) options. Nevertheless, they also reduce, into the
same order, the γ of devices favoring the front conduction such
as HVT and, to a lesser extent, SVT (ii) options. This is due
to the degradation of channel electrostatic control by the front
gate. It is worth to note that the SVT device configurations
with BP [(i), (ii)] give higher γ, except for pMOS devices
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Fig. 8. Layout view of a complex digital circuit based on standard cell
methodology.

due to a weaker BP depletion (p-BP doping higher than n-
BP one), making them finally more attractive for PM and PC.
Regarding the range of |ΔVBS|, it is worth to note that it is not
scalable, as in bulk technology [26]. This is due to the BOX
dielectric isolation between S/D and substrate. In this way, the
limit comes from the biasing of p-/n-well junctions between the
nMOS and pMOS devices in CMOS circuits.

III. CMOS CIRCUIT DESIGN CONSTRAINTS

Once the proposed device architectures have been electri-
cally validated, their utilization in CMOS circuit has to be
carefully studied.

In bulk CMOS technology, the physical design of complex
digital circuits is based on the standard cell methodology. The
cells are realized as fixed height, which enables them to be
placed in rows, facilitating the process of automated digital
layout. In order to bias the well, filler cells are periodically
included in each row, as illustrated in Fig. 8. The single-
gate multi-VT UTBB FDSOI concept breaks down the circuit
design regularity due to the use of different BP doping types
per device type. Therefore, their cointegration leads to circuit
design constraints that must be taken into account, in particular,
for the SVT and LVT options.

A. SVT Option Considerations

For the SVT option, the two alternatives based on BP are
the most promising devices for PM and PC. However, these
devices cannot be implemented in a straightforward manner
at the circuit level. Indeed, these configurations required an
n-BP grounded for nMOS devices (or pMOS devices with
regard to the second alternative) and a p-BP tied to VDD for
pMOS devices (for nMOS devices with regard to the second
alternative) biasing the BP junction in forward, as illustrated in
Fig. 9(a).

To overcome this issue, a triple-well technology is manda-
tory. However, it will impact the circuit density and, thus, is
not suitable for digital circuit density. Another solution can be
to process an additional BOX between BP and substrate with
a deep shallow trench isolation (STI) but at the expense of the
process complexity [27]. Fig. 9(b) depicts a high-density SVT
device architecture proposed in [28]. It is based on a stack of
BP and well layers. The BP is bordered by a deep–STI (for
example, 300 nm from the top of Si-film), which leads to a
vertical dielectric isolation of the BP. The well doping type

Fig. 9. Cross-sectional view of SVT UTBB FDSOI nMOS and pMOS devices
with (a) BP and (b) complementary well types.

Fig. 10. Example of HVT and LVT standard cell cointegration with filler cells
dedicated to make the bridge between these two types of standard cells.

used is complementary to the BP type, forming a p/n junction
below the BOX (p-BP/n-well or n-BP/p-well). The BP biasing
is therefore controlled by the well bias, and it becomes possible
to apply VDD to a p-BP and 0 V to an n-BP. Both the nMOS
and pMOS devices can be implemented either with n-BP/p-
well or p-BP/n-well stacks. However, to be compatible with the
bulk CMOS design (i.e., nMOS VB = 0, pMOS VB = VDD),
nMOS and pMOS transistors based on n-BP/p-well and p-BP/
n-well, respectively, must be used. This makes the SVT
(i)-based option the only usable solution.

B. LVT Option Considerations

The particularity of the LVT option is the use of opposite
BP doping types for the nMOS and pMOS devices, compared
with the HVT and SVT options. The design of a full LVT
circuit can be easily managed, whereas the cointegration of
the LVT standard cells with the SVT and HVT ones becomes
more complex. Indeed, it leads to a disruptive design. In row,
specific substrate contacts, which are called filler cells, become
required to abut the different standard cell flavors, as illustrated
in Fig. 10. Applying adaptive body biasing techniques (RBB
and FBB) also required row-to-row isolation to tune the back
gate of the HVT and LVT standard cells, independently. To
limit area penalty, one solution would be to manage VT -islands
within the circuit, as for VDD-islands [29].

IV. DUAL-GATE MULTI-VT DEVICE CONCEPT

The previous sections have demonstrated the feasibility of
three distinct VT options based on a single metal gate with MG
WF with consideration of CMOS design constraints. This ap-
proach is compelling due to the use of a single-gate process but
is limited by LVT device cointegration. To overcome this issue,
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Fig. 11. Cross-sectional view of multi-VT UTBB FDSOI nMOS and
pMOS devices using two gate materials with work functions close to the MG
(MG ± δeV).

one solution to enable LVT option could be channel counter
doping but at the expense of the variability [12]. Another one
could be triple-gate material integration. In addition to an MG
metal gate to get the SVT option, two other types of metal gate
will be used to obtain the LVT and HVT options. Nevertheless,
cointegrating more than two different gate stacks prohibitively
complicates the process. In contrast with bulk, FDSOI devices
do not require band-edge WF due to the undoped Si-film [30].
It enables to tune the metal gate WF to adjust the VT . In this
section, the single metal gate multi-VT concept is extended to
two metal gate stacks. The proposed approach keeps the bene-
fits of BP and ultra-thin BOX (VT adjustment and modulation)
while cointegrating two metal gate stacks, already existing in
bulk technology.

A. Multi-VT Strategy

Fig. 11 summarizes the strategy to achieve adequate HVT,
SVT, and LVT devices. In this approach, the back bias effect
used in the single-gate approach to shift the VT is replaced by
the use of two metal gate WF. As illustrated in Fig. 12, the WF
of the metal gates are symmetrically placed from the MG metal
gate WF to get a symmetrical VT shift of the nMOS and pMOS
devices. The gate WF is then tuned to fix the VT of the HVT and
LVT options, whereas the BP is used to enable the SVT option.
Combining dual-gate integration and BP enables the following
four distinct VT options: 1) The LVT devices are based on a
BP doping type similar to the S/D one with gate WF = MG −
δeV for the nMOS device and gate WF = MG + δeV for the
pMOS device; 2) the HVT devices are obtained by inverting
the gate materials while keeping the same BP type; 3) the SVT
devices are obtained by inverting the BP type while keeping the
same gate material as the LVT option; and 4) the super-HVT
(SHVT) devices are obtained by inverting both the gate material
and the BP type. For CMOS design compatibility, well-based
concept presented in Section II is used. In contrast to the single-
gate approach, p- and n-well are respectively grounded and tied

Fig. 12. Linear nMOS VT versus linear pMOS VT of UTBB FDSOI devices
using two gate materials with work functions close to the MG (MG − δeV and
MG + δeV) and two BP doping types at VBS = 0 V, TBOX = 10 nm, and
LG = 30 nm.

Fig. 13. ION versus IOFF of UTBB FDSOI nMOS and pMOS devices using
two gate materials with work functions close to the MG (MG ± 0.1 eV) for
various TBOX (10, 25, 50, 100, and 145 nm) at LG = 30 nm.

to VDD for all device options, making this multi-VT dual-gate
solution fully compatible with bulk CMOS design.

In Fig. 13, the gate WF has been tuned (MG ± 0.1 eV)
to meet the IOFF current specifications of the LVT and HVT
devices for the 32-nm node. The figure shows the variation
of the currents versus the BOX thickness, i.e., from 10 to
145 nm. The results highlight the only dependence of the SVT
and SHVT options on the BOX. To well balance SHVT, HVT,
SVT, and LVT options, the VT shift induced by the gate WF
and the BP must be roughly in the same order of magnitude.
This rule of thumb is satisfied for 10–25 nm of TBOX for a gate
length of 30-nm.

B. Silicon Results

UTBB substrates of 300 mm with a TBOX of 10 nm were
used to fabricate UTBB FDSOI CMOS transistors and to val-
idate the dual-gate multi-VT solution. After Si-film thickness
thinning down to 6 nm and STI fabrication, either indium
or arsenic has been implanted to form a BP layer below the
BOX. Two metal gates have been chemical-vapor-deposited on
HfSiON dielectrics, i.e., 5 nm of TiN and 10 nm of TaAlN/TaN.
The EOT is ∼1.15 nm, whatever the type of device and the gate
stack [31]. Fig. 14 shows the experimental nMOS and pMOS
linear VT results obtained with HfSiON/TiN (MG − δeV) and
HfSiON/TaAlN/TaN (MG + δeV) gate stacks for the different
device architectures defined in Fig. 11. Both experimental and
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Fig. 14. Simulated and experimental linear VT of multi-VT UTBB FDSOI
nMOS and pMOS devices using two gate materials with work functions close
to the MG (MG ± 0.1 eV) at TBOX = 10 nm and LG = 30 nm.

Fig. 15. Simulated and experimental body factor of multi-VT UTBB FDSOI
devices nMOS and pMOS using two gate materials with work functions close
to the MG (MG ± 0.1 eV) at TBOX = 10 nm and LG = 30 nm.

simulation results are compared. The data extracted from the
measurements on silicon confirm the behavior predicted by the
simulations.

Fig. 15 shows the body factor obtained for a VBS variation of
±450 mV (VDD/2). As expected and explained in Section II-C,
the device architectures based on the BP configurations leading
to back conduction (HVT and LVT) and lowest BP depletion
result in the highest body factor. Indeed, in this case, the back
gate controls a greater QSi charge.

The experimental results validate the viability of the multi-
VT approach and demonstrate that multi-VT solutions compat-
ible with bulk CMOS design are feasible on undoped-channel
FDSOI technology.

V. CONCLUSION

In this paper, a deep analysis to set up multi-VT devices
in FDSOI technology has been presented. In this framework,
various design and technology options, such as gate materials,
BOX thickness, BP doping type, and back biasing have been in-
vestigated in order to achieve a technology platform, including
three distinct VT options. This multi-VT technology platform
has been developed while considering the CMOS circuit design
constraints in order to be compatible with the existing bulk IPs
and PM techniques. Finally, it has been shown that a multi-
VT technology platform based on dual-gate materials offers
the best efficiency/complexity solution. Indeed, the proposed

approach allows an excellent channel electrostatic control and,
consequently, a better VT variability control of the FDSOI
technology. Moreover, efficient PM can be achieved due to an
excellent body factor. Furthermore, a wide VBS range can be
applied due to the fully dielectric isolation of the devices from
the substrate due to the BOX. TCAD simulations and experi-
mental results validated the viability of the proposed multi-VT

approach and then demonstrated that multi-VT solutions fully
compatible with bulk designs are possible on undoped thin-film
FDSOI technology. Regarding the process flow, this approach
is very attractive due to its compatibility with a standard FDSOI
process.
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