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ABSTRACT This work aims to perform a comprehensive comparison of the electrical properties of
junctionless and inversion-mode nanowires MOSFETS, fabricated with similar gate stack and state-of-art
process, in the temperature range from 300 K to 580 K. The comparative analysis is performed through
the main electrical parameters of the devices, such as the threshold voltage, subthreshold current and
slope, DIBL, conduction current, mobility, and maximum transconductance extracted from experimental
data. Devices with different fin widths are compared. It is demonstrated that the inversion-mode nanowire
transistors present higher performance with three times higher maximum transconductance and conduction
current and twice higher low field mobility than the junctionless’ with a fin width of 10 nm at a fixed
temperature. On the other hand, the junctionless nanowire transistors presented higher thermal stability of
their electrical parameters with a 75% lower variation of maximum transconductance with temperature,
77% lower maximum transconductance variation with temperature, and 22% lower temperature coefficient
of mobility.

INDEX TERMS Electrical characterization, high temperature, inversion-mode, junctionless.

I. INTRODUCTION
In order to sustain the scaling process of the MOS technology
predicted by Moore’s law, which demonstrates that the
number of transistors in a chip doubles every two years,
the semiconductor industry searches for ways to reduce the
transistor dimensions to enhance the circuits’ performance
and to reduce the cost per executed function [1]. The
reduction of the device’s dimensions is not always followed
by the decrease of the applied potentials, which can cause
an increase in the internal electric fields in the structure
and in the power density, mainly in integrated circuits
where a considerable number of devices operate simulta-
neously [2]. It intensifies the self-heating effect, where the
current flowing through the transistor causes an increase
in its operating temperature due to the Joule effect. In an
integrated circuit, each device acts as a source of heat that

spreads out to its vicinity and causes a global temperature
increase [2].
However, there are some applications in which the source

of heat is provenient from the environment where the
circuit is inserted. These applications include the automotive
industry, where sensors coupled to the engines can reach up
to 200◦ C; the aerospatial industry, where sensors connected
to probes can reach up to 175◦ C; the oil and gas industry,
where circuits coupled to the extraction probes reach up to
175◦ C [3].

The MOSFET operation at high temperatures is detri-
mental to the transistors’ electrical characteristics, which
are degraded due to the dependence of the fundamental
parameters of the semiconductor on temperature. One of
the most affected parameters at high temperatures is the
subthreshold current, which is elevated at many orders of
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magnitude, leading to a higher static power consumption [4].
Therefore, it is crucial to understand how temperature affects
the operation of state-of-the-art devices, such as nanowire
transistors, to design devices with higher thermal stability
for specific applications at high temperatures.
Along with the scaling process, some problems, especially

the short channel effects, appeared. These effects occur
when the source and drain potentials electrically influence
an important part of the charge controlled by the gate metal.
They are intensified when the gate length is reduced due
to higher proximity between the drain and source regions.
Then, the drain region starts to control proportionally more
charges in the channel region [5]. The multigate architecture,
where the gate electrode surrounds the silicon layer [5], was
proposed to keep the scaling process.
In this scenario, nanowire transistors were proposed to

replace FinFET in the downscaling process of MOSFET
transistors and reached maturity for mass production [6],
[7]. These devices have demonstrated a suitable operation
for short-channel devices due to their excellent control
of channel charges, which leads to necessary electrical
properties for both digital and analog applications in a
wide temperature range [8]. Nanowires have a multigate
architecture with both the fin width (WFIN) and fin height
(HFIN) with similar dimensions, around 10-15 nm [5].

Among the different types of nanowire transistor structures
are the triple-gate SOI junctionless (JNT) and the inversion-
mode (IM) nanowire transistors based on the fin-like
architecture. Their structures are illustrated in Fig. 1. The
IM nanowire transistor has opposite dopant types in the
channel and the source/ drain, while the JNT has the same
dopant type in the channel, source, and drain, as shown
in Fig. 1. The absence of PN junctions is an essential
characteristic of JNT nanowires since the fabrication of the
source/drain region of short-channel devices (channels with
a few nanometers of length) became complex due to the
need for an ultrasharp dopant concentration gradient. This
complexity paved the way for the JNT to avoid this process
step [9]. The JNTs also have a high doping concentration in
the channel region, unlike IM ones that have not intentionally
doped semiconductor in the channel. Although both JNT and
IM devices have different semiconductor types and doping
concentrations in the channel region, they operate under a
full depletion regime in the subthreshold region [9].
An n-type IM nanowire’s operation regime changes from

depletion to inversion in the channel-oxide interfaces as the
gate voltage increases until the threshold voltage. Unlike
the IM, the JNT has two conduction mechanisms: the bulk
and the accumulation conduction. An n-type JNT nanowire’s
operation regime changes from total depletion to partial
depletion as the gate voltage increases. When the gate voltage
reaches the threshold voltage, there are no more depleted
atoms in the center of the silicon layer, and, in place, there
is a neutral path for current flow. Then, the transistor is
turned on, since the free carriers can flow from source to
drain through the neutral path in the center of the silicon

FIGURE 1. Illustration of the tridimensional structure (top) of both
transistors and the transversal view along the channel length of the
inversion-mode (left bottom) and junctionless (right bottom) nanowire
transistors.

layer. For higher gate voltage, when the flat-band voltage
is achieved, the silicon layer is almost entirely neutral, and
an accumulation layer is formed near the interfaces. At this
gate bias, the current is composed of a bulk current at the
center and an accumulation current at the interfaces [8].

Several works have evaluated the electrical properties of
junctionless nanowire transistors at high temperatures [4],
[10]. Moreover, some works compare the operation of
inversion-mode and junctionless nanowire transistors [11],
[12], [13], but there is no comparative study concerning
thermal variation. This work intends to experimentally
compare the electrical behavior of both devices, with similar
dimensions and gate stacks, at temperatures from 300 K
to 580 K. By comparing devices with similar gate stacks,
dimensions, and state-of-art processes, this work intends
to provide quantitative results for the studied electrical
parameters, complementing the previous analysis of [4], [10],
[11], [12], [13], [14]. In [14], the authors compared the
electric characteristics extracted at low drain bias, such as the
threshold voltage, the subthreshold current, the subthreshold
slope, the subthreshold current, the conduction current,
and the low-field mobility from experimental data. In the
present extended version, some curves were completed, such
as the curve of subthreshold current in the function of
the temperature and further experimental parameters were
presented as the transconductance and the parameters at high
drain bias of both devices at high temperatures, such as the
DIBL and the saturation transconductance. In the previous
paper, part of the data from different fin widths was not
presented, such as the threshold voltage and mobility for
all fin widths and is now presented. Also, new analyses are
discussed as the occurrence of the volume inversion in the
mobility of narrow devices.

II. DEVICE CHARACTERISTICS
Both IM and JNT nanowire transistors studied in this work
were fabricated in CEA-Leti, in Silicon-On-Insulator (SOI)
substrates with 145 nm-thick buried oxide, according to the
fabrication process described in [15], [16]. Both devices’
gate stack comprises an interfacial SiO2 layer, followed by
a 2.3 nm HfSiON high-k dielectrics, 5 nm TiN gate metal.
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FIGURE 2. TEM image of the device.

Also, both devices have ten parallel fins, fin height (HFIN)
of 9 nm, and channel length (L) of 100 nm. Devices with
different fin widths (WFIN) of 10 nm, 15 nm, 20 nm, and
40 nm were measured. The JNTs channel region is heavily
doped n-type silicon with a doping concentration (ND) of
5·1018 cm−3. This doping concentration was determined by
the method described in [17]. Other works study junctionless
nanowire transistors at high temperatures with different
doping concentrations. In [10], [18] and [19] the JNT studied
presented ND of 1019 cm−3 and in [11] they presented ND
of 2·1019 cm−3

. The channel region is lightly-doped (or not
intentionally doped) p-type silicon with a concentration (NA)
of 1015 cm−3 for the IM nanowire transistors. The source
and drain regions of both transistors are heavily doped with
n-type dopants with a concentration of 5·1020 cm−3

. Figure 2
shows a TEM image of the device [16].

III. RESULTS AND DISCUSSION
The measurements of the drain current (IDS) in the function
of the gate voltage (VGS) curves were directly on the
wafer, with the chuck temperature adjusted with 100 mK
accuracy, using a B1500A Semiconductor Analyzer. IDS ×
VGS curves were measured from 300 K to 580 K with
drain voltage (VDS) of 25 mV and 900 mV. Fig. 3 and
Fig. 4 show the measured drain current in the function
of the gate voltage of one of the total of three sets of
electrical measurements in linear and logarithmic scales for
IM and JNT nanowires biased with a drain voltage of 25 mV
and 900 mV, respectively, in different temperatures and for
different fin widths.
From the IDS×VGS curves at VDS of 25 mV and 900 mV,

the devices’ main electrical parameters were extracted to
make a comparative analysis between the transistors at high
temperatures. In the following sections, each parameter is
quantitatively analyzed.

A. THRESHOLD VOLTAGE
The threshold voltage of both devices was extracted through
the gM/IDS method, where gM is the transconductance. In this
method, the threshold voltage is defined as the gate voltage
in which the diffusion current (dominant at the subthreshold

FIGURE 3. Measured IDS x VGS curves with VDS of 25 mV in function of
temperature for both devices with WFIN of 10 nm (left top), 15 nm (right
top), 20 nm (left bottom) and 40 nm (right bottom).

FIGURE 4. Measured IDS x VGS curves with VDS of 900 mV in the function
of temperature for both devices with WFIN of 10 nm (left top), 15 nm (right
top), 20 nm (left bottom), and 40 nm (right bottom).

regime) equals the drift current (dominant at the conduction
regime), which occurs at half of the maximum gM/IDS [16].
The threshold voltage in the function of the temperature of
both devices with different WFIN is shown in Fig. 5. For the
following curves, the symbols are the mean values of VTH
and the bars represent the standard deviation associated with
the sets of measured devices.
As shown in Fig. 5, as the temperature rises, the VTH

decreases for both transistors. To understand how the VTH of
both devices varies with temperature, the models below [20],
[21] were used:

VTHIM (T) = φM − χsi(T) − EG(T)

2
+ φFP + f(T) (1)

where f(T) is:

f(T) = −Qd(T)

Cg
− Vt ln

[
Cch
Cg

(
1 − e

Qd(T)

VtCch

)]
(2)
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FIGURE 5. Extracted threshold voltage in the function of temperature for
different WFIN for both IM and JNT devices.

VTH_JNT(T) = φM − χsi(T) − EG(T)

2
+ φFN + g(T) (3)

where g(T) is:

g(T) = α(T)

2Cox2
− Qt(T)2

8α
− Qt(T)

2Cox
− β(T)

8α(T)

√
β2 − 16α(T)Vt

+Vt (4)

Figure 6 shows the variation of the Fermi potential
φFP and φFN in the channel of IM and JNT transistors
respectively and the terms related to the total charge of the
channel f(T) and g(T) for devices with WFIN of 20 nm.
As the figures show, the term with the highest dependence
on temperature is the Fermi potential, which is associated
with the silicon intrinsic carriers concentration (ni) [22]. The
variation of the Fermi potential of the IM nanowire transistor
with temperature is higher than the JNT’s, which explains
the higher dependence of VTH for IM devices.
Due to its higher doping concentration at the channel,

the junctionless transistors have a more intense bandgap
narrowing than the inversion-mode devices, according to
equation (1) [23], [24]. The term Ebgn accounts for bandgap
narrowing due to doping concentration in the channel.

EG = 1, 08 + 4, 73 · 10−4
[

3002

300 + 636
− T2

T + 636

]
− Ebgn

(5)

Because of that, the intrinsic carriers concentration of IM
nanowire transistors increases by higher orders of magnitude
with temperature, since it depends on the bandgap level, as
expressed in equation (2):

ni =
√
BT3e−

EG
kT (6)

where B is a constant and K is the Boltzmann constant [22].
This results in a higher variation of the Fermi level of IM

transistors than the JNT one, since the Fermi level variation

FIGURE 6. Terms of the threshold voltage of both devices in function of
the temperature.

TABLE 1. Threshold voltage variation with temperature of both devices.

with temperature depends on the variation of the logarithm
of ni with temperature, according to equation (3) [22]. The
other two terms in equation (3) have less relevant variation
with temperature in the range studied.∣∣∣∣∂φF

∂T

∣∣∣∣ = k ln

(
Nsi
ni

)
+ kT

∂ ln(Nsi)

∂T
− kT

∂ ln(ni)

∂T
(7)

Consequently, the JNT with WFIN of 10 nm presents a
threshold variation of −0,29 mV/K while the IM with WFIN
of 10 nm presents a variation of −0,35 mV/K as shown in
Table 1. This difference in VTH slope is smaller than the
difference in the φF slope because the f(T) component of
IM transistor has a higher dependence on temperature than
the g(T) component of JNT transistor. The variation of f(T)
and g(T) with temperature is opposite to the variation of the
Fermi potential, hence, the total variation of VTH is smaller
than the variation of φF.
The fin width also influences the slope of VTH with the

temperature, since f(T) and g(T) are related to the total
charge in the channel, which is dependent on the fin width as
Qt = q NSiHWFIN . The fin width is more relevant for g(T)
than for f(T), since the JNT’s charge is bigger due to higher
concentration in the channel. That is the reason why, for a
fixed temperature, the JNT transistor presented a variation
of 0.21 V in VTH with WFIN of 10 nm and 40 nm.

However, the fin width has more impact on the slope of
f(T) with temperature than g(T), which explains why the
JNT threshold voltage variation with temperature presented
low variation with WFIN, whereas the VTH variation with
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FIGURE 7. Subthreshold current in the function of temperature for both
devices with different WFIN.

temperature of the IM with WFIN of 40 nm is 11% higher
than the one with WFIN of 10 nm.

B. SUBTHRESHOLD CURRENT
In order to compare the subthreshold current of both devices
in the same operation conditions, the subthreshold current
was extracted at a gate overdrive voltage (VGS-VTH) of
−0.3V and VDS of 0.9V. Fig. 7 shows the subthreshold
current in the function of the temperature for both devices
with different WFIN.
Fig. 7 shows that the subthreshold current is highly depen-

dent on temperature, varying up to 2 orders of magnitude
in the studied range. There are some factors that impact the
temperature dependence of the subthreshold current such as
the intrinsic carrier concentration, the diffusion coefficient
of the silicon, and the effective channel length in the
subthreshold regime.
Among these factors, the intrinsic carrier concentration

is the most relevant with respect to thermal variation.
The subthreshold current is a diffusion current of minority
carriers, thus, the intrinsic carriers’ concentration plays an
important role in this operation regime [9]. As mentioned
previously, the thermal generation of electrons in silicon
structure is intensified as the temperature rises and these
electrons join the current and, therefore, cause the increase
of the current at the same gate voltage.
The IM nanowire transistors presented approximately

3 times higher subthreshold current than the JNT at all
temperatures for WFIN of 10 nm. One factor that explains this
difference is the effective channel length of the transistors
when biased in the subthreshold regime. As discussed in [25],
the JNTs have a larger channel than the mask channel
length projected for the device due to the lateral depletion
region towards the source/drain regions induced by the gate
bias. In addition, the IM nanowire transistors present a
shorter channel than the mask channel length projected in
the design process due to the diffusion of dopants from the
source/drain regions toward the channel. Thus, the effective

channel length of IM transistors is shorter than the JNT’s
in the subthreshold regime, which contributes to a higher
current to these devices. Moreover, the diffusion coefficient
of inversion-mode nanowire transistors is higher than the
JNT’s due to the higher mobility in the channel, which
facilitates the minority carriers’ flow.
Figure 7 also shows the curves proportional to ni and

ni2 in function of the temperature. The junction leakage
current has a diffusion component, proportional to ni2,
and a generation component, proportional to ni. In [26],
the junction leakage in SOI transistors varied as ni for
temperatures up to 400 K – 450 K and as ni2 for higher
temperatures and VGS = −1 V. For the gate voltage bias
applied in this work, the subthreshold current varied as ni2

in the entire range of temperature, which means that IOFF is
dominated by the junction leakage current, as can be seen
in Fig. 7.

C. INVERSE SUBTHRESHOLD SLOPE
The inverse subthreshold slope (SS) is the inverse of the
slope of the linear region in the subthreshold region (low
gate voltage) in the semilogarithmic scale of the IDS ×VGS
curve. It can be calculated by (4):

S(T) = n

(
kT

q

)
ln(10), (8)

where n is the body factor of the transistor [22].
The body factor of both IM and JNT depends on

the doping concentration and the depletion charge, whose
variation with the temperature in the measured range can
be neglected, mainly for fully-depleted SOI transistors. For
this reason, the inverse subthreshold slope of both devices
increases linearly with the temperature at approximately the
same rate for all WFIN as shown in Fig. 8. The figure show
the inverse SS of JNT and IM nanowire transistors with
different WFIN in the function of the temperature and the line
of the theoretical limit for the inverse SS, which considers
the body factor equal to 1.
Both devices presented a variation of the inverse SS with

a temperature of 0,197 mV/decK, which is very close to
the theoretical limit of 0,199 mV/decK. This shows the high
electrostatic control that the triple gate nanowire transistors
provide and its immunity against short-channel effects.

D. DIBL
One of the most important short-channel effect is the
drain induced barrier lowering (DIBL). For the device to
conduct, the gate electrode is responsible for reducing the
barrier between the source and drain regions, allowing the
carriers’ drift. However, as the drain voltage increase, its
electrostatical influence on the channel region becomes
important and can cause the lowering of the barrier without
gate control, which degrades the behavior of the transistor
causing the reduction of the threshold voltage [5]. In order to
evaluate the influence of the high drain bias on the threshold
voltage of the nanowire transistors, the DIBL was extracted
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FIGURE 8. Extracted Inverse subthreshold slope in the function of
temperature for inversion-mode and junctionless transistors with different
WFIN.

FIGURE 9. DIBL in the function of temperature for both transistors with
different WFIN.

comparing the values of VTH at VDS of 25 mV and 900 mV.
The result is shown in Fig. 9.

The DIBL values of narrower devices of both types are
smaller than the wider ones. This difference is due to
the higher proximity between the lateral gate electrodes,
which intensifies the electric field related to the gate bias in
the channel region, minimizing the influence of the lateral
electric field related to the drain bias in the channel.
The DIBL of both transistors has similar values at

all temperatures. For the wider devices, the junctionless
nanowire transistors presented a slightly higher DIBL,
between 5% and 15% higher than the DIBL of the inversion-
mode transistor. However, for the narrower devices, the JNT
presented between 6% and 18% lower DIBL than the IM
transistor. As the JNTs have no p-n junctions, the narrower
devices provide better electrostatic control of the channel
charges by the gate and, hence, lower values of DIBL.
The values of DIBL increase with temperature, with a

rate of 0,19 K-1 and 0,17 K-1 for IM and JNT transistors,
respectively for WFIN of 10 nm, which means that the
drain bias has more influence on the channel electrostatic
at high temperatures. The height of a potential barrier
in semiconductors is dependent on temperature and is

FIGURE 10. Low field mobility in the function of temperature for both
devices with different WFIN.

related to the increase of minority carriers through thermal
generation [22]. The increase of these carriers in the channel
region contributes to the reduction of the barrier due to
higher thermal energy. Then, at high temperatures, the drain
bias is more influential on channel electrostatic because the
barrier is also reduced by thermal effects.
Moreover, the DIBL values are higher for the wider

devices, which reflects a better electrostatic control of the
charges by the gate contact in narrower devices due to
the smaller distance between the lateral gate faces, which
reduces the influence of the drain bias in the channel.
The junctionless transistor provides smaller DIBL for the
narrower device due to the absence of p-n junction between
the drain/source and the channel. A depletion region is
formed in the junction, which is controlled by the drain.
At high drain voltages, this depletion region extends along
the channel and damage the electrostical control of the
gate increasing the DIBL. For the narrower devices, the
percentage of the volume of the charges in the channel region
controlled by the drain is higher, and this effect becomes
more relevant [18].

E. LOW-FIELD MOBILITY
The low-field mobility of both transistors was extracted
through the Y-function method [27]. Fig. 10 shows the low-
field mobility of the transistors in the function of temperature
for different WFIN with the mean values and the standard
deviation bars.
From the analysis of the graphic, one can conclude that

the mobility of both devices is degraded with temperature.
It occurs because the mobility degradation mechanisms are
intensified at high temperatures. The main mechanisms that
degrade the mobility are the phonon and ionized impurity
scattering (μpsii), the neutral impurity scattering (μni),
and the carrier-to-carrier scattering (μcc) [28]. They are
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TABLE 2. Temperature coefficient for both devices with different WFIN.

combined through the Matthiessen’s rule expressed in (5):

μo = 1[(
1

μpsii

)
+

(
1

μcc

)
+

(
1

μni

)] (9)

As the temperature rises, the amount of phonons that
interact with the charge carriers increases, which changes the
carrier direction of propagation and reduces their velocity
and, hence, the mobility of the carrier in the material.
Additionally, the amount of ionized impurity in the material
increases with temperature, interacting electrically with the
carriers and reducing their mobility [28]. As the JNT
nanowire transistor has a higher dopant level, its mobility
is more degraded by ionized impurity scattering for all
temperatures and WFIN than the IM nanowire transistors’,
as shown in Figure 10. These two components of mobility
contribute to the degradation of the mobility of both devices
at high temperatures.
At low temperatures, there is a gain of mobility since

there is less vibration of the lattice. However, a fraction
of the impurities do not have enough thermal energy to
ionize, so the neutral impurity scattering mechanism becomes
relevant. Hence, part of the gain due to less phonon scattering
is compensated with a higher neutral impurity scattering
mechanism. For low doped semiconductors, the neutral
impurity scattering mechanism is less relevant since there
is fewer impurity atoms in their structure, hence, there is
a gain of mobility at low temperatures, unlike for heavily
doped semiconductors. This results in a higher variation of
the mobility for low doped semiconductors as observed in
Fig. 10.
The relation between mobility and temperature can be

expressed through the temperature coefficient α, according
to (6).

μ ∝ Tα (10)

Table 2 shows the extracted coefficients α for both
transistors with different WFIN.
The mobility degraded purely by the phonon scattering

mechanism presents a coefficient α of −1.5, whereas,
the mobility degraded purely by the impurity scattering
mechanism presents a coefficient α of +1.5 [4]. For the
heavily doped junctionless transistors in [10], the phonon and
the impurity scattering mechanisms counterbalanced each
other, and, hence, the mobility of the devices presented low
variation with temperature. In [4], the temperature coefficient
for the n-type devices was around −1, which indicates
the predominance of the phonon scattering mechanism in

mobility degradation with temperature in the range studied
(from 300 K to 500 K).
In the present work, the JNT nanowire transistors exhibited

a temperature coefficient between −0.845 and −1.088,
whereas the IM nanowire transistor presented a temperature
coefficient between −1.093 and −1.174, which shows
that the JNT transistors’ mobility is less dependent on
temperature. The values of α indicate that phonon scattering
mechanisms predominantly degrade the mobility of both
devices because the values are closer to −1,5 than from +1,5,
which is coherent since in the temperature range studied,
the concentration of ionized and neutral impurity has low
variation with temperature.
Moreover, as the values of the temperature coefficient

of the JNT nanowire transistor are closer to +1,5 than
the IM nanowire transistors’, the impact of the variation
of the impurity scattering with temperature is higher in
the JNT mobility. It is also coherent since the JNT has
a proportionally higher amount of neutral impurity at 300
K that becomes ionized at higher temperatures. There is
a compensation mechanism in the variation of the JNT
mobility with the temperature where part of the variation
of the phonon scattering mechanism is compensated by
the variation of the impurity scattering mechanism, which
explains the higher thermal stability of the JNT mobility.
The triple-gate nanowire transistors have three planes of

current conduction, two in the laterals and one at the top
of the silicon layer. The top plane has a crystallographic
orientation more favorable to the current conduction than
the lateral planes. Hence, it was expected that wider devices
have higher mobility, since a higher fraction of the carriers
travel through the top plane than in the narrower devices,
as is observed in. However, Fig. 10 shows that the mobility
of the wider devices is lower than the narrower devices’.
This result is also observed in other works [29], [30], [31].
In [32] and [33], this result is attributed to the volume
inversion effect, which affects devices with FIN width in the
order of a few nanometers. The inversion volume occurs
when the carriers no longer accumulate in the silicon-oxide
interfaces, as predicted by classical physics and start to
accumulate in the center of the silicon layer due to the
quantum confinement effect in narrow devices [33]. As the
surface scattering is not relevant in the center of the silicon
layer as in the interfaces with the oxide, the mobility in the
center of the silicon layer is higher, which explains the result
obtained.

F. TRANSCONDUCTANCE
The transconductance is the variation rate of the drain current
in relation to the gate voltage. It was extracted from the
derivative of the IDS × VGS curves, the maximum value of
the transconductance gMmax, and it was normalized by the
effective channel width W = 2HFIN+WFIN, as shown in
Fig. 11.
The curves were approximated by straight lines and the

slopes of the curves for both transistors are shown in Table 3.
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FIGURE 11. Maximum transconductance in function of temperature for IM
and JNT transistors with different WFIN.

TABLE 3. Variation of the maximum transconductance normalized by its
value at 300 K with temperature for both devices with different WFIN.

Similarly to mobility, the maximum transconductance of
IM transistors has higher values at all temperatures and for
all WFIN. On the other hand, the variation of the normalized
gM_max of the JNT transistorwith temperature is approximately
79% of the IM one for WFIN of 10 nm. For other values of
WFIN, this relation remained around 82% and 89%.
As the geometric properties and the drain bias are

equivalent for both devices, the difference between the
variation of gMmax with temperature is limited to the mobility
variation with temperature. As discussed previously, the
mobility of the JNT transistor has a higher thermal stability
than the IM transistor’s, which explains the higher thermal
stability of the maximum transconductance of these devices
as observed.
Moreover, the transconductance in the saturation regime

was extracted from the IDS × VGS curves at a drain bias
of 0.9 V. The values of transconductance were extracted
at the same gate overdrive voltage of 0.5 V, considering
the threshold voltage at VDS of 0.9 V used in the DIBL
calculation. Fig. 12 shows the saturation transconductance
normalized by the effective channel width (gM_SAT/W) in the
function of the temperature for both devices with different
WFIN, with the mean values and the standard deviation bars.
This result is important to evaluate the behavior of

both devices at the saturation regime. As observed in the
maximum transconductance at low drain bias, the IM devices
also presented higher values of saturation transconductance
and higher dependence on the fin width and temperature.
However, the devices presented similar values of the satura-
tion transconductance normalized by their value at 300 K,
as seen in Table 4. This occurs because, at high drain bias,
the ratio between the transconductance at 300 K of the IM

FIGURE 12. Saturation transconductance in function of temperature for
both devices with different WFIN.

TABLE 4. Variation of the saturation transconductance normalized by its
value at 300 K with temperature for both devices with different WFIN.

and the JNT transistors increases while the ratio between the
variation of the mobility of the IM and the JNT transistors
decreases compared to the low drain bias case.
This result indicates that the inversion-mode nanowire

transistor is better for operating at the saturation regime at
a fixed temperature. In contrast, the junctionless nanowire
transistor is better for temperature-dependent applications at
the saturation regime.

G. CONDUCTION CURRENT
As done for the subthreshold current, the conduction current
was extracted at a gate overdrive voltage of 0.4 V and VDS
of 0.9 V to compare the current of both devices in the same
operating conditions. Fig. 13 shows the conduction current
normalized by the effective channel width in the function of
the temperature for both devices with different WFIN, with
the mean values and the standard deviation bars.
Following the tendencies of the maximum transconduc-

tance, the conduction current of both devices decreases with
the temperature as shown in Table 5. The conduction current
variation with temperature depends on the threshold voltage
variation and on the mobility variation with temperature as
the equation (7):

∂ION
∂T

=
(
Cox

W

L
VDS

)[
(VGS − VTH)

∂μn

∂T
− μn

∂VGT
∂T

]
(11)
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FIGURE 13. Conduction current normalized by the effective fin width in
the function of temperature for both devices with different WFIN.

TABLE 5. Conduction current normalized by its value at 300 K variation
with temperature for both devices with different WFIN.

As the extraction was done at the same gate overdrive
voltage, the threshold variation was compensated by the
gate voltage variation. Hence, the conduction current vari-
ation with temperature follows the mobility variation with
temperature. This explains why the conduction current of
the inversion-mode transistors has a higher dependence on
temperature than the current of the junctionless nanowire
transistors since the mobility of the IM nanowire transistors
is more dependent on temperature. The JNT nanowire
transistor presented 77% lower variation of the ION than the
IM nanowire transistor with WFIN of 10 nm. For other values
of WFIN, the variation was approximately 80% lower for the
JNT transistors.

IV. CONCLUSION
This work compared experimental results for the electrical
characteristics of Junctionless and Inversion-Mode Nanowire
MOSFETs in the high temperature range. The operation
of both structures is degraded with the rise in tempera-
ture as the devices presented reduced threshold voltage,
mobility, maximum transconductance, conduction current,
and higher subthreshold current and subthreshold slope.
The subthreshold slope of both devices was close to the
theoretical limit, and both devices presented low DIBL,
which shows the excellent electrostatic control that these
structures provide. At room temperature, the inversion mode
nanowire transistors presented three times higher mobility,

maximum transconductance, and twice higher conduction
current than the junctionless nanowire transistors with a fin
width of 10 nm. However, they presented a three times
higher subthreshold current than the junctionless nanowire
transistor. Thus, except for the subthreshold current, the
inversion mode devices presented better electrical properties
at room temperature for all fin width values. They exhibited
better electrical performance at any fixed temperature in the
range studied.
On the other hand, the junctionless nanowire transistor

presented a 17% lower variation of threshold voltage, a
22% lower temperature coefficient for mobility, a 75%
lower variation of the maximum transconductance, and a
77% lower variation of conduction current with temperature
than the inversion mode nanowire transistors for fin width
of 10 nm. Hence, one can conclude that the junctionless
nanowire transistors have higher thermal stability, as their
parameters have lower variation with temperature than the
inversion-mode nanowire transistors.

ACKNOWLEDGMENT
Device fabrication at CEA-Leti was partially supported
by the French Public Authorities within the frame of the
Nano2022 (IPCEI Microelectronics) project.

REFERENCES
[1] G. E. Moore, “Cramming more components onto integrated circuits,

reprinted from electronics, volume 38, number 8, April 19, 1965,
pp.114 ff,” IEEE Solid-State Circuits Soc. Newslett., vol. 11, no. 3,
pp. 33–35, Sep. 2006. doi: 10.1109/N-SSC.2006.4785860.

[2] C. Prasad, S. Ramey, and L. Jiang, “Self-heating in advanced CMOS
technologies,” in Proc. IEEE Int. Rel. Phys. Symp. (IRPS), 2017,
pp. 164–176. doi: 10.1109/IRPS.2017.7936336.

[3] R. W. Johnson, J. L. Evans, P. Jacobsen, J. R. Thompson,
and M. Christopher “The changing automotive environment:
High-temperature electronics,” IEEE Trans. Electron.
Packag. Manuf., vol. 27, no. 3, pp. 164–176, Jul. 2004.
doi: 10.1109/TEPM.2004.843109.

[4] T. A. Ribeiro, S. Barraud, and M. A. Pavanello “Analysis of the
electrical parameters of SOI junctionless nanowire transistors at high
temperatures,” J. Electron Devices Soc., vol. 9, pp. 492–499, 2021,
doi: 10.1109/JEDS.2021.3051500.

[5] J. P. Colinge and J. C. Greer, Nanowire Transistors: Physics of Devices
and Materials in One Dimension. Cambridge, U.K.: Cambridge Univ.
Press, 2016, doi: 10.1017/CBO9781107280779.

[6] Samsung Electronics Holds Mass Production Shipment Ceremony of
3 Nanofoundries, Samsung Electron., Suwon-si, South Korea, 2022.

[7] Moore’s Law–Now and in the Future, Intel Co., Santa Clara, CA,
USA, 2022.

[8] T. A. Oproglidis, T. A. Karatsori, S. Barraud, G. Ghibaudo, and
C. A. Dimitriadis, “Effect of temperature on the performance of triple-
gate junctionless transistors,” IEEE Trans. Electron Devices, vol. 65,
no. 8, pp. 3562–3566, Aug. 2018, doi: 10.1109/TED.2018.2839196.

[9] J. P. Colinge et al., “Junctionless Nanowire Transistor (JNT):
Properties and design guidelines,” Solid-State Electron., vols. 65–66,
pp. 33–37, Dec. 2011, doi: 10.1109/ESSDERC.2010.5618216.

[10] C. Lee et al. “High-temperature performance of silicon junction-
less MOSFETs,” IEEE Trans. Electron Devices, vol. 57, no. 3,
pp. 620–625, Mar. 2010, doi: 10.1109/TED.2009.2039093.

[11] R. Rios et al., “Comparison of junctionless and conven-
tional trigate transistors with Lg down to 26 nm,” IEEE
Electron Device Lett., vol. 32, no. 9, pp. 1170–1172, Sep. 2011,
doi: 10.1109/LED.2011.2158978.

[12] Z. Guo and Y. Wang “Comparison of ultra low power junctionless
and inversion-mode FinFETS with compact model,” in Proc. IEEE
Int. Conf. Electron Devices Solid-State Circuits, 2016, pp. 212–215,
doi: 10.1109/EDSSC.2016.7785246.

690 VOLUME 12, 2024

http://doi.org/10.1109/N-SSC.2006.4785860
http://doi.org/10.1109/IRPS.2017.7936336
http://doi.org/10.1109/TEPM.2004.843109
http://doi.org/10.1109/JEDS.2021.3051500
http://doi.org/10.1017/CBO9781107280779
http://doi.org/10.1109/TED.2018.2839196
http://doi.org/10.1109/ESSDERC.2010.5618216
http://doi.org/10.1109/TED.2009.2039093
http://doi.org/10.1109/LED.2011.2158978
http://doi.org/10.1109/EDSSC.2016.7785246


PRATES et al.: COMPREHENSIVE EVALUATION

[13] S. Guin, M. Sil, and A. Mallik, “Comparison of logic performance
of CMOS circuits implemented with junctionless and inversion-mode
FinFETs,” IEEE Trans. Electron Devices, vol. 64, no. 3, pp. 953–959,
Mar. 2017, doi: 10.1109/TED.2017.2655541.

[14] R. R. Prates, M. A. Pavanello, M. Cassé, S. Barraud, O. Faynot, and
M. Vinet, “Experimental comparison of junctionless and inversion-
mode nanowire MOSFETs electrical properties at high temperatures,”
in Proc. 36th Symp. Microelectron. Technol. Devices, 2022, pp. 1–4,
doi: 10.1109/SBMICRO55822.2022.9881002.

[15] D. Bosch et al. “All-operation-regime characterization and modeling
of drain current variability in junctionless and inversion-mode FDSOI
transistors,” in Proc. IEEE Symp. VLSI Technol., 2020, pp. 1–2,
doi: 10.1109/VLSITechnology18217.2020.9265036.

[16] S. Barraud et al., “Scaling of trigate junctionless nanowire MOSFET
with gate length down to 13 nm,” IEEE Electron Device Lett., vol. 33,
no. 9, pp. 1225–1227, Sep. 2012. doi: 10.1109/LED.2012.2203091.

[17] R. D. Trevisoli, R. T. Doria, M. de Souza, M. A. Pavanello, and
S. Barraud, “A new method for junctionless transistors parame-
ters extraction,” in Proc. 47th Eur. Solid-State Device Res. Conf.
(ESSDERC), 2017, pp. 66–69, doi: 10.1109/ESSDERC.2017.8066593.

[18] N. Kumar, P. K. Kaushik, P. Singh, and A. Gupta, “Effect of
temperature on dynamic parameters of junctionless multiple nanowire
field-effect transistors,” in Proc. IEEE Delhi Sect. Conf., 2022,
pp. 1–4, doi: 10.1109/DELCON54057.2022.9752961.

[19] R. T. Doria, R. Trevisoli, M. de Souza, and M. A. Pavanello,
“Experimental comparative analysis between junctionless and inver-
sion mode nanowire transistors down to 10 nm-long channel lengths,”
in Proc. IEEE SOI-3D-Subthreshold Microelectron. Technol. Unified
Conf. (S3S), 2017, pp. 1–3, doi: 10.1109/S3S.2017.8308749.

[20] J. P. Duarte et al., “A universal core model for multiple-
gate field-effect transistors. Part-II: Drain current model,” IEEE
Trans. Electron Devices, vol. 60, no. 2, pp. 848–855, Feb. 2013,
doi: 10.1109/TED.2012.2233863.

[21] R. D. Trevisoli, R. T. Doria, M. de Souza, and M. A. Pavanello “A
physically-based threshold voltage definition, extraction and analytical
model for junctionless nanowire transistors” Solid-State Eletronics,
vol. 90, pp. 12–17, Dec. 2013, doi: 10.1016/j.sse.2013.02.059.

[22] S. M. Sze, Y. Li, and K. K. Ng, Physics of Semiconductor
Devices. 3rd ed. Hoboken, NJ, USA: Wiley, 2007,
doi: 10.1002/0470068329.

[23] V. Alex, S. Finkbeiner, and J. Weber, “Temperature dependence of
the indirect energy gap in crystalline silicon,” J. Appl. Phys., vol. 79,
pp. 6943–6946, May 1996, doi: 10.1063/1.362447.

[24] W. Bludau, A. Onton, and W. Heinke, “Temperature dependence of
the band gap in silicon,” J. Appl. Phys., vol. 45, no. 4, pp. 1846–1848,
1974. doi: 10.1063/1.1663501.

[25] R. D. Trevisoli, R. T. Doria, M. de Souza, M. A. Pavanello,
“Effective channel length in junctionless nanowire transistors,” in
Proc. 30th Symp. Microelectron. Technol. Devices, 2015, pp. 1–4,
doi: 10.1109/SBMicro.2015.7298144.

[26] M. de Souza et al., “High temperature and width influence
on the GIDL of nanowire and nanosheet SOI nMOSFETs,”
IEEE J. Electron Devices Soc., vol. 11, pp. 672–680, 2023.
doi: 10.1109/JEDS.2023.3264876.

[27] R. Berthelon et al., “Impact of strain on access resistance in planar and
nanowire CMOS devices,” in Proc. Symp. VLSI Technol. Dig. Tech.
Papers, 2017, pp. T224–T225, doi: 10.23919/VLSIT.2017.7998180.

[28] D. Vasileska, S. M. Goodnick, and G. Klimeck, Computational
Electronics: Semiclassical and Quantum Device Modeling
and Simulation. Boca Raton, FL, USA: CRC Press, 2010,
doi: 10.1201/b13776.

[29] C. U. Ccoto, F. Bergamaschi, and M. A. Pavanello, “Analysis of fin
width influence on the carrier’s mobility of nanowire MOSFETs,” in
Proc. Symp. Microelectron. Technol. Devices (SBMicro), 2021, pp. 1–
4, doi: 10.1109/SBMicro50945.2021.9585753.

[30] J. Chen et al. “Experimental study of mobility in [110]-and [100]-
directed multiple silicon nanowire GAA MOSFETs on (100)
SOI,” in Proc. Symp. VLSI Technol. Dig. Tech. Papers, 2008,
doi: 10.1109/VLSIT.2008.4588552.

[31] J. Chen, T. Saraya, and T. Hiramoto, “Experimental investigations of
electron mobility in silicon nanowire nMOSFETs on (110) silicon-on-
insulator,” IEEE Electron Device Lett., vol. 30, no. 11, pp. 1203–1205,
Oct. 2009, doi: 10.1109/LED.2009.2031303.

[32] P. Huang et al., “The impact of width downscaling on
the high-frequency characteristics of InGaAs nanowire
FETs,” J. Electron Devices Soc., vol. 10, pp. 854–859, 2022,
doi: 10.1109/JEDS.2022.3212377.

[33] E. B. Ramayya, D. Vasileska, S. M. Goodnick, and I. Knezevic,
“Electron mobility in silicon nanowires,” IEEE Trans. Nanotechnol.,
vol. 6, no. 1, pp. 113–117, Jan. 2007.

VOLUME 12, 2024 691

http://doi.org/10.1109/TED.2017.2655541
http://doi.org/10.1109/SBMICRO55822.2022.9881002
http://doi.org/10.1109/VLSITechnology18217.2020.9265036
http://doi.org/10.1109/LED.2012.2203091
http://doi.org/10.1109/ESSDERC.2017.8066593
http://doi.org/10.1109/DELCON54057.2022.9752961
http://doi.org/10.1109/S3S.2017.8308749
http://doi.org/10.1109/TED.2012.2233863
http://dx.doi.org/10.1016/j.sse.2013.02.059
http://dx.doi.org/10.1002/0470068329
http://doi.org/10.1063/1.362447
http://doi.org/10.1063/1.1663501
http://doi.org/10.1109/SBMicro.2015.7298144
http://doi.org/10.1109/JEDS.2023.3264876
http://doi.org/10.23919/VLSIT.2017.7998180
http://doi.org/10.1201/b13776
http://doi.org/10.1109/SBMicro50945.2021.9585753
http://doi.org/10.1109/VLSIT.2008.4588552
http://doi.org/10.1109/LED.2009.2031303
http://doi.org/10.1109/JEDS.2022.3212377


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Helvetica
    /Helvetica-Bold
    /HelveticaBolditalic-BoldOblique
    /Helvetica-BoldOblique
    /Helvetica-Condensed-Bold
    /Helvetica-LightOblique
    /HelveticaNeue-Bold
    /HelveticaNeue-BoldItalic
    /HelveticaNeue-Condensed
    /HelveticaNeue-CondensedObl
    /HelveticaNeue-Italic
    /HelveticaNeueLightcon-LightCond
    /HelveticaNeue-MediumCond
    /HelveticaNeue-MediumCondObl
    /HelveticaNeue-Roman
    /HelveticaNeue-ThinCond
    /Helvetica-Oblique
    /HelvetisADF-Bold
    /HelvetisADF-BoldItalic
    /HelvetisADFCd-Bold
    /HelvetisADFCd-BoldItalic
    /HelvetisADFCd-Italic
    /HelvetisADFCd-Regular
    /HelvetisADFEx-Bold
    /HelvetisADFEx-BoldItalic
    /HelvetisADFEx-Italic
    /HelvetisADFEx-Regular
    /HelvetisADF-Italic
    /HelvetisADF-Regular
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryITCbyBT-MediumItal
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Recommended"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


