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have found quiescent “plages” and small brightening
fluctuations during small class GOES soft X-ray bursts,
similarly to near-IR activity found in association to
large flares. We present here the recently installed 30
THz solar flare telescope in São Paulo, operating
simultaneously with an Hα telescope, giving a brief
technical description illustrated with the first results
obtained.

1. Abstract
It has been found that solar bursts exhibit one
unexpected spectral components with fluxes increasing
for larger sub-THz frequencies, distinct from the well
known microwave emission maximizing at few to tens
of GHz. The high frequency component has been
confirmed by recent 30 THz solar flare observations of
impulsive bursts with flux intensities considerably
larger than fluxes at sub-THz and microwaves
frequencies. These results raise serious problems for
interpretation. High cadence solar observations at 30
THz (continuum) are therefore an important tool for the
study of active regions and flaring events. We report the
recent installation of a new 30 THz solar telescope,
located at the top of one of the University’s buildings.
The instrument utilizes a Hale-type coelostat with two
20cm diameter flat mirrors sending light to a 15 cm
mirror Newtonian telescope. Radiation is directed to a
room temperature microbolometer array camera.
Observations are usually obtained with 5 frames/s
cadence. One 60mm Hα refractor has been added to
observe simultaneously. We describe the new
observatory giving examples of the first results
obtained.

3. The 30 THz solar telescope setup in São Paulo
The São Paulo 30 THz telescope follows the same
design utilized at El Leoncito [6]. A simplified block
diagram is shown in Figure 1. The instrument utilizes a
Hale-type coelostat with two 20 cm diameter flat
mirrors (Figure 2 (a)) sending light to a 15 cm mirror,
120 cm focal length Newtonian telescope feeding an
early type Wuhan IR928 30 THz uncooled camera
amorphous silicon 320 x 240 microbolometer array
sensitive to about 0.5 K (Figure 2(b)). The solar disk
image size on the array is set by the distance of the
camera to the primary, while the image quality is set by
afocal adjustment of the camera Germanium lens
placement with respect to the array.

2. Introduction
A number of solar bursts exhibit unexpected distinct
spectral components: one corresponds to the well
known microwave emission maximizing at few to tens
of GHz, and another with fluxes increasing for larger
sub-THz frequencies. Observations carried out at 0.2
and 0.4 THz by the Solar Submillimeter Telescope
(SST), in El Leoncito, San Juan, Argentina, have clearly
evidenced the sub-THz flux component increasing with
frequency [for example 1-3]. A dramatic demonstration
of this component was shown with the 30 THz
observation at El Leoncito of one intense 30 THz
impulsive burst exhibiting flux several times larger than
sub-THz and the microwave components, associated to
a white light flare [4].
One first setup designed to detect solar flares at 30
THz has been installed at “Bernard Lyot” Solar
Observatory, Campinas, Brazil and another one at El
Leoncito observatory, in Argentina Andes [5-7] . They

Fig. 1. Simplified block diagram of São Paulo 30 THz 15 cm
Newtonian solar telescope showing the principal optical setup
arrangements, and the parallel Hα telescope.

The “photometric beam” is set by the diffraction
limit angle, which is of about 15” for the 15 cm
aperture. The camera produces analog video signal
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by two orders of magnitude compared to microwaves
and sub-THz fluxes. The broad microwaves to 30 THz
spectra for these two events confirm the existence of
two separate components; one is the well known
emission spectrum with a maximum in the microwave
range of frequencies, and the other with fluxes
increasing with frequencies in the sub-THz to THz
range [1].

which is converted into 640x480 pixels frames digital
data usually taken at 5/s cadence,

4. Concluding remarks
The 30 THz solar telescope will receive one
upgraded camera, which shall improve the sensitivity by
a factor of 5. Regular observations are planned together
with the Hα telescope, in support of 30 THz and
HASTA Hα observations carried out at El Leonito,
Argentina Andes.

(a)
(b)
Fig. 2. (a) Hale-type coelostat installed at the top of one
university’s building to project the solar radiation into the
laboratory. (b) TheNewtonian telescope. The 15 cm primary is
in the background. In the foreground the secondary facing the
primary deflects radiation into the 30 THz camera, at the top.
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Two intense solar 30 THz impulsive bursts were
detected on August 1st and October 27, 2014, associated
to soft X-ray GOES class M and X events, shown in
Figure 3 (a,b).
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(a)

(b)

Fig. 3. 30 THz solar flare brightening near the peak burst
emission compared to Hα image obtained by HASTA: (a)
August 1s, 2014 [9]; (b) October 27, 2014[6].

Estimated flux densities were of about 20000 SFU and
35000 SFU respectively (1 SFU = 10-22W-1m-2), larger
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1. Abstract
This paper presents a set of two broadband low noise
amplifiers in 0.13µm CMOS technology. Experimental
results indicate that the amplifiers can be used as
transimpedance amplifiers for 10 Gbps applications, since
S21 is flat from 40 kHz up to 8 GHz. Careful layout design
and bias optimization guarantee a very low noise figure
compared to other 0.13 µm CMOS designs reported in
literature.

2. Introduction
A transimpedance amplifier for optical receivers
must be designed with a minimal in band equivalent
input noise current since this figure basically determines
the overall receiver sensitivity. In order to obtain this
result, as it was demonstrated in reference [1], we used
the criterion of minimizing the noise factor F50 of the
designed circuits.
Although CMOS technologies with gate lengths
equal or lower than 90 nm should allow better circuit
noise and gain performances, they were still very
expensive. For this reason, we decided to use a 0.13 µm
CMOS technology which offers a better trade-off
between cost and performance for 10 Gbps optical
receivers applications.

Fig.1: nmos transistor bias point optimization.
The topology of the first CMOS circuit is formed by
series connection of two cascode stages. This TIA has
17dB gain with a 9.4 GHz bandwidth and a 54 dBΩ
transimpedance gain with 11 GHz bandwidth.

3. CMOS Circuit Design and Performances
For the design of the 10 Gbps circuits, a common
used topology for the TIA is the regulated cascode [1,
7]. This topology has a low input resistance and it can
be broadband without the use of inductive peaking
techniques. However, regulated cascode suffers of high
input noise density. Since the TIA is the first block of
the receiver chain, noise figure is critical.
Both circuits presented in this work have as the
input stage a cascode. For optimal noise performance,
the input cascode was designed with optimal finger
width and bias point optimization. The finger width of
the first stage was set to 2µm to reduce the input noise
density current. The bias point was defined based on the
analysis of one single nmos transistor. Ft, current
density and minimum noise figure are shown in figure
1. Gain and bandwidth were optimized based on Ft
versus current density analysis. Bandwith was
maximized with negative feedback and inductive
peaking techniques.

Fig.2: Two stage cascode TIA schematic.

Fig.3: Two Stage Cascode TIA Microphotograph.
Fig. 4 shows the circuit performance.
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Table I shows a performance comparison between our
10 Gbps TIAs and previously developed circuits
available from literature.
TABLE I.
DEVELOPED

PERFORMANCE COMPARISON WITH PREVIOUSLY
SI BASED CMOS (C) AND BICMOS (B) TIAS

Reference

[2]

[3]

[4]

[5]

[6]

[7](*)

This work

ZT

75

62.3

54

74

54

52.9

54

Supply Voltage (V)

1.8

1.8

1.8

2.5

1.0

1.2

1.5

PD capacitance (fF)

450

150

250

220

220

400

150

Bandwidth
With PD (GHz)

7.2

9

9.2

7.4

13.4

14.3

11

7.5

Noise current
density (pA/√ ))

19

17

11

≥ 28

39

6.6

5.9

Pdc (mW)

91.8

55

30

50

Fig.4. Two Stage Cascode s- parameters and ZT.
The second CMOS circuit is composed by a cascode
input stage followed by two single inverter stages and a
final source follower stage. This circuit was designed to
work as a broadband TIA and also as a broadband LNA.
When loaded with a 150 fF PIN photodiode it has 7.5
GHz bandwidth and 50 dBΩ transimpedance gain.
Fig.5 shows its basic circuit diagram. Fig. 6 the chip
microphotograph and Fig. 7 the experimental results.

108

137

200

2.2

2.7

(*) Simulated results

4. Conclusions
Two broadband low noise amplifiers were presented in
this works. Experimental results show that the two
amplifiers have bandwidth suitable for 10 Gbps
applications. Table I shows that both circuits have the
lowest noise current density compared to other designs.
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Fig.5: Chip2 schematics.
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wafer that contained the arrays of FETs, we washed the
graphene several times with DI water. After that the
graphene/PMMA was transfer just in one step to the of
the devices and the PMMA was etching in acetone bath.
Fig. 1 (a) shows a CVD graphene monolayer
transferred on 300 nm SiO2, where it is possible to see
that the graphene film grew homogenous and that the
sample is free from PMMA residues and other
contamination. The Raman spectra obtained from
different areas of the CVD graphene (Fig. 1 (b))
displays the typical characteristics of a graphene
monolayer free of defects [4].

1. Abstract
We report an achievement of large area of
monolayer graphene produced by chemical vapor
deposition process and their implementation into arrays
of FETs composed by tantalum nitride electrodes.
Raman spectroscopy and electronic microscopy show us
that a large number of FET-graphene devices can be
fabricated through a simple, fast and scalable approach.

2. Introduction
Since graphene was successful isolated for the first
time by microcleaving of graphite [1], this material has
attracting a significant attention of all scientific
community, mainly due to its outstanding electronic
properties, making it an ideal material to replace the
silicon in the traditional Field Effect Transistors (FETs).
However, the implementation of graphene in the
development of FETs has two major issues that should
be overcome. The first is that graphene obtained from
microcleaving or exfoliation of graphite, does not
feature like a scalability technique to be employed in the
fabrication of arrays of FETs. The second issue is
related with the high contact resistant that appears in the
interface metal/graphene. In order to replace the silicon
like a channel material to graphene, a suitable contact
with electrodes is required. Aiming to overcome the
related issues, herein we have addressed the
achievement of large area of monolayer graphene
produced by chemical vapor deposition (CVD) process
and their implementation into arrays of FETs.
Furthermore, we evaluated the effects of replace the
conventional, non-refractory metallic electrodes such as
Ti/Au or Ti/Pd for a refractory metallic electrodes, such
as tantalum nitride (TaN) in the contact resistance [2].

3. Method and Results
The CVD graphene was grown based on the
procedure proposed by Ruoff and coworkers [3]. A
copper foil with 25µm of thickness was used as the
substrate and catalyst. The methane gas was employed
like a carbon source. The total time for the growth
process was 2 hours, under inert atmosphere at 1000ºC.
For remove the grew monolayer graphene of the copper
foil, we spin coated PMMA onto graphene followed by
the chemical etching of the copper under FeCl3 solution.
Before to do the transfer process to the top of SiO 2

Fig. 1. (a) Optical microscopy image of a monolayer of
transferred graphene on 300 nm SiO2 substrate.
Magnification 50x. In (B) Raman spectroscopy of sample
showed in (a) in different areas.

Fig. 2. (a) shows the schematic representation of our
developed FET [5]. The Figure 2 (b-c) show the CVD
graphene isolated between the source and drain TaN
electrodes, due the photolithography step followed of
the oxygen plasma etching, to remove the graphene in
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the outside area. All this process was carried out directly
on a die of 2.5 cm2 containing four arrays with 300
FETs each. The last two processes define the active
region of the device, where the electronic transport will
occur through the graphene layer. These images (Fig. 2.
b-c) show that the graphene layer is in contact with the
electrodes, as the gate dielectric.

Acknowledgments

to be fabricated through a simple, fast and scalable
approach.
In future, electrical characterization will be
performed to attest the improvements achieved using
the TaN like metal for contact electrodes.

This work is financially supported by CAPES and
CNPq. CCC Silva acknowledges the Science Without
Border Program for the fellowship and the NanoMaterials and devices group (USA) for the facilities and
support in the synthesis of CVD graphene.

References
[1] K. S. Novolselov et al, Science 306, 666 (2004);
[2] A. M. Pascon et al., Phys. Status Solidi B, 1–8
(2014).
[3] Xuesong Li, et al., Science 324, 1312 (2009).
[4] A. C. Ferrari et al., PRL 97, 187401 (2006).
[5] Souza, J. F., Development of Materials and Methods
of Fabrication of Chemical/Biochemical Sensors
based on Silicon and Carbon Nanostructures
(ISFET, CNTFET and GraFET), PhD, School of
Electrical and Computer Engineering, University of
Campinas, 2012.

Fig. 2. (a) Schematic representation of a FET with graphene
layer[5]. SEM image of a monolayer graphene between
source and drain electrodes after lithography and oxygen
plasma etching processes with magnification of (b) 10000 and
(c) 50000.

4. Conclusions
At the moment, our results suggest that our method
allows that a massive number of FET-Graphene devices

6

SEMINATEC 2015 - X Workshop on Semiconductors and Micro & Nanotechnology

April 9 - 10, 2015, São Bernardo do Campo
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1. Abstract
Recent sub-THz and 30 THz observations revealed an
unexpected new spectral component, with fluxes increasing
towards THz frequencies, simultaneously with the well known
component peaking at microwaves, bringing challenging
constraints for interpretation. The knowledge of the complete
THz flare spectrum is the essential requirement for
understanding the origin of this radiation. We present the
concept, fabrication and performance of a telescope
photometric system to observe solar flares at 0.85 and 1.4 THz
from the ground at a high altitude site (>5000 m), named
HATS (High Altitude Terahertz Solar telescope). An
innovative optical setup was introduced to allow observations
of the full solar disk with high sensitivity to detect small burst
transients (tens of solar flux units) with time resolution of less
than one second. The HATS experiment uses Golay cell
detector at the focus of 46 cm Newtonian telescope, installed
on a fully robotic equatorial positioner. The incoming
radiation undergoes low-pass filters made of rough surface
primary mirror and membranes, 0.85 and 1.4 THz metal mesh
band-pass filters installed in the same chopper wheel. The
HATS now undergoes operational tests in Brazil, and is
planned for operations in 2015 at a site to be selected in the
Andes Cordillera, above 5000 m altitude.

Fig. 1. The March 13, 2012 solar burst was observed at a wide
range of frequencies, from MHz, GHz (RSTN and solar mm-w
polarimeters), sub-THz (SST), 30 THz (at El Leoncito), visible, UV
(SDO), GOES soft X-rays, RHESSI soft and hard X-rays and FERMI
hard-X rays. The whole spectrum shows double components, one in
the GHz to sub-THz range, another extending to 30 THz (after [4]).

2. GHz, Sub-THz and THz Flare Observations
A number of solar bursts observed at GHz, sub-THz and 30
THz frequencies indicate an emission spectral component at
this range [1-4], distinct from the well known microwaves
emission that maximizes at few to tens GHz. These results
raise serious interpretation problems to explain both the subTHz and the concurrent microwave component [5,6] (Fig. 1).
The physical nature of the THz emission remains mysterious.
New insights on the physical processes involved need
the complete THz spectral description. Solar activity may be
observed through few atmospheric THz transmission
“windows” at exceptionally good high altitude ground based
locations [7].

3. The Ground-Based HATS Experiment
The terrestrial atmosphere present transmission windows at
sub-THz and THz frequency bands at high altitude sites for
low precipitable water vapour content (PWV) [7,8].
Transmissions better than 50% at 0.67 and 0.85 THz bands
and better than 15% at 1.3 and 1.5 THz bands can be attained
at 5000m altitude with PWV < 1mm.
A telescope has been designed for photometry of solar
flares at 0.87 and 1.4 THz. A short focal length 46 cm
diameter mirror, producing a solar image smaller than the
Golay input cone diameter (about 14 mm).
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degrees the predicted minimum detectable flux densities
become ˂ 5 SFU at 0.87 THz and of ˂ 40 SFU at 1.4 THz.
A site is being selected for definitive installation and
operations in 2015. The best candidates are Chajnantor, Chile
Atacama plateau, at 5000 and Famatina Mountain, above
5200m altitude, in Argentina La Rioja region.
Acknowledgments
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Fig. 2. Schematic diagram of HATS photometric telescope

603-624, 1999.

Fig. 3. Left, show the complete HATS assembly. Right panels, top
right: the case containing the Golay cell and chopper placed at the
Newtonian focus; middle: the chopper wheel exhibiting the windows
with metal mesh band-pass filters, one at 0.87 THz and another at
1.4 THz; lower panel shows the 46 cm rough surface mirror.

The Golay cell detector input cone is placed at the tescope
Newtonian focus, as shown in Figures 2 and 3. Band-pass
metal mesh filters are placed in the same chopper wheel. The
radiation input at each frequency is measured once every 600
ms.
Preliminary tests performed at Propertech facilities, Jacareí,
SP. Brazil have shown that the system can detect three sigma
excess temperature excess smaller than 0.5 K at each
frequency. For solar observations at an elevation angle of 45
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1. Abstract
This paper presents an experimental comparative
study between the Metal-Oxide-Semiconductor Field
Effect Transistors (MOSFET) manufactured with the
Wave ("S" gate geometry) and the standard layout
(CnM) taking into account the Total Ionizing Dose
(TID) effects and considering that the devices were
biased during the radiation procedure to potentiate the
effects. Because of the special layout characteristics and
the different effects of the bird’s beaks regions of the
Wave nMOSFET (WnM) compared to the conventional
rectangular layout, the Wave layout proposal for
MOSFETs is able to increase the device TID tolerance
without adding any cost to the Complementary MOS
(CMOS) manufacturing process.

Fig.1. The WnM layout style top view details.

The TID effects cause long-term damage in the
oxide layers of electronic devices, worsening their
electrical performance of the MOSFET [1]. New
materials, multiple-gates and three-dimensional (3D)
devices are under intense development (1), as can be
found in the International Technology Roadmap for
Semiconductors (ITRS) [2] in order to overcome the
scaling limits [3-5]. Many efforts have been made to
improve the devices' radiation hardness, which mainly
can be divided into two categories: one is related to the
optimization of CMOS manufacturing processes with
different materials and technologies, second focuses on
using non-standard layout for MOSFET. In this context,
the innovative Wave nMOSFET [6] fits in the second
category to be one more alternative to Integrated
Circuits (ICs). Therefore, this paper presents an
experimental comparative study between the WnM and
CnM with biased devices during the radiation procedure
in order to create traps and emphasize the TID effects,
and then compare with experimental results the OffState leakage current of the CnM and WnM.

The WnM comes from the Circular Annular Gate
MOSFET (CAGM) [6], which is an asymmetric device,
because the internal region area (AINT) is different from
the external region area (AEXT). By dividing it into the
middle, moving the semicircles in the opposite
directions, and then connecting the gate to compose a
symmetrical layout with an “S” or Wave format.
The Longitudinal Electrical Field (LEF) varies in the
channel length (L) [6-8] and it is higher in the drain
region of the superior semicircle, because the drain
region area of the superior semicircle (AD_IDBC) is
smaller than the inferior semicircle area (AD_EDBC) [6-8].
It was demonstrated that the overall WnM IDS is higher
than the one found in the standard layout (CnM),
considering the same gate area (AG) and bias conditions
[6-8].
The WnM presents a different electrical behavior
and the bird’s beaks regions' parasitic transistors
activation of the WnM behave in a different way as
well. The LEF influence along the channel and parasitic
transistors activation in the BBR present different
behavior for the TID effects.
Thus, the result of the WnM IDS and the parasitic
transistors' effects of the WnM are different when
compared with the CnM result, after TID.

3. Wave Layout Details

4. Experimental Details

Figure 1 presents the layout of the WnM. It is
possible to observe the gate, the drain and source for the
superior and inferior semicircles, the longitudinal
electrical field ( / / ) in the channel, and the bird's beaks
regions (BBR).

First of all, the Devices Under Test (DUT) were
electrically characterized (Pre-Radiation condition) with
the Keithley 4200 (drain current, IDS, as a function of
the gate voltage, VGS, and of the drain voltage, VDS).
After that, the WnM and the CnM were exposed to 10

2. Introduction
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keV X-rays radiation using a Shimadzu XRD-7000. The
radiations were conducted to a cumulative dose up to
1.0 Mrad at a dose rate of 400 rad/s in biased devices.
The “ON” bias state was used, which is the gate at the
bias supply voltage (5V), and the source, drain, and
substrate at ground. Bulk transistor radiated in the ON
state produces the largest radiation-induced leakage
current, and measured in its lowest current state (the
OFF state), it will show the largest increase in leakage
current [9-10].
The devices were manufactured by using the 0.35
m the “On-Semiconductor” (Bulk) manufacturing
CMOS process, via MOSIS Educational Program
(MEP). The channel length used was equal to 2.3 m
[11].

April 9 - 10, 2015, São Bernardo do Campo

6. Conclusions
The Wave layout style is able to enhance the
radiation tolerance and is less sensitive to the TID. Its
distinctive longitudinal electrical field and the different
activation of the parasitic transistors in the bird's beaks
regions of the Wave layout style for MOSFET reduce
the radiation impacts. The Off- State leakage current of
the WnM is lower than the CnM after TID.
Thus, this innovative layout can be considered as an
option to be used in ICs operating in the radiation
environment (space and medical applications).
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Fig 2. The Log IDS/(W/L) as a function of VGS with VDS= 4 V
of the WnM and CnM for L= 2.3 m after TID.

In the Fig. 2, verify that there is a high variation of
the drain current and different behavior for the CnM and
WnM, because the devices were biased during the
radiation procedure the IOFF results are well affected
[9,10].
The Off- State leakage current (IOFF) of the CnM and
WnM prior to TID are similar, considering VGS = 0V.
However, after TID of 1 Mrad the CnM IOFF is 75%
higher (and therefore less efficient) than the one found
in the WnM IOFF. TID issues can be relieved with layout
strategies, the effects of the traps created after radiation
that cause impacts in the device operation and the
parasitic transistors' effects in the bird's beaks region
can be decreased. Hence, it is noted that the resulting
influence of the traps in the device and the parasitic
transistors activation after radiation in the WnM are
smaller than the CnM, and because of that, the WnM
has less leakage current.
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B. LDO Capacitor-free with Damping factor control
LDO Capacitor free Regulator consists of some gain
stages and some control stability stages[7], [12]–[15].
The gain stages are: Differential Amplifier (1st Stage),
Transconductance Boosting (2nd Stage), PMOS pass
device (3rt Stage). For control stability, there are two
stages: Damping Factor Control (DFC) [9]-[11] and
Sense Current [15]. The purpose is the generation of a
stable reference and supply voltage for all charge load
range, without an external off-chip capacitor.
Fig. 2 provides a block diagram of the final
implemented circuit topology.

1. Abstract
Demand for system-on-chip solutions has increased
the interest in low dropout (LDO) voltage regulators
which do not require a bulky off-chip capacitor to
achieve stability and quickly transient response thereby
contributing to a small area. Also called capacitor less
LDO (CL-LDO) regulators, it provides the same
response of the classical circuit structures but without
off-chip passive and active components.

2. Low-dropout Regulator and Capacitor-free
variation
A. Classical Low-dropout Topology
The regulator circuit can be partitioned into four
functional blocks: the reference, the pass device, the
sampling resistor, and the error amplifier (Fig.1).
For the classical regulators [1]-[3], [8], there is also
an external capacitor with value of a few micro Faraday,
commercial components, not from each design
technology. This component has a equivalent series
resistance (ESR) describe in the data-sheets of each
capacitor.
The reference circuit needs to be robust at point to
provide a stable reference for the rest of the circuit. This
reference is the base for the feedback branch that come
from the sampling resistor array in proportion with the
output reference. The difference is amplified by the
error amplifier, a circuit responsible to drive a large
output capacitance from the next stage [4]-[6], the pass
device, and then a large output current is sourced by it
to all the rest of the electrical circuits of the
system-on-chip, with good power source rejection ratio
(PSRR), with good stability and small module
variations.

Fig.2. Proposed LDO Capacitor-free topology.

The first stage is the differential amplifier, which is
responsible to provide to the next stage the difference
between Bandgap reference and the output reference.
The next stage, transconductance boosting, have as
principle charge the pass device with it’s higher gate
capacitance. In total, the LDO regulator has two
feedback ways for the output signal. The first one is
made by the proportional resistive array to input
differential amplifier. Capacitor Cm1 provides a branch
from output to the second stage, a short feedback way,
that assists only in high frequency responses.
Pass device, as the third gain stage, is the main
device of the system, witch is responsible for the low
drop-out voltage between it’s source and drain pins.
As stages of stability, the first one is the DFC,
responsible for the stability in low current load. For
high load current, the sense current stage, additional to
DFC produce the desired stability.
The Damping-factor-control system needed to be
implemented in this case to improve a better accuracy in
the stability, changing the value of the damping factor
( ζ ). If the damping factor is too small, frequency peak
occurs and pole-zero cancellation by separated zeros is
not effective [9]-[11]. If the damping factor is too large,
the complex poles become separated real poles and the
loop-gain bandwidth will be degraded. A standard

Fig.1. Classical LDO topology.
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second-order equation (1) is an example to understand
it's importance :

2ζ s2
F ( s )=1+s +
pc p² c
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( C g C OUT ) g mDFC
⋅
( gm2 g mp ) C f

(2)
Where Cg is the gate capacitance of the pass device,
COUT is the output capacitance, C f is the feedback branch
capacitance, gm2 is the transconductance of the second
gain stage, gmp is the transconductance of the pass
device and gmDFC is the transconductance of the
damping-factor-control stage.
C. Results
All the tests were made with sweep in current load,
capacitance load, voltage supply and process. Table I,
summarizes the sweep values of all those parameters.
Table I. Parameter's values for the tests.
90nm CMOS technology
Parameter
Min
Typ
Max
Load Current
1 μA
10 mA
Load Capacitance
10 pF
10 nF
Temperature
-40 ºC
40 ºC
105 ºC
Input Voltage
1.6 V
1.8 V
2.0 V
Bias Current
425 nA
500 nA
575nA

Table II shows the results for different analysis. The
main concern of the project is a small variation in the
output voltage, not only in dc but in transient responses
too, since the topology doesn't have an output capacitor.
Table II. Results.
Test
Description
DC
Quiescent
Current
DC Gain
Gain Margin
Phase Margin
PSRR@60Hz
PSRR@20kHz
Transient Peak
Line
Regulation
Transient Peak
Load
Regulation

Value
Min

Max

1.196 V

1.201V

21 μA

25 μA

120 dB
-67 dB
77 º
-54 dB
-48 dB

145 dB
-15 dB
87 º
-51 dB
-38 dB

4.3 mV
(0.36%)

14 mV
(1.16%)

11 mV
(0.91%)

30mV
(2.5%)
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Note
Monte Carlo
analyses
Monte Carlo
analyses
Corner analyses
Corner analyses
Corner analyses
Corner analyses
Corner analyses
Step 1.6V to
2.0V supply
voltage
Step 1mA to
10mA load
current

3. Conclusions
A CMOS LDO, without output capacitance was
presented in 90nm TSMC technology. The system is
completely adaptive, where each stage is responsible for
benefit the response in one or more tests. The total area
of CL-LDO is 300.2 μm x 271.9 μm.
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formation of composites with various physical and
chemical properties, among them the conductivity [4].
In this study, we used two polymer matrices:
Polyacrylonitrile (PAN) and Fluoride Polyvinylidene
(PVDF) [5,6]. Both polymers were dissolved in N, N
dimethylformamide (DMF) to prepare solutions of
polymer. Phthalocyanines present applications in many
devices [7] and can be added to PAN or PVDF
dispersions in order to electrospun fibers. The
incorporation of particles such as carbon black, increases
the mechanical performance of polymers [8] and also its
electrical conductivity [9]. In previous work was
demonstrated the feasibility of starch particles
incorporation into nano and microfibers [10].
In this paper, we present some results of the
incorporation of copper phthalocyanine, carbon black
and starch in electrospun nano and microfibers aiming to
apply them in membranes that can be used in sensors.

1. Abstract
These work presents the preliminary results of the
prospective study of nanocomposite production from the
mixture of different particles: starch, carbon black and
copper phthalocyanine to a dispersions of polivinilidene
fluoride or polyacrylonitrile dissolved in N, N
dimethylformamide, (PVDF/DMF) or (PAN/DMF)
respectivelly. These results are part of a more
comprehensive study that intends to establish a model of
incorporation of different particles into different
polymers. So, it is possible generating conductive
nanofibers from the dispersion of PAN/carbon black
which can be applied in membranes and nanosensors
devices. Also, as copper phthalocyanine has a
sensitivity to ammonia, it was possible electrospun
nanofibers on the surface of a Piezoelectric Quartz
Crystal (PQC), a micro device constructed for detection
of ammonia.

3. Experimental

2. Introduction

Polyvinylidene fluoride (PVDF, MW=534,000),
Polyacrylonitrile (PAN, MW=150,000), anhydrous
N,N-dimethylformamide (DMF, 99.8 %) and copper
phthalocyanine (CuPc) was purchased from SigmaAldrich Inc. Carbon black powder (Vulcan XC-72R® average size 30 nm) was purchased from Cabot
Corporation Inc.), and Cassava (Manihot esculenta
Crantz, 5μm diameter) was homemade produced. All
mixtures were stirred at 900 rpm and 50°C during 24
hours. Fiber was characterized by optical microscopy
(Leica Mycrosystem GMB), and by scanning electron
microscopy (SEM, Jeol JSM-6360).

Among various types of materials, 1D nano-scaled
materials, such as nanofibers, have been widely used in
different areas such as science, engineering and
technology. Nanofibers can have a diameter between
tens to hundreds of nanometers, which give them an
enormous surface area per volume, high porosity, high
gas permeability and small pore size. These properties
make the nanofibers one of the candidates for many
important applications such as membrane in adsorption
or as a filter medium, among others [1,2]. Polymeric
nanofibers can be obtained by various methods among
them electrospinning. Also, it can be modified in many
ways, from electroless deposited metal to addition of
different kind of particles to the polymer solution in
order to obtain membrane with filtration interesting
features [3].
Electrospinning is a simple and economical process
for obtaining fibers at the nanometer scale. This method
allows obtaining fibers from different kinds of polymer
solutions, since it has proper viscosity. In this process
when an external electric field with a high voltage is
applied to the polymer solution the electrical charges
can overcome the surface tension of the viscous
polymer solution after a polymer fiber is ejected toward
the collector and the solvent is evaporated during the
process. The nanofibers produced can also give the
advantages of the precursor polymer solution like the

4. Results and Discussion
Fibers with Carbon Black: It was possible to see a
relationship between fiber diameter and carbon black
concentration.
400
350

b)

Absolute Viscosity(cP)

b
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Fig.1: Morphology of PAN fibers / Vulcan, b) Absolute
viscosity and c) diameter variation in function of PAN carbon
black mass ratio.

The fiber morphology, figure 1 a) and the diameter
variation in function of carbon black concentration,
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figure 1 b), confirms the particle incorporation into the
fibers. The ratio between the viscosities of the solutions
with and without the addition of carbon black is about
3.3, close to the values of relative viscosity (figure 1 c).
Fibers with Starch: To validate the use of
PAN/starch fiber as an active material for detection,
fibers were electrospun over quartz crystals for QCM
analysis. Fiber morphology and diameter were
dependent on the amount of starch in the solution, as
observed by SEM analysis (figure 2 a) and b), also the
curves from diameter variation shows two different
regimes which correlate with relative viscosity data
(figure 3 a). Also was observed a crack during the SEM
analysis probably due to electron description suggesting
that the starch acts as an absorbent inside the fiber. In
10% of relative humidity a reversible change of the
signal of 10 Hz was observed, figure 4 b). It means that
water molecules could permeate the PAN chains
(probably due to hydrogen bond formation).

April 9 - 10, 2015, São Bernardo do Campo

The fibers from PAN/cups are more sensible than the
fibers from PVDF/CuPc as can be inferred from the
results resumed in Table I, but the sensibility independ
of the polymer used since in both cases the ammonia
was adsorbed over the fiber's surface. Consequently, the
ammonia detection using polymeric fibers added with
copper phthalocyanine is possible.

4. Conclusions
The diameter of the nanofibers electrospun from all
composite solutions studied increased in function of
particle concentration. In all the studied solutions the
viscosity increases in function of particle incorporation.
The analysis of the morphology by SEM also confirms
the particle incorporation into the fiber. Fibers with
Starch incorporated adsorbed water and tests with the
vapor of ammonia demonstrated that the fibers
produced from both solution, PAN/CuPc and
PVDF/CuPc, are promising to be used as sensitive layer
and also for detection of gas contaminants.
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Fig. 2: a) fibers with starch particles, b) diameters versus
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Fig.3: a) Relative viscosity and b) QCM measurements

Fibers with phtalocyanine: Optical image of fibers
electrospun from 1:1.0 PAN/CuPc dispersion confirms
the phtalocyanine incorporation. Graphs in figure 4b)
and 4c) show that the fiber diameters and the dispersion
viscosity
increases
with
the
phtalocyanine
concentration.

Fig. 4: a) optical image of the fibers with copper
phthalocyanine incorporated, b) Diameter and c) absolute
viscosity vs PAN/CuPc ratio.
Table I: Mass variation in function of PQCs frequency
PAN/CuPc
∆F (Hz)
∆m (ppb)
-20
124.2
-14
86.9
-9
55.9
-6
37.2

PVDF/CuPc
∆ (Hz)
∆m (ppb)
-31
192.4
-17
105.5
-11
68.3
-12
74.5
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Electrical characterization of MOS capacitors with thin silicon oxynitrides
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deposited at a work pressure of 4x10-6 torr by
evaporation. The definition of the capacitors area was
done by lithography, in which, four capacitors were
obtained at a fishbone geometry, which consists of a
vertical central line cut by horizontal lines with the
same width (L) separated by a distance (D). Also, at the
end of the vertical central line, there is a pad for electric
contact. Subsequently, the silicon oxynitride grown on
the wafer backside was removed and another deposition
of aluminum was done at the same condition. Finally,
the processed sample was annealed at 350°C in
ultrapure argon.
The current-voltage (I-V) curves of the MOS
capacitors
were
extracted
by
an
HP4140
picoamperimeter, in order to obtain I-V curves, and HP
4280 C meter, employed at 1MHz in order to obtain
Capacitance-Voltage (C-V) characteristics.

1. Abstract
Thin silicon oxynitrides (2.42 nm) grown by rapid
thermal oxidation (RTO) in ultrapure nitrogen and
oxygen (5N2:1O2 ratio), under the temperature of 850
°C, were used as gate dielectric in MOS capacitors
aiming at MOS tunnel diodes. The electrical
characterization pointed out to current-voltage
characteristics consistent with MOS tunnel diodes for
large areas along wafers, 3 inches in diameter.

2. Introduction
Scaling down is the main requirement for the
evolution of Giga scale integration (GSI) technology.
On the other hand, metal-oxide-semiconductor (MOS)
structures have been used for alternative devices, such
as MOS tunnel diodes. A challenge is to grow uniform
thin films, keeping a high quality interface and a small
defect density [1-2]. Although, some authors [3-5]
report the rapid thermal oxidation (RTO) as an
interesting technique to grow uniform thin films,
especially when nitrogen is added during the growing.
The
oxynitrides
present
propitious
electrical
characteristics to be applied as gate dielectric in MOS
tunnel diodes, particularly due to the leakage current
prevention related to an enriched nitrogen interface [3,
6].
In this work, MOS capacitors with thin silicon
oxynitrides grown by RTO were electrically
characterized with the aid of Capacitance-Voltage and
Current-Voltage characteristics.

4. Results and Discussion
The first stage of the electrical characterization was
done before annealing the sample. Fig.1. shows the
measured C-V curves with an initial light, from the
inversion to the accumulation region, using a 100 
resistor associated in series with the MOS capacitor.
Considering a p-MOS capacitor, the curves present an
unexpected behavior since the inversion capacitance is
higher than the accumulation capacitance, which also
reduces to negative values.

3. Experimental
C [F]

The manufacturing process to obtain the MOS
capacitors starts with Si-p wafers (100), 3 inches in
diameter, chemically cleaned by a modified RCA
cleaning [7], followed by a dip in diluted
hydrofluoridric acid (d-HF) at room temperature. Then,
the thin silicon oxynitrides (about 2.42 nm) were grown
by rapid thermal oxidation (RTO), carried out in an
adapted conventional thermal oxidation furnace [8].
Each wafer was oxidized, at the temperature of 850°C
for 80 s in a mixed ambient of nitrogen and oxygen at
5N2:1O2 ratio and also passivated in pure nitrogen at 2
L/min for 80 s. Following, 200 nm of aluminum was
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Fig.1.CV for the sample obtained at 850 °C, during 80 s for
5N2:1O2.
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diameter were used to grow 2.42 nm thin silicon
oxynitrides by RTO, aiming to the fabrication of MOS
tunnel diodes. The electrical characterization pointed
out to current-voltage characteristics consistent with
MOS tunnel diodes.

Fig.2 shows the obtained I-V curves. They were also
extracted having a 100  resistor to limit the current
and prevent the device breakdown. Considering the
accumulation region, the capacitors led to improve their
current for gate voltages higher than 1V, even keeping
the same current magnitude, about 10-6 A.
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Fig.2. I-V for the sample obtained at 850 °C, during 80 s for
5N2:1O2. In let is presented the same curve kepping I axis
linnear.

After annealing the sample, the I-V characteristics,
also obtained using a series resistor of 100  are
presented in Fig.3. The profile is similar to those
exhibited in Fig.2, excluding a soft dispersion observed
in the inversion region between -1 and 0 V, although the
current is somewhat lower in the accumulation region
for all the capacitors.
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Fig.3. I-V curves for the same sample exhibited in Fig.2 after
sinterization under the temperature of 350°C.

Considering Fig.1 and Fig.2, it is noteworthy that the
current profile is consistent with a MOS tunnel diode
before and after annealing.

5. Conclusion
P-silicon wafer with large area of 3 inches in
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1. Introduction
Nanowires (NW) are appropriate elements for
electronic devices that require ultra-low power
consumption, given the low current levels and high
sensitivity they usually exhibit [1-5]. In addition, since
NW present low current levels and high sensitivity, they
can be used as sensors devices for several applications.
One of the major challenges when dealing with
transport measurements in NW is to trap them between
electrodes which allows electrical characterization and
therefore fabrication of nanowire-based devices.
Electrically neutral NW can be deposited by
dielectrophoresis (DEP) method, which requires the
application of an alternate electric field between
electrodes. Properly isolated Ni nanowires (NiNW)
were dispersed in a dimethylformalmide (DMF)
solution and dielectrophoretically manipulated to make
electrical contact between electrodes. Electrodes
geometry and DEP electrical parameters were varied to
evaluate the NiNW deposition efficiency by this
technique. In addition, electrical characterizations of the
NW and of the contact resistance between the NW and
electrode were performed by current versus voltage
curves. Significant reduction of contact resistance was
achieved by ion-beam assisted deposition of Pt cap
layers on the NW extremities.

Fig.1. Schematics of experimental procedures: (a) dielectric
layer formation on top of n+-Si wafer by thermal oxidation;
(b) electrodes definition by photolithography and lift-off; (c)
NiNW deposition on electrodes by DEP experiment and (d)
contact resistance reduction after the deposition of Pt layer by
GIS-FIB.

The NiNW (length = 4 μm, diameter = 35 nm) were
fabricated via pulsed electrodeposition into anodized
alumina membrane [6] They were released from the
membrane by chemical etching with a 1 M NaOH
solution at 27 ºC under agitation. NiNW were then
cleaned with deionized water (18 MΩ.cm) and
dispersed in DMF, in order to avoid NW clusters
formation. The NiNW deposition was performed by
DEP, conducted with a HP 8116A Pulse/Function
Generator configured with 3 VPP and null offset (Fig.
1c). The sinusoidal signal was generated for a frequency
range between 50 kHz to 1 MHz. Before DEP process,
the solution (concentration of 108 NiNW/mL) was
sonicated for 120 seconds, in order to disperse
uniformly the NiNW into the DMF. For each pair of
electrodes, the DEP field was applied during 60 seconds
on a solution volume of 1 µL. The DMF excess was
rinsed with deionized water (18 MΩ.cm) before being
dried with N2. Finally, a 10 nm-thick cap layer of Pt was
deposited on the NiNW extremities to reduce the
contact resistance with the electrodes (Fig. 1d), using a
Ga+ focused ion beam (GaFIB)/scanning electron
microscope (SEM) with a gas injection system (GIS)
tool [8-11]. The ion source used in this work was a FEI
Nova 200 Nanolab GaFIB/SEM dual beam system with
energy of 30 keV, current of 10 pA and tilt angle of 0º.
Under these conditions, the milling process of NiNW
and electrodes was significantly reduced.

2. Experimental Details
Pt electrodes were defined on a SiO2/Si structure.
First, a 300 nm-thick SiO2 layer was grown on an n+type Si (100) wafer (electrical resistivity of 1-10 Ω.cm)
by wet thermal oxidation in a conventional furnace, in
order to act as a dielectric layer (Fig. 1a). Then,
photolithography was performed to define the electrodes
region. 80 nm-thick Pt layer was deposited by a physical
vapor deposition (PVD) system and lift-off process was
carried out to define electrodes (Fig. 1b). Three different
electrodes geometries were fabricated to evaluate the
effect of electrode shape on DEP force. The total
electric field distribution over the gap area was
simulated using COMSOL Multiphysics simulation
tool.
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The electrodes resistance is 120 Ω, thus NiNW
resistance is around 6 kΩ (ρNiNW=1.3×10-5 Ω.cm), which
is consistent with the resistivity of NiNW of similar
dimensions [11].

3. Results and Discussion
The maximum deposition efficiencies for geometry
1 were 85% and 60% for 100 and 600 kHz, respectively,
for averages of 3.4 and 8.7 deposited NiNW (Fig. 2). On
the other hand, the efficiency was maximized at 600
kHz for geometries 2 and 3, with value of 50% and
averages of 2.7 and 2.0 NiNW, respectively (Fig. 3).
This behavior can be attributed to electric field
inhomogeneities and lower trapping area over the gap
present between electrodes geometries 2 and 3. For
geometry 1, since it presents a larger electrode area, it
captures more NiNW during DEP process and increases
the probability of success, even with electric field
intensity slightly lower than geometries 2 and 3.

Fig.4. I x V curves for NiNW before (non-linear, left and down
axes) and after (linear, right and up axes) 10 nm-thick Pt
layer deposited by GIS tool of GaFIB.

4. Conclusions

Fig.2. Charts of (a) deposition efficiency and (b) average
number of NiNW, obtained for DEP experiment as a function
of electric field frequency, for three electrodes geometries.

This work presented DEP manipulation of NiNW
over Pt electrodes defined by photolithography and liftoff. The studied NiNW are a promising feature to be
used as sensors devices, since they can be manipulated
with high efficiency to make contact with electrodes and
their electrical, thermal and/or optical output signals (in
response to the environment stimulus) can be further
processed. After the investigation of NiNW deposition
mechanisms, GIS–GaFIB tool was used for Pt
deposition of 10 nm-thick cap layers on the nanowires
extremities to successfully reduce contact resistance
between NiNW and electrodes. In addition, NiNW
present ferromagnetic properties, which allows their low
level currents to be controlled through magnetic fields.
Thus, they can be studied as a promising alternative to
the traditional Si-based MOSFET devices.

Fig.3. SEM analysis of NiNW deposited on Pt electrodes for
(a) geometry 1, (b) geometry 2 and (c) geometry 3, after DEP
experiment (VPP = 3 V, f = 100 kHz (upper row) and 600 kHz
(lower row).
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When the NiNW makes contact with the electrodes,
a large contact resistance is usually present, leading to a
Schottky-like contact (non-linear). After depositing a 10
nm-thick cap layer of Pt on the NiNW extremities to
reduce the contact resistance, the resulting behavior is
ohmic (linear), as shown in Figure 4 [7]. In the current
study, we obtained current (I) versus voltage (V) curves
by applying current – without exceeding 6 µA to avoid
NiNW damage due to heat dissipation – while
measuring voltage with a four-wire setup. We observed
a transformation from a non-linear behavior for asdeposited system to a linear one, after Pt layer
deposition, as well as a resistance reduction (Fig. 4).
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component in solar flares, identified at sub-THz and at
30 THz frequencies [8][9] raised challenging physical
questions to understand the origin of these mysterious
emissions.
Significant
improvement
in
the
characterization of the flaring phenomena at 30 THz (10
µm band, also called mid-IR) will be obtained with the
identification weaker and smaller emission sources on
the bright background solar photosphere.

1. Abstract
One of the image processing challenges is the
recovery of weak spatial structures with small angular
sizes lying on intense background. The problem is
common to spatial sensing using distinct imagers at
various ranges of the electromagnetic spectrum. This
problem becomes particularly relevant for image
analysis obtained in the THz range of frequencies to
resolve small emitting sources on bright backgrounds
and further blurred by limited angular resolution set by
the apertures. One application of great interest is the
identification of spatial structures in THz solar flares
recently discovered. The transient events occur over the
bright solar photosphere. We have developed techniques
to enhance the visibility of finer spatial structures, by
successively applying linear and non-linear filters,
diverging filters convolution over the image matrix,
defocusing areas of lesser interest, and applying a multiresolution algorithm to the analysis, dividing the image
in multiple layers processed using Gaussian wavelet
filter. This technique has been successfully applied to a
THz solar flare observed with high frames cadence
revealing smaller bright sources.

3. Image processing by filter composition
In order to process the solar flare 30 THz images
with intense, bright, and partially homogeneous
background, we applied a composition of filters on
distinct and successive steps, as follows.
Referring to the block diagram shown in Fig. 1, the
brightness of the originally acquired image (A) is
reduced by applying a linear filter (F1). The lateral
borders brightness is further reduced with the
convolution of divergent filters on the image matrix of
data points (F2). After this step, we begin the
procedures to enhance the global and local contrasts
using available linear or non-linear filters (F3). The
noise is further reduced by defocusing the image (F4) in
order to enhance the region of interest in the image (B).
In the second step the contrast is again and further
extended [3] by composing the linear filter to reduce the
brightness and the non-linear filter to enhance again the
region of interest (F5) (see C1 in Fig. 1, as an example).
At this phase the bright points may begin to become
evident. The multi-resolution analysis algorithm [5] is
applied, to divide the image in 6 layers which are
analysed [7] by using Gaussian wavelet filters (F6, F7
and F8) separately.
In layers 1 and 2 are the low-pass filters (F6) that
smooth out the image and reduces the grey levels. The
result is a blurred image with noise increased due to the
enhancement of the brighter structures. See image D in
Fig. 1. On these two layers it is necessary to apply a
typical filter (F9) for threshold noise level in the
wavelet domain [10][11] (image E). The intermediary
3rd and 4th layers actuate on the relative importance of
the image grey scale (F7). In order to better define the
borderlines, curve lines, or the sunspots, the divergent
and high-pass filters are applied in each layer (F9). The
filter (F8) reinforce the importance of the darker

2. Introduction
The understanding of various phenomena in science,
in physics and biology in particular, require the
knowledge of imaging details obtained at different
ranges of the electromagnetic spectrum. Techniques
have been developed for decades to improve the image
quality for technical and scientific analysis. For
example, the pioneer image characterization by texture
processing [1], the background subtraction largely
applied for recognizing moving structures in static
videos [2], the contrast enhancement for pattern
recognition [3]. Wavelet filters are helpful to enhance
feature shapes [4], while the multi-resolution algorithms
[5] and analysis [6] subtract noise and allowing images
to be decomposed into various levels of resolution,
enhancing details in each level [7]. However there are
no complete techniques available to identify weak
sources on extended, bright and partially homogeneous
background, as are quite typical in images obtained in
the THz-visible range of electromagnetic frequencies.
The discovery of a new THz spectral emission
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structures (image G). Finally we apply the segmentation
technique [3] to the image. The region of interest is
enlarged, filter F5 is applied again on it to produce the
final image shown at the right upper panel. The
presence of at least two bright weak sources are
revealed and well defined.

April 9 - 10, 2015, São Bernardo do Campo

over a bright background.
CRAAM/30THz 14:24 UT

F

A

F1

Fig. 2. The October 27, 2014 30 THz solar burst brightening.
Left panel, with enhanced contrast exhibiting one single
blurred source. Right, after image processing procedures
shown here, exhibiting at least two bright sources. The
"photometric beam" (Airy disc) is shown at lower left for each
panel.
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Fig.1. 30 THz images of solar flare of October 27, 2014, near
maximum emission. The original acquired image (A), top left.
The following left panels from the top show effects of step
filters applications. The image (B) exhibits the results of the
application of preliminary filters, while the image (C) is
processed with the non-linear filter (gamma function - C1).
The wavelet filter is applied next. The result is the improved
resolution flare image at the top, right, exhibiting at least two
well-defined bright structures.

The Fig. 2 show a preliminary comparison of the
initial observed image (left) with the processed image
(right) which shows at least two sources, smaller than
the diffraction limit angle (i.e. the “photometric beam”).
3. Concluding remarks
We have shown that image processing by filter
composition can be a powerful technique to improve the
analysis of 30 THz images of solar flares enhancements
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1. Abstract
This work aims to analyze the accurateness of simulated drain
current of Triple Gate SOI nFinFETs compared to previous
published experimental data for different channel lengths. The
study covers the application of analytical mobility models used in
simulations and evaluates the influence of characteristics related to
reduction in physical dimensions of the transistors. The Shirahata
mobility model combined with the maximum mobility (0) of
Klaassen model, besides the RSD were considered in simulations.
In general, the simulations results were quite accurate to
reproduce the experimental data. The analysis shows that it is
necessary to correct the carriers’ mobility behavior for Coulomb
and surface roughness scattering phenomena, and mainly their
dependence with channel lengths.

Fig.1. Simulated Triple Gate SOI FinFET.

Table 1 presents the characteristics of the simulated devices,
where L is the channel length, LEXT is the source and drain regions
length, WFIN is the fin width, HFIN is the fin height, NA is the p-type
doping concentration of channel region, ND is the n-type doping
concentration of source and drain regions, tox is the gate oxide
thickness, tbox is the buried oxide thickness and RSD is the source
and drain series resistance provided by [3]. The simulations were
performed with Shirahata’s mobility model to consider the
scattering by phonons (ph) and surface roughness (sr), combined
with the maximum mobility (0) extracted from simulation with
the Klaassen’s model to represent the scattering by Coulomb (c),
besides the RSD consideration as previously shown in [5]. A low
drain voltage bias (VDS=50mV) was used in simulations and gate
voltage (VGS) ranging from 0 to 1V. The IDSxVGS curves were
used to extract the effective mobility curves from
transconductance [2]. The IDSxVGS curves as well as the effective
mobility curves were used to analyze the differences between
experimental and simulated results.

2. Introduction
The FinFET (Fin-Field Effect Transistor) is a MOSFET
device with potential for future industrial application, because of
its good performance in nanometric dimensions [1]. The
continuous reduction of physical size in transistors of new
technologies brought particularities to the devices, such as the
existence of multiple gates and short channel effects, which cause
changes in the behavior of devices when compared to
conventional transistors. As a result the analytical models used to
describe the behavior of conventional devices usually cannot
describe with accuracy the phenomena of FinFETs. The carriers’
mobility is one of the most sensitive parameters to technology
changing, since it depends on the temperature, doping
concentration, crystallographic orientation and the applied electric
fields. Besides that, mobility is an important parameter to
determine accurately the current drive of MOS devices [2]. Based
on this context, it is worth to study the devices characteristics
applied to analytical mobility models, in order to investigate
which aspects are important to accurately reproduce the SOI
FinFETs behavior in device simulations.
This work does the analysis of the mechanisms and the
parameters in mobility models which generate differences
between the simulated drain current and some experimental data
already published [3].

Table I. Characteristics of simulated devices.
L (m)
0 (cm2/Vs)
LEXT (nm)
WFIN (m)
HFIN (m)

0,25
1020

1
1200
20
30
60

10
1300

NA (cm-3)
ND (cm-3)
tox (nm)
tbox (nm)
RSD (m)

1015
1020
2
145
170

4. Results and Discussion
Fig. 2 shows the normalized IDSxVGS curves for three different
channel lengths. It can be noticed that the device with L=1m is
the most accurate regarding all VGS range. Fig. 3 presents the
effective mobility curves versus VGS, where is also possible to
observe the good accuracy of simulation for L=1m. The
discussion of errors will be divided according to intensity of the
applied vertical electric field (En), which is proportional to VGS, as
follows.

3. Device Simulation
Fig. 1 shows the Triple Gate (TG) SOI FinFET simulated in
Atlas device simulator [4]. In [5] a comparative study of mobility
models used for FinFETs simulations was conducted, and it was
found that the combination of Klaassen and Shirahata mobility
models showed greater accuracy regarding the experimental
curves.
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This can occur due to the volume inversion, which was not taken
into account in simulations, or sr that is predominant in
moderated and high fields. Volume inversion can increase the
mobility in thin devices due to the deviation of the inversion
charges from the interfaces in direction to silicon body [1].
However, this phenomenon can be significant only on devices
with WFIN≤10nm [1].
So, in moderate and high fields the errors are mainly
attributed to sr, which is L dependent [1]. It can be observed in
the longer device the sr influence must start at lower En to result
in increased degradation of the mobility, and also the IDS. In the
smaller device the sr influence must start at higher En to reduce
the degradation of mobility and current, and then get a better
response on the experimental curves for VGS≥0.5V. This can be
corrected by the parameters E2 and p2 in Shirahata model [4],
which is related to sr.

16

IDS /(W/L) (A)

14

10m
1m
0.25m

L=
L=
L=
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8
6
4

Opened: Atlas Simulation
Closed: Experimental Ref. [3]
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Fig.2. Normalized drain current as a function of gate voltage.
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C. Analysis without field influence

200

As general discrepancies, the lateral diffusion influence can be
cited, which were not considered in simulations and changes the
effective lengths. This can directly influence IDS values and also
the degradation from series resistance. The different
crystallographic orientations can also contribute to the errors
obtained in the simulations. In TG FinFETs, the lateral channels
usually reach lower mobility values compared the mobility in top
channel [1]. But, as the devices tends to be thinner with scaling
process, the influence of top channel could be neglected with
time.

2
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350
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Fig.3. Effective mobility as a function of gate voltage.

A. Analysis at low fields

5. Conclusions

The low field mobility in simulations was calculated from
Klaassen model [4]. It can be observed in Fig. 3 that for the longer
devices (L=1 and 10m) the experimental behavior before the
maximum mobility is reproduced quite well. However, for the
device of L=0.25m, in Figs. 2 and 3, it is noticed that the
simulated curve starts the conduction before the experimental one.
This can occur due to short channel effects (SCE), corner effects,
trapped charges in the interface (Ni), or the extracted 0 of
simulation with Klaassen’s model. Regarding SCE, the natural
length () should be 10% higher than channel length to suffer of
such effects [1], but in this case the calculated  is around 5% of
L. About corner effect, it can reduce the threshold voltage (VT) in
TG devices but only for devices with NA≥1017cm-3 [1]. Ni can also
be neglected because when considered Ni=5x1010cm-2 in
simulations, the variation of the results was less than 5%, where in
the worst case the percentage error for this region were of 24%
with Ni, and 20% without Ni in the device with L=1m.
Hence, the errors at low fields are mainly attributed to the
Klaassen model, which could not accurately describe the c on the
TG FinFET with reduced channel length.

This paper presented a study on the errors obtained in SOI
nFinFETs simulations in Atlas Simulator. The analysis shows that
to improve the response of the simulations it is necessary to
evaluate the dependence of scatterings by Coulomb and surface
roughness as a function of the channel length. For low field
mobility, the errors were attributed to the Klaassen model, which
could not accurately describe the c on the TG FinFET with
reduced channel length. For moderated and higher fields the
errors were attributed to c, which is correlated with the channel
length and must be corrected by E2 and p2 parameters of the
Shirahata model.
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B. Analysis at moderated and high fields
For the device with L=10m it can be seen in Figs. 2 and 3
that for VGS≥0.6V the experimental curve suffers greater
degradation that the simulated curve. And the opposite behavior is
observed for the smaller device, where the simulated curve suffers
higher degradation that the experimental curve for VGS≥0.5V.
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comparing its value at higher temperature, the curves
show a difference in current concerning VBG, because
when the device is operating in accumulation mode
(VBG=-15V), the current is the largest one.
This can be explained by the fact that in inversion, there
is a higher recombination rate since the current is
specially composed by majority carriers, that are the
holes

1. Abstract
This paper addresses an analysis of the operation of
lateral SOI PIN photodiodes with different intrinsic
lengths in the 300 to 500 K range simultaneously
considering back-gate bias and temperature influences.
Experimental results showed that the mode of operation
changes the behaviour of the devices concerning dark
and photocurrents, while the temperature variation
produces different trades in photocurrent related to the
absorption length and the diffusion length variation.

Table I. Lateral SOI PIN technological parameters

LI
1 µm
2 µm
5 µm
10 µm
100 µm

2. Introduction

LTOTAL
249.16 µm
250 µm
249.4 µm
251.28 µm
204.08 µm

.

IDARK [A]

The detection of ultra-violet is used in many
application fields [1,2] with operating temperatures up
to 500K. The use of SOI PIN Photodiodes is required to
provide high quantum efficiency [3]. These devices
consist of highly doped P and N regions separated by an
intrinsic region (with light P-type residual doping) with
length LI. The characterized devices follow the 0.13μm
technology from ST described in [6]. They consist of
five devices with different intrinsic lengths (LI), but
keeping the same total area (ATOTAL) by changing the
numbers of fingers (m). Table I summarizes the main
lengths, including the total length (LTOTAL) and Figure 1
shows a schematic cross-section of the studied devices
that have a doping profile of P+P-N+.

m
105
75
39
22
2

1
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1E-3
1E-4
1E-5
1E-6
1E-7
1E-8
1E-9
1E-10
1E-11
1E-12
1E-13
1E-14
1E-15
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VD [V]
Fig.2. Dark current as a function of VD for different
VBG at T=300K, 400K and 500K

Fig.1. Cross-Section of PIN SOI Photodiode.

3. Measurements Results

In order to make a comparison between devices with
different intrinsic lengths, Figure 3 shows the total
diode current as a function of VD for a illumination
source of λ=400nm (ultra-violet wavelength). It is
shown that devices with smaller LI, have higher current
levels, because of the lower recombination rates and the
change in temperature, produces different built-in
potential, so the direct polarization starts at different VD.

Figure 2 shows the dark current of the device with
LI=5µm as a function of the anode voltage (VD) for
different back-gate voltages (VBG) and different
temperatures. One can note that the rise in temperature
produces larger levels of currents due to the elevated
thermal generation of carriers. It can be noticed as well,
that for room temperature (T=300K), the VBG variation
almost does not influence the dark current, but when
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Fig.3. Total current as a function of VD for different
intrinsic lenghts and temperaturas in accumulation
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3

5

In this work it was shown that the operation of PIN
photodiodes are strongly influenced by the intrinsic
length and temperature variation. Smaller devices with
many fingers presented higher current levels especially
in accumulation mode, but when comparing just one
finger, longer devices presented the best result, due to
the larger photosensitive area.

>T

2

4

4. Conclusions

VBG=-15V

1

3

LI [m]

VD=-1V
-10

2

Fig.5. Normalized photogenerated current as a
function of LI in inversion mode.

The influence of the numbers of fingers of the
devices can be seen in Figure 4 and Figure 5, where it is
shown the photogenerated current normalized by the
number of fingers as a function of intrinsic lengths for
two different situations: in accumulation and inversion
modes of operation respectively.
For both situations, the normalized photogenerated
current increases as LI is higher, because of the
increased photosensitive area.
One important fact that can be noticed when
comparing the two plots is that the behavior in current
with the temperature variation is the opposite. In one
hand, for accumulation mode (Figure 4), the current
decreases with temperature, and in the other hand, for
inversion mode, the current decreases with temperature.

10
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Fig.4. Normalized photogenerated current as a
function of LI in accumulation mode.
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1. Abstract
In this paper we studied the behaviour of gated PIN CMOS
photodiodes by varying intrinsic carriers concentration and gate bias. It
was observed that the flat-band voltage and the threshold bias varies
depending on the gate position,. Another valid observation was the
increase in the device current as the intrinsic concentration decreases.
Furthermore, the gate terminal provides high charge control, although it is
an obstacle to the light.

Fig.1. Cross-section of one finger of a PIN photodiode.

2. Introduction
Many light sensor devices operate using the photoelectric nature of
light. The light particle (photon) has an energy that can be absorbed by an
electron in the valence band, promoting its transition to the conduction
band. This free electron must be quickly separated from the hole by an
electric field to avoid recombination [1]. One of the most common
photosensor is the PIN photodiode. This device consists of a PN junction
separated by an intrinsic region (which in practice corresponds to a
weakly doped region). The gate terminal localized above the intrinsic
region can make the control of charges in the intrinsic region. Although it
implies reducing the photosensitive region, the control gate gives us the
possibility of inducing charges in the substrate in a convenient way, in
order to provide photocurrent control.

Fig.2. (A) Offset left: device with the gate adjacent to P+ region. (B)
Offset right: device with gate adjacent to N+ region. (C) Central gate:
gate in the middle of the device. (D) Dual gate: device with
simultaneous right gate and left gate. (E) Full gate: gate all over the
entire intrinsic region. (F) No gate: common lateral PIN photodiode,
with no gate.

3. Device characteristics

4. Results and discussion

The characterized devices were simulated using the 0.25μm ONSemiconductor Technology described in [2],. The main technologic
parameters are shown in Table 1, [3]. A cross-section of one finger of the
device can be seen in Figure 1.
Six types of devices were simulated. The first one can be seen in
Figure 2-A. It has a left offset gate, which is placed adjacent to the P+
region. In the same way, Figure 2-B and Figure 2-C represent the right
offset gate device and the central gate device respectively, placed adjacent
to the N+ region and exactly in the middle of the intrinsic region. Figure 2D shows de dual gate device, which has two gates adjacent to the P+ and
N+ regions, with a space with no gate in the middle. A typical gated
lateral photodiode can be seen in Figure 2-E where the gate is over the
entire intrinsic length. A no gate device was simulated as well (see Figure
2-F) for comparisons. These six lateral PIN junction devices were
simulated in order to study the difference in operational behaviour due to
the intrinsic concentration and gate bias .

In order to study the effects of the gate position in the devices, some
important parameters of MOS capacitors were calculated using equations
1,2,3 and 4. The values of threshold bias (VT), flat-band bias (VFB) and
the maximum depth of the depletion layer (dmáx) in function of the
intrinsic P-Type doping concentration are plotted in Figure 3.
(1)
(2)
(3)

(4)

Where ΦF is the Fermi potential, kT/q is the thermal potential, NA is
the doping concentration, ΦM is the metal gate work function, ΦS is the
silicon work function, εSI is the silicon permittivity, q is the elemental
charge, tOX is the silicon-oxide thickness, Qdepletion is the depletion region
charge (in Coulombs), QSS is the interface charge and εOX is the siliconoxide permittivity [4]
As can be seen in Figure 3, the intrinsic concentration increase causes
a decrease in the flat-band bias and an increase in the threshold bias. As
the intrinsic region is doped with P-type material, gate bias must have
positive values in order to generate electrons at the first interface. Thus, the
greater the intrinsic doping concentration, the greater required gate bias to
promote inversion. For this reason, the threshold voltage increases with
the intrinsic concentration rises. On the other hand, the flat-band voltage
decreases (in a lower rate) when there are more holes (or P-Type doping

Table I. Parameters of Lateral PIN diodes.

Parameters
P and N region width (LP and LN)
Intrinsic region width (LI)
Oxide layer thickness (tox)
Junctions thickness (tP,tN)
Intrinsic region doping concentration (NI)
P region doping concentration (NP+)
N region doping concentration (NN+)

6.5 µm
11 µm
13.8 nm
0.15 µm
6x1016cm-3
1x1019cm-3
1x1020cm-3
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Figure 4 shows the photogenerated current under light incident of
637nm of wavelength as a function of the gate bias for several different
intrinsic concentrations for the full gate device. At first sight, one can
observe that there is an increase in device current when intrinsic doping is
low. This is a consequence of the reduction in the recombination rate of
photogenerated carriers, increasing the amount of electrons separated by
the electric field. This same trend is observed in the device with a gate
adjacent to the N + region (Right Gate), as can be seen in Figure 5.
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Fig.7. Total current of the device in function of the gate bias.

Another point observed in the simulations was that the Right-Gate
device presented higher current level than the Full-Gate device. Although
the Full Gate promotes a wider depletion region, it is a huge obstacle to
the incidence of light, creating a trade-off between great charge control on
the first interface and incident light obstacle. In Figure 5 can be seen that
under positive gate bias, reducing the concentration of intrinsic 1x1013cm-3
to 1x1012cm-3 we have a reduction in the current level. It is possible that
lower concentrations also causes more pronounced reductions, This fact
leads us to conclude that there is an optimal value of intrinsic
concentration, which results in a maximum current. Probably, this value is
situated between 1x1013cm-3 to 1x1012cm-3. It is more likely that in this
polarization, the carriers concentration is so low that the resistance in the
depletion region increases until a point where the current reduces.
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2.40E-011
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-1

2

3.60E-011

Fig 3. Flat-Band bias, Threshold bias and maximum depletion
region depth in function of the intrinsic region doping. Source [4]
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is higher). The increase in the intrinsic concentration, promotes another
important effect, the decrease of the maximum depletion region depth,
since it becomes more difficult to neutralize all the holes.
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3

VG [V]

Fig.4. Total current of the device in function of the gate bias varying
the doping concentration of the intrinsic region.
4.00E-011

5. Conclusions

3.50E-011

Through simulations, it has been noted that the flat-band bias, as well as
the maximum depletion region depth, are reduced as the intrinsic
concentration increases. The opposite happens with the threshold bias,
which is increased with the doping increase. The simulations have shown
that the carriers recombination decreases when we have fewer holes in the
material. This was borne out by generating a curve of current as a function
of intrinsic concentration. We also observed that Right-Gate and FullGate devices had a similar behavior concerning to VG, just as happened
with the Left-Gate and the Central-Gate. It was found that the gate
provides higher charge control, although promoting a reduction in current
level due to opacity of the gate material, which prevents the light to
achieve the silicon material.
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Fig.5. Total current of the device in function of the gate bias varying
the doping concentration of the intrinsic region.

Also we can note in Figure 5 that both Right Gate and Full Gate have
the same behavior concerning gate bias variation. When the gate bias
(VG) reaches values between -2 and -1 volts, a gradual increase of the
current level happens. This variation becomes less pronounced and
occurs in a wider gate bias range when the intrinsic concentration
decreases. This happens due to the remoteness of the flat band bias and
threshold voltage as shown in Figure 3. Figure 6 shows the total current
as a function of the gate bias for the Left-Gate device (A) and the CentralGate device (B). The same trend observed in the devices of Figures 4 and
5 is presented here. The greater de intrinsic concentration, the smaller the
current level. On the other hand, the current level gradually changes in the
range of -2V and -1V of VG because there is a variation in the current, but
there is no increase in its level. It is interesting to note that the Full-Gate
and Right-Gate devices behave the same way, analogously to the LeftGate and Center-Gate, which behave similarly as well. This can be seen in
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dimensional numerical simulations of JNTs implemented on
SOI technology considering double (DG) and triple (TG)
gate topologies. As shown in Fig. 1B, the double gate
devices are simulated with a thick top gate oxide thickness in
order to avoid the influence of the top gate. Figs. 1C and 1D
presents the front and the perspective view of the triple gate
architecture.

1. Abstract
In this work a comparison of short channel effects
occurrence in junctionless nanowire transistors with double
and triple gate structures is performed through three
dimensional numerical simulations. The threshold voltage
roll-off, degradation of the subthreshold slope and DIBL are
considered as figures of merit in this work.

2. Introduction
In order to continue the CMOS roadmap, different
technologies have been proposed by the scientific
community in the past few years. Different structures and
topologies have been studied to find the best performance
such as their digital and analog behavior, power
consumption and cost of fabrication. Whatever the
technology target of study, great scalability is always
requested in order to increase the number of devices per area
in the chip. On the other hand, the reduction of the
dimensions of transistors may cause some problems known
as short channel effects (SCEs) [1]. For example, Silicon-onInsulator (SOI) technology [2], multiple gate devices [3] and
junctionless nanowire transistors (JNTs) [4] have been
developed to reduce short channel effects.
The multiple gate architectures have been of great
interest of study, once the charges in the channel region are
better controlled by the gate, which reduces the SCEs and
allows stronger scaling in comparison to planar transistors
[3].
JNTs are characterized by being a stripe of silicon
uniformly doped from source to the drain as shown in Fig.
1A. Besides facilitating the fabrication of nanometric
transistors, once they do not have sharp junctions between
channel and source/drain, these devices have shown
advantages over inversion mode transistors in both digital
and analog applications [5, 6].
The operation mode of JNTs can be divided in three
modes, which are full depletion, partial depletion and
accumulation. When applied a gate voltage (VGS) lower than
the threshold voltage (VTH), the channel region is fully
depleted and the device is turned off. When VGS is between
VTH and the flatband voltage (VFB), the depletion starts to
reduce from the center of the silicon layer leaving a neutral
region, a body current appears and the device is turned on.
When VGS > VFB, there is an accumulation regime at the
surface, no depletion is observed and a surface current starts
to flow [7].
This work presents a comparison based on three

(A)

(B)

(C)
(D)
Fig.1. A: JNT cross section; B: Front view of 2G transistor;
C: Front view of TG transistor; D: 3G transistor perspective.

3. Devices Characteristics and Simulator
The JNTs have been simulated with Sentaurus Device
Simulator, from Synopsys [8], presenting uniform N-type
doping concentration of 5×1018cm-3 in channel region and Ptype polysilicon as gate material. Besides that, all transistors
have the geometrical dimensions indicated in Table I.
Table I. JNTs physical dimensions used in simulations.
Parameter
3G JNT 2G JNT
Top gate oxide thickness (tox,top)
2
40
Lateral gate oxide thickness (tox,lat)
2
2
Fin height (H)
10nm
100nm
Buried oxide thickness (tBOX)
100nm
Fin width (W)
20
Total channel length (L)
From 30 to 1000nm

In these simulations, it has been considered different
models, which describe the carriers’ mobility dependencies
on the doping concentration, temperature, normal electric
field, velocity saturation of the carriers in high electric fields,
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dependence of the bandgap narrowing and recombination on
the doping concentration. For all the simulations the
temperature was set at 300K.

300

DIBL [mV/V]

250

4. Results
Fig. 2 shows the drain current normalized by the
effective channel width (Wef = 2×H for 2G and Wef = 2×H+
W for 3G) versus the gate voltage of triple and double gate
JNTs, for VDS=50mV. The results are presented in
logarithmic scale so it is possible to observe the stronger
degradation of the subthreshold characteristic in the 2G
devices. Moreover, due to the differences in VTH and the
stronger degradation of the subthreshold slope (S), 2G JNTs
present off state current (IOFF defined here as IDS at VGS =
0V) several orders of magnitude higher than the 3G JNTs.

IDS/Wef [A/m]

5E-5

5E-5

5E-6

5E-6
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VDS=50mV

5E-9

2G JNT

5E-10
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VTH,1- VTH,2
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VDS,2 - VDS,1

100
50

L[nm]

1000

From the results presented in Fig. 3, it is possible to note
that the effects caused by reducing the total channel length
are much stronger in 2G than in 3G JNTs. For VTH the
degradation is two times higher in the worst case, L = 30nm,
and it is 175% and 280% higher for S and DIBL,
respectively. Besides this, one can observe that the SCEs
become apparent in the curves of Fig. 3 for transistors
shorter than 80nm. Moreover, from 80nm to 1000nm the
degradation of the parameters is quite similar between the
2G and 3G JNTs studied.

5E-8

5E-8

280%

150

Fig.3. VTH (A), S (B) and DIBL (C) vs L for 2G and 3G JNTs.
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L reduction
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5E-4

April 9 - 10, 2015, São Bernardo do Campo

5. Conclusions
This work has presented a comparison between the
SCEs in 2G and 3G JNTs through the analysis of
simulations where VTH, S and DIBL parameters have been
extracted for several channel lengths.
With this work we could observe that the influence of
the top gate in the channel region may reduce very
significantly VTH roll-off, S and DIBL degradation,
improving scalability and performance. For S we have
shown an improvement of 175% on the subthreshold slope
obtained for 2G JNTs with L of 30nm.

2.0

VGS [V]

Fig.2. IDS/Wef vs VGS with VDS=50mV for 3G and 2G JNTs.

Figs. 3 show the results extracted for VTH, S and DIBL
as a function of L for 2G and 3G JNTs. VTH and S have been
obtained from the IDS-VGS curves at VDS = 50mV, while
DIBL has been calculated according to the expression
indicated in Fig. 3C, where VTH,1 and VTH,2 are the threshold
voltages extracted at VDS,1 = 50mV and VDS,2 = 1.5V.
0.8
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parameters from C-V characteristics measured in
parallel with G-V characteristics.

1. Abstract
Thin silicon oxynitrides (2.42nm) were grown by
rapid thermal oxidation (RTO) in ultrapure nitrogen and
oxygen (5N2:1O2 ratio) at 850°C. Using this recipe, high
levels of leakage current were obtained (> 10-3A), so
that, the accumulation capacitance ceases to be constant
and stationary deep depletion starts to occur. The
modelling of the leakage current pointed out to currentvoltage characteristics consistent with MOS tunnel
diodes for large areas of 250m x 250m and 700m x
700m.

4. Electrical Modeling
C-V curves were modeled by the electrical circuits
shown in Fig.1., where 𝐶𝑂 is the accumulation
capacitance, 𝑌𝑐 is an admittance that represents a
leakage process [4], 𝑅𝑆 [5] is the series resistance
associated to the silicon substrate, 𝑅is a series resistance
intentionally introduced in order to limit the leakage
current and aiming to extract C-V and G-V curves for
capacitors with 700m in length (for capacitors with
length of 250m 𝑅 = 0), 𝐶𝑆 is the silicon capacitance,
𝐶𝑀𝐷 is the measured capacitance and 𝐺𝑀𝐷 is the
measured conductance.

2. Introduction
Due to a constant need in reducing the dimension of
MOS devices without loss in performance, ever more
thin gate oxides has been employed in the fabrication of
metal-oxide-semiconductor (MOS) structures including
alternative devices such as MOS tunnel diodes. [1]. On
the other hand, the thickness reduction causes some side
effects such as tunneling current [2] through the oxide
and deep depletion in the silicon body [3].
Both effects will be studied in more detail in this
article by obtaining curves of the Capacitance-Voltage
(C-V) and Conductance-Voltage (G-V), besides an
electrical modeling and detailed calculations to
determine parameters of interest.

Fig.1. (a) Electrical model considering the leakage current
through the MOS structure and (b) capacitance and
conductance measured at the accumulation region.

3. Experimental

Since the leakage current was around 10-3 A at
accumulation, 𝐶𝑂 is short-circuited in the model
because the leakage is very high through the oxide
(infinite admittance). As a result, considering equal
impedances for circuits in Figs. 1 and 2, we can deduce
a simple expression for silicon capacitance (𝐶𝑆 ) as
follows:

For the fabrication of MOS capacitors, it was used
Si wafers (100) p-Type with resistivity ranging from 1
to 10cm and cleaning was performed According to the
following steps: H2O DI rinse during 5min; Immersion
in a 4 H2O + 1 H2O2 (30%) + 1 NH4OH (35%) solution
at 90°C during 15min; H2O DI rinse during 5min;
Immersion in a 4 H2O + 1 HCl (36.5%) solution at 90°C
during 15min; H2O DI rinse during 5min; Dip in 80
H2O + 1 HF (49%) solution during 100s; H2O DI rinse
during 5min and finally drying in ultrapure N2.
Following, the thin (2.42nm) gate oxide (SiO2) was
grown by RTO using a mixture of 5N2:1O2 at
850C°.Then, 200nm-aluminum films were deposited by
thermal evaporation onto this ultrathin oxides. Finally,
lithography was performed to define the square MOS
capacitors areas with 250m and 700m in length.
MOS capacitors were electrically characterized with
the aid of HP 4280 C at 1MHz or Agilent E4980A
Precision LCR Meter at 1MHz in order to obtain

𝐶𝑆 =

𝐺𝑀𝐷 ²+(𝜔.𝐶𝑀𝐷 )²
𝜔²𝐶𝑀𝐷

(1)

And, a simple expression for series resistance (𝑅𝑆 ),
given by:
𝐺𝑀𝐷
𝑅 + 𝑅𝑆 = 𝐺 ²+(𝜔.𝐶
(2)
)²
𝑀𝐷

𝑀𝐷

Where 𝜔 = 2𝜋𝑓. Knowing the 𝐶𝑆 values found in
(1) we can obtain the values of the width of the
depletion region (𝑊𝐷𝑀𝐴𝑋 ) at the invesion using the
following expression [3]:
𝜀0 𝜀𝑆𝑖 𝐴𝑔
𝑊𝐷𝑀𝐴𝑋 = 𝐶
(3)
𝑆

29

SEMINATEC 2015 - X Workshop on Semiconductors and Micro & Nanotechnology

where 𝜀0 is the relative permittivity, 𝜀𝑆𝑖 is the silicon
permittivity and 𝐴𝑔 is the area of the capacitor.
Finally, from the WDMAX values, we can stablish or
not if deep depletion occurs. In addition, the substrate
doping (𝑁A ) was obtained as follows [3]:
1
(4)
𝑁𝐴 =

WDMAX. It is noteworthy that the high level of leakage
current establishes a stationary deep depletion in the
silicon since WDMAX was systematically higher than WD
(equilibrium value of the depletion width). At the
inversion region the leakage process is shielded by the
depletion region, so that, the leakage current decreases
from ~10-3A to the ~10-6 A for the square MOS
capacitors, 700m in length. Therefore, the gatedielectrics structures are working as MOS tunnel diodes.

𝜌 𝜇𝑝 𝑞

where 𝜌 is the resistivity, 𝜇𝑝 is the holes mobility and 𝑞
is the effective charge of the electron. Using (4) we also
extracted the equilibrium value of the depletion width in
order to compare it with the stationary value of the deep
depletion [3]:
𝑊𝐷 = √

2 𝜀0 𝜀𝑆𝑖 1
𝑞

𝑁𝐴

April 9 - 10, 2015, São Bernardo do Campo

Table I. CS, R+RS and WDMAX as extracted from the modelling
250m
700m
Sample A1 Sample B1 Sample A2 Sample B2

(5)

𝐶𝑀𝐼𝑁 (pF)

3.480.19

3.250.33

41.72.1

42.30.02

0.00

12.61.8

15.32.7

3.430.09

41.82.1

42.50.3

𝐺𝑀𝐼𝑁 (𝜇 S)

0.00

5. Results and Discussion

𝐶𝑆 (pF)

3.480.19

Fig. 2 and Fig. 3 show C-V and G-V curves for
square MOS capacitors, 250m and 700m in length,
respectively.

𝑊𝐷𝑀𝐴𝑋 (𝜇𝑚)

𝑅 + 𝑅𝑆 (Ω)
-3

0.00
1.880.18

0.00

17721

21538

1.890.05

1.250.12

1.190.01

𝑁𝐴 (cm )

0.18 – 1.79 E16

𝑊𝐷 (𝜇𝑚)

0.27 – 0.85

6. Conclusions
In conclusion, thin silicon oxynitrides (2.42 nm)
were grown by rapid thermal oxidation (RTO) in
ultrapure nitrogen and oxygen (5N2:1O2 ratio) at 850°C
and high levels of leakage current were obtained (> 10 3
A), so that, the accumulation capacitance ceases to be
constant and stationary deep depletion starts to occur.
The modelling of the leakage current pointed out to
current-voltage characteristics consistent with MOS
tunnel diodes for large areas of 250m x 250m and
700m x 700m.

Fig.2. C-V and G-V curves for square MOS capacitors,
250m in length.
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Fig.3. C-V and G-V curves for square MOS capacitors,
700m in length.

Thus, we can assume that the accumulation
capacitance is being short-circuited. Based on the model
in Fig. 1, it was extracted CS, R+RS and WDMAX.
Table I shows the extracted CS, R+RS, WD and
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dose.
Due to thermal annealing at room temperature, all
data used in the analysis were extracted 168 hours after
the irradiation [2, 3]. Threshold voltage was extracted
using the second derivative method.
The nMOS was biased with VGS = 3.17 V and
VDS = 815 mV. The pMOS was biased with
VGS = -3.17 V and VDS = - 1.39 V.
Figure 2 shows the electrical circuit used to bias the
nMOS and pMOS devices. A development board based
on ARM Cortex-M0+ was used to apply the VG voltage
while an ADC pin was used to read the VR voltage
which is proportional to the drain current I D. Estimated
drain current was shown in a LCD display, so it was
possible to observe how the drain current changed
during irradiation of the device (Fig. 3).

1. Abstract
The ionizing radiation from radiation sources can
affect electronic devices in multiple ways. The ionizing
radiation generates electron-hole pairs in the oxide and
in the Si/oxide interface of the MOS structure, which
may change some parameters of the device, such as
threshold voltage and carrier’s mobility [1, 2]. The way
the electron-hole pairs are generated and trapped in the
oxide defects depends on the electric field in the oxide,
which interferes in the current of charge carriers in the
depletion region. The electric field may have different
directions regarding the channel type of the device [1,
2].
In this work, we evaluate the damage of ionizing
radiation on P and N type MOSFETs and show how
bias voltages (VGS and VDS), during the irradiation,
affects the damage imposed on the device.

2. Methodology
The off-the-shelf IC CD4007 was used as a sample.
This IC contains 3 CMOS logic inverter and all of its
six MOSFETs may be biased individually.
The devices under test (DUT) were irradiated using
the X-Ray diffractometer Shimadzu XRD-7000 (Fig. 1)
with the following setup: effective energy of 10 keV
and a dose rate of 96 (5) rad(Si)/s. The table 1
summarizes the experimental setup and overall status.
Table I. Experimental setup and status.

IC
11
12

Dose Rate
(rad(Si)/s)
96 (5)
96 (5)

Total Dose
Accumulated
100 krad
100 krad

Device
Biased
nMOS
pMOS

15

96 (5)

100 krad

-

Fig.2. Electrical circuit used to bias the devices.

DUT

Fig.3. Electrical circuit used to observe drain current in
real time.

3. Results

Fig.1. The X-Ray Diffractometer setup for irradiation.

The IDS-VGS curves were extracted using specific
equipment for electrical characterization. The DUTs
were analyzed before and after accumulating radiation

Figure 4 presents ID-VGS characteristic curves for
the nMOS and the pMOS devices in the biased and in
the unbiased conditions during irradiation. The results
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may be interpreted as follows. The electric field
generated in the oxide due to the voltage applied to the
device affects the behavior of the electron-hole pairs
that are generated by ionizing radiation. With no bias
voltage, the electrons flows through the gate terminal
and the holes are trapped in the oxide traps and interface
traps [4]. The electric field’s direction depends on the
device’s type. In the nMOS, the electric field push more
holes towards the interface traps, which increases the
drain current. In the pMOS, the opposite effect occurs.
The electric field pulls more holes towards the gate
terminal, which makes the threshold voltage lower.
Fig.6. VTH as a function of total accumulated dose for
biased and unbiased pMOS.

4. Conclusions
The results suggest that ionizing radiation effects on
MOSFETs depends on the presence or absence of bias
and on the type (P or N) of the device,. This is an
important fact to bear in mind when evaluating the
worst-case scenario. The results show that the worstcase scenario for nMOS is when a bias voltage is
applied in the device while the worst-case scenario for
pMOS is when no bias voltage is applied.

Fig.4. ID-VGS curve for nMOS and pMOS devices on
biased and unbiased conditions.

Regarding the shift of the threshold voltage (VTH),
the shift was greater for nMOS biased and lower to the
pMOS biased. This means that the worst-case condition
depends on the type of the device (Fig.5 and Fig.6).
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Lengths Effect (PAMDLE) and 3 - Deactivate the
Parasitic MOSFETs in the Bird’s Beak Regions Effect
(DEPAMBBRE) [3].

1. Abstract
This paper performs an experimental comparative
study between the OCTO SOI MOSFET (octagonal gate
geometry) and its derivations (different angles) as a total
ionizing dose (TID) effects mitigation strategy. After a
TID equal a 600 krad were analyzed the leakage current
(ILEAK) behaviour in order to indicate the better
configuration for digital applications in radioactive
environment. The α angle equal to 53.1° achieved
promising resultsfor low power and low voltage
applications due ILEAK reduction in function of the TID.

3. Device Description
The OSM is an evolution of diamond SOI MOSFET
(designed with a hexagonal gate style) through a cut
factor “c” defined as a percentage reduction on the
edges of hexagonal channel region, resulting in an
octagonal gate. The OSM can be design with different α
angles (in the metallurgical junction) as indicated in Fig
1a by the symbol “α”. Fig 1a, 1b and 1c represent the α
angle equal to 53.1°, 90° and 126.9°, respectively. All
devices showed in Figure 1 adopt the same cut factor
“c” (equal to 25%) and channel width “W” (equal to
30μm) and shorter dimension “b” (equal to 5μm). In
Fig. 1c, b (equal to 5μm) and B (equal to 16.5μm) are
respectively the shorter and longer dimensions of the
channel length (L). In Figs 1a and b the B value are
equal to 50μm and 27.5μm respectively.

2. Introduction
The OCTO Fully Depleted (FD) Silicon-On
Insulator (SOI) technology, also called OSM, combine
into one device architecture most advantages needed for
mainstream applications allowing low power, high
performance and radiation robustness at the same time
[1, 2 and 3]. SOI technologies have already
demonstrated their ability to mitigate Single-Event
Effects (SEE) due to their structure [4]. However
radiation effect studies dedicated to total ionizing dose
(TID) effects in FDSOI technologies have highlighted
that radiation-induced positive charge trapping into the
buried oxide (BOX) directly impacts the main currentvoltage characteristics [5, 6, 7], through electrostatic
coupling effects [8] inherentto this particular device
architecture.
This was identified asa main drawback for the use of
FDSOI technologies for radiationdedicated applications.
However, this TID sensitivitycan be mitigated in OSM.
The threshold voltage shift of FDSOI n-type is strongly
correlated with chargetrapping in the buried oxide.TID
induces negative threshold voltage shifts in FDSOI
transistors since the radiation-inducedtrapped charges
are mainly positive.
Thinner buried oxides, which areless dose sensitive
than thicker ones, not necessarily improve theradiation
hardness of fully depleted transistors because of the
higher coupling effect. The lateral parasitic transistor is
more affected by the buried oxide charge trapping than
the main active transistor.
Considering the OSM devices that have your
channel region changed from a rectangular design
(standard device) to octagonal arises three special
effects: 1- Longitudinal Corner Effect (LCE), 2 -Parallel
Association of MOSFETs with Different Channel

(a)

(b)

(c)

Fig.1. Octo device with angles equal to 53.1° (a), 90° (b) and
126.9° (c)

4. Experimental Details
All samples (n-channel FD SOI MOSFET) were
manufactured in the WINFAB clean rooms of the
Université catholique de Louvain (UCL), Belgium, with
tox, tSi and tBOX equal to 30 nm, 80 nm and 390 nm,
respectively and the channel and drain/source doping
concentrations equal to 6.1016 cm-3 and 1.1020 cm-3,
respectively. The supply voltage of this CMOS
technology is equal to 5V.
The analyzed transistors are irradiated in a floating
condition [9] and on wafer at room temperatureusing
10-keV X-rays at a constant dose rate of 23.5krad/min
(392rad/s) by a Shimadzu XRD-7000. Static electrical
measurements are performed using a Keithley 4200
after each irradiation step from 500 krad to 600 krad
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with steps of 50 krad.
Previous works also demonstrate the benefits by
using the octagonal device in non-radioactive
environment as well in environment with ionizing
radiation [1, 2, and 3]. However, this paper aims to
show the impact of the angle αon the leakage current
(ILEAK) after a total ionizing dose equal to 600 krad.

bird’s beak region (DEPAMBBRE effect) and lower
perimeter than the others devices Consequently, the α
angle equal to 53.1° of the OSM allows alow power and
high performances at the same time for radioactive
environment applications.

5. Experimental Results
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Figure 2 exhibits the transfer characteristics curves
of OSM before and after irradiation with drain biased at
3.0V considering α angles equal to 53.1°, 90° and
126.9°

References
[1] Fino, L.N. S., Renaux C., Flandre D., and Gimenez S. P,
“Experimental Study of the OCTO SOI nMOSFET and Its
Application in Analog Integrated Circuits”, ECS Trans., v.49,
p.527-534, 2012.
[2] Fino, L.N. S., Silveira, M. A. G., Renaux C., Flandre D.,
and Gimenez S. P.. Improving Unit Voltage Gain Frequency
of Integrated Circuits by Using OCTO Layout Style. In:
EUROSOI 2013: Ninth Workshop of the Thematic Network
on Silicon on Insulator Technology, Devices and Circuits,
Paris. EUROSOI 2013, 2013;
[3] Fino, L.N. S., Silveira, M. A. G., Renaux C., Flandre D.,
and Gimenez S. P. “Total Ionizing Dose Effects on the Digital
Performance of Irradiated OCTO and Conventional Fully
Depleted SOI MOSFET. In: Radiation Effects on Components
and Systems, 2013, RADECS 2013. London.
[4]V. Ferlet-Cavrois, P. Paillet, M. Gaillardin, D. Lambert, J.
Baggio, J.R. Schwank, G. Vizkelethy, M. R. Shaneyfelt, K.
Hirose, E.W. Blackmore,O. Faynot, C. Jahan, and L. Tosti,
“Statistical analysis of thecharge collected in SOI and bulk
devices under heavy ion and proton irradiation – Implications
for digital SETs,” IEEE Trans. Nucl. Sci., vol.53, no. 6, pp.
3242–3252, Dec. 2006.
[5] W. C. Jenkins and S. T. Liu, “Radiation response of fullydepletedMOS transistors fabricated in SIMOX,” IEEE Trans.
Nucl. Sci., vol.41, no. 6, pp. 2317–2321, Dec. 1994.
[6] P. Paillet, M. Gaillardin, V. Ferlet-Cavrois, A. Torres, O.
Faynot, C.Jahan, L. Tosti, and S. Cristoloveanu, “Total
ionizing dose effects ondeca-nanometer fully depleted SOI
devices,” IEEE Trans. Nucl. Sci.,vol. 52, no. 6, pp. 23452352,
Dec. 2005.
[7] J. R. Schwank, M. R. Shaneyfelt, P. E.Dodd, J. A. Burns,
C. L. Keast,and P. W. Wyatt, “New insights into fully
depleted SOI transistor responseafter total-dose
irradiation,”IEEE Trans. Nucl. Sci., vol. 47, no.3, pp. 604–
612, Jun. 2000.
[8] H. K. Limand J. G. Fossum, “Threshold voltage of thin
film silicon-oninsulator(SOI) MOSFET’s,” IEEE Trans.
Electron Dev., vol. ED-30,no. 10, pp. 1244–1251, Oct. 1983.
[9] A. Griffoni, S. Gerardin, P. J. Roussel, R. Degraeve, G.
Meneghesso, A. Paccagnella, E. Simoen and C. Claeys, “A
Statistical Approach to Microdose Induced Degradation in
FinFET Devices,” IEEE Trans. Nucl. Sci., vol. 56, no. 6, pp.
3285-3292, December, 2009.
[10] P. C. Adell, H. J. Barnaby, R. D. Schrimpf, and B.
Vermeire, “Band-to-Band tunneling (BBT) induced leakage
current enhancement in irradiated fully depleted SOI devices,”
IEEE Trans. Nucl. Sci, vol. 54, no.6, pp. 2174–2180,2007.

IDS/ (W/L)(A)

-2

10
VDS=3.0V
-3
10
-4
10
-5
10
-6
10
-7
10
-8
10
-9
10
-10
10
-11
10
-12
10
-2

OSM 90° pre
OSM 53.1° pre
OSM 126.9° pre
OSM 90° TID
OSM 53.1° TID
OSM 126.9° TID

0

VGS(V)

2

4

Fig.2. IDS/(W/L) vs VGS characteristics of the OSM before the
irradiation (filled symbols) and after the irradiation (open
symbols), considering TID equal to 600 krad and VDS=3.0V
and angles equal to 53.1° (red lines), 90° (black lines) and
126.9° (green lines).

Analyzing Figure 2, we can observe that after the
total ionizing dose irradiation the leakage current
(ILEAK,VGS=-2.0V) of the OSM with α=90° and
α=126.9° increased 8.27 times and 2.28 times,
respectively. These results are mainly due to the buildup
of oxide-trapped charge in field oxides that triggers the
parasitic lateral conduction with the same results of the
standard device [3, 10]. On the other hand, the opposite
effect occurs in the OSM with α=53.1°, when the ILEAK
decreased 2.76 times due the Deactivate the Parasitic
MOSFETs in the Bird’s Beak Regions Effect
(DEPAMBBRE). Also was observed that the leakage
current has a perimeter and α angle dependence.
Increasing the angle and consequently the perimeter,
occurs the increase of the I LEAK.

6. Conclusions
This paper focuses to show the octagonal device as a
TID hardening strategy in function of the layout
configuration. On this way, was found that OSM with α
angles higher than 53.1° showed an ILEAK behavior
similar than the standard device, i. e., with the increase
in function of the TID. Nevertheless, the ILEAK of OSM
with α angle equal to 53.1° was decreased in function of
TID due the non-activation of parasitic transistors in the
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1. Abstract

A. The Low Voltage Oscillator

This work describes a power converter that is able to
operate with the voltage of a single photovoltaic cell or
other source that generates similar voltage. A prototype
was assembled that starts with a minimum supply of
620 mV and can generate an output of 5.6 V into a 1m
W load. The circuit uses a chip in 0.6 µm CMOS
technology from CEITEC.

The low voltage oscillator is based on the inductive
load ring oscillator [1]. For the case in use, when N=2, it
is also known as cross-coupled oscillator [2]. With the
use of inductors, this topology is able to reduce the
minimum supply voltage and to boost the oscillation
amplitude beyond the supply rail [3].
In this work, the circuit operates as astable
multivibrator. All inductors are mutually coupled.
Simulations showed that the power efficiency is higher
in this case than that when the load is coupled with just
one side of the oscillator.
M0 and M1 are large transistors, in order to present
low resistance when conducting and hence to improve
the efficiency. Due to this low resistance, R0, R1 and
R2 were introduced to represent the losses of the
inductors, this way achieving a more realistic model of
the circuit.
L2 feeds the next block, the negative voltage
converter, with an amplified version of the oscillator
waveform, due to the high turns’ ratio.

2. Introduction
Some energy sources, like thermopiles and
photovoltaic cells, generate too low voltages to be
directly connected to electronic circuits. Usually, to
solve this problem these sources are stacked in order to
reach the minimum useful voltage. This approach
however brings some problems. In a group of
photovoltaic cells, the efficiency is demanded by the
weakest. It would be interesting that the power be
extracted from single cells, delivering this power in
parallel to the load and therefore reaching higher overall
efficiency.
This work proposes a circuit dedicated to solve this
problem. It uses a chip constructed in 0.6 µm CMOS
technology from CEITEC and a magnetic circuit.
Section 3 describes the circuit. Each block of the
circuit is explained in details. The prototype and
experimental results are presented in Section 4 and 5
respectively. Section 6 brings the conclusions and
discusses future works.

B. The Negative Voltage Converter
This block has the purpose of converting the
negative half waves into positive ones, thus behaving as
full-wave rectifier. This conversion works as follows: a
high voltage potential at VS+ leads to the conducting
stage of M4 and M3. Thus current can flow from VS+
over M4 to the output and then back to VS- over M3. In
the opposite voltage case M5 and M2 are conductive.
More details of this circuit can be found in [4].

3. The Low Voltage Converter

C. The Voltage Regulator

The circuit is composed by three blocks: a low
voltage oscillator, the negative voltage converter that
behaves as a full-wave rectifier and the voltage
regulator (Fig. 1).

The block above described cannot be used to charge
a storage capacitor, because the current direction is not
controlled and current back flow occurs.
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Fig. 3 shows the main waveforms for this
experiment.

Due to this a second stage is necessary to realize a
useful rectifier [4]. Junction diodes are not available in
standard MOS technology. The solution was the use of a
transistor to control the current flux.
The transistor chain (M6 to M11 in Fig. 1) acts as
Zener diode to M12, with the voltage drop finely
adjusted by R6. M12 only conducts when the input
voltage is higher than the voltage at the load capacitor
by Vth, the threshold voltage of the transistor. Together
with the voltage drop at the transistor chain, this defines
the output voltage.
However, M12 is still a bidirectional device and
reverse conduction can occur with the adequate
situation. This happens when the input is lower than the
output voltage by Vth. Since the original waveform
tends to be a square wave, the rectified waveform is
close to a DC voltage. Thus voltages at the input that
could lead to reverse conduction occur only for a short
time, when they occur.

Fig.3. Experimental waveforms for 600 mV power supply: 1Voltage at VS+ (2 V/div), 2- Voltage at VS- (2 V/div), 3Differential voltage at L2 (5 V/div), 4- Ripple at output (50
mV/div), 5 Voltage at the drain (1 V/div).

6. Conclusions and Future Works
The circuit was able to operate with a voltage
equivalent to that generated by a single photovoltaic cell
and supply levels of voltage and power compatible with
most of electronic circuits. The circuit however can
have its efficiency greatly improved with the
optimization of the dimensions of the transistors,
especially those from the negative voltage converter and
the pass transistor (M12).
It is possible also that the circuit works better at a
lower frequency, when the waveforms get closest to
square waves. This could help to minimize the reverse
conduction, as explained in the description of the
voltage regulator.
Another circuit is being prepared, that could operate
with supply voltages as low as 40 mV.

4. The Prototype
The prototype used the chip tv_devices_05,
constructed in 0.6 µm technology from CEITEC (Fig.
2). Dimensions of the transistor from Fig. 1 are shown
in Table I. Inductors were mounted in an EE type ferrite
core with gap. Values are shown in Table II, for a
frequency of operation of 200 kHz.
Table I. Dimensions of the transistor of tv_devices_05.
M0 and
M2 to
M6 to
Transistor
M12
M1
M5
M11
W/L(µm/µm) 128000/1 500/0.6
10/0.7
100/0.7
Table II. Parameters of the magnetic circuit.
L0 and R0 and
L2
Component
L1
R1
Value
9 µH
200 mΩ
780 µH
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Fig.2. Layout of chip tv_devices_05 (length and width not to
scale).

5. Experimental Results
The circuit was able to start operating with a power
supply of 620 mV. It could deliver 1 mW with an output
of 5.6 V for a 700 mV supply and a load of 30 kΩ in
parallel of 47 nF. After starting, the circuit keeps
working when the supply voltage is lowered to 500 mV.
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produced by Lumerical [5]. Fig.1 sketches the
transmitter (TX) and receiver (RX) building blocks.
As fundamental building blocks of the TX (Fig.1a)
we considered a pseudo-random bit sequence generator
(PRBS), a pulse generator set to non-return to zero
modulation (NRZ) format, the laser (in continuouswave configuration), an amplitude modulator and the
measured S-parameter matrix input element.
For the optical RX (Fig.1b), we considered as
building blocks the photodiode, an electrical low-pass
Bessel type filter (LPF) with cut-frequency at the 75%
of the bit-rate and a measured S-parameter input
element for the photodiode. Results were analysed with
the help of a bit-error rate tester with eye-diagram
function.
We considered the complete chain when TX and RX
were connected to generate what we expect to be the
result of an optical link. Additionally, S-parameters
were considered for the transimpedance amplifier
placed immediately after the photodiode.

1. Abstract
We report on the simulation and fast design of
integrated photonic-based structures that are considered
as technological core of the next-generation optical
transmitters and receivers. For a realistic electro-optical
response of the modulator and photodetector we
incorporate measured s-parameter data as a building
block of the transmission and receiver design.

2. Introduction
At chip design level it´s necessary to know in
advance the performance of every single component or
device to be included in the chip project in order to keep
it on the safe-side.
Today several simulation packages can provide the
theoretical models of the most important on-chip
devices and components. These softwares became a
fundamental tool to design photonic integrated circuits
(PICs) and are able to reproduce numerically what
should be expected as optical and electrical response of
the chip to be manufactured.
But once theoretical results and measurements are
ready to be compared they rarely match. The reason for
this mismatch is the fact that the theoretical tools do not
take into account all the imperfections coming from the
CMOS fabrication process, signal optical and electrical
noise and performance limitations of the on-chip
components and devices [1].
More and more PIC-based solutions are getting close
to become the technological core of the optical
subsystems in communication links. One of the most
complex building blocks is the one dedicated to the
modulation and photodetection functions [2-3].
Here we report on the fast design of an integrated
photonic transceiver where the modulator and
photodetector are designed together with the extraction
of S-parameters [4] obtained from experimental
measurements using a vector network analyser (VNA).
The results are analysed in terms of eye-diagrams and
bit-error rate. The results show that although the
simulations are based on a compact and simple model
the method can be used to represent the optical and
electrical response of complex on-chip structures.

Fig.1. Building blocks for the (a) transmitter and (b) receiver.

2. Results
A. Transmitter
Once the binary word is defined, the pulse generator
creates the waveform that drives the modulator to
finally get NRZ format in the optical domain. The onchip modulator is a ring resonator-based modulator able
to set the amplitude of light by changing the
transmission spectrum of the ring [2]. A p-n junction
electrically polarized to inject and extract carriers into
the waveguide modulates the refractive index of the
ring. Fig.2a sketches the modulator built on the chip.
The S-parameters extracted from measurements can
be placed between the pulse generator and the optical
modulator. Once it’s there concatenated as a new
element block (Fig.1), NRZ waveform becomes “preshaped” by the s-parameters element before driving the
modulator. The s-element building block effectively
imposes all the data features from the ring-modulator
measured onto the signal.

2. Method
The software package we used as tool for the chipscale opto-electronic circuit analysis is the Interconnect
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C. Complete Chain
The complete chain includes extracted-data for the
modulator, photodiode and transimpedance amplifier
(TIA) at the post-detection stage [5]. To compare it to
the ideal scenario we analysed the performance of the
complete chain at the same bit-rate (25Gbps). Fig.4
shows the eye-diagrams for both. Although eye-opening
is still observed for the full-extracted s-parameter
system (Fig.4b), the associated bit-error rate (BER) is
rigorously zero for the ideal simulation (fig.4a) but
decreases to ~10-11 for the data-extracted approach.
The data-parameterized system performs worse as
all the on-chip component characteristics is brought to
system design through the experimental measurement.

Fig.2. On-chip (a) Modulator and (b) Photodiode.

In Fig.3 we show the difference in the eye diagram
when the extracted-data is considered. Laser was tuned
to 1550nm and the bit-rate was set to 25Gbps which is
the bandwidth limit of the ring-modulator where 40ps
duration-time is expected. The RX for this calculation is
supposed to be ideal (no s-parameters).

Fig.2. Eye-diagram comparison for the simulated (a) ideal
and (b) data-extracted modulators.

Fig.4. Eye-diagrams for (a) ideal and (b) data-extracted
scenarios.

We can observe that the eye becomes noisy when
experimental data is considered. The fluctuation on the
upper portion of the eye-diagram typically reveals the
presence of noise and a non-ideal transfer function for
the modulation function. No LPF was considered for the
eye-diagrams to show eye-distortion clearly.

4. Conclusions
We have shown a fast and accurate method where
measured data are inserted in the simulation setup as
extracted s-parameters that impose onto the signal the
transfer function and noise levels obtained from those
on-chip components intended to be analysed. With this
technique we can improve the simulation element
library for the PIC design making it more reliable and
able to anticipate the component performance.

B. Receiver
The RX building blocks circuit converts the received
light into an electrical waveform that recovers exactly
the initial binary sequence if transmission is error-free.
Fig.1b shows the building blocks for the RX. Like the
TX, the on-chip PIN photodiode extracted s-parameters
can be implemented in the simulation setup to make
both behave equally.
In Fig.3 we show the difference in the eye diagram
when the extracted-data is considered. Laser was tuned
to 1550nm and bit-rate was set to 25Gbps. The TX for
this calculation is supposed to be ideal (no sparameters).
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Fig.3. Eye-diagram comparison for the simulated (a) ideal (b)
data-extracted photodiodes.

To better understand the effect of the s-parameters at
the RX, we have considered an ideal TX (with no
measured-data inclusion). As the S-matrix modifies the
electrical signal waveform, the LPF was temporarily
taken out, too, in order to analyse the s-parameters
effect in separately. As shown in Fig.3b, eye distortion
can be observed when experimental data is included.
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the 3D structure and the electrical characteristics were
extracted from Atlas3D simulations.
The FinFET transistors were simulated on a SOI
(Silicon On Insulator) wafer with a Si (340 nm) and
SiO2 (400nm). Figure 1a shows the simulated SiNW
with 100 nm width, 340 nm height and 40µm length
defined on Devedit3D. A 10-nm-thick dry SiO2 and
300-nm-thick Al layers were used as gate hard mask for
phosphorus ion implantation process, with energy of 30
keV and dose 1016 cm-2. After this process, the Al hard
mask layer was removed. Figure 1b shows the doping
profile of the SiNW after ion implantation and rapid
thermal annealing (RTA) processes. After the RTA
process, the SiO2 layer was removed. For gate
dielectric, a 10-nm-thick dry SiO2 was used. 20-nmthick TiN and 200-nm-thick Al films were used as metal
gate electrode. For source and drain contacts, a 200-nmthick Al layers were used.

1. Abstract
This work present a FinFET (Fin Field Effect
Transistor) device simulation using TCAD Silvaco
software. This simulation was based on the FinFET
device fabricated entirely using Brazilian facilities.
Current-voltage curves were simulated and compared
with experimental results of threshold voltage (VT) and
transconductance (gm). As this FinFET was based on
silicon nanowire (SiNW) obtained by gallium Focused
Ion Beam (FIB), the experimental gm value presented
one order of magnitude lower than simulated result. So
this can be explained by the Ga incorporation into
SiNW during the silicon milling in FIB system. Thus
further simulations will be performed to investigate this
effect.

2. Introduction
3D MOSFET (Metal-Oxide-Semiconductor Field
Effect Transistor) devices, such as FinFET, recently
have gained much attention in nano-technology
industries. The basic advantage of using a FinFET
device is reduced short-channel effects and high output
resistance values [1-6]. Also, FinFET devices are
compatible with the CMOS fabrication process because
of the potential for using high-k dielectrics and metal
gate electrodes [4-6]. Due to their superior properties
including wear resistance, high conductivity, and
favorable melting point and mid-gap work function
values, titanium nitrite (TiN) films have been studied
extensively as gate electrodes in FinFETs and memory
devices for 20 nm technology nodes and beyond [1-6].
In this work, TiN films are used as gate electrodes
FinFETs. To fabricate the FinFET device, a focused ion
beam (FIB) system was used to etch Si on the gate area
in order to obtain width of 100 nm. SiO2 was used as the
gate dielectric, and 20 nm thick TiN and 200 nm thick
Al were used as metal gate, drain and source electrodes.
In addition, TCAD Silvaco simulation was performed
and the electrical characteristics of both devices were
compared.

Figure 1 - a) SiNW with 100 nm width, 340 nm height and
40µm length, and doping level on SiNW; b) 2D schematic
view of doping profile for source, gate and drain.

3. Simulation Details
The FinFET device simulations were performed
using TCAD SILVACO software. The simulation was
done following the fabrication process of the FinFET
reported by Lima et al [7]. Devedit3D was used to build

4. Results and Discussion
Figure 2 shows the schematic view of the simulated
FinFET device with Al/TiN/SiO2/Si as gate structure.
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increases the doping concentration in channel region
[7]. Thus, the channel mobility value is decreased and
consequently, lower Ids, higher VT, lower gmmax and
higher Δgm/gmmax ratio values can be expected.
30µ

a)

Vgs = 2.0V

3µ

b)

Vgs = 2.0 V
Vgs = 1.8 V

Vgs = 1.8V

20µ

2µ

Ids [A]

Ids [A]

Imax = 3 A @ Vds = 2.0V

Imax = 26 A @ Vds = 2.0V

Vgs = 1.4V

10µ

Vgs = 1.4 V
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Vgs = 1.0 V

Vgs = 1.0V

0

1

Vds [V]
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0
3

0

1

Vds [V]

2

3

Figure 3 - Ids x Vds measurements from a) simulated and b)
fabricated FinFET devices.
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Vgs [V]

0
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Vgs [V]

0

gm [S]

Drain-s source current (Ids) by drain-source voltage
(Vds) and Ids by gate-source voltage (Vgs) characteristics
of the simulated and fabricated FinFET are presented in
Figure 3 and 4, respectively.
From Figures 3a and 3b, both drain characteristics
(Ids x Vds) for simulated and fabricated FinFET,
respectively, indicate that the devices are working like a
nMOSFET transistor. For Vds = 2.0 V (saturation
region), the extracted Ids values were 28 µA and 3 µA.
From Figures 4a and 4b, the threshold voltage (VT)
value was extracted from gate characteristics (Ids x Vgs)
measurements (Figure 4), with drain-source (Vds)
voltage of 0.1 V (in triode region). The VT values of 0.4
V and 0.5 V were extracted from Ids x Vgs characteristics
of the simulated and fabricated devices, respectively [7],
and indicate a VT variation of 0.1 V. Furthermore, the
VT values of 0.4 V and 0.5 V correspond to a metal
(Al/TiN) work function value of 4.1 eV and 4.2 eV,
respectively, which are in good agreement with the
work function extracted from Al/TiN/SiO2/Si structure
used on the fabricated FinFET [7]. Also, those work
function values are suitable for nMOS applications. In
addition, Figures 4a and 4b show the transconductance
(gm) by gate-source voltage (Vgs) curves for simulated
and fabricated devices, respectively. The gm can be
extracted from Ids x Vgs measurements, since gm is the
relation between the channel current and the applied
gate voltage: gm=∂Ids/∂Vgs. The maximum gm (gmmax)
values of 2.0 μS and 193 nS were extracted. Also, the
gm values of 1.8 μS and 60 nS were extracted for high
electrical field condition at Vgs = 2 V. The extracted
Δgm/gmmax ratios of 0.10 and 0.69, where Δgm = gmmax gm , for both devices indicate the channel mobility
degradation at high electrical field condition.
Table I presents a summary of all electrical
parameters, which were extracted from current-voltage
curves (Figures 3 and 4) of both devices. Table I
shows:
i) The fabricated devices presented Ids value almost
one order of magnitude lower than the simulated
FinFET;
ii) VT variation of 0.1 V, and;
iii) The maximum Δgm/gmmax ratio of 0.69 for the
fabricated device indicates a high channel degradation.
In general, those results are related to the Ga
incorporation into SiNW during the fabrication process,
because of gallium is a silicon p-type dopant, which

0

Ids [A] @ V ds=0.1V

Figure 2 - Schematic view of the simulated FinFET device.

Vgs = 0.6 V

Vgs = 0.6V

0

2

0
0

1

2

Vgs [V]

Figure 4 - Ids x Vgs – gm x Ids measurements from a) simulated
and b) fabricated FinFET devices.
Table I - Summary of electrical parameters extracted from
simulated (Sim.) and fabricated (Fab.) current-voltage curves
(Figures 3 and 4).
Device
Sim.
Fab.

Ids @
Vds =
2.0 V
28 µA
3 µA

VT @
Vds =
0.1 V
0.4 V
0.5 V

gmmáx

gm @ Vgs =
2.0 V

2.0 µS
193 nS

1.8 µS
60 nS

*

Δgm/gmmax
0.10
0.69

Note: Δgm = gmmax - gm (for Vgs=2.0)

5. Conclusions
In conclusion, new simulations will be carried out to
investigate the Ga+ incorporation on SiNW on the
device electrical properties.
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Abstract

3. Extraction Method

This work studies the low-field mobility on SOI nFinFETs with standard and 45º rotated substrates using
the Y-Function method that utilize a robust recursive
algorithm that accurately extract the mobility on several
FinFETs with different fin widths, and discuss the
influence of the different crystallographic orientation on
the mobility. It is observed that with the rotation of the
substrate the mobility increase compared to the standard
FinFETs, as well as with the reduction of fin width.

For the study of the low field mobility on both nFinFET structures with standard and rotated substrate
the extraction procedure chosen was the Y-FunctionBased methodology that utilize a robust recursive
algorithm that converge after few iterations and
accurately determine the carrier mobility [3]. The Y
function require only I-V curves for the extraction and
is given by (1) [4].

Y

1. Introduction

I DS
gm

(1)

Where IDS is the drain current and gm the
transconductance.
With the recursive algorithm, the error ε and the
current gain factor β given by (2) can be determinated
with a polynomial regression of ξ as shown in (3) that
fits well the experimental data. Moreover, with an initial
guess of VTH*, a rough estimate of the exact threshold
voltage value (VTH), the algorithm start and as it
converges the error ε tends to zero and the exact value
of VTH can be achieved and β can accurately be
extracted without the influence of the series resistance
[3]. Since the devices measured, have narrow fin width
and therefore increased series resistance.

Vertical device structures with multiple gates like
FinFETs can be fabricated on different surface
orientation depending on the direction of the fin on the
wafer. On a (100) substrate where the fin is parallel or
perpendicular to the wafer flat the top surface is (100)
while the sidewall surface is (110). But with a rotation
of 45º on the substrate the top and sidewalls orientation
becomes (100), as illustrated by Fig. 1 providing better
electric characteristics since electron mobility on (110)
plane is degraded compared with (100) [1, 2].

2. Characterization

WCOX 0
L

1
1  1
2
 2 

 2 

2
3
VDS VGT * VGT *
Y

VDS
VGT *  VG  VTH * 
2



The devices measured were triple gate SOI nFinFETs fabricated on IMEC on both standard and 45º
rotated substrate with 150nm buried oxide. Fin height
(Hfin) of 65nm and Equivalent Oxide Thickness of 2nm.
There is no channel doping keeping the p-type doping
of the order of 1015. Each device consists of 5 parallel
fins. The devices were measured using the
characterization system Keithley 4200SCS with long
integration time.

(2)
(3)

(4)

Where VGT* is the gate voltage overdrive, VDS is the
drain voltage, Θ2 evaluate the θ2 effect (surface
roughness) and ε is the error of the difference between
the estimated VTH and the exact value of VTH. W is the
channel width, L is the channel length and COX is the
dieletric capacitance and µ0 the low field mobility.

4. Experimental results
Using the extraction methodology explained above
applied to the IDS x VGS curves from Fig. 2 the low field
mobility for very long channel length as a function of
fin width (Wfin) can be extracted.

Fig.1. Schematic of FinFETs with standard substrate with
(110) sidewalls and rotated substrate with (100) sidewalls.
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IDS [A]

55

to decrease as the fin width is increased and as the fin
width becomes larger the electron mobility from
standard and rotated devices approaches the same value.
That happens because the current conduction on the top
becomes more significant compared to the sidewalls
current conductions and the FinFET become quasiplanar as the Hfin<<Wfin.
On FinFETs fabricated on standard wafer as the fin
width decreases the current should be more significant
on the (110) sidewalls and consequently the degradation
of the electron mobility should be higher as a lower
mobility that increase with Wfin contrary to what was
extracted. However, this can be explained by assuming
that mobility is controlled by phonon scattering and as
fin width decreases, the phonon scattering is reduced
because of the interaction of the sidewalls inversion
layers in devices with smaller fin width [5].
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5. Conclusions
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In this paper, the low field mobility has been
extracted using a Y-Function based method with a
robust recursive algorithm for FinFETs with different
channel widths. This method is independent of series
resistance, and therefore does not influence the mobility
extracted. The mobility from these FinFETs show that
with small fin width the low field mobility is high and
as the width increases the mobility decrease due to
reduced phonon scattering and on rotated substrate the
mobility is higher than on standard substrates because of
different conduction planes on the sidewalls.

VGS [V]

Fig.2. Drain current as a function of the gate voltage for
FinFETs with channel length of 1µm for standard substrate
(A) and rotated substrate (B)

Fig. 3 shows that the mobility is higher as the fin
width is reduced. In addition, for rotated devices the
electron mobility is better as the majority of the current
goes though the sidewalls (100) plane compared to the
standard where the (110) sidewalls degrade the electron
mobility.
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From Fig. 3 and Fig. 4, we can see that for different
channels lengths the low field mobility has a tendency
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2

Two different experiments were performed. In the
first experiment, with rapid thermal treatment, the
device has been exposed to 3 successive doses of
radiation, and its electrical parameters were measured
right after each irradiation stage. Following each stage,
the IC was heated in a FANEM 520 stove during a
period of 1 hour after a cumulative dose of 100 krad
and during 2 hours after a cumulative dose of 250 krad.
After the final stage of irradiation, having accumulated
a total dose of 500 krad, the device remained in the
stove for 2 hours. In the second experiment, with the
usual slow thermal treatment, the device received a total
dose of 500 krad in a single irradiation session, and it
was mantained at 100°C during 168 hours (1 week). The
IC was characterized after each stage of thermal
treatment and also 1 week after the irradiation process.

1. Abstract
Electronic devices exposed to radiation suffer
degradation on their electrical characteristics which can
be recovered by thermal treatment. .The aim of this
work is to characterize MOSFETs and analyze the
behavior of thermal annealing processes, in order to
understand the temperature effects in the electrical
parameters of irradiated circuits.

2. Introduction
Electronic devices are composed by many
components, such as MOSFETs (Metal Oxide
Semiconductor Field Effect Transistor). When a voltage
is applied trhough the gate, charges are attracted to the
channel between source and drain terminals, which
allows an electric current to flow when another voltage
is applied between source and drain.. When MOSFETs
are exposed to ionizing radiation, there is a variation in
the mobility of its electrons and holes, which directly
affects their electrical conductivity. After exposure to
ionizing radiation, charges begin to accumulate at the
semiconductor oxides and interfaces, in what is called
Total Ionizing Dose (TID) [2]. With the build up of
charges typical of TID, changes in the threshold voltage
of the device may be noticeable. Techniques such as
thermal annealing treatment [3] are used to recover the
original electronic behavior,. This technique involves
heating the components to 100oC temperature during a
fixed time interval , which may result in the recovery of
the device initial electrical conditions [4]..

Fig. 1. Detail of the XRD-7000 Difractometer of the Centro
Universitário da FEI.

4. Results
For the first experiment with the rapid thermal
treatment, Fig 2 presents the resulting IDxVGS transistor
characteristics curves. Threshold voltages before and
after the rapid thermal annealing processes are
presented in Table 1. After thermal treatment, the
threshold voltage almost returned to its pre-radiation
value for n-MOSFET. In this case, energy provided to
the trapped charges in the devices oxides and interfaces
increased the rate of recombination, accelerating
recovery. However, on p-MOSFETs the damage due to
irradiation could not be recovered with thermal
annealing. In fact, thermal annealing even worsened the
parametric degradation.

3. Experiment
In order to assess the behavior of irradiated
MOSFETs after thermal annealing, the IC CD4007,
which is composed of 3 n-MOS and 3 p-MOS
transistors, was tested on different conditions. The
X-ray irradiation procedures were performed with a
Shimadzu XRD-7000 Difractometer, with a 96 rad/s
dose rate. The electrical parameters of the transistors
were characterized with an Agilent HP 4156C
semiconductor parameter analyzer. The device was
characterized previously in order to record the device
behavior without radiation degradation.
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Fig.3 - IDSxVGS curves for an accumulated dose of 500 krad
and after 1 week of thermal annealing

Fig.2 - IDSxVGS curves for different accumulated doses and
thermal annealing periods.

Table 2- Threshold Voltage for an accumulated dose of 500
krad and after 1 week of thermal annealing.

Table 1- Threshold Voltage for different accumulated doses
and thermal annealing periods.

Threshold Voltage (V)
Threshold Voltage (V)
N type
Accumulated

Room

Dose (krad)

Temperature

Pre radiation

Before

After

168

Thermal

Thermal

hours

Annealing

Annealing

later

1.480

100

0.780

0.415

1.085

1.105

250

0.400

1.165

1.325

1.315

500

0.980

0.650

1.155

1.200

Room

Dose (krad)

Temperature

Pre radiation

Before

After

168

Thermal

Thermal

hours

Annealing

Annealing

later

-2,815

-3,005

-3,150

-3,035

250

-3,690

-2,980

-3,970

-3,970

500

-4,100

-3,800

-5,000

-5,025

Pre rad

1.480

-1.310

After 500 krad

1.200

-5.025

After treatment

1.030

-3.545

168 hours later

1.030

-3.545

4. Conclusions
N-MOS transistors have a better response to thermal
annealing. The electrical parameters were almost
restored to their pristine values, which means oxide
trapped holes were almost removed or at least
compensated. However, the same result was not
observed for p-MOS transistors. In this case, thermal
annealing was not effective and this treatment even
worsened the threshold voltage of the p-type transistor.
The experiment after 1 week of thermal annealing
recovered some of the threshold voltage of the
transistors. On n-MOS, the threshold voltage reached a
lower value than its pristine value

-1,310

100

P type

.

P type
Accumulated

N type
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The S-SC transistor presents both channel regions with
doping concentration of 6×1016 cm-3, whereas in the A-SC
device, MD features 1×1015 cm-3 in its channel region.
(A)
(C)

1. Abstract
This paper presents a comparison of the performance
of asymmetric self-cascode and graded-channel, both
fully depleted SOI nMOSFET structures, in commonsource current mirrors, through experimental results and
two-dimensional numerical simulations. The figures of
merit studied were the mirroring precision, output
resistance and output swing, showing the benefits of
these structures over the uniformly doped and
symmetric self-cascode structures.

(B)

2. Introduction
The self-cascode SOI MOSFET configuration
(hereinafter called symmetric self-cascode (S-SC)) is
composed by two transistors associated in series with
short-circuited gates, and it is extensively discussed as a
way of improving the analog characteristics of MOS
transistors [1]. Recently, it has been proposed the
asymmetric self-cascode (A-SC) structure shown in Fig.
1(A). In this figure, LS and LD are the channel lengths of
individual transistors near the source and the drain,
respectively. The total channel length (L) is given by L S
+ LD. In this configuration, the transistor near the drain
(MD) presents reduced doping concentration in
comparison to the transistor near the source (M S) [2].
This structure is similar to the Graded-Channel (GC)
SOI nMOSFET transistor (Fig. 1(B)), where the channel
has an asymmetrical doping profile of acceptor
impurities in the channel [3]. In Fig. 1(B), LHD and LLD
are the lengths of highly and lightly doped regions,
respectively. Both A-SC and GC structures have shown
improvements on the analog characteristics at transistor
level [2,4,5]. Current mirrors (CM) constitute one of the
most important blocks for analog circuits [6]. In a CM,
the input current (IIN) is mirrored to the output branch,
ideally maintaining the output current (IOUT) constant,
regardless the output voltage (VOUT), i.e. with high
output resistance (ROUT). The mirroring precision
(IOUT/IIN) indicates how well IIN is mirrored to IOUT. Fig.
1(C) presents the current mirror in common-source
configuration formed by SC structures.

Fig.1. Schematic cross-section of A-SC (A) and GC (B) SOI
nMOSFETs. C: Common-source CM using SC configuration.

4. Experimental Results
As the input and output transistors of CMs present
the same W and L, the mirroring precision should be
theoretically equals to one. Fig. 2(A) shows the
(IOUT/IIN) curves as a function of IIN with VIN=VOUT, as a
way to determine the intrinsic mismatching between the
transistors that compose the CM. The A-SC LS=1µm
and LD=3µm has exhibited significant intrinsic
mismatching due to the reduction of the channel length
of MS. The minimum intrinsic mismatching has been
observed to conventional SOI and S-SC CMs. Fig. 2(B)
presents the (IOUT/IIN) curves as a function of IIN
measured at VOUT=1.5V. It is possible to note that the
A-SC LS=3µm and LD=1µm and A-SC LS=LD=2µm
presented the best mirroring precision, which is related
to the improved output conductance (gD) and reduced
impact ionization, which diminishes IOUT dependence on
bias variation. Fig. 2(C) exhibits the IOUT(VOUT) curves
measured at IIN=1µA. From these results, one can verify
that the A-SC CMs have great reliability in mirroring IIN
to IOUT in a wider range of VOUT comparing to S-SC and
conventional SOI CMs. However, the A-SC LS=1µm
and LD=3µm CM showed the worst behaviour among
the A-SC structures due to the larger intrinsic
mismatching. Another manner to evaluate how good the
current mirror is, lies on the analysis of output swing
(VOS) given by the difference between the breakdown
(BVDS) and the saturation (VSAT) voltages. These
parameters have been extracted from Fig. 2(C) and are
exhibited in Table I. The A-SC CMs present the largest
VOS mainly due to the increase of BVDS. Fig. 2(D)
shows the output resistance (ROUT=1/gD) as a function of
IIN with VOUT=1.1V, extracted from IOUT(VOUT) curves.
The improvement of gD is the reason why A-SC CMs

3. Device Characteristics
The CMs with self-cascode transistors analysed in
this work were fabricated in a fully depleted SOI
technology from UCLouvain, Belgium [7]. These CMs
were implemented with conventional SOI and SC SOI
structures, varying LS and LD lengths, maintaining L
equals to 4µm and with channel width (W) of 20µm.
The gate oxide (Toxf), silicon film (TSi) and buried oxide
(Toxb) thicknesses are 31, 80 and 390nm, respectively.
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comparison to A-SC LS=1µm and LD=2µm (GC
LHD=1µm and LLD=2µm). For all configurations with
identical LD/L (LLD/L) relations, it has been noticed a
better mirroring precision for the GC CM. Fig. 3 shows
IOUT as a function of VOUT changing LD (LLD) with LS
(LHD) fixed at 2µm (C), and changing LS (LHD) with LD
(LLD) constant at 2µm (D), extracted at IIN=1µA. It has
been observed an improvement in mirroring I IN to the
output branch with the rise of LS (or LHD) in comparison
to the increment of LD (or LLD), which is related to the
better mirroring precision. ROUT for GC LHD=1µm and
LLD=2µm is 3 times the ROUT for A-SC LS=1µm and
LD=2µm, extracted at VOUT=1.5V. Besides that, VOS is
similar between the GC and A-SC CMs.

present the highest ROUT.
Table I. Output swing, VSAT and BVDS for different CMs.
Current Mirrors
Conv. SOI L=4μm
A-SC LS= 3μm; LD=1μm
A-SC LS= 2μm; LD=2μm
A-SC LS= 1μm; LD=3μm
S-SC LS= 2μm; LD=2μm

VSAT [V]
0.14
0.12
0.10
0.47
0.13
1.6

1.15

Conventional SOI L=4m
S-SC - LS=2m; LD=2m

A

A-SC - LS=2m; LD=2m
A-SC - LS=1m; LD=3m

1.3

IOUT/IIN

1.2

1.00

B

1.1
1.0

0.95

0.90
1E-8
2.5

VIN=VOUT

1E-7

1E-6

1E-5

IIN [A]

1E-4

0.9

1E-3

VOUT=1.5V

0.8
1E-8

1E-7

1E-6

1E-5

IIN [A]

1E-4

1.10

1E-3

1.4

1.05

9

IOUT [A]

A-SC - LS=2m; LD=2m

A-SC - LS=2m; LD=2m

A-SC - LS=1m; LD=3m

ROUT []

1.5

0.95

A-SC - LS=3m; LD=1m

8

10

A-SC - LS=1m; LD=3m

0.90
0.85

7

10

1.0

0.80

D

A-SC LD=1m

A-SC LD=2m

A-SC LD=3m

A-SC LD=4m

A-SC LD=5m

GC LLD=1m

GC LLD=2m

GC LLD=3m

GC LLD=4m

GC LLD=5m

VOUT=1.5V

0.75

10

IIN=1A

0.5

C

0.70
1E-8

VOUT=1.1V

0.0

0.5

1.0

1.5
VOUT
[V]

2.0

2.5

3.0

1E-6

1E-5

IIN [A]

1E-4

1E-6

1E-5

0.9
1E-8

1E-4

B

1E-6

1E-5

1E-4

IIN/(W/L) [A]

1.0
0.9

LS=LHD=2m

0.7

IOUT [A]

1E-7

1.1

IIN=1A

0.8

0.6

A-SC LD=2m

0.5

A-SC LD=3m

0.4

A-SC LD=5m

C

0.8

IIN=1A

0.7

LD=LLD=2m

0.6

A-SC LS=1m

0.5

A-SC LS=2m

GC LLD=2m

0.3

GC LLD=3m

0.2

0.1

GC LLD=4m

0.1

0.0
0.0

0.5

1.0

1.5

VOUT [V]

2.0

2.5

3.0

A-SC LS=5m

0.4

0.2

0.3

In order to make a comparison between the A-SC
and GC CMs and evaluate the influence of LS, LD, LHD
and LLD lengths in the CM performance, twodimensional numerical simulations have been
performed with technological parameters similar to the
experimental devices, using Sentaurus Device software
[8]. The simulations present the advantage of
eliminating the intrinsic mismatching. Fig. 3 shows the
mirroring precision as a function of I IN/(W/L) varying
LD (LLD) with LS (LHD) fixed at 2µm (A), and varying LS
(LHD) with LD (LLD) constant at 2µm (B), extracted at
VOUT=1.5V. As one can see, the increase of LD (or LLD)
has shown small influence in the mirroring precision,
improving it in the moderate inversion. For example, at
IIN/(W/L)=20nA, a maximum difference of 1% (0.3%)
in the mirroring precision has been observed among the
A-SC CMs (GC CMs). Analysing Fig. 3(A) and
comparing the devices which offer the best performance
among the A-SC and GC CMs, it has been noticed, at
IIN/(W/L)=20nA, an improvement of 2% in the
mirroring precision for the GC CM in reason of the
lower series resistance (RS) of GC transistors, since the
A-SC structure presents an intermediate N+ region
between the source and drain of self-cascode
configuration. On the other hand, from Fig. 3(B), it has
been noted a significant improvement in the mirroring
precision with the increase of LS (or LHD), especially in
moderate inversion, indicating that the behaviour of the
input and output transistors of A-SC structure (GC) is
governed by MS transistor (highly doped region). At
IIN/(W/L)=20nA, an improvement of 24% (10%) has
been verified in the mirroring precision for A-SC
LS=5µm and LD=2µm (GC LHD=5µm and LLD=2µm) in

LD=LLD=2m

1.0

IIN/(W/L) [A]

0.9

5. Two-Dimensional Numerical Simulations

GC LHD=5m

VOUT=1.5V

1.1

1.0

Fig.2. A: (IOUT/IIN) vs IIN for VOUT=VIN. B: (IOUT/IIN) vs IIN for
VOUT=1.5V. C: IOUT vs VOUT for IIN=1µA. D: ROUT vs IIN for
VOUT=1.1V.

GC LHD=1m

1.2

1.1

5

10

0.0

1E-7

A-SC LS=3m

A-SC LS=5m

A

LS=LHD=2m

6

A-SC LS=1m
GC LHD=3m

1.00

IOUT/IIN

A-SC - LS=3m; LD=1m

2.0

1.3

Conventional SOI L=4m
S-SC - LS=2m; LD=2m

IOUT/IIN

10

Conventional SOI L=4m
S-SC - LS=2m; LD=2m

IOUT [A]

IOUT/IIN

A-SC - LS=1m; LD=3m

A-SC - LS=3m; LD=1m

1.4

A-SC - LS=2m; LD=2m

VOS [V]
1.26
> 2.88
> 2.90
1.83
1.16

Conventional SOI L=4m
S-SC - LS=2m; LD=2m

1.5

A-SC - LS=3m; LD=1m

1.10

1.05

BVDS [V]
1.40
> 3.00
> 3.00
2.30
1.29
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0.0
0.0

D

GC LHD=1m
GC LHD=2m
GC LHD=5m

0.5

1.0

1.5

VOUT [V]

2.0

2.5

3.0

Fig.3. A: (IOUT/IIN) vs IIN/(W/L) varying LD (LLD) with LS (LHD)
fixed at 2µm. B: (IOUT/IIN) vs IIN/(W/L) changing LS (LHD) with
LD (LLD) fixed at 2µm. C: IOUT vs VOUT varying LD (LLD) with LS
(LHD) constant at 2µm. D: IOUT vs VOUT changing LS (LHD) with
LD (LLD) constant at 2µm.

6. Conclusions
This work compared the performance of A-SC and
GC current mirrors in common-source architecture.
Experimental results showed that the A-SC structures
promotes an increase of ROUT and VOS, and better
mirroring precision in comparison with S-SC and
conventional SOI CMs, which is related to the reduced
gD and higher BVDS. By simulations, it has been
observed higher ROUT and better mirroring precision for
GC CM in comparison to A-SC CM, which is related to
the lower RS of GC transistors.

Acknowledgments
To FAPESP and CNPQ for the financial support.

References
[1] Galup-Montoro, C. et al. IEEE JSSC, v. 29, n. 9, p. 10941101, 1994.
[2] Souza, M. de et al. 8th ICCDCS, 2012.
[3] Pavanello, M.A. et al. SSE, v. 44, p. 917-922, 2000.
[4] Pavanello, M.A. et al. SSE, v. 44, p. 1219-1222, 2000.
[5] Souza, M. de et al. IEEE International SOI Conference,
2011.
[6] Laker, K.R, Sansen, W.M.C. Design of analog integrated
circuits and systems. McGraw-Hill, 1994.
[7] Flandre, D. et al. Solid-State Electronics, v. 45, p. 541-549,
2001.
[8] Sentaurus Device User Guide, Version C-2009.06, 2009.

46

SEMINATEC 2015 - X Workshop on Semiconductors and Micro & Nanotechnology

April 9 - 10, 2015, São Bernardo do Campo
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it operates in strong inversion and is saturated when the
gate bias reaches the threshold voltage of MS. As a
result, MD will work as an extension of the drain [4]
and the effective channel length of the structure will be
close to MS. The benefits provided by this structure are
an improved output conductance, as well as the voltage
gain and breakthrough voltage [4].
One important analog parameter that must be
analysed is the harmonic distortion of a device. It
quantifies the non-linearities inherently present on MOS
transistors, as the relation between the input signal at the
gate and the output signal at the drain is not linear, adding
several harmonics additional to the fundamental [5]. This
work will focus on the harmonic of second order (HD2),
which is the main harmonic that will affect the total
harmonic distortion the most, and the harmonic of third
order (HD3), which is the first odd harmonic and can be
very significant depending on the application [6].
The study of the effects of the temperature on the
behaviour of the devices is important for several
applications, since it is not only very influent on most of
its characteristics, but also is a factor common in several
applications, from control systems of a car to sensors for
nuclear energy generation. Therefore, this work intends
to perform a study of the high temperature effects on the
A-SC association harmonic distortion.

1. Abstract
This work aims to perform an analysis of the effect of
the high temperature on the harmonic distortion of fully
depleted SOI nMOSFETs, associated in an asymmetric
self-cascode. The experimental results show a
dependence of the behaviour with the temperature and the
devices bias, higher temperatures providing worse results
at lower gm/IDS, while it provided better harmonic
distortion at higher gm/IDS. The results at 500K were
degraded due the critical temperature being reached.

2. Introduction
Although the SOI technology improves several
aspects of the analog behaviour of conventional
nMOSFETs, such as mobility, capacitance coupling and
integration scale [1], there is still room for
improvement, especially when analysing the output
conductance (gD) of the devices. Due to its dependence
on the channel modulation effect [1], which is more
significant the shorter the channel is, a higher g D is
obtained in longer devices, reflecting on a better voltage
gain (AV). Still, other analog parameters, such as the
unit gain frequency (fT), are degraded with longer
channel devices.
A way to approach this problem is with the
Symmetric Self-Cascode [2], composed by a series
association of transistors of shorter channels, connected
by their gates and therefore working as one single
device, as displayed on Fig. 1. Since the charges of the
channel controlled by the drain when the device
operates in saturation are limited to the transistor where
the drain bias is applied (MD), the transistor near the
source (MS) is able to provide a good output swing,
better than what could be obtained with single devices,
without compromising fT as much [3].

3. Device Characteristics and Methodology
The A-SC association used in this work are
composed by transistors fabricated at Université
Catholique de Louvan-la-Neuve (UCLouvain) [7] of
size ranging from 0.75 μm and 6 μm, with channel
doping concentrations of 1015 cm-3 for MD and 6×1016
cm-3 for MS.
The results for the harmonic distortion were
obtained by applying the Integral Function Method
(IFM) [8] on the extracted DC characteristic curves,
such as the drain current as a function of gate bias and
the drain current as a function of the drain bias. The
results obtained for the transconductance, output
conductance and voltage gain for these devices are
presented at reference [9].

Fig.1.Schematic of a self-cascode association.

4. Experimental Results

To further improve gD, ref. [4] proposes to keep the
channel of MD with the natural wafer doping
concentration , in order to lower the high electric field
near the drain. This structure is known as the
Asymmetric Self-Cascode (A-SC). The channel of MS
is kept standardly doped to avoid lowering of the
threshold voltage (VT). Since MD presents negative VT,

The results for the second and third order harmonic
distortions as a function of the gm/IDS ratio, for the A-SC
composed by SOI nMOSFETs of channel length of
0.75μm, with a constant input signal amplitude (Va) of
50 mV and drain bias (VDS) of 1.5 V, are displayed on
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Fig. 2 (A) and (B).

the polarization applied to the device. It can be seen on
(a) that HD2 is higher with the temperature at lower
gm/IDS, but there is a cross point between 3 V-1 and 4 V-1,
and the higher HD2 will be found at smaller
temperatures. It is interesting to notice that, although
HD2 at 450K is about 15 dB better than the other
temperatures after this point, the results of 500K are
worsened and mix with the rest of the temperatures. As
the temperature increase and there is a higher carrier
concentration, the maximum depletion thickness
decreases and a fully depleted SOI device can start to
work as a partially depleted one. This is due the critical
temperature for this technology being reached [10],
causing this degradation.

-20 (A)
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-40

VDS = 1.5 V

-60

LMS = LMD = 0.75 m

-80

Va = 50 mV
0

5
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350 K
400 K
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500 K
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-80
-100
-120

(B)

-140
0

5

10

gm/IDS [V-1]

15

5. Conclusions
This work provided an analysis of the second and
third order harmonics obtained from asymmetric selfcascodes of fully depleted SOI nMOSFETs. The results
were obtained from experimental DC characterizations
by applying the IFM, considering constant input signal
amplitude. The results showed high (worse) HD values
for high temperatures depending on the bias applied.
For the normalized results, which provide a more clear
way to notice the effects of the temperature on HD2 and
HD3, it could be seen that there is a degradation at
500K, due to the critical temperature being reached.

20

Fig.2.Harmonic distortion of second (A) and third (B) order
as a function of gm/IDS for different temperatures.

The negative peak observed at HD2 is a result of the
inflexion point of the drain current, marking the
transition between the saturation and triode operation
regimen. Since the IFM calculates HD by applying a
polynomial approximation, there are maximum and
minimum peaks that are transferred to HD3 in the form
of negative peaks. Although some conclusions can be
taken from the fact that the two highest temperatures
present shifted HD curves in comparison to the others, a
better analysis is made if the harmonics of second and
third order are normalized by the voltage gain. The
results are exhibited at Fig. 3.

HD2 /AV[dB]
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14

Fig.3.Harmonic distortion of second (A) and third (B) order
normalized by AV as a function of gm/IDS for different
temperatures.

One can notice that the results for both harmonics
have behaviour with the temperature that is dependent to
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The Lorenz force changes the carrier density distribution to
the channel sides, which leads to a potential difference known
as Hall effect [3,5].

1. Abstract
This work analyses the drain current behavior under the
influence of a magnetic field, which is perpendicular to the
drain current direction and to the channel plane, for devices
with different dimensions of drain and source extensions. The
magnetic field applied to the device drive a force, called the
Lorentz force, which causes variation in the distribution of
current density, changing the path of carriers and thereby
altering the concentration in the region between the contacts
(drain/source). This effect causes variations in drain current
when exposed to different directions and intensities of
magnetic fields.

3. Methods and Materials
The characteristics of measured devices are the following:
channel length(L) of 21.0 µm, channel width (W) of 12.6
µm, gate oxide thickness of 13.8 nm, substrate type p with
concentration of 6x1016 cm-3and source/drain n type
concentration of 1020 cm-3, source/drain extension length (Ext)
of 7.0 µm, 10.0 µm and 14.0 µm. The transistors topology is
shown in Fig. 2.

2. Introduction
The MOSFET (Metal-Oxide-Semiconductor Field-EffectTransistor) have pulled the development of the electronics
industry [1,2] so new applications became possible, bringing
with them new environmental operating conditions. An
applied magnetic field in a direction different of electrical
current direction in a conductive medium, such as silicon,
generates a force perpendicular to both directions and
proportional to the magnetic field intensity and the average
electron drift and can be expressed as in (1) in its scalar form.
There resultant force is known as Lorentz force (FL). Some
devices use this effect to operate as sensors [3,4].
𝐹𝐿 = 𝑞. 𝑣𝑑 . 𝐵. 𝑠𝑖𝑛 ∅

Fig.2. 3D view of the measured NMOS transistor.

(1)

The nMOS transistors were built through the MOSIS
Educational Project with the foundry AMI05 (0.35 µm)
ON Semiconductor and an instance is shown in Fig. 3.

where: q is the elementary electron charge (1.6x1019C), vd is
average electron drift velocity, B is the magnetic field
intensity, sin ∅ is the sin of the angle between the directions of
vd and B.
In a planar MOSFET, the magnetic field perpendicular to
both, the channel plane and the drain current, generates the
Lorentz force in a direction parallel to the channel plane and
perpendicular to the drain current direction, as shown in Fig. 1,
which drives a variation in current density in the channel.

Fig.3. NMOS Transistor fabricatedby MOSIS project.

The measured devices were biased with 100 mV
between source and drain (VDS) and the gate voltage
(VGS) varying from 0 to 5.0 V. The magnetic field was
applied perpendicular to the transistor plane, so also
perpendicular to the drain current direction (x axis in

Fig.1. Variation in current density distribution due to Lorentz force.
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centered, as is usual (Fig. 2). The asymmetrical shape
allows the average path covered by the drain current
differs depending on the direction of the magnetic field
applied and the highest concentration of current density
is at the side of the device next to the contacts.
Regarding the variation of the length of the source and
drain extension is noted that the current level decreases
as the length of the extension increases due to the
increased series resistance of the device, even with
differences in current levels as a function of the
magnetic field applied in both directions.

Fig. 2), with the following intensities: 100, 135 and 146
mT, positive and negative.

4. Results and Discussion
It was noticed that the absolute values of the magnetic
field intensity are barely different. This phenomenon
can be explained because of the hysteresis of the core
material used to induce the magnetic field. So, the
defined values are the average value of ten measures for
each level, as shown in Table 1.
Table 1. Average magnetic field and standard deviation used
to characterize the MOS devices.

Average Magnetic Field
(mT)
+146
+135
+100
-100
-125
-145

April 9 - 10, 2015, São Bernardo do Campo

5. Conclusion
It was noted that the applied magnetic field changes the
distribution of current density. This change increases the
average path traversed by electrical current, which on
the other hand, causes the decrease of the drain current
level. The variation of the average current path is not
symmetrical to the magnetic fields applied in positive
and negative directions because of the geometry of the
asymmetric transistor of the study. The positioning of
the contacts favors higher current density on one side of
the transistor. The magnetic field applied changed the
current drain levels for all transistors studied. Since the
current level undergo different changes depending on
the direction of the magnetic field applied to the device,
this device can be used in a differential circuit for
detecting the direction of the applied magnetic field.
The current intensity decreases with the increase in the
intensity of the magnetic field and also due to the
increased extension of the source and drain, the first
because it changes the distribution of the current density
and second because it increases the series resistance of
the device.

2(mT)
3,48
5,21
1,37
2,27
3,16
4,05

The drain current (ID) measurements were used to
verify the effects generated by the magnetic fields on
the transistors. There are small changes in drain current
induced the magnetic field intensities defined, even
though different extension dimensions.
As its intensity increases, the drain current decreases,
regardless of the direction, positive or negative, of the
magnetic field. In addition, the asymmetric positioning
of source and drain contacts contributes for major
decreases in drain current for negative values of
magnetic field. For negative values of the applied
magnetic field is found that the current level is lower
than for positive values as shown in Fig. 4.
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Fig. 4. Maximum values of drain current (IDMAX) as function of
magnetic field for different extension dimensions.

This behavior is due to the asymmetric geometry of the
transistor, since the region of source and drain contacts
are positioned near the side of the transistor and not
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device alternatives can suffer from the difficulty of
dissipating the heating of the silicon film caused by the
Joule effect thanks to the current conduction, the socalled self-heating effect (SHE). This paper aims at
comparing the self-heating effects (SHE) between
FinFET and JNT focused on the behavior of the
mobility in devices using three-dimensional simulation.

1. Abstract
This paper aims at comparing the behavior of the
mobility in Junctionless Nanowire Transistors (JNT)
and FinFET devices with self-heating effects based on
three-dimensional numerical simulations. The results
show lower variation of the mobility and consequently,
lower SHE impact in JNT compared to FinFETs.

3. Devices Characteristics

2. Introduction

The comparison of SHE between JNT and FinFET
devices by means of three-dimensional numerical
simulations has been performed with Synopsys
Sentaurus Device simulator [10]. Both JNT and FinFET
devices have been simulated with gate oxide thickness
of 2nm, channel length (L) of 0.5 µm, fin width (Wfin) of
10 nm and fin height (Hfin) of 10nm. For the JNT P+
polysilicon was used as gate material. The JNT has been
doped uniformly with 2x1019 cm-3 with n-type
impurities, while the channel region of FinFET has been
doped with 1x1015 cm-3 with p-type impurities. In order
to avoid the series resistance, the drain and source
extensions were simulated with 5nm. The buried oxide
thickness is 100 nm. The simulations have been done
with isothermal grid at 300K where there is no selfheating effect (hereafter mentioned as without SHE) as
well as with thermal contact at the buried oxide
allowing the thermal generation to be accounted in the
several grid points (hereafter mentioned as with SHE).

Junctionless nanowire transistors (JNT) can be a
very interesting option once it avoids the lateral
diffusion of impurities from source and drain regions to
the channel. In addition, it facilitates the reduction of
the short channel effects. Also, as they are a multiple
gate devices it is possible to improve the electrostatic
control over the channel charges [1-4].
JNT have a uniform heavy concentration of donor
impurities from source to drain, which simplifies the
device fabrication, once it dispenses complicated
annealing techniques, while the channel in state-of-art
nFinFET devices is undoped or lightly doped with ptype impurities, n-type [5-6]. A schematic view and a
longitudinal-section of n-type JNT and FinFET devices
are shown on Fig. 1.

4. Results and Analysis
Fig.2 present the behavior of the drain current as a
function of gate voltage for FinFET and JNT. It is
possible to compare the simulations with and without
SHE, which present the same behavior i.e., there is no
clear SHE due to the lower VD (50mV) resulting in
lower static power (P = VD.ID). According to the results
obtained for lower VD, it is possible to confirm that
those simulations are calibrated for analysis with higher
VD values since their behavior are the same,
independently if accounting or not the silicon film
heating. On the other hand, when the VD increased to
1.5V, it is clearly visible the presence of the SHE in
both JNT and FinFET as the current with nonisothermal grid is smaller than with isothermal one,
thanks to the mobility degradation due to temperature
rise.

Fig.1. (a) A 3D view of a multiple gate device. (b) Longitudinal
section of FinFET device. (c) Longitudinal section of a JNT.

JNT and FinFET are made using Silicon-OnInsulator (SOI) substrates, as demonstrated in Fig. 1.
The thermal resistance associated to the buried oxide is
in order of 100 times larger than silicon. Thus, both
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Fig.4. Δµe as a function of VG @ VD = 1.5V on JNT and
FinFET devices.

Hfin=10nm;
L=500nm;
tox=2nm;
VD=1.5V.

4. Conclusions
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According to the results simulated, JNT suffer less
self-heating effect when compared with similar FinFET
devices due to the decreasing of the mobility variation
with temperature.

(b)
Fig.2. ID as function of VG for JNT and FinFET devices with
and without SHE in devices with Wfin=Hfin=10nm (a)VD =
50m.V (b)VD = 1.5V.
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The cause of the lower SH effect on JNT is
associated to the fact that, while the mobility in these
devices increases for higher VG values, FinFET devices
have the decrease of the mobility, according to the
graph present on Fig. 3. Also, according to Fig. 4, is
possible to see that the variation of the electron mobility
in isothermal and no isothermal grid is higher on
FinFETs than JNT devices.
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By presenting more than one gate, JNT shows a
reduction of short channel effect. However, this device
provides a reduction in the subthreshold slope, low leakage
current, and a high ratio of current on/off [2]. The objective
of this work is to project and manufacture this transistor on a
SOI wafer with thickness of silicon layer equal to 14nm.
Despite of channel no present difference between the
doping concentration,wich facilitates the process, this project
is a major challenge regarding the small size of the silicone
film.
3. Devices Characteristics

1. Abstract
This work aims to project, fabricate and characterize a
transistor without juction (Junctionless Nanowire Transistor
- JNT) silicone-on-insulator technology (SOI-Silicon on
Insulator) with thin layer in Brazil. This transistor was
proposed because it has a simpler manufacturing process
than tradidicional CMOS, besides that several works in the
literature show JNT as a viable alternative to replace planar
transistors.
2. Introduction
Currently, a number of works reported in the world
literature point to the transistor without junction as an
importante replacement for planar transistors.The transistor
without junction Fig 1.This device presents a constant
doping concentration profile in the channel region, the drain
to source as shown in Fig.2, thus its manufacture becomes
simpler [1].

The SOI wafers used to manufacturing have the
following parameters: diameter of 300mm, thickness of
silicon film tSi=14 nm, buried oxide thickness toxb=20 nm.
To simulate this device we used the simulators: ATHENA
[3],ATLAS [4] by Silvaco and Sentaurus by Synopsys [5].
4. Results and Discussions
The process of manufacturing an integrated circuit
consisting of a series of steps which have been prepared in a
specific order . Below the steps that required greater attention
to be project are listed and presented in Fig.4. The sequence
of the JNT process has fewer steps when compared to SOI
MOSFET transistor due to ion implantation, since it has a
symmetrical profile in the drain to source channel, and thus
only one type impurity is implanted, simplifying the process
At first, it was used a p-type SOI wafer,with orietation
(100) for the manufacture of JNT deices. A chemical
cleaning is performed, and then the first deposition of SiO2,
used as sacrificial oxide to the first implantation. After
deposition the gallium implantation is performed. The graph
of dopant concetration as function os dose implantarion is
shown in Fig.3 in order to adjust the threshold voltage value.
To set a value of approximately VT=-0.5V was used dose=
2x1012 cm-2 and energy10KeV reaching Na= 1.5x1018cm-3.

Fig.1. – Schematic view of Nanowire Juncionless Transistor JNT

Fig.2 – Longitudinal section of transistor without junction JNT.
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After the finalization of the device, DC characteristics
simulations were performed.. And as a result, curves of the
drain current and transconductance as a function of gate
voltage are shon in Fig.5. According to Fig. 5 it’s clear that
the projected transistor presented VTH=-0,5V and gmmáx=
0,89 µS .
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Then the first mask is used to define the active region
of the device, as shown in Fig.4-A . In order to get 7 nm gate
oxide , it should take into account the thickness os silicon
film, 14nm, SiO2 is about twice the volume of Si , then
oxidation process consumes much silicon. Thus, the
oxidation time was set at 15min at 850ºC. The polysilicon
deposition and gate photolithography are performed and
presented in Fig.4-B. Then an oxidation is performed to
passivate the junctions and SiO2 is deposited in order to
increase the thickness of the insulating oxide on the
source/drain regions and gate. Contacts cuts made,
metalization applied and etched using the last metal mask
are presented in Fig 4-C.
After that in Fig. 4-D and F are presented the thermal
annealing of Al-Si contacts, and passivation of the SiO2/Si
interfaces and therefore the finished structure.

0.6
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Fig 3 – Simulated curve ofDose(cm
implantation
Gallium concentration in the channel , with energy 10KeV.
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Fig.5 – JNT curves of the drain current and transconductance as
function of gate voltage with L=0,5µm and VDS=50mV.

4. Conclusions
This work proposed a project of a JNT
pMOSFET transistor to be manufactured in Brazil.
Simulations were performed for each step of the process
besides that temperature and time parameters were defined
for oxidation equal to toxf=7nm and tSi= 10nm. As well as
implantation dose to the channel region with gallium doping
to achieve VT= -0,5V. Finally simulations were done in
order to present DC characteristics as maximum
transconductance egual to gmmáx= 0,89 µS.
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1/f γ noise at high temperatures[5].

Abstract
This paper deals with the Low-frequency
noise behavior in Submicron GC SOI MOSFETs
fabricated using the commercial FD SOI 150 nm
technology OKI Semiconductors working at room
temperature..
1. Introduction
SOI MOSFETs have been first proposed
by reducing the short channel effects existing in
traditional bulk MOSFETs. However, SOI
MOSFETs have a floating channel region that
originates several undesired parasitic bipolar
effects (PBEs), affecting the device performance.
Due to the high electric field at the drain, it was
been proposed and demonstrated the Graded
Channel SOI MOSFET [1], by having a lightly
doped region near to the drain, reducing the
electric field and minimizing the occurrence of
PBEs.
The 1/fγ and 1/f2 noise are the most
important figures of noise in a MOS transistor.
They occur at the device interface, due to some
imperfections at the oxide during the process and
can be described by equation (1) [ref.]:
S ID 

K F  gm 2
2
Cox
W  L  f

[5]

Figure 1.: Typical input-referred low-frequency noise voltage
spectrum (This Picture was extracted in [5]).

2. Device Structure and Measurements
Figure 2 presents the cross section of the
device used in the measurements, where toxf is the
front gate oxide thickness, tsi is the silicon
thickness, toxb is the buried oxide thickness. In this
case toxf = 2.5nm, tsi = 40nm, toxb = 145nm. The Pregion is the Lightly doped region (LD) and P+ is
the Highly doped region (HD) near to source. This
device has a channel length of L=500nm and
channel width of W=5um and the relation
LLD

L

 0.5 .

(1)

where, KF is an empirical process characteristic,
gm is the transcondutance, Cox is the gate
capacitance per unit of area, W and L are the
channel width and length, respectively.
These imperfections induce the electron
trapping and detrapping at interface that makes the
current level wave. At low-frequencies the noise
reaches the highest values.
At the figure 1 is possible to seen the 1/fγ
contribution at the frequencies spectrum. The
Lorentizians have relation to Generation and
Recombination noise and can been overcome the

Figure 2.: GC SOI Structure.
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The first measure was the IDS x VGS and Gm x VGS
curve (figure 3), where it was used the Agilent
4156C (Precision Semiconductor Parameter
Analyzer).

Figure 5.: Current Spectral Density

4. Conclusions
Figure 3.: IDS x VGS and gm x VGS .

This work has the objective of measuring,
and verifying the GC submicron SOI Mosfet DC
characteristics and noise comportment.
The IDS x VGS and gm x VGS measured at
figure 3, was very similar with the device
simulated in a TCAD at [2].
In the figure 5 the noise Spectrum
describes a classical 1/fγ with γ nearly 0.6. The
spectrum current density from figure 6 shows a
good oxide characteristic as can see in [6] page 7.

With the curve above at the figure 3, it was
possible determinate the Threshold Voltage (Vth=
0.66V) and the subthreshold slope of S=76mV/dec.
2. Noise Measurements
For noise measurements it was used the set-up
bellow at Figure 4, where the Agilent 5156 was
used to bias the DUT (Device Under Test), the
LNA is a Low Noise Amplifier and the Agilent
4395A is a Spectrum Analyzer:
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Figure 4.: Noise configuration Set-up

The GC SOI at the figure 4 was biased in
linear linear region with Id=790uA, Vg=800mV,
obtained a Vd ~ 25mV.
In figure 6, it was been obtained the noise
Spectral density, where is possible to seem the
Low-Frequency noise (LFN) as showed at figure 1.
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corresponding to a deeply sub-threshold operation.
Harrison [2] was one of the first researchers to use the
MOS-bipolar pseudo-resistor for Neural Recording
Amplifier and reported the difficulty to measure its
ohmic value, because the measured current was below
the limits of the instruments capabilities. Despite this
fact, several bio-amplifier solutions have been proposed
using the MOS-bipolar pseudo-resistor with different
technologies and circuit solutions, and ranging from 109
to 1016 Ω have been published, [3], [4] but no one
presents a method for the resistance evaluation. Other
works, [5] and [6], with focus on the pseudo-resistor
were published, for different technologies (1.5µm,
0.5µm, 0.18µm), showing that applications are still
being researched.

1. Abstract
A MOS-bipolar pseudo-resistor (MBPR) study, as
well as the circuit for its characterization, is presented.
This device is mainly useful for very-low-frequency
filter designs, like bio-amplifier circuits, because it can
reach very high ohmic resistance, providing high RC
constants. Due to such high values that can be reached
(≈1012Ω), the measurements must be made indirectly.
This paper presents a method, which allows the
evaluation of pseudo-resistor topologies, using a low
pass filter and two one-stage source-follower amplifiers.
The behavior was evaluated using, as reference, the 8HP
IBM 0.13µm PMOS technology, offered by MOSIS
multiuser program. The results were obtained using
circuits and parasitic elements extracted from the
implemented layout, using Mentor Graphics CalibreTM.
Simulations were performed using PSP 103.1 models on
EldoTM SPICE analog simulator and experimental
measured values were shown.

2. Curve Response
Initially, a study of the device behavior by SPICE
simulation with 8HP BiCMOS 0.13µm technology [7],
was performed using electrical parameters extracted
from layout through the CalibreTM software [8]. The
purpose of this step was to identify the range and best
regions of operation, with focus on linearity, high value
and voltage swing. Fig.3 shows the ID x VAB curve for
two pMOS transistors connected in one back-to-back
solution, Fig.2.

2. Introduction
The pseudo-resistor was introduced by T. Delbruck
in [1] as an "adaptive element". Delbruck explains that
its effective resistance is huge for small signals and
small for large signals. The pMOS-Bipolar pseudoresistor uses the transistor body connected to the source,
and the gate connected to the drain, acting like a pMOS
diode for positive Vsg and a BJT diode for negative
Vsg. Fig.1 shows the structure profile and the equivalent
circuits for these two bias conditions.
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Fig.2. The pseudo-resistor in pMOS back-to-back.
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Fig.3. The pseudo-resistor curve response.
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The red line represents the linear fit. It is possible
to see the linear tendency of the drain current behavior
in the ±100mV drain voltage range, with a residual sum
of squares about 10-23A2 of magnitude, and standard
error of about 10-13Ω-1 and linear intercept standard
error of about 10-14A.

capacitance of the transistor M4. The total capacitance
value obtained (370fF), by (1), was used to evaluate the
MOS pseudo-resistor, with 1x, 2x and 3x back-to-back
transistors circuit, with several width (W) and length (L)
channels. Were performed practical measurements,
exhibited on table 1.

3. Resistance Evaluation Circuit

4. Experimental results

Due to the high values involved, the evaluation of
the obtained resistances must be made indirectly.
Therefore, a low pass first order filter is proposed to
make the evaluation by the transient response. To
achieve external impedance isolation, the low pass filter
is assembled between source follower amplifiers with
voltage gain close to unit, Fig.4.

Table I. Simulation SPICE and practical results
W
L
Back-to-back
Practical
(µm)
(µm)
(TΩ)
Transistors
1
0.36
0.24
1.73
2
0.36
0.24
2.07
3
0.36
0.24
3.73
1
0.72
0.48
0.48
2
0.72
0.48
1,14
3
0.72
0.48
1,96
1
1.08
0.72
----2
1.08
0.72
0,73
3
1.08
0.72
1,10

4. Conclusions
A new method for the pMOS pseudo-resistor
evaluation was proposed. The measured values were
successfully obtained and showed an effective way to
evaluate the pseudo-resistor ohmic value. This method
can help in designs using this circuit topology.

Fig.4. Circuit for pseudo-resistor evaluation.

One step of 100mVpp (V2) is added to a DC bias
polarization (V1), and the voltage Vo(t) by the time
response, allows to find the pseudo-resistor value, once
that, the total capacitance on the M4 gate is knowledge
(370fF). Fig.5 exhibits the detail.
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Fig.5. Detail of the voltage on terminal 3 (Vo) of Fig.4.

Equation (1) gives the pseudo-resistor (Rp) value, by
output voltage data from transient response on circuit,
Fig. 4, terminal 3 (Vo).
∆!

𝑅𝑝 =
!∙!"

!!"#$ !!!"#$

(1)

!!"#$ !!"(!)

The calibration was performed by the evaluation of
the SPICE circuit parameters, extracted from the circuit
layout implementation by CALIBRE on PSP 103.1
models, replacing the MOS pseudo-resistor by a
resistance Rp=125KΩ to perform the total input
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