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Double-gate (DG) SOI-MOSFET device is regarded as the next generation of VLSI circuits. In this pa-
per, we show the impact of miniaturization on the demand and challenges of the undoped-body symmetric
DG-SOI-MOSFET planar design for low power and high performance. By exploiting the graphical ap-
proach used previously, which consists of numerical simulations valid for all bias conditions, from sub-
threshold to strong inversion and from linear to saturation operation, we visualized the evolution of the
transfer, output and electrical characteristics and output conductance by varying each of the parameters
independently: oxide thickness (fox), channel length (L) and channel width (W). The results obtained al-
lowed to verify how each dimension affects different electrical properties of the DG-SOI-MOSFET. It was
found that L, W and to: significantly influence these properties, as well as this transistor includes the
channel length-modulation (CLM) and drain induced barrier lowering (DIBL) effects. This study showed
the ability to predict the electrical behavior of the DG-SOI-MOSFET by its geometrical dimensions, and
the possibility of choosing the optimal dimensions to ensure high performance of this transistor in both an-
alog and digital circuits.
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1. INTRODUCTION

The double-gate (DG) MOSFETs seem to be a very
promising option for ultimate scaling of CMOS technol-
ogy [1, 2]. However, conventional device structures,
such as bulk MOS transistors, are approaching funda-
mental physical limits [3]. In this regard, SOI technolo-
gy has demonstrated many advantages over bulk silicon
technology, such as low parasitic junction capacitance,
high soft error immunity, elimination of CMOS latch-
up, no threshold voltage degradation due to body effect
and simple device isolation process [4]. The advantages
of DG-SOI-MOSFETSs come at the expense of an addi-
tional gate (back gate), leading to high gate capacitance,
dual leakage channels, and tricky front- and back- gate
coupling, which complicates circuit design [5]. The ab-
sence of dopant atoms in the channel eliminates impu-
rity scattering mobility degradation and completely
does away with unwanted dispersion in the characteris-
tics, otherwise resulting from the random microscopic
dopant fluctuations inherent to ultra-small dimensions
devices. In fact, the threshold voltage is determined by
the work function difference between the gate material
and the intrinsic silicon body [6]. On the other hand,
symmetrical DG-SOI-MOSFETSs appear to be attractive
alternatives as they can effectively reduce short chan-
nels effects and work under higher currents [7].

In this article, we want to continue to validate the
model developed previously [8], which will be applied
to nanoscale symmetric DG-SOI-MOSFETs. The out-
put and transfer characteristics and output conduct-
ance will be determined for various gate polarizations,
channel lengths, oxide thicknesses and silicon film
thicknesses.
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2. OUTPUT AND TRANSFER
CHARACTERISTICS

As a first step, the Poisson equation and associated
boundary conditions lead to a transcendental equation
that will allow to find the electrostatic potential at the
center of the silicon film. Knowing this electrostatic
potential, it is easy to calculate the potentials on the
surface and in the volume and obtain the electrical
charge carrier density in the channel [8]. Our model
uses only the drift current component, which is broadly
acceptable as the diffusion component, first proposed by
Pao and Sah, is only a few percent of the total drain
current [9].

For the analytical calculation of electric current, we
have followed the steps below. Neglecting the scattering
component and considering a constant electron mobility
of about 0.03 m%/Vs throughout the silicon film, the
drain current is calculated using expression (1):
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The DG-SOI-MOSFET device is symmetrical. It is
not doped. The charge induced in the channel is practi-
cally equal to the total charge in the semiconductor.
Therefore, by applying Gauss's law to the interfaces and
replacing the inversion charge Qinv by its expression (2),
the drain current Ip is written as:
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After the calculation and taking into account the as-
sumptions we have imposed, we get:
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3. CONDUCTANCE OF THE SYMMETRICAL
DG-SOI-MOSFET

By definition, the output conductance of a MOSFET
is the ratio of the change in the drain current to the
change in the drain voltage, when the gate voltage is
kept constant. The output conductance is written as:

ol
Bout = D
Vs

Substituting expression (3) into (4), after the calcu-
lation, we obtain the analytical expression for the out-
put conductance Zous:
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4. RESULTS AND DISCUSSION

In order to examine the effect of sizing on the char-
acteristics of the components, by exploiting the graph-
ical approach, we fixed the doping concentration of the
silicon channel Na =10 cm—3, doping concentration of
source/drain contact regions Np=1020cm~3 and mid-
gap metal gate with work-function 4.74 eV. We also
visualized the evolution of the transfer, output electri-
cal characteristics and output conductance by varying
each of the parameters independently: the oxide thick-
ness (fox), thickness (¢si), length (L) and width (W) of the
channel. All of the device parameters are shown in
Table 1.

Table 1 — Sizing parameters

Oxide thickness tox 1,2, 3nm
Channel length L 25-30-35 nm
Channel width W 25-50-75 nm

The results obtained through numerical simulation
using the graphical approach in Octave software are
shown in the following.

4.1 Effects of Changing Oxide Thickness (fox)

By varying the oxide thickness (1, 2, 3 nm), Fig. 1
and Fig. 2 represent, respectively, the output character-
istics Ips = f(Vps) and output conductance gous = f (Vps),
and transfer characteristics Ips = f(Vss) of our transis-
tor. By observing these characteristics, it is easy to
notice that the current Ips and the output conductance
ga are inversely proportional to the oxide thickness (fox).

On the curves of the Ips-Vgs characteristics, we no-
tice that Vi strongly depends on this thickness and
increases when fox increases. On the other hand, an
abnormally large oxide thickness for structures with
small geometries results in the isolation of the gate
which no longer controls the channel.
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Fig. 1 — Output characteristics and output conductance Ips and
Zout vs Vps for different oxide thickness (fox)
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Fig. 2 - Transfer characteristics Ips = f(Vgs) for different oxide
thickness (fox)

4.2 Effects of Changing Channel Length (L)

Fig. 3 and Fig. 4 represent, respectively, the output
characteristics Ips = f(Vps) and the output conductance
gout = f(Vps) and transfer characteristics Ips= f(Vgs) of
DG-SOI-MOSFET for different channel lengths L (25,
30 and 35 nm).

Again, in these figures, it is easy to notice that the
current Ips and the conductance gq are inversely pro-
portional to the length of the channel L. The output
conductance and Early voltage are severely affected by
length scaling as channel length-modulation (CLM) and
drain induced barrier lowering (DIBL) effects become
more important, but they are acceptable for channel
lengths above 15 nm [10].

4.3 Effects of Changing Channel Width (W)

By varying the channel width W (25, 50 and 75 nm),
we found the output characteristics Ips = f(Vps), output
conductance gouwt =f(Vps) and transfer characteristics
Ips = f(Vas) of our transistor as shown in Fig. 5, Fig. 6.

Finally, by observing the evolution of these character-
istics, we can see that the larger channels present higher
saturation currents and lower threshold voltages.

Fig. 1, Fig. 3, and Fig. 5 show the conductance gou: =
f(Vps) of the considered DG-SOI-MOSFET. The DG-
SOI-MOSFET characteristics for all regions, linear,
saturation and sub-threshold, can be generated from
this continuous numeric solution.
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Fig. 3 — Output characteristics and output conductance Ips and
Sout Vs Vps for different channel length (L)
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Fig. 4 — Transfer characteristics Ips = f(Vis) for different chan-
nel length (L)

The inverse of the conductance (1/gqd = Rout) is a very
important parameter in the design of analog circuits,
where the output conductance (ga) in saturation is
characterized by the Early voltage (Vea = Id/ga).

We have tried to see the effect of the channel thick-
ness by varying the thickness of 10, 20 and 30 nm, and
we have deduced that the effect on these characteristics
is less intense due to the weak direct proportionality
with the saturation current and the very low linearity
variation of the Ips-Vis on a weak inversion. In general,
our model agrees very well with the simulation results
in the articles [11-13].
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Fig. 5 — Output characteristics and output conductance Ips and
Zout vs Vps for different channel width (W)
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Fig. 6 — Transfer characteristics Ips = f(Vis) for different chan-
nel width (W)

5. CONCLUSIONS

We have simulated the electrical characteristics and
conductance for an undoped nanoscale symmetric dou-
ble gate transistor using the graphical approach. We
have seen the evolution of the output, transfer and
output conductance characteristics by varying one of
the three parameters of our component geometry,
namely, channel length, channel width and oxide thick-
ness. For component sizing to be reasonable, component
miniaturization must be governed by the scale law.
Possible use of DG-SOI-MOSFET technology makes it a
suitable candidate for low power high performance
circuits useful for applications in analogue and logic
circuits, and radio frequency applications.
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Bruiue poamipis npucrpor mHa enexrpuuHi Biaactusocti DG-SOI-MOSFET
3a IOmMOMOroI0 nporpaMHoro 3adeaneuenua Octave

M. Djerioui!, M. Hebali2, M. Abboun Abid3
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Ipucrpiit SOI-MOSFET i3 nongitiaum 3atBopom (DG) po3ryisiaeTses Sk HACTYIIHE TIOKOJIIHHS CXeM
VLSI. V po6ori Mu moxasdyeMo BILUIMB MIHIAQTIOPHU3AIlii HA MOMUT Ta TPobJIeMU CUMETPUYHOI ILIaHAPHOI
koHCTpyKIlii DG-SOI-MOSFET Hu3bKoi HOTY;KHOCTI TA BHCOKOI IIPOIYKTUBHOCTI. 3aCTOCOBYIOUM rpadi-
YHUHN MIX1T, SKUH BUKOPUCTOBYBABCS PAHIIIE 1 CKIIAIAETHCS 3 YUCEJILHOTO MOJEIIOBAHHS, JIUCHOTO JIJIsS
BCIX YMOB 3CyBY, BiJl HiJIIOPOroBOl J0 CHJIBHOI iHBepCil Ta BiJ JIHIAHOI 10 HACHYEHHs, MU Bi3yasIi3yBajIu
€BOJIOINI0 XapaKTEePUCTUK Iepeaavl, a TAKOK BUXITHUX 1 eJISKTPUYHUX XaPaKTePUCTUK 1 BUXITHOI IIPO-
BIJTHOCTI IIJIIXOM 3MIHM KOYKHOTO 3 IIAPAMETPIB HEe3aJIesKHO: TOBIIUHU OKCUIY (fox), HoBskuHH (L) 1 mm-
puun ka"anxy (W). OrpuMaHi pe3yIbTaTé JO3BOJIMIN MEPEBIPUTH, SK KOKEH IIapaMeTp BILIMBAE HA Pis-
Hi exexrpuusi Biactusocti DG-SOI-MOSFET. Byuno BusiBneno, mo L, Wi fox 3SHAYHHM YHHOM BILIABA-
I0Th Ha 3a3HAYeHl BJIACTHBOCTI, a JaHWM TPAH3UCTOP TAKOK BKJIOYAE eeKTH MOAYJIAIi JOBKUHU Ka-
masry (CLM) ta imgykoase crokom sHu:xenHs: 0ap'epy (DIBL). Ile mociimskenHs mokasasno 3maTHICTH
nepenbaunty esekrpuyHy noBemiHky DG-SOI-MOSFET 3a #ioro reoMerpuuHMME pO3MipaMy Ta MOXK-
JIMBICTH BHOOPY ONTUMAJIBHUX PO3MIPIB 1JIs1 3a0e3medeHHs BUCOKOI IIPOJYKTHUBHOCTI IIHOT0 TPAH3UCTOPA
SIK B aHAJIOTOBUX, TaK 1 B ITU(PPOBUX CXEMaX.

Knrouosi cinosa: Cumerpruunuit DG-SOI-MOSFET, Enexrpuuna xapakrepuctuka, [Iposigmicts, Mimi-
aTiopuaaliid, YuceIbHUN METOI.
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