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ABSTRACT Np=1x1G° cm? characterizing a n-channel Double Gate
FinFET.
In this study it will shown the drain leakage cutre Gate

behavior and its carriers composition in Double &5at
FINFETs (DGFIinFETs) devices submitted since room
temperature (27 °C) up to 300 °C, taking into aatdhe
influence of the channel length (L) in the totahidrleakage
current b .o and its composition (electrons and holes). In
order to develop this analysis, numerical threeetisional
simulations were performed, where it was obserhed the
drain leakage current increases as the temperasa® for
all simulated devices and, L. increases as L reduces.
Besides, it was observed that the total drain lgalaurrent
IpLeak I DGFINFETs showed to be composed mainly by
electrons.
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1. INTRODUCTION

The Silicon-on-Insulator (SOI) MOS technology
evolving from the classical model, planar, singieginto
three-dimensional structures devices with a mutightes
(MuGFETS) devices [1].

Double gate devices have the best conditions to
electrostatic control of channel region when corapty
planar single gate devices, short channel effeetseduced
and smaller dimension for transistor can be acliewvéh
double gate structures [2].

Nowadays there are many applications for SOI
MOSFETs and Integrated Circuits (ICs) for high
temperature operation up to 300 °C, such as autespot
aerospace and industry whose have a special defioand
then [3, 4]. At high temperatures, the main causiiture
in devices and circuits is due to the leakage otiirereases
on drain/source to channel junctions [3, 4].

Multiple gates devices are the main promises t@ade
the limits of the integration scale and have at&é@dénterest
in several research groups [5, 6].

Then, looking for these premises, in this studydhen
leakage drain current and its carriers will be yred and
discussed in DGFIiNnFETs SOI nMOS devices.

Figure 1. Double Gate FinFET transistor structure.

In order to analyzepleax at high temperatures, all
devices were biased in the linear region, i.e.,tf@r drain
voltage \bs fixed at 25 mV. The gate voltagezy versus
drain current §s curves were obtained in all temperature
range for -0.5\& Vgs< 1.2 V.

In order to edit the DGFIinFETs devices, it was used
DEVEDIT3D [7], and all three-dimensional numerical
simulations were performed using ATLAS [7].

3. THREE-DIMENSIONAL SIMULATION RESULTS

The results presented were obtained through three-
dimensional numerical simulations, performed witte t
device simulator ATLAS.

In order to study the drain leakage curremt.k it is
necessary to obtain the drain curreptds a function of the
gate voltage ¥s curves, for all temperature range analyzed,
for an constant voltage applied between drain andce
Vps = 25 mV, and for the gate voltage fromd# -0.5 V up
to VGS =+1.2 V.

Figure 2 shows some results concerned to gh& Mgs
curves, at high temperatures, for a DGFinFET SOI
NMOSFET with L = 500 nm. From these results is jiides
to note that as the temperatures increases, thtaresbold
slope decreases. Besides it, in the triode rediegX 0.5 V)

Ips reduces due to the mobility reduction as the teatpee
rises. Similar results are observed for all L ewagalyzed
along this paper.

2. DOUBLE GATE FINFET CHARACTERISTICS

The Double Gate FInFET devices (DGFIinFET) used in
all three-dimensional simulations is showed in Fégl. Its
characteristics are: the Fin width £ is 120 nm, the Fin
height (H;,) assumes 150 nm, the buried oxidgy(} and
gate oxide @x) have 145 nm and 2 nm thickness,
respectively. The channel length range analyzeth@nges
from 100 nm up to 1 pm. The channel region hastype-
doping concentration N= 1x10° cm® while source and
drain regions are a n-type with doping concentratio
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Figure 2. pbsx Vgs curves for a DG FnFET with L = 500 nm
operating at high temperatures.

In order to extract the total drain leakage curignt, it
was necessary to adopt gJondition for it. Then, after
analyzing all bs X Vgs curves, it was decided thaj J.« can
be extracted for ¥s=-0.5 V, where, ..« tends to be almost
constant at high temperatures.

The results of Je. extracted for all DG FinFETs
analyzed are described in Figure 3, showing thatdtain
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Figure 4. Total drain leakage current behavior \channel
length L from 100 nm to 1 um and their behavionfnmom up
to 300 °C.

4. DRAIN LEAKAGE CURRENT ANALYSIS

The total drain leakage current densiye,l is obtained
from the structure generated by the simulator, ipresty
polarized in the leakage region (forc/= -0.5 V) as
described above, and through a cut view in the kaidfithe

leakage currenty]e, increases as the temperature rises, asFinFET height of this structure, given bys#R and is

expected.
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Figure 3. Total drain leakage current behavior temperature
from room to high up to 300 °C comparison for défar
channel length.

From the results presented in Figure 3, it cancles shat
for a given temperature, as the channel length duces
there is an increase of L., whose effect is observed for all
temperature range studied along this work. On tthero

extended across the widthgWof the transistor, i.e., since
from the Gate 1 and 2/silicon film interfaces, fagdn be
seen in Figure 5.
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Figure 5. Extraction of the drain leakage curremngity along
the silicon film width.

This analysis allows us to observe the density
distribution of the drain leakage current densityead
through the silicon film volume. In Figure 6 isgsible to

hand, b..a difference observed between the devices reducesypserve the total drain leakage current densityribligion

as the temperature increases.

Otherwise, analyzingplea @s a function of L, it can be
seen that for the same temperature as L reduegsy |
increases as it can be seen in Figure 4. Similaaer is
also observed for all temperature range evaluated.

In order to understang L., behavior as a function of L
and temperature, the drain leakage current desistiel its
composition (holes and electrons densities)
investigated into the silicon film volume of DG HETS, as
it will be described below

WEr€ drain

Jrieak for @ DG FINFET with L = 1um, operating at high
temperatures. From these results is possible ®that for a
given temperature k. is higher around the middle of the
channel width while near the Gate 1 and Gate 2fates,
its intensity is lower. Similar behavior is alsosebved for
all temperature range evaluated.

On the other hand, as the temperature increases, th
leakage current density increases substhntial
maintaining the same distribution along the silicfim

volume.
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Figure 8. The drain leakage current density comgpmsiand its
distribution along the channel width for DGFINFET ik =
1um at 300 °C.

Figure 6. Distribution of the total drain leakagarcent density
along the DGFInFET width for L =1 um, at high terrgteres.

As the DGFInFET channel length reduces, as predente
in Figure 7, there is a significant gy increases, but similar
behavior in the distribution of the total drainkege current ~ nm and 100 nm, as shown in Figures 9 and 10, ragplyc
is maintained, i.e., the most part of it flows arduthe But in these cases, it is important to mention gat is

middle of W&, and it increases as the temperature increases. composed mainly by electronsg(diond, but Jea increases
as L reduces. Besides it, as L reduces, the desikabe

Similar results were also observed when L assur@és 5
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Figure 7. Distribution of the total drain leakagarcent density,
along the silicon film width, for a DG FinFET with=.100 nm. 10° : , : , ,
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Then, in order to understang .J behavior as a function W._ [nm]
of the temperature and L, the total drain leakageent Fin
composition (carriers) was investigated to obsehgv
electrons and holes contribute fgjcky in these analyzed
conditions. In this way, Figure 8 shows the totahinl
leakage current density and its carriers resulte@ming to
DG FIinFET operating at 30T and for L being fim.

From the results presented in Figure 8, it is fmssio
observe that when the device is operating at°8)@he total

Figure 9. Drain leakage current density distributi@and its
composition along the channel width for DGFINFET wlith=

500 nm at T = 300 °C.
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drain leakage current is composed mainly by elestro &
Jeecons Be€sides it, note that near the gate interfaces th g L=100 nm
density of holes is more significant when compat@dhe < V. =25 mV
rest of the silicon film width, due to negative bi@pplied in — DS
both gates (¥ = -0.5 V), which naturally leads to 3 V05V
accumulation of holes at these interfaces. In therlian i T=300 °C
region of W, the density of holesydes is around three
orders of magnitude lower. ) . i
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Figure 10. Composition of the drain leakage current and its
distribution for DGFINFET with L = 100 nm, operagrat 300 °C.



For lower temperatures, similar results were olesbrv
for all DGFInFETs SOI nMOS evaluated in this wovkhen

Three-dimensional numerical simulations  were
performed to assist in understanding the drain ecurr

the DGFIinFETs are analyzed at room temperature, thecomposition and its distribution in DGFIinFETs, as a

composition of the total drain leakage current iimilar
those observed at higher temperatures, for allcdsvivith
different lengths of channel. But in particular, emh L
assumes um, it is possible to see thaj l. components
(holes and electrons) are of the same order of inatgmand
both contribute significantly toples, as it can be seen in
Figure 11.
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Figure 11. The drain leakage current density contjmos and
its distribution along the channel width for DGFinFvith L=
1 umat 27 °C.

From the results showed in figure 11 it is cleat ih the
gate interfaces, holes are the majority and into giticon
film body, electrons are the main component. Anywthag
sum of both components gives the total drain leakag
current that flows in this device.

For the device with L = 100 nm and operating atmoo
temperature, as shown in Figure 12, it is obsethad the
electrons density gdcrons IS the majority component, as
detected for these devices operating at higher éeayres.
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Figure 12. The drain leakage current density contjmos and
its distribution along the channel width for DGFinFRvith L=
100 nm operating at 27 °C.
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5. CONCLUSIONS

In this study it was verified the behavior of theid
leakage currentple and its composition, in DGFInNFET
SOI nMOS devices operating since room temperatpriou
300 °C.

function of the temperature and the channel lengtb.
expected, the drain leakage currepnta is highly dependent
on the temperature of operation, being higher wthenDG

FINFET devices are submitted at high temperatufés

results show that as L decreases, for the sameitioomsl

IoLeak iINCreases and similar behavior is also observethf®
same channel length as the temperature rises. Alsms

observed that the total drain leakage current tedgi.. is

given by the sum of electrongedons @and holes s but

according to the analysis, it was noticed thgt.al is

composed mainly by electrons, for all devices itigased.
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