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Abstract—we present a strong methods of two studies that
were reviewed, which demonstrated a well bounded case of the
trap-charge-induced variability of threshold voltage in silicon-
nanowire FETs. By using full-quantum 3-D simulations, we
proof and analyse the transfet characteristics in the attendance
of discrete trap charges at different positions in the gate-
stack volume, and we calculate the probability density function
of these 3D randomly distributed impurities. Entertaining a
Poisson distribution for the trap charge numbers, we compute
approximation of the statistics of the threshold voltage shift
induced by such charged defects and evaluate the mean value
the standard deviation, the skewness and the kurtosis of the
threshold voltage for typical trap density values.

Index Terms—Nonequilibrium Green’s functions (NEGF)
method, remote Coulomb scattering (RCS), Negative Bias Tem-
perature Instability (NBTI), Hot Carrier Injection (HCI), GAA
silicon-nanowire (Si NW) transitors (GAA-SNWTS), variability.

|. INTRODUCTION

S the channel lenghts of prevailing planar meta
oxide-semiconductor field effect transistors (MOSFET:

condenseinto the nanometerscale, the device fulfiiment
is debasedby short-channeleffects emergent from the
weakened gate control. To crack this problem, strongly
confined multigate transistors as gate-all-around (GAA)
silicon nanowire (Si NW) FETs have been suggestedas
promising devices to accomplish the conditions of the
technologicafoadmapof semiconductor§l] .

Nanowire MOSFETs have been the major force behind
the potential developmentin the nano-electronicsndustry,
to bring in without precedentscientific and technological
improvement.This essentialimpact of nanowire MOSFETSs
has been managedby the phenomenalpropertiesof both
Si and its oxide SiO, or better the High-x . The progress
in nanowire MOSFET basednano-electronic$ias not been
withoutits problems.The functioningrequirement®f ICs put
stresson the devices,leadingto performanceand reliability
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Fig. 1. (Top) Si, Si/SiQ interface, SiQ/high-x interface, highs, and
oxide/high+ defect structure and dangling Si bonds are shown. (bottom)
Schematic view of the GAA Si-NW FET consisting of a 20-nm undoped
channel and 10-nm S/D regions nominally dopedi@®cm~—3. The cross
section of the devices s x 5nm?, and the Si@ oxide and Highx thickness

are 0.2-nm, 0.8-nm respectively.

problems. NW MOSFETs, and especially the oxide and
high-x, degrade during the device operation and cannot retain
its original specifications.

However, the degradation type is defect generation in the
oxide/high« or at the Si-SiQ interface over time. The defects
can increase easily the leakage current through the gate dielec-
tric, change transistor metrics such as the threshold voltage or
result in the device failure due to oxide breakdown.

Negative Bias Temperature Instability (NBTI) is one of the
most important threats to NMOSFETSs in VLSI circuits. The
electrical stress on the transistor generates traps at the Si-
SiOy-high-x. These defect sites increase the threshold voltage,
reduce channel mobility of the NW MOSFETSs or induce par-
asitic capacitances and degrade the performance. Hot Carrier
Injection (HCI), although alleviated for current generation NW
MOSFETS, is another mechanism that can generate defects at
the Si-SiQ interface near the drain (less near the source) edge
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as wdl as in the oxide bulk. by an electric field dependent disassociation of Si-H bonds at
However, lot off works published, treating the NBTI experithe Si-SiO2 interface. In general, the crystallization of high-k
mentally on PMOSFET and especially with high temperatumouldn’t wish; because is causes ununiformity of Oxyde dis-
[3] .In parallel, few works talking on atomistics study oftribution. Among the disadvantages of high-k polycristallinity
NBTI [4]. Modeling and simulation [6], In conventional Sihave been the ion diffusion is many order acceleration in
MOSFETS, the transistors are annealed in hydrogen ambiarierfaces. In contrast, the structure rigidity of the metal oxides
to passivate the dangling Si bonds during manufacture [2] also prevents an easy healing defects after annealing since it

NBTI has gained tremendous scientific and industrial imequires a significant rearrangement of the closest neighboring
terest as it can lead to severe shifts of important transis@toms. The freed hydrogen diffuses into the oxide, resulting
parameters, as the threshold voltage or the drain current,interface traps that increases the threshold voltage. This
and seems to be accelerated in recent technologies whilisassociation is most prevalent for PMOSFETSs under negative
rely on nitrided oxides, high-k dielectrics, and other novdiias (Vgs = -Vdd) [16, 17, 18]. When the stress is removed
approaches. The exact physical background is still not cofvgs = 0), the diffusions reverses and some of the hydrogen
pletely understood but the general consensus is that tten rebond with the Si, removing the interface traps [19, 20,
Si/SiO2 interface is damaged and interface traps and/or intgit]. This reversal is called the recovery effect. Deficiencies
face charges and probably oxide charges cause the degradatibrOxygens, with an energy level near to the conduction
For the modeling of NBTI the carrier concentration close tband of silicon [5], would be responsible for a trapping
the Si/SiO2/high-k interfaces plays an important role. Thelectrons injected from the transistor channel. This leads to
classical simulation using the drift-diffusion approximatiomnstability of the threshold voltage of MOSFET device and
gives the highest magnitude of the electron concentrationfatally reduces the inversion charge and also the reduction of
the Si/SiO2 interfaces below the gate contacts. It can be sekain current, that proofed by [6],[7]. It also appears clear that
that the peak electron concentration is found in the top corneadrapping; greatly decreases when using HfSiO or HfSION [7]
as two respective gates couple to the channel, each of thAmstudy was developed of Hafnium Silicates demonstrating a
attracting carriers. With the quantum confinement correctiosaduction of mobility at low field (Coulomb interaction) when
models the maximum carrier concentration is moved to thiee concentration of HF and the density of crystallization area
inside of the fin by a distance depending on the chosere increase, and keeping the same sense [8]. Furthermore,
model and its calibration parameters. The use of quantuhe phase separation in silicates leads to no-uniformity of
confinement models reduces this carrier concentration athe dielectric film composition, which may be associated the
might have significant influence on the NBTI model usedariations in the oxide capacitor COX-eff along the channel
In classical device simulators quantum confinement is oft¢®]. This fluctuation of capacity, acting locally on the value
accounted for by using additional quantum correction modefy. effective field, degradation of carrier mobility in strong
These models locally change the carrier density-of-states [filed and would be similar the roughness surface interaction
11] or they modify the conduction band edge close to theechanism [9]
interface [12].

In this work, NBTI and HCI degradation and their impli-
cations on NW device reliability are studied. First, part 2 Ill. PHYSICAL MODELS
presents the NBTI, HCI background and the theory for NBTI, , . , .
HCI degradation from the perspective of Reaction-Diffusion N‘_‘me”ca' S|mulat|o"r1§ are performgd by self-c.on5|s.tently
phenomenon . Physical models are presented in section Iﬁollvmg the 3-D Schrodmggr and Poisson equat_lons in the
The impact of NBTI, HCI degradation on GAA NW MOSFETcoherent transport regime in the presence of fixed charge

characteristics is investigated in section IV. Future directiofENters trapped at the S‘gm|gh-n.d|electr|c interface.
are provided and conclusions in section V. In order to reduce the numerical burden the coupled mode

space (CMS) approach is used within the NEGF formalism

[22]. According to the CMS approach the discrete electron
Il. PHYSICAL MECHANISMS OFNBTI AND HCI correlation function reads:

DEGRADATION

Before talking about defaults-charges interactions, we will G=(i1, 2, j1, jo, b, o B) = 1)
discus clearly the original of defaults and the structure of ZGés(ihi%n,m;E)fbﬁ (j1,/€1)¢§’;*(j2,k2) ’
metallic oxyde hifg-k. The structure of metallic oxyde such nom

as HfO2 is certainly less stiff than SiO2. That meaning,

its d orbital electrons strongly delocalized of ion metalliwhere{¢}'}, _; , v x. is the orthonormal set of eigenfunc-
bonds [5]. However, in Fig 1 (Top) the electrons of bondsons solution of the 2-D Schrodinger problem for #& slice

are very sensitive of positions and chemical atomics bondkthe device G5 is the mode-space counter part of the real-
Oxygen and hers neighbours metallic ions; so much atomsisace Green’s function an, (V) indicates the number of

in structure considered. NBTI and HCI degradation are discretization nodes along th€z) confinement direction. The
significant reliability concern for nanoscale CMOS circuitsolution in the transverse plane is obtained assuming close
which manifests itself as an increase in thershold voltage thmtundary conditions with vanishing wave functions at the gate-

reduces switching speed. At the atomic level, NBTI is causedide interface. The Green'’s functions in the mode space are
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obtdned as solution of the two of kinetic equations x 107

[E - Hms - Ems] Gms =1 (2)
Grfls = GmSz;sGT

ms?

1.5f
where X5, and X, are the lesser-than and retarded sel
energies describing the ideal infinite equipotential contac
H,s is the mode-space Hamiltonian arddis the identity 3 1t
matrix, for every energys, and then evaluating the real spact —©

electron density through the integral:

—igvgs [dE . . .. 0.5¢
i,7,k — —G sty 7k7kaE ) 3
Mgk = A /27T (i,,5,] ) 3)
whereg, ; are the valley and spin degeneration coefficient
respectively.

The Poisson equation

—V - (e(r)Vo(r)) = p(r 4
( ( ) (b( )) p( ) ( ) Fig. 2. (Solid_ blue Iin_es)Id - Va chaac@eristics of the GAA_ nanowire
is solved in the 3-D domain using the box-integration methoﬁ'{MOSFET with the single charge trappinGfl; = (ws,ys,2;) inside of
. L . . channel. (Dashed red line) The smooth device is also shown for comparison.
wheree(r) is the position dependent dielectric constanti;)
is total charge density accounting for both electrons and fixed

charges, and(r) is the self-consistent electrostatic potentialyhereg,, the transconductance ait, the total gate capaci-
tance and:; the trap depth in the dielectric of thickness;.
IV. METHODOLOGY AND RESULTS A nice agreement between the analytical model and the

For the evaluation of the quantum study models a state-gimerical calculation is proofed in Ref. [2]. The depen-
the-art three-dimensional N- channel GAA device structufi€nce of the threshold voltage shift on the position along

was chosen. The device geometry can be seen in Fig?f three spacial directions of the single charged impu-

(bottom). We consider, the silicon [100] fin has a croddy IS studied, such that, we defined\{’» here at con-

_ —12 —11 -9 -7 -7
section area of §5 nn? and gate length of 20 nm.. TheStant Clirge”tID(A) = 107,107, 1077,107%,5.010
source and drain regions are heavily n-type doped wher 1077, corresponding the interval ofVg(V) €

the channel itself remains undoped. The S/D regions are [Pﬁ) 0'1]’_[0'1’ 0.2],{0.2, _0'3]’ (0.3, 0.4],[0.4, 0.5],(0.5, 0.6] )
nm long with a donor-doping concentration 8fp = 10%° respectively. By fastening the trap-charge defect at the in-

cm=3. An interfacial layer of silicon oxide with thiknessterface, it was possible to systematically study the influence
t = 0.2 nm is placed between the silicon channel and tfd the position on the volume (x,y,z) of the trap on the VT
high-k gate dielectric B fO,). The dielectric propreties of variability and_ to generate by 3-D extrapolation th(_a thr_eshold
the high-k and of Si@ interfacial layer are assumed thiknes¥0ltage variation map. However, at low VG and inferior of
independant. Discrete charged defects can be located indig¥ice threshold voltage Vth, we found a stronger decrease of
the gate-stack volume at positidn;, y:, ;) and the Si/Si@ parabolic forms pelta VT as far as the impurity is moved
interfaces. Applied source-drain voltageliss —=10mV, and away from_ the mterface_ along the vert!cal d|rect|on and
the temperature i§’ = 300 K. The tansfer characteristics ofdrenching in depth of dielectric shown in top of Fig.5 .
such devices in the presence of a single trap carge localdys Pehavior is primarily due to the usual remote coulomb
at the Si/SiQ/ high- interfaces and at different positionsScattering effect depicted in (5) and additionally due to the
along thex — y — = volume are shown in Fig. 2, where thedlf'f_erent per_m|tt|V|t|es present in the SjQayer and _the hlgh_-
on- turn curve of a clean device is plotted as the referendgdi€lectric in the gat stack as well as for the wive-function
We notice a systematic positive threshold voltage shift dipenetration in_side the (_Jlielectric. On the other hand, at strong
to the additional barrier on the device subbands induced N @nd superior of device threshold voltage Vth, we shown in

the negatively charged defect. The current amplitude variatiBRtom of fig.5, that the parabolic forms divided in two half
Alp = Ip — Igdu induced by this additional barrier can bd10 symmetrically p_arabolu_: forms converging to_ Drain ano_l
associated to the NBTI , HCI degradation. It presnts an almoxpU'ce. when VG increasing. Note that, as drain voltage is
constant value in the subthreshold voltage regime and thdely have an influence, so the corner effect is shown clearly
strongly decreases for positive gate overdrive values due (g rotation phenomenon) near of borders.
electrostatic screening.

This behavior of the NBTI and HCI amplitude with gate
voltage can reasonably be related to the transistor gain ac-
cording to the analytical formula proposed in Ref. [23] , [13, From 3D-maps shown in figure 3 and by exploiting these

V. VARIABILITY AND STATISTICAL STUDY OF NBTI, HCI
DEGRADATION

14, 15]: data, we estimated the statistical properties of a single charge
Alp  gm q 1 2t ®) trap randomly distributed in the volume. Here, this is achieved
Ip  IpCox \'  tins )’ by generating 8 120 601 (201 x 201 x 201 ) random positions
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Fig. 4. (Top) Kurtosis of joined-half-Gaussian distributionrsies square
Fig. 3. Maps of threshold voltage shift as a function of the pwmsitof of skewness, such thdtg (V) € [0.0, 0.6] . (bottom) Probability density
a single trap charge drenching in the depth of dielectric along the volurfenction (circle line points) and the corresponding cumulative distribution
x—y— z at (Top) Ve(V) € [0.0, 0.1] and (bottom)V; (V') € [0.4, 0.5]  function (diamond line points) of having a determined value/df7 due

to a single discrete trap charge in the Si/gfidgh-x interfaces atVs €

[0.3,0.4].

uniformly distributed on the volume for each VG value and

hence by calculating the corresponding PDF and its CDfisyiipition has standard deviation: while for AVy > R,..,

shown in Fig 4 (bottom) (we restrict only for VG= 0.4 curve)yq gistribution has standard deviation. The formulation
In order to obtain an almost continuous curve, a discretizati AVz) becam:

step delta Delta VT = 0.4 mv has been considered. Such

deterministic approach has the advantage to be expensive than| ——L1 _ exp _7@”‘2{%)2 AV < i
o o . . V2r(o1+o2) 207 7
a statistical treatment consisting in computing a complete set 1 @V’ Ay (7)
of simulation for a given set of random positions. On the other Ver(oitos) P\ T 93 T > Pm
hand, as the frequency function for a Gaussian distributigihe modal projected range,,, o1 anda, can be calculated
reads: by using the characteristic quantities (conventional formulation
N2 robability) as shows in Fig 4 (Top). With some amount of
1 (AVp — ) P y 9 P
f(AVp) = o . exp —Tp , (6) algebra these integrals evaluate to:
p P
2
A Gaussian distribution has a skewness = 0 and a kurtosis = Hp = tm + 4/ ;(0’2 —01) (8)
3. The approximation of a true profile with a Gaussian distri-
bution is only accurate to first order. However, the simplicity . \/ 9 9 2 9
of the calculation justifies to some degree its use when the p= (ol —oro2+03) = (02— 1) ©)

primary concern is the average location and average extent of 5
a distribution. When we went to fit more accurately the asym- \/>
metrical distribution usually found in practice, it is necessary% - o3
to at least account for the skewness. The frequency function (20
is defined to consist of two half Gaussian distributions thaiWe found from our simulation and for different;, the

join at a modal projected range Rm. Wh&V < Rm, the following table Tabl, and to evaluating all parametey,,

2(09 —01) ((% —1)(0? +03)—(3— %)0’1.0’2)
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Ve € Rp[mV] | op[mV] | vp[] Bpl ]
0.0, 0.1] | 2,5988 | 2,4781 | 2,9034 | 14,9436 4 14
0.1, 0.2] | 2,6331 | 2,4949 | 2,8904 | 14,8050 #‘
02 03] | 27275 | 2.5300 | 2.8434 | 14,2847 A:‘ -4 Vg UI[00,01] I
0.3, 0.4] | 2,2611 2.0791 2,8104 | 13,9372 ﬂ AA o Vs 010.3,04]
0.4, 0.5] | 2,4136 | 2,2011 | 2,8667 | 14,6867 _ ¥ . V. 0[0.4,0.5] _
0.5, 0.6] | 2.6450 | 2,6444 | 2,9769 | 16,0346 — < O 05, 0.6] 10—
> A B e T o
TABLE | 2 ol ’ "
NUMERICAL VALUES FOR PROJECTED RANGETHE STANDARD GC) g
DEVIATION, THE SKEWNESS AND THE KURTOSIS OF TOW HALKSAUSSIAN G;) =
DISTRIBUTIONS OF DIFFERENT VALUES OFVG. _:,4) §
. . . 18
o1, 02, We suggest to using an iterative methods (Newto 0 \ \ \ \ 10
methods,...). 0 2 Nt4 (Cm‘3)6 8 10

Moreover, we notice that such an approach can be easiy

extend to charged traps localized on specific spacial regions as _ _
in-b d l f hiakh-materials. This is particularl ig. 6. The kurtosis and the skewness of the threshold voltagié shi
grain-bounadary lines o g : p y probability due to the NBTI and HCI degradations densify.

beneficial for3 — D NEGF quantum simulations which are
very much time consuming. In order to evaluate the variabil-

ity induced by discrete trap charges in the oxide/highf device active volume (her& = 536.8 nm?). The AVr;
small devices, we have to consider that the number of theg@ randomly generated using the PDF of the elementary
impurities is statistically distributed according to a Poisson laghargeA V- distribution of Fig. 4. and for differerit;; value
with the mean value determined by the nominal trap densitttervals. By this methode, we could obtain, as shown in
Ni. Fig.5 and Fig.6, the evolution with the average trap charge
We verified that the addition of two or more trap charges ilensity Nt of the first four statistical mements of the Delta
the oxide/highs is almost independent of each other and thatT probability distribution. The behavior of the mean value
it gives rise to an overalAVy cumulating the single-charge(smooth lines) for different VG, of the standard deviation

contributions. _ (dashed line) also for different VG, of the skewness (lines) and
Therefore, we assume that, for each device, the glabal  of the kurtosis (lines) at the large value of Nt is determined
shift, AV tot, is given by by the Poissonian distribution of the number of interface
N, trap charges. In particular, we observe in Fig.7 an almost
j = linear increase of the mean threshold voltage shift, a power-
AVE = NS 11 : ot '
T tot J; - (11) law increase of the standard deviation, and a clear decrease

of the skewness and kurtosis with Nt. Finally, of course,
the simulation of the present paper to have an influence on
the industrial of fabrication but more on the characterization

100 .V, 0[0.0,0.1] 25 (even as a nano-bio-sensor) of NW-MOSFET; this is why the
—o-V_.0[0.3,04] important part of this work that, the statistical characteristic
. VG 110405 20__ quantities can either be calculated or measured in order to fit
> -V D04, 03] | E an assumed frequency function to experimentally determined
E & Vg 0105, 08] . N5~ trapping charges profiles Nt. However, we propose the easiest
> 50 . ’>T— approach for that task is a simple polynomial fit:
3 500
< n .
8 110~ Mean(AVr) = 3 a;.N; (12)
= i=0
15 n -
o= bi.N} (13)
'ff't v ‘ i=0
0 2 4Nt(cm_36)3 8  10.10% "o
v=Y N (14)
=0

Fig. 5. Mean value and standard deviation of the threshold el&gft . . . .
probability due to the NBTI and HCI degradations densify. just find the inverse problem; the coefficients for such poly-

_ nomials are given in Table 2, Table 3 and Table 4 respectively
where AVr; is the contribution of theth trap andN/, .  for different values ofV’;. The dimension of the coefficients
is the number of trap charges in thi#h simulated device. The a;, b; aremVperi — th power of the units used for trapping,
number of trapsV; .., is randomly generated from a Poissomsually e =3 in the range[10'7, 10'°]. The skewness has
law having a mean valuéV,V, V being the volume of the not been approximated in this way, although there in principal
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Va(V) € [0.0, 0.1] [0.1, 0.2] [0.2, 0.3] [0.3, 0.4] [0.4, 0.5] [0.5, 0.6]
ao 3,468 3.500 3.421 2,696 3,338 4.921
ai 4.266.10~ 18 4,032.10~ 18 4,403.10~ 18 3,608.10~ 18 4,301.10— 18 5.467.10~ 18
a2 5,908.10—37 8,214.10~37 5,238.10~ 37 5,500.10—37 3,897.10 37 3,911.10~37
a3 —6,839.10 °% | —1,323.10 °° | —3.514.10 °® | —7,172.10 °° | —2,507.10 °® | —1,536.10 °°
as 3,974.10~7° 1,105.10~ 7% —1,288.10" 7 4,607.10~ 7 1,723.10°76 —5,938.10~ 70
as —9,371.10~% | —3,663.1079% | 1,643.10~ 9% —1,161.10~ 94 1,981.10~ 9 3,243.10~%°
TABLE I
COEFACIENTS FORR), (mV') ON DIFFERENT INTERVALES OFV.
Va(V) € [0.0, 0.1] [0.1, 0.2] [0.2, 0.3] [0.3, 0.4] [0.4, 0.5] [0.5, 0.6]
bo 3,765 3,689 3.482 2,804 3,650 5.759
by 3,560.10~ 18 3,569.10~ 18 3,657.10~ 18 3.069.10~ 18 3,552.10~ 18 4,867.10~ 18
bo —3.605.1037 | —2,866.1057 | —3,506.10-37 | —3,234.10~°7 | —3,941.10 37 | —5,740.10~37
b3 3,434.10 5% 8,360.10 57 1,903.10 55 2,638.10 9% 4,092.10 5% 7,237.10 58
by —2,337.10°7° | 9,536.10° 70 3,103.10° 76 —1,119.10775 | —2,721.10~"® | —6,113.10" 7
bs 7,733.10~9° —6,352.1079 | —5,322.10~° 1,647.10~9 8.288.10~ 9 2,272.10~ 91
TABLE Il
COEFACIENTS FORop, (mV') ON DIFFERENT INTERVALES OFV(.
Va(V) € [0.0, 0.1] [0.1, 0.2] [0.2, 0.3] [0.3, 0.4] [0.4, 0.5] [0.5, 0.6]
o 3219.153 3078.336 3046, 943 3021, 693 3165, 843 2968, 339
c1 —1,932.10~ 15 | —1,584.10~1° | —1.675.10-1° | —1,588.10~ 1% | —1,742.10-1° | —1,502.10~ 15
ca2 7,255.10~ 37 5,201.10 37 5,904.10— 31 5,132.10~ 37 6,249.10—31 5,502.10— 3%
c3 —1,388.107°2 | —9.107.10~°3 | —1,097.107°% | —8,759.10~°3 | —1,168.107°% | —1,064.10—°2
c4 1,266.10~ 1 7,850.10~ 72 9,895.10~ 72 7,354.10~ 72 1,050.10~ "1 9,837.10~ 72
cs —4,361.107°T [ —2,609.10~ 9T | —3,402.10~°F | —2,384.10~ 9T | —3,586.10~ 9T | —3,429.10~ 9T
TABLE IV

COEFACIENTS FORy1 ON DIFFERENT INTERVALES OFV(.

g0k | | | | 14
12¢ 1
S 60 —
E 10 ]
Zn— ul e o 4V 0[0.0,0.1]
g £ oV, 0[01,02]
2 2 6 V. 0[0.2,03]
20r —o-V0[03,04]
a —o-Vg0[0.4,05]
—a-Vg 0[05,0.6]
G L L L L L
0.1 0.2 0.3 0.4 0.5 2O 2 4 6 8 10
VG(V) square of skewness yf [

Fig. 7. The mean of threshold voltagkVy versis gate voltageV; of  Fig 8. Kurtosis of Poissonian distribution versus square ofvakss.
having a determined value of due to a given NBTI and HCI degradations

density NV; .

bl but f tructi f distributi f hich SI-NWFETs. By performing 3-D self-consistent simulations
no problem, but for construction ot diStributions Tor WRICH &l iy, e NEGF formalism, we have first evaluated the effect

accurate value of the skewness is required as shows in F'% ‘the transfet characteristics of a single trap charge located

inside the insulator. Hence, we have presented a semianalytical

method exploiting the probability function due to such asingle
In conclusion, we have studied the variability of thresholttap charge to obtain the PDF due to a Poissonian humber of

voltages induced by discrete trap charges present in negatigcrete traps. Our results indicate a significiit variation

bias temperature instability and hot carrier injection of GAAn case ofN, larger then10'® ¢m =3, mainly resulting from

VI. CONCLUSION
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the RPoisson-distributed number of traps.

[19]

Finally, we remark that such a methodology could be applied

to simulate the variability of other kinds of discrete defects,

as, for example, traps, dopants, or other localized impureties

in short-channel devices, with the advantage of a huge gain i

. : 21
computationl time. [
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