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ABSTRACT

A DC model of n-MOSFET including interface state effects is developed based on the
reduction of inversion-layer charge and mobility carrier in the channel. Expenential profile is
employed to describe the distribution of the interface states along the channel. By using the
saturation voltage as a function of the position along the channel, localized effect as a result of the
interface states are properly taken into account. In addition, the model includes several short-
channel effects including lateral and vertical mobility degradations, saturation velocity, parasitic
source-drain resistances, channel length modulation and interface state generation. The
predictions of the model agree well with the published experimental data and two dimensional

device simulator.
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de W fennuniaveawenitnszua (channel width) @, (¥) AvANUNUIIUUDISEY

a o = o’: a =3 a d 3 o : .

flanaseudase IusundY o(y) ABAITIVBININEBIANATOU LT UNAU (inversion layer)
v ad

4(y) ADANTNATDIVOINIMSDIANATOU
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1 ad a as ar o
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=\W——C, (V. -V, —2a,V — AV, P . TN Pt 3.5
{ 1+K-N, () ox (Vs =V =20V (y) i (¥)) ac(y)] & (3.5)
‘ I, \dv
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WJueﬂ'Cr)x (Vgs §Y VT )Vd_\' 5 aO(VJ.\ & 2V\ )V;L\ T AQ (Lq[,i )

Ip, = % (3.8)
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2 Leﬂ
ALy )=y N[ 1= ( " + Dk,
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£ ydszm[l - Je“”"’)
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eff eff
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AZ(Leﬂ)= LI

=L/ =L/
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[} o as 3 aa a o
uag L, AD ANU1IYDIYDININTTUADINA (effective channel length) Tunstinniugsmnes

¥ ’
mawludmdadu L, fawndy L aniuaunsi (3.8) vemmsodou vy ldidiu
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Qm (Leﬁ ) = Cm’ (VGS - IDSR‘\- - VT - 2‘10 thar - AVFB (Leﬂ )) (3.13)

o
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DS e wo

sal

COX

CwR.‘. (VGS - VT - 2a0VdsaI - AVFB(LUJ )) (314)

uATUNISN (3.12) waz aumsh (3.14) wendufwannsam v, i

By 44 P —ADD
174 2 2 143 (315)

dsar — o Dl

D, = ﬁ2aop(EL + W,  C R (1+2a, )} + Wy, C,ay

c0

Ny (L) | 1
DZ ZP[VGS 4 VT _q—C:_Li”iE—-FW}JEﬁCm'R\ (1 + 200 ):|
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ox

=Wl yC o |:V(IS =V -2a, -V - _Ci_ 4, (Le,gr ):'

qu (‘Le )
D, =P[Vc;s *Va - [L"' K'AO(Leﬂ')]
0ox
p ' 4 Wu.vafcox
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i '
dauiieuisaldnisyszuinny GCA (Gradual Channel Approximation) l@tguiauanudila
¥ [ ¥ 0 :
Sinszruudrlumsmauidadu  uazduiuimsufeusnuAuaaualfiee
= 4 4 d o & a @
sy luuSnaiuimsuil sasinisldounasvesauin i Tufisrmisvuiuduses
. g ' v & ny a e oA 4 =% v P
hnszuadiannaulumusodanald msimsizdaumsnszualudiununasuvdosls
a L4 aa & aa . 3 % = 2
MIATITHUVY 2 3@ v3e Ne 2 UA (Quasi Two Dimentional Approximation)[4]
° = a L4 2 = a r i ‘
NITATUIUNT [, 1%35M I NATICMUVVNI 2 A (Quasi Two  Dimentional
& a o ! & 4
Approximation) [4] 41438159519 Gaussian box ApusBUFUMAINIUAIUVDINUTIATY
= .;";aﬂd A oga A 4 Y v )
U7 3.2 naasRunnudmanaoNuNdIMATUNADNTOUAIY Gaussian box

A - o dw - w 1 9
LiJElGl‘HﬂQ‘UENLﬂ1ﬂ (Gauss’s Law) 30UNUNAINEA "113.1‘?]

W eI Woeld :
£ [ AT Bl Yexdz g0y [ [ Ene (V) .

e [l [ e 0ndxdz= [ [T @104 00 et

4 ' da aad aa aa o o o

i £, ung &, ADAUNBILMAVIIFANOULAZTAADY IADDN l¥AAINEIAY & (L, )RD

anuduauy IwiBusangaduds &, () Aeanuduauiuihindumis y g, Ao
Y = q’a’ @ a ' ° - 3

anuuau IWihluiadeaniuAivesseninizia X, Ao ANuanYeIrodUaziATY ¢
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Aemmindwesdiuuae  Q,, 0, uaz @, Avdszyvesrurasanivs Uszyvoadundu
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aa [ 4 @ d = = a
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L3
bij

v
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¥
%x"lﬁ'ﬁumsmmgﬁu UAUN 2 (second order differential equation) AU

sz(y') ’?-Cox
- V() 5 Paden, )5
%'l o £ X )7 Vi (L)

J

N, (L., NYL )
qiv; ﬂ)_q l( ff )’)] (317)
C().\’ COX

uAaunsn 3.17) =14

y-1, _"eﬂ"‘)”'
, e Nr ‘}dl‘ e Nit i 52
Nit(Ly ) - 2““}2 - : '}‘; 4
) Ys — B
V(¥') =V g Loy )+ 4 A
ox (3.18)
\
» ¥

+M-e ! +M,-e!

Taeun M, uag M, Ao ?i'lﬂdﬁmﬁ‘ﬂﬂ?(arbitrary constant)

e d a
wieyRuTepIaums (3.18) eudu ' 14



30
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N o -7.2 e trN oy
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+
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N,,(Leﬂ)*{e -y } itd 0
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aame 1
Vi =Vips =21 s R, (3.21)
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unuaEuMsh 3.21) asluaumsi 3.20) 14
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g x Pt Y {I e v o v
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A Physics-Based Bidirectional Model of Hot-Carrier-Iinduced nMOSKET
Degradation Based on Exponential Interface State Profile

Weerayoot Chaisirithavornkul and Varekorn Kasemsuwan
Depariment of Electronics, Faculty of Engineerirg, King Mongkut's Institute of Technology
Ladkrabang, Ladkrabang Dist, Bangkok, 10520, Thailand
Phone. 66-2-326-4222 Ext. 102, Fax. 66-2-739-2398, e-mail: hvarako@lomitl ac. th

Abstract

A bidirectional DC model of -MOSFET using exponential
interfuce state profile is proposed. The model employs
single physically based exponenttal expression to describe
localized distribution of the interface states along the
channel The saturation voltage as a function of a positisn
along the channel due to localized interface states is taken
into accownt.  Several short-channel effects inchuding
vertical and lateral field degradations, saturation velociiy,
parasitic  source-drain  resistances, channel length
modulation are included The predictions of the madel
agree well with the experimental data

1. Introduction

Al present, MOS device size has been scaled down
without proportional reduction ol supply voltages resulting
in very high electric field especially near the drain erd.
Such high electric field creates hot camriers causing long
term reliability cencems of the device operation. Oune of
the main concerns is the injection of high energy electrons
resutting in lecalized interface trap generation,

Several attempts [1-3) have been proposed to madel the
device degradation due 10 interface trapping V. Hsu etal.
[2] employed uniform distribution of ¥, throughout the
channel while Chung ¢t al.[3j used uniform distribution of
M. only in the high field region(near the drain). The
model accuracies are questionable as the interface trapping
gencraticn is a direct result of hot earricrs which is caused
by nigh electric ficld.
field 1s not constant buf increasing in the cosine hyperbolic
trend [7) near the drain and thus uniform distnibution is
questionable. Chen et al. {1} and Leblebici et al.[4]
proposed spatial dependent N (¥) in the linear form n
damaged region and assuined zero clscwhere.
model, such spatial dependent W,{y) has been however
avernged to simplify the drain current expression and
therziore the localized effects of A4y) are nol properiy
accounted for.  In addition. two expressions are used to
deseribe interface state profile causing a discontinuity in
the model. Quader ¢t al[5] proposed the bidirectional
maczl based on a naifonn interface state in the high field
regions. The uniform distribution is questionable as stated
previousty. The mobility as a function of N.{y) is again

assumed average value. In addition, the current deviation
from the pre-stressed device is caleulated using
superposition principle which is invalid since effects of the
interface states from source and drain ends are not
completely uncorrelated.

In this paper, a bidirectional DC model of n-MOSFET
using exponential interface state profile is proposed. The
model employs single exponential expression to describe
localized distribution of ¥{y¥) making the prediction
results continvous. The model does not assume any
average value and thus fully accounts for localized eflects
of Ay(v). The satration voltage as a fuaciton of a position
in the channel due to localized V,(y) 15 taken into account
The resulting model provides physical explanation of the
drain current degradation.

2. Model

In this work, single expression of the interface state prodile
is employed and given as

e il e 4 T B Ly

where y, L, Vo and N are location along the chanazl,
channel length, interface state densities at the source and
dram ends respectively. 7 and yy are fiting parameiers
used to dérermine the shape of the mterface stale prefile as
shown in Fig. 1.
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As seen, the interface stale at drain and source ends arc
described using  single physically based exponential
eapression and thus the problem of the discontinuity in the
current voltage characteristic created by interface state
profile has been avoided. E£q. (1) will be used in
developing C model instead of empleying an averaec
value as conventionally done in other research works|[|-5]
and therefore the localization of interface state is taken
1180 account properly.
The drain current of the hot-cartier-induced MOSFET is

1, = WOy )

where I, (1.4 and 1)) are channel widil, charge density
and drift velocity given by

oo
)= .A_‘.._“_.L“_‘_.,._...i.__.“.. £y

L KN, O 4 e
Y T
and L
K ity ey
TR BE, < Fy,)

s £ Bard K are low ficid mobility, lateral elzciric field,
vertical mobility degradation factor and fitting parameter
acceunting for the mobility degradation due to interface
suie, £y is critical eleciric field given by Eofl +KW,
/i) and £, is critical electric field of the pre-stressed
devices{ 1]

The charge density Qv is[1]

G = C (¥, — Vo —2aV(y)- 4Fa0)) (3)

where Cu ¥y aa 1)) end a1 ,(y) mre capacitance,
threshole voltage, & Taylor's series correction factor,
channel potential and localized flat band voltage variation
as a result of interface state given by gN.OWW/Ca
respectively. .
Substitutiag (1) ine gNe/Cor Tor aVpgly) and Oy}
and vyl ino (2) and integrating the result from the source
te. the drain ends vicld the deain current in the linear
region, Iy, as

Wl i'r“',. ~ Kby 1 e, - PV, -4>(-L,«}='C,} {1
Lo KAAL G b Vo JE,,

W4, chpl Liv,:
!
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1-
At g = AL,,M%A.(L,J
o o

komexploly fr) K, =expli-Lyty,)

and L is the channel Jength . The value of Ly (sec Fig.
2) will be modified o L-[, when device operates in the
saturation region(discussed later). As seen, the current
cxpression in {4) is a simple analytical cxpression and
derived based local interface swte in (1) without using an
average value, N, .

The drain current in (4) assumes zem parasitic drain Ry
and source resistances R, Such assumption is invalid
especially for very short channel devices. To account for
this effects, one can use the fact that Fp, = Vo~ Ry, ¥
= Fp— Ry and ¥V, = Vo v R 15 wiere Vg, Vi and Fy arc
actual applied voltages.

The drain current in (4) including R, and R, i3 therefore
given by

-~ ~f, - -3 8 8, {5)
we ZP..
where

¥ (A R,.)é; el Co R, Seuik, R
, (R R Ay 2a (R, Y, cE, K, N
5_!_ .y "’!-’.,r'rv-m" (»m '.l{

RV ~ Vo N F R, !

e
L kA (e, Y+ =)
SV N B
s =P ) st -, 5
|

et 0L 50

-1

When the drain voltage ¥ is increased upto the onset of
saturaton voltage, Vpom. clectron at the drain end moves
with the saturation velocity, ¥, and the device is known to
operate at the onset of the saturatien region. If Vy 13
greater than ¥yem, the point where electron moves with
saturation velecity moves toward the source end and
known as chanael length modulation, In this case, device
can be divided into two sections. The first section extends
fiom the source end to the velocity saturation point, Ly
whizh hkas channel potentini of Jidi,p. The second
sechon exiends from the velocity saturaben point to the
drain end and s given by modulation length iy

One can find the drain current in the saturation region by
substingning (3) into (2) with w039 repleced by v, as-

L w BT U =0, =2 U L b= A ik, e 10}

-

l'o compute ¥ .0l ¢, one has to replace Fu 0,1, m s
oy Daadloh Viparm dipB # Vs and V=GR, respectively
and egquating the result 1o (6) 10 yreld
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shown discontinuous in Chen et al{1]. Such discontmuity
in ¥aafley) can cause discontinuity of the final drain

Vall)=H, -0 -aH myeny D)

current,
where
1
w —2ag M —— 4+ Wa Cor R, (1+2 Wity Coru, y Gate
H, “-l’{gﬂ* HgCor R (14 "u)]"’ HogCar @y . |
NALT 1 ’ !
Hysm¥o =Ven -4+ . £\—+}P’y‘CNR_(l+Za,) x Y salleg: ey ]
ur -
~2a,plL, « K- Agil )] Source Drain I
| Y,
—WFJCM[VG‘ ¥ 'hn"":"“"‘?"""‘:“'u')} ' Eilg Y
Car E
:“ L,g f,. )

gN,(Lg)
H, = p{"c; - Vm‘——?-—"—}f.,, KAL)

oy
Hv.Ca
=
LW Cy R,

To evaluate (6) and (7), one needs 1o know the value of
Ley. This Ly can be obtained by applying a quasi two
dimensional approximation (QTDA) to rectangular
Gaussian box (shaded area in Fig. 2) in the second section
including interface state given in (1) yields

¥a f:f.:w E ALy et — 2, J',:k j," Eon (¥ Mlyliz (8)
S M AT R R TR

where X, is junction depth and 4 is a fitting paramerer.
Differentiating (8) with respect to ¥ ' and z gives a second
order differential equation which can be solved subjected
10 proper boundary conditions, £,(y'=0) = E, and F(p'={
= V4, to give (9).

As seen, {9) has one unknown, i.e. /,, and can be found
using Newton-Raphson method. We found that {; is
obtained after a few iterations.(less than 12 iterations with
initial guessed /; computed without interface states). It is
instructive t0 note that the potential at the point of
saturation velocity, Viafl.s), is not a constant. This is
partly due to the fact tha the interface state is changing
along the channel.

Fig. 3 shows Vuufl.g as a function of Fps from the
proposed model. The fitting parameters N K and 74 are
4.5%10"" cm?, 49x10”cm and 5.1x10%cm respectively.
As seen, our model gives contimious curve while it was

Figure 2. Cross section of MOSKFET and Gaussian box.
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Figure 3. Saturation voltages Fu{L . ns a fonction of ¥y,
from the proposcd model compared 1o Chen et all], a1 Vg
=5V,

3. Result and Discussion

The model results bhave been compared with ihe
cxperimental data[4]. The dzvice has the channel fength L
and width i of lum and [0um. Gate oxide thickness ¢, is
20nm. Effective substeate doping concentration N, is

N !‘,{c"—g(’;!l'hff.z}b“F{;;‘.?u "":.'!'F”“['N.“; = Xag®r 2
WL, - T
g ar AL g (7, - (», =0} 2
V= + == . P
I N o v el e dgprd el gt -
VAL timy ) Uee
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5.0x10"em™. st Vi 8, au, 4, B, and Ry are 633cm™/Vs,
8.4x10%m/s, 0.11V", 0.58, 335 and 3502 respectively.
Because the post-stress device is performed in one
direction, Ny is thecefore zero while Ny is 4.5x10" o’
*, K and y, are 4.9x10%cm and 3.1x10%cm.  Fig. 4 shows
a comparison of pre- and post-stress current-valtage
characteristic. As seen, a good agreement betweea the
predictions from this model and the experimental data (4]
over a wide range of biasing conditions is obtained. It is
nouced that the etfect of the interface state is obvious
the linear region while it is negligible in the saturation
region. This is because the modulation length /; increases
for an increasing I’py making the effect of the interface
state, mostly located near the drain, less pronocunced.

x 10
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Fig. 4 Comparison of pre- and post- stress [pbpe
characteristic, Degraded deviee (B7= 10 pm, L = 1 pm, ¢, =
20 am) was stressed at ¥pe=G 3K, Voe w 2.6 ¥ Tor 423 hours
14)-

Our model can be extended 1o include the effect of time
dependent degradation (rge). To calculate generation of
interface state, ore can use AN, generation expression [6}

“w
i
!

AN = _]L‘-p“"/;"- [lu)
2 W J

where ¢ and # are fitting parameters. A, @, , £, and 1 are
electron mean free path, critical emergy that electron
passess o create interface state(3.7 eV). maximun: Jateral
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clectric field in the chaoncl and time for this stressing
respectively,  The penerated AN, is then used in the
purposed model to predict the drain curmrent for a given
siressing lime,

4. Conclusion

A physics-based  bidircctional model of n-MOSFLT
inciuding interface state effects is proposed. The model
docs not use an average value of ¥.()) and thus localized
effects are accounted for properiy.  Single physically
exponential interface stale  expression is  used in
developing model making model continuous over a wide
range of biasing conditions. The predictions of the mode!
L agree well with the experimental datal4}.
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A Degradation DC Model of n-MOSFET Including Interface State Effects
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Department of Electronics, Faculty of Engineering. King Mongkut's Institute of Technology Ladkrabang,
Ladkrabang Dist., Bangkok, 10520, Thailand

Abstract

A degradation DC model of n-MOSFET using
exponential interface state profile is proposed. The
model employs single physically based exponcntial
expression to describe localized distribution of the
interface states along the channel. The saturation vollage
as a function of a position along the channel due 10
localized inlerface states is taken into account. Several
short-channel effects including vertical and lateral field
degradations, saturation velocity, parasitic source-drain
resistances, channel length modulation are included. The
predictions of the model agree well with (he
experimental data.

interface state, cxponential profile, DC
model, MOSFET degradation
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1. Introduction

At present, MOS device size has been scaled
down without proportional reduction of supply voltages
resulting in very high electric field especially near the
drain end. Such high electric field creates hot camiers
causing long term reliability concerns of the device
operation. One of the main concerns is the injection of
high energy electrons resulting in localized interface trap
generation.

Several attempts [1-5] have been proposed to
model the device degradation due to interface trapping
N, Hsu ct al.[2] employed uniform distribution of N,
throughout the channel while Chung et al[3] used
uniform distribution of ¥, only in the high ficld region
(near the drain). The model accuracy is questionable as
the interface trapping generation is a direct result of hot
carriers which is caused by high electric field. It is well
known that the electric field is not constant but
increasing in the cosine hyperbolic trend [7] near the
drain and thus uniform distribution is questionable.
Chen et al. [1] and Leblebici et al.[4} proposed spatial
dependent V,{y) in the lincar form in damaged region
and assumed zero elsewhere. In their model, such spatial
dependent N(y) has been however averaged to simplify
the drain current expression and therefore the localized
effects of Ny) arc not properly accounted for. In
addition, two expressions are used to describe interface
state profile causing a discontinuity in the model.
Quader et al.[5] proposed the bidirectional model based
on a uniform interface state in the high field regions.
The uniform distribution is questionable as stated
previously. The mability as a function of N.(y) is again
assumed average value. In addition, the current
deviation from the pre-stressed device is calculated using
superpasition principle which is invalid since effects of
the interface states from source and drain ends arc not
completely uncorrelated.
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In this paper, a degradation DC model of n-
MOSFET using cxponential interface state profile is
proposed. The model employs single exponential
cxpression to describe localized distribution of N.(y)
making the prediction results continuous. The model
docs nol assume any average value and thus . fully
accounts for localized effects of N (¥). The saturation
voltage as a {unction of a position in the channel due to
localized Ni{y) is taken into account. The resulting
model provides physical explanation of the drain current
degradation.

2, Model
In this work, single expression of the interface

state profile is employed and given as

N (v) = Ny - 75T 4 N -ty Lo )
where y, L, Nisp and Ny ure location along the channel,
channel length, interface state densities at the source and
drain ends respectivcly. % and ¥, are fitting paramneters
used to determine the shape of the interface state profi'e
as shown in Fig. 1. As seen, the interface state at drain
and source cnds are described using single physically
based exponential expression and thus the problein of the
discontinuity in the current voltage characteristic created
by interface state profile has been avoided. Eq. (1) will
be used in developing DC model instead of employing
an average value as convenlionally done in other
research works[1-5] and therefore the localization of
interface state is taken into account properly.
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Fig. 1 Interface state distribution profile.
The drain current of the hot-carrier-induced
MOSFET is
Iy = WQ. L) @)

where W, Q.(y) and wy) sre chennel width, charge
density and drift velocity given by
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v(y) = Lo - E
1+ KN, )1+ —=
(5218 E (y))
and H

S S

A PY T

o, £, 0 and K ure low field mobility, lateral electric
field, vertical mobility degradation factor and fitting
parameter accounting for the mobility degradation due to
interface state. E.(y) is critical electric field given by £
(1+K Nyyj) and F is critical electric field of the pre-
stressed devices[1].

The charge density Qu(y) is[!]

Q)= CulV,, =V =20 F () -2V, ) ()
where C,., Vi, ta V() and AVps(y) vre capacitance,
threshold voltage, a Taylor’s series correction factor,
channel potential and localized {lal band voltage
variation as a result of interface state given by g,
(p)/C,; respectively.

Substituting (1) into g Na3)/Co for AVep(y) and
(pf¥) and vy} into (2) and integrating the result from
the source to the drain ends yield the draim current in the
linear region, /g, as

VaWa) =t = ¥2)- ¥, AL 1C.] (4)
L, K4(L )Y, IE,

i Wit Con il'" -

where

AL V= 7 Nty =13 p Mol -exptLiz,) - expl=Liy,))

. ) Tl
ALV EF Nl 1—(-i+m.}
L <P,
Y
7 N T4 (=L - 1)1k, ]:xp(-i,.’r,)
[ Y

h [
ALy )= ——A (L )+2
2(ly) L A(Lg) L’

XD

& mexplly iy, kymexpl-Lgylr,)

and L is the channel length L. The value of Ly (see
Fig. 2) will be modified 10 L-/; when device operates in
the saturation region (discussed later). As seen, the
current expression in (4) is a simple analytical
expression and derived based local interface state in (1)
without using an average value, N,.

The drain current in (4) assumes zero parasitic
drain R, and source resistances R,. Such assumption is
invalid especially for very short chammel devices. To
account for this effects, one can use the fact that ¥V,
Vay = Rulpu, Va = Vi~ Rl and ¥, = V5 + Rl where
Vs, Vp and K are actual applied voltages.

The drain current in (4) including R, and R, is
therefore given by
-8,-y8,’-4.8,-B,

28,

- )

where

B, =(R ~ Rt){EL"’ng(—u\ (Rn -a,(R, - R.))]r

" q U
R, o+ R)A(L )+ 2a,(R, Vy-R, ¥V,
2, ""ﬂ,;‘-m‘(ar{ +R,)A (Log)+ 2ay( )

R W)+ W -V MR <R I

i

¥
AL+ KA, i
(L+ K- Apllyg )+ 22

i

Vs =V Wend=a, (9,7 =1, 1))

B8, = Wﬂ,,(.'m q ¥
= (Vpe YA (L !

Comn (Voe) 2 ( ,g) J

When the drain voltage V is increased upto the
onset of saturation voltage, Vg electron at the drain
end moves with the saturation velocity, v, and the
device is known o operate at the onset of the saturation
region. If Vy is greater than Fu,e the point where
electron-moves with saluration velecity moves toward
the source end and known as channel length modulation.
In this case, device can be divided into two sections.
The first section extends from the source end to the
velocity - saturation point, L., which has channel
polential of Vgu(ley. The second section extends from
the velocity saturation point 1o the drain end and is given
by modulation length /.

One can find the drain current in the saturation
region by substituting (3) into (2) with v(j) replacea vy
Ve BS

Loy = WCou (V= Vi =20, ¥ ( Loz}~ BV (Lo Vv, 5)

To compute V. (L.z, one has to replace ¥, , Fy
Yyoin (4) by VaalLey, VaamlpsRitVs and VehlpsR,
respectively and equating the result to (6) to yield

Vaullig)=t-Hy = JH = 4-H, - yieny ()

where

ot Wit g Cox R, () # 2a,) '-Wﬂ_’ru T

No(L
H, pE A | (‘“"]E' ~Wp g Coy R+ 7a,]

-20,,p[Ld +K-4 .{LJ)}

l

” w,u,ﬂcm.l Vig=Viy =20y Vi~ CL x,(l,,,)].
L as

N (L
H -»[ = Vi = - C( ")i{l-f+K"fa(L-ﬂ]l
. Wv_ Coy
P e Wv_Cu R,

To evaluate (6) and (7), one needs to know the
value of L. This Ly can be obtained by applying a
quasi two dimensional approximation (QTDA) to
rectangular Gaussian box (shaded arca in Fig. 2, which is
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Fig. 2 Cross section of MOSFET and Gaussian box.

known as veloeity saturation region, VSR) in the second
section including interface state given in (1) as

£a .[: L\’t‘_,&”"fm‘fm E ffa,. (' )dvd: (8)
—e 1 otz [0 (@00 s

where X; is junction depth and A is a fiting parameler.
Differentiating (8) with respect to y* and z gives a second
order differential equation which can be solved subjected
to proper boundary conditions, £4y'=0) = E. and V
(p'=14 = Vy, to give (9).

[c\:p(l,,! {,,r,) up(l Ir. -t i)] {eNosg

80

of ¥ps. As seen, the damaged device (DD) can reach
saluration Tegion prior to the fresh device (FD). This is
because the interface state charges in the DD maKe the
channel less inverted resulting in higher resistance than
that of the FD. This higher resistance ca::es higher
Interal electric field and thus enabling electrons to reach
saturation velocity more rapidiy. One can also notice

’
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1
2
0.5
—  fresh device
—— damaged device
0
1 2 3 4 5 6

VDS(V)

Fig. 3 Comparisen cf channel modulation length [y as a
function of ¥y for fresh and damaged device at Vg = S¥
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where /= \_I“"k’

ov

As seen, (9) has one unknown, i.e. /s and can
be found using Newton-Raphson method. We found that
{, is obtained nfler a few iterations.(less than 12
ilerations with initial guessed {; computed without
interface states). It is instruetive 1o note that the potential
at the point of saturation velocity, Fau(Leg. is not a
constent. This is partly due to the fact that the interfacs
state is changing along the channel.

3. Result and Discussion

The model results have been compared with the
experimental data[4]. The device has the channel length
L and width W of lyum and 10pm. Gate oxide thickness
f,c is 20nm. Effective substrate doping concentration N,
is 5.0x10"%m>. t, Ve 6 @ A R, and R, are
633em?/Vs, 8.4x10%m/s, 0.11V", 0.58, 3.35 and 350
respectively. Because the post-stress device s
performed in one direction, N, is therefore zero while
Nuo is 4.5x10" an?. K and y, are 4.9x10%em and
5.1x10%cm. Fig. 3 shows calculation of /, as a function

ll'Li":Vm'7.=) \! cxp( =L « /s )*c\p(I H- L,,,rr) 1N,
+ (I =

2 1 '.%l l) l
i3 5 - -sink (9
! l"(J/) 9

7+ 7,)

that /4 in the FD is larger than /, in the DD for large Fps.
This is attributed to the fact that the electron mobility in
the DI is less than that of the FD as a result of interface
state scattering. Such lower mobility requires larger
applied ¥ps to have electron move with the saturation
velocily. From Fig. 3, Iy is the same for both DD and FD
when Vs is 2.25 V. It is obvious that, at such Vps, the
effect of smaller inversion charge due to the interface
state compensates [or the effect of lower electron
mobility mentioned previously.

Fig. 4 shows VigodLeg as 2 function of ¥y from
the proposed model. As seen, our model gives
continuous curve while it was shown discontinuous in
Chen et al.[1]. Such discontinuity in VaulLy,' ca cause
discontinuity of the final drain current.
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Fig. 4 Sawration voltages VyufL.g as a function of ¥ps from
the proposed model compared to Chen et al.[1], at ¥gs=5 V.

Fig. 5 shows a comparison of pre- and post-
stress current-voltage characteristic. As seen, a good
agreement between the predictions from this model and
the experimental data [4] over a wide range of biasing
conditions is obtained. It is noticed that the effect of the
interface state is obvious in the linear region while it is
negligible in the deep saturation region. This is because
when the device is operated under large Vps, Iy of DD is
less than that of FD(see Fig. 3) while Vpgr of the DD is
slightly greater than that of FD(see Fig. 4). These two
characteristics compensate each other resulting in the
drain currents from both DD and FD being
approximately the same.

Our model can be extended to include the effect
of time dependent degradation (age). To calculate
generation of interface state, one can use AN, generation
expression [6]

R - o (10)
ir W

1D(A)

Model fresh
Modsl dameged

0.5 o © Experimental fresh
+ + Experimental damaged
it 1 2 3 4 5 5
VDS(V)

Fig. 5 Comparison of pre- and post- stress Ip-Vps characteristic.
Degraded device (W = 10 pm, L = 1 pm, I, = 20 nm) was stressed at
Vin=6.5¥, Vgx = 2.6 ¥ for 423 hours [4].
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where C and n are fitting parameters. 4 ¢, , E,and f are
electron mean free path, critical energy that electron
possess to create interface state(3.7 eV), maximum
lateral electric field in the channel and time for this
stressing respectively. The generated AN, is then used in
the purposed model to predict the drain current for a
given stressing time. .

4. Conclusion

A degradation DC model of n-MOSFET
including interface state effects is proposed. The model
does not use an average value of ¥;{y) and thus localized
effects are accounted for properly. Single physically
exponential interface state expression is used in
developing model making model continuous over a wide
range of biasing conditions. The predictions of the
model agree well with the experimental data[4).
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