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Abstract—A novel simulation-independent charge pumping on transistors having different gate lengths [12]. Correction to
(CP) technique is employed to accurately determine the spatial the prestress CP edge for charges associated with the generated
distributions of interface (IV;,) and oxide (IN,.) traps in hot-car- defects and the separation¥f, and N, distributions are per-

rier stressed MOSFET'’s. Direct separation of N;, and N, is f d either b tralization a¥... b brief L
achieved without using simulation, iteration, or neutralization. 0fM€d €ither by neutralization G¥,, by a briet carrer injec-

Better immunity from measurement noise is achieved by avoiding tion of the opposite type [9], [10], or by an iterative correction

numerical differentiation of data. The technique is employed to scheme [11]. However it has recently been shown [13] that the
study the temporal buildup of damage profiles for a variety of existing methods [9]-[12] do not take into account the increase
stress conditions. The nature of the generated damage and trendsin CP current due to the increased energy zone of recombina-

in its position are qualitatively estimated from the internal electric fi ith i d oat | litud dh furnish i
field distributions obtained from device simulations. The damage ion (with increased gate pulse amplitude) and hence furnish in-

distributions are related to the drain current degradation, and correct CP edges and damage profiles. Moreover, the interme-
well-defined trends are observed with the variations in stress diate carrier injection techniques [9], [10] need separate experi-

biases and stress time. Results are presented which provide freshmental tools to monitor complet¥,, neutralization, and hence

insight into the hot-carrier degradation mechanisms. in general are complex in nature. On the other hand, the iterative
Index Terms—Charge pumping, hot-carrier effect, MOSFET, scheme [11], being dependent on repetitive differentiation of ex-
spatial damage profiles. perimental data, is highly susceptible to measurement noise and

may give rise to convergence problems.
We have recently proposed a new method [14] where the de-
o ~_pendence of the CP current on energy zone of recombination
OT-CARRIER degradation is one of the key reliabilityis accounted for while calculating the prestress CP edge. By
issues encountered in deep submicrometer MOSFETesmploying both the varying pulse-top and varying pulse-base
The degradation results from a localized and nonunifor@p schemesV, is directly separated fromV,, and the pre-
buildup of interface states\i;) and oxide charges\,;) near stress CP edge is corrected for generated charges at the inter-
the drain junction of the transistor. It manifests itself in theyce without using simulation, neutralization, or iteration. A
form of threshold voltage shift, transconductance degradatiqipsed-form model, having two independent parameters, is for-
drain current reduction, etc., and eventually leads to deviggjated to predict the stress-induced incremental CP current.
failure [11-{3]. o The model is fitted with experimental data, and the optimized
To understand and model the degradation, different charggrameter values are used to determine the damage profiles. The
pumping (CP)-based methods have been employed to obtainghghod, being immune to measurement noise (since numerical
spatial distribution ofV;, and/orX,, created during hot-carrier gjfferentiation of the experimental data is avoided), provides ro-
stressing [4]-{12]. The simulation based methods [4]-[8] eMyst, accurate distributions of bof, and N, created during
ploy a source/drain reverse bias [4]-[6] or a variable amplitudgegs.
gate pulse [7], [8] to vary the CP area and depend heavily on de-Thjs paper describes the application of the new method to
vice simulations to determine damage position. These methgglsermine the hot-carrier induced damage creation in n-channel
are unsatisfactory due to the requirement of exact device strygyp MOSFET’s. We have obtained a unique comprehensive
ture and doping profiles. The direct methods [9]-[11] employet of data on the time evolution of thé, andV,, spatial pro-
variable amplitude gate pulse to vary the CP area and cal@iss along the channel for various stress biases. To validate the
late the position of the CP edge from prestress measuremes}{serimental findings, device simulations using MINIMOS 6.0
were performed. We have found that the nature of the gener-
ated damage and trends in its position can be qualitatively esti-
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Function Oscill Where
Generator scrtioscope y = chosen at the center of the channel;
|:|__|:| Al stress-induced incremental CP current;
G I, ,, ~measured currents, respectively, in the virgin and
I s stressed conditions;
S l— - ~Gate q electronic charge;
EP p L“.1n—+ D Edge (GE) f frequency of the gate pulse;
Drain —"| w width of the transistor;
Junction (JN) AN;(y) generated interface-state densityat
—> The edge 4, .) of the CP zone in the post-stress case
100 nm : . : :
is defined for the varying base-level measurements as
l B ViB s(¥1,s) = Viase, and for the varying top-level mea-
surements adr (y1 5s) = Viep, WhereVep . and Vi
are, respectively, the local flatband and threshold voltage
distributions in the post-stress case. The maximum CP edge
DC Ammeter . . . .
(¥m, =) in post-stress corresponding ¥ase, min IS defined by
ViB, s(¥m,s) = Viase,min. NOte that (1) and (2) satisfy the
relation
Fig. 1. Charge pumping setup along with the schematic diagram of the
MOSFET used in the study showing drain junction (JN), gate-LDD overlap Afcp(vtop) + Afcp(vbase)
and gate edge (GE). = AIcp, max(‘/top, maxs Vbase, min)
Ym, s
| | o —aw [ ANuw dy ©)
In Section Il of this paper, the new technique is briefly dis- 0

cussed. A fuller account is beyond the scope of the present pagethat for a given value dfy,,.. and henceA I, in post-stress,

and is presented elsewhere [14], where the correctness, retig-corresponding valué,,;, can be obtained from (3). We will

bility, and robustness of the technique are also demonstratdidcuss this later in the section.

Results are presented and discussed in Section Ill, followed byror MOSFET’s with thin gate oxides, the generated inter-

conclusions in Section IV. face-state density profile can be modeled by an analytically in-
tegrable function close to a Gaussian in shape as [14]

W) = T aly - )

Il. THEORY

4
In charge pumping, the gate of the MOSFET is pulsed from

accumulation to inversion using a trapezoidal waveform. Théhere

substrate is shorted to ground. The dc current arising out ofAN;:,, peak value of damage;

electron-hole recombination at the interface states is measureg, position of the peak along the channel,
at the source and drain, as shown in Fig. 1. The CP measure« parameter whose reciprocal is a measure of the spa-
ments are performed both before and after stress in two ways. tial spread of the damage.

In the first case, the pulse top levaly(,) is fixed in inver- Using (4) in (1) and by assuming that the contribution to the
sion (Viep = Viop, max) @nd the pulse base leveVif,..) is totalincremental CP current by the interface-states generated in
varied. The pulse scans the local flatband voltage distributidhe source half of the channel is negligible, one obtains

In the second case, the pulse base level is fixed in accumulatiorh_,c (Viase) U1, U1,
(Vibase = Viase, min) @nd the pulse top level is varied. This pulse pf—W = / AN (y) dy =~ / AN (y) dy
scans the local threshold voltage distribution [5]. a AON e

Assuming a symmetric transistor in prestress and noting the = —BP 1 4 tanh a(y1, s — ¥p)] (5a)

fact that negligible damage takes place in the source half of the . ]
channel, the incremental post-stress CP currents as functiond®f for the maximum incremental CP current

base level and top level of the gate pulse are given by [14] A ; Vi Vi, ) = af W ANt p [1+4] (5b)
cp, max LoD, maxs ase, min/ —

@
Al,(Viase) = Lp, s (Viase) = Lep, v(Viase) whereg is defined by the relation
Yi,s
~qfW / AN (y) dy @) B = tanh a(ym,s — 4p)- (5¢)
0 Using (5a) and (5b), one obtains, after some simple manipula-
and tions,
1 2—(1+ )z

Ay (Viop) = Lo, (Vi) = Lo, Vi) e il e e

~qfWw ANi(y) dy )

w s wherez is given byz = AI,/AIL, max.
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Now, note that in the post-stress calge, (11, ) = Viop @and  points drawn for all;,, values furnishes th&; ., — y relation
ViB, s(1,5s) = Viase. Therefore the post-stress lodgt ., and  [14].
Vrp, s values at any poing; 5 in the channel are related to the Finally, we discuss the determination of the maximum CP edge

prestress ones by [14] (ym, s) inthe post-stress case. As discussed befgye, (corre-
qANit(yl, 5) Sponding td/base, min) is defined bWFB, s (yrn, 5) = Vbase, min-

Viop— Vbase = Vr,v(y1,5) = Vi, o (41, )+ Con (") A similar relation in prestress relating,, .. and Vpg ., is
whereVr , andVyp , are the prestress local threshold and flatlFB,v(¥m,v) = Wiase,min WhereVpg , andyn,, ., are the

band voltage distributions (as obtained late), is the oxide local flatband voltage .distrik_)ution and the maximum value of
capacitance per unit area. Note that by using (7)bé, term  the CP edge, respectively, in the prestress case. Sipge,

is automatically removed. Putting (6) in (4) and putting all tod€Pends only on device doping, for & givease, min value,
gether in (7), one obtains Um, » IS CONstant (w.r.t channel-LDD junction) for devices having

differentdrawn gate lengths butidentical otherwise. On the other
c W hand,Vrg, s is different fromVgep ,, due to charges associated
0w qf with the generated defects, and therefgyg, is dependent on
2=+ Fale (®) stress conditions. However, it is assumed thatygr, deep
where fy7rp is a polynomial function fitted through the pre-inside the junction (for larg8/base, min| Value), thev,, andN,,
stressVr, , — Vrp, . Versusy data andy,  , is given by (6). generated a#,, , are small to make any appreciable change in
For all Vi, and hencedl,, value in post-stress, the correthe local flatband voltage distribution. Therefore, the condition
spondingV;.,, is obtained from (3). Equation (8) is fitted With V5 (v ») = Vi, s(Ym, s) = Viase, min IS Satisfied, which
the experimentaViop, — Viase VErSUSAL:, /Al max dataand impliesy,, , = ¥, s and hencey,, ; can be determined from
the two unknown parameters, nametyand 3 are obtained. prestresd/5, ., — y relation as obtained above.
The parameteA;, , is obtained from (5b), whiley, is ob-
tained from (5c¢). Once the parametarand/3 are obtained, for
each of the,.... (and hence\1,.,) values in post-stress, the CP I1l. RESULTS AND DISCUSSION

edgey,, ; is obtained from (6). Sinc®rp, s(y1,5) = Viase & Charge pumping measurements using the method discussed
Y15, VrB,s is known. Again, from the prestres§s — y re-  apove were carried out on submicrometer LDD MOSFET’s
lation, fory,, 5, Vrp, . is also known. Therefor& N,; can be a5 shown in Fig. 1. The gate of the MOSFET is pulsed using a

g oAl
‘/top - Vbase :fVTFB(le,s) + -5

obtained from trapezoidal waveform obtained from an HP33120A function
Viase = Vi, o(¥1.s) — 4ANot(y1,s) _ ¢AN(yL,s) (9) generator. The CP current is measured at the source and drain
' ' Co 2C,% using a Keithley 617 electrometer, preceeded by an LC low-pass

since theA V;; values are already obtained using (4). Note théditter. The substrate is shorted to ground. Measurements were
the data fitting and the subsequent analysis to obtaiVthand  performed using gate pulses having a frequency of 1 MHz with
N, distributions has to be performed separately for each streg® and fall time of 250 ns. For the varying base-level measure-
conditions having different gate and drain bias and stress tim@ents, the pulse top level was fixed@tp, max = 1 V. Forthe
Now, to obtain thd’r 5, , — y relation in prestress, the CP curvarying top-level measurements, the pulse base level was fixed

rent can be rewritten as [13] at Viase, min = —4 V. Experiments were performed using iso-
Lop w(Viase) Ld lated LDD n-channel MOSFET'’s having 0.8—-0.2% effective
T oW {Nit, o(Viase)) o AY1o(Voase) | (10) channel lengthsl{.g), oxide thicknessX),,) of 11 nm, and gate
where width of 10pum. The stress induced damage distributions and the
Ayy, zone excluded from CP and is related to thEgsulting drain current degradation are shown for the transistor
CP edgef; ) by the relationy; .(Viase) = havingLer = 0.3 um. The devices have a gate-LDD overlap of
La/2 = Ay1,v(Viase); 100 nm, as shown in Fig. 1. Note that for a given gate and drain
) __ bias, the stress measurements for different times are performed
Yi,v edge of the CP zone in prestress and is giveh, the same transistor. However, the stressing at different gate
by Vs, v(41,4) = Viase; and drain voltages are performed on different transistors located
(Nit, (Viase)) Spatial average oW, (y) up toy o; on different (but adjacent) dies in the wafer.
L, drawn gate length. InFig. 2,the prestredsr , andVp g , distributions are plotted

along the channel (leftaxis) for a device having.g = 0.3 um.
While 41 ,(Viase) is dependent on the drawn gate lengthiThese results are obtained from the prestlgss — Vio, and
Ay, y(Vbase) is not. Therefore(1/2)1,, ,(Viase) (Measured 1., , — W,..e Mmeasurements performed on transistors having
on transistors of different; but identical otherwise) is plotted different drawn gate lengths as described in the previous section.
as a function ofL /2. The data points are fitted with a straighitNote that corresponding t6,a5e min = —4 V, the maximum
line. The intercept of the fitted straight line givésy; , and CP edge in prestressgs, , = 50 nm (w.r.t the channel LDD
hencey, ., [13]. This process is repeated for &l.... values junction) and is situated in the gate-LDD overlap region. Also
to obtainy; . as a function ofl4,.s., Which is essentially the shown (righty axis) is the prestresgr . — Vpp . value along
prestress/rg ., — ¥ relation. In a similar manner, the prestresthe channel for the same transistor. The, — Vrg, ., versusy
1/2(Lep v (Viase, max) — Iep o(Viop)) data is plotted versus datais fitted with a polynomiafy ;5 (solid line) and is used in
L4/2. The intercepts of the fitted straight lines through the daf8), which is finally used for fitting the experimental data. The
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Fig.2. PrestresBr, ., Vrp, ., (lefty axis) andVr, , — Vr3p, . (righty axis)
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Fig. 5. Interface-state densityA(V;;) and oxide trapped charge density

distribution along the channel. (Inset) Calculated (solid line) and experimenta} Vo) profiles along the channel as a function of stress time. Stressing was
(SYMBOISIVop — Visase VEISUSA T, / AT, max plot. The stressings were donedone atVe = 4.25 V, Vp = 5 V. The origin is chosen at the drain junction
atVe =1.2,25,and 4.25VWp =5 Vfort = 100 s.
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Fig. 3.

0.08

Interface-state densityA(V;;) and oxide trapped charge density
(AN,,) profiles along the channel as a function of stress time. Stressing
done atVe; = 1.2V, Vp = 5 V. The origin is chosen at the drain junction

W,

(IN), and the gate edge is at uih. The quantities;,. andy,,... are defined
in the text of Fig. 6.

inset shows post-stred3,, — Viase VErsusAI, /AL, max
data as obtained from (3). Stressing was performéghat 5 V.
The gate voltages were 1.2, 2.5, and 4.25 V and the stress time
was 100 s. The symbols are experimental data points, and the
solid lines are the model fit, performed separately for each stress
case using (8). As can be seen the model fits the experimental
data extremely well. The model parameteends3 are extracted
from such fits, for each stress bias and time.

In Figs. 3-5, the stress inducédV;, andAN,, profiles are
plotted along the channel. The origin & 0) of these figures
are chosen at the channel-LDD junction. The stressing was done
atVp = 5V for 10, 100, and 1000 s. The gate voltages were
1.2 V (Fig. 3), 2.5 V (Fig. 4), and 4.25 V (Fig. 5). It can be
seen that with increase in stressing time, t#;; and AN,;
distributions increase both in magnitude and in spread. For all
the different stress conditions, the peak positiom\a¥;; and

(IN), and the gate edge is at uih. The quantitieg;.. andy...... are defined AN, distribution correlates well, lying within a distance of 15

in the text of Fig. 6.

5x10""

. 3x10"f
2x10" F
1x10"

i 2
AN, ; AN (cm

v =5V V =2.5V

L,,=0.3 um
4 011 | #ffjﬂOOOOO@QQD

T,=11nm

-1x10" b

0
=N »;

11
-2X10-0.08

DISTANCE ALONG THE CHANNEL (um)

-0.04

0.00

0.04

*O*;] OOOSJNJ lytran l ylat

0.08

nm of each other. For stressing at 0%/, the damage peaks are
slightly away from the junction. However, for stressing at high
V&, the damage is observed mostly inside the gate-LDD overlap
region.AN,; is generated at all; values, the maximum being

at Ve = 2.5V, which is also the condition for maximum sub-
strate current measured during stressing. Hole trapping is ob-
served for stressing af; = 1.2 V, while electron trapping is
observed for the other two stress conditions (plotted on a nega-
tive scale), the maximum being®t = 4.25 V. For our devices,

we observe more hole trapping (which saturates at longer times)
than electron trapping. Simildr; dependence of the damage
distributions are observed on other devices having different gate
lengths and oxide thicknesses.

The qualitative nature of the generated damage and its position
as afunction of gate bias during stressing are compared with elec-
tric field profiles obtained from MINIMOS 6.0 simulations. The
device dopings are obtained from SUPREM 4 simulations. The

Fig. 4. Interface-state density\(V:;) and oxide trapped charge densitySimulated lateral¥;,;) and the transverséx,...,) electric field
(AN,,) profiles along the channel as a function of stress time. Stressing V\ﬁ,ﬁof”es along the channel are shown in Fig. 6%r = 5V and

done atVe: = 2.5V, Vp = 5 V. The origin is chosen at the drain junction
(IN), and the gate edge is at uth. The quantitie¥.: andy:,... are defined

in the text of Fig. 6.

Ve = 1.2, 2.5,and 4.25V. As can be seen, fign = 5V, the po-
sition (y;,¢) Of the £/, peak is situated in the gate-LDD overlap
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region at 35 nm from the drain junction, and is found to be almost
independent o¥;. On the other hand the positigs,..,, where
Ey..n changes sign is a strong functionigf. ForVg = 1.2V,
Yeran IS Situated to the left oy, at—15 nm from the junction.
The negativel,..,, betweeny,,..,, andy;,; assists in large hole
injection, resulting in dominant hole trapping near the junction
(see Fig. 3). FoVg = 4.25V, y4x IS situated at the right of
11+ at55 nmfromthe junction. The positi¥g,., , betweeny;,q»,
andy;,, assists in large electron injection, resulting in dominant
electrontrapping in the gate-LDD overlap region (see Fig. 5). As
can be seen from Fig. 6, the portion of the channel wikgrg,,

is positive forV; = 1.2V (and conducive for electron injection)
and negative fobV; = 4.25 V (and conducive for hole injection)
are faraway frony,,;. Therefore for such cases either fewer elec-
trons or holes are injected into the oxide and hence the generated

175

Ly=03um, T, =11nm v _=5v
ar Ve W)
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interface states are less, which conforms to the trapped-holefig-6. simulated lateral and transverse electric field profiles along the channel
combination model[15]. The peak ofthe generated interface trdpsa transistor havind.r = 0.3 um andZ,, = 11 nm, forVp =5V and

is near the drain junction fdrz; = 1.2V and in the gate-LDD
overlapregionfol’; = 4.25V, consistent with position af;,.q»,
with respect tay;,, for such stress conditions. Finally fo =
2.5V, #ran 1S at 20 nm from the junction and is situated close
to 11, - Therefore, both holes and electrons are injected in large
guantities, resulting in large interface trap generation and no sig-
nificant charge trapping (see Fig. 4). Note that,,, and the po-
sition of the interface-state density peak ¥oy = 2.5V are sit-
uated midway between thatt = 1.2V and atVg; = 4.25 V.

Also note that due to the larger capture cross-section of the hole
traps andlow hole mobility in the oxide, the existing hole traps are
rapidly filled during the initial period of stressing and thus acts as
a limiting factor for further hole trapping. On the contrary, elec-
tron trapping is aless rapid process due to the higher electron mo-
bility and lower capture cross-section of electron traps. Also elec-
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Ao (um)
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-Ag m/g mo

ANep x 10

Ve =1.2,25,and 4.25 V.

0.5
Lt =0.3 ym | 0.20

0.4 To=11nm

40.15
03

Jo10 &
02} %
0.1 10.05
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trpn trappi_ng is ObS€IjV€_d at hi% values Whe_r@tmn isalso  Fig. 7. Interface-state density peak magnitudeN, ,), spread Qo)
higher, which results in field assisted detrapping of trapped eleormalized peak transconductance degradatdon.(/ ... .) (left y axis) and

trons. Therefore, trapped electrons are lower in magnitude tr%}ﬁstrate current/(..;) measured during stress (rigitaxis) as a function of

trapped holes and does not show saturation.

In Fig. 7, the interface-state density peak/;: ,), spread
(Ao), the differential peak transconductaneey,. /g, ,) (left
y axis) and the measured substrate currénf,§ during stress
(right ¢y axis) are plotted as a function of strégs. The stressing
was performed atp, = 5 V for 500 s. The transconductance is
calculated from thép — Vi characteristics measuredigs =
0.1 V both before and after stresd.s is defined as the length
of the channel where the conditiady;, > NV . is satisfied,
whereN;, . is a chosen cut-off value. Mathematicallyy is
given bycosh(Ac/2) = (AN ,/Nit. .)*/%. We have chosen
the cut-off value asV;;,. = 5 x 10'° cm~2. Note that this
choice of NV;; . is somewhat arbitrary and a different value of
Ni¢, . would result in a different value ako. However, we have
found that the trends itho as functions of gate and drain bias
and stress time is independent of the choic#/gf.. Therefore,

Ac (pm)

2

(em”)

1

-Agm/gmo ;

Let= 0.3 pm, To=11nm
Ve=Vo/2,1=100s

201t

>

s O ANip

% VvV  -Agm / gmo
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STRESS1/Vo(V )

stress gate voltage. Stressing was doriézat= 5 V for 500 s.

L

(wd) oLx mbyey

-

once a value oA N;; . is chosen, it can be used to have a ConFig. 8. Interface-state density peak magnitudey,.,), spread {o),
parative estimate of the damage spread for various stress bidsgsalized peak transconductance degradatlon,(/ .., .) (left y axis) and

and times, and all our arguments which is based entirely on f(ﬂ
damage trends remains unaffected by the choic¥;of..

emental CP currentX!.,/qfW) (right y axis) as a function of stress
in voltage. Stressing was dondl@t = Vi, /2 for 100 s.

It can be seen from Fig. 7 tha%V;, , is maximum in the contrary to theAN;, , — V¢ relation, the overalho — V¢ trend
region whereV; = Vp /2. Ao shows a local maximum af;  does not quite follow thé,,, — Vs trend. TheAg,,, — Vs re-
values slightly less than the; = Vj»/2 condition. Note that lation follows theAN;, ,, — Vi pattern for lowV; values, and
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rate of AN;, ,, buildup is maximum for stressing & = 2.5

V, which however shows a saturation for larger times. The time

evolution of Ao shows a slower rate and goesAakg(t). The

rate of increase oo is maximum for stressing &; = 1.2 V.

The value ofd is 0.08 ¢z = 1.2 V) and 0.05 {; = 2.5 and

4.25 V)um/decade. No saturation is observeain buildup for

larger times. These trends are also observed on devices having

different channel length and oxide thickness&s,,, shows the

well known¢" dependence with time, with = 0.35 for V; =

1.2 V (plotted) andn = 0.58 and 0.36 forV; = 2.5 and 4.25

V (not shown) respectively, similar to the published results [3].

. . . Once again, the higher slopeAt,,, as compared tANV;, , can

10 100 1000 10000 be attributed to the increasedxv with time. These observations
STRESS t (s) confirm the fact that both the peak and spread of the generated

interface trap profiles are responsible for degradation.

Fig. 9. Buildup of interface-state density peak¥;.,,), (left y axis) and

spread (o), (right y axis) versus time for different gate voltage during stress.

Also shown the normalized peak transconductadcg./ ¢.., ») for stressing IV. CONCLUSION
atVe = 1.2 V (left y axis). The stres§’, was 5 V. '

To summarize, a novel CP technique is employed to obtain

is maximum neaVg = Vp,/2. However forVg > Vi /2, Agp, the interface &;;) and oxide (V) trap distributions in hot-car-
decreases slightly and follows ther — Vi trend. Note that for fer stressed MOSFET’s. The new technique does not require
stressing at low's, the interface-trap peak is situated near thgPmputer simulation, neutra}hzatlon, or iteration, is inherently
channel-LDD junction (Fig. 3) and therefore has a strong inff’Mmune to measurement noise and directly provide sepafate
pact on transconductance degradation. However for stressing/V profiles along the channel. We have obtained an unique
high V's the peak of interface trap moves inside the gate_LDg)mprehenswe set of_data on damf’:\ge distributions as a function
overlap region (Fig. 5). Therefore, transconductance degra@4Stress time for various stress biases. It has been found that
tion will be affected more by the interface traps situated in t9!€ trapping near the drain junction and electron trapping in the
channel region estimated by the spread. This implies that b&@€-LDD overlap region are the dominant degradation modes
the magnitude and spread of the interface-state density proffi@Pectively atlow and high gate biases. Interface traps are cre-
are separately responsible fg; degradation, each contributing@ted for all stress conditions, the maximum being at medium
to a larger or lesser degree depending on the bias condition.9ate biases. The nature and position of the generated defects
In Fig. 8, ANy, p, Ao, Agn/gm,o (left y axis) and correlate well with the lateral and transverse field distributions
AL,/qfW (righty axis) are plotted as a function of strdgs. @S Obtained from device simulations, and it has been shown that
The gate voltage was held 6t = V) /2 for all valuesVp, and both electrons and holes are required in the oxide for the cre-

the stress time was 100 s. It can be seentag, AN;; ,, Ao ation of interface traps. Botl;, and V,,; profiles increase in
and thusAg,, increase withVp and follow anexp(—ja/VD) magnitude and in spread with increased stress time, though the

dependence. With increase ¥ip, the increase inAN;; , increase in magnitude is_more compared to the spread. Finally
(a1 = 39.13 V) is higher than the increase to (a, = 13.08 the observed,,, degradation is found to be dependent on both
V). As expected, the slope ak/., (a5 = 54.1 V) is close to the peak magnltl_Jde and spread of the generated_lnterface traps.
that of AN, Ao (ar + a2 = 52.21 V). Ag,, has a higher Theg,. degradation follow the trends observed in interface trap
slope (s = 42.64 V) than AN, ,, and the difference is dueformat_lon Wlth varlgtlons in stress gate a_nd drain b_las_es, _and
to the increase it\o with V. This verifies that both the peakstressmg tlmes. This stqdy thereforg provides fresh insight into
and the spread of the generated interface traps are respondfiffhot-carrier degradation mechanisms.

for g,, degradation. However note that + a2 # a4, which

implies thatAg,, depends nonlinearly omN;, , and Ao. ACKNOWLEDGMENT
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