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Effect of High-Gate-Voltage Stress on the Reverse Gated-Diode
Current in LDD nMOSFET’s”
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Abstract: The reverse generation current under high-gate-voltage stress condition in LDD nMOSFET’s is studied. We find
that the generation current peak decreases as the stress time increases. We ascribe this finding to the dominating oxide

trapped electrons that reduce the effective drain bias,lowering the maximal generation rate. The density of the effective

trapped electrons affecting the effective drain bias is calculated with our model.
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1 Introduction

The gated-diode ( GD) current Igp or gate-
induced drain leakage (GIDL) current Igp. under a
very low field is composed of the generation-recombi-
nation current'’’. Since the interface states act as the
generation-recombination centers and increase the ad-
ditional generation-recombination current, the varia-
tion of this current reveals the condition of the inter-
face states. Therefore, the GD technique or very low
field GIDL measurement is used widely to detect the
interface states. Compared with the charge pumping
method, the GD technique is a direct-current meas-
urement and simple"* .

In Refs.[3,4], the gencration current under the
reverse GD mode is applied to investigate the oxide
damage in nMOSFET’s. However, they mainly stud-
ied the damage under the middle gate voltage (Vg =
Vi/2) stress. In this case, the interface states domi-
nate the damage. Commonly, the density of interface
states N is the focus in using the GD technique, while
the role of oxide charges is ignored. Yih et al. studied
high-gate-voltage ( V5 = V) stress-induced damage
in nMOSFETs using the forward GD mode tech-
nique® . They used injected holes neutralizing the
trapped clectrons to separate N, and the density of
oxide charges N, . However,they use the recombina-
tion current in their work.

In this paper, we present results obtained from
the generation current I, measurements under the
high-gate-voltage (HGV) stress condition, showing
the effect of oxide trapped eclectrons. A correlation is
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reported between the generation current peak [Ip,peu
and the corresponding density of trapped charges.

2 Experimental devices and theory

We used two LDD nMOSFETs with the same ge-
ometry in this study. The oxide thickness is 4nm. The
gate has a length of L =0.35um and a width of W =
3pm. In order to reduce the leakage of the drain pn
junction, a small voltage of 0.1V is applied to the
drain. Thus, the reverse current comes mainly from
the interface states. For measurements, the substrate is
grounded ( V5 = 0V) and the source is floating. The
gate voltage Vg is swept from — 0.6V to 0. 8V.

At the depletion region surrounding the drain pn
junction, Shockley-Read-Hall (SRH) statistics point
to the midgap traps as the maximum effective genera-
tion centers under the small reverse bias ( Vp <
0.3V).The generation current comes from the midg-
ap traps in the narrow zone Ax between the electron
quasi-Fermi level ¢. and hole quasi-Fermi level ¢, . As
the gate is swept from the inversion threshold through
depletion into the strong accumulation, the effective
generation zone moves like a pointer of decreasing
width along the interface towards the drain"®. This
zone separates from the interface completely when
the gate voltage approaches a small positive value. In
Ref.[4].the value is 0. 5V at V, =0.1V. After that,
the generation current drops sharply.

The recombination rate U is given by Ref.[7]:

Niwpon v (np — ni)
E Ei)) +op(n+p+ Znicxp(%w

(D

U =

on(n + p+ 2nicxp( k_T

* Project supported by the National Natural Science Foundation of China (No.60376024)

1 Corresponding author. Email: heellor@163. com

Received 31 October 2007, revised manuscript received 5 December 2007

(©2008 Chinese Institute of Electronics



876

% 29 &

1.2

1.0F

0.8

= 0.
0.4

0.2

1 1 1 1 1 1 1 I
0.1 0.2
Vo/V
" 1

0.6

0.8

1
0.4
Y

Fig.1 ¥ as a function of drain bias Vp

where vy, is the carrier thermal velocity,s, and o, are
the hole and electron capture cross section, respec-
tively,and E, is the trap energy level. Other parame-
ters have their common meanings. When the pn junc-
tion is the reverse biased Vx <<0(Vy = — Vp, Vp >
0V), np = niexp(qVr/kT)<<ni. U is negative and
delegates the generation rate G. Assuming E, = E; 0,
=0, =0, G approaches its maximum G, when n=p
=n;exp(qVw/2kT) . Thus,Equation (1) becomes:

G = 5 Nuovo [ 1= exp(qVi/2KT) )= L Nyoviun,y
(2

y = 1—-exp(qVy/2kT) = 1 - exp(— qVyp/2kT)
(3

where v is defined as the maximum G factor.

Figure 1 describes the relationship between y and
Vo.When Vi, >0.2V, y approaches 1. When V<<
0.2V,y decreases quickly as V, increases.

The maximal generation current is then:

gWAXG o = %qWAxniNitavthy 4

ID.,peak =

Thus,the generation current depends on the gen-
eration zone Ax, interface state N;., and y. After
stress,the additional N; and the oxide trapped char-
ges Q. are created. The additional N; enhances the
generation current. The O, locating in the oxide de-
creases or increases the effective gate voltage,shifting
the location of Ax. However, it cannot change the
value of Ax as Ip . appears. Meanwhile, if the Q,
locates in the oxide above the drain region or overlap
region,these trapped charges could change the effec-
tive Vp, thus changing y. We define the effective
trapped charge Q... which denotes the effective in-
fluence of the trapped charge Q,, on V. For a cer-
tain gate voltage on the reverse GD mode, the effec-
tive Vp decreases when the trapped charge is electron
(Qox.eii<<0),and the effective V), increases when the
trapped charge is hole ( Q.. —>0) . Then, the effective
Y 1S:

Qox.cff

Yar = 1 - CXP[Q(_ Vp = C.. )/ZkT} (&))

—=—0s(the initial state)
—e—50s(post-the 1st stress step)
A 100s(post-the 2nd stress step),
—w—150s(post-the 3rd stress step)
a4 200s(post-the 4th stress step)
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Fig.2 Generation current I as a function of Vg during alter-
nating stress conditions The hot clectron injection stress at Vp
= Vs =3.5V and the hot hole injection at V, =3.0V and Vg =
—3.0V.The first stress step is the electron injection, followed
by a hole injection,an electron injection.and again a hole injec-
tion condition. Each stress step continues for 50s. The total stress
time is 200s.

Considering N, and the influences of oxide charges on
Ax,y,Equation (4) is deduced to:

QOX
Cox

%qXWXAx< Vgt
(Nit+ANi1) Xo XV[thcff

I'p. pea (pOSt) = )xnix

(6)
3 Results and discussion

Figure 2 shows that Iy, . decreases as the gate
voltage shifts positive in the first step. This results
from the trapped clectron, as has been mentioned
above. According to Eq. (6),the oxide trapped elec-
trons decrease the effective gate voltage,so Vg shifts
to a more positive value when Ip ..« appears. Mean-
while,because V, = Vg stress will introduce trapped
electrons in the oxide above the drain-gate overlap re-
gion in LDD nMOSFETs™ . So, the oxide trapped
electrons decrease Y and lower Ip, .- After the sec-
ond stress step, the off state stress ( Vp = 3.0V and
Ve= —3.0V) injects the holes into the oxide at this
overlap region. After a few seconds, the holes neutral-
ize the trapped electrons completely, which shifts Vg
left to its initial value,shifts y. back to its initial val-
ue, and Ip e rises to its initial position. Thus, the
curve almost returns to its initial state. This result
proves that few interface states are created during the
HGYV stress in the first step. If there are many inter-
face states in the oxide,after the holes have neutral-
ized the trapped electrons completely in Fig. 2 (the
curve recovers completely) s I'p. e Should be enhanced
according to Eq. (4). However,after the second stress
step there is no increase, which implies that very few
interface states are created in the first stress step. In
others words, the role of interface states can be ig-
nored. After the third step,the curve appears like af-
ter the first stress step, with Ip . shifting rightwards
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Fig.3 Generation current Ip(measured with Vp =0.1V) as a
function of gate voltage before and after stress at Vp = Vg = L (b)
3.5V  The stress time is varied from 0 to 300s (i.e.0,50,100, e’
150,200,250,300s) .
<
and downwards. Z
However, the shifts become stronger, as can be <
N . AV, C.
seen in Fig. 2. According to AN,, = —=—= , where eS8
Co = 9.6 X 107" F/cm® measured, the density of the 1'0 v 35 55 o
trapped electron is 4.38 X 10" cm™* for the first step ' T NL/I0em? '

and 1. 73 X 10” cm™? for the third step. Although the
same stress conditions are applied to the device during
the first and third step, the density of AN, created
during the third step is much greater than during the
first step. Since hole injection can create the neutral
electron traps in the oxide'" ,a lot of neutral electron
traps are created by the hole injection during the sec-
ond step. The hot electrons of the third step fill not
only the neutralized electron traps created in the first
step,but also the neutral electron traps created during
the second step. In this way,the density of trapped e-
lectrons after the third stress step is much larger than
after the first. So the larger density of trapped elec-
trons reduces Y. more than in the first step. Conse-
quently, Ip, ..« decreases and shifts to positive gate
voltage much more than the initial Ip . We can
roughly calculate the density of the neutral electron
traps created during the second step,which equals the
difference of the densities of the trapped electrons
during the first and second stress step and is 1. 35 X
10%cm™2.

During the fourth stress step,holes are injected to
neutralize the trapped electrons again. Because the
trapped electrons in the oxide lower the barrier that
the hole must surmount,the 50s holes injection during
the fourth step still neutralize the trapped electron al-
most completely despite more trapped electrons in the
oxide than after the first stress step. After the fourth
step, the current curve almost recovers its initial
state,as can be seen in Fig. 2. Like the discussion on
AN, after the second step.the result after the fourth
step further proves that the trapped electrons make
the dominating effect on the generation current and

Fig.4 (@) Noxetr s Noxs = Al gpeac VETsus the stress time; (b) Re-
lationship of — Algpeax With Ny in half-In

the role of interface states can be ignored after the
HGYV stress.

Based on the results and analysis, we further in-
vestigate the influence of oxide trapped electrons on
the generation current. Figure 3 shows the changes of
the generation current before and after the HGV
stress. After stress,the peak current is shifted to posi-
tive gate voltage and is lowered,indicating that the e-
lectrons are trapped in the oxide. According to Eq.
(5), the trapped electrons reduce Y., and thus in-
crease the generation current peak Ip. ... Because
there are few interface states and they can be ignored
above,according to Eqs. (4) ~(6) .

Ip (post) _ Ve _
In(pre) v

1- exp[q(— Vo — Qé—’::“)/ZkT}

1 —exp(= gV /2kT)
Qox.er can be obtained ( Ny is the density of
Qox.cff)1

Ooxett = — qNox.c(f = Cox{_ Vb —

ln[l—%(l—exp(}i?””} (8)

2kT

D)

2kT %

Nox,c{f = COX { VD + T X
_ Ip(post) /1, - qVp
ln[l 7ID(pre) (1 exp kT )J (9)

Nowerr can be calculated by Eq. (9). Figure 4 (a)
shows the changes of Nogerrs = Alp,peak s and Ny with
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stress time, which is extracted from Fig. 3. They have
the same trend of change. The rate of enhancement is
fast at the start and becomes slower later.

Equation (9) is deduced on the basis of Eq. (6),
so we should clarify the validity of Eq. (6) in order to
confirm Eq. (9). According Eq. (6) .

— Alppex = In(pre) — Ip(post) oC Y — Ve

Qox,cl’l‘

= exp[q(—vn—c—ox)/ZkTJ— exp(—qVyp/2kT) oc

_ q%ox.cff) (10)

ox

e44 oc eXp(Noyrr)

Given Eq. (6), = Alp pex Will vary exponentially
with N .. Figure 4(b) shows — Alp e 18 linear with
Nox.err in the half-natural logarithm coordinate, which
extracted from Fig. 4. (a). This result clarifies the va-
lidity of Eq. (6). Furthermore,it supports the validity
of calculating N, . with Eq. (9).

4 Conclusion

The effect of the HGV stress on the generation
current in LDD nMOSFET’ s has been studied. The
trapped electrons reduce the effective factor influen-
cing the maximal generation rate and decrease the
current. We using our model to calculate the density
of effective trapped electrons created in the HGV
stress. Although this mode only suits the case when in-
terface states can be ignored.,it should still be helpful
to understand the features of detecting the damage in
the oxide using the reverse GD method.
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