
]
A-5-4Extended Abstracts of the 1994 International Conference on Solid State Devices and Materials, yokohama , lgg4, pp. 562-564

common origin of stress-Induced Leakage current
and Electron Trap Generation

Hideki Satake and Akira Toriumi

ULSI Research Laboratories, Toshiba Corporation
1, Komukai Toshiba-cho, Saiwai-ku, Kawasaki 210, Japan

The temperature dependence of stress-induced leakage current has been investigated to
quantitatively clarify the relationship between stress-induced leakage current and electron
trap generation. It has been found for the first time that the activation energy of the ap-
pearance of stress-induced leakage current agrees well with that of electron trap generation.
It can be concluded quantitatively that stress-induced leakage current and electron trap
generation have a common origin. Moreover, it has been clarified that stress-induced leak-
age current can be formulated as functions of electron energy and injected-electron fluence
in the early stage of high field stress.

Introduction 15

The suppression of stress-induced leakage current
is a key issue to obtain a reliable thin gate oxides in
Si MOS devices. The critical energy for appearance
of stress-induced leakage current [1] a,grees well with
that of electron trap generation [2]. A qualitative
study concerning the relation between stress-induced
leakage current and trapping electron in SiOz has al-
ready been reported [3]. In the present work, in order
to quantitatively clarify the relation between stress-
induced leakage current and electron trap generation,
we focus on the temperature dependence of stress-
induced leakage current. As a result, it has been clar-
ified that the activation energy of stress-induced leak-
age current agrees well with that of trap generation
rate.

2 Results and Discussion

The devices used in this study were 100 x 100pm
n-channel MOSFETs. The gate oxide thickness of
5.8 nm was chosen to eliminate oxide charge trap-
ping. The gate oxide was grown in dry 02 ambient
at 800"C. The stress-induced leakage current density
(Jf t) was defined as the increased component at the
gate volt age Vn where the gate cnrrent density was
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Figure 1: Stress-induced leakage current ,Ift as a
function of injected-electron fluencs Nini at 300 K
(closed triangles) and 90 K (closed circles). At each
temperature, electron injection and measurement of
Jnsr were done at the same temperature. A clear tem-
perature dependence of JfL is observed.

10-8 Af cm-z in the the initial Jn - Vn characteristic
from a point of view of the trap-assisted tunneling
model [4]. High field stressing was performed under
constant current Fowler-Nordheim electron injection
from inversion layer.

Figure 1 shows stress-induced leakage current as a
function of injected-electron fluence (lf,"i) at 800 K
and 90 K. As shown in Fig. 1, stress-induced leak-
a.ge current has a clear temperature dependence. In
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Figure 2: Measurement-temperature dependence of
stress-induced leakage current JfL for various stress-

ing temperatures T;ni and stress current densities {.
It is clearly shown that JfL is independent of mea-

surement temperature [rr"o".

order to clarify the origin of this temperature de-

pendence, stress-induced leakage current was mea-

sured at various temperatures. Figure 2 indicates

the measurement temperature (?-uo") dependence of
stress-induced leakage current. Stressing tempera-

tures (T;") were 300 K and 90 K. Stress-induced leak-

age current was found to be independent of measure-

ment temperature below 300 K for all cases. There-

fore, at a constant injected-electron fluence, stress-

induced leakage current is determined by stressing

temperature and by stressing current density.

To discuss quantitatively the dependences of stress-

iog temperature and stressing current density on

stress-induced leakage current, we measured the

stress-induced leakage current at various tempera-

tures under the condition that stressing tempera-

ture is equal to measurement temperature (Fig. 3).

The strong temperature dependence of stress-induced

leakage current is shown irrespective of stressing cttr-

rent density and of injected-electron fluence. Figure 4

shows the increased component of stress-induced leak-

age current JsL - Jf"o as a function of reciprocal

stressing temperature. Jf"o mea,ns the tempera.ture-

independent component in stress-induced leakage cur-

rent. The activation energy Eo of. temperature de-

pendent component in stress-induced leakage current

is a constant (about 0.13 eV) irrespective of either

stressing current density or injected-electron fluence.

The activation energy of 0.13 eV seems to be in good

agreement with the a,ctivation energy of electron trap
generation l2l, These experimental results demon-

strate that stress-induced lea.kage current and elec-

Jf, F/cmz ),Nini(c/cm2 )
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Figure 3: Stressing-temperature dependence of stress-

induced leakage current JfL for various stress cut-
rent densities .ff and injected-electron fluences .lf;r,j.
Stressing was performed at each measurement tem-
perature T^"o".For all cases, "Ift drastically increases

at higher than around 150 K with increasing temper-
ature.

tron trap generation have a common origin.

In order to quantita.tively discuss the mechanism

of electron trap generation which acts as tunnel-

ing sites for stress-induced leakage current, we mea-

sured stress-induced leakage current as functions of
stress current density and of injected-electron fluence.

Figure 5 shows stress-induced leakage current as a
function of injected-electron fluence at 90 K. A sin-

gle power of 0.4 was obtained irrespective of stressing

current density.

In order to obtain the stressing current density

dependence of stress-induced leakage cutrent, Jf"
was plotted as a function of stressing current den-

sity (Fig. 6). As shown in Fig. 6, stress-induced leak-

age current increases rapidly at high stressing current

density. This is because there is a threshold energy

for the tunneling-sites generation which contributes to
stress-induced leakage current [1]. It has been clari-

fied that stress-induced leakage current in the early

stage of high field stress can be formulated as follows.

, 
__^ ( o.ts(ev)\\Jf" : ca(tf)uf;f Ir + Texp t -#\ '\ kr ))'

(1)

where u (4) is a function of electron energy which

depends on the stressing current density. By utilizing
Eq.(l) and a relationship of. N;ni - Jf 'f, where t
means injection time, stress-induced leakage current

can be expressed as functions of stressing cutrent den-

sity and injection time.

We consider that the tunneling sites for stress-
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Figure 4: Increased component of stress-induced leak-
age current Jf_L - Jfr'o as a function of reciprocal tem-
perature. Jf"' rnJum the temperature independent
component for various stress-induced leakage current
Jf '. Activation energy Eo of.0.18 eV is constant for
all cases.
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Figure 6: Stress-induced leakage current Jft as a
function of stressing current density at g0 K.

3 Conclusions

In order to quantitatively clarify the relationship
between stress-induced leakage current and electron
trap generation, we investigated the temperature de-
pendence of stress-induced leakage current. As a re-
sult, it was found that the activation energy of the
appearance of stress-induced leakage current agrees
well with that of electron trap generation. There-
fore, it can be concluded quantitatively that stress-
induced leakage current and electron trap generation
have a common origin. Moreover, it was cbnfirmed
that stress-induced leakage current can be formulated
as functions of electron energy and injected electron
fluence for the early stage of stress.
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Figure 5: Stress-induced leakage current JfL as a
function of injected-electron fluence at g0 K-. A sin-
gle power of 0.4 is constant independent of stressing
current density.

induced leakage current is generated by two dominant
mechanismsl one is temperature-dependent mecha-
nism and the other is temperature-independent mech-
anism. For the temperature-dependent component
in Eq.(l), we think that the diffusion of hydrogen
released from si-H bonds is responsible for the cre-
ation of tunneling sites. On the other hancl, for
the temperature-independent component of stress-
induced leakage current in Eq.(1), it is inferred that
the injected hot electrons with much higher energy
than kT break bonds in the sio2 network and broken
bonds act as tunneling sites.
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