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SILC Mechanism in Degraded Gate Oxide of Different Thickness
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Abstract: It is shown that traps are generated asymmetrically in the thin gate oxides with different thickness during
high field degradation, as well as the multi-mechanism plays role in the Stress Induced Leakage Current (SILC).
These factors perform differently in gate oxide of different thickness. A comparison is drew between several analyz—

ing models. Trap assisted tunneling is preferred for thinner samples, while Pool-¥rankel like mechanism or thermal

emission mechanism should apply to the thick ones.
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1 Introduction

SILC is the phenomenon of abnormal increase
in low field gate current in the stressed gate oxide.
SILC current Isic can be defined as Isuc= I(t) -
1(0),in which 7(¢) is the gate current at the stress
time ¢, and 7(0) is the gate current of a new de-
vice. SILC, occurring before the device breakdown,
has had harmful influence upon the reliability of
thin gate MOSFETs. Owing to the generation of
the traps during the degradation, SILC can cause
the degradation of data retention in the flash mem-
ory device. Though the origin of SILC has been re—

ported for several times'' ', still no full under—

standing has been reached. Several models have
~ S| 1, 6—8&

been employed to analyze the SILC' ', among

which, trap assisted tunneling model, thermal as-

sisted tunneling and resonant tunneling model are
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the most popular. In this paper, the comparison be-
tween the experimental results on thin gate oxide
of 4,5,7 and 9nm samples shows that the trap dis—
tribution can not be regarded as uniform positive
charged traps or neutral traps merely. Multi cur-
rent mechanism exists in SILC for samples of dif-

ferent thickness.

2 Experiment

Samples were 4, 5, 7 and 9nm nMOSFET s
with W/L being 15um/15um. Using HP4156, dif-
ferent constant voltages were applied as both posi-
tive and negative bias. After each cycle of stress,
the gate current-voltage characteristics were mea-
sured as well as the subthreshold gate voltage vari-
ation AV;. The experimental results were recorded

automatically by computer.
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3 Results and Discussion

Figure 1 is the I:=V: curve, which shows the
different performance of samples having different
thickness. For 4nm and 3nm samples, the SILC
phenomenon appears in the low field, while the
current at high voltage almost keeps constant. For
Tnm sample, SILC also appears in the low field, but
at high field the current decreases, with a cross
point existing at about 6V. For 9nm sample, no
SILC can be observed. There are two kinds of opin—

ions, one is that SILC is caused by the neutral
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FIG.1 nMOSFET logl.-V: curve for Samples of
Different Thickness Before and After Stress The
low field currents of 4nm, Snm, and 7nm show oh-

vious increase.
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trap'®, while the other is that the SILC is caused
by positive charges in the oxide'”.

Though the gate current increases in the low
field and almost keeps unchanged in the high one
for 4nm and Snm samples, the subthreshold gate
voltage (shown in Figure 2) however, continually
increases, as means the net charge in the oxide is
negative. It seems that along with more negative
charges existing in the oxide, more positive charges

will be close to the anode or the conduction band of

Si02.
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FIG.2 Variation in Subthreshold Voltage Af-
ter Longtime Stress for the Snm Sample in Fig—

ure 1

Figure 3(a) shows the formation of such a dis-
tribution: the trapped negative charges( electrons)
near the anode or in the shallow traps can tunnel

out of the traps easily . while positive charges are

(a) Trapped electron can easily tunnel out of the trap while the hole is left in the trap: (b) Barrier in—

creases near the cathode and lowers near the anode. Solid curve: fresh device barrier. Dashed line: barrier after

long-time degradation.
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more inclined to be left in the traps. Moreover, the
hole mobility in oxide is much smaller than that of
the electron. Therefore, the electrons can tunnel
much longer than holes, no matter how the holes
are injected into the oxide, i. e., the shallow traps
and those near the anode will be positively charged
or remain neutral, while the traps near the cathode
are negatively charged by injected electrons. Due to
such an asymmetrical distribution, the SiO2 barrier
becomes a complicated-shaped one, as is shown in
Figure 3(b). The barrier near the cathode increases
while the one near the anode falls.

Both the positive and negative /.. measure—
ments after the stress cycle show similar increase
in low field current, which are considered symmet—
ric. T he traps are also deduced to be uniformly dis—
tributed across the oxide. In fact, after long—time
stressing, the positive and negative characteristics
are different. In the positive bias measurement, low
field current increases continually as a decreasing
function of the measuring voltage until break-
down, while in the negative bias measurement, it
increases as an increasing function of the voltage,
as is clearly shown by J(t)/J(0) V. plot in Figure
4 and may be caused by the increase of positively
charged traps near the anode. J(t) is the gate cur-
rent density after the stress time ¢; J(0) is that of
fresh device. Anode hole injection has also been re-
ported'”, though its mechanism has not been very
clear. No impact ionization can occur in the thin ox-
ide, owing to the trap generation. There exist many
complex bond structures on the interface of cath-
ode and anode, some of which can be easily broken
below 2eV, the source of holes back injected' . The
injection distance and energy distribution depend
on the injection field and the oxide thickness. Some
evidence also shows the trap distribution to be
nonuniform''*"".

For thin samples, such as 4nm and 5nm ones,
the barrier near the cathode is almost apparent’
for the electrons from the cathode, so more elec—
trons have a direct” tunneling from the cathode to

the conduction band. For thick samples, at a volt-
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FIG. 4 J(t)/J(0):time character of a degraded Snm
sample by different positive and negative measure—

ment. J(t) is the gate current density after stress time

t and J(0) is that before degradation.

age within the range of measurement, one electron
injected from the cathode must tunnel a distance
that is longer than one free path ( about
2. 7nm) """, At high voltages, electrons will be scat-
tered because of the increased barrier near the con-
duction band, in this way,a FN like course occurs;
at low voltages, a trap assisted tunneling is pre-
ferred and SILC appears.

No SILC can be observed in 9nm samples,
which does not imply that no SILC exists in thicker
samples. Most likely, it is due to the tiny current
within the measuring voltage range. Anyway, the
SILC phenomenon in thicker oxides has been
proved by using a special method".

Pool¥rankel model and Schottky like emis—
sion model have been presented on the assumption
of positive trap' "', both of which have a linear rela—
tion with the squareroot Eox and a change in the
conduction barrier height. From the linear fitness
in Figure 1, it can be seen that in 4nm and 35nm
samples, the slope changes little after stress, i. e.
the change in barrier height is little, so the above
two models are inaccurate. T he mechanism is also
denied by the 1/f noise measurement''". For thin
oxides, both the deep traps near the anode and the
shallow ones have the possibility of assisting the
tunnel electrons injected from the cathode. It can
be easily explained by the model of Chou and

15
I [ 15]

.ai . For thicker oxides, however, the SILC
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mechanism is complicated. Several mechanisms
work together, with the possibility of thermal
emission. From Fig. 1, we can see that the barrier
height changes obviously after stress for 7Tnm sam-
ple.

The performance of 4nm sample and Snm sam—
ple is quite different. In Fig. 1, the best linear fit—
ness is seen for Snm sample, which indicates a sin-
gle mechanism is dominant; 4nm sample has a little
deviation from the linear relation, which is because
of the increase of interface traps. Interface trap can
make the anode barrier lower and induce the re-
combination current on the interface. In samples
less than 3. 5nm, it is proved that the Isic is mainly
due to interface traps. The interface trap induced
current can be neglected'” in the low field for

thicker sumples[ "

4 Conclusion

The gate current can be expressed as [.= Irx
+ Isuc, where Isic includes two components. [u is
part of the oxide trap effect. li is part of the inter—
face effect that can be neglected in the low field in
thick oxides. The mechanism of [« is different for
samples of different thickness. For thicker oxides,

several mechanisms may work together, while for

thinner ones, trap assisted tunneling is a better ex-
planation. T he trap distribution in oxide is nonuni-
form. For samples thinner than 4nm, the effect of

interface trap becomes more serious.
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