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Abstract : A method for fast gate oxide TDDB lifetime prediction for process control monitors (PCM) is proposed.
For normal TDDB lifetime prediction at operation voltage and temperature ,we must get three lifetimes at relative low
stress voltages and operation temperature. Then we use these three lifetimes to project the TDDB lifetime at opera
tion voltage and temperature via the Emodel. This requires a very long time for measurement. With our new meth-
od it can be calculated quickly by projecting the TDDB lifetime at operation voltage and temperature with measure-
ment data at relatively high stress voltages. Our test case indicates that this method is very effective. And the result
with our new method is very close to that with the normal TDDB lifetime prediction method. But the measurement
timeisless than 50sfor one sample,less than 1/ 100000 of that with the normal prediction method. With this new

method ,we can monitor gate oxide TDDB lifetime on-line.
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1 Introduction

The gate oxide SO: represents the very heart
of reliability of a MOSFET device. S0O: has shown
excellent reliability with thickness scaling ,whichis
one of the primary reasons that CMOS technology
has enjoyed worldwide acceptance and great indus
trial success for many years. The reliability of the
S0: gate oxide has received much attention over
the last 30 years'!. Timedependent dielectric
breakdown( TDDB) is an important failure mecha
nism of the SO. gate oxide. The dielectric fails
when a conductive path forms in the dielectric,
shorting the anode and cathode. The two models
used for describing TDDB are thefiel d-driven mod-
el (Emodel) ! and the current-driven model (1 E
model) B

In a mass production process,it is necessary to
monitor the process on line with a PCM to ensure
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the quality of the product to customers. For a gate
oxide ,the TDDB lifetime must be available as soon
as possble. With the current methods,three TDDB
lifetimes at low stress voltages are needed to pro-
ject the lifetime at operation voltage and tempera
ture.But this takes a long time. It is not feashle
for a PCM test. Here ,we put forward a method for
fast and effective TDDB lifetime prediction with
high voltage stress TDDB measurement data which
can be used for a gate oxide PCM. After applying
these two methods to a test case,we find that the
result projected with our new method is credible
and acceptable.

2 Method description

The observed time to failure( TF) depends on
the electric field Ex in the dielectric and the tenr
perature ,with two models

Emodel : TF= Acexp(-Y Ex)exp(E/ kT)

1/ Emodel : TF=To(T)exp[ G(T)/ Ex]
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where Ex isthe electricfield acrossthe dielectricy
and G(T) represent the field acceleration parame-
tersin the two respective models, E represents the
thermal activation energy ,Ao is the arbitrary scale
factor ,andTo ( T) is a temperature dependent fac
tor. The Emodel is based on a dipolar field lower-
ing of the activation energy required for thermal
bond breakage while the 1/ Emodel is based on
current-induced holeinjectioninto the oxide. The E
versus 1/ E controversy has continued for many
years due to the fact that either model fits TDDB
rather well over limited field ranges. In order to
clearly differentiate the two models, TDDB data
must be collected over a wide range of fields and,
hopefully , even extending testing fields close to
normal very large scale integrated-circuits (VL SI) .
Low-field TDDB data collection ,however ,requires
very long test times. Fairly recently ,however ,there
have been several long-term ,low-field TDDB stud-
ies published with each showing that the E model
provides a superior fit to the TDDB data ,especially
at lower fields”!. From the above discussion it is
obvious that the TDDB lifetime projected with high
field condition data via the Emodel or 1/ E model
is not credible because the TDDB lifetime fits dif-
ferent models ( E model and I/ E model) at low and
high fields. So we propose the following method to
wlve this problem.

Because the TDDB lifetime fits different mod-
elsat low and high fields ,there must exist atrand-
tionfield region (Fig. 1) . Firstly ,three lifetimes at
E,E,and E in the trandgtion field region were
projected via the 1/ E model with our measured
TDDB lifetime at high field conditions. Then we
use these three lifetimes at &, & ,and B to pro-
ject the TDDB lifetime at operationfield with the E
model. Finally ,we give a real case to support our
met hod.

3 Experiments,reaults, and discussion

The test structure was a 100QU m x 100QU m
NnMOS capacitor. The oxide thickness was 8nm. At
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Fig.1 lllustration of our new method for TDDB life-

time prediction

high stress voltage, TDDB tests were done with an
HP 4071A Semiconductor Parametric Tester at war
fer level ,and at alow stress tests were made with a
Qualitau System (Taiwan) at package level. The
operation voltage and temperature for the device
are 3 3V and 85

Three low stress TDDB times were measured
(595,6.3,6 75V). The measurement data is
shownin Fig.2(a).In Fig.2(a) ,F(t) isthe falure
rate. With these three lifetimes,the TDDB lifetime
at 3 3V can be extrapolated via the Emodel (Fig.
2(b)) . Thelifetimeis 1 3 x10° years. In Fig.2(b) ,
Tes.2 IS the lifetime when the falure rate is 63 2 %
(We defined this lifetime as the device' s lifetime) .

Figure 3 (a) shows the TDDB test results at
relatively high stress voltages (8 68,8 96,9 24V)
under operation temperature (85 ). From the a
bove description of our method ,the 1/ E model was
first used to project three TDDB lifetimesat 7. 1,
7.4,and 7. 7V at the temperature of 85 (Fig. 3
(b)) . Then these three lifetimes were used to pro-
ject the lifetime at 3 3V viathe Emode (Fig.4).
The lifetimeis 1. 1 x 10° years. Compared with the
above lifetime projected with the norma method,
we see that the results are very close.

The most important issue is the selection of
the above three voltages. Table 1 shows the differ-
ent lifetimes projected with different voltages.
From Table 1,it can be observed that the bigger
the voltages used for lifetime projection ,the shor-
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Fig.2 TDDB data at 5 95,6 3,and 6 75V (a) and
prediction result with the E model (b)

ter the lifetime we get.But for PCM useit is better
that the result is more pessmistic to some degree.
We can confirm that our gate oxide TDDB property
i s good.

Tablel Comparison of lifetimes projected with differ-

ent voltage data

7.1,7.47.7(7.4,7.7,8]7.7,8,8.3[Norma method
2.7x104 | 2.5 x104 1.3x105

Voltages V
Lifetime projected/y| 1.1 x 105

4 Conclusion

A method for fast gate oxide TDDB lifetime
prediction is proposed forward in this paper. The
TDDB evaluation time can be shortened greatly
with this new method ,which can be used for PCM
gate oxide TDDB lifetime prediction. At the same
time,the projected TDDB lifetime with our new
method is credible compared with that projected
with the normal method.

(Stress voltage)'!/V-!

Fig.3 TDDB data at 8 68,8 96,and 9 24V (a) and
prediction result for 7. 1,7. 4 ,and 7. 7V with the 1/ E
model (b)
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Fig.4 TDDB lifetime at operation voltageof 7. 1,7. 4,
and 7. 7V data via the E model
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