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Abdtract : Breakdown voltage ( Vi) and charge to breakdown ( Qws) are two parameters often used to evaluate
gate oxide reliability. In this paper ,we investigate the eff ects of measurement methods on Vws and Quws of the gate
oxide of a 0. 18/ m dual gate CMOS process. V oltage ramps (V-ramp) and current ramps (J-ramp) are used to e
valuate gate oxide reliability. The thin and thick gate oxides are all evaluated in the accumulation condition. Our
experimental results show that the measurement methods affect Ve only slightly but affect Quwa seriously,as do the
measurement conditions. This affects the |-t curves obtained with the J-ramp and V-ramp methods. From the |-t
curve,it can be seen that Qws Obtained using a J-ramp is much bigger than that with a V-ramp. At the same time,
the Weibull slopes of Qus are definitely smaller than those of V. This means that Vuwd is more reliable than Qua.
Thus we should be careful to use Quws to evaluate the reliability of 0.18! m or beyond CMOS process gate oxide.
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1 Introduction

Complementary MOS (CMOS) devices with
reduced dimensions and thinner gate oxides are
needed to increase integrated circuit performance
and integration'”’. As the heart of MOS devices,
gate oxide reliability has always been a major fac-
tor determining the feasibility of MOS de-
(221 Breakdown voltage (Vw) and charge to
breakdown ( Quw) are two parameters often used
I But there are

vices

to evaluate gate oxide reliability
several ways to get Vus and Qud ,including the use
of a voltage ramp (V-ramp) or current ramp (J-
ramp) . Especially for Quw,constant voltages and
constant currents are also used by researchers and
engineers® . In this paper, V-ramps and J-ramps
are used to evaluate gate oxide reliability for dual
gate oxide CMOS processes. From previous litera-
(21 the breakdown mechanism associated
with the V-ramp method is dominated by the e-

ture
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lectric field, while for the J-ramp method, it is
dominated by current. When we use Vii and Qud
as the evaluation criteria for gate oxide reliabili-
ty,the effects of measurement methods on Vud
and Quws should be well understood. Our experi-
mental results for the gate oxide of a 0.18 m dual
gate CMOS process show that the measurement
methods affect Vs only slightly. But Quwa is seri-
ously affected by the measurement methods and
conditions. The reason for above phenomena is
proposed below.

2 Experiment

The devices used throughout this study were
3nm thick oxides for low-voltage devices (thin ox-
ide) and 6.7nm for high-voltage devices (thick
oxide) of nMOS and pMOS capacitors, and all
have an area of 1mm”. These devices were pre-
pared by Huahong NEC Electronic Company with
a standard 0. 18/ m dual gate CMOS process. Vd
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and Qws were measured on an HP 4071 semicon-
ductor parameter analyzer with the aid of PDQ-
WL R software. The breakdown point was detec-
ted with the SIL C method for thin oxide. Meas-
urement results were analyzed using the Weibull
distribution.

3 Resultsand discussion

Ve and Quws are two parameters often used
to evaluate gate oxide reliability. There are sever-
al methods to measure Vus and Qud. I n this paper,
we use the V-ramp and J-ramp methods. The two-
parameter Weibull distribution is usually used in
data distribution analysis. For a fixed value x,
there is a fixed probability F.As afunction of x,
Fis given by

F=1-exp(- (xn)")

In(- In(2 - B) =BIn(x/N)
wheref is the shape parameter andn is the char-
acteristic value of x. If the In (-In(1- F)) versus
Inx curve is available, the slope of this linear
curveisjustf. The greater is,the better the dis-
tribution is. When In (-In (1-F) =0 (or F =
0. 632) ,the value of x isjustn ,the characteristic
value of x.

Figures 1 and 2 show the Vs Weibull distri-
bution of thin oxide nMOS and pMOS capacitors
in one wafer obtained using the V-ramp and J-
ramp methods. From the figures,it can be seen
that there is no big diff erence between the results
of the two measurement methods. The Weibull
slope is relatively large and the fit line shape is
good. For a thick gate oxide,similar results can be
found. Figures 3 and 4 are the Vua distribution of
thick oxide nMOS and pMOS capacitors.

Values of Quws for thin oxide capacitors ob-
tained using the J-ramp and V-ramp methods are
shown in Figs.5 and 6. Some big difference in Qb
can be found between the two methods. The Qo
obtained with the J-ramp method was much big-
ger than that with the V-ramp method. Further-
more,the Weibull distribution curve is not as good
as that of the above V. Also,similar results are
available for thick oxide nMOS and pMOS capaci-
tors (Figs.7 and 8) . The Weibull slopes of Quw are
definitely smaller that those of Vuwi. This means
that Vs is more reliable than Quwi. So we should be
caref ul when we use Quw to evaluate gate oxide re-
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Fig.1 Vuwa Weibull distribution of thin oxide
nMOS capacitor with J-ramp and V-ramp
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Fig.2 Vuw Weibull distribution of thin oxide
pMOS capacitor with J-ramp and V-ramp
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Fig.3 Vuw Weibull distribution of thick ox-
ide nMOS capacitor with J-ramp and V-
ramp

liability of a 0. 181l m CMOS process. It is better to
use Ve as the evaluation criterion.

From the above results,it can be found that
measurement methods aff ect Vwa only slightly. But
Qus can be seriously affected by measurement
methods and conditions. We suppose that this re-
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Fig.4 Vs Weibull distribution of thick ox-
ide pMOS capacitor with J-ramp and V-
ramp
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Fig.5 Qus Weibull distribution of thin oxide
nMOS capacitor with J-ramp and V-ramp
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Fig.6 Quvd Weibull distribution of thin oxide
pMOS capacitor with J-ramp and V-ramp

sults in different current versus time curves for
the J-ramp and V-ramp (Fig.9). From Fig.9,we
can see that for the V-ramp curve the current is
very small at low voltages. The current increases
dramatically just as the voltage approaches Via.
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Fig.7 Qud Weibull distribution of thick oxide
nMOS capacitor with J-ramp and V-ramp
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Fig.8 Qud Weibull distribution of thick oxide
pMOS capacitor with J-ramp and V-ramp
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Fig.9 Current versus time curves of J-ramp
and V-ramp

But for the J-ramp curve, the current increases
linearly with the current source until the stress
field reaches the breakdown field. Thus Quws for
the J-ramp was much bigger than that for the V-
ramp.In Fig.9 A Q isjust the difference between
the Qus obtained by the J-ramp and V-ramp
methods. However for Vuw,it is normally deter-
mined by the breakdown electrical field,so meas
urement methods affect it only slightly. At the
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same time,the Weibull slopes of Quws are definitely
smaller that those of Vwi. This means that Vua is Acknowl edgments The authors would like to

more reliable that Qwd. Thus we should be caref ul
when we use Qud to evaluate the gate oxide relia-
bility of a 0. 181 m CMOS process. It is better to
use Vua as the evaluation criterion.

4 Conclusion

In this paper,we investigated the gate oxide
reliability for dual gate oxide CMOS processes
with the V-ramp and J-ramp methods. The effect
of the measurement methods on Vi and Quws was
considered. Our experimental results show that the
measurement methods affect Vua Only slightly. But
Qua can be seriously affected by the measurement
methods and conditions. This results in different
current versus time curves of J-ramp and V-ramp
methods. At the same time,the Weibull slopes of
Qus are definitely smaller than those of V. It is
better to use Vuw as the criterion to evaluate gate
oxide reliability of a 0.18 m CMOS process.

0.18 m CMOS
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