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1.Introduction

With IC industry improving and device scaling,
reliability is becoming more serious. The Negative Bias
Temperature Instability (NBTI) is a main degradation
mechanism in p-MOSFET devices. Under negative voltage
bias and elevated temperature, more interface traps
generate and cause the threshold voltage shift [2]. When the
threshold voltage shifts, drain current and transconductance
for p-MOSFETs reduce, which are considered as major
reliability issues in digital and analog IC. Such degradation
shortens the device lifetime, and even influences the whole
integrated circuits. At the same time, device scaling means
more MOSFET devices on a chip. The critical parameters
play an important role in the time-based reliability [3].
Therefore it is necessary to test and analyze the threshold
voltage mismatch before MOSFET devices are put into use.
Some Vg extractor realizations have been published [4-7].
An array-based structure for measuring the electrical
property of large numbers of MOSFETS is also proposed in
[8]. In this paper, we report a simple circuit for the
measurement of threshold voltage shift and fluctuation,
which can monitor the NBTI degradation directly and
effectively. The characteristics of the circuit and the
simulation results are then discussed.

2.General Instructions
Circuit implementation and analysis
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Fig.1 Proposed circuit structure.
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Fig.1 shows the proposed circuit structure, including
two p-MOSFETSs, in series. In our experiment, MP1 and
MP2 have the same channel length and aspect ratios (i.e.
W/L=4/1). In the 65nm technology, the voltage supply Vpp
is designed as 1.2V. We have saturation region current
expressions of MP1 and MP2
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If MP1 experiences NBTI degradation, the change of
(Vgs1 — Vruy) is determined by threshold voltage (Vi)
when MP2’s is determined by output voltage (Vour).
Considering MP1 have the same drain current with MP2, it
is clear the difference between threshold voltages of MP1
and MP2 is presented in the output node, if V,; and Vy,
are constant. Considering the threshold voltage of PMOS
transistor for the used technology is less than 400mV, we
design V,;=700mV and V,,=200mV. Thus, we finally get
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And we get the relationship between the absolute value
of shift of MP1 threshold voltage (AVry,) and output
voltage shift (AVoyt) (i.e. AVry, = AVgyr). Using the
proposed circuit, we can monitor the shift of PMOS
threshold voltage by direct output voltage measurement.
Simulation results and discussions

To verify this method, an HSPICE simulation was
conducted for different PMOS transistors, whose channel
lengths range from 80nm to 400nm. The relationship of
output voltage shift (Voyr) and AVyy, are shown in Fig.2.
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Fig.2 The relationship between AVgyr and AVry;.
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Here, we assume AVpy, shifts from OmV to 45mV, it is
observed that AVgyyp is proportional to the threshold
voltage shift, and AVyyp are always less than AVry,. The
deviation is getting smaller and smaller with the increasing
of channel length. To short channel devices, channel length
modulation plays an important role in the deviation. Other
second-order effects such as mobility degradation have the
same impact on AVyyr. When the channel length increases,
second-order effects become less serious. The decline of
Vour follows the shift of Vg, more accurately.

The NBTI model can be found on the PTM website [1].
In stress phase, AVt may be expressed as:

AV, = JKZ(t — t5)5 + AVZ, + 8, (3)
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The parameter values were chosen from the 65nm
NBTI model proposed in [1]. From eq. (3), AVy, is
proportional to t*/#, where t means time. We simulate the
NBTI degradation with time in 200nm channel length
p-MOSFET, shown in Fig. 3.
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Fig.3 The threshold voltage NBTI degradation with time.

Therefore, with second-order factors taken into account,
the circuit reflects the shift of Vg, in the output voltage.
Within the simulation range, the channel length induce
measurement error is less than 10%.
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aThe Vgyr distribution b The Vg distribution

Since the circuit is designed to monitor the shift of
Vryq i output node, it can be applied to the measurement
of threshold voltage fluctuation of the p-MOSFET devices
also. From eq. (2), the difference between the threshold
voltages of MP1 and MP2 (AVpy) can also be measured in
output node. If we take MP2 as an ideal device, the
mismatch of p-MOSFET devices in the position of MP1 is
easily observed. The distribution of output voltages for
1000 p-MOSFET devices is shown in Fig.4a. Compared
with the 1000 p-MOSFET devices threshold voltage
distribution, shown in Fig.4b, it is easy to find that the
proposed method can predict the threshold voltage
distribution of large numbers of p-MOSFET devices
accordingly.

The simulation results above are based on the ideal case
of MP2. However, MP2 is also a PMOS chosen from a
mass of p-MOSFET devices. The threshold voltage of MP2
itself may have some shift from standard design. The
dependence of output voltage distribution and threshold
voltage shift of MP2 (AVry,) is obtained, shown in Fig.5.
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Fig.5 The dependence of output voltage distribution and threshold
voltage shift of MP2 (AVry,)

It is obvious that the output voltage remains normal
distribution with the same standard deviations and different
expectations, when Vpy, is changing from standard design.
Therefore, the proposed method could realize the function
of statistically testing threshold voltage fluctuation.

3.Conclusion

A circuit testing p-MOSFET Vqy shift and fluctuation
is proposed. Under a proper voltage bias, the circuit could
reflect the NBTI degradation of PMOS Vg in output node.
The method has been presented more than 90% accuracy
with various channel length devices in 65nm technology.
Moreover, the method could also be used to obtain the
threshold voltage fluctuation of p-MOSFET devices. This
simple structure offers a solution to directly measure the
threshold voltage shift and mismatch of p-MOSFETSs.
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