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Evaluation of Localised Trapped Charge and Interface States
in MOSFET’s Through Gate Capacitances Measurement
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This paper presents experimental and simulation study of the effect of spatially distributed
trapped charge and interface states on the gate capacitances of p- and n-MOSFET’s. These
charges affect the capacitances through their influence on the channel potential profile. The
results indicate that changes in the capacitances induced by the charges are large compared
to corresponding changes in the drain current. It is also shown that the gate capacitance
measurement can differentiate between trapped charges and interface states.

1. Introduction

Degradation of MOSFET’s by electrical stressing is due
to trapped charges or interface states in the Si-5i0; inter-
face generated near the drain [1-3]. Both cause changes
in channel potential near the drain. As gate capacitance
associated with a junction is a reflection of the change in
channel potential profile in response to an ac signal ap-
plied at that junction, measurement of the capacitance
can shed light on the location and nature of the trapped
charge. In this paper we present experimental results to
show the effect of trapped charges and interface states
on the gate capacitances of MOSFET’s. These effects
are then simulated for comparison with the experimental
results.

2. Experimental and Simulation Results

The gate—to—drain and gate—to—source capacitances of p-
and n—channel MOSFET’s were measured with a Hewlett
—Packard 4275 LCR meter as a function of the dc bias
before and after electrical stressing[4]. Fig. 1 shows ca-
pacitances at the stressed junction of a p-MOSFET with
Less = 0.55 pm. Cj, and Cgy. are the gate-to—drain
capacitance before and after stress, CZ, and CZ,. are the
gate-to—source capacitance at the same junction, again
before and after stress. Increase in the capacitance after
stress is attributed to negative charge trapped in the gate
oxide next to the stressed junction as shown in the insert
in Fig. 1. The negative charge lowers the local V7 and
leads to a lower resistance in that part of the channel.
Fig. 2 (a) shows the measurement of Cj;. and the varia-
tion of the ac signal V,.(z) across the channel. The case
of a fresh device is shown in Fig. 2(b). In each case the
capacitance is given by:
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Figurel. Measured C‘:,. and Cj,. versus Vj for p-MOSFET
Stress conditions: Vg3 = —8V,V, = —2V, stress time = 1800 s
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where C,, is gate oxide capacitance per unit area, W is
width of transistor, L is length of transistor, and x is
distance along the channel from source to drain. The
integral in this equation is the shaded area of the graphs
in Fig. 2. It is seen that the C7,. is larger than C};. The
most significant change in Fig. 1 is the Cj;. for Vg = OV
It increases just below Vr(x —0.8V). This is due to
the negative trapped charge inverting the channel below
it, thus extending the drain or shortening the channel
length. This is a direct observation of the channel length
shortening reported previously by V-I measurement [5].
By the same reasoning we also expect C’;‘,. to be greater
than Cgs. This increase is in general smaller due to the
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Figure 2. Measurement process for Cj4+ and ac channel poten-
tial profile: (a) with negative trapped charge near measured
junction, (b) with no trapped charge.

near the drain and the change of the channel resistance
induced by the trapped charge near the source has a much
less effect on the channel potential profile. It is also of
interest to note that for V; = 0V, the Cgs. (which is also
Cyq+ at V4 = 0 ) shows a negative slope in the inversion
regime. This is because of the fact that the trapped neg-
ative charge leads to a channel potential profile similar

to the situation when V; < 0V.
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Figure 3. Simulated channel potential profile for p~-MOSFET
with and without trapped charge. V, = —0.6V (depletion),
Ve = —2.0V (inversion). V3 = 0V.

The actual changes in the gate capacitances are depen-
dent on the magnitude, location and distribution of the
trapped charge and on the bias condition of the tran-
sistor. The changes cannot be determined analytically.
MINIMOS [6] was used to simulate the effect of trapped
charges on the gate capacitances in a p~-MOSFET (Lepsm
0.8 um). A Gaussian trapped charge with a peak of
-1 % 10'g em™? and a o = 0.1 um located at 0.15

pm from the drain edge was assumed. The effect of

the trapped charge on the channel potential is shown

in Fig. 3, for depletion (V, = —0.6V') and for inversion
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(Vg = =2.0V). It is evident that the trapped charge has
a greater effect on the channel potential in depletion than
in inversion. The simulated capacitance-voltage plot is
shown in Fig. 4.
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Figure 4. Simulation CJ,. and C?,. versus V, for p-MOSFET
with trapped charge. See text for trapped charge distribution.

It shows the general features of the experimental curves,
in particular the increase in CJ,. (at Vg = 0) below Vr.
The simulated subthreshold current is shown in Fig. 5.
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Figure 5. Simulated I;-V, for p-MOSFET with and with-

out trap charge, V4 = 100 mV. See text for trapped charge
distribution.

As expected the trapped charge caused a shift in the
I-V plot along the voltage axis. However the shift is



considerably less than the change which is observed in
the capacitance—voltage plot.

Depending on the stress condition, interface states and/or
trapped charges are created in the interface[3]. The charge
in the interface states changes with bias whereas trapped
charge is independent of bias. Fig. 6 shows experimen-
tal Csy and Cgye at Vg = OV for a n-MOSFET with
Less = 0.8um. For V, < Vp(= 1V), C;;. > C3, this
is an indication of the presence of positive charge. For
Vy < Vr, C34e < €}, which indicates negative charge. A
possible cause for the observation is that there are donor
states below the midgap and acceptor states above the
midgap. For V, below V7, the surface is accumulated,
the donor states are jonised and the acceptor states are
neutral, giving rise to the positive charge. Above V7, the
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Figure 6. Measured Cy;. for n-MOSFET at Vg = 0V. Stress
conditions: Vg = 8V, V, = 1.1V, stress time = 10,000 s.

donor states are neutral and the acceptor states are ionis-
ed, hence the negative charge. The capacitance data
therefore reflect both the spatial distribution and distri-
bution across the band gap of the interface states. The
presence of the above interface state distribution has been
attributed by Pointdexter as the manifestation of the
amphoteric PbQ centres introduced at the Si-SiO; in-
terface[7].

We simulated the interface states shown in the insert of
Fig. 7. Spatially these states have a Gaussian distribu-
tion with the peak at the drain edge of the channel and
o = 0.1lum. As the assumed interface states distribu-
tion is not likely to be that created in the experimental
device, we would not expect close matching of the simula-
tion data in Fig. 7 with the experimental data in Fig. 6.
The two graphs however show the same trend. It is seen
from this simulation that the effect of interface states is
low when the device is in accumulation and depletion and
high for device in inversion. This is because in accumu-
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lation, the ac potential applied to the drain (or source)
is not coupled to the section of the channel affected by
the ionised donor states.
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Figure 7. Simulation C},. for n~-MOSFET with interface states
at Va = OV. See text for assumed interface states density dis-
tribution.

3. Conclusions

We have studied experimentally and by simulation the
effects of trapped charge and interface states on the gate
capacitances of MOSFET’s. It is concluded that gate
capacitance measurement is a good tool for the study
of these charges. It complements the I-V and charge-
pumping measurement currently used to study the effect
of electrical stressing of these devices. Qur simulation
results show that the effect of trapped charges and inter-
face states on gate capacitances (and on the other device
characteristics) are complex and that numerical simula-
tion is essential to arrive at a model for these charges
which will reflect the changes in the gate capacitances as
well as the changes in the I-V data.
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