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Abstract

As downscaling reaches nanometer scale, Hot
Carrier Ageing (HCA) and Random Telegraphy Noise
(RTN) are two important sources of device instability.
Early works typically investigate them separately and treat
them as independent phenomena. In reality, however, they
occur simultaneously in a device and their interaction is
not fully understood. In this work, we study the impact of
HCA on RTN amplitude. It is found that for devices of
average RTN, HCA only has a limited effect on RTN. For
devices of abnormally high RTN, however, HCA can
substantially reduce the RTN. The underlying physical
mechanism is explored.

Introduction

As the downscaling of CMOS nodes continues,
Random Telegraphy Noise (RTN) [1-6] and Hot Carrier
Ageing (HCA) [7-10] are important sources of device
instabilities. RTN causes a fluctuation of device
parameters, such as drain current and threshold voltage,
around their average value. It is well accepted that
charging and discharging traps in gate dielectric are
responsible for RTN. When there is a single trap, RTN
gives a two level signal. More often, however, there are
multiple traps, producing a complex within-a-device
fluctuation [4-6].

Unlike RTN, stresses charge traps and cause device
parameters shifting in one direction, typically a reduction
of drain current and an increase of threshold voltage
[11-14]. Although both of RTN and HCA received many
attentions in early works [1-10], they were studied as
independent phenomena. In a real device, however, they
occur concurrently and can interact with each other. This
interaction is not well understood, as there is little
investigation on it. The objective of this work is to study
the impact of HCA on the amplitude of RTN and to
explore the underlying physical process.

Devices and Experiments

The devices used were fabricated by a 45 nm CMOS
process. The nMOSFETs have a metal gate and a
high-k/SiON dielectric stack with an equivalent oxide
thickness of 1.45 nm. The channel length is 50 nm and the
width is 90 nm.
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Fig. 1. Typical test results where there is clear RTN signal
(a) and there is no clear RTN signal (b).

The RTN measurement was carried out by
monitoring Id under Vg=1.0 V and Vd=0.1 V. Fig. la
shows a typical result where RTN signal can be clearly
observed, while Fig. 1b shows that multiple traps result in
a complex within-a-device fluctuation [4,10]. In this work,
we focus on the amplitude of RTN, as defined in Figs.
la&b.

After RTN measurement, HCA was carried out
typically under Vg=Vd=2.2 V for 1,000 sec. The RTN
was then measured again under the same Id, so that the
surface potential is kept the same for the RTN
measurement. The impact of HCA is assessed by
comparing the RTN pre- and post-HCA.

Device-to-device variations of RTN

As expected, Fig. 2 shows that there is a large
device-to-device variation (DDV) of RTN. Among the 50
devices tested, the DDV is over a factor of 5. This is
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caused by the statistical variation of traps, in term of both
the number and the location [2,3]. For the same device, the
RTN is sensitive to the measurement \VVg. For instance, the
device of the highest RTN under Vg=1.0 V has a RTN
below the average under VVg=0.9 V. This is because RTN
is dominated by traps close to Fermi-level at the
dielectric/substrate interface, Ef, and a change of Vg alters
the relative position of Ef.
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Fig. 2. The device-to-device variations of RTN amplitude

measured under Vg=1 V (squares) and 0.9 V (circles),

respectively. The dashed lines are the averages.
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Impact of HCA on devices of average RTN

We first investigate the impact of HCA on devices of
average RTN, i.e., those close to the dashed lines in Fig. 2.
Fig. 3 gives the typical results. After HCA, RTN can either
increase (Figs. 3a&b) or decrease (Figs. 3c&d), but the
variation of less than 25% is relatively modest, when
compared with the DDV in Fig. 2.

HCA generates new traps in the gate dielectric [8-10],
which could be responsible for the increased RTN in Fig.
3b. The defect generation, however, could not explain the
decrease of RTN after HCA in Fig. 3d. We will explain
this decrease after investigating the impact of HCA on the
devices of abnormally high RTN.

Impact of HCA on devices of abnormally high RTN

The devices of abnormally high RTN are those well
above the average dashed line in Fig. 2. Fig. 4 shows that
the RTN is substantially reduced after HCA. Unlike the
average devices where RTN can also increase after HCA,
we did not observe such increase here. These devices of
abnormally high RTN always have lower RTN after HCA.
The underlying physical process will be explored next.

Physical processes

It has been reported that, after HCA, there is little
recovery of the degradation under Vg=0 V [8,9]. This
indicates that the HCA-generated defects have energy
levels well below the Ef, when RTN is measured, as

illustrated in Fig. 5. As these traps are always filled during
RTN measurement, they will not contribute to RTN
through discharging-charging. This, however, does not
mean that they cannot affect the RTN, as detailed below.
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Fig. 3. Impact of HCA on devices of average RTN. RTN can
either increase (a and b) or decrease (c and d) modestly after
HCA.
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Fig. 4. Impact of HCA on devices of abnormally high RTN.
RTN is reduced by more than half after HCA.
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Fig. 5. The HCA-created deep trap does not discharge and will
not contribute to RTN measurement directly.



It has been reported that the current flow in a device
is not uniform and the impact of a trap on the current
depends on its location [2,3]. As schematically illustrated
in Fig. 6a, the higher the local current density under a trap,
the larger its impact on current will be.

When a device has abnormally high RTN, there is a
trap above the bottleneck of current flow, as shown in Fig.
6a. After HCA, the HCA-generated defects can change the
current distribution, so that this trap is no longer above the
bottleneck, as illustrated in Fig. 6b. This explain the sharp
reduction in RTN in Fig. 4. For an average device, there is
no trap above the bottleneck of current flow or there is no
clear bottleneck in the current flow. A HCA-induced
change of current distribution only can either increase or
decrease RTN modestly, therefore.
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Fig. 6. Pre-HCA, the red trap is above the bottleneck of current
flow and produce a large RTN. Post-HCA, current flow
distribution changes, so that the red trap is no longer above the
bottleneck and the RTN reduces.

Conclusions

In this work, we investigated the impact of HCA on
RTN. Itis shown that for the device of average RTN, HCA
only has a modest impact and RTN can either increase or
decrease after HCA. For the devices of abnormally high
RTN, HCA reduces the RTN. This is because the
abnormally high RTN is caused by the presence of traps
just above the current flow bottleneck and HCA alters the
current flow to move the bottleneck away from the trap.
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