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Abstract- Periodically switching the MOSFET ‘off’ 
(switched biasing), is known to reduce the low-frequency 
(LF) noise power spectrum. In this work, the constant and 
switched biased LF noise has been measured on devices 
before and after hot-carrier stress. The switched biased 
LF noise is more sensitive to hot-carrier degradation than 
the constant biased LF noise. The anomalous noise 
reduction, due to switched biasing, observed for fresh 
devices, gradually disappears as the devices are subjected 
to hot-carrier stress. Devices with a deuterium passivated 
SiO2/Si interface degrade significantly slower, as seen 
from our LF noise measurements.  
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1. INTRODUCTION 

With shrinking dimensions, the reliability of the oxide 
and its interface gains importance. Trapped charge and 
defects or traps both in the oxide and at the Si-Si02 
interface play an important role in the gradual 
degradation of oxide characteristics. Hot-carrier 
stressing is used to degrade transistors in a time-
accelerated way, by changing the density and the 
distribution of the trapped oxide charge and the trapped 
interface charge. Hot carriers have more kinetic energy 
than the average carrier, when the transistor is biased in 
the saturation regime with a high drain-to-source 
voltage. At the drain side of the channel, the electrons 
gain enough energy to be injected into the gate-oxide 
and cause damage to the interface. The substrate current 
is considered as a reliable and convenient monitor for 
the amount of hot carrier degradation in MOSFETs. The 
damage caused by the hot-carrier injection is clearly 
visible in the reduction of the maximum 
transconductance (gmmax) and an increase in the 
threshold voltage (Vt) of the device [1].  
The low-frequency (LF) noise has often been used to 
characterize the hot-carrier degradation in MOSFETs 
[2-4]. The two principal theories that explain the low-
frequency noise behaviour in MOSFETs are based on 

the mobility fluctuation model described by the Hooge 
parameter and the number fluctuation model based on 
the theory of trapping and de-trapping of the charge 
carriers in the traps located in the oxide or at the 
interface [5,6]. In addition, it has been reported in 
literature that the LF noise is more sensitive to hot-
carrier degradation than the static device parameters 
(gmmax and Vt) [4], and has been used as an analysis tool 
in hot-carrier degradation studies. The LF noise 
decreases anomalously, when the gate bias is 
periodically alternated (switched biasing) between an 
‘on’ state where the device is in strong inversion and 
saturation and an ‘off’ state where the VGS (gate-to-
source voltage) is well below the threshold voltage of 
the device [7-9].  
It is commonly accepted that interface traps arise from 
dangling bonds at the Si-SiO2 interface. This is also 
supported with the fact that most of the interface traps 
created during processing are passivated by a low 
temperature anneal, in which atoms of an annealing gas, 
like hydrogen, is bonded with the dangling bonds. When 
a transistor is subjected to hot carrier injection (HCI) 
some of the hydrogen will desorb, resulting in device 
degradation. It has been reported in literature that, 
replacing H2 with D2, results in a reduction of transistor 
parameter degradation due to hot carrier stress [10]. 
 
In this paper, we investigate the hot-carrier degradation 
of MOSFETs using the LF noise measurements under 
constant and switched biased conditions. The noise 
measurements are carried out on devices, which used 
H2/N2 or D2/N2 ambient during the post metal anneal. 
These noise measurements are then compared with each 
other. 

2. MEASUREMENT SETUP 

A. LF noise measurements  

The devices under test (DUT) are n-MOSFETS, 
fabricated in a standard 0.18 µm CMOS process. The 
devices used in this study have a gate length of 0.5 µm 
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and a width of 2 µm. The DUT used H2/N2 gas, or D2/N2 
gas during the post metal anneal. The oxide thickness of 
the DUT is about 7nm, as calculated from quasi-static 
capacitance voltage measurements. 
The measurement setup used for the noise 
measurements is described in [11]. The advantage of 
using a differential setup is the rejection of common 
mode noise, arising from the function generator or from 
other sources, is rejected. The noise measurements are 
performed in the saturation regime on a matched pair of 
transistors. Both the transistors have their own drain 
contacts and they have a common gate, source and well 
contacts. The constant biased LF noise measurements 
are performed under a fixed drain current of 10 µA, 
making a reliable comparison between the noise 
measured before and after stress possible. This is made 
possible by increasing VGS to compensate for the 
increase in Vt, due to hot-carrier injection. Under 
‘switched biased’ conditions the DUT are periodically 
switched ‘off’, by applying a square wave of 10 kHz, 
with a 50% duty cycle at the gate of the device. When 
switching, the ‘on’ voltage of the gate signal is kept the 
same as in the constant bias case, and the ‘off’ voltage 
of switching signal is kept at a fixed level of -0.5 V. The 
‘off’ value corresponds to the maximum noise reduction 
that can be obtained due to switched biasing [11]. 
Decreasing the ‘off’ voltage of switching further, does 
not affect the LF noise. The noise is calculated as the 
average noise power during the ‘on’ state between 1 and 
5 Hz.  
 
B. Hot-Carrier Stressing 

The hot-carrier stressing in our measurements is carried 
out at VDS = 4.5 V, and VGS = 2.1 V, with the source and 
well grounded. The VDS value is chosen below the 
breakdown value of the device. These conditions 
correspond to a maximum substrate current. The before 
and after stressing DC device parameters, Vt and gmmax, 
are derived in the standard way from the input 
characteristics at VDS = 0.1 V, using an Agilent 4156C 
Parameter Analyzer. As the hot-carriers induce damage 
on the drain side, all the DC characteristics and the LF 
noise in a post-stressed device are measured in the 
reverse mode, i.e., with the source and drain 
interchanged, so that the degraded region forms a part of 
the channel [2-4]. The stressing times for our 
measurements are 200, 1000 and 4000 seconds. The hot-
carrier stressing is performed on both transistors of the 
matched pair at the same time. 

3. NOISE MEASUREMENT RESULTS 

The setup measures the drain current noise power 
spectral density (PSD dB V2/Hz) of device under test. 
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Figure 1.  Sample noise power spectral density of DUT 
under constant and switched biased conditions before and 
after hot-carrier stress. 

Figure 1 shows a sample noise PSD of the DUT under 
constant and switched biased conditions. The switched 
biased noise is observed to be well below the constant 
biased noise PSD. The noise increase for the switched 
biased condition is much more pronounced than that for 
the constant biased case. 
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Figure 2.  Constant and switched biased LF noise 
measurements on devices with a H2/N2 ambient during 
post-metal anneal, before and after hot-carrier stressing. 
Also shown is the shift in the threshold voltage of the DUT 
before and after stress. 

The hot-carrier stressing leads to a change in the DC 
static parameters of the DUT. Figure 2 shows the 
change in the constant and switched biased LF noise 
after different stressing times. Also shown is the shift in 
the threshold voltage of the DUT. Prolonging the 
applied hot-carrier stress, increases the threshold voltage 
of the DUT. Each marker represents an average value 
over twelve devices. The bars indicate the standard 

701



deviation in the measurement points. From Fig. 2, it can 
be seen that the switched biased noise increases more 
rapidly as compared to the constant bias noise, when 
stressed. This indicates that the noise reduction 
(difference between constant and switched biased noise 
PSD) is diminishing as the devices are stressed for 
longer time. Hence the benefit of noise reduction by 
periodically switching the transistors ‘off’ gradually 
disappears in time when the transistor ages. 
 
Figure 3 shows the same data plotted as a function of 
the shift in the threshold voltage of the DUT. It clearly 
shows that the stronger effect of stressing on switched 
biased noise power than on constant biased noise power, 
for the same threshold voltage shift. 
 
The hot-carrier stress and LF noise measurements are 
also performed on devices with a D2/N2 ambient post 
metal anneal. The results of the comparison of the two 
different post metal anneal conditions (H2/N2 and D2/N2) 
are shown in Fig. 4. Figure 4 shows the constant and 
switched biased LF noise as a function of stress time. 
The constant and switched biased LF noise levels for 
fresh devices using H2/N2 and D2/N2, is approximately 
the same. It confirms the better resistance against hot-
carrier stress of D2/N2 annealing above H2/N2 annealing 
[10, 12]. To obtain a similar change in the observed LF 
noise (i.e. device degradation), devices with a deuterium 
passivated interface should be subjected to over four 
times longer hot-carrier stress. 
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Figure 3.  The change in constant and switched bias LF 
noise against the corresponding shift in the threshold 
voltage for the same DUT under hot-carrier stressing 
conditions. 

 
Figure 5 shows the change in the gmmax after application 
of hot-carrier stress for the DUT. From Fig. 5, it is 
observed that a similar change in gmmax, devices with a 

deuterium passivated interface requires four times 
longer hot-carrier stress. 
 

0 1000 2000 3000 4000
-96

-92

-88

-84

-80

-76

-72

-68

-64

-60

N
o
is

e 
p

o
w

er
 (

d
B
V

2
/H

z
)

Stress time (seconds)

 Constant bias noise (H
2
/N

2
)

 Switched bias noise (H
2
/N

2
)

 Constant bias noise (D
2
/N

2
)

 Switched bias noise (D
2
/N

2
)

 
 
Figure 4.  Comparison of constant and switched biased LF 
noise measurements on devices with D2/N2 and H2/N2 gas 
during post-metal anneal, before and after hot-carrier 
stressing. 
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Figure 5.  The change in the maximum transconductance 
(gmmax), before and after hot-carrier stress, for devices 
with D2/N2 and H2/N2 gas during post-metal anneal. 

 
Figure 6 is similar to Fig. 3, with the addition of LF 
noise measurement data on devices with deuterium 
passivation. It can be seen from Fig. 6, that for a 
corresponding shift in Vt, the resulting change in the 
constant and switched biased LF noise is the same for 
devices with deuterium and hydrogen passivation. Thus 
it can be inferred that the mechanism which leads to the 
shift in Vt and change in constant and switched biased 
LF noise due to hot-carrier stress for both devices, is the 
same. 
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Figure 6.  The change in constant and switched bias LF 
noise against the corresponding shift in the threshold 
voltage for DUT (H2 and D2 passivated) under hot-carrier 
stress. 

4. DISCUSSIONS 

The creation of interface traps due to hot-carrier 
injection is considerably slower for samples that have 
received a D2/N2 post metal anneal as compared to a 
H2/N2 post metal anneal.  This is often attributed to the 
fact that it is more difficult to break the Si-D bond due 
to a better coupling between the Si-D bending mode and 
the Si substrate as compared to the Si-H bending mode 
and Si substrate [12]. 
 
One of the theories, which explain the LF noise under 
constant bias, is the capture and release of charge 
carriers in traps located at the interface or in the oxide. 
For fresh devices, the LF noise observed in samples 
passivated with H and D is approximately equal. The 
observed constant biased LF noise increases after hot-
carrier stress, due to the creation of traps. The rapid 
increase in the LF noise in H2 passivated devices is due 
to the faster breaking of the Si-H bond as compared to 
the Si-D bond for the D2 passivated devices. 
 
We observe a faster increase in the switched biased LF 
noise as compared to the constant biased LF noise in 
both H2/N2 and D2/N2 ambient post metal annealed 
devices after hot-carrier stress. This implies that the 
useful noise reduction is diminishing as the devices age.  

5. CONCLUSIONS 

We have conducted LF noise characterization of hot-
carrier degraded devices with H2/N2 and D2/N2 ambient 
during the post metal anneal. The switched biased noise 
increases more rapidly due to hot-carrier degradation as 

compared to the constant biased noise. The useful noise 
reduction, due to switched biasing under non-stressed 
conditions, diminishes, as the devices are subjected to 
hot-carrier stress. Devices with D2/N2 ambient during 
post metal anneal show better resistance against hot-
carrier injection than those with H2/N2 ambient during 
post metal anneal.  
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