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With decreasing device dimensions, the low-frequency noise power spectrum of MOSFETs is 
dominated by Lorentzians, arising from Random Telegraph Signals (RTS). Previously, it was 
shown that the low-frequency noise of MOSFETs decreases, if the transistors are switched “off” 
periodically (switched bias conditions). This low-frequency decrease in noise can be modeled 
qualitatively by instantaneously changing the RTS time constants using a cyclostationary numerical 
RTS model. However, until now all ‘switched biased’ measurements were in the frequency domain. 
In order to validate the assumptions made in the model, it is highly desired to measure and extract 
the RTS time constants, and amplitude from the time domain measurements for constant and 
‘switched biased’ conditions. In this paper, we present a new RTS parameter extraction procedure 
in the time domain by which it is possible to measure; the mean capture and emission times (τc, τe), 
and the amplitude, under ‘switched biased’ conditions. We also present measurement and RTS 
parameter extraction results on a PMOS device (W/L=10/0.3). The extracted RTS parameters are 
then fitted in an analytical noise power expression, and compared with an RTS noise power 
measurement using a spectrum analyzer. 

1. Introduction 

The low-frequency noise in MOSFETs increases as devices become smaller. In such 
devices (with a low number of free carriers), the low-frequency noise performance is 
dominated by Random Telegraph Signals (RTS) on top of the 1/f noise. The origin of 
such RTS can be attributed to the random trapping and de-trapping of mobile charge 
carriers in the channel in traps located at the Si-SiO2 interface or in the oxide. It has been 
shown that the low-frequency noise decreases when the device is subjected to ‘switched 
biased’ conditions [1-3]. Switched biased conditions means: the gate bias of the device is 
periodically alternated between an ‘on’ state where the VGS (gate to source voltage) is in 
strong inversion and saturation, and an ‘off’ state where the device is well below the 
threshold voltage of the device. A simulation model [4] for generation of RTS noise with 
time-variant capture and emission statistics is able to explain, qualitatively, the switched 
bias measurement results. Until now all RTS measurements have been in the frequency 
domain. The power spectrum of an RTS does not provide sufficient information about 
the RTS parameters. A time domain measurement is needed to extract the RTS 
parameters.  
 
In this paper, we present a new RTS parameter extraction procedure to extract the mean 
capture and emission times (τc, τe) and amplitude of an RTS in the time domain, for 
devices under constant and switched bias conditions. These RTS parameters (extracted 
from the time domain) are then used in an analytical RTS noise power expression [5] 
and matched with the frequency domain measurement results from a spectrum analyzer. 
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2. RTS Parameter Extraction in Time Domain 

The measurement setup used for the noise measurements is similar to the one in [2], with 
the addition of a digital oscilloscope for recording the RTS data. Large time frames of 
the RTS are obtained in an automated setup, using a digital oscilloscope (TDS7404), 
LabVIEW and TekVISA. Under ‘switched biased’ conditions the device is periodically 
switched ‘off’, using a square wave with a 50% duty cycle at the gate of the MOSFET. 
The device is switched with a frequency much higher than the RTS corner frequency. 
The ‘switched biased’ output is sampled only in the ‘on’ state of the device (Fig. 1). 
These ‘on’ states of the ‘switched biased’ signal are then joined together to form a 
‘switched biased’ RTS. Problems of white noise from the setup, and multi-level RTS 
preclude the use of a simple level-crossing detection algorithm for extracting parameters. 
We offer two alternatives. Method A is a refined level-crossing detection algorithm, and 
method B is a time-domain method that works especially well when the RTS-to-
background noise ratio is low, but that requires manual optimization for best results. 

Noisy ‘ON’ state ‘OFF’ State (No Noise)

Switched Bias Gate

Output Drain Current

TIME PERIOD = 100 µs or Ton = Toff = 0.05 ms

Switched Biased RTS

Noise power after Amplification from
Sampling the ‘ON’ states

Noisy ‘ON’ state ‘OFF’ State (No Noise)

Switched Bias Gate Voltage

Output Drain Current

TIME PERIOD = 100 µs or Ton = Toff = 0.05 ms

Switched Biased RTS

OFF

ON

Noisy ‘ON’ state ‘OFF’ State (No Noise)

Switched Bias Gate

Output Drain Current

TIME PERIOD = 100 µs or Ton = Toff = 0.05 ms

Switched Biased RTS

Noise power after Amplification from
Sampling the ‘ON’ states

Noisy ‘ON’ state ‘OFF’ State (No Noise)

Switched Bias Gate Voltage

Output Drain Current

TIME PERIOD = 100 µs or Ton = Toff = 0.05 ms

Switched Biased RTS

OFF

ON

 

Fig. 1. Technique to measure the ‘switched biased’ RTS. Sampling in the ‘on’ states and joining these samples 
gives the ‘switched biased’ RTS. 

2.1. Method A 

The extraction procedure is outlined in Fig 2. The drift in the measured data and the high 
frequency noise is filtered out using MATLAB. The pass-band of the filter used is 
determined by the corner frequency of the RTS under study. The filtered data is then 
used to measure the time in the ‘high’ and the ‘low’ RTS states, using a level crossing 
algorithm. The mean capture and emission times (τc, τe), and the amplitude are then 
extracted. 

2.2. Method B 

In order to extract RTS parameters when the RTS-to-background noise ratio is low, the 
method outlined in Fig. 3 is used. A clean RTS is extracted from the noisy RTS, using 
the time derivative and a threshold level to detect a valid transition, (schematically 
shown in Fig. 3), from which the RTS parameters are then extracted.  

17th  International Conference on Noise and Fluctuations, August 18-22, 2003 Prague, Czech Republic (INCF'03), p237-240

ISBN 80-239-1005-1



The extracted parameters are used in an analytical RTS noise-power expression [5], and 
compared with the noise power measured using a spectrum analyzer. This verifies our 
RTS parameter extraction. 
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Fig. 2. Block diagram explaining the time-domain RTS parameter extraction procedure 

 

Fig. 3. Useful transitions in the noisy RTS data can be detected by calculating the time derivative of the RTS, 
and comparing it to a noise threshold level. The clean RTS is then constructed from these transitions. 

3. Measurement results 

The devices under test are p-channel MOSFETs, with W/L=10/0.3 (in µm), with a gate 
oxide thickness of 10nm. A switching frequency of 10 KHz is used during the ‘switched 
biased’ measurements. Figure 4 shows noise power spectra of an RTS under constant 
and switched bias. Also shown is the noise power calculated using the analytical 
expression for an RTS [5] (See Fig. 2). The mean capture and emission times (τL, τH) and 
amplitude are extracted from the time domain measurements. From Fig. 4, we see that 
the analytical expression matches the spectral result quite well, thus validating our RTS 
parameter extraction technique. Of particular interest is the ‘switched biased’ case, 
where the analytical expression matches the spectral measurement in the low-frequency 
region below the switching frequency. From Fig. 4, the τH measured in the switched 
biased case is lower by a factor 150 as compared to the constant bias case. The τL is a 
factor 20 lower for the switched bias case as compared to the constant bias case. 
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Fig. 4. Noise power of RTS measured (spectrum analyzer) and calculated (analytical expression and parameter 
extraction) under constant and switched bias conditions. The RTS parameters for constant bias τL=27ms, 
τH=216ms, amplitude=6.4mV; and for the switched bias τL=1.5ms, τH=1.6ms, amplitude=1.6mV. The 
operating conditions are VGSON=-1.30V, VGSOFF=0V VT~-1.0V. 

4. Conclusion 

We present an RTS parameter extraction procedure in the time domain, by which it is 
possible to extract RTS parameters under ‘switched biased’ conditions. Our 
measurement results show that the RTS parameters under ‘switched biased’ conditions 
are changing significantly (a factor 150) as compared to the parameters under constant 
bias. The analytical expression for the noise power of an RTS [5] holds good for the 
noise power in the ‘switched biased’ case, in the frequency range below the switching 
frequency. 
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