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Abstract 

The Iowlfreqnency noise power specrrunz qf small 
dimension MOSFETs is dominated by Lorenniuns 
arising from Random Telegraph Signals (RTS). The lnw- 
freqrcencs noise is observed to decrease when the devices 
ure periodically switched ‘off. The technique of 
determining the statistical lifetimes and amplitudes of [he 
RTS by jirting the signal level histogram of the tinte- 
domain record to two-Gaussian histograms has been 
reponed in litermure. This procedure is then used for  
analysing the ‘noisy’ RTS along with the device 
backgronnd noise. which hirned out to be Ufnoise. The 
l/S noise of the device can then be separated from the 
RTS using this procedure. In this work, RTS observed in 
MOSFETs, under both constant and swirched biased 
conditions, have been investigated in the time domain. 
Further, the If noise in both the constanI and the 
switched biased conditions is investigated. 

1. Introduction 

The low-frequency noise i s  very important for analog 
and RF applications in advanced CMOS technologies. 
As device dimensions shrink the low-frequency noise 
increases. In such devices, the low-frequency noise 
performance i s  dominated by Random Telegraph Signals 
(RTS) on top of the IJnoise. The origin of such an RTS 
is attributed to the random trapping and de-trapping of 
mohile charge carriers in traps located in the oxide or at 
the interface. An RTS has two distinct levels aiid i t  
switches between the two states at random moments. The 
RTS is ohserved i n  MOSFETs as a fluctuation in the 
drain current. The most common way of an RTS analysis 
is measuring the averaged power spectral density in the 
frequency domain. A pure two-levcl RTS is represented 
in the frequency domain by a Lorentzian spectrum [I]. 
However, the spectral nieasurenicnts do not provide us 
with complete information about the RTS. The spectral 
measurements provide only the value o f  the corner 
frequency, the frequency above which the spectral 
density roils off as f -‘ and does not give the average 
lifetimes in the individual states, hut only the harmonic 
mean of these two characteristic time constants. A time 
domain measurement can be useful i n  extracting all the 
RTS parameters. The standard procedure for the analysis 

of RTS in time donlain consists of directly finding from 
the time record the time instances at which the signal is 
in the distinct state. Using a simple level-crossing 
algorithm one can then determine the instances of the 
’high’ and ‘low’ states of the RTS. This simple 
procedure can be used eftectively for a clean RTS, where 
the ratio of the RTS amplitude to background noise i s  
high. Another procedure for analysing RTS in the time 
domain is based on the analysis of the signal level 
histogram of the measured signal and the separation of 
the data points into two records each corresponding to 
one of the RTS levels [2].  Using this procedure it is 
possible to separate out the RTS from the background 
noise. 

The RTS noise decreases when the gate bias is 
periodically alternated between an ‘on’ state where the 
device i s  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 [361. 

In this paper, we analyse the RTS observed in p- 
MOSFETs, under constant and switched bias (cyclo- 
stationary) conditions. The time domain procedure in [21 
is then used to separate the RTS from the background 
noise under both conditions. 

2. RTS measurement in time domain 

2.1. Measurement Setup 

The measurement setup used for the noise measurements 
i s  the same as that used in [h]. A digital oscilloscope 
(TDS7404) is used for recording the time domain RTS 
data. Large time frames of the RTS are obtained in an 
automated manner using LabVlEW and TekVISA. 
Under ‘switched hias’ conditions the device is 
periodically switched ‘off‘, by applying a square wave 
with a 50% duly cycle at the gate of  the device. The 
switching frequency is much higher than the RTS corner 
frequency. The ‘switched biased’ output is then sampled 
only in the ‘on’ state of the MOSFET. These ‘on’ states 
are then joined together to form a ‘switched biased’ RTS. 
Figure I .  shows a schcrnatic of the ‘switched biased’ 
RTS. 
The measurement setup 161, along with an RTS 
parameter extraction procedure [7], can be used 
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successfully to extract the RTS parameters under 
constant and switched bias conditioris. The extracted 
parameters are then used in Machlup's analytical noise- 
power expression [I], and compared with the noise 
power measured using a spectrum analyser. 

Figure I. Technique to measure the switched biased 
RTS. Sampling. in the 'on' states and joining them 
together gives a 'switched biased' RTS. 

2.2. 
The procedure for analysing the background noise and 
the RTS is based on the analysis of the signal level 
histogram of the measured signal and the separation of 
the data points into two sub-records each belonging to an 
RTS level [Z]. The procedure assumes that the RTS is a 
two-level signal, whose amplitude distribution is 
characterised by two peaks each denoting the RTS level. 
The procedure assumes that the distributions of the 
experimentally measured signal amplitudes around each 
peak are due to. Gaussian noise. The separation of the 
hackground noise from the distinct two level RTS is then 
a ihree step process. Figure 2, explains the procedure for 
separating background noise from the RTS. 

Separation of RTS and Background noise 

The first step is to build the signal level histogram of the 
time domain signal. This can be fitted with two Gaussian 
distributions, the peak of each corresponding to the 
'high' and 'low' level voltage amplitude of the RTS. The 
amplitude of the RTS can thus be determined. 

The second step is io deterntine the sepantion level 
(amplitude) which separates the data points into two 
distinct sub-records corresponding to the two levels. In 
our setup this separation level was determined 
intuitively. A more detailed analysis of this separation 
procedure is available in literature [XI ,  from which it is 
also possible to estimate the error nude i n  the separation. 

Finally, the third step is to subtract the RTS amplitude 
difference hetween the two RTS levels (obtained from 
step I )  from the data points in the 'high' state, thus 
obtaining a noisy signal without RTS jumps. This 
completes the background noise and .RTS separation 
procedure. The power spectrum of each can then be 
calculated using an FFT to determine the noise power 

due to the RTS and the noise power due io the 
background noise, both for the constant bias and the 
switched bias conditions. 

3. RTS measurement results 

The devices under test are p-channel MOSFETs, with a 
W/L=10/0.3 (ptm), with a gate oxide thickness of IOnni. 

signal level voltage - 1  

Figure 2. Procedure for separating t h e  background noise 
from the RTS. The  RTS amplitude is subtracted from the 
'high' state to give the background noise. 

The setup measures the drain current noise power 
spectral density (PSD) of the device under test (dB 
V'Mz). Figure 3 shows a sample of a time-domain RTS 
obtained from the drain cunent measuremelit of a device 
under constant bias. 

Figure 3 .  An RTS observed on a p-MOSFET, VGs=-l.l 
V. VDS=0.2 V (Arbitrary units along the X and Y axis). 
Note the distinction in the RTS level and the device 
background noise. 

The devices selected fnr the measurement show a clear 
RTS on top of background noise. The background noise 
is observed tn be well above the noise floor of the 
measurement setup, which indicates that this background 
noise is coming from the device wider test. The time 
domain data is recorded using a digital oscilloscope. The 
separation procedure is. then employed to obtain the 
device background noise data in time domain. The PSD 
of this data is the device background noise power. 
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The first step of the noise separation procedure is shown 
in Fig. 4 for a device under constant bias. Figure 4 shows 
two distinct peaks each corresponding to the RTS level 
surrounded by the device background noise with a 
Gaussian distribution. The data points are then grouped 
into two levels. The RTS amplitude (difference between 
the two Gaussian peaks) is then subtracted from the 
'high' level to give the device background noise data. 

signa1 level (Vnial 

Figure 4. Signal level histogram of an RTS observed on a 
constant biased p-MOSFET. The data points are grouped 
into two distinct levels corresponding to the  RTS level. 

The PSD of the device background noise is then 
calculated. Figure 5 shows the PSD of an RTS measured 
under constant bias conditions using a spectrum 
analyzer. Also shown is the PSD of the device 
background noise extracted using the above procedure. A 
line with a slope of Ifl(l0dBldecade) is then fitted to the 
PSD of the device background noise. From Fig. 5, it can 
he seen that the slope of the noise is I& 

Frequency(HzJ i 

Figure 5. The PSD of an RTS measured on a device with 
W/L=IO/O.3. V,=-0.9 V. V,, =-)_I V, using a spectrum 
analyzer. Also shown is the computed PSD of the device 
background noise and the I/fslope (a,=6.R~10~~). 

The Hooge parameter for the extracted IJnoise was then 
calculated to be ccH=6.SxIO~'. 

The same device is then periodically switched 'off' with 
a frequency of IO kHz and a 50% duty cycle. The 
switched biased RTS time domain data is obtained using 
the technique in Fig. I .  Similar to the constant bias case, 
the signal level histogram is then plotted for the switched 
biased case. This is shown in Fig. 6. The method for the 
separation of the background noise in the switched bias 
case is the same as that for the constant bias case. 

x d 

Signal level (Um] 

Figure 6. Signal level histogram of a switched biased RTS 
obtained after sampling o n  the 'on' states of the device, 
which is periodically switched 'off. 

The PSD of the device background noise for the 
switched bias case is also computed. Figure 7 shows the 
measured PSD of an RTS on a p-MOSFET under 
switched bias conditions. Also shown are the calculated 
PSD of the switched biased RTS, and the device 
background noise for the switched bias case. 

Frequency IW i 

Figure 7. The measured PSD of an RTS under switched 
biased conditions. (W/L=10/0.3, V,=-0.9 V, V, is 
switched between -I. I V and 0 V). Also shown are the 
calculated PSD of the switched biased RTS and the 
device l / f  noise. 

The calculated PSD of the switched hiased RTS is higher 
than the measured PSD. This is because the switched 
biased RTS is obtained only by sampling the 'on' states 
of device. The measured PSD, on the other hand is got 

Authorized licensed use limited to: UNIVERSITEIT TWENTE. Downloaded on July 28, 2009 at 09:32 from IEEE Xplore.  Restrictions apply. 



by sampling both the 'on' and 'off' states of the device. 
The PSD of  the device background noise under switched 
bias conditions is also fitted with a line of slope I$ 
(IOdBIdecade) From Fig. 7 it can be seen that the device 
background noise for the switched bias case is also ]/fin 
nature. 

4. Discussions 

Tlie results of the time domain separation inethod verify 
the assumption of the dominating two-level RTS on top 
of  the /$noise in MOSFETs. Also the PSD of the device 
background noise is I / f  i n  nature for both the constant 
and switched bias conditions. The extracted Hooge 
parameter aH=6.8x10~', for the device under coilstant 
bias conditions, is quite a normal value for these type of 
devices [9]. Our results show that the time domain 
analysis of an RTS is not only useful in extracting the 
RTS parameters, but also in extracting the 14 noise of 
the device using the separation procedure. 

5. Conclusions 

Time domain analysis of RTS observed in MOSFETs, 
under constant and switched biased (cyclo-stationary) 
conditions has been presented. The time-domain 
procedure in [21 bas been used to separate out the two- 
level RTS from the device background noise under both 
conditions. Measurement results indicate that this noise 
is / /f in nature (aH=6.8x106)). 
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