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Abstract:  One of the method of electronic device quality and 
reliability evaluation is observation of its inherent noise. Generally, 
the inherent noise of semiconductor device consists of Gaussian 
(i.e. 1/f, shot noise) and non-Gaussian components (i.e. random 
telegraph signal, RTS). The RTS phenomena usually indicates the 
presence of large defects in the structure of the material of the 
device, therefore it can be treated as an indicator of technology 
quality. In the paper authors present results of RTS investigations 
in reverse polarized Silicon Carbide Schottky diodes. Devices being 
studied are commercially available diodes with reverse voltage UR 
= 600 V. The RTS was observed during device stress by applying 
high voltage for several minutes and the change in signal 
parameters were studied. 
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1. INTRODUCTION  

 
A lot of investigations which were carried out in the 

past proved that there is a very strong relation between the 
quality of semiconductor devices and the level of their 
inherent noise at low and very low frequencies. That is why 
one of the method of electronic devices quality and 
reliability evaluation is observation of its inherent noise.  
It can be defined on the basis of identification of two 
components: the Gaussian one whose instantaneous values 
of low frequency noise have Gaussian distribution, shortly 
named “Gaussian” component (i.e. thermal, shot and 1/f 
noise) and non-Gaussian one whose instantaneous values of 
low frequency noise have non-Gaussian distribution, shortly 
named “non-Gaussian” component (i.e. random telegraph 
signal, RTS) [1, 2, 3]. 

The RTS phenomena usually indicates the presence of 
large defects in the structure of the material of the device, 
therefore it can be treated as an indicator of technology 
quality. If the device under test generates the RTS noise it 
means that this device is a poor quality one and it should be 
eliminated from applications. The RTS noise signal can be 
described by parameters such as s,uτ  (the impulse duration 

in the up state for s = 1, 2, ..., S), pdτ ,  (the impulse duration 

in the down state for p = 1, 2, ..., P), ΔX (the pulse 
amplitude), uτ  (the mean time the impulse remains in up 

state), dτ  (the mean time the impulse remains in down 

state) and fRTS (the characteristic frequency). The last 
parameter can be estimated from the noise spectrum as the 

frequency when the plateau comes into 2/1 f  and is equal: 
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The spectrum of a pure two-level RTS signal is 
Lorentzian and it is given by the following relation [4]: 
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The RTS noise can be caused by a single generation-
recombination center (two-level RTS noise) or by 
generation-recombination centers (multilevel RTS noise).  
A typical time record of two-level RTS noise is presented in 
figure 1. 
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Fig. 1. Two-level RTS noise 
 

The RTS noise can be identified in time domain as well as in 
frequency domain. In the time domain one can observe the 
noise signal i.e. using an oscilloscope, estimate the 
histogram of instantaneous noise values or apply the Noise 
Scattering Pattern (NSP) method presented in [5, 6, 7]. On 
the other hand in frequency domain the RTS noise can be 
identified by estimating the power spectral density (PSD) 
function of a noise signal or by estimating the product of 
PSD and a frequency. Although, as mentioned above there 
are many methods which allow to identify the RTS noise in 
semiconductor devices in different ways, during the 
presented below Schottky diodes investigations authors 
chose NSP method which was applied to analyze signal 
records. The NSP is very fast and simple method that allows 
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to identify the RTS signal and its nature. One of its 
advantages is that RTS noise can be identified using small 
number of noise samples. 
 
2. DEVICES BEING STUDIED 

 
The devices investigated in this study are commercially 

available silicon carbide Schottky diodes of CREE 
(CSD02060, CSD04060) [8] and Infineon (SDT04S60) [9] 
with forward current ID = 2 A / 4 A and reverse voltage  
UR = 600 V. 

Silicon carbide, SiC, is a novel material for power 
electronics. It offers higher band gap, higher breakdown 
electric field and higher thermal conductivity in comparison 
to other materials as silicon or gallium arsenide.  
The semiconductor devices made of this material as 
switching and power and HF devices, can work at higher 
switching frequencies and higher junction temperature, up to 

175°C [10]. Due to its high thermal conductivity, SiC is 
widely used in power LEDs and other power devices as  
a material for substrate. 

 
 

3. MEASUREMENT SET-UP 
 

During the studies, the DC and noise characteristics 
were measured. DC characteristics were measured in both 
forward and reverse polarization. Characteristics in forward 
polarization were measured using standard oscilloscope 
method with a digital oscilloscope with memory in the 
measurement set-up in order to store the measurement 
results for further analysis.  

The reverse characteristics were measured point by 
point using high voltage supply, voltmeter and amperemeter.  

The low frequency noise was observed in the 
measurement set-ups shown in figure 2. 
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Fig. 2. Measurement set-up for noise observation in forward polarization (a) and in reverse polarization (b) 
 
The measurement set-up consists of power supply, 

UD and UR for device biasing in forward and reverse 
direction respectively, device under test, DUT, the current 
to voltage converter, voltage amplifier and the 
components responsible for signal digitising and store: 
anti-aliasing filter, analogue-to-digital converter and 
computer with LabView software. Moreover, the 
measurement set-up for reverse polarization 
measurements is equipped with the voltage adder that 
replaces RC high-pass filter (represented by component 
“C” in figure 2a commonly used in a typical noise 
measurement set-up for a separation of DC component of 
the output noise signal of the current to voltage converter. 
Application of RC filter for separation of the DC 
component limits the frequency bandwidth of the set-up at 
low frequency, which is inadvisable for measurement of 
RTS-like signal, as the mean value of the signal randomly 
changes in time. The RC filter cause signal differentiation 
and the shape of the RTS is changed into the form shown 
in figure 3. Such a phenomena is critical especially for 
signals with long duration of pulses. The duration of the 
pulse that can pass the filter without deformation depends 
on the time constant of the RC filter. The deformation of 
the RTS shown in figure 3 complicates the signal analysis, 
even the identification of the RTS component is difficult, 
as the histogram and NSP method will give the false 
results. Also the calculation of the pulses duration will 

require additional operations for indicating pulses start and end 
moments 
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Fig. 3. Deformation of the RTS caused by RC filtering 
 

The DC component at the output of current to voltage 
converter is proportional to DC diode current and for circuit 
shown in figure 2b it is equal to U0DC = -IR·RF . The voltage 
adder allows to compensate the DC component U0DC with 
URTS, and for URTS = -U0DC, the DC component in the amplified 
signal at the input of measurement amplifier is equal to zero. 
Thus, using voltage adder allows to offset the DC component 
without any degradation of the shape of the RTS pulses. 
 
4. RESULTS 

 
First, in order to evaluate devices behaviour  

in conditions specified by the producer in the technical data, 
the DC characteristics were measured. 
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In forward polarization all studied devices showed 
excellent behavior. The I = f (U) characteristics had 
perfect reproducibility and were fully comparable with 
producers data.  

In reverse polarization, characteristics of diodes 
showed a significant dispersion, however all tested 
devices met producers data: the highest measured reverse 
current was lower than typical values given in the 
technical data [8, 9, 11]. 

Next, the noise of devices were measured. Some of 
the noise measurement results had been presented in [11]. 
During current noise observation in reverse polarized 
diodes the strong discrete current switching was observed 
in several devices, mainly in high voltage polarization,  
UR = 400 V ÷ 700 V. It means that the random telegraph 
signal (RTS) phenomena occurs in those devices. The 
occurrence of the RTS was not correlated with device 
reverse current.  

For the RTS study the noise signal was sampled and 
stored in text files. Typical noise signal with distinct RTS 
is shown in figure 4. 
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Fig. 4. RTS observed in reverse current of the CSD04060 diode 
at UR = 600V 
 
The histogram and NSP chart for the data shown in 

figure 4 are shown in figure 5. 
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Fig. 5. Histogram (a) and NSP plot (b) for noise signal of the 
CSD04060 diode at UR = 600 V 

 
In order to establish the character of RTS, for 

devices the reverse biasing high voltage was applied for 
several minutes and the noise signal was observed. During 
the stress the RTS showed two behaviours: for some 
devices it stood almost unchanged, for others it changed. 
To examine changes of the RTS, the mean times of the 
signal up and down states was estimated. Figure 6 shows 

values of uτ  and dτ  for both types of devices during the 

stress. The data is for two different devices of the same 
type, in further called device A, for device with RTS 
remains unchanged and device B, for the one showing 
changes in RTS. 
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Fig. 6. Changes in mean times uτ  (squares) and dτ  (triangles) for (a) 

device the RTS remains constant (CSD02060 @ 500V) and (b) 
RTS parameters changed (CSD02060 @ 700V) 
 
The lack of RTS changes is also visible in histograms and 

NSP charts corresponding to the data shown in figure 6a. as is 
seen in figure 7: 

 
a  

-0.07 -0.065 -0.06 -0.055 -0.05 -0.045 -0.04 -0.035 -0.03
0

500

1000

1500

2000

2500

3000

I [uA]

n

  
b  

-0.085 -0.08 -0.075 -0.07 -0.065 -0.06 -0.055 -0.05
0

500

1000

1500

2000

2500

3000

I [uA]

n

  
 

Fig. 7. Histogram and NSP chart for the data of device A at the 
beginning (a) and after 18 minutes of stress (b) 
 
The device B shows different behaviour. At the 

beginning of the test the RTS component was not clearly 
visible in noise signal. The RTS appeared after a few minutes 
and changes during the test. Adequate histograms and NSP 
charts are shown in figure 8. 

After removing stress and biasing diode in forward 
direction, the RTS was not visible in reverse current of the 
diode. This, and the character of changes observed in RTS, 
leads to the conclusion that, unlike in case of device A, the 
continues stress can cause downgrade of device quality and 
reliability. For device A, the stress has weak influence on 
defects existing in device structure. However more studies are 
required to be carried out in this subject. 

 
5. CONCLUSIONS 

 
The RTS phenomena was observed in several 

commercially available SiC Schottky diodes. Devices were 
reverse polarized with high voltage and the stress was applied 
for several minutes. 
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Fig. 8. Histogram and NSP chart for the data of device B at the 
beginning (a) and after 10 minutes of stress (b) 
 
The RTS observation is a part of a device quality 

study. Devices showing a strong RTS phenomena are 
treated as devices with poor quality. The more complex 
analysis of the device quality with noise techniques 
requires taking into account the results of 1/f noise 
measurements in conjunction with static parameters and 
characteristics. Also destroying tests are required 
(junction breakdown for diodes showing RTS and those 
that do not) in order to evaluate the effect of strong 
defects on device quality. Such an analysis will be 
proceeded after finishing all planed studies on these 
devices 
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BADANIE SZUMÓW RTS W DIODACH SiC  
SPOLARYZOWANYCH W KIERUNKU ZAPOROWYM 

 
Słowa kluczowe: szumy RTS, diody Schottkiego. 

 
Streszczenie: Jedną z metod do badania jakości i niezawodności elementów elektronicznych jest obserwacja ich szumów 
własnych, które zawierają składową gaussowską (szum typu 1/f, szum śrutowy) oraz składową niegaussowską (szum RTS). 
Obecność szumu RTS zazwyczaj wskazuje na defekty w strukturze materiału, z którego jest wykonany element, ale 
jednocześnie może być doskonałym wskaźnikiem jakości badanego elementu. W artykule autorzy prezentują wyniki 
pomiarów w zaporowo spolaryzowanych diodach Schottkiego wykonanych z SiC. Badane elementy są powszechnie 
dostępnymi o UR = 600 V. Szum RTS był obserwowany po kilkuminutowym użytkowaniu badanego elementu w warunkach 
wysokiego napięcia. 
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