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Abstract— In this work, a random telegraph noise (RTN) analysis 
has been carried out, to the best of our knowledge, for the first 
time to characterize the defects activated by forward-biased gate 
stress in GaN-HEMTs with metal/pGaN Schottky gate. The RTN 
signal has been measured for both gate leakage (IG) and drain 
current (ID), after each stress phase until the occurrence of the 
time-dependent gate breakdown. By analyzing the power spectral 
density (PSD) of post-stress currents, four 1/f2 components, 
featuring different amplitude and time constants, were observed. 
In contrast, the PSD derived from fresh currents does not display 
segments with 1/f2 trend. Three RTN components have been 
observed on both IG and ID, suggesting defect/s in the AlGaN 
barrier or at the AlGaN/GaN interface, whereas the fourth one 
showed up only on IG, could be possibly related to defects at the 
Schottky junction. 
 
Index Terms- Gallium Nitride, p-GaN HEMTs, Reliability, 
trapping mechanisms, Random Telegraph Noise. 

I. INTRODUCTION 
AlGaN/GaN High Electron Mobility Transistors (HEMTs) 

grown on silicon substrates are of great interest due to their 
capability to efficiently deliver high power densities with cost 
comparable to the silicon counterparts [1]-[4]. The main device 
architecture utilized in commercially accessible GaN products 
is the Schottky p-type gate HEMT [5]-[8]. This approach 
involves both discrete and integrated devices and incorporates 
a p-GaN layer in the gate stack to enable enhancement-mode 
(E-mode) operation. Although GaN transistors demonstrate 
impressive characteristics, the root cause leading to device 
failure and/or performance degradation need further 
investigation and understanding [8].  
     In literature, the effect of forward gate bias on the threshold 
voltage instability [9]-[13] and time-dependent gate 
breakdown (TDGB) [14]-[18] mechanisms is widely reported 
in the case of p-GaN gate HEMTs. More specific, such 
degradation and failure processes are caused by charge 
trapping and de-trapping mechanisms in/from pre-existent 
and/or newly created defects in the p-GaN/AlGaN/GaN gate 
epi-stack, triggered by high electric fields, gate leakage 
currents and high temperatures. 
    In order to improve the technology from the stability and 
reliability point of view, the localization and characterization 
of the responsible defect states becomes of paramount 

importance. In the last years, many experimental techniques 
have been developed. Among all of them, the most commonly 
used are the temperature-dependent deep-level transient 
spectroscopy (DLTS) and the conductance method [19]-[22]. 
Despite the effectiveness of these techniques, their accuracy is 
affected by the complexity of the experimental data processing 
and by the fitting accuracy, especially when simultaneous 
trapping/de-trapping mechanisms occur. 

Another powerful methodology consists in the analysis of 
the random telegraph noise (RTN). RTN, i.e., random 
fluctuations between two or more levels in the device currents, 
has been observed in signals measured on a wide variety of 
semiconductor devices [23]-[30]. Such a phenomenon is 
ascribed to the capture and release of charge into or from defect 
states in a stochastic manner, causing temporary and random 
shifts in the device electrical characteristics, e.g. the threshold 
voltage (VTH) [28]-[29]. By analyzing the properties of such 
fluctuations (RTN), e.g., amplitude and duration, the features of 
the involved defects can be attained. 

In the case of GaN HEMTs with p-type GaN gate 
technology, to the best of our knowledge, so far only one paper 
reports on the adoption of the RTN technique [30]. In particular, 
a single RTN component has been observed in fresh devices on 
both IG and ID, ascribed to pre-existent defects in the AlGaN 
barrier.  

In this work, RTN has been investigated during forward gate 
stress up to breakdown as a tool to characterize the defects 
responsible for gate degradation/failure, highlighting four 
components and their evolution during the stress time. The 
RTN-related parameters have been estimated, allowing to 
reproduce the power spectral density (PSD) as a sum of 
Lorentzian spectra, one for each component. In paragraph II the 
experimental details will be described, followed by an in-depth 
analysis in paragraph III.  In the final section conclusions are 
formulated. 

II. EXPERIMENTAL DETAILS 
Devices under tests (DUTs) are on-wafer lateral GaN-based 

HEMTs featuring a metal/p-GaN Schottky gate technology for 
E-mode operation, fabricated by IMEC on a 200-mm silicon 
(Si) substrate. As reported in Fig. 1, starting from the Si 
substrate, the vertical epi-stack of the buffer for strain 
management is composed of a 200-nm AlN nucleation layer, a 



1.65-μm (Al) GaN superlattice buffer layer and a 1-μm C-doped 
GaN back barrier. The active part of the device is composed by 
a 200-nm undoped GaN channel layer, a 16-nm thick AlGaN 
barrier with 23.5% of Aluminum (Al) content, and a 80-nm Mg-
doped p-GaN layer with a dopant concentration of 3x1019 cm-3. 
In this study, symmetrical devices, with identical gate-to-source 
and gate-to-drain nominal distance (LGS = LGD) of 1.25 µm, are 
considered. The gate dimensions, i.e., width (WG) and length 
(LG), are 10 µm and 0.5µm, respectively.  

The experiments are performed at room temperature (T = 
25 °C) by means of two Keysight Waveform Generator/Fast 
Measurement Unit (WGFMU) B1531A to measure both gate 
and drain currents, hence detect RTN components, with 
relatively short sampling time (down to 10 µs). Measure-stress-
measure (MSM) technique has been employed to analyze RTN. 
In particular, the measure/monitor phases consist of performing 
multiple IG and ID sequential acquisitions with different 
sampling times (from 10 µs to 10 ms), with VGS = 5 V and VDS 
= 100 mV. On the other hand, the stressing phase is performed 
by applying a gate bias (VGS) of 9 V, i.e., a few volts lower than 
the breakdown voltage (~ 11 V), and VDS = 0 V. RTN 
components are analyzed by means of power spectral density 
and histogram amplitude of sampled currents. 

III. RTN ANALYSIS ON SCHOTTKY P-GAN HEMTS 
Fig. 2 shows IG (a) and ID (b) in the case of a fresh device, 

with VGS = 5 V and VDS = 100 mV. The signals have been 
acquired for 4x104 s, however, a limited time window (2 s) is 
reported for sake of clarity. It can be observed that a single two 
level RTN is observed only in the case of ID, as further 
confirmed by the IG and ID related histograms reported in Fig. 3 
(a) and (b), respectively, showing two peaks only in the case of 
the drain current. Such RTN component might be possibly 
related to pre-existing defects at the AlGaN/GaN interface or 
close to it, which can easily perturb the 2DEG carrier 
concentration, hence the channel resistance. However, in this 
paper, the analysis is only focused on the RTN signals induced 
by gate stress. 

Fig. 4 shows IG (a) and ID (b) monitored at VGS = 5 V and 
VDS = 100 mV after a 200 s gate stress phase at VGS = 9 V and 
VDS = 0 V. Significant fluctuations can be observed on both 
currents. Fig. 5 shows the histograms related to the fresh (Fig. 
2a) and post-stress (Fig. 4a) gate leakage. It is worth noticing 
that multiple peaks (current levels) show up with respect to the 
fresh case (single) as signature of RTN components induced by 
the gate stress phase. The detectable RTN might be ascribed to 
capture/emission of charge in newly created defects, e.g. the 
ones created in the AlGaN barrier by hot holes coming from the 
high-field Schottky depletion region, as reported in [9]. The 
defect creation is supported by the lack of RTN on the IG of 

 
Fig. 1. Schematic representation of the device under test (not in scale). 

 
Fig. 3. Histograms of the fresh IG (a) and ID (b) currents reported in Fig. 2. 

Fig. 2. Fresh IG (a) and ID (b) currents measured with VGS = 5 V and VDS = 100 mV. 



fresh devices and by the absence of IG recovery after ~ 4x104 s 
of monitoring phase at low VGS, as can be observed in Fig. 4. 
The role of such defects on IG can be observed also in the related 
PSD reported in Fig. 6. More specific, the power spectrum 
density of the fresh gate leakage exhibits a roughly 1/f slope, 
whereas the post-stress IG shows a shift towards a 1/f2 trend. 
This transition in slope, observed after 200 s of stress, is a 

consequence of stress-induced new frequency components at f 
< 1 kHz. In the frequency domain, such RTN components 
feature a 1/f2 slope as will be reported later. 

In particular, four components, namely D1, D2, D3 and D4, 
which differ in amplitude and frequency have been identified 
and reported in Fig. 4, 7, 8 and 9, respectively. The signals 
depicted in the Fig. 7, 8 and 9 represent only a portion (zoom-
in) of the signals shown in the Fig. 4, as they need a shorter time 
scale to be displayed due to their shorter duration compared to 
D1.  

The RTN components D1, D2 and D3 have been observed 
on both IG and ID, suggesting the AlGaN barrier as location of 
the related defect/s, possibly impacting the threshold voltage, 
hence, ID. On the other hand, D4 is observed only on the IG, 
hence probably ascribed to defects in the depleted region of the 
Schottky junction. It is worth noting that such components may 
be due to different kind of defects or to a single defect located 
in different regions. To confirm such statement a deeper 
analysis would be required, which is not among the objectives 
of this work.  

To evaluate the characteristics of such charge traps, i.e., 
emission (τe) and capture (τc) times, various post-processing 
steps were performed. The analysis is conducted solely on the 
gate current, as the ID waveforms exhibit an additional 
component that is also observable in the fresh device [Fig. 2 
(b)]. Such supplementary component, in addition to a higher 
current level, can potentially mask the effect of the stress stress-
induced defects, thereby impacting the validity of the analysis. 
In fact, the discretization of the RTN components present on the 
drain current was only possible using the discretized gate signal 
as reference. Starting from the measured original signal in Fig. 
4 (a), the two main current levels are individuated from the 
histograms (Fig. 5), hence the discretized D1 signal is attained, 
i.e. red line in Fig. 4 (a). The latter is subtracted from the 
original one, reducing the number of peaks in the histogram 
(Fig. 5), hence simplifying the analysis. Then, another 2 levels 
(peaks) are identified and the D2 RTN signal (Fig. 7) is 
obtained. The process is reiterated until reaching D4, beyond 
which no random telegraph noise is observed, suggesting the 

 
Fig. 4. RTN and discretized waveform related to D1, observed on IG (a) and ID (b) after a stress phase of 200 s with VGS = 9 V. 

 
Fig. 5. Histograms of IG monitored with VGS = 5 V and VDS = 100 mV, for 
fresh case (green, Fig. 2a) and after a stress phase of 200 s with VGS = 9 V 
(blue, Fig. 4a). 

 

Fig. 6. PSD of IG monitored with VG = 5 V and VDS = 100 mV, for fresh case 
(blue) and after a stress phase of 200 s with VGS = 9 V (green). 

 



absence of additional components with a 1/f2 characteristic in 
the power spectral density.  

The discretization of each RTN component is of paramount 
importance since it allows to precisely extrapolate the defects 
characteristic times. In particular, by focusing on a single two 

state signal, it can be defined the charge emission time (τe) as 
the time spent at higher level, whereas the time spent at lower 
level is the charge capture time (τc). From the discretized 
waveforms, the ith τe and τc are separately collected and used to 
build count plots as depicted in Fig. 10 (a) and (b), respectively. 
It is worth noticing that both time constants exhibit an 
exponential distribution, typical of a Poissonian process 
producing the RTN [28]. From the exponential fitting law, the 
equivalent τe and τc values of each defect/component are 
extrapolated. It is worth noting that D1, D2 and D3 show the 
same time constants on both IG and ID (Figs. 4, 7 and 8) being 
caused by the same defects, hence the analysis has been only 
provided for IG.  

In the frequency domain, each RTN related waveform has 
the shape of Lorentzian spectra [29]. Therefore, the post-stress 
PSD can be computed as a sum of four Lorentzian spectra (one 
for each RTN component) as shown in Fig. 11. The equation is 
the following: 

 

𝑃𝑆𝐷 (𝑓) = ∑
(2 ∙ 𝑑𝑖 ∙ 𝜏𝑖)2

(𝜏𝑒𝑖
+𝜏𝑐𝑖

) ∙ (1 + (2𝜋 ∙ 𝑓 ∙ 𝜏𝑖)2)

𝑁

𝑖=1

          (1) 

 
N is the number of 1/f2 components (four in this case), di and τi 
are the ith amplitude of the RTN waveforms and the cut-off 
time, respectively. The latter has been calculated as follows: 
 

 
Fig. 7. RTN and discretized waveform related to D2 observed on IG (a) and 
ID (b) after a stress phase of 200 s with VGS = 9 V. To highlight the RTN 
component, only a portion (zoom-in) of IG and ID signal shown in Fig. 4 is 
reported. 

 
Fig. 8. RTN and discretized waveform related to D3 observed on IG (a) and 
ID (b) after a stress phase of 200 s with VGS = 9 V. To highlight the RTN 
component, only a portion (zoom-in) of IG and ID signal shown in Fig. 4 is 
reported. 

 

 

Fig. 9. RTN and discretized waveform related to D4 observed on IG (a) and 
ID (b) after a stress phase of 200s with VGS=9V. To highlight the RTN 
component, only a portion (zoom-in) of IG and ID signal shown in Fig. 4 is 
reported. 
 

 
Fig. 10. τe (a) and τc (b) from the discretized waveforms for the four RTN 
signatures after a stress phase of 200 s with VGS = 9 V. 

 

 
Fig. 11. Reconstructed PSD as a sum of Lorentzian PSD of the four RTN 
components. 
 



                               
1

𝜏𝑖

 =  
1

𝜏𝑒𝑖

 + 
1

𝜏𝑐𝑖

                                  (2) 

The estimated amplitudes from ∆IG are 0.76 nA, 0.25 nA, 
0.15 nA and 0.46 nA for D1, D2, D3 and D4, respectively. The 
different amplitudes might be the result of defects located at 
different spatial position, as reported in [31]. By considering 
D1, D2, and D3 associated with defects in the AlGaN barrier, 
the difference in amplitude between the RTN waveforms might 
be attributed to the generation of defects at different depths 
within the AlGaN layer.  

After determining the amplitudes and constant times for each 
RTN component, the post-stress power spectral density has 

been reconstructed using Eq. 1. The result is reported in Fig. 11, 
showing how the theoretical model, specifically the sum of 
Lorentzian spectra, is in line with the PSD derived from the 
measured RTN signals, validating the effectiveness of the 
experimental data post-processing procedure. 

In order to explore the evolution of the trap characteristics 
over the stress time, MSM tests have been performed. Fig. 12 
shows the comparison of the gate current monitored during an 
uninterrupted constant voltage stress (CVS) and the interrupted 
one to measure RTN. It is worth noting that the two IG curves 
show similar dynamics and time-to-breakdown, suggesting that 
the proposed approach does not alter the failure mechanisms 
evolution leading time-dependent gate breakdown.  

In Fig. 13, the time constants of the four components are 
depicted, illustrating their behavior in relation to the stress time. 
The results of the time constants related to D3 and D4, unless 
D1 and D2, are reported solely for stress durations equal to or 
exceeding 200 s, as they cannot be observed with statistical 
significance for shorter stress periods. This means that within a 
time window of approximately 6x104 s, only a limited number 
of RTN events are identified, giving rise to an inaccurate 
extrapolation of their capture and emission times.  

Overall, the analysis reveals that among the observed 
components, the ones possibly related to the AlGaN barrier 
(D1, D2 and D3) exhibit a large difference in terms of time 
constants (from 10-3 s to 103 s) and amplitude, suggesting the 
presence of defects at different spatial and/or energy positions. 
Vice versa, the Schottky junction is characterized by only one 
RTN component, i.e. the one affecting IG only (D4). 

IV. CONCLUSIONS 
This study explored, for the first time, the presence and 

evolution of random telegraph noise in GaN HEMTs with 
metal/pGaN Schottky gate subjected to forward gate stress.  

The device currents exhibit signatures of four RTN 
components, namely D1, D2, D3, and D4, corresponding to 
charge trapping/release in/from distinct defects. In particular, 
the impact of D1, D2, and D3 produces an effect on both IG 
and ID, suggesting the creation of new defects in different 
positions of the AlGaN barrier. On the contrary, the 
manifestation of D4 component is visible only on IG, probably 
ascribed to defects near the Schottky junction.  

In conclusion, the application of random telegraph noise 
analysis emerges as a potent tool for GaN-based devices 
reliability, offering a robust methodology for delving into the 
intricate details of defects responsible for threshold voltage 
instability or time-dependent gate breakdown. Combining this 
methodology with classic experimental tests could lead to 
useful information to further improve the reliability and 
performance of GaN-based HEMTs for power electronics 
applications. 
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