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Abstract— This study presents a comprehensive analysis of 
random telegraph noise (RTN) to evaluate the impact of forward 
gate bias (VGS) and temperature (T) on defects creation and 
activation in the gate epi-stack of GaN-based Schottky p-GaN 
gate HEMTs. Results reveal three RTN components in the fresh 
device currents at elevated temperatures (90 °C to 150 °C), 
attributed to pre-existing defects within the AlGaN barrier, 
influencing both the gate leakage and the drain current. 
Temperature-dependent RTN analysis is used to extract the 
activation energies of these traps. Conversely, no RTN 
components are observed in fresh device currents at lower 
temperatures (≤ 70 °C), highlighting the role of thermal excitation 
in defects activation. Under forward gate stress, four additional 
RTN components emerge, suggesting new traps formation. 
Findings highlight the combined roles of temperature and VGS in 
activating pre-existing defects and inducing new ones within the 
gate epi-stack of Schottky p-GaN gate HEMTs. 
 
Index Terms-- Gallium Nitride, Defects Characterization, p-GaN 
HEMTs, Reliability, Trapping Mechanisms, Random Telegraph 
Noise, RTN Analysis. 

I. INTRODUCTION 

Schottky p-GaN gate high-electron-mobility transistors 

(HEMTs) have gained significant importance in power 

electronics due to their unique properties, which address 

critical challenges in high-efficiency power conversion and 

high-speed switching applications [1]-[6]. Their relevance 

stems from the combination of superior material properties of 

GaN, as well as its alloys, and the p-GaN gate structure, which 

enable higher efficiency, improved performance and 

reliability, and reduced system size and cost compared to 

traditional silicon-based counterparts. These advantages make 

Schottky p-GaN gate HEMTs a cornerstone technology for 

next-generation power systems across a wide range of 

applications. 

Given the growing interest in Schottky p-GaN gate HEMTs, 

extensive research has been dedicated to identifying the root 

causes of gate lifetime limitations and threshold voltage 

instability [6]-[18]. For these devices, reliability challenges are 

predominantly attributed to charge trapping phenomena or the 

formation of new traps within the p-GaN/AlGaN/GaN gate 

epi-stack, particularly under the combined influence of high 

gate overdrive and elevated temperatures [6]. To better 

understand the factors influencing device performance and 

long-term stability, it is crucial to gain deeper insights into the 

nature, localization, and dynamic behavior of these defects. 

For a wide range of semiconductor devices, RTN analysis 

has proven to be a powerful method for localizing and 

characterizing defect states responsible of phenomena such as 

threshold voltage instability [19]-[26]. RTN components 

appear as sudden, unpredictable fluctuations between discrete 

levels in device currents and, in the frequency domain (power 

spectral density, PSD), they follow a Lorentzian spectrum with 

a 1/f2 trend [26]. This phenomenon is caused by the random 

capture and release of charge carriers by defect states. 

Although RTN analysis has been extensively studied across 

different technologies [24], only a few studies focus 

specifically on GaN-based Schottky pGaN gate HEMTs [27]-

[28].  

Recently, we reported a detailed investigation of RTN 

components under stress conditions induced by the application 

of a high gate voltage (VGS = 9 V) at T = 25 °C [28]. This 

analysis led to the identification and characterization of four 

distinct RTN components. Three of these components were 

observed to simultaneously affect both the gate leakage (IG) 

and the drain current (ID), suggesting the creation/activation of 

defects within the AlGaN barrier. The simultaneous impact on 

both IG and ID indicates that these defects play a dual role in 

altering the gate leakage behavior and the threshold voltage. In 

contrast, the fourth RTN component was exclusively detected 



 

 

in the gate current and showed no measurable effect on the 

drain current, suggesting that the defect responsible for this 

RTN component is localized near the Schottky junction rather 

than being distributed throughout the AlGaN barrier.  
In this study, the investigation is extended to provide a 

comprehensive analysis across a wider range of temperatures 
and gate-to-source voltages. This extended analysis offers 
deeper insights into the influence of these parameters on the 
creation and activation of traps within the gate epi-stack 
Schottky pGaN gate HEMTs. By systematically varying 
temperature and VGS, the study explores the roles of thermal 
and electrical stress mechanisms in driving defect formation 
and activation, offering a more detailed understanding of defect 
dynamics under various operating conditions. 

II. DEVICE STRUTURE AND STRESS PROCEDURE 

The devices under test (DUTs) are lateral GaN-based 

HEMTs with a metal/p-GaN Schottky gate structure, designed 

to achieve enhancement-mode operation. These transistors are 

fabricated at IMEC on 200-mm Silicon (Si) substrates. The 

vertical epitaxial structure built on top of the Si substrate, 

consists of a 200-nm AlN nucleation layer, a 1.65-μm 

AlN/GaN superlattice buffer layer, a 1-μm carbon-doped GaN 

back barrier, a 200-nm unintentionally doped GaN channel 

layer, a 16-nm AlGaN barrier layer with 23.5% aluminum 

content, and an 80-nm Mg-doped p-GaN layer, with a dopant 

concentration of 3×1019 cm−3. For this study, symmetric 

devices are used, characterized by equal gate-to-source (LGS) 

and gate-to-drain (LGD) distances of 1.25 μm. The gate 

geometry is defined by a width (WG) of 10 μm and a length 

(LG) of 0.5 μm. 
The measurement of both gate and drain currents, aimed at 

detecting RTN components, is performed using a two-channel 
Keysight Waveform Generator/Fast Measurement Unit 
(WGFMU) B1531A, which allows relatively short sampling 
intervals (as low as 10 μs). 

A typical measure-stress-measure (MSM) technique has 
been employed to conduct a detailed analysis of RTN 

dynamics. In particular, the measurement/monitoring phases 
involve performing multiple sequential acquisitions of both 
gate and drain current, using a gate-to-source voltage (VGS) of 
5 V and a drain-to-source voltage (VDS) of 0.1 V. To ensure 
comprehensive data capture, the sampling times were 
systematically varied from 10 μs to 10 ms, resulting in an 
aggregate measurement duration of approximately 8 x 104 s. 
These acquisitions were initially carried out on a fresh device 
and subsequently repeated after each stress phase, in which the 
stress voltage (VGS > 5 V) is applied for 100 s. Following a step-
stress approach, after each RTN monitoring phase, the stress 
voltage is increased up to device breakdown. The latter is 
identified by a sudden and significant increase in gate leakage 
current, exceeding 1 mA/mm. This approach allowed for 
systematic exploration of the relationship between applied gate 
bias and RTN behavior. For clarity, the post-stress 
measurements (PSMs) conducted after each stress phase are 
distinctly labeled. Specifically, the measurements 
corresponding to stress phases with VGS values of 6 V, 7 V, 7.5 
V, 8 V, 8.5 V, 9 V, and 9.5 V are designated as PSM0, PSM1, 
PSM2, PSM3, PSM4, PSM5, and PSM6, respectively. 
Furthermore, the temperature has been varied across a wide 
range, from 25 °C to 150 °C, to evaluate the temperature 
dependence of RTN characteristics and its correlation with 
defects behavior. 

Figure 1 shows parts of the fresh and PSMs of IG at 25 °C 
(a) and 150 °C (b). To ensure a better visualization, the x-axis 
is not in scale because of significant differences between stress 
and PMS times, i.e., 100 s and 8 x 104 s, respectively. In both 
cases, the IG, monitored at VGS = 5 V, increases with each stress 
phase. This consistent rise in gate leakage current indicates 
progressive damage to the gate epitaxial stack, likely resulting 
from the stress-induced degradation mechanisms. 

III. RANDOM TELEGRAPH NOISE ANALYSIS 

A. High Temperature 
Figure 2 shows IG and ID measured at VGS = 5 V and VDS = 

100 mV on the fresh device at a test temperature of 150 °C. It 

 
Figure 1. Post-stress measured gate currents at T=25 °C (a) and T=150°C (b) with VGS=5V and VDS=0.1V. 



 

 

is important to note that the reported data represent only a 
selected portion of the full data acquisition, with a focus on a 
shorter time window for clearer visualization of the current 
dynamics. Significant fluctuations between two distinct levels 
(RTN) are clearly observed in both currents. Unlike the 
behavior observed at room temperature [28], the fresh device 
currents at 150 °C exhibit three distinct RTN components, 
labeled H1, H2, and H3. Each component differs in amplitude 
and duration, suggesting the presence of pre-existing thermally 
activated defects within the AlGaN barrier. These defects likely 
reside at different spatial locations and/or energy levels within 
the AlGaN bandgap, as evidenced by the simultaneous 
fluctuations in both IG and ID.  

The characterization of these defect-related RTN 
components is carried out following the post-processing 
procedures described in [28]. Initially, the RTN signals are 
discretized to isolate individual RTN signals for further 

analysis. The resulting discretized waveforms, shown in Fig. 2 
(a), (b), and (c), correspond to the RTN components observed 
in IG, attributed to traps H1, H2, and H3, respectively. The RTN 
components present in ID have been discretized using the gate 
signal as a reference, with the corresponding waveforms shown 
in Fig. 2 (d), (e), and (f) for traps H1, H2, and H3, respectively. 

From the two-state discretized signal of each RTN 
component, the charge emission time (τe) and capture time (τc), 
representing the time spent at the higher and lower current 
levels, respectively, are estimated. These times are extracted for 
each component and used to construct the corresponding 
distributions, as shown in Fig. 3(a) and 3(b). Exponential fitting 
is applied to derive the characteristic τe and τc for each defect 
state. It is important to note that both time constants exhibit an 
exponential distribution, indicative of a Poissonian process, 
common in charge trapping and de-trapping phenomena that 
lead to current fluctuations [24]. 

The cut-off time for each RTN component is calculated as 
follows: 

 

 

 
This parameter represents the characteristic time associated 

with a defect and can be used to determine the related activation 
energy (Ea) and to reconstruct the power spectral density of the 
signal. In the PSD, RTN signatures are identified by segments 
exhibiting a 1/f2 trend, while the absence of such signature 
corresponds to a 1/f noise behavior.  

The theoretical reconstruction of the signal in the frequency 
domain (PSD) is achieved by summing the Lorentzian spectra, 
one for each component. The equation is as follows: 

 

 

 
N represents the number of 1/f2 components, which in this 

case is three. The parameters di and τi refer to the ith amplitude 

 
Figure 2. RTN and discretized waveform observed on IG related to H1 (a), H2 (b) and H3 (c) on the fresh device at T=150 °C. Same RTN 

components are observable on their ID (d), (e) and (f) for H1, H2 and H3, respectively. 

Figure 3. τe (a) and τc (b) from the discretized waveforms for the 

three RTN signatures detected at T=150 °C on fresh device. 



 

 

of the RTN waveforms and the associated cut-off time (Eq. 1), 
respectively. The estimated amplitudes for the RTN 
components H1, H2, and H3 are 22 nA, 10.5 nA and 0.55 nA, 
respectively.  

As shown in Fig. 4, the theoretical PSD, derived from Eq. 
2, closely matches the measured data, validating the proposed 
analysis methodology. In contrast to the observations at room 
temperature [28], the sum of the three Lorentzian spectra here 
includes an additional 1/f noise component, which becomes 
significant at higher temperatures due to increased gate leakage. 

The reconstructed PSDs from each PSM at T=150°C are 
reported in Fig. 5. Notably, RTN components are visible in the 
PSD from the initial monitoring phase of the fresh device 
through PSM5. However, in PSM6, no 1/f2 trend, indicative of 
RTN components, is observed. This absence corresponds to the 

higher and noisier gate current observed in Fig. 1 (b), which 
masks the RTN signature and makes its identification 
impossible. 

Figures 6 (a) and (b) illustrate the dependence of RTN 
amplitude and time constant on VGS, respectively. Notably, the 
RTNs remain consistent, exhibiting similar amplitude and τ, 
from the initial fresh measurement up to PSM5, indicating that 
no additional defects in the AlGaN barrier or at the Schottky 
junction are induced by forward gate stress. The absence of new 
defect creation, particularly at the Schottky junction (as 
observed at room temperature [28]), at elevated temperatures 
may be explained by the reduced influence of impact ionization 
(ii). The latter is known to contribute to the gate failure at lower 
temperatures [14], but its presence diminishes at higher 
temperatures. Furthermore, at 150 °C, breakdown in the 
isolation region of Schottky pGaN gate HEMTs occurs, 

Figure 4. Measured (red) and reconstructed PSD (yellow) as a sum 

of Lorentzian spectra of the three RTN components at T=150 °C. 
 

Figure 5. Reconstructed power spectral density for all the PSMs at 

T=150 °C. Inset: measured and reconstructed PSD for fresh and 

PSM6 IG. 

Figure 6. Amplitude (a) and cut-off time (b) as a function of VGS for 

H1, H2 and H3 at T=150 °C. 

Figure 7. Reconstructed power spectral density for all the PSMs at 

T=25 °C. 
 



 

 

possibly before any damage develops in the Schottky junction 
[14].  

B. Room Temperature  
A similar analysis has been performed at room temperature 

(T = 25 °C). Fig. 7 reports the reconstructed power spectral 
densities for all the PSMs. Notably, both the fresh and PSM0 
show a 1/f slope, indicating the absence of RTN components 
under these conditions. In contrast, as the stressing VGS 
increases, the PSD   reveals new segments with a 1/f2 trend, 
indicative of the occurring of RTN components, suggesting the 
activation or creation of new defects. 

A total of four distinct RTN components, labeled D1, D2, 
D3, and D4, have been identified across all experimental 
conditions. These components exhibit variations in amplitude 
and frequency, indicating the diverse properties of the 
associated defects. The observed RTN components are 
consistent with those previously reported in [28], with similar 
amplitudes and time constants. This consistency reinforces the 
conclusion that defect generation at T = 25 °C is governed by 
both the applied voltage and the stress duration. The time- and 
voltage-dependent nature of defect creation highlights the 
dynamic interplay between electrical stress and defect 
activation processes, providing critical insights into the 
underlying mechanisms contributing to device degradation 
under low-temperature operating conditions. 

Defects D1, D2, and D3 are detected in both IG and ID, 
indicating the formation of new defects at varying locations 
within the AlGaN barrier. These defects likely contribute to 
threshold voltage shift by altering the barrier's electronic 
properties. In contrast, defect D4 is only observed in IG, 
suggesting it originates in the Schottky depletion region. This 
localized defect formation is possibly associated with 
mechanisms that may lead to gate breakdown, distinguishing its 
behavior from that of the other defects. 

The amplitude and time constant (Eq. 1) of these defects as 
functions of VGS are shown in Fig. 8 (a) and (b), respectively, 
providing further insight into their characteristics and the 
influence of gate bias on their behavior. Specifically, the 

signatures of defects D1 and D2 first appear during PSM1, 
following the application of a stress condition at VGS=7 V for 
100 s. In contrast, defects D3 and D4 created or activated 
starting from PSM3. Once a defect appears, it remains 
detectable in all subsequent PSMs up to device breakdown, 
consistently exhibiting similar time constants and amplitudes 
across the measurements. 

When comparing these findings with the previous analysis 
[28], it is clear that the activation or creation of defects D1 and 
D2 requires shorter stress times and lower voltage levels than 
defects D3 and D4. Specifically, defect D4’s behavior further 
support the hypothesis that, at lower temperatures, gate 
breakdown in pGaN gate HEMTs is primarily driven by impact 
ionization occurring in the Schottky depletion region. This 
conclusion aligns with the established role of impact ionization 
in defects generation and eventual failure at low temperatures 
[14]. 

IV. ACTIVATION ENERGY CHARACTERIZATION 

To gain a more comprehensive understanding of the pre-
existing defects detected in the AlGaN barrier at T = 150 °C, 
the currents of fresh devices have been monitored across a 
temperature range from 25 °C to 150 °C. The reconstructed 
PSDs of the gate leakage corresponding to these measurements 
are shown in Fig. 9. It is worth noting that the RTN components 
labeled H1, H2, and H3 are clearly visible in the PSDs of the 
fresh device current within the temperature range of 90 °C to 
150 °C. This indicates that fluctuations of similar amplitude are 
consistently detected within this range. In contrast, no RTN 
components are observed at temperatures below 70 °C, as the 
PSDs in this lower temperature range show a 1/f trend, 
indicative of the lack of observable RTN behavior. 

This temperature-dependent behavior suggests that the 
activation of defects responsible for the RTN components H1, 
H2, and H3 is thermally driven. At T < 90 °C, the thermal 
energy may be insufficient to activate these defects, resulting in 
the absence of RTN signatures. As the temperature exceeds this 
threshold, the thermal activation of these defects becomes Figure 8. Amplitude (a) and characteristic time (b) as a function of 

VGS for D1, D2, D3 and D4 at T=25 °C. 

Figure 9. Reconstructed power spectral density for IG monitored on 

the fresh device at different temperatures. 



 

 

significant, leading to the appearance of distinct RTN 
components.  

RTN analysis serves as a powerful tool for extracting key 
defect characteristics, particularly the activation energies (Ea) 
of individual defects, through the use of an Arrhenius plot (Fig. 
10). By examining the temperature dependence of the cut-off 
time (i.e. the characteristic time of the traps), estimated 
following the procedure outlined in section III A, the activation 
energies of defects H1, H2, and H3 are found to be 310 meV, 
95 meV, and 57 meV, respectively.  

The observed differences in RTN amplitudes (Fig. 6a) and 
activation energies for H1, H2, and H3 highlight the presence 
of pre-existing defects located at distinct spatial positions and 
energy levels within the AlGaN barrier. These defects may arise 
from process imperfections or from mechanical stress induced 
by piezoelectric polarization at the AlGaN/GaN heterojunction. 
These findings provide critical insights into the structural and 
electronic properties of the AlGaN barrier. 

 

V. CONCLUSIONS 

This study has investigated Random Telegraph Noise to 

analyze the role of forward gate bias and temperature on 

defects activation and creation in the p-GaN/AlGaN/GaN epi-

stack of Schottky p-GaN gate HEMTs.  

RTN analysis at elevated temperatures (T ≥ 90 °C) 

identified pre-existing defects in the AlGaN barrier, detected 

even on fresh devices. These defects, labeled H1, H2, and H3, 

influence the threshold voltage, as shown by fluctuations in 

both gate and drain currents. They exhibit distinct spatial 

locations and energy levels, and their role is visible only above 

70 °C. The activation energies have been determined to be 310 

meV, 95 meV, and 57 meV for H1, H2 and H3, respectively.  
At lower temperatures (T ≤ 70 °C), no pre-existing defects 

were detected. However, forward gate stress induced the 

formation of new defects, labeled D1, D2, D3 and D4. Defects 

D1 and D2 formed at lower stress levels, while D3 and D4 

required higher voltages and longer stress durations [28].  

Overall, this work demonstrated the utility of RTN as a 

powerful diagnostic tool for characterizing defect states in 

Schottky pGaN gate HEMTs. The findings provide valuable 

insights into how forward gate bias and temperature influence 

trapping/de-trapping mechanisms and device degradation. 
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