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A B S T R A C T   

We present a detailed analysis of the effect of low- and high-temperature operating lifetime (LTOL and HTOL) 
carried out on 0.15 μm GaN HEMTs for RF applications. Based on several stress experiments carried out at 
different temperature levels, a) we demonstrate the existence of two degradation modes consisting, respectively, 
in the negative and positive shift in the threshold voltage; b) temperature-dependent I-V measurements indicate 
that no modification in the Schottky barrier height takes place after stress; c) the negative VTH shift is ascribed to 
the temperature- and field-assisted de-trapping of electrons from the passivation/AlGaN stack under the gate, 
consistent with previous reports; d) the positive VTH shift, which only occurs at high temperature levels, is 
ascribed to the trapping of hot electrons, possibly at the AlGaN/SiN interface.   

1. Introduction 

The high electron mobility transistor (HEMT) based on AlGaN/GaN 
heterostructures is considered a key device for high-power, high-fre
quency radio frequency (RF) applications. However, the performance of 
these devices can be adversely affected by the high-temperature oper
ating environment [1,2], leading to a parametric shift of the main pa
rameters, which worsens the performance of transistors over time. 

Understanding the underlying mechanisms is critical for the reliable 
operation of these devices at high power densities and temperatures. 
Standard tests that investigate the effects of both temperature and 
electric field on the reliability of silicon devices have been applied also 
to wide-bandgap semiconductor devices [3]. Many published works 
investigated the effects of both temperature and bias on the perfor
mances of AlGaN/GaN HEMT. Most of them consist in long-term stresses 
with a duration of thousands of hours in which the first interim char
acterization measurement can be found after 1 h from the start of the test 
[4–6]. Only few reports evaluated the behavior of the devices in the first 
hours of operation with great accuracy. 

In this article, we study the effect of both temperature and electric 
field on 0.15 μm AlGaN/GaN HEMT for RF application through short- 
term low- and high- temperature operating lifetime (LTOL and HTOL) 

tests. Specifically, we analyzed the changes in the main device param
eters (e.g., threshold voltage, saturation current, on-resistance) of the 
devices over time by performing interim DC characterizations already 
after 1 s of stress. 

The obtained results show a non-monotonic behavior of the 
threshold voltage (VTH). In absence of a Schottky barrier height (SBH) 
modification, these parametric shifts may be related to de-trapping/ 
trapping phenomena occurring, respectively, under the gate stack and 
at the AlGaN/passivation interface. 

The results presented in this paper provide a valuable contribution to 
understanding of the high-temperature parametric shift of AlGaN/GaN 
HEMTs, which is crucial for ensuring the reliable operation of these 
devices in harsh high-power and high-frequency RF applications [7,8]. 

2. Tested devices & methods 

A simplified example of the device under test (DUT) structure is 
visible in Fig. 1. 

The devices analyzed are on-wafer AlGaN/GaN HEMTs with two 
fingers having a gate width Wg = 2 × 35 μm and gate length Lg = 150 
nm. The gate-to-source and gate-to-drain distances are respectively Lgs 
= 0.8 μm and Lgd = 1.5 μm, resulting in an asymmetric structure. A 
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source-terminated field plate (STFP) is also used to obtain a better dis
tribution of the electric field. A SiN passivation was deposited by 
plasma-enhanced chemical vapor deposition (PECVD), while gate foot 
etching is performed by CF4 plasma. Being a two-finger device, the 
layout also features an air bridge. 

We performed low-temperature operating lifetime tests (LTOL) at 
four different baseplate temperatures: room temperature (RT), 55 ◦C, 
80 ◦C, and 140 ◦C. HTOL was performed at 200 ◦C and 250 ◦C. 

Every test was performed with an applied drain bias of VDS = 20 V, 
for all samples, the gate bias VGS was adjusted to obtain an initial drain- 
source current equal to IDS = 100 mA/mm. 

To determine the value of VGS, we performed, at the chosen baseplate 
temperature, five IDS-VGS characterizations at VDS = 20 V with a current 
compliance of 100 mA/mm, and selected the last VGS value before 
compliance is reached at the fifth measurement. The number of five IDS- 
VGS was chosen to obtain a stable VGS value, since variations are 
observed if the compliance current value is applied for long periods of 
time. 

The DC parameters of the device are collected at the chosen base
plate temperature, after exponentially longer stress periods (e.g., 1, 2, 5, 
10, 60, 120, 300, 600 s), with a delay of 120 s between the end of the 
stress phases and the electrical characterization. The delay time was 
introduced to allow device cool down before characterization. Previous 
experiments on the same devices showed that 120 s are enough for the 
device to return to the baseplate temperature after the stress segment. 
The drain and the gate stress current were measured during the full 
duration of the stress. 

3. Results & discussion 

The stress parameters to which the devices have been subjected are 
listed in Table 1. As can be observed, the VGS value necessary to obtain 
the initial IDS = 100 mA/mm condition decreases with temperature. This 
is explained considering the temperature dependence of the threshold 
voltage, which shows a negative shift with increasing temperature [9]. 

The variation of the drain-to-source current IDS obtained during the 
LTOL (Fig. 2a) shows two phases: a fast increase and a slow decrease, the 
latter only visible at 80 ◦C and 140 ◦C and for longer stress periods 

Fig. 1. Simplified structure of the DUT where only one finger is shown.  

Table 1 
Stress parameters for the LTOL and the HTOL test.  

T [◦C] Vds [V] Vgs [V] Time [h] 

RT  20  − 2.59  400 
55  20  − 2.64  68 
80  20  − 2.61  24 
140  20  − 2.65  24 
200  20  − 2.76  14 
250  20  − 2.86  24  
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Fig. 2. a) Evolutions of the drain-to-source current during the LTOL stress test. 
b) Corresponding variation of the threshold voltage. c) Example of low tem
perature drain and gate current vs. gate voltage taken at VDS = 8 V; the cor
responding VTH is taken at IDS = 1 mA/mm. 
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Fig. 3. a) Evolutions of the drain-to-source current during the HTOL stress test. 
b) Corresponding variation of the threshold voltage. c) Example of high tem
perature drain and gate current vs. gate voltage taken at VDS = 8 V; the cor
responding VTH is taken at IDS = 1 mA/mm. 

Fig. 4. a) Example of temperature I-V curves obtained before the HTOL test. 
The fitting regions were decided considering stable regions of the (b) ideality 
factor. (c) Resulting SBH values during the stress. A negligible variation 
is obtained. 

M. Pilati et al.                                                                                                                                                                                                                                   



Microelectronics Reliability 150 (2023) 115131

4

(103–104 s). 
It may be reasonable to say that the degradation phase should also be 

observed at RT and 55 ◦C for longer stress periods, given the apparent 
onset of a plateau. 

From the drain current vs. gate voltage characteristics (Figs. 2c and 
3c), we extracted the threshold voltage VTH value, corresponding to the 
value at which IDS = 1 mA/mm is reached, imposing VDS = 8 V. The 
obtained threshold voltage shift ΔVTH = VTH,stressed − VTH,unstressed 
(Fig. 2b) demonstrate that the initial rise of IDS is correlated with a 
negative shift of VTH, while the current reduction to a positive shift. 

The results of the HTOL tests show behaviors similar to the ones 
observed during the LTOL tests, with the two phases clearly visible. The 
initial increase in drain current (Fig. 3a) is further accelerated, while the 
maximum reached current values in both HTOL have decreased by 45 
mA/mm, with respect to the 140 ◦C LTOL curve. The negative IDS shift 
starts much earlier (300 s at 250 ◦C); thus, we can observe a net negative 
shift of the drain current. The corresponding VTH shifts (Fig. 3b) are 
negative in the first current phase and positive during the second phase 
as in the LTOL. In particular: the observed negative shifts decrease by 
more than 100 mV, which explains the lower current increase in the first 
phase; a great positive shift of more than 250 mV (at 250 ◦C) is 
responsible for the slower reduction phase. 

Taking into account the results obtained in [10] which relate the 
drain current variation to the degradation of the evolution of the SBH, 
we evaluated the barrier height during the HTOL test at 250 ◦C. We 
applied the thermionic emission model as in [11] to the diode charac
teristics taken at different temperatures (from 25 ◦C to 250 ◦C with a step 
of 25 ◦C) at four different time points during stress (0, 10, 8000, 
306,000 s). 

The diode curves (Fig. 4a) are linearly fitted in the voltage regions at 
which the ideality factor (Fig. 4b) results in being more stable and near 
unity. With the intercept values obtained from the linear fit, it is possible 
to build an Arrhenius plot (Fig. 4c), whose slope is directly proportional 
to the SBH. Results show that the SBH remains at a stable value of 0.94 
eV throughout the HTOL test. 

These results are consistent with [12], in which the current varia
tions appear to occur without gate stack degradation. We observed that 
the first phase of degradation is recoverable, and hence we propose that 
a temperature- and field-assisted electron de-trapping phenomenon is 
responsible for it. In particular, we assume that the de-trapping is to be 
located at the AlGaN/passivation interface [13,14] (Fig. 5). 

Regarding the second phase of degradation, we supposed, based on 
the results presented in [9] that the positive shift in threshold voltage is 
due to the gradual trapping of hot electrons in the passivation [15] or the 
GaN buffer layer [16] (Fig. 6), possibly near the gate foot or under the 
gate head. This would lead to a gradual increase in the threshold 

Fig. 5. Band diagram at the gate stack (exact position is highlighted in Fig. 1 as 
a black dashed line). Temperature- and field-assisted electron de-trapping are 
represented respectively by red and black arrows. 

Fig. 6. Visual representation of the trapping location of hot electrons during 
the second phase of the HTOL. 

Fig. 7. a) Saturation current and b) on-resistance. Values were extrapolated 
from the output characteristics. For the on resistance, we linearly fitted the 
current value in the device linear region. 
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voltage, with a very slow recovery, consistent with the results of the 
measurements. Changes in the transverse field induced by trapping may 
also be possible. 

To further support our hypothesis, we extracted the evolution of the 
saturation current IDSS and the on-resistance RON during the tests. In the 
former case (Fig. 7a), we observed an initial increase in the current, 
consistent with the increased 2DEG density caused by the de-trapping 
phenomena, followed by a slow decrease which can be related to the 
decrease in the 2DEG density caused by the hot electron trapping effect. 
Regarding the RON (Fig. 7b), we observed an increase over longer pe
riods of time. This is consistent with the trapping phenomenon in the 
gate-to-drain access region [17]. 

4. Conclusions 

In this paper, we investigate the parametric degradation of 0.15 μm 
AlGaN/GaN HEMT when subjected to short-term LTOL and HTOL. We 
observed two separate phases in the evolution of the drain current. The 
first fast increase phase, which is accelerated by temperature, corre
sponds to a negative shift of the threshold voltage value. We did not find 
evidence of variation in the SBH. Given the recoverable nature of the 
phenomenon, we attributed it to a temperature- and field-assisted de- 
trapping of electrons from the AlGaN/passivation stack, below the gate 
head. The following slow degradation phase, visible only at high tem
peratures, is related to a strong positive shift of the threshold voltage and 
has been ascribed to a slow trapping of hot electrons, possibly in the 
AlGaN/SiN interface. 
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