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Abstract 
 Electrical step-stress testing of AlGaN/GaN HEMTs 
fabricated on Si with different interfacial layers is 
performed in order to gain further insight into the role 
interfacial layers and stress play on inverse piezoelectric-
induced degradation and carrier trapping mechanisms.  
Devices with AlGaN/AlN interfacial layers resulting in 
residual tensile stress in the GaN channel and devices 
with AlN/GaN superlattices (SL) resulting in 
compressive stress in the GaN channel are evaluated.  
Under step-stress conditions all devices fully recovered, 
but the devices that exhibited tensile stress demonstrated 
higher levels of degradation based on I-V characteristics.  
The drain current is monitored after each stress event 
and a critical voltage is evaluated for the samples. It is 
found that SL structure and thick GaN buffer aids in 
reducing current collapse, and does not exhibit a critical 
voltage up to an OFF-state stress of VGS = -5 V and 
VDS=200 V.   
 
INTRODUCTION  
 
 GaN on Si technology is critical to help reduce the cost 
of high efficiency GaN-based power electronics.  Because 
GaN is not lattice matched to Si, the use of transition layers 
is necessary in order to grow device quality GaN. Often 
superlattice (SL) structures are used to help grow high 
quality GaN with reduced defect density. Additionally, these 
structures are used as a method of strain engineering, 
allowing for a complete reversal of the GaN channel stress 
from a tensile to a compressive state [1]. Ultimately the 
stress in the GaN channel directly affects the strain in the 
AlGaN barrier, which may in turn affect the 2DEG channel 
charge due to the piezoelectric nature of the materials. Under 
certain conditions the piezoelectric effect can adversely 
affect device performance and reliability by increasing the 
strain in the AlGaN and GaN layers.  
 In this study we compare the degradation of a series of 
GaN-on-Si devices with varying levels of residual stress that 
are subjected to electrical step-stress tests and monitored 
through the use of pulsed I-V characteristics, and 

observation of changes in the drain and gate currents after 
stress events. 
 
SAMPLES AND EXPERIMENTAL METHODS 
 
 For this study, three different GaN-on-Si wafers with 
fabricated HEMT structures were examined. Two of the 
wafers consist of interfacial layers of AlN and AlGaN, while 
the third sample is composed of a GaN/AlN SL structure 
(Fig. 1). AlGaN/GaN HEMT devices used in this study were 
all prepared in a similar fashion using MOCVD. The devices 
contained a GaN capping layer, for which A and B were 
identical, and C was slightly thicker. There was no 
additional passivation layer. All devices tested have the 
same gate-drain, and gate-source spacing with identical 
metallization. Adjustment of the buffer thicknesses allow for 
devices that contain residual stresses ranging from highly 
tensile to slightly compressive.  
 Photoluminescence (PL) with a 325nm excitation source 
was used to measure the residual stress in the GaN device 
channel near the AlGaN barrier layer using correlations 
developed by Choi et al. [2]. The stress distribution was 
measured directly in the drain channel across the width of 
the device.  
 

 

Fig. 1. Schematic of measured samples. Samples A and B consist 
of only the AlN/AlGaN transition layers and sample C contains a 
SL transition layer. 
  



 The first series of tests involved electrically step stressing 
each device in an OFF-state stress condition. For this 
condition VGS = -5 V and VDS was varied from 2 V to 200 V 
in increments of 2 V. Each VDS condition was held for 1 
minute. Then I-V, threshold, and current characteristics were 
monitored over a time frame of about 30 seconds before the 
next stress event began. The next series of gate stress tests 
were performed on identical fresh devices on the same wafer 
and consist of a VDS = 0 V condition in which VGS was 
varied from -2V to -200V in -2V steps, while holding each 
condition for 1 minute. The devices were then characterized 
in the same manner as the OFF-state condition. Electrical 
step stress and recovery testing was performed using a 
Keithley 4200-SCS-Semiconductor Characterization 
System. All tests were performed on-wafer at room 
temperature. Bright field TEM imaging was used to 
characterize the dislocation density in the GaN buffer for 
samples A and C in order to correlate significant changes in 
GaN quality to any observed effects of electrical testing.  
 
RESULTS AND DISCUSSION 
 

The TEM analysis revealed an overall dislocation density 
in the GaN buffer of 1.9x109 cm-2 and 1.1x109 cm-2 for 
sample A and C respectively (Fig. 2). This was calculated by 
considering a cross sectional area and dividing the total 
length of the dislocations by the sampled volume. It is 
important to note that cross sectional TEM is not the 
preferred, nor the most accurate method for obtaining 
dislocation densities, rather a plan view or etch pit density 
test is preferred [3]. However cross sectional TEM can serve 
as a comparative metric between samples.  
 

 

Fig. 2. Representative TEM cross sections of GaN buffer layer that 
are used to calculate dislocation density. 
 

Results of the photoluminescence (PL) experiments in 
which residual stress was determined in the drain channel of 
the device show a significant change between the stresses in 
the GaN channel for each sample.  Ranging from a highly 
tensile stress in sample B (721 +80/-30 MPa) to a slightly 
compressive stress in sample C (-127 ± 78 MPa), the full 
results are shown in Fig. 3. The sample B is with a doubled 
GaN buffer thickness compared to sample A. During the 
cooling-down step of MOCVD growth sequences, sample B 
experienced more tensile stress due to the thermal mismatch 
between GaN and Si than the sample A. It has reflected on 
the post wafer bow/warp and the residual stress in the GaN 
channel as well. 

Next we looked at the results of the electrical stress 
measurements and examine any correlations with residual 
stress. By performing electrical measurements in an OFF-
state condition, the device operates with a small current, but 
high electric field. This allows for electrical testing without 
the influence of self-heating, and elevated temperatures. 
Additionally, this condition created a large lateral electric 
field in the GaN channel and barrier, and a large vertical 
field through the buffer. In the VDS = 0 V condition, the 
source and drain were shorted, while a large electric field 
was applied across the gate. This condition also mitigates 
self-heating effects and creates a large vertical electric field 
into the buffer, while a relatively small lateral field in the 
channel is present [4]. 
 

 

Fig. 3. Residual Stress results for each device as measured in the 
drain channel of the device using PL with a 325 nm excitation 
source. 
 

Comparison of the I-V characteristics for each of the 
samples can be seen in Fig. 4. It is evident from the I-V 
characteristics that each device experiences different levels 
of current collapse depending on the type of stress testing 
endured. In the OFF-state stress testing, the device from 
sample B, measured to have the largest tensile strain, 
exhibited the largest drain current degradation, while both 
samples A and C did not see such a large current reduction 
under this test condition. In this configuration the electric 



field is extended laterally through the channel and creates 
opportunities for charge trapping in the GaN buffer, the 
AlGaN barrier, and GaN capping layers. It has also been 
observed that during this type of stress event, the electric 
field induces a compressive stress in the AlGaN and GaN 
due to their piezoelectric properties [5].  

Conversely, with the gate stress testing (VDS=0V) all of 
the devices experienced significant current collapse. Again, 
we postulate that this is due to the large electric field 
extending vertically into the GaN buffer in this case, and 
forcing free carriers into traps located within the buffer [6]. 
This scenario of applying a large negative gate bias is less 
likely to occur during actual device operation, but it does 
allow for insight into how the buffer layer quality can affect 
charge trapping as the field extends vertically into the buffer. 
As mentioned previously, the devices from Sample C consist 
of a GaN buffer that is shown to have fewer dislocations 
when compared to devices from Sample A. In both of the 
stress scenarios it is evident that sample C, which showed a 
slightly-compressive residual stress, maintains better 
performance than the devices from Samples A and B. It is 
also important to re-iterate that the AlGaN barrier and 
capping layers are the same for samples A and B, but are 
slightly thicker for sample C; therefore charges associated 

with the barrier or surface states may also play a role in 
reducing degradation in sample C. It is interesting to 
compare the degradation in both the OFF-state stress and 
gate stress tests between sample A and B. Both samples have 
the same epilayers, except there is a thicker GaN buffer in 
sample B. In the gate stress test, sample A showed the worst 
degradation, suggesting that more electrons are trapped in 
the GaN buffer to create a back-gating effect. In the OFF-
state stress test, sample B exhibited the worst degradation, 
suggesting that the electric field through the lateral direction 
between the gate and drain played a more important role and 
imparted a higher density of surface states. This could 
potentially be caused by more compressive stress during the 
growth of the active layers and more tensile stress added 
during the wafer cooling-down. 

Finally, we looked at changes in IDS after each 1 minute 
stress event only for the OFF-State stress condition (Fig. 5).    
The measurement of current was taken immediately after the 
electrical stress before the collection of I-V and threshold 
characteristics. Additionally, a compliance current of 0.1 
mA was set to avoid permanent destruction of devices. This 
testing configuration resulted in approximately 10 seconds 
between the stress event and acquisition of I-V curves. The 
results of the changes in IDS with applied voltage indicate a 

Fig. 4. Results of stress tests on Samples A, B, and C. Top row displays the changes in I-V curves both before (solid lines) and after (dashed
lines) the completion of the stress events for an OFF-state condition where VGS is held constant at -5V and VDS is incremented from 2V to
200V in 2V steps. Bottom row displays the changes in I-V curves before (solid lines) and after (dashed lines) the completion of the VDS=0
stress test where VGS is stepped between -2V and -200V in -2V increments. 

 



relatively small leakage current in the drain throughout the 
majority of the test for all samples. In the samples that 
demonstrated a residual tensile stress, a critical voltage was 
reached near a VDS = 170V for devices from samples A and 
B, while the tested device from sample C maintained a stable 
leakage current up to a VDS of 200V. It is important to note 
here that sample C does have a buffer layer that is 
approximately 30% larger than that of sample B. The thicker 
buffer layer with the combination of SL transition results in 
fewer dislocations, and a slightly compressive stress state 
that may be aiding in the stability of the device. Similar 
trends with increasing buffer thickness on the OFF-state 
critical voltage were observed by Wilson et al. [7].  
  
CONCLUSIONS 
 

In conclusion, we have successfully performed two 
separate electrical step stress tests on a series of three wafers 
consisting of identical AlGaN/GaN HEMT devices, but with 
different transition and buffer layers, as to create a range of 
residual stress in the GaN from tensile to compressive.  
Using an OFF-state stress condition we demonstrated a 
diminished current collapse when compared to that of a gate 
stress condition. Specifically, we compared devices from 
three wafers, with two wafers (A and B) being identical, 
except for an increased thickness in the GaN buffer for 
sample B, which results in a slightly higher tensile stress. 
For sample C, we have demonstrated the effect a SL 
structure can have in reducing tensile stress in the GaN 
channel and possibly aiding in the reduction of trapped 
charges, or enhancing the transient nature of the charges to 
return to the 2-DEG. Finally, we show a significant change 
in the drain leakage current of the samples. The results 
indicate that sample C, with slightly compressive stress and 
a thicker GaN buffer can reduce the leakage current and the 
critical voltage during the OFF-state stress test. 
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ACRONYMS 
 

GaN: Gallium Nitride 
AlGaN: Aluminum Gallium Nitride 
AlN: Aluminum Nitride 
HEMT: High Electron Mobility Transistor 
SL: Superlattice 
2-DEG: Two-Dimensional Electron Gas 
MOCVD: Metal Organic Chemical Vapor Deposition 
PL: Photoluminescence 
TEM: Transmission Electron Microscopy  

Fig. 5. Change in drain current after each 1 minute stress event. Devices from samples A and B that had initial tensile stress with a transition
layer of AlN/AlGaN both reach a critical voltage around 170V, while the device from sample C maintains steady current characteristics 
throughout the test.  


