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1. Title of the Project: Development of Gallium Nitride (GaN) Based Technology Platform
for THz Applications

2. Date of Start of the Project: 01.10.2021.

3. Aims and Objectives:
1. To pursue disruptive and translational approaches for addressing fundamental
roadblocks in developing Gallium Nitride (GaN) based technology platform for THz
applications.

2. Demonstration of GaN based THz Devices.

4. Significant achievements (not more than 500 words to include List of patents,
publications, prototype, deployment etc): In the previous report, we showed the
results of scaled GaN RF HEMTs and fabricated a device with gate lengths of 300 nm
and drain source distance of 4.3 um. The devices showed a maximum current of 1
A/mm, transconductance (gm) of 200 mS/mm, and fr of 35 GHz. However, scaling of
devices leads to lower breakdown voltages, short channel effects and degraded current
collapse behavior due to increase in the channel electric field. Thus, efficient
distribution of the electric field is important. Considering these problems, a unique high-

k passivation was developed to increase gate control while also improving the



distribution of the electric field. We created a unique high k ternary oxide, AlxTi1.xO,

with this goal in mind. The p-type character of the oxide aids in the effective

redistribution of the channel electric field, improving breakdown voltage and lowering
current collapse, while the high-k property aids in achieving good gate control reducing
the short channel effects. We have investigated the various reliability challenges faced
in GaN-on-Si HEMTs and proposed device design guidelines to mitigate these
reliability issues, resulting in many important publications. These studies are in line with
the RF technology and can be used as guidelines to improve the performance and
robustness of GaN-on-Si RF HEMTs. Following is the list of key publications.
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5. Concluding remarks: Now that mm-W characteristics have been achieved, further
focus will be on the remaining objectives which include:
THz operation: Optimization of the high k dielectric is required further in addition to
scaling of the device to achieve THz operation.
Contact Optimization: Contact resistance should be low to enhance the drive current,
the current contact resistance is Rc = 0.7 Q-mm, however for RF applications, Rc of <
0.5 Q-mm is desirable. To achieve low RC different metal stacks will be used, AlGaN

barrier recess depth will be varied, and annealing temperature will be optimized.



Reliability study: After meeting the targeted specifications of millimeter wave GaN-on-
Si RF devices, they will be subjugated to standard and novel DC and RF stress scenarios
emulating the situations the devices face in real circuit applications. This will be done to
study the failure points and reliability bottlenecks of the device. Further computational
modelling of the experiments will be done to gain better physical insights into the
failure mechanisms. Based on the results design guidelines will be proposed to mitigate
the failures and enhance device performance. The device design will be implemented to
make the device more robust and achieve a reliable and high-performance GaN-on-Si
RF HEMT for THz devices.



