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1 Project Description

In this semester project a Gallium Nitride (GaN) based High-Electron Mobility Transistor (HEMT)
will be optimized for high breakdown voltages: three basic field-plate geometries are simulated
and compared to experimental results. Finally, based on the experimentally verified model, a new,
optimized field-plate design will be proposed by the student.

A field-plate is used to reshape the electrical field distribution and reduces its peak value at
the drain-side of the gate: This minimizes the risk of a break-down at the drain side and hinders
high field trapping of electrons. A well designed field plate maximizes the off-state breakdown
voltage BV, g without considerable decrease in the current gain cutoff frequency fr. For GaN-
based HEMT transistors the product fr x BVg is roughly ~ 5 THz x V. Here, we are aiming for
BV,g > 100V (i. e. fr =~ 50 GHz).
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The figure shows the simplified cross section of three basic field-plate geometries a), b) and c).
They were chosen as a starting point for the project and are currently fabricated in the MWE-
laboratory. Device type a) has a symmetric field plate and is expected to show higher breakdown
voltages than a device geometry without any field plate. Device type b) shapes the field more
towards the drain-side and is expected to outperform a) used in e.g. [2]. In c¢) the field plate is
also oriented towards the drain and is connected to the gate-foot at the end point of the gate.
Compared to b) an additional passivation layer is used between the field-plate and the gate-foot [3].

Experimentally, this semester project offers the student to gain experience in the characterization
and measurements of high-power transistors. Theoretically, the electrical field in the gate region
will be simulated for the three different field-plate geometries and will be compared to the measured
break-down voltages. Once the developed model can predict the behavior of the three starting
field-plate geometries it will be used to improve future devices. For example, one promising, but
fabrication-wise more challenging route is a slant field plate device as described in [4].


https://www.ee.ethz.ch/studies/main-master/projects-and-master-thesis.html

The optimized field-plate design developed in this Semester thesis can be used to start a Master
thesis project, which involves the fabrication of the optimized field plate design in the FIRST-
cleanroom.
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2 Organisation and Working packages
e Preparation of a written report and presentation

O Introduction:
0 Choice of the simulator
[0 Definition of source, gate, drain contacts: Simulation of IV-curves to verify the influence
of the gate-bias on the source-drain current
[0 Main part:

O Identification of critical electrical field points depending on the bias point (when does
the transistor break down?)

O How do the different field-plate configurations mend the critical field points?
[0 Prediction of break-down voltages based on the electrical field simulations

O Comparison with experimental results

O Outlook: Optimized design- and fabrication-proposal


http://dx.doi.org/ 10.1109/TMTT.2012.2187535
http://dx.doi.org/ 10.1109/TMTT.2012.2187535
http://dx.doi.org/10.1002/pssc.201001103
http://dx.doi.org/10.1002/pssc.201001103
http://dx.doi.org/10.1109/CSICS.2006.319926
http://dx.doi.org/10.1109/CSICS.2006.319926
http://stacks.iop.org/1882-0786/7/i=9/a=096501

	Project Description
	Organisation and Working packages

