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Outline

« A 300V GaN Based Boost Converter
» \oltage Overshoot on Normally Off GaN Devices
* Future Directions



300 V GaN Based Boost Converter

IN SIMULATION

Id vs Vds

GaN MCM
GaN
upper

Upper gate
driver

(A) :Vds(V) (A):tis)

id

| (V) :s)

GaN

| valsi
lower

3633004m  3.633008m  3.633012m
1(s)

(T U o e O e
00 025 05 075 10 125 15 175 20
Vds(V)

Switching and Efficiency

Boost Converter

Simulation
Model Development =hrlEifiar
Model validation and Future
work. What does the model
project in higher power
circuits?
IN EXPERIMENTATION

GaN MCM .
GaN

Upper gate
driver b

GaN
lower

3
5
Lower gate
’ _ driver
R r———
00 05 10 15 20 25 30 3

Vps (V)
Device Characterization Boost Converter
Implementation

Switching and Efficiency
Characterization



Experimental GaN Boost Converter

* 600V GaN FETs used to boost 150 V t0 300 V @ 1MHz In
synchronous configuration. 6 transistors used = 240 mm of
gate width.
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Experimental GaN Boost Converter

« GaN MCM for low stray inductance. Designed to mitigate
overshoot and “Miller Turn-On.”
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Experimental GaN Boost Converter
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Experimental GaN Boost Converter

Efficiency vs switching current
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GaN Device Model
Development Iin SaberRD



GaN Model Development

o SaberRD used to model 5 essential DC characteristics.
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GaN Model Development

SaberRD used to model 5 essential DC characteristics.
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GaN Model Development

o SaberRD used to model 5 essential DC characteristics.
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GaN Model Simulation
Results 1n Boost Converter



Simulation Results

Simulated GaN based synchronous boost converter. One 40mm
transistor used for each device.
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Simulation Results

Select a point to demonstrate validity of the model. Once the
model is deemed valid, higher voltage converters will be used.
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Simulation Results

« Switching waveforms at 9.4/6 A. Rise and fall times consistent
with experiment.
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Output voltage

Simulation Results
« Simulated boost converter voltage and current at 9.4/6 A.

Inductor current

3750 -

Graph12

3600 -

2750 -

2000 -

1500 -

2250 |-

T T

T

I

[
00

S00u  1.0m

]

(V):t6)
n_t1

15m  20m  25m  30m 35m  40m

i(s)

16
158 {

156
154 1L

36325m 3633m 36335m 3634m 36345m
ts)




Simulation Results

« Boost converter input/output power and efficiency.
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Simulation vs Experiment

 Efficiency vs switching current in mA/mm
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Concluding Remarks

« GaN technology is well suited to revolutionize next generation
power electronics, enabling converter efficiencies of 96% at 1
MHz

« Considerable technology readiness factors at both device circuits
and device physics levels have hindered their widespread adoption
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Thank you, questions?

Raghav Khanna
raghav.khanna@utoledo.edu
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