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How eGaN FETs Work
and
State-of-the-Art Technology
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Power Switch Wish List
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Why Gallium Nitride?
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Enhancement Mode — eGaN FET
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Cascode GaN Device

Cascode devices combine a depletion mode GaN transistor
with a low voltage enhancement mode MOSFET
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Conduction Figure of Merit
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Hard-Switching Figure of Merit
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Soft-Switching Figure of Merit
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eGaN FET Loss Mechanisms

Like A MOSFET Not Like A MOSFET

/* |’°R Conduction Loss\  High Reverse I
e Capacitive Switching Conduction Loss

Losses * No Body Diode Reverse \
* Gate Drive Losses __Recovery Loss

\* Vx| Switching Loss /

Can be much, much better than
comparable silicon MOSFET
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Design Basics
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Gate Drive
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eGaN FET Driving Voltage Range
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Minimizing Overshoot
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Minimizing Overshoot

Vs eGaN FET

2 V/ div 80 ns/ div
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Minimizing Overshoot
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eGaN FET Driver IC

LM5113

Reference: Texas Instruments, “Gate Drivers for Enhancement Mode GaN Power FETs 100V Half-
Bridge and Low-Side Drivers Enable Greater Efficiency, Power Density, and Simplicity,” SNVB001
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Dead-time Requirements
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Reverse Conduction Period
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Reverse Conduction Period
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Impact of Dead-time

1.4
__12
S eGaN FET
" 1
(7))
9 os
o ||
_§ 0.6 ‘ Si MOSFET
1 w/o Q
Lo RR
o 04
.1\
Qo 0.2
. \ =——""oGaN FET w/Schottky
-5 0 5 10 15
Dead-Time (ns)

Vi =12 V, Vour=1.2 V, lgy1=20 A, and Fg=1 MHz

EPC - The Leader in eGaN® FETs | WWW.epc-C0.com




Impact of Dead-time

Output Current (loy7)
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PCB Layout
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ldeal Hard Switching
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40V Device Comparison

30

25

20

15

10

(Qgp*Qgs2)*Rpson (PC*Q)

)

FOM

o

eGaN® FET Si MOSFET 1 Si MOSFET 2 Si MOSFET 3 Si MOSFET 4

Vps=20 V, Ips= 20 A

EPC - The Leader in eGaN® FETs | WWW.epc-C0.com



Buck Converter Parasitics
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Packaging Evolution
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Layout Impact on Efficiency

Measured Efficiency
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Layout Impact on Peak Voltage
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Conventional Lateral Layout

Top View Side View
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Shield Layer
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Conventional Vertical Layout

Top View
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EPC Optimal Layout
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Optimal Layout Implementation

[
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Layout Comparisons

Vertical | Optimal
Lateral Loop
Loop Loop
Single Sided PCB
Capability Yes No Yes
Field Self Cancellation No Yes Yes
Inductance
Independent of Board Yes No Yes
Thickness
Shield Layer Required Yes No No
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Layout Inductance Comparison
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Power Loss Comparison
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Efficiency Comparison
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Voltage Overshoot Comparison
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Switching Speed Comparison
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eGaN FET vs. MOSFET
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eGaN FET vs. MOSFET Efficiency
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Pushing Frequency with eGaN FETs
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EPC9107 Demonstration Board
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Design Example Agenda

* Envelope Tracking

e 48 V- 12 V Power Conversion
* Hard Switching Brick

e Resonant Bus Converter

* High Current Non-Isolated Buck
* Wireless Power
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Envelope Tracking (ET)
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Why Envelope Tracking?

2 € Source: Cisco VNI Mobile
10 - Data Traffic Forecast

66% Compound
annual growth
rate (CAGR)

Exabytes per Month

2012 2013 2014 2015 2016 2017

Same average

Reference: Nujira.com website
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Peak to Average Power Ratio (PAPR)

Average Peak Power~g

Power

Fixed supply PAPR = 0dB
Peak efficiency
up to 65%
Average efficiency % Output
<25 % : Probability

Increasing PAPR

Output Power (dBm)
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Effect of Envelope Tracking

Average efficiency
> 50 % (incl. ET)

Envelope Tracking

Average,

Power

Output Power (dBm)
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Efficiency Results
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Loss Breakdown

EPC2007
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EPC2001
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High Frequency Device

EPC8005

EPC2014
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High Frequency Evaluation

« LM5113 BGA driver

« 2x 0201 resistors in
parallel to minimize gate
inductance
» Optimum gate and power
loops
42 V to 20V / 2 A buck
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High Frequency Efficiency
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10 MHz
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48 VV to 12 V Power Conversion
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Intermediate Bus Architecture

AC input: 90~265 V

| |
AC/DC P AC/DC
Front End Front End
a8V — !
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Bus o0 Bus
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12V b }

S5V 3.3V o0 012V
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100 V Hard Switching FOM
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-
Hard Switching Brick
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375 kHz eGaN FET
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Resonant Bus Converter
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Resonant Bus Converter

High Frequency DC/DC Transformer
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Ref: Y. Ren, M. Xu, J. Sun, and F. C. Lee, “A family of high power density unregulated bus converters,” IEEE
Trans. Power Electron., vol. 20, no. 5, pp. 1045-1054, Sep. 2005.
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100 V Soft Switching FOM
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40 V Soft Switching FOM
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eGaN® FET vs. MOSFET

MOSFET VS. eGaN®FET
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Z\V/S Switching Comparison

T,ys=42 ns

eGaN FET V4 MOSFET V.

MOSFET V¢
T,ys=87 ns

eGaN FET Vg

50 ns/ div

Fs= 1.2 MHz, V,y= 48V, and Vg ;= 12 V
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Duty Cycle Comparison

— Digurer = 42% |—

—>| Dyoser = 34% [—eGaN FET Vi
- MOSFET Vg

MOSFET V4
-eGaN FET Vgg |

100 ns/ div

Fs= 1.2 MHz, V,y= 48V, and Vg ;= 12 V
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Efficiency Comparison
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Loss Breakdown

Power Loss
(Vp/
12 -
10 -
m Gate Drive
8 A
® Transfomrer
Core
6 - = Conduction +
Turn Off
4 -
2 A
eGaN FET MOSFET eGaN FET MOSFET
loyr=2.5A lg,1=25A loyr =20A o1 =20A

Fs=1.2 MHz, V,y=48 V, and Vg ;= 12V
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Frequency Capability
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EPC9105 Bus Converter

EPC9105 Demonstration Board
36 - 60 Vy, 12 Voyr, 350 W, 1.2 MHz
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EPC9105 Bus Converter
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High Current Non-Isolated
Buck Converter
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48 V Buck Power Stage

22.8mm
1/8th Brick Width
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8 x EPC2001

4 Top Devices and 4 SR in parallel
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Parallel Loop Optimal Layout

10 V/ div 5 ns/ div
V=48 V Vo ;1=12 V l5,7=30 A Fg=300 kHz L=3.3 uH GaN FET T/SR: 100 V EPC2001
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Parallel eGaN FET Swithcing

1x eGaN FET
2x eGaN FET
4x eGaN FET
10 V/ div 5 ns/ div

V=48 V Vo 1=12 V I5,;1=30 A Fg=300 kHz L=10 uH GaN FET T/SR: 100 V EPC2001
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Parallel eGaN FET Swithcing

1x eGaN FET
2x eGaN FET
4x eGaN FET
10 V/ div 200 ns/ div

V=48 V Vo 1=12 V I5,;1=30 A Fg=300 kHz L=10 uH GaN FET T/SR: 100 V EPC2001
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Intermediate Bus Improvements
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Wireless Power
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Wireless Power
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Equivalent Circuit Model for the Coils
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Wireless Power

PSU -
Gate JK-}
I— H

Driver

Source Unit Un-Regulated
: DC output

Device
Unit

Resonant :: Capture
Source :: Device

Matching

:: Matching
Impedance o) ::

Impedance

: =
24Vpc Gate JK_} Network Network
| Driver |JI—
é : -..l ............. I. ............. l ............
: = Feedback and Wi'_I'ricity
Basic Control Coils

EPC - The Leader in eGaN® FETs |

WWW.epc-Cc0.com



Class D Wireless Power Transfer Overview
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Experimental System Setup

Coil eGaN FETs RF Device Device
Feedback connection Coil Board
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Efficiency as Function of Load Power

Efficiency [%] 6.639 MHz, 23.6 Q load
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A Look into the Future
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Breaking Down the Barriers

* Does it enable significant new capabilities?
* |sit easy to use?
* |s it VERY cost effective to the user?

e |sitreliable?
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Breaking Down the Barriers

* Does it enable significant new capabilities?
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eGaN FETs are FAST!

- 20V

EPC8007 driven by LM5113 Small signal Performance
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Breaking Down the Barriers

* |s it easy to use?
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Is an eGaN FET Easy to Use?

It’s just like a MOSFET

except

The high frequency capability makes circuits
using eGaN FETs sensitive to layout

The lower Vg ax) Of 6 V makes it advisable to
have V regulation in your gate drive circuitry
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Universities With GaN Transistor Programs

Universities all over the world are graduating well-trained
engineers experienced in the use of GaN Transistors

*  Virginia Tech

*  Ohio State University

. University of Tennessee

*  Florida State University

*  Auburn University

*  University of California at Santa Barbara

*  Rensselaer Polytechnic Institute

*  Hong Kong University of Science and
Technology

*  Cornell University

*  Katholieke Universiteit Leuven

. University of Bristol

*  University of Glasgow

*  University of Sheffield

. University of Warsaw

*  University of Sydney

*  Massachusetts Institute of Technology

*  Cambridge University

* National Central University of Taiwan

* National Taiwan University

Yale University

Chang Gung University
University of Florida

Case Western University
University of Toledo

Kyushu Institute of Technology
National Chiao Tung University
University of Texas

Yamaguchi University
Universitat Kassel

National Tsinghua University
Mid Sweden University

New Mexico State University
University of Johannesburg
University of Toronto

Universita di Padova

Delft University of Technology
Missouri University of Science and Technology
University of Maryland
Insitituto Italiano di Technologia
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Breaking Down the Barriers

e |s it VERY cost effective to the user?
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Silicon vs. eGaN Wafer Costs

Starting Material same same
Epi Growth higher ~same?
Wafer Fab same lower
Test same same
Assembly lower lower
OVERALL higher lower!
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Breaking Down the Barriers

e |s it reliable?
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eGaN FETs are Reliable
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New Technology in the Future
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EPC Into the Future

Generation 3
Higher Frequency

2010-2013 1 -3 GHz
40V -200 V Available Now
~500 MHz

‘ Higher Voltage

600 V
Generation 4
2 x FOM Improvement

More functions on a chip
Monolithic half bridge
Driver on power chip
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Summary

 eGaN FETs enable exciting new applications such
as RF Envelope Tracking and Wireless Power
Transmission

 eGaN FETs have the potential to replace silicon
power MOSFETs in power conversion applications
with a low-cost and higher efficiency solution

* eGaN FETs are straightforward to use, but you
can’t just drop them into a MOSFET socket. Some
R&D is needed — start today!
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