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Agenda
* Introduction to the ePower™ stage

« 300 W 1/, ;" Brick Converter
» Application details

* Experimental results

* 400 W BLDC Motor Drive
 Application detalls
* Experimental results

 Conclusion
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Introducing ePower™ Stag

EPC2152 — Monolithic GaN half-bridge with driver with
bootstrap supply

* Near zero common source inductance 80 Vpsmaxw Rosen) yp = 10 MQ
* Driver matched to FETs
* Thermal balancing

« Layout friendly

3.9x2.6 mm
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eGaN IC Application Examples

« 300 W 1/, ,th Brick Converter

« Small size
* Low component count

EPC9146 motor dﬂ%ﬁéu;:i‘l; oy

Rev. 1.0

JEPCEp  ceoversiaee =

o epc 2020 [
mh

For evaluation only;
not FCC approved for
resale

* 400 W BLDC Motor drive _;
» Quiet operation r AT
* Reduced input ripple [T
* Higher frequency

EREREER ERRERADELR

SN#2009-004
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300 W Y/, .th Brick Converter
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GaN Value in 48 V DC to DC Converters

With respect to MOSFETSs:

 Reduced FOM ~ 4 times 1000 N A
| ’
. c MOSFETs e
« Lower Qg ~ 5 -10 times E R o
£ 2~ ~16
— ’ X
* Lower Rpgop at Vgs =5V £ 100 X
2 a8 D'
* Lower Qqss E 5’ _—
2 .’/ /

« Lower Qgp | . A “4x_JeGaN FETs & ICs
e 7€ro 0 50 100 150 200
QRR Drain-to-Source Voltage (V)

« Smaller
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System Overview

Th e SySt e m Com p rl SeS: /] SJB/SI; ::;,: :::::::::::R__é:rs_é_5_:[:e:é:2_)_2::::::::::::::::::::::_\“i\‘: 048V
- GaN IC ePower stage 1T

Supply |IC CIN

— Drv =

* Housekeeping power supply o
» Digital controller 0"

controller COut
» Current sense amplifiers Z_I_ T

p O PGND
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Experimental 300 W /" Brick Converter
33 mm [13|n]

— SO A D — — :
S §5§a§55§t \ = SETTRCTN!
i =+
E Output_ Input
= Capacitors Capacitors
2
[Q\
N \ 4
\! : i
GaN IC Inductor Current
Housekeeping EPC2152 Sense Controller
- - dsPIC33CK
9.1 mm  programming/
| [0:36In]  communications Housekeeping

connection

Power Supply
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Bi-directional Conversion Efficiency

Buck operation Reverse Boost operation
* 48 V¢ Input * 12 V¢ Input
* 12 V- output * 48 V. output
96 96
941 94 1
592 =02
3 901 5 90-
i —e— 1700 LFM 0
88 881
—=— 400 LFM —e— Boost, 1700 LFM
86 . . . . 86 . . . . .
5 10 15 20 25 0 1 2 3 4 5 6
lout [A] lout [A]
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400 W BLDC Motor drive
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GaN Benefits in BLDC Motor Drives

GaN FET/ICs switch fast with Qrr =0

—

Higher switching frequency Lower dead time
* Lower distortion — lower acoustic noise . 10 kHz PWM
* Lower current ripple — reduced magnetic loss Votor |
. Lower torque ripple — improved precision Curen /N\/
. iltering — lower weigh ize. 200
lc_Z(;Vr\lleer\tlilttceh t(§J Ceraomii Czlc[)ase:(,:itoersg & size - 100 kHz PWM
« Smaller size enables incorporation into motor /\/
housing |
« Supports low inductance, higher power density 200-
motors
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BLDC Motor Drive Overview

__________________________________________________________________________________

HV VDD
PSU

< [3v3

(0 O)
00
To/From 3%
Controller 00

Interface board

Current sense
amplifiers

oo 19

=HEEHE
o
O

Inverter
Board

o -y T T T T —— - - —
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3-Phase Motor Drive

* 15V —60 Vpe supply  Power a 400 W NEMA 34 Motor
* 15 A,.a PEr phase  Measures 55 mm x 45 mm
Main Power Connection Current Sense Heatsink Gate driver support .
mounting components Power decoupling

capacitors
Housekeeping  [ESmaper it il ’ L
Power Supply " '

EPC9146 motrr ‘dﬁv_ei‘é.,;?i"m' -

Ll P e ]
o

—— - —

For evaluation only
not FCC approved for

NN

SN#2009-004

(LELEL

EPC2152
ePower™ Stage

i | : Control connection
Optional \votor Connection

Filter
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Motor Control Overview
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Experimental Testing Overview

» Hysteresis brake
dynamometer for loading

 NEMA 34 motor

. Sensorless FOC SVPWM == 1hi» P tee S aE\

e " , - \ .\ \
control R i N
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Impact of Dead-Time
36 V. DC supply, 5 Ag,,s Motor phase current, 20 kHz

Modulation Voltage — Modulation Voltage

V,-DCbus- ' | | | f‘ V,, - DCbus-

Phase U
current

Phase U
current

e J me 5 20 ms oms oms B A ms £ s
------- duly(C1) F10 P11 Pl amphc1) P2 legC1) Fanrs(cs) duly(C1) Pa. FE. Fr. PB. Fo. F10 P11 P12
AT % 50034 3074 %
v '
e . g T |
ill i Seidiv H 500 m
0.0 mA offset 0 msidivy JIMS 62 ; A\ offset msidivy : JLIMS 625 3
TELEDYNE LECADY 2272021 61857 FM - TELEDYME LECADY 222021 B2Z21

500ns dead time 21ns dead time
* Video link on dead time effect to acoustic noise: https://youtu.be/nr80sdYyL-M
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https://youtu.be/nr80sdYyL-M

Impact of Switching Frequency

| _ Setup 1 Setup 2
 Electrolytic Capacitors:

* Over-sized by RMS current rating
» Size unaffected by PWM frequency
lcap rRms = 0-65 X 1 rvis
_ _ Parameter
* Ceramic Capacitors: WM
 Sized by Voltage ripple 20 kHz 100 kHz
. Frequency
« Size decrease by PWM frequency .
- Optimal ESR at 100 kHz Deadtime 500 ns 21 ns
1 ] Input 2 x 330 uF 2 x22 uF
Avy,), & if CO Capacitors Electrolytic Ceramic X7R
sw =t Input inductor 1x2.7uH None
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Input Voltage and Current Ripple Comparison

36 V. DC supply, 5 Ags Motor phase current
Setup 1: 20 kHz 500ns dead time Setup 2: 100kHz 21ns dead time

24 24 1
44 1 : 2 T
HA BTy 1
BA aa
T E 150 T S [ 5 s 15 ERT e 25 s [ 0rs S s T 0rs
IV WAV |
~ |
.. Phas curren | ... Phas rre L |
2ETEY | t :: >1 v 1 ! |
WTTEY - - I -

wiy Lo o et P e il faraee o e " e L et e o A, A b A A A M A ¥ y A A P
Jrp— '1 b ! - N“L i 0 V‘{ . i \ . O i T ‘{ ‘\ l\ T | i ,.\"‘ - \\;./" ] J/ \ '»’fdb\.“‘/M"l LY . -\_. o \' o " Y L _r’/ K\ ,-f/t-"\ - A\M/'M‘\‘ x/ AN /_._/‘"\ / lf\w_ A \\ |
v | e 0 d e 1 Y 4 ) ey W ny “ay Y e é! \w il oy A L o 5 - 'S
A ATEY f AHaw |
AIATEY 1Y 1
TR
r GBIy 0813 ms 0863 ms ya‘q}' 025 s T e TS ms 7088 ms TS s
P11--- P12-.- asure P1ampl(C1) P2 I C1} PIm&(CS) Pd dutypC1} P [C1)
:5
an 10,0 Wi 2.00 Aiik 2 00 Adiiv] 200 mividiv 500 mAiv

e WY A - -
Input current Input current

Original LC *9 Ceramic »
m I input filter capacitors

2.7uH + 660uF 44uF

GTE3Ims
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Thermal Performance

* 44 Ve, 40 kHz, 21ns deadtime
10 Agyvis

6.0A i '
RMS  Natural convection cooling With heatsink

No heatsink

(P

16056
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Conclusions

Monolithic GaN ePower™ stage demonstrated In:
300W 1/,.t" Brick Converter
* High power density

* Reduced component count
400 W, 3-phase BLDC motor drive dellvers
* Quiet operation

* Higher precision

« Compact solution

* Elimination of electrolytic capacitors
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https://epc-co.com/epc/Products/DemoBoards/EvaluationKits.aspx
https://epc-co.com/

