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Welcome! In this webinar we will show how GaN-based solutions are improving
motor drives by enabling smaller, lighter, more precise systems. We will review some
key applications using these systems including e-mobility, cobots and robots, DC
servo drives, drones, and automotive.
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First, (build 1) we will explain the value of eGaN devices for 48V
motor drives.
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Then (build 2) we will review the key applications.
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Next (build 3) we will review EPC’ s product portfolio for motor
drives.
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And lastly, (build 4) we’ 11 get a look at our Field Application
Engineering lab in Italy where Marco Palma will give us a
demonstration of a GaN-based motor drive.
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BLDC motors are a class of permanent magnet motor that operate at
voltages and currents well aligned to GaN FETs capability. They are
popular due to:
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(Build 1)
Their high torque and power density giving them a small size
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(Build 2)

Wide speed range capability
BA B (1) P i

(Build 3)

High efficiency
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and are brushless thus ensuring low EMI generation.
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(Build 5)

BLDC motors are being employed in an increasing number of
applications such as:

Robotics for precision control for applications such as medical,
manufacturing and warehouse robots
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(Build 6)
Drones that require lightweight solutions
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(Build 7)
And e-bike traction drives that need to be small and low cost.

LU 5 ZAR RN H AR g o 7 S K L3l B AT 4252 5] SR Bh 4%

In this webinar, we will show a simple, compact, lightweight approach
to motor drives using GaN FETs.
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First, let’ s look at the many applications for motor drives and
discuss where GaN fits and where it does not.
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EPC GaN devices target applications where the input voltage is
between 24V and 150V and typically 48V. The key application, as

we’ ve said, is brushless DC Motors, or BLDC.
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Typical applications are (build 1) servo drives, (build 2) e-bikes &
e—scooters, (build 3) collaborative and low voltage robot and medical
robotics, (build 4) industrial drones, and (build 5) automotive
motors.
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In these applications the motor drive is integrated to the motor and



miniaturization and low weight is a key differentiation for eGaN.
Finally, higher battery efficiency is very important for longer
battery life.
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Now let’ s look at where we GaN is not necessarily a good fit.
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Brushed motors (build 6), they are disappearing, and most are driven
with a side chopper that does not need speed. Therefore, these are
not a target for GaN.
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As for stepper motor (build 7), typical for small appliances, this is
the domain of MOSFETs.
X TN KB ED AL, X EMOSFET B 453 .

As for industrial robotics and appliances (build 8), these
application are generally higher voltage and higher power. This is
the domain of HV IGBT.

YT T FHALER AR 2%, XL B E B A E BRI, Xk
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Now you have an idea of what portion of the motor drive market GaN is
best suited for - these are the applications where GaN has the most

value.
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GaN FET/ICs switch fast with no Qg = 0

higher switching frequency lower dead time

- BIRRE —~ EREH wy T0KRZPON

TR ~ R e \W/,

- BRIk > FrEHE .2::0 100 kHz PWM

« EIRUES ~ RAER. BEREE /-/“\ )
RSB/ —

© ST R L

GaN FETs switch faster and have zero reverse recovery compared to
MOSFETs allowing them to operate at higher frequency efficiently and
reduce dead time to value not achievable with other technologies.

This opens the possibility of higher switching frequency motor drives
where 20 - 60 kHz have traditionally been used.

5MOSFETAH L, GaN FETH)JFOCIH BE P H oA IR,  NTIAE & Ref 7E 5 i
PIERR, R TAE T H A BRI a) B AR 22 e B AR Te ik S s (], AL
1A AT RESE LB A B m M AR (1 BN LIR BN 48, T8 1A H 220760 kHz.

Additional benefits of operating at a higher switching frequency
include:
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(Build 1)
Lower distortion of the applied voltage waveforms that allows higher
speed while keeping acoustic noise low
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(Build 2)



Lower ripple current reduces AC magnetic losses and thus yield higher
motor efficiency and lower operating temperature
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(Build 3)

Reduced torque ripple that reduces mechanical vibration that is not
desired in applications as servo motor or strength amplifiers such as
electronic power steering
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(Build 4)

Lower filtering requirements thus reducing filter cost, weight and
size of the inverter. Electrolytic capacitors may eventually be
replaced with ceramic capacitors.
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(Build 5)
And supports newer class of low inductance motors such as slot—less
motors
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Even though our devices are very small, thermal is not a concern due
to the excellent thermal properties of our eGaN dies. On the left you
can see that the thermal resistance to pcb is similar to FETs.
RIAERRATTRI 2SR ST/, BT eGaNith Fr B T A B R BE . HGAAS J2 ) /8
HERIE T UES], BUNEPCBRIAM, SEEFFETHZ,

However, on the right we are comparing thermal resistance to case
against the absolute best thermal package available for MOSFETs -
the Direct FET.

HiE, fEAE, RO EI RIS T & fEiid 3 (Direct FET)
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The eGaN devices are 6 times better than the best—in—class DirectFET
because eGaN dies can dissipate heat through the pcb, top, AND the
lateral sides.
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degC
A 124.841155

Decoupling Gap filler

Heat Spreader capacitors
115 | / Thermal shim

SMD
110 threaded
standoff
"

¥ 100.004678

» 6 W DC power dissipation in the device
+ 125°C average T, with heat spreader at 100 °C

* 1.5 mm x 3 mm x 0.7 mm thermal shim, 6 W/mK gap filler, 0.2 mm
spacing to heat spreader
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The lower thermal resistance results in incredible thermal
performance. Here you can see that a tiny 4 mm2 die can dissipate 6 W
with temperature rise of only 24 degrees, or 4 deg C per Watt.
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A lot of additional information on thermal handling can be found in
EPC web, including a complete seminar on thermal designs.
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For motor drives, size and cost dominate, and efficiency is dominated
by the motor. Therefore, a key objective for many applications is to
drive the most current in as small a volume as possible.
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The major value of eGaN devices for cobot and low voltage robot
motors is small size and low weight.
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Additionally, low switching losses enable an increase in the
switching frequency for higher precision.

FAh ARITRBAERTIR T MR, I SIS = RAS L

While high voltage industrial robots are usually based on AC drives
at 380V 3 ph, for these applications a low voltage operation is
preferred because humans are near—-by in the range of operation.
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Collaborative robot, or cobot, and low voltage industrial robots are a target
application for GaN. One customer who has been successful using GaN in this
application is the Ingenia Everest that uses EPC2022.

PMENLEEA (Ficobot) FEE T AR A EGaNsSHFIVBFRN A, #FH
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The eGaN FETs allow a very small size motor drive that delivers very high efficiency
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The value of GaN devices for medical is huge---. Precision can
literally save lives when used for surgical robotics!
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Additionally, high frequency operation improves accuracy for
diagnostic and display devices.
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In drone applications each arm of the drone has a motor and the motor
drives need to be very small to be integrated with the motor in the
arm.

RN, AN ERAS T EHAG AL, i H LIRS0 & 5 258
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Industrial drones have on average 6 motors per drone. eGaN devices
allow smaller and lighter drones that have higher battery efficiency
and can fly farther.
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The e-mobility market for bikes and scooters is huge, 40 Mu in 2020. However this is
not all addressable with GaN.
BTEMBERENBIETHEKR, 220205 8A24THE. ERKEFREH
AR UEZFHFE RIS

eGaN devices will be the best solution for the high-end portion of the market (build
1) where it is essential that the motor is very small and very light.
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DC Servo Drives are used for machine tools, packaging, and textile.
In DC Servo Drives the inverter is integrated to the motor and
therefore high precision and miniaturization is key.

B RIRE#H TAUR . B3R . EER ARSI S, PS5 H
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Additionally, higher frequency operations achievable with eGaN
devices reduces EMI and save equipment costs because EMI cables and
winding shields are no longer required.

A, BT AT EEMT A4 FNZe 8 bR, (K I eGaNgs {4l 75 B = AR T AR
FEAREMT 715 4 152 28 A

The sweet spot for eGaN devices is 10 Vdc to 150 Vdc @ 1-2kW DC input.
Outside of this range IGBT solutions are generally used

eGaN#SF () e fE TAEJE B A AE L 2kW, 10 VDC™150 VDC. fEMLyulE 2 4b, @%
i FHIGBT R Y 7 .
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There are, on average, ten electric motors per car for operations
such as door locks, trunk latches, retracting roof, gas pumps,
ventilation, battery management, heating control, electric steering,
just to name a few. BLDC motors are simpler to maintain, more
durable, smaller, much more energy efficient, are able to respond
faster and at higher operating speeds, and they are considerably
lighter. BLDC motors are also less prone to the types of failures
experienced by brushed motors, leading to lower warranty costs. As
cars migrate to a 48 V-bus architecture, BLDC motors become even more
attractive for power levels between 30 W to 1 kW compared with
brushed or AC induction motors. The value for eGaN devices in the 48
V automotive motors is that they can reduce the size and weight of
the motors, no audible noise, better torque, extended battery life,
and higher efficiency.
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A practical high—-performance BLDC motor drive requires, the following
functional elements:

S FH v P REBLDC PR AL 9K B 2% 75 22 LA B D) g -

(build 1)

Voltage and current sense for each of the phases of the motor. The
motor phase currents are measured using shunts where the voltage is
amplified using a high—performance shunt amplifier. Voltage
measurement is from each phase to ground using a simple voltage
divider resistor network. Voltage sense for the DC supply to the
drive, using the same techniques as for the motor phase voltage
measurement

HELBIL P9 %A B0 F T R R RN /A I — 6 P - e s 0 rE L PP AR B F
HAASE P R P BE I B s AT AT EABOK L I

A5t FH ] B ) 0 T 4 FELBEL I 2%, - AT B - R HL I
A8 FH FRUATL A A8 R 0 B R R 5, X6 IR 0 8 PR EL JAT R PR AT HR T A
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(build 2)

A housekeeping power supply for the power stage ICs that required 12
V and controller that requires 3.3 V. And an interface to the motion
controller.

T TREL2 VDI RS, FFEES. 3 VI GIas i g B s, DL
e Eicttiil e R WS

(build 3)
An optional filter between the switch—node and the motor connection
that can be configured as either a harmonic filter or EMI filter.

TP AT N LIE T2 2 [R) T B P8 A, T LA B O U B R B A% BEM TSI 4%

(build 4)
A 3-phase half-bridge power stage
=ML .

(build 5)
Each of the half-bridge power stages use one EPC2152 ePower Stage and
requires only a few support capacitors.

A2 —/NEPC2152 ePower Stage, FFHANFEE LA
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An experimental 3-phase BLDC motor drive was designed and built to
operate from a 15 V through 60 V main DC supply and deliver a peak
current of 15 A into each phase of the motor. The drive can power a
400 W NEMA 34 size BLDC motor and measures just 55 by 45 mm. The
drive includes the following features

BATBE IR — AN S2 36 1 1) = AHBLDCHEALIKZh 2%, FEAEL5 V760 VIIDCHJE
TAE, VAICK15 ARUEME R, 2SRRI

ZIKBhE AT LIA400 W NEMA. R~} N34 BLDCHENLALH, HRSFAUANS5 x 45
mm. ZIKBNESELEE LR ThEE

(Build 1)

A main DC supply connection and a housekeeping power supply that
operates off the main supply to provide 12 V for the ePower stage and
3.3 V for the controller

—NEEMERER, MW, 8 EJEAEE, NePower Stagef
fE12 VELIE, PLEONEEGIERIRAE3. 3 VI,

(Build 2)
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A motor connection including an earth

BB A LER

(Build 3)
A current sense for each of the phases

BEAH 1 FL LA IR -

(Build 4)
An optional Filter to reduce dv/dt on the motor windings

AR AUER A, A FRRALZ R Eidy / dt.

(Build 5)
A heatsink mounting option
B AR I

(Build 6)

The ePower stages showing the zoomed in portion for one of the phases
and The EPC2152 ePower stage that can operate from 20 kHz through 1
MHz switching frequency

ePower Stage @~ H P —H IR 4>, EPC2152 ePower Stage®] PATE20 klz
21 MHzHYFFRAE T TAE

(Build 7)
The power stage decoupling capacitors and the gate driver support
components

WESTES 1Y I S S T a o
(Build 8)

And finally the controller and controller connection

Hi J A A ) S T 48 1l 88 P 2
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First, we tested the motor drive operating from a 48 V DC supply voltage delivering up
to 3.7 ARMS into each phase of the motor with a Field Oriented Control sensor-less
algorithm.

Bk, RIMEALERs#EpEREEHEZE, Wil TA48 VDCHFEHRET, K
5143.7 ARMSTR R 2| BB L 1948,

We used a 40kHz PWM frequency and 500ns deadtime that are typical of MOS based
inverters. Using MOS, higher frequency results in higher losses and deadtime cannot
be further reduced due to MOS switching behavior. As can be seen in these
waveforms, the 500 ns deadtime is significantly distorting the phase current.

{1152 F340 kHz PWMEIZE FN500 nsIE X A 8], X 2E TMOSAYIY 325 AY L A4
EMIEXA[E], FAMOSHAR, BReMMERSSRESMNFE, FEHT
MOSEYFF K45, TR — PR IEXAS[E], MXLLFRFTTUIEE], 500 ns
FYZE X B (8] =B S0 7 AHER R o
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Next, we adjusted the dead time to be 50 ns which is something that
can only be achieved with gallium nitride.

PRk, FRATKIEX BT EHEA50 ns, X 2 AEH B S2T

In this example, we are still switching at 40 kHz and delivering 3.7
ARMS into each phase of the motor. Look how much smoother the
waveform is with a 50 ns deadtime.

FELTEGIH, FAIFE40 kHzFFoG, FF443. 7 ARMSAEH I HHLIBEAH. BE
XI5} (8] 50 nsHP YR TEH 2 T .

We ran the inverter at 40kHz to directly depict the differences vs.
MOS based inverters. As a matter of fact, GaN based inverters can
switch at a faster frequency than MOS, bringing more system benefits
such as input filter reduction.

FAMTLAAOKHZ SIS AT AR 48, DAE A 5 2 T MOSZAF 1 1 AR 28 AN A
SEbr b, TR SRR SR ] DAL FMOS 8RR B s AR R, SEBLEE
PO IS, I R E Z RS, 51w DHn AN JEE
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Now, let’ s see some video footage of this demo in action--*
WAE, iFIRAIE BB RHFIFAE LabffiMarco yIRA T 7~ 3¢ T B ALK S R R4
B,
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Thank you to Marco for providing that video of the motor drive demo. Now, we’'ll
take a quick look at which EPC devices allow smaller, lighter and more accurate motor
drives.

BeitMarco5EA D ZB RN ER. IME, LB EWLEPCERF T UL
MENEL, ERITHMERFENBIIKERS,
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2x3.5mm 2x3.5mm

15x1.5mm 15x25mm 15
1.3 x0.85 mm ) {M
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EPC2051 EPC2052 EPC2045 EPC2204 EPC2053 EPC2218

Parameter | (@ 5 Vgs) (@5 Vgs) (@ 5 Vgs) (@5 Ves) (@ 5 Vgs) (@ 5 Vgs)
Ros(on) tYP 20 mQ 10 mQ 5.6 mQ 45mQ 3.2mQ 25mQ
3.2mQ

Rps(on) Max 25 mQ 12.5 mQ 7 mQ 5.6 mQ 3.8 mQ

Qg typ 1.7nC 3.7nC 59nC 6.4nC 12nC 11.8nC

Qoo typ (1) 0.3nC 0.5nC 0.8nC 0.9nC 1.5nC 1.6nC
Qoss typ(1) 7.3nC 13nC 25nC 25nC 45nC 46 nC

Qrr typ | 0nc onc onc 0nC onc onc |
Rg typ 0.8Q 0.7Q 0.6 Q 0.6 Q

Area | 1.11 mm? 2.25 mm? 3.75 mm? 3.75 mm?2 7 mm? 7 mm? |

(1) atVpg =50V

Power Conversion Technology Leader

epc-co.com

EPC offers a full range of 100 V FETs with RDSon ranging from 20 mOhm to 2.5
mOhm(build 1). Gate charge is very small, (build 2) from 1.7 nC to 11.8 nC, Qgd is also
very small, for very low switching losses, and Qrr is O.

EPCIR {100 V FETRY BN RS, HS@HEAISEEM20 mOhmE[2.5 mOhm,  #f
REB AR/, M1.7nCE[11.8nC, T HQedth 1R/, BULFFXRBFERIK, UK

Farr,

The device area is ultra small (build 3), from 1mm2 to 7mm2. The BGA devices (with
the exception of EPC2051) can nest, so that the same layout can accommodate
different FETs to allow easy & flexible upgrade for efficiency or load current changes.
SAEEIRE/N, NIFEFTZKRE7ETTERK, FHABGAH KM=R4 (EPC2051BR5M)
JMHE, RERENTRERNETNARAIFET, Mol RNk RIEHEE
RYNHBRNEN, EERFEHAR.
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=
EPCEHER G EREN TR EFC
\ Ves Max Qg typ QeptyP | Qosstyp Qgretyp | Dimensions
m typ [V] | Rosen [nC] [nC] [nC] [nC] [mm?]
[mohm]
10 4.8 58 17 95 ... 120 30

DS

ax
NTMFS6B03 100
BSC035N10 100

BSCO30N08 80 10 3.0 61 13 73 94 30
EPC2053 100 ) 3.8 11.4 1L 45 0 7
EPC2045 100 5 7 6 0.8 16 0 BY5
EPC2052 100 5 135 3.5 0.5 13 0 2.25

TFPWM AR (20 kHz ~ 40 kHz)
EEsnEML, TH/N0% EPCHIEAL B 2344

- WHRAKE _— SEPL AR AL,
© SEHBR/MUSEIX ]
R ERIPW #%E (40 kHz ~100 kHz) , R~J/MR%

Power Conversion Technology Leader

epc-co.com

Comparing EPC FETs to major competition for motor drives, one can see
that EPC devices have the same RDSon in 1/5 of the size. For the same
RDSon, they offer lower Qg and Qgd (build 1) for less switching
losses, and the huge advantage of no reverse recovery losses.

T A FEBLAKED 4%, XTEPC A AL BRI 30N i A8 5 T B S o0 kAT LA, T
LA BIEPCERAT AL/ 510 R St AT AH R ) 338 LB

iy HAEA R @ AP R, A A H R AL AR AIQe MQed, MM IF 10 FE,
I HBAT A AR AR E RIS

(build 2)At low PWM frequency (i.e. 20kHz —— 40kHz) EPC devices
- occupy 30% of total area vs competitive benchmark

— (build 3) Do not have any reverse recovery

- (buidl 4) And enable minimum dead times

5 a8 AR HEA L, E(RPWARZER T, RI20 kHzZ40 kHz, EPCHSfF:
- B S AR A 30%

- WA RIAKE

= H AT DS IR /ME R FE X I T]
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(Build 5) At higher PWM frequency (i.e. 40 kHz - 100kHz) EPC devices
can further shrink the dimensions with new Genb devices

16 EIPWAR 2 (BEI40kHz % 100kHz) F, EPCIIEHT & FACEAE v Lt —
AN

Overall, (build 6) eGaN devices allow miniaturization

EATT S, eGaNas 4 m SEIL /N R AL LT AR E 45 -
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Integration

Power Conversion Technology Leader epc-co.com

EPC also offers a flexible portfolio for motor drives application. Customers can select

(build 1) discrete FETs, (build 2) integrated half bridges, or (build 3) our new
integrated power stage. (build 4)

B EANREN A, EPChHRERENREE. FPTNEFD I

REE. ERRNFFRSERTNERINRE,
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%ﬁﬁlﬂﬁéﬁ (GaN ePower Stage) ||E|’,!=,»

EPC21521
o | DT l'-?!!f-x
X di-snl-\ﬂrllsm-(

) 1

80 VDSmax1 RDS(on)_typ =10 mQ

§
i I i:\mq
J II B
i ‘!__“___ lelelel.l
< B BA IR %E@
- 5330 f A IL T K IR 2%
« BRT AT
« B TR

Power Conversion Technology Leader

epc-co.com

Introducing the 80 V rated, 10 mOhm, EPC21521 GaN ePower stage that
represents the next evolution for GaN FETs; a monolithic integration
of the power FETs with complete half bridge gate driver.

BACEZAF N — N R BB, e BB N80 V. 10 mOhmiKJEPC21521 GaN
ePower DR, X AL | TZEFET AR BX 5 28 R 1C.

There are many benefits to monolithic integration of the power stage
such as:

TR IIR B IR ZArAL, B

(Build 1)
It virtually eliminates common source inductance (CSI), and reduces
the power loop and gate loop inductances,

S b, BVHER VIR (CSTD) 5 IR/ T IR IAE R, AR i LUK

(Build 2)

The gate drivers are matched to the FETs and can be designed to
optimize switching speed against EMI generation, voltage spikes and
efficiency resulting in the shortest practical transition times,
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MR SR sl 4% 5 2 NFETULEC, I H ] ABETH N e nl AT [ e R G et [ o, DAL
FIEPE VUEHIEMT,  DASARA o S AR I AN R

It improves thermal power dissipation distribution allowing optimized
FET scaling that yield higher efficiencies. This feature is more
useful for high step—down ratio converters,

BHGE T ARIIFER AR, I H SRR IIFETSA 8, AT HUS S S (k% . )
ReXT T HAA 5 b s L ) e 4 ds 58 0 o

Integration improves dv/dt immunity that covers all 8 types of
switch-node transitions which is important for motor drives,
LRI B L e mdv / AP, WE A 8PS B B oS T ri e, 10T
HRALIRBIZS 5, JEH HE,

(Build 3)
It simplifies PCB layout and reduces assembly component count for the
converter solution.

ERIE T PCBAT R, I 1 R AR T S I I A B

The IC includes 12 V tolerant CMOS and TTL compatible input buffers,
a logic interface with Power—-On—Reset (POR), Under—Voltage-Lockout
(UVLO) functions, a high voltage, high dv/dt capable control signal
level-shifter, a synchronous bootstrap supply that ensures proper
high side voltage for the high side gate driver and measures just 3.9
by 2.6 mm.
EANTCEFEL2 VIR ECMOSHITTLARAS M AN Sz s . AL (BF EBELr
(POR) . RJEiE (UVLO) DhRE) « HmiEMEdv / dttEEerEGIE 5 B
%?j&;%& 7] 25 H 2% H Y DA DR DA v (BB X 2 28 2 A5 1 e O PR, 1 RS
IV HN3.9 x 2.6 mm.
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E—
Jo¥

-EPCHIEMBEBH TR E/N, EEERNE
FEHER BALIXBh 2%
<FEA KA R SEEME Ry, ) T, EPCEILE
(eGaN) BRI FERE:
« RSFRE/B
- R BT R HiE
- BEHRAKE
« ePower™ Stage RFILIMEFy NFIThRmmH . &tk

B — D48/ LIRS 8% R

Power Conversion Technology Leader epc-co.com

In summary, EPC devices allow smaller, lighter, and more accurate

motor drives.
(build 2) Given same Rdson, EPC eGaN devices

(build 3) Are smaller

(build 4) Have lower switching dissipation

(Build 5)Have no reverse recovery compared to silicon MOSFETs
(build 6) The ePower Stage digital In and Power Out family simplifies

design and will further reduce size
BIME 2, EPCEAFR SRS/, HEHRE ., HEREHER ENLIKSNE

L ERIMFE FIEHEIA T, eGaNgdFRI R ~F /N, B BRI 84E, 1 H
EREMOSFETAR LY, %A MK E .

ePower StagefJE i ANMF HE IR R, fRiikieit, FFHE—D45 /N YLK
LRI -

27



EFFICIENT POWER CONVERSION

+ctors for
Transisto
GaNEfﬁd ent Power
Conversion

Evaluation
Kits

@ O Yodube

How To GaN Video Series

3'd Edition Textbook

epc-co.com

For more detailed information about GaN FETs and ICs in motor drive
applications, visit us at epc—co. com and to purchase devices and demo
boards visit digikey. com.

A ORI ] FEALER AN #8 BH I B AL B 3 BN G AR (GaN FET) FHLE R FR R (1) B £

FEAI{E S, &1 Rlepc—co. com. cn.
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Follow Us as Our Fans

AN L, EAMBRERY, BANBRINKRL,
BB s !

Power Conversion Technology Leader

Follow us by scanning our QR code for Wechat. Join us as our fans! Thank you!
FRBETERL, #FAREXRIEL, AABRNNME, EEELN&ERHsE!
!
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