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S Overview 48 V Mild Hybrid

MICROCHIP
Bi-directional DC-to-DC converter Y
interconnects the dual voltage system Battery [ 2g v

H

M 48-volt system Breaker H
M 12-volt system -

n [ 48 \V — 12 V Buck / Boost ]

—

o N *i - -
ARSI, == i DC/DC converter N J_ QT q, -
AC/DC converter n 48V ~|I<—% 12 V
Hybrid control software - T |_
| Phase 1 = )
b U B 12-volt battery
. 12-volt
electrical
distribution
-y center 12 V
‘—
Breaker
Hybrid motor/ ——
generator I
Source: IHS Automotive Electric 1 2 V
and Delphi Automotive supercharger B att e ry

Ref: https://www.delphi.com/innovations/48-volt-mild-hybrid
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v Automotive Background

« AEC qualified components
* “Infinite” cooling available

 Restrictions on PCB techniques and thermal solutions
» Cost
* Vibration
* Risk
« Size
* Weight

r Conversion Technology Leader epc-co.com



7 R R
5 How GaN addressed Automotive

v'AEC qualified FETs

v Cost — Competitive pricing, Higher power density
v'Vibration — Less prone to coming loose

v'Risk — Easy to use, reliable

v'Size — Higher power density

v'Weight — Higher power density

p— — - e
ion Technology Leader epc-co.com




wor.. Why Multi-Phase Approach

* |nductor size reduction

o
~
—
1
©
=
Q
w
m/

Normalized Ripple Current
o
N

* RMS current loss reduction

o

w
Qo1
T
>0 I
O o
» 0
® @

* Reduced ripple currenton 12V
bus by interleaving phases

* Power dissipation distribution

o
—

* Phase shedding efficiency
O ptl mization ” 0 20% 40% 60% 80% 100%

Duty Cycle 00O

Ref: TIDUCS2B-June 2017-Revised March 2018, Bidirectional DC-DC Converter Reference Design for12-V/48-V Automotive Systems, Texas Instruments
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wee.. GaN vs Silicon in 48 V

With respect to MOSFETSs:
* Reduced FOM ~ 4 times

* Lower Qg ~ 5-10 times

* Lower Rpgonat Vgs =5V

* Lower Qpss

* Lower Qgp

NVMFS6HS00N
6.05 mm x 5.15 mm

AEC Q101 Qualified

o Z€ero QRR

« Smaller

Vpsmax = 80 V Si MOSFET

1.8 mQ typical

1000

I '-‘
Si 7
c MOSFETs e
e "
~ o
V4
E ’/’ ~16x
— 100 s
m§ 5 N4
g "’ /
o ’
b I 3¢ —
,.’: L4)(_J eGaN FETs
10 ‘
0 50 100 150 200

56% smaller

footprint

Drain-to-Source Voltage (V)

EPC2206
6.05 mm x 2.3 mm {00000
AEC Q101 Qualified
Vpsmax = 80 V eGaN FET
1.8 mQ typical
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s Higher Efficiency : 48 V- 12V IEPCIp
MOSFET Solution

Step 1: Higher Efficiency ;%’5
* GaN FETs switch faster

*Higher frequency (125 kHz — 250 kHz)

*Higher efficiency 700 W/phase
* Lower FET loss ’

 Lower Inductor loss

 Reduced 12 V Capacitance

 Example: EPC9137 750 W/phase

Power Conversion Technology Leader epc-co.com



wes Higher Power Density : 48V -12V [[PCED

P

MOSFET Solution
Step 2: Higher Power Density - ~Rufdiiotive Gradé”
- Paralleled GaN FETs . MOSFELS.
-Even higher frequency (125 kHz — 500 kHz) | )
*Higher efﬁClency’ 700 W/ohase IR

« Lower Inductor loss
* Higher power per phase (750 W — 1000 W)
 Reduced 12 V Capacitance

 Example: EPC9163C 1000 W/phase

Power Conversion Technology Leader epc-co.com



wo... Demonstration Design Approach
» 2-phase building block

» Hard-switching synchronous buck /
reverse boost converter
Repeated 2x

¢ To] n r I Logic 7 ¢ o —OV\
Digital Contro {:— —
* Includes Housekeeping power [z | T ek T
el 1 Con™ I—
SUppIy Controller _| & ~E‘I> == ﬁ_lQll L, L
Card ‘ Cloc fv = "6'0'6‘—"_ ° O Output
- 5 A — Termperat I:I_I_ Cype
Batscoll I I Ng t} T
l/l T Uon : _OGND
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wo.. Design 1: EPC9137

IEPG

EFFICIENT POWER CONVERSION I

Higher Efficiency Solution
* Bi-directional 48 V <~ 12V
« 750 W / phase into 12.0 V (62.5 A) from 48 V

* Infinite heatsink, T, = 60°C gégz

* > 96% efficiency ’

Approach:

« 250 kHz switching frequency
« 2-phase building block

- EPC2206

Power Conversion Technology Leader epc-co.com



MICRDCHIP DGSIQ“ 2 EPC91 63C

Higher Power Density Solution
* Bi-directional 48V « 12V
« 1 kW /phase into 13.8 V (70 A) from 48 V

* Infinite heatsink, T, = 60°C ::é;:

* > 96% efficiency ’

Approach:

« 500 kHz switching frequency o .@ A

88224¢8(8- 841

« 2-phase building block
 Paralleled EPC2218
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M,c@.c,*,p,Device Thermal Resistance Comparisons /=8

0V NVERSION }

3 f 3 . \

0 s o Silicon ,5 | Silicon
GaN GaN
= 2 "~ =y 2 (==
2 B e Sl =
@ — o @ RS — R}
& = | g | =
0.5 Lttt ® oY 0.5
0 0
0 10 20 30 40 0 10
Device Area [mm?] \ Device Area [mm?] /

« Small chip scale devices Call be adequately cooled
* There are simple methods to ensure best thermal practice
* Rg,c can be used to significant advantage

Power Conversion Technology Leader epc-co.com



2 Thermal Approach

Heatsink

* Back-side cooling M2
» High performance TIM SCrews x4

SMD
Heatsink
spa‘cer TiM ejzsm

spacer
x4

Screw
(M2)

Decoupling

Power Cor.veicinn 'ez11) agy Leader epc-co.com




s _FET Layout Details — EPC9137

 Follows “internal vertical” layout recommendation
* Only 2 layers out of 8 shown

) O
) O
) O
) O
) O
) O
e

o

00

o
o
o
o
o
o
o
o
o

00 00 00 00 ° °

Low side

PET Decoupling

capacitors

(o]

Top Layer

BUS

((/l.
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.S _FET Layout Details — EPC9163C

 Follows “internal vertical” layout recommendation
 Follows paralleling layout recommendation
* Only 2 layers out of 8 shown

Top Layer

N
S
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MICROCHIP

EFFICIENT POWER CONVERSION |

Experimental

Power Conversion Technology Leader epc-co.com



wS  EPC9137 Overview

GND (-) 12 V (+) GND (-) Current sense Shunt

IEPG

EFFICIENT POWER CONVERSION |

Current sense
amplifiers

gggg

Temperature

sensor Gate drivers

Heatsink

3.3 V supply
mounting x4 ,

......
J—m N\ e

Housekeeping

Power supply 5V
GND (-) 48 V (+)

Top side i Bottom side
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wS EPC9163C Overview

IEPG

EFFICIENT POWER CONVERSION

GND (-) 12V (+) GND(

Temperature
sensor

Heatsink
mounting x4

Power supply 5V (&) /@% »-.2

Power Conversion Technology Leader epc-co.com

Current sense Shunt

0. Ezg:gauﬁugg

Bottom side




EFFICIENT POWER CONVERSION |
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v Heatsink Mount — Either Board ~ ['F'CE>

cr

» Heatsink - 7z Brick Size

» \Wakefield: 567-94AB
 Thermal Interface Material

 t-Global: TG-A1780 x 0.5 mm
« M2 6mm screws

 McMaster Carr: 95836A107

« Spacer on PCB
» Wurth Elektronik: 9774010243R

jg-g1r N

Pssxm

i
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IIm 1

M'cg;\:""p TeSti n g Setu p LR

 Back-to-Back converters: Buck <« Boost.

Input current

 Power supply covers losses only ~Fant
_ A A
* What being tested: I
+48V- +48V-
» Efficiency Buck Boost
C 48V | Operation Operation
* Current balance
* L oad transients v
+12V - +12 V-
 Startup | |
—
Output current
shunt

Power Conversion Technology Leader epc-co.com



MICROCHIP

Power Converter
Performance
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S EPC9137 Buck Mode [EPCE)

EFFICIENT POWER CONVERS

48 V., 13.8 V.., 250 kHz, 2.2 uH

0.97 . —

Efficiency
© ©o
(o) o)
= >

O
Ne}
w

0.92

0.91
0 20 40 60 80 100 120

Load Current [A]
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.5 EPC9137 Boost Mode ||E|’ﬂ?

EFFICIENT POWER CONVERS

13.8 V., 48 V., 250 kHz, 2.2 uH

0.97

0.96

Efficiency
© o
(o) o)
= O

©
Ne}
w

0.92

0.91
0 5 10 15 20 25 30

Load Current [A]
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wS EPC9163C Buck Mode IEPG

EFFICIENT POWER CONVERS

>|ON |

48 V., 13.8 V., 500 kHz, 1 pH

0.97

Efficiency
© o
(o) o)
= O

O
Ne}
w

0.92

0.91
0 20 40 60 80 100 120 140

Load Current [A]
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IEPG

EFFICIENT POWER CONVERS

10N |

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

won.. Output voltage ripple

EPC9137 EPC9163C

1 ps/div
100 mV/div 50 mVidiv

EPC — The Leader in GaN Technology Company Confidential Information WWW.epc-co.com



Mlcg\cmp E P C 9 1 3 7 T h e I'm a I

P

48 V input, 12 V output, 125 A, two phase
« With heatsink, high-performance TIM

» Airflow: max (2000 LFM)

« Measured at back side of PCB

Power Conversion Technology Leader epc-co.com



.S EPC9163C 2- -phase thermal IEPG

48 V input, 13.8 V output, 140 A, two phase
« With heatsink, high-performance TIM

« Airflow: max (2000 - 3000 LFM)

« Measured at back side of PCB

OJI

.:.[’r—'—j

Max 871“

Refl. T 20.0°
Dist

FOV

Rel. H

atm, T g

&

- 4oy panoidde mm

4 -
07/30/21 T 5
11:21 o ¥8258 ‘# 83d OArG deriig ‘Ajuo uoneniens jog
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wor.» EXpansion to Higher Power | IE f'lf

EFFICIENT POWER €O

12 V connect together

S N

FEEY FEES
. \ B SYRTREY ::E:E::r:: ”: L  Zh) :::: :éé:::c::v”;
 Additional board can be cascaded P o °

to form a 4-phase system

 Single controller — current mirror
control

48 \V connect together

Power Conversion Technology Leader epc-co.com



v 4-Phase Efficiency Results I[EPCIp

c

48 V input, 12 V output, 250 kHz, 2.2 yH, 2000 LFM airflow

Peak 96.5%
97% l 160
96% r 120
> 95% S
: Full load 95.2% 2, 80
S 094% | S
T = 40
93% r 1
0 l l l l l l l l l
92% : : : ' 0O 25 50 75 100 125 150 175 200 225 250
0 50 100 150 200 250 lout [A]

lout [A]

EPC9137
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.5 4-Phase Thermal Results H\H

EFFICIENT POWE

48 V input, 12 V 250 A output
250 kHz, 2.2 yH, 2000 LFM airflow

g
Crn
v
Vemd
trond
Fvnd
Biwd

6\
suiringed

FET locations EPC91 37
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v 4-Phase Efficiency Results [EPCIp

EF p

48 V input, 14.3 V output, 500 kHz, 1 yH, 2000 LFM airflow

Peak 96.0%
97% l 180
9% 140
> 95% Full load 95.7% —
§ . 100
£ 94% 2
L -
93% 60
92% I | | | | | 20 | | | | | |
0 40 80 120 160 200 240 0 40 80 120 160 200 240
lout [A] lout [A]

EPC9163C

Power Conversion Technology Leader epc-co.com



o 4-Phase Thermal Results (EPE

EFFICIENT POWER ((

48 V input, 14.3 V 260 A output
500 kHz, 1 uH, 2000 LFM airflow

FET locations

EPC9163C

Power Conversion Technology Leader epc-co.com
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° 11 W = B A | ‘
[ bl 1
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EFFICIENT POWER CONVERSION |

MICROCHIP

Controller Converter
Performance




MIC?D.CHIP TeSti n g Setu p

* Current balance (Thermal image)
* Transient response

« Start up

* 4-Phase configuration

Power Conversion Technology Leader epc-co.com



.S Current Balance

» Use thermal image to verify current balance
 FET and inductor temperatures with 3°C of each other

Dist
F I:I 'I'II
Rel. H

Ak,

Power Conversion Technology Leader epc-co.com



..............................................
vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

6 A/div

48 V input, 12 V output (Buck)

EPC — The Leader in GaN Technology Company Confidential Information WWW.epc-co.com



M.cm,ﬂ...,EPC9163C Load transient “EPG»

, 2 ms/div -
500 mV/div
| AV

48 V input, 14 V output (Buck)

EPC — The Leader in GaN Technology Company Confidential Information WWW.epc-co.com



IEPG

EFFICIENT POWER CONVERSION |

MICRDCHIP Sta rt up

EPC9137 EPC9163C

||||||||||||||||||||||||

20 ms/div R R R e R TR T T

B3 V/divie SR R SRR R 3 \//cli

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

48 V input, 12 V output (Buck)

EPC — The Leader in GaN Technology Company Confidential Information WWW.epc-co.com
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MICROCHIP

IEPG

EFFICIENT POWER CONVERSION |

Control

Power Conversion Technology Leader epc-co.com



S Controller Overview

IEPG

EFFICIENT POWER CONVERSION

83284258841

@0
a0
a0
@0
@0
a0
G0
@0
G0
=3

83,
I,Sm
=z E20F ‘:

2888..
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“wS EPC9528 Controller Card

H

EFFICIENT POWER CONVERSION 7

UART/USB interface

JS00 2 Active
€500
RIS 00w 2 g0 oS
!’ . J} 8?92 ol D2 @]Error
! ’| S & RN Con ng:’f
ara RSO3L. L e R93 WM 0A1 |+ANS
’Jr ' fBoDlp‘f’U? ' ,?, R0 i~ AN2

s C510 ANI
p o0 (-0n3|-AN13

l.\#_a ) lpsmgpcgszs RB81 & 0n3] AN 4

1031 Rev.3.04 reo il 17 AN11
i ' (;520 o -y eGaN FET ’ » AN3
- AN10} RP40
") -

3 ] RPS1 [RC3
T : RP37 |PUNML6

Micro-USB

RP38 |PUMHE
PUML] <—
. - PUMH]
P o) 4 e PUML2 e
© EPC 2020 {pUMHZ &=
! : OO O PHNLS &=
& A NTAA 2 é a PUMH3 =

L

J20
Programming
Connection

dsPIC33CK256MP503

J10

1

4
y

:

= ~5
IR b
iii "w ;

M

Load Board Interface

-~ n

]
- % =

m
RBO/Active Q530
RBl/Error C503
C502

lEPCH)

PCB# B5164

©reas
C76

CLECTROSTATR S
SINMTAE DEVCE ) 2

130 /

12C Port

R535
T & RSI3 LM

USB isolator

Power Conversion Technology Leader
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EFFICIENT POWER CONVER

»

GaN Transistors ‘:,oerr
gfficient Po et
@® EpC eGaN FET Die Attachment Tutorial' watc? later Sl:m COnVe\'s‘
3 -

r:": .

Il 4 000/94s @ £ Youlube I3

How To GaN Video Series WILEY

3rd Edition Textbook
epc-co.com

Evaluation
Kits




Microchip Solution On @
EPC9528 Controller Card @ MICROCHIP

A Leading Provider of Smart, Connected and Secure Embedded Solutions

Achieve High Efficiency With Our GaN

Based Bi-Directional Power Module
Leverage our Digital Signal Controller (DSC) today.

Edward Lee

N\ MicrocHIP
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Controller Overview
* Choice of controller dsPIC33CK256MP503-E/M5

* Small size at 5x5 mm

* 250ps PWM resolution for precise PWM timing

* Low power consumption

* Built in Op-Amps for analog feedback circuit reduction
* Controller used for

* Average current mode control

* Voltage mode control

* Over temperature protection

* Startup

* Phase current balancing

* Operations monitoring dspla

* Communications

EPC9528 Controller Card

=15))
@ MICROCHIP
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Behind the Scenes for Control

* Tuning of Forward Buck/Reverse Boost Converter

¢ Loop measurement

* Using PowerSmart™ to set up and tune the digital controller
* Voltage loop auto gain for simple power reversal

* Constant current to constant voltage switchover

* Various operating modes
* Both 48V and 12V low or high
* 48V high 12V low, 12V high 48V low

e Controllers
* Multiple current loop
* Current mirror

e Communications
* USB

EPC9528 Controller Card

@ MicRoC

HiP



Multiphase Controller Implementation

EPC9528 Controller Card

VOUT
. error HC[Z]
* Multiphase converter - (Compensaton | .1 1oop mfage
. . Anti- ivider
controllers have limited R A =
scalability — output )
[ error H:[z] R | Ge(s) our
+ Max number of supported phases - (compensator T sy [T
limited by CPU performance Current Loop 4 Senie
* Bandwidth drops with increasing nput e e |
number of phase controllers output oo
| error H.[z] I BN | Ge(s)
. . . REE (Compensator) P (Plant B) ¥
* To overcome these limitations, Current
. o o . Current Loop B Sense
phase controller multiplication is | ’ Amp
input F: |
used —

Current Loop n ‘*

@ MICROCH{P



Building the Control System

Basic Voltage Mode Control Implementation

EPC9528 Controller Card

Voltage Feedback Loop
(500kHz cycle-by-cycle control)
rer (3 Y2 Helz o, Gp(s) Vour
N (Compensator) (Plant)
input |~ v
Voltage
Divider
ADC =

[/
@ Mlcn\chi:rm
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Building the Control System

Peripheral Interconnections

Voltage Feedback Loop
(500kHz cycle-by-cycle control)

I
REF + <2> error H c [Z] [ output N Gp(S )
(Compensator) I (Plant)

EPC9528 Controller Card

Windup

Trigger

Vour

A 4

Voltage
Divider

ADC D+

C ,l )
@ MICR\CJCi:r(P



Building the Control System

Adaptive Gain Control Implementation

EPC9528 Controller Card

Voltage Feedback Loop
(500kHz cycle-by-cycle control)
I
error output
REF3( Y Helz] | 1ot m=pr | Ge(s) Vour Vin
n | (Compensator) . I (Plant)
input |~ A'ntz- v l
< Windup Voltage Voltage
_®_— ) ? Divider Divider
Trigger
Adaptive Gain
Control (AGC) ——
ADC =
ADC )4

= 1))
@ Mlcnthi:lip



Building the Control System
PWM Miirroring with Phase Shift

Voltage Feedback Loop
(500kHz cycle-by-cycle control)

REF >

input |~

Hclz]

(Compensator)

\ 4

Adaptive Gain
Control (AGC)

PWM

Gp(s)
(Phase B)

PWM

Gp(s)
(Phase A)

————¢

Trigger

ADC D+

EPC9528 Controller Card

Vour Viv
Voltage Voltage
Divider Divider

ADC D+

D)
@ MlcnthHip



Building the Control System

PWM Duty Cycle Distribution

Voltage Feedback Loop
(500kHz cycle-by-cycle control)

output |

+ > error H:[z] Ny

(Compensator)
t- Anti-

Windup

Adaptive Gain
Control (AGC)

REF

Y

input

EPC9528 Controller Card
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S | GP(S)
P DE I (Phase B)
Distribution | G ()
S
PWM P V v,
T (Phase A) our IN
Voltage Voltage
i ! Divider Divider
rigger
\ 4 \
ADC D
/]
ADC e

@MICR\ CHiP



Building the Control System

Current Balancing

EPC9528 Controller Card

Current Feedback Ipy 4 Iy 3
(10 kHz state machine) —
Current Current
Offset Sense A Sense B
Comiare o
s
Voltage Feedback Loop I [ (s)
(500kHz cycle-by-cycle control) —>(D——> PWM PhP B
output | | PwWM DC | (Phase B)
| Distribution |
error
REF3( Y Hylz] L IF e | GP(S) Vour Vi
N | (Compensator) . T (Phase A)
input |~ Anct;- l
< Windup Voltage Voltage
< D_— i ' Divider Divider
rigger
Adaptive Gain
Control (AGC) A
ADC )<
A 4
ADC )<

@Mlcn CHiP



Current Balancing Implementation
Simple Bit Tracker Implementation

EPC9528 Controller Card

| PWM1
()

8.3 r PWM1
<= PWM?2

v v = 3 PWMZ

g e e |, 1 ‘

e Duty Cycle Offset (+/-)
S e S |, 2 (Limited Range)
> *— Feedback Phase Time
Delay When Al; is negative, the duty cycle of PWM2 is decremented with respect to

Al =14 — I, PWM1 by one tick despite the size of the difference
\/ and incremented when positive.
Offset adjustments are performed every
100 us (=10 kHz)
(adjustment in 250 ps increments/decrements)

D)
@ Mlcnthi:lip
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Current Balancing Results “EPG»

N
=
U
o

N
=
o
o

2050

2000

1950

Current Feedback Samples [ticks]

1900

0

——Channel 2 - Source Symbol: arr_debug0

EPC9528 Controller Card

Phase Current Balancing Instantaneous PWM Channel #2 Offset
60
0
50
40 ‘7 -2
30 - B
20 § x -4
05 2
2 >, 6
o £ 3
g §
-10 X 3
-20 s
-30 = .10
-40
100 200 300 400 -12
Execution ticks [x100 psec] 0 100 200 300 400

Execution ticks [x100 usec]

——Channel 3 - Source Symbol: arr_debugl

diff

——~Channel 1 - Source Symbol: arr_debug Q ﬁ\‘ﬁ

A\ Micr A

2021 Microchip E38AE EIRF TSR _LAHET &



USB Communications

EPC9528 Controller Card

* USB is isolated from power circuit

 Provides real-time communications

e )

USB 5V 3.3V OO

MCP2221A dsPIC33CK256MP503 8 8

USB Isolator OO

& U8 OO

[: RX i PGD2 / RP35 (U1TX) 00
UART |TX ?ﬁ

> o PGC2/RP36 (UTRX) ||© O

OO

OO

@ MICROCH{P
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Summary

* EPC eGaN Devices Improve 48V — 12V Converters

* Higher efficiency, from 95+% to 97+%
Excellent thermal for air-cooled DCDC

500 kHz for less phases and smaller, lower-cost, and lower-DCR inductor
* Lower system cost & smaller size

* More Reliable: AEC-Q101 devices tested at 100% Voltage
* EPC GaN Experts Available to Support Design Questions
* Schematic, Layout Review & Thermal Simulation
* Develop Multi-phase Converter Using dsPIC33C
* Adaptive Gain Control, Current Balancing, Communication and etc.

* UART to USB with MCP2221A

@ Microc

HiP



Achieve High Efficiency With Our GaN

Based Bi-Directional Power Module
Leverage our Digital Signal Controller (DSC) today.

KNOWLEDGE IS /
POWER Thanks

Massive power density in the smallest packages

[/CJ 9))
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