A 1 kW eGaN
FET-based LLC
Resonant
Converter in a
sth Power
Brick Size




‘Market Trends Leading to 48V Rack Power
Micraciie Architecture

Al adoptlon 5G, Big Data, Cloud Servers

Server rack AC/DC

- High power demand Direct Front End Two-stage
______ conversion 40 V-59.5V conversion
« Higher power per board Motherboard | |
ZS?}H « Higher component density ]
Pl
. 12 V rail
‘ | |

« Migration to on board 48V DGV (e

* Premium for density
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Mlcg\cmp S p e c ifi c at i o n S

mmmm + Horizontal or Vertical

Input Voltage \Volts mount using pins
Output Voltage 9 12 15 Volts

Output Power 1000 \Watt

Switching frequency 1 MHz

Total thickness *10 mm

Cooling Air-Flow 400 LFM | .
Size (X & Y) ¥58.4 x Vertical rTI10unt

mm
¥ Standard DOSA &t Brick converter size -

* Excluding heatsink

Horizontal mount
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v TOPpology Down Selection

TF
tf
(@)
-
-

1 OViy
VIN o J
J§Q1 — 51 I:}S“_]::} C, L N:1:1
T I:U%L‘J’I O Vour Jkl:_}L @ Lout Vi ”_ .
Cin — Cen] Coy - m—-O Output =T G L. % % 0
I:} Q2 ::COUT I:} Q3 :} J|— v E SR2 ==OU\1/'OUT
o o ] = Cou S| %35 :j m -0
<% a, o = v
—IH] PGND
OGND
Topology Buck Converter LLC converter
Load reaulation Full requlation Fixed even-ratio with Fixed ratio,
J J large high-current droop low droop
Power density Medium Medium High
Efficiency = 97% = 98% =~ 98%
Load power <300 W <600 W > 300 W
Complexity Simple High Medium
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MICROCHIP

IEPG

EFFICIENT POWER CONVER

SONI

Module Design
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— r
o System Overview IEPG

\Vin Housekeeping
power supply
» System needs to be self contained 3.3V | 5V

» Gate power derived from 48 V input Digital ], Measure

Measure{ controller

« 3.3 V power derived from 5V
PWM’s ‘m(
* Digital controller { Gato J
» Voltage feedback control drivers

. Gate drive signals
* Precise timing
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v LLC Resonant Topology

 Full bridge primary

« Lower primary current . o Tsr, LI
r Lr 121 I_K—I
» No DC voltage across resonant __II e SR M1
capacitor OTala o % % EEE A B
” ” i e
- Leakage inductance used for JI—} JI—} SR,
Q)
resonance v, L ¢ e ’
- Magnetizing inductance used for ZVS & [a& | &t man il T ¢
= SR
. I+ I+ ° 4 L
 Dual rectifier secondary J'-} J'-} , % % _ i B!
()—. O m 3 =
« High Current . R,
vV TR, I_|<_lm —3 O
 Parallel FETs 511 R, 1

d

e Dual center tap common ground FETs
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.5 GaN vs Silicon in 48 V

With respect to MOSFETSs:
 Reduced FOM ~ 4 times

1000 \ 3
) : Si P
* Lower Qg ~ 5 -10 times | g MOSFETs o
> ~ /'.,
L‘ Lower RDSon at VGS =5 V] Eloo ,’/’, ~16x
» Lower Qpgs | L P2 J
q g ”/ //
* Lower Qgp < g -~
Loy (~4x_) eGaN FETs
€ro Wrr 0 50 100 150 200
Drain-to-Source Voltage (V)
[- Smaller]
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.S Devices Selected

IEPG

EFFICIENT POWER CONVERS

»|ON |

Primary Side Secondary Side
Vgs max 100 V Vgs max 40 V
Ras.on 2.4 mQ Rason @t 4.5 Vg 1.2 mQ
Qoss 46 nC Qoss 45 nC
Qg 10.5 nC Qg 18 nC
Rojo 0.5 °C/W Rojo 0.4 °C/W
Rejb 1.4 °C/W Rejb 1.1 °C/W
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v Design Planning

58.4 mm R

C Prima §
ontroller Fu”ry Transformer 'g
Sl |[House- || Bridge <
o keeping 8
N c
N Power 3 T
Supplies Secondary rectifier %
nd
H_l Y )

48 V input 12 V output
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wor.. Transformer Design Overview IE

EFFICIENT POWER CONVERSION P

» 3 0z Copper thickness windings Layer Stackup
T . 1 Shield
* Interleaved windings for min. loss —_— Sec.
* Minimize power path losses Pri 3 =
Primary si i 36 mm 4 Sect
. ry side connection 5 Sect
» Secondary bottom connection Pli 6§ —
= > O$mm — [ Sec-
oy Corearea . 5 Sec-
P :} T LT =10 Sec+
Prir';l\ary /6‘ =11 Sec+
Sp1 Sci Sni Sp2 Sc2 Sw2 18 mm ’1:'1'((\ Pri 12—
Secondary At 13 Sec-
Transformer 14 Shield

connection points
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wo. Transformer Winding Detail “EPG»

* Primary winding cross-over

Winding Distributed

connection reson.ant
capacitor

. &
AL
e
il >~ /) =
| — ———
Y /£ 24
i & o~ | y
R 9 Q P 2 o

o000 00 0 o
Oﬁogcaogogoaogo

Primary winding design
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Mé\ Thermal Solution Approach

° Cust0m|zed heat M2 x 10 mm Screws (2x)
spreaders R )
* TIM used for improving
thermal conductivity

» T-Global: A1780- 500 um for

FETs (TIM 1) < = Sec. FETs
« High thermal conductivity T"‘"@ -
(17.8 W/m.K) - e
« Compressible (2:1)
* |solation

e T-Global: A6300 used for Heat
Sink (TIM 2) (6.2 W/m.K)

(1)Primary Heat Spreader (2x)
(2)Primary Heat Spreader Seat (2x)
(3)Secondary Heat Spreader (2x)

Power Conversion Technology Leader epc-co.com
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ws... Control Requirements

1.4 T , - - - T '
« Resonant inductance, transformer - ~ - Typical LLC
;N . — This design
leakage, very small ~ 8nH. Frequency '*| .
modulation not possible § 1 hENE
» Startup current limit achieved using PWM T~k
0.8 S < -
ramp up — 2% — 50% NN
_ 0.6 — ' - ' ' - '
* Over-temperature protection 06 08 1 12 14 16 18 2

Frequency [MHZ]

Voltage conversion ratios of a typical
LLC converter compared to this design.
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MICROCHIP

IEPG

EFFICIENT POWER CONVERSION

Experimental Validation
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IEPG

EFFICIENT POWER CONVERS

10N |

wo.. EXperimental Unit Overview - Top

Programming Primary HB 1 Resonant Capacitor Bank:
& Comms EPC2218’s Ultra low ESR, Voltage stable
Port
Controller— ,; i
HV House- il ’::5-1";.;';"__ | =) ® s Output
Keeping PSU | > R Ly — o1 n e — é » Capamtors
e A ‘2’\ e {"’.. L l;a. S L ce‘. Q8 ‘
Rectifier EPC9149

Input Capacitors

EPC2024's
—— v
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S Function Blocks Overview — Bottom

IEPG

EFFICIENT POWER CONVER

SONI

EPC9149 Primary HB 2
= 3.3V
B House-
i1 Keeping
Resonant Fal. PSU
Capacitor ir’f_;
Bank I i
a mi
Immlt
=} HV House-
Keeping
PSU
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S _Motherboard & Connections

MICROCHIP

* Input and output connections,

» Kelvin measurement:
* Input and output Voltage

« The LLC module is soldered on the motherboard.

EPC9533 91g"T&§1‘fﬁk?¢leE§§iir
4 12 |

P@ - 0Q
] 7

471

Cl6ci3

Output
voltage £

-4 |
N
0o
N
0O
g8
g8
m
[8]8)

C6 wm am Cl C1

CS am-am

[

Input voltage measurement Output voltage measurement
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IEPG

EFFICIENT POWER CONVER

SION |

 RJ11 to ICSP adapter and EPC9997 can be used to interface the programmer and the
main board.

ws  Programming the controller

EPC9997 4

Microchip
adapter
02-10310-R1
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ws Experimental - Efficiency & Loss "EPE»

97.5% peak efficiency at 400W

/

48 V input to 12 V output

Efficiency (%)

/

96.7% efficiency at 1KW
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wo.. SWitching Waveforms

IEPG

EFFICIENT POWER CONVERS

ONI

48 V input to 12 V output at 1TkW

Prlmary side switch-node , oy
T i i R W, B0 N Wi i 3 SO
| | l.' 200 ns/div |
| | 20V/div. |
| 'l
P i ' \ L — ‘ ' : |
Synchronous rectifier FETs drain
| e A oo ! il ik
1| | 'l . [ |
,' ( .' 200 ns/div |
| ! .' 10V/div |
| /! ‘ ||
e .I ","n’{k-w ,l ITWEEESES
V ‘ /
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wo... Primary Current “El’ﬂ’

T W O o TELEDYNE LECROY-
i S e 2 Everywhereyol
\\\ e \\\ / . /’
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g L < | B , Al Y J 7
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ws . Measured Output Voltage Droop

IEPG

EFFICIENT POWER CONVER

SONI

49 12.05

12

11.95

11.9

11.85

IS
0]

11.8

Output Voltage (V)
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[EY
=
~N

11.65
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Output Current (A)

Output voltage droop vs output current
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wo. . Experimental — Startup

Output Voltage | ————

_ _Input T ,
* Soft startup implemented: Voltage /et i+ 10ms/div.

: J // IClO_Etﬁ!'er 1. 2 V/div

» Avoid inrush current and ' TRRME L 0 10 V/div
excessive voltage stress S M BN S—
Bl

* Duty cycle ramp up

e Start into resistive load =

§ / 1 ms/div
(144mQ) / 2 V/div

Power Conversion Technology Leader epc-co.com



v Thermal Testing Setup

 FET die temperature measured using
K-type thermocouple

* |IR camera used to measure external
temperature of board, HSp, and
heatsink

« Forced convection cooled at
400 LFM

» Device operated at full load 83A

Power Conversion Technology Leader epc-co.com

Top view of final assembled structure
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©  Thermal Results

« Steady state in 10 minutes
« 70 °C primary FETs rise

96

(o} (o} (o}
o N Y
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48 Vi, 12 Vour, 1 KW, 400 LEM, Tap = 25°C
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wso. Conclusion IEPCI)

1 kW LLC design
¢« 58.4 x22.9 x 10 mm volume
« Uses conventional PCB technology

e eGaN FETs

* Achieves high efficiency
« Enable high power density (1226 W/in3)
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Achieve High Efficiency With Our GaN

Based Bi-Directional Power Module
Leverage our Digital Signal Controller (DSC) today.
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Controller Overview
* Choice of controller dsPIC33CK32MP102T-1/M6

* Very small at 4x4 mm

* 250ps PWM resolution for precise ZVS timing

* Low power consumption

* Built in Op-Amps for analog feedback circuit reduction

e Controller used for
* Maintaining ZVS
* De-embed gate drive propagation mismatch
* Power flow direction
* Startup PWM
* Operations monitoring
* Over temperature protection
* Communications

EPC9149 LLC Converter

@Mlcn CHiP
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PWM Drive Simplification

(o)
Tl

IN H

IN L

PWM1H

|
11l

EPC9149 LLC Converter

49
1l

% VGB2
VOUT

o
ARAE
,,,,,, et

(0
2d5le
N |

% VGA?2

GND

PWM1L

Primary Side Full Bridge Drive

Secondary Side Rectifier Drive

L
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Key PWM Adjustment Settings

* Correcting gate driver propagation delay mismatches
* Within gate driver mismatch

EPC9149 LLC Converter

:_>' Turn-On

* Between gate driver's mismatch
* Between gate driver types mismatch (Pri-Sec)

* Propagation mismatch Turn. Off
* Generates DC offset
* Asymmetrical current and even harmonic generation
* Settings
* Optimal timing for ZVS
* Optimal operating frequency

* Overcomes discrete capacitor values

‘7 YRR
@Mlcnocmp
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Primary Side Timing

* Phase delay — compensates driver to driver mismatch

EPC9149 LLC Converter

* Duty cycle — compensates within a HB driver mismatch

* Dead-time — Sets ZVS (all 4 FETs will have same value)

Phase delay

Matched propagation

Duty Cycle

@ MICROCH{P
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Secondary Side Timing
* Phase delay

EPC9149 LLC Converter
* Compensates between primary and secondary drivers
* Duty cycle

* Corrects gate driver mismatch

* Sets correct timing of secondary

Phase delay

. -

GateB

Matched propagation

Duty Cycle

@Mlcn CHiP
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PWM Logic Programmability

 Each PWM generator offers three triggers:

° PGXTRIGA STARTfEOg@CYCLE

* Enhanced trigger options (can be delayed and Counter =0
shifted across multiple PWM cycles)

* Available as ADC trigger

* Available for PWM synchronization
* PGXTRIGB:

* Generated each cycle (fixed)

* Available as ADC trigger

* Available for PWM synchronization

PWM Signals

EPC9149 LLC Converter

END _OF CYCLE
(EOC)
Counter = PERIOD

* PGXTRIGC:

* Generated each cycle (fixed)
* Available as ADC trigger
* Available for PWM synchronization

* Each trigger can be placed across the cycle
independently with 250 ps placement

resolution S = = e

1
1
1
1
]
i PWMxH
1
1
] : 1
1 1 ]
1 1
] ]
| , | PWMxL
] ]
: 1
— — >
) )
T T T e
' | PGxDTL ! | PGxDTH !} |
........... S L ¥
1 1 1 11
] i | b
1 1 1 1
1 1 1 1
1 1 1 1
................ > ] ! i
PGxTRIGA I i | i
- ] 1 1
________________________ > ! ]
PGxTRIGB I l i
> ]
PGxTRIGC ! i
........................................ " C ),
PGxPER or MPER @ MICROCH(P
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PWM Daisy Chain Configuration

PGxTRIGy EPC9149 LLC Converter
PGxDTH

Primary 4%_ | | \ / \ / \ / |
L o [ [ [ [

H PGxDTL

Secondary _; \ I \ I \ I \ I \
nres _\ | [/ L [/ L [ L [ L T

 Start-of-Cycle (SOC) of PWM channel PG2 is synchronized by PWM channel

PG1 its trigger placed within its period at PGxTRIGy

 Each PWM channel remains fully configurable for individual duty cycles,

dead times, periods, triggers etc.

* Frequency changes are applied to both channels simultaneously due to the

synchronization trigger. All other properties, however, must be set by
updating all desired registers independently

L N ) )
@Mlcnocmp



Daisy chain update

EPC9149 LLC Converter

Update Request is latched.
Actual update of signal generator registers will take
S place at next period transition

UPDREQ
Primary / \ 4;% \ /
" \ / L / \ /
HW
UPDREQ Update of channel #1 auto-triggers update request of
channel #2, which updates registers at its next
v transition
Secondary / \ %VJZ \ /
e \ / \ / \ /
Register Update || period #1
in Firmware || puty cycle #1
Dead Time #1
Triggers #1
Period #2
. Duty Cycle #2
Firmware Dead Time #2
Control Task Triggers #2

o Lp))
@Mlcn CHiP



Control Implementation

EPC9149 LLC Converter

Operating Frequency Control: Duty-Cycle Startup Procedure:
* 4:1 conversion rate kept constant by VIN to * Timer-controlled voltage ramp start-up
VOUT comparison keeping voltage growth monotonous
e Continuous voltage monitoring of input and * Optimized pulse generation during duty
output voltage (UVLO, OVLO, OVP) cycle modulation for reduced component
stress

4:1 Fixed Conversion Rate

48V Rail O— | & O 12V Rail
) \ A A
‘ d\(eo“o(\
oV 029 JUUL|| ||JuuL
co PG1 PG2

—— lout FB p—
— < —
Vinrs | N  Vour rs QN
ld  MICROCHIP | o)\
dsPIC33CK32MP102 E ) ",“‘ ‘
@ MICROCHIP
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Startup

* Programmable output voltage
ramp timing for advanced

sequencing
* Monotonous startup
 Component stress reduction by
optimized pulse generation
based on voltage level and load
current feedback

EPC9149 LLC Converter

*num s

Output voltage r

Input voltage —
Controller I

10 ms/div
| 2V/div
/ inhibittime | 10V/div
o L
0
Output voltage /—\

/ 1T ms/div
2V/div

“M :m"m

@ MICROCH{P
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PDN System Design Considerations

Bus Converter

Intermediate

g g Bus Converter g g

POL/VRM

EPC9149 LLC Converter

pln

B

<HH

Load

L

@ MicR

. N
/ A\
:w 1 H}
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Summary

* 1 kW LLC design
* 58.4x22.9x10 mm volume

* eGaN FETs

* Achieves high efficiency
* Enable high power density (1226 W/in3)

* Propagation mismatches

* dsPIC33C

* PWM Logic Programmability

* 250ps PWM resolution for precise ZVS timing
* Very small at 4x4 mm

1y
@ MICR\CJC
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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
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