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Where power supply design meets collaboration

Designing a 99% Efficient Totem Pole PFC with GaN

Serkan Dusmez, Systems and applications engineer
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What will | get out of this session?

e Purpose: e Part numbers mentioned:
i Why GaN Based Totem-pole PFC? « LMG3410
U Design guidelines for getting 99% » |UCD5138
efficiency at 1kW / 100kHz including; « UCC27714
« Thermal management, , : _
. PCB design, » Reference designs mentioned:
 intelligent control algorithms, e« PMP20873

passive component selections _
* Relevant End Equipment:
U Loss breakdown of HB GaN power

stage and 1kW PFC  Industrial/Telecom/Server
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Agenda

« CCM PFC Topologies
U Topology Comparison
U WhyGaNbased TP PFC?

» Pathto 99% Efficiency witbaN
U GaNBased 1kWI'P PFC Specs
Thermal Management Considerations
PCB Design Considerations
Half BridgegGaNPower Stage Losses
Control Tips
U Power Inductor, EMI and DC Capacitor Selections

[t i e

* Results
U Total Loss Breakdown
U Efficiency, Power Factor, THD, Current Waveforms
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CCM PFC Topologies

Diode-bridge PEC Dual boost PFC

T Ny
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? H JH
U Low cost U Good EMI performance
U Good EMI performance u Distributed heat
U Moderate power density U Moderate efficiency
U Moderate cost

U Low efficiency
U Heat not distributed U Low power density

Totem-pole PFC

GaN| saf

]

/1

“0 |

U High power density
U High efficiency
u Distributed heat

U Moderate cost

U EMI performance
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Why GaNTote mpO le PFC Z=miconbuctdrowEROSSESFPFC GPOLOGIES

::OVDC Loss Mechanism Diode-bridge ~ Dual Boost  Dual Boost TP PFC w/
Voo =SV — Cons Boost PFC wh]  PFCw/ Sj w/ GaN GaN
c I+ 1T Switching FET Cond. 0.6 W 0.6 W 0.6W 2.06 W
T SiCDiode Cond. 2.75W 2.75W 2.75W -
fwor Rect. Diodes/ FETs  8.19W (Diode) 0.45W (FET) 0.45W (FET) 0.45W (FET)
d. FETE,../ SiCDiodeQ, 3.9W 3.9W 3.36W 2.4W
';273‘322 -V Overlap 1.47 W 1.47 W 0.95W 0.95W
M Y T Total Power Losses 9.17W 8.11W 5.86W
QT
S Sameheatsinkingis consideredor Si(70mK) and GaN(70mK).

e L) Switchingfrequencyis 100kHz V=400V, P,=1kW.

SjdenotessuperjunctionFETs

Qs Of SF360nNC E . 0f SF13uJ

Q,s0f TIGaN60nC E, . of TIGaN-7.6uJ
Q,ss0f SiCdiode=83nC E,. of SiCDiode=pJ

Switching Losses
I-V Overlap LosseSlgysX VocX tswX fowm/2

Output Charge Losses: f¢¥X QysX fpum)
Reverse Recovery Loss€¥,-X Q. X fpyym)
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Agenda

« CCM PFC Topologies
U Topology Comparison
U WhyGaNbased TP PFC?

» Pathto 99% Efficiency witliaN
U GaNBased 1kWI'P PFC Specs
Thermal Management Considerations
PCB Design Considerations
Half BridgeGaNPower Stage Losses
Control Tips
U Power Inductor, EMI and DC Capacitor Selections

et exti et e

 Results
U Total Loss Breakdown
U Efficiency, Power Factor, THD, Current Waveforms
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1kW GaNbased TotenfoleCCM PFC

Input Voltage  85¢ 265 V¢ 195 — SZDI giltirr Card

Input 50¢ 60 Hz LMG3410-HB-EVM
Frequency

Output

Voltage 385 \6c

Output Power 1 kW

Input 481>H L
Inductance Switching Stage
Switching 100 kHz / 140 and Inductor
Frequency kHz 156 W/in3 2X d it
ower aensi
GaN LMG3410 il P y PMP20873
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Path to 99% Efficiency wikaN Thermal Management

0 Thermal interface material (TIM) selection;, ,__Rei[ wesio Rip§[ MG3410
pcl

%' ] 7 [ ] 1 I%R
. TIM
THERMAIRESISTANCES$ VARIOUS$HEATSINKINBPPROACHES hleatsikgBeseplate % R
Rth (°CW) | Bondply-100 | HR300P | Direct Soldering J H H H H H H H H H H H H H H H H H H L
R 0.5 0.5 0.5
Roco 1.95 1.95 1.95 TIM: Bondply-100 \ . men —
Rrim 5.5 3 0.2 i g g
R *6.4 *6.4 = 6
Ra 14.3 11.8 8.65
*At400LFM

" Heatsinksize25x25x15mm sharedby HBGaNFETs
™ 20x10x15mm for eachGaNFET
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Path to 99% Efficiency witkaN Thermal Management

A 4\4\

U Thermal board design

Thermal pad

To erae
e | | | | - -
(N | N | |

» Cu layer should cover thermal pad — (| —

o Copper thiozkopperss = 2
* Reduced PCB thickness (32 mils) g o I
« Plated thermal vias for better thermal conduction (dia 8-12 mils) : '

« Thermal vias numbers and optimized pattern (tradeoff with
power loop inductance)

U 39vias A 76.2 °C/W each
U RypA 1.95°C/W total
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Path to 99% Efficiency wiaN PCB Design

U Minimize power loop return ﬁ [ ==
U Minimize SW node capacitance PCB Dielectric |
(_’ W PCB Dielectric
_IE e LMG3410 B
Capcitors

-

) ”n :\
L 4_J Q O Vin Sl GND Vin

Node
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Path to 99% Efficiency wiaN GaNFET LMG3410 .

U 600V/70nK tailored for :1.5kW hardswitching.
U HB loss breakdown for 1kW / 387V / 100kHz.

<

SwitchinglossesPs,,~ (kysX VDCX©X fowm/ 2 + (VpeX QosX fpwm) +(VoeX Qq X fopw)
) 4 - -

CHOCCNTNN

8mm x 8mm QFN
Direct soldering: 1.52W

Bondply-100: 1.78W

Conduction 10sses2. o= kud X Roson

Deadtime lossesPyg~ kysX Voo X tonyX fowm

50V/ns - 100V/ns 2.3W at 387V ow

v

N4

Discrete GaN (1.9W) TI GaN (0.95W)
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Adaptive deadtime

Path to 99% Efficiency wiaN Control — cwme o

IIIIII E

voa | ¥ Current '.I“J urn-on too late ;
) .. o sampling| /71
U Advance digitabower control (UCD3138) e |
* Highly integrated digital solution offering superior performance,,—— | I
e Advanced control algorithm e T
« ExcellenfTHD and PF - e ‘
U Adaptive deaetime ﬂJ peniEron_ferd | swereron |

Minimiz Optimal tur
deadtime on point

» Different deadtimes for HS and SS edges

: . - Negative current conduction
» Deadtime calculated based on operating condition

: . I
U Negativecurrent conduction T, = ~
» Helps reducing switching losses ‘ Sactive -~ —————
Sen _

*Csw=top and bottom devic€, + PCB, heatsink, inductor coupling capacitanée

VS W ——— e I__ N
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Path to 99% Efficiency witkaN Passive Components

U Inductor Design

\\ L1/
A\WL 7>
\\\\\ \ A"///

Loss/EMI 3 :
>

Loss/EMI
>

7840-09-0014
NMI-1130 MEXICO

. . ¥ Cost Cost
2 layer winding < Partial single layer winding < Single layer flat winding

File Edt vertical Horigidcq Irig Display Cursors Meagre  Masks  Math MyScope Utiities  Help Tek  Stopped 13 Acos 17 Feh 16 16:24.07 Fle Edit vertical HorizfAcq Trig Display Cursors  Measure Masks  Math MyScope Utiities Help

Tek  Stopped 195 hegs 12 Mar 16 04:21:58 T T T T T T Tek  Stopped 9558 Ao 12 Mar 16 04:27:30
T L4 T T T T T T CUED T L T T T T T T Btons

Freqe1) B233WH:
7!

oIt

1

I N

Frecict) 206 4kHe
- 28.605167M 1 5 4247076M
14— s 1272k w2rsan 006K M:375.00

]

' T " o 473M n: 7050 EERCEE URERE

JAmpiicT) 400.0mA bmpct) 1784
579 56617 21874551

m: 0.0

23
o 5045m  n: 7050 o2 1074 na0Bsk

B

E T |

. ! ! . : ! ! chl 204 @ 1 1.0ps 2 SGESE I|T 50 mt‘ ‘ : ! : 13
ol 20 @ M1 0ps SOOMSK  20nsA pe L M1.0ps SO0MSE  2.0nsit
o 100v 4Ch3 s 106 Oh3 004 A ChT o Bl ach3 s 106Y
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Path to 99% Efficiency witkaN Passive Components

U Inductor Design U EMI Inductor Design  DC Capacitor
* High flux density and low e LowDCR » Low ESR at 120Hz
loss Amorphous core « 16 AWG « Cap > hold up time constraint
e 80 turns e 10x2 turns e Cap > voltage ripple constraint
e 480uH zero bias inductance « 1.2mH  560uF
 Coreloss ~ 1.65W e copperloss0.2W x2 « Typical form factor 30-35 x 45-50

 Copper loss ~ 1.2W Power

Loss
[W]
A 680 90 30 52 0.61
A 560 112 30 47 0.76
B 560 200 30 45 1.35
B
C

Ty Cap ESR Dia Height
pe [uH wY Kgmm] [mm]

o ' 560 80 35 50 0.54
Partial single layer winding 18AWG 13x2 1.68mH | 16AWG 10x2 1.2mH 560 137 35 47 0.93

Wi} TEXAS INSTRUMENTS



High Interactive

Agenda

« CCM PFC Topologies
U Topology Comparison
U WhyGaNbased TP PFC?

» Pathto 99% Efficiency witkbaN
U GaNBased 1kWI'P PFC Specs
Thermal Management Considerations
PCB Design Considerations
Half BridgegGaNPower Stage Losses
Control Tips
Power Inductor, EMI and DC Capacitor Selections

ARG C: C: -

* Results
U Total Loss Breakdown
U Efficiency, Power Factor, THD, Current Waveforms
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U Loss breakdown of 1kW PFC / 387V / 100kHz
U 99% efficiency 60% to 100% load

Loss Mechanism Power Loss -100

©
S
>

= 98 — 2 e
S - - - 230 VAC
> 1"
o I - =-=115VAC
GaNConduction+ 3 QuadrantLoss| 1.76W 0 A
GaNQ,..+ SwitchNode CapLoss 2.54W £ y
GaNI-V OverlapLoss 0.95W Y fs= 100kHz

i 93 . . . )
Relay+ SIFET+ PCB+ FuselLosses 0.95W ! m £ . 800 1000

Output Power (W)
*Tm=23C

Note: Excludes bias losses
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U Good power factor and THD

1 —
0o S Lead OEN
. . - =
09 / /"' -~ Spec
- 7 7 / 'I’ Cd
B 0.94 "’ ﬁ” = - 115Vac and
2 o[y _- 140kHz
Q| o9 ’f 'l — -
LCE /'; _ - - = 230Vac and
| 92 hr 140kHz
q;) 088 h 115Vac and
] _ Fy-- acan
™ /’_lﬁ Energy Star-Server (LKW+)~"1tva
I
0.84 /';’l = ===230Vac and
05 i 100kHz
08 1! Inductor: 480uH
. T T T T T T T T T 1
0 100 200 300 400 500 600 700 800 900 1000

THD (%)

115Vac and

140kHz

230Vac and

\\ 140kHz
~
A

RER Lead OEM Spec ™™ joan ™

= ===230Vac and

100kHz

0

200 300 400 500 600 700 800 900 1000

Output Power (W)

Output Power (W)
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U AC Current Waveforms at Full Loa

Ble Edit Werticsl HorizfAcq  Irig  Display Cursors Messurs  Masks  Math MyScope Ubilities  Help

Tek  Preview 45 hods 03 Dec 16 04:50:24
T T T T T T T T

Pemons) ek Pravien 0 ons 11 Feh 16 10.24:02
T T T

wvert Position
0.0divs

Wert Factor

1.0

115Vac
100KHz

Lol

115Vac
140KHz

L L I !
1 oA o M 4 Oms 25 0MS/s 40.0nst chi Zom

-IRARRRRRD™
Er

1 1
1a'a Orne 12 Stass B0 Oneder
Ch4 zoov Sy & o eoa Ch3 5.08 «Q & Chl - 7E.OY
Ble Edit Wertical HgrizfAcq  Trig  Display Cursors  Measure  Masks  Math  MyScope  Ubilities  Help
ek Stopped : [ 10 s : [ 3 Res 16 04:80:07 Bt Tew __Run Sample 379 Acus 11Feb 16 09.51:54
T T T T T T

Wert Position
0.0divs

Wert Factor
1.0

230Vac
100KHz :

ol ol
ol

230Vac
140KHz

/

1 1 1 1 1

och1  so0a @ M 4.0ms Z50MSis 40.0nspt chi Z0oo
cha  zoov B & Chd ~ 980V

B Chi s B5.04

1 1 1
I 4 Orns 12 5MSs &0 .0nsdon
Gh3 soa o] & Gh1 o 4807
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Thank you for your attentidn

References for more information

1) Texadnstruments, Gallium NitridegaN Solutionsyww.ti.com/gan

2) Texas Instruments, LMG3410, 6@(2A Single Chann@&aNPower Stage,
http://www.ti.com/product/LMG3410

3) Texas Instruments, High Voltage Half Bridge Design Guide for LMG3410GaMEET,
Application Report (S OA946§I

4) Texas Instruments, Using the LMG3HBEVM HaHlBridge and LMG34XX#®M Breakout
Board EVM, User Guide (SNOU140A)

5) Texas Instruments, Optimizi@aNPerformance with an Integrated Driver, White Paper
(SLYYO085)

6) Texas Instrument$;aNFET Module Performance Advantage over Silicon, White Paper (SLY?Y

7) Texas Instruments, 99% Efficient 1kMdNbased CCM Totespole Power Factor Correction
(PFC) Converter Reference Desigdesign (PMP20873)
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