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Presentation Outline

« 240W GaN Chargers

* Topology Comparisons

« NV6269C GaNSense Half-Bridge IC

« 240W-1C PD3.1 150cc Charger Design
* Conclusions



240W USB-C GaN Chargers Are Here!

Anker Prime 240W-3C/1A WOTOBEUS 240W-3C/2A CHIPOFY 240W-3C/1A
104.5 x 78.4 x 33.8 mm = 277 cc 113 x86 x32 mm =311 cc 90 x 65 x 36 mm = 211 cc

Power Density = 0.87 W/cc Power Density = 0.77 W/cc Power Density = 1.14 W/cc
Efficiency = 92% (90Vac/100%) Efficiency = 91.3% (90Vac/100%) Efficiency = 90.5% (90Vac/100%)
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NV6269C Enables Next Gen High-Frequency, High EFF,

High Power Density, Half-Bridge Topologies!

Topology PFC Stage DC-DC Stage Pros Cons Summary
2% HV Switches
PFC + QR 1% SR Switch Low Power Density Used for low cost, low
Variable Vout Low Efficiency power density, variable Vout
(< 120W) Low cost Low flux cancellation solutions [PD3.1)
Many controllers
. . 3x HV switches
PFC +LLC :IEE ﬂ:; Fﬂl’ll:E"atan 2% SR switches Used for high efficiency,
H:Eh Eo:tc;:eerng:nsi Fixed Vout high power density,
(200-300wW) Mgn pcontrollers ty Addt'l buck for variable Vout fixed Vout solutions
Y High cost
1x SR Switch
PFC + AHB Variable Vout 3% HV switches Used for high efficiency,
200-300W Good flux cancellation Few controllers high power density,
(200- ) High efficiency Medium cost variable Vout solutions (PD3.1)
High power density
1x SR Switch
TTP + AHB \(‘ir?lrc:;bfllli:::]:rtlcella tion 6x HV switches Used for highest efficiency,
. . High cost highest power density,
(200-300W) Highest efficiency Few controllers variable Vout solutions (PD3.1)

Highest power density
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NV6269C GaNSense Half-Bridge IC

NV6269C GaNSense Half-Bridge IC

Features Simplified Schematic Package

GaNFast™ Power IC
Two independent logic PWM inputs
3.3, 5, 12V PWM input compatible
Floating high-side with internal level shift
Integrated high-side bootstrap STEVO——
Integrated gate drive & voltage
Wide Ve range (10 to 24 V)
Hi & Lo-side turn-on dV/dt slew rate control
GaN Power FETs
150150 mQ (NV6267C/M), 70/70 mQ (NVB269C/M)
Zero reverse recovery charge Typical Application Schematic (LLC)
800 Vmax_tran & 650 Vmax_cont ratings
GaNSense™ Technology "
Integrated loss-less current sensing 3] —»—°’°—°| Cug]
Over-current & over-temperature protection Rooy . ; z
Autonomous low-current standby mode
Small, low-profile SMT PQFN .
8x10 mm footprint CSour :
Minimized package inductance 3
-
5]
E)

VB

QFN 8x10

Lo
L A cvoou

Ll

§§‘2n Roos

am
EEQ

o0

o

s
an__ii
BN
MEA

[RDDH

a

Large cooling pads No RCS Q )
Key System Benefits DCasl 434
No external half-bridge driver required =
Loss-less current sensing = +0.5 EFF benefit ey (] o
No ext. RCS resistors, no 85C RCS hot spot Cuw Tz |z 2
OCP, OTP protection features T o
Autonomous low standby current mode DCaus(+)—— T
Enlarged cooling pads
Low RDSON + larger package enables 50% to
67% higher power levels!
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NV6269C = Highest Integration, Lowest RDSON,
Largest Cooling Pads & Simple Circuit Block

HV spgcing Half-Bridge
Switched Node

/ (Vsw)

~ High-Side
& — Source
Cooling Pad

Vyy Pins
.

Low-Side
110 Pins ™
A

Source
Pins
(Panp)

High-Side

Low-Side 1/0 Pins

Source

Cooling Pad Low-Side

1/0 Pins

NV6269C
QFN 8x10 package
Large cooling pads
Low-side I/0O pins
High-side 1/0 pins
650V functional isolation

AN

Integrated Integrated
Level-shifter Gate Drivers

& Bootstrap - .H _____
PWM : J
Inputs 1 4
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PWM \
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OUTH o_p_ '—6VSW
[ I
1 I
ouTL 'N" > } I
1
I
I
.

SET /A s \
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& Rser amplitude ™ (trimmed)  p Loss-less CS
program resistor GND

Fully-Integrated GaNSense Half-Bridge IC
Wide range VCC

PWM inputs

Level-shifting

Gate drivers

Bootstrap

2x 70m GaN power FETs

Loss-less GaNSense with CS output
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Simple Half-Bridge Circuit Block

2x Low-side wide range PWM inputs
650V GaN half-bridge switched node
output

Programmable CS output

Extra protection circuits (OCP/OTP)
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GaNSense Half-Bridge IC = Smallest PCB Area,
Fewest Components, No Ringing, No Glitching!

NV6269C GaNSense Half-Bridge IC Discrete GaN Half-Bridge

33 components
250mm2 footprint

1x ext. HB driver HVIC
1x ext. HV bootstrap
2x HV bypass diodes
2x gate drive circuits
Exposed gates

v’ 13 components

v’ 122mm?2 footprint
v Int. level shifters
v" Int. bootstrap

v' Int. gate drivers
v No exposed gates

X X X X X X X

." .‘ YElLiDVKETIl_EjZR\'A_I

20 pcs fewer components _
51 % smaller PCB footprint 2005 063 Eia osie
No exposed gates

Clean, reliable switching!

200 pa/dee Normal 210V
200k 10 GS/s Edge Positve

Severe Ringing & Glitching!
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240W-1C TTP + AHB + GaNSense =150 cc

! 53 B i}

— = e

AR Y e o) ﬂl!§ :5 =
allEss &

Nv6269c NV6265C
(AHB) (TTP)

Efficiency: 96 % (@90Vac/36V/6.7A)

PCBA: 70 x 65 x 22 mm3 = 100 cc

Cased: 76 x 71 x 28 mm3= 150 cc

+4% to +5.5% efficiency benefit vs existing designs!
29% to 52% smaller size vs existing designs!
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TTP Waveforms = Clean & Sinusoidal

115Vac/60Hz
@ 240W

230Vac/60Hz
@ 240W

Max(C4) 1.76 & Min(C4) -1.76 A

222kHz




AHB ZVS Waveforms = Smooth & Clean

115Vac/36V/6.7A 230Vac/36V/6.7A

2023/07/04 10:38:41 7659 Stopped| 2023/07/03 19:04:52

(=) 100V 00 ; =1 Edge O 5% History  Normal (=] 100 V[ o 500V 250 S Edge CHI R
mmu )1 = = ; Auto 0 ¥ 10 500MS/s wow )1 2an° 13 58 4 ; Auto 0V

I \umun\WJWWW \nuwml\ww \m“\ Wl \\\\1 \\\WWWM\M W MWWWMM M l‘\wm\m\ ‘ MW‘W WM\

Max(C4) 3.4 A

Y2 -10 ¢
AT 11 . 75us




Peak Efficiency > 97%

98 98 98
_ 36V/6.7A _ 28V/6.7A _ 20V/6.7A
96 9% 9%
95 35 95
94 94 91
33 —+—S50Vac 93 —e—30Vac 93 —e—30Vac
EFF > 96% @ 90VAC/240W | — ¥ T =11V
—e—230Vac 92 —e—1230Vac 92 —e—230Vac
91 91 91
25 50 75 100 25 50 75 100 25 50 75 100
95 85 95
. 15V/3A . 9V/3A _ 5V/3A
91 91 91 /,
89 83 29
a7 87 87
85 a5 85
- —#—190Vac - —e—50Vac . —a—90Vac
—g—115Vac —e—115Vac —a—115Vac
a1 ——230Vac 8l —e—230Vac 81 =g 230Vac
79 79 79
25 50 75 100 25 50 75 100 25 50 75 100
Pin @Standby (5V/0A) 64mW 142mW
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Lower Losses = Lower Thermals!

90Vac 115Vac 230Vac
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ZVS = Low EMI!

115Vac 230Vac

$7a%E:150kHz AV:44.2 QP:56.9

T T
150 kHz 1 MHz 10 MHz 30 MHz 150 kHz 1 MHz 10 MHz 30 MHz
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Conclusions

v’ Existing 240W GaN chargers still have room for improvement
(0.77 — 1.1 W/cc, 90.5% - 92% efficiency)

v Use Totem-Pole + AHB for highest efficiency, high frequency,
ZVS, & smallest size

v NV6269C is an excellent GaN half-bridge building block IC,
easy to use, small footprint, & reliable switching

v' 240W-1C charger design using Totem-Pole + AHB + GaN Half-
Bridge IC demonstrates 96% efficiency, 150cc size, & low EMI

v +4% to +5.5% higher efficiency vs existing designs!
v 29% to 52% smaller size vs existing designs!



EVBs & Design Files Available!
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= @ Navitas

= Let'sgo GaNFast™
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