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Mid-Power Applications

Flat Screen TVs

5G Gaming Laptops eMobility



ASUS 280W

Output Specs: 20V/14A

Output Power: 280W

Dimensions (cased): 179x85x36mm = 542cc
Power Density: 0.52 W/cc
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Efficiency @ 90VAC/Full-load = 93.3%



HP OMEN 330W

Output Specs: 19.5V/16.6A
Output Power: 330W

Dimensions (cased): 150 x 150 x 38mm = 844cc
Power Density: 0.39 W/cc

Efficiency @ 90VAC/Full-load = 93.4%



RAZER BLADE PRO 250W

Output Specs: 19V/13.2A

Output Power: 250W

Dimensions (cased): 194 x 86 x 20mm = 332cc
Power Density: 0.75 W/cc

Efficiency @ 90VAC/Full-load = 90.5%



Rectifier on Fire!

Input Bridge
Diodes
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PLOSS-BRIDGE = 2 X Vf X IRMS

PLOSS-BRIDGE-300W-90VAC = 6W
2x Diodes Always Conducting!

Input Bridge = 110C!! A

ASUS 280W Thermal Image
(PCB in free air, Ta=25C, Vin=90VAC, 100% load)



Eliminate the Bridge!

PLoss BRIDGE > 25% of PLoSS PFC+LLC PLOSS BRIDGE > 50% of PLOSS PFC
(@ 90VAC/300W) (@ 90VAC/300W)

Output Caps, 0.4 __Boost RCS, 0.4
SR gate charge, 0.2

Boost Inductor, 2.31
SRFETs, 2.0

. - Diode Bridge, 5.9

Resonant Inductor, 2.0

,
“._ Diode Bridge, 5.9

Boost Diode, 1.6
-__EMI Filter, 0.7

'_ Boost Switch, 1.1

LLC Transformer, 2.1

Boost Diode, 1.6 Boost Switch, 1.1

Half Bridge FETs, 1.8 J

' EMI Filter, 0.7
Boost Inductor, 2.31



Basic Bridgeless PFC
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AC EMI
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. High CM noise
. Complex voltage sensing
. Complex current sensing

Bridgeless Topologies

Semi-Bridgeless PFC Bidirectional Bridgeless PFC Bridgeless Totem-pole PFC

Requires 2x inductors Requires isolated gate drive

Requires lower RDSON FETs
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. Low CM noise . Low CM noise . Low CM noise
. Simple voltage sensing . Complex voltage sensing . Difficult voltage sensing
. Complex current sensing . Complex current sensing . Difficult current sensing

Some of these topologies exist already at higher powers but
are limited to low frequency, and have high cost, high
complexity and high losses at light-load.



Totem-pole PFC Simplified Schematic
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NV6128 70mQ GaN Power IC

NV6128

Features Simplified Schematic Package

Integrated gate drive
Integrated gate drive regulator
Programmable turn-on dV/dt

Wide V. range (10 to 30 V) PQFN 6x8 mm
Source Kelvin GND
70 mQ eMode GaN FET Typical Application Schematic (Boost PFC)

2 KV ESD rating (HBM)

DCOUT(+)

800 V transient voltage rating
650 V continuous voltage rating
Zero reverse recovery charge
6x8 mm QFN

Large cooling pad

DCIN(-) —e-

&— DCOUT(-)

1

11




Integration Drives Performance

Clean Switching (Boost Circuit)
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Top Layer

Bottom Layer

Component Landing

Pad (Top Layer)

Place supply filter
capacitor (Cycc) at

Vec pin

Simple and Cool Layout

Vec  PWM
Supply Input

Bottom Layer

Thermal Copper Area

(adjust size as necessary)

PGND —»
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GaNIC

Drain
(-— Switching
Node

PCB

SKPin9

Gate Drive SET Resistor (Rpg)

Voo SET
Zener (Dz)

(Top View)

Vpo Filter Capacitor (Cypp)

Thermal Vias
{dia = 0.65mm, hole = 0.33mm,
pitch = 0.925mm,
via wall thickness = 1mil)

Drain
Switched
Node
JUu
10V to 24V

PGND

e
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Clean Switching, No Ringing or Glitching @ 30A

NV6128 GaN Power IC

Discrete GaN

AN TELEDYNE LECROY
'. Everywheroyoulook

[@00V)

+ Exposed Gate
» Faulty Switching
* Ringing & Glitching!

* Integrated Gate
* Clean Switching Double Pulsed Test

* No Ringing

- No Glitching! (Sync Boost Circuit)




NV6128: “Best GaN We Have Tested!”

Turn-on (hard switching) Turn-off (hard slewinq)
Rg, = 10 Ohm
400 F—————= \J 5A 400 - O R i st ROn = 10 OhM
00— \ NN — 104 300 - A
] ——15|A < —10A
200 —20A 78200* — A
25 A > — A
100 30A 100 - 5 A
] % A
0 T T T T T T T 3 T T T T 0 L B B A - I
10.450p 10.455p 10.460u 10.465u 8.325p 8.330p 8.3354 8.340p 8.345 8.350p

NV6128 Testing Feedback:

* Fast and very clean switching

« Easy to control slew rates

* Integrated gate allows for high switching speeds (dV/dt > 200 V/ns, di/dt >10 A/ns)

* Integrated gate protection eliminates external components without restricting switching speeds
* Minimal ringing and oscillations allowing for EMI optimized designs

* The internal driver realizes the full potential of GaN (no dv/dt and gate-loop induced risks)

« “Outstanding GaN performance, best GaN we have tested!”
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300W Totem-pole PFC Evaluation Board

2x NV6128 GaN IC

Daughter Card 2x NV6128
2x Si FETs GaN ICs
Slow Leg Fast Leg
Line wency PWM Frequency
—
™ ey L
kT A No Input ﬁ% FM""L T
) Bridge | ] ‘
NCP1680
Filter Inductor Totem-pole Controller
Totem-pole Evaluation Board provided by ON Semiconductor .
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Clean Start-up into Full Load

Vin=115Vac
Vo=397V, lo=0.75A
Startup

VBRDG: Fast HB switch node
Vo _pfc: PFC output

Vin_ac: AC line voltage
lin_ac: AC line current

Ch1: VSWFAST
100V/div

Ch2: Vo_pfc
100V/div

Ch3:Vin_ac
100V/div

Ch4: lin_ac
5A/div

3963V |7
3293V Ay

cs

P3:pkpk(C2) P4:max(C2) P5:max(C3) P6:rms(C4)
425V 412V 173V 2.83A

100 V/div,
-100.0 V|

640V | 320 mA | X1= X .
335,2\/ f 33 | ! X2= 147.65205ms 1/AX= 6735184 Hz

3216V Ay

Posi
8.47406 s
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Clean Steady-State Operation

Ch1: VSWFAST

Vin=115Vac 100V/div

Vo=397V, 1o=0.75A

Ch2: VSWSLOW

VBRDG: Fast HB switch node 100V/div
VBRDGZ2: Slow HB switch node
Vin_ac: AC line voltage

lin_ac: AC line current

Ch3:Vin_ac
100V/div

!

lé

Ch4: lin_ac
2A/div

P1:freq(C1) P2:mean(C2) 4 max{C2) P5:max(C3) P6:rms(C4) P7:max(C4)
95 266 7 412V 169V 2687TA 458A

Positive
X1= 26.646 454.512 s
X2= 481158 2.200162 kHz

-8
328V Ay -207 mAJ}
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ZVS & ZCS Switching (Zoomed)

Ch1: VSWFAST
100V/div

Ch2: VSWSLOW
Vin=115Vac 100V/div

Vo=397V, 10=0.75A

Ch3:Vin_ac
Triggered at Vin_ac=160V 100V/div
(Rising, at line peak)

Ch4: lin_ac ] |
FSW=77 1 kHZ 2A/d |V : ey P2:mean(C2) Pamaxc2) Pomaxca) Poms(CY) Primax(Cy

v v

H . i ] b. Trigger
(Fsw =75 - 130 kHz over line/load/line-cycle range) Wiy VY 00V 200 A T
4041V | 3922V | 1560 |
4043V 1 3941V ¢ 158.0
200 mY Ay 19V Ay 20V Ay

ge  Positive
X1= -4.1700 12.9686 s

(2= 87986 s 1/AX= 771003 kiz



Efficiency (%)

100.0%

99.5%

99.0%

98.5%

98.0%

97.5%

97.0%

96.5%

96.0%

High Efficiency and Cool Operation

Efficiency vs. Output Power = o 2 NV6128 LS GaN IC, 71C
b g NV6128 HS GaN IC, 67C I
o— —9
@ 90VAC/100%
—8—90Vac —@—115Vac 230Vac —@—265Vac
Slow leg HS SIiFET, 55C
50 100 150 200 250 300

Output Power (W)

Conventional PFC EFF = 96% @ 90VAC/100%
Totem-pole PFC Efficiency = 97.5% @ 90VAC/100%
Totem-pole = +1.5% EFF Increase vs Conventional PFC!
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Acknowledgements & Questions

Special Thanks To:
ON Semiconductor

> Let’s go GaNFast™
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