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A Power Supply Revolution Once Again!
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The New World of                   Adapters
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Key Elements For High-Density Adaptor 
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Speed Reduces Size: Magnetics
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Speed Reduces Size: Capacitors
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100kHz
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High Frequency Topologies 
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>1MHz(GaN)
Soft-switching

Active Clamp Flyback Bridge CrM Boost PFC 

Bridgeless CrM Totem Pole PFC  

>1MHz(GaN) with
Soft-switching 

>200kHz
Quasi-Resonant

>1MHz(GaN)
Soft-switching

LLC



Power IC

Monolithic integration at 650V
• GaN FET (range 120-600 mΩ)
• GaN Driver
• GaN Regulator
• dV/dt control
• Logic
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5 x 6 mm QFN

10…30V



Voltage Slew-Rate Control… Easy EMI Tuning

dV/dt controllable from 100 V/ns to 10 V/ns
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RDD



Speed & Integration  Eliminate Toff  Losses

External drivers
• Just 1-2 nH of gate loop inductance can 

cause unintended turn-on
• Gate resistors reduce spikes but create 

additional losses

Integrated GaN drivers (iDrive™)
• Eliminate the problem
• Negligible turn-off losses
• Removes unintended turn-on due to 

high dV/dt
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High Integration:  Half-Bridge GaN Power IC

Monolithic integration at 650V
• 2x 650V eMode GaN FETs (a/symmetrical range 120-600 mΩ)
• 2x 6V GaN gate drivers
• 2x 30V to 6V GaN regulators and UVLO circuits
• 650V GaN level-shifters and bootstrap drivers
• GaN Logic (shoot-through protection, fault mgmt, ESD, etc…)
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6 x 8 mm QFN

500V

2 MHz soft-switching operation

2A pk-pk



150W, 19V: PFC min 200 kHz, LLC 500 kHz
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Power ICs

PFC

LLC

PFC Inductor, ER25

AC Bridges

SR IC NCP4305, FETs

LLC Transformer, ER25
LLC Resonant Inductor
(LLC IC NCP13992 on bottom side)

Bulk Caps

EMI



Block Diagram – 150W/19V

Navitas Confidential 15



500kHz 150W/19V
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PFC Stage

Navitas Confidential 17

182kHz



LLC Stage

Navitas Confidential 18

500kHz



Reduced Magnetics Size @ 500kHz 
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Fsw  Lm   SizePFC Lm

LLC Lm

Fsw  Lr, Cr  Lm Size

GaN  Coss



TDK N49 Core Material (500kHz)

Navitas Proprietary & Confidential



Reduced Output Cap @ 500kHz 
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• Output ripple = ESR ripple (Io, ESR) + 
Cap ripple (Co, Io, fsw dependent) 

• ESR is dominant factor for output 
ripple at high fsw

• Small output cap is used for high fsw

“Design Considerations of Resonant Network and Transformer Magnetics for High Frequency LLC Resonant Converter”, J Electr Eng Technol. 2016; 11(2): 383-392

Ripple voltage vs Switching Frequency



93% Efficiency @ 90VAC, Full Load

Efficiency vs Load & AC line voltage

No heatsink, no airflow, room ambient

Power Loss Estimate by Component



• Si COSS is 50x-100x worse than GaN at VDS < 30V
• High loss due to large stored charge while 

hard-switching

• Turn-off losses low due to integrated drive
• Near loss-less ZVS turn-on transition
• Minimize deadtime for low reverse conduction loss
• No voltage spikes / overshoot
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GaN Increases Efficiency  

120VAC, GaN clean ZVS waveforms (~200kHz)120VAC, Si CP partial hard-switching (~200kHz)

Si GaN



93% Efficiency @ 90VAC, Full Load

ITEM Existing Silicon
140W Design

GaNFast 150W Design
(NEV031)

Picture

Spec 140W (19V / 7.37A) 150W(19V/7.9A)

Power Device Si Navitas GaNFast IC

PCB Size 60 x 149.5 x 31 50 x 100 x 12.5

Case Size 68 x 156 x 39
(414cc) 126cc (estimated)

Efficiency 89% 93%

PWM frequency PFC= 40kHz, LLC= 85kHz PFC= 200kHz, LLC = 500kHz



Next Generation 1MHz 150W NB Adaptor  

Navitas Confidential 25

Topology: Totem-Pole PFC + LLC at 1 MHz 
Power Device:  GaNFast power ICs
Efficiency:  >95% peak efficiency at full load 

150 W, 1 MHz Design 



26


	Slide Number 1
	A Power Supply Revolution Once Again!
	�
	The New World of                   Adapters
	Key Elements For High-Density Adaptor 
	Magnetics Frequencies – 10x Every Decade
	Speed Reduces Size: Magnetics
	Speed Reduces Size: Capacitors
	High Frequency Topologies 
	Power IC
	Voltage Slew-Rate Control… Easy EMI Tuning
	Speed & Integration  Eliminate Toff  Losses
	 High Integration:  Half-Bridge GaN Power IC
	150W, 19V: PFC min 200 kHz, LLC 500 kHz
	Block Diagram – 150W/19V
	500kHz 150W/19V� 
	PFC Stage
	LLC Stage
	Reduced Magnetics Size @ 500kHz 
	TDK N49 Core Material (500kHz)
	Reduced Output Cap @ 500kHz 
	93% Efficiency @ 90VAC, Full Load
	GaN Increases Efficiency  
	93% Efficiency @ 90VAC, Full Load
	Next Generation 1MHz 150W NB Adaptor  
	Slide Number 26

