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High-Frequency Eco-System
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Faster = Smaller, Cheaper (65 W transformers)
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HF Control

• Topology change from hard-switch to soft-switch
• E.g. CCM PFC to CrCM, from QR Flyback to Active Clamp Flyback (ACF)

• HF Controllers ... with more, faster to come

• PWM:

• NCP1252 (500kHz), NCP1565 (1.5MHz)

• UCC28C44 (1MHz), UCC25705 (4MHz)

• DSP

• UCD3138 (2MHz)

• dsPIC33xx (5MHz)

• ADP1055 (1MHz)

• ACF
• Sampling

• Totem-Pole
• ASIC?

• PFC

• L6592 (1MHz)

• NCP1608 (500kHz+), NCP1615 (500kHz+)

• UCC28056 (500kHz+)

• LLC
• FAN7688 (500kHz) (+SR)

• ICE2HS01G (1MHz)

• NCP1399 (300kHz)

• TEA1995 (500kHz, +SR)

• UCC25630 (500kHz+)

• SR
• NCP4305 (500kHz+)

• UCC24612 (500kHz+)



HF Switch: GaN to 40 MHz (Prof. Rivas, Stanford University, 2015)

6

Technology V
Pack
(mm)

FSW

(MHz)

Eff.
(%)

Power
(W)

RF Si (ARF521) 500
M174
22x22

27.12 91% 150

Navitas
eMode GaN

650
QFN
5x6

27.12 96% 150

40.00 93% 115

• Class Phi-2, DC-AC converter
• 50% less loss than RF Si
• 16x smaller package
• Air-core inductors
• Minimal FET loss
• Negligible gate drive loss

20ns/div, 150V/div

27.12MHz, φ2 Inverter, VDS of GaN 



HF Drive: Eliminate Gate-Loop Impedance

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 (Navitas)

• Eliminate the problem

• Negligible turn-off losses

• Removes unintended turn-on due to 
high dV/dt
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HF Drive: Fast & Clean Hard Switching (Navitas)

50 ns/div

VPWM

(2 V/div)

VDRAIN

(100 V/div) 

Prop delay 10-20 ns
• Zero gate-loop inductance

eliminates turn-off loss

Clean HV hard switching
IC prevents noise 

coupling into gate

~100 V/ns dV/dt

PWM

500 V

ILoad= 5 A

VDD

Gate driver loop

VIN

𝑳′𝒔

𝑳𝒅

𝑳𝒍𝒐𝒂𝒅

Driver HV power FET

™

AllGaN™
Monolithic
Integration



1 MHz, 25 W ACF in 5W Size (Prof. Lee, Virginia Tech)

• Single-stage 
EMI

• Level-shifter

• 2x single 
Navitas
GaN Power ICs

• Planar 
transformer

• DSP (for 
prototype)
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150 W, 1 MHz Totem-Pole + LLC (Prof. Lee, Virginia Tech)
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1 MHz GaN 35 W/in3State-of-the-art Si (2016) 100 kHz 12 W/in3

Microcontroller
not shown

Totem-Pole:
2 x Navitas GaN
Power ICs

2 x Si FETs

LLC
transformer

LLC Primary
2 x Navitas
GaN Power ICs



Commercial Needs
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CoC

USB-PD

• Legal “efficiency” needs
• European CoC Tier 2

• DoE Level VI

• Market demand
• Smaller, lighter

• USB Type C connectivity

• USB Power Delivery

• Quick charge

• Cost…



65W USB-PD Active Clamp Flyback (Navitas)
• Input : Universal AC (85-265VAC, 47-63Hz)

• Output : USB-PD (5-20V) (65W)

• Primary : GaN Power ICs

• Frequency : ~300 kHz

• Size : 38 x 46 x 15.5 mm = 27 cc uncased
43 x 51 x 20.5 mm = 45 cc with 2.5 mm case

• Power Density : 2.4 W/cc (39 W/in3) uncased
1.5 W/cc (24 W/in3) cased

• Efficiency : 94.5% peak at 115 VAC, 93.4% at 90 VAC

All DoE Level VI, Euro CoC Tier 2

46 mm

3
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Wireless Charging: Improving Overall Efficiency

Single-stage 83% (AC to load)

Phase-shifted full-bridge “AC-RF” converter

Multi-stage ~69% (AC to load)

6.78MHz

Coil (92%)

AC 
(60Hz)

AC/DC 
Adapter 

(88%)

DC/DC 
Pre-Stage 
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Power 
Amplifier 
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• eMode GaN vs Si
• 10x lower QGD, zero trr



50 W AC-RF 6.78 MHz (Intel, Navitas)

ZVS achieved from 0o to 180o phase shift (0.2W to 51W)

Auxiliary 
Power 
Supply

PWM 
Generating

Two Half 
Bridges

Filter 
network

Differential 
6.78 MHz RF Output

60 Hz AC Input

50W Macbook Pro: Complete AC-load = 83%



LiDAR (“Light + RADAR”) = Auto ‘Eyes’ (EPC)
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• Low switch speed (capacitive, inductive) delays and lengthens laser pulse

• Clean V, I pulses needed to discern reflected waveforms

• GaN 7x faster than Si : Higher IPEAK  longer range, improved safety

• GaN 1.5x higher IPEAK : Reduced jitter, shorter cap recharge, shorter pulse (more, better data) more resolution

Auto, drones, robots, gaming



High-Frequency Eco-System
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