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diodes, IGBTs, and super-junction MOSFET drop-

in replacements have prepared the market for 

WBG technologies. There is plenty more potential 

in tailoring electrical performance to selective 

topologies to continue to drive power efficiency; 

extend driving range; reduce weight, size, and 

component counts; and enable novel, break-

through end applications in industrial, automo-

tive, and consumer fields.

A critical element to enable rapid design-in 

cycles is accurate spice models, which include 

thermal performance and calibrated package 

parasitics (available for virtually all popular simu-

lator platforms) as well as quick sampling sup-

port, application notes, customized SiC and GaN 

driver ICs, and a worldwide support infrastruc-

ture.

The next 10 years will bear witness to another 

historic shake-up, where GaN and SiC-based 

power semiconductors will drive radical inven-

tions in power electronic packaging integration 

and applications. In the course of this process, 

silicon devices will be nearly eradicated from 

power-switching nodes. Still, they will continue 

to find refuge in highly integrated power ICs and 

lower-voltage regimes.
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Figure 2: Highest-efficiency on-board charger system using 1,200-V SiC MOSFETs both in PFC and LLC stage, reaching the 
highest power density and lowest weight. Reference design available at www.onsemi.com.
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Gallium nitride (GaN) switch technology has en-

abled a major advance in the miniaturization of 

chargers and adapters.

GaN transistors switch very efficiently. This 

allows the development of converters that can 

either operate at much higher switching frequen-

cy than a circuit using equivalent silicon devices, 

potentially reducing transformer size, or provide 

solutions that deliver significant system efficien-

cy improvements, reducing or eliminating the 

need for heat sinks.

By using GaN-based transistors and ICs, de-

signers have been able to deliver small chargers 

— often also incorporating USB PD interfaces 

and fast-charge protocols — that significantly 

increase the amount of power that can be deliv-

ered for a given size, and which can be used to 

drive a wide variety of personal portable devices 

in all corners of the world.

Power Integrations has been at the forefront of 

the GaN revolution, delivering complete power 

supply solutions in volume to major customers. 

This article explores the capabilities of GaN de-

vices and discusses strategies for addressing the 

challenges raised by the technology.
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reduce RDS(ON) (conduction loss), switching loss 

increases.

Different silicon transistor technologies — super-

junction, vertical, and lateral — all compete to 

reduce the combined losses in the device. GaN, 

however, dramatically improves switching effi-

ciency in chargers and adapters by fundamentally 

reducing both switching and conduction losses. A 

comparison between technologies that illustrates 

this performance shift is shown in Figure 1. GaN 

devices are intrinsically rugged, the avalanche 

breakdown seen in conventional MOSFETs does 

not occur in GaN switches, making them ideal for 

use in offline power conversion in regions where 

mains voltage is subject to wide variation. 

The change in switching efficiency created by the 

introduction of the GaN switch also dramatical-

ly reduces the thermal challenges, leading to a 

further miniaturization of chargers. A summary of 

those changes is shown in Figure 2, which com-

pares the characteristic performance of legacy 

and previous high efficiency adapters with those 

powered by Power Integrations’ InnoSwitch AC/

DC converter ICs, including the latest family 

members, which use GaN power switches.

The step change in efficiency from GaN switch-

es first began appearing in chargers and adapt-

ers in 2018 and has led to a dramatic reduction 

in charger/adapter footprint and a volume ratio 

that closely matches the one described in Figure 

2. Figure 3 shows the latest GaN charger, which 

uses Power Integrations’ PowiGaN GaN transistor 

technology compared to both the groundbreaking 

2008 design and a high-performance design us-

ing the best available silicon switch technology.

ADDRESSING THE CHALLENGES 
OF GAN
GaN devices have reshaped power density think-

ing. The most successful power designs harness 

HOW GOOD IS GAN? CHANGES 
TO POWER ARCHITECTURES
The 1-in.3 charger became an iconic footprint for 

low-power flyback chargers a little over a decade 

ago. The technology pushed the size envelope as 

far as efficiency limits would allow and was the 

best that could be achieved with the technology 

available at the time. The power switch in any 

flyback design is the largest contributor to power 

loss, dissipating power during each switch tran-

sition and during conduction. Switching losses 

and conduction losses are inversely proportional 

to each other. As switch die area is increased to 

Figure 1: GaN technology (shown in red) is able to reduce the total switching loss for a power switch operating at offline 
flyback voltages (switch rating 600–750 V).

Figure 2: As efficiency in power switches increases, lost energy (heat) decreases. The reduction in heat means that the surface 
area needed to conduct heat away from the device also decreases. The reduction in surface area means that the thermally 
limited volume of the power supply (the minimum size the power supply must be in order to process the heat generated) also 
reduces. Interestingly, the highest-efficiency design is also achieved with a quasi-resonant flyback power supply operating at 
an average switching frequency of 70 kHz. Thermally limited volume ∝ ((1-efficiency)/6)3/2

Figure 3: The introduction of GaN technology has dramatically reduced the size of power chargers. Switching frequency has 
remained similar, and topology is somewhat similar, but improvements to power switch technology and significant integration 
have dramatically improved performance.
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the increased switching efficiency to reduce 

converter size. Driving GaN devices presents 

challenges for the designer which must be over-

come in a practical design. GaN devices switch 

very quickly. Parasitic capacitances between the 

gate and source connection, and the gate-drain 

capacitance normally seen between the Gate 

well and the Drain substrate (Miller capacitance), 

are very small (in the order of 

a few nC) which ensures very 

fast switch transition leading to 

low switching losses.

In order to provide a shutdown 

of the GaN device while avoid-

ing false triggering, discrete 

current-sense circuits insert 

a series impedance that ap-

proaches (and, in some cases, 

exceeds) the on-resistance of 

the GaN switch. The large re-

sistance is necessary to ensure 

accurate short-circuit detec-

tion and fast loop response 

for the protection circuit. In 

designs striving for maxi-

mum efficiency this is clearly 

a disadvantage; engineers are 

therefore turning to integrated lossless current 

sensing circuits that build a SenseFET into the 

structure of the GaN device.

Left unregulated, the fast switch transition will 

generate significant noise issues in the circuit. 

The combination of trace inductance and switch 

capacitance causes high frequency ringing during 

switching events which cause noise problems 

with circuit operation. For GaN switches, it is im-

portant to reduce parasitic inductance by reduc-

ing the size of the switching loop (and secondary 

rectifier loop which appears as “extra” leakage 

inductance in the transformer) by a combina-

tion of good layout and GaN integration. Figure 

5 shows the circuit elements that contribute to 

ringing in a GaN switching circuit.

In addition to controlling loop inductance, con-

sideration must be made in sizing the gate drive 

circuit appropriately for the size of power switch 

and gate charge characteristics. Fast gate transi-

tion is desirable to reduce crossover losses (gate 

voltage and current transitioning at the same 

time), but to reduce EMI it is important that this 

rate of change is limited by a combination of gate 

resistance and drive source/sink current which 

should be matched to the GaN device being 

used. Figure 6 compares the transition rates for 

GaN and Si switches driven from an appropriate-

ly-sized gate driver.

There are several other aspects to consider when 

driving power FETs, such as how to control the 

normally-on GaN structure during start-up; the 

comparison of the breakdown and avalanche 

associated with excess drain voltages in silicon 

switches to the more robust parametric-shift 

phenomenon seen in GaN devices; optimization 

of switching frequency and the trade-offs in 

transformer size versus smaller thermally limited 

volume; the limits in circuit efficiency imposed 

by programmable power conversion and USB PD 

and PPS. Each one is a separate article in its own 

right.

GaN devices provide an opportunity to provide 

dramatic improvements in the size, appearance, 

and even the appeal of power conversion devices 

in modern electronics equipment. The benefits 

are not limited to adapters. Appliance appli-

cations benefit from the removal of heat sinks 

which lessons mechanical issues reducing vibra-

tion and transport induced failure, while metering 

and industrial applications are beginning to take 

advantage of the ruggedness of GaN switches 

when there are exposed line voltage fluctuations. 

GaN is no longer nascent; market adoption is 

already well advanced with Power Integrations 

alone shipping millions of power supply ICs that 

include GaN switches. Engineers will continue to 

innovate and provide better switching solutions 

based on the benefits the technology provides, 

the future is bright — the future is GaN, and the 

future is now.

Chris Lee 

is director of product marketing at Power Inte-

grations.

Figure 5: Elements contributing to switching oscillations during transitions. Note the contribution of secondary trace 
inductance magnified by the transformer turns ratio to primary leakage inductance.

Figure 4: The requirement for current-sense resistors in discrete GaN circuits is a 
challenge. In order to induce a rapid loop response, resistance must be increased 
to create sufficient voltage drop for strong biasing of the current-sense circuit. In 
the simplified schematic above, the resistance values are those prescribed by an 
actual reference design.
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