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GaNonCMOS (Power Conversion Applications)

Program Overview and 

focus on 12/24/48V to 1V Voltage regulators
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www.ganoncmos.eu

Market Demand Partners

HPC: Server VR, Multi-Node 

Merchant POL, Aerospace, 

Automotive:

¢ƻŘŀȅΩǎ мн± ǘƻ м±у 
Server/PC VRM

Program Scope: GaN in Integration Power Systems

Efficient, Dense, Low Cost

Flexible for Multi-Node, Multi 
Core, Lower Voltages, SoC Power, 
Nano-Grid Power

Compatible Input Power and 
Output Power



July 2019 GaN Summer School Ghent 4

Systems & Demonstrators 

Wafer:

GaN Switch:

CMOS Control/Driver:

Embedded Substrate Technology: (Magnetic Devices and Semiconductors)

Voltage Regulator Designs and Advanced Integrated Magnetic Materials/Devices

Reliability & Power System Manufacturing    

Hardware Design Partners
Fouad Benkhelifa, Richard Reiner,
Norbert Fiebig, Marco Lisker
Gerald Weidinger, Gerald Weis
Stanislav suchovski
Thomas Brunschwiler, Cezar Zota
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GaN Switches in Power Conversion

ÅCAGR 50-тл҈Σ {ǘƛƭƭ ƭƻǿ ǇŜǊŎŜƴǘŀƎŜ ƻŦ ƻǾŜǊŀƭƭ ƳŀǊƪŜǘΣΧ

GaNonCMOS encompasses Discretes (Smart Drivers), 
Modules & Power ICs

GaNonCMOS will apply to all of these segments
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GaN Application Advantage - Density

https://www.transphormusa.com/en/

Note the lower x-axis limit is usually shown as 50V!

600V Rated Application may employ 100V to 600 V 
switches depending on topology level count. 

1. C. W. Halsted and M. D. Manjrekar, "A Critique of Little Box Challenge Inverter Designs: Breaking from Traditional Design 
Tradeoffs," inIEEE Power Electronics Magazine, vol. 5, no. 4, pp. 52-60, Dec. 2018.
doi: 10.1109/MPEL.2018.2873992

2. https://pilawa.ece.illinois.edu/files/2016/05/Pilawa_PELS_webinar_may_25_2016_FINAL.pdf

2014-2015 Little Box Challenge (LBC) by Google & IEEE 
- > 215-W/in3 power densities in 1kVA DC-AC inverter
- most of the top 16 entries used GaN

https://www.transphormusa.com/en/
https://pilawa.ece.illinois.edu/files/2016/05/Pilawa_PELS_webinar_may_25_2016_FINAL.pdf
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Littlebox Finalist Solutions Illustrate 
Switch Voltage Rating Options for 1kVA DC-AC Inverter 

Taiwan Tech (TT) Basic Full Bridge
- this will require >600Vrated 

GaN switches > DC Link 
Voltage

7-Level Flying Capacitor (FCML) Inverter with Output 
άǳƴŦƻƭŘŜǊέ ǳǎŜŘ 100VEPC eHEMT devices

- DC Link Voltage is evenly divided across capacitors. 
/ŀǇŀŎƛǘƻǊǎ άōǊŜŀƪέ ǘƘŜ ǎǿƛǘŎƘƛƴƎ ǾƻƭǘŀƎŜΦ 

- Effective per-switch frequency is reduced or Inductor V.s 
reduced600V GaN competes with 100V GaN!
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Commercial 3kW PFC Prototype 
(Titanium+ 85-264VRMS)

3-Level PFC Implementation using 150V Silicon MOSFETs

Å Stacked Switches reduces Conduction & 
Switching Losses Significantly

Å GaN in similar ML design would increase 
efficiency from 98.1 to ~98.5%?

Diodes are 
to bypass 
inrush 
surge to 
CBulk

Low 
Voltage 
Silicon 
Switch 
Stacks and 
Multi -
Level 
competing 
with GaN
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Optimised Silicon vs GaN Implementation for 3kW PFC  

Å Switching leg: 2 x 600V 35mR GaN Transphorm

Å Synchronous rectifier: 2 x 14mR 650V SJ MOSFETs

Å PFC Inductor volume: 142cm

Å Switching leg: 8 x 150V 11mR 150V OptiMOS Infineon

Å Synchronous rectifier: 2 x 19mR 650V SJ MOSFETs

Å Inductor volume: 35.2cm3 (~ 4 x reduction)

Transphorm GaN 3.3kW PFC: 50kHz Bridgeless 2-

Level

www.icergi.com

ICERGi 3kW PFC: 70kHz Bridgeless 3-Level

Note 
what 3-L 
does o 
Inductor 
Volume



Å GaNonCMOS Program is concentrating on 
12V/24V/48V to low output voltage

Å Conversion for GP POL, and VRM for HPC.

Å HPC may use direct conversion from 48V 
(Lower DC Distribution Loss)

Å Aerospace (24V)

Å Automotive (-> 48V)
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Low Voltage DC-DC POL Focus
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Some Switch-Mode Converter 
Operating Conceptsand Loss Mechanisms
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Basic Switching Loss  Concepts

ÅHard Switching
ÅCoss, 3rd Quadrant Conduction Recovery, Egt

(gate total energy) and VI overlapfeature. 

ÅResonant Valley ςCoss (Vds), Egt

ÅSoft Switching 
ÅZVS ςturn on at zero voltage

ÅZCS ςturn off at zero current
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Continuous Conduction Mode (CCM)
Basic Buck Converter ςsome basic switching features 

ÅConverter may achieve ZVS on Synchronous 
Rectifier (SR) with correct SR turn-on dead-time 
control (and positive IL at the end of the 
switching cycle)

ÅWith +ve IL , SW_A may hard switch at turn on. 
It will discharge its own Coss, charge SR Coss 
and may recover SR

ÅIf IL negative at end SR on time; SW_A may also 
turn on with ZVS (if the inductor energy can 
drive Coss X 2)

Å3rd Quadrant Conduction functionality is 
important

Å Inrush surge current, with the application of 
input supply voltage requires normally-off
device

SR

IL �tve at SW_A 
turn on 

ILOAD 1

ILOAD


