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Program Scope: GaN in Integration Power Systems

MerchantPOL, Aerospace,
Automotive:
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yndal - Systems & Demonstrators N GaNon

Hardware Design Partners
Fouad Benkhelifa, Richard Reiner,

Norbert Fiebig, Marco Lisker

Watfer. E”GAH Gerald Weidinger, Gerald Weis

_ Stanislaxsuchovski
GaN Switch: Z Fraunhofer Thomas Brunschwiler, Cezar Zota
CMOS Control/Driver: @

Embeddedsubstrate Technology: (Magnetic Devices and Semiconductors)

Voltage RegulatobDesigns and Advanced Integrateldgnetic Materials/Devices & Tyndall

Reliability& Power SysteriManufacturing RECO
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hndal - GaN Switches in Power Conversion “A1%: Gaiion
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Total power semiconductor market
GaN power device market size split by application ($M) 45,000
(Source: Power GaN 2017: Epitaxy, Devices, Applications, and Technology Trends 2017 report, Yole Développement, October 2017) —
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B Others, audio, medical, R&D ... ¥ Server and data centers H[iDAR ® Wireless power
Envelop tracking EUPS ®PpPV B EV/HEV (including charger and DC-DC) Power supply Source: IHS Markit mDiscretes = Modules ®Power ICs © 2016 IHS Markit
Yole Développement is part of Yole Group of Companies ©2017 - www.yole fr — www.i-micronews.com
GaNonCMOS will apply to all of these segments GaNonCMOS encompasses Discretes (Smart Drivers)

Modules & Power ICs
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FIG 2 The inverter topologies used by LBC finalists. (a) Basic full-bridge inverter topology, as in TT, Texas A&M, Schneider, and UT;
(b) parallel full-bridge inverter topology, as in ETH Zurich and CE+T; (c) seven-level flying capacitor inverter topology, as in UIUC;
and (d) HERIC inverter topology, as in VT.

20142015 Little Box ChallengeRC) by Google ZEE
600V Rated Application may employ 100\660 V - > 215W/in® power densities in 1kVA DEC inverter
switches depending on topology level count. - most of the top 16 entries used GaN

Note the lower xaxis limit is usually shown as 50V!

1. C W. Halsted and M. D. Manjrekar, "A Critique of Little Box Challenge Inverter Designs: Breaking from Traditional Design
Tradeoffs," inEEE Power Electronics Magazia. 5, no. 4, pp. 580, 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
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<Tndall | jttlebox Finalist Solutions lllustrate “&: Ganion
Switch Voltage Rating Options for 1kVAADQONnverter
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_ _ _ 7-Level Flying Capacitor (FCML) Inverter with Output
Taiwan Tech (TT) Basic Full Bridge G dzy T 2 f REBDOMEPCAzBEVE devices
- this will require ®00Vrated
GaN switches > DC Link - DCLink Voltage is evenly divided across capacitors.
Voltage [ LI OAG2NBE GaoNBF1¢ GKS agAriok
- Effectiveper-switchfrequency is reducedr Inductor V.s
600V GaN competes with 100V GaN! reduced
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260mm 3-Level PFC Implementation using 150V Silicon MOSFETs
= - |
= Diodes are
11mR &]E} to bypass
Qsryf- & D, A - inrush
S & . surge to
PFC Inductor PFC switching leg NTC v/ ) Qq & . Guik
EMI filter Synchronous & control card @ac L Csq bulk =
e rectifier 17T T Vouk | 8
ICERG: Qs i Low
MORE COMPACT » MORE PC '_ _
Relay Q| 3 Vo Itag e
PFC PERFORMANCE BENCHMARK Q%;} D, A& -
— s Qi } Silicon
Design/Efficiencies 115Vac 230Vac — .

— . Qu it Switch
ICERGI High Performance with SR 98.1% 99.1% ﬂt} S K d
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Tyndall optimised Silicon vs GaN Implementation for 3kW PEQO\:
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A Switching leg: 2 x 600V 35mR GaN Transphorm
A Synchronous rectifier: 2 x 14mR 650V SJ MOSFETs
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l CERG: 3kW PFC: 70kHz Bridgeless 3-Level
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Output power [W]
A Switching leg: 8 x 150V 11mR 150V OptiMOS Infineon
A Synchronous rectifier: 2 x 19mR 650V SJ MOSFETs
A" Inductor volume: 35.2cm3 (~ 4 X reduction)
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MNational Institute

€myndal  Low Voltage DOC POL Focus N GaNon

Functional Electronic Packaging ===°=

Data Center Voltage Conversion ... point of load converters

Datacenter Supply Chain
30 @ 381V @ 50 Hz

AC Input
PFC+Isolated
AC-DC
Converter
M(a;ntlt)c pu; 48V A GaNonCMOS Program is concentrating on
T 12V/24V/48V to low output voltage

Isolated DC-DC

Converter

Isolated DC-DC
Converter

A Conversion for GP POL, and VRM for HPC.

Intermediate
DC Bus

A HPC may use direct conversion from 48V
(Lower DC Distribution LosS)

PolL s | Pol PolL .

3.3V 1.7-0.5V 3.3V :
Computer Board

Computer Board

A Aerospace (24V)

Courtesy P. Martinez Bezerra

A Automotive (> 48V)
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brdal - Basic Switching Loss Concepts ~ “AN Gaiian

A H a r d SWI t C h I n g Hard switchl'i'lg “MOSFET” ll:.urrent and ucjllage waveform

A Coss 39 Quadrant ConductioRecovery Egt \/
(gate total energy) an®| overlapfeature. A

B -

AResonant Valleg Coss (VdsEgt s s e i

Real quasi-resonant (valley) switching waveform (V) (QR flyback converter)

ASoft Switching

A ZV; turn on at zero voltage | QO
A ZCS: turn off at zero current

— = = -y e
do!

In order to minimize the switching losses, the turn on must be done in the V. “valleys”

Soft switching “MOSFET" current and voltage waveform
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yndall - continuous Conduction Mode (CCM)  “AIN: Galon
Basic Buck Convertesome basic switching features

A Converter may achieve ZVS on Synchronous
Rectifier (SR)ith correct SR turfon deadtime
control (and positive _kt the end of the
switching cycle)

A With +ve |, SW_A may hard switch at turn on.
It will dlscLharge Its own Coss, charge SR Coss
and may recover SR

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

A 3 Quadrant Conduction functionality is
important

A _Inrushsurg?ecurrent, with the application of
:jnput supply voltage requirasormally-off
evice
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