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GaN Power Devices, Are We There Yet ?
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WBG Semiconductor

First Generation Semiconductor, Such as S»I
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Commercializing GaN Power Devices

BB FERREA 1957F RS Rt IGBTHHIN S R &
Vacuum Tube 1957 Thyristor Was Invented IGBT Being Implemented
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Now it’s the Best Time to Invest in GaN Power Devices
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Policy Driven Application Driven Market Driven Economies of scale Residual Value
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GaN Power Devices
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Global Market Size of Power Devices

O

—hgRin | RE TS ABMFSEMHZHNELD10%

Power semiconductor device occupies at least 10% of the semiconductor market

O

O

£20155, GaNmhizE 8.7t
In 2015, the total market of GaN is 870 million USD

O EPCH19% = 1.6/1Z3E5T
EPC takes 19% = 160 million USD
HIXZREBFESINNXP), GaN Systemss
Followed by NXP, GaN Systems, etc.

O
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Global power semiconductor market worth at least 40 billion USD, GaN has great potential

O
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Power Device Materials Comparison

MHEUSME Material Property BE Silicon  BR{UEE SiC-4H  S{LER GaN
B BafE Band-gap (eV) 1.1 3.2 34
522837 Critical Field (1E+6V/cm) 0.3 3 3.5
EBF1F#5E Electron Mobility (cm?/V-Sec.) 1450 900 2000
FEFIF03=R Electron Saturation Velocity (1E+6 cm/Sec.) 10 22 25
HFAESZ L Thermal Conductivity (W/cm2K) 1.5 3.8 1.3
Ea/REZX Baliga Figure of Merit (FOM)=g,uE3 1 675 3000

Advantageous in T Si circuits)

High operating lemperature
Due to large bandgap and high potential bamier

Advantageous in
power supply circuits
High breakdewn strength

Due to large
bandgap

High maximurm current
Due to high carrier o
donaly s i (Akmm) 2 ©8)
alactron mobility

Due lo low carrier scattering
and low RF losses

© GANPOWER INTERNATIONAL INC.

Comparison of R, for Si, SiC, and GaN

b,

Specific On-Resistance (mDhm-cm?)

2
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1000
Breakdown Voltage (V)
45Si WSiSJ ©IGBT ®SiC A GaNHFET ¥ IR GaN
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Advantages of GaN
IR MRS At Rt
Physical Character Material Character Device Character System Performance

T AR
=

SIERET

ZFEE

NATHREMZSENDE

GFEZHBFS

Mobility

Wide Bandgap High Critical Field ngh Breakdown Voltage | /taple for High Voltage
Applications
SEFRE  SIER
High Electron RSBIRFE AR NS
Concentration, High Low Turn-on Loss Boost System Efficiency

2-Dimensional
Electron Gas (20EG) | ] 437 RIS, RFFNIIE | sy zmpin, e
Low Gate Charge Lo%v Switchin gLosg ¥ | Reduce System Volume and
g Increase Power Density
REBFRER SMmRE =MRVE i s spth =4
Low Intrinsic Carrier | High Temperature High Temperature ﬁg;ﬁgiﬁﬁ ﬂg ?—Iiat?r;}lf
Density Capability Capability
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Basics of GaN Devices

=1 Attributes
TRBEZARE Defect density (cm2)

4 e ACEERTE | SRICER IS
Si substrate SiC substrate | GaN substrate
1 E+9 5E+8 1 E+3 tO 1 E+5 2DEG Channel

GaN Buffer Layer

BBt SKHED Lattice mismatch (%) 17 3.5 0
“‘1%$ 1 1 AIN Nucleation Layer
Thermal conductivity (W/cm-k at 25 oC = e e
?*':ﬂg;ﬂk,%ﬂ Coefficients of thermal 54 25 0 Silicon Substrate
expansions (%
iREBi7E Off-state leakage high high low
AEHFIR MR Reliability and yield low high
ol ¥ S i " Insulated Gate
Zﬁ@jMﬁ'ﬁ# saieral orNeriical lateral lateral Iate.ral IO f Depletion-Mode
evice vertica GaN HEMT
EERERTREE Integration possibility Very high Moderate R
0 0y i Si MOS
3R~ Substrate size (mm) (as of 300 150 50 i MOSFET
2012
# R4S Substrate cost (relative) Low high Very high S
4 REBEXWT , TEFATREHEFESR s
SR T ZHIREER |, AR e o - : B/ R, BRI ERAK
Ais 1 H = ' PRIy
Simple structure and process flow, low cost zlsgl?(t:g/t?ot:;eshold, LG T G RF/MMIC, Monolithic

‘ IR TSHRER , ARE , [ WRBEEEE | gymo
P IEFHERRE EoE-2 I[N e o
HXEB E-Mode o ; . RF/MMIC, Power
Positive Threshold Voltage Complicated structure and process, higher cost, narrow Electronics
gate drive voltage, special driver needed

RTINS , TZHIEE R ; — =
No special gate drive circuitry, simple BSAIRIEA , ERETE , 5Qrr, AARS T

process flow for HEMT High Rdson, transistor matching, Qrr and higher cost Power Electronics
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Normally-off GaN Devices

Source
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O P-GaN 1EaAYsE{4 R P-(AGaN
U P-GaN enhancement mode device
O [MiEfHSRR e AlGaN
O Recessed gate enhancement mode device | 9 2DEG
O B 1-GaN
U Cascode device
O TIEEEHRELEEE
U Tl direct drive cascode device
s N e e e - I%iﬁ I
O AN U Mcascod |
533 N YU | Cascode ,
| Cascode GaN Matching : { GaN :
[—= | |
| |
— I I
Voo [Couton | Coamtos | Consaos | Comarcs | |
- | 12V |
. Gatel _| |: Mosfet:
Vin = Vpaa Cas.gan + Cs, l]{ii{‘i?;?d.“()‘«' + Cys.GaN % Voaa- Cis r:nil‘rhfzi. MOS l I
L ' e ' ey e _.___I

Drain

oy o

Direct Drive
| Source
] I\L GaN
Gate ¢

%

| 14V

|

i ﬁ INSTRUMENTS

|

I| UvLO —| I: Mosfet

|

L —— — —
Source
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Global GaN Industry Map
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Technology from Various Vendors

- transpherm | @ Navitas

GGN-- | Panasonic

600V/650V FXHY
600V/650V E-mode

600V/650V ZRELRY

600V/650V Cascode

BER

Monolithic

Company Part No. BVdss (V) Rdson (mQ) Idmax (A) Qg (nC) Package Rdson*Qg

Panasonic PGA26E07BA 600V 56 26 5 DFN 280

Panasonic PGA26E19BA 600V 140 13 2 DFN 280
Transphorm TPH3208LD 650V 110 20 10 PQFN88 1100
Transphorm TPH3206LD J0[0)" 150 V4 6 PQFN88 900
GaN Systems  GS66504B 650V 100 15 3 GaNpx 300

GaN Systems ~ GS61004B 100V 15 45 W GaNpx 93
EPC EPC2032 100V 4 48 12 No pack 48
EPC EPC2025 Klo[0)% 120 6.3 1.8 No Pack 216
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Business Models

EZIS s {aubahy RULERIMIE TZHFE NFEAZE
SiSubstrate Device Design GaN Epi Processing Applications
4 I )
; ) A Panasonic 7~ -~ -~ — ~
Al iEE siltronic transpherm IIﬁR (Inflneon
Model 1 power (I) *? CET
S;MCO integrations*
- s
g - h YASKAWA
\| |/ ! —
ﬁMod%I:ZZ € 'sundison EXAGAN
" £\ nELTa
N % ] \
ERILIE! G V2
@ ED| EPISIL e
\ /| "TOPSIL \EENFONER \ | B FINsix
4 N 4 g N
- SREINERMIRE | | ©NrTar | DOWA | (OBSNIE SRR
rl R4 R oA A — | (e E) @ zolt
Model 4 i PO\;]ver dgvir‘j:e plfgers - "“*::é i \I;Dv(i)t‘;]vs;tdé\:;eegli?gers
without GaN epi IQE
N PAN AN = \_ J

N
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X-GaN Device from Panasonic

- Id vs. Vids characteristic
Q P-GaN IRSEALERMF L
O P-GaN enhancement mode device 200 fon ReYorse /
e onduction W
N N . — s N § jon b el )
0 TR AR TSNS $ . ;
O Novel structure design that reduces the current 8 -
collapse issue
QO (Xigtteoovestd , PIBEEI100VARLGIE ] g o e oa
O Only offers 600V device, since 100V may not be cost 10 8 6 4 2 b 2 4 6 & i0
effective using this structure vds (V)

OFF state: hole injection from the drain under Vds stress

h{m II

| |
“f'| ' Ii*'IG-'ﬂ"*I | ' | _I__Mm@-ﬂ_ﬁi‘r; |
P |

Current collapse Ron vs. Vds

v

z Panasonic HD-GIiT

=2 ]

-

On resistance (a.u)

Buffer layer
Shaubstrite

400 500 600 700 800
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BEEATRMERRR
eGaN Device from EPC

QO B3RAp-GaNSEHFHISEITE
L Pioneer in P-GaN enhancement mode device
Q QR RRIT
U Novel package-less design
O (Nigt<asovadlt | nlReRlEEss TR EKIES
O Only offers 600V device, since high voltage devices pose
a higher requirement for packaging
D-PAK
eGaN® FET
5.76 mm?

.
Drawn To Scale 65.3 mm

VN

100 §

Q, (nQ)

1

0.1

© 40VGaNTransstor * 40VMOSFET ® 200V GaN Transistor _* 200V MOSFET

GANPOWER CONFIDENTIAL DO NOT DISTRIBUTE




GaNP(JWER

Transphorm AT RAEFRFAR

GaN Devices from Transphorm

transphorm

Highest Performance, Highest Reliability GaN

MEXIE SR BB AR TS 52

Cascode E-Mode solution

F— P EITAEC-QL01 S FBE AR SRR
World'’s first AEC-Q101 automotive-qualified GaN

{Xi1600/650Vaa14 , PIBEREMREREAE5T
Only offers 600V device, since low voltage cascode is
not economical

oo 0o ood

Return to TOC

Package Opening

= The 3 dies are soldered or glued with silver filled
adhesive on the quiet-Tab, a ceramic substrate,

* The guiet-Tab Id soldered on the leadframe of the TO220
package

GaN on Silicon HEMT is soldered
on the ceramic substrate

Diode GaN on Silicon
i

Silicon

MOSFET

6.4xd= 25.6mm?*

The MOSFET and the diode are glued on the ceramic substrate.
The substrate is metalized to interconnect the dies.

Cop removing : Optical view

6
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GaN Systems 2\ EIFASRAN

GaN Devices from GaN Systems
4 3
+ E-mode GaN-on-Silicon
AUSL 5 —
J 155‘%1““1% P + 650V and 100V families |
O E-Mode solution a R + Robust gate drive
- . £ . + Highest currents |
Q Island Technology A JR4FAYEIZET R : R « Best Figure-of-Merit
O Island Technology and unique packaging technology 9 . J
NP 50
QO 24100V 600VINRFKE
O Offers both 100V and 600V power transistors .\. — 0 GS66540 Gs66580 .
0 50 Gs61006 100 ot 200 23!

I, (A)
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Navitas AN B SEAEFRTIAN

A @ Navitas
GaN Power IC
— !//::to
= > (= oo -
Q E—PEREMBIRIRES IR > 5x
= Energy
w Discrete GaN Savings
.
[N = - LNZRN ] == L
0 KRN T SRR ES &
100x faster
LA TN S A3 TFE— 5 Shrink size, weight & cost
Q gEEmERIT2FERNESKE - -
100kHz 1 MHz 10 MHz
SPEED (FREQUENCY)
1MHzZVS _
Fastest, most efficient First & Fastest World’s First | f
GaN Power FETs Integrated GaN Gate Driver AllGaN™ Power IC

flow Side FET™

I

Up to 40MHz switching, 4x higher density & 20% lower system cost

ZVS soft switching  Zero Loss Turn-off
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GaN Applications

BB

HTREIR
Clean Energy

Electronics

S
)

RIS
GaN Power
Devices

(&5
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Power Supplies

v

RiBI=kh
Transportation

Radio Frequency

A 4

FHNEuh
Mobile Base
Stations

A 4

HithS A
Other HF
Applications
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Consumer
Electronics

7 N
BEEIR
Telecom Power
- J
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Data Center
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Future GaN Applications

WACRAE / BonEW / JEFEIX T AT VN R
EV / Autonomous Vehicle / LIDAR Wireless Charging PV Micro-inverters

BRI R GTE VR FEA L3R TS B R R R I
Data Center UPS and Motor Drive SMPS and PFC

Q FEIMS  AUESFESNBESHINE~mE; T—2R8AE 2B R HZERE 7 m+
O At this moment, GaN is more suitable for high value added products It will infiltrate the low cost consumer
electronics in the near future
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About Power Electronics

B3 IR FToAE |

Power Electronics is Everywhere !

> Rectifier Power input Power output
Power Converter Main
Circuitry

AC/AC

Converter

Dc/DC Feed-forward Control input Feed—bar.k
Converter

Inverter

R (Load)
—WW—

TR B RN DB FHROREHT
Power Electronics Evolution is Driven by
Power Devices k

RN M REITRB/0ERE R

Power MOSFET

EFILS. n
ectronics Systems J

£
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Requirements for GaN Used in Power Electronics

Q KESHER e
J Low Rdson

O EFFXIRE

O Low switching loss

Q ERAREEE |

O Low reverse recovery charge @ 7T

() THREET D -

Low gate charge ’ Vi el

SCIl SRR ’F . ;
Achieve high switching frequency <

=MFE
High temperature stability

SEEAE: v

High reliability

o0 U0 oo 0o
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GaN Applied to Consumer Electronics

Q S5FFX ( BBI100KHz, S/ERILUXEIIMHz ) > KIREVMAIR | 2SR
High frequency switching (currently f=100KHz, 1MHz in the near future) = Greatly reduces the system volume and
increases efficiency

O SHEIIRERIZM RNNZER (< 10kw ) 27
The applications of GaN devices should take-off from mid to low power applications (<10KW)

O IXBRNEEEE RIS IUERIISER,

Simply replacing the silicon devices with GaN is just not feasible

O E-modeRA iR HRY IIREBIEESEI7V , SEEhasHIsEI20VAE | FBEMAVIKENLIT
The gate voltage of E-mode GaN devices is between 5 to 7V, which is different from the 8 to 20V applied gate
voltage with silicon devices

O RUUHES[HFFFBRENEE (dv/d)RS | BZISHEMIERST | L7 I AILERFRT,
High dv/dt slew rate of GaN devices brings EMI radiation effect that makes it difficult to pass the standard
qualification tests

O SN AEZESRFMERIS 20kt , LIRS |2 LRYFESE

High frequency applications require careful layout designs to minimize the parasitics

' DanPCRER

TN
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What Are the Voltage Ratings Needed?

O WTFEEoEEAB0~260V) , 260VE I RIEE G . "
BB EN370V , BIMIBERIE , —REBKR Digi-key FFEERIMOSFETFIEL
HINEREEHBLFZ600~650VER %, 600V/650VEH Number of MOSFET Parts on Sale in Digi-key
B E N &SRB EEFR, 5000

O For wide input range (80~260V), bus voltage becomes 4000 @
370V after rectification and filtering from 260V input. I

Considering voltage spikes on the drain, the breakdown 3000
voltage requirement for power devices should exceed 2000
600V. 600/650V rated power devices are thus most popular
in the market 1000

O KPR mREREARES  flukmhiEHE 0 []
TREBE. —AREICARBIMAYEI N B EZ19Va12V(En N
axSurface) , BNNBRSIREBZAMOSEE P
%ﬁ%%%:ff&%o X PMMOSERIEBEZRAET00VLEL

O Most power supplies require insulating primary and
secondary side, with DC voltage output at the secondary
side. Most laptop computers’ input voltage is either 19V or
12V (Surface), MOSFETs are usually used to replace
Schottky diode to reduce conduction loss and boost
efficiency. This secondary side MOSFET should be able to
sustain a breakdown voltage of less than 100V

GaNPQWER

TN
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MR R e KEmeatt?
What Are the Voltage Ratings Needed?
Digi-key EBHRIFEERI600V NMOS Fh3REE R A
Number of 600V NMOS Active in Digi-Key Arranged According to Current Ratings

200

180
FEiRSRoH
160 Current Rating Distribution

140

10A~30A
20% 30A~60AY

120

100 . 60A~80A

0,
1A~10A &%

80 42%

ESRITTHFRSE
Number of Parts on Sale

60

40

) ‘HH HH‘ ‘
0 || ||| |I|I|||||||I‘I||.||-. . I.. a1 I 0 -

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61 63 65 67 69 71 73 75 77 79

EEREE4% ( A) Current Ratings (A)

TN
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Challenges We Are Facing |

Hkdk P A it RS AR XEERETF SIMFESH A&ttt
Challenges Normally On Current No Avalanche Parasitics @ High Reliability
Collapse Breakdown Frequency
BRAERL  RE EIRE  EINGRE Rt EZ RS T2
Solution 1 Cascode Increase Increase Margin  Optimize Device Silicon Optimize
Margin Design Substrate Process
fRRAFE2  P-GaN T X- BiRHAL AR ART RERH
Solution 2 P-GaN GaN Active Clamp Optimize Gate Drive  Larger Wafer  ZREXF =
Panasonic X- Loop Design Size Avoid
GaN Cascode
BRAE3 Ui RCD MK B 25, B8
Solution 3 Recess-Gate RCD Absorption  Monolithic RERXE
Integration of Gate Mass
Driver and HEMT Production,
Improve Yield

QO RSHYdv/dtERE ( Ebanizirioov/ns ) J1_ERIERICe/CedtlBRIER AN R HRSBHIEINFE
O High dv/dt (i.e. 100V/nS) and low Cg/Cgd ratio can lead to parasitic turn-on and lead to immediate transistor damage

TN
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Challenges We Are Facing li

Hedk
Challenges

-,J MR ABEMZ S
IJI11

Packaging Materials
Cannot Sustain High
Temperature

28 f?kﬂ‘&“*’%:
RERE

No Body- Dlode
Resulting Poor 3
Quadrant Performance

R EFA T ES
BRRYER R TI
Ultra Fast Slew
Rate Causes EMI
Issues

H/ORIOEREE
I}ILBEE)J’LJ‘):II_

No HF Driver Chip for
Synchronized Rectifier

TR/ DB ESTHL O
R SR RN

Lack Ultra High
Frequency Core Materials
and Skin Effect

BRLEL [BEIx HRRIKETIRE  HUFESIRER Beikit—" ERZOEERS

Solution 1 Ceramic Packaging Add A Fast Recovery Use Better Design by Yourself Use Air-Core
Diode Radiation Transformer

Shielding

RG22 REIE FEXGaN / SiICE¥F  (FRIFTX ERESEE (EQEEE AR p S

Solution2  Metal Packaging BETRE Use Soft Use Schottky Diode Use New Core Materials
Add A Fast Recovery Switching
GaN/SiC Schottky

fRRFE3  Hitxg=mrl {EFER RS EREBEAXRE FEHr-mLtm

Solution 3 Other Packaging Use Cascode Devices  Use Devices with Wait for the New Chip

Materials Lower Slew Rate

© GANPOWER INTERNATIONAL INC.
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Introduction to GaNPower

=
GaNPower Vision: AEO
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The Business + Revenue Model

O SIHNEEESERD ( RENA+IIRFCHIRT ) EERGNAFIES R RIMERLN , & A
Bz RSE D
Novel integrated business model (system applications + power semiconductor IC chips) to create synergy between
electronics systems and components and to maximize the key value of the company

0 5—&=SX3FEL  BIRALEE T R | E#RERRHIREF 2R
Fabless semiconductor design house to avoid hefty process development costs compared to some leading
competitors

0 BRFRFARITAEMEL | 5| SREEMARITIMELUARIRIERIKAIE R
Asset light design house model for power electronics systems that provides most flexible design environment and
potential for quick growth

O ZEFAMEI : B2B ( ThERS[HRIKNTH ) + B2C ( RERFENA )

Revenue Model: B2B(power devices and driver IC) + B2C (some of the system applications

TINE
— . TusEp o iEs
Consumers Industrial Customers A 0

____________________________________ /\
S SRR ' RhaRss
RITN =5 atents Brands &
Systems Sales GaNF 0 WER Technology \ / Services

Y4

e T N
Components Sales HAEHIE

Assembly & Manufacturing

TN
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GaNPower’s Sapphire Based GaN Power Devices

E— First Generation Third Generation

BF—RAEMHINIREZ G HFHBE(BV)=480V , BE
(Ronsp)=12mQ*cm?
| First Generation GaN HEMT: BV=480V, Ron,sp=12mQ*cm?

30 (MIS)

A GaNPower
1.E+02 —
o : - : g«e}‘ﬁ ===
%”fX Second Generation b i e I
, ) 2 gt
o le .5_.--"' ////..
é 1.E+00 : " &~
¢ o = ;*5:’,4/0‘* INRRil
3 1e02 / il |
1603 L Ll
AR i e e i | 100 1000 10000
o o) Breakdown voltage (V)
FZRSVENMFEIE[E(BEAIRIT): EFRE B=650VRENFIIERRG RIFTN Rt EIZIRIT) EE
(BV)=700V , EEpH(Ron,sp)=4mQ*cm? FE/E(BV)=850V , EBfH(Ron,sp)= 3mQ*cm?
Second Generation GaN HEMT (Standard Design): BV=700V, Third Generation GaN HEMT (Innovative Crystal Lattice
Ron,sp=4mQ*cm? L Design): BV=850V, Ron,sp=3mQ*cm?

J
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Ba i on

O A —RIERTD

O &3 M10AZ30AThZEERFRIKFICE A

O Z#HEEER1t, 83570220, iGaN-LGA, etc.

1} 50 We 150 A0 X0 30 30 40 450 S0 S0 60
d{v)
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GaNPower’s Silicon Based GaN Power Devices Applications

'l'aPre'u'u‘I — = : 1— : =] ; ]r : TekPrevu [ = = e | o b - |I

@ -271.1ns 3860V
-5, 40ns 400y |
O 217470 A372.0V |
Cursors Linked

'_M‘“\ L A

@ 00 & 200ms 1.2565/ [ Wi ; & 1ov o ~)(Z00ms 2506575 [ Wi ;
1.00 A i+ 10k points 264V 9 Nov 2017 1.00 & [T 10k points 264V 9 Nov 2017
Value Mean Min Max Std Dev ] 20:39:40 Yalue Mean Min Max Std Dev ] 20:39:54
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Waveforms of the LCLC resonant converter at 400V input, CH1: Low Side Vds

10V/2A output CH2: Low Side Vgs
CHS3: Parallel Resonant Current
Label a: specific point when Vds is 400V

Ry on vs Case Temperature
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GaNPower’s Patent for Electric Vehicle Charging

a2 United States Patent (10) Patent No.: US 9,729,070 B2
Liu et al. 45) Date of Patent: Aug. 8, 2017
T Pass 37| x5 JANS— PN G = | (54) INTERLEAVED RESONANT CONVERTER (58)  Field of Classification Search .
O FA—REEESHFEFSALT |, Heeiedt ) e 6 . cre . o ot o s,

BT B DR B E R R SR 7 = cs

(72)  Inventors: Yan-Fei Lin, Kingston (CA); Zhiyuan

E=o Hu, Kingston (CA) (56) References Cited
7'<- " N . . . {73)  Assignee: U:\FF‘-'IJWER I.'iTiZ?iN:\TIO.\'A[, U8, PATENT DOCUMENTS
O Being a vertically integrated innovative semiconductor . "‘:"""”“‘:;:‘:"‘:’ iovininmilemiiomiomaion -
. (*) Notice:  Suhject to any disclaimer, the term of this  2o07.01 50862 AL* 72007 Vinciarelli ......... HOZM 3157
company, GaNPower offers novel system design o o w35
solutions based on GaNPower’s GaN HEMT devices Q1) ApplNo: 1Mz e

(22

PCT Filed: Sep. 13, 2013 - 2399580 7011

(86) POUT No: PCTACAZOIIDOTTY

D %% ﬁg ;ﬁﬁ E,\J %*U ?§7K SCC j:§7ﬁ I kkj&%%g ?Z?Eai:x” Mar. 13, 2015 KanaBDv:::(u ;g:ﬁ::iﬂ::{;‘:;;;:xunwm
=~ 73 ——— < ,'d‘_‘ —— _s ~ : . i 4 |.m\" wilh I 1 _‘.es
RELIRWE |, BREVXRBEEHEER/NEZBIR i) FOHEL e % S e SO ot B

E’\J {$*/D\*D E% (65) Prior Publication Data St (Continued)

US 20150249394 A1 Sep. 3, 2015 Privaiy Evniiner'== Adolf Berhiins

O GaNPower’s Patented SCC technology will greatly Ao Ecaminer — Afowotk Demis
. . . . g Related U.S. Application Data
increase DC/DC converter efficiency and significantly (0 Pt ogcstion N, 6170116, 15054 el e o i o s e
. R 14, 20012, comprising a1 least one switch~controlled capacitor, wherein
reduce on-board power adapter size and weight o) mec e bt oo s conelled copair ol e
HO2M 37335 (2006.01) constant and variable switching frequency i
iHo02M 328 © I_(zc:::"}'"” and ﬁll_ll-wuw:Ind hnll‘v_\t'n:'c u.“filch-lcunmflied capacitor
(- N\ (52) US. €L TP bt o corm el Vol seriing Sesmcacy,
CPC s HO2M 333546 (2013.01); HO2M 3285 and full and half-w: switch. lled capaci
SCC- (2013.01%; HO2M 3/3376 (2013.01);  resonant bodi Interleaved embocd
N LCLC(1.1kW) — (Continued) (Continued)
AC f ]
Scc- Vout
EMI
AC-DC DC
¢ ln.ru§h Bridgeless ‘ Link nd L LCLC(1.1kW) ) e —)
Limit <
SR ko
SCC- '
= LCLC(1.1kW) -
_ GaNPQWER
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GaNPower’s EV On-board DC/DC Converter Solution

O A : 240-430VER, I : 9-16VER , 2F R , 1504t
O Input: 240 — 430V DC, Output: 9 - 16V DC, 2000W, 150A max

geat | mesrEnet e

Current Design Reported Design GaNPower’s Design
K/N / ZFH Size | Volume 1.8 Litre 1.3 Litre 0.7 Litre
THERZ2E Power Density 0.7-11kW/L 1.5kW /L 3-4kW/L
B Weight S5Z5F248ICHEE Proportional to volume
R Efficiency 94 - 95% 95 - 96% 97%
LRRESEHE 45-105 45-105 45-105
Operating Temp Range
ﬁﬁ@g fH[E Same fH[E Same 185 Same
Transient Speed
B 224 Reliability FEIE) Same +EIE Same 8= Same
it A M Durability HE Same HE Same HE Same
ThEREs S / AN MOSFET GaN With GaN
Power Devices / Cost Large inductor 8,400uF cap 500uF cap
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GaNPower’s EV On-board Charger Solution

O A : 85-265VASiR, Hith : 240-430VER | 3.3FE , 14%1E
O Input: 85 - 265V AC, Output: 240 - 430V DC, 3300W, 14A

BHengit [REIHSMNRIT| SeEEiREE ZeeEfrTHA
Current Design| Reported Design | GaNPower’s Design | JeEN LIS TR]
/N / Z=FA S
AN/ B Size | 3.2 Litre 2.2 Litre 1.2 Litre 0.6 - 0.8 Litre
Volume
SRR EF
VIEEIE Power 1 KW/ L 1.5 KW/ L 25-3kW/L 4-5.5KkW/L
Density
E5= Weight 5Z5F480TEL Proportional to volume B e
R Efficiency 92%-94% 95.7% 96.5% 98%
N=N=Ky
LHRRECHE 45-105 45-105 45-105 45-105
Operating Temp Range
.\Tl.j\Q\‘ =F .
Hﬂf“ BE AREEEE{RIE No need to be fast
Transient Speed
B S Reliability HE Same HE Same 1EE Same +EE Same
i A Durability HE Same +EE Same HE Same tEE Same
IhE=ee / BAS
. i V/200uF V | 12uF V | 12uF
Power Devices / Cost Large inductor | 500V/200uF cap ($56) | 500V / 12uF cap ($8) RRE{\ARPIT =N ET
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