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New Energy Vehicle Market Trend ® Navitas

H Global EV market trend 2016-2027 B Chinese NEV Market trend 2020-2027
WEHICLE SALES
B ICE W Hybrid-Mild Hybrid-Full BEV
100%
16,206.9
; 80%
13,763.6
X 11,739.8
: — 10,047.2 60%
z e 8,603.8
- 70248
: 8.307.8 — 40% B3% 76%
. 3- 134.2
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. 1.206.9 20 :
o m iR "
@ Battery Electric Vehicles @ Plug-in Hybrid Electric Vehicles 0%
2020 2021 2022 2024 2025 2026 2027

Maost recent update: Jan 2023

Source: Statista

* BEV market grows fast in the next few years;

* China will be the world's largest EV market in the future;

* In China market, till to 2027, almost 70% passenger vehicle market will be occupied by electrification vehicle;
+ Among these, BEV market share will be about 23% till to 2027;
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EV Power Opportunity ® Navitas

On board Auto-power Off board Auto-power
HVDC fast charging power module
+ 3PH 25-75KW power module

| |
| |
| |
| |
| |
I « 200V-1000V wide output I
! range :
I * Fan coolant or liquid coolant
| |
| |
| |
| |
| |
| |
|

|

2KW~3.6KW

1Phase [ 3Phase

TEELA SEMENS ABRE Chargapokid
85.. 265V ac _ .
* | =
U | . |
. (: ‘7
Frpt voi ik SEAAL 4IPIAE ARIHBTIAG
Foarer: IzaEw AN 178160 S8W AT
Sl il BEaBENVG: amasgew e ] 1
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HVDC wall box charger
90KW~150KW

|

|

|

|

|

« 1PH 6.6KW I
« 3PH 11KW/22KW l
« 200V-500V/200V-1000V |
wide output range |

+ High to 55deg.c AMB |
requirement |

|

* Traction inverter (Tl), On-Board-Charger(OBC), DCDC
and Power Distribution Unit (PDU) are the four main
power units in the EV.

Copyright Navitas Semiconductor, 2023



OBC Product Introduction @ Navitas

O 3ph high power OBCM will be the mainstream in EU
market, and 3ph compatible with 1ph is necessary;

y* o
¥t o
ol O 1ph 6.6kw OBC will still be the mainstream in CN market;
O 1ph 11kw~19.2kw OBC will be the mainstream in US
market;
O Bidirectional function will be a must in CN and US
market;
Region il Stream'OBC Optional OBC Power Rating | Bidirectional function
Power Rating
: 1PH&3PH 3PH-11kw/22kw compatible
allils 220Vac Urraslinay with 1PH-6.6kw Nesded
North America Bl 1PH-11kw 1PH-19.2kw Needed
120Vac/208Vac/240Vac |
3PH-11kw
1PH&3PH . : 1PH-7.2kw or 3PH-22kw
Europe 230Vac compatiole With 1PH-  compatible with 1PH-7.2kw Needed
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HV-LV DCDC Converter Introduction @ Navitas

1
Control Module ! B Autonomous vehicle new element
Instrument Displays .

i Entertainment system E
pcbc ' | wiper control ADAS Load : High precision map

) ! Sensor control ! Environment
! . perception
- ! : Sensor (radar, camera, etc )
— : :
= :___-'.FT"" - : N | :
e : LV Load . :
! Autonomous g Control system

__________________________________________________

— Hvs ) LV-net
HY = l
Actuator
Isolated DC/DC LV
battery converter hattery .

Contydd unit

Controllers (distributed and centralized)

Accelerator, braking, steenng.display

« DCDC mainly used to converter HV BAT to LV output to supply vehicle LV load;

« DCDC output usually cover from 9V to 16V and parallel with vehicle LV BAT;

» Power range from 2KW to 4KW and need to support functional safety because of ADAS system imported;

- BI-D DCDC requirement also come out to support pre-charge function to transfer energy from LV BAT to pre-
~charge capacitor in HV system;
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EV HV Power Unit Trend & Navitas

High power density for more compact size

design
* High frequency tech for reduce component size
4 High Battery Voltage » Integrated magnetics and advanced packaging
(800V) design High Low
High powest

= Faster charging LI =
. Less weight =y 'IQ#F__-_ eﬂlclenma;l density
+ Less volume SIZ

+ Higher power )

Compatible packaging design for

more integrated functions

+ Flexibility for power & function upgrade
] . ] + Easy for OEM upgrade

2 Power system integration (X in .

1)

+ More compact size and light weight

+ Reduced parts for cost saving

« System total cost saving

Bi-D OBC for Mobile energy storage system
- Additional discharge function (V2L/V2V/V2H)

= Compatible to support future V2G function
sopyright Mavitas Semiconductor, 2023 «,



Design Challenges for EV Power & Navitas

B Typical 2in 1 Integrated PEU for = e
example

DC/AC Cap., 1.4%

DC/AC PCB Board,...

Bus Cap. 5.5%

e 47

.11.-3
E
€1y
VLVO == CLVD
R R
.u.'_ﬁ}u

Main Transformer,...

Resonant Cap., 1.1%
= Magnetic components account for 30% of Main Board PCB, 4.1%
the total volume, i

* Bus cap. account for 5.5% of the total !
volume; :

|

|

|

|

Water Cooling Channel;13.1%

LV DC/DC, 6.5%
- - - - HVDC Cap. & EMI

Filter, 2.4%

» Almost 50% of the volume is taken up by
~-the structures and the waterway.
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Design Challenges for EV Power & Navitas

| High pensse | : | EMI Filter (10.4% High frequenc

! — density ! i ! « ) g q y

! .y [3.8kwL s the farger) ! I |

! ) . : | PFC choke (5%) High frequancy and

| \ | : : integration

| 2IN1 6.6KW COMBO UNIT - /j : : : ]
A . | : " Main TR.(8.4%) | igh frequancy anc :
L ._ - S . Electronic R i integration :
v y . | design with - '
Ly _ . | [ W | WBG device ' High frequency and

! BN ' High Efficiency ' i  LVDC TR.+LO(6.5%) integration

A i i ' Bus Cap. (5.5%) Active filter or new topology

| "\‘ f,x" \ i :L_______________i Film Cap.(3%) High frequency

i -y e Small size, light : Water cooling ' Low power loss and simple |
! weight and low ! Mechanical channel (13%) i water cooling channel |
| cost | L e e e ]
! (2.5 is the targed) ! design

E E Others (38%) Power module solution

High power density is the key and most challenge target to achieve

WBG device like GaN and SiC is the key to solve this
challenge!
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Characters Comparison of Si, GaN and SiC ® Navitas

* Physical property

comparison
Electric Field (MV/cm) Si GaN  SiC
Band gap energy (eV) .12 345 3.26
Melting point (x1000°C) 015 08 0.76
o ' ’ g \ <Ay, Thermal conductivity (W/m.K) 1.5 1.3 49
Electron Mobility -~ .~ SING Ctritical electric field (MV/cm) 03 35 32
10°cm?/ Y : .
( ) Electron saturation velocity (10°cm/s) 1 2.5 2
Electron mobility (x1000 cm?/Vs) 14 18 09
* SiC and GaN taken as the 3d WBG device;
Electron Satumﬁ;h « 3rd WBG device had a huge advantage in switching
Velocity (107 cm/s) Conductivity

(W/emK) speed, FOM, and thermal capability;

Copyright Navitas Semiconductar, 2023 D 10



GaN Feature Compare with SiC ® Navitas

B Rds-on ratio VS Tj for Sic and GaN B EON and EOFF comparison between B EON and EOFF comparison between SIC
devices different SiC vendor and GaN

15 300 Lited s 160.0

33

3.0 250 140.0

28

25 120.0

200
g 23 100.0
;a 2.0 3
= -

g 18 = 150 3 00
15 i
Eiys Loo 50.0

L0

08 50 40.0

05 ! 5 ===

u.a P 0 e 1 T T 200

D:ﬂ- 5 10 15 20 25 30 35 40 00

S0 2% 0 2% 50 075 100 125 150 175 ID (&) 5 10 15 20 5 30 35
TnC) = ST-EON == ST-EOFF =g CREE-EON = @ CREE-ECFF ID (A}
e USIC-EON == USIC-EOFF IFX-EQN = =« ~ IFX-EQFF —+—EON-AVG =+~ EOFF-AVG —e—EON-NVES13 == EOFF-

—a—[FX ON 5T =—+—CREE =—+—USIC —e—

« SiC MOS had much better Rdson increase ratio related to junction temperature features than GaN;
» @GaN has a little better turn on performance with SiC MOS;
« GaN has much better turn off performance than SiC MOS;

Copyright Navitas Semiconductar, 2023 1



aN Feature Compare with SiC

Ll

P-EOM (W

EOM LOSS V5 switching fregquency for 5iC

S0

A%5.0

a4, 0

55,0

R0

2000

L0

Z24.4

29.0

Fe=300khz
a3

Fs=200kkhz
0.2

Fs=100kkhz
15.1

3

(W

EOMN LOSS V5 switching frequency for GaM

S0
a5.0 Fs=300khz
9.0
350 0.9
30,0 i Fg_z?ﬂﬁ?‘
24.9 i -
25.0 -
20.3 1. N

A0 15.6 16.6_ | Fs=100kh:
15.0 I
16.0

5.0 !

® Navitas

5 1 15 20 25 ] 35 S 10 15 0 25 = w) 15
Cwur. OF TURM CFM (A) Cur. OF THREM O (A
e G = LK HZ = Fh=200KHZ FR=3D0EHZ e 5 = TDIDKH F a5 FODEHZ F5 FOOKHZ

| If the max. Eon loss is 15W@M30A, the max. switching frequency can be designed at about 100khz.

FEORF |W

35,100

V.0

25 0
2.0
s
100 R
- —
=.0
- - Bl - -
0.0
' 10 1 20
Coar. OF TURM OFF
—e— F5=100KHZ —s—F5=200KHZ
FS=4D0KHZ FS=SODKHZ

(A

Fs

PO EHE

u]
A0
%.0 \y
2.0
0
0.0
= 10 15 20 25 200 35
Cur. OF TURN OFF [&)
—— 5 = AD0OKHZ & FS=a00KHZ FE=BD0KHZ F5=1MHZ

EOFF loss is 15W@m30A, the max. switching freguency can be designed at 300khz for SiC and above 500khz for GaM.

Copyright Navitas Semiconductar, 2023
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Benefit of GaN & SiC for High Power Density

@ Navitas

B 6.6kW OBCM for Example B 6.6kW OBC transformer for

Example
Mﬁﬁ VOLUME BREAKDOWN »

Lr Ir

B

m
E
0
(9]
]
il
=]
(%]
=
Volume
(L)

I £
Transformer _ 18% | JRE— | L"W"H{mm]-ﬁﬂ 72*55 o,

I
|
N I
1 r
"""""""""""""" * MAG part size reduction - '
) % : . y |
AC EMI Filter - 6% with fFBquEI"IC}’ increase; N I
.. \ I
! . |
DC EMI Filter - 3% WB{% power device needed : L*W*H=94*66*59(mm)
for high frequency 4&\? y | =366036mm3
application; - | I
pcB Board [ 4 , , , y [ '
~ = GaN&SiC hybrid design is , :
otrers [ 5 L mog.:t suitable solution : ! L*W*H=52*44*51(mm)
|
here; 5 y | . =116688mm°
0% 5% 10% 15% 20% 25% 30% 35% ' 60Kh 1EDIKL|'IZ 500Khz Fs >
z Si/SiC GaN

Copyright Navitas Semiconductar, 2023 &5 Si 13



Technical Challenge for GaN&SiC in EV

® Navitas

Gate voltage limited

B Typically, GaN devices have VGS of under 10V, compared to 20V for silicon and SiC

devices.

B Gate sensitive to overvoltage, better to be lower than 7V
® Small Vth around 1V, sensitive to noise

W Negative drive voltage needed in SiC for safe drive

High switching speed
B Too fast turn-off speed about 100v/ns
dv/dt;

W Switching noise may impact other circuit;

W EMC issue maybe caused by fast
switching;

Package standardization
W Each supplier has its own GaN package
to be reduce the package parasitic
ameter as small as possible;
m Different GaN technology has its own

Iﬁaﬁtkagoum difficulty for customer;

Copyright Navitas Semiconductar, 2023

GaN & SiC

Device in
EV

Weak avalanche breakdown
capability
®mVDS not allowed to be overstress;
® No avalanche capability;
W Weak short current withstand capability;

Reliability evaluation
mAECQ for automotive component
qualification standard but not dedicate for
GaNa&sSiC;
W JEDEC standard for GaN&SiC reliability
test;
W Lack of reliability model;

14



~ ®Navitas

Galn+Si'e

Gallium Silicon

Nitrogen Carbon

GaNFast™ JGeneSiC

August 15th, 2022: Navitas Semiconductor, industry-leader in gallium nitride power ICs,
acquired GeneSiC Semiconductor, silicon carbide pioneer and industry leader



Navitas GaNFast™ Features

@ Navitas

Si MOSFET Discrete
GaN
= o
(=5 wmp -H R
» Old, slow - dV/dt sensitivity
* High Q, * Layout sensitivity
* High Cpes » ESD sensitivity
* Fgy < 100 * Unknown reliability
kHz
Efficiency
Reliability
Speed

Integration

Copyright Navitas Semiconductor, 2023

GaNFast™

g

GaNFast:

v" Internal Gate

v Integrated Gate
Drive

v dW/dt Immunity

v" Layout Insensitive

v" 2 kV ESD rating

v Proven Reliability

v" Proven Robustness

GaNSense”

Standby [

AUTRBOITRS ~
Flode I.ij

.gh

Lioss-Less L
turnenr Q—f-:"

@M

hmprn:lur-

Ao
Ower-Lurrent
Profection

GaNFast plus:

¥ Autonomous Standby

¥ Autonomous
Protection

v+ Loss-less Current

Sensing
+ Himh Drasicisan

v High Efﬁciencz .
#
ﬁ

=)

GaNSafe”

Shart- f.ln:ull: Protection

e \Q - o,

Easy Cooling

GaNSense plus:

R

v’ Desat detect Short Circuit
Protection with ultra-fast 300ns
latency

v’ Robust, thermally enhanced
packaging: ultra-low R; junc.ame @and
BLTC Reliability

v 4t Gen integrated GaN gate drive
with positive TempCo V¢
regulation

v’ Integrated Miller Clamp (no
negative gate bias, higher 3 16
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Navitas GeneSiC™ Features

® Navitas

@ GE“ES'C Up to 6.5 KM gest range of SiC FETs & diodes

(650 V to 6.5 kV)

Patented Trench-Assisted Planar SiC MOSF

Cool
Operation

Fast
Switching

Highest efficiency hard-switch, soft-swits
(Lowest Eqpy Eger Ezvslosses)

owest Rpgiang at high temperature
(25% lower than industry typical)

Aty

m

/4
e l-f'

100%-Tested
Robust Avalanche

Long Short-Circuit
Withstand Time

World-class survival duration
in fault condition

Highest published capability to handle
excess energy in fault condition

High-Power patching currents
Based on Navitas testing of 1200V SiC MOSFETs vs. competitor products Paralleling (Stable V)



Navitas WBG Power Device Application in EV

@ Navitas

« GaN and SiC power device application in EV

200KW e e e —_—
I’ EV Inverter \
180KW DC/AC, 600V-900V, 170- [
160KW : GOOKW :
. g L2
S 140KW | ‘AV :
i | EV/HEV Inverter :
> 120KW I DC/AC, 200V-500V, 40- |

o I 400KW
100KW I
£ | I

(7] \
E 80KW N Ry
A L "
| Eﬂﬁmqﬁeneﬁ . I
o ! EV/HEV On Board w0
n soa
20KW | Charaer EV On Board Charger I
| 9 AC/DC, 600V-900V, 6.6KW- |
AC/DC, 200V-500V, 6.6KW- e ;
OKW ) N S POIN= — = = = e M
OV————100V————200V———300V————400V——— 500V 700V—— 800V

Copyright Navitas Semiconductor, 2023

System voltage (V)

For GaN, mainly focus on
the 400V BAT system for
OBC and DCDC
application;

For SiC, mainly focus on
the 800V BAT system for
OBC and DCDC
application;

In EV inverter area
especially in 800V BAT
system, SiC will dominate
this area with its high

voltage performance;
18



Navitas GaNFast™ and GeneSiC™

® Navitas

m———

Application in OBC

Name

Bi-directional DC/DC (400V)

1 6.6kw
Bidirectional AC/DC- | Choe
SiC based 3¢ rectifier
Bidirectional AC/DC
1ch 6.6kw 1200V SiC based
Bidirectional AC/DC- iliches
GaN based
O
1 11kw
Bidirectional AC/DC- [
SiC based 30 “T" Type Ti
unidirectional AC- NS L
DC converter 650V =
1 11kw GaN or SiC based D) g |
Bidirectional AC/DC- L ss! Tse T
GaN based n2& ﬂq ﬂﬁ*

Copyright Navitas Semiconductar, 2023



Navitas GaNFast™ and GeneSiC™
Application in OBC

Bi-directional DC/DC . .

400VDC 2O0-E00VDC

—

® Navitas

—

6.6kW
Bidirectional
DC/DC 650V GaN
or SiC based

A

]
-'"] 1

11kW/22kwBidirecti
onal DC/DC 650V
GaN or SiC based

11kW Bidirectional
DC/DC 650V GaN
or SiC based

Copyright Navitas Semiconductar, 2023 20



Navitas GaNFast™ and GeneSiC™
Application in OBC

Name

11kWBidirectiona
| DC/DC 1200V
SiC based

® Navitas

Bi-directional DC/DC (800V)

Bi-directional DC/DC (800V+400V)

6.6kW/11kwBidire
ctional DC/DC
SiC+GaN based

22kW )
Bidirectional T
DC/DC 1200V
SIC based

Copyright Navitas Semiconductar, 2023 21



Navitas High Performance 6.6kw OBC 2in1 Combd® Navitas

v' Bi-6.6KW OBC

+ AC Voltage: 90 ~ 265Vac /up to 32A
+ DC Voltage-400V version: 250~500V
+ DC Voltage-800V version: 480~950V
+ Power: 6.6kW for charging/6.0kVA for

discharging
« [Efficiency: >95.0% @ full load
v 3.0KW DC/DC
« LV DC Voltage: 9~16V
v" Dimension: 210mm x192mm x 61mm(<2.5L)
v" Cooling: -40degC~65degC @ Liquid Cooling

------ v~ Others: - #P-67; EAN interfage™ == = == = = === === =SS S S S oss oo oo oooooooooooo-

Copyright Navitas Semiconductar, 2023

System IO definition SIGMAL COMN: SUMITOMD B138-5227 CODE-A

MAATE WITH - SUMITORAD 5189-7608, CODE-A

HVDC COMN: KOSTAL 10524642, CODE-A

MATE WITH: KOSTAL 10524634,CODE-A ~ # 12V DCs : IONHON 1(17-1H03

MATE WITH : ME OT TERMIMAL
© COOLANT PIPE: 1B

70¢ =04.0%
EFF (%) Compaditor B =04.5%
NVTS =05.0%
3.58L
Volume (L) ‘Compatitar B 3.7EL

NVTS 2430

Weight (Kqg)

A0 COMM: SLIMITOMO 618862 10,00DE-4
FATE WITH : SLIMITOMO 6189-8401,C0O0E-A

= COOLANT PIPE: $16

22



Navitas High Performance 6.6kw OBC 2in1 Comb

L = g gy — e I - 2w AT T =
I 400V SiC+ GaN Hybrid Solution I /"

o | - ™
SN PFC Stage(fs:100kHZ) Il Bi-D DC/DC Stageffs:450k~1.2MHZ) , e kA @250 GaNFast
I — . I ¥ 12-18V for DRIVE to 5K
| MO NIEE »q | e et et
I . ; ST / . o . . I B W i gt ot { E or [ 0

Cpe) O ; |
: Vir ? F0 ¢ - IE . = Cavy ?\'..... I
| o o ) 1 Bottom- cocled
I £m az b q4¥ EEE e ﬁh-l:l 5H:| I TOLL-4L standard pack
! L= |

HV-LV Stage(fs:60kH —
! Bottom- cooled / gel Z) A ,“.d .-m-ﬂ : *\
I TOLL-4L standard pack La .\'.T‘:j v
| I 4 e YL E I o
I "’\ . a2 | | 1 -
: ' Vivo = Civo - T2 £ |
! - \@ !
I o -~ SRl [ R ¥ ., ﬂ"cl -“”'l:l 1 GaM Power IC Control Block Typical derve wavelarm
e e e e e e e e e e e e e D e e e e =
| . . A |
! 800V SiC+ GaN Hybrid Solution : o
1 ; 1 .
: PFC Stage(fs:100kH2) Bi-D DC/DC Stagelfs:500kHZ) | GeneSiC™
1 2 oy 1
: i xm . ':rlji} ﬂl.Ei]! il A2 55 b} s : 5 5iC Planar SiC Trench GEnESN.'SrTf!FE[
: u L ' -1 'FEJ' - Lo |u, I b oy
| : FCx T~ : : e ; o | - ~
I . - I 1.2kv/75mohm .
| gm -:rtﬂ m.l“# sl a4 s6 i sa b} 1
| i L I . ¥ Repestsbie
I [ HV-LV Stage(fs:60kHZ) m. I Marnufacturability  High yisld
I T0-263 standard pack 5 s g I " Lew cost
| SIC i s u 1 pegormance e e . oo, A ! wrea '. [ T—
= E mrformanoe - srter vatdching FabA " Faateat vaifching Fobd

: - 5_‘._ __" w I L-:rm-l:ﬂ;.“.:.".f.‘nnrrm
| ! T ; | ' Rrugged Gate caide (stabla V)
1 :-||il1'| Vi 52 Cun 1 Reliability « Highest 100% tested svalanche
I — T s B N d “-&n s Bsiz I \\ « Lang sher-sireuit withstard ties
I_ _ V_ _— _.,. —_— e __: _ I Tranch-Accht Plonor Gate SiC MOSFTT
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Navitas High Performance 6.6kw OBC 2in1 Combd® Navitas

e . ':
: |
' |
' |
' |
: |
: |
: |
: I
I ! -~ e !
! | T, |
: : ---'-.',,’/,?," |
: i L I
| DBE | v | . |
' Full bridge board | ¥ |
I ' v .
i ¥ astic insul Clip !
" Insulator Plastic insulator L J I
| (Material:PAG6+GF30 Screw-ma |
! I
' |
: |
| |
| . . Side view
I Previwre diop | Prewsure drop g ure drop I
Flowrate | (uPa) (ki) e _ W _ W _ W _ T . . i
|| (uiming | inbet -5 outier | Outet = Inset « PCB with copper ||-||a'|,r; "
| PFC sidhe D20 side | 2
T o | o= I ¢ . = DBC used to support the :
: [ | 1se . Top view isolated thermal interface;
1. e T ! * Junction to coolant :
1} .
i thermal resistance can be |
1K : o i rm ; i
e ] 869 ﬂptlleEd to 1.48 wa:. i
1
I 17 2 12.36 :
| : X7
P . .
24
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Navitas High Performance 6.6kw OBC 2in1
Combo-Charge

B Typical Waveform (220Vac/6.6kW/CV Load)

@ Navitas

by w

e e e e e el e e e I

Copyright Navitas Semiconductor, 2023

CH1: Vac, CH2: Vbat, CH3: ILr, CH4:Ibat, CH1: Vgs_Q8, CH2 Vds Q2, CH3: IL, CH4:

220Vac input, 460Vbat output

, fs_AC/DC =100kHz,

CH1: Vac, CH2: Vbat, CH3: lac, CH4:Ibat, CH1: Vgs_08, CH2: Vds_02, CH3: IL, CH4:
Vds



Navitas High Performance 6.6kw OBC 2in1
Combo-Discharge

@ Navitas

B Typical Waveform (220Vac/6.0kW/R Load)

280Vbat mput EEWac cutput fs DC.’AC =100kHz, fs DED

-..-..?;p-.

by w

CH1: Vac, CH2: Vbat, CHX: [ac, CH4:bat

mmmmcvxqz,cm:
Vgs Q2
'. 460Vbat mput 220Vac output fs_DC/AC =100kHz,
aomn W B
e RN e
[ 100050006V

FEE

{ 500w~ F 00N

Copyright Navitas Semiconductor, 2023

CH1: Vac, CH2: Vbat, CH3: lac, CH4:Ibat

CH2: Vds_08, CH3: IL, CH4: Vds 02, CH4:
Vgs 02 26



Navitas Hic

h Performance 6.6kw OBC 2in1 Combd® Navitas

C R

o 1 A
100 (104

170 e (WA= BLS]
Hou

j AR

5 | 1

1

1]

LA

BC
=== Charging Mode === Discharging Mode
. ® AC Source:IT7T800 a7.0%
E - T '
[ S 96.5% 96.26% 96:31% 96.28% 06.05%
--"-'--. - T e 95'81%
poui N 96.0% O, 26 24%  06.19% 95.60%
::g : 96.00% 095.38%
5 95.5% 95.13%
E 95.36 95.49%
= .
B5.0% 85:22% »  220Wac input / B.6kw for charging mode. 95
»  Z220Wac ouput / 6.0kVA for Discharging mode.
84.5% + 45 °C coolant water, 94, 76%
® DC Load:IT8918A 04.0% * Fullload
T 280 300 320 340 360 380 400 420 440 460
LI T LR TR TR TN THRTY
R R l Battery Voltage (V)
HEsi bt HIT T AR E RS
o . -ertg DC/D
I } } sl 260V Dat ==deErp60Vbat mipes AR 0V DAt
,§1 ]l '| LLLE . a7 5% 08.28% 96.12%
LLLLE l
=
3]
{
o
U
&

Vo=13.5V, Pmax=3.0kw

...... B2 5% = 45 °C coolant water
80.0%
5% 10% 15% 20% 20% 40% 60% 80% 100%
Load (%)
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Summary @& Navitas

« EV market continuous explosion brings many opportunities for GaNFast™ and
GeneSiC™ applications.

* Next generation power semiconductor device fast and low switching loss can
improve the switching frequency, reduce the volume of passive components and
improve the power density of products.

« Navitas will focus on high-power applications in the future.

« GaN and SiC hybrid design proposal for automotive power can achieve leading
technical advantage compare to traditional ones.

« GaN and SiC double engines drive Navitas future fast growth in EV.
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What’s the next OBC coming?
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NVTS Next Generation BID 6.6KW OBC 2IN1 ® Navitas

- T
sample

2 phase interleaved totem-
pole PFC

PFC topology 1 phase totem-pole PFC

PFC power device  4*NV6514 2*G3R33MT06K—TOLT package

(TBD)
CLLC power device  8*NV6514 8*NV6525—TOLT package
DCDC power device 4*NV6514 4*NV6525—TOLT package

'F280039CPZQ1+'F280025CPZQ
1

Separate supply voltage with  Integrated supply voltage with 1

Control DSP 3*'F280039CPZQ1

Aux power

Spcs drive transformer; flyback transformer;
Size 210mm x192mm x 200mm x147mm x 65mm(<2L)--
61mm(<2.5L) TBD
- Full load>95% Full load>95%
SlEEE, Peak load>96% Peak load>96%

+ Target to reduce 20% system cost with new design concept;
* New platform plan to be kicked off in Q4;

Copyright Navitas Semiconductar, 2023

Cost down to save driver and sensor circuit;

Need to check Junction temperature variation
based on most update datasheet;

TOLT package to save PCB cost;

TOLT package to save PCB cost;

Simplify control circuit design to save cost;

Simplify supply voltage circuit design to save
cost;
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» Size Comparison (Unit: « Topology

x Epl i (W] i
[ I Y 18
E ¥ ‘
Vac ’: * TaM "
r
F #

Volume: T*L
210"192*61=2.46L S

NVTS Demo 28% Po Packagin y e < d
22% wer N;
G1 . Volume density 9 ' [7 ~ .
A, reduction improve Rspony ~ TyP=18mQ 25mQ max )@25°C,  Typ=18mQ (25mQ max )@25°C,
37mQ @125°C 37mQ @125°C
loscony ~ 85A@25°C, 60A@150°C 85A@25°C, 60A@150°C
C
Volume: oss 183pF 183pF
200"147"65=1.92L Voawe -0.6~20V
Vso 3.2V
NVIS.Dema RJC 0.28° C/W 0.28° C/W
G2
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Discover more

Wechat

https://navitassemi.com/zh/ ; 32




