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#1 in GaN, now the only pure-play WBG company
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Electrify Our World™ @ Navitas

Energy sources and uses are being electrified...

Energy Sources Energy Uses

Fossil-Fuel Use
Combustion

Power Semiconductor Opportunity ($B/yr)

...creating a $40B | ses | sic

GaN + SiC s $11.0 GaN / SiC

opportunity by 2050 ** = | ses | caN
“ s

Fossil-fuel vs renewable ratios adapted from IRENA 2020 “Global Renewables Outlook”. 2022E 2050E
Shift required to meet “Transforming Energy Scenario, 9.5 Gton target in 2050”, per Paris Agreement’s 1.5°C rise.
Market opportunity S from Yole Développement, 2020 and Navitas analysis.
© Navitas Semiconductor 2022 3



GaN + SiC: The Future of Power Semis & Navitas

GaN / SiC
$6.1B1)

Data Center Factory
UPS Automation

Residential
Solar

Application Power

Low-Voltage:
DC-DC Converters,
PMICs, Point-of-Load

3.3V~ 36V 80V 150V 65 V 1200V 1700V 3300V 6500V

Note: Axes not to scale
Note (1): 2026E potential, Source: Yole, DNV, IRENA, Fraunhofer ISE, IHS, Cisco, Hyperscale, Peer annual reports, Wall Street research.
© Navitas Semiconductor 2022
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@ Navitas

Larger Mobile Screens And Batteries Need More Power Fast Mobile Universal
Up to 3x more power Half the size and weight One charger for ALL your devices

Screen Size and Battery Size Continue to Increase™ Up to 3x faster charging of traditional chargers One and Done!!

250 o 6,000
—~ 200 T e .0 [ 3000 T g
N o
g s 3. - ! e | 4,000 E
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= . Lo 3,000 =~
7 0 4 @
S 100 i!} I . E
2 7 so £ 65W Multi-Port GaN Wall Charger®
[}
? 50 1,000
3 Silicon Chargers 1 GaN Charger
0 0
Rel
Vear oS e S S S S s s s s s s
Over $2.5B GaN IC opportunity(® —
» 2.5Bu per year of mobile wall chargers shipped
- Phone, tablet, laptop and after-market ‘ 3x smaller, 3x lighter,
« Over $1 of GaN content per charger and increasing over time and less expensive

Mobile is Moving to GaN Fast Chargers, Creating a Multi-Billion Dollar GaN IC Opportunity
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@ Navitas

The GaN Revolution

GaNSense Half-Bridge
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Old, slow * Exposed gate v Internal Gate Atom s

* High Qg * External gate drive v Integrated Gate Drive Ouer-Current Lg.:f,r';ﬁ:s \ // Tem,o,:‘:;;we
* High Coss * dV/dt sensitivity v' dV/dt Immunity Sensing @ Protection
* Fsw < 100kHz * Layout sensitivity v Layout Insensitive
* ESD sensitivity v’ 2KV ESD rating GaNFast benefits plus; Autonomous
* Unknown reliability v Proven Reliability O;fg'tgggfr""
* Unknown robustness v’ Proven Robustness v’ Autonomous Standby
v’ Autonomous Protection GaNSense Singles benefits plus:

v’ Loss-less Current Sensing
v' High Precision
v’ High Efficiency

v’ Highest integration
v integrated HS and LS FETs & level-shift isolation
v’ integrated HS boot-strap
v" Shoot-through protection
v' Enlarged cooling pads
v’ Fastest switching
v' Highest efficiency 6
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Discrete External Driver E External Driver +2 0

R ired to red illati d Lioaa
oamp Fequired to reduce oscillation an

voltage spike at the power FET gate

L ‘&.f':& ]

VUL)

F damp I

S _AA,\___,I HV power

FET
Gate driver loop |._

YWY

Viy Voyr

Monolithic GaN Driver + FET

\AAS

Minimized gate loop
eliminates any unwanted
noise to effect the control
and reliability of the device

d VAAJ

382 389 39 3904 3908 3912 3916 392 394 398 3582 396 394
time (us)
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https://navitassemi.com/download/next-generation-gan-isolators-level-shifters%ef%bf%bdfor-high-frequency/?wpdmdl=36536&ind=1561120399092

GaN Integration Drives Performance

X 33 components

x 250 mm? footprint

X External HB driver HVIC
X External. HV bootstrap
X 2x HV bypass diodes

X 2x external gate drives
X Exposed gates

D

© Navitas Semiconductor 2022

iscrete GaN Half-Bridge

61% fewer
components

64% smaller
footprint

Complete
integration

..?r. TELEOTYAE [ETF

GaNSense Half-Bridge IC

& Navitas

v'13 components
v'90 mm? footprint
v Level shifters

v’ Bootstrap

v’ Gate drivers
v'No exposed gates

Tri EBYWE [EDAT

S




@ Navitas

Integrated, Loss-less Current Sensing

or heat transfer

Integrated, programmable

. No R = increased efficienc
loss-less current sensing SENSE y

GaNFast™ NV6125
a0 RDS{ON) = 170 mﬂ
Res = 170mQ

Integrated Integrated Efficiency (60W HFQR, 20V/3A)
Level-shifter Gate Drivers
& Bootstrap

Ronror) = 340 mQ

A

0.945

--@--NV6125

PWM - (170mOhm)
|nput5 ’ —&—|NV6136 (170mohm)
STV IR\UE R I (S S N A Res HOT-SPOT
Controller 08 | T, = g85°cl
OUTH P VSW g f TS
2 0m B N
oUTL & A
03 ,"I Efficiency +0.5% N NV6136
CS e SRR LR GiNFast™ Rosion) =170 mQ2
e R \ 0.92 RCS = 0 mﬂ
csoupit 3 cs o OMRs|® ansense 0.5 igherefciecy, e Roou loWer R Rongon =170
& Rser amplitude ™ (trimmed) P... % Loss-essCS 0815
GND 80 120 160 200 240 280

program resistor
AC Line Input [Va(]

NO HOT-SPOT
Tgan 10°C Cooler
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@ Navitas

Programmable Turn-on dV/dt Control

 Limits the slew rate (dV/dt) of the drain of the power FET during turn-on
 First start-up pulses or during hard-switching conditions
* Reduce EMI or reduce circuit switching noise

dV/dt turn-on programming resistor VPWM

DCays(-)

T Vour(+)

Vourl-) Drain turn-on B t
falling edge

DCpgus(+)

Increase RDD to

decrease dV/dt

© Navitas Semiconductor 2022 10



@ Navitas

Cycle-by-Cycle Over-Current Protection (OCP)
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OCPm = === [ e Y, S B
| : : | : / I
: /1N ]
VS "t DO ot pphibnd SO0 A OCP limits current
OCP Events cycle-by-cycle
Tow gets truncated 3 L A
Over-Current Protection DCM Timing Diagram Cycle-by-cycle over current protection in CCM boost configuration

* If V> 1.9V, internal gate driver will turn off the GaN IC, ending the on-time
— OCP response ‘detect-to-protect’ in 30 ns! 6x faster than conventional controllers
* Accurate, user-programmable current set-point (based on Ipgun= lcs ratio, Regr)
« Turn-on OCP blanking time prevents noise from triggering the fault, is optimized for protection

© Navitas Semiconductor 2022 11



@ Navitas

Over-lemperature Protection (OTP)

Discrete GaN GaNSense IC w/OTP

ke

Tj-m \
GaN FET still switching
Tj > Tj-max!
time
Vpst '/



@ Navitas

Soft Switching & GaN /Cs = High Efficiency &

Primary Switch Power Loss using Silicon FETs:

— t 3
Peer = Peono * K+ Ppiope + Pr.on + Proorr + Por + Parr + Poss

S T S S B Ly

Dut : . .
R;’S(ON) wvele I\:)ss Reverse Switch-ON Switch-OFF ~ GateDrive  Reverse Output
0ss 4 conduction transition loss  transition loss loss recovery  Capacitance
loss loss loss

Primary Switch Power Loss using GaN Power ICs:

Peer = Peonp “ nggp_l_ P26n * Prorr + P + P *+ Pass

@\

Soft-switching and GaN ICs ELIMINATE turn-on & reverse recovery losses & MINIMIZE drive,
deadtime, and device charging losses .

© Navitas Semiconductor 2022



Enabling Next-Gen, High-Speed Topologies

& Navitas

Efficiency
GalNFast™
Silicon
LF
Flyback <= 65 W
200 kHz

<= 65 W 92% Eff.

< 100 kHz 0.8 W/ec
Low frequency 90% Eff.
Low efficiency 0.5 Wiee

Low power density

© Navitas Semiconductor 2022

High frequency

High efficiency

o, . High integration
GalNSense High power density

Half-Bridge

. GaNSense”
GalNSense” Half-Bridge
Half-Bridge

200-300 W

GalNSense” GaNSense” 500 kHz — 1 MHz
94.5% Eff.
1.6 W/cc

120-240 W

<=65W 500 kHz — 1 MHz
500 kHz - 1 MHz 235.5\;/7/Eff.
9 . cc
<=6 W 232£v5;f:'c 100-120 W
200 kHz ' 150 kHz
92.5% Eff. 99 5% Ef
1.0 W/ec 1.4 W/cc

Power

14



GaNSense Half-Bridge ICs Enable Inverter ~ ® Navitas

Motor Integration

Swilching Losses Power Loss Comparison between IGBT, SJ-MOSFET, and GaNFast IC in Motor Drives

m Conduction Losses

Conations: Mator: 2bW, VEUS: 400V DC, Curvent 74 RS, 8n:

35

30

— © 78%reduction in switching
PFC : ~ Host control |: losses compared to IGBTs
controller—; Vi b N .
' ) z 70% reduction in switchin
@_/—WW—: ] cc’:/rll?:glrler :_: E ° losses compared to MOSFETi
[ il T 15
m I ! E
sugglv L 0 ____13: 10
* 5 I I |
u i B H B
6kHz 20kHz 6kHz 20kHz BkHz 20kHz
IGBT SJ-MOSFET GaNFast IC
» Motor Drive: compact, high efficiency, reduced  Significant reduction in cost, weight and size of
thermal management thermal management (heatsink, fans, etc.)
« TTP PFC: highest efficiency, fewest components and e GaN Power ICs into a 2kW motor drive
smallest footprint - Inverter efficiency increases 2.5% (96%—> 98.5%)
e Aux Supply Compact’ efficient HFQR topo[ogy - Total losses reduced 50% (15W->6.8W)

. . . “ i i - ’ i i ”’ i ’ ’
© Navitas Semicondlicion 2022 Ref: “Autonomous GaN Power ICs Deliver High-Performance, Reliable Motor Drives”, white paper, Hesener, May 2022 15
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Integrating drive, protection, and loss-less current ® Navitas

sensing, provides compact, easy to design, robust systems

Complete integration of Half-Bridge phase into a single IC provides the most compact,
efficient, fastest-switching, reliable and simplest solution for a wide variety of motor
applications, such as fans, pumps, blowers, and compressors

IPM [Gate Discrete Discrete éENFESt
Driver + & GaN GaN with

Switches) (Standalone) (Cascode) é:a‘msense'"

Discrete Discrete (5]) Discrete

IGET (Baseline) MOSFET SiC

Electrical

Efficiency 0 = E = *
System Size (e.g.

heatsink) 0 0 * * *
Mumber of

Components 9 9 . " 0
Design Effort

and Time 0 0 0 0
Inverter

Robustness o 0 *

Inverter

Reliability 2 @ s 2
System o 0 & 7

Cost

© Navitas Semiconductor 2022 16



@ Navitas

* Navitas’ mission is to Electrify the World to create a more sustainable future.

* Next-gen WBG (GaN and SiC) offer superior performance, and significantly lower CO,
footprint in device and system manufacturing.

* Monolithic integration of driver and power stages enabled GaNFast power ICs to
establish new benchmarks in efficiency, density, and reliability and lead the GaN market.

* GaNSense technology delivers new capability to integrate many useful drive, sensing,
protection and autonomous control features.

* Complete integration of GaNSense Half-Bridge with additional sensing, monitoring, and
protection delivers exceptional and cost-effective performance in the major power
converter and inverter applications.

* |tis time for legacy silicon to step to the side, as wide band gap is ready to take over.

© Navitas Semiconductor 2022 17
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Sustainability Report 2021
Electrify Our World™

GaNFast Power ICs Accelerate the Transition to Net Zero

February 2022
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