Q) Navitas

Let’s Go GaNFast™

Company, Technology & Demo Update

May 2018

Navitas Confidential, 5-14-18




. . @ Navitas
A Disruptive Change to Power Systems
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i i & Navitas
Navitas Semiconductor Inc.

World’s first & only GaN power IC company
e Navitas: Latin for Energy

e Founded January 2014

HQ in El Segundo, CA

World-class management team

30+ employees

e World class manufacturing partners naVitaS

e Wafer foundry, packaging

i noun | en-er-
* World-class investors &y

e Over S1B capital under management

e Focus on semis & sustainability
C>PRICORN Py

INVESTMENTGROUF

ATLANTIC
BRIDGE
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Pioneering Achievement

@mkor.
Technology®

Production Capacity

>30 patents JEDEC
filed, approved GaN Founder"‘

World’s Smallest
25W USB-A

World’s 15t
GaN Power IC
proto, patent

World’s 15t GaN
World’s 15t GaN Half-Bridge Launch

Half-Bridge demo m
m \ -
”
APEC. Pr e

K t Series B
eynote -
y - «

~\@ Navitas
(UNavitas \Eisegundo Ha J— . -
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SEMICONDUCTOR
L ; 6.78MHz

Founded
$15M Series A AC-RF

Headcount, Valuation & Revenues

$3M Fund

P

-
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9 World’s Smallest 150W

® Navitas

v
V4
yei
Jos
ﬂ “ny,
/f GaNFast™

D ,’ Next Generation

1st Application Center (HZ)

1%t Asia Office (S2)
Mass Production

.World's Smallest 27W USB-PD

World’s Thinnest 45W USB-PD

® World’s Smallest 65W USB-PD

2014 2015 2016 2017
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i @ Navitas
Powerful Manufacturing Partners

e Wafers
e Standard CMOS using GaN-on-Si wafers
e Add GaN epi reactors in <6 months

e Packaging
e Standard QFN
e Standard processes & equipment

e Add high-speed final testers in <3 months
* Big capacity in 2018
* Bigincrease in 2019

Navitas Confidential



World-Class Management Team ® Navitas

Highly successful & proven power semi industry executives

Dan Kinzer

CTO / COO & Co-Founder

30+ years at IRF as VP, Design Engineering
and Fairchild CTO; with over 100 patents

Gene Sheridan
CEO & Co-Founder

25+ years across power semi & CEO startups
with multiple high growth successes

AN
AN

Nick Fichtenbaum, Ph.D.

VP Engineering & Co-Founder
10+ years GaN materials & device experience
at Transphorm, UCSB

Jason Zhang

VP Applications Engr & Co-Founder
20+ years in power electronics circuit design,
including 7 years as GaN Apps Engr leader

AN
AN

Marco Giandalia

VP, IC Design Engineering
20 years in power IC design at
IRF & ST Microelectronics

Stephen Oliver

VP Sales & Marketing
20+ years in power semi sales & marketing at
Motorola, Philips (NXP), IRF and Vicor

Navitas Confidential



@ Navitas
Proven Industry Experience

Over 200 issued patents Co-Inventor of 1%
commercial planar MOSFETs
Over 20 keynotes
Co-developer of 15t cascode Over 20 generations of
GaN power FET power semiconductors
Over $4B/yr of power Inventor of 15t High-Voltage Power ICs for voltage

semiconductor revenues created regulators, half-bridge drivers and LED drivers

Market launch of over
5,000 power products

Inventor of 1%t integrated  Co-inventor of 15t p-channel power MOSFET
driver + power FET

Over 200 technical papers

Inventor of 1St GaN power IC

Navitas Confidential



& Navitas
Market Demands

e Legislative
e US DoE VI, Euro CoC Tier 2

e Features
e Type C, USBPD 3.0/ PPS/QC4.0

 Performance b —

e Fast charging, size, weight, low profile

OF CHARGING BATTERY LIFE

e Cost
e Premium vs old, slow designs?

Navitas Confidential



® Navitas

Power Electronics: Speed & Efficiency are Key

e Speed enables small size,
low-cost and faster charging

 Efficiency enables energy savings

e With Silicon or Discrete GaN power
devices, you can get one or the other

e With GaN power ICs, you get
both at the same time,
unequaled Speed & Efficiency

\

& Navitas

Gan Power IC

V/Upto

5x
Energy

EFFICIENCY

Discrete GaN Savings

Up to 100x faster
Shrink size, weight & cost

100kHz TMHz

>
10MHz

SPEED (FREQUENCY)
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The GaNFast™ MHz Eco-System

& Navitas GaN Power ICs plus...

e High-frequency controllers (PFC PWM, DSP, LLC, SR)
{’TEXAS

. *
INSTRUMENTS w

B e Monolithic Power Systems
mmmmmmmmm ctor

‘mu'
M
e High-frequency magnetics
¥ 2aTDK P ﬂ PRECISION
Materic:ilzemsag!c / CME
e High-frequency SR FETs

w ( Tﬁ—ﬁneon b TEXAS

INSTRUMENTS

I I I o -
sachusetts

Institute of

Technology
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. & Navitas
World’s First GaNFast™ Power ICs

Fastest, most efficient First & Fastest Integrated Wgrld’s First
GaN Power FETs GaN Gate Drivers GaNFast™
Power ICs

|_
P__ H
—— + - —
— H >
|_
e
>20x faster than silicon >3x faster than any other gate driver
>5x faster than cascoded GaN Proprietary design
Proprietary design 30+ patents granted/applied

Up to 40MHz switching, 5x higher density & 20% lower system cost

Navitas Confidential 11



& Navitas

GaNFast™ Power IC

 Monolithic integration at 650V
e GaN FET (range 110-560 mQ) oc It — Y Y o P} 0cOUTH)

e GaN Driver
* GaN Logic

-1

: \-\g‘: u
5]

&— DC OUT(-)

5x6 mm QFN
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® Navitas

Half-Bridge GaNFast ™ Power IC

o e o — — — — — — — — — — —_—— — -y

Vin

 Monolithic integration at 650V

e 2x GaN FETs (a/symmetrical range 110-560 mQ)
e 2x GaN drivers
e GaN Logic (level-shift, bootstrap, UVLO, shoot-through, ESD)

BOOT
STRAP

o

LEVEL
SHIFT —‘ Iuw_ol

16
Vew 17
15 (PAD2)
! J "

LOGIC & :
ANTI

SHoOOT H |
THROUGH I
— |
|
Ponp |
__________________ I A
1234567

(PAD1)

£, 1
QAW
e v 6 x 8 mm QFN

10kS  10G%/s Edge Positve
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& Navitas

World’s Smallest, Fastest
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® Navitas

World’s Smallest 27 W USB-PD

Power,

GéNFast’“ Output 27 W USB-PD
NV6252 Half-Bridge
ACF with UCC28780 and
Topology

NV6252 GaNFast Power IC

Frequency |300 kHz

Size 23 cc (39 cc with case)
. 1.2 W/cc (19 W/in3)
Density (0.7 W/cc (11 W/in3) cased
0, 0)
Efficiency >93% peak, 92.8% at 90 V,, full load

DoE Level VI, Euro CoC (EuP) Tier 2

Available Q2’18

Confidential & Proprietary; Authorized Use with Navitas License Navitas Confidential 15



Major Components

Transformer
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& Navitas

27W High Efficiency

94%

92%

94%
% 90%
115V
93% —° A g 88%
230 V¢ > 86%
92% 90 V¢ f
O 84%
#
91% 82%
o
g 80%
0,
o 90% Vour=5V 9V 11V
S
L 89%
90%
88% 88% ® 115 Vac
0 (]
86% 230 V,c
87% '% 84%
3 82%
80%
86% O\o 78%
8 ° oA TTTTTTE TS -A CoC
85% 76% " Tier 2
74% e
) V'
84% 72%
Vo =5V oV 11V 70%
ouT— 3
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i @ Navitas
Cool Operation

AC Bridge 80°C
Transformer 75°C

SRIC80°C

GaNFast
Half-Bridge 75°C

Ve LDO 80°C

90 V,., 27 W, 25 °C, uncased, no airflow

Navitas Confidential 18
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& Navitas
World’s Thinnest Universal 45W (600 kHz ACF)

GaNFast™
NV611x Power ICs

Mu One 45W Apple 27W

e Size : 29 cc (41 cc with case)
e Density : 1.7 W/cc (27 W/in3), 1.1 W/cc (18 W/in3) cased

Confidential & Proprietary; Authorized Use with Navitas License Navitas Confidential 20



: @ Navitas
Major Components

GaNFast™

Planar Transformer NV611x Power ICs ACF IC UCC28780

EMI

Filter

7 AC Brid
<+— Type-C ridee

Receptacle

Bulk Caps

Navitas Confidential 21



) @ Navitas
Cool Operation

Top Bottom

GaNFast
Power IC 75°C, 80°C

Transformer 80°C

AC Bridge 80°C

SRI1C85°C
SR FET 85°C

90V, 45 W, 25 °C, uncased, no airflow

Navitas Confidential 22



45W Efficiency

Full Load, 20V

94.5%

94.0%

93.5%

93.0%

92.5%

92.0%

91.5%

91.0%

90.5%

90.0%

90

115
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Input Ve (V)

265

92.0%
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4-Point Average
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80.0%
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Quiet Operation

- Agilent

16:35:53 Dec 5, 2017
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® Navitas

World’s Smallest 65 W USB-PD Adapter

15.5
mm

38 mm

GaNFast™ ‘

Power ICs
46 mm
Power, Output 65 W USB-PD
Topology ACF with UCC28780 and NV6115, NV6117 GaNFast Power ICs
Frequency 300 kHz
Size 27 cc (45 cc with case)
Density 2.4 W/cc (39 W/in3) (1.5 W/cc (24 W/in3) cased
Efficienc >93% peak, 92.8% at 90 V,, full load
Y DOE Level VI, Euro CoC (EuP) Tier 2

Confidential & Proprietary; Authorized Use with Navitas License Navitas Confidential
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Highest Efficiency

94%
92%
90%
88%
86%
84%
82%
80%
78%
76%
74%
72%
70%

4-Point Average Efficiency

—i 115 VAC
/ 230 VAC
CoC Tier 2

5V/3A 9V/3A 15V/3A 20V/3.25A

* Peak efficiency = 94.3% at 230 V,, full load (20V/3.25A)
* Lowest line efficiency = 93.4% at 90 V,, full load

e Standby: 25 mW at 115 V,, 40 mW at 230 V.
e CoCTier 2 specis < 75mW, DoE Level VI spec <= 210 mW

94%
92%
90%
88%
86%
84%
82%
80%
78%
76%
74%
72%
70%

Navitas Confidential

10% Load Efficiency

® Navitas

230V,

CoC Tier 2

5V/3A

9V/3A

15V/3A

20V/3.25A

27



& Navitas
Cool Performance

~ SRIC
82 °C
AC Rectifier
90 °C
GaN IC
81 °C

* Meets customer case specification of <=50°C
e Conditions: 115V,, 20V, 65W, 25°C ambient, no airflow, no heatsink

Navitas Confidential 28



® Navitas

65W Planar Prototype

1 e Input : Universal AC (85-265V,, 47-63Hz)
e Qutput : Fixed 20 V (65W)
- * Powertrain : NV6115 (160mQ) + NV6117 (110mQ) GaN Power ICs
£ e Control : ACF =TI UCC28780
) * Frequency : 500-600 kHz
* Size :38x47 x 12.5 mm = 22 cc uncased
! 43 x 52 x 17.5 mm = 39 cc with 2.5 mm case

* Power Density : 2.9 W/cc (47 W/in3) uncased
1.7 W/cc (27 W/in3) cased

e Construction : 4-layer, 2-0z Cu PCB, SMT powertrain
“No heatsink” design

In progress,

available Q2’18
Confidential & Proprietary; Authorized Use with Navitas License Navitas Confidential 29



® Navitas

65W ACF Transformer (400~800kHz) (Preliminary)

SR

L
Vs A ] :

®
AC Cotamp] __Lm 3‘ « | SRIC
65 = Lra
1yl
T
Sz y
Iy R e

e 6-layer ‘transformer+SR’ mezzanine PCB
* SR integrated onto secondary winding
* EMI shielding integrated into primary winding

* Uses buried vias / PCB core layers to comply with HV safety
(creepage / clearance)

Confidential & Proprietary; Authorized Use with Navitas License
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) o @ Navitas
65W: High Efficiency, Runs Cool

(Preliminary) (fixed 20 V)

Efficiency vs. AC Voltage (full load, 25°C, no airflow) Thermal Profile (full load, 90 V,, 25°C, no airflow)

0.95
0.945
0.94

0.935
AC Bridge
0.93 90°C

Efficiency

0.925

0.92
90 110 130 150 170 190 210 230 : GaN Power ICs 86-87°C

Vac (V)

Confidential & Proprietary; Authorized Use with Navitas License Navitas Confidential 31



® Navitas

65 W USB-PD (600 kHz, planar) —in progress

Bulk cap

65W USB-PD 600kHz: Uncased size =40 x 55 x 12.5 mm Planar transformer sub-assembly to sit over this area

Navitas Confidential 32



100W: Topology?

e Fixed or variable output?
e LLC best for fixed output
e ACF best for variable (PD) output

Block Schematic

Example 100 W Output

19 V fixed

USB-PD, Type C

USB-PD, Type A15W
| USB-PD, Type A15W
I USB-PD, Type C45 W
USB-PD, Type C45 W

100 W max

#1
AC _ P FC || LLC
crcM 97.5%
#2
AC PFC U Ack
CrCM 96.5%
. 0 [PD]
#3 DC-DC [PD]
AC PEC LLC
crcM 97.5%
DC-DC [PD]
N J 98%
Y

97%

Navitas Confidential

Total Efficiency

(Full load, 90 V,, 25°C,
no airflow, includes PD loss)

94.5%

93.6%

92.6%

® Navitas
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® Navitas

World’s Smallest 100 W USB-PD

GaNFast™ GaNFast™

2 gyLl €2dN

.

38 mm

v 6 I pIEIEIED

Ty z¥ £d

Height = 14 mm

Power, Output 100 W USB-PD
Topology CrCM F’FC with NCP1615 and NV6115 GaNFast Power IC
ACF with UCC28780 and NV6115, NV6117 GaNFast Power ICs
Frequency PFC min. 200 kHz, ACF 300 kHz
Size 40 cc (65 cc with case)
Density 2.5 W/cc (41 W/in3) (1.5 W/cc (25 W/in3) cased
Efficiency >93.7% peak, 92.1% (target >93%) at 90 V,, full load, DoE Level VI, Euro CoC (EuP) Tier 2

Confidential & Proprietary; Authorized Use with Navitas License Navitas Confidential 34



& Navitas

100W (PFC+ACF) USB-PD 3.0

CrCM Boost PFC Active Clamp Flyback
400V
o— Y Y Y . L i
i
== NV6113 § g 1 Vour
A o . T [
EMI . : l*l : 1yl |
ACIN =—> Fil ! ! == ! ! _I :
er —5 | Nvel13 | . |
I 4~ Nells !
T — T !
' : = '
| | :
Opto PD i
PFCIC ACFIC [@== B0 == o fe-

Confidential & Proprietary; Authorized Use with Navitas License Navitas Confidential 35



® Navitas

100 W USB-PD (CrCM PFC + ACF)

100 W PFC, 180 kHz, 90 V. 100 W ACF, 300 kHz
(Boost Current, PFC GaN Power IC VDS (Primary Transformer Current, Switch Node Voltage)

Navitas Confidential 36



100W (PFC+LLC)

CrCM Boost PFC LLC
EFT e Ton o] s
'S :
IR(;‘Q)\l E@Q;\Z Lprc Dy, + i 2_| :C . 1 SR,
1 : r r "
v L Ve A
AC@ ST h - :Sl_|E L= 2x NV6113 R lo
benn- T R : : ! S : Lm % g T O
L /7Y Y€1\ L ! | I
NV6113 THE | é = 3Vo
NV6115 - L
ol I + Do —°
f = SR2
! t 4
PFCIC LLCIC SRIC
NCP1615, >200 kHz NCP1399, 500 kHz NCP4305

Confidential & Proprietary; Authorized Use with Navitas License

< 100W ACF = RM10/LP

100W LLC = RM8/LP~>

Navitas Confidential
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® Navitas

100 W, 19 V (CrCM PFC + LLC)

100 W PFC, min. 180 kHz, 90 V. 100 W LLC, 500 kHz
(Boost Current, PFC GaN Power IC V (Primary LLC Transformer Current, Switch Node Voltage)

\ Tuned to

resonant point |
~ (unity gain) | :

: F Y
Measure P1:rms(C4) P2:frea(C1) P3 P4- - Measure 1-duty({C1 P2:-freq(C1] P3:rms{C4)

value 401 mA 301.02044 kHz value 505.0734 kHz 956 mA
x - a

v

hase 220 g0
_ 100psidiv Auto 3TV
100kS 10GS/s Edge  Neg

Navitas Confidential 38



150W, 19V: 300 kHz, 21 W/in3

96%
95%
94%
93%
92%
91%
90%
89%
88%
87%
86%
85%
84%
83%
82%
81%
80%

Efficiency (AC-19V) (%)

Confidential & Proprietary; Authorized Use with Navitas License

94% average per
DoE Level VI

& Navitas

—90Vac —120Vac —220Vac

10 20 30

40

50

60 70 80 90

100 110

Navitas Confidential

120

#Atten 10 dB
95.6%
94.3%
Quasi-Peak
= 93.0%
AT N
e,
! u LJ U u
WBH 38 kHz
#Atten 10 dB
Average
130 140 150
Output Power (W)

bl
AN il T

Meas (Uncal
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® Navitas

150w, 19V: 200/500 kHz, 39 W/in?

Power,

GaNFast™ Output 150W, 19V
= Power ICs (LLC
GaNFast™ CrCM PFC with NCP1615 and NV6115
Power ICs (PFC) 12.5 mm GaNFast Power ICs
f Topology

, S LLC with NCP13992 and NV6115
GaNFast Power ICs

Frequency | PFC min. 200 kHz, LLC typ. 500 kHz

Size 63 cc (101 cc with case)
in3 in3
Density 2.4 W/cc (39 W/in3) (1.5 W/cc (24 W/in3)
cased
. 95% peak, 93% at 90 V,, full load
NN Efficiency DoE Level VI, Euro CoC (EuP) Tier 2

Confidential & Proprietary; Authorized Use with Navitas License Navitas Confidential 41



® Navitas

150W, 19V: PFC min 200 kHz, LLC 500 kHz

% . LLC
GaNFaSt LLC Transformer
Power ICs
LLC Resonant Inductor
PFC

' (LLC IC NCP13992 on bottom side)

SR IC NCP4305, FETs

EMI

Bulk Caps

AC Bridges /\A

PFC Inductor

Navitas Confidential 42



® Navitas

Highest Efficiency

00 O
O O

(0]
~

——115V
——-230V
o0V

Efficiency [%]

CO 0O 00O OO0 OO OO
RN WP 0o

o
o

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150

Pour (W]
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Cool Operation

PFC GaNFast 85°C

PFC Inductor 90°C
AC Bridge 85°C

90 V,, 150 W, 25 °C, uncased, no airflow

Navitas Confidential

® Navitas

LLC GaNFast 70°C

LLC Transformer 90°C
SR FETs 85°C

44



® Navitas

300W: Interleaved CrCM PFC + LLC

Half-Bridge
AC LLC
Input 2xNV6115
] 19.5vV

4xSR )
NCP43080 16.9A

Input Estimated
Vac Efficiency

90V 330W 93.0% PrC LLC |
Interleaved Controller P
115V 330W 94.0% Controller UCC256301 ‘
UCC28064 or NCP1399 3
230V 330W 95.0%
115/230V No Load <=450mW
115/230V 0.25W >= 50%
115/230V 0.5W >= 50% i

Navitas Confidential



A @ Navitas
Preliminary 3D Concept

Preliminary
Concept Only!

A
v

Power Density (uncased, estimate only)
15mm x 70mm x 160mm = 32.2 W/in3

Requested Density: 165mm x 75mm x 35mm = 26.43 in*3 = 12.5 W/in”3 (cased)

Navitas Confidential 46



A @ Navitas
Preliminary 3D Concept

EMI filter Resonant
Preliminary PFC GaN card inductor 2 LLC transformers
Concept Only! / LLC GaN card /
Heatsink i S = ¢ —
Input rectifier V @ | @ |
Input socket /.‘/‘
Heatsink ’ '
Input
rectifier Output oot
it
Interleaved PFC DC bus capacitors capacitars socket

inductors

Navitas Confidential 47



® Navitas

300 W, 1 MHz Totem-Pole PFC

GaNFast™

Power ICs

-
Y

A
) 27
mm
\ 4
GaNFast™
Power ICs
In progress,
report available Q2’18
Power, Output 300 W, 400V Vsus
Topology Totem-Pole CrCM PFC with NV6117 GaNFast Power ICs
Frequency 1 MHz (300 kHz — 1.2 MHz) N
Size 97 cc (uncased) AC & —=
Density 3.1 W/cc (80 W/in3) uncased E -
I
Efficiency 98.5% peak, 97.5% at 90 V,, full load
T O
Confidential & Proprietary; Authorized Use with Navitas License Navitas Confidential 48
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& Navitas
TEXAS

The University of Texas at Austin

3.2 kW, 1 MHz Telecom

Power,
! 200 W, 54V
Output 3,200 W, 5
Interleaved CrCM Totem-Pole PFC with
NV6117 GaNFast Power ICs
Topology

Paralleled ZVS LLC with
NV6117 GaNFast Power ICs

Frequency | PFC =1 MHz (350 kHz — 1.5 MHz), LLC = 500 kHz

Size 1U x 2U x 210 mm (800 cc)

GAaNFast™

Power ICs

Density 4 W/cc (65 W/in3)

Efficiency | >97%™ (PFC =99%, LLC = >98%*)

Confidential & Proprietary; Authorized Use with Navitas License Navitas Confidential *Target 49



® Navitas

1 MHz, 3.2 kW - 100% GaN T TEXAS

The University of Texas at Austin

EMI Interleaved T-P PFC chokes
-, Wy . e e Totem-Pole
L 5T Xy - i : e GaNFast power ICs
Coupled Res
Inductor
Full bridge SR (80V EPC GaN) Full bridge LLC
(under PCB) Coupled LLC transformer GaNFast power ICs

Navitas Confidential



5-14-18

650V GaNFast™ Power IC Portfolio

® Navitas

Package R Release to . ...
- (tprf(r%)) Samples Production Typical Applications
NV6112 600 TBD TBD
NV6113 5x6 300 May June Boost PFC,
Single QFN Totem-Pole PFC, 2 MHz
NV6115 170 Now Now LLC, Inverter
NVe11l7 120 Now Now
NV6250 600 + 600 Q1’19 Q2’19
Symmetrical
Half Bridge | NV6255 300 + 300 Q1’19 Q2’19 LLC, Inverter
NV6260 200 + 200 Q1’19 Q2’19
6X8 Oct’18 (Eng) ,
2 1200 + 1
NV6247 QFN 00 + 600 Jan'19 (final) Apr’19 2 MHz
Asymmetrical | \yg25) 600 + 300 Now July {risk) -
Half-Bridge Sep’18 Active Clamp Flyback
NV6257 300 + 200 Aug’18 Q4’18
NV6262 200 + 120 July’18 Q4’18

Navitas Confidential
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Power per Topology

& Navitas

Rosion) 85-264V AC-input 400V DC-input 400V DC-input
It el (typ., mQ) ACF ACF LLC
NV6247 1,200+600 20W-30W 100W
NV6250 600+600 25W-35W 150W
NV6252 600+300 30W-45W 150W
NV6255 300+300 35W-50W 220W
NV6257 300+200 45W-60W 180W
NV6260 200+200 55W-65W 280W
NV6262 200+120 65W+ 230W
partnumber 85.264V Conditions / assumptions:
CrCM PFC Temperature:
Device T,
NV6113 300 90W-100W
Power loss (no heatsink, no airflow):
NV6115 200 125W-150W Single iDrive < 0.6W
NV6117 120 150W+ Half-Bridge < 1W
2x NVe117 60 250W

Navitas Confidential
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