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3rd Generation Power FET GaN/SiC Market Trend ® Navitas
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GaN - Consumer Market ® Navitas
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Multi-market Growth & Navitas

i

Top 5/5 smartphone OEMs Tier-1 customers and Majority of top 10 OEMs Top 7110 OEMs engaged'® Tier-1 PSU ODMs in

and top 5/5 notebook OEMs in = engagements!! engaged!! developmenti!

development or production!"

20 new fast & ultra-fast mobile 25 on-board and roadside project = 35 major project opportunities in 45+ project opportunities in 15 project opportunities expected
chargers launched in Q1; 150 opportunities production or development production or development to ramp in 2023/24

project opportunities in
development

FPower System End Customer
ANKER #Bogherner s ABB /808 a0l Engagements  Targots
Lenovo O O GEELY - N SUNGROW  GROWATT In Development ﬁ . m.t aWs 3
chargempoin 1.*""‘"_:;' l L P
PP ) LITE®) oo
SAMSUNG [ xcom  @LG-MMAGNA Bloomenergy b4 APsystems Chicony  /AAzre

pipatine opportunty 9 100M+ $150M+" $60M+"

$300M+“ | $150M+"

Bas&d on intemal Mavites estimates of top OEMs In eech respective market and their existing customer angagﬁnenba

2 Bas&dnnlmamalNmmammnfmmaybeiammbemnﬂﬂﬁammmpwmm segment

3 “Fipeline oppartunity” reflects estimated D{patamd future business based on interest expressad by potential customers for qualfied programes, stated in terms of estimated revenus that mey be reslized in one or more future periods. Fipelne opporiunity |s naot & proxy for backlog or future
resenue of other measure or indicator of financial performanca. Rather, Mavitas uses customer papeline as & statistical metne to indicate relative changes in future potential business across various product markets. Time haorizona vary accordingly, basad on product type and application.
Actual business realized depends on ultimate customer selection, program share and ofher factars

4. Based on Navitas intemal estimates for patential customer revenue across GaM ar SIiC in the merket stated
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Navitas GaN Product Families

@ Navitas
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Why GaNSense & Navitas

GaNFast”HFQR Controller GaNSense” HFQR Controller ~ ¥ Loss-less current sensing
NV9550 NV9580 offering higher efficiency
‘w0 il ° e ©° v Real time over current
DMAG O -HFQR — RDSpn=170m  owaco 5 _ detection and protection
w0 I | 0. RDSon=170m even CS pin is short
FBO- s _ FBO J
\ L1QGND
Res ~ Res=170m
. Q NoR
~
HTDTAL=34Dm RTDTAL=1 70m
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Why GaNSense & Navitas

Efficiency Curves (60W HFQR,

20V/3A) Thermals (60W HFQR, 90VAC, 20V/3A, 1 Hour)

20V 3A Optimized Efficiency

RDS.DH -
0.945 170m Rgs=
== == NVE125 170'“
0.94 NVE136 (170mohm) -
. T, ———— ——— — e ———
0.935 o “--nh_‘__‘q ‘ i !
c { [t Sy
B om / T Rcs HOTSPOT
& ! 2 — - ™ = 85C!
T e et LR GaNFast™wit GalNSense \ 85
[ [] .
-4 M H05% - GaNFast™ RDS.. =
0.92 170m L=
Hcs =0m
0.915
80 120 160 200 240 280
AC Line Input . _
[VAC] NO
Rcs
HOTSPOT
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> ADVANTAGE

Low Cost &
Easy Miniaturization Design

High integration GaN combo solution in
smaller size

Smallest BOM with only 40 components
for 65W PD power

No bulky additional circuit and simple
transformer configuration

Low production cost

High Performance

High peak and average efficiency even
at light load and at high/low V.

Lowest standby power (<20mW)

Full protection to meet in box design
requirement

Ture LPS function

High Reliability

Market proved GaN integrated
DFQ & DFT & DFM design concept
3 lots full reliability qualification under

JEDEC standard

High-5peed
Control

l% Low

Loss-Less

Current Standby
Sensinq@ ©Pmr

~ HV Start-up
X-Cap Discharge

Autonomous
Pratection

Power
Limiting




Main Controller overview, NV9510(SOIC10), .
NV9512(SOIC10), NVO550(QFN56) NIEWIER

Value Proposition

The NV9510 (NV9512/NV9550) Flyback Controller is a high performance controller ICs for switched mode power supplies, it supports QR, DCM,
CCM and multiple frequency hybrid mode operation. 300kHz/225kHz/129kHz/82kHz frequency option provides flexible design for PCB
transformer and wire-wound type of transformer, offering an efficient and compact 20W - 65W charger solution.

Typical Appicaion Diagram

- Incorporated innovated control algorithm

- Smart Frequency control, to provide a more efficient solutions 1 w3 lE
- Compatible with driving GaN/MOSFET device ,‘, = = .

. High VDD voltage up to 80 V “™

- High frequency operation up to 300 kHz Y nvesto

- Smart driver and frequency hopping for better EMI j—ﬂ—l—g“‘:’ = =

- High-voltage startup HE"’ = T —Em = >

- X-Cap discharge = L 50 m:.l

- Pseudo-valley switching in ultra-high frequency T %—E T T

- Comprehensive Protections .o

v

= WWLO, VDD_OVP, Brown-infout, VO_UVP, VO_OVP 3 "
. LPS (CC/PL), External Shut-down Protection Pins and Package Information

Current Sense Limit (VCS_LIM), Cycle by cycle Short Circuit Limit (CSSC), AOCP . Available in SOIC10 QFN5x6

Market & Applications NVD510 NVss12
VDD HY Jwvoo st
- AC/DC adapters C Clre aux[
R ] VREG[ ] -
. L}_SE—PD PPS adapters and chargers zn n:: = xn g = -
- Notebook ﬂdﬂmers oMAG C8 [Jomss cs[—]
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GaNFast/GaNSense HFQR Controller Evolution & Navitas

Ql-nr
VDD O~ QD
BV O-
OMAG O H
cs5 0O+ =
sSDO-
FEC 0s

GaNFast"HFQR Controller

(NV955x)

* Primary HFQR Controller with GaNFast
*  Multi-mode CCM/DCM + variable freq ctrl

« HV start-up
* < 20mW stby power

*« Fewest external components

* Robust protection features
« Small QFN 5x6 package
» SR co-pak chip set

Copyright Navitas Semiconductor, 2023

<>

QFN5x6

=)

HOD

O GND

GaNSense” HFQR Controller
(NV958x)

Primary HFQR Controller with GaNSense

Loss-less current sensing (+0.5% efficiency increase)
Over current protection when CS pin short
Multi-mode CCM/DCM + variable freq ctrl

HV start-up e
< 20mW stby power

Fewest external components
Robust protection features QFN5x6 Super
Small QFN 5x6 package

Increased cooling pad

SR co-pak chip set 12




Package Superiority: from Discrete to GaNSense Control @ Navitas

21 20 1% 18 17 186 15 23 2 A AWM 19 18 17
- *’T---.;“ == B 11 11 E E i ! 1 E i 1 BEEEEEEEEEE T
1 e € 21mm ' (R i ot
r=< ' ' * 0 X -+ S ———— >4
] (] " ! et 3.45mm 1 v
- ' ] ] ] |_..,|_I L
277 : v 17 2 1 Y —
- ; S ; 4.41 e 3 -1 QFNSX6 32mm § ] 14 Power f.]®.
: eeonm 3 1) WD [ - an (3% mEP L QFENSX6 q
-- i . } L i ﬂ.ﬁumm
3[ > (Top view} v ]6 o7 (Topview) =g R s
- ] (] (] ! { . :
b= ! ! -
S ' il 3 5 [ i ] 12 5 (Top view) R
4 I:-..: L LLL 1 .. 5 WaNaNala 3 e
1o 1oy A
6 7 8 8 10 M T 8 8% 10 11 12
Package Top View
NV958x:

Discrete GAN Solution
- Additional 50% DAP size comparing to

conventional 5x6 Discreet GaN solution
- Compatible DAP size to QFN6x8

- Maximize exposed pad

- Flexible PCB layout for power path

Copyright Navitas Semiconductor, 2023 13



GaNFET Co-package IC Performance Comparison® Navitas

Feature A B Navitas NV958x

Max Frequency (kHz) 175 150 129/225

Package PQFN 6x8 INSOP 10x14 PQFN 5x6

HV Startup Built-in Built-in Built-in

Lossless Current Sensing No Yes Yes

Vee Range (V) 4-6 6.2-75

External Voo Regulator Boost Linear Not Required

External Components +11 +18 +9

PCB Footprint (mm?) 85 90 50

Thermal Pad Yes No Yes

Hotspot Yes No No

Vbs (cont./trans.) 700/ 800 ‘
X-cap discharge BUIlt-n BUIl-in

Primary side TSD for RNTC No No Built-in ‘

Copyright Navitas Semiconductar, 2023

Higher Efficiency
Higher Power Density

Higher Reliability

Built-in protections



GaNSense Control Product Family ® Navitas

Product Rosion Typical
Family Package (typ, mQ) Samples Applications
GaNFast NV9550 170 Now Now HFOR
aNFas
Control NV9552 QFN5x6 260 Now MNow Flyback
NV9554 450 Now Now
NV9580 oy 170 Now Now
NV9581 Q 210 Now Q4'23
GaNSense NV9582 260 Now Now HFQR
Control NV9583 QFN5x6 330 Now Q4'23 Flyback
NVQ5B4 Super 52ﬁ NDW NOW
NV9586 600 Now Q4'23
HFQR HFQR
Controller NV9510/12 | SOIC-10 N/A Now Now Flyback
SR Controller NV9701 SOT-23-5L N/A Now Now Sync Rec
SR Controller | - \a750 | QFN5x6 14 Now Now Sync Rec
+ Power

Copyright Navitas Semiconductar, 2023 D 19



65W EVB w/ NV9580+NV9701 @ Navitas

EVB size: Length 50mm x Width 25.7mm x Height 20mm 40 components Only for power stage

Bottom View

Né’fﬂ SR MOSFET

Copyright Navitas Semiconductor, 2023
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Standby Power and Ultra Light Load Condition & Navitas

Standby Power Input Power and Eff. at Ultra Light Load Condition
" | sovac | ttsvac | 230vac | 264vac | __ Output
Standby Input Power
Power 13.5mwW 13.5mW 15.85mwW 19.45mW Vo Power (W]
V) (W)
Mo Load Input Power
25
23
g 20
E;: " //
o
s 15 I " ;
E 13 No Load Input Power < 20mW
5 10
=
a
5
a0 115 140 165 190 215 240 265
Input Voltage (Vac)

Copyright Navitas Semiconductar, 2023 il 17



92 9% efficienc

Copyright Navitas Semiconductar, 2023

65W 2C + 1A Key Electrical Spec

PCBA : 43 x 43 x 24mm? (44CC)

y @90Vac 20.8V/3A, acdc only

® Navitas

$052:184.085kHz AV:39.6 PK:50.9
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NV62xx&C/M GaNSense Half-Bridge IC @ Navitas

Features Simplified Schematic Package

GaNFast™ Power IC

. Two independent logic inputs with hysteresis
. 3.3, 5, 12 V PWM input compatible

*  Floating high-side with internal level shift

. Integrated high-side bootstrap

+  Shoot-through protection

= Wide V. range (10 to 24 V)

. Hi & Lo-side turn-on dV/dt slew rate control
«  Super slow turn-off speed (M versions)

GaN Power FETs

= 275/275 mQ version (NV6245C/M) i+
«  150/150 mQ version (NV6247C/M) T
= Zero reverse recovery charge

«  BO0O0 YV Transient voltage rating

= 650V Continuous voltage rating

GaNSense™ Technology

QFN 6x8 QFN 8x10

. Integrated loss-less current sensing

= Ower-current protection DG sl )=

+  Over-temperature protection J-‘ Vourl*)
= Autonomous low-current standby mode

Small, low-profile SMT PQFN T T

. 6x8 mm footprint DCmus|+)—t—t T

. Minimized package inductance 1 b— Vaur()

w‘ 2 . Large cooling pads

Copyright Navitas Semiconductor, 2023 «l 19



GaN Half-Bridge Comparisons - Features

® Navitas

Cop

Feature Navitas GSHB S |
Hag;::ltt:;gﬁate Internal LDOs (2x caps) Integrated gate drive supply Requires ext. 8V supply
ol In In Requires ext Rboot + Dboot (+
Intearated bootstrao learated bootsiran 600 leqrated bootsiran 150 ohr Ty
Loss-Le Eliminate RCS, Lower RON(TOT) Requires ext. RCS (3pcs) Requires ext. RCS (3pcs)
Cu“f‘j 5;.;" No PCB hot-spot (-85C) RCS PCB hot-spot (+85C) RCS PCB hot-spot (+85C)
(LLCS) g No RCS footprint (-20mm2) RCS PCB footprint (+20mmz2) RCS PCB footprint (+20mm2)
Protection ——
Fast Short-Circuit Integrated SCP (S0nsec) Uses controller OCP (300nsec) Uses controller OCP (300nsec)
Protection (SCP) Fast, self-protect Too slow for SCP Too slow for SCP
Over-Temperature
Protection (OTP) Integrated OTP (160/100) Integrated OTP (175/155) No OTP
Turn-on dV/dt control Ext. RDD re:;setltc:n[LS only, HS Internal set resistors Ext. source resistors
On/0ff Controf Internally fixed (soft pull d
Turn-off dV/dt control ernatly fixe L{sc: puli down Internal set resistors Ext. sink resistors
Pkg type/size QFN 6x8 QFN 9x9 QFN 8x8
Package Fuo::;nt (incl. 84 mm2 122 mm2 148 mm2
Thermal PAD Size L5=9.6mm2, HS=8.6mm2 L5=6.2mm2, H5=6.2mm?2 L5=6.5mm2, HS=6.1mm?2
ESD Rating 2KV Not listed TBD
VDSmax-tran 800V Not listed Not listed
Robustness
e B OTTVER ™oL B50= 28 T S28Vrer 688
V& C-range oo Sy 2E
No Load I I-STBY 275 uA (typ) ASTBY 830 uA (typ) SD=5V 1.4 mA (typ)
Switching Prop delay 35ns/35ns 46ns/46ns 47ns/47ns

Higher Eff

Cooler

Smart EMC

Safer
Operation

Faster
Switching



GaN Half-Bridge Comparisons - Thermal Pad @ Navitas

NV6247 QFN6*8
Total 18.5mm?2

BOTTOM VIEW
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GaNSense Half-Bridge IC Product Family

Family

GaNSense
Half-Bridge

Part#

Package
QFN (mm)

Rosion

(typ, mQ)

Samples

MP

Typical
Applications

NV6245C 275 + 275 Now Now Power supply
NV6245M W 275 + 275 Q124 Q2’24 Motor
NV6247C 150 + 150 Now Now Power supply
6x8
NV6247M 150 + 150 Now Q4’23 Motor
NV6267C é ». | 150 + 150 Now Q4’23 Power supply
NV6267M 150 + 150 Now Q4’23 Motor
NV6269C 8 x 10 70+ 70 Now Q4’23 Power supply
NV6269M 70 + 70 Now Q4’23 Motor

Copyright Navitas Semiconductor, 2023
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240W TTP + AHB w/ GaNSense HalfBridge & Navitas

PCB size: 70mm*65mm*23mm
Copyright Navitas Semiconductar, 2023

NV6269C for both PFC&AHB GaN

96% efficiency @ 90Vac @36V/6.7A
2.3W/cc Power density

Pass thermal test & EMI test

23



240W Key Electrical Spec & Navitas

98
36‘\/’6 7A $ZE:150kHz AV:44.2 QP:56.9
a7 = 80
26
Q
595
S L —
u'l a3 = O\ ac : I.., S .\_;__ : : : _ﬁr‘i'.l I\r‘ )
i B ! LY .
, = 115Vac s S \M'f;, ................. 5.1. A, SR ,;,,Wﬁ""""'l i /'A"\ ..... T P
Q2 _._EBU"."E.C W,_‘L‘ M %_*\ e ._v'-l . . ]
1 20 T b M WA S HH\-&“ _.,[Vr"'f \_\k
g : P
25 50 75 100 10 : | -
& 150 kHz 1 MHz 10 MHz 20 MHz
0 80.9C . k]
Load % 90Vac, 15min Burning,

Ta=25°C
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180W BFPFC + AHB @ Navitas

PFC stage
GaNSense Single
NV6136C

PFC stage
GaNSense HB
NV6247C

Maximum Load : 36V/5A
Cased : 96mmx75mmx28.5mm(205cc);

Copyright Navitas Semiconductar, 2023 25



180W Key Electrical Spec & Navitas

$8%:150kHz AV:27.8 PK:45.5
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Discover more
at

Wechat

https://navitassemi.com/zh/ 27




