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GaNSafe": Ultimate Performance, Reliability =~ ® Navitas
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* Old, slow  dV/dt sensitivity GaNFast:
* High Qg * Layout sensitivity v" Internal Gate g::‘:':'m":‘; e iing
* High Cp; * ESD sensitivity v" Integrated Gate Drive Protection
* F5y < 100 kHz * Unknown reliability v dV/dt Immunity GaNFast plus: GaNSense plus
. GaiNFast pius: .
v
g ;alz/s:ts:)n:ae:i::ve ; Autonomous Standby v’ Desat detect Short Circuit Protection
Autonomous Protection .
v iabili with ultra-fast 350ns / 50ns latenc
v zroven ﬁe:ablllty v" Loss-less Current Sensing / v
roven Robustness v" High Precision \/Robust, thermally enhanced packaging:
v High Efficiency ultra-low Rg ;ync.amp @nd BLTC Reliability

. = v  4th Gen integrated GaN gate drive with
) E:ﬁ:.ICIe ncy ﬁ positive TempCo V4 regulation
Rellablllty ' \/Integrated Miller Clamp (no negative
Speed q gate bias, higher 3" quadrant efficiency)
Integ ratlon — v Programmable dV/dt Turn-ON/OFF slew

rate control for ease of design
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GaNFast™ to GaNSafe": Max 4th-Gen Reliability ® Navitas

Discrete GaN = high risk, high gate loop inductance

. §hoot—thru risk multiplied by increased di/dt in high-power applications
G'éNFast”” : integrated, regulated gate drive, zero loop inductance
Discrete * Higher efficiency, lower system cost, fewer components, smaller PCB

I— GaN * ™

o2 Safe” : optimized for high power

- L;g * More protection (350 ns Desat SCP, UVLO, ESD, etc.)
Source * More control (dV/dt ON & OFF, etc.)

* Industry-standard, robust, cool packaging

Discrete GaNFET vs. GaNSafe™.
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;;y/ /’? Degraded Discrete GaN.
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= " e 1 ';Cf;te g Negative gate bias/
s avitas Ga 1 al — hi
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GaNSafe": Reliable High-Power GaN in 4 Pins ® Navitas

| 100 V/ns Immunity with Integrated V regulation
iwide-range input (12~18V) maintains optimized V Ultra-fast Short-Circuit

with reliability margin

..............................................................................................

Vorve O 7 T ;
: ! :
y scp, ’ § No gate-loop
GS T . o .
Reg dv/dt . inductance or ringing
Internal i
. : V¢ Supply Level shift, \ ‘/ |
All pins 2kV HBM i| ESD ||(ultra-low Ioyescent)— Deglitch, UVLO, | Gate — Gan
and Control | N Power
Device

L :
E Miller Clamp 7< :
: - P/D Block ;
o« O __________________________ : / \ Integrated Miller

Source bias not required,
highest Reliability
against Shoot-Thru

Ultra-low quiescent current makes
high-power GaN feasible in 4-pin package
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GaNSafe™ Delivers High-Power Reliability @ Navitas

* Double-pulse test:
400V, 30 A, Regpies = 11 mQ

Seal [ED1IDA

3
g

g
S
g
=
3
2

yze Utilities Demos Help

Discrete GaN
42 mQ max

45 mQ max
(NV6513)

Seal [EIMIIA | S
SeSl [BINIAA | S

No voltage spikes
No ringing
No undershoot

Significant spikes
Excessive turn-ON ringing
250 V undershoot
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GaNSafe” Short Circuit Protection Performance ® Navitas

Discrete GaN under Short Circuit: : Safe” under Short Circuit:

T

"~\ TELEDYNE LECROY I’\‘ TELEDYNE LECROY
Everywhereyoulook Everywhereyoulook

Discrete GaN
explodes

Safe”

output ramps
down safely

[y
DT (TETC) base _-30.0 ] C1] DCTH TETD
100 Vidiv 2.00 V/div 50.0 Aldiv 0.0 ps/div Normal 112V 100 V/di 50.0 Aldiv 200 V/div 10.0 ps/div Normal 112V
-300.0Vofst|__ OmVoffset | -150.0Aofst 1MS 10 GS/s Edge Positive i 150 0Aofst | 10.0 ps/div 1MS 10 GS/s Edge Positive
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GaNSafe” TOLL: Optimal System-Level Cooling ® Navitas

QFN: T, = 112°C

Cu Pad Thickness
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Embedded

-

TOLL

%

Safe”

* Optimized, system-level cooling (Rg ;)
Larger, thicker Cu pad
*High-conductivity die attach

IPC-9701
Qualified
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GaNSafe” Platform Roadmap

@ Navitas

TOLL 4L Bottom-cooled

AEC-Q101 target Q4 ‘24

NV6522/Q
In Mass Production

AEC-Q101 target Q4 ‘24

g JEDEC 150C Qualified
98mQ In Mass Production
22A (not targeted for AEC)

NV6511
: JEDEC 150C Qualified
[%2]
3 | 55mQ In Mass Production
g 34A AEC-Q101 target Q4 ‘24
S NV6512C/Q
2 i JEDEC 150C Qualified
(a)
|
G J 45mQ In Mass Production
fn < 48A AEC-Q101 target Q4 ‘24
o
-~ NV6513/Q
2 oy JEDEC150C Qualified
zﬂ
= | 35mQ In Mass Production
§ 57A AEC-Q101 target Q4 24
NV6515/Q
25mQ In Mass Production
80A AEC-Q101 target Q4 ‘24
- NV6514C/Q

NV6523/Q

NV6525/Q

AEC-Q101 target Q4 ‘24

JEDEC 150C Qualified

In Mass Production

AEC-Q101 target Q4 24
NV6524/Q

Copyright Navitas Semiconductor, 2024

2kVESD /A R max
l \ “'1 i

—————

Easy EMI -

GaNSafe”

High-Speed
Short-Circuit Protection

8oov

Control

!-,__._
I

n Protect

X Drive 3

Robust
Operation

Easy Cooling



GaNSafe": System Level Thermal Performance ® Navitas

. ) N
Higher Power Density at lower system BOM:

* 94W/in3 CRPS requires 12x Pcs 32mQ GaNpx™
N 100W/in3 CRPS: 4x Pcs 45mQ + 4x Pcs 55mQ TOLL y

CCM BTP PFC

FB LLC

. JC can JHGaN JE

ST

JI:IGaN JI:IGaN J
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Safe” True 3.2kW CRPS185

3200
3000
2800
2600
2400
2200
2000
1800
1600
1400
1200
1000

Output Power (W)

100-180V 180-220V
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Discrete GaN

220-230V 230-264V

AC Input Voltage (V)

Efficiency (%)

96.5%

96.0%

95.5%

95.0%

94.5%

94.0%

93.5%

O(FUSION

100W /in®

Power 2.8 kW 3.2 kW -
PFC 8x32mQ 4 x45 mQ NSafe
’ X3cMm X% m 33% fewer
: DC-DC 4x32 mQ 4x55 mQ Switches
Total 12x ) 8x
GaNpx™ iNSafe”
Safe Titanium Plus, with margin 3l Safe”+40% Hold-up Safe”~100wW/in3

20% Load 50% Load

= === 80Plus Titanium specification

Discrete GaN

Hold-up Time (ms)

Peak
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GaNSafe”: Higher Efficiency than Si in LLC & Navitas

Si MOSFET
g J?GaN Jl GaN | M%is

JI:IGaN JI:IIGaN J M%is

98.5%
==¢=— 300kHz GaNSafe ™45mQ
98.0% —_— 2 Coo m % o . . .
300kHz CoolMOS 45me2 . Safe”meets Titanium with
97.5%
higher power density at 300kHz
97.0%
96.5% * CoolMOS does not meet Titanium
96.0% at 300kHz F,, in LLC stage
oo CoolMOS 300kHz high density «Gi Safe” meets EN55022 /
95.0% design cannot meet Titanium CISPR22 CIGSS A (CE and RE)
94.5%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%  100%

Copyright Navitas Semiconductor, 2024 10



GaNSafe” Yields Higher Density, Lower BOM  ® Navitas

‘s ™
Si 150 kHz LLC GaNSafe” 300kHzLLC
Main PQ3628 PQ3033 = 14% smaller
Transformer Size: 36 x 28 x 24 mm Size: 30 x 33 x21 mm
Resonant PQ2618: PQ2018 = 43% smaller
Choke Size: 26 x 18 x 19 mm Size: 20 x 18 x 14 mm
c::::lz:t& 630 V, 10 nF 1206 *40pcs g:‘v"l ;0 :':1;(2)25*;;29“
* ,10u pcs
Output MLCC 16 V, 10 uF 1206 *64pcs _ 40% fewer

Primary Switch IPT60R055CFD7 *4pcs NV6512C *4pcs

Protections

& Features 1kVESD

SCP, 2 kV ESD, dV/dt Control

1111
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GaNSafe” : Eval Kits & Custom Daughter Cards ® Navitas

-————
-

Eval Kit Description

* Eval Kits for NV65xy product lines (G‘:;}N.S'afe’” TOLL and TOLT)

* Configurable topology for Double Pulse, Buck/Boost, CCM BTP PFC
* Heat Sink & Full-Bridge daughter card allows bench testing at 2kW+

Eval Kit Ordering

* Sales: $S200 per Eval Kit (complete Power Board, Daughter Card, Heat Sink assembly)

A}ficooled Heat Sink
Grgase (2.3 W/meK)

AlLLO, (170 W/meK)
’—P Grease (2.3 W/meK)

@

Part Numbers: NVEO70A+NVEO71A (NV6515 TOLL) or NVEO71A+NVEO83A (NV6525 TOLT)
NVEO71A Power Board supports either TOLL or TOLT Daughter Cards !
Distribution to qualified Beta Customers approved by NVTS Marketing \

N

* User Guide and all technical collateral provided with each Eval Kit ~o

@
Daughter Card
& screw torque: 1.5 Nem)

Daughter Cards
« Open-loop half-bridge GalNSafe™ power stage with 1/0
and Connector configured to End-Customer specification

e Connects to customer’s mainboard for easy evaluation

Availability

* Qualified customers designing Mainboard / Daughter

Card power stage architecture with bottom-cooling 5
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Accelerating High Performance Data Center

54V 1 98% Efficiency

CRPS185 4.5kW 54V,

97% Efficiency, 138 W/in3

CRPS185 3.2kW 12Vt
Titanium+ 98 W/in3

Digital CrM BTP PFC

CRPS185 2.7kW 12V,
Titanium+ 83 W/in3

CRPS185 2.0kW 12Vy;
Titanium+ 62 W/in3 All GaNSafe

Hybrid SiC/GaN

CRPS185 1.6kW 12V r PFC SiC or GaN

Titanium+ 50 W/in3

2022 2023 2024

Copyright Navitas Semiconductor, 2024

® Navitas

12kW ORV3 PSU
54V 1 98% Efficiency

8.5kW ORV3 PSU

with

Modular LLC design

2025
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Accelerating Data Center Power Density, Efficiency & Navitas

Transistor
Processor Power .
KW Integration
(kWatts) (billions)
/\l Wafer-scale Processing
dominates next-Gen
Al Data Center
10 1,000
8 800
GPU-based systems
dominate Al segment
6 Xeon A 600
32 Core
NVIDIA
Pascal
Xeon
4 18 Core 400
NVIDIA
Fermi
Intel
2 Xeon 200
NVIDIA
Tesla
Core Duo ¢ A
i486 Pentium I thru IV
) 0 W—FU—W—U—U—U—U—U—-U—J]—-U— < 0

1991 1993 1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015 2017 2019 2021 2023 2025 2027 2029 2031 2033

== xPU Power Consumption (kW) =@=Processor Integration (Bgates)

Copyright Navitas Semiconductor, 2023

/ Power consumption cliff with Al: \

Processors surpass 2.6 trillion transistors

Board-level power will exceed 10kW+
CRPS power density will reach 200W/in3

GaNSafe“and (GeneSiC" essential /

Iz

e
i ”H!i i 7
. afe aIeProcessor

Cluster-Scale Processor i with 2.6T transistors
with 54B transistors (Cerebras www.cerebras.net)
(NVIDIA www.nvidia.com)
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Hybrid + GaNSafe” 4.5kW CRPS ® Navitas

NVTS CRPS185 4500W 54V Interleaved CCM TP PFC with SiC/GaN(80kHz) FB LLC with GaN +SR (300kHz) .

JHGaN JHGaN " I

Lm

—- ®

N

MOS
L1 S1

L2
Vac I { =—=Cbulk

\s3 \ss | Si GaN
| | %}Mos ] l
’ SiC:G3F33MTO06L

NVTS CRPS 4500W Platform Features

* Supports Al Data Center GPU Server
* Highest Power Density 138Watts/inch3
* Titanium+ Efficiency >97% @ 50% load
* Hold-Up Time meets 10ms @ 4.2kW

Samples available now

15

Copyright Navitas Semiconductor, 2024



Hybrid + GaNSafe” OBC/DC-DC  Navitas

JGeneSiC™ GaNSafe” . » ' . .

[Development Lab . Achi Ultra Hich P 35 ° e 1% 3
. . s B cnieves ra ni ower 5 . )
Tierl CHN EV OEM] : gh’ S s n @
Density 3.9 kW/litre 25 4 oo
% 2 =3 é T os%
1.5 <fm <f o 6% o
=]z 2 =zl z =
1 HBE 4 B 4% g
3 = 1 el € £
3 os K 5 E 2% 3
0 0 0%
R Power Density Weight Energy Savings
i g N (kW/litre) (kg) (%)
Combination 6.6 kW OBC + 3 kW DC-DC: . o s e Charging Mode Discharging Mode
* OBCAC Input: 90~265 V,c up to 32 A @ Navitas cmees  |conpeitora 00
* OBC Battery Output: 470~860 V., full load 96.4
96.5 06.21°03> 7" 96.24
* OBC Power: 6.6 kW charging, 6.0 kVA discharging ’ 95.94
e HV-LV DC-DC Output: 9~16 V. 96.0 P 96.2496.26 | NJu. 95.68
I . 9 96.05 ' 95.4
* Topology: 1-® CCM BTP PFC (100kHz) + Bi-Directional % 95.5 95-%5.8 95.8 : 0511
CLLC (500kHz ~ 1.2MHz) + HV-LV DC-DC (65kHz) " gso 9522 oy
SR 95
Mechanical: ons
* Dimensions: 210 x 192 x 61mm ( < 2.5 litre) 0.0

* Cooling: -40 to +65°C (Cold Plate)
* Communication: IP 67, CAN Bus interface

280 300 320 340 360 380 400 420 440 460

Battery Voltage (V)
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Accelerating EV Power Train High Density ® Navitas

* Hybrid design with SiC (CCM BTP PFC) Power density
and GaN (CLLC) for robustness, lower

: ) : A 6.0kW/L
size/weight (ultra-high power density)
* Optimized package and system
thermal design :
* Improved topologies zm_Sj & SiC & GaN
z;»[_“-‘_ suf st jm ¥ -‘l"r"r e ssjmy 87

——

] CRP CRS
54 |is {. 56
SRI

5
-

.
2 d i ‘lul
‘ o

bsn 3 I

6.0kW/L
3.9kW/L
1.8kW/L

woc

: N
gD 6.6
Bi-D 6.6kW OBC

Genl (Y2015) Gen2 (Y2019) Gen3 (Y2022) Gen4 (Y2025)
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Discover more at
navitassemi.com

#
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