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World’s First GaNFast™ Power ICs GENFast’”_Y%

Fastest, most efficient First & Fastest Integrated World’s First
GaN Power FETs GaN Gate Drivers GaNFast™
Power ICs
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>20x faster than silicon >3x faster than any other gate driver - Simple, fast and reliable
>5x faster than cascoded GaN - Proprietary design - Easy to use and package
- Proprietary design - 30+ patents granted
- Gate is fragile and sensitive to noise - Fast, protected gate, no need for negative drive

Up to 40MHz switching, 5x higher density & 20% lower system cost
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Robust PDK
= successful
integration

Reliability corners defined using reliability physics based lifetime models
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PDK Analysis GaNFast;g
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@ Typical Application: Mobile Chargers GéNFast';é

Power density = 39 W/in3

 ACF (ZVS) Topology
e 300kHz -1 MHz
e 120V -240V AC

65W USB-PD
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@ Application Profile for ACF Charger GaNFast™
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@ Full Power Stress Breakdown GaNFast”

Full Power (T, = 100°C)
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Stress seen by HV GaNFET:
s P * High Temperature

— * High Frequency
I— s * High Voltage (Switching)
* High Current
VCC:
PWM
O, {rec Stress seen on LV GaNFET:
Voo * High Temperature
O | avret * High Frequency

Navitas Proprietary & Confidential 7



Burst Mode Stress Breakdown

Burst Mode (T, ,; = 25°C)
(No Load)
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GaNFast™

Stress seen on HV GaNFET:
* Low Temperature

* Low Frequency (~static)
* High Voltage (Blocking)
 Low/No Current

Stress seen on LV GaNFET:
* Low Temperature
* Low Frequency (~static)
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Reliability Stresses to Model GaNFast;‘g

Relevant stress to model Test method used to characterize
Static stress on HV GaNFET Drain High Temperature Reverse Bias
Static stress on Gate High Temperature Gate Bias
Switching stress on Gate Gate Switching Reliability

Switching stress on HV GaNFET Drain High Temperature Operating Life
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WReliability Stresses to Model GaNFast™2

Relevant stress to model Test method used to characterize

Static stress on HV GaNFET Drain High Temperature Reverse Bias
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HTRB Acceleration & Lifetime Models GéNFast;g

» T=150 °C, Voltage Acceleration
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Reliability Stresses to Model GaNFast;g

Relevant stress to model Test method used to characterize

Static stress on HV GaNFET Drain High Temperature Reverse Bias

Static stress on Gate High Temperature Gate Bias

Switching stress on Gate Gate Switching Reliability
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® Gate Reliability Acceleration Models  GalFast™

V=10V, Temperature Acceleration V=10V, Temperature Acceleratiop
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@ Frequency Acceleration
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Frequency {, / Duty cycle 1 / Pulse width I < Closer to static stress

Typical applications for GaN devices operate at >100KHz

0

Lifetime improves at higher frequencies
®
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V=11V, T=25°C, 50% duty cycle
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Frequency (Hz)
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Gate Reliability Lifetime Estimation GENFast: Ig

1.E+14
Operating window — guaranteed by design
1.E+11
1.E+08 Wide design window with
10+ years life
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Integrated regulator guarantees operation with 10+ years of estimate life
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Reliability Stresses to Model GaNFastg

Relevant stress to model Test method used to characterize
Static stress on HV GaNFET Drain High Temperature Reverse Bias
Static stress on Gate High Temperature Gate Bias
Switching stress on Gate Gate Switching Reliability

Switching stress on HV GaNFET Drain High Temperature Operating Life
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Mission Profile Driven HTOL (ZVS) GalNFast™ _.;

Full Power (T, ,; = 100°C) o
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ZV/S test bench replicates stresses seen in ACF application
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Failure Mode Matters G"é‘rNFast“%
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650V, 150°C HTOL

Group 1: In-situ system power loss monitoring
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Failure Mode Matters GaNFast;;‘g
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Group 1: In-situ system power loss monitoring

650V, 150°C HTOL
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m HTOL-based Lifetime Model GéNFast'j“ﬁg
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L Burst Mode (No Load) N
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Full Power 460V 100°C 8 hours (33%) HTOL
Light Load 460V 50°C 4 hours (17%) HTOL
No Load (burst) 340V 25°C 12 hours (50%) HFRB HTOL

AN

Assuming worst case scenario at 240VAC
HTOL is more aggressive than HTRB

Navitas Proprietary & Confidential 21



Lifetime Estimation Methodolog; GaNFast:'g

Voltage DUTT_.. Typical time spent | Relevant reliability
(1 charge/day) stress

Full Power 460V 100°C 8 hours (33%) HTOL
Light Load 460V 50°C 4 hours (17%) HTOL
No Load (burst) 340V 25°C 12 hours (50%) HTOL
E, 1 1 . V. otiability \TL
Temperature Acceleration Factor(AF,,,,) = ek X(Tapplication - T'reliability) Voltage Acceleration Factor (AF ,,4e) = (ﬁfn)
E,=0.71eV n=17.2 "

A 4

[ Total Acceleration Factor(AFy,,,) Full power = AFpzyp X AFVOLTAGE} [Total Acceleration Factor(AF;,,,;) Light load = AFzyp X AFyoirice ] [Total Acceleration Factor (AFr,) No Load = AFrgyp X AFyoirace }

y

] Weighted average for each mode

[ Lifetime estimate in application = AFr,., x Time to failure in reliability (TTF,.;apiiey) ]
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Lifetime Estimation in Charger Application GENFast""%

10000
—e—MTTF
=G- 100ppm
1000
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= ——
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© l ! -To=®

4 30years

o

10 .
10years
/'v\ Typical operating regime
100% Noload 4 100% full power
. st
(unrealistic) 0 2 A 6 8 10 12 14 16 18 20 22 24\(unrea stic)
Full power charging time /day (hrs) D
Significant built-in reliability margin = even at worst case conditions

(exceeds 10+ year lifetime requirement)

el
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Reliability = Qualification = Release GaNFast™!

—

Reference Test Conditions Duration | Lots [ S.S.
Preconditioning (MSL1):

-y,
JESD22-AT13 Moisture Preconditioning + 3x reflow: N/A 3 308 s / .. \
. o J-STD-020 (0/308) ™
Releb e GaNFast
. y JESD22-A104 Te’f‘s‘;engt“:;géc'ez 1000y | 3 | 77 :‘;5351
on IC building blocks WeEs,
. JESD22-A122 Power Cycle: 10,000cy| 3 | 77 L
= Robust design perR Tz 100¢ e POWER ICs
JESD22-A110 Highly Accelerated Stress Test: 96hrs 3 77 PASS
130°C / 85%RH / 100V Vps (0/231)
JESD22-A108 | High Te;"s‘:)‘f?ﬁ“sr;x\‘;zfe Bias: |4 000nis| 3 | 77 wplﬁsl)
High Temperature Gate Bias: PASS
- . JESD22-A108 9 ) 58 e 1,000hrs | 3 77 e \
Mission profile
driven reliability =
Protected Customer
JS001-2014 Human Body Model ESD NA | 1 3 PASS
0/3
JS002-2014 Charged Device Model ESD NA | 1 3 P‘;s?’s
reliability — Equivalent device hours tested* 1.5 billion hours
monitoring EIT* 0.6

*Statistics calculated from HTOL tests
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GaNFast Chargers now in production GE‘!NFast"‘;;

Fast Mobile Universal
Up to 3x more power Half the size & weight One charger for ALL your devices
Up to 3x faster charging of traditional chargers One and Done!!

5

AUKEY MADE IN :IND RAVPOWER
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