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About Microchip Technology

High-performance standard and specialized Clock and timing solutions
microcontroller (MCU), Digital Signal Controller Wireless and wired connectivity solutions

(DSC) and microprocessor (MPU) solutions FPGA solutions
Power, mixed-signal, analog, interface and security Non-volatile EEPROM and Flash memory solutions
solutions Flash IP solutions

S & 009

$6.8 Billion Revenue Headquartered Near Approximately 21,000 120,000+
for FY2022 Phoenix in Chandler, AZ Employees Customers
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Revenue by End Market

W Industrial

B Data Center and Computing

B Automotive

B Communication

B Consumer

Aerospace and Defense

Microchip Corporate Presentation: FY22
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Voice &
Audio
Processing

Total System Solution

Digital
Potentiometer

Touch Sensing
* Proximity/3D

* Buttons/Slider
* Touch Screen

We are here

Power Management

Encryption

Precision
Voltage
Reference

Security

Timing
*Oscillators
*Clock Generators
*Clock Buffers
*Network Sync

Memory
+EEPROM
»Serial Flash
*Serial SRAM

Storage

» PCle® Switches
» Adapters
 Controllers

Optical
Networking

Wireless

* Wi-Fi®

* Bluetooth®

* LoRa®

- ZigBee®/MiWi™

USB Auto/Industrial
*Smart Hubs Communication
- Switches *MOST®

- Transceivers *RS232/485

- Bridges «CAN/LIN

Microchip Corporate Presentation Overview Rev 31-1 May 2022
© 2023 Microchip Technology Inc. and its subsidiaries

DC-DC Converters

8 Supervisors & Ref.

LDOs, Battery Mgt.
Discretes & Modules

Microcontrollers
Microprocessors
FPGA/ SoCs

Ethernet
*Switches
*Controllers
*EtherCAT®
*PHYs

*PoE

High Voltage
1/0s

Motor
Drivers

Power
Drivers

LED
Drivers

Smoke Detector
& Piezoelectric
Horn Drivers

@ MICROCHIP



Sustainability Overview

Energy Generation, Storage and = __ Efficient Energy and Water Use
Distribution ot e L=« Smart Agriculture (targeted irrigation &

/¥ * Solar Power Systems fertilization)
~ « Wind Turbines * High Efficiency Power Supplies

* Alternative Energy such as Biomass } * Solar Inverters
« Hydrogen Fuel Cells * Higher Efficiency Motor Control

“# « Energy Storage Systems (Battery Charging, 7, S - LED Lighting
Battery Management Systems) : e * Smart Dimmers, Actuators and Valves
* Smart Grid Applications * Heating, Ventilation and Air Conditioning
* Energy Star Appliances

Resource Monitoring and
Optimization
» Smart Electric/Water/Gas Meters

* In-Home Energy Displays and Awareness
Systems

Waste Reduction and Reuse

* Smart Waste Management

» Water Bottle Refilling Stations

* Smart Irrigation Systems

* Asset Tracking

* Motion Sensors * Public Restroom Dispensers (Soap, Paper,
* Leak Detection Water)

* Building Management (Light, Energy use) * Low Standby Power

5 %\ MICROCHIP
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Growth Drive in the SiC Power Market

Revenue (S millions)

16,000 Source: Omdia — 2022 Mid Case Estimate
14,000 -
12 000 EV Charging Infrastructure
! Complete SiC Solutions to Streamline Adoption
10,000
Commercial EV and Traction
8,000 Delivering intelligent SiC to extend range
6,000 Consumer EV
Microchip major supplier to OEM/Tier 1
4,000
2,000
Power Supplies and UPS
0 Diverse SiC product portfolio to satisfy
2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 mainstream and niche power supply market
= Power supplies m UPS = Hybrid and electric vehicles Commercial vehicles
= HEV charging infrastructure industrial applications H PV inverters Traction
Military and aerospace Other applications
© 2022 Omdia .
A8\ MicrocHip
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Microchip SiC Fab Overview

Colorado Springs, CO

= 580k sqg. ft. Building

= 310k sqg. ft. Clean Room
= 50 Acre Site P
= 6-inch Wafer Manufacturing s T oW MicRocHip

= 8-inch ready equipment Microchip Plans to Invest $880 Million to

. . Expand its Silicon Carbide (SiC) and Silicon (Si)
- Certifications Capacity in Colorado

Ramping up production at its Colorado Springs fabrication campus will

u C-T PAT enable Microchip to respond to growing semiconductor demand across a
wide swath of industries

= I1SO/TS-16949 & 1SO14001
CHANDLER, Ariz., February 17, 2023 — Microchip Technology inc. (Nasdaq: MCHP) a leading provider of smart,
connected and secure embedded control solutions, today announces plans to invest $880M to expand its silicon

] ITA R’ M I L_ P R F_ 1 9 5 OO & ASg 1 O O carbide (SiC) and silicon (Si) production capacity at its Colorado Springs, Colo. manufacturing facility over the next

several years.

One significant phase of the expansion is to develop and upgrade its 50-acre, 580,000-square-foot Colorado Springs

ramniie far incraacad S mannfartiiring far tica in antamntival/F_Mahiling arid infractrictiira araan anarme and

https://www.microchip.com/en-us/about/news-releases/corporate/microchip-plans-to-invest-880-million-to-expand-its-silicon

7 Microchip Proprietary and Confidential @ MlCROCHlp




Microchip SiC Timeline

o

n ggﬁﬁf,ﬂm Microsemi
TECHNOLOGY " y Microsemi 3.3 kV SiC
APT Acquired by Acquired by MOSFETs and
First SiC Microsemi m Microchip SBDs Released
Device Gen 1 SiC MOSFETs . L
Shipped Internal SiC Fab Released SiC Modules Process Transfer,
(Q4/2003) in Bend, OR (650V & 1200V) Released Expansion to Fab 5

1 l Ll ]

2004 ‘ 2006 ‘ 2008 ‘ 2010 2012 ‘ 2014 ‘ 2016 ‘ 2018 ‘ 2020 ‘ 2022
() () ®

PowersSicel acquired Gen 2 SiC SBDs Dual Fabs Gen 2 SiC
by Advanced Power Released (Internal & External) Release
Technology (APT) (700V - 1700V) (700V - 1700V)
I,Ill SiC Process and AgileSwitch® AEC Release
Technology Acquisition of SiC MOSFETs
Transfer for : and SBDs
SIT/JFET z*
NORTHROP AgileSwitch
GRUMMAN

8 @ MICROCHIP



SiC Portfolio: 700V - 3.3 kV

Product Family

Packaging

Key Differentiation

Die Unrivaled Ruggedness and Performance
Discretes Widest Breadth
Lowest Inductance
Modules

Standard and Custom-Tailored

Gate Drivers

Fastest to Market
Highest Efficiency

@ MICROCHIP
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Adopt MCHP SiC With Ease, Speed and Confidence

Lowest System Cost

Unrivaled ruggedness and performance - No Redundancy

Fastest to Market

Gate drivers and total system solutions - Rapid Development

Lowest Risk

Multi-source epi wafers and dual fabs - Supply Certainty

© 2023 Microchip Technology Inc. and its subsidiaries
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Unrivaled Ruggedness and Reliability

" e Rock-solid threshold voltage

Gate bxide e Lifetimes >100 years
Integrity

e Degradation-free
e Eliminate freewheeling Schottky

e Stable performance after 100k pulses

Ava|a"nche e Optimized cost and efficiency

Rugged

. - e Safely ride through unexpected system
“|GBT-like” transients
Short Circuit
Performance

© 2023 Microchip Technology Inc. and its subsidiaries
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Ruggedness | Gate Oxide Stability

Stress: Vg = -8V, 1000 hrs at T, = 175°C | Change: -0.02V Stress: Vg = 20V, 1000 hrs at T, = 175°C | Change: +0.06V
Pre- and Post-Stress HTGB; V¢ = -8V, T, = 175°C, 1000 hrs Pre- and Post-Stress HTGB; V¢ = 20V, T, = 175°C, 1000 hrs
1200V, 40 mQ SiC MOSFET 1200V, 40 mQ SiC MOSFET
3.2 3.2
3.17
3.1 3.1
3.05—— —7—3.04
3.0 3.0
< | i | = 2.92
24 i o 2.88 =28 286 |
<7 're-stre: Post-stress = = | Post-stress
2.8 2.8 ' Pre-stress
2.7 2.71—— ——2.72 2.7 2.72
2.6 2.6

V,;, measurements before and after 1000 hours of High-Temperature Gate Bias (HTGB) stress

show negligible shift

Appllcatlon Operate routinely & Meet (exceed) desired
Benefits reliably service lifetime

12 %\ MICROCHIP

© 2023 Microchip Technology Inc. and its subsidiaries
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Ruggedness | Gate Oxide Lifetime

i. Oxide failure (breakdown) accelerated with
temperature and electric field across the oxide

ii. Failure modes extracted from Weibull plots

iii. Arrhenius equation used to predict oxide lifetime

Data from production-grade 1200V, 40 mQ SiC MOSFETs

Oxide predicted to last more than 100 years
at recommended V,and T, = 175°C

12

10 :_

Log o[ (tgse (seC)]

Predicted Oxide Lifetime @ 175°C

100 years

v=1.43 dec/(MV/em)

15

|||||||||||||||

20 25 30 35 40
Gate Voltage (V)

v v

reliably service lifetime

Application [
Benefits

Operate routinely & ] [Meet (exceed) desired] [

Survive electrical
transients

@ MICROCHIP




Ruggedness | Body Diode Stability

Supplier A

—8—Pre-stress

—®— Post-stress 5A for 10 hrs

i. SiC MOSFET body diodes stressed with a constant [N i i
forward current %
Supplier B
ii. Body diode I-V curves and Ry, measurements o
made before and after stress | b e s :
Data* from commercially available 1200V, 80 mQ SiC MOSFETs E , T

*Courtesy: A. Agarwal and M. Kang, Ohio State University

After 100 hours

No degradation observed in Microchip body diodes S Microchip

Also, lower component cost by using body diode -t

ress after 20 Hr

and eliminating freewheeling Schottky diode

ress after 100 Hr

after 50 Hr

ress after 168 Hr

Appllcatlon Operate routinely & Meet (exceed) desired :
Benefits reliably service lifetime

@ MICROCHIP



Ruggedness | Avalanche / Repetitive UIS

TDDB for 1200V SiC MOSFETs

i. Measures the MOSFET’s ability to repetitively
sustain an avalanche current being switched off
from an unclamped inductive load (RUIS)

Cells are not enhanced (MOSFET is OFF); peak
current increases rapidly until Vs = Vgg; avalanche
current likely to crowd around die edge

Data from commercially available 1200V, 40 mQ MOSFETs

Microchip devices exhibit excellent avalanche ruggedness
and parametric stability following 100k pulses of RUIS

80,000
70,000
60,000
50,000
40,000
30,000

20,000

Average Time to Breakdown (s)

10,000

lgs = 50 HA

Pre-RUIS BT EE rostRruls
| ] I
| u | I
| Em B

Microchip

Competitor A

Competitor B
(3 RUIS failures)

Competitor C
(1 RUIS failure)

180

Off-State Drain-Source Leakage

Vs = -5V, Vg = 1200V

Current

160

120
-E— 100
~ 80

60
40
20

i

(mn)
w ow ow &
s 8 8 &

2 3

Microchip RUIS Device Number

On-State Resistance
Vs = 20V, Iy = 40A

“ | ' I |
1 2 3 a4 5

Microchip RUIS Device Number

v

Application
Benefits

Safely ride through harmful electrical transients ]

15

Pre-RUIS

B PostRuUIS

@ MICROCHIP




Ruggedness | Short Circuit Capability

16

700V, 35 mQ SiC MOSFET Short-Circuit Test Results
. . . o - ® Vps=350V M V=470V ¢ Vps=560V| 10 s
i. Short circuit emulates the application condition 16.0 yT——— comparable
. . Icrochni
of shorting the MOSFET’s drain-source across the 140 . £ o ';SBTS
DC link 312.0 """"" = /s‘
.. . °E’10.o ----- - \
ii. Cells are enhanced (MOSFET is ON); peak current E ., L <L’
. . . . . -c =l 000 PTrveeEkeasy
intended to distribute uniformly across die § . 1 | e o
Bl B S I R R . B
Data from production-grade 700V, 35 mQ SiC MOSFETs R A B B ey
2.0
0.0
. . . . 14 15 16 17 18 19 20 21
Designed to survive short circuit events, even at Gate Voltage (V)
higher DC voltages (with adequate gate driver) Pl
100 7 7 IGV/
g ” ?Z:// 14V
g 80 ////‘/
Application A P - /Z/
x /
PP . Safely ride through harmful electrical transients SN /& 10v]
Benefits ) 2w

o
(]

4 6 8

10 O
Vpg: DRAIN-TO-SOURCE VOLTAGE (V) @ MICRDCHIP



Ruggedness | Terrestrial Neutron Susceptibility

* Neutrons can damage or degrade system performance at sea level or in higher elevations
e Application benefit: Using SiC provides higher immunity to terrestrial radiation and lowers FIT rate

across low to high elevations

10! ¢
10° }
] i nard o
>
e |
= 101 ¢
® ;
a .
® )
"g 102 b s s —
-lu:..: -l ......... | Q SIGT\
102} SR -
..... ‘ Miq.:ro‘cﬁi.pyi. B
................... e i A
-4 M I I
600 800 1000 1200 1400
Bias (V)

SiC MOSFETs have 10X lower FIT rate than

comparable Si IGBTs @ rated voltage

17

FIT/cm? @ Sea Level

104 Lo X ......
¢ 4~ Microthip
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L4 7’ ¢ Microchip
@ }’ - MSC040SMA120P
100 ............... P W 2 Seeereenns A
’ .
.
X %
: ‘ .......
102 . :
0.4 0.6 0.8 1.0
Bias/V,,, (V/V)

Microchip SiC MOSFETs perform well against SiC

competition regarding neutron irradiation

@ MICROCHIP
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Ruggedness | Rps(on) VS- Junction Temperature

Lower change in Ry, CUrve means

U is higher stability over temperature /
[
©
=
B2
$ == Microchip - Planar
o 1.6 g
8 —_ === Competitor A - Planar :
©
o 9O . .
o E === Competitor B - Planar M|Cr°Ch|p
> @©
o g . 1200V
UI) o e Competitor C - Trench
o o
- 2 )
é ~ Competitor D - Trench
'© 1.2
[
()
=
o
@
o 10
0.8
0 25 50 75 100 125 150 175

T,, Junction Temperature (°C) @
A8\ MicrocHiP
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SiC Power Sustainability Segments

Solar Inverter

Power Supply

© 2023 Microchip Technology Inc. and its subsidiaries

Motor Control

@ MICROCHIP



Sustainability SiC Market Data and Trends

3,000
Solar Inverter
Source: Omdia — 2022 Mid Case Estimate
’g 2,000 - Motor Control etc.
.9
€
ﬂ UPS
g 1,000 -
c
Q
Q>J Power Supplies
o
0

2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

m Power supplies B UPS = industrial applications B PV inverters © Other applications

Microchip Confidential © 2022 Omdia @ MICROCHIP

© 2023 Microchip Technology Inc. and its subsidiaries
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Renewable Energy

Solar Inverters, and/or Energy Storage Systemes....

@ MICROCHIP



Solar Inverter and/or Energy Storage

5V 3.3V

AC Load

Battery packs

Solar Panels \ MPPT DC-DC Boost

PWM x3 channels

LCD '
Service ports ]

© 2023 Microchip Technology Inc. and its subsidiaries

Light /
Temperature

sensor

22 %\ MICROCHIP



SiC Solution - Solar Boost (or Aircon PFC, UPS)

L1
s N N E N A
D D
+ = +
- >-|K2§ IGBT Co =— RL| e | Input I:ES SiC MOS Co =& RL
Traditional IGBT Solution Microchip SiC MOS Solution
HV Boost/PFC Type Efficiency Inductor Cost = System Cost Size Weight
SiC MOS @ > 40kHz High Low Low Small Light
IGBT @ < 20kHz Low High Medium Big Heavy

23
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SiC Solution - (Solar) Energy Storage Buck-Boost

/ I_l%—l \ / l_l%—‘ rY-Lvl-n‘ Vout \
A 141 ”
X IeBT X sic MOS
HKZS Q1 c1 == |:| RL| === | Vin >-|: Q1 c1 == [] RL
IGBT 7 SiC MOS
Traditional IGBT Solution Microchip SiC MOS Solution
HV Buck-Boost Type Efficiency Inductor Cost = System Cost Size Weight
SiC MOS @ > 40kHz High Low Medium Small Light
IGBT @ < 20kHz Low High Medium Big Heavy

24
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Successful Story - 11kW Solar Inverter with ESS - China

Inverter
Full Bridge

i

480VAC for Home Device

q 45-55Hz

25

© 2023 Microchip Technology Inc. and its subsidiaries
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Successful Story — 6.6kW Energy Storage - China

Lead Acid Battery
+Base station Load

AC Rectifier Bridge EMI Filter

High Voltage DC/DC

12VDC 50V/100V(10-20A)
Li-on Battery

Buck-Boost/Buck/CLLC Power STAGE 2/4 Phase

LikePO4 Power Isolated/Non-Isolated Power
PWMI1 PWM2
26 %\ MICROCHIP
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SiC MOS Spec. Comparison — 1200V 40mohm

SIC vs. IGBT Spec. MSCO40SMA120B4 ~ DOSLIZRT Ben- 6 Besi B Bon. 3

Vps (V) 1200 1200 1200
Eon @ 25 °C (uJ) 280 2200 243
Eoff @ 25 °C (uJ) 85 2950 104
Von typ. @ 25 °C (V) * 1.4 1.85 14
Von typ. @ 175 °C (V) * 217 225 238
Qrr typ. (nC) 550 4700 691
Qg typ. (nC) 137 530 99

Package TO247-4 TO247-4 TO247-4

* Note - 35A DC current
27 A8\ MicrocHiP
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High Efficiency Power Supply

Medical and/or Industrial Power Supply, Server AC-DC,....

@ MICROCHIP
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High Efficiency Power Supply

AC Input

\

Inter-leave / Bridgeless PFC \

\

T TT x channels

© 2023 Microchip Technology Inc. and its subsidiaries

3.3V or 5V rail

DC Load

@ MICROCHIP



SiC Solution - Boost PFC

kL N ;B N\

ES Si MOS Co =
L% J o J

°Y
=N

I+
I+

RL

Input )'I

5T

|_
RL —_— Input >-|l:2S SiC MOS Co =

Traditional Silicon MOS/Diode Solution Microchip SiC MOS Solution
Boost PFC Type Efficiency Inductor Cost = System Cost Size Weight
SiC MOS High Low Medium Small Light
Silicon MOS Low Medium Low Medium Medium

30 @ MICROCHIP



SiC Solution - Bi-Directional PFC and LLC

fnfe  Aqfe Eljﬁos B w A ggm fade  AnEw

%‘S“C €= gmﬁ“i: 5 (’%”‘ €1 =2 EME,E
-IEﬁqz -IEzSoa -IEﬁeﬁ -|EESQB 'IEESQ? 1%@ ‘IEESQE -|E§QB

\ Si MOS / \ | SiC MOS /
Traditional Silicon MOS Solution Microchip SiC MOS Solution

Bi-D. PFC / LLC Type Efficiency Thermal System Cost Power Density
SiC MOS High Low Medium High
Silicon MOS Low Medium Low Medium
31 A8\ MicrocHiP
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Successful Story - High Power UPS - Korea

AC380V/220V

- e o o=

| Battery
->| charger
controller

Panel &
—— = === — - >l Interface
l controller
! ! ! __ACLoad |
I | | '
I I I
L . EMI/RFI Filter Surge Transfer
: ] Suppressor I ' Switch
v
I | ADC
| P l PFC 1 I
| |
|
v

]__

© 2023 Microchip Technology Inc. and its subsidiaries

Battery H
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Successful Story - Totem Pole PFC 3.4KW - Japan

33 g\ MICROCHIP
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SiC MOS Spec. Comparison — 700V 60mohm

SIC vs. SJMOS Spec.  MSC060SMA070B4 €St SJ MOS Gen. 7

Best SiC Gen. 3

65R060CFD7 0060065K
Vps (V) 700 650 650
Rbs(n) max. @ 25 °C 75mohm @ 20Vgs 60mohm @ 10Vgs 79mohm @ 15Vgs
Rbsen) max. @ 150 °C 86mohm @ 20Vgs @ 132mohm @ 10Vgs @ 100mohm @ 15Vgs
Qg typ. (nC) 56nC (-5~20Vgs) 68nC (0~10VQgs) 46nC (-4~15Vgs)
Eas (mJ) Typ. 1150mJ Max. 171mJ N/A
trr typ. (nS) 25nS (1500A/uS) 156nS (100A/uS) 16nS (2400A/uS)
Qrr typ. (nC) 170nC 860nC 110nC
Package TO247-4 TO247-3 TO247-4
SCWT (uS) 3uS N/A N/A

34
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High Efficiency Motor Control

Pump, Compressor Drive, ....

@ MICROCHIP
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High Efficiency Motor Control

Battery Pack
q . e ; )

3. SV.
rall rail

3Phase Brushless
DC Motor Load

x3 channels

© 2023 Microchip Technology Inc. and its subsidiaries
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SiC Solution - Motor Control (Pump, Compressor Drive)

HKES IGBT1 >—H:2IS IGBT3 >—||:g§ IGBTS . EES FET1 4E2S FET . EZX FET
—© | —©
Sync. Rel. Machine e, Bl Machined.
\i':gg 16812 ACZS 1GBT4 )‘H:ZS IGBT6 QEZS FET2 ﬂE? FET4 . E% FET6 /
Traditional IGBT Solution Microchip SiC MOS Solution
Motor Control Type Efficiency Battery Cost = System Cost Size Weight
SiC MOS High Low Low Small Light
IGBT Low High Medium Big Heavy

37 ﬁ\ MICROCHIP
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Successful Story - 26kW Pump Drive - China

© 2023 Microchip Technology Inc. and its subsidiaries
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Summary

Unrivaled ruggedness and performance

Best-in-class avalanche ruggedness, short circuit capability and neutron susceptibility
Oxide lifetime in excess of 100 years and a stable body diode

Qualified and secured long-term substrate and epi supply

Multiple vendors that exceed high-side demand
Not reliant on competitor substrate/epi material

Dual fab strategy

Protecting the supply chain from a natural disaster or major line yield issue

Short lead times

20 - 30 weeks typically

Stability of Microchip

125+ consecutive quarters of profitability
30+ years of power semiconductor expertise
20+ years of SiC expertise

No "EOL" practice

@ MICROCHIP
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