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Key Messages

* RISC-V® and space have been linked at Microchip from day one.
* Huge strides have been made in the last decade.

* The space market matters.

* An exciting future lies ahead for RISC-V® in space.
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Theme of the Day — Flywheels

Notice:

* RISC-V and the RISC-V logo are trademarks of RISC-V
International.

* Use of these trademarks is for informational purposes

only and does not imply affiliation or endorsement . @ MICROCHIP



RISC-V® Summit Keynote: 2019

N

MICROCHIP

“The speed of evolution here is mind-blowing.”

Value

Wireless &
Networking

Automotive

Industrial &
Vision

Re-investment

Sources

Medical

Domains
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~2015 — | become RISC-V® Aware

, N meswe  December 11,2014
» December 8- 12, 2014 o ~10:253m

— e | become RISC-V Aware
e ~10:35am

e | check out www.riscv.org

oooooo
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~2015 — | become RISC-V® Aware

lo BruhnBruhn

Innovation

BruhnBruhn Innovation is an engineering company that
has evolved from the technical research conducted
within Bruhnspace Holding (nowadays renamed to
BruhnBruhn Holding). Founded in Sweden in 2012

| 2015

Source: www.bruhnbruhn.com
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2016 — Microsemi Introduces RISC-V® Soft-CPU

/ \ feature article (O Ei

B - t " | Microsemi Tackles RISC-V
Open Architecture FPGA Processor Core

by Kevin Morris

e In many applications today, the combination of FPGA programmable logic fabric with a
| . microcontroller is the magic sauce that brings the whole system together and makes it

I
I e R s I s
e e R “smart.” The flexibility in interface, communication, and peripherals provided by the FPGA part,
© Microsemi - along with the software-programmability of a microcontroller, truly delivers on the promise of
2016 the system-on-chip "SoC” moniker for a number of smaller-scale systems.

Source:www.eejournal.com @ MICROCHIP



2017 — The real reason we took the plunge reveal

Power Matters.™

& Microsemi

Developing Fault-Tolerant Systems using
RISC-V Softcore Processors

— Sathish Odiga
6t RISC-V Workshop, May 8-11, 2017

@ MICROCHIP



2017 — The real reason we took the plunge reveal

RISC-V Processor Advantages

/ \ = RISC-V open source licensing provides flexibility to
customize your processor for safety-critical requirements
e Processor internal memory blocks protection using SEC-DED

e Bus interfaces protection using error correcting codes

Block level hardware redundancy for error detection/correction
Selective hardening

Hardware based checkpointing and rollback

¢ Logic optimization for performance

= Extensible ISA
= Portability
e Platform independent RTL
(o 2017 = Security due to open source ISA

e Deep inspection of source code builds trust

@ MICROCHIP
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2017 — RISC-V® and Education

COMPUTER
ORGANIZATION
AND DESIGN

DAVID A. PATTERSON
JOHN L. HENNESSY

@ MICROCHIP



2017 — RISC-V® and Education

AND DESIGN

THE HARDWARE/SOFTWARE INTERFACE

Y, RISC-V EDITION
__ RISC-V® is the lingua
franca of computer
architecture
education and
research.

(s 2017

DAVID A. PATTERSON
JOHN L. HENNESSY

IK\ MICROCHIP
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2019 — Keynote FPGA Forum

@ MICROCHIP



2019 — Keynote FPGA Forum

Bad Day for Earth

Ld ©
Mercury Venus Earth
0.38AU 0.72AU L\

7.588 billion
years from now

Sun as red giant
0.9 solar mass

7.59 billion
years from now

—— Dec 3, 7,590,002,019

Sun as red giant
0.8 solar mass

e /<3

@ MICROCHIP
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2019 - Keynote FPGA Forum

... But Not Necessarily for RISC-V

These Guys

@ MICROCHIP




Defining the Edge — RISC-V® Workshop 2019

— mcrocne EDge of the Troposphere

~200,000 flights a day tracked 2 : e * @“iqﬁ*@dyzf}
by FlightRadar24 2 = i : WA

Q MICROCHIP
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Defining the Edge — RISC-V® Workshop 2019

/ N M.c'?.,;“.p Edge of the Solar System

View of Pluto as New Horizons left the system,

catching the Sun's rays passing through Pluto's
atmosphere, forming a ring.

Image source: NASA

g\ MICROCHIP
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Defining the Edge — RISC-V® Workshop 2019

. ~ M.c‘?oc“.p Edge of the Universe

Galaxy GN-z11, shown in the inset, ,,
is seen as it was 13.4 billion years in |
the past, just 400 million years after
the big bang, when the universe
was only 3 percent of its current
age.

Image source: NASA 6

g\ MICROCHIP
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Defining the Edge — RISC-V® Workshop 2019

AN Microchip FPGAs
. N Me—— at the EDGE

Pluto New Horizons Hubble SM-4
Pluto Images 2015 WFC3 Install 2009

_ APA, A3P, AX RTSX32SU, RTSX72SU RH1280
Image sources: NASA 10

@ MICROCHIP
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2021 Space Computing Conference

2021 IEEE Space Computing Conference
8/23 - 8/26

“Instruction Sets want

to be Free of Gravity”

Dr. Krste Asanovic

Co-Inventor of RISC-V

Chair of RISC-V International
Co-Founder & Chief Architect, SiFive

@ MICROCHIP



2022 — RISC-V® to the ISS

7 N PolarFire™ SoC
In Space

Spacebilt Inc.

@ MICROCHIP
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ISSF Mission to ISS 2022

SPACEBILT

ISSIFQE in Flight ISS, 2022

PolarFire® SoC Flight
Computer

Source: Used with permission by SpaceBilt

= b
L I

Intelligent Space Systems Interface iSSIFQE Flight Hardwar 21
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2022 — Microchip Wins HPSC

NASA Awards Next-

Generation Spaceflight

Computing Processor
7 S Contract

NASA's Jet Propulsion Laboratory has selected Microchip Technology Inc. to develop a high-performance spaceflight computing
processor that will support future space missions. Credits: NASA

Source: www.nasa.gov

@ MICROCHIP
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2022 — Microchip Wins HPSC

/ N As part of NASA’s ongoing commercial
partnership efforts, the work will take
place under a $50 million firm-fixed-
price contract, with Microchip
contributing significant research and
development costs to complete the
project.

. @ MICROCHIP
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2024 — HPSC Launch — Space Computing Conference

HPSC Redefines’
What’s Possible in
Space Computing

O\ MicrocHIP

IK\ MICROCHIP



Feature Highlights

Radiation-Hardened and Radiation-Tolerant Versions Enable a Spectrum of Mission Profiles

Groundbreaking 64-bit
RISC-V © Vector
processing with

virtualization targeting

Edge Al
(SiFive X288/X280)

Security

Defense Grade Security
Enclave supporting Post-
Quantum Cryptographic

algorithms

25

Application

Complex
(8% 64-bit RISC-V®)

System
Controller

Secure Controller

TSN Ethernet

User Crypto Switch

Memory Controllers

Interfaces and Connectivity | @

(Ethernet, PCle®, CXL™, etc.) MICROCHIP

[ PICEY

Microchip Proprietary and Confidential

Fault Tolerance

Unprecedented Fault-
Tolerance capabilities for
Mission Critical Applications
(DCLS, Split-Mode,
WorldGuard)

Massive Connectivity

Integrated 240G TSN
Ethernet Switch, 10GbE,
PCle/CXL and RDMA for

Networking &
Deterministic Connectivity

@ MICROCHIP
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2025 — RISC-V to the Moon

Microchip Proprietary and Confidential

@ MICROCHIP



2025 — RISC-V® to the Moon

02/27/25 14:13:37 .

2022 =

Sequencel
Sroausnoy 0 secs External Temp/Volts:
Lander 02/27/25 14:11:57 MPFS 941
Sync diff 78 secs 1.05 Voit 105
RYC drift 0 secs 1.8Voit 180 16003125936
Started 02/27/25 13:53:45 2.5Volt 251 CapUser 15628053168
Source ;?C NandReads 8003417872
Count NandWrites 8144158176
Active 1092 ol Vol g NandEraseSec 77912260608
0 VDD 105 PercentLeft 100
cPu 440 PercentUsed V]
MEM 10.7 VOOA CodeUpdates 1
50 23 UNC_ECCErrs O
TotalBadBlks
Power Board EarlyBadBlks 1156
Volts 120 LaterBadBlks
Amps 0713 ReadFailCnt
Watts 8s ProgFailCnt
U2-int 272 EraseFailCnt
Mod2-Q1 252 SysTableCnt
Mod2-Q2 313 RdMvTableCnt
M461-Q3 202 DataReadRetry
M461-Q4 211 TotalEraseCnt
MaxEraseCnt 7
NovaC Data AveEraseCnt 4
TimeStamp  02/27/2514:13:15 MEraacor EE A
332 e BackgndRdCnt 0
Power 000 e WearlevelCnt 0
— 247 dosC SBretryCnt 0
Heater Off WriteProtect 0
OpMode Operations PhyErrorCnt 0
CmdCount B E2E_ECC Errs 0
FwdCount 1 HostWriteUNC 0
StreamQ 0 RaidEccRetry 0
RaidEccFail 0
NvmeErrCnt 0
NymeCmdErrCnt 0

. 3 i ee— :
emer - @0 9ol

@ MICROCHIP
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Flywheels Everywhere

SPace INpvsTRY pry 4
FLYWHEEL % LoweRr. DEV,
KEUA s co:'n' Pee. ROCEET
HICHER. Pub’uc +  Impeo
CusTomek
CoNFADEMCE
Mom:
) Y - - - " LAUNCHES & CHEAPER. 4 EASIER
TAC - - /o r NEMAND [ AUNCHES
o ToVLISM S /
o [NFRASTRVCTURE § WIDEk. SPECTRUM CHEAVER
o MANUFACTUR ING € OF WHAT CV BE, G D\ 04D
%% LAUNCHED
Source: . https://futureblind.com/p/the-future-of-space-1

@ MICROCHIP
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Flywheels Everywhere

SPace INpusTRY g
FLYWHEEL p LoweR. DEV.
ZEUA 4 corn' Pee. RoCKET
HicHee. Puwm— mpeo
CUSTOMEE
CoNFADEMCE
MOKI:
. s VEW r LAUNCHES
o TovRISM e (/
o [VEASTRUCTURE § WIDER. SPECTRUM CHEAPER
o MANUFATTURING & OF WHAT OV BE. = P4\ 04D
v L AUNCHED
Source: : https://futureblind.com/p/the-future-of-space-1
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Fueling the flywheel — lower launch costs

Launch Cost per Kilogram (medium and heavy)

®
$51,200
hotHe &}
$25600 | *° o °
' aQ Delta WHmvy
$12,800 - A i
o ®
$6,400 = & “ee s % e ©©
- , .
= ®
§ _""""S'a'hfmv @ s
o $3,200 |
= ( o
N NG
% $1600 Faleon ™
= — \\
” %‘ \\ SpaceX
$800 ﬁ!cpn ‘s\ \_ AL/
weacy \| |\
| b
$400 AN
S\
$200 Shuskie_\ o |
(esl-;ﬂ‘lﬁ’re) ~—
$100
1960 1970 1980 1990 2000 2010 2020 2030

Launch cost image: https://futureblind.com/p/the-future-of-space-1
ﬁ\ MICROCHIP
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https://futureblind.com/p/the-future-of-space-1

Fueling the flywheel — lower launch costs

Launch Cost per Kilogram (medium and heavy)

o
$51,200 /
ShutHe °

[ )
$25,600 2.

$12,800

e® ®
$6,400
—_ S'a’fumV

$3,200

$1,600

$ per kg (log scale)

$800

$400

$200

@sl—;m’re)

$100
1960 1970 1980 1990 2000 2010 2020 2030

Launch costimage: https://futureblind.com/p/the-future-of-space-1
Cropped starship image By Osunpokeh - Own work, CC BY-SA 4.0, https://commons.wikimedia.org/w/index.php?curid=141195403

@ MICROCHIP
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https://commons.wikimedia.org/w/index.php?curid=141195403
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Fueling the flywheel

$51,200
$25,600
$12,800
$6,400
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$800

$400

$200

$100
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/

ShutHe °
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lower launch costs

1960

1970 1980 1990 2000 2010 2020

Launch cost image: https://futureblind.com/p/the-future-of-space-1
Cropped starship image By Osunpokeh - Own work, CC BY-SA 4.0, MMMMM&MMWIMM

747 image By Anna Zvereva from Tallinn, Estonia, CC BY-SA 2.0, https:

Microchip Proprietary and Confidential
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https://futureblind.com/p/the-future-of-space-1
https://commons.wikimedia.org/w/index.php?curid=141195403
https://commons.wikimedia.org/wiki/File:Lufthansa,_D-ABYQ,_Boeing_747-830_(19014608834)_(3).jpg
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Mix in some ‘lunatics’

Dennis Wingo & | -
‘ @wingod .

Our lunar payload on the IM-2 mission is alive and getting data!

1725 341397
-
o
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6:20 AM - Feb 27, 2025 - 12.8K Views
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." Post your reply
George Sowers €@ @george sowers - Feb 27 (& BELD
Congrats Dennis!
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4B George Sowers @ &g
¥ £
Congrats Dennis!

Mix in some ‘lunatics’

8_ Dennis Wingo &

Our lunar payload on the IM-2 mission is alive and getting data!
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Chris Stott

Founder, Chair, CEO

Chris Stott is the Founder, Chair, and CEO of Lonestar Data Holdings Inc,

the Lunar information, technolegy, and communications company
sending the first in a series of data centers to the Moon for Disaster
Recovery as a Service (DRaa$) and Edge Processing. A lifelong
entrepreneur, Chris is also the Founder and Non-Executive Chair of ManSat,
the world’s largest commercial provider of satellite spectrum and has
served as an executive with both Lockheed Martin in space operations,
and Boeing in the Delta launch vehicle program.

Q MICROCHIP



“Lonestar is working to save all our data ... on the moon.”

“A place so ideal for global data storage that if it wasn’t there, we’d have to build it.”

Source: www.lonestarlunar.com

@ MICROCHIP



Not lunatics after all?

v ™ Should we be moving datacer: X + = (m] X
Y Combinator
(6] 25  https://www.technologyreview.com/2025/03/03/1112758/should-we-be-moving-dat.. & ¥ Im} e & 52 ® hitps:/fwww.ycombinater.com : companies » starcloud
MIT 2 Starcloud: Data centers in space
ngvhno'c’gy Starcloud is building a network of megawatt-scale data centers in space, scaleable to gigawatt capacity,
to be able to train large models like GPTE.

C) TechTarget
Seace : hitps:/www.techtarget.com » searchdatacenter: tip» Pr...

: Projections and feasibility of data centers in space
Should we be moving data centers to space? J y P

Nov 8, 2024 — Data centers in low Earth orbit (LEQ) could save land use on Earth, reduce energy costs

Building such facilities off Earth could have a lot of benefits. Early projects are due to solar power technology and reduce data latency.
underway. :
By Tereza Pultarova March3,2025 @ European Space Agency

hitps:fhwww esa.int : Discovery_and_Preparation » Kno...

Knowledge beyond our planet: space-based data centres
Aug 5, 2024 — The first scenario involves two satellites in the same orbit, where one is collecting data
and the other one acts as a space data centre. A

1BM
hitps:fhwww ibm.com » think » news » data-centers-space
Are data centers in space the future of cloud storage?

Nov 18, 2024 — We see data centers in space as producing at least 10 times lower carbon emissions,
even including the launch,” says Co-Founder and CEQ Philip Johnston.

CNBC

hitps:ffwww.cnbc.com » 2024/06/27 » europe-wants-io-...
Europe wants to deploy data centers into space, study says
Jun 27, 2024 — Europe is exploring the possibility of launching data centers, which consume vast
amounts of electricity, into space.

Source: www.technologyreview.com

@ MICROCHIP
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Watch for it, it’s (increasingly) all around you

Prediction: All commercial technology companies will develop space strategies.
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. powering Iunar missions
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The next spin around the flywheel ... 2025 - ...

Wireless &
Networking

(Venture)
Capital

: Investment
Innovation &
2025 Research
Education &
Talent

Value Automotive

Industrial &
Vision

Medical

Re-investment

Sources

@ MICROCHIP
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Building a Best-in-Class Ecosystem

Single Board Computers

39

N, I IJ C n & IPs / Services
‘ " " 3 > H 9
fb; I b eos l s teanier GOSA SpaceVNX+ @ TSN, RDMA
SOSA : SpaceVPX - Compliant MICROCHIP
3RU/6RU ~ Mini SBC for Launch
SpaceVPX
Compliant ; tubes, UAVs, and 3# ." GROVF
CubeSats 'm.m, erac o s
Extended DORNERWORKS
3RU L] .o o L]
Radiation Tolerant Silicon
@ A% TELEDYNE €2V
MICROCHIP ' Everywhereyoulook™ g@
64Mb xSPI NOR 100 MHz OSC 1000Base-T Single-PHY rRONTGRADE
64Mb Parallel NOR 156.25 MHz OSC 1000Base-T Quad-PHY
16Mb SRAM Linear Regulator/LDO RTG4, PolarFire, PolarFire2 RENESAS (Tnfineon'
Software, OS, Libraries
Operating Systems Al Frameworks Libraries
/ '\ §L3u%§9 O PyTorch TensorFlow OpensBI OpenMP
=
Linux B
py TN 1 0 enSSL {”ﬂ {}
TensorFlow Lite X
g3 WNDRVR  GreenHills RENSVL

Development Tools

Development Environment

™ o 3

PRO IDE EXTENSIONS ,
v v V|5Ua| Stud|o Code

Compilers and Al Compilers

(o

\GCC EXTENSIONS
v

@ OpenXLA IREE

Debuggers and Security

LAUTERBACH IA @-=nTrusT
DEVELOPMENT TOOLS SECURING A WORLD IN MOTION

2ALLVM

OMPILER
INFRASTRUCTURE

@ MICROCHIP
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Rovers

Vision Processing
Motion/Motor Control
Nav Planning

Science Instruments
Communication

Power Management
Thermal Management
Fault Detection/Recovery

ELETES

e Platform and Payload

* Real-Time Sensor Data

* Non-Mission Critical

* High Bandwidth Sensors

Enables the Growing Need for Autonomy in Space Applications

Landers

* Hard Real-Time
Compute

* High-Rate Sensors
w/Zero Data Loss

1 * High Level of Fault

Protection/Fail-Over

Launchers

* Hard and Soft Real-Time
Guidance and Control
Autonomy and Crosslink
Communication

Sensor Data Processing
Autonomous Science
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PIC64HX — Target New Domains

PIC64HX High-Performance 64-bit MPUs

Enabling the Mission-Critical Intelligent Edge

Our PIC64HX product family represents a new class of high-performance, multi-core £4-bit
microprocessors (MPUs) for aerospace and defense, industrial, sutomotive and communications
applications. The PICS4HX MPU’s architecture provides comprehensive Ethernet networking. advanced
Artificial Intelligence and Machine Learning (Al/ML) processing and connectivity support while delivering

unprecedented flexibility, fault tolerance, scalability and power efficiency.

Download the PIC64HX Brochure Explore PIC64HX White Papers

Applications

Industrial Aviation Defense

www.microchip.com/en-us/products/microprocessors/64-bit-mpus/pic64hx

@ MICROCHIP



Strategic Imperative: Grow the Space Workforce

Enrollment up 50% over the last five years at Georgia Tech

Annual aerospace engineering graduates, 2014-2024

600

500

400

300

200

100 s ///jw\‘w
0

2014-2015 2015-2016 2016-2017 2017-2018 2018-2019 2019-2020 2020-2021 2021-2022 2022-2023 2023-2024
~o- CU Boulder ~@= Embry Riddle Daytona Georgia Tech «@« MIT «a- Purdue - Stanford @ UA Huntsville @ Texas AEM

Ihe arvwal number of acrospace engneoring degrees condierred (undergraduate and graduate) by mary of the lighest-rated acrospace universitics in the Unitod States over the past K) academic years. M and
Standord numibers ropresent “acronautscs and astronatics” dogroes awardod.
Sowrce: Graduation data cormpiod by Space Foundaton. Dala provided So Spoce Fowndation by cach enversty shown.

Source: National Space Foundation Space Report

@ MICROCHIP
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Teaching Computing with RISC-V® =

Computer Architecture at University of Notre Dame converted to RISC-V® in 2023

Unit Objectives:

Unit 1: Computing Performance and RISC-V

1. Describe the fundamental components required in a single core of a modern microprocessor as well as how they interact with each other, wi
2. Suggest, compare, and contrast potential architectural enhancements by applying appropriate performance metrics.

1 MNo Reading Due - Start of
Semester

Tu, 1/16

00 - Introduction to Computer Architecture

[ PPTX ]

Reading 01: Introduction
Due 1/18/24 at 11:00am

| Reading Materials 5 |

Th, 1/18

01 - ISA Review and RISC-V Intro

[ PPTX]

Reading 02: Performance
and RISC-V Instructions

Due 1/23/24 at 11:00am

[ Reading Materials & |

Tu, 1/23

02 - Computing Performance

[PPTX]

Th, 1/25

03 - RISC-V Instructions Introduction

[PPTX]

Source: https://github.com/mmorri22/cse30321

43
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=» Teaching Space Computing with HPSC

Computing in Spaceflight: Inspiring and Training the Next Generation

of IC Design Professionals
Pls: Matthew Morrison, Co-Pls: Peter Kogge, and Doug Thain, University of Notre Dame

“We will collaborate with the NASA Jet Propulsion Laboratory’s High-
Performance Space Computing (HSPC) project, NASA JPL Leadership
Team member Pete Fiacco, and Microchip, which is leading the
development of the HPSC processor.

Integrating HPSC design principles into the proposed Computing in
Spaceflight course will position those graduates at the cutting edge
of innovative solutions for computing on space and on Earth.”

@ MICROCHIP



~2015 — | become RISC-V Aware

lo BruhnBruhn

Innovation

Courage is what makes
BruhnBruhn who we are.
By challenging your
preconceived views and
technology, we help you
transform into something
more than you expected.”

Source:www.bruhnbruhn.com
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intel
AMDA1

Notice:

* Intel and the Intel logo are registered trademarks of Intel Corporation or its subsidiaries. AMD and the AMD Arrow logo and combinations
thereof are trademarks of Advanced Micro Devices, Inc. Armisa registered trademark of Arm Limited (or its subsidiaries) in the US and/or
elsewhere. RISC-V and the RISC-V logo are trademarks of RISC-V International.

* Use of all trademarksisfor informational purposes only and does not imply affiliation or endorsement .

@ MICROCHIP
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intel
AMDA1

X 86

Notice:

* Intel and the Intel logo are registered trademarks of Intel Corporation or its subsidiaries. AMD and the AMD Arrow logo and combinations
thereof are trademarks of Advanced Micro Devices, Inc. Armisa registered trademark of Arm Limited (or its subsidiaries) in the US and/or
elsewhere. RISC-V and the RISC-V logo are trademarks of RISC-V International.

* Use of all trademarksisfor informational purposes only and does not imply affiliation or endorsement .
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So Why Not?

Notice:

* Intel and the Intel logo are registered trademarks of Intel Corporation or its subsidiaries. AMD and the AMD Arrow logo and combinations
thereof aretrademarks of Advanced Micro Devices, Inc. Armisa registered trademark of Arm Limited (or its subsidiaries) in the US and/or
elsewhere. RISC-V and the RISC-V logo are trademarks of RISC-V International.

* Use of all trademarksisfor informational purposes only and does not imply affiliation or endorsement .
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Lunatics and Really Big Flywheels

L4 Modest RISC-V Project Goal

RISC

Become the industry-standard ISA for
all computing devices

Krste Asanovic — Chief Architect

@ MICROCHIP



Lunatics and Really Big Flywheels '

L'4 Modest RISC-V Project Goal

RISC

all computing devices
Ted Speers — Chief Lunatic

| g\ MICROCHIP



Thank You
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