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S Achieve More Computing [
MicrocHiP  Throughput in Space i

SEACE . FORUM

e Satellite operators demanding more information from space assets
e Sensor resolution increasing faster than available downlink bandwidth
e Faster frame rates, more channels in multi-spectral imaging
e Needs bigger, faster FPGAs with more DSP, more memory and higher 1/O bandwidth
e Allows transmission of processed information, instead of raw data
e Enables autonomous decision-making on orbit
Satellite Payload
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R\ RT PolarFire® PryT—

MICROCHIP Next-Generation —F
Space-Qualified FPGA X

RT PolarFire

e Absence of configuration upsets

e Lowest power consumption in class
e Path to QML qualification

Microchip advantages

e 60+ years of space-flight heritage

e Expertisein radiation, quality, reliability
e Long-standing commitment to space
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e\ Microchip FPGA 8 Mmoo
MicrocHP  Space Flight Heritage 3

e Microchip FPGAs in Space
e First FPGAs screened for space in 1992 (A1020 with “Extended Flow” screening)
e First FPGAs with radiation hardening by process in 1996 (RH1280)
e First FPGAs with radiation hardening by design in 2001 (RTSX-S)
e First Flash FPGAs with radiation hardening by design in 2015 (RTG4)

RTSX-SU, Introduced 2004 RTAX, Introduced 2005 RT ProASIC3, Introduced 2008 RTGA4, Introduced 2015
Mars Reconnaissance Orbiter Curiosity (Mars Science Lab) NASA IRIS Mission Extension Vehicle 1

RTSX-SU On Board (2005) RTAX On Board (2011) RT ProASIC3 On Board (2013) RTG4 On Board (2019)
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M,C'?mp RT PolarFire® Plan

e Commercial 28nm SONOS non-volatile and reprogrammable PolarFire die
Metal layer change facilitates ceramic package integration (wider C4 bump spacing)

e Radiation behavior characterized and reported, first report available today

e Synthesized TMR, deploy where needed, available today in Libero SoC 12.0 and later
e Commercial PolarFire devices and development kits available today for prototyping

e Hermetically sealed, ceramic column grid array package
e 1509 solder columns (Six Sigma copper spiral columns)
e Planning for QML qualification to class Q and ultimately class V

e In development today

e Silicon roll out begins with engineering models in 2020,
culminating in QML class V in 2023
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Logic Density

a

RT PolarFire

» 481 KLE

» 33 Mbits SRAM

* 1,480 Multipliers
* 24 x 10 Gbh/sec

RTG4™ Serdes

* 150 KLE

* 5 Mbits SRAM

* 462 Multipliers

RTAX /| RTAX-DSP e 24 x 3.125 Gb/sec
Serdes

RT ProASIC3
RTSX-SU

» Performance
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RT PolarFire Detalls
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Microchip RT PolarFire FPGA

DFF (TMR)
DFF (Non-TMR)
JLUT
Mathblocks (18x18 MACC)
Total RAM Mbits
uPROM Kbits
250 Mbps - ~ 10.0 Gbps SERDES Lanes
1/O (HSIO/GPIO)
On Orbit Reprogrammabkility
Radiation - TID [krad)

Radiation - SEL LET threshold (MeV-cm2/mg)

Radiation - Config SEU (events/FPGA/year; GEO solar min)
Package

Prototyping

Qualification

RTPF500T

0 (Instantiate Synthesized TMR Where Needed)

481K

481K

1480

33 Mbits

513 Kbits

24

584 (324/260)

To Be Characterized, TBD cycles

> 100

2.5V 1/0 > 60,
1.8vi/o =380

MNone

1509 CCGA

MFF500T
RTPF300T PROTO

Mil Std 883B planned
QML class Q planned
QML class V planned
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RT PolarFire v
MicrockiP - FPGA Architecture

Microchip® RT PolarFire® FPGA

Multi-Protocol Low Power 250 Mbps-10 Gbps Transceivers

PCl Express PCI Express
Gen2
(EP/RP)
DMA,
x1, x2, x4 x1,x2, x4

System Crypto
Controller ted Pr i (Soft IP) Co-Processor

SPI Auto i 7 = ; DPA
Programming JESD204B  Interlaken 1 ATA ‘ Resistant

Physically
Unclonable
Function (PUF)

SEU Immune Configuration Cell FPGA Fabric—481K Logic Elements
eNVM

18 x 18 MACC. USRAM LSRAM User PLLs & DLLs
. (1024 x 20)
TanperDetectrs PreAde e S T
Countermeasures

High-Speed I/0 (HSIO) 1.8 V-1.2 V General Purpose l/O (GPIO) 2.5 V-1.2 V

DDR4, 3L DDR2/3
LPDDRS3, I/O Gearing LPDDR,
QDRI+ QDRI+
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— PACE FORUM g&=
MicrocHIP Save up to 50% .
® mPLL
PolarFire Enables Watts i?f}gg 210
- - 18
Application Performance xevr RRU DFE Other
at Significantl 6 - 2ok e 4 x40 MHz = SERDES
g y 160MHz 16 x 9.8G xcvr RRU DFE :
Lower Power /7~ \ 140k LEs 2 x40 MHz m Fabric
\_ 47% 275MHz 8 x 9.8G xcvr m Static
Stati . 70k Les 10G SFP
. tatic power . 275MHz 2x 10G xcvr 10G SFP with DDR
10x reduction o | AL 100k LEs 2 x 10G xcvr
4 \ 160MHz 108k LEs
8 160MHz

. Transceiver power
2x reduction 6

Voo BN o~ SN
/4 \l' /

Up to 50% total power savings 2 4
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All @ 100°C, Worst Case Process
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) RT PolarFire Lo
MicROCHIP Radiation (1) ~&

Complementary
SONOS
Configuration Cell

Swit tc!!%‘

e Measuring total dose effects in RT PolarFire
e Retention effects in SONOS are considered
e TM1019 testing is combined with retention tests

e Initial experiments determined that retention test followed
by TID test causes more severe degradation in SONOS
than TID test followed by retention test

e Total dose results

Negligible Change in Delay in Slight Change in IDD Static
i nverter Chain krad rren 00 krad
o TID eﬂ:eCtS mltlgated by Complementary (llncelutdeesCR2teitti?)nlg?fec?s) (IncIS(LjJeSeRtettZr}tion Eaflfects)
push-pull SONOS configuration cell, 7% 0
1 1 .04 — nverters | o 1105
Slmllar tO RTG4 3 0.3 —%ggéinverzers = +:‘;§x
) 2 : — nverters go,os —133v
e RT PolarFire capable of 100 krad TID 502
at constant 110°C for 10 years & —
0 20 40 60 80 100 ° (ﬁo
Dose (krad(Si0,)) Dose (krad(SiO,))
10

Space Forum 2019



) RT PolarFire o
MIEROCHIP Radiation (2) ~4

e Single Event Configuration Upsets

e In multiple tests, with total fluence > 5E7 ions/cm? up to LET > 80 MeV-cm?/mg,
no configuration upsets have been detected

e Single Event Latch-Up

e SELINI/Os
e When running at 3.465V (3.3V +5%), 100°C, onset LET threshold between 25 and 48 MeV-cm?/mg
e When running at 2.625V (2.5V +5%), 100°C, onset LET threshold between 63 and 68.5 MeV-cm?/mg
e When running at 1.890V (1.8V +5%), 100°C, onset LET threshold higher than 80 MeV-cm?/mg

e Single Event Functional Interrupt
e SEFI causes part to enter reset state and recover
e Orbital rate is once per 40 years, GEO solar min
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RT PolarFire B iy
MicrocHIP Radiation (3)

\
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MicrocHIP Radiation (4) *‘

% -

e Single Event Upset Rates o
: . &
e Unprotected flip-flops (no synthesized TMR) 9
e All-1 and All-0 data patterns upset at ~ 4.1E-8 errors/bit-day, "5 1E.8 X IS
GEO Solar Min, 0.1” Al = % !’
e Checkerboard data pattern upsets at ~ 2.3E-7 errors/bit-day, § g. ,
GEO Solar Min, 0.1” Al @
2o A W +0s
o [ K
u CB
X CB-Slow
Flip-flop 1E-1q') 1'0 2.0 3Io 4Io
SEU LET (MeV-cm?img)
13

Space Forum 2019



@ RT PO Iar Fl re “0\\ MICROCHIP
MICROCHIP Radiation (5)
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e Single Event Upset Rates
1E-08
e Unprotected SRAM (no EDAC, no scrubbing) R &
e LSRAM blocks (20kbit) upset at ~ 4.4E-8 errors/bit-day, fg % X
GEO Solar Min, 0.1” Al € %
e USRAM blocks (768bit) upset at ~ 9.2E-8 errors/bit-day, SIFO AT
GEO Solar Min, 0.1” Al o %
S rd LSRAM
© > uSRAM
1E-10 T T T !
SRAM 0 10 20 30 40
SEU LET (MeV-cm¥mg)

e Next Steps

e Planning to test Mathblocks, SERDES, PLL, protected flip-flops and SRAM,
clock networks, SETs, reprogramming in radiation . . .
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@ Start Designing Today i
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e PolarFire commercial FPGAs
e Shipping in volume today, use MPF300 or MPF500 to start RTPF500 designs

PolarFire FPGA

Features
MPF100 MPF200 MPF300 MPF500
Logic Elements (4LUT + DFF) 109K 192K 300K 481K
Math Blocks (18x18 MACC) 336 588 924 1480
Total RAM (Mbits) 7.6 Mbits 13.3 Mbits 20.6 Mbits 33 Mbits
Available Now Now Now Now

e PolarFire development kits
e Development kits available today which can be used to
develop RT PolarFire designs

e Libero development software

e Libero SoC 12.0 and later supports synthesized triple modular
redundancy (TMR) for SEU protection in flip-flops
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MICROCHIP Summary

e RT PolarFire next generation space-qualified FPGA
e Higher density and performance for high speed on-board processing
e Significant power savings relative to other FPGAs at this density level
e Free of configuration upsets, single chip implementation, no scrubbing
e Path to full QML class Q and class V qualification

RT PolarFire Schedule: Available Today:

e Silicon roll out begins with engineering °
models in 2020, culminating in .
QML class V in 2023

Libero synthesis support for TMR

Commercial PolarFire evaluation kit (MPF300)
MPF300 and MPF500 FPGAs for prototyping
Power calculator
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