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Established 2001 as a spin-off from
Chalmers and European Space Agency

CHALMERS

Located in Gothenburg, Sweden
80+ employees in Sweden, Germany,
France, Spain, and United Kingdom

Experts in fault-tolerant computing

Single minded focus on one thing only —
radiation hardened microprocessors for space
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Established 2001 as a spin-off from
Chalmers and European Space Agency ~

CHALMERS

Located in Gothenburg, Sweden
80+ employees in Sweden, Germany,
France, Spain, and United Kingdom

Experts in fault-tolerant computing

Single minded focus on one thing only —
radiation hardened microprocessors for space
... and the necessary ecosystem
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What’s new
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Why do we develop these things?

"We do these things not because they are easy,
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Why do we develop these things?

"We do these things not because they are easy,
but because we thought they were going to be easy”

- The Programmers' Credo
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Why GR716B?
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Why GR716B?

« Single 3.3V supply possible (CQFP,

PBGA) i Real Time Real Time
L. . . . LEON3FT Accelerator Accelerator
« Many digital interfaces (including : _
. Instruction RAM [ | Instruction RAM
Ethern et) Instruction RAM SR T
|
. . & Statistic unit Watchdog 00 controller
« Simultaneous sampling of ADC channels
« AMD FPGA programming and Scrubbing Debug UART I . I el I St I

+ Real time software execution:

_ dete rmi niStiC instruction execution | PROM/SPI/SRAM Fault tolerant Memory controllers I
time | FPGA supervisor I| CAN FD I| SpaceWire Router I

— fixed interrupt latency | SPI I| MIL-STD-1553 I|Ethernet10f100 Mbitfsl

« Capability to sense core voltage for | e | DART | 10
trimming of the embedded voltage @ = =
regulator for low power applications PWM (only 1h I Abb patkage) -
1 b | Digital interfaces

* Fault tolerant — less than 1E-5

event/device/day in typical LEO and | 11-14bit ADCs I PLL | 12bit DACs I
GEO orbits : :
| Analog Comparators I| Crystal Oscillator I| 24bit AY DACs I
| Brown-out detector I| Pwr-on/off reset gen I LDO

| FIR

I Mixed-Signal functions
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Why GR801?

Akida Examples

Data Data Model Instrumentation
Pre-Processing Training Mode & Visualization

Akida Akida Execution Engine
Model Zoo

python N ‘
(;’ e ron Akida Simulator / Chip

]

Data -> Event Akida Neuron Akida Tralning

Converter Model Methods
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Quantization &
Conversion tools
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Tensor
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Why GR765?
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TT/TSN Ethernet switch

GNSS receiver

Emdedded
FPGA

Hardware security module

OTP memory

Post-quantum secure
authenticated boot of
software and eFPGA bitfiles

Octa-core processor
RISC-V NOEL-V FT

PCle Gen 3

Gigabit Ethernet

SpaceFibre & WizardLink

SpaceWire Router

MIL-STD-1553B

QUAD PROM
SPI 8/16 bit

IOMMU
SPARC LEONSFT &
High-performance FPU I0OPMP
Packed-SIMD extension
L2 Cache
SDRAM DDR2/3/4
with EDAC UART,
SPI, 12C,
GPIO

ONFI 4.0 NAND FLASH

External FPGA Supervisor

CAN FD

SP&RC P RISC-\V/°
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Why GR7657

cPU||cPu||cPu||cPu||CcPU]|]|CPU]||CPU]||CPU
0 1 2 3 4 5 6 7
- 1 1 1 I I 2 I I 2
— ’_ 41
¥ L2 Cachel _l_ I 10
“| DMA
IOMMU AHB BUS
A | IO
I I I “~{ bma
¥ H — Aan
1 3
DDR2/3/4 Fault-tolerant memory
controller
GR765
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Why GR7657?

\
Channel AN
W 1 N
2 \
3 \
Channel N
m 0] 2 \
O /" ’
] Virtual / SpaceFibre
(0 Channel /
K] / MoaLl l-.- I l

Virtual / 4
Channel
4 /
/

GR765

Instrument
4

Debug Lin

\
Mailbox interface
Main GR765

SoC GRHSM [, otP

-
( | Hash & Crypto I/

Primary SW

: Bootloader verifies
bootloader is i OS off-loads to
: - SW Bootloader takes authenticity and OS takes over the
Power on/Reset a#;?g&g?gt\?v?tﬁn over the system integrity of OS system GRH%I\rfC:[[?Oengrypto
through GRHSM

ECDSA & ML-DSA
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Why GR7657?
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Metric _____| GR740 GR765

4-core, single-issue, 250MHz 8-core, dual-issue, 800 MHz 12x

CPU performance
RAM capacity
RAM bandwidth

|O bandwidth (in+out)

SDRAM PC100, 512 MiB
64 x 100Mbps = 6.4 Gbps

PCI 32x33M = 1Gbps
SpW 8x2x200M = 3.2 Gbps

DDR4-1600, 16 GiB 32x
64 x 1600 Mbps = 100 Gbps 16x

PCle 8x2x4G = 64 Gbps

SpFi 4x2x6.25 = 50 Gbps 2
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Why NOEL3?

Barrel architecture?
TH4 TH3 TH2 THA1 THO

* Fine-grained multithreading processor

* Only one instruction per thread is executed in
the pipeline at the same time

« Number of stages = Number of threads

Thread retiring
Why barrel architecture? instruction

« Small area
* No data dependencies/forwarding, no branch

prediction, no speculation
» Easier verification

* Mostly 1-iteration instructions

* In-order pipeline, instruction retires before next one
starts

» High multithreading performance
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* Shorter lifetime of platforms

» Shorter development cycles

* Rapid LEO expansion

» Space-specific standards don'’t fly anymore

« Acceptance of commercial technology and development flow — “Does it run Linux?”
» Cybersecurity awareness and requirements

« Non-dependence

« Monolithic chip vs chiplets
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Funded by
the European Union

eP=RF=CT

European High-Performance Processor
for RF Defense Applications

A K

rRONTGRADCE

Gaisler

Frontgrade Gaisler is proud to support the European Union and the European Defence Fund with our fault-tolerant RISC-V
microprocessor technology for the creation of European semiconductor supply and value chains.



: . . SR by ; Galslér
2021/22: RISC-V@ESA in Fast Forward Mode @esa =~ - "~ . g
o Concept study for GR7xV. HPC started in ARTES in 2021 f e e B E MRS g
e arget 7 nm — technology not available for space " =
20Tzzgstta:ted wit:watlshl):s):ring:" ITTIinbll'DE: 420k€ Space MlcrOpoceSSOr ROadmapS In Europe @esa

Can we do RISC-V prototypes in 22-28 nm technology?

Synergy with GR765 (originally planned as 8-core LEONS5 only) » Almost 30 years of SPARC
—, RISC-V-is hitch-hiking 6n SPARC, saving cost... * LEON chips by Microchip and - e
Only CPU cores are duplicated, but cache RAM and SoC-sharei Cobham Gaisler (CG) | "‘ - e
o o - ; oo transmon.to RISC-V Temic - Atmel - Microchip [ LEO*

Facilitates transition for users: one chip, one board, two modes » RISC-V on Microchip vt
. GR765 phase 2 released with ARTES funding also in 2022 PolarFire-SoC FPGA B o
e Today ~ 4 M€ public funding committed into GR765 / GR7xV * NASA HPSC-new opted RISC-V lspncw] .

(SiFive/Microchip) naroiid~Bohliak

complemented by significant co-funding

Prototypes funded, flight parts (ROM cost 4.5 M€) TBC « NX roadmap: ARM
* ARM also on Xilinx FPGA
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— European 16-core space processor on /nm

4

GPP Element

Multi-channel
DMA
controller

4

Secure boot GSPI
cnntroller
Accelerator
DDRx memo Parallel and SPI
Controller || Flash/EEPROM "Am: F:;"Sh CAN'FD
w. EDAC Controllers controller contrnller
= :
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