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Airbus Crisa Facilities in Tres Cantos
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Airbus Amber

Flagship Missions

o

\ \
= TELECOM
PLATFORMS

EARTH OBSERVATION
PLATFORMS

LAUNCHERS

SPACE TRANSPORTATION + SCIENCE
HUMAN EXPLORATION AN (TELESCOPES AND EXPLORATION) EELECCR

300 + 2000 + 8.700 + 75 missions in progress
40 accomplished missions flight units launched kg launched

IVERSARIO
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CRISA

RISC-V Soft Core Processor: Overview

* RISC-V Core Features » Software
o Harvard architecture o C programming (Linux / Windows)
o 32-bit data / address space o Both open-source / proprietary IDE

o RV32l, M and F extensions

Debug Module with JTAG connection
o Implementation SEU protected o SW Debugging on HW platform via JTAG
o Interrupts: o Linux (Ubuntu 22.04 LTS) / Windows 10

« 16 interrupt sources / 6 exceptions

Embedded microcontroller applications in FPGAS

»Traps jump to the same base address o Small ICUs / low / mid range processing power

* Nested traps are not supported : : : :
P PP o Replacement proprietary solutions (expensive / fixed)

o Tightly Coupled Memory (instruction/data)

Modular and flexible implementation
+ Hamming code for SEC and DED

: o Minimize resources / Maximize performances
* Programmable autonomous scrubbing

40 AIRBUS
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CRISA

RISC-V Soft Core Processor: Architecture, rv32 and rv32_ucontroller

rv32_ucontroller (RISCV microcontroller configuration)

rv32 (wrapper)

* rv32is the main module. - \
JTAG Debug Module CORE Instruction Memory
) (rv32_jtag) (rv32_dbm) (rv32_core) | (N o ___ N
— You can use this module ) ) ) o | SYSTEMTO |
< IM—> 35 tem) ¢ > IMEM |
. . U, - | _INTERFACE |
— But better use configurations: BETEEEN N R e s—"
| INTERFACE ! ) — -t - /X ____ .
— rv32_ucontroller T TTTTTT —] T l SY;TJ'E"MTO |
(rv32_tcm) : |
. — INTERFACE |
— rv32_uprocessor D e Pttty .
- « « « | RISCVTO
L 4 ) — | > SYSTEM |
+ rv32 a wrapper of three sub-modules DMUX | _INTERFACE |
— rv32_jtag: JTAG module Platform Interrupt
————————— N
) I DEBUGTO |
— rv32_dbm: Debug module > SvsTEM |
| _INTERFACE |

o

— rv32_core: RISC-V core

_ * rv32_ucontroller is a configuration module
— implements the RISC-V ISA

rv32_tcm: TCM module, hamming protected (SEC, DED), scrubbing, for imem and dmem
supported extensions (I, M, F)

rv32_tcm: TCM IF to rv32_core, and generic backend IF for bus connection (no burst support) (APB, AXI lite...)

40 AIRBUS
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CRISA

RISC-V Soft Core Processor: rv32_core Pipeline

o 6 stage pipeline
o Built for internal FPGA memory | [oImens) | | oam
\________ _ \_______ )
o Tightly coupled memory ) ) I o . T
FETCH — Lﬁ DECODE v — ([ EXECUTE ﬁJ — )
ipeline interf ) (EX/MEM/WB)
pipeline interface _ N >@ -~ — [ 5
. . o ah) qh) egister File E _ = E E
o One instruction per clock cycle e 2 2 a2 g Y e g "
COMPUTATION EJD 2 > 2 ™| DEcoDE o o P — o » @ >
« Cycle N: Addr / Inst(Addr-4) o 2 g > oot I o 2 g
8 g Register File g 4 ” g_ g
- Cycle N+1: Addr+4 / Inst(Addr) & & = z ) |2 2
o Cache Support \ - N | i N | - ;/—| N
A A ~ g
» Already builtin the pipeline, for
instruction and data memory ¥ ¥ ¥
DEBUG SUPPORT I it ]
1 Controller
o Memory scrubbing support
» Already built in the pipeline, for I T
instruction and data memory i DEBUG IF E i TR E

40 AIRBUS
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CRISA

RISC-V Soft Core Processor: Performances

 FPGA resources and frequencies

RV32| ext .
64KB imem/64kB dmem (+EDAC) 7236 2861 128 0 70MHz Commercial

RV32IMF ext .
64kB imem/64kB dmem (+EDAC) 21389 4445 128 8 > 40MHz Commercial
RV32Il ext

64KB imem/64kB dmem (+EDAC) 8373 3452 128 0 50MHz RT4G150
RV32IMF ext

64KB imem/64kB dmem (+EDAC) 20996 5043 128 8 > 30MHz RTG4150

« Standard Benchmarks in HW platform

GCC compiler

02 optimization 65932 Dhrystones/s
No inlining 37.5 DMIPs
Standard libraries 0.78 DMIPs/MHz

40 Iterations/s
0.83 Coremark/MHz

40 AIRBUS
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CRISA

RISC-V Soft Core Processor: SW Development Environment

* Open Source RISC-V GNU Toolchain « SEGGER IDE
 Linux (Ubuntu 22.04 LTS) * Windows 10.
o GNU gcc compiler o Proprietary C compiler and debugger
o GDB debugger o Support for GNU gcc compiler
o Support OpenOCD o J-Link UM08001 HW adapter, USB to JTAG

o FT2232H-56Q Mini MDL USB to JTAG connection

ITAG Windows ITAG 1
Ubuntu
XUP PYNQ-Z2 Board
A@ 22.04 LTS o —— IE' XUP PYNQ:-Z2 Board
-.,4,_ Fra232m-56 e 1 B U (S i : [ = ’ d 2‘___ 'l;‘ o P
e vam— |\ Ll ey o & . b i = =
RISC-V GNU Toolchain PC Jminceioieielmiolefeses0le SEGGER PC ¥ Al =

SEGGER

Compiler &
Debugger

OpenOCD

NVEHSARY © Copyright Computadoras, Redes e Ingenieria, SAU (CRISA) 2025 / RISC-V Soft Core Processor for Space Microcontroller Applications AI RBUS
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CRISA

RISC-V Soft Core Processor: Verification

« ECSS FPGA design flow

. . Passed  Official ACT tests
° S|mu|at|ons based on OSVVM Passed  Official ACT tests
Passed  Corner tests
_ _ Passed  Corner tests
o functional coverage, and constrained random tests Passed  Debug tests
Passed  Debug tests
. . . . . Passed
o allows SW-VHDL integration tests by doing co-simulation Passed
Passed
e . Passed
 Module verification done at different levels: Passed
Passed
. . . : Passed
o Unitary simulations have been done on the following modules Passed
Passed
: Passed
= rv32_core, rv32_jtag, rv32_dbm, rv32_tcm Passed
Passed  Official ACT tests
: : ; ; Passed  Official ACT tests
o Integration simulations have been done on the following modules ——
Passed  Corner tests
= rv32 ucontroller Passed  Debug tests
— Passed  Debug tests
) Passed
o Hardware Tests have been done on the following levels Passed
Passed  Combination of 3 instr
. - : Passed  Combination of 3 instr
» Debugging chain: OpenOCD + rv32_jtag + rv32_dbm + rv32_core Passed  Random
Passed Random
: Passed Random
= Comparison tests rv32 vs NEORV32 soft core processor (I and M ext) Bosecd | Rendom
Passed Random
. Passed Random
* Type of tests: Passed
Passed
H il H test000102 rv32 dbm proc _mem Passed
o RISC-V Architecture Compatibility Tests passed for I, M and F (sims) T B e

o Directed tests, Stress tests, Constrained Random tests passed (sims) A subset of the test cases for | and M ext

40 AIRBUS
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CRISA

RISC-V Soft Core Processor: Project #1 TMTC & Control (Petri diagrams)

TMTC & Control (Petri diagrams)

Mission time: Years

rv32_ucontroller

SW Stack

— Drivers (Class A)

— BareMetal Application (Class B)

Monitoring Companion RadHard FPGA

— Listen Heart Beat from RISC-V main FPGA

— Re-initialize RISC-V main FPGA if no Heart Beat
Initialization

— No boot SW

— VHDL loads Baremetal App, and params

— Images EDAC and CRC protected in Flash (x3)
Services Block

— Collects interrupt sources

— Watchdog, GP Timers, OBT

— Reset controller

' QJNIV_RSAFT
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1553BRT <«

\ 4

ADC

F32_ucontroller (RISCY microcontroller configuration)

Companion |

FPGA

96 MHz

\ 4

Services Block
OBT

GP Timer
Watchdog
Reset Controller

Lnterru pts—]

\ 4

SPI FLASH Driver

—>» JTAG IF

A

Ctrl AC Inverter [«

FLASH
128Mb

APB Bus
A
< >
155BRT < >
<
< »
< »
ADC & | d
Protections | “1
RAM Controller [« >‘
Initialization [« >
<
Heart Beat >
—>» 12MHz <
(;IOCk/ > 24MHz
eset | 48MHz

Y

\4

Companion
FPGA

A

SSB

GPIOs <
v

\4

\4
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CRISA

RISC-V Soft Core Processor: Project #2 TMTC & Motor Control

TMTC & Control (State Diagrams)

Mission time: Hours

rv32_ucontroller

SW Stack

— Drivers (Class A)

— Boot SW (Class A)
— Application SW (Class A)

Initialization

— VHDL loads the boot SW, and other params

— VHDL gives control to boot SW after loading

Boot SW loads App SW and handles control

— Images EDAC and CRC protected in Flash (x3)

Services Block

— Collects interrupt sources

— Watchdog, GP Timers, OBT

— Reset controller

' QJNIV_HSAFT
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Protections

Y

RAM Controller |«

Y
A

Initialization |«

—>» 12MHz

p| Clock/ Lo oamhz

1553BRT <
ADC
N P
)
e N
96 MHz

Lad
Reset

—» 48MHz

Y

\ 4

Services Block
OBT

GP Timer
Watchdog
Reset Controller

L’nterrupts—)

A

\ 4

SPI FLASH Driver

—» JTAG IF

FLASH

A

\ 4

A

128Mb

A

SSB

GPIOs <
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