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GR716 microcontrollers:
Common Features & Specification
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GR716 - LEON3FT Microcontrollers

« Single-core, Rad-hard and Fault-tolerant LEON3 SPARC V8
processor
— Floating Point Unit
— Memory protection units
— 192 KiB tightly-coupled RAM memory with EDAC

» External EDAC protected memory: 8-bit PROM/SRAM, SPI, I12C
« Many digital I/O interfaces
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GR716B — additional features



GR716B - additional Features

 LEONS3FT - Fault-tolerant SPARC V8 32-bit processor, 100 MHz

» High-Performance Floating Point Unit

2x RTA (Real Time Accelerators)

» Allow complex real-time functions to be implemented independity
from the main LEON3FT

FPGA supervisor for programming and scrubbing Virtex5 and
Kintex UltraScale FPGAs

DMA controller with support for ‘if-else’ statements
Enhanced analog cores

Ethernet 10/100 Mbit/s

SpaceWire Router with 2 external ports

CAN FD (Flexible Data Rate)
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SPI MIL-STD-1553 I Ethernet 10/100 Mbit/s
12C UART I PacketWire TX/RX
-M PV Digital interfaces
PLL
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GR716 — Digital I/O Interfaces

« SpaceWire Controller , . .
» Support for RMAP and Time Distribution Protocol. Configurable 1/O selection matrix with support

- On-chip LVDS or CMOS interface i(;;ir;ltigfsd signals, internal pull-up/pull-down
* Redundant MIL-STD-1553B (BC/RT/BM)

« 2x CAN 2.0B bus controllers (each with nominal and
redundant interface)

« 6x UART
» 2x SPI master/slave serial ports.
» 2x 12C master/slave serial ports.

« SPI for Space hardware support for SPI Slave e S s || oo ]
protocol 0,1 and 2 e M racr | [smveor BE 50 H
» PacketWire interface with CRC support. ey e | cxome mE soocewre 5
« Programmable PWM interface e R AT l_ﬂf"’ a
« Up to 64 general purpose input and outputs (GPIO) ﬁﬂ[}%‘ lm—’_,%

with external interrupt capability, pulse generation and
sampling.
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GR716B — Enhanced Analog Cores

Low Dropout Requlator (LDO)

« Enables Single 3.3V supply

Power-on-Reset

Brownout Detection
« 1.8V and 3.3V voltage monitors

Temperature Sensor

PLL
« System and SpW clock generation

Precision Reference 1.9 V Output

Crystal Oscillator, with external XTAL

LVDS transceivers
« extended common-mode, cold-spare and fail-
safe support

ADC

* 4x ADC 11bits/14bits @ 500/80 kS/s

« Total channels: 8 differential or 16 single-ended

DAC

« 4x 12bit, 3 Msps, digital ramp generation up to 25 MS/s
Fast Analog Comparators

« 20 channels

« 7 programmable internal comparison levels or external

connection
FIR filter

« 8 channels, 25Msps, 27 binary programmable taps
* Noise filtering for latch-up detection and other precise
applications

¥
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GR716B - Real Time Accelerator (RTA)

Key takeaways:

* An RTA can execute software in parallel with
the main LEON3FT

« The RTA Task Manager (RTM) can initiate an
RTA task routine following real-time events
when the sequencer is idle.

* An RTA can execute time-critical real-time
functions, such as controlling ADCs & DACs,
control-law calculations and performing PWM
duty-cycle regulations

Each RTA s isolated from the main GR716B
processor ensuring timing independence.
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GR716B - FPGA Supervisor

The FPGA supervisor (GRSCRUB) is
responsible for programming and scrubbing
FPGA's configuration memory in order to
prevent the accumulation of radiation-induced
errors.

Baseline features

Access target FPGA through the SelectMap (SMAP) interface
FPGA programming
Mapping of FPGA frame addresses
Blind and readback scrubbing allows trade between speed and
detection capability
SEFI detection of the SelectMap interface of the target FPGA
» allows restoring SMAP functionality after a SEFI
Targets: Xilinx Kintex UltraScale and Virtex-5 FPGAs

Periodic scrubbing with configurable delay between runs
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GR716B
Microcontroller SMAP % Target
ignal
GRSCRUB :_slgnas._: %) FPGA
External
Memory

SEE testin
Validated by two proton test campaigns demonstrating that

GRSCRUB considerably increases the radiation resilience of
the Xilinx Kintex Ultrascale XCKUO060
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GR716B LEON Mixed-signal Microcontroller

The GR716B mi troller is ideal f ision, itori
and control in a satellite. such as o oon TORERIRS MO e
« DC/DC conversion

* Motor control
 Program and scrubber support of FPGA
« Switching power converters

”H I

() o

« Power system monitoring and latch-up detection

« Magnetorquer control
 Remote terminal control unit

* Propulsion system control

=l®
« Sensor bus control SAD
» Robotics applications control &
* Instrument control unit F

* Antenna pointing control
« Nanosatellite controller
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GR716A and GR716B — Specification

Processor DMIPS/ | TID krad
core core (Si)

SEL LET
(MeV-
cm”2/mgq)

Power cons. Qualification Availability

(typical)

Package

i 132-Pin -55°C/ Qualification tests as per PCA
GR716A Ceramic +110°C defined by ESCC Basic Specification  Flight parts
CQFP o 0 =i [0 > 118 320mW  Quad Flat  (case) No. 2567000 available
Pack Screening tests as per ESCC 9000
Sg:)?_lae' 132-Pin 559G / Prototypes
GR716B 100 > 118 Ceramic ... N in
CQFP LEOEI3FT 100 >140 (TBC) (TBC) (TBC) Quad Flat z—(:aZSSe)C ESCC9000 lot qualification (planned) December
oy RTA Pack 2024
Single-
AL LEgol\;?iFT 100 > 140 [0 > 1 TBC EO(I)I Zspclin TBD TBD ﬁr‘;tgg{fj’jfy
PBGA (TBC) (TBC) (B all Bl 2025*
+ Array
2x RTA

Software toolchains and debugger are available

GR716A vs GR716B application note available @ Gaisler.com/GR716B

GR716A and GR716B are pin compatible when the same on-chip resources are used. Software needs to be recompiled.

*Subject to change without notice 12


https://gaisler.com/GR716B
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GR716:
Software Ecosystem
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GR716 - Software Ecosystem

GRMON 3.3 C/C++ Debugger Zephyr RTOS
- C/C++ language source level debug . GR716A/B BSPs and drivers < ‘
capability > q

- GUI integration G‘ N « See dedicated webpage Zephyr”
* RTA support .

debugging made’easy

* See dedicated webpage BCC2 — Bare Metal Cross Compiler
e GR716A/B BSPs and drivers
GR716B TSIM Simulation * See User's Manual

= ~ ]
;'\k»‘,/ J
\-hﬁ’-

» Cycle-accurate simulator LY
v

» Software development can start using
simulator before hardware is available

» See dedicated webpage
SIM3

Instruction-level
simulator

14


https://www.gaisler.com/index.php/products/debug-tools/grmon3
https://www.gaisler.com/index.php/products/simulators/tsim3/tsim3-gr716
https://www.gaisler.com/index.php/products/operating-systems/zephyr
https://gaisler.com/doc/bcc2.pdf
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GR716:
Evaluation Boards
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Evaluation Boards for both GR716

GR716-MINI

Size: 37.5% of a credit card
SPI Flash & SRAM memories

Available for free-of-charge,

time-limited loans

Webpage |  GR.CPCI-GR716-DEV Interface Board

« CPCI 6U format
 Facilitates access
to all the 1/0 and

memory interfaces

8 cm x 10 cm format

Stackable pin headers for
/O interfaces (64)

16


https://www.gaisler.com/index.php/products/boards/gr716-boards

GR716B-MIDI-BOARD

« Small form factor
« USB-C connector for debug and power
« GR716B Processor

1 x Ethernet for communication

1 x SpaceWire to FMC+ connector

1 x SpaceWire to FPGA

64Mb x 16 MRAM

512Mb SPI FLASH

2 x High performance ADC to on-board MMCX connector
1 x DAC channel to on-board MMCX connector

1 x on board thermistor

41 x GPIO connected to FMC+ connector

* CertusPro FPGA

1 x Ethernet for communication and debug

4 x SerDes to FMC+ connector

LVDS to FMC+ connector

3V3 1/0 to FMC+ connector

1GB DDR3

512Mb SPI FLASH

4 x Analog channels to on-board MMCX connector

rRONTGRADC
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Available for free of charge, time-limited loans
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GR765 Multi-Processor
System-on-Chip
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Instruction Set Architectures

Why RISC-V? Why SPARC? GR765 provides RISC-V and SPARC
» Hardware and software potential for « Existing base of space proven HW » Both architectures are needed by the
future space applications: A new class and SW designs industry
of processors requires a modern
ar(?hitecture g « Mature ecosystem for today’s space » Faster time-to-market for RISC-V while
applications, e.g. qualified OS continuing SPARC — ease transition
« Enabling new technologies by between the two architectures
standardization * Accumulated development know-
_ how in the industry « Minimal silicon overhead - sharing of
* Hypervisor support _ _ resources on chip. User selects CPU
* Vector extension, ... * Software backward compatible with (LEONS5FT or NOEL-VFT), device cannot
existing LEON devices operate with both at the same time.

« Growing base of 3™ party ecosystem:
« Toolsets
» Libraries, engines etc.

« Attractive to talent entering the space
domain

* Influx of know-how by talent entering the
space domain

. RISC-\V/C BN a2

19
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GR765 — Octa-Core Processor

In development

» Fault-tolerant octa-core architecture LEONE NOeLlV
. LEON5FT SPARC V8 or NOEL'V RV64GCH Note: This block diagram does not indicate if interfaces have shared pins No guarantee Of prOdUCt IaunCh
System 10 bus
+ Dedicated FPU and MMU, 64 KiB per core L1 cache, é ][ | I e A S e
connected via multi-port interconnect ¥ : 1, : (nterrupt Timer
96-bit DDRx ? mﬂioﬂgeﬂ ProcesEéFE)Fry Proceé&i}?u F'rocesjéz:r?y Proce:;é’z)!?u APB
. 1 GHz processor frequency - 26k DMIPS S%';i’;ﬂ - c;[p)a;év, |« % authfrﬂ%ation core core core core | FT Q;ES ¢ » CSR;OTIE [
« 4+ MiB L2 cache, 512-bit cache line, 4-ways ‘*‘“”i““”“ C““‘j“””‘“ "““iw” C“hi”'“”” o[ arieiape b opempl soccorc
’ ’ g L2 Bridge J RMAP DCL
° DDR2/3/4 - TBC — é Cache ' Striped hifs?ed interconnect t t —m; JEAC(IB_
+ 96-bit interface with dual x8 device correction capability SP L em 3 FPU FPU TFPU FPU = ;
CTRL Processor Processor Processor Processor s eFPGA e s
- 80-bit interface with x8 device correction capability I -
Isolated
- 72-bit interface with error detection capability (parity) bkl el | il Ll | il il I Pl s (o fe
. 8/16-bit PROM/IO interface ol Toeon | e I TIRT : : | L —-|
0 - &10 ¢
»  (Q)SPI and NAND memory controller interfaces T el ¢ S 10 bidgo wif WU and 10PIP | |
Peripheral 10 bus
- eFPGA 30k LUT | ¥ W o3 == =]
- DMA ] x Etherne
- Built-in GNSS receiver for (GPS and Galileo) — NavRix IP El I A i | el il s il
from Beyond Gravity s | 1 1 31 T ; J 1 12 21
CDT]?[EHBF " 'HF 9
+ Hardware authenticated boot (hybrid scheme with ECDSA, { f 1 | ! | | j !
ML-DS A) 2%\:“\1;29" 2% GPIO -| 2% 12C ] 11xUART-| 2x SPI ] Bootstrap SuEErc‘;f-“:W 2% 15538 (Tr_sjvlvz‘r:trlimet
+ Isolated SoC offering authentication / crypto / RoT I I I 1 I 1 I I [ )
functionality vy b e v 1T 1 v !
« LGA1752/FF1752 package ®
« Target technology: STM 28nm FDSOI. ESCC9030 s P R C : ‘ I a I SC
qualification

20
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GR765 - Interfaces

In development
Interfaces — SPARC and RISC-V mode LEONE NOeLlV
Note: This block diagram does not indicate if interfaces have shared pins N o g u a ra ntee Of p rOd u Ct Ia u n c h

* PCle Gen 3 2 port x4, or 1 port x8 with Root systom 10 bus feeneeneaeaaneannaanannnas .
Complex | ) H " y

Interrupt

1 . ) ) SoC {FPU 'FPU TFPU FPU Controller Timer
. spaceFlbre 4 ports x1 6_25 Gbltls + SGD;I; 1 ngf{;:v " E :]aéw(?gte; Proccoerzsor Proc(;erzsor F'roCcDe;sor PrDCcOerzsor _________ S"':;‘":B :AF‘E!: CSR;OTIE
i i SDRAM i 8 authentication atus [—
leardLlnk support (TBC) FDAC % Cache | MMU Cache | MMU Cache | MMU Cache | MMU -
o > AHBIAPB =S SpaceWire |«
i 1 H 3 Bridge J RMAP DCL
] 12-p0rt SpaCGW”'e rOUter Wlth +4 Internal E CaLcie Striped hi-speed interconnect w ‘ JTAG <
pOI’tS asp EL ' t t t module | DCL
SPU o MEM o hae
ot ”

{FPU FPU {FPU FPU
* 4x 10/100/1000 Mbit Ethernet w. TTEthernet M cTRL I processor | | processor | | processor | f processor | ek - oFPOA -
Capable switch cache|mmu | |cache|[mmu | Jcache [mmu | | cache [mmu isolatea | DO

r SoC sp [
b 2X MIL'STD'1 553B ] AQEQA:SB z Z £ I_ Debug Link
PROM PROM - 1 ——
&0 y
« 4x CAN FD BMI;)—bit ™ cTRLw. |4 Agifég:f 10 bridge with IOMMU and IOPMP ﬂ -|
EDAC
, 3
« 2x12C interface, 12 x UART, 2x SPI controller e I
, i 1 l l l l DMA ] 4x Eth ]
« SoC Bridge interface ceove | [ oo | |covver] |t Moizmame| Leioter If | "o || (X | e |
Y x -~ j 'S — t A 4 i " y
* FPGA Supervisor interface NI T : ; ; J._]F 1 ,[
! 3 1 ¥ y
e Timers & Watchdog, GPIO ports Zf‘nﬂé"r‘;g-l 2XGPIO -| 2x12C ] 11xUART-| 2x SPI ] Bootstrap | | o FPOR 2x 15535 | (TTEmemet
* Debug links: L % ! % ! % 4 % A 1 1 7z 4

* Dedicated: JTAG and SpaceWire
« CAN, Ethernet

SPARC P RISC-\V/°

21
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GR765 — eFPGA

LEON5 NOeLV

Note: This block diagram does not indicate if interfaces have shared pins”

 GR765 will incorporate a NanoXplore eFPGA : {

- 307000 LUT logic resources e ]l el el Nl 5
« The eFPGA subsystem will be possible to operate o |] tm

without processor intervention. e = wl °e
- Reprogramming of the eFPGA will not affect o e - Agrﬁgggf

processor execution.

Peripheral IO bus 1 l l

o LfJ | [Frecene
* The eFPGA subsystem will be programmable B e . M
! | 3

2x

zeeljf

[2]

11X UART

from processors. =

Timers
T

L —T
a\
*

A
]
>

 Bitstream authentication will be available.

» Supported by standard NanoXplore tool set. SPARC : 4 RISC ®

» Supported by GRLIB IP cores.
NXNanoXplare
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GR765 — Security Feature Overview

In development

Functional separation (Time and Space LEONS NoeLlV
Partitioning) Note: This block diagram does not indicate if interfaces have shared pins No guarantee Of prOdUCt IaunCh

System 10 bus

« NOEL-V H extension + Advanced Interrupt | ) H — —
Architecture + IOPMP/MMU oo ) soC I Controllr »
. . « LN DDRx © man:oer‘ r(::coerzsor roc(;e;sor roCcDe;sor rDCcOerzsor _________ AHB ¢ »| Console
« Allows to group 1O units together with guest sonm [ TR 19 5 authentcaton Staus e
VMS and tO Separate VMS+IO from eaCh % CachiMMU CachiMMU CachiMMU CachiMMU N Ag?ér;fB . gmcg‘f[\)fgi .
Othe r. E CaLcie Striped hi-speed interconnect —W‘:J JTAG <
. . - module
+ Same IOMMU implementation for both » ase || 2 [ 1 i "Fpu : DL
- @ {FPU FPU {FPU ;
SPARC and RISC'V mOdeS MEM gf:l ./ Processor Processor Processor Processar s eFPGA e c—\H
- - Solates DCL
T|m|ng isolation (safety and secunty) I cache| Mvu | [cache|mmu | [cacne[mmu | [cacne|mmu r sgated - N
. . . AHB/AHB 4 4 4 ebug Lin
- Striped interconnect can be configured to group o1 T orom | eneoes T B
1 H H &10 r
processors and |0 peripherals into groups without W o e e S P —————— |
timing interference between them. FDAC $4
Peripheral 10 bus I
Cybersecurity features St —i DI 1 Y TN — =
GNSS Soc Peie spaceire L SpaceF\bi'l o NAND Flash 4x CAN FD-| e Eihemet -|
. . receiver ridge controller outer WizardLink - Controller . .
* NOEL-V Control flow integrity (RISC-V — F T F T —% 3 J T 2 31
. . . . APB €
standardization ongoing) — no jumps or return to Gonroller [ ; ; : TF 1
] 1 |
wrong place ¥
agp Z?iﬂétirgg'l 2% GPIO -| 2% 12C ] 11xUART-| 2x SPI ] Bootstrap SuEErc‘;f-“:W 2% 15538 (Tr_sjvlvz‘r:trlimet
« Authenticated boot HW and Isolated SoC ' i ' i ' i ' I I I
- Provide authentication of boot software and LR A T T A 2 2 A { Tt v 11 !

FPGA images before they are used in the
SPARC RLUR )
* Provide crypto key storage 4 ‘ ISC

23
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GR765 - Software and
Development support

Next-Generation SoC



Software

* Complete ecosystem
* A combination of Gaisler and 3 party software

Tool chains, Hypervisors Boot loaders
Operating systems
and compilers

XtratuM/XNG (FentISS) MKPROM2
PikeOS (SYSGO) GRBOOT Flight

Xvisor bootloader

+ Bare-C

* Linux

« RTEMS
*  VxWorks

s Zephyr

rRONTGRADCc

SYSGO

EMBEDDING INNOVATIONS

Gaisler -

Tools.

.  GRMON3
. TSIM3
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GR765 Development Support

» The following development support is planned as part of the GR765 product
development

GR765 evaluation board — Low complexity board (-MINI concept): DDR3 SDRAM, SPI Flash
for boot memory, 2x, SpFi, 4x SpW, 1x JTAG, 1x Eth, 1x UART, 2x CAN FD — Performed as
part of GR765 phase 2 RISC-V add-on. Planned to be available at the same time as first
prototype devices.

(Developed within GR765 PH2 RISC-V activity)

GR765 development kit — Fully fledged board, all interfaces available, targeting ADHA
compliance.
(Developed within GR765 PH3)

GR765 SBC reference design — Reference design development, develop flight SBC concept.
Timing analysis to be performed for critical interfaces.
(Developed within RISC-V TDE)

26
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Next-Generation SoC
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Status and Schedule

2024
Q2 Q3

2026
Q2 Q3

2028
Q2 Q3 Q4

GR716B
LEON3FT, Single-Core pC, 100 MHz

SPARC MARISCVT v \VA

v *xV
Phase 1B/ 2 GR765 PBGA Phase 3b
LEONS5SFT/NOEL-V Octa-Core @28nm

Dates are subject to
change without notice

Product availability Project phases

\/ FPGA Prototype W/ Prototype W/ Flight model Yk Lot Val Y QML m Definition _

V FPGA Prototype
(taped out design)

\/Blind Sample 28



Frontgrade Gaisler AB, reserves the right to make changes to any products and
services described herein at any time without notice. Consult the company or an
authorized sales representative to verify that the information in this document is
current before using this product. The company does not assume any
responsibility or liability arising out of the application or use of any product or
service described herein, except as expressly agreed to in writing by the
company; nor does the purchase, lease, or use of a product or service from the
company convey a license under any patent rights, copyrights, trademark rights,
or any other of the intellectual rights of the company or of third parties. All
information is provided as is. There is no warranty that it is correct or suitable for
any purpose, neither implicit nor explicit.
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