Enhanced Computing for Planetary Exploration Payloads
MicroMED Central Electronics




Fur@:planet

CONTENT

* INTA’s Strategy for Planetary Exploration (MEREX)
* Planetary Exploration Payload Requirements
 State of the Art Micro-Controllers and Processors

* High Configurable Payload Computer
* Hardware Building Blocks
e Software Building Blocks

* MicroMED Payload

* Central Electronics Board Design

Exomars Atmospheric Science Alberto Martin-Ortega
and Missions Workshop martinora.pers_externo@inta.es

Saariselka, March 2017

2



FUr@ plangt

PLANETARY EXPLORATION — INSTRUMENT DEVELOPMENT STRATEGY

Mars Technology Program (MTP)

NASA To develop a set of resources for the development of low-mass,
Robotic Exploration Technology Plan - low-power electronics for Planetary Exploration
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* MEREX = Miniature Electronic Resources for planetary EXploration
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PLANETARY EXPLORATION PAYLOAD SURVEY

* Requirements coming from Science

« Sensors (Analogue):
 From a few Hz to several MHz
* From 1 signal to tens
« Current or Voltage

« Actuators:
« Temperature Control
« Laser Control
* Movable Mechanics Control

* Processing:
* From simple acquisition to complex algorithms .
« Data compression .

Updatable
Adaptable

« Requirements coming from Platform

* Low mass + High Temperature Variation (140 to 350 K)
* Low power « Radiation Tolerance
* Lowvolume . High Reliability

Exomars Atmospheric Science Alberto Martin-Ortega
and Missions Workshop martinora.pers_externo@inta.es

Autonomy (improved operation)
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MICRO-CONTROLLER SPECIFICATIONS

PROCESSOR
Architecture
Frequency
ALU
FPU
DMA
MEMORY
Non-Volatile
Volatile
POWER

Consumption

Exomars Atmospheric Science

and Missions Workshop

Single or dual core

16 or 32 bits Bus

> 16 MHz (80 MHz preferred)
Hardware Multiplier and Divisor
Single or Double Precision

Desirable

> 128 Kbytes
> 8 Kbytes
5.0V or 3.3V

Reference: 10mW/MHz

PERIPHERALS

Communication Protocols

ADC
Digital 1/0
Other
PACKAGE
RADIATION
TEMPERATURE

Alberto Martin-Ortega
martinora.pers_externo@inta.es

2x UART

2x SPI

1x CAN

1x Serial High Speed > 20Mbits/s
8/10 bits Converter

> 16 Input/Outputs

Real Time Clock and Timers

No BGA or CC (CFP preferred)

Low susceptible to SEL (immune
preferred) at Mars environment.
TID > 10 krad.

-1302C to +709C (operational)

Saariselkda, March 2017 6
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Planetology Network

MICRO-CONTROLLER STATE OF ART

— o
MSP430F1617| MSP430F1612 | MSP430F1618 | MSP430F2619| MSP430FR5739| MSP430FR5969 A:Msajéasﬁgs A;MSJJ:T\@?{:SQ
2015 NEPP-ETW X X X X X X X
Core 16-bit RISC CPU (MSP430™) ARM Cortex®-A8
p Frequency 8§ MHz max_[ & MHz max_ | 8 MHz [ 16MHz ] 24 MHz I 16 MHz 500 MHz 1-GHz,
rocessor 32 Channel
DMA Three-Channel Internal DMA System DMA
64 KB FRAM, 2
. . . . . . KB SRAM 64 KB
Real Distribution of Micro-Controllers by Processing Capacity 2 2
3 4
Search for Rad-Hard :
- . . 18-36 12V
100 yA/MHz 1400 mA

;I_i VQFN/TSSOP
o 0538 | 484 | A
o ' | ATMEGA32U/8 | ATMEGAI6UZ | ATmegaS6am1 | SAM D21 | SAM V7L
.
L X X
[ o
8  AVR® 8-bit Micrecentroller Cortex M0+ | Cortex M7
6 8 bit 31 bit 32 bit
3 20 MHz 48MHz | 300 MHz
o= 12-ch DMA
E 32K8 16 KB 54 K8 32-256KB | 2048KB
G
o 1 1 2
= 2 1 3 416 KB 384 KB
2
1
- - = S I 27-55V 27-55V 27-55V | 162-363V | L62-3.63V
Processmg CapaCIty
<1amw <14mw cLamW | 70uA/MH:
QFN/TOFP
TQFP/VQFN | TQFP/VQFN | TQFR/VOFN
QFp/val aFR/va QFR/va LS
1 a4 a4 33/48/64 | 64-100-144
o TID 20t0 50 KRiad
Radiation |~ SELLET > 60Mey SEU LET 3 to 10Mev
Exomars Atmospheric Science Alberto Martin-Ortega : .
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Planetology Network

MICRO-CONTROLLER STATE OF ART

Sitara. Sitara
MSP430F1617| MSP430F1612 | MSP430F1618 | MSP430F2619| MSP430FR5739| MSP430FR5969 AM3505 AM3703
2015 NEPP-ETW X X i X X X X
[Core 16-hit RISC CPU (MSP430T) ARM Cortex®-A8
Procs | Frequency § MHz max_[ & MHz max_ | 8 MHz [ 16MHz ]| 24 MHz I 16 MHz 600 MHz | 1-GHz. I
rocegenr
AT915AMT
AT91SAMIG20 (s128/5512) ATmegaS128L | ATMEGA164P | ATMEGA32ZU/B | ATMEGA16UZ2 | ATmegaS6dM1 | SAM D21 | SAMVTL
Mem
NEPP 2015 Congress b3 % X % X X
S e a r C h fo r R a d _ H a r d Interf PIC24FI256GB110 | dsPIC23FI256GP710 dsPIC30F6014A Cortex MD$ | Cortex M7
| Datasheet [RD&] [RD7]
Processor NEPP 2015 Congress % X B 32 bit 32 bit
Sup P 1R hit 16 hit 18 kit I ao naus sanaau- | L
Processol NXP sig;‘;“ Gobam (Aeroflex) Motorola
[PC292X] LPS2194] LPC2478 | LPC43xx C8051 | UTBOCRH196KD | UTBOCRHT96KDS | 68HCS705
Packe NEPP 2015 Congress X
™ Single or dual core
radl Memory EMOYY | processor Architecture bt | 1632 18732 2 & bit 16 bit 16 bit
adl
Frequency 125 MHz | 60 MHz 72 MHz 204 MHz | 50, 100 MHz 20 MHz 20 MHz
. - Program (FLASH) 512 256 512 1MB 128 kB
Search for Fligh Interfaces Peripheral
Memory Data (EPROM/FLASH) 16 16 128 kB 128 kB
Volafil (SRAM/SDRAM) 8 93 (64 CPU) 135 3kB 1kB 1 kB
Pa rts Comn Supply Supply UART 2 2 4 4 2 1 1
SPI 3 2 1 1 1
Interfaces
. Ic CAN 2 4 2 2
Packaging ,,5ckaging High Speed Serial x x
| suonl Supply voltage 18V |3-36V| 3-36V |24-36V| 27-35V
|
Radiation PRl Power consumption
Radiation Packaging type LQFP | LQFP LQFP LQFP TQFP QFP QFP
- IC packaging # pins 100 64 208 2051144 64/100 68 63
Material
Commentl Radiati TID 100 rads(Si) 300 krad(Si)
SEE
1 c Low
omments
Temperature
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lanetology Network

MICRO-CONTROLLER STATE OF ART

MSP430F1611| MSP430F1612 | MSP430F1618 | MSP430F2619| MSP430FR5739 | MSP430FR5969 A%?sﬁgs A%gﬁ;{%j
2015 NEPP-ETW X X i X X X X
[Core 16-bit RISC CPU (MSP430™) ARM Cortex®-A8
Prociti | Frequency § MHz max_[ & MHz max_ | 8 MHz [ 16MHz ]| 24 MHz I 16 MHz 600 MHz | 1-GHz. I
AT91SAM7
AT91SAMIG20 (5128/5512) ATmegaS128L | ATMEGA164P | ATMEGA32U/S | ATMEGAI6U2 | ATmegaS64M1 | SAM D21 | SAMVT1
Mem
NEPP 2015 Congress b3 % X % X X
S e a r C h fo r R a d H a r d Interf PIC24FI256GB110 | dsPIC23FI256GP710 dsPIC30F6014A Cortex MD$ | Cortex M7
| Datasheet [RDS] [RD7] k k
Processor NEPP
Sup
Processgy STM32F756xx | STM32F103C8| STM32F215xx | STM8A | RPCS56
Packs
| Memory Memoryj Single «
Radiz I | Processor | Architat STM32F766xx | STM32F103C8| STM32F216xx | STM8A | RPC56
. . Frequel
Peripheral
Search for Flight-ed Interfacey PeriP ,
Memory Data (E Slngl.e aor dual core
P t e | T Processor | Architecture 32 bit 32 bit 32 bit 8 bit 32 bit
a r S Comn | Supply Supply UART Frequency 200 MHz 72 MHz 120 MHz 16 MHz | 64 MHz
T Program (FLASH) 1MB 128 KB 1MB 256 kB 1024 kB
T Interfaces W Memory Data (EPROM/FLASH) G4 KB 4 kB 54 kB
Packaging ,ackagine High S Volatil (SRAM/SDRAM) 320 KB 20 KB 128 + 4 12 kB 80 kB
— | UART 4 3 2 2 2
1 Supply
P 5 I [=] Interfaces SPI 6 2 3 z 5
Radiation| o qiation upply | Powenl CAN 2 1 2 Optional | 3
S h Low-pd High Speed Serial
earc | ic packaging | 2224 Supply voltage 1.7-36Y 2-36V 16-36V | 355V [335V
o Comments # pins Supply Power consumption
Cryogenic/Extreme Mator
b | Radiation | 1= IC packaging Packaging type LQFP LQFP LQFP LQFP LQFpP
E nV| ro nm e nts SEE # pins 100 100/64/48 | 64/100/144/176| 128/100 | 100/144
Commen Material Plastic Plastic Plastic Plastic Plastic
TID
. |
SEE
Comments
Exomars Atmospheric Science Alberto Martin-Ortega : .
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MICRO-CONTROLLER FULL QUALIFICATION

/4

I

1

: Package Heavy lons : Screening &
P e e : High E e a

i S:]?U;ZTST Qualitication SEL and SEF Refinement Plrgotonniz’zl AR

I a Verification Test Test Test

1

1

' CURRENT STATUS )

Qualified LOT of Micro-Controllers
for Planetary Exploration
Purposes for the next decade

Exomars Atmosphenc Science _Alberto Martln-Orteg_a Saariselka, March 2017 10
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HARDWARE BUILDING BLOCKS

Micro-Controller
FPGA

High Speed ADC

Low Speed ADC

Mux

Exomars Atmospheric Science
and Missions Workshop

Comm. Drivers
Volatile Memory
General Purpose DAC
Operationals

Amplifiers

Alberto Martin-Ortega
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SOFTWARE BUILDING BLOCKS

Serial Protocols (SPI, CAN, UART)

Hardware Drivers

Memory Management

Compression

Image Processing Algorithms

Exomars Atmospheric Science
and Missions Workshop

Signal Processing Algorithms
HW/SW Co-design
Error Confinement

Hardware Supervisors

Software Update

Alberto Martin-Ortega
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MICROMED CENTRAL ELECTRONICS BOARD

* MicroMED’s CEB is based on micro-controller with high speed co-processor
FPGA:
* Enhanced processing capabilities
* High speed analog acquisition
Self mitigation scheme
Advance motor and laser control capabilities
Power saving modes

Exomars Atmospherlc Science _Alberto Martln—Orteg_a Saariselka March 2017 13
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MICROMED CENTRAL ELECTRONICS BOARD

VOLATILE
MEMORY
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HIGH
FPGA HIGH SPEED SPEED
CO-PROCESSOR PROCESSING ACQUISITI

ON FEE
Front End
LOW

Electronics
SPEED

ACQUISITI
ON

POWER
CIRCUITRY

»w o o 4rc 4o >
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MICROMED CENTRAL ELECTRONICS BOARD

Flight Parts
Procurement

and
Emulation
Campaigns

Up 12 different FFE

On-Board Software Platform
Exomars Atmospheric Science Alberto Martin-Ortega
and Missions Workshop martinora.pers_externo@inta.es
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