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1 - The need for miniaturization: synergy between Planetary Exploration & Small Satellites

Planetary Exploration missions impose some special conditions to any Space H/W to be put on-board:

» Low power available Robotic Exploration Technology Plan (ESA, by 2010):

* Low mass and volume [ ww | amn | T T R T [ maa
_ ) [ | ——reee—— | [ T
* High performance desired _— : [ ] “‘::..-..--.,::‘ai......_-II
| | I il S
|

Technology Development programs with a Non-Specific-Mission approach
have existed for long both in NASA and ESA, to boost Planetary Exploration
capabilities.

At a reduced scale, we started a similar program working on: : by {2650 o
m—— T [ il
1. A bottom-up approach, from components to systems | | st pter o | 1| [ e T s g

2.  Technology developments at instrument/unit level, that we test
within our Small Satellites Program, which also demand low-power,
low-mass, high-performance.

Sci. Instr., Observatories & Sensors Roadmap (NASA, by 2010):

Mission Technology Metric State of Art Nead Start  TRL& — _[___
. wry | rlitnm e St |
Discovery 13514, Large arrays: Pimel count 1 kx Tk format =2 x Tk format 201 2015 "':: |
New Frontiens 4, Vis & IR — it S E0r o
Er Spectral-tunable IR Mairrow-band/ 1 o oy am O o £ V=15 pam 2005 2008
rangs

5 ral-tun . Tunabili wGH 1 Hz @1 1 1 .

r.np:'lﬂ al-tune Sub- unability @ xGHz | 60 @600 GHz >150 GHr #1200 2015 2008 Mars Technology PI’OgI’am (NASA, by 2010)

y-ray, neutron detec- | Energy resolution, 1%, 10 deg 0%, 1deg 2015 2008

tors Diractionality Bave Technology Program

Paolarization 5/p, switching 50%, ~1 Hz 0%, >50 HZ 2013 20018

spead

Phaton Counting A, aray size Some X's: Univis InGas Wi | 2me I FProximiry Telecom/Navigartion |

Rad hard Datoctor TID, no SEUSEL Haavy shislding <100 mils shigld 2010 2020
Dis 13/14, NF 4, ftad Hard TID tolerance 0.1-1 Mrad 3 Mrad 010 | 2000 I Subsurface Avcess | | Planetary Protection |
EJ5M Elactronics

Low Nolse Nolse level (%) <% <0.01% 201 | 2000 | Advance EDL | ow Coil Mission Tcrﬂ'um@j

Elactronics

Extrema Environment | Operating ~55C to 125C ~180C to125C] aon 2020 S 5 i

lactronics st AR l tﬂér:r Science Inxtruments { MIDF ] I
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3 - Starting from the basic buildng blocks: EEE parts, OE, MEMS

e Analysis & selection
e Intensive testing
e Qualification and Screening for COTS

B:polqr trangsistor - [ gqin
Extreme Low Temp Test

[ Sy - x
o » - ';:-‘..\':hl';!:: Cress-Section - Progrommable Loge Devies

In-orbit measurement of SET and DD effects on optical wireless links
for intra_catellite data t I

Las Dos Torres: A Radiation Monitor for NANOSAT 1B

J.J. JIMENEZ, J.M. OTER, V. APESTIGUE, I. ARRUEGO, S. IBARMIA, S. ESTEVE,
J. SANCHEZ-PARAMO, W. HAJDAS*, C. HERNANDO, M.T. ALVAREZ, H. GUERRERO

Departamento de Programas Espaciales y Ciencias del Espacio
INTA - Institute Nacional de Técnica Aeroespacial
28850 Torrején de Ardoz - SPAIN

* PS| - Paul Scherrer Institut , CH-5232 Vilingen PSI, Switzerland

Correspondence Author: H. GUERRERO / guerreroph@inta.es

Space grade

CoTs

Sensors

Optoelectr.

Kind of Part Number of Extreme In-Oirbit
different P/Ns Temp.

A/D Converter 1 /A N/A X X
DfA Converter 1 /A A X X
Analog MUX/Switch 3 M/A M/A X X
FPGA 1 N/A N/A X X
Voltage Reg./Ref. 3 N/A N/A ¥ %
Comparator 1 N/A N/A X X
SRAM 1 N/A /A X X
ASD Converter 1 X X
OfA Converter 1 X X
Instrum. Amplif. a X X X
FPAA 1 X X
CPLD 2 X X X
Microcontraller 2 X X x X
Operational Amp. g X Xi2) X X (3
Voltage Rﬁ.jﬂef. 3 X X X(2)
Temperatura b X X
Magnetic 5 X
Accelerometer 1 X X
TID a4 X
Emitters (UV/VIS/NIR} 8 % % % (3)
Photodetectors 23 X X X (3)
Microspectrometer 1 X x
CMOS, linear array 1 X X
CMOS, image 1 X X ¥

_ | [kl
S Reliability tests [
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3 - Starting from the basic buildng blocks: EEE parts, OE, MEMS

e And PQV — Package Qualification and Verification,
including:

- Components

- Different soldering techniques

- Materials: PCBs, structural, optical, etc.

- Coatings, adhesives, paintings, surface finishes

Year 1 Year 2 Year 3 Year 4 Year 5 (% yoar
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’3 — Starting from the basic buildng blocks: EEE parts, OE, MEMS

E.g. PQV for Radiation and Dust Sensor on Mars 2020 Rover EEE Parts NUMBER OF
Tested ITEMS
20 UUT BOARDS Photodiodes 6 Large size
> RDS SUBASSEMBLIES (stand alone) 6 Small size
Opto-mechanical | 6 Large size
18 EGSE BOARDS sets 9 Small size
MORE THAN 170 DOCUMENTS Cristal Oscillator 3 FMI
3 QTech
7 PEOPLE HAVE WORKED INTENSIVELY - -
Operational 3 National
300k€ ESTIMATED COST Amplifier 3 Analog Dev.
ADC 3 Maxwell
3 Texas Instr.
Tested NUMBER OF SERIAL 6 Intersil
Paint 2 Types FPGA 3 ACtEl
Glue 3 Types RAM MEMORY 3 Atmel
Silicones 2 Types DAC 3 Texas Instr.
PCB material 2 Types PASIVES TONS
Coating 1 Type MULTIPLEXER 3 Intersil
3 Maxwell
Junio 2017 Ignacio Arruego Rodriguez
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PQV in images
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Access to Space through Small Platforms

Space Programs and Flight Segment

Minisatellites  Microsatellites  Nanosatellites

INTASAT (wn).25%. 1974
TR :
i Payload: lonospheric Beacon MINISAT-01

Subsystems: Developed by INTA and national Industries
Lounch: Delta Rocket (Vanderberg, USA). Sep. 74 with ITOS-G 7.3
AlT: Assembled, qualified and tested of INTA facilifies y -

MINISAT-01 (1997)-190Kg.
.. Platform: developed by INTA and nafional industries

Payload : Three Instruments:

LEGRI (INTA-UV-RAL) Gamma ray instrument
EURD (INTA-UCB) UV Spectrograph
:’i’- CPLM (INTA-UPM) Microgravity experiment

-Hmmbiy of Rocket/Satellite at
INTA facilfis. NANOSAT 1B

nanosat o1 oy, 2009

Mission: Store and Forward Communications
. Experimenis: Micro-nanotechnologies magnetic and solar sensors
" Plaform: developed at INTA. Electronics modular design

' Bafteries: lon-Li From AEA technologies (UK)
Solar Panels: GoAs/Ge form Galileo Avionica (ltaly)
Launch: Ariane 5/ASAF, 18 sep. 04 A
Life time: 3 years nominal, 5 years feasible.
Developed, integrated and tested ot INTA facilities

' -&_*\h OPTOS

2013

Lounch: With Pegasus XL from Canary Islands.

MINISAT 01 re-enfered atmosphers
after 5 year of successful operation

Technical support to

National Space Programs
(HISPASAT, HISDESAT, SEOSAT, etc)
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. to the exploration of Solar System

QPFTOS (2013]
 Distributed Compiiter Concopt
» Wireless On-Hoard Comms
«LMDS Active Pixel Sensor

= GMR sensor

s AMR sensor

® Sun detector

attofi Monitar

10-= CUBESATs - 3U

Aafcobeo [SU12)

Payloal Computer

= AME sensor

de Humesag {

e On board p

= Payload Lo

» Magneto-mpedance senso)

= 5 Radiation Sensing

= RadFET dosimetry

Technologies

... INCREASING
FOTON:M3 (2007) PERFORMANCE AND e
= | Wireless On board s

MINIATURIZATION... « Spectron

Conrm pruties

& 2 Wireless pRTUx

- . & [Tust Sensar
= 2 Optical transoeivers

o Mixed-Signal ASICs

pIment

NANOSAT-01 (2004) s » Exomars 2016 Lander, ESA
[DREAMS-5IS radiometer)

o« Exomars 2018 Lander, Roskosmos/ESA

= AMR sensor

= Faraday effect magnetometer

T (515 18, D518, MAG, MicroMED])
= MarsZ02Z0, NASA

(Radiation & Dust Sensor in

= Porous 5 solar sensal

ME DA mieteo statisn)

In-Orbit experience in

b 4 MU JNEVILY. Sy - T P 1
Miniature Space Instruments Scientitic Payload.
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5 - And finally, going to Mars = (A) MetNet

Finnish Meteorological Institute
Russian Space Research Institute

Lavochkin Association, Russia

INTA, Spain
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e Air temperature sensors e Tri-axial accelerometer
e Pressure e Megnetometer
e Humidity e Photometer
__MetsIs e PanCam e Dust sensor \
S ~ e DesCam
. tf./.}jp A
PapCan
N
Antenns — MetSIS
__.._"-:‘-\'\-‘-" i

Infiatabie Briakmg Device

Magnetamieter |

agtral Ler
_.--'—'L' \

Buriad parf of DV

Heat-rsulatin

i

oo

Payload containgr
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Comgpeonarts distribuled (o reduce
magrelic signal an the sensor
Simulaticn of worst case soenario

+2 ASICs m@ us

UNIVERSIDAD DE

CANTRD MACIOMAL DI WiC CTROSECA
L1 L ROELE IMERE SEVILLA
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5 - And finally, going to Mars = (B) ExoMars’16 EDM

DREAMS:

Dust characterization, Risk assessment
and Environment Analyzer on the
Martian Surface

pAres Mast {
& electrode “f

MetWiND

Methast

EDM
connector plate

Junio 2017

Optical Head

DRE AMS (ExoMars 2016 EDM) Solar Irradiance Sensor — DRE AMS SIS

Sensing elements

Si-photodiodes + interference filters + density filters + FoV

shaping elements
Power supply 5V
Current consumption <58 mA
Datal'F Serial, RS-422

Mass

25 g Optical Head (OH) + 52 g Processing Electronics (PE)

Dimensions

OH: 42x33.7x22.5mm: PE: 80x50x13.5 mm

Operating Temperature

-120t0+125°C

Optical Bands (nm)

Total:[220-1200], UV:[315-400]. NIR:[700-1100]

Range / Resolution
(W/m?)

Total: 1050/ 10, UV: 110/ 104, NIR: 390/ 3.7x104

Additional Sensors

Temperature (PT-1000, x2: OH and PE), Dark-current for

Dispacement Damage estimation.

Operation and others

Fully digital. RadHard FPGA used. Allows autonomous
operation under configurable parameters: channels to acquire,
samplingperiod, etc. 128 kB internal RadTol memory.

Ignacio Arruego Rodriguez
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5 - And finally, going to Mars = (B) ExoMars’16 EDM
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DREAMS-SIS: The Solar Irradiance Sensor on-board the
ExoMars 2016 lander

Measurement of dust optical depth using the solar irradiance sensor (S15)
onboard the ExoMars 2016 EDM

[, Toledo®:, I Armuego®, V. Apbatigoe®, 10, Hméner®, L. Gamez*", M. Yela®, P, Rannou”,
J.-P. Pommereau’
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Mars atmosphere
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5 - And finally, going to Mars = (C) SIS’20 on ExoMars’20 Lander

SIS’20
e Part of METEO - ExoMars 2020 Lander
e 180g 600 mW

6 lateral faces: UV + NIR on each (20 deg. Elevation, +/-5 deg. FoV)
TOP: UV, NIR, 255 nm, 295 nm, “panchromatic”

* Incorporates Microspectrometer: 340- 780 nm, 5g

Junio 2017 Ignacio Arruego Rodriguez
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5 - And finally, going to Mars = (C) SIS’20 on ExoMars’20 Lander

T ELETHOmICS » Ultra-compact design, fully digital

ul Contial fe——

3 5 ADE Corrod . » 17 discrete detectors (several wavelengths, FoVs, pointing)
= ML Coitio] | fe— FPGA 2 .
v e 15 Control 5 * 2 microspectrometers
—— s ADC Corrol =y i~
i~ Q - . .
MIDDIE ELECTRONICS \g— s 3 | =, » Accelerometer for attitude determination
—— AT Cosrirc] H E
58
E % WU Control e—) “ E
= = ES
R [+
I =a
I 83
BE8 ML Control [Sesd SRAM
flf :- WAL ADC Control | fm—

£

ADC Corrol | -e———

BOTTOM ELECTRONICS
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5 - And finally, going to Mars = (C) SIS’20 on ExoMars’20 Lander
Miniaturization efforts:

ACL 10 PDK_| = Photodiode cathode
Wiy - - O Un-connected pad for ljga calibration e ASIC: Front-End + A/D for photodetectors, 3-
= I !
RC2 10

TiA Lo 9

I

SPI <': > axis accelerometer, Thermal sensors, etc.

DiF1

e Qualification of compact mid-resolution (10

rao0| o - nm) spectrometer

- 1
pun_9n1~ High-sensitivi .
RC2 9 cﬁussi:xf :g age Ncident light

sensor with slit \ | Inputslit

TiALto®

Regs & Mem

Vh-n,mhn'_‘

PT_1 [H
: FSi

INT1
Reflective concave blazed
em1 jMUX ratin Grating chi
. . 16-bit ADC 9 9 g P
" P12
a :
PT 2 D‘J‘—D vl Voltage O
wa References 0
L DAC_OUT
: 0to 20 mA
Vs 1 52,75V
S 0 :;. [V ) 0
vbili
an ¢ 2 bit CS-DAC or

. s 3 current sources
e 4-hit DAC
wsO—> XY
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MO o R e e

Instrument European Contribution

= Humidity sensor
Bck-scatt Det. 1 - Pressure sensor

- Optical depth sensor

- Solar wradiance sensor

- Magnetometer
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« MEDA: Mars Environmental Dynamic Analyzer

e On board Mars 2020 Rover (NASA/JPL)

« Main actors: INTA, CAB, CRISA, UPC, AVS

» Heritage from: REMS, DREAMS, MetNet

« 2 Wind Sensors, 3 Thermal, TIR, Pressure, Humidity
+ RDS: Radiation & Dust Sensor (SIS)

+I1CU

Credit; JPL
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5 - And finally, going to Mars = (F) MEDA-RDS on Mars 2020 Rover

»  SkyCam: 7 pictures by sol, at 5:30am, 6am, 6:30am, 7am, 5:30pm, 6pm, 6:30pm.
*  Picture acquisition is 60 seconds (TBC).
« CCD:0.25W

e E-unit: 244 W

* Total power for SkyCam: 2.69 W « Heritage from previous rovers engineering cameras

Blooming (with shutter subtraction)

1dC ‘Mpaid

Calibration
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6

— The future? MarsDrop initiative

Parawing Deployment

» Entry mass limited by the need to provide a subsonic '
parachute deployment: 3-4 kg probe entry mass

» Accommodates a ~1 kg science payload
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