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#STRATEGIC
SPACE ‘ERA

The #Strategic Space Era is a rapidly "evolving phase where space has become critical

infrastructure, driven by the growing importance of sovereignty, resilience, security and dual-
use capabilities.

Resilience and defence needs are reshaping the space ecosystem while new tecnologies at
lower costs are pushing the boundaries.
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Space _ Cost Pushing the
Evolution Sovereignty Haduction Boundaries



SPACE EVOLUTION ‘ '
STRATEGIC INFRASTRCTURE:

- - - CONSTELLATIONS o
F ROM TRADITION AL M I SSION S Build Fleets -> Launch Frequently-> Upgrade/Replace -> Deli\fer Servim_es
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TRADITIONAL MISSION:
Individual Satellites
Build -> Launch -> Operate 10-15 years i
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Soverelignty:
Europe to Own the Critical Layers SN

p EUROPEAN SERVICES
gﬂ Secure connectivity - Earth observation - PNT
by | Safety, crisis response & defence

_ b
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. STRATEGIC INFRASTRUCTURE
;%@@ Y EU-IRIS2 - Copernlcus Galileo - ARIANE

INDUSTRIAL CAPABILITY
.- Serial manufacturing - Cloud & Al - Cybersecurity
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NO RESILIENT SPACE IN RASTRUCTURE WITHOUT A RESILIENT COMPONENT BASE.




Sovereignty: :
Europe to Secure a Robust Supply Chailn

Europe cannot remain dependent on non-EU sources for critical space
technologies:

No Resilient Space Infrastructure without a Resilient Component Base!
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SPACECRAFT SUBSYSTEM PCB EEE
RADIATION
ASSURANCE .
QUALIFICATION IS NO LONGER ENOUGH. ) -
Europe also needs availability, scalability and trusted access. SUPPLY-CHAIN i //

NO EEE, NO SOVEREIGNTY. “““ /=%y -
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Cost Reduction

Cost-effective approaches, including the use of COTS and integrated testing, are being used in
this strategic space era to make missions more affordable and efficient.

Commercial Off-The-Shelf
(COTS)
Combined Testing:
Cost-effective and
_ _ . V_ : _ Qualification and
commercially available EEE Components Acceptance Test'@ Unit
automotive technologies Qualification pta level
. & ' ®
Conformal coating for pure Verification Assembly No Screening e a
oL B, LR R on the same PCB Boards! at Component Level [
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U QIO Ly -
The push for higher performance, harsher enw‘?r@nments and lower - costs drives innovation,
impacting the design and qualification of EEE cdmpanen.ts m the space mdustry ,
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ACCEDE (Assessment of Commercial Components Enabling Disruptive
Space Electronics)
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The two main European events devoted to the use of EEE components in space applications,
ACCEDE and ESCCON,
will take place in Seville from March 9-11, 2027.

This conference is the European reference congress on EEE components for space applications,
bringing together the entire ecosystem — from qualified component manufacturers and
distributors to system integrators, space agencies, and regulatory bodies.



EMPS - Electronics Manufacturing & Packaging Symposium

EMPS 2027 N e,

: e g =
Connecting electronics manufacturing, packaging and reliability { BS
ol /___. F
. /f{ ]

Electronics Manufacturing @ €Sd
& PECkaging Symposium Global Electronics
- - ' e Association ;

[ 28 JUNE -1 JULY 2027 ] [ ESA/ESTEC - Noordwijk ]

A\

-“.

— el —\ . .
Explore the latest innovations in electronics manufacturing, %
advanced packaging, PCB technologies, assembly processes,
reliability and smart manufacturing for space and other high-
reliability applications.

ADVANCED PACKAGING MATERIALS AND PROCESSES CALL FOR ABSTRACTS

Scan for event
information
and abstract

ASSEMBLY AND LEAD-FREE . RELIABILITY OF (U)HDI PCBs NOW OPEN E - submission

[ SMART MANUFACTURING ] SUPPLY-CHAIN RESILIENCE




For more information, join Alter’s presentation on
Wednesday, 14th October at 11h30: |

ESA ARIEL Mission :

The world’s first
Exoplanet sniffer!

-h‘-
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Space Standards
Resilience

Are European Space Standards Ready for the
#Strategic Space Era?

ECSS* ESCC**
Evolution Resilience

* European Cooperation for Space Standardization ** European Space Components Coordination






Mission Classification
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For all new ESA missions, a mandatory classification is conducted durin'g Phase A:

Top Class Missions

Extremely Critical and strategic for ESA - Budget >700M€
Lifetime > 7 Years. Requirements are high, risk is very low.

High Class Missions

Highly critical - Budget 350 to 700M<€, Lifetime 5 to 7 Years,
Requirements are relatively high, risk is low.

Medium Class Missions

Medium critical - Budget 40 to 350M€ Lifetime 2 to 5 Years,
Requirements are moderate with a non-negligible risk.

Low Class Missions

Low critical - budget <40M€, Lifetime <2 years.
Requirements are very limited with a significant risk.




Mission Classification vs ECSS EEE classes

Class 1 EEE components

DR S5 SRS Sl N S — according to ECSS-Q-ST-60

High Class Missions - mechanical parts (Class 1)

Class 3, AEC-Q used as is
without additional screening

Medium Class Missions.

Class 2, except for electro- j

N A B

Low Class Missions v

TN

"Do Not Harm And Know What You
Fly" Approach




ECSS Evolution: ECSS-Q-ST-60-13

This ECSS-Q-ST-60-13 standard defines the requirements for commercial EEE components.

ESA and European Primes are currently discussing the next evolution of ECSS-Q-ST-60-13.

The ambition is to enable the use of COTS components for Class Alpha (eq. to class 1 for EEE)
missions WITHOUT" additional screening!

SUROPEAN CONWERATION

b

FOR SPACE STANDARDHEATION

)

»

Space product

dassurance

Commercial electrical, electronic
and electromechanical (EEE)
components

If implemented, this could fundamentally change how Europe qualifies and
uses COTS for the most demanding space missions.

ECSS Secretanat
ESA-ESTEEC
Reguirements & Standards Section

“provided that clearly defined conditions are fulfilled, potentially including trusted manufacturers, P T e
sufficient quality and reliability data, established production controls, traceability and
demonstrated component performance (TBC).




ESCC Resilience for Passive Components

Certified Manufacturers

Exxelia Technologies ' I I REL STPI " l I IRCA — RICA
(Marmoutier)

¢

cines

c esa

CNes
. Kyocera AV Cz I I Kyocera AVX Fr
L
. cnes

Gesa

- Flux A/S \
R I I Leach International Europe I l Smiths Interconnect I isabellenhiitte Heusler
' 'S ¢
CrWrs Crigs

= p= = S | 34 out of 50 are ESCC
' T L gr— - . Certified Passive
| g o & | Manufacturers

SCHURTER AG

I I Axon' Cable
>

) I I Positronic - I . TE Connectivity Deutsch
C c
Ccres CrS

- | l I Radiall — Centr'Alp ) ' I Vishay Electronic Draloric [ Kyocera AVX UK h — 66 _ 6% Of Escc

Selb

| % J | 2 | Certified

l_ I Radiall - Isle d'Abeau - - W. L. Gore & Co ] :I Ny Tyco Electronics L ManUfacturerS are
B ) | A ] Passive Manufacturers

i Bizlink Al T

mﬂ‘ %

I I Draka Fileca
o=

: I I Radiall — Ch-Renault I l Vishay S.A. Division
I I Exxelia Magnetics Sfernice
C [

I Exxelia Technologies ! I l RAKON France I _ TE Connectivity Sensor Kongsberg Norspace
- ._-,!,"E; i

(Chanteloupe en Brie) i — |
EREE




ESCC Resilience for Passive Components
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Certificates 102
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Part Types 139 |
of 135 136

Manufacturers
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ESCC Resilience for Pa331ve Components

Because the Space Industry is evolving, the, ESCC standard system must evoLve Wlth it.

@esa

'.! foow Sl




How ESCC system can adapt to the

ERCE rem®iatanT

e bl gg?

LRt

Expanding
Certification Scope

Shicgld we conedier alowi g re D Tpest sl 0 slar

sl Cipp Wl T Topart R stegrTy el CEp R wb i

WREE Dby o Al (LI T 300 T Ao paen Y] mail

K

Classifications and
Standards

Should es niroduco sdw CatTan wilhis e ERCC ayuir
e atueews SR B lowet pies. 0 cout-afleciee
cmmpmpemrte? 0 e SO0 S dewftead ot 1CF T ey

wratiag Qe et T

Woasl mlald B 1Pl Dewe o st CFL Wt

b

Adapting to COTS

Emdiusal the EECTC syalem extive L9 aiedifically acoohmidd sl
Carmmarragl G5 Tha Shall COTE) tompanents, & shaud we
ErEETE & e TImnged oFetem 10 |holudge COTST

1# eramtryg 8 new syrinen wikag soces end guldesses grouid
I Peibw?

Ehowid wE nEME T-Epnrerung e CSEC (COTE L iDdce
Starclards  Ceorsisgtes| t=  Sfsasctlaty o0 gel s

kool from SELCELEES

#NextSpace Era?

T R

Sustainability and
Environmental Impact

o e DR0T stesGaraw neprpoiete uslEnakidiny
an v reeradiy - fommely i

Aiat hipw Soquirameants & grastized (18 LCAT) ahduld
e Letipducad t0 Bilere SolPDoneetl S04 DIodutwd el

Improving Qualification
Processes

Wi el ipeins ths WBOLE puallicenes framssd L
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Collaboration with
Industry
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ESCC Resilience for Passive Components

Because the Space Industry is evolving, the ESCC -s_t"andardxsystem must evolve with it.

Space Passive Components Days @ esa .

~Introducing a new Quality Level :

Objective: Improve the availability
of cost-effective /EEE parts in
Europe, under ESCC oversight.




ESCC Enhanced Grade (EG)
B N

Flexibility

a !
Quality

Maintains a high level of quality through a
maintenance test plan, reliability data and
continued oversight by the ESCC Exe-::utive/

Allows manufacturers to define their own
procurement and validation specifications.

—

ESCC

ENHANCED
GRADE

(&7
G-
Efficiency

Leverages existing manufacturer knowledge and
reliability data, aveiding unnecessary duplication
of testing while maintaining appropriate
assurance.

o N
Trust

Builds on the established relationship between
the ESCC Executive and manufacturers, providing
supporting broader market adoption. confidence through ESCC review and recognition

Enhanced Grade (EG) ¢ ESCC Qualified

EG provides Enhanced Assurance under an ESCC controlled Framework
But the Component is NOT considered ESCC Qualified.

Competitiveness §

Helping lower costs and lead times by
reducing qualification and testing burden for
certified manufacturers.

"4 A N\

Market Growth

Recognises Enhanced Grade products within the
EPPL 2 framework, increasing their visibility and

A Project Review and Approval remain necessary depending on the mission applications and classification.



ESCC Enhanced Grade (EG): Requlirements

Eﬁgﬁ;ﬁiﬁu‘rWE CNES - DLR - ESA - UK Space Agency Selection responsibility - Maintenance Test Plan - Available Reliability Data
: ESTABLISHED | : : RELIABILITY & X ‘.« 3.
*_..d'
MANUFACTURER UEERIED EG AETROAGH TEST EVIDENCE e \
:dq-"';_ ﬁt\&\\" h{:}‘:.-
- ESCC QML or PCAL » EG Definition - Reliability and Radiation data
- Established Know-How & - Component Family - Qutgassing per ECSS
Capability e## - Procurement Specification ®®® - Pure tin>97% as per JEDEC # }> Manufacturer
- Maintenance Test plan Driven
e &
-, v —
j — L=l E6 LER! ESQC
et = — | ﬁ = Oversight
Manufacturer QML/PCAL  EG candidate L/ O 0

ESCC Enhanced Grade provides a new pathway between
commercial availability and full qualification.



European Preferred Parts List EPPL-2

ESCC Enhanced Grade

EPPL .
EPPL-1 1 ESCC Enhanced Grade
@ - |
. ESCC QPL \ sl o 3 ot y.
. ESCC QML @:it -
. JAXAQTS S
. etc. |
J

—&s

01ak

REDUCE
Cost & Lead time

L

STRENGTHEN

European component
capabilities

. Other Qualification

" EPPL-3

Evaluation,

- EU parts with ESCC,}

systems

ENABLE

Faster adoption of
new technologies
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; Anomalies

Component failures happen due to mechanical, thermal,
environmental, electrical, mounting, ageing factors, etc.

In-0rbit

Failures Non -

& Lessons Conformances
Learnt

T 'IPH

P ,||




1t Failures

In-0rb

When a "simple" component

causes Satellite in-orbit failures!

i

BepiColombo



AR ALY

~“: Mercury Magnetospheric

o ‘ i
b /el

i
- W o -

“orbiter (

MMO), aka Mio
JAXA

Mercury Planetary
Orbiter (MPO)
ESA

MMO - JAXA is a spinning spacecraft carrying a
payload of five experiments and instruments. ‘

MPO - ESA is a spacecraﬁ: with 11 experiments

and instruments.



BepiColombo: Lessons Learnt (LL) related to EEE

ﬂllechanical separation switches started to occasionally report separation. \

Several mechanical separation switches regularly toggles between separated and
not separated status. Also the clamp band status toggles between states.

Lessons Learnt:
- Design (Hermetic vs non-hermtic)
| - Choice of the switch (Space Grade vs Commercial)
s - Screening mcludmg run-in
- Application: The | ally Open (NO) contact shall also be
wired in addition to the Normally Closed (NC) contact. /




BepiColombo: Lessons Learnt (LL) related to EEE

ﬁelemetry data revealed an issue with the High Pressure Regulator (HPR) \
heating unit, part of the electrical propulsion system. The HPR heating unit

keeps Xenon in gas form, stopping it from turning into liquid.

Lessons Learnt:
- Process Improvement and Inspection during manufacturing

- Additonal RGA test during Qualification
- Application: Operating the Thermostat only at temperatures

where the contact stays always closed and controlling the
temperature at the target by using the Telemetry Thermistor
and the Power Distribution MOSFET /




VALATMERCURY  BepiColombo: Next Milestone!  {esa

EUROPEAN SPACE AGENCY

Mf = E L] 1 L]
3 September 2026 21 November 2026 9-10 December 2026 16 December 2026 10 March 2027 6 April 2027
The Mercury Transfer Module (MTM) MPO and Mio, still joined together, MPO releases Mio onto its final MPO ejects Mio's sunshield, and MPO arrives in its final orbit at  Science begins
releases the Mercury Planetary are captured by Mercury's gravity and 590 x 11 640 km orbit moves towards its final orbit 480 x 1500 km altitude
Orbiter (MPO) and Mercury orbit it at 674 x 178 000 km altitude

Magnetospheric Orbiter [Mio)

THE DATES OF THESE EVENTS MAY CHANGE FOR OPERATIONAL REASONS



; Anomalies

Component failures happen due to mechanical, thermal,
environmental, electrical, mounting, ageing factors, etc.

In-0rbit

Failures Non -

& Lessons Conformances
Learnt

T 'IPH
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Non-Conformances: 2025 & 2026

NCs related to Passive and RF Passive components by ESA Applications Directorate

2025 NCRs BY DIRECTORATE

HRE

2026 NCRs BY DIRECTORATE

EOP e
11%
30%

SCI
57%

Higher distribution of NCRs in Science than in Earth Observation in 2026 with respect to
2025



Non-Conformances: 2025 & 2026

NCs related to Passive and RF Passive components by component type

_

& 3;‘___ = - '1".

2025 NCRs BY COMPONENT TYPE 2026 NCRs BY COMPONENT TYPE .. ,:g;
Resistors ll{ -‘_'.”. —

= }"f{é
RF Passive
20%

isolator circulator 4%

Sensors
5%

Inductors/ Sensor 17%
heaters
5%

heater 2%
S filter 2%

capacitor 2%

Connectors
20%

ol

Electromechanical
relay
22%

connector 20%

vy

NCs are proportional to the number/amount of passive parts that are mounted in spacecrafts



Non-Conformances: 2025 & 2026

NCs related to Passive and RF Passive components by root cause

Most of the issues are related to the technology. There were mainly detected in the case of
non-QPL parts: mainly space-grade level, COTS and few ESCC QPL (used outside their
specification).

2025 NCRs BY ROOT CAUSE 2026 NCRs BY ROOT CAUSE

ASSEMBLY
15% ASSEMBLY AND

TECHNOLOGY
OTHER 28%

17%

ASSEMBLY
13%

ASSEMBLY AND
TECHNOLOGY
22%

OTHER
2%

TECHNOLOGY
P TECHNOLOGY s 57%
' 46%



Non-Conformances: Since 2021 till today!

NUMBER OF NCRs

50

45

40

35

30

25
20
15
10
5
0

2021 2022 2023 2024 2025 2026




Passive Component Anomalies

4 case studies:

Observation - Failure mechanism - Potential impact
ESA Materials and Electrical Components Laboratory

01 RELIABILITY TESTING

-

PIND
Particle impact noise detection

Environmental
Temperature cycling ; humidity

B

Vibration
Mechanical vibration

L
i
e

-
_I-
[ L.}
e
(
El

E

Shock
Mechanical shock testing

Hermeticity
Fine and gross leak testing

Wire bonding / die shear
Mechanical assembly evaluation

02

- &

| =
M
4 —

7 -

A

Surface imaging +
elemental analysis

FIB

Dual-beam + plasma
targeted sections

C-SAM
C-Mode scanning
acoustic microscopy

IMAGING & MATERIAL 03 LOCALIZE
ANALYSIS THE FAILURE
3DCT ) _i; Optical microscope
High-resolution 2D & e 14" . | External / internal
3D radiography W ol = inspection
SEM/ EDX
OBIRCh/

PhotoEmission
Electrical failure
localization

Lock-in
Thermography
Thermal failure
localization

0 RADIATION

EFFECIS

TID
Total ionizing dose:
Co-60 Gamma source

SEE

Single-event effects ; heavy-ion
and proton testing



Ceramic Capacitor Q

Failure description: Mechanical crack in the ceramic body causing electrical functional
failure

comce e e 01 OBSERVED ANOMALY

Crack observed in the capacitor body and
electrodes.

i i

02 FAILURE MECHANISM

The crack appears to be the final result of a
previous process; potential root causes might be
related to assembly, thermo-mechanical and
electrical stresses.

| - —= =t =Y —
I FA%) F*FrYRICTE y 1= ¥ ad =
.l-'—u-II‘II . uh-'"" :{ ?I Eii& E:-“ ;.= {_j‘b *-._!]' HI== Ihq\l'f Irk. " I'_-_:u

]

Insulation resistance drastically diminished to few
| miliohms.




Piezo Actuator

Failure description: Missing internal electrode in the ceramic body

01 OBSERVED ANOMALY

A discontinuity or missing layer is visible in the
internal electrode stack.

02 FAILURE MECHANISM
Non-uniform electric field - local electrical
overstress.

Reduced active area - loss of actuator
performance - potential electrical failure.




Crystal Oscillator [“ \ w

Failure description: Diminished wire bond attachment force due to Kirkendall voids

under the bond

§ 03 CONSEQUENCE

h._.u('

01 OBSERVED ANOMALY
Bond-wire pull testing and SEM examination

show poorly formed Au-Al bonds and voiding
beneath a lifted ball bond.

02 FAILURE MECHANISM

Kirkendall void formation can reduce the effective
bonded area and weaken the intermetallic
interface.

Temperature cycling or vibration can make the
damage worse and may cause an open circuit.



Crystal Oscillator

Failure description: Detachment of the quartz crystal from its contacts due to an

inadequate joint assembly
) 01 OBSERVED ANOMALY
The quartz crystal is detached from its assembly

points on the component’s package.

- Only two joints secure the quartz crystal and
carry both electrical and mechanical loads;
- The assembly does not provide a reliable

attachment.

Quartz crystal | B
I top (not glued) N |

“ |

|03 CONSEQUENCE
Electrical continuity and mechanical stability are
compromised, leading to unreliable operation and

device failure.

4%

wmlll
Bn

|02 FAILURE MECHANISM
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THERMAL &
MECHANICAL

Spacecraft systems tend to be designed
with increasingly complex architecture

management.
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CRYOGENIC

- European Technologies for Cryogenic Temperatures:

Science missions are requiring instrument subsystems capable of withstanding
and operating at cryogenic temperatures.

\ ! J |,__' ; - :.,__. = !
- 1._ b \‘..J"ii;f".':"ﬁry-r

EUCLID NewAthena
T~40K T~50mK!

This demand is driving advancements in cryogenic technology for space
applications, including improved thermal insulation, cryocoolers, materials,

assembly and several components that should operate efficiently at extremely
low temperatures.



CRYOGENIC

- Thermal sensors with High Electrical-Resistance Stability able to __ L4
withstand cryogenic temperature. (i.e. Sensing film composed of ™=
conducting zirconium).

- Thermal sensors pre-assembeled with wires, and integrated splice%

Space Qualified Small gauge (AWG 32-36) wires, made from phosphor
bronze or manganin, with extremely low thermal conductivity to
minimize heat flow, and qualified assembly process (crimping,
soldering, etc.)

- Assessment of performance and evaluation of lifetime degradation and
reliability for passive technologies (e.g., switches, capacitors, resistors,
inductors, connectors, wires, heaters, sensors, etc.).



HEATERS

- Qualification of All-Polymide High Temperature (up to
270°C) and Flexible heaters:
These heaters should be pre-assembled with wires and a
dediacted fast-locking connector (2/4 points).

» Qualification of Multi-function sensors for more efficient thermal
management:
Self-regulating heaters embedded with thermal sensors (e.g., PT
Sensors)

- Qualification of Flexible Heaters based on Advanced Manufacturing:
Novel 3D printing techniques, such as serigraphy and inkjet printing, offer a
simpler, greener, and more cost-effective manufacturing process compared to
the traditional photolithographic etching used in conventional heaters.



THERMO-ELECTRICAL MODULES

- ThermokElectric cooler (TEC) based on Peltier effect:

TECs were mainly sourced from suppliers in Russia and Ukraine, /: ‘F
emphasizing the need for European non-dependence. . \ L =
g

TECs are wused mainly for precise local -cooling/temperature
stabilisation of sensitive systems, such as Star trackers / optical

sensors, IR and optical detectors / focal-plane arrays, including CCD/
CMOS detectors.

To address this, ESA has supported two European manufacturers in
developing TECs capable of operating up to 125°C and delivering a
maximum temperature differential of 60°C between the hot and cold

sides.
/\\\‘/

/ Optimisation and qualification of European technologies, including fully
European materials such as bismuth telluride, should follow.



THERMO-ELECTRICAL MODULES

- ThermoElectric Generators (TEG) based on Seebeck effect:

TEGs convert a temperature difference into electrical power.

However, no space-qualified or space-developed solution currently
exists.

TEGs are mainly used for power generation from temperature-

gradients, most notably in radioisotope thermoelectric generators
(RTGs).

This would allow to launch and operate deep space and planetary
missions in environments where use of solar power is not possible!

In particular, it would enable the Voyage 2050 L4 mission to operate in
the extreme outer Solar System.

For more information, please join Martin Haag’s presentation on
Wednesday, 14th October at 10h40:
"Evolving the Enceladus L4 Mission Under New Launcher Conditions”



Relays

- High level vibration/shock relays for new systems
Improved design exceeding the current ESCC3602 levels for shocks and vibration.

o

s
CHIME g_:}’ ﬂgﬁ

\.t\ SENTINEL -1

=

o
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Copernicus Constellation:

The world’s largest Earth
Observation programme!

For more information, join ESA’s
presentation, Lorena Capitan - EEE
Engineer,
on Friday, 16th October at 10h50 :

"Lessons Learned on Electromechanical
Relays for Earth Observation
Applications"




Relays : | ]
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- High level vibration/shock relays for new systems
Improved design exceeding the current ESCC3602 levels for shocks and vibration.

- Electro-mechanical relays operating under high voltage
(up to 3kV) for electric propulsion

- Relays for Power platforms:
High-Voltage Electro-Mechanical Relays Capable of
Switching 100-150V and 165A!

- Digital Architecture: Replacing Mechanical Relays with
Solid State Relays for improved reliability and
performance.
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CABLE
ASSEMBLIES

thlcal High Data Rate Wires &
ESCC 3420 ESCC 3409 Cables




RF Cable Assemblies

- Today: ESCC QPL qualification of RF cable assemblies:
SMA 2.2 mm up to 22 GHz
2.4 mm up to 45 GHz
VHP RF cables
2.92mm up to 32 GH2

What is next?
Extending space-qualified RF interconnections towards 65 GHz with 1.85 mm

interfaces and 110 GHz with 1.0 mm interfaces, building on European connector
and cable-assembly developments. ="

e R
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Development of Phase stable Semi-flexible RF cable assemblies for phase
sensitive equipment.

Mineral (i.e. SiO2) based temperature phase-stable semi-Rigid RF cable assemblies
for phase sensitive equipment (e.g. SAR instruments, etc.)






Solderless

CONNECTORS Board

Cconnections

Miniaturisation
&
Easlier
Integration

Connectors are moving towards smaller footprints, higher data rates,
modular interfaces and faster integration.

Modular
Interfaces




Miniaturisation & Higher Density ~
D-Sub and Micro-D connectors remain established solutions for spacecraft

equipment, while Nano-D connectors offer further mass and volume savings for
tightly constrained applications, mainly scientific instruments.

Qualification of Micro-D with Removable crimp contacts and fast- ; :
locking mechanisms are valuable improvements for assembly and §§§_§;E_
rework.

g High-density board interconnections accommodate
= . %eesr several hundred contacts within a compact footprint.

/ . > :
» > N




S
e

Modular Interfaces

Configurable interfaces combine signal, power, RF and optical connections
within a common connector housing, reducing the number of separate
interfaces and simplifying equipment integration.

Zero Insertion Force (ZIF) and Low Insertion Force (LIF) _
interfaces reduce mating effort for flat cables. Development of
space-grade equipment-side connectors to be developed to

enable easy and reliable integration.

e

-
4 Standardisatioin for multi-fibre and multi-cavity optical
'f.é interfaces, building upon the existing work on single-

& €S fibre connectors.



Solderless Board Connections =

Press-fit and compression-contact technologies enable b,‘;:
electrical connections to PCBs without soldering.

FACT: Amphenol Positronic became the first EU manufacturer
to achieve ESCC qualification for press-fit connectors.

Other solderless technologies:
- Interposers,
- Spring-loaded, or Pogo contacts
« S-FECT interfaces,
should be developped for connections with reduced height <5mm, and

increased power (up to 100V and 2A)



Higher Data Rates \@L;1

Faster FPGA transceivers and increasing onboard processing demand higher-

performance connectors and board interconnections.
From ~12 Gb/s towards 56 Gb/s

Low insertion loss, low crosstalk and effective shielding become essential as
data rates increase.

Evaluation and Optimisation of high-density, HDR,
backplane board-to-board Connecotrs: COTS and space-
grade solutions for several standards cPClI, VITA, OpenVPX.

Development of HDR, mezzanine board to board connectors
+ modular (Power + RF).




BETTER INTEGRATION & ROUTING

Space applications such as robotic arms, deployable antennas, solar
arrays and compact payload electronics require lightweight, compact
electrical interconnections.




BETTER INTEGRATION & ROUTING

- Flexible Harness:
: ‘ - Mass savings target up to 30%
- Volume saving up to 75%
y - Reduction of cost by reduction of the number of devices
iy - Better shielding and impedance characteristics
- Drastic reduction of AIT integration time

FFC vs FPC
_ Flexible Flat Cable (FFC): Flexible Printed Circuit /
A flat, flexible cable (FPC): A flexible circuit S.
“Consis’cing of parallel consisting of patternedy:
B > metallic conductors conductive tracks, allowing \

> laminated between multi-layered structures,
v insulating films. and complex routing.




BETTER INTEGRATION & ROUTING

- What is the long-term trend?

Develop and Qualify flat cables for space and develop dedicated LIF/ZIF connectors with
a fast-locking mechanism for satellite electronic units and PCB boards.

These connectors allow direct mating with connectorless flat cables.
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RF & POWER

RF applications are driven by the
increase of:

FREQUENCY

INTEGRATION
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Activities
~ How is ESA supporting the | ESA ESA
European Passive Industry? | Fundings  Activities




HOW TO WORK WITH ESA TEC

INDUSTRY DRIVEN ESA DRIVEN
“I have an idea / capability” @ “I have a need / challenge” @
y CHANNELS: OSIP and ESA Star " V CHANNEL: ESA Star
First steps for unsolicited proposals are always through 0SIP. In ESA Star you can find the compendia, workplans, ITTs,
[Followed by ESA Star, where we have requests for proposals [RFPs), RFIs and roadmaps. We also have targeted industry
open calls and requests for information [RFI) on dedicated subjects. consultations, thematic workshops.
S ‘ h _____,-"I
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ROLE OF ESA TECHNOLOGY DIRECTORATE

Understand the idea and fit to need - Assess objectives and maturity

- Connect to expertise and facilities - Match to programme

GSTP

= -

GSTP E1 GSTP E1 GSTP GSTP
[ DISCOVERY ] [PREPAEATIDH] [ TDE ] [ GSTP E1 ] [F;ameu.lnrks: BB } [ Frameworks: De-risk ] [EEE cumpunents EEElIlencE & Securrtg SRYE R Reif =
Programme choice depends on strategic fit, funding route, Member State support and initiative use.
EARLY IDEAS 1. TECHNOLOGY DEVELOPMENT [51 DEMONSTRATION+ADOPTION (4 | Kl
(TRL 1-3) = (TRL 4-6) Cﬁ. e (TRL7-9) M e Space
Concepts, proof-of-principle, new approaches ~ Breadboards, validation, relevant environment | Flight qualification, IOD/I0V, mission use

Journey

. De-risked technology - Stronger European industry - Mission readiness
@'esa VALUE: - Competitiveness - Faster route from idea to impact

FUROPEAN SPALE AGENLY



ESA'S

DEVELOPMENT
ELEMENT

More than 50 years of
European technology development!

- Formely TRP (Technology Research Programme)
- Turning emerging concepts to demonstrated HOW IT WORKS?
technology.

- Funded by All ESA Member States!
- No National Delegation support is needed.

Starting TRL: 1-3
- Target TRL: 4
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THE GENERAL
SUPPORT
TECHNOLOGY
PROGRAMME

GSTP e

GENERAL SUPPORT TECHNOLOGY PROGRAMME

OPTIONAL PROGRAMME

TECHNOLOGY MATURITY



THE GENERAL
SUPPORT
TECHNOLOGY
PROGRAMME

GENERAL SUPPORT TECHNOLOGY PROGRAMME

ELEMENT 1

¥ DEVELOP

Develop:

Technologies
& Applications
for the Future

ELEMENT 2 EMENT

Y MAKE N FLY

Make: Fly:

Commercial In-Orbit
Development | Demonstration

Introduced at ESA Ministerial Council meetings

T ‘WK’ Resilience

_- EEE OJLLO & Security

EEE Resilience &
Sovereignty: Security:

European Resilient

Supply-chain Supply for Key
for Critical EEE Technologies

+ PASSIVES
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SUPPORT
TECHNOLOGY
A o GSTP EEE Sovereignty supports European technology advances, autonomy and secure the supply

chain of space Electrical, Electronic, and Electromechanical (EEE) components, considered as
fundamental building blocks of all spacecraft.

The Passive component industry is relatively mature, with established EU suppliers
compared to cutting-edge sectors like semiconductors, GaN, SiC, photonics and FPGA.

However, there has recently been a growing demand for high-reliability and
specialized designs that are not yet available within Europe.

During "EEE sovereignity workshop" (ESTEC, March 2026) users, agencies and
manufacturers came together to discuss critical Passive and RF Passive components.

ESA proposed potential activities that were discussed, prioritised and consolidated.



ESA proposed potential activities that were discussed, prioritised and consolidated.

The European passive components supply chain is resilient and strategically well-established.

However, several technologies have been identified for development, targeting niche markets
and specific performance requirements:

1.- High Current, Low Voltage Planar Transformers *
2.- High Data Rate board to board interconnection VITA B

3.- Thermal Sensors for Cryogenic Applications

4.- RF embedded SMD filters -

5.- Flexible Heaters for High Temperature (ASIl, ZOPPAS RICA, IT) 1.
6.- RF phase-stable cable assemblies (TDE, THERMOCOAX, FR)
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Space Journey: From Idea to Beyond the Sky

~1 year

IDEA SELECTION

1
s

CTB WORKING GROUPS

Passive WG

RF Passive WG

bid

ESA MISSION NEEDS

Recurrent Quality Issues
Design Challenges
Sovereignty/Critical
New Applications

Technology Gaps

TRL 2-3

~2-3 years

ITT
& DEVELOPMENT

ITT & CONTRACT

ESA funding Programmes:
TDE, ARTES, etc.

esa-star Publication
Tendering Period: 8 Weeks
Negotiation & Contract
DEVELOPMENT
Design & Prototyping

Manufacturing &
Optimisation

Preliminary Characterisation

~2-3 years

INDUSTRIALISATION
& QUALIFICATION

INDUSTRIALISATION

GSTP Funding or Self
Funding

Process Maturity
Supply Chain Validation
Flight Hardware Preparation

QUALIFICATION &
EVALUATION
Evaluation & Reliability
Testing

Qualification Testing

Assembly Verification

TRL 6-7

~2 years

PROCUREMENT
& INTEGRATION

PROCUREMENT
Flight Production

Space Craft
Integration

System Testing

FLIGHT PROVEN




Space Journey: From Idea to Beyond the Sky

Success Story: an example of building up the space passive component supply chain in Europe:

What was achieved?

A qualified, flight-proven European solution

250k€ ESCC 10+

~ Versatys® MMC TDE budget Qualified Years in orbit
Micro Modular Connector

ESA-funded TDE activity

POWER » COAXIAL * MINIATURISED

In orbit:

. gy T i’ |

ONEWEB
Versatility ONESAT
Fast-locking L ¥ - ARROW 450
Removable SAVING - and more ...

S Double Insulation

A Miniaturised and Versatile Connector for Power and Coaxial Applications: Enabling Fast, Reliable Integration in High-Density Spacecraft Architectures




@ -= ESA-STAR |

P

& osIP

ESA's Open Space Innovation Platform for ideas submission.



. ~6new
activities |

Budget

P
Activity

M * ;

K€ 24,000

KE 22,000

K€ 20,000

K€ 18,000

KE 16,000

K€ 14,000

j_lllIII

K€ 10,000

K€ 8,000
K€ 6,000
K€ 2,000

K€

2012 2013 2014

2015 2016 2017 2018
mAccumulated budget

2019 2020 2021 2022
Number of activities

2023

2024

2025

2026

o8 & 8 5§ 8 &§ 8 &
Number of activities

- D
o o

10



ESA R&D Passive & RF Passive Activities

ISOLATOR/CIRCULATOR
CAPACITOR SUPERCAPACITOR

GENERIC PASSIVE

13
CABLE& FUSE
CABLE ASSEMBLY —
INDUCTOR
RELAY
CONNECTOR TEST HOUSE
94 ACTIVITIES

OTHERS

IN YEARS 2012-2026
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Passive Components: News,Trends and Activities

Dr. Hussain Alaaeddine, Mr. Joaquin Jiménez, Dr. Léo Farhat
ESA - European Space Agency .

Thank You For Your Attention!




