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Motivation:

Take benefit of overall EEE market offer.

Some space missions accept higher risks levels (constellations,..., etc.)
Look for improved / SOA EEE electrical performances.
Availability:

o Easier access

o Shorter lead time

o No exportrestrictions
SWaP-C:

o Size

o Weight

o Power

o and Cost (keep overall owner cost in mind)

Concepttrend: good enough for the application instead of best Quality & Reliability product.




ALTER Space Environment

Orbit Type
ow Earth Orbit edium Earth Orbit eostationary
P Low Earth Orbi Medium Earth Orbit G i 0 'G‘ 'a"etas':ai';d deep
L)

Approx \“

. ) 300-2000km 2000 - 36000km &o%wm -
Altitude S

P\
Extreme "-150°C to *-170°C “\Q =
-150°C to +120°C" -180°C to +260°C" mseas

Temperature

“+120°C \)\a gc _ DuaEsAT

Cycles per day 12-16 approx‘O Q 2-12 approx. one per day Variable

Vacuum 10" % @anar 10" t0 10 "' mbar 10" t010™ mbar Down to 10" mbar
Yes

Yes Yes Yes

Vibration & mechanical Shocks duri unch, stage separation and payload release,
Vibration
operation an %al vibrations.

: MARS ODYSSEY
Low -middle
Middle Van Allen  End VanQ&p belts
Radiation Van Allen belts belts % Solar activity and _ .
Solar activity and activity and fl /. flares Cosmic Rays o :
Solar activity and flares Cosmic Rays Cosmic Rays 0 : Ay -
flares Q /. o , 100

B 1 d cold
oreafaurora and co Cold and hot plasma Hot plasma
plasma
i Micrometeorites / Micrometeorites / Micrometeorites /
Risk Impact Space debris Space debris Space debris

Reactive gases in
Others Atomic Oxygen planets atmosphere,...

AE—8 WX Integral Flux > 0.04 Me¥ (sm™ 5™




ALTER Risks when using Non Space qualified parts &&i esa

O Operating temperatures and thermal cycling.
O Mechanical robustness: vibrations, accelerations and shocks.
O Device behavior under space radiation: SEE effects, TID & DD.
O Resistant to atomic oxygen degradation and other gases.
O Vacuum, rapid depressurization tolerance & Outgassing
characteristics. 2000 heE1 —
O Forbidden materials: bright pure tin,.. R :ERL
O Package: new packages, processes and the use of unproven 10:': \ﬁﬁ T __:‘5‘
technologies... R

Product traceability, lot variability, variability within a lot,...

Access to Qualification & Reliability data.

Counterfeit risk, obsolescence,... No die inside|

0O U DO O

Final owner cost: unit price+ NRC.
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ESA Space Mission Classification - notions I/II

S
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€

Acceptable Risk LOW ACCETTABLE RISK HIGH
Risk of not fulfilling some or all of the mission
cltjexciinss Alpha Beta Gamma Delta
Criticality to Agency Objectives,
Strategy and Image Extremely Highly Medium Low Input Score (1to Weighted —
Flagship mission, international co-operation, Critical Critical Criticality Criticality 4) Score s _u
impact on strategic ESA goals and image esa mission
classification
Weight :
(10/25/30%): 25 X 2 0,50
Cost
Cost at completion inc. Phase E1 > 400 M€ 200 - 400 M€ 25 - 200 M€ <25 M€
Weight
(10/25/30%): 25 X 2 0,50
Mission Lifetime
Nominal mission life duration =7 FRaEs B=1 years 2-5 years <2 years
Weight
(10/25/30%): 25 X 3 0,75
Mission complexity Extremely Highly Medium
Design interfaces, unique payloads, new : Low Complexity .
technology development Complex Complex Complexity Grading System
Weight 25 X 5 0.50 1 <=Total <= 1,75 = Alpha
(RZ5800); ' 175<Total <=2,5 = Beta
0, - -
Total % (mu::)g)e 100 Total (i): 2,25 2,5 <Total<=3,25 = Gamma

3,25 <Total <=4,0 = Delta
ESA Mission Classification Andrew Brown Senior Product Assurance & Safety Engineer TEC-QPM ESA/ESTEC, Noordwijk, The Netherlands ESA-TECQP-HO-2025-000848 ACCEDE/ESCCON 2025 Seville - Spain
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Class Alpha % Beta% N Gamma %

JUICE Harmony Cheops EDU/ Nano
New Space 10D/IOV/ CubeSats

Success Probu max_ ” ‘

‘ 90%

Typical mission in class u

Nominated saving

Schedule Savings

Requirements
(Q+E Branch)

ESA Team Risk Mindset

ALTER

ESA Mission Classification Andrew Brown Senior Product Assurance & Safety Engineer TEC-QPM ESA/ESTEC, Noordwijk, The Netherlands ESA-TECQP-HO-2025-000848 ACCEDE/ESCCON 2025 Seville - Spain



EEE Available Quality Levels in the Market

'-_.ESCC

2 e
h European Space Components Coordination

= Qualified
ESCC - QML V - JAXA

= Non-Qualified
Equivalent Space

Component Technical Committee

Risk Increase / Unit price

» |ndustrial

Confidence Improve / Cost

= Commercial, ...

ALTER
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Comparison of Qualification /
ALTER Test requirements
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Space Grade Parts Automotive Parts
Production Volume Low High
How reach Component Confidence By testing By process controls + SPC
: SCC Yes as part of the No. Internal or by customer Automotive Electronics Council
A Manufacturing Line Certification Qualification ) v Companmat Techpicel Camniitive
uropean Space Components Coordination Evaluation Test Yes No
Screening 100% testing Yes No
LAT/LVT Yes No
Qualification Yes Yes
Maantenance for qualification Yes. Periodically When changes
- ' External entity: third party. Self-Certification
Qualification entity Space Agency
Customer Source Inspection
. Yes No
options: Precap / Buy-Off
Data & Documents CoC Yes Yes
Qualification and relaibility Data Yes No
Available Detail specification Yes No (Data sheet)
Traceability: wafer, wafer fab, .
assembly,..., etc Yes Typically no
Device serialization Yes No
AEC-Q100

Grade 0-40°C to +150°C
Grade 1-40°C to +125°C

(] (]
~95°Cto+125°C Grade 2-40°C to +105°C
Grade 3-40°C to +85°C
Environment Operating Temperature grades Grade4 0°Cto+70°C
Radiation environment (RHA) Yes - Severe No - Minimum
Humidity, dast, sun Low relevance Relevant
Vaccum Yes. Outgassing No

ALTER
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EEE Parts Selection & Procurement for Space

Mission :
Orbit
Mission Life
Radiation
Environment
Temperature
Ranges
Thermal
Cycles

Criticality
Acceptable
Risk Level
Schedule
Cost

ECSs_Q -ST.

ECcsg.

Q-ST~6O-15

Component
Technology
Knowledge

- gae
1e5““fmance —I->

Data accessibility
and assessment

f///

EEE

=QMLYV
ESCC — JAXA

=Non-qual
Equiv. Space

QML Q

= MFR EP
Enhanced P.

= AEC-Q / IEC-
CECC

=Industrial

= Commercial

= Custom and
new packages

+ activities:

= Data Analysis

= JD

= MFR audit -
Assessment

= Source
Inspection

= Evaluation Test

= Incoming Insp.

« DPA/CA

= Re-tinning

* Screening

= QCI/LVT

Others:

= Design adjust

= Simulations

* Margins and
deratings rules

» Testing at
higher level

= Others
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Brief System Introduction
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European Space Components Coordination
(ESCC) - Fundation and TASKS

The ESCC Founding Act was signed on 8 October 2002 by the ESA
Director General and representatives of CNES, ASI, DLR, BNSC

(now UK Space Agency), Manufacturers and Eurospace
association.

A) Executive:

= Specification System

= Advise on component policy

= Manage Evaluation qualification,...
activities

= Non-conformance control

= Specifications and Document custody

= Training and system promotion

B) Harmonization:

= Definition of Component Policies
= EEE Standards
= EEE technologies R&D programmes




European Space Components Coordination

(s
ALTER (ESCC) - Organisation \\
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(SCSB)
Space Components [«
Steering Board
Members from:
a ) + Space Agencies: ESA, CNES,
(CTB) PSWG DLR, ASI...
Component Technology Policy and * Component manufacturers:
Board / \ Standardisation G‘Ct've a”g passive y
CTB WGs Working Group » Users and service providers
« CTB Passive \_ ) (Eurospace)
* RF Passive
Silicon
»| - RF & Microwave
* Hybrid & Packaging M
Photonics Worknjg Groups
Radiation Specific Tasks
PCB/SMT,...

-"'o.l- - i )
gRThHE
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SCSB

(Space Components Steering Board)
* Overall direction and management of the ESCC

system.
* Implementation.
e Custody

« System promotion and disemination

ALTER
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CTB
(Component Technology Board)

Formulate programmes
« ldentify strategies and roadmaps
* Identification and anticipation of user needs.

« Maximize co-ordination of all space component technology
research and development activities.

« Maximum coverage of all required component technologies.

 Maintenance of a practical awareness of both the technical
and commercial trends of relevant component technologies.

b, ~ Sy
Rl Curopean Space Components Coordination

\R*—'—

€Sd
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PSWG
(Policy and Standards Working Group)

@ Provide assistance to the CTB with the selection of components for
evaluation and qualification.

@ Provide the necessary links with the ESCIES and EPPL functions.

o Formulate and elaborate measures which ensure the maximum use of
existing space component data in setting policy.

® Propose performance metrics for the ESCC Specification System.
@ Prepare ESCC Procedures.
@ Prepare ESCC Basic and Generic specifications.

® Prepare component related ECSS standards.

ESCC The PSWG shall also assist with the implementation of SCSB

/W//

B R ooees Space Components Coordinetion policy and with its overview of the ESCC Specification System.
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ESCC specification system

ESCC differentiates 5 document levels:

> Level 0 ESCC Charter and Policy.
> Level 1

O  Organisation: 10XXX

0  Support: TMXXX

O  Implementation: 12XXX

cuTs

> Level 2 Basic Specifications: 2xxxx & 2XXXXXX
> Level 3 Generic Specifications: 3XXX to 9XXX
> Level 4 Details Specifications: XXXX/XXX

Free access to all ESCC documents is available at:

17 ALTER




ESCC specification examples Level 1&2

> Level 1
| TIXXX a 12XXX




ESCC specification Levels 2, 3 & 4:

>  Level 2, Basic Specifications: 2xxxx &
2XXXXXX
Policy requirements
Test method, inspections and guidelines:
general and ancillary for specific families.

Evaluation requirements, flows,..., etc.

> Level 3, Generic specification.
Production requirements
Screening flows
LAT
Applicable test method

Lot acceptance criteria




INE:3:1 ESCC qualification options

» ESCC Component Qualification. To qualify individual types / or group
of types
ESCC 20100 “Requirements for Qualification of Standard Electronic Components for
Space Application. Qualified part types are within the QPL

» ESCC Capability Approval ESCC 24300

Escc 24300 “Requirements for the Capability Approval of Electronic Component
Technologies for Space Application”.

» ESCC Technology Flow ESCC 25400

ESCC 25400” Requirements for the Technology Qualification of Electronic Components
for Space Applications” Qualified manufacturer are in QML
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ESCCC 9000 Chart F1A General Flow for Procurement of
Packaged Integrated Circuits

ESCC Qualified

Not Covered by AEC-Q 100

Partially Covered by AEC-Q 100

AEC-Q cover of exceed by AEC-Q

Not ESCC Qualified

'

Lot Validation Testing

Para. 7.5 / Chart F4A
(Note 1)

4

Deliverable Components

Periodic Testing
Para. 7.4 / Chart F4A

Release

Delivery

ALTER



ESCCC 9000 Chart F2A Production Control for Packaged Devices

I COMPONENT LOT MANUFACTURING |
|

22

WAFER LOT ACCEPTANCE
Para. 5.2.1 Process Monitoring Review
Para.5.24 | SEM Inspection (1) Not Covered by AEC-Q 100
Para. 525 Total Dose Radiation Testing (1) (2)
I
SPECIAL IN-PROCESS CONTROLS Partially Covered by AEC-Q 100
WIRE-BONDED, BaTESRATED TR EUIT FLIP-CHIP INTEGRATED CIRCUIT COMPONENTS
COMPONENTS
- - AEC-Q cover of exceed by AEC-Q
- Add-on Components Attach (3) Para. 5.3.2(b) | Package/Substrate Visual Inspection
Internal Visual Inspection &
Para. 5.3.2(a) | Visual Inspection of Add-on - Die Attach
Components
Bond Shear (Flip-Chip) or Die Shear
Para. 53.3 Bond Strength (1) Para. 5.3.5 Strength (1)
Die Shear Strength or
Para. 5.3.4 Substrate Attach Strength (1) - Underfill
Add-on Components Die Shear
Para. 5.3.7 Strength or Substrate Attach Para. 5.3.6 SAM
Strength (1)
- Encapsulation - Add-on Components Attach (3)
Internal Visual Inspection &
Para. 5.3.2(c) Visual Inspection of Add-on Components
Para. 537 Add-on Components Die Shear Strength or
s Substrate Attach Strength (1)
) Encapsulation or
Heat-spreader Attach
Para. 536 |SAM (4)
Para. 5.3.8 Lid Pull (1) (5)
Para. 5.3.9 Lid Torque (1) (6)
Para. 53.10 |Dimension Check (1)
Para. 5.3.11 |Weight (7
gha) ALTER

TO CHART F3A — SCREENING TESTS




ESCCC 9000 Chart F3A Screening Test for Packaged Integrated Circuits

PACKAGED COMPONENTS FROM PRODUCTION CONTROL

Partially Covered by AEC-Q 100

- AEC-Q cover of exceed by AEC-Q

Para. 8.19 Solderability (3) (8)

I
TO CHART F4A WHEN APPLICABLE

ALTER

23
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ESCCC 9000 Chart F4A
Qualification, Periodic Testing and Lot Validation

for Packaged Devices Integrated Circuits

159,112, 8™
Components (4) (5)

150,11 @, 8
Components (4) (5) (8)

1500, 113,83
Components (4) (5) (7)

45® 150 112,80

Components (4) (5) (8)

5,33 2™
Components (4) (5)

Inspection (18) (17)
Para.8.1

i_ Space Components Coordination

- Not Covered by AEC-Q 100

Partially Covered by AEC-Q 100
- AEC-Q cover of exceed by AEC-Q

Difficult Direct Comparison:
Different Test structure, groups
Various test sample sizes
Inspection methods
Used test conditions,....

AEC-Q100 versus ESCC 9000
includes:
More Severe Moisture Test
Power Temperature Cycling
Process Average Testing & SPC
Group D - Die Fabrication
Reliability test




ECSS Standards ECSS-Q-ST-60 Branch EEE Components

ECSS-Q-ST-60

This standard defines the requirements for selection, control, procurement and usage of
EEE components for space projects.

This standard differentiates between three classes of components through three different
sets of standardization requirements (clauses) to be met.

ECSS5-0-5T-60-13

This standard defines the requirements for selection, control, procurement and usage of
EEE commercial components for space projects.

This standard is applicable to commercial parts from selected families:

Ceramic capacitors chips, Solid electrolyte tantalum capacitors chips, Discrete parts,
Fuses, Magnetic parts, Microcircuits , Resistors chips, Thermistors.

Space product
assurance

Electrical, electronic and
sloctromechanical (EEE)
its

componen

and electromechanical (EEE)
components

ECSS5-Q-5T-60-15

This standard specifies the requirements for ensuring radiation hardness assurance (RHA)
of space projects. These requirements form the basis for a RHA program that is required
for all space projects in conformance to ECSS-Q-ST-60. RHA program is project specific.
This standard addresses the three main radiation effects on electronic components: Total
Ionizing Dose (TID), Displacement Damage or Total Non-Ionizing Dose (TNID), and
Single event Effects (SEE).

S Sacrstmiat

Space product
assurance

Commercial electrical, electronic

25 _

Space product
assurance

Radiation hardness assurance -
EEE companents

88 Secrmarst
EsAESTEC
Pequiramants & Suandgs bacoon
Moordwip, The Nethetands




ECSS Standard ECSS-Q-ST-60

This standard defines the requirements for selection, control, procurement and usage of EEE components for space projects.
This standard differentiates between three classes of components through three different sets of standardization requirements
(clauses) to be met.

4 Requirements for Class 1 COMPONENLS ......c.cceceeuieerisssesesesssesesssssesssssssens 19 4.3'9 Destructive physical/analysis ...........c.cccciomiiiciiiinnnaniiiiniaincaaenies 38
4.1 Component Programme MaNAGEMENt ............v.vve.eveeeeeerseeeeesessesseeeeeesesens 19 4.3:10] RelifiNg: . icms i nm st e s e s s 40
T = SOOI S T N 19 301 IO RCUEEE S et LIUCUHIDn RSO BENV RIS oot et ol
412  COmpPONents CONErol PrOGraMME . ... ... ovveeeveeeeeeeeeeeseeeeeseeeseeessens 19 4.4, Handlinglahd storage ..o smnn o s v s s s we e as 41
4.1.3  Parts CONrol BOAI. ... ....oouieereereeeeeeeeeeee et ees e es e ses e eneeas 20 45 Componentquality @SSUraNCe ...........oooiiiiiiiiiiiiiiiiiiii 42
4.1.4 Declared components St oo 21 451 EONBIAL..........oremenrmensssssssmsmrsnnnesssssnmsnnrannssnsssanssnssnmssnsssnrssnssnssansrnassess 42
415 Electrical and mechanical GSE ..o 22 452 Nonconformances or TaIlUreSs .. ... imiiminininimsissiiiiaiivisins 42
4.1.6 EQM COMPONENES ..o eeeeeeesees s s eseeseess e seeseee e eseae 22 LT T S =Y - PR 42
4.2 Component selection, evaluation and approval ________________________________________ 23 454 Traceablllty ...................................................................................... 43
420 Generalc s st e TSR R SR SRS 23 4.5.5 Lot homogeneity for sampling test...........ocoiieviviioiiiiniiniiininnns 43
422 Manufacturer and component SEIECtion. ...........oo...oovvveerveereeereesrnee, 23 4.6 Specific COMPONENLS..........coceeeieie et e e e e e e e e ea 44
423 COMPONENt @VAIUAHON ... ovv.oeeoeeeeeoe e 28 4.6.1 T ey 44
4254 Parts (B pproval 31 4.8.2  ASICS .o i
4.3  COMPONENt PrOCUIEIMENL ..........cueeeeecescssiascsceeseaessessnas s sssnsesses s sasnaessesens 32 483 HYBHIS oo 44
B34 GONCIA oo 32 4.6.4 One time programmable and reprogrammable devices.................... 44
432  Procurement SPECIICAtIoN ........o..oovvovveeeeeeeeeeeeeeseeeseeseessesseeeseesenene 33 4.6.,5 Microwave monolithic integrated circuits ..........ccoevviviiiniiniinnninn, 45
4.33  SCreening rEGUINEMENES .......o..ovveeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeseeeeeereereeee 34 466  CONNECONS ...oceovuiiiiiiiiiir st 45
434 Initial customer source iNSPECtion (PreCaP) ............cvvwwerreeeereeeesreees 34 4.6.7 HighVoltage Application .....ccw:.ccoecs i o o 45
4.3.5  LOt @CCEPLANCE. .....cueieieiecteeetee ettt ettt ettt s 35 4.6.8  Self Made Magnetics. ... 46
436  Final customer source iNSPECtion (BUY-0ff) .........v.wveeeveerrerreeereeerenne 36 4.7 Docimentalion uamimmmannnmnann s raam e e 46
4.3.7 |'Incominginspections’. ... sumar e voss s s s e 37
4.3.8 Radiation verification teSting ..........cccooriiiiiiiiiece e a7
® ALTER

26



CSS

ECSS-Q-ST-60-13C Rev.2

30 April 2025

Table 8-6: Procurement test table for microcircuits

Microcircuits

Automotive Class | Class | Class Category Test type Sar:nple Test Procedure Speclﬁ.c.Test Note
grade 1 2 3 size condition
AEC-Q grd 0/1 X X X | Evaluation Radiation evaluation i.a.w. ECS5-Q-ST-60-15
AEC-Q grd 0/1 X X X | Evaluation Construction Analysis 5 i.a.w. Annex H + outgassing Note (d)
AEC-Q grd 0/1 X Evaluation Life Test 2000h 15 TM from Table 8-9 2000h LT Note (a)
AEC-Q grd 0/1 X X X | Screening Hermeticity all TM from Table 8-10 and 8-13 for hermetic parts
AEC-Q grd 0/1 X X X | Screening PIND test all TM from Table 8-10 and 8-13 for parts with cavity
AEC-Q grd 0/1 X Screening Complete screening all TM from Table 8-10 240h burn-in Note (b)
AEC-Q grd 0/1 X X X | LAT RVT i.a.w. ECSS-Q-ST-60-15
AEC-Q grd 0/1 X X X |LAT Construction Analysis 5 i.a.w. Annex H
AEC-Q grd 0/1 X X LAT Life test 1000h 15 TM from Table 8-11 and 8-14 1000h LT Note (c)
No X X X | Evaluation Radiation evaluation i.a.w. ECS5-Q-ST-60-15
No X X X | Evaluation Construction Analysis 5 i.a.w. Annex H + outgassing Note (d)
No X X Evaluation Complete Evaluation tasslees TM from Table 8-9 and 8-12 Note (a)
No X X X |Screening Hermeticity all TM from Table 8-10 and 8-13 for hermetic parts
No X X X | Screening PIND test all TM from Table 8-10 and 8-13 for parts with cavity
No X X Screening Complete screening all TM from Table 8-10 and 8-13 240{:2?;:;;?0” Note (b) in class 2
No X X X |LAT RVT i.a.w. ECSS-Q-ST-60-15
No X X X |LAT Construction Analysis 5 i.a.w. Annex H

Note (a): see 8.2b: Based on the review of representative data, as per 8.2f, the supplier may propose an adaptation and a minimization of these evaluation tests, to be
submitted to customer for approval through the JD's approval process.
Note (b): see 8.2c: Based on representative data, as per 8.2f, collected in evaluation tests and in the JD, the supplier may propose an adaptation and a minimization of these
screening tests to be submitted to customer for approval through the JD's approval process.

Note (c): see 8.2d: The supplier may propose an adaptation and a minimization of these LAT tests, to be submitted to customer for approval through the JD's approval process,
based on representative data, as per 8.2f, on parts not older than 2 years.
Note (d): see 8.2e: Outgassing test shall only be applied if all the three following conditions are met: 1.part package is based on organic material, AND 2.weight of one part >
100 mg, AND, 3.test required by the user program or critical applications.




ALTER Final Remarks:

>

AEC-Q EEE parts are not designed for space applications, but they may support space

missions under certain constraints.

Space Component users must take benefit of overall EEE market offer, AEC-Q parts provide

added value compared to other commercial products.

The selection and procurement of AEC-Q parts for space applications must follow a process,
including additional testing (when necessary), to ensure they meet the mission

requirements.

Cross-fertilization between AEC-Q and ESCC systems presents valuable opportunities for

mutual benefit.

AEC-Q representatives are encouraged to participate and engage in future space component

forums and conferences, such as ACCEDE | ESCCON.
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iThanks for your
attention!

.Are there any question?

Gonzalo Fernandez. www.altertechnology.com




