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1. Introduction and objective
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1. Introduction and objective

Protection of microelectronics

¥

[ Passive shielding

/ v Development \

v" Validation

« New composite
materials with
space radiation
shielding
performance

4 ACCEDE/ ESCCON | 25-27.03.2025

-~

Dam & Fill

T
> ©

Potting process

Process integrated light weight
solution for space radiation

+
Keeping desired MC properties
+

Qplicable as potting compound/

ALTER



2. Project structure
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3. New composite materials development (WP2-WP4)
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3. New composite materials development (WP2-WP4)
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4. Materials characterization (WP5)

*TMA: Thermomecanical Analysis
*EVI: External visual inspection

*TVAC: Thermal Vacuum Cycling
*TS: Thermal Shock
*RH: Relative humidity (humidity exposure)
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9. Radiation shielding characterization (WP9)
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Gamma radiation shielding test set u
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6. Materials characterization results (WP9)

Radiation shielding
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6. Materials characterization results (WP9)

M

TMA
Average values
Formulation CTE1(T<Tg) [um/°C] Tg (°C) CTE1(T>Tg) [um/°C]
Resin (control) 19,27 135,46 51,60
Resin + 5% Filler 18,01 135,08 47,82
Resin + 10% Filler 17,84 130,91 44 88
Resin + 15% Filler 17,53 144,67 46,50

CTE decreases for
formulations with filler
content when compared
with control formulation

DS Tg (DMTA) =187 °C

Measured Tg (TMA) < DS Tg (DMTA)

DSC comparison

ACCEDE/ ESCCON | 25-27.03.2025

CTE mismatches
decreased

Si= 2,6 um/°C
Cu =17 um/°C

e (um)

Bimension Chan

100

Resin + 10% (SN 10)

80 4

60

CTE2 (T>Tg): 45,22 pm/m°C /
T1:179,00°C - T2: 195,00 °C

40
] Tg: 131,34°C
20
CTE1 (T<Tg): 17,62 pm/m°C
T1:25,00°C-T2:78,00°C
-’A/.-:
%7 /’
'20 T T T T T T T T T
0 50 100 150 200

Temperature T (°C)

ALTER



6. Materials characterization results (WP5)

Viscosity
27800
27750 \/_/_/
27700
)
a
£ 27650
ey
‘@
S 27600
2
>
27550
27500 ¥ —_—
27450
30 50 70 90 110
Time (s)

Test conditions

Equipment Rotational
Viscometer Fungilab™
Speed (RPM) 5
Time (s) 120
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Control
—5%
10%
15%

The samples tested are compliant with

0 . general limits of acceptance for material
utgassmg selection according to ECSS-Q-ST-70-
02C: RML < 1,00%, CVCM < 0,10%.
Sample | TML (%) | SD (%) | RML (%) | SD (%) | CVCM (%) | SD (%)
Control 0,412 +0,004 0,295 +0,003 0,003 +0,002
5% 0,349 | *0,021 0,205 10,019 0,003 10,003
10% 0,323 10,010 0,171 10,025 0,005 10,001
15% 0,277 | %0,013 0,170 10,008 0,003 0,001
125°C
25°C
range 10° - 107 mbar
SR ALTER

RT airconditioning of sample after test:

223 °C,55%10 %HR, 24 h




/. Final formulation selection (WP95)

Screening tests
approach

Critical properties
characterization:

Material & Application
Approach valid for other

combinations of
materials
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TMA
Average values
Formulation CTE1(T<Tg)[pm/°C] Tg(°C) CTE1(T>Tg)[um/°C]
Resin (control) 19,27 135,46 51,60
Resin + 5% Filler 18,01 135,08 47,82
Resin + 10% Filler 17,84 130,921 44,88
Resin + 15% Filler 17,53 144,67 46,50
@
Outgassing
Sample | TML (%) | SD(%) | RML (%) | SD(%) | CVCM (%) | SD (%)
Control 0,412 +0,004 0,295 +0,003 0,003 +0,002
—Control 5% 0,349 | +0,021 | 0,205 | *0,019 0,003 +0,003
—5%
—15% 10% 0,323 | 20,010 | 017 +0,025 0,005 +0,001
15% 0,277 10,013 0,170 +0,008 0,003 +0,001
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Resin + 10% Fillers vs Control

Slight radiation shielding
improvement

Thermomechanical properties
enhanced (lower CTE)

Compliant with ECSS outgassing
limits

Not excessively high viscosity
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8. Test vehicles definition: Part types selection (WP6)
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v Available TID data
(ALTER data base)
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9. Test vehicles characterization (WP6)

Test plan: 2N2222A & 2N2907A

Encapsulated transistors: Resin + 10% Fillers
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10. Potting compound approach (WP06)

OP470AY/883C: Operational amplifier

Advantages

Customized protection: For the
whole assembly or selective

Thickness can be increased,
improving radiation shielding
properties
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Part type selection

v Encapsulated: Real
assembly scenario

v" High TID sensitivity

v' Available TID data (ALTER
data base)

v MOQ&LT

v' Simple electrical test set
up

Potting compound approach
testing

Control assembly:
TID

Assembly + Potting compound:
EVI + SAM + Baking + TID +
Cross section

Control assembly

Assembly + Potting compound
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1. Project status & Future developments

Materials, fillers, proportions and manufacturing processes: Defined
Composites manufactured and final formulation selected.
Part types for test vehicles manufacturing: Procured.

Adaptable methodology for material selection and characterization successfully developed and implemented: Valid for
other material combinations.

Adaptable gamma radiation shielding characterization setup successfully implemented: Valid for other materials.
Extrapolation to other manufacturing processes at assembly level (potting): On going

Radiation shielding simulations will be perform and will be compared with experimental results. Simulations can be
extended to other combinations of materials to widen the scope of the study in the future.

Expertise acquired during this project could lead to light weight solutions that allow to solve other radiation related
issues in space like crew protection, structural protection, etc.
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1. Project status and future developments

A lot of work and
research can still be
done:

v Different materials and
proportions
g, calalion v Improvements and
modifications in the
radiation shielding
characterization set up

September 2025

v' Simulations
comparison

v'Potting approach study

18 ACCEDE/ ESCCON | 25-27.03.2025 ALTER



TECNOLOGICO

ALTER |JE==% T

Thanks for your attention
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