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France Innovation (by ASRC) fédère 

– Les entreprises innovantes réalisant des prestations de recherche et de 
développement technologique ;
– Les entreprises proposant des produits, procédés ou services innovants ;
– Les entreprises de type sous traitance industrielle ;
– Les entreprises du conseil et de l’accompagnement de l’innovation, etc.

Dans le cadre de sa plateforme communautaire France Innovation, investisseurs, 
collectivités/clusters, etc ou encore organismes de recherche sont acceptés.
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Représentation à double sens

Information Newsletters, Webinaires

Mises en lumière Annuaire, Magazine 360°R&D 

et réseaux sociaux, Webinaires, etc.

Mises en relation Recherches de compétences, 

Plateforme communautaire, France Innovation Meetings, etc.
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+685 membres avec fiche active

+9 000 inscrits à nos webinaires/an

+28 000 contacts

+2 900 mises en relation
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www.france-innovation-meetings.fr

Les participants 2023 : 

93% ont identifié de nouveaux partenaires
92% envisagent de participer à nouveau
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www.france-innovation-meetings.fr

http://www.france-innovation-meetings.fr/
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Attention, de nouveaux webinaires peuvent venir s’intercaler entre les dates ci-dessous. 

https://www.france-innovation.fr/webinaire/

20 juin            | Valoriser la PI lors d'une levée de fonds (HAUTIER IP)
27 juin            | L'Accélérateur EIC Horizon Europe : jusqu'à 17,5M€ (Focus étape 2-full application)
27 juin            | CIR/CII : Conclusions de l'enquête de la DGE (Bercy)
10 sept           | L'Accélérateur EIC Horizon Europe : jusqu'à 17,5M€ (Focus étape 2-full application)
03 oct             | Software, IA : quelle protection par brevet ? (HAUTIER IP)
14 oct             | L'Accélérateur EIC Horizon Europe : jusqu'à 17,5M€ (Focus étape 1-short application)
17 oct             | La texturation et la découpe par laser ultra court, au service de l'industrie (IREIS)

*En cours de programmation          | AAP Décarbonation dans l'industrie France 2030 (ADEME)

https://www.france-innovation.fr/webinaire/


www.france-innovation.fr 

contact@france-innovation.fr

https://www.linkedin.com/in/france-innovation-67607a166/

https://twitter.com/Fr_Innovation
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Surface materials engineering

Sébastien BUCHER

Webinaire– June 2024Functionalized powders & applications
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OUTLINES

• Presentation of the HEF group

• Production and use of Fonctionalized powders

• The Superball project: Production of innovative Solder Balls 

Sébastien BUCHER
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Sébastien BUCHER

Since 1953,
70 years of surface materials 

engineering expertise 
(St Etienne Head Office)

3200 employees (worldwide)

650 In France

66%
of its capital held by employees 
and 34% by the founding family

55 M€ 
Invested 2023

90
Industrial plants

In 21 countries

6500
customers

317 M € 
Turnover - 2022

200
patents



3 areas of surface materials engineering 
expertise

Understanding and 
mastering of friction and 

wear mechanisms.

Understanding and control 

of surfaces, interfaces and 
optical components.

Understanding of the surface 

phenomena related to the 
electrolysis/fuel cell and 

hydrogen engine.

TRIBOLOGY PHOTONICS HYDROGEN TECHNOLOGIES

5 key technologies for developing surface materials

THERMOCHEMISTRY PVD - PECVD FRICTION 
COMPONENTS

FUNCTIONALIZED
POWDERS

FEMTOSECOND 
LASERS

World leader in ionic liquid 

nitriding.

World leader in carbon-

based tribological deposits.
Specialty player for severe 

environments.
This technology enables 

cutting, etching on a micron 
scale and the functionalisation  

of all materials surfaces.

Our technologies enable the 

manufacture of multi-material 
functionalised powders.



The group’s key areas of activity
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CONSTRUCTION

AEROSPACE & DEFENSE

MOBILITY

MEDICAL

GREEN ENERGIES



FUNCTIONALIZED
POWDERS

Our technologies enable the 

manufacture of multi-material 

functionalised powders.

Developing solid materials (3D 

printing) or coating (thermal, 

electrical properties), etc.

➢ General description of functionalized powders

➢ Production processes and fields of applications

➢ Example of applications
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FUNCTIONALIZED POWDERS
General description

HEF is able to produce multi-core/coatings design at the particle scale with control over the size and morphology of the grains.  

Ceramic / Metal
Metal / Metal

Polymer / Metal

Multi core/coating design Any kind of morphology

From 500nm to 1mm

Wide range of grain size

Functionalized powders are multimaterials powders produced by surfaces modifications of commercial powders to improve their
properties. This core/shell powder design deliver number of benefits compared to standard powders for many applications:
✓ Efficient alternative to blended powders
✓ Add tunable surface properties like hardness, lubrication, conductivity, diffusion barrier, corrosion resistance or even wettability

core

coating

Sébastien BUCHER
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FUNCTIONALIZED POWDERS
Production processes & fields of applications

A wide range of multimaterial powders designs are obtained by using complex
technologies like dry, wet and mechanical treatments of core particles.

Production of Composite materials

Production of Coatings
• Thermal spray

• Cold spray

Production of Sintered components

• Powder metallurgy

• Additive manufacturing

• Injection molding (PIM, MIM)

• Charged polymers

• Smart fillers

Mutimaterial powders find applications in many fields

Sébastien BUCHER



FUNCTIONALIZED
POWDERS

Our technologies enable the 

manufacture of multi-material 

functionalised powders.

Developing solid materials (3D 

printing) or coating (thermal, 

electrical properties), etc.

Example of applications
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Production of sintered components by Compacting / Sintering

Use of coated powders as diffusion 
barrier

Solid lubricant

Diffusion barrier
coating

✓ The coating on the lubricant particle
avoid its diffusion during sintering

Metal matrix

Solid lubricant
dispersion

The coated powder is added by mixing with a metal matrix and 
shapped by compacting/sintering

Sébastien BUCHER

Impact on the microstructure of sintered materials

Case of a Iron Copper alloy: comparaison between a coated powder
and a blended powder

Iron Copper coated
powders

Mix of powders
Fe+ CuVs

✓ The use of coated powders improve homogeneity and 
provide specifics microstructures
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Production of Multi-materials coatings by Cold Spray

Sébastien Bucher

Metal/Metal composite coating

Hard Metal

Soft 
Metal

Cold Sprayed coating

✓ Coated powders are a efficient alternative to 
obtain multi-materials coatings with controlled
microstructures and compositions

B4C/Ni Composite Coatings Prepared by Cold Spray of Blended
or CVD-Coated Powders – Journal of Thermal Spray Technology – April 2012

Boron carbide nickel composite coating

B4C / Ni coated Powders Mix of powders
B4C+ Ni

Vs

✓ The use of a coated powder greatly improve homogeneity and 
coating properties
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Sébastien BUCHER

Selective laser melting of boron carbide particles
coated by a cobalt-based

metal layer - Journal of Materials Processing
Technology - March 2016

Copper

Aluminium

Ceramiques

High laser reflectivity

High laser reflectivity
Oxidation sensitive

High melting point
Cracking

Coatings

Reduced Laser reflectivity
Oxidation resistance

Weldability
Alloying element

Coated aluminium powder

Coated copper powder

Coated spherical ceramic powder

Case of some « hard to build materials » by SLM

Coated powders for additive manufacturing (SLM)



Our polymer core solder 
balls, offering improved 

mechanical strength and 
thermal conductivity, make 

BGA (Ball Grid Array) 
technology more efficient 

and reliable.

SOLDER BALLS

➢ Solder Balls Background

➢ New challenges in solder balls applications

➢ The SUPERBALL project issues

➢ Solder Balls synthesis and results
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?
Solid Beads usually made 

of Sn/pb alloys

Available in different
diameters with a narrow size 

distribution (+/- 5%) 

Spherical morphology with
a very high rate of 

sphericity

Electronic assembly

Printed circuit 
board

BGA

BGA component 
soldered with beads

Electrical Contact 
function in 

Integrated circuit 
packaging
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New challenges in solder balls applications
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Sébastien BUCHER

High reliability & high 
performance assembly
for severe applications 
(aeronautics, spatial, 

armament…) Thermo-mechanical stress 
generated in operation

Temperature
variations are the 

main factor in 
electronic

components failure

Sodered ball cross section

CTE 1

CTE 2

Controlled Stand-off for 
accurate assembly

design, miniaturization
and high density

interconnections (HDI)

No deformation during
soldering operations

Controlled « Stand-off »

Printed cicuit board

BGA
Balls

solder
Stand-off

KG

Corrosion 
resistance

Weight
saving

Lead free

Upgrated beads
properties

Low cost
Mechanical
resistance

Upgrated Thermo-mechanical
resistance

Development of 
multimaterials

solder balls called
« Polymer Core
Solder Balls »

SUPERBALL
R&D project

polymer core
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The superball project issues
Po

ly
m

er
C

o
re

So
ld

er
 B

al
ls

Sébastien BUCHER

Effective solution to 
the EU directives on 

the restriction of 
the use of lead in 

the electronic
devices in 2026.

Manufacture of 
Innovative solder balls
for high performance 

and high reliability
electronics assemblies

Sovereignty with the 
development of a 

national supply chain & 
industrial network.

Acces to the global 
solder balls market.
Development and 
marketing of new 

generation and top level
electronics assemblies.

Partnership Financier
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PCSB Synthesis & results
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Porous polymer core
1st layer of copper (15-20µm)
2nd layer of Nickel (4-6µm)
3rd layer of Gold (50-100nm)

Thermo-mechanical stress absorber
Electrical & thermal conductivities
Corrosion resistance/diffusion barrier
Wettability / oxidation resistance

PCSB design

PCSB
synthesis

PCSB are produced by a multi-step electroless process

Polymer beads

1

2
Sieving of polymer beads

3
Metallizations by 
electroless plating

4
Analysis

and 
controls

Surface finish & Morphology by SEM

Layer thickness on cross 
section

Beads size by  image analysis

Mechanical properties

PCSB design & production steps
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PCSB Synthesis & results
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Plating step Process Chemical reactions Plating rates Formulation

Polymer activation Proprietary Silver NPs grafting *** IREIS

Copper plating
Electroless

HCHO + Cu2+ + 3OH- → Cu + HCOO- + 2H2O ~ 10µm/h IREIS

Nickel (P) plating H2PO2
- + Ni2+ + H2O → H2PO3

- + Ni + 2H+ ~ 15µm/h ATOTECH

Gold finish Galvanic displacement Ni + 2Au+ → Ni2+ + 2Au ~ 50nm/5min ATOTECH

Plating process: simplified synoptic of the coating steps

Polymer beads
200 – 1500 µm Calibrated beads

X µm +/-5%

Sieving Surface activation

Activated polymer beads 700 – 750µm

450 – 500µm

250 – 280µm

Copper plating

Nickel plating

Copper coated polymer
beads

Nickel-Copper coated
polymer beads

Gold finish

Gold-Nickel-Copper coated
polymer beadsCalibrated PCSB Superball

Sieving

Bath chemistry
Beads after each coating step

Controls 
and 

analysis
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Evolution of the bead’s surface finish during plating steps

2- Copper plating

Levelling effect of the electroless copper plating

Cu Plating duration

- Bath formulation (reagents []°, additives, stabilizer…)
- Bath temperature / stirring parameters
- Plating time / Layer thickness

Main parameters affecting the levelling effect

3- ENIG finish

Smooth surface

Ni/Au

Bright finish

1- Starting polymer beads

High surface roughness

« Soccer ball » like surface
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Layers thickness measurment by cross section analysis*

1-Sample preparation 2-diameter measurment 3-Layers thickness measurment

Compliance with layers thickness
Specifications:
✓ 1st layer of copper (15-20µm)
✓ 2nd layer of Nickel (4-6µm)
✓ 3rd layer of Gold (50-100nm)

*« Multi-scale in-situ micro-mechanical characterization of polymer core sloder ball (PCSB) coatings for BGA 
interconnections », Microelectronics Reliability, volume 148, september 2023
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Beads size & sphericity controls by optical analysis

2-diameter & sphericity
measurment by image analysis

Keyence VHX optical microscope

3-Specifications Compliance review

Diameter tolerance +/- 5%

Sphericity tolerance 0,95 to 1

0,95

1

Sp
h

er
ic

it
y

Num. of beads

Diameter (µm)

N
u

m
. o
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750µm +/-5%

1-Sample preparation

Sample holder

Beads size & sphericity are Analysed by 
the « Chinese shadows » principle

Optical 
Microscope

Backlighting
View of the beads by « chinese shadows » principle
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Microstructure analysis on FIB Foil*

*« Multi-scale in-situ micro-mechanical characterization of polymer core sloder ball (PCSB) coatings for BGA 
interconnections », Microelectronics Reliability, volume 148, september 2023

Ni

Cu

Au

1- Foil fabrication by FIB micromachining

A foil (e<100nm) of the metallic stac is taken by FIB

Sample holder

Micromachined metallic stac

Amorphous

Nanocristallin

Specific crystal structures 
linked to the plating process

2- Foil analysis by SEM (Transmission Kikuchi Diffraction)
Informations on the crystal

structures of coatings

Coatings properties ≠ Bulk materials (Bibliography)



23

PCSB Synthesis & results
Po

ly
m

er
C

o
re

So
ld

er
 B

al
ls

Sébastien BUCHER

Mechanical properties characterizations by micro pillar compression*

Pillar fabrication: 

Micro machining FIB (Focus Ion Beam)

Pillar size on Ni-P/Cu coatings: Ø=2 µm, h=4 µm

1- Micropillar fabrication by FIB micromachining

Polymer

*« Multi-scale in-situ micro-mechanical characterization of polymer core sloder ball (PCSB) coatings for BGA 
interconnections », Microelectronics Reliability, volume 148, september 2023

Punch

Ni-P

2- Micropillar compression 3- Stress/strain curves for copper and Nickel

Due to the specific microstructures, Yield stress of Copper and Nickel(P) are higher than
« bulk materials »

Positive effect on mechanical properties of the beads

Compression device
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Punch

Cu

KO

OK

Resistivity variation during thermal aging (If ∆ R> 20% => KO)

Resistivity measurment
during thermal aging

PCSB Synthesis & results
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Reliability tests on test vehicle

Ni-P

After 2000 cycles, the crack propagations and the electrical resistance variation are 
less important for the PCSB than the standard assembly

Crack propagations analysis
in the solder pad area

Crack propagation in 
standard assembly

Crack propagation in PCSB 
assembly

Assembly cross section
Standards beads

Assembly cross section
PCSB

Thermal aging cycle (-40 / +90°C)

Test vehicle for reliability test
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For more details…



Thank you for your attention

Sébastien BUCHER

R&D manager

Powders department

sbucher@hef.group

Sébastien BUCHER



Questions / Réponses
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