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Les poudres fonctionnalisées
au service de I'industrie

AU PROGRAMME v\*
> Définition d'une poudre fonctionnelle

> Les domaines d'applications s
> Les procédés de fabrication Sébastien Bucher
> Exemples d'applications Responsable R&D

> Questions / réponses en direct
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France Innovation (by ASRC) fédere

— Les entreprises innovantes realisant des prestations de recherche et de
développement technologique ;

— Les entreprises proposant des produits, procédées ou services innovants ;
— Les entreprises de type sous traitance industrielle ;

— Les entreprises du conseil et de 'accompagnement de l'innovation, etc.

Dans le cadre de sa plateforme communautaire France Innovation, investisseurs,
collectivités/clusters, etc ou encore organismes de recherche sont acceptes.
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& contact@france-innovation.fr W in B LETTRE DINFORMATION CONTACTEZ-NOUS

f,:;”ocf,ation FRANCE INNOVATION ~ ADHERER ACTUALITES ET EVENEMENTS v PLATEFORME COMMUNAUTAIRE O
Vous étes une entreprise ?
MEMBRE MEMBRE PREMIUM ME;’IRBEF:EIE:‘PER
Référencer la fiche profil de votre entreprise V4 V4 v
Utiliser le logo membre France Innovation V4 V4 v
Accepter ou refuser des rendez-vous de membres Vv v v
Solliciter des rendez-vous aux autres membres X v v
Diffuser des recherches de compétences V4 v v
Répondre a des recherches de compétences X V4 v
Participer a des webinaires V4 v V4
Organiser un webinaire X X v
Diffuser du contenu X X v
Tarifs préférentiels sur des évenements partenaires X V4 v
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c) France o

& FRANCE INNOVATION ~ ADHERER ACTUALITES ET EVENEMENTS + PLATEFORME COMMUNMNAUTAIRE
Innovation

Au service des entreprises innovantes.

France Innovation est une association professionnelle Vous recherchez une expertise R&D&l ?

qui fédere les prestataires privés de recherche et de Parcourez I'annuaire des membres

- . . ou contactez-nous.
développement technologique, les entreprises

proposant des produits, procédés ou services Trouver une expertise

innovants et les acteurs du conseil et de

I'accompagnement en innovation.

CHIFFRES CLES UN RESEAU NATIONAL Vous souhaitez valoriser

votre savoir-faire ?

« Porter une vision commune (prise de position 4o ;
Rejoignez France Innovation

. sur le Crédit Impdt Recherche, le Transfert de
., en relation par an . : .
en relation Pat.af technologies, le financement des projets

nationaux et européens Comment adhérer ?

Le site France Innovation utilise des cookies a des fins de statistiques. En poursuivant votre navigation, nous considérerons que vous acceptez l'utilisation des cookies.



<+ Mots clés

< Structure

v Compétences &
Expertises

Sélectionner

v Domaines d'application

7 Localisation

num dpt, ville

LA PLATEFORME COMMUNAUTAIRE

@ Triez par pertinence ou par ordre alphabétique

(622)

JL BA
¢ Group

BA Group, expert de |a conception et de la fabrication de systémes

robotiques et mécatroniques complexes et programmables pour..

https://www.batechgroup.com/

Voir plu
@ DEMANDER UN RDV
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CLHYNN propose une technologie de pile & hydrogéne vert
disruptive , qui va accelérer la transition énergétique dans la...

L

m

'H|YNNg

piLe Hyorooinel | | | | |

http:/faww.clhynn.com

LA

Voir plu

E DEMANDER UN RDV

au service des entreprises innovantes

LMAD

Les robots, véhicules autonomes arrivent pour remplacer,

augmenter les métiers manuels et humains en gérant les taches ...

http:/fvaww.lmad.eu

Voir plus

@ DEMANDER UN RDV

DA

@hiaMrAB

Diamfab est une start-up spécialisée dans la fabrication de

diamant pour des applications d'électronique de puissance et...

https://diamfab.com/fr/

Voir plus

@ DEMANDER UN RDV
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Experts en aérodynamique, mécanique des fluides et thermique
nous proposons des études en soufflerie (2,05x2,3m de section e...

http://www.aero-ce.com

Voir plus

ﬁ DEMANDER UN RDV

PISEC

photonics.innovation.services

Piséo est une plateforme d'innovation spécialisée en optique
photonique. Equipé d'un part de son propre laboratoire COFRAC,..

http://piseo.fr

Voir plus

ﬁ DEMANDER UN RDV



France

MEETINGS

Les RDV d’affaires des entreprises innovantes

Les participants 2023 :

93% ont identifié de nouveaux partenaires
92% envisagent de participer a nouveau

www.france-innovation-meetings.fr



FRANCE INNOVATION MEETINGS 2024 : 5 CONVENTIONS D’AFFAIRES 100% EN LIGNE

Energy & Santé, Cosmeétique et

Manufacturing Agroalimentaire Aérospatial Défense & Sécurité Matériaux

4 juillet 19 septembre 24 septembre 15 octobre 21 novembre
2024 2024 2024 2024 2024

p France France ~° % France France ~° % France
44 Innovation memes | INnNnovation me=mwes: WL 3 INnnovation memmes InNnovation memwe WL 3 INNOvation e
J Les RDY visio des entreprises innovantes. " Les ROV visio des entreprises innovantes. Les RDV visio des entreprises innovantes. Les RDW visio des entreprises innovantes. o Les ROV visio des entreprises innovantes.

www.france-innovation-meetings.fr


http://www.france-innovation-meetings.fr/

Attention, de nouveaux webinaires peuvent venir S’intercaler entre les dates ci-dessous.

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

20 juin | Valoriser la Pl lors d'une levée de fonds (HAUTIER IP)

27 juin | L'Accélérateur EIC Horizon Europe : jusqu'a 17,5M€ (Focus étape 2-full application)
27 juin | CIR/CII : Conclusions de I'enquéte de la DGE (Bercy)

10 sept | L'Accélérateur EIC Horizon Europe : jusqu'a 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'a 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)
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https://www.france-innovation.fr/webinaire/

www.france-innovation.fr

contaci@france-innovation.fr

-
in

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

hitps://twitter.com/Fr_Innovation




Surface materials engineering U P E

Functionalized powders & applications Webinaire— June 2024

Sébastien BUCHER



OUTLINES

* Presentation of the HEF group

* Production and use of Fonctionalized powders

* The Superball project: Production of innovative Solder Balls

2 @ scbastien BUCHER @ HEF GROUPE



HEF in Figures

Slnce 1953’ 3200 employees (worldwide) 317 M :€ 66%

70 years of surface materials
engineering expertise
(St Etienne Head Office)

of its capital held by employees
650 TE e Turnover - 2022 and 34% by the founding family
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5 key technologies for developing surface materials

/4
"

-~

THERMOCHEMISTRY PVD - PECVD FRICTION

COMPONENTS

World leader in ionic liquid World leader in carbon- Specialty player for severe
nitriding. based tribological deposits. environments.

3 areas of surface materials engineering

TRIBOLOGY PHOTONICS HYDROGEN TECHNOLOGIES

Understanding and Understanding and control  Understanding of the surface
mastering of friction and Of surfaces, interfaces and ~ phenomena related to the
wear mechanisms. optical components. electrolysis/fuel cell and
hydrogen engine

FEMTOSECOND
LASERS

This technology enables
cutting, etching on a micron
scale and the functionalisation
of all materials surfaces.

FUNCTIONALIZED
POWDERS

Our technologies enable the
manufacture of multi-material
functionalised powders.

ie3 HEFGROUPE



The group’s key areas of activity
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MOBILITY

AEROSPACE & DEFENSE GREEN ENERGIES

° ¢ HEFGROUPE



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

ie3 HEFGROUPE
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FUNCTIONALIZED POWDERS

General description

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:

v’ Efficient alternative to blended powders

v/ Add tunable surface properties like hardness, lubrication, conductivity, diffusion barrier, corrosion resistance or even wettability

” ) . d. ‘ ‘ core
dﬁ‘::: o‘s ’ ‘ ‘ ‘ ’ coating j

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

Multi core/coating design Any kind of morphology Wide range of grain size

< o~ o o
<} | gl il
+‘l —+ [ t Ill t
0203 0 2 8 20
1 10 100

From 500nm to 1Imm

glymer / Metal

LIFCO Industrie

@ sébastien BUCHER éé:‘ HEF GROUPE



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. Mutimaterial powders find applications in many fields

Dry Treatments Wet Treatments e Powder metallurgy

e  Additive manufacturing

* OMCVD 7 E*Im e Injection molding (PIM, MIM)

e Thermochimistry ) 4 CO"V‘?’S’»O"

* PVD ) Fully Coated * sol-gel...

L “Marietyof .\ TSS9
powders : e Thermal spray

e Cold spray

designs

Fine particles inclusion

i
S €
=]
c £
Smatige
C ®©
e o
=

e  Charged polymers

* Ball Milling
e Smart fillers

* Mechanofusion
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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

ie3 HEFGROUPE



Production of sintered components by Compacting / Sintering

Impact on the microstructure of sintered materials Use of coated powders as diffusion
barrier

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

and a blended powder Solid lubricant

O)

Mix of powders
Fe+ Cu

QF)}C) Iron Copper coated

080 powders

Th coated powder is adde by mixing with a metal matrix and
shapped by compacting/sintering

- v . e AN S

a5y . .‘ ’ ok .}‘ ',( v . {3 m‘(n
. ERa i Y RS BV k|
iy A DR 8 e N Metal matrix

24 .” 4 . s pa 2 Canal h‘_

: - 3 .55 : A4
‘ .-":' ¢ v L 9 : ""' )

B, o T j % ." P
- .; ‘A Ls ’G" @""{ : 2 3 7 E .. 5 ¥ &

E 4 P 4 - "‘ Z 5 g:‘ . . .
R e T G Sl Solid lubricant
.c -~ % / s ;. » N )

S e & (ispersion
LIFCO Industrie . '_\ e b o \'f A ey ™Y g ‘ ",,:

LIFCO Industrie

v The use of coated powders improve homogeneity and v’ The coating on the lubricant particle
provide specifics microstructures avoid its diffusion during sintering
{83 HEFGROUPE

(0]
C
o
o+
(q0)
B
o
o
©
G
@)
£
o
&
©
x
Q
7
| -
Q
O
S
@)
o
O
Q
=
‘©
(o
RS,
o+
(@)
C
)
L
10

@ scbastien BUCHER



Production of Multi-materials coatings by Cold Spray

Boron carbide nickel composite coating
O

Metal/Metal composite coating

Mix of powders

S B4C+ Ni

Hard Metal

% B,C/ Ni coated Powders
O
O

LIFCO Industrie
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.. 50pum A Ty T iy s -
n mmm SOpm°~ - ¥ 4 -3
% Coatings properties Coated powders Mix of powders
=
8. [ ]I° ceramic particles (B,C
= Fy 4 32,7 10,5 e .
()} vol. 0) Cold Sprayed coating 7
N : ENISE:
o Micro Hardness (HV 5) 429 290 ===
c
0 v'  Coated powders are a efficient alternative to
! v" The use of a coated powder greatly improve homogeneity and ed pow . . .
= i i obtain multi-materials coatings with controlled
T okt [lrofaiErtiss microstructures and compositions

//Q/j/ £ B4C/Ni Composite Coatings Prepared by Cold Spray of Blended

11 NN ARMINES o CVD-Coated Powders — Journal of Thermal Spray Technology — April 2012 @ HEF GROUPE



Coated powders for additive manufacturing (SLM)

Case of some « hard to build materials » by SLM

Copper J
High laser reflectivity i
Aluminium Coatings
High laser reflectivity Reduced Laser reflectivity
Oxidation sensitive Oxidation resistance ;
) Weldability R ) e, W AR LMY
Ceramiques Alloying element ' e e T ot
High melting point Selective laser melting of boron carbide particles
Cracking coated by a cobalt-based

metal layer - Journal of Materials Processing
Technology - March 2016

Coated aluminium powder

Coated copper powder

Coated spherical ceramic powder

Y

...........

-----------

$3400 20.0kV 9.8mm x1.30k SE 1/26/2017 10:00

LIFCO Industrie

¥ HEF GROUPE
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SOLDER BALLS

Our polymer core solder
balls, offering improved
mechanical strength and
thermal conductivity, make
BGA (Ball Grid Array)
technology more efficient
and reliable.

» Solder Balls Background

» New challenges in solder balls applications

» The SUPERBALL project issues

» Solder Balls synthesis and results

ie3 HEFGROUPE



Solder Balls background

-~

Available in different

Solid Beads usually made . i ,
diameters with a narrow size

Spherical morphology with
a very high rate of

of Sn/pb alloys ..

k fSn/p 4 distribution (+/- 5%) sphericity /
2
= / \
oM
S
o Electrical Contact S < \ N
o) % g e
2] function in .- / Q‘ / ‘ / .
2 Integrated circuit 4 S" &4 2
S packaging r 4
@ v v 7
= BGA
=~ ) component
E k Electronic assembly soldered with beads /
B @ scbastien BUCHER @ HEFGROUPE



New challenges in solder balls applications

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

Controlled Stand-off for
accurate assembly
design, miniaturization
and high density
interconnections (HDI)

Upgrated beads
properties
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@ scbastien BUCHER

Alumina CTE1

Thermo-mechanical stress
generated in operation

o

~

Temperature
variations are the
main factor in
electronic
components failure

Sodered ball cross section

/

4

Qe

No deformation during
soldering operations

~

.
9 @ @ @ st

Controlled « Stand-off »

\_
/

=D
8 _ -3

Corrosion
resistance

o

Mechanical
resistance

J
\

ko, €

Lead free Low cost

/

Development of
multimaterials
solder balls called
« Polymer Core
Solder Balls »

Metallic
Layers

Polymer

polymer core

\ 4

Upgrated Thermo-mechanical
resistance

-

SUPERBALL
R&D project

ie3 HEFGROUPE



The superball project issues

WPPE

Sovereignty with the l
development of a

national supply chain & &'?A NC©

industrial network.

anufacture of
Innovative solder balls
for high performance
and high reliability
electronics assemblies

=

Ef“gective solution to

the EU directives on
the restriction of
the use of lead in
the electronic
devices in 2026.

Acces to the global
solder balls market.
Development and
marketing of new
generation and top level
electronics assemblies.

Financier e b hoone Apes SAINT-ETIENNE
la métropole

Partnership THALES | [ vcomarc
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PCSB Synthesis & results

PCSB design & production steps

/ Metallic \
. Porous polymer core m==) Thermo-mechanical stress absorber
PCSB design 1st layer of copper (15-20um==) Flectrical & thermal conductivities
2" layer of Nickel (4-6pm) === Corrosion resistance/diffusion barrier
- 3rd layer of Gold (50-100nm)===> \Wettability / oxidation resistance Y

Surface finish & Morphology by SEM Beads size by image analysis

n

o Polymer beads

an)

| - o= 183mm 0
g PCSB Sieving of polymer beads Layer thickn(—:'ss on cross Mechanical properties
o . section

.3 synthesis .

v Metallizations by

8 electroless plating . Bl

| -

GE) Analysis .

= and L 7

8 , Controls 5 mm x100 SE 1/10/2023 R 500um AL R R R R i
17
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PCSB Synthesis & results

Plating process: simplified synoptic of the coating steps

Sieving Surface activation
Pol bead .
zgoyT :;og im: Calibrated beads Activated polymer beads Copper Cfb’::;; polymer
Xum +/-5%
Nickel plating
Sieving ‘
Controls Gold-Nickel-Copper coated Nickel-Copper coated
and Calibrated PCSB Superball polymer beads polymer beads
analysis
)
©
(aa] Beads after each coating step
M Bath chemistry
Q
T | Plating step m Chemical reactions Plating rates m
o
2 Polymer activation Proprietary Silver NPs grafting IREIS
| -
8 Copper plating HCHO + Cu?* + 30H" - Cu + HCOO" + 2H,0 ~ 10um/h IREIS
. . _ Electroless , .
CIEJ Nickel (P) plating H,PO, + Ni?* + H,0 - H,PO; + Ni + 2H* ~ 15um/h ATOTECH
—Z" Gold finish Galvanic displacement Ni + 2Au* = Ni’*+ 2Au ~50nm/5min  ATOTECH
o

@ sébastien BUCHER @ HEF GROUPE
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PCSB Synthesis & results

Evolution of the bead’s surface finish during plating steps

1- Starting polymer beads 2- Copper plating 3- ENIG finish

/

Levelling effect of the electroless copper plating

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

« Soccer ball » like surface
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PCSB Synthesis & results

Layers thickness measurment by cross section analysis*

1-Sample preparation 2-diameter measurment 3-Layers thickness measurment
a) Sample mounting
PCSB ..--=----- :
~ !\\\ o o
)] "_’\ ' s ~
2 R .

p :
Initial surface \

Cross section ——, (ﬁ@ E
.- v I .

Initial surface ’

b) Grinding

c) Polishing

< : y
Cross section q ™ T X
X

d 2 V‘f . >
R , t \ ‘i i .

. 4 100 ym* - Mag = 1x i Sigal =SE2 ‘ ‘ Date 23 e 2022 20 pm* Mag= 834X Signal A = SE2 Date -2Feb 2022
- g - ﬁ _ ﬁ
pees—. -1’ _'\'Ji),_’ WD =10.7 mm EHT =20.00 kV Time :15:39:20 S |_| WD =107 mm‘ EHT =20.00 kV Time :15:35:18 CMINES
v
Cross-section of PCSBs

ONi lﬁl Au
Ccu /

Compliance with layers thickness

F v e o
AL B

Fo: Polymere . )
et Specifications:
K\ PCSB v’ 1st layer of copper (15-20um)
v' 2" Jayer of Nickel (4-6um) |
'{T X d) 4 3rd |ayer of Gold (50—100nm) T oue 2302022
*« Multi-scale in-situ micro-mechanical characterization of polymer core sloder ball (PCSB) coatings for BGA é‘é} H E ':‘[’3 ROUPE
@ sébastien BUCHER  interconnections », Microelectronics Reliability, volume 148, september 2023



PCSB Synthesis & results

Beads size & sphericity controls by optical analysis

1-Sample preparation 2-diameter & sphericity 3-Specifications Compliance review
measurment by image analysis

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

Diameter tolerance +/- 5%

’r 1 r 18
-
§ 14
g
o 12§
. 10 4
N ITH
6] |
i
24 I ]I I
0 _ um
é Sample holder 725 730 735 740 745 750 755 760 765 770 775 780
© P Diameter (um)
E Optical ;‘ : =
o Microscope e = Sphericity tolerance 0,95 to 1
O .(ﬂm;ﬂ“l 6866ur
n . A 4 g = !
e a029a¥ ..
-l o295% e ®
@) o
0% o .
— « 2 o95——
m 2
£ % 9%, - : 2
S *r 5
— ; ® s
g BaCk"ghtmg View of the beads by « chineseshadows»principleg ) l i l T <
@( | R BT Num. of beads
H : mna I T il - I o~ h
e S e | HEFGRDUPE

N
[
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PCSB Synthesis & results

Microstructure analysis on FIB Foil*

Informations on the crystal
structures of coatings

1- Foil fabrication by FIB micromachining 2- Foil analysis by SEM (Transmission Kikuchi Diffraction)

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

Au
/

Amorphous

Ni-P

Nanocristallin

Specific crystal structures

AR linked to the plating process
Sample holder

Coatings properties # Bulk materials (Bibliography)
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*« Multi-scale in-situ micro-mechanical characterization of polymer core sloder ball (PCSB) coatings for BGA é‘é} H E ': ‘G ROUPE
@  sebastien BUCHER interconnections », Microelectronics Reliability, volume 148, september 2023



PCSB Synthesis & results

Mechanical properties characterizations by micro pillar compression*

1- Micropillar fabrication by FIB micromachining 2- Micropillar compression 3- Stress/strain curves for copper and Nickel
Pillar fabrication: . - 25
Micro machining FIB (Focus lon Beam) % | = g
Pillar size on Ni-P/Cu coatings: @=2 pm, h=4 pm ~i‘N )Eihm‘tmau Mictopillar compression 2|
ol Nt &z
_.:”?*ﬁ/_-_ @ 151
v ’ o, Cu20.6 GPa
g =1.7 GP
3 1} JY Ni ‘ Cul |
g Cu2
= Cu3
05| ——Nil |
Ni2
—Ni3
%) . | | .
© 0 0.1 0.2 0.3 0.4
(a 8] True strain [-]
| -
Q
S
@)
(Vg
8 Material Biblio. Meca.
S T T
@)
o Due to the specific microstructures, Yield stress of Copper and Nickel(P) are higher than e 0 e0o
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PCSB Synthesis & results

Reliability tests on test vehicle

Crack propagations analysis
in the solder pad area

Thermal aging cycle (-40 / +90°C)
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For more details...
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Multi-scale in-situ micro-mechanical characterization of Polymer Core e
Solder Ball (PCSB) coatings for BGA interconnections
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ARTICLE INFO ABSTRACT

Keywords: In the field of electronic packaging, the manufacturing processes involve electroless plating. The microstructure
PCSB of these materials differs from bulk materials, so do their mechanical properties. However, bulk material
EE“Z]]E“ mP;{F;r properties are commonly atiributed to them. This paper is focused on the characterization of the mechanical
Electroless nic

properties of a multilayer coating of copper and nickel-phosphorus deposited on a Polymer Core Solder Ball

M]c.m lerure . (PCSB) used for BGA (Ball Grid Array) connections. In this coating, the copper is nanocrystalline, while the
In-situ micropillar compression ) . B . )
FEM nickel-phosphorus is amorphous. In order to understand the influence of these microstructural differences on

the mechanical properties of the PCSB, a multiscale study is performed. First, at the microscopical scale,
the characterization of the mechanical properties (Young modulus {(E) and Yielding strength (s)) of two
coatings (Cu, Ni-P) is conducted. For this purpose, insitu micro-mechanical tests (Micro pillar compression
and nanoindentation) are carried out. Then, at the mesoscopical scale, the previous properties are validated
by applying a compressive loading to a PCSB solder ball. A correlation between the numerical and experimental
approaches is performed and revealed that the coating properties are different from those of the bulk material.

2
©
o)
S
)
©
o
Vg
w
| -
o
O
| -
o
=
=
o
a
25

@ sébastien BUCHER éé:‘ HEF GROUPE




Thank you for your attention

Sébastien BUCHER

R&D manager

Powders department

sbucher@hef.group
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