Low cost PVD contact coating replacing plated gold.




 PVD technology supplier (PVD - physical vapor deposition)
— Equipment
— Process knowhow
— Sputter targets (material)
— Service

e Location: Link6ping, Sweden

* Public company, listed at Nasdag-OMX Stockholm

Unique offering

Industrial level PVD solutions
PVD solutions for connector industry

High-volume reel-to-reel PVD production equipment

Peter Hogfeldt
Business Area Manager
Electrical Contacts



PVD
— Vacuum deposition of thin films

— Vaporized material condensed onto
a surface

Common types:

Magnetron sputtering, Arc evaporation,
E-beam evaporation, Thermal evaporation

PVD in the industry:

Semiconductor, CD/DVD, Optics, FPD, Solar
cell, Construction windows, Reflectors, Food
packaging, Tool hard coatings, Decorative
metallization (plastic), Decorative ceramic
coatings (metal)
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Reflectors Black chrome on plated plastic

EMI shielding



Titanium eyeglass frames



Silver MaxPhase, replacement Ceramic MaxPhase,
of noble metal plating conductive ceramic

Bi-polar plates
for fuel cells
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For OEMs For connector companies

e Connector price (gold cost) e Production cost (gold cost)

* High dependence on gold * High dependence on gold

e Environment friendly supply chain e Offer lower cost and more environment
and products friendly alternatives to OEMs

* Restrictions for new plating lines,
difficulty to get licenses
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10% for industrial applications, e.g. electronics

90% for jewelry and capital investments

Annual gold production
Cube with 4.3 m side
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Gold price up 5x since year 2000.

Financial turbulence in the world, but
also increasing gold investments in e.g.
India and China as wealth increases.

What will happen to gold cost?
Can the industry afford to depend only

on gold, despite increasing cost and
large cost variations?
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Mobile phone battery
connector

High speed backplane
connector (press fit)

FPC connector

Current solution:
Selective 0.5 um plated Au + Au
flash, over plated Ni

New solution:
0.5 um Silver MaxPhase all over,
over plated Ni

Cost saving: 60%
(compared to gold plating cost)

PVD line productivity: 60 M/month
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Current solution:
Selective 0.4 um plated Au,
over plated Ni

New solution:
0.4 um Silver MaxPhase all over,
over plated Ni

Cost saving: 50%
(compared to gold plating cost)

PVD line productivity: 170 M/month

Current solution:

Selective 0.1 um plated Au,
over plated Ni

New solution:

0.25 um Silver MaxPhase all over,
over plated Ni

Cost saving: 30%
(compared to gold plating cost)

PVD line productivity: 500 M/month
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Gold plating process
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Hazardous materials (e.g. cyanide)

Pollution of environment,
or high cost for water treatment and
waste handling

Restrictions for plating lines, difficult to
get licenses

PVD process

e No hazardous materials

* No pollution. Water only used for cooling

of equipment.

 No restrictions/licenses for PVD

production lines



Cu-alloy substrate
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Silver MaxPhase (Sample 1-3)
(0.3 um over PVD-Ni): p»0.45

Electroplating comparison

Hard gold (0.5 pum over Ni): u»0.4
Silver (2 um over Ni): u»1.0

Silver (4-5 pm, no Ni): p»1.1

Note: Silver MaxPhase on 316L stainless steel
substrate, electroplated materials on brass.
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PVD Silver MaxPhase (0.5 um)
—

Plated Ni

Brass
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PVD Ni-alloy (0.2 pm)

PVD Silver MaxPhase (0.3 um)

/

304 stainless steel

PVD Ni-alloy (0.2 um)

Mixed gas test (96h)
IEC 60068-2-60 Test Ke
H,S 0,1 ppm + SO, 0,5 ppm
25°C, 75%RH

Salt spray test (48h)
IEC 60512-5 Test 11-6
5% NaCl mist

35°C, 90-95%RH

Other ongoing testing in
mobile phone projects:

- H,SO; porosity test

- Dry heat

- Damp heat

- Solderability

- Durability

- Electrical testing

- Mechanical testing

Testing based on IEC 60512
and IEC 60068
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New H,S test (24h) H,S test (90h) Mixed gas test (96h)
From Na,S solution From Na,S solution IEC 60068-2-60 Test Ke
25°C, ~90%RH 25°C, ~90%RH H,S 0,1 ppm + SO, 0,5 ppm
25°C, 75%RH
Pure Ag
(PVD coated)

Solderable Not solderable Not solderable

Silver MaxPhase™
PVD Ag-alloy

Solderable Solderable (Solderable) Not solderable

Silver MaxPhase™
PVD Ag-alloy

+ “PVD flash”

Note: Not noble metal or wet anti-tarnish dip.
Note: “PVD flash” not suitable for low contact force. Solderable
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High volume reel-to-reel PVD equipment
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Configuration example (top down drawing)

- Reels loaded inside the vacuum chamber Deposition moduls can be added for
- Multiple reels/strips in parallel additional processes or increased productivity.

- Strips move continuously through the system
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Vacuum pump module

Magnetrons

Material loading Material un-loading
module module
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Vacuum pump module
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Material loading
module

Material un-loading
module
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Loading modules opened for change of reel stacks
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PVD Silver MaxPhase addresses challenges with gold plating
— Gold cost

— Dependence on gold

— Environmental aspects and plating licenses

Cost reduction 30-60% compared to gold plating cost,
for dense stamped strip

Testing indicates Silver MaxPhase can be used for low force connectors,
where gold or palladium-nickel are required today

Reel-to-reel PVD production equipment available



