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No branch in industry exhibits sich high development rates as the eledronic industry. Thisis
made clea by the fad that since many yeas the caability of eledronic devices is doubling
every 18 month. Main driving force behind this tednologicd development is the high
innovation rate for active semiconductor components which in turn has to be followed by
other electronic components. This also holds for electromechanical components as
conrectors, relais and switches.

Besides the general trends in electronic industry the technological development is influenced
by the demand of the single eledronic branches, at present especially by mobile phone and
automotive industry.

The major criteria that have to be fulfilled in connedor development are: high and reliable
eledrical function, miniaturisation, fulfilling of padaging spacerequirements and as easy as
possible manufaduring. Beside the technological criteria another tendency in connedor
manufaduring is given by the ntinuous deaease of the sales prices as well as the
continuous increase of functionality and increasing quality requirements.

In what follows the production chain for connedor manufaduring has to be dhedked to reduce
manufaduring costs as far as possible and to increase quality continuously.

Reel-to-Red connedor plating has been developed aready in the seventieth to plate
conrectors in the high volumes needed at areasonable price and with continuously improving
quality. Seledive plating technologies gave rise to hig savings in precious metals and provide
connectors with its needed functionality.

However due to cost reasons further improvements have to be made and the plating tools have
to be ajusted to miniaturised and mechanically more sensitive @nnedors. These
miniaturised connedors off course need to be plated seledively too.

New developed selective plating tools as SANJET® techrology of OTB can be gplied. The
SANJET® techrology is a mntactless masking technique, providing very narrow tolerances.
Computer controlled process of masking generates the necessary high flexibility of this
masking tedhnique.

Seledive plating and handling of 3-D connedors gives rise to high production cost savings.
At least two additional production steps as bending and cleaning can be saved when the
complete 3-D stamped material isin one step seledively plated.

From the very beginning of reel-to-red plating savings in precious metal coatings was
pradised by seledive techniques, by thickness reduction and substitution. Connectors for
mobile phones that have to stand many plugging operations traditionally are plated with hard
gold or PdNi/Au sandwich coatings. Due to the price of gold and palladium substitution of
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this wea resistant coating system is needed with comparable @nnedor properties. The long
known eledrolytic plating of nickel-phosphorous layers with a thin gold top coa can be a
suitable alternative especially for 3-D connedor plating.

In connedor and lead-frame plating especially precious metals are gplied at the seleded
areas with help of seledive plating modules which very often are decisive for the emnomy of
the whole plating process A variety of different seledive plating techniques has been
developed among them there ae wntrolled depth, brush and masking techniques. Due to
miniaturisation the nnedors became more axd more fragile thus giving rise to new
problems in handling and seledive plating.

To further improve reel-to-reel plating technology with resped to cost reduction the following
ways are possible:

- reduction of thicknessof precious metals

- higher seledivity of precious metal coating

- substitution of expensive precious metals

- higher plating rates

- saving of process $eps in the overall process chain including the stamper and

component manufadurer.

In what follows sme new developments are described that are successfully applied by our
company to substantiall y reduce production costs of connedors for our customers.

The basic ideabehind these developments is that already after stamping processthe wnnedor
has its final shape that is neaded for the eledromedanica component.

When we talk about 3-D seledive plating we ae talking about parts which are shown in
Fig. 1, where the connedors are bended out of the strip up to more than 10 mm and which
have to be seledively plated with PdNi (80/20) and gold flash on top.
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Figure 1. Battery connedors (mobile phones).



For seledive plating special systems have been developed that can be aljusted to the needed
seledivity.

Besides the nealed selectivity the major problem is to handle and transport the 3-D strip
through the plating line and keep it protected on the il during transportation. Every damage
of the precise geometry of the connedor in the third dimension makes the parts or even the
whole @il unusable.

This challenging problem could be solved only by the tight co-operation of the plater, samper
and component manufadurer. Besides the suitable seledive plating tedhnique special guiding
systems re- and dereeling systems, handling and transport units had to be establi shed.

Meanwhile abig spedrum of 3-D connedors has been plated (Fig. 2, 3). The Sim Card

Reader (Fig. 2) can be moulded and the antenna (Fig. 3) can be inserted dredly after plating
without any further forming operation in the stamping or bending tool.

Figure 2. Sim card reader.

Figure 3. Antenna ( mobile phone).

The number of process $epsin the production chain thus is reduced by two steps.
- bending after plating process
- cleaning process(during bending the contad areas are contaminated by the tool).



Besides the savings of two process s$eps further advantageous aspeds contribute to overall
cost savings.

- dueto lessprocess $eps reduced risk of production faults

- lesslogistic operations (transportation and storage)

- lessoverall production time and higher flexibility.

Connedors are expeded to have excellent properties with resped to the
wed resistance
corrosion resistance
low specific contad resistance
low insertion forces
good temperature stability
ductility
fretting corrosion
good solderabitity.

Nealy no base material is able to med these requirements, thus eledroplated coatings are
needed. Coating systems as eledrolytic nickel / hard-gold and electrolytic nickel / palladium-
nickel/gold-flash in most applications are sufficient for the required function.

Due to high price pressure new solutions are needed. OTB has developed its NiPhosCon?® -
system which is based on eledrolytic nickel-phosphorous plating and which uses only a gold
flash on top.

Figure 4. contact resistancevs. wea cycles for different coating systems.

In Fig. 4 the contact resistance of different coating systems is shown after different cyclesin a
tribometer (normal force 1,3 N). From the aurves it can be seen that eledrolytic-NiP / gold
flash has a constant contact resistance over all cycles and this value is below the aitical value
of 10 mW. The ontact resistance of the system eledrolytic nickel / 0,8 um Au of course
exhibits expeded excellent low and stable @ntact resistance The system eledrolytic nickel /
gold flash (0,1 um) however bre&s down arealy after 500 cycles.



Industrial test results acording to the so cdled Phoenix-test are given in Fig. 5. In this test the
systems eledrolytic-nickel / 0,8 um Au, eledrolytic-NiP / Au-flash and roll mill plated
AuAg26Ni3-alloy were compared. From the results it can be seen, that the NiPhosCon® -
system performed excellent in these tests.

The wea cycling and the @rrosion test (Phoenix-test) show sufficient contact properties for
the eledrolytic-NiP system by only using a gold flash (< 0,1 um Au) on top of the wnnedor.
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Figure 5. Phoenix test results.

In the wea test results it can be seen, that the tribo-system eledrolytic-NiP / gold flash is
superior to the system eledrolytic nickel / gold flash. It seems that the gold flash on top of the
hard eledrolytic-NiP layer works asadry “lubricant”.

The good results of the NiPhosCon® -system in the Phoenix-corrosion tests can be interpreted
by the good corrosion resistance of the electrolytic-NiP coating. Composition of the nickel-
phosphorous eledrolyte and special organic additives reduce pores and cradks in the 1,3 — 3
pum thick coatings sufficiently.

The high hardness of electrolytic-NiP coatings results in a low elongation of rupture, thus
forming operations after plating are limited. That is why the NiPhosCon® -coatings are
especially suitable for 3D-applicaions where wnnedors arealy are finally bent before the
plating process

Summarising, the NiPhosCon® -system with only a gold flash on top is able to fulfil
connector requirements sufficiently in many kinds of applicaion with resped to needed
eledrical values, wea and corrosion resistance. Compared to standard systems for connedor



plating as eledrolytic nickel / 0,8 um Au or eledrolytic nickel / 1 um PdNi (80/20) / Au-flash
the NiPhosCon® -system is an option to reduce the predous metal content in connecor
plating without lossof quality.

The immediate neal to conserve precious metals, as well as provide long lasting, reliable
eledronic components, demands the use of seledive plating techniques. There ae many
production proven systems avail able today. The specific techniques are: controlled immersion
with strip badk and anode or cahode shielding, spot plating with a permanent mask usually
fabricated out of moulded silicon rubber which opens and closes in a clamshell fashion, wheel
or drum plating techniques where seledivity is achieved by means of mechanically masking
areas not requiring metal deposition with a large rubber coated plastic wheel in conjunction
with movable rubber masking bands, brush plating technique where the plated parts are in
dired contad to a cloth which is filled with eledrolyte and the cloth is covering the anode,
and the taping technique where the aeas that are not to be plated are taped with an eledrolyte
stable foil.

Trend for miniaturisation gives rise to more fragile and threedimensionally bent connedors.
Applicaion of mechanical masking techniques therefore will become more limited for they
may lead to a damage of the @mnnectors.

Furthermore changeover to different strip patterns or from strip to spot should be ale to be
performed quickly and in one seledive unit with rather high precision.

With its patented SPINJET®-head OTB has developed a seledive masking system that very
precisely is placing dielectric drop-lets onto the surface covering those aeas that are not to be
plated (Fig. 6). After the plating process the dieledric is removed online mmpletely in a
special cleaning system without using any organic solvents.

Figure 6. SPI NIETC-sdledive system.

With help of this SA NJETO-selective technology tin spots and stripes have been plated in
reel-to-red mode (Fig. 7).



Figure 7. Seledive one side eah copper plated strip (remaining tin).

Also completely formed | DC-contacts were seledively nickel and gold plated in 3-D manner
(Fig. 8a, b).

With help of computer control many different patterns can be aljusted to the plated material
within a short time.

Figure 8 a. IDC-contact. Figure 8 b. Seledive nickel and gold plated
IDC-tulipe.

Due to miniaturization and ever increasing demands for quality cleaning operations in the
process chain are getting more and more important. Processintegratability, easy handling,
and low running carts are a prerequisite for modern cleaning systems. As these systems are
operated in existing production facilities, the use of cleaning chemicals very often is
forbidden. Thus closed loop systems without using chemicds are needed. Further more
modern cleaning strategies need cleaning systems that remove impurities as far as necessary
and not as far as possible. For instance it does not make sense to remove oil from stamped
parts completely, when they are stored and transported afterwards and a @rrosion protection
of the material is needed. However over standing oils, metal spans and ather dirt have to be
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taken away from the stamped material, to prevent their diffuse spread out in the tools of
subsequent process $eps and the whole stamping shop.

OTB has developed with its SPOX®-systems a family of process integratable cleaning
machines applicable for red-to-red, cut-strip and batch operations. The systems are based on
high water presaure, that is rim in a closed-loop system SPOX®-HP (Fig. 11) and on
atmospheric plasma (SPOX®-P) (Fig. 12). If the cleanlinessis measured by means of surface
tension, then the high-water-presaure systems (SFOX®-HP) are ale to give cleanliness of
40-42 mN/m and the plasma system (SPOX®-P) up to 72 mN/m, which is sifficient for
bonding operations (Fig. 13).

Fig. 11: SFOX®-HP Fig. 122 SFOX®-P

Fig. 13



