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A met o and an apparatus or se ectively electroplating apertured metal 

or metallized products. 

The invention relates to a method for selectively electroplating 

apertured metal or metallized products obtained by stamping or etching; 

wherein a fully closed photoresist layer is electrophoretically applied 

to the apertured products, and wherein after drying of the photoresist 

layer, the apertured products are covered with at least one photomask at 
' 

desired locations, followed by exposure of the products covered with (a) 

photomask(s), after which the photoresist layer is removed, by means of 

a developing process, from the parts of the apertured products to be 

electroplated after removal of the photomask(s), whilst the remaining part 

of the photoresist layer on the apertured products serves as a mask for 

the metal products upon e lectrop lat ing those parts of the apertured 

products from which the photoresist layer has been removed. 

In the industry use is frequently made of metal or metallized 

products, which for technical and/or economic reasons must be selectively 

electroplated, mostly with a precious metal. Generally it is required 

thereby that said electroplating must take place as accurately as possible 

on the intended places, since plating of non-intended parts may lead to 

malfunctions when the product is being used and/or to undesirable 

consumption of the costly plating material. 
Figure l shows a typical example of such a product in the shape 

of a metal frame which is known per se, a so-called leadframe 1, with 
parts of leadframes contiguous thereto. Such leadframes are usua 1 ly stamped 

or photochemically etched from a metal band or strip or obtained by 

photochemically etching of a metal foil applied to a film of plastic 

materia 1. 
Figures Z and 3 likewise show products known per se, which are 

interconnected in endless product bands or strips; Figure 2 showing an 
example of products 2 used for transistors and Figure 3 showing an example 

of products 3 used for contact systems. 
These products have parts, which are indicated by hatched port ions 

in Figures 1 - 3), which are to be plated with a metal. It is also possible 

that only a small part of a surface must be platedt for example the part 

indicated by black planes in Figure 3. Furthermore these products are 
provided with a larger or smaller number of apertures 4, which at least 

partially surround the areas to be plated with a metal. 
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Although it will also be possible to use the method and the 
apparatus according to the invent ion to be described hereafter for products 
such as those shown in Figures 2 and 3, the invention will be explained 
in particular with reference to its use with the so-called leadframes, 
since particularly these products are of a generally very vulnerable, 
complicated structure, whilst in particular with these products very strict 
requirements are made with regard to the plating of a metal solely on the 
intended places, while using a minimum amount of plating material. 

As already noted such leadframes, which are initially 
interconnected in elongated bands or strips, are usually made by etching 
or stamping. In order to be able to carry out such plating of metal 
products as accurately as possible, there have been quite a few 
developments over the years, as for example described in US Patents 
Nos. 3,746,730, 3,819,502, 3,855,108, 4,376,017 and 4,493,757, and also 
in European Patent Applications Nos. 0055130 and 0382283. As is apparent 
from these publications the bands or strips may thereby be continuously 
or intermittently transported through the processing apparatus, whilst 
during the intended electroplating mechanical masks, such as belts of a 
flexible material moving along with the products or pads of a flexible 
material, which are intermittently pressed against the products, cover 
those parts of the products which must not be plated. 

When using a leadframe 1 as shown in Figure 1, a chip is usually 
placed on a platform 5 and connected to the ends of the leads 6 located 
nearby the p 1atform by means of gold or aluminium wires. Then the platform 
and the chip and the ends of the leads 6 connected to the chip are 
encapsulated in plastic material and the surplus parts outside said package 
of plastic material are cut from the leadframe shown, whilst the parts 
of the leads 6 projecting from said package of plastic material will be 
used for beipg connected into an electronic circuit, such as for example 
a printed circuit or the like. 

The embodiment of the leadframe diagrammatically illustrated in 
Figure 1 is of very simple construction. In practice leadframes having 
more than 200 leads are sometimes used. An example of a leadframe la having 
208 leads is shown in Figure 4. Usua tly such products having a very 
complicated structure and comprising a large number of leads are not 
manufactured in the form of elongated bands to be wound on coils, but in 
the shape of strips having a length of 150 - 240 mm. 
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In addition to the increasing integration of functions at chip 
level, with the increase in the number of leads per chip resulting 
therefrom, there is a tendency to reduce the thickness of both the metal 
used for the leadframe and the above-mentioned package of plastic materia 1, 
in which the chip and the leads on the chip are encapsulated. It is already 
being attempted to reduce the thickness of the leadframe material from 
the usual 0.25 - 0.35 mm to 0.08 - 0.15 or less, whilst it is aimed at 
to achieve a package thicknes.s in the order of ± 1.2 nnn instead of the 
3.0 mm of the packages used so far. 

This miniaturization trend may be expected to continue. 
Increas fngly strict requirements are made of the accuracy ·of 

position and form of the metal selectively plated on to the products, also 
with a view to the reliability of the end products in which such leadframes 
provided with chips are used. 

It is no longer possible to realize these strict requirements with 
the mechanical masks that have been used so far, wherein use is made of 
upper and/or lower masks, of which at least those parts that come into 
contact with the products are usually made of resilient material, and 
wherein at least one of the masks is furthermore provided with passages 
in accordance with the selectively plating to be carried out on the 
products. 

Thus Figure 5 schematically shows a sectional view of a number 
of leads 6, which are clamped between an upper mask 7 and a lower mask 
8, as is usual when the above-described apparatuses are used for 
electroplating. 

As is apparent from Figure 5, channels 10 are thereby present 
between the cut edges 9 of the leads, in which an electrolyte may flow 
during the intended electroplating, so that not only an intended part 11 
of a lead 6 (Figure 6) will be plated with a metal, but also, at 12, the 
cut edge 9, as indicated by the hatched portion in Figure 6. 

Figure 6 also indicates, by means of lines A-A and B-B, the 
boundary of the package of plastic material referred to above. In practice 
it often occurs that the undesirable metal coating, usually consisting 
of silver, which is formed on the cut edge 9, extends beyond such a package 
of plastic material, as indicated by a cross-hatched portion 13. The fact 
that the plating material, silver, projects from the package of plastic 
material involves the risk-0f a short-circuit among the lead~ as a result 
of the migration of silver ov~r the surface of the plastic ll@_terial. 
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Furthermore the materia 1 of the aforesaid package bonds much better 

to the base material than to the plated material, so that also in view 
of said bonding the presence of plating material on non-functional places 
is disadvantageous. 

Also the platform 5 (Figure 1) must be provided with an intended 
metal coating only at the side on which the chip is provided. When using 
the techniques comprising mechanical masking systems that have been used 
so far, it becomes apparent,, however, that in particular with the, 
complicated leadframes made of a very thin material, using the masking 
techniques that have been usual so far, electrolyte will seep through along 
the cut edges of the platform to that side of the platform which faces 
away from the side on which the chip is to be provided, so that in the 
end product also the side of the platform 5 facing away from the chip is 
at least partially plated with a metal, as indicated by a hatched portion 
in Figure 7. As already said before, this has an adverse effect on the 
bonding of the package of plastic material encapsulating the central 
platform with the chip, so that ;t is desirable to avoid such plating of 
the rear side. 

Besides the problems referred to above there is also a great risk 
of mechanical damage, such as bending of the platform and/or of the leads 
and the indexing holes when using the mechanical masking systems that 
have been usual so far with the above-described, particularly vulnerable 

. . 
leadframes. This may already be caused by pressing the mechanical masking 
systems against the very thin products with the required force. Furthermore 
the vulnerable parts of the leadframes tend to stick to the masking systems 
when the mechanical masking systems move in a direction away from the 
leadframes, as a result of which the further transport of said leadframes 
is interfered with and successive products will come into contact with 
each other. 

In order to be able to meet the increasingly strict requirements 
with regard to the accuracy with which metal products are to be plated, 
the applicant has contemplated covering the metal products with dry films 
of a photosensitive material and locally exposing said films in accordance 
with the intended plating, 1n order to be able to subsequently uncover 
the metal product again at desired locations, by means of a developing 
process, with a view to carrying out said plating. When such films are 
applied to either side of apertured products it becomes apparent, however, 
that after exposure and developing the films present on the front and rear 
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sides of the product do not properly abut each other between the apertures, 

resulting in channels being formed, whilst also the cut edges of the 

apertures provided in the product are not masked in the product surface 

uncovered by exposure and developing. Consequently also the cut edges of 

the apertures in the uncovered surface and at least part of the channels 

present between the upper and lower films are undesirably plated in the 

final plating process, in a similar manner as described above with 

reference to Figures 5 and 6 •. 
Furthermore it has been contemplated to immerse the products in 

or spray them with liquid photosensitive materials and to expose desired 

places of said photosensitive materials in a similar manner as described 

above. It became apparent thereby, however, that after drying of the 

photosensitive layer said photosensitive layer had withdrawn to such an 

extent at sharp edges and burrs possibly present on said edges, that the 

photosensitive layer remaining behind at that location was porous and 

provided insufficient protectton when plating was carried out follow;ng 

exposure and developing, so that plating also took place on undesirable 

places along said insufficiently protected edges and/or burrs, with all 

the disadvantages attached thereto. 
The disadvantages resulting from the use of mechanical masking 

systems and of photosensitive foils or liquid photoresists can be avoided 

by using the method referred to in the introduction, wherein, as described 

in European Patent Application No. 0507043, a photoresist layer is 

electrophoretically applied on the apertured products. As described in 
EP-A-0507043 the apertured products are immersed in a photoresist bath 

for that purpose, whereby, dependent on the photoresist being used, the 

product is used as an anode or a cath~de. The product is kept inunersed 

in the bath thereby until the desired photoresist layer has grown on the 

product, whi~h becomes visible fn that the current applied has become zero 

or practically zero. In order to promote the formation of a satisfactory 
coating thereby, the photoresist bath is preferably vibrated. The 

electrophoretic resist layer applied, fully encloses all parts of the 

apertured products, sharp edges included. 
Inuners ing the product, connecting said product to a power source, 

keeping the product immersed in the bath for some time and subsequently 

disconnecting the power source and removing it from the bath again all 

add up to the fact that this is a very time-consuming me'-'-t_ho-'d-·~~· 
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According to the invention the apertured products are continuously 
transported through a photoresist bath in operation, whilst said products 
are connected to a power source, at least from the time they enter the 
bath until they exit from said bath. 

When using the method according to the invention a simple and quick 
production of products provided with photoresist layers can be obtained 
as a result of the continuous transport of the products through the bath. 
Surprisingly it has become apparent thereby that an even growth of the 
photoresist layer on the product takes place along the entire path of 
travel of the product through the photoresist bath, this in contrast to 
what was expected, namely that an irregular structure of the photores;st 
layer would be obtained since the growth of the photoresist layer would 
mainly take place nearby the place of entry of the product into the bath, 
whilst there would be practically no growth at locations further away from 
the inlet opening, the result being that either a quick transport of the 
products through the bath would become impossible or that a very irregular, 
not fully closed photoresist layer would be formed on the products. 
When using the method according to the invention it moreover appeared, 
that in case of a continuous transport of the products through the 
el ectrophoret i c bath the time required for applying a fu 1 ly c 1 osed 
photores i st layer could be considerably shorter than with batch product ion, 
whilst in addition to that a considerably lower bath voltage could be used 
(5 seconds instead of 30 - 60 seconds, 30 - 50 V instead of 60 - 125 V}. 

According to the invention a particularly effective apparatus for 
implementing this method may be obtained when said apparatus is provided 
with a bath for applying a photoresist layer, with means for exposing said 
photoresist layer and with means for transporting the products through 
said apparatus, whilst at least one photomask is provided, which is 
horizontallY. and vertically adjustable relative to the products under the 
influence of an apparatus which detects marks present on the products and 
on sa;d mask. It is possible thereby to effect an accurate adjustment of 
the mask relative to the products during transport of the products through 
the apparatus. 

An effective control of the flow of the liquid in the bath for 
applying the photoresist layer is obtained when two spaced-apart pairs 
of rollers are provided within the bath, in such a manner that the products 
can be passed between said pairs of rollers. Said pairs of rollers may -----
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thereby act as a kind of sluice and maintain the liquid level in the bath 
at a desired level. 

Preferably a plurality of spaced·apart anodes are arranged one 
behind the other in the plating bath, seen in the intended direction 
of travel of the products, whilst transversely arranged partitions are 
disposed between the anodes and furthermore means are provided, by which 
the anodes may be selectively connected to a power source. By suitably 
controlling the energizing of the anodes at the time of starting and 
stopping the operation of the apparatus and also during operation of the 
apparatus a uniform plating on the intended places can be effected. 

The invention will be explained in more detail hereafter with 
reference to the accompanying Figures. 

Figure I is a schematic view of a metal product known per se, in 
the shape of a so·called leadframe. 

figure 2 is a schematic view of a number of products in the shape 
of transistor parts interconnected in a band or strip. 

Figure 3 is a schematic view of a plurality of products 
interconnected in a band or strip, which are intended for use in contact 
systems. 

Figure 4 is a view of a leadframe with a large number of leads. 
Figure 5 is a schematic sectional view of a number of leads of 

a leadframe, which are clamped between masking means. 

·' 

Figure 6 is a schematic view of one end of a lead of a leadframe, 
which is partially plated with a metal. 

Figure 7 is a schematic rear view of a platform of a leadframe. 
Figure 8 is a schematic view of one end of a lead of a leadframe, 

which is partially plated with a metal by using the method according to 
the invention. 

Figur~ 9 is a schematic view of a succession of stations, through 
which products to be plated can be transported. 

Figure 10 is a schematic perspective view of an apparatus for 
processing products joined in strips. 

Figures 11 - 13 show an embodiment of readily rinsable clamping 
means for connecting products joined in strips to the endless conveyor 
belt. 

Figures 14 - 16 show another embodiment of readily rinsable 
clamping means. 

ili1iii11i1Diili 
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Figure 17 is a schematic view of an embodiment of the 

electrophoretic bath for applying a photosensitive resist layer to the 

products and of provisions for removing gas bubbles present in the 

electrophoretic resist liquid. 
Figure 18 is a plan view of Figure 17. 
Figure 19 is an elevational view of rollers forming a sluice, 

substantially according to the arrow XIX in Figure 17. 

Figure 20 is an enlar~ed view of the inlet or outlet of the 
electrophoretic bath for applying the photosensitive resist layer. 

Figure 21 is a schematic plan view of a station in which drying 
of the applied photosensitive resist layer takes place. 

Figure 22 is a schematic view of an exposure station and the 
positioning of a mask. 

Figure 23 shows a di a gram in which the connect ion between conveyor 

belt and exposure plant is schematically illustrated. 
Figure 24 shows an alternative embodiment of a photomask for the 

production of annular metal coatings. 
Figure 25 shows the arrangement of an exposure lamp with a 

reflector and a heat-dissipating apparatus. 
Figure 26 is a schematic plan view of a preferred embodiment of 

the electroplating bath. 
Convent iona 1 ly the products to be plated, which are interconnected 

in elongated bands or strips, are subjected to a number of processing steps 

in an apparatus. 
As is schematically indicatea in Figure 9, such an apparatus may 

comprise a number of processing stations 14 - 29. 
In station 14 the products will be supplied to the apparatus. 
In station 15 the products will be degreased in the usual manner, 

whilst in sta~ion 16 said products will for example be activated in an 

acid bath. Then the electrophoretic application of a photoresist layer 

takes place in station 18. 
In station 19 recuperation rinsing may take place, whilst 

subsequently the photoresist layer is dried in station 20. Then the desired 

mask(s} will be applied in station 21? after which the products will be 
exposed. 

Then a developing process may be carried out in station 22, with 
a view to removing said mask from the parts to be plated with a metal, 

which parts may be activated by mild etching in station 23. The stations 
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24 and 25 may be used for the intended plating in the usual manner, after 
which the photoresist remaining behind after developing may be removed 
from the products, insofar as necessary, in station 26. In station 27 a 
final cleaning treatment may be carried out, followed by drying of the 
products in station 28, if necessary. In station 29 the plated products 
may be removed from the apparatus. 

A particularly suitable apparatus 30 for processing products 
interconnected in strips or elongated bands so as to carry out the method 
according to the invention may be designed according to the same principle 
as the apparatus described in EU-A-0382283, whose contents sha 11 be 
constdered to be incorporated herein, so that it will not be necessary 
to discuss the construction and the operation of the apparatus in detail 
herein. 

As is schematically indicated in Figure 10, the products 
interconnected in elongated bands 31 or in short strips 32 are fed to 
the apparatus 30 nearby the feed station 14 of the apparatus, and then 
transported, by means of a conveyor belt 34, through a processing part 
33 forming part of the apparatus 30, in which the above stations 15 - 28 
are arranged. The treated products are subsequently discharged in the 
unload station 29. 

The design of the clamping means (not shown in Figure 10) is very 
important. When the clamping means press the products interconnected in 
elongated bands or in short strips against the flat endless conveyor belt 
with their flat connecting strips, a capillary space is formed between 
the conveyor belt and the cannectirfg strip, in which residual processing 
liquid may remain behind. Such residual liquid might contaminate the end 
product after the products have been discharged from the apparatus. 

Figures 11 - 13 show an embodiment of a clamping means, with an 
open space -~- present between product and conveyor belt. This space has 
been obtained by perpendicularly flanging a small width of one side 36 
of each of the slots 37 provided in the bottom of the conveyor belt 34. 
Clamping means 35 secured in the conveyor belt 34 (see EP-A-0382283) press 
parts of the bands 31 or strips 32, as the case may be, against said 
flanged sides 36 of the conveyor belt. 

Figures 14 - 16 show another embodiment of a clamping means. In 
this embodiment both sides 36' of the slots 37 in the conveyor belt 34 
are flanged perpendicularly. In addition to that the clamping bottom end 
of a clamping means lS is provided with a recess 38 in this embodiment, 
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as a result of which rinsing of the products 32 clamped down on the 
conveyor belt 34 is facilitated even further. 

As described in EU-A-0507043 it is desirable to vibrate the 
products at a frequency of preferably at least 3,000 vibrations per minute 
during the electrophoretic application of the photosensitive layers. This 
in order to prevent irregular coating due to the presence of gas bubbles 
in the electrophoretic resist bath. Such vibrating of the products is 
undesirable in the apparatus according to the invention, since said 
vi brat ions would propagate over the entire apparatus via the endless 
conveyor belt, possibly having an adverse effect on the various other 
processing stages. 

Figures 17 - 20 schematically illustrate an embodiment of 
the station 18 indicated in Figure 9, wherein the degassing of the 
electrophoresis liquid is obtained in a different manner. The products 
31 or 32 interconnected in elongated bands or strips respectively are 
transported by means of the conveyor belt 34 through a bath 39 for 
electrophoretically applying the photosensitive resist layer. The resist 
liquid is charged to the treatment bath 39 by means of a pump 40, from 
where said liquid overflows into compartments 42 via sloping rollers 41 
forming a sluice, and from there through pipes 43 to a vertical float tower 
44 (Figure 17). The level of the resist liqufd inside the compartments 
42 can be adjusted by means of a vertically adjustable float 45 located 
inside the tower 44. Any excess resist liquid can flow from the tower into 
a compartment 48 via a float-controlled valve 46 connected to the float 
45 and an opening 47 provided nearbJ the bottom side of the.float tower. 
Inside the compartment 48 a predetermined liquid level is maintained. When 
the compartment 48 is full, any excess liquid will flow via a guide channel 
49 into a bath 50, from where the liquid may be recirculated again by the 
pump 40. 

Figure 19 schematically ; l lustrates a sluice formed by the ro 1 lers 
41. The liquid present in the bath 39 exerts a pressure on the rollers 
41, as indicated by means of the arrows in Figure 19. When no products 
are present between the rollers 41 of the roller sluices, said rollers 
close the compartment or bath 39 practically completely. During transport 
of the products through the ro 11 ers 39 a sma 11 fl ow of liquid flows through 
the roller sluices into compartments 42. The remaining excess resist liquid 
likewise flows back into the compartments 42 through overflow channels 
51 disposed beside the roller sluices (Figures 17 and 20). 
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Due to the sloping position of the rollers 41 and the sloping 

overflow channels 51 it is prevented that air bubbles are included in the 
resist liquid as a result of the liquid being circulated. 

The arrangement of the various parts and fittings in the 
electrophoretic bath for applying the photosensitive resist layer to the 

interconnected products, as schematically illustrated in Figures 17 - 19, 
ensures that the electrophoretic liquid cannot be mixed with air, whilst 

gas bubbles formed durirrg the electrophoretic treatment can escape from 
' 

the liquid in the compartments 42, in the float tower 44 and finally on 

the chute 49, over which the liquid flows back in a very thin layer into 
the storage container SO. Here any gas bubbles remaining behind in the 

liquid can readily escape through the thin liquid film. 
After application of the photosensitive resist layer the product 

is introduced into the station 20 via the rinsing station 19 (Figure 9), 
in which station 20 drying of the resist film takes place. As shown in 

Figure 21 said station may be provided with a entry section 52 and a 
coagulation section 53. Via an entry gate 54 hot air may be introduced 

into section 53, in which coagulating of the resist film takes place. 
The flow pattern of the hot air ts indicated by arrows in figure 21. Part 

of the hot air initially flows through the coagulation section in the 
direction of travel of the products, and is diverted in the direction of 

the upstream end of the drying station at the end of the apparatus, where 
it is combined with the part of the supplied air which has flown from the 

entry gate 54 through the coagulation section 53 in upstream direction, 
against the direction of travel of the products. Then the air, which has 

slightly cooled down in the coagulation section, flows into the entry 
section 52, where any residual water present on and in the resist layer 

is effectively evaporated. 
After.drying, the products are transported along to the exposure 

station 21, figure 9, in which those parts of the products are exposed 
on which the resist layer must remain behind during the subsequent 

developing process in order to mask those parts of the products that must 

not be plated when subsequently a metal is selectively plated. 
The above description is based on the use of a negative 

photoresist. It is also possible, however, to use a positive photoresist. 
When a negative photoresist is used the non-exposed photoresist 

layer is removed from the non-exposed part of the product during developing 

of the photoresist layer following exposure, whilst after developing the 
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photoresist layer applied remains behind on the exposed parts of the 

product. The products in particular aimed at, such as the leadframes, are 
generally only plated on one side, whilst p1ating of the other side and 

of the cut edges of the apertures formed in the products must be avoided. 
Based on this it is preferred to use a negative photoresist, whereby only 

the parts of the products to be plated must be masked during exposure and 
a photoresist layer is obtained on the cut edges as well, by exposing the 

. 
products thus masked in a desired manner from two sides, which photoresist 
layer remains behind on said cut edges upon developing in order to prevent 

plating material from being deposited thereon. 
Within the spirit and scope of the invention it is also possible·, 

however, to use positive photoresists, whereby, when such positive 
photoresists are used, it is exactly the exposed parts which are removed 

from the products when developing takes place following exposure. 
Consequently all the parts of the products that must not be plated must 
therefore be covered during exposure when a positive photoresist is being 
used. It will be particularly difficult thereby to maintain a satisfactory 

covering of a photoresist layer on the cut edges of the apertures provided 
in the product. 

Furthermore electrophoretical photosensitive resists exist which 
can be deposited both at a cathode or at an anode. Although the method 

and the apparatus according to the invention can be used for both systems, 
it is preferred to use cathodically operating systems, because with 

anodically operating systems there is a risk of the resist bath being 
contaminated with metal from the products to be processed. 

Figure 22 shows a simplified schematic arrangement of the station 
21 for positioning the mask relative to the photoresist-covered products 
and the subsequent exposure. 

In th~ illustrated embodiment the station Zl comprises a mounting 
plate or building-in bracket 55, on which guide blocks 56 are mounted, 
which can move slidingly over fixedly disposed rods 57. For the sake of 

simplicity only one of the two rods 57 and the blocks 56 co-operating 
therewith are shown in the Figure. Furthermore clamping pieces 58, which 
are movable tn directions towards and away from each other, are mounted 
on the mounting plate SS. Furthermore a positioning camera 59 and a mask 
61, which is connected to pas it ion ing motors, are connected to the mounting 
plate. A fixedly disposed housing of the exposure source is schematically 
indicated at 60. 
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In Figure 23 all this is illustrated in a diagram, wherein -M­

indicates the motors and P indicates any auxiliaries, which take care of 

the correct positioning of the mask 62. The diagram will show that in 

station 21 the products 31 or 32, in particular the conveyor belt 34, can 

be clamped on to the mounting plate 55, thus taking up a fixed position 

relative to the mounted parts. 
Upon arrival of a strip of interconnected products or a part of 

products interconnected in elo~gated bands the successive steps in the 
exposure station 21 of Figure 22 are the following: 

a) The clamping pieces 58 connect the mounting plate 55, which 
is slidably movable along the rods 57, and the parts mounted thereon to 

the continously moving conveyor belt 34. 
b) The roughly positioned mask 61, which is located at a short 

distance from the products 31 or 32, is moved to the correct, predetermined 
position relative to reference holes 64 (Figures 1, 22} in the products 

32 to be exposed by means of the camera 59, a reference aperture 63 
(Figure 22) in a masking surface 62 provided at the bottom of the mask 

and furthermore by means of the positioning motors -M- (Figure 23). 
c) Then the mask 61 is lightly pressed against the products 32 

by pneumatic means (not shown in the drawing). 
d) After the removal of a shutter plate (not shown) which screens 

the exposure source, exposure is effected for 1 - 2.5 seconds by means 

of the powerful light source disposed within the housing 60. 
e) After the exposure has been stopped the shutter pl ate is c 1 osed 

again and the clamping apparatus sa-;s opened, after which a transport 

means (not shown in the drawing) returns the mounting plate with the parts 
mounted thereon to the starting position against the direction of travel 

of the belt 34. 
Figur~ 21 shows, by way of example, surfaces 65 on the mask, 

which have been made opaque to UV light and which prevent exposure of 
corresponding surfaces 66 of the products interconnected in bands 31 or 
strips 32, so that the photosensitive layer can be removed from these parts 
of the products in the developing station (Figure 9), following on which 

said parts can be plated with a metal. 
Figure 24 shows another embodiment of a mask 61 provided with 

rectangular masking surfaces 65, which are provided with a central light­
transmitting opening. This makes it possible to mask only those parts of 

the leads 6 {Figure 1) which are located nearby the platform 5, as a result 
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of which it is possible to plate only those ends of the leads 6 with a 

metal following exposure and developing. The small arrows on the mask 62 

indicated at 67 are used for mounting the mask in the exposure apparatus 
of Figure 22 quickly and accurately. 

Figure 25 schematically illustrates the arrangement of a 
powerful exposure source 68 within the housing 60, which is internally 
provided with a reflecting material. A specific characteristic of most 

photosensitive resists is that on the face of it they appear to be dry, 
' 

but under the influence of time and/or temperature they exhibit a tendency 
to stick. Although the exposure time can be kept very short, due to the 
use of a very powerful exposure source 68, the thermal energy supplied 

is at the same time so high that there is a danger that the resist layer 
of the non-exposed parts 66 of the products 31 or 32 (Figure 22) will stick 

to the abutting mask 61, which is undesirable, of course. In order to 
prevent this risk of sticking, two glass plates 68 and 70 forming a closed 

space 71 are disposed between the light source 69 and the mask 61, whereby 
water is circulated through said space 71 by means of a pump (not shown), 

as indicated by the arrows 0 and E. It has become apparent thereby, that 
99% of the thermal energy of the Infrared radiation emitted by the light 

source 68 is dissipated by the circulating water, whilst the Ultraviolet 
1 ight required for exposure can pass virtually unimpeded through the glass 
plates 69 and 70 and the water film in the space 71. By incorporating a 
cooling arrangement (not shown} in the circulation system for the water 
the temperature of the water can be adjusted to the desired level. 

ln Figure 25 the arrows C furthermore illustrate the radiation 
C emitted by the light source 68. The selected configuration of the housing 
60 provides a certain dispersion of the radiation C, as a result of which 
a satisfactory exposure also of the cut edges of the apertured products 
is ensured. 

The exposure of the sides of the products facing away from the 
mask, which need not be plated, may take place simultaneously with or 

shifted in time re 1 at i ve to the exposure o·f the front sides of the 
products. By properly control 1 ing the intensity and duration of the 
exposure complete curing of the photoresist layer will be possible, also 
on the cut edges of the products. 

The products thus exposed are then transported through a developing 
bath, with a view to removing the photoresist layer from the surfaces to 
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be plated with a metal, after which the products are transported through 
a bath for conventionally electroplating the desired metal. 

When a negative photoresist is used it will be preferred to use 
slightly acid developing liquids with a base of organic acids, such as 

5 for example lactic acid, for the developing step. 

.0 

Then the parts of the products that have been uncovered so as to 
be plated will usually be lightly etched in station 23 in order to obtain 
a clean surface, that is, for example immersed in a solution of ammonium 

. ' 

persulphate or of diluted sulphuric acid with hydrogen peroxide, when the 
basic material of the products is copper. When the products are made of 
a nickel-iron alloy the products may be immersed in a s·olution of oxalic 
acid and hydrogen peroxide for mild etching. 

In connection with the presence of the photoresist layer on the 
products, electrolysis baths with a pH in the range of about 2 - 9.5 are 

5 suitable for the intended selective electroplating of the products in 
stations 24 and 25 (Ftgure 9). 

Figure 26 diagrammatically shows a plan view of a preferred 
arrangement of the electroplating bath. Said Figure shows the products 
31 or 32 and the conveyor belt 34 with clamping means 35, whilst reference 

0 numeral 72 indicates anodes. The individual anodes 72 are disposed separate 
from each other by means of partitions 73 of plastic material, as a result 
of which the direct current of the anodes connected to the positive lead 
of a DC source is passed in a more or less parallel manner to the product 
or par~ of a product forming a cathode, which is located opposite the 

5 respective anode. 
Upon starting up and stopping of the plating section or when one 

or more product strips 31 or 32 are mis.sing in case of incorrect loading, 
as indicated at 74 in Figure 26, there is a risk of excessive growth of 
the metal coating and consequently of products being rejected. 

In order to prevent the risk of producing products that will be 
rejected, on one hand the partitions 73 are provided whilst on the other 
hand the anodes 72 are connected to the positive power supply via relays 
75. 

The loading information of the apparatus upon start-up, termination 
i of production or incorrect loading is stored in a control computer and 

subsequently used for controlling the relays 75. 
Upon start-up only the relay of the first compartment is connected 

when the first product strip enters the apparatus, so that only the 
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first anode delivers current. Upon continued loading of the plating bath 

following anodes are successively connected. 
When a product strip is missing, as indicated at 74 in Figure 26, 

the current supply of ~ach of the anodes located opposite the open position 
5 is success_ively cut off in the position according to Figure 26, for example 

by operating the relays 75' and 75''. 
In this manner it is prevented that the products of the strips 

adjacent to the open position 74 would receive an excessive amount 
of current, which would lead to overly thick or burned metal coatings 

lO and thus to rejects. The arrangement of the partitions 73 and the 
computercontrolled connecting and disconnecting of the anodes 72 by means 

of the relays 75 guarantee that close to 100% of the products will meet 
specifications. 

After the intended plating has been carried out the remaining 
!5 photoresist layer is removed in station 26 (Figure 9), for which purpose 

aqueous solutions of certain acids or alkalis are effectively used at 
temperatures of 30 - 65 ·c; generally a strong agitation of liquid is 
desired. Since the alkaline strippers mostly contain environment-unfriendly 
solvents, it is preferred to used acidic solutions for stripping the resist 

:0 layer. 
Then a final cleaning may be effected in station 27, by means of 

alkaline electrolytic degreasing baths. 
Subsequently the products may be rinsed and dried. 
It will be apparent, that the method and the apparatus according 

S to the invention may also be used-effectively for plating other metals 
besides silver, such as for example gold or a combination of nickel and 
gold. 

Figure 3 for example shows a plurality of contact means, which 
are joined i.n a band, for a pressure contact as used in computer keyboards. 

~O Although the surface indfc~ted at "4" has a certain dimensions, for example 
a diameter of 4 nun, with a view to the mechanical strength of such 
contacts, the funct iona 1 part of the contact, the part illustrated in black 
in Figure 3, has a diameter of for example 2 mm. Such selective plating 
of gold can be realized in a highly efficient manner by using the method 

ts according to the invention, whereby in many cases savings of precious metal 

of 753 or more are attainable. In the example referred to the saving of 

gold per one million contacts amounted to about 3.75 kg, with a nominal 
layer thickness of 2 µrn, consequently representing a value of about 

J 
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US dollar 50.000, whilst every year many millions of such contacts are 
produced. 

Finally it will be apparent to those skilled in the art that the 
method and the apparatus according to the invention are not only suitable 

5 for plating metals, but also for photochemically etching products, such 
as leadframes, printed circuits and the like. In that case a chemical or 
electrochemical etching process is carried out in stations 24 and 25. 
In said stations excess material is therefore etched from far example a 
strip-shaped basic product. 
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CLAIMS 

1. A method for selectively electroplating 
metallized products obtained by stamping or etching, wherein a fully closed 

5 photores i st layer is e lectrophoret ica 1 ly app 1 ied to the apertured products, 
and wherein after drying of the photoresist layer, the apertured products 
are covered with at least one photomask at desired locations, followed 
by exposure of the products covered with (a) photomask(s), after which 
the photoresist layer is removed, by means of a developing process, from 

lO the parts of the apertured products to be electroplated after removal 
of the photomask(s}, whilst the remaining part of the photoresist layer 
on the apertured products serves as a mask for the metal products upon 
electroplating those parts of the apertured products from which the 
photoresist layer has been removed, characterized in that said apertured 

.5 products are continuously trans-ported through a photores i st bath in 
operation, whilst said products are connected to a power source, at least 
from the time they enter the bath until they exit from said bath. 

2. A method according to claim 1, characterized in that a cathodic 
process is used for applying said photoresist layer. 

~O 3. A method according to claim l or 2, characterized in that an 
electrolysis bath with a pH of about 2 - 9.5 is used for plating silver. 

4. A method according to claim 3, characterized in that a bath with 
a pH of 8 - 8.5 and a temperature of 30 - 40 ·c is used. 

5. A method according to any one of the preceding claims, 
:s charac.terized in that a glass mask tng means or a glass mask 1ng means with 

film material laminated thereon is used for exposing the products, said 
masking means being opaque at desired locations and being moved along with 
the products, parallel thereto, during exposure. 

6. .A method according to any one of the preceding c 1 aims, 
10 characterized in that said products are exposed for 1 - 2.5 seconds. 

7. An apparatus for carrying out the method according to any one 
of the preceding claims, characterized in_~hat said apparatus is provided 
with a bath for applying a photoresist layer, with means for exposing said 
f)'Jrotoresist layer and with means for transporting the products through 

15 said apparatus, whi1st at least one photomask is provided, which is 
horizontally and vertically adjustable relative to the products under the 
influence of an apparatus which detects marks present on the products and 
on said mask, whilst means are provided, by wh;ch said mask and the 

IO 

/ 
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apparatus detecting said marks as well as the means for horizontally and 
vertically moving the mask can be moved along with the products during 
adjustment of the mask and during exposure and, following exposure, be 
moved in a direction opposite to the direction of travel of the products. 

5 8. An apparatus according to claim 7, characterized in that said 
mask is a glass plate or a glass plate with film material laminated 
thereon, which glass plate has been made opaque at desired locations. 

9. An apparatus according to claim 7 or 8, characterized in 
that two light-transmitting plates are disposed between said mask and a 

to light source for exposing the products, whilst means are provided for 
transporting cooling liquid between said plates. 

10. An apparatus for carrying out the method according to any one 
of the preceding claims 1 - 6; characterized in that said apparatus is 
provided with a bath for applying said photoresist layer to products 

.5 transported through the bath, whereby two spaced-apart pairs of rollers 
are provided in the bath, all this in such a manner that the products can 
be passed between said rollers. 

11. An apparatus according to claim 10, characterized in that the 
rollers of the two pairs of rollers are disposed in such a mannert that 

0 the axes of rotation of the one pair of rollers slope upwards in the 
direction of the axes of rotation of the other pair of rollers, which axes 
of rotation slope upwards in the direction of the axes of rotation of said 
first pair of rollers. 

12. An apparatus according to claim 11, characterized in that 
5 overflows are provided beside said-pairs of rollers, said overflows being 

provided with obliquely disposed plates for the overflowing liquid. 
13. An apparatus according to any one of the claims 10 - 12, 

characterized in that an adjustable valve is provided for controlling the 
flow of the. liquid from the bath, said valve being disposed in a buffer 

·O reservoir for liquid, which is equipped with an overflow with obliquely 
disposed plates for transporting overflowing liquid to a storage tank. 

14. An apparatus according to any one of the claims 7 - 13t 
characterized in that said apparatus is provided with a drying station, 
with space provided for a coagulation section and with a predrying section 

iS disposed upstream thereof, whilst means are provided for supplying hot 
air to the coagulation section and for diverting said hot air in order 
for safd air to be passed through said predryfng section. 
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15. An apparatus for carrying out the method according to any one 

of the preceding claims 1 - 6, characterized in that said apparatus is 
provided with a bath for plating products to be transported through said 
bath with a meta 1, whereby a p lura 1 ity of spaced-apart anodes are arranged· 

5 one behind the other in said bath, seen in the intended direction of travel 
of the products and partitions are disposed between said anodes, whilst 
furthermore means are provided, by which said anodes can be selectively 
connected to a power source. 

10 
16. An apparatus acco'rding to claim IS, characterized in that means 

are provided for controlling the energizing of the anodes in such a manner 
that said anodes are successively connected, dependent on the travel of 
the products through the bath. 

17. An apparatus according to claim 15 or 16, characterized in 
that means are provided for detecting whether products to be plated with 

15 a metal are present in the bath or not, which means may or may not provide 
anodes with current, dependent on the fact whether or not a product is 
located opposite said anodes. 

18. A method for selectively providing apertures in metal or 
meta 11 ized products by means of a process, wherein a fully closed 

20 photoresist layer is electrophoretically applied to the products, and 
wherein after drying of the photoresist layer, the products are covered 
with at least one photomask at desired locations, followed by exposure 
of the products covered with (a) photo-mask{s), after which the photaresist 
layer is removed, by means of a developing process, from those parts of 

~S the products where an aperture fs to be provided after removal of the 
photomask(s), whilst the remaining part of the photoresist layer remains 
behind on the products ta serve as a. mask for the metal products, after 
which the products are subjected to a chemical or electrochemical etching 
process for removing metal at those parts of the products from which the 

10 photoresist layer has been removed. 
19. A method according to claim 18, characterized in that said 

products are continuously transported through a photores i st bath in 
operation, whilst said products are connected to a power source, at least 
from the time they enter the bath until they exit from said bath. 


