
5 The invention relates to a conveyorized plating Iine for electrolytically
metal  plating a workpiece and to a method nor electrolytically metal
plating a  workpiece in a conveyorizec plating line. 0 A such type
conveyorized plating 'Line Is described it DE 36 24 481 Al. The
electrolytic cells with the anodes and the workpiece employer as a cathode
are  placed in a tank An electrolyte is kept in a storage tank and is
delivered to the  work space by means o` pumps. The conveying members are
clamps. In the  work space, endless revolving clamps disposed on a belt
perform the functions 5 of supplying the current and of conveying the
printed circuit boards and the  printed circuit foils. 'n other lines, the
current Is supplied to the wcrk through driven contact wheels.  The contact
wheels may also serve to convey the work through the lire Such a  0 line
with contact wheels is described in DE 32 36 545 Al. Horizontal convevorized
plating lines are also known in which the work is  vertically hung from
revolving conveying means, using clamps (L.S. Patent Na  3643,670). s The
known lines have the advantage that the printed circuit boards car. be
manufactured efficiently since very little handing is needed. 2  However, t
has been round hot, 'rl the holes made in the pintec circuit boards,  voids
form in the copper layer which in such lines is electrolytically deposited
on  the walls of the holes. Voids also occur in the same way while the
entire  exterior surface of the panted circuit boards is being
electrolytically copper s plated, using for example the sequential build-up
technique or manufacturing  these boards. With this technique, a No layer of
copper is at first electroless  plated on the exterior side of a printec
circuit board material having no copper  



layer, the thus obtained copper layer being then electrolytically
re'irforced. 10 Accordingly, it is the abject o: the present invention to
manufacture workpieces,  more specifically printed circuit boards and other
circuit carriers, in plating lines  without such voids occurring in the
electrolytic metal layer. The object is achieved by the convevnri7ed plating
line for electrolytically metal  15 plating according to claim 1 and by the
method for electrolytically metal plating  in a conveyerized plating line
according to claim I3 Preferred embodiments of  the invention are recited in
the subordinate claims. The cnnveyorized plating line according to the
invention serves for the 20 electrolytic metal plating of workpieces (work),
more specifically of printed  circuit boards and other circuit carriers such
as hybrid integrated circuit carriers,  more specifically multi-chip
modules. In the plating line, the workpieces can be  conveyed one behind The
other more specifically in a horizontal direction of  transport and
preferably in a horizontal plane of transportation (or possiby also 25 in a
vertical plane o- transportation) by means of suited conveying means, The
line is provided with means for contactng the workpieces w.th an electrolyte
fluid while they are being conveyed through the line. Further, at least one
electric contacting facility for the workpieces, and preferably anodes
preferably  arranged substantially parallel to the conveying path as well,
are provided 30 together with at least one current supply (current source).
When the conveycrized plating line for the electrolytic metal plaehg of 3
workpieces is in operation, said workpieces are fed to the line through
which  they are conveyed, more specifically in a horizontal direction of
transport, by  means of conveying means before they exit the line again.
While the  workpieces are icing passed through the !no, they are contacted
with an 5 electrolyte fluid and are electrically connected to a current
supply through at  east one electrical contacting member. 



It has been found that an electric voltage (potential difference; is
generated  between adjacent workpieces (directly following each other in the
line) that are  0 being conveyed through the line. Such a conveyorized
plating line is suited for preventing the voids mentioned from forming
during electrolytic metal plating  when means are piovided for reducing,
more specifically minimizirg, sad  electric voltage. 5 In the specification
of the invention that follows, reference will be made to  printed circuit
hoards only. However, the invention is directed in the same way  to other
circuit carriers and other work as well that are suited for being  processed
in such a cenveyorized line. In so far, the more general term  ,workplaces"
may be substituted for the term ,printec circuit board" throughout  0 the
present specification. The printed circuit boards may for example be placed
in olec:ric contact by  means or clamps or contact wheels for example. These
electrical cnntacti:rg  memoers are also capable of concurrently conveying
the printed circuit boards b through the line. The printed circuit boards
are cathodically connected for  electroplating. As the printed circuit
boards enter a processing station of such a ccnveyorized  plating Ilse, they
are passed through o r different zones: 0 Zane A. Toe printed circuit hoarse
are fed to the line in an electrolyte-tree  medium. he piintec circuit
boards generally enter the plating lino 4  in rapid succession, spaced a
small distance from each other.  The spacing between adjacent printed
circuit boards, as viewed in  the direction of 'transport, typically amounts
to about 10 mm. 5 Zone B: The pri:red ci-cuit boards are for example passed
through  entrance slots provided in partition walls and through sealing
rolls  



or o[he - sealinc means and reach the electrolyte (entrance  regicn). In
this region, electrolytic reactcns may take place at He  surtace of the
printed circuit boards, 0 Zone C: The prated circuit booms are placed in
electric contact and are  connected m a pole of a plating current source
(transition region).  Zone D: The printed c!rcuit boards reach the region of
the anodes 5 (processing region). There they form, together with the anodes,
the electrolytic cell for the treatment intended. Tests showed that in
conventional conveycrized slating lines the copper  surfaces on the printed
circuit boards are electrochemically etched in the 20 entrance region in
which the printed circuit boards are already contacted with  the electrolyte
fluid but are not yet placed in electric contact and have not yet  reached
the region of the anodes, which is not convenient. Soren an etch attack
maybe doserved with all of the currently used electrolytes and is almost
independent of the type of the anodes. This attack is particularly
inconvenient 25 when very thin capper layers are used. In some regions of
the printed circuit  boards, the copper lavers, which are necessary for
=electroplating, are  nempletely dissolved. Scrap material may thus be
generates during production - This ef9ect is to he observed between the
boards that are conveyed one behind 30 the other Tests showed that the
relationship between the border region of one  printed circuit board and the
border egicn of an adjacent board leads to a  disturbing potential
di`ference bswneen the adjacent boards. In the zones 3 to 5  D, a'ocal
electrolytic cell with differing cell voltages thus forms between 'Fe two
adjacent boards. Accordingly. the anocically polarized border region of one
of the two adjacent  5 printed circuit hoards is electrochemically etched.
the etch rate substantially is  



a function of the call voltage, ofthe spacing between the adjacent boards
and  of the processing time of the printed circuit boards, i_e., the speed
et which they  are transported. As a result of the peak effect of the
electric field, the edges in  the border region of this board will be etched
more than plane regions in these 0 border regions. Such edges form e.g.. the
entrance of through holes and blind  holes in the printed circuit beards.
Prior to electrolytic plating, these drilled holes are metal plated via an
external  current-free chemical (electroless) method and are thus rendered
electrically  5 conductive. As compared to electrolytic metal plating, these
chemical metal plating methods are technically ecmplicaten and expensive.
One tries to only  use very thin layers during chemical metal plating.
A'ypica[ layer thickness for  chemical copper plating is for example 0.2 pm.
The base metal layers at the  surfaces of the printed circuit boards are
generally much thicker, e.g.. of 5  :0 17 ,urn thick. These layers are rot
at risk when exposed to an electrochemical  etch attack in the entrance
region of the plating line. The thin chemical copper  layer deposited over
the entire surface using the SBU technique however is  aso affected by the
etch attack, at least in the zones B and C. Not before the  printed circuit
boards reach region D in the actual elec:rolytic coi are the .b printed
circuit boards electroplated all over. Generally, the pr'nted circuit boards
are not etched in this zone. The circumstances in welch the electroplating
process is carried out iu prior art  lines will be described herein after n
loser detail with roference to the Figs. I  40 and 2 wh.ch will permit to
thereaffer expiain the functioning of the present  rove^tion. 6 Fig. 1 is a
schematic cuss-sectiorlal view of the front regior of a prior art
corveyorized plating line; Fig. 2 is a view according m Fig. I indicating
the electric voltage drops  



uetween adjacent boards, Fig. 1 shows a crating `a: It I of a uonveyorized
plating line the electrolyte  space 2 of which is filled with an electrolyte
fluid that is collected in the line by  means of sealing rolls 3 and of a
sealing wall 4 By means of transport rollers 8, D the pdrred circuit boards
5,6,7 are conveyed in the direction of transport, which  is indicated by an
arrow, to the conveycri._ed plating line and are passed there  through. The
incom!ng printed circuit boards 5,6.7 reach the electrolyte space 2  n the
region of the sealing rollers 3. At the frst contacting member9, the  boards
5,6,7 are for the first time placed in electric contact with the negative 5
pole of a plating current source schematically shown on the right upper
margin  of the Fig. by means of a metallic contact. Further electrical
contacting  members 16 that supply the electroplating current to the printed
circuit boards  5,6,7 are arranged along the transport path. 0 The numeral
10 identifies members for delivering the electrolyte fluid to the  surfaces
of the printed circuit boards 5,6,7. Such delivering members may for
example be flow nozzles, jet nozzles or spray nozzles. The numeral 11
further  identifies anodes that are, in the present case, disposed
substantially parallel to  the oonvey.ng path on which 1(10 printed circuit
boards 5,6,7 are transported 5 and that extend at least over the entire
width of the conveying path. The  anodes 11 utilized may be conventional
aroce boxes with solub'e anode  ma:e(:al such as cooper balls for depositing
unicorn or may be insoluble anodes  made from titanium, special steel or
from ano-Yer material. o According -o Fig. 1, the printed circuit board 5 is
located farthest ins!de the line.  in the legion of the electrolyte
delivering members 10, the flow nozzles for  example, and in the region of
the anoces 11. 1 his region of the Ilne Is called 7 Zone D (p ,-cress no
region). r Zone D. the primed circuit board 5 is entirely  placec in
electric cortact At the same time, it is located completely within the  



electrolytic cell termed by he very printed cirrcuit hoard 5 and by the
anodes 11  Thu board 5 is electroplated on the entire surface thereof - both
on the one 5 exterior side and on i1 'e other exterior side - as anodes 11
are provided on  either side of the corvey Fig path for the printer circuit
hoard 5. In lone C (transition range), the panted circuit board 6 is already
placed in  electric contact through the contacting members 9 and 16. Ps no
anodes 11 C are provided 'n this region though, the electroplating current
that flows onto this  printed circuit board 6 n this zones not efficient Ire
Zone B (entrance region), the printed circuit board 6 is already placed in
electric contact through the contacting member 9 as well and behaves IITe in
5 Zone C. Printed circuit beard 7, by contrast, already has the front region
thereof in Zone  B in the electrolyte space 2 but has not yet been ?laced in
electric contact like  printed circut board 6. 0 In Zone A there is no
electrolyte. This region has no electrolyte effect. As the printed circuit
boards 5,6,7 are conveyed through to Zones described,  different electric
potentials are applied to said boards. These differences 5 generate electric
voltages (potential differences) between the adjacent printed  circuit
beards 5 and 6 and between the beards 6 anc 7 respectively. Meanirc,  ,coal
electrolytic cells Pone between two respective printer circuit beards that
are placed in our tact with the electrolyte flad. The cell voltage of these
local  electrolytic cells is the electric  voltage generated.. which may
differ locally. J Fig. 2 shows the electric potential differences generated
in such a line. a  In this cave, the border region 12 of a first prnted
circuit board 5 is adjacent the  border rep on 13 of a second printed
circuit board 6. The spacing between the  



two printed circuit boa,'ds 5 and 6 amounts to about 10 nrm for example.
Voltages U(s) are generated over the distance separating these two printed
., circuit boards and also over the distance between the printed circuit
boards 6  and 7. These voltages J(s) vary along the distances covered by the
printed  circuit boards 5,6,7 inside the conveyor zed plating line. The
voltage U(s)  particula-ly differs in the zones B and C described. 3 The
electrolyte in the electr o!vle suave 2 in zone B establishes between the
printed circuit board 7 and the anodes 11 a weakly conductive electric
connection. As a result thereof, an anodic potential is formed at the border
region 15 of the printed circuit board 7, which is partially in Zone B
Printed  circuit board 6, by contras!. is already placed in low imoedance
electrical 5 contact through the first contacting member 9 and through an
additional electric  contacting member 16. As a result thereof, this printed
circuit board 6 is near  ground potential. i.e., approximately at 0 volt.
This results in a voltage U(s)  being generated between the printedcircuit
boards 6 and 7- As compared to  the ground potential, the potential of board
7 in the border region 15 is 'U therefore positive. This results in the
anodic region of the printed circuit board 7  being electrochemically
etched. As the boards are passed through the sealing or partition, wall 4
and through  the sealing rollers 3, the voltage U(s) between the adjacent
boards 6 and 7 is at  25 first smal and amounts for example to spout 50
millivolt. It increases as printed circuit board 7 is being conveyed through
the line until said beam 7 reaches the  first contacting member 9 where a
voltage value of about 500 millivolt is  reached, The etch rate e, the
printed circuit beard 7 also increases  continuously. 30 In Zone C. The
adjacent printed circuit boards 5 and 6 are placed in low  impedance
electrical contact through the contacting members 9 and 16. As a 



a  result there of, the voltage U(s) between these two boards 5 and 6 tends
to zero  in the region of the line. In the border region 12 of the printed
circuit board 5  and in the border region 13 of Lila printed circuit hoard
6, the metal is therefore  hardly electrochemically etched. The etch attack
in Zone B, by contrast, is so strong that it may lead to quality  problems
during the electrolytic processing in the convaycrized plating line.  How
the hoards are paced in electric contact at the contacting members 9 and  16
is thereby of minor importance- It has been found that a disturbing etch
attack occurs with The contact being established by means of rollers, wheels
or  clamps alike. Accordingly, the one board of each pair of adjacent
printed circuit boards in a  conveyorized plating line forms the anode and
the other the cathode of an 3 electrolytic cell formed by these two boards.
The anode of this pair is  electrochemically etched, meaning the top
metallic layer is removed. This layer  is the metal plated copper layer
described herein above that has been  deposited using an external
current-free chemical method. The etch attack  causes local voids to form in
the chemical copper layer in the border region of 0 the printed circuit
bonds, Te avoid this is an object of the invention. The solution to this
object is to reduce / minimize the electric voltage between  adjacent
printed circuit boards in the line, an electric voltage U(s) of C volt being
aimed at. 5 I here fare, the cunveyerized plating line  therefore has
alienist one guard electrode provided for in the entrance region n  which
the printed circuit boards enter the line. In principle. a guard electrode
may also be provided for In the exit region where the printed circuit boards
exit C the line it order to reduce or minimize, in that region as well, a
disturbing affect  



of potential differences generated. The guard electrode serves to reduce or
minimize to electric voltage between adjacent printed circuit boards in the
line. 17  Preferably, the guard elect-ode is electrically connected to the
ground potential  ;0 volt). It is disposed in the conveyorized plating line
in such a manna that it  substantially delimits the entrance region from the
processing region of the 5 printed circuit boards. The processing region for
the printed circuit hoards is the  region that accommodates to anodes. A
transition region is located between  the entrance region and the processing
region. In the transition region, the  workpieces may already be placed in
electric contact without reaching the  region of the anodes, though. 0 A
guard electrode disposed In this region applies a certain cathodic potential
to  the printed circuit board that happens to be there so that the electric
voltage is  reduced or minimized relative to the preceding board. The guard
electrode is  more specifically disposed in the transition region between
Zone B and Zone C. 15 and is preferably located, as viewed in the direction
of transport, directly in front  of the first electrical contacting member
for the printed circuit boards (first time  the printed circuit boards are
placed in electric contact in Zone 6) .  In the line, the guard electrode is
preferably disposed in such a manner that it  20 does not touch the printed
circuit hoards as these are being conveyed through the lice. Damage to toe
printed circuit hoards is thus avoided. Moreover, the  guard electrode does
not wear under these circumstances so that it is almost  maintenance-free.
25 As opposed to the anodes, the guard electrode is cathodically polarized
and  may be connected for-his purpose to the negative pole of the current
source.  As a result thereof, the region lying is front of the guard
electrode in the  



electrolyte space, as viewed in the direction of transport, (Zone B) is
efficiently  screened from the processing region with the potential in Zone
B being 30 adjustable through the cathodic potential of the guard electrode.
For a better adjustment of the cathodic potential of the guard electrode in
Zone 11  S in the electrolyte space. the guard electrode can be connected,
by way of at  !east one limiting resistor, to the negative pole of the
current source for  alectroly^_!c metal ulating. If the limiting resister is
adjustable, the cathodic  potential in Zone B may be adjusted with even
greater accuracy. By adjusting 3 the limiting resistor it is not only meant
to regulate said resistor element bun  also to select a Uniting resistor
that has a suited resistance value. This more  specifically permits to
achieve an oven better equalization of the potential of [no  printed circuit
hoards in the Zones B and C. ] By selecting the number the shape, the
spatial arrangement and/or the size of  the guard electrodes, the cathodic
potential from one printed circuit board to  the other in the region of the
guard electrode may he further equalized so that  the electric voltages
between adjacent printed circuit boards are further  reduced or minimized. 3
More specifically, the guard electrode can be made from an electrically
conductive material that is also resistant to the chemicals utilized.
Another possibility to minimize the electric voltage between the adjacent
printed  0 circuit boards consists jr, supplying the respective contacting
members, more  specifically in the transition zore (Zone C) and in the first
region of Zone D, with  a lower voltage than the contacting members in the
following Zone D. For this  purpose, an electric resistance is more
specifically connected between the  respective one of the contacting members
and the negative pole of the plating 5 current source. These compensating
resistors may for example be connected  



in parallel in the current supply line leading from the current source to
the  contacting members, The compensating resistors may also be connected in
series between the contacting members in the current oaths leading to the
contact sites. More specifically in the case of a connection in parallel.
the 0 resistance values of these compensating resistors preferably vary from
one  contact site to the ether. 12  The electrc potential of the contacting
members may be adjusted as a result  thereof. Through the adjustability of
the resistance values of these  compensating resistors, meaning that they
may be increased or reduced in  size, the electric potentia! of ilia
contacting members can be adjusted with even 5 greater accuracy in order to
reduce or minimize the electric voltage between  adjacent printed circuit
boards. By adjusting the resistance value of a  compensating resistor it is
not only meant to regulate a resistor element but  also to select a
compensating resistor that has an appropriate resistance value. 10
Generally, a plurality of contacting members are provided for in the
conveyorized plating line e.g., a row of clamps that are disposed, as viewed
in  the direction of transport, one behind the other in a spaced
relationship on an  endless revolving beit which is supported on rolls and
that take clampingly hold  of the printed circuit boards. or several
contacting roils that are also disposed 15 one behind the other in a spaced
relationship and roll on the borders of the  printed circuit boards, or
several contact rollers that are also disposed one  behind the other in a
spaced relationship as viewed in the direction of transport  and roil on the
printed circuit boards. '0 in such a case, one compensating resistor can be
assigned to a respective one  of the contacting members in the transition
region, the respective one of the  compensating resistors being preferably
connected in series in the current  supply line between adjacent contacting
members that are connected in  



parallel. In this case, the size of the various compensating resistors may
be  adjustable. As a result thereof, the voltage drops in the compensating
resistors  that are assigned to the individual contacting members are
individually  adjustable. The electric voltage between adjacent punted
circuit boards may  thus be minimized further through the at least one
compensating resistor so  that the cathodic potential of the printed circuit
boards may he regulated and  adjusted, also taking into consideration
various geometric situations in the  conveyorized plating line and various
formats and other parameters of the  printed circuit boards such as the
thickness of the copper cladding, the circuit 13  pattern (size of the area
to be metal plated; and the typo of metallization  (possibly taking into
consideration other metals that are to be found on the  surfaces of the
printed circuit boards). v In case at 'east two contacting members with
electric compensating resisters  were provided for, it further proved
advantageous to adjust (or select) the  compensating resistors so that the
voltage drop is greatest in that  compensating resistor which is assigned to
the first contacting member as  viewed in the direction of transport. As a
result thereof, the potential differences  usually generated in the
transition region from Zone C to Zone D between the  discrete printed
circuit boards which happen to be in these regions are  minimized. In a
particularly advantageous embodiment, the current supply is electrically  5
connected to the electric contacting members for the workpiecss through
current lines and through a sliding contact rail or through brushes; the
current  path being divided into segments that are electrically isolated
from one another  in proximity for the entrance region of the line, i.e., in
the end region of the  current path facing the entrance region, more
specifically in Zone C, a C compensating resistor and a contacting member
being assigned to a respective  



one of the discrete segments. A connection :n series is thus obtained in
which  the voltage at the contacting members steadily decreases towards the
transition region A, even if the values of the discrete resistances are
equally  high 5 Compensating resistors are assigned to the contacting
elements or to the  contact rail segments preferably in the transition
region and at the beginning of  the processing region in the line but cat in
the remaining processing region o Generally the printed circuit beams are
contacted with the electrolyte fluid in  the electrolyte space by leading
them rto an electrolyte space filled with an  electrolyte Lid as they are
being conveyed through the lire. Fur this ourpose, 14  they enter a space in
which the fluid accumulates and exit said space once  they have each
conveyed through the line. Usually, sealing means are provided  for this
purpose at the entrance and exit for the printed circuit boards in order to
retain the electrolyte fluid inside the electrolyte space. Such type sealing
means 5 are for example quite narrow slots in the tank walls through which
the printed  circuit boards enter or exit said tank and sealing rollers that
are disposed  directly behind said slots. Such sealing rollers seal the
electrolyte space from  the exterior space and largely prevent the
electrolyte fluid from escaping front  the electrolyte space. Normally, the
sealing rollers are placed on top of each 10 other in a close relationship
and are only pushed apart by the printed circuit  boards passing there
through. The Figs. 3 to 5 serve to explain the invention in more detail. 15
Fig. 3:is a schematic cross-sectional view of the front region of an
electroplating line with a guard electrode according to the  invention and
shows the reduction or minimization of the electric  potential difference
between adjacent printed circuit bow ids that  



maybe obtained therewith, 20 Fig. 4: is a schematic cross-sectional view of
the front region of an  electroplating line with an additional inventive
measure and shows  the equalization of the potential differences that may be
obtained  therewith; 25 Fig. 5: is a schematic doss-sectional view or the
front region of an  electroplating The in which the guard electrode is
contacted with a  current source through compensating resistors that at the
same  time act as limiting resstors. 30 Tne front region eta conveyorized
plating lice according to the invention as .i is  illustrated in Fig. 3 has
a tank I for the electrolyte fluid provided in an 15  electrolyte space 2.
The printec circuit hoards 5,6,7 a-a conveyed through the  line by mears of
stationary transport raters 8_ They enter the line, passing  through an
entrance slot provided in the sealing wall 4 and between sealinq  rn.lers 3.
-he slot in the sealing wall 4 s selectee to be as narrow as possibe in 5
order to minimize electrolyte fluid escape. 1 he sealing rollers 3
additionally seal  the electrolyte space 2 from the exterior space so that a
small amount of  electrolyte fluid only is allowed to leak into the exterior
space. The incoming  prated circ_it boards 5,6,7 raise the upper one of the
two sealing rollers 3 to  enter the electrolyte space 2. The printed circuit
boards 5,6,7 are conveyed 0 through the inc lin close succession. The
spacing between two printed circuit  beards is for example about , 0 mm. In
an effort to avoid etch attack in the metal layers en the printed circuit
boards  5,6,7, at least one guard electrode 17,18 is mounted according to he
invention  



5 in the electrolyte space 2 in Zone B as shown in Fig. 3. Such a guard
electrode 17,18 is preferably disposed both on the upper and on the Iowa-
side uli [lie  transport path on which the printed circuit boards 5,6,7 are
conveyed. The  guard electrodes 17,18 are made of a chemically resistant
material that is  electrically conductive on portions of the surface at
least. Certain special steels,  titanium or other acid-resistant.
electrically conductive materials are suited  there for. The upper and
louver guard electrodes 17,18 cause the printed circuit boards  5,6,7 in
Zone B to be at a cathodic potential before said boards are electrically
connected to the current supply through contacting members 9,16 as they are
being passed through the line, so that the. boards are then at ground
potential  0 volt. Forthis propose, the printed circuit board 5,6,7 are
conveyed through the line  in the direction indicated by an arrow. In :he
snapshot shown n Fig. 3, the  printed circuit board 5 has already been
conveyed farthest within the line and is  already placed in electric contact
by the contacting members 16. The printed 16  circuit hoard 7, by contrast
only has its front region inside the electrolyte space  2. The rear region
of this printed circuit board 7 is still in the exterior space of  the line.
The printed circuit board 6, which has already entered the line, is  located
between the ton hoards 5 and 7 in the Zones B and C. The center of 5 this
printed circuit board 6 is already placed in electric contact through the
contacting member 9 and the from region thereof through the contacting
members 16. Said printed circuit board 6 is also just about to pass the
guard  electrodes 17,18. 10 The guard electrodes 17,18 are in electric
contact with the ground potential of  the current source illustrated on the
top right margin of the Fig. In the electric connection between the guard
electrodes 17,18 and the current  



supply, limiting resistors 19,20 are provided for, the cathodic potential of
the  15 guard electrodes 17,18 being adjustable'byway of the resistance
values  thereof. The action of the guard electrodes 17,18 is greatest when
the limiting resistors  19,20 have a resistance value of zU ohm. Then, the
cathodic polarization of the  20 guard electrodes 17,18 is so high that the
polarity of the voltage U(s; between the printed circuit beards 6 and 7 is
reversed. In these circumstances, the  printed circuit hoard 7's of a
cathodic potential relative to the printed circuit  board 6 so that an
electrolytic cell forms between these two printed circuit  boards. In this
case, the border region 14 of the printed circuit board 6 is 25 anodically
polarized relative to the border region 15 of printed circuit board 7.
Accordingly, there is a risk in this case that the printed circuit board 6
be  etched. This overcompensatlon is avoided by the insertion of the
limiting  resistors 19,20 and oven appropriate adjustment of the values or
these  compensating resistors or oy the suited selection of limiting
resistors having f.e 30 appropriate resistance values and/or by the
reduction of the efficient surface of  the guard electrodes 17.18. In this
case, the limiting resister is famed by the  electrolyte. The values of the
limiting resistors 19,20 are preferably set to range 11  from 10 to 100
milllohm. Thee dimensions are such that the potential of the  guard
electrodes 17,18 generates a voltage drop that approximately equals  U(s),
measured in volt, and that is opposed to the voltage U(s) between the
printed circuit boards 6 and 7 so that the potential in the printed circuit
boards 6  5 and 7 is equalized. With only one of the two guard electrodes 17
or 18 being used, the cathodic  potential is also equalized, although the
effect is smaller. In A conveyorized plating line equipped in trris way
permits to avoid an etch attack  of `.hose printed circuit boards that
happen to be in Zone B. 



As soon as the printed circuit board 6 is placed for the first time in low
impedance electrical contact at the first contacting member 9 and enters
Zone  15 C no electroplating current flows toward the printed circuit board
6 since said printed circuit heard 6 is still in Zone B and has not yet
reached the region of  the anodes 11. Hence, but a small current flows
through the contacting  members 9. The electric voltage drops at the
contacting member 9 along the  path s are small. 20 The case is different
with the printed circuit board 5 that has already reached  Zone D. Here, the
currents passing through the contacting members 16 are  great. The voltage
drops at these contacting members 16 are accordingly high.  A voltage U(s)
builds up between the border regions 12 and 13 of the printed 25 circuit
boards 5 and 6. The border region 12 of the printed circuit board 5 is
positively polarized relative to the border region 13 of printed circuit
board 6.  Therefore, the border region 12 is electrochemically etched in
Zane C.  Such an etch attack is avoided by [he measure described with
reference to 3d Fig. 4. Compensating resistors 21 that are assigned to the
cantacting members  9.16 are inserted in the current paths of said
contacting members 9,16. Said  compensating resistors 21 are Indicated at
R1, R2 and R3_ The number of 15  compensating resistors 21 Is determined by
local conditions, more specifically  by the number of contacting members
9,16 in the Zones C and D. Here, the  compensating resistors R1, R2 and R3
are connected in series- The same  effect is obtained by inserting a
compensating resistor 21 into the current path 5 of every contacting member
9,16 and by selecting for each resistor an  appropriate resistance value. I
he compensating resistors 21 are sized so that at the electroplating current
flowing through the contacting members 9,16, which is still small in Zone C,
the  



10 voltage drop generated approximately equals the voltage drop generated at
the compensating resistors 21 that are assigned to the contacting members 16
in  Zone D. As a result thereof, the voltage U(s) between the printed
circuit boards  5 and 6 is low in this Zone as well. Accordingly, no etch
attack takes place in  this Zone either. In conventional electroplating
lines, the compensating resistor 15 values for R1, R2, R3 range from about
100 milliohm to about I mlllichrn. The  efficient compensating resistor
value preferably decreases in the direction of  transport of the printed
circuit boards 5,6,7 because the current through the  contacting members
9,16 increases. 20 Eventually, Fig. 5 shows another preferred embodiment of
the present  invention in which the limiting resistors 19 and 20 that were
utilized in the  embodiment according to Fig. 4 may be dispensed with. A
simpler structure of  the line is thus made possible. In order to permit in
this case as well the  adjustment at the cathodic potential of the guard
electrodes 17,18, an 5 appropriate potential between the compensating
resistors 21 shown in the line  according to Fig. 4 is scanned. In this
connection tests showed that the size  variation of the compensating
resistors 21 is so small that in practice a suited  connection site for
placing the respective one of the guard electrodes 17,18 in  electric
contact can always be found in order to adjust the cathodic potential of 30
the guard electrodes 17,18 to a value that allows the voltage U(s) between
adjacent printed circuit boards to drop to Zero, more specifically in the
entrance  region of the line. 1g  in t!,e present case. the potentials for
the guard electrodes 17,18 between the  compensating resistors R' and R2
were scanned. f, when the guard  electrodes are connected between the
resistors R1 and R2 for example, this  voltage is too low, the connection
car be established between R2 and R3 as  shown in a dashed line in Fig. 5. 



For the rest, the features or the device in Fig. 5, which are not described
in  closer detail herein, correspond to the corresponding features of Fig. 3
and  Fig. 4. All of the potentials and voltage drips of the compensation
measures  generated in the discrete Zones increase as the current density
increases and  vice versa. Since greater current densities require greater
compensation ,5 measures, the Invention is almost independent of the current
density used.  The invention is particularly advantageous ;C providing
wear-tree plating tine  elements. Only passive elements are used, more
specifically, no sliding contact  is used in order to shunt the disturbing
electric voltages between the printed 20 circuit. boards, Surprisingly, it
has been found that the cathodic guard electrode(s) are metal  plated to a
minimum extent only. A slightly chemically etching electrolyte fluid
suffices to prevent metallization of the guard electrodes. If it does not,
the 25 guard electrode 17 may be efficiently prevented from, being metal
plated by  Installing between the guard electrode 17 and the anode 11, or
between the  guard electrode 18 aria the anode 11, a screen with an
electrically non  conductive surface that extends on the one side from the
vicinity of the printed  circuit board and terminates on the other side at
the bath level or at the bottom 30 of the tank. In this case, the measure of
the invention is completely  maintenance free 120  It is understood that the
examples and embodiments described herein are for  Illustrative purpose only
and that various modifications and changes in light  thereof will be
suggested to persons skilled in the art. 5 21  Listing or nun:erals 



1 plating tank 2 electrolyte space  5 3 sealing rollers 4 sealing wall 5,6.7
printed circuit boards  6 transport roller 9 contacting member 10 10
delivering members for the electrolyte fluid (such as flew nodes)  11 anodes
12 border region of the primed circuit board 5  13,14 border regions of the
printed circuit board 6  15 border region of the printed circuit board 7  15
16 contacting member 17 upper guard electrode  18 lower guard electrode 19
limiting resistor of the guard electrode 17  20 limiting resistor of the
guard electrode 18 20 21 compensating resistors of the contacting members
9,16 U(s) voltage between two border regions of a printed dreuit board  s
path traveled by the printed circuit boards 5,6,7 through the  conveyorea
plating line 28 SEP 2006  22 Claims.  I. A conveyorized plating line for
electrolytically metal plating workplaces.  wherein at lest one guard
electrode (17,18) is provided in an entrance region  for the workpieces
(5,6,7) to reduce an electric voltage that builds up between  adjacent
workmieces (5,6,7) being conveyed through the line. 



2. The convey prized plating line according to claim 1, wherein the at least
one  guard electrode (17,18) substantially delimits the entrance region from
a  processing re,--on for the workpieces (5,6,7) in which anodes (11) are
disposed.  i The conveyorized plating line according to one of the claims I
and 2,  wherein the at least one guard electrode (17,18) is disposed in such
a manner  that it does not touch the workpieces (5.6,7) as they are being
passed through  the line. 4. the conveyorized plating line according to one
of the claims 13. wherein  the at least one guard electrode (17,18) is
cathndically polarizable relative to  the anodes (I1. 5. The comroyor'zed
plating line according to one of (he claims 1-4, wherein  the at least one
guard electrode (17,18) is connected to a current source for  electrolytic
metal plating through at least one limiting resistor (19,20). 6. The
conveyorized plating line according to claim S, wherein the at least one
(uniting resister (19,20) is adjustable. 7. The conveyorized plating line
according to one of the claims 1-6, wherein 28 SEP 2006  23 the number, the
shape, the spatial arrangement and/or the size of the at least  one guard
electrode (17,18) are determined in view of the reduction of the  electric
voltage between adjacent workpicces (5,6,7) in the line. 8. The conveyorized
plating line according to one of the afore mentioned  claims, wherein at
least one current source providing an electric current flow  to the
workpicces (5,6,7) is provided, wherein electrical contacting members  (9,
16) for the workpieces (5,6,7) are provided and wherein at least one
electric compensating resistor (21) is provided for in a current path
leading  from the current soiree to the contacting members (9,16). 9. The
conveyorized plating line according to claim s, wherein the at least one  



current source is electrically connected to the electrical contacting
members  (9.16) for the workpieces (5,6,7) through current lines and a
contact rail or  brushes, at least one electric compensating resistor being
mounted in series in  proximity to the entrance region of the line and the
contacting members being  connected to either end of the at least one
compensating resistor. 1 U. The convevorized plating line according to one
of the claims 8 and 9,  wherein the at least one compensating resistor (21)
is adjustable. I I the conveyorized plating line according to one of the
claims 8-10, wherein,  if at (cast two contacting members (9.16) are
provided, the compensating  resistors (21) are adjustable in such a manner
that the voltage drop is greatest  in that compensating resistor (21) which
is assigned to the first contacting  member (9) as viewed in the direction
of transport. 12. The conveyorized plating line according to one of the
afore mentioned  claims wherein, for contacting the workpieces (5,6,7) with
the electrolyte 28 SEP 2006  24 fluid as the} are being passed through the
line, a space in which the electrolyte  fluid ace accumulates is provided
which the workpieces (5,6,7) can enter and  which the workpicces (5,6,7) can
exit again once they have been conveyed  through he line. 13 A method for
electrolytically metal plating workpieces in a conveyorized  plating line
comprising feeding workpieces to the line, conveying the  workpieces there
through and exiting the workpieces said line again and  reducing an
electronic voltage that builds on between adjacent workpieces  (5,6,7) being
conveyed through the line by means of at least one guard  electrode (17,18)
being provided in an entrance region for the workpieces  (516,7) in the
line. 14, The method according to claim i 3, wherein the electric voltage is
reduced  



through the at least one guard electrode (17,18) by the fact that it
substantially  delimits an entrance region in the line from that region in
the line in which the  anodes (11) arc disposed. 15. The method according to
one of the claims 13 and 14, wherein the at least  one guard electrode
(17,18) is disposed within the line in such a manner That it  does nor touch
the workpieces (5,6,7) as they are being conveyed through the  Line. I6. The
method according to one of the claims 13-15, wherein the at least one  guard
electrode (17,18) is connected to the negative pole of a current source
providing an electric current flow to the workpieces (5,6,7). 17. The method
according to one of the claims 13-16 wherein the potential of  the at least
one guard electrode (17,18) is catholically adjusted through at 28 SEP 2006
25 least one limiting resistor (19,20) that is electrically connected to the
negative  pole of the current source. 18. The method according to one of the
claims 13-17, wherein the number, the  shape, the spatial arrangement and/or
the size of the at least one guard  electrode (17918) are determined in view
of the reduction of the electric  voltage. 19. The method according to one
of the claims 13-18, wherein the electric  voltage between adjacent
workpieces (5,6,7) in the line is adjusted through at  least one
compensating resister (21) respectively, said compensating resistor  being
assigned to contacting members (9,16) for the workpieces (5,6,7). 20. The
method according to claim 19, wherein the electric resistance of the at
least one compensating resistor (21) is adjusted in such a manner that the
electric voltage between adjacent workpieces (5,6,7) is minimized. 21. The
method according to claim 20, wherein, if at least two contacting  



members (9, 16) are provided, the compensating resistors (21) are adjusted
in  such a manner that the voltage drop is greatest in that compensating
resistor  (21) which is assigned to the first contacting member (9) as
viewed in the  direction of transport, 22. The method according to one of
the claims 13-21, wherein the workpieces  (5,6,7) are contacted with the
electrolyte fluid as they are being passed through  the line by having them
enter a space in which the electrolyte fluid accumulates and by having them
exit said space once they have been  conveyed through the line. 


