5 The invention relates to a conveyorized plating line for electrolytically
metal plating a workpiece and to a nethod nor electrolytically netal
plating a workpiece in a conveyorizec plating line. 0 A such type
conveyorized plating 'Line Is described it DE 36 24 481 Al. The J- U

el ectrolytic cells with the anodes and the workpi ece enpl oyer as a cat hode
are placed in a tank An electrolyte is kept in a storage tank and is
delivered to the work space by neans o punps. The conveyi ng nenbers are
clanps. In the work space, endless revolving clanps disposed on a belt
performthe 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 werk through driven contact wheels. The contact
wheel s may al so serve to convey the work through the lire Such a O line
wth contact wheels is described in DE 32 36 545 Al. Horizontal convevorized
plating lines are also known in which the work is wvertically hung from
revol vi ng conveyi ng neans, using clanps (L.S. Patent Na 3643,670). s The
known |ines have the advantage that the printed circuit boards car. be
manuf actured efficiently since very little handing is needed. 2 However, t
has been round hot, 'rl the holes made in the pintec circuit boards, voids
forn1in t he copper layer which in such lines is electrolytically deposited
on wal | s of the holes. Voids also occur in the same way while the
entlre exterior surface of the panted circuit boards is being

el ect rol yifiealveniBRReraiss B 8lcefveysiiatl fiafinSiABRbLelBE0RA Sé'lié’ﬂhb?él bui I d-up
techni que or manufacturing these boards hi's tech a No | ayer of
copper is p@atifig a%orédpmz:ter@hcéksa rpbﬁtoeldooe[etdheiyenceéy nm‘talsmldbngg)ﬁ a printec

circuit board material havin R F
workpiece in a conveyori e platl 8 ine.

0 A such type conveyorized plating line is described in DE 36 24 481 A1. The
electrolytic cells with the anodes and the workpiece employed 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 of 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.

In other lines, the current is supplied to the work through driven contact wheels.
The contact wheels may also serve to convey the work through the line. Such a
0 line with contact wheels is described in DE 32 36 545 A1.

Horizontal conveyorized plating lines are also known in which the work is
vertically hung from revolving conveying means, using clamps (U.S. Patent No.
3,643,670).

The known lines have the advantage that the printed circuit boards can be

manufactured efficiently since very little handling is needed.



| ayer, the thus obtained copper |ayer being then electrolytically
re'irforced. 10 Accordingly, it is the abject o: the present inuentiloéh to
manuf act ure workpi eces, nore specifically printed circuit boards and ot her
circuit carriers, in plating lines wthout such voids occurring in the
electrolytic metal layer. The object #s achieved by the convevnri 7ed pl ating
line for electrolytically metal 15 plating according to claim1l and by the
net hod fiéewelasci heisygaraidundnisealin prabpleg Midedn dompapiad sisaliphetidsg 1 ne

according.to. claiml3 Preferred enbodi nents o ' ' cited in
t he subd%b"snfer{’{ s 'Eﬁh?ﬁgpp«%ﬁ@@ﬁm@%ﬂ bal | “t {sﬂéﬁ?ﬂ&ﬂé@&@%ﬂs@t’eﬁ oért?he

i nvent i oRe s@N¥es theholdie \2Z0debretd@lyti thameidl Wwhatinng tBk aMiFkpi eces (work),
nor e specificall é of printed circuit boards and other circuit carriers such

as hybr iektérnmr edfdhe quinte¢ aireiiepsardsne beirgpesictiotaicayly RGPPEEchi p
nodules. . In the plating lin t he rkpi eces .can be .conveyed .one behind The
ot her - ot RepeSnBiBhPRePIF Do eLPU BB SEranaGe O PALBerE e ™

pref er abhysd PodrdiOf I EORigkeirange of tHih ANEPAFIRDLLER L &F filkesfidIY|@lsso 25 in a
vertical plane o- transportation) by neans of suited conveying neans, The

li ne i s phaiedichethewdxthrioeaids ffer podat acrng hoked wontepbebesing.nchc@rmpa ectrol yt e

fluid ile they are bei ng conveyed throygh the |jne. Further, at |east one
6l oot 1 NIRRT R oS Liarec BerolRaat BFBREHY " anodes
preferably arranged substantially parallel to the conveying path as well,
are provided 30 together with at |east one current supply (current source).
WhenOt hédaonlieylyr itZethgbaisichgf thengrebont inkengbecd nadrydfecturetvadrkpleaehg of 3
wor kpi eces is in operation,. wor kpi eces are fed to the |ine through

sali I )

whi ch  thelE Sy eyeded roret ga@m CRPIRETIGICHIt REFTIgEntaPlad e d8€Fon of
t ransport; 0 ' f exit the line again.
Wi | e tr\i‘\tgth&\%? gi:?g@gjss %ﬁ&éﬂﬁﬁ?%@ﬂ%ﬁ%@%ﬁlpﬁ?ﬁ%ﬁl Hg@y'! no, they are contacted
with an 5 electrolyte fluid and are electrically connected to a current
supply through at east one electrical contacting nenber.

The object is achieved by the conveyorized plating line for electrolytically metal

15  plating according to claim 1 and by the method for electrolytically metal plating
in a conveyorized plating line according to claim13. Preferred erhbodiments of

the invention are recited in the subordinate claims.

The conveyorized 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 possibly also

25  in a vertical plane of transportation) by means of suited conveying means. The
line is provided with means for contacting the workpieces with 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 conveyorized plating line for the electrolytic metal plating of-



It has been found that an electric voltage (potential difference; is
generated between adjacent workpieces (directly follow ng each other in the
line) that are O being conveyed through the Iine. Such a conveyorized
plating line is suited for preventing the voids mentioned fromorm ng’
during electrolytic nmetal plating whenSnmeans are pi ovi ded for reducing,
nore specifically mnimzirg, sad electric voltage. 5 In the specification
of the i nverkpEReshatn PPIEERE, StiefepEhewani Ak Tbe trdde line thistightveichi r cui t

ciru t cabrY PR EaesEn o Rore AT S HGE R Qi B PR Y or ocessed
in such argemveyorbzeditd Mdarkibsord aloy SOOI genar alhitema , workpl aces”

may be substituted for the term, prlntec circuit board" throughout O the
present sMkDie@aﬁlaﬁﬁ beThepprsant ddouih dud finboardsrrmp nfareexamp e be pI aced

in ol e ac r. c S _or nt act eels . for e These
el ectr cal ‘f%cﬁmq fiwaénd ﬁﬁ%?%“gf"@' g?%%e“éﬁﬁgwa e 03'1’(?@ Bf'@hﬁ?lll@—' nvey| ng
the printeshgidicublochral dsnlclifg oughpthe Iine. 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 passegtthr ugh or g@ftliaen; tghfﬁ{l)‘f tsatqee@o é‘r@tﬂ%fﬁ%fﬁe r| nted circuit hoarse

are fed t o the PR | PritdeT e e ui t
boards ge d a
Sal | Seane T Aot WeRiopbpbe wﬁ‘*‘“@&ﬁ?ﬁ*@‘éﬁéﬁﬁﬁEi%hf@pti'?ﬁ??
circui® bmmpoa\seyﬂdewmjgmtha Ies.diu@cticonveforizadapsfiogtinetiy putad fyr anmount s
to about 10 mm 5 one prl ed cCi boards, are for, ex | e passed
hrough. SHeveIE GRotEs M igBa TPAPT R P HAD o P RORELDS | g

rolls when means are provlded for reducing, more specifically minimizing, said

electric voltage.

5 In the specification of the invention that follows, reference will be made to
printed circuit boards 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 conveyorized line. In so far, the more general term
,workpieces* may be substituted for the term ,printed circuit board“ throughout

0 the present specification.

The printed circuit boards may for example be placed in electric contact by

means of clamps or contact wheels for example. These electrical contacting

members are also capable of concurrently conveying the printed circuit boards
5 through the line. The printed circuit boards are cathodically connected for

electroplating.

As the printed circuit boards enter a processing station of such a conveyorized

plating line, they are passed through four different zones:

Zone A: The printed circuit boards are fed to the line in an electrolyte-free

medium. The printed circuit boards generally enter the plating line



or o[he - sealinc neans and reach the electrolyte (entrance regicn). In
this region, electrolytic reactcns may take place at He surtiaceSof the
printed circuit boards, 0 Zone C. The prated circuit boons are placed in
el ectric contact and are connected a pole of a plating current source
(transition region). Zone D. The printed c!rcuit boards reach the regi on of

t he anodes 5 rocessi.ng region). There they f.or t t 1 t he anodes,
the el ectrol y'g !Oc NERL gpc@%%lqr%,es&{aﬁgqta Fﬁ\%@%@?‘]‘??e{g eg‘%ém%%é{?hat in

convent i onal " conveyerdzechshatidig hdjaesnt Benearpeiit tiuriiacesvienddie print ed
circuit boards are electrochemcally etched in the 20 entrance region in

whi ch the print edite dicaitiorbofrassrane tapiceBdynvunttase edout 1h Mihe el ectrol yte
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

meyle degeged W frﬂejir!ntg chipit SUBFANbIYIHISAnEhB Ak RIAd | S al most

i ndepe of the type o e ano is attack is particularly
i nconveni ent 25 whehraves yldthiprowdapper phaifienswalleand éorouigh setedreds ons of

the printed circuit boards, the co r lavers, whi re _necessary for

=el ectropl ating, &f @thﬂéﬁﬂl'ﬁgéﬁ‘@?’bﬁ EE&F@@%_} ?@p%tr@&?@??aqram t hus be
Boardo that are chuayed as BdRm R the Seklon sERE BRI dr I BR, o

rel ationshi p bet weerfathef biox dentelegicunt mfarase printed circuit board and the

border egicn of an adjacent board leads to a disturbing potenti al
di “ fder ence bswneen the adj acent boards. In the zones 3 to 5 D, a' ocal

electrorylie.col | ikl ALL BELPIERId aefeogultalegaﬁntefﬂéané AbEdbehtesl ' Fe Lo

adj ace ards. Ingly. € anoci c polari ze rder region of one
of the two adj acenbnn&ctptitbtegoleigfeuplatingandseritsoerestiracdiem caliby). et ched.

the etch rate substantially is
Zone D: The printed circuit boards reach the region of the anodes
15 (processing region). There they form, together with the anodes,

the electrolytic cell for the treatment intended. '

Tests showed that in conventional conveyorized plating 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. Such an etch attack
may be observed 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 copper layers are used. In some regions of the printed circuit
boards, the copper layers, which are necessary for electroplating, are

completely dissolved. Scrap material may thus be generated during production.

This effect is to be 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 region of an adjacent board leads to a

disturbing potential difference between the adjacent boards. In the zones B to



a function of the call voltage, ofthe spacing between the adjacent boards

and of the processing tinme of the printed circuit boards, i_e., the speed
et which they are transported. As a result of the peak effect of the 10
electric field, the edges in the border region of this board wI'l" étched

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 dbettacel ptectropltatdanlgyith héseingrddll ediahesébuaf@nrebailvephdhedwei a an
external ¢ rreqt free chem cal (electroless) nethod and are thus rendered
el ectricald @&?‘(ﬁ Ttive. As conpared to electrolytic netal plating, these
chem cal net al pI ating nethods are technically ecnplicaten and expensive.
One tries to only wuse very thin layers during chem cal netal plating.

A ypi ca[ If%qudinglycMmegoﬁ@ally@nmﬁzedlbmdppmgim af bng df $hd ovo esdaephe 0.2 pm
The base net ers at the surfaces nted circuit, boards are
generaPly %r@e]d gglégparqés g. ele%t,ro@weml@afiwe C@PH :rh?cfﬁ Ch fhlgssios E&’&a@yzﬁ e rot

at 1l sk wWhelRXBA%AE Rty BE! SORBAMLERl hahEknahbafdaddhbigrdlihhAdnce
region of the plating I'ine e thin chem ca copper ayer deposited over
the entir exfsioefpacesassiggniche’ 8BU treetisirquiebbamiy ee. itse saeedait Mmrethehyy t he
etch attack, at least in the one B andﬂcegl\lot beforeft ted circuit
boar ds reath Fggirened iy & Ff’eS @ﬁé@ 9t He eleciry Igh@e 95+ 'At ed

;Ir ;Cﬁ'oi 23@%%§r&éﬁ &Pbﬁf@b@hh QHEde eﬁ%ﬁrrﬁb}é’tha%hﬁaﬂé rﬁ@% G fifddd boards

In t 1S zone clrcunstances 1n ECt FO& ating

process i siceder ieefoitSuch pdger fant e.gl ithesnmancehs tdeschi ihgds hedeilindaf ter n
| oser detall with roference to the Figs. I 40 and 2 wh.ch will permt to

t her eaf f er@BXpinailt? RHECH FEH I OMARES-of the present rovertion. 6 Fig. 1is a
schematic cuss-sectiorlal view of the front regior of a prior art
corveyorized plating line; Fig. 2 is a view according mFig. | indicating

t he el ect rPriorvoldl@geolgii®priting, 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 complicated and expensive. One tries to only
use very thin layers during chemical metal plating. A typical layer thickness for
chemical copper plating is for example 0.2 um. The base metal layers at the
surfaces of the printed circuit boards are generally much thicker, e.g., of 5 -

0 17 um thick. These layers are not 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
also 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 electrolytic cell are the

5 printed circuit boards electroplated all over. Generally, the printed circuit boards

are not etched in this zone.

The circumstances in which the electroplating process is carried out in prior art
lines will be described herein after in closer detail with reference to the Figs. 1
0 and 2 which will permit to thereafter explain the functioning of the present

invention.



uet ween adj acent boards, Fig. 1 shows a crating "a: It | of a uonveyorized
plating line the electrolyte space 2 of which is filled wwth an electrolyte
fluid that is collected in the line by neans of sealing rolls 3 and of a
sealing wall 4 By nmeans of transport rollers 8 D the pdrred circuit boards
5,6,7 are conveyed in the direction 6f transport, which 1is indicated by an
arrow, to the conveycri. _ed plating line and are passed there through. The

i ncom rm?pnii@teegcrce;mgtu& troReascdsiobabvidwrsfaeh fidra rebect ook ytier space 2 n the
region of the sealing rollers 3. At the frst contacting nenber9, the boards

5,6,7 are foronveeofiredplatinggdingl aced in electric contact with the negative 5
pole of a plating current source schematically shown on the right upper
margin of the Fig. by nmeans of a netallic contact. Further electrical

cont actping2 ERMHENSaAS rkinatioFURPh Yndibetih ecd ERRhA i fth flRFPAt to the printed
circuit boards 5,6,7 are arranged along the transport path. 0 The nuneral

10 Pdentifi esctmmmber@atornt elriivering the electrolyte fluid to the surfaces
of the printed circuit boards 5,6,7. Such delivering nmenbers may for
exanpl e be flow nozzles, jet nozzles or spray nozzles. The nuneral 11

furtherg; I fd t4h I 'ie@e;% - [[sposed
subst anﬁ'géﬁfg;]tdp\éigr g?’l‘%ﬁ%%ﬁkt1h€#%§§@%e’e Cﬂb pa lﬁ[@ﬁ%\%itgﬁ%ﬁﬁtgﬂ%@i nted circuit
boar ds dpdeen2 af ahighaisshiedtwth &n ansbttdhat feXd enst iatcolleast iavies lihbeentire

wi dth of the conveying path. The anodes 11 utilized may be conventi onal
aroce Bo%ess Wl thady) Hised anddé a sarlieg:vahll 4uBn agaoeperNBRAPT s0HE &eposi ti ng

uni gorn, or be i.nsol upl odes nmade, fromtitaniu specj.al ,steel or

F'r ofh anaS et Bl EBC-BRE s Bt Eon Ry B8 et g B oar d 5 1 s
| ocat eds fiadithesthy Bs bae vl he the BBnvejdtiAdienibesh ARe tind fie pheetriokyte
delivering nenbers 10, the flow nozzles for eéxanple, and in the region of

t he andbesudil.The ihicsmiregyponteof citdué Hdards |56 Jalelaed e Zdm&rdyieppacs 2ss no

regi on)

Cl actr1ie Bereasn uihe ReBElrma: At the 813t seataiGonBr eIy Wt hi n { he
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 curren@'_ to the printed circuit boards

5,6,7 are arranged along the fransport 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 conveying path on which the 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 anode boxes with soluble anode
material such as copper balls for depositing copper or may be insoluble anodes

made from titanium, special steel or from another material.

30 According to Fig. 1, the printed circuit board 5 is located farthest inside the line,
in the region of the electrolyte delivering members 10, the flow nozzles for

example, and in the region of the anodes 11. This region of the line is called



el ectrolytic cell terned by he very printed cirrcuit hoard 5 and by the
anodes 11 Thu board 5 is electroplated on the entire surface thereof, -~nloth
on the one 5 exterior side and on il '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 nenbers 9 and 16. Ps no

anodes 11 r j A j : he r ati current
that fl owszgg%tlg (P f]ci%sé'ségﬁ %ét@é%ﬁ)cﬁ %ﬁﬁ% @l;otg(rggﬁg{bnd %ﬁi&s@g{gﬁtgﬁgﬂof@mﬁ% cient Ire
Zone B (entacantce ¢legiromgnittie Apthantededimeyi ts boatat! Gonsleatiyedtdyn phaced in

S Zone G, SPEE HFKAMEHRa v sy Reneraat Doal] 8401 Wala HPTSSR1- r ogi on
ther eof | 1200, % |oRoBlLEEN KA SraRASE t2o5iic has. Bl ety bR 71 aced i

el ectric contac Cl rcut board ne A'theré i's no

el ect r®l yeeterthissdda egtam thasother ekesibr elad eaehhegts 1Asarkheopidedted circuit
boards 5,6,7 are conveyed through to Zones described, different electric

pot ent i al sithpesalepifiied amvesing oarfdsthemhededdichiéenced. 5 generate el ectric
vol tages (potential differences) between the adjacent printed circuit
beards 5 and 6 and between the beards 6 anc 7 respectively. Meanirc, ,coal

el ectrol yii e-celtsi-Bong-he M hesPeRt i [ j i rds that
are pl aced ir? our%trgﬁt E/J\nﬁt %M\?ﬁg e%,\gg{]r ol yﬁglt}’tﬁjaaga d}ﬁgé{rcée%j‘c{yc@g{:?(ggg of these
l ocal el etdatot yohtact éhiosighsht hened@egrinembeot Bagel genes abeshodaahi th may
differ locally the electric potential differences ge‘ner ated

. J Fi.g. 2 shows
in such aargpeoviged imthinirguieayeoughehB s edror @i ®RUTeNbinas fippesinipihited

cirouit bagripectSHEBRRERIn I ealRi fhLomRicR 12 of & second printes

In Zone B (entrance region), the printed circuit board 6 is already placed in
electric contact through the contacting member 9 as well and behaves like in

5 ZoneC. ,
Printed circuit board 7, by contrast, already has the front region thereof in Zone
B in the electrolyte space 2 but has not yet been placed in electric contact like

printed circuit board 6.
In Zone A there is no electrolyte. This region has no electrolytic effect.

As the printed circuit boards 5,6,7 are conveyed through the Zones described,
different electric potentials are applied to said boards. These differences

5 generate electric voltages (potential differences) between the adjacent printed
circuit boards 5 and 6 and between the boards 6 and 7 respectively. Meaning,
local electrolytic cells form between two respective printed circuit boards that
are placed in contact with the electrolyte fluid. The cell voltage of these local

electrolytic cells is the electric voltage generated, which may differ locally.

Fig. 2 shows the electric potential differences generated in such a line.



two printed circuit boa,'ds 5 and 6 anmounts to about 10 nrm for exanple.

Vol tages U(s) are generated over the distance separating these two printed
., circuit boards and al so over the distance between the printed circuit
boards 6 and 7. These voltages J(s) vary along the distances "cover ed by the
printed circuit boards 5,6,7 inside $he conveyor zed plating line. The
voltage U(s) particula-ly differs in the zones B and C descri bed. 3 The

el ect r oliytiés cas¢ heeel@ctr rajivh € 2safay €rs2 printedoecidt estabbiishegcbet iween t he
printed circuit board 7 and the anodes 11 a weakly conductive electric
connect PEFIErASIR Y B3 Gl £ sewernedirintan CipddPeapdbbentipdPacsNg beaerdiet he bor der

f d b | I
b ot o Werplatf cBuur hoa Ry SHhm 8L o AP0 E0M R abbE Pldw  moedance
el ect 1l GaliaBes Uknate LORAUEY bher fid koAt antdgngumdss nh 9nﬁiteahr ough an

additional électric ¢contacting nenb . As aresult thereof, this printed
ci r cui t chioait doardssamméarso cgwa‘rdhd cmiaanee batween éhe paptgd)mrmt b@ayrdatB 0 volt.

boar ds. BEA TSRS aRbaLLA) P8V RRBOGRE GRISHEE Srid Al o0 CHENBENeHtd ol of boar d
h h
anodi ¢ EorbaCRE e st e Fot HRERER %ﬁ%tﬁé’%%f"éﬁ %ﬁfc;ﬁ; °

et ched. pésnddlmiybma‘edazram@ nassed dnlr oughictibedseal ing or partition, wall 4
and through the sealing rollers 3, the voltage U(s) between the adj acent
boards 6 and 7 is at 25 first smal and anmounts for exanple to spout 50

the 41 nd bt LEfGRAEE S PULR S 2 T Hh SRSt e el ther e o o
vol tage priptdiecinfuieBiosty 5AAa thb ldnbabt f15a weaashedhadhimectibirkat e e, the

print ed circuit beard 7 also increases continuously. 30 In Zone C. The
adj acentopnécticed /s & cesilt heaeds 2B @mdii6 patentpll acedmar kotbe liardedance

el ectri ngllon 1%tc?fct51e pnn(%éJ r(];er:L]J bcogpd 9Ct hnc% 1gepnaor?al?y l% ?onejB aned?l

circuit board 6, by contrast, is already placed in low impedance 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 printed circuit boards 6 and 7. As compared to
the ground potential, the potential of board 7 in the border region 15 is

20 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 small and amounts for example to about 50 millivolt. It increases as printed
circuit board 7 is being conveyed through the line until said board 7 reaches the
first contacting member 9 where a voltage value of about 500 millivolt is
reached. The etch rate at the printed circuit board 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 netal is therefore hardly electrochenically etched. The/etch afft ack
in Zone B, by contrast, is so strong that it nmay lead to quality problens
during the electrolytic processing in the convaycrized plating |line. How

t he hoar dsearethpaeed thawetapt U(s:) IIHmIantthaL‘e tihe bcont=a® tindd menbdose® and 16
is thereby of m nor mportance- has been found that a disturbing etch
attack octUHYS WFGIRN TR % OnE dett S@%@e'é%ﬁ%%?@lﬁ’ééh%ynﬁ%ﬂn@f%‘ﬁm%ﬂ s, wheels

or clanp | Accor f a t
printed cgpgdbﬁﬁ%gaf%% rggyg,g{ ¥%8n@%§ﬁﬁt§@d§'&%§%oﬁggﬁi ng et 'S'?ﬁ%'%gcﬁ%de and
t he ot her hiahgyeadhadeceficarn Scakectrolytic cell forned by t hese two boards.
The anode of th| s pair is ‘electrochemcally etched, meaning the top

metallic layer is renoved. This layer is the metal plated copper |ayer

d bed d d
current-s 108 GRBERK hePbE. eSSt Brasr et A AR G o form i n
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bonds, Te avoid this s an objéct of the invention. The solution to this
obj ect i sHoov tedboerds areniladezein decelcenintact atdh¢ agetdagingeeambadj 8cent
printed CII’C.UI'[ boar i ne, el ectric v of C volt being

ai med at. 181§ Up@redy rogﬁw'ngf tﬁag%wmé? F%%@esnéw%ﬁﬁttag is{f(ﬁ?ﬂefe&% has
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t he rlnte cl rcul oar s en i nci a gua el ectrode
may aI so beinppowiided for In the exit region where the printed circuit boards
exit Cthe line it order to reduce or mnimze, in that region as well, a

di sturbing affect
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

w

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 boards. To 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 0 volt being
aimed at.

a Therefore, . the conveyorized plating line
therefore has at least one guard electrode provided for in the entrance region in
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

0 the line in order to reduce or minimize, in that region as well, a disturbing effect
of potential differences generated. The guard elecirode serves to reduce or

minimize the electric voltage between adjacent printed circuit boards in the line.



of potential differences generated. The guard el ectrode serves to reduce or
mnimze 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 substantlalﬂ delimts the entrance region fromthe
processing region of the 5 printed circuit boards. The processing region for
the printed circuit hoards is the region that accormmbdates to anodes. A

Caron. PR R RaR ok e DN AR R R RgPr0o

electri F) oot act dydddiedtin hieashhng/drired f18eh@Mnefin theh anpdaser tHiough. 0 A
guard el ectrode disposed In this region applies a certain cathodic potenti al

to t hesmpb$tan§alilsc¢ielwit$ thsoanteandratedhaip pens theopbeashingeregion hathea he el ectric
mzed relative_t

| d h di Th d
el ech ot e CHRa e v Al Al Gosial 145 he tRAmETCr B ROGR: i Bot waen
Zone B adodong a%coi‘a%né@é‘te’s%h@%%B%bébkﬁrér%@ﬁ’ér?% i8S iVicRwed batidih di rection

of transport, directly in front of the first el ectrlcal contacti ng nenber
for thetfmenﬁradca:regpumenhdhe @soc(sfssmg raglrma intthe tp;nsnttcafdregxmm,dhe boards are

pl aced in electr|c c in Zo h e rd electrode is
pref er aBPY PSRy Ef‘ %‘ﬁ’ct?? %iaﬁﬁﬂﬁ%te ¢ CPP “’gﬁ‘i‘”gﬁ@é‘gr '?%%E% the printed

circuit ah ds ¢ ];,ggé@ 1BhEyfpei ng conveyed through the lice. Damage to toe
printed %r cui tl?%gar ds is thus avoided. Mreover, the guard electrode does

not Ovear under these circunstances so that it is alnbst nmaintenance-free.

25 As opposed to t nodes the guard el ectrode i.s cathqdically poI ari zed
and 5@5@@&%@&@&&8895@# g fﬁ%ﬂ EEPUIR ArfegaT @@tf&f lePetertiivé @ur r ent

sour ce. tcswﬁrrnlr?tfeﬁgcﬁr‘éhﬁt 268 8edthappens 88 s theYs B8 tht iePibchlc Jdiagauar d

el ectro
reduced or minimized relative to the preceding board. The guard electrode is

more specifically disposed in the fransition 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 B).

In the line, the guard electrode is preferably disposed in such a manner that it
20 does not touch the printed circuit boards as these are being conveyed through
the line. Damage to the printed circuit boards 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 this purpose to the negative pole of the current source.
As a result thereof, the region lying in 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



el ectrol yte space, as viewed in the direction of transport, (Zone B) is
efficiently screened fromthe processing region with the potential in Zone
B being 30 adjustable through the cathodic potential of the guard el ectrode.
For a better adjustnent of the cathodic potential of the guard el ectrode in
Zone 11 S in the electrolyte space. the guard el ectrode can bel eohnedt ed,
by way of at !east one limting resistldr, to the negative pole of the
current source for alectroly® !'c netal ulating. If the limting resister is

adj ust abl 8,intthe atatthddiecspaset, éhe pakrd slezonéeBandye benadjiadt Rdwalth 2éven

t .. BY._adj i the lLimti ISt i i t | t
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hoar ds i npeteatizoiedoBe &htha@ bg aBjssel wihiavgntdreainurmsetradye Bytrestinche

tial ; t d/or th i f,. th d el t hodi
ot ent T al 5 BATILISSH; Beb PRt egda PR et Rar FrF IeRient 80 on of t he
guard el eglshodesdray: herdfitid henisigauak hge% éﬂtéf&?ésiszsahée 9%%! The vekd ages

bet ween adj acent printed circuit boards are further reduced or mnimzed. 3
More specibpecatay peimeitgtaadhielectrode oarerbejuridetidém ofiranpeteeterdfdakl y
conductive .nmaterial, that, i.s al resj st to the chemcals utilized.
Anot her pBQg?eﬂe?‘quﬂ} ?%arﬁﬁdpﬁ{%‘?z%l”ﬁ%%e?% ‘ic voltage between the adjacent
printed O circuit boards consists jr, supplying the respective contacting
menbers, nore specifically in the transition zore (Zone C) and in the first
r egi on) of BZaméed@nanhehnurabboviee shabt aije dgwial thengentead tinn@rieaerssoi n t he
foll owi ng Zone D. For this purpose, an electric resistance is npre
speci fi calll§9¢@hhelereadse: Weerriihec PreapEt fiane CoReBreY RECiib hpaEt g nenbers
ang. Lne nRRALINS iR rdliohds A BLLAGEIBRHAE TRy BOYifer dGAECAUPRABRA 1 NO
resistors may for exanple be connecte

the electric voltages between adjacent printed circuit boards are further

reduced or minimized.

un

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 in supplying the respective contacting members, more
specifically in the transition zone (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 paths 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 io the other.



in parallel in the current supply line |eading fromthe current} ource to

the contacting nmenbers, The conpensating resistors may fal’s6 Be'tonnected in

series between the contacting nenbers in the current oaths |leading to the

contact sites. More specifically i he case of a connection in parallel.

the O resistance values of these c ensatl ng resistors pref erably vary from
site to.t ether. 12 Th el ectrc of the contacting
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may be increased or re eelectrlc potential of ilia
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conpensati ng fesrs as an appropriate

Generaiuby:entapmht@ﬂaiuduﬁ lefardenBaetignenbessistarecprave déd for in the
conveyorized plating line e.g a row of clanps that are di sposed, as viewed

in tﬁ@ﬂaﬁn@@tﬂm@mww fanspbPaly BRBNbeniasd I FtRe GisHERT plemEEPaded

that PRRRoc oy PRar AT FRRY PR eS e APR(h ab%géggagagg@gg@e;g: e

contacti ng r0|ls that are al so di sposed 15 one behind the other in a spaced
rel ati onshig and roll on the borders of the printed circuit boards, or
séver @eneaityastplvsilitepsCemartiag enensersdirsposgticgner b8t nd t he ot her in a

or e s RLERl Hdhald kT ol RS IARE Sonpt Rl UGB st or can b
assi gitedditatn &SRR He Rebelhd the oeHiact fdremdeishship bAent ransi tion

region, the respective one of the conpensating resistors being J)r ef erably
conneebd@ss rewdvingda nwhisd l@lﬁ“ﬂ@ﬂﬂedﬁﬁpﬁﬂuﬁ anidi@ab élmedamadjgle &etd cont act i ng

rrerrber th:\ nt84 %ireOft %%trgs, di'several contacting rolls that are also disposed

[5 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 dispbsed one
behind the other in a spaced relationship as viewed in the direction of transport

and roll 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 contactihg members are individually
adjustable. The electric voltage between adjacent printed 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 be 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



parallel. In this case, the size of the various conpensating resistors may
be adjustable. As a result thereof, the voltage drops in the conpensating
resistors that are assigned to the individual contacting nenbers are
individually adjustable. The electric voltage between adjacents punted
circuit boards may thus be mnimzed figrther through the at |east one
conpensating resistor so that the cathodic potential of the printed circuit

boards mayzherdt egi at €@ are toadh Hetedla@lss antiakingod of epraamshaes at i on

various geonetric situations in the conveyorized plating |ine and various
formats afePwthgialpag anet@rsiciratitie otiprrimeeds diatcueto bedpdsdsiictieas t he

t hi ckness of. t he r._cl,addi the circuit 13 pattern (size of the area
to be net ﬁPﬁngﬁ? gﬁﬁpegﬁwtgﬂem Cyggjo(?(d%et allization (possibly taking into
consideration other nmetals that are to be found on the surfaces of the

printed circuit boards). v In case at 'east two contact isrﬁ menbers with
el ectric tonpensatdasytwespstatisg memdeps siindeactfioconpefamnieespioved
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result ther , the"potential differenc usual'ly generated in the
transi ti ononegirsatiiy opsiZoneviGh ¢ Zemen® bethweknst thetactdhgeneteeprisnt ed

circuit boards, which happen to be in these regions are mnim.zed. In a
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connect ed h i 2t i ugh
curren 1 PrasiEfefeRitd i rertadion fedRTaRIR 2o € 16 20 D kR Seh Ml
current paidrefegimgedicutdiedoaniowsegneniset fuabe ar trealeeetidgreadiley i sol at ed
fromone another in proximty for the entrance region of the line, i.e., in
the end r&YNBHZBE- the current path facing the entrance region, nore
specifically in Zone C, a C conpensating resistor and a contacting nenber
bei ng assigned to a respective :

In a particularly advantageous embodiment, the current supply is electrically

5 connected to the electric contacting members for the workpieces 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 to 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

0  compensating resistor and a contacting member being assigned to a respective
one of the discrete segments. A connection in 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.

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 not in the remaining processing region.

0  Generally, the printed circuit boards are contacted with the electrolyte fluid in
the electrolyte space by leading them into an electrolyte space filled with an

electrolyte fluid as they are being conveyed through the line. For this purpose,



one of the discrete segnents. A connection :n series is thus obtained in
which the voltage at the contacting nmenbers steadily decreases_towards the
transition region A even if the values of the discrete resistances’are
equally high 5 Conpensating resistors are assigned to the contacting

el ements or to the contact rail segﬁﬁnts preferably in the transition
region and at the beginning of the processing region in the line but cat in
t he renﬁiem&r@eba(ﬁ@@ff@iim@/mrggtrtmﬂwd@wmiﬁge&w@i Bt FEEHSRRER GNFC beans are
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the printed circuit boards enter or exit Said tank and sealing rollers that
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d apart by the printed circuilt oards passing there
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Fig. 3:is a scher_mt{ c cross-sectional view of the front region of an
el ect r opPACEMPIS R I’ihré‘uﬁaard el ectrode according to the invention and
shows the reduction or mnimzation of the electric potential difference
bet ween adj acent printed circuit bow ids that

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 accordingd to the
invention and shows the reduction or minimization of the electric
potential difference between adjacént printed circuit boards that
may be 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 cross-sectional view of the front region of an
electroplating line in which the guard electrode is contacted with a
current source through compensating resistors that at the same
time act as limiting resistors.

30

The front region of a conveyorized plating line according to the invention as it is

illustrated in Fig: 3:has a tank 1 for the electrolyte fluid provided in an



maybe obtained therewith, 20 Fig. 4: is a schematic cross-sectional view of
the front region of an electroplating line with an additional inventive
nmeasure and shows the equalization of the potential differences that may be
obtained therewith; 25 Fig. 5: is a schematic doss-sectional view or t he
front region of an electroplating The jn which the guard el ect Fodé lils
contacted with a current source through conpensati ng re5| stors that at the
sanme tinme act as Ilmtln_%mress ors. 30 Tn f5r§?,§t re conv ori zed

S

pl ating | iSCECEAYET G £o AR HFeRFHN S ! arp|q '"%’PV% AT Fi'g. 3 has
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The printec ci hoard conveye Il ne mear s of

stati onar )thidLﬁ;ﬂSQﬁre'fntrfaﬁb@rslbta:)roif'ﬂeﬁ ientesctlre iahd, arﬂﬁseﬂwu@n 4dufiough an
entrance slot provided in the sealing wall 4 and between sealing rn.lers 3.
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space. The 1 ncomn prated circ_it boards 5,6,7 raise the upper one of the
two seal i ngectoblyar 8uid dardy isemteved tceleﬂkeniﬂ:xtbleﬁxéerwmc@ Tmhenqriinged circuit
cl ose succes i on, . The

boards 5,6,7 are.con rough the inc i

spaci ng bétren Gike!t Epﬁﬁf%g %?r%'a dhe yerprgne &' fi g arping wh6i 3 20 mm In
an effort i t CIrCUIt
boar ds 9%%[ Qlleggrg[}t on é&g%gr ghyﬁlr{@& g,mli'?&?%ﬁs%g’o?ﬁ%ﬁegdj rPV%g%r ding to he
i nvent DOﬂ through the line in close succession. The spacing between two printed circuit

boards is for example about 10 mm.

In an effort to avoid etch attack in the metal layers on the printed circuit boards
5,6,7, at least one guard electrode 17,18 is mounted according to the invention

5 inthe 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 lower side of the
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 lower 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.

For this purpose, the printed circuit boards 5,6,7 are conveyed through the line
in the direction indicated by an arrow. In the snapshot shown in 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



51in the electrolyte space 2 in Zone B as shown in Fig. 3. Such a guard

el ectrode 17,18 is preferably di sposed both on the upper and on the,}owa-
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 chem cally resistant
material that is electrically condudfi ve on.portions of the surface at

| east. Certain special steels, titaniumor other acid-resistant.

el ectri EEPYlY b@aﬁ:ﬁﬂcbv venkatlepn psatte et tagion imdde theplechetagpeceand

| ouver gu I .0des .17, 18. cause . r4 nt [ ' 0 ) 6,7 in
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connect @k fi9e s pHRfENTIrQIRRb A4 tEINAYUGH heQnl Gy éhiBRIEDeS I, 16 as they are
bei ng passed through the line, so that the. boards are then at ground

pot ent i alcat@d betweerrtre his bpaaizos endthie theidftrexs BiancuCt Theaedtd, &, 7 are

conveyed .t hrough the |ine _in the direction, indicated an arrow. In :he
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conveye . it hi | 4 j C Lh:el ectric contact
byt he. conEetlErheibp oy e tAR BBt Bard ARl R RIS °E,  Cont v ast
only hagdhbefs tRtSaieghoned sbdebbhr elieaisboliyt ebsPaceas?.th&hgiarear region
of this printed circuit board 7 is still in the exterior space of the |ine.

The pri atesdrociesclrn,18board 6, which has already entered the line, is |ocated
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

ﬁgg{)@ct TRE SR dr@nd 1hesfrem Lagian b heteafittiieQatind Ret&ant agt i ng

ers 16.” Sald printed circuit board 6 is also just about to pass the
guard #lectimedesourée 181strb@ed’ be tgaanp rightotarodest thé,Fig. are in el ectric
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

el ect r oges el 8iBAshid8ioh WtkBLn 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 by way of the resistance values

14

thereof.

The action of the guard electrodes 17,18 is great;st when the limiting resistors
19,20 have a resistance value of =0 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 boards 6 and 7 is reversed. In these circumstances, the
printed circuit board 7 is at 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 overcompensation is avoided by the insertion of the limiting
resistors 19,20 and by an appropriate adjustment of the values of these
compensating resistors or by the suited selection of limiting resistors having the

30  appropriate resistance values and/or by the reduction of the efficient surface of
the guard electrodes 17,18. In this case, the limiting resistor is formed by the

electrolyte, The values of the limiting resistors 19:20.are preferably setto range



supply, limting resistors 19,20 are provided for, the cathodic potential of
the 15 guard el ectrodes 17,18 bei ng adjustabl e’ byway of the resistance
values thereof. The action of the guard electrodes 17,18 is greatest when
the limting resistors 19,20 have a resistance value of zU ohm;/Then, the
cat hodi c pol arization of the 20 guard elfectrodes 17,18 is so high that the
polarity of the voltage U(s; between the printed circuit beards 6 and 7 is

reversed. Fmnthese w0 6UIBHANTESI cnménsn@higrﬁré%u%hrtﬁai thehoaedid & 1Bk a

cathodic potential relative to the printed circuit board 6 so that an
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be etched. This overconpensatlon is avoi ded by the insertion of the
limting mresidtoesudl@e?20 and oven appropriate adjustnent of the val ues or

these conpensating resistors or oy the suited selection of limting
resistors having f.e 30 appropriate resistance values and/or by the
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case, the 'imting resis el ec he “val'ues of the

limting restesitenss 38020 aliecpr gfrenapl yesdtedt & signger.11 from 10 to 100
m |1l ohm Thee dinensions are such that the potential of the guard

el ectrodes 17,18 generates a voltage drop that approximately equals U(s),

or 1 nt el ci feineveysipad Fehind o BRTPREY 7 S Bt e R 1o B REr B cui o
boards 6 5f afshel phisteeatilitzetrd WHA HRPpEnade o Thes Bwo guard el ectrodes 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
per LS £ ARl B0 8L Blin A 8%t e R 3FaBLd RESHSHECHRS PRy o that
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 board 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 Coﬁ'tacting member 9 along the
path s are smalil.
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 Zone C.

Such an etch attack is avoided by the measure described with reference to
30 Fig. 4. Compensating resistors 21 that are assigned to the contacting 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



As soon as the printed circuit board 6 is placed for the first time in |ow
i npedance el ectrical contact at the first contacting menber 9 and enters
Zone 15 Cno 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 18. Hence, but a small current flows
through the contacting nenbers 9. The electric voltage drops at the

cont actinpgneetimere9starodd it heterpatdd oyanealsmalditior20 ribve gaxdidalydi f f er ent

with the printed circuit board 5 that ha%@ﬁ%read{%resﬁ% Zﬁjne D. Here, the
cur r eRY $pasEineg A kPEGHINCHECEBTadt 16hY ehes 1694F & "fi'€at’’® The vol t age
dr ops : i I : i vol tage U(s)
pui | a8 DBt T R e B B P R R A T P K T s 0f 28 ciroui

boar dsff8cteiBththaindher\beEdahg £gbepehdadig Fhsispriat edo ¢he cuirtnboathd 5 is
positively polarized relative to the border region 13 of printed circuit

boar dobeveryhanéd@ing] mehebdiot.déranddei snleting Soebeet FroThenesal |y etched in

Zane C. Suctg an.etch at%zgck is avoi ded by [he neasure described with
r ef er BAREH G BIFHEFGNCF V8 htpensat i ng resistors 21 that are assigned to the

cantacting nenbers 9.16 are inserted in the current paths of said
contacting nmenbers 9,16. Said conpensating resistors 21 are Indicated at
Rl, RZhamdnR3nsHiegmestsérrsdd1 4% sicetrperibat,iaighe esécrapistiricugedet er mi ned by

| ocal _conditions, nore specificall t he nunb of cont act i menber s
0,16 A NeEOHEL IS GreioBl B DeHed, TholErb L TGS Tel T CBrS RITeR and: R3
are c > ‘ [ %té?a@ g a
C(ﬁ)ﬁpeﬁggﬁéﬁ]g%ﬁ e@?@%&%?pﬁﬁtﬁ%‘%g @ gﬁ@%%ﬁbep\g%l of "e ée}?é;hgé?ﬁ%%ﬂg? i ng menber
9, 16 anthpbyissehgeddingrs an trachrer esiigtat tathe appraepingatembesi $6amce val ue. |
he conpensating resistors 21 are sized so that at the el ectroplating current

f1 owi AGNERT-OMYA reﬁ@ltétaﬁf@aétzthﬂgoﬁa%wg) betvecembie RN iquit Ry PP in Zone C,
the g 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 1 milliohm. 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 of the cathodic potential of the guard electrodes 17,18, an

25 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 ze.ro, more specifically in the entrance
region of the line.



10 voltage drop generated approximately equals the voltage drop generated at
the conpensating resistors 21 that are assigned to the contacting nenbers 16
in Zone D. As a result thereof, the voltage U(s) between the printed
circuit boards 5 and 6 is lowin this Zone as well. Accordingly, no etch
attack takes place in this Zone either.qdn conventional el eﬁt ropl ati ng
lines, the conpensating resistor 15 values for Rl, R2, R3 ra-@eﬂ"-f)rzéh“@} about
100 mlIliohmto about I mIlichrn. The efficient conpensating resistor

val ue preferably decreases in the direction of transport of the printed
circuit boarts: prBentibecause pdientaisrientha fnadghietiede<conridcidtngenenber s
9,16 increases. 20 Eventuall shows anot her preferred enbodi nent of

Fi g.
the pr esenPO”m‘?vnéﬁPPSrYeFﬁ?%%/%half‘aé:"qsi”ﬁf‘? PRGNS I5tvere 1 @ d20 that were
et siions I . . ! . Sl
gi Irrp: 2? slt rgfjctturdee%o% d%ﬂe } it%%ﬁ?é@%%gﬁe%egéﬁ%%sg%i b g%% gg’)":!r gerﬁtgbmp?ter mt in

this case asltagt Is thelovadhestneeottiat caheccathodiredpatenthat? afidtheaguard
el ectrodes 17,18, an 5 apFr opriate potential between the conpensating
resi stors 200%RdWE fasheé!ing feFicactording to Fig. 4 is scanned. In this
connection tests showed that the size variation of the conpensating
resistors 21 is so small that in practice a suited connection site for

pl aci ng t heor especdti ve: preuek dfhee guard alrgt sodesnlfrel®tidescobegtic
contact can always be found in order to adjust the cathodic potential of 30

the guard elceet detleshazingarespondl toehe matreapbowsotthetures pages. X shidbet ween
adj aceme pF:i. nt‘gd circuit boards to drop to Zero, nore specifically in the
entran &yion of the line. 1g in t!,e present case. the potentials for
the guard el ectrodes 17,18 between the conpensating resistors R and R2
were scanned. f, when the guard electrodes are connected between the
resi stors Rl dnde R2téotalexanpletagthirsps wokitaagemipsntetor awastihes connect i on
car be established between R2 and R3 as shown in a dashed line in Fig. 5.
generated in the discrete Zones increase as the current density increases and
vice versa. Since greater current densities require greater compensation

15 measures, the invention is almost independent of the current density used.

The invention is particularly advantageous in providing wear-free plating line
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 and 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.



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 conpensation
measures generated in the discrete Zones increase as the current density
increases and vice versa. Since greatler current densities require greater
conpensation ,5 neasures, the Invention is al nost independent of the current
densi t ytus eadersthed ithviehei ommplepantl @ubatinye AgvEsCages s eic §e69i di ng

wear-tree plating tine ele ts. Onl assive el enents are used, nore

speci fi ﬁ’éﬂﬁﬁ@ﬁv%gg@?ﬁﬂ ﬂﬁjycadﬁ% ﬁ@? vapgu%gﬁo&fiﬁq@t ea?nrae(&h’i%% mﬂ@?di st ur bi ng
e'eCtriﬁm#@bfaﬁﬂ&mﬂﬁ%%%&ﬂtb@@mﬂﬁéﬂ&ﬁ@j%Q Ehgcuit. boards, Surprisingly, it
has been found t hat e cathodic guard e?ectrode(s) are netal plated to a

m ni nuntextent only. A slightly chemcally etching electrolyte fltuid
suffices to prevent netallization of the guard electrodes. If it does not,
the 25 guard el ectrode 17 nay be efficiently prevented from being netal
plated by- Installing between the guard el ectrode 17 and the anode 11, or
bet ween the guard electrode 18 ari'a the anode 11, a screen with an
electrically non conductive surface that extends on the one side fromthe
vicinity of the printed circuit board and term nates on the other side at
the bath level or at the bottom 30 of the tank. In this case, the neasure of
the invention is conpletely maintenance free 120 It is understood that the
exanpl es and enbodi nents described herein are for |Illustrative purpose only
and that various nodifications and changes in |ight thereof wll 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 nmenber 10 10
delivering nmenbers for the electrolyte fluid (such as flew nodes) 11 anodes
12 border region of the prinmed circuit ioard 5 13,14 border regions of the
printed circuit board 6 15 border regi2 n of the printed cir¢uiirpboard 7 15
16 cont acf‘ gﬁ Ir;r)rgn‘oer 17 upper guard electrode 18 |ower guard el ectrode 19
limting re81€C6AUSIEEe guard el ectrode 17 20 limting resistor of the
guard el ectrode 18 20 21 conpensating resistors of the contacting nenbers
9,16 U(s) voltage between two border regions of a printed dreuit board s
path travel ed by thelginignted circuit boards 5,6,7 through the conveyorea
plating I'ine 28 SEP 2006 22 Clains. |. A conveyorized plating line for

el ectrol y‘?l cal | y meB&CUsIAEiSAGCRor kpl aces.  wherein at |est one guard

el ectr, (17 18) in an entrance region for the workpieces
(5,6, reduce aﬁegﬂﬁ cgﬁgs vol tage that builds up between adjacent

wor ki ece§ (5.6,7) behng, genveyed through the line.

5,6,7 printed circuit boards
8 transport roller
9 contacting member
10 10 delivering members for the electrolyte fluid (such as flow nozzles)
11 anodes
12 border region of the printed 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 electro;.ie 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 circuit board
s path traveled by the printed circuit boards 5,6,7 through the

conveyorized plating line



2. The convey prized plating line according to claim11, wherein the at |east
one gqguard electrode (17,18) substantially delimts the entrance region from
a processing re,--on for the workpieces (5,6,7) in which agedesofsll) are

di sposed. i The conveyorized plating line according to one of the clains I
and 2, wherein the at | east one guard éfect rode (17,18) is disposed in such
a manner thatClhtmsdoes 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 clains 13. wherein the at |east one guard electrode (17,18) is

hndi cal | Lar | £ F 1, . L zed
et ng i Sodorifae fel SlhbYSe (& < jAPLARgHE el bay WRRIEAT PO 200,

guard el ect r odehe(dirf al Bhstiosie gamaatdcaddt 0l 7l Wt prenides duag enttoice r@di@ct rol ytic
metal plating through at |least one limting resjstor (19,20). 6. The
conveyorized pPatEaPrKpeEsaefor & U0t asHe Soltgrehei iidhaD REtWeeRAst one

veyori zed sdebol thep aeticeast o
ccording Lo LTl THE Er sine 1. b gyl RIS ' 25" e nunber | the

shape, the spatial arrangenent and/or the size of the at |east one guard
el ectrode (17,18) are determned in view of the reduction of the electric
vol t age between adj acent workpicces (5,6,7) in the line. 8. The conveyorized

plating |ine %ﬁ?é 9!)%\%8.2&%?@{%1%&9&@&9&%t%i‘}iﬁaol”%e{e%}; F]-lgvr%ﬁ 1ea‘é‘ﬂﬁ[§:ei n at

| east one current source pr g an electric curren to the
wor kpi cces ( 5,goard)elesrope oV, tedubwheidiynicBinée thid @atanconiaet frtrg amenbers (9,

16) for the workpieces (5,6,7) are provjded and wherein at |east one
el ectric conpdfis&aringreeed gfa‘re ‘(szr%ylepgs Fe s B A A M e TR
leading fromthe current soiree to the contacting nenbers (9,16). 9. The
conveyorized plating |line according to claims, wherein the at |east one

3. The conveyorized plating line according to one of the claims 1 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 1-3, wherein
the at least one guard electrode (17,18) is cathodically polarizable relative to
the anodes (11).

5. The conveyorized plating line according to one of the 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 5, wherein the at least one

limiting resistor (19,20) is adjustable.

7. The conveyorized plating line according to one of the claims 1-6, wherein



current source is electrically connected to the electrical contacting
menbers (9.16) for the workpieces (5,6,7) through current lines and a
contact rail or brushes, at |east one electric conpensating gﬁ‘;@t{)gr bei ng
mounted in series in proximty to the entrance region of t he® nd the
contacting nenbers being connected to either end of the at |east one

conpensating resi.s - U..T n orized plating line cording to one
of the clains 8ﬁ1§nn(t§lgfgj,er’3ﬂ\}\%sehra§?ﬁhgg%a\{lgrarlraégglpe%r?él déoéﬁlbeeﬂg%?ﬁﬁﬁ a{lggsltst or (21)
i's adj ustabl e. bnd gidieceony@yQriBgaepleatinngdlii DRwASRRE didagrdooone of the
clains 8-10, wherein, if at (cast two contacting nenbers (9.16) are

provi ded, the cofpeagatipgigbetves slisest yorkpicaeseSedjustiamblies i n such a manner
that the voltage drop is greatest in that conpensating resistor (21) which
is assigned to the first contacting mnenber (9) as viewed in the direction
of transport. 12. The conveyorized plating |line according to one of the
afore nentioned clains wherein, for contacting the workpieces (5,6,7) with
the el ectrol yt eé2BiesEpvogusged 2lpting ling ageording jo areen it algrpasseethr ough t he

e, 2 space | Bl GlhekieaSLERthoL IS LUl B008 AREUTHLRLES i pLOvi ded

whi ch t he workpreces can enter an e workprcces ,6,7) can

exit agai n oncetddheyonayecchesn, s anveyddd, whrabghcheal édyeactidd rAnithod for
el ectrol yticall E/ netal plating vvorﬁl:gi eces in a conveyorized plating Iine
conpri sing feedihdowor Kisi wediaces (he7) draarovibavadivigieinat IeoBoRpi eces t here

el ot foni 6 vor 1 SHe  Ra PRy Rk FARTrd Pl B ph Al B {lhenl BURABLE ) bei ng

conveyed t hr oughotnh@e biméntByuire ansicebniattidggashbaned,geprd el ectrode (17, 18)
being provided in an entrance region for the workpieces (516,7) in the
line. 14, The nethod according to claimi 3, wherein the electric voltage is
reduced

9. The conveyorized plating line according to claim 8, 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.

10. The conveyorized plating line according to one of the claims 8 and 9,

wherein the at least one compensating resistor (21) is adjustable.

11. The conveyorized plating line according to one of the claims 8-10, wherein,
if at least 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



through the at |east one guard el ectrode (17,18) by the fact that it
substantially delimts an entrance region in the line fromthat region in
the line in which the anodes (11) arc disposed. 15. The nesbpdo@mccordi ng to
one of the clainms 13 and 14, wherein tgg at |east one guard el ectrode
(17,18) is disposed within the line in“such a manner That it does nor touch
t he wor kpi ecélid & ey predasirigheysearterdogh dg loeny eysed it hhalghe tlerolkiene. 16. The
met hod accordjng to one of the clains 13-1?,, wherein the at | east one guard
el ectrode (1 ,“1‘83"0?1%1“ ??ﬂé@f%fédqdd”a\ilﬁ%th‘?é’&g Pigeesieite’ )srn s ent sour ce
provi di ng an. gl [ f ';Qﬁaﬁ% 7. The et hod
accordi ng to“glrll(gp%l% “&ﬁgﬁé{eg:agrfg’qgwi%ﬂ%&ewe? Eé pot eb%'?? g?n%?/edlt he at | east
one guard el debugdee(ibé, 18) is catholically adjusted through at 28 SEP 2006
25 least one limting resistor (19,20) that is electrically connected to the
negative pole of the current source. 18. The nethod according to one of the
clainms 13-17, wherein the nunber, the shape, the spatial arrangenent and/or
the size of the at | east one guard electrode (17918) are determined in view
of the reductlBon nofthdéhereleeablyticallyvabtbgetind orkpheeset hoshvagadredi ng to one
of the clains_ 13-18, wherein the electric voltage between adjacent

wor kpi eces (@!%l,ngihn?ﬁomﬁésqnsﬁ@dﬂ@ Wl agee%wttmﬁu@ﬁoat*emget&%t one

conpensati ng i: r r [ i i sistor being
255! ned 10 QN e K R e e b ah ™ 0 *20. “The
nmet hod accor decdgirigoncd aitrie 1@iaguhien évniddt yebeiveat adjecenesbsdpanee of the at

| east one co nsating resistor (21) .is. adjusted in such a manner that the
el ectric vol E%Saﬁg eaveafaﬁal&remh\J{e{aﬂlﬁsme&nwf@}#tsﬁ’%ﬁ%ﬁ%ﬁﬁim‘_zed. 21. The
met hod accor diedgodo(16! @) B0 prI&LEhAn chfradtle (b EAR tol MO WAL Ng

(5,6,7) in the line.

14. The method according to claim 13, 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) are 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 not touch the workpieces (5,6,7) as they are being conveyed through the

line.

16. 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 cathodically adjusted through at



1
menbers (9, 16) are provided, the conpensating resistors (21) are adjusted
In such a manner that the voltage drop is greatest in that conpensating
resistor (21) which is assigned to the first contacting nenber (9) as
viewed in the direction of transport, 22. The nethod accor di #SER200he of
the clainms 13-21, wherein the workpieces 4%,6,7) are contacted wth the

el ectrolyte flui d as they are bei ng Eassed t hr oug the line by having them
enter a space in e\ﬂﬁﬁ%ﬁhtnﬁén&@ts@‘?fd 9:28) thatjp elea@@@ﬁupmgteéﬁnﬂwea@weng t hem

exit said space Bgﬁ%fkﬁéeéﬁnt%ﬁ%’ﬁ)ui)&?” conveyed t hrough the |ine.

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 (17,18) 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 resistor (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.



