Circuit Arrangenent and Method for Supplying Pulse Current to 5

El ectroplating or Etching Systens Speci fication The
invention relates to a circuit arrangenent and a nethod for supplying pul se
10 current to one or nore electrolytic cells which are connected in
parallel. The method is preferably used for the el ectroplating of
printed circuit boards in vertical dipping systens and in vertical
and horizontal feed-through systens. El ectropl ati ng by neans of
pul se current makes it possible to influence certain 15 properties of
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properties of the electroplate |ayers can be alt wthin wide imts. In
particul arp t hr Ectroplating 0sEtching\8ystems addi ti on, the nature of the
surface can be influenced. What is also particul arly advant ageous
Is that the resulting el ectroplating current density and the
product qual i tysFaaiﬁbati@m)nsi derably 20 I ncreased. But against the
advantages in relation to the product to be el ectroplated is set

t he di sadvantage of the outlay on equi pnent for the generation of

the pul se currefhe idhtrslefitBs t@a%utceﬂ aﬁlaagémeﬂeahe% rhéhﬁﬁ for suPplym%U;SJI@é‘t

cone qui ckly up agai nst physical, technical "and economc limts
el ect ropl 40i ng rerrent eeonmAeMare Blastioldistcelis Which arg eonnacied in parallels The

et 2015 Rtrog SN P RSB T o BB O

10[err] to 10 10[®err ne range

el ectropl ati ng bgrtivebdippirig pystemsandrianvertical pad thocizbatal jeed—through gydtentsi ve.
Wher e bi pol ar pul ses are used, the article to be treated is polarised
alternately cathodically and anodically. If the article for treatnment is to
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charge) nust be 30 reater t han the anodic current/time product (anodic
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very large spat Ic%n b%' Hﬁﬂgﬁg&s V\)ﬂért hglsg?) atticu é}ﬁl advantageous is that the resulting

electroplating current density and the product quality can be considerably

20 increased. But against the advantages in relation to the product to be
electroplated is set the disadvantage of the outlay on equipment for the
generation of the pulse current. The systems used for supplying the pulse
current come quickly up against physical, technical and economic limits if the
electroplating is to be done with current pulses which are brief. As “brief’ are to

25 be understood here pulse times in the region of 0.1-10° to 1010 seconds. It
is in this time range that electroplating by means of pulse current is particularly
effective. Where bipolar pulses are used, the article to be treated is polarised
alternately cathodically and anodically. If the article for treatment is to be
electroplated, the cathodic current/time product (cathodic charge) must be

30 greater than the anodic current/time product (anodic charge).

The advantages of pulsed electroplating can also be used in the electrolytic

treatment of printed circuit boards. Vertical and horizontal electroplating

systems are used in the manufacture of printed circuit boards. Systems of this
35 kind are generally of very large spatial dimensions. Furthermore, the



2 el ectroplating currents are large in this case. For this reason,
gal vanic rectifiers. with correspondi ngly high capacity nust be
installed in the el ectroplating system 5 Because there is
practically always a |l ack of space, it is offen not possible for

the galvanic rectifiers with the pul se generators to be positioned very
close to ectroplatin
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usual conduct or gisfirnce sétweehgme géeahrcqebﬁﬁér%ocﬂﬁermﬁ Si.e. Qﬁe hetelyiecehand,

transp03| tionis i rTBOSSI time constant Tau for the current rise in
the 20 10bat hmust etvemcehqrzf m@qdestmacmavetiwne@waw agge staapeess ofthe

Tau = L{err]/R &{xéb currents, Wi atb% gﬁlolg q?lete g FujsE cﬁﬁleﬁf?sﬁ; érJ?ﬁnQﬁé ysggé Bf low

rectifier with TS pul se 'S on
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the ohm c conductor resistance, a tine constant
15 reducing the conducfor inductance are known, such as for example the
transposition of forward and return conductors. This current conductor layout is
admittedly possible with cables which have a smali conductor cross-section.
On the usual conductor rails for high electroplating currents, on the other hand,
transposition is impossible. The time constant Tau for the current rise in the

20 bath resistance R,,;, is calculated according to the formula
Tau =L /R

If the distance between the galvanic rectifier with its pulse generator and the

25 bath is only, for example, three metres, with a conductor inductance of, for
example, 1-10° Henry per metre this would be 6-10° Henry for the forward and
return conductor.

If a value of R,,,, = 3-10° Ohm is assumed for the bath resistance, this gives,
30 with an admissible disregard of the ohmic conductor resistance, a time constant

of

Tau = L /R, = (6:10° Henry)/(3-10° Ohm) = 2:10° seconds.



Tau = L[err]/Rerr] =(6.10[err] Henry)/(3.10[err] Chm) = 2.10 [err]seconds.
3 Wth an ideal voltage rise in the pul se generator the current
in the bath resistance Rlerr] thus rises within 2 10[err] seconds
to 63% of the maxi mum current. The speed of this pulse rise is
insufficient for circuit board 5 elect3oplat|ng, for exanple. In that
case the above-nentioned pul se | engths are worked with. The pul se
rise tinme must be correspondingly shorter. A hori zonta
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a common | ower

A usual system is shown diagrammatically in Fig. 1:

The circuit boards 1 to be treated are transported through the system in the

20 direction of the arrow, between the upper anodes 2 and the lower anodes 3 of
drive elements which are not shown. These anodes can be both soluble and
insoluble anodes. in a feed-through system of this kind, each anode forms with
its associated cathode (circuit board) and the electrolyte an electrolytic partial
cell. By preference, all the upper anodes 2 form together with the upper side of

25 the article to be treated and the electrolyte the upper electrolytic total cell which
is supplied with bath current from the galvanic rectifier 5. Correspondingly, the
lower anodes 3 form together with the lower side of the article to be treated and
the electrolyte the lower electrolytic total cell. Anodes 2, 3 are each electrically
connected with a common upper galvanic rectifier 5 and a common lower

30 galvanic rectifier 6 via a switching contact 4. Because of the large size of the
rectifier, the distance between the galvanic rectifiers 5, 6 and the electroplating
system amounts in practice to at least a few metres. The current conductor 7
to the upper anodes and current conductor 8 to the lower anodes are of a



30 galvanic rectifier 6 via a switching contact 4. Because of the large
size of the . rectifier, the distance between the galvanic rectifiers
5, 6 and the el ectroplating system anounts in practice to at |east
a few netres. The current conductor 7 to the upper anodes and
current conductor 8 to the | ower anodes arfe of a

4 correspondi ng | ength. The common current return conductor 9

cl oses the correspending lsgg%f Ttheecopampearcwrenddeiurn epsdudgine 9plasesithet o be

treated is cqy : A re . j.cal
contac ef emacais B thgalvanic reBhAS rhe driifle o B ARG Whofifod IE,
connect ed w telectrislling 9 by mebhsf edacttical sonthet ataments, for exaeipie trr thedbtm
conductive. The,sw tghin nt act s as..a_ rule. ctronechani cal

Contactor . SHEAMbS T0teh 3Pk BShiected Witk Stifaift § oo e Aif e

conduct @ electribaiy gonductive! Thenwitchthg odritattsed, faesl riilBrefatgio-meshamcand t o
switch of f the anodes i.ndi vi dual | en the last circuit boards are

whe
br ought out @W%@Of%é&?\?e to switchy W?cﬁm%;@@iéw@ﬂym tha festeopaustobet ween
he ci ot . . ; . . Cbed
e circuit hoardsard ?tgngb'&%d o ifgeefeed%roi)@ri %I&g %’Sﬁéi@aﬁ%&]@crﬂoﬁ fheescr : ne

in DE-A-39 39 681. Reference.is nmade to :
traditional tansdes iodividualiy whendbedast dircyit boardsarte brosight petcafdhe feed-

conj unction ' t ' My J d 0, . om
the pul se. geraroaly sl il dage 6 Sel hoeb i ing it hoffl dHePelafe
fields.10The asfrewatohingcontatid 4sisrassgtibsd in DE-A-39 88 68dr Refardnte is miadeutedi ng
field of SUCQPdi turbance fields, are laid down in correspondi ng
standards. S &@0%39“ es for protecting the personnel who operat e
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standard VDE 0848, al so have to be observed. For this reason, screening 20
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el ectrochem cedrréspareingy standaRis! | Sfdtywheaduresdsr protecting the personnel who
operate the electroplating systems, as described for example in the German
standard VDE 0848, also have to be observed. For this reason, screening
20 measures are necessary which involve considerable technical outlay with
correspondingly high costs. Where the electropiating currents are very high,
even these measures are ineffective.

The described technical and economic problems with electroplating by means
25 of quick pulses represent reasons why so far this pulse technology has not
been used in commercial production.

In WO 89/07162 A1, an electro-chemical process is described which uses a
pulse method. With the reverse pulse method, at least one bath voltage source
30 in the forward direction, i.e. electroplating, and at least one further bath voitage
source in the reverse direction, i.e. etching or deplating, is alternately
connected to the electrolytic bath. The adjustable voltage sources drive the
bath current. With voltage sources, the amplitude and the time response of the



pul se nethod. Wth the reverse pul se nethod, at |east one bath voltage

source 30 in the forward direction, i.e. electroplating, and at | east
one further bath voltage source in the reverse direction, i.e.
etching or deplating, is alternately connected to the electrolytic
bath. The adjustable voltage sources dri v8 the bath current. Wth
vol tage sources, the anplitude and the tinme response of the
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hi gh energie tched in el ectropl ati ng systens. 25
Known extinguishing circuits parallel to the inductance cannot be realised

I n e el ctro latin stens, An_extingui ng, ci.rcuit would, in
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20 switch-off speed and the Size of the inductance This volitage is added to the

current sourcing voltage. The sum of the voltages is available at the opened

switch. Said switch is destroyed unless there are expensive protective

measures, especially with the usual high energies which are switched in

electroplating systems.

25
Known extinguishing circuits parallel to the inductance cannot be realised in
large electroplating systems. An extinguishing circuit would, in addition, have
the disadvantage that the dying away of the current when switched off would be
significantly siower. A further disadvantage of the switches proposed proves to
30 be the necessity of installing very expensive protective measures against the

strong magnetic fields in the region of the current conductors.

The unavoidable conductor inductance in the bath circuit always has a



30 be the necessity of installing very expensive protective nmeasures

agai nst the . strong magnetic fields in the region of the current
conduct or s. The unavoi dabl e conductor inductance in the bath
circuit always has a

6 di sadvant ageous effect on pul se ®eneration. Even experinental |y
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to 10 5 el edfigwirythiscesd.l s, by neans of which nethod pul se currents with a
| ar ge edge st eepness can be generated in large el ectroplating and
etching systens with one or nore electrolytic cells, and with which

at the same tfyR thBeprBEFé?r‘i aha@%ﬁé the present mbeaf. Wq]etﬁé elds is
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| east one galomnbemoss eidctrér J&tlcajé‘ﬂs and with which afthd &8k tmﬁl@tt@@é}@aﬁw&bf
swi tch which may be svmtche hr ou from_ at | east two

inputs to at §leEER-mAgneliGiglds isdimitgstioghminimusi t ch: 25 c. first
electric lines for making a direct electrical connection between
respectively one termnal of the rectifiers and the one term nal of the
el ectrolti c T protdend is solved by the circuit arrangement according to claim 1 and the

methods according to claims 9 and 10. Preferred embodiments of the invention
are given in the dependent claims.

In the circuit arrangement according to the invention for supplying pulse current

20 to one or more electrolytic cells which are connected in parallel and have

anodes and cathodes, there are associated with each individual electrolytic cell

a. at least one galvanic rectifier; and

b. at least one change-over switch which may be switched through from at
least two inputs to at least one output, or one on/off switch;

25 cC. first electric lines for making a direct electrical connection between
respectively one terminal of the rectifiers and the one terminal of the
electrolytic cell; and

d. second electric lines for making a direct electrical connection between
the respective other outputs of the rectifiers and the inputs of the

30 change-over switches or a terminal of the on/off switch being provided;
and in addition

e. the output or the outputs of said at least one change-over switch or the
other terminal of the on/off switch being directly connected with the other



d. second electric lines for making a direct electrical connection

bet ween the respective other outputs of the rectifiers and
the inputs of the 30 change-over switches or a termnal of the
on/of f switch being provided, and in addition e.

the output or the outputs of said at |east Tone change-over switch or the

other termnal of the on/af tch bei g directly connected with the other
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| east one capacitofzt Re@s'ﬂ%é%ﬂ@éfwfbé?ﬁ? \WBRRAedtBE bfeh&één Heehiist blectidiherand
each second electric |ine h corresponding control of the
change- over swit ch@@chsecene elastieline cl osing and opening of the
connections between the rectifiers and the electrolytic cell Vi a
the second electric lines, the follow ng process steps are carried out with
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t he capacitor or capacitors which are connected to the first
rectifier via one of the second electric lines are partially discharged,

c. thd0capad.tlorafirsitimainigrvatle &f%@%@@m trhortdnétaagﬁ@@rateatqamw@ cyirant he

remai ni ng secaqng. e e(ah@ B. In a second tine
interval t2 ( g%e&ﬁ%%éﬁrclét%gﬁeeﬁ%?t anodl C current pul se on the
article that is to be treated (tferr])): by connecting a

second rectifier with the
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second electric line and at least one change-over switch; and
15 b. simultaneously the capacitor or capacitors which are connected to the
first rectifier via one of the second electric lines are partially discharged;
C. the capacitors, which are connected with the other rectifiers via the
remaining second electric lines are charged.

20 B. In a second time interval t, (for example to generate an anodic current puise
on the article that is to be treated (t,)):

d. by connecting a second rectifier with the electrolytic cell, said cell is fed
via a second electric line and at least one change-over switch; and
25 e. simultaneously the capacitor or capacitors which are connected with the
second rectifier via another of the second electric lines are partiaily
discharged;
f. the capacitors which are connected with the remaining rectifiers via the
remaining second electric lines are charged.
30
In order to avoid the switches or other components being destroyed, a plurality
of rectifiers should not be connected with the electrolytic cell via the switches at
the same time. For this reason, the known method “break before make” is



25 e. si'mul t aneously the capacitor or capacitors which are connected

w t'h t he . second rectifier via another of the second electric
lines are partially di schar ged; f. t he capacitors
whi ch are connected with the remaining rectifiers via the

remai ni ng second electric lines are charg%d. 30 In order to avoid

the switches or other conponents being destroyed, a pluralit
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and a . [ fier.s interrupted by a switch before a new connection
I s made bet \Ag'é#}‘ﬁf%éé ahiotHer. cell and sonme other rectifier. In this way the
gal vanig rectifiers do not short- circuit one another. 5

Wth the use n/of f switghes the follown t hod steps are carried out:
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by connecting the rectifier or rectifiers with the electrolytic cell, the
el ectrol yti condhe article & beitreated(tdécond el ectric line and the on/ of f

sSwi t ch; and b. the capacitors are sinultaneously
partially discharged. 15 B. In a second time interval t2 (for exanple
t o genédfat e an anbgiconoectirghthemelctifier or rectifiersnithhihezelectodlgtic celhdhe r eat ed

t : v 1 ' b bk lectrol yti c .cell d
the rect 1 ier or Plastitiyti cels T8 he 8o BRhid e Sl e gribsvufefor ="
switch; and 20 afld the capacitors are charged. Thr ough

constant repetition of these Pr ocess steps a-b-c-d-e-f or a-b-c-d, a
b. the capacitors are simultaneously partially discharged.

16 B. In a second time interval t, (for example to generate an anodic current pulse
on the article to be treated (t,)):

C. the connection between the electrolytic cell and the rectifier or rectifiers
is interrupted by the on/off switch; and
20 d. the capacitors are charged.

Through constant repetition of these process steps a—b~c—d—e—f or a~b-c-d, a
periodic current pulse sequence is generated in the electrolytic cell. Bipolar
pulse current is characterised by a sequence of positive and negative current

25 pulses. For certain applications, however, unipolar current pulse sequences
which only have cathodic or only anodic current pulses can also be generated
which, for example, respectively have different peak current values.

An arrangement which is formed by at least one cathode and one anode, as

30 well as the electrolyte liquid situated between these two electrodes, can be
regarded as an electrolytic cell. Thus, in the manufacture of printed circuit
boards, on the one hand one side of a circuit board and the anode opposing the
same can, together with the respective electrolyte, be seen as an electrolytic



periodic current pulse sequence is generated in the electrolytic cell.

Bi pol ar pul se current is characterised by a sequence of positive
and negative current 25 pul ses. For certain applications, however,

uni pol ar current pul se sequences whi ch only have cathodic or only
anodi ¢ current pul ses can al so be generat®d whi ch, for exanple,
respectively have different peak current val ues. An arrangenent
which is foraeﬂdavb@oatthéeﬂﬁrhamtbetdibei&sndeabfmeapamade:lrcaﬁ bsard and&lhé as the
electrolyte UId uat ed hetweep these.two el ectrqgdes
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circuit as andifér diectroltic bell.one hand one side of a circuit board and the
anode opposing the same can, together with the respective

el ectrolyte, be seen as an electrolytic
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circuit board and her anode facing sanme, together wth the
respective @a@@ptt@nwarwo aj'éﬁlﬂgﬁﬁi iggelation to the electohdicinell thakiberntyataaceel | .

5 Pr ef er ghl [ ] es and
Che U e DB SHUERAS ZBnREnT e FBERRHRE B SpANEPITHY RITT Za
t hat the mdumuramed For examprbé thbesmtmhesramddbed:apao:tcsscaneIaenahgag it lekose
electrolytic cell t he

St chos” andrEREinAR I e roE Bl by iesping this Bulent SMaucd as SR 6%1 ot e
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possi ble. In addition, usual methods for ptimsing the wiring arrangenent

can hesexpipited ineerden tokerp th%cq{’%{?t@"ﬁédé@ﬁﬂﬁéﬁEﬂalffr\iﬂl'j@#rances to a
m ni mum In a preferred enbodiment, two rectifiers are provided
with which a plurality of el ectrol yti c cells, connected in parallel

can toget herintzepref@med ethbadirhett twe nectifiens age provideshwithiseich pipluralitytaf of
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connect ed vi e-over sw e capaC| tOI’ and

thi s capaci t%?CtFWYWEuPﬁ”ﬁ SThese ‘rcu'técﬂ{ﬁ@é?%éa%wfﬁsﬁﬁ?é‘véé{c?glpf;?@fj 10408 her
group of el %bflﬁ’érytﬂﬁs ﬁ?één'g thét ﬁgwbﬁgeoéran aectrol ;@eewgmn@&@d vigl tch
or on/off switch with another capacitor and anot her
rectifier. thechange-overswitch with only one capacutor and thls capacutor in tum |s
connected with one rectifier. Another group of electrolytic cells is connected via
20 the change-over switch or on/off switch with another capacitor and the latter

with another rectifier.

The group of electrolytic cells arranged on one side of circuit boards moved on
a conveying path and consisting of circuit board surfaces facing this side, the
25 anodes arranged on this side and the solution of electrolytes located between
these electrodes, can be connected as a group of electrolytic cells being
associated with a capacitor. The other group of electrolytic cells, which is
associated with another capacitor, is formed by the group of electrolytic cells
situated on the other side of the conveying path.
30
In order to produce a low-maintenance circuit arrangement and high puise
frequencies, for example of up to 1,000 Hertz, electronic switches can be
provided to generate the pulse sequence. In principle, mechanical switches are



The group of electrolytic cells arranged on one side of circuit boards
noved on a conveying path and consisting of circuit board surfaces
facing this side, the 25 anodes arranged on this side and the sol ution
of electrolytes |ocated between t hese el ectrodes, can be connected
as a group of electrolytic cells being 1 associated wth a capacitor.
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produce a | ow nmai ntenance circuit arrangenent
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provi ded to generate the pul se sequence. In principle, mechanical swtches
are 10
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respectively be equi pped with -a current ensor in order to control
exactly the cudlifemva W%éqrtvceﬁéeugenhdl@ﬁ@r@@eﬂrt@w@qe@t the switchege| | s. The
measuring signals which can be detected with these sensors are al so
eval uated for excess current disconnection to protect the swtches. 10

The circi@t arFThegirneibharrangementgceardingetoithe émweintioncan, moreevarebe be

measr ng. si grittetareoEiks S sapidngliretbifo BSleRi ot B e ™ 1"
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The Chanoss o croial i ieanteRean T (s e BeHeR A4Pg aaﬂeqtgfmasﬁyst@m@gered by

means of el ect pigyidedo RbnBdidir fegulate same. The anplitudes of the pul se
currentsél ow ng through the electrolytic cell are

The change-over switches and on/off switches are preferably triggered by
means of electric control signals.

The amplitudes of the pulse currents flowing through the electrolytic cell are

20 preferably set at the given ratio of t, (for example t,: cathodic current pulse in
the first time interval) to t, (for example {, in the second time interval) through
the adjustment of the cathodic rectifier current I, for the cathodic amplitude and
of the anodic rectifier current I, for the anodic amplitude.

25 Moreover, by measuring the amplitude values of the pulsed bath currents
flowing through the electrolytic cells and comparing these values with desired
values, the current amplitudes in the electrolytic cells can also be controlled to
constant values by adjusting the rectifier current.

30 Additionally, further time intervals can also be introduced into the method
sequence a~-b-c-d—e—f or a-b~c~d, for example time segments in which no
current flows through the electrolytic cells, e.g. when the article to be treated is
being taken in or out of the electrolyte solution. The change-over switches are,



20 preferably set at the given ratio of t[err] (for exanple tk: cathodic

current pulse in the first time interval) to t[err] (for exanple
t[err] in the second tinme interval) through t he adj ustnent of the
cathodic rectifier current I[err] for the cathodic anplitude and of
the anodic rectifier current I[err] for tHe anodic anplitude. 25

Mor eover, by neasuring the anplitude val ues of the pul sed bath currents
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rectifier cuareinterruptdd. Additionally, further tinme intervals can al so be
i ntroduced into the nethod sequence a-b-c-d-e-f or a-b-c-d, for
exanple tinme segnents in which no current flows through the
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di rectfgn of b tid aR@Eintiredls 3o t5dn at least a é&&loﬁld@lﬂﬁé/bléﬁtrb@ﬁc%b%bémgﬂ Ic
cell with direct current can be kept connecte whi'l st no current

suppl y occur §elte8Uche pige Mtthﬁé)a@'t\ ﬁ@?’eﬂb%q?tﬁlaérﬁlr%* cupenswihe pame by
the tinme int g@%’ﬁszwtiém%l’sgbfBﬁ%ﬁée‘m%egt | east a portion of the

el ectrolytic to such a size that the bath current
acts as direct current. The sane applies with the use of on/off

ShiLEheS oot 1 R B BeBiOEL bl Bla BhBGR! o BBeBiEoE RRIME S
cycles18ith swteadlsencbwusemn keibpplied on in cydeswithqreaiodic@rdntrgutes f or m of
enbodi nment , | uralit r S 0 trolyti . cells can al.so be
contai ned. | nSERUETER diha HAeR LSt eRBEraRN P PHTATY ofGseips Of slSctolyte
cells can also be contained in the system, which are connected within a group
respectively parallel to one another. By preference in one group of these
electrolytic celis a first periodic current puise sequence can be generated and in
20 another group of electrolytic cells a second periodic current pulse sequence
can be generated with a phase shift in relation to the first pulse sequence. For
example, in a system for plating printed circuit boards, the electrolytic cells
which are located on the one side of the printed circuit boards and the celis
which are located on the other side can respectively form different groups of
25 cells. In that case the electrolytic puise currents are led to the individual sides
of the printed circuit boards with phase shift. For example, at any given time
the front sides of the printed circuit boards can be polarised cathodically and
the rear sides simuitaneously anodically. At a later point in time the polarity is
then reversed.
30
In a further mode of operation, with for example separate circuits for the supply
of the front and the rear sides of printed circuit boards, at least a portion of the
electrolytic cells can be supplied by permanent interruption of the respective



respectively paraIIeI to one another. By preference in one group of these
electrolytic cells a first periodic current pul se sequence can be generated

and in 20 anot her group of electrolytic cells a second periodic current
pul se sequence can be generated iL,th a phase shift in relation to
the first pul se sequence. For le, in a systemfor plating
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cells can be suggéled permanent interruption of the respective

12 ween the rectifier and the electrolytic cell,
whil st a pulse current is led through the circuits of other

el ectrolytic_cells In order to avoid the separate sw tches being
dest ro¥@d whEhe !W@W'Qﬁés dergiied ingreateqdetailbelaw, W'ﬂ'hth@(ﬂﬁtqf &igs. Bto®nnect ed
parallel to 4 @ ﬁg{ Sy SW tches and be of such polarity that when
t he separate SWi es are opened the energy which is produced is

taken up by the capaC| tors without any danger of destroyi ng the

separate Swlgghgs. 1%%%9%%\?%#{‘%\%8\% Hné 2R gq%‘}'-g@”cseﬂgﬁv%‘?{or%%h&l fig.

1 a diagramati c viegd-thfoudres@itet acdoyding to the state offhesart;n a horizontal
feedthéough‘sgytemac ordln?(tothe state of the_ a 15 Fig. 2
the cifRuit B9 ZngenenteLCHATRGEMHASR 'H@F%We mventlon Fig. 3 an

el ectrical emyy gal ent ghefddtdicdlicdanamimicirclR didgram of tAE cRBGR BRBhgement
according to the invention;
Fig. 4 time course of the currents and voltages during bipolar pulse
current supply with a current-controlied galvanic rectifier;
20 Fig. 5 time course of currents and voltages during bipolar pulse current
supply with a voltage-controlled gaivanic rectifier.

The invention is shown by way of example in a horizontal feed-through system
for electroplating printed circuit boards. The circuit arrangement according to
25 the invention and the method can also be used in a corresponding fashion for
etching printed circuit boards and for electroplating other articles. Moreover,
the circuit and the method can also be used in vertical systems, for example in
dipping systems or in systems in which the article to be treated is handled in a
feed-through system in vertical orientation.
30
In Fig. 2 a system according to the invention is reproduced. Two upper anodes
2 and the article to be treated 1 are shown in detail. In the electrical terminal of
the anodes 2, change-over switches 12 for bipolar pulse operation are inserted.



according to the invention; Fig. 4 time course of the currents

and vol tages duri-ng bi pol ar pul se current supply with
a current-controlled galvanic rectifier; 20 Fig. 5 time course of
currents and vol tages during bipolar pul §§ current

supply with a voltage-controlled galvanic rectifier. The
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r..partial . i nduc out put.
changelGver Setegis polarized egatively an@ﬂ_b&wﬂ;&wsﬁwlv- "Te,ahgdic e g of ¢ he
other hand, ddiafit pRASe ROREYEIMAthEdhlvaRlic reetifier 321¢iaGhaRefreht coddudtbr t he
galvanic rectifiers 5 32 to the inputs 15, 16 of the change- over
switch 12 capamial vgugigpcgridat The associated changeraesswitchdnpitdesitbat of the

el ectropl ati Vg relates to the article to be treated 1.
e ﬁé“ﬁ t}r/]@m%
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Accordingly, 1Tnh the cathodic el ectroplating phase the article to be 10
treated is polarised negatively and the anodes positively. The anodic

et chi ng_ or depl atin hase.is fed fr th l.yani ectifier 32
via t hgscur r'@ntpec%'&ngPBPdU&OPpaa'abWF n‘ﬁeﬁg@c?raﬁc%?‘f}é? eﬁ%g{'\é%soci at ed
change- over ipduttihcespfthe@ifcuifdcof the galvanicfetifi®ees, BMeethe ifputs ofthe I n
t he current conductor partial inductances 14 or 17, all the effective
change-over switches 12, i.e. in the first electric lines 34, 35 and the second
electric line 33, are combined. In the current conductor partial inductance 13,
all effective inductances of the circuit from the output 18 of the change-over
20 switch 12 to the electrolytic cell and back to the change-over switch at the
conductor terminai 19 are combined. The current conductor partial inductance
13 is kept small by a spatially very close arrangement of the change-over
switch 12 to the electrolytic cell. Further known measures for reducing the
conductor inductance are possible. Thus a low time constant Tau for the pulse

25 current rise according to the formula (L: Inductance, R: Resistance)

Tau = L/R

is achieved.

30
The spatial proximity of the change-over switches to the electrolytic cell is also
possible with the large dimensions of the electroplating system through its
division into electrolytic partial cells. The arrangement of the change-over



i nduct ances of the circuits of the galvanic rectifiers 5 32 to the inputs

of the change-over switches 12, i.e. in the first electric |lines
34, 35 and the second electric line 33, are conbined. In the"
current conductor partial inductance 13, all effective inductances

of the circuit fromthe output 18 of the%hange over 20 switch 12 to the
electrolytic cell and back to the change-over switch at the
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For each pul se polarity, a capacitor of great ‘capacity is provided.
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current. actice, esé capacltors

capacitors vu':arhahlnducta@spaﬂét hg. | oner capacity which are connected

in parallel. The capacitive |oads are charged with direct current fromthe
galvanic rectifiers 5 32 via the conductors and thus also via the

conduct or For the direct current the size of the inductance which occurs in practice is of
no significance if insignificant switching on and off effects are ignored.
Because galvanic rectifiers are switched on and off slowly, the conductor
20 inductances 14, 17 here also have no influence on the electroplating or etching
or deplating process. Slow switching means that the galvanic rectifiers are
driven up high on a current ramp or driven back.

The direct current in the conductors 33, 34, 35 offers the advantage that in this

25 region practically only magnetic d.c. fields occur which represent no danger to
the operators. Magnetic alternating fields only occur at the change-over switch
or on/off switch and on the short conductors to the electrolytic cell. High
speeds of current change and small electroplating or etching voitages cause
substantially magnetic disturbance fields. Because of the division of the

30 electroplating current into partial currents per anode, the absolute value of the
pulse current in each electrolytic partial cell is substantially lower than the total
current. The magnetic disturbance fields are also correspondingly low.



15 partial inductances 14, 17. For the direct current the
size of the inductance which occurs in practice is of no
significance if insignificant switching on and off effects are ignored.
Because galvanic rectifiers are switched on and off slowy, the conductor
20 i nduct ances 14, 17 here al so have t® influence on the el ectroplating
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15 In the equivalent circuit diagramof Fig. 3, the change-over
switch 12 and the overriding control system 22 are conbi ned
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t he current r] via conductor parti uctance 13 into
and wuth a resistance of the electrolytnc partial cell of R,,,,, = 20-10°
Ohm, the time constant for the current rise amounts to 63% of the maximum

20 value Tau = 0.1-10° seconds.

A higher-level control system 22 synchronises the time sequences. In this
system, the times for the alternate closing of switches 23, 24 are laid down as
desired values, the same is true aiso for the generally differing puise

25 amplitudes for the cathodic and for the anodic pulse time. Thus, the energy
required for the electrolytic treatment is known per polarity. This is at the same
time the desired value for the direct current of the corresponding galvanic
rectifier. In terms of control technology, this current can be set in the galvanic
rectifiers as an arithmetic mean value of the current and kept constant. The

30 current can be kept directly constant in this way by means of a current-
controlled galvanic rectifier. The currents of the galvanic rectifiers 5, 32 are
measured with current sensors 27, 28 such as shunts for example. The time
courses of the current and the voltage of the current-regulated galvanic



15  the conpensating resistance Rlerr]. Because the inductance 13 is very

smal | as -a result of the neasures described, the required high
current rise tinmes required in printed circuit board technol ogy are
achi eved. For exanple for L[err] = 2-10[err] Hand with a

resi stance of the electrolytic partial cdfl of Rerr] = 20.10[err]
Chm the tine constant for the current rise anmounts to 63% of the maxi num
20 val udegtifiers age shewndn Hig s‘bc"o’h@l grithmetical meanscuvirgtaraliegan bedept ol

system 22 sy, h

e Tor ¢ KOnaAHLE GRS KlotBIS IEE Biuah Seltitging aiyaryo REAEP buile
desired val weitage ey aad;astmg;thermarrmmnea‘mvalube Themesalting toné teurseg githese 25
anpl i tudes for trtle @ W@d C a%ﬂ fo Prgq t?anodl c pulse tine. Thus, the energy
required for CUrRot and ol Bﬁﬁ"% P@’Qt ¥ 3's known per polarity. This is at

t he same time the desired value for the direct current of the
correspondi gal vani c rectifier. In terns of control technology

this current Wrwﬂéﬂpltaaepﬁéﬂ%aaivawpdectlﬂers adl”ﬁ&:t@@‘f e is adiusdad i i t hneti ¢
mean val ue Cguchhé?wi%xrt? it \?\ﬂg) Fﬂatél !%tnt c é‘&lﬁ)@ voltagé W &VesGRE Pe kept

directly constant y rrea a current- control |l ed
gal vani ¢ r equlise surremhat therregquired ampdm@ega‘h staie of equilibfileris esfaldished e

Cour ses o tHeaNeh i cREREArRerk beflly 8o By T b B0 Rrre iR odBel ¢
\%gl e 1COan beacg:gtdnhgeo shexdesisewbvaluerand the eherghin pulse foret reledseteby theeur r ent

tant b | .t echnol I t h
set 11 ng t he GRRRRLRT 20y 2419 TRt [ppRiance Reu- BpEI e ipednN LR Io e
current nmeansaaé dire. TWﬁ?(hﬁﬁé@b&h@%&éé@n@ﬁtﬁd@e&@éaﬁé&or voltage U%Wsé@”t and
vol tage are shown in Fig. The term nal voltage

gal vani ¢ r ecthe maximua) m@,s%blmvg&agedﬁdeterrame@!sme@a ppminal volta%@fnthg way
that the apgregé{agw]egéér“gg@?rgégm capaC| tor voltage Uerr] drives the

pul se curren nplitude. A state of equilibriumis
est abl15hed bet ween t he d| rect current energy emtted by the

gal vani c rectid.Le fined. 10 o e..desired val ue and the
energy in pﬁps%bf% %ng rgeg&ggngyo tﬁ%es 68 5'90'%%3%‘? an %re Isutpgllyt #€ bath
resi stance I%mwd TBletd@nourdmmesmave aaiyul@stmlaeer thﬁ- cath]odlc tirng nitesial €. V\r'Tth h
i ncreasing pulse anpljt e.c or, voltage U err] rises. e
maxi mum poss? tﬂr@a'@él‘{”% § §”?£?@Wé)‘ﬁg?f"ﬁ%t he nomi nal vol tage of the
respective galvanic rectifier.

20 The formula
T=t +t,

applies. The ratio of the two time intervals t, to t, is referred to as the keying

25 ratio. The current average value I .4« Of the cathodic puises is calculated
from the keying ratio and the peak current values i, (peak current value of the
cathodic current pulse) and i, (peak current value of the anodic current puise)
according to the formula

30 Iaverage.k = (ik ) tk)/ (tk + ta)

Correspondingly the current average value I ..., . fOr the anodic pulses is
calculated from



In Fig. 4, the currents and voltages of a bipolar pulse bath current supply
are shown. The periodic pul ses have a cycle tinme T. The cathodic
time interval tk alternates with the anodic time interval tferr].

20 The formul a T tlerr]
+ tlerr] applies. The ratio of Whe two tine intervals t[err] to
t[err] is referred to as the keylng 25 rati o. The current average val ue
I[err] of the cathodic pul ses is lsaksuFdleda/(ta*t). from the keying ratio
and the peak current values I[err] (peak current value of the

cathodic current pulse) and I[err] (peak current value of the anodic
current pul sEhe current averagevaiues are théeutputdidest cuBents of the galvanic

e hbe val JEcHtifs: 1 ShEkime A6BE e cyrentsd. apd ™, HBRARYNRS dald fofithh "™

17 5 two galvanlc rectmerss 13 (Figs. 2, 3).| Teé clirrent 1, [ﬂ'ﬂwd viattherr] )/ (t[err]
+ tlerr]). he current ave{rqa%e val ues are ‘the out put direct

currents of ‘E“ﬁén%ﬂiﬁvlé{rﬁ‘?,sed switch 23 i Rys. 1N Addiien; theechasged capagiior t he
currents I[epg ]‘eé’d@cﬁr{r&ﬁtrdla fHePIWaHrR st eﬁ@}’%stﬁétc% EEW\{ Igf-rlgclk is sl‘i%ﬁlg ‘he

gal vanic rectifiers b, qg? 2,%% e curPent
monentarily tEdysed. smet@nrem the ga!danqt:e'ef:qlﬁerra%fﬂ@m inta the népamtﬂr@éd

capaci tor  on the dfiel B8P helbaEaY YANAEE U O7deBUA dord it aAgac o

vol tage Uerr e curren
rectifi1@r 32irfthevtime 1 ihetsvatonedhoperns a®d immediately thenthe swittle 24 fchosks. t he

Cime trerr] The LehEl Sshe GaRehisiaohirarauiyes aiPy AL intohe) oses.
ng\e/elculr L tegt td:é;%d‘ﬂor@b bl Brekisaniis votagell & ns@scambrdmg@. Qe aedt tHel! |
current L, of the galvanic rectifier 32 continues to flow at full level, via switch 24
into load R, The additional momentary energy required is supplied by the
15 charged capacitor 21. The capacitor voltage U, , decreases with increasing
discharge. In time period t, the switch 24 opens and immediately thereafter
switch 23 is closed again. Then, the sequence is repeated to time t, (as

described above).

20 In the time interval from t, to t,, the capacitor 21 acts as a substantial energy
source for the electrolytic cell. The capacity has to be chosen correspondingly
high if the pulse tilt is to be kept small. Hence, the capacitors 20, 21 in the
steady state are always to be charged or discharged only partially.

25 In Fig. 4 is shown that it is substantially the voltages which react to the puise
loads where the direct current of the galvanic rectifiers is constant. In Fig. 5 is
shown that, where the initial voltage of the galvanic rectifiers is practically
constant, it is essentially the currents which react to the puise loads. The
current rippie to be considered here does not have any steep current edges. It

30 only occurs between the gaivanic rectifier output and the change-over switch
input. The pulse current in the electrolytic cell is the same in both cases.
Through the temporary storage of energy in the capacitors 20, 21, what is also
achieved is that the galvanic rectifiers emit a direct current and are not exposed



capaci tor 20 to be precise. Its voltage Uerr] rises. accordingly. In the

time t[err] the . current I[err] of the galvanic rectifier 32
continues to flow at full level, via switch 24 into load Rerrr].
The additional nonentary energy required is supplied by the 15 char ged

capacitor 21. The capacitor voltage U ert$ decreases with increasing
di scharge. In tinme period t2 the swtch 24 opens and i mredi ately thereafter
swi tch 23 i $oa@hygreisenigadn DiStuevandesedusetputbeqrilses depeboeclirt o tine t[err]

(as descri bed above). 20 In the time interval fromt[err] to
t[err], the capacitor 21 acts as a substantial energy source for

t he el ectroliyicontrast fo.thd kaowapaearigeniearst (Fig. g d@b@ﬁl@éﬁ aboves S Wt tHey

high if the pulse tilt is to be kept small. Hence, ca tors 20, 21 in
the cical granggmenh peCcoding e the 'B@@Wé’r’@é@eér eﬁﬂjg’@ﬂ 0 RY
partialg y.  préves to b1 fhct thet with'@ Whebitirdrit nafing @ ebAsh Ambltubies & o] t ages
whi ch react 'to the pul se | oads ere rect current of

gal vani ¢ r espetifismeaksusens vaive, aimuldple peak pulse value caghbwgeneﬁﬁted vvlTéee t he

YL e RGBSR KRG KEOE B T pRRRRL SBELY 0., TrismeBRESt 2N
current ri pnhat fooehamptmmr ceraecthalytic derial oell with\68 ampeﬁetsecmeat nurrent adges.

It 30 ocgcurs the alvanlc rectd fier ut and
change- over RekHifies valie ot 80 A derb] dadardt's Rtbn BRGetidptal
cel | '150 t he fééﬂ@hﬂﬁgh@ybte@ﬁﬁﬁﬁlng a Iength oﬂ' Bh%tﬂiﬂs fohélémmm@mrﬁ'{t@d age of

energy in the capacitors what achieved is that the
gal vani ¢ r edfictitdoardsyifer %anpl@c,theé@u%ng 'ﬂmﬁf anctapplitugesonerg used:
18 to any pul se | oad. D sturbances due to the pul ses do not occur.

In contrast to the knovvn arrangenment (Fig. 1) described above, in which the
circuit arrangendpt htedsetongisto the invention is used, a further advantage

5 proves to be t with a direct current havi ng a certain
B L R (et |

anplitude, i. c peak current value, a nmultiple peak pul se

val ue n be gene‘rl@é pdak&'mentvaluesmmi)r_usik,dependent on the keying ratio.
In practice it is_about 10. Thi at for exanple for an

el ectrol ytic part]%§ PEdf FURPRTS 03@8&%@?@50'&?? %"E‘J[] Welffrent, a peak

pul se val ue of 500 =2gmEAShd B =0Fiepat ed backwards. In an experinental 10

f eed-t hrough systé&m havi ng a Iength of 3 nmetres for electroplating printed
The capacity of the capacitors 20, 21

amounted to 0.5 Farad, respectively.

20
A bipolare acting current sensor 31 is inserted at the switch output 18 of the
change-over switch 12. The sensor serves to monitor overcurrent, i.e. to protect
the change-over switch against destruction. With this current sensor, the peak
values of the pulse currents can be measured. Thus, the currents of the

25 galvanic rectifiers 5, 32 can also be directly controlled. The peak values are
compared in the higher-level control with the peak desired values. The
controller output adjusts the current of the galvanic rectifiers 5, 32 in such a
way that the pulse current peak values are automatically kept constantly at their
desired vaiue.

30
When switching the load being some inductive as a result of the current
conductor inductance 13, overvoltages occur during the cut-off moment. These
overvoltages can destroy the electronic switches. Protective diodes 25 and 26



circuit boards, for exanple the followi ng tines and anplitudes were used:

t[err] = 1.10[err] seconds; t[err]= 15.10[err] seconds; 15
The peak current values were [err] The peak currents of
each electrolytic cell were [err] =800 A and[err] 200A;

The capacity of the capacitors 20, 21 19 amounted to 0.5 Farad,
respectively. 20 A bipolare acting current sensor 31 is inserted at

t he switch owitipthe pgladty shawn prevent adhamigh waltagesiige atrosg eathevdtehs drhe

avi ton aga noPuarf YRS R hofiant o e e fug swichdhyGh RRAGIR"
va: ues of ttm;r]?}g the cuir—ofgn’acﬂneatr Tlhebom;mmﬂewtwls lﬁ’doucatpatclitler goro_rrmtbmpécitdsrfa 25
are M ¢ T, hapduces Mersctegneleseyvarhill and dhRdiRte e The dlodsec o o

val ues.5 The ¢an represérﬁﬂﬁté@l'étéﬂ dibﬂéé‘ih tﬁélséﬁﬁ-%ohﬁ@ct@k‘bbﬁiﬁon@f\tst he gal vani c
rectifiers 5 32'in such that the pul se current peak val ues

are automatical ly kept const antly at the| r desired value. 30

When sw tchi i ddifd B8 SHWeSA0RCIASkIA! UGl thd GRlide- Ble e ont

conduct or i n overv ages o UI‘I ng nmonment
These enswes ﬂmttsagm@esm 2dxanopt clneeealtum samedinge Thehdistarfeeatfect i ve
di odes 25 a

i Onet e o ting eturen,arapingdhe one separRis sWish ansLoiosing the,oiher wiish &0 ¢ on.

The 10 lalduwelmrea@édwea tﬁaﬂ d/lfnr@ mwtﬁmetnovcmrémeﬂodvsnwngfeffbbméfwtch
whi ch was op nmonment. The current flows into

capaci t or 'SFtrPW?Bn%aHaﬁBagéf condltlons Q'PW ithe capagitarsidts 24 cansalsq be age
useful l'y a”dalldﬂé?éﬁ & 5 raift %f@h@ﬂﬁé -o%er séRches and e%digﬂi&%’e’?l@@ctlhgﬁr?gr ated

di odes in the sem -con cto dition to
el ectroni c | pavailely The sameiis thue ocﬂmr@@amers 2% 2cinchrling switches43.u2%s that

bet weon opor it FEGEGREIE bt Ihe SO HahtE Brndeth Moo and o can' 10
al so bt5i ncrewiteressammhtiehaiectiolytiogell br sells isesmail.current fl ows bei ng
effective for
For electroplating by means of puised current, it is very important to keep to the
amplitude and the times of the pulses. The required properties of the deposited
electroplation layers can only be maintained in this manner. What is
20 problematic in practice is measuring the pulse amplitude with simple means in
such a way that a control loop for the necessary current density can be
constructed. The method according to the invention makes it possible to
determine the pulse amplitudes in a surprisingly simple way. The constant

current 1., Of the galvanic rectifiers, which is simple to measure and to
25 regulate, is a measure for the pulse energy. Where the keying ratio is known,
the peak value I of the pulses can be calculated using Loverage 8CcOrding to the
formula
1= Loverage(touse * tomuse touse
30
Here t,, is the time interval in which a current pulse is generated and t,,. is

the time interval in which no current pulse is generated. In the case of a
change-over switch, t .. such as for cathodic current puises indicates the time



el ectroplating. If spatial conditions allow, the capacitors 20, 21 can al so
be allocated to a plurality of change-over sw tches and

el ectrolytic cells acting in parallel. The sane is true for the
capacitors 20, 21 including switches 23, 24. What is decisive is
that the spatial distance between the c&Pacitors and 15 swi tches and the
electrolytic cell or cells is small. For el ectropl ati ng by neans
of pul sed ciotergakin which socathodigpurreatpulses Reegenerated anmpl i tude
and the tines of the pulses. The required properties of the deposited

el ectroplation layers can only be maintained in this manner. What is 20

pr obl emat i cini thewlecttopleting systas thengppdranudese anglthe lodeerndriodesidngniee neans

i h t hat tr.ol | f th t d it
can be  charded i pUPEGuTeRl oA SaMEEETARRY- ( SONHRIIS SRIHaNSRS @les i
possi bd e t orun synchrortfisy. "TREY EAR, HuWw&Rr aAIBb ibeUstRset iiM pRasd! tdP6hs hRBthersi Ml e

way. The const ant current I[err] of the galvanic rectifiers, which
i s sinple tbhebipalarchangereverswitches glaoamakeiitpassihiasifipecessary.ie pul se

energy. We 1 40 : g lw?,ﬁ r] of
t he gﬁl ses %%éﬁ%tﬂggﬂggﬁgégghgg% :' i%rSﬁterart]cV(‘:"ct)lLr1 gl"%g??o é\{ﬁwﬁ‘&%f]or mul a
[err] = |[ ecopégratioheie.]during]aeclroplafing, switth 23 is permanently cjosed] Wikht he time

interval in_,whj.ch rent puy j ener at ed t[-arrl i t he
Lo | nter vlFSStPLThrE AR, obiichiod & R RORY R cRPe THe bl etibe of o

c Eang_ee over ogposithpolatisris corespordinglgpecmiahedily opanrieetcihychses |2 8 di cates
the tinme

interval in which no cathodic current pulses are generated. In the
el ect ropl at h\ghe YlchiBed!BEtUEP 85 wiNsESordbBtiohd 8f HH\Gi5ciRBed fsatdred dte
charged with pulse currents of the same frequency. Both pul se sequences can
5 run sythehsuhjectsmattemalipicianentiudnanfar as theyberegiatsepressiypreiesed & one

anot her. kno&ﬂe bi pol ar change-over switches also make it possible, if
necessary, 23 " operate the electroplating or etching systemwth

di rect5current. In cathodic operation, i.e. during electroplating,
swtch 23 is permanently closed. Wth direct current etching, switch

24 is permanently closed. The switch of the



10 opposite polarity is correspondingly pernanently open in each case.
Al'l the disclosed features as well as conbinations of the discl osed

features are the subject-matter of this invention, insofar as they
are not expressly referred to as known. 15

21 Li st of Reference Nunbers 21 1 article to be treated -
printed circuit board 2 upper anode 5 3 | ower anode

4 swi t chi higtefiteference Numigers upper gal vanic rectifier, cathodic

6 | ower gal vanic rectifier, cathodic 7 conductor to the upper
anodes 10 8 conductor to the | ower anodes 9 conmon current
return conduttor &rtiche td1nae n'eatmﬁeprinted circuitoard! anp 11  slip rail
12 change- gver sw tch 13 conductor partial inductance fromthe
change over - §WI t cHPPE' el ectrolytic cell 14
conduct§r pagti al |dwg}@foa@ce from the gal vanic rectifier to the change-
over switch, cathodic change-over switch input, cathodic 20
16  change-Bver §‘Mt§|'(‘,4ﬁglcﬁﬁtﬁd anodi ¢ 17  conductor parti al

i nduct ance fgomt f t he change- over
iivadialiadl d|sc Uﬁpéﬁé‘%‘l@é}‘uﬁ ré@ftigr | ddthodie.

ch an%e over switch out put 19 current
conduct or t eBri naloves galvardc reci paaiathodic cat hodi ¢ 21 capacitor,

anodi ¢ 7 22 coRYRSI A8 Pt GRbasy St &M

10 8 conductor to the lower anodes
9 common current return conductor from the cathodes
10 clamp
11 slip raif

12 change-over switch
15 13 conductor partial inductance from the change over-switch to the
electrolytic cell
14 conductor partial inductance from the galvanic rectifier to the change-
over switch, cathodic
16 change-over switch input, cathodic
20 16 change-over switch input, anodic
17 conductor partial inductance from the galvanic rectifier to the change-
over switch, anodic
18 change-over switch output
19 current conductor terminal
25 20 capacitor, cathodic
21 capacitor, anodic
22 overriding controil system
23 switch, cathodic
24 switch, anodic
30 25 protective diode D,
26 protective diode D,
27 current sensor, cathodic
28 current sensor, anodic



13

23 émﬁtch, cat hodi c 24 switch, anodic 30 25 protective

di'ode Dk .26 protective di ode Da 27 current sensor,
cat hodi c 28 current sensor, anodic

22 31 current sensor, bipolar 32 upper gal vanic
rectifier, anodic 33 first eleclic line 34 second
electric line, anodic 5 36 second electric line, cathodic

d ai ns 5 31 1currentsessps RIROIAF r angenent for suppl ying pul se current to
one or nore YédtRief Srlodic connected in parallel and having
anodes and c%%hod%%?éﬂégﬁé§w 8¢ bergica or horizontal electroplating or
et ching syst&®s, firstetdotis lineo supply power to each individual

el ectrolytic,cell | east one galvanic rectifier; and

1 . .
b. at | eas on%e%ﬂHﬁa@PEWﬂwe%ﬁPﬁéﬁ, whi ch can be switched through from

at 5 36 second electric line, cathodic



| east two inputs to at |east one output, or one on/off swtch are provided,
C. first electric lines for making a direct electrical connection bet ween
respectively one termnal of the rectlflers and th of the 15
electrolytic cell are provided, sec&ﬂum "M“ s for

maki ng a direct electrical connection betZﬁeen espect I ve

ot her outputs of the rectifiers and the inputs of the
change-over switches or a termnal of the on/off swi tch being provided;

and in addition 20 e. the at | east one output of the change-over
swi tches or the other term nal of the on/off switch being
directly confdgimed with the other termnal of t he

el ectrolytic cell, characterised-in that at | east one

capacitor (20, 21) is connected between said first electric line (33) 25

and each second ehe@tcwtcarl'angemé'ﬁ foB$)pplying pulse curfent to daerm*uhbrearrangerfent
according to act e{wsed I n

change- over E%Cﬁewt'&rﬁ?"?h%orﬁ’ﬁf:%‘fjnﬁr? mavé%aﬂﬂgeﬁéﬁg&?ms( B, 30

21) are arrapggidal Hr BOREdnRdl éPéét?@;fréﬁdg bPefcAmgtdyREdm8! Miwkick Stolsuppych t hat
t he i nductance (13) .of the current conductors connecting the

el ectrol yti cPewer taagch individualiglectendivgeelbver and on/of f switches is

m ni m sed. 24

3. Circuit arrangenent according to any one of the preceding clains,
characti@ri sed. i n shbkast one galvanic reetifiéf, aads (5, 32) are provided wi th which

a plurality pof ele ro tic,c i.ch are conn ral l el
Ty be-comofl v sahFEckENsEnATaspverswich Wil cBhde SaaE BroqtyPERA a
circuits, respect ig&tYwo mpmé k& 8t leasdre éaﬁml drodrfe 6RO sWitch are providéd) to
supply the el ectrql yt i c cel Crcuit arrangenment according

to any one of-the ‘Eﬁt i"‘hbn%ﬁ farimgaking a d"’eCt elastrigal épnaeetiambetweenio
el ectronic Sgnte chedsie ?li?nsegt%ﬁrgﬁfa%f HRreRERGRAMPHRYGHe RrmitiY f ihesW tches
15 electrolyttc cell are provided;

d. second electric lines for making a direct electrical connection between
the respective other outputs of the rectifiers and the inputs of the
change-over switches or a terminal of the on/off switch being provided;
and in addition

20 e. the at least one output of the change-over switches or the other terminal
of the on/off switch being directly connected with the other terminal of
the electrolytic cell,

characterised in that

at least one capacitor (20, 21) is connected between said first electric line (33)

25 and each second electric line (34, 35).

2. Circuit arrangement according to claim 1,

characterised in that

both the change-over switch and the on/off switch (12) and the capacitors (21,
30 21) are arranged in spatial proximity to the electrolytic cell, such that the

inductance (13) of the current conductors connecting the electrolytic celi and

the change-over and on/off switches is minimised.



5. O rcuit arrangerrent according to any one of the preceding clains,
characterised in that 15 t he change-over or on ﬂ , 24) are
each equi pped with a current sensor (31), ‘ Hml] ﬂﬂgﬂ gnhal of

whi ch may be used for excess current di scomnectiton® osprbtect the
swi t ches. 6. Circuit arranger@ht according to claimb5, 20
characterised in that an overriding control system (22) is provided
to nonitor asd re@iﬂcaitearltamgement accordirerto apy ahe 0§ trenpregedingrdaissst em  and
to which the peas r|n q@}a{ of each current sensor (31) may be
transnitted. SNaRC ens cuit arrangenent according to any one of the

preceding cl @stﬂﬁectlf‘ers (5 329 aps 9ﬁd\ﬁde@wﬂhlwméh@tpluramy of elé&?olymaéuﬁs over and
on/ of f switches (23, 24) are so configur.ed that they can

triggered by%@r%@@e&&q inParaliglnaay §ﬁgﬁwr§only Rpplied 8Vlth cugiandui t
arrangegent QHepsifl 0

char agt gre I sed | néﬁ;t é’?lu?éllt)aaf’cafbgﬁs Fesﬂé%?él%?‘&h?ﬂs%%ﬁ@?gne%aqaﬁ 'tb’és gq) qr

t he change- 0@%) taraiipphy tefelectrolytic cellsi. t ches (23, 24) and are of such
polarity that energy originating during

25 opening the swi tches can be absorbed by the capacitors (20, 21)

wi t hout any 4, Clroﬂ&mwngef*nmrmgemwﬁg)to &g oawiof ¢epreceding claims, 9. A
met hod for su p 9 Blse current to any one or nore electrolytlc 5
cells, conne ?tﬁ tseddntBAt and havi ng anodes and cathodes, in vertical or

hor i zoRpal e'e%‘dtfo%& Wb q23eL 9 reCorYRIcR B CRANGY-bidr St GhisH SitEhes to

arr angenent
generate a pulse sequence.

5. Circuit arrangement according to any one of the preceding claims,
characterised in that

15 the change-over or on/off switches (23, 24) are each equipped with a current
sensor (31), the measuring signal of which may be used for excess current
disconnection to protect the switches.

6. Circuit arrangement according to claim §,

20 characterised in that
an overriding control system (22) is provided to monitor and regulate the
electroplating and etching system, and to which the measuring signal of each
current sensor (31) may be transmitted.

25 7. Circuit arrangement according to any one of the preceding claims,
characterised in that
the change-over and on/off switches (23, 24) are so configured that they can be
triggered by means of electric control signals.

30 8. Circuit arrangement according to any one of the preceding claims,
characterised in that
diodes (25, 26) are connected in parallel to the change-over and on/off
switches (23, 24) and are of such polarity that energy originating during



a. at least two galvanic rectifiers; and 10 at | east one
change-over switch which may be sw tched throug m lﬁi’"ym

| east two inputs to at |east one out put; ””’” power
supply of each electrolytic cell are provided, . Sfirst electric
lines for a direct electrical connection,2%espectively, bet ween

one termnal of said rectifiers and one termnal of said electrolytic cell;
15 d.  sepenmgeheswiichesicapde apsaibed bycthectapacitorsa(20c @i heithbohany
respectively e other outputs of the rectifiers
and the inputﬂgmg?r fhdam %Seqaﬁémhgg over switches; and in addition
e. the respective at Ieast one out put of the change- over svm tches bei ng

directly connpect etlrjl tt”é%é{‘]? r t erm nal t he el ectrol e‘\ and 20
f.  respectrvely a8 f&HBP %BV'?%F”H@P 1P hARE CEM t%%‘é??l’ FFe first
electrig li neened:ddhecwlﬁrpérem@@nw Having'@8edes and cathodés! i Jetgcd|@rl owi ng

process steps: A Inatinme interval tferr]: a. f eedi ng
the el ectrol yprléoetel plesiroplating @rietehing systems: eemprised a gircuitarangerest a
second el ect g |ine and at |east one change-over switch; and b.

si mul t aneous partial discharging of the at | east one capacitor which is
connected to the first rectifier via one of the second electric lines; 30

C. char gi ng, of teeeacsemg\gggam%gﬁ% LSHéonneCt ed with the ot he.r

rectifiers second electric |lines;

B. In 4Qtimne bl nt erai ddast dne change-over switch which may be switched through from at
26 . feedlng t he el roI tic ceII by connecting a second

rectifier to the deast typdnputs to at east ne oNtilcond el ectric line and at

| east one chyffifaPUBF ti\bbwhr s of each elé%trol tlc%e'illﬂré SPHEgparti al
di scharging of the at rfée\gst onlgﬂg%pam tor whic y i connect ed

to t he second. r ectfirstialectiic dings demrrdiregt Qlﬁetngelmmeetlee.tnersaewm between .
charging the Capacdnte‘%reﬁa}?%l oF é\[ﬂ?eﬁﬂ‘%géha%nteote}rgﬁ\eﬁ QPR é]@ctF&I%d E&iers

via the renmai ning seco
15 d. second electrlc lines for a direct electrical connection, respectively,

between the other outputs of the rectifiers and the inputs of the change-
over switches; and in addition
e. the respective at least one output of the change-over switches being
directly connected with the other terminal of the electrolytic cell; and
20 f. respectively at least one capacitor being connected between the first
electric line and the second electric lines,

with the following process steps:

25 A. In a time interval t,:
a. feeding the electrolytic cell by connecting a first rectifier to the cell via a
second electric line and at least one change-over switch; and
b. simultaneous partial discharging of the at least one capacitor which is
connected to the first rectifier via one of the second electric lines;
30 C. charging of the capacitors which are connected with the other rectifiers
via the remaining second electric lines;

B. In a time interval t,:



10. "A nethod for supplying pulse current to on I rol ytic
cells, connected in parallel and havi nngi@ %B ﬂﬁ m es, in
vertical or horizontal 10 el ectropl ating or [ L' conprising

a circuit arrangenent with a. at | east one galvanic rectifier;
and b. at | east one on/off swi26ch with two term nals;

wherein for the power supply of each electrolytic cell are provided 15

C. a firsd. el efgeding thengletioolytic delf by connhecting 2 secendh regaiifienio thetasdatia one

of The el ectr ol yt PE%Gan lecriE it ahf Bt letPBob ShebbEvef BUbRalfc, "2 1 fecy

el ectri cal cenneC*sinmﬂtdmbwsmrﬁdi@aszjhbegmg of the at least one aapacitor efhidthiz at
| east one rectifier an

h 1 i 1
e L EPRRerle s e Sedond Tenaiaia ARBLIALGL e SpcanskelgRrisHinesi ¢ ch

bei ng directty COBﬁQf’g‘i@tHeﬂcéd%%ltors which are conneéfelab theréinamlingdfedtifiérs
electrolytic cell; and wherein f. furthernore, at |east one

capaci tor being cHiatbetremaningsescns glectriclines. electric line
and the second electric line, 25 with the foll ow ng process steps:
A Inatinme interval tferr].: a. feeding the electrolytic cell by

connecti ng tHhB6. at A mathoddfioe supplyingi pulse outreet to one or more electrobiicicells,a t he

second electric li.n of f swi tch 0
oot el o scrafnets if BereEaRd balinodiloues anl faspOdes, in Vertical §f AUtAARC
i ntervab t2: electroplating. or etthihgsysiehs) ¢oiigisirnaeircuiv arlaegesent With
electrolytic cell and the at |east

27 27 one
rectifier by ”ea”%t%fasfteﬁe%%%fnfc @@nﬁ&hanand d. charging of the
at | east one capaci t hod according to any one of

clains 9 andbl0 at least one on/off sw1tch with two terminais;
wherein for the power supply of each electrolytic cell are provided
15 C. a first electric line for a direct electrical connection between one terminal
of the at least one rectifier and the one terminal of the electrolytic cell;

d. a second electric line for a direct electrical connection between the other
output of the at least one rectifier and the one terminal of the on/off
switch; and in addition

20 e. the other terminal of the on/off switch being directly connected to the
other terminal of the electrolytic cell; and wherein

f. furthermore, at least one capacitor being connected between the first
electric line and the second electric line,

25 with the following process steps:

A. In a time interval t;:
a. feeding the electrolytic cell by connecting the at least one rectifier to the
cell via the second electric line and the on/off switch; and
30 b. simultaneous partial discharging of the at least one capacitor;

B. In a time interval t,:
C. interrupting the connection between the electrolytic cell and the at least



5 characterl sed in that t he anodic and cat hodi ¢ anplitudes of

the pul sed bath currents flow ng through |c cell at a
given ratio of t[err] to t[err] are adjusted by adj w !ﬁﬂ I”(Ml anodi ¢
rectifier current I[err] for the anodic anplitude a

rectifier current I[err] for the ¢t hodic anpli tude 10

Met hod according to any one of clains 9 to 11, characterised |n

t hat t he anpIrecﬁf@ebydﬁeammobmemrﬁuff_ﬁwitchramﬂht s flowi ng through the
el ectrol ytic cell tr measuring the anplitude val ues
and conpari na t he gar\génqjgfth%é Sast r}%héag)e%scwed vaI ues by setting the
rectifier current to constant val ues. Met hod according to
any one of c ar ac er| in that t he
change- over Ng-gheigyccgp qt,qz{@g%%Ofﬁlagn% that it is not

possi bl g 20 charg&tbhsgal,g that t ches (12) sinmul taneousl y to connect a
plurality of rectifiers to one el ectrolytic cell.

Met hod accor hengnedic ang cathodie ampiituesoolthe ryilsed bath curiants Bewingi tbécwghn
that 25 tﬂ?e&fé%ﬂg .8\6 h%‘ﬁ/'é&%he @%ff%té” atré'aﬂﬂfs‘@&’b?‘éa stnhgtt??et ween

the tine I'n rva In-a rva err] >0,
all the connanodk;rrecm‘mr\mmnenit fhaefor the anodlceannplﬁmm andiod thé eathlodint nectifyer c

cell are interru Met hod according to any one of clains
9 to 14, 30 “"38{1]:(;3 ?‘ér‘iaé%%f"?ﬁ"?%‘ﬂd in one group of electrolytic
cells g an electroplating or etching system a first periodic

current pul se sequence I s generated, and_in_anaqgther group of
el ectrol ytic1€el | Methed @srerding t%ameoeepfemmﬁ&@é lsequence is generated

wtha characterised in that . 28
phase shift in relation to the first pul se sequence.
the ampilitudes of the bath puise currents flowing through the electrolytic cells
are controlied by measuring the amplitude values and comparing these values

15 with desired values by setting the rectifier current to constant values.

13. Method according to any one of claims 9, 11 and 12,

characterised in that

the change-over switches (12) are triggered in such a way that it is not possible
20 with said switches (12) simultaneously to connect a plurality of rectifiers to one

electrolytic cell.

14.  Method according to any one of claims 9 to 13,
characterised in that

25 the change-over switches (12) are triggered such that between the time
intervals t, and t, in a time interval t,.,, > 0, all the connections between the
rectifiers and the electrolytic cell are interrupted.

15.  Method according to any one of claims 9 to 14,

30 characterised in that
in one group of electrolytic cells in an electroplating or etching system, a first
periodic current pulse sequence is generated, and in another group of
electrolytic cells a second periodic current pulse sequence is generated with a



16. Met hod accor di ng to any one of clains 9 to 15, characteri sed

inthat 5 the bath pul se current in an el ectrglyt.i '
i nterrupted by the change-over switches (1 "ﬁm; ”rﬂmtﬂlmrcuit
board (1) is led into or out of this electrolytic L s 7R

17. Met hod according to any one of clai2gs 9 to 16, 10 characterised
I n that measuring signals for excess current disconnection being

det ect ed by mpessesshift in relation tcstivet firbt pulsesequénsensors (31) at said
change- over switches or on/off sw tches (23, 24) are transnmitted to
a higher-level control (22) to nonitor the el ectropl ating or

etching systesn 1ftethod accoréi%? to"éﬁyhﬂfb aﬁgam 9% kg any one of claims 9 to
17, characteri sed . the time intervals t[err] or

t[err] in atchawactedsemin that of the electrolytic cells are set to be
such that thg Bl Sl Eiter@Sh SnBedtdifhd caHE R ruptét by the change-over

switches (12) if a printed circuit board (1) is led into or out of this electrolytic
cell.

17.  Method according to any one of claims 9 to 186,

10 characterised in that
measuring signals for excess current disconnection being detected by means of
suitable current sensors (31) at said change-over switches or on/off switches
(23, 24) are transmitted to a higher-level control (22) to monitor the
electroplating or etching system.

15
18.  Method according to any one of claims 9 to 17,
characterised in that
the time intervals t, or t, in at least a portion of the electrolytic cells are set to be
such that the bath current acts as direct current.

20



