5"Method and G rcuit Arrangenent for generating Current Pul ses for
Electrolytic Metal Deposition Speci fication 10 The i nvention
relates to a nethod for generating short, cyclically repeating,
current pulses with great current intensity and with great edge
steepness. In addition, it relates to a circuit arrangenment for
electrolytis Methopdt ahdd@prenicoArrangemealt! forogenararing Quirrehts 15
met hod. The nethod finds application in electrolytic net al

deposi tion, prePulaseyfpn Ehectzpiytic Metal Depiosditiomt al el ectropl ating
of printed circuit boards. This type of electroplating is referred to
as pul se- plating 20 It is known that the electrolytic
deposition of neta can be influenced with the aid of pulse-Ilike
currents. S?ﬁFéféFPE&Pg t he chenical and physical properties of

the | ayers deposited. It also affects, however, the 25 even deposition
of the layer thickness of the netals on

10 The invention relates to a method for generating short,
cyclically repeating, current pulses with great current
intensity and with great edge steepness. In addition,
it relates to a circuit arrangement for electrolytic
metal deposition, especially for carrying out this

15 method. The method finds application in electrolytic
metal deposition, preferably in the vertical or
horizontal electroplating of printed circuit boards.
This type of electroplating is referred to as pulse-
plating.

20
It is known that the electrolytic deposition of metals
can be influenced with the aid of pulse-like currents.
This affects the chemical and physical properties of
the layers deposited. It also affects, however, the

25 even deposition of the layer thickness of the metals on
the surface of the workpiece to be treated, the so-
called dispersion. The following parameters of the
pulsating electroplating current influence these
qualities: |

30

~ Pulse frequency
~ Pulse times

- Pause times



t'he surface of the workpiece to be treated, the so- call ed

di spersion. The follow ng parameters of theg pul sating el ectropl ating
current influence these qualities: 30 - Pul se frequency

- Pulse tines - Pause tines

2 5 - Pul se anplitude - Pulse rise tine

Pul se fall 5time - Pulse ampliidaidsol arity (el ectroplating, deplatlng)

10 I'n publication DE 27 39 427 Al, electroplating with a pul sati ng
bath current is descrfibd®e Hideauh Hﬂﬂeﬂ pul ses here have a width of
0.1 mllisecond maxi The ulse tine, the pause tinme and the pul se
anpl i tude are "al u%ﬁ%w%ﬁﬁ%a I conductor switches, here in the 15
formof transistors, - Yiise tp%l % at(eelteré Sreop[iua!tsler?g, deplating).

10 In publication DE 27 39 427 Al, electroplating with a
pulsating bath current is described. The unipolar
pulses here have a width of 0.1 millisecond maximum.
The pulse time, the pause time and the pulse ampiitude
are all variable. Semiconductor switches, here in the

15 form of transistors, serve to generate these pulses.
What is disadvantageous about this is that, through the
use of switching transistors, the maximum applicable
pulsating bath current is technically and economically
limited. The upper limit lies at approximately 100

20 amperes.

The process described in the publication DE 40 05 346
Al avoids this disadvantage. Here thyristors which can
be switched off are used as quick switching elements

25 (GTO: Gate turn-off thyristor) to generate the current
pulses. Technically available GTOs are suitable for

currents of up to 1,000 amperes and more.

In both cases, the_technical outlay has to be

30 reflected, i.e. to be doubled, if bipolar pulses are
used. In publication GB-A 2 214 520, which is likewise
concerned with pulse plating, a second bath current

source is avoided in one form of embodiment by using



What is di sadvantageous about this is that, through the use of

Switching transistors, the maxi num applicagble

is*technically and econonically limted. The upper limt lies at

approximately 100 20 anperes.

The process described in the

pul sati ng bath current
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short high current pulses, the amplitude cannot be
readjusted quickly enough in the bath current sources
which are available in practice. Thus, in a further
form of embodiment in this publication, two bath
current sources are also used which can be adjusted
independently of one another. These bath current
sources are connected via a change-over switch with the
work-piece located in the electrolytic cell and the
electrode. Since in printed circuit board
electroplating, for reasons of the precision required
(constancy of the layer thickness), it is necessary to
use individualiy adjustable bath direct current sources
for the front side of the printed board and the rear
side of same, there is a doubling of the outlay which
is necessary for realising this method according to
this form of embodiment, to four bath current sources

altogether.

In addition to this high technical outlay, especially
for the respective second bath current source per
printed circuit board side, the electronic high current
switches cause great energy losses. On each electronic

switch, when it is switched on, a voltage drop occurs

25

|polarity of the rdirecthfcuprent 1, 000
I n both cases, the technical outlay has to be

ncerned with pul se

€S to reverse

30



vol t age fed in. The necessary hi gh current sw tches are

di sadvant ageous however. Moreover this syggen1|s I nfl exi bl e since the
nmethod nust proceed in both 10 polarities with the sane current
anplitude, for, with short high current pul ses, the anplitude cannot
be readj usted qui ckly enough in the bath current sources whi ch
are avail abl e on phecinper Tonslinegaxy tesiktpr when thencytrenbodi nent in
this publication, two bath 15 current sources are al so used which can be
adj ust ed flnwspena'bnﬂ #sofxyge famorhédr kingdss ofh semicgrpenetor

sources are connected via a _change-over switch wth_ the wor k- pi_ece
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altogether.  ygeq ih"eA%WitlidpladedrigitechndldosshRi el aautd,apo especially
amperes, the forward voltage Up on diodes and
transistors amounts to approximately one volt and on
thyristors approximately two volts. The power loss Py
15 at each of these semi-conductor elements is calculated
according to the formula Py = Up X Iz, Ig being the
electroplatiné current. Where Ig = 1,000, the
dissipated energy Py reaches 1,000 watt to 2,000 watt.
The heat produced additionally by the electronic
20 switches has to be carried away by cooling. In the
actual bath current source, a power lqss occurs
likewise of at least the same magnitude, which is
unavoidable. These losses are not to be included in
the further considerations. Only the power losses

25 which have to be additionally applied to pulse

generation are taken into consideration.

An electroplating system consists of a plurality of
electroplating cells. They are fed with large bath

30 currents. As an example, a horizontal system for
depositing copper on printed circuit boards from acid
electrolytes will be looked at. The application of the

pulse technology improves the amount of the copper



30 for the respective second bath current source per printed
circuit board side, the electronic hi gh cgirrent SW t ches cause great
enérgy | osses. On each el ectronic switch, when it is switched on, a
vol t age drop occurs 4 5 on the
I nner non-Ilinear resistor when the current flows. This is true for

al | kindsSof Semosdédgiciisr the fing hedmss afn the primtedapoardisever with

varying sizes of vol t g drop Wth increasing current, .this drop in
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to 2,000 watt. The heat produced additionally by the electronic
followed by an anodic pulse with a width of one

millisecond. In pulse-like cathodic electroplating,
preferably a current density is chosen which is greater
than, or the same as, the current density which is used
15 with this electrolyte during direct current

electroplating. During the short anodic current
pulses, a deplating process with a substantially higher
current density takes place than during the cathodic
pulse phase. Advantageous here is approximately the

20 factor 4 of the anodic to the cathodic pulse phase.

The printed boards are electroplated on both sides,
i.e. on their front and their rear sides with separate
bath current supplies. As an example five electrolytic

25 baths of a horizontal electropléting system are looked
at. They have per side, for example, five bath current
supply units each with 1,000 amperes of nominal
current, i.e. 10 bath current supply appliances with
10,000 amperes in total. The bath voltage for

30 electroplating with acid copper electrolytes is from 1
.to 3 volts and is dependent on the density of the
current. Because of the high currents, the energy

balance for the circuit proposed in the publication DE



20 swi_.tches has to be carried away by cooling. Thhﬁhdeﬁ@sBeenRe la@d ual bath
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Inaccuracies caused by low edge steepnesses are here
disregarded. Thus for the span of 10 milliseconds, the
semi-conductor elements 6, 9, 5 in the circuit
arrangement shown in Fig; 7 carxry the full
15 electroplating current. The power loss of theee
switching elements amounts, per bath current supply
with the forward voltages Up quoted above, to (2 volts
+ 1 volt + 2 volt) x 1,000 amperes = 5,000 watts. For
the span of one millisecond, the semi-conductor
20 elements 7 and 8, corresponding to the task set, then
carry four times the current. This power loss amounts
to Py = (2 volts ; 2 volts) x 4,000 amperes = 16,000
watts. The average high current switch power loss of a
cycle lasting 11 milliseconds is thus approximately |
25 6,000 watts. With ten bath current supplies this
amounts to a power loss of 60 kW (kilowatts). To
determine the degree of efficiency, this output must be
compared with the output which is converted directly at
the electrolytic bath for electroplating and for
30 deplating. The bath voltages are, for this purpose,
assumed to be for acid copper baths with 2 volts for
electroplating and with 7 volts for deplating. Thus the

average value of the overall bath output for pulse



foll owed by an anodic pulse with a width of one mllisecond. In

pul se-1i'ke cathodi c €l ectropl ating, p;eferably a current density is
chosen which is greater than, or the Ssane as, the current density
which is used 15 wth this electrolyte during direct current

el ectroplating. During the short anodic current ' pul ses, a depl ating
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the high currents, the energy bal ance for the circuit proposed in the
publication DE

An electroplating system equipped with electronic high
current switches in this way works completely
uneconomically. Moreover the technical outlay for the
15 electronic switches and their cooling is very high.
The result of this is that pulse current appliances of
this kind are also large in volume which works against
placing them in spatial proximity to the electrolytic
cell. This spatial proximity is however necessary in
20 order to achieve the required edge steepness of the
bath current in the cell at the electrodes. Long
electrical conductors work with their parasitic

inductances against any quick rise in current.

25 In comparison to the electronic switches, electro-~
mechanical switches have a much lower voltage fall when
they are in the switched state. Switches or protection
devices are, however, completely unsuitable for the
required high pulse frequency of 100 Hertz. For the

30 described technical reasons, the known method of pulsed
electroplating is restricted to special applications
and by preference to low pulse currents as far as

electroplating is concerned.



PCT/EP96/05140 Amended page 6: (according to Art 34 PCT The invention
consists in the fact that there is couplegl into an el ectroplating direct
current circuit, called a high current circuit for short, conprising a
bath direct current source, electrical conductors and an electrolytic cel
with the electroplating article and anode in an inductive manner by means
of a suitable conponent, for exanple a current transforner, a pul se
current with such polarity that the bath direct current, is conpensated or
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accordance wit Turns can ow current” wit ol t age.
The 10 without the disadvantages mentioned occurring,

especially without said currents being generated with a
considerable power loss. Moreover, the necessary
electronic circuit for this method should also be
realised at a favourable price.

15
The purpose is fulfilled by the invention given in

patent claims 1 and 11.

The invention consists in the fact that there is

20 coupled into an electroplating direct current circuit,
called a high current circuit for short, comprising a
bath direct current source, electrical conductors and
an electrolytic cell with the electroplating article
and anode in an.inductive manner by means of a suitable

25 component, for example a current transformer, a pulse
current with such polarity that the bath direct current
is compensated or over-compensated. Preferably the
component is connected in series with the electrolytic
electroplating cell. For example, to this end, the

30 secondary winding of the current transformer with a low
number of turns is connected to the bath direct current
circuit in series in such a way that the bath direct

current flows through it. In the primary winding, the



i nduced pul sed | ow secondary voltage drives the high conpensation current.
Afcapacitor, which is connected in parallegl to the bath direct current
source, serves to close the current circuit for the pul se conpensation
current. The invention is explained in detail with the aid of Figs. 1 -
6. These show. Figs. la - le unipolar and bipolar electroplating
current patshs, cuaters transfomhéy hasda high numbernofir tutnseg; suchFi gs. 2a
and 2b circuit arrangenent for feedi ng the conpensati on
current into that the phabsésgfeedingnitcincaccor@agee?with the turns
appl i cabl e during el ectroplating_ and . . Fig. 2b during deplating;
Fig. 3 a schea®i? ccarphayentalP¥ncerrene with high voltage. The

induced pulsed low secondary voltage drives the high

compensation current. A capacitor, which is connected
10 in parallel to the bath direct current source, serves

to close the current circuit for the pulse compensation

current.

The invention is explained in detail with the aid of

is5 Figs. 1 - 6. These show:

Figs. la - le unipolar and bipolar electroplating
current paths, such as are usually used

in practice;

20
Figs. 2a and 2b circuit arrangement for
- feeding the compensation current into
the high current circuit; Fig. 2a is
applicable during electroplating and
25 Fig. 2b during deplating;

Fig. 3 a schematic representation of the
current diagram for the bath current
using the circuit arrangement shown in

30 Fig. 2;



_current diagram for the bath current using the circuit

arrangenment shown in Fig. 2, qoFig. 4a vol tage curves in the
hi gh current circuit, taking into account the rise

and fall tines; Fig. 4b an electrical wiring diagramwth

potentials entered; Fig. 5 - a possible control circuit for the

current transfornerFig. 4a voltage curves in the high curfents

el ectropl ating anounts to approximately 4.5 kW (for 10 m |1 iseconds,
volts x 1,000 anperes and for circuit,nitakisec '

Wth the | osses cal cul ated above anopunting to 6 kW only the

efficiency
bat h out put,
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of the high c@Cef@ldwitdi®®&s, related to the overal

is clearly bel ow 50%

Fig. 4b an electrical wiring diagram with

potentials entered;

Fig. 5 a possible control circuit for the

current transformer;

Fig. 6 an overall view of the circuit
arrangement to be used for

electroplating printed circuit boards;

In Fig.7 a traditional circuit arrangement,

described in DE 40 05 346 Al, is shown.

In the figures a bath cufrent, indicated as positive,
should apply for the electrolytic metallisation, i.e.
the article being treated is of negative polarity in
relation to the anode. A bath current indicated as
negative should apply for the electrolytic deplating.
In this case, the article to be treated is of positive

polarity in relation to the anode.

The diagram in Fig. la applies to electroplating with
direct current. In Fig. 1b the bath current is
interrupted for a short time. It remains, however,

unipolarli.e. the polarity of the current direction is

10

2

o pogeung khe ad®eanperes).



An el ectropl ati ng system equi pped with el ectronic high current
switches in this way works conpletely 11 Unecononi cal I y. Moreover the’
technical outlay for the 15 el ectronic switches and their cooling is
very hi gh. The result of this is that pul se current appliances of
this kind are also large in volunme which works agai nst pl aci ng t hem
in spatial Prodaottyeversed. el Therpujeectimes lie| by phefexpacealinptbeinity
i s however necessary in 20 order to achieve the required edge steepness
of the be¥dexretfragnitpdecef| 051 wmhtlisecprddcyp tengeconds.

el ectrical conductors work,with their araS| I nduct anges against
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el ectropl ating 4$tR0ACEESANGJelectroplating time and with a short
deplating time. The deplating amplitude here amounts
to a multiple of the metallising amplitude. However,
altogether, with an electroplating time of e.g. 10
15 milliseconds and with a deplating time of 1
millisecond, there is a clear excess of the amount of
charge needed for electroplating as opposed to that
needed for deplating. This pulse form is particularly
suitable for electroplating on both sides printed
20 circuit boards with fine holes. In Fig. le, a double
pulse form is shown which can be achieved with the

method according to the invention. Unipolar pulses

here alternate with bipolar pulses.

25 The electroplating cell represents for the
electroplating current an ohmic load as a good
approximation. With a bath current supply according to
Fig. 1b, bath current and bath voltage are therefore in
phase. The low parasitic inductances of the electrical

30 conductors to the electrolytic cell and back to the
current source can be disregarded. Pulse currents
contain on the other hand alternating currents. With

increasing edge steepness of the pulses, the proportion



8 5 Thus the problemunderlying the present invention is to
find a method and a circuit arrangement wygh which it is possible to
generate short, cyclically repeating, uni pol ar or bi pol ar high
currents for electroplating 10 w thout the di sadvantages nentioned
occurring, espec[ally wi thout said currents being generated with a
consi der abbe pofietheobighMirequenciegeofietbes alyernating| eurrenke circuit
for this method should al so be realised at a_favourable price. 15
The purpose i sbegbmes| ggeBjethe SHEERt PYASE egesmhave a ghozhi Pb‘ﬁéiems 1
and 11. _ . The invention consists iin theg fact that there is. 20
coupl ed into akiepcanfofRati K§UGir edCc diPendndUStgnces repregantay 4 high
current circuit, for short, conprisin at h di.rect [ t source
el ectrical condBEPGFsVEngestst Tgnf e%ﬁﬁﬁ%ﬂﬁﬂ%%ﬁﬁﬁ W ﬁu%%ghﬁﬁ. ’
g{ftc;[)logl ating el %le‘iay the %Q&s%n%%‘age'sn. A d S It PR RS BRANS Of a
10 not considered below. They are independent of the type

of pulse generation and therefore always the same if

special measures are not taken. The simplest measures

consist in using electrical lines with very low ohmic

and inductive resistances. In the figures, in order to

15 simplify the drawing, the electroplating current is
always represented as, or assumed to be, in phase with

the voltage.

Figs. 2a and 2b show the feeding in, according to the

20 invention, of the compensating pulse current by means
of the current transformer 1. The bath direct current
source 2 is connected via electrical lines 3 with the
electrolytic bath, which is here represented as the
bath resistor Rz with the reference number 4. The

25 secondary winding 6 of the current transformer 1 .is
connected into this high current circuit 5 in series
with the electrolytic bath. The primary side 7 of the
transformer is fed by the pulse electronic unit 8. The
pulse electronic unit 8 is supplied with energy via the

30 main supply 9. The current and voltage paths for the
pulses according to Fig. 1d correspond in principle
also to the pulse forms of the other diagrams in Fig.

1. They differ only in the momentary size of the



25 conponent, for exanple a current transforner, a pul se current

wi't h such polarity that the bath direct cujgent

i s conpensated or

over-conpensated. Preferably the conmponent is connected in series
with the electrolytic el ectroplating cell. For exanple, to this end,

the 30

secondary wi nding of the current transforner with a | ow

nunber of t%Ir nscompensabingdcusrent. baFardthist reaspanthe voltagesupr in
such a way that the bath direct current flows through it.

series in

In the primary SRFEeRES paltonging to Fig. 1d are indicated in the g
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current transforner has a h%ﬂh nunmber of tgrns, such that the pul ses

feeding it in akeblowhes &t

with high
the high

refieapg fonsi

eref.ii o can have a | ow current

vol tage. The | i nduced pul sed | ow secondary vol tage drives

conmpensation current. A capacitor, which is connected
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in parallel to ﬁ?@rb?%gsgéﬁgcghgugEggg 39ﬁ558ra§§%éf?gﬁéP9 tha close the

current circuit

i nvention
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indicated in brackets. The capacitor C is charged to

the voltage U. = Ug. The voltage Uy at the current

transformer 1 amounts to 0 volts. Thus, apart from

e conpensati o The

These
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voltage drops at the line resistors and at the resistor
of the secondary winding 6, the rectifier voltage Ug is
present at the bath resistor R; and causes the
electroplating current Ig. This temporary state
corresponds to electroplating with direct current. In
the high current circuit 5, no switches are needed

according to the invention.

Fig. 2b shows the state of operation during deplating.
The potentials can no longer be considered static.
Therefore in Fig. 2b, the potentials for the end in
time of the deplating pulse are shown in brackets. The
starting point is provided by the potentials of Fig.
2a. The power pulse electronic unit 8 feeds the
primary winding 7 of the current transformer 1 with a
current which alters its amplitude in ﬁime. The
current flow time corresponds to the.time of the flow
of the compensating current in the main current circuit
5. The primary voltage U, at the transformer is such

that, corresponding to the number of turns in the



Figs. 'la -
current paths,
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le uni pol ar and bi pol ar el ectropl ating _ _
such as are usually used 14 i n practi ce;

Figs. 2a and 2b circuit arrangenent for

feedi ng the conpensation current into t he high current

circuit;

and 25

in 30
5

circuit,
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t aki n%éﬂ&&@&f%’%éﬂ‘%ﬂé Yfime constant T =

2a is gpllcable during el ectroplating

transformex;winding & i tkpRmfPEReNPUlse voltage Usigs 3

e 1e lallg;ée&ccur\PeesnslantJtrf% Rrgrer trent Here, the

proceeding from the voltage U = Ug, is further charged
with the voltage Up;. The charging current is the
compensating current Ix and at the same time the
deplating current Iz. With a large capacity of the
capacitor C, the rise in voltage in the short time of
the charge current flow can be kept low. Instead of
the capacitor C, an accumulator can also be used in
principle. The bath direct current source 2,
consisting of a rectifier bridge circuit, switches
itself off automatically for the period of the
deplating, because through the charge, the voltage
becomes Uc > Ug. Without any additional switching
elements being used, the direct current source 2,
during the period of time in which the bath current Ig
is fed by the induced voltage Uy into the current
circuit, therefore feeds no current into the current
circuit automatically. After the current compensation,
the bath current is, however, supplied again from the
direct current source. To avoid any short reverse flow
in the switching-éff moment with slow rectifier
elements in the bath direct current source 2, a choke
11l can be inserted into the high current circuit 5.

The energy for deplating is applied via the current
transformer 1. The high, yet short in time, deplating

current Iz in the secondary winding 6 is fed in

current diagramfor

Yved secom;'arlly, wl’&sq.lhglq HER & rmﬁ-}t%ﬁ’rp a‘ﬁb &Hehite shown

% cand fall times;

a



Fig. 4b, an electrical wiring diagramwth 10 potential s

ent er ed,; Fig. 5 a possibleigontrol circuit for the

curtent transfornmer; 15 Fig. 6 an overall view of the circuit
arrangenment to be used for el ectroplating printed
circuit boards; In Fig.7 a traditional circuit arrangenent,
20 5 primagilysi UBdei qubEend 08 Beduped withhthe.current |n the
figures a bath current, indicated as positive, shoul d apply for the

el ectrol yti c netuappiQrmer reduction rathe Hrticle being treated is of
negative polarity in 25 relation to the anode. A bath current indicated
as negative should apply for the electrolytic deplating. I n
this case, the grtjicle to be_treated is_of posjitive , olarity in
rel ation to_thefgngﬁés Era%ﬁforWﬁﬁ ?ﬁg?aﬁ?aﬁckFﬁp Fﬁtéﬁp?geﬁ'go _
electroplating yphhy, for &' E&fbefMLETRY chPrBhE- 1} Pof NF, 068 MLl it /s
10 only approximately 4 ampere are to be fed in primarily.
For the secondary voltage Ups = 10 volt in this example
approximately 1,000 volts are necessary primarily. The
power pulse electronic unit is thus to be dimensioned
for high voltage and for relatively low pulse currents.
15 Semi-conductor elements which are favourable in price
are available for this. Thus, no high current switch

is necessary even for the high deplating current in the

main current circuit S.

20 The power loss incurred for pulse generation is very
low in comparison with known methods. The calculation
of the dominating losses already shows the difference:
in the power pulse electronic unit for generating pulse
currents on the primary side, amongst other things

25 consisting of an electronic switch with a forward
voltage Ur = 2 volts, the switch power loss amounts to P
= 40 amperes X 2 volts x (approximately) 10% current
flow time = 8 wvolts. In the same way, 8 watts are
necessary for the reversed transformer current flow to

30 the saturation of the transformer. With ten bath
current supplies there is thus a power loss of
approximately 160 watts altogether. For the comparison

of the total switch losses of the circuit according to



interrupted for a short time. It remains, however, uni polar i.e. the
polarity of the current direction is 16 © nhot reversed. The pul se
times lie by preference in the order of magnitude of 0.1 mlliseconds
up to seconds. The pause tinmes are correspondi-ngly shorter. Fig. 1lc
shows a uni pol ar_pul se current with different anplitudes. Fig. id
shows a bi p8l ar ther AByentioa withjgheppseesypfephenlinown eigcnitpy
reversed in polarity with a_|on electroplatihg time_and with a short

. |
depl ating tine. Rfe SYSFRRL SF3RAFPFIGTe LREFESaYRH Lo included Wil pl e of
(ho ot s AL M o L T {0, 55 SRR
RN d, th ' | t . ty Of . d
T Second (g 58 ht.CHS 3 i o, coaBBAARRECEEY
20 Girouit boStaibsmoungl Mkl segohal TLBE SIRG BB pRk AP 1 BT
s shown whpch e@Rnbaetehi @¥edeW,t B th8nsformePdted Aot ¢ bag

i nvention. Unipol ar pul ses

can be counted on. Thus these losses amount with a
compensating current of 4,000 amperes and a voltage of
7 volts with approximately 10% current flow time to
altogether approximately 560 watts. This produces for

15 ten bath current supplies, according to the invention,
a total power loss for generating the pulse
electroplating current amounting to 160 watts for the
switches and 5,600 watts for the current transformers.
This sum includes approximately 6 kW for the dominating

20 losses. In the example calculated above, according to
the state of the art where 10 bath currents supplies

were used, this amounted on the other hand to

approximately 60 kW.

25 The technical outlay for carrying out the method
according to the invention is likewise substantially
lower than when traditional circuit arrangements are
used. Only passive components are loaded with the high
electroplating currents and with the even higher

30 deplating currents. This substantially increases the
reliability of the pulse current supply equipment.
Electrcoplating systems equipped in this way therefore

have a clearly higher availability. This is achieved,



here alternate w th bipolar pul ses. 25 The electroplati n'g'. cel |

represents for the el ectroplating cyrrent an ohmc load as a good
approxi mation. Wth a bath current supply according to Fig. I'b, bath
current and bath voltage are therefore in phase. The | ow parasitic

i nductances of the electrical 30 conductors to the electrolytic cell and
back to thé®  moreqyerontwiddumdbatantia ldis ey shvertinmtc wutdr)s.
contain on the other hand alternating currents. Wth i ncr easi ng edge
st eepness of t @ Fhessang tdng.othe qontinuing energy consumption is
12 5 of the high frequencies a he al ternating currents becones
greater. Steep egg. ec?j’e%cr?ﬁ}’émd °sffh§§'{e phAwEE techm}%ael zPrVd'—]faé’[': there. The
l'i ne inductanc I i.nductive resistors for these alternating
currents. %@%%ﬁ&%lﬁee VMR .t%é?ﬂéfdgt’ﬁéfé“ 'e&:‘?é'brl €10
not consi dered = t__Of f-V:Re .Qf pul se
generation and Itér%{ra'\g‘ (;:rh-g%:?imtafz;y%%e%gqg%eéﬁfexo td r}:eesaplelcl?slealtl'lr(reénagﬁ’f' es are not
taken. Theesi "RPRMiniR35WcPthe bath. The line inductances of the

main current circuit are therefore also reduced to a

minimum.

In Fig. 3 the path of the pulse current is represented
15 diagrammatically at the bath resistor Ry (electroplating
cell 20). On account of the ohmic resistor R;, the bath
current and bath voltage are here in phase. At the
point in time t;, the flow of the compensating current
begins. The size and direction are determined by the
20 instantaneous voltages Uc and Upg. At the point of time
t., the compensating current flow finishes. The
following electroplating current I; is determined by the
rectifier voltage Ug, in each case in connection with
the bath resistor Rj.
25
The time course of the voltages is represented more
accurately in the diagrams of the figures 4a and 4b.
The electroplating current I; is practically in phase
with the electroplating voltage U;. I; is therefore not
30 indicated because it has the same path. At the point
of time t = 0, the rectifier voltage Ug, the capacitor
voltage U. and, moreover, also the electroplating

voltage U; are approximately the same. The voltage Ugg



consist in us
resi st ances.

phase with

means 5

famﬁen§§raeneheﬁaﬁeeetnen timengopQt Nodi
source 2 is copnected via electrical lines 3 with the el ectrol ytic

ing electrical lines with very | ow ohmc “and inductive

‘ In the figures, in order to 145 sinplify the drawi ng, the
el ectroplating current is al ways represented as, or assuned to be,

in

t he vol t age. Figs. 2a and 2b show the feeding in
according to the 20 I nvention, of the co ensatln% pul se current by

Bect AEuthenpoint

bath, which i stReEdMPebreddift &isg Qfhdhe volhage, Rulge e MRFINS B h t he

reference numb

t ransf or ner

supplied with
paths for the

15

20

25

30

se €

t
tec{#onlc unit 8 is

Eée seconé8ﬁ¥é¥f@§§%§?g %ﬁm%ﬂdln r%&%%ehfg %%ﬁEEB 1in series
with the elect&ﬁgy%biﬁggnlc Thgﬁpékn$%%hsbg§a;1%& E%% t ransf or ner

fed by the pulSé el'eC

i's

rr vol t age
@ﬂé&ﬂiﬁoﬁ??ggﬂ ccor&aﬁ tS1 %}ég}l ecfgcor%-respﬁd vﬁn@%?{}%m ple °

also to tig pukéeu&erEhaef1thssobaaeléuegEewaepnaEeg U; is formbgy differ
only in the nomentary size of

from the sum of the instantaneous voltages U, and Ugg.
The voltage Ugg is poled at the capacitor C in the
direction of the existing charge. The capacitor C
therefore begins to charge itself again to the voltage
Ups with the time constant T = Rg x C. At the point of
time t,, the drop in the voltage pulse Ups; begins.
Because of the final inductivity of the current
transformer secondary circuit, the falling voltage
pulse does not end at the zero line. Through voltage
induction, a voltage Urs; with reverse polarity occurs.
This is now added to the capacitor voltage U.. At the
bath resistor Rz, a brief excessive rise in voltage Ugz
occurs. The capacitor C begins to discharge itself
with the time constants T = Rg x C, it being at least
partially or even completely discharged. At the time
point t,;, the voltage Urg therefore amounts to 0 volts.
The bath direct current source Uz takes over again the
feeding of the bath resistor Rz, such that Ug = Ug. The
voltages Ug, Uc and U; are then approximately the same
size again. The brief excessive rise of voltage at the
bath resistor Rz is undesired for electroplating
purposes. In practice this peak and the additional

peaks, differently from what is shown here, are clearly



13 5 conpensating current. For this reason the voltages or currents

bel onging to Fig. id are indicated in the1g following figures and
consi der ed. Fig. 2a shows the state of operation during the 10
. electroplating. As an exanple, potentials are i ndi cated in brackets.

; ' h | U U Th
Voltage oy 8rr) EeeRl UK sstovery diBin garal P[JSH%{ e eeapngss.  Thus,
: f the |i g rs angd at the reS|stor
igartofrgﬂg se¥3: r?a gg%gi&aatﬁglﬂﬂnﬁqiigl Ilqii » g
h ectropl a |n
present at the#ﬁ:{e I ha! th&?{tr ]tr%.'}x%f%%%is cts d.felr:lg&e's

current I[err] s tenporary sta 'r’'es

with direct cugigfher Qzeakenlnbh%éﬂ”tq{é (i.‘ffcfxggsec'lﬁxcq}otlf%g n%ts tches are

needed 20 according to the i'nvention e state of

operation duri pat#epleadtiister Ry. OﬁhEhEOEEHEkahﬁnaantﬂg heﬂgg $Q§s1ve
consi dered stati c. Therefore in Fig. 2b, the potentials for the end
in 25 tione eblthegedehlent iing presentanomfeain iThdyeaqkals be Hhe
starting point is provided by the potentials of Fig.

further discussion of these systems of wiring

inductances, nor likewise of the construction of the
current transformer which is to be constructed as a
pulse transformer. Pulses are to be fed on the primary
15 side into the transformer in such a way that magnetic
saturation of the trénsformer iron is avoided. For
desaturation, there is after each current pulse
sufficient time available in the pulse pauses to feed
in a current with reverse.polarity. To this end, an
20 additional winding can be attached to the transformer
core. Fig. 5 shows an example of the primary side
triggering of the current transformer 1. An auxiliary
source 12 is supported by a charging capacitor 13 with
the capacity C. An electronic switch 14, here an IGBT
25 (Isolated Gate Bipolar Transistor) is triggered by
voltage pulses 15. In the switched state of the
electronic switch 14, a primary current flows into the
partial winding I of the primary winding 7 of the
current transformer, and to simplify.the circuit a
30 desaturation current in the partial winding II. When
the switch is not connected, only a desaturation
current flows in the partial winding II. To reduce the

outlay, a possible additional electronic switch for



2a. The power pulse electronic unit 8 feeds the primary wi nding 7 of

" the current transforner 1 with a curggent which alters its anplitude
in‘time. The 30 current flowtime corresponds to the tine of the flow
of_the conpensating current in the main current circuit 5. The
primary voltage Uerr] at the transforner is such that, corresponding
to the numser dfhisirqurrentt Hee dispensed with. The number of turns ingy
5 transfornmer winding a transfornmer pulse voltage Uerr] is achi eved
secondarily, whiilsh partinl wodingsh Jsp@reﬁi% as ‘well as | prRtective

constant T2 REATISEOT 71 Via btk GFFRRE (FE VOr (RERtrele EieRT )
Uerr], is furth h d 10 ith th | t [
clrrent 15 the POTAREHOTEn TS B ATPRFTS| Tor TS OB F HEPEE AT (ot he
depl ati ng C“”eéf‘étdiﬂ{%%eé’i!s}]%iﬁ‘ %ﬂ&&fw 'li‘?ﬁ‘;o{:: rs. ThEPRFLERE C

the rise in voltagé in Ime o arge current flow can

be kept | I f i \
e r&iar'ﬁf%rﬁe;s%ne %%%’nﬁré?@aé&%@é &iagPamhstivhaipregan al so be

used in pri direct curreni source 2,
primary current Igp.

Fig. 6 shows the application of the pulse current units
19 in an electroplating bath 20 with goods to be

15 electroplated arranged vertically, for which bath two

| bath direct current sources 2 for the rear side and the
front side of the flat article to be electroplated, for
instance a printed circuit board, are used. Each side
of the printed board 21 is separately supplied with

20 electroplating current from one of these current
gources 2. Opposite each side of the printed board an
anode 22 is arranged. During the short deplating
pulse, these anodes work as cathodes in felation to the
article to be treated which is then poled anodically.

25 Both pulse current units can work either in
asynchronous or synchronous manner with one another.
To electroplate the holes of printed boards, it is
advantageous if the pulse sequences of the same
frequency of both pulse current units are synchronised

30 and if at the same time there is phase displacement of
the pulses. The phase displacement must be such that,
during the electroplating phase on the one printed

board side, the deplating pulse occurs on the other



consisting of a rectifier bridge circuit, swtches itself off

automatically for the period of the slepl ating, because through the
charge, the voltage 20 beconmes U err] > Uerr]. Wthout any additional

: swi tching el ements being used, the direct current source.2,
during the period of tine in which the bath current I[err] - Is fed by

t he induced volstde afdrthe jotker wayrewnd. In thiscoage,t®He®efore feeds
no current into the current 25 circuit automatically. _After the current
conpensation, dispexgioneh %@?r@%?als,thMBVE?,e%ﬁﬁb¥?83a5b%$n° r 6R®t he
direct current source. To, avoid &ny sﬂort ieverse flow I n_the

swi tchi ng-of f nePkee, wif hiBPEQredct i FRe Pulse semurphee PR FHR B3APR direct
current source 2, a choke 30 11 can he_ins L gt Lgh current
circuit 5. Er?ﬂ%?%ﬁ¥r§§nfovoﬁiﬁf5tiﬂge#g g%%?geégvggbgﬁggéurrent
o e STEcRLal 8! 00heh? bEMEnedgbbat! BAd tne rEuET8Rke! [orr]

in the secondar? W

15 5 pripgri 'ééfeir_r%l? SUELEDE 8 pedupedrwiathallBe gubr 88Ynchronolisagst or mer

reduction Tatio
towards one another.

The invention is suitable for all pulse electroplating
methods. It can be used in electroplating systems,

15 dipping systems and feed-through systems, working
vertically or horizontally. In the feed-through
systems, plate-shaped goods to be electroplated are
held in a horizontal or vertical position during the
treatment. The times and amplitudes mentioned in this

20 specification can be altered within wide ranges in

practical applications.



I'f this transfornmer has a reduction ratio of e.g. 100:1, for a
conpensating current I[err] of 4,000 anpengs 10 only approxinmately 4
anpere are to be fed in primarily. For the secondary voltage Uerr] =
10 volt in this exanple approximately 1,000 volts are necessary '
primarily. The power pulse electronic unit is thus to be di nensioned
for high v8lt afermsd ws@d dal khe Apeqifdqabian currents. 15

Sem - conduct or el enents which are favourable in price are avail abl e
for this. Thus, no high current switch i s necessary even for the high
depl ating curr main _current circuit 5. 20 The power

t o th .
| oss i ncurred ﬁ%r L%%ﬁgaﬁﬂﬁiﬁﬁﬁ4ﬁ1w RIS/ ~ lowin conparison with

known net hods. .The | culat i of the dom nating | osses already shows
t he difference:UG'R %%4ﬂ$ﬁyﬁgﬂkﬁ&ﬁa%ﬁnse electronic unit for generating

pul se CUky ent : IJ i de, anongst other things 25
UeNt T ditod e

consi sting of aff el ectroni c swi th a forward voltage Uerr] =2

volts, thgeosw tGh P@WEImdyes T AHANFEnd:P dllse volt#fk anperes x 2 volts x
(approxi mat el y) "10% curr ent flowtinme [err] volts. In the same way,

8 watts are Uy neRRUIRIarY WrddBfdmey ol dd ansitdge@er current flow to
30 the saturation of the transfornmer. Wth ten bat
Up Forward voltage
I, Electroplating current
I Deplating current
15 I, Compensating current

Py Power loss

1V} Current transformer reduction ratio

List of reference numbers
20 Current transformer
Bath direct current source
Electrical conductors

Bath resistor R;

High current circuit

S T S OSSR

25 Secondary winding of the current transformer

Primary winding of the current transformer

@ 3

Power pulse electronic unit
9 Mains supply
10 Capacitor with the capacity C
30 11 Choke
12 Auxiliary wvoltage source
13 Charging capacitor with the capacity C

14 Electronic switch



current supplies there is thus a power |oss of approxi mately 160

watts al together. For the conparison oqf the total switch | osses of
the circuit according to 16 5 the
invention with the | osses of the known circuits, t he current
transforner | osses nust be included with the circuit according to the
invention. Bf al®eryVgdsage pulsesupling of the transforner is used, for
exanple with a strip-wound cut toroidal core and with highly
permeabl e 10 1fhi nViedtadesidag¥amg transformer efficiency of [err] = 90%
can be counted on. Thus these | osses ambunt with a conpensati ng
~current of 4,0087amp&resesidve FEELEFOT0f 7 volts with approximtely

- 10% current flow,ti tQ ._altogether approximately 560 watts. This
. produces for 1?8 t SHEEERY &dAZER™ suppl i es, according to the invention

- a total power |Qsgs f@h%% n%%%&%%& hggtpulse el ectropl ati ng current
' or the

anounting to 160 watts swi tches and 5,600 watts for the

- current trg@sfobﬁersElectroéﬂytgngugglqcludes approximately 6 kWfor the
~domnating 20 | osses. In the éxanpl e cal cul ated above, according to

the state of thejart cdadse t10 vedihegtiadg@ent s supplies

22 Anode



were used, this anounted on the other hand to approxi mately 60 kW
25 The technlcal outlay for carrying out,ghe nmethod according to
the invention is |likew se substantially | ower than when traditional
circuit arrangenents are used. Only passive conponents are | oaded
wi th the high electroplating currents and with the even higher 30
depl ati ng c%rreMethodTand €ipcuitt Axrhpgemensafer geseratingr Gurzientity of
the pul se current supply QU|pnent El ectropl ating systens equi pped
in this way thePeigesg for 1ﬁ§@§°&Y@F§aMP$aH|QﬁﬁpsaﬁappablI|ty This is
achi eved, noreover, wth
substantially | ower investnent outlay. At the Saﬁﬁ—%+ﬂﬂf *hn

continuing energy consunption is | ower . acc Eﬂnﬁ t he | ower

winine et w%mg"t;t‘::rtpt;;:.ee?ergcszar LR

proximty to the e I'i ne inductances of the naln "cufreht
circuit arggtherefore also reduced to a

1. Method for generating short, cyclically repeating,
unipolar or bipolar pulse currents I, iE for
electroplating, characterised in that there is coupled
in an inductive manner into an electroplating direct
15 current circuit (5), formed from a direct current
source (2) and an electroplating cell (20) with a bath
resistor R;, by means of a component (1) connected in
series with the electroplating cell (20), a
compensating pulse current I of such polarity that the
20 bath current supplied from the direct current source

(2) is compensated or overcompensated.

2. Method according to claim 1, characterised in that

a transformer is used as component (1).

25
3. Method according to one of the preceding claims,
characterised in that the compensating current I, is led
to charge a component (10) acting as a capacitor C,
preferably a condenser or accumulator.

30

4. Method according to one of the preceding claims,
characterised in that the circuit element (10) acting

as capacitor C is partially discharged during the



m ni mum In Fig. 3 the path of the pulse current is represented 15
di agrammatically at the bath resistor RB (sd ect ropI ‘“Mﬁﬁm 20). On
account of the ohmic resistor RB, the bath f““m“m | t age

are here in phase. At the point intime t[err]* the ¥1dw Jf fhe
conpensati ng current begins. The size and direction are determ ned by
the 20 st penhedssofotingein (Woieh the Dpthriurpent hbs padtht of tine
t[err] the conpensating current flow finishes. The fol |l ow ng

el ectropl ati ng SAFPLREAFPR P PeerReEPanFatiedy the rectifier voltage
Uerr], in each case in connection with the bath resistor Rerr]. 25
The tine course of the voltages is represented nore accurately in the

di f the.fi he gl
s bracti cal |y Th priteenod &887ding ko pat B FaR REeSorSpctin ey 7
Iferr] is thereéﬂ%@?@@ér%éﬁh 1ﬁ?ﬂ%§€te b8§88§e ggﬂﬁﬁéﬁgtﬁﬂﬂgapaCItor

t he point Fectifrer—vol
vol tage Uggr] @\E'Pr% GOVELe, 45 éﬁﬁlfﬁﬁ&ér?@ #hé "dompensat/fhd age1sker ]
are apprOX|nater the same. The voltage U err

current I, is set to be at least as great as the

amplitude of the bath current supplied from the direct

current source (2).

15 6. Method according to one of the preceding claims 1
to 4, characterised in that, in order to generate
bipolar current pulses, the amplitude of the
compensating pulse current I, is set to be greater than
the level of the bath current supplied from the direct

20 current source (2).

7. Method according to one of the preceding claims,
characterised in that the amplitude of the pulse
current for deplating I; is set to be higher than the
25 amplitude of the pulse current for metallisation I; and
that the pulse width of the current I; is set to be

shorter than the pulse width of the current I;.

8. Method according to one of the preceding claims,
30 characterised in that where there is separate
electrolytic supply of the front and rear side of an

article to be electroplated with pulse current, the



18 5. anounts at this point intime to 0 volts. At the point .

ti'me t[err], the rise of the voltage pul sesfferr] begi uﬂ I
second<[51ry wi nding 6 of the current transfo?lr;rjer . ”““m“l““l“ lalm ‘err]
is of such polarity that the electroplatlng vol tagetU err} Becdmes
negative, with the 10 result that it is possible to deplate. UGis

f or med 5 fr%ﬁWFh§r§HHF§FYtHélﬁﬁs§§ﬁ93ﬁ§§§s°ﬁth&g§y°UPedﬁP ame Uerr].
The voltage U err ol ed, at the capaC|tor Cin the di rection of
the existing chad éESt?ﬁ tRapscFYBFhEONOUS. { herefore begins to charge
itself again to the voltage 15 Uerr] with the tine constant T = Rlerr]

x C. At the point of time t[err] the drop in the voltage pulse Uerr]
begi h ' - rrent
Cranstormer secondar yoeredupecopRinbiRR kLKl chid%abteriBed spotnat, ong

at the zero ling. odhEeHAR ﬁHEEQQa;sﬁgacehgﬂﬂcgbgaeeﬁ Eﬂ%tgﬂﬁ Yrs2 wi th

reverse polarity occurs. now ad to the c paC|tor vol t age

Uerr]. Atithe currenbBat bnr eaestebnRBana Behef s24e€s$l tae hs€ikheV bt g€
Uerr] occurs. The capacitor C begins to discharge itself W th

the time const abéseleetibplated €e setbe&hnguah keasaiy tRat dapnhtahbyoer
even conpletely discharged. At the tine
said article does not occur on both sides at the same

time.

15 10. Method according to one of the preceding claims,
characterised in that a toroidal current transformer is
used as the component (1) connected in series with the

electroplating cell.

20 11. Circuit arrangement for electroplating with which
cyclically repeating, unipolar or bipolar pulse
currents I, I can be generated, especially for
carrying out the method according to claims 1 to 10,
characterised by an electroplating direct current

25 circuit (5) formed from a direct current source (2) and
an electroplating cell (20), into which there may be |
coupled in an inductive manner, by means of a component
(1) connected in series with the electroplating cell
(20), a compensating pulse current I, of such polarity

30 that the bath current supplied from the direct current

source (2) is compensated or overcompensated.



point tferr] the voltage Uerr] therefore anmounts to O volts. The

bath direct current source UGR takes over again the he
~bath resistor Rlerr], such that Uerr] [err] U[err] mmllﬂmrmwmum
“Uerr], Uerr] and U[ err] are then approxi mately the sanec M siszexagai n.
The brlef excessive rise of voltage at the bat h re5|stor Rlerr] is

undesired f8r eﬂ@etrGEF§WPﬁgarrangeﬂﬁpﬁo§§§°nq¥qﬂwﬁﬁ| ihild .peak and the

addi ti onal peaks, differently fron1mhat i s shown here, cIearIy
19 5 roundedcHATASHsFEAPdbIIA %aau PSR g parallelytay ng

or parallel to?_g]&a |t naI Wi ndi n core of the current

t ransf or ner, o G&EL: urce rTher weakeni ng of the increase
in voltage at the bath resistor R err] On the other hand, the | ow
excessive 10 vol tage then is present longer. There will be no

further di scussihgn Ofgjt %Oi?aﬁ?én@ntwardd&dln td %@tﬁ‘%a]m@rll

| i kewi se of the constructlon current” transforner ichi1s to
be construgiped @% a2, charddtedilded PO AR urRHS &rBiEdmdie ds£d on the

primary 15 side into the transformer in such a way that magnetic

saturation of thkenigoaftor(mr with) d pravweiewidding (7) and a
secondary winding (6), the secondary winding being
connected in series with the direct current source (2)

and the primary winding having a larger number of turns

15 than the secondary winding.

14. Method of generating short, cyclically repeating,

unipolar or bipolar pulse currents I;, Iz for

electroplating, characterised by individual features or
20 all new features, or combinations of disclosed

features.

15. Circuit arrangement for electroplating, with which
short, cyclically repeating, unipolar or bipolar pulse

25 currents I Iz can be generated, characterised by
individual features or all new features, or

combinations of disclosed features.



desaturation, there is after each current pulse sufficient tine

avail able in the pul se pauses to feed 28in acurrent with reverse
polarity. To this end, an 20 addi ti onal w nding can be attached to the
transf or ner core. Fig. 5 shows an exanple of the primary side
triggering _of the current transfornmer 1. An auxiliary . source 12 is
supported By aMﬁ%ﬁﬂﬁ SIRSuis Arrapgement fox generating Qurpent

el ectronic sw an | GBT _ 25 éﬁ} ted Gate Bi pol ar Transi st or
is triggered b ses’ %%ﬁf Gﬁé’é@“’l@‘ MRd state of the )
el ectronic switch 14, a primary current flows |nto the parti al

wi nding I of the prinary w nding 7 of the current transforner, and to
sinplify the circuit a 30 desaturation current in the partial w nding
[1. Wen the switch is not connected, only a desaturation

current flows in the partial winding Il. To reduce the outlay, a
possi bl e additional electronic switch for

20 5 1iohi s apyvreide 1 s di spensed with. The nunber of turns in t he
partial windings | and Il as well as the protective

The invention relates to a method of generating short,
cyclically repeating, unipolar or bipolar pulse
currents I, I for electroplating, and to a circuit

15 arrangement for electroplating with which pulse
currents I Iz can be generated. Electroplating methods

of this type are referred to as pulse-plating methods.

According to the invention, the secondary winding 6 of

20 a current transformer 1 is connected in series into the
electroplating direct current circuit 5, consisting of
a bath direct -current source 2 and a bath resistor R;
which is formed by an electroplating cell 4. The
primary winding 7 of the transformer has a larger -

25 number of turns than the secondary winding. The
primary winding is controlled with pulses of high
voltage and with relatively low current. The high
pulse current on the secondary side temporarily
compensates in pulses the electroplating direct

30 current. This compensation can be a multiple of the
electroplating current, such that'deplating'pulses with

high amplitude are produced. The capacitor 10 guides



resistor 17, via which a current of |ow magnitude fl ows per manent |y,
are so adapted to one another that no 2g9saturation of the transforner
iron occurs. The current 10 diagram 18 in Figure 5 shows

di agrammatically the primary current I[err]. Fig. 6 shows the
application of the pulse current units 19 in an el ectroplating bath
20 with godds EBepgompensatingt FBEYaREdthrPruahe FPaEPENTaPRE, for which bath
t wo bath_direct current sources 2 for the rear side and the

front side of @h%chﬁﬁﬁlﬁgtlcle to be el ectroplated, for i nstance a
printed circuit board, are used. Each side of the printed board 21 is
separately supplied mﬁth 20 el ectroplating current fromone of these

current ﬁiloé%ﬁ &}eqﬂﬂg%h%ggﬁg Qh%eg%atl il B @s@.ﬁjlgb‘iﬁr ule-

anode 22 is arfrang ring ese anodes

work as cat hOdgiiggfogeltf%SRHobﬁ Eﬁ‘éctronlcahtlﬁﬂ %utx‘i'el?ﬁ: ihadic@dg)hi Ch i's

t hen pol ed ano Bot h pulse current units can work either in
asynchr onggs O{h3¥hC heROUSEBABRL cHill) Seeatdel REF the fgreaEO ctirgehtopl at e
the holes of printed boards, it is advant ageous if the pul se

sequences of thengadtion 1osEEQQUQBCﬁv6&dbd[h pul se current units are
synchroni sed 30 and if at the sane tine there is phase displ acenent of

(Figure 2a)



t'he pul ses. The phase di spl acenent nust be such that, during the

el ectropl ati ng phase on the one printed board side, the deplating
pul'se occurs on the other 1/7 ., 21 5
side and the other way round. In this case, the di spersion of the
netal, i.e. the electyoplating of the hol es, is inproved. The pul se
sequences of the amef frequency can, however, where there is separate
el ectrolytic treﬁ A b—ef—tbre—foRt—aRe—ttte—t-eaf—sige—tg——-of the articl e

to be treated, also ryn asynchronouslglektroplatings one anot her.

The invention is sui@ppre—Tor arl purse electroplating thods. It
can be used in electrpplating systensdephstingj ppi ng systens dnd

f eed-t hrough systens, { wor ki ng vertically or horizontally. @ 3%

f eed-t hr ough sy®tens, pl ate-shaped goods to be el ectropl e[-t.

held in a horizontal or vertical position during the treatnment. The

times and anpli tudes-ﬁrenti oned in this 20 specification can be altered
within w de rang8omn
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practical applications.

Ternms used in the specification [err]
Uerr] Z/ga

Uerr] Rectifier voltagi
|

22 5

El ectropl ating vol t age

pacitor voltage 10 U#grr]
r

Primary tra®sf pu vol t age U err] Secondary tr r pul se
vol t age r Foxwar d vol tfage ITerr tropl ating
current rr i ‘rrenﬂ g@ I{e Conpensati ng current
Plerr] Power\ | o&s [err] ormer reduction rqtio

List of refere ers 20 Current tr hnsfor ner Bat h

di rect current urxe 3 Tty TCat

resistor Rerr]

1
El
s\

corrtuct or s 4 _1Bath
/3
%ﬁj /4
+A |Rs

=
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5 H gh current circuit 25 6 Secondary wi ndi ng of the current

transf or ner 7 Primary w nd| ng (I\)é1 he current transformer 8
Power pul se el ectronic unit ( s suppl y 10 Capaci t or
with the capab‘i t&~C 30 11 Choke Auxiliary vol tage source

13 Char gi ng capati-tor--wi-t-h-tte- cap-acrty-ﬁ[—err-] --------- “T4----E-ectronrc
switch 23 5 15 Vol t age pul ses
16 Vol tage diagram 17  Protective resistor 18 Current

di agram 19 Pullse current unit 10 20 El ectriopl ati ng cell

21 Goods to bg treat gd 22 AnodLe > :




24 5. Method and GCircuit Arrangenment for generating Current Pul ses
for Electrolytic Metal Deposition Patent clains: 10 1

Met hod for generating short, cycllcaﬁlﬂ'repeatlng, uni pol ar or

bi pol ar pul se currents I[err] [ [.err] for el ectropl ati ng,
characterised in that there is coupl ed in an inductive manner into an
el ectroplating direct 15 current circuit (5), fornmed froma direct
current source (2) and an electroplating cell (20) with a bath
resistor R err], by neans of a conponent (1) connected in series with
the electroplating cell (20), a * conpensating pulse current I[err] of
such polarity that the 20 bath current supplied fromthe direct current
source (2) is conpensated or overconpensat ed. 2. . Met hod
according to claim1l, characterised in that a transforner is used as
conmponent (1).
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25 3. Method according to ones¢f the preceding clainms,
characterised in that the conpensating current I[err] is led to
charge a conmponent (10) acting as a capacitor C, preferably a
condenser or accumnulator. 30 4. Method according to one of the
precedi ng cl ai ns, characterised in that the circuit element (10)
acting as capacitor Cis partially discharged during the 5
periods of time in which the bath current is not conpensat ed or
over conpensat ed. 5. Met hod according to one of the preceding
cl ai s, characterised in that, in order to generate unipolar 10
current pul ses, the anplitude of the conpensating pul se current
I[err] is set4po be at |edgt 1a$ great 4§ t1@ 14nplitude pf tee bat h
current suppliged fromthe dir curyent soupce (2). .

Met hod accordi hg to one of {the precedlng chains 1

U
\ 0 t
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0 ~t
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18

Fig. 5



to 4, characterised in that, in order to generate bi pol ar current

pul ses, the anplitude of the conpensating pulse current I[err] is set
to be greater than the I evel of4he bath current supplied fromthe
direct 20 current source (2). 7. Met hod according to one of
t he preceding cl ai s, characterised in that the anplitude of the
pul se current for deplating I[err] is set to be higher than the 25
anplitude of the pulse current for netallisation I[err] and that the
pul se wdth of the current I[err] is set to be shorter than the pul se
width of the current I[err]. 8. Met hod according to one of the
preceding clainms, 30 characterised in that where there is. separate
el ectrolytic supply of the front and rear side of an article to be
el ectroplated with pul se current, the 5 same-frequency pul se
sequences of the two sides are adj usted to be synchronous.
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9. Met hod according to claim8, characterised in that a const ant
phase di spl acenent between the pul se ép currents on the front and rear
side of the article to be el ectr pﬁ%led is set in such a way that

depl ati ng of said article does not occur on both sides at the sane
tinme. 15 10. Method according to one of the preceding clains,
characterised in that a toroidal current transformer is used as the
conponent (1) connected in series with the el ectroplating cell. 20
11. Gircuit arrangenent for electroplating with which cyclically
repeating, unipolar or bipolar pulse currents I[err], I[err] can be
generated, especially for carrying out the nethod according to clains
1to 10, characterised by an el ectroplating direct current 25 :
circuit (5) fornmed froma direct current source (2) and an

el ectroplating cell (20), into which there may be coupled in an

i nductive manner, by neans of a conponent (1) connected in series
with the electroplating cell (20), a conpensating pul se current

I[err] of such polarity 30 that the bath current supplied fromthe
direct current

10

Fig. 7



source (2) is conpensated or overconpensat ed. 5 12. CGrcuit
arrangenent according'to claim 11, characterised by a capacitor C
conngcted in parallel to the direct current source (2). 13.

Circuit arrange to one of clainms 11 10 or 12,
characterised bg (ﬁﬁéﬁyq%f t (1) with a

ns coppo
primary wi ndi ng desh page 6 é%ﬁﬁﬁﬁ&&?g AdiRG 3%)?8Ehe secondary

wi ndi ng ‘bei ng connected in series with the di rect current source (2)
and the primary wi nding having a |arger nunber of turns t han t he
secondary w ndi §gre jnyentiohc @%‘l fn %%er@iét{‘gcxﬁhoré xcqyﬁd cal ly
repeati ng, uni"pol-ar or prO se curren ﬁ err] for

el ectroplating, Jchaad q&ft%e%rpuerwfsﬂtﬁlﬂgfaw&% Vurddht Aldedi®W

features, or conbinations of disclose eat ures.
called a high current circuit for short, comprising a

bath direct current source, electrical conductors and
an electrolytic cell with the electroplating article
and anode in an inductive manner by means of a suitable
component, for example a current transformer, a pulse
current with such polarity that the bath direct current
is compensated or over-compensated. The component is
connected in series with the electrolytic
electroplating cell. For example, to this end, the
secondary winding of the current tranéformer with a low
number of turns is connected to the bath direct current
circuit in series in such a way that the bath direct
current flows through it. In the primary winding, the
current transformer has a high number of turns, such
that the pulses feeding it in accordance with the turns
ratio can have a low current with high voltage. The
induced pulsed low secondary voltage drives the high
compensation current. A capacitor, which is connected
in parallel to the bath direct current source, serves
to close the current circuit for thé pulse compensation

current.

The invention is explained in detail with the aid of

Figs. 1 - 6. These show:
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15. ® rcuit arrangenent for electroplating, with which short,
cyclically repeating, unipolar or bipolar pulse 25 currents I[err],

| [exF] ¢an be generated, characterised by . i ndi vi dual features or al
new features, or conbi nati ons of disclosed features.

Figs. la - 1le 'unipolar and bipolar electroplating
current paths, such as are usually used

in practice;

Figs. 2a and 2b circuit arrangement for
feeding the compensation current into
the high current circuit; Fig. 2a is
applicable during electroplating and

Fig. 2b during deplating;

Fig. 3 a schematic representation of the
current diagram for the bath current
using the circuit arrangement shown in

Fig. 2;

Fig. 4a voltage curves in the high current
circuit, taking into account the rise

. and fall times;

Fig. 4b an electrical wiring diagram with

potentials entered;

Fig. 5 a possible control circuit for the

current transformer;
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