Title: CIRCU T ARRANGEMENT FOR THE RELI ABLE SW TCHI NG OF HoEGHRM 6

CIRCU TS (err) Abstract: A circuit arrangenent for the reliable
switching of electrical circuits conprises two |ongitudinal branches (12),
wth tw swigchg vl ements (11,12) arranged parallel to each other in one
of the branches, the switch inputs (20) of which are connected to the

I nput point (4,5) of the longitudinal branch and the switch outputs (21) of

whi ch are each connected to the input side of a
Description

Circuit arrangement for the reliable switching of

electrical circuits

5

[0001] For interrupting and making electrical
circuits, wuse 1is made Dboth of mechanical
. contacts, sliding contacts such as in the case
of cu:rent. collectors on rail vehicles or
10 © . commutators in electric motors, fusible links,
and of . semiconductor - switches = such  as
tran51stors, thyristors and .semicdnductor

relays. ‘

15 [0002] © During interrﬁption of the electrical circuits,
| all these switching elements are exposed to.a
~high self—induéed.'vqltage as a result of the:

rapid teduction of the energy‘ stored

inductively in the entire electrical circuit.

20 :
' [0003] Said  self-induced voltage heats and destroys
semiconductor switching elements and protective

_circuits,-céuses material migrétion and welding
_ at contact areas and can prevent the breaking
25 of the electrical circuit as a- result of arcing

. between contact areas

{00041 During making of an electrical circuit, the
_ capacitance present in the circuit has to be
- 30 . charged rapidly, which momentarily leads to a

large switch-on current.

' fOOOS] Said sw1tch on current brings about material
. _ migrations at contact areas that have not vyet
35 L -completely and  can . destroy

semiconductofT switcheS Vthrough local :thetmal‘

overloading.



wi nding (8, 9) on a transformer (10). 10 April 2006 P 421 044)5%i Y6d6
Description Grcuit arrangenment for the reliable switching of electrical
circuits 5 10 [0001] For interrupting and making electrical <circuits, use

[ de bth ?f @Ecﬁgnlcal contacts slldlng contacts such as in the case
of current 03 3 on rail vehlcleg comutators in electric notors,
fusible links, and of sem conductor SmAtCheS such as transistors,

~thyristors and seni conduct or rel’ays. 15 [0002] During interruption of the
el ectrical [0DPEQI t Duriabl thieeseamsiltdionng feltdwme mivsl tanhel rex polsseenits a. hi gh

sel.f-i nduced volta S e e h er
stored |nduct|velggpﬁ t 5{e%¥+é%§%T$€tFPc i%lé%ﬁ#ﬁiﬁgosg%t%OQF8803?ySald

sel f-i nduced vol t af&°Redte akdogkdngoye &BAI oHndtdMmBwEteReng %l enent s
.and protect!ve Ci peiets, :&ﬁuﬁeslgat@&b@hc@ugraiuontﬁed v} idi dting -

5 elements due to the simultaneous presence of

| current and voltage, said power loss being
-referred to as switching power.

{0007] In the case of frequent switching operations,

10 - ».this Switching power leads to'the heéting of

' the sw1tch1ng elements and of adjacent

components, and thereby jeopardizes the

. reliable operation of entire apparatuses and

installation.
15 - . .
| [0008] 1In order to protect the switching elements from
" the harmful effects of the self-induced
'voltage{ use is made of RC circuits, but the
latter are heated greatly in the event'of high
20 switching frequency.

[Q009] DiQde circuits, = also known as freewheeling
diodes, protect the switching eleménts from

| self-induced voltage only after a respbnSe
25_-“ : time, but cannot be used with AC voltage, and
 cause a power loss ‘during .each switching'

operation, which 'limité the efficiency of

‘frequently SWitching circuit arrangéments such

as_ voltage converters or switched-mode power

30 supplies and leads to the heating and damage

| thereof. - ' | '

EOOlQ]_ Furthermore;>§§ristor_gircuits are known, which

, protect the switch from particularly high

35 ...  self-induced . '
| are rapidly heated and are therefore unsuitable

. in the event of high switching frequehcj and

high voltage and also for precise limiting of

yoltages. . However, said varistors




at contact areas and can prevent the breaking of the el eegtorA;ﬁ-mlzo@ercwt as
a: result of arcing between contact areas. [0004] During meking of an
el ectrical circuit, the capacitance present in the circuit has to be
charged rapidly, which nonentarily leads to a |arge switch-on current.
[ 0005] Said switch-on current brings about material mgrations at contact
areas that have not yet 35 conpletely .closed, and can destroy
sem conductor switches through | ocal thermal overloading. 10 April 2006 P
42 408 WO - 2 [0006] During the transgtion of the switching elenents from
the conducting to the blocking state and fromthe blocking to the
conducting state, a power loss is produced at the swtching elenents due
to the sinmultaneous presence of current and voltage, said power |oss being
referred tdhasvesvaltagés toglopovadues, [fROTE] protactiohef sersisomfuctor egrupertentsai t chi ng
operations, 10 this switching power |eads to the heating of the sw tching
el enrents and of adjacent conponents, and thereby jeopardizes the reliable
oper ati on difis elst ikn@wmﬂpaﬁmtaaeﬁwmadivoltagstaat!Ihaaiiir(gmf tHbsWibg) elémendr der to
protect t h%urslr\n’g |tn errupgo fe antlestctnca? circuit can be effectively limited by means of

- capacitor connected in parallel with the load or-else in parallel with the switching

~ element. However, this circuit has the disadvantage that, during the closing of the

- switching element, the capacitor would have to be short-circuited or abruptly

charged'-.,?-':'which causes very high switch-on currents, high switching losses and

severe'y\{:ear of the switching elements, so that the capacitance of the capacitor

remains limited to a very small value and the effectiveness thereof is thus greatly

restricted.

Taking this as a departure point, herein disclosed is a circuit arrangement which

enables the reliable switching of electrical circuits.

According to one aspect of the invention, there is provided a circuit arrangement for
the reliable switching of electrical circuits, in a lead to a current load, comprising a

first series path, which electrically connects a first input point to a first output point,

and a second series path, which electrically connects a second input point to a
second output point, characterized in that at least two switching elements are
arranged in parallel with one another in at least one of the series paths, the
switching inputs of said switching elements being connected to the input point of
- the series path and the switching outputs of said switching elements being
connected to the input side of a respective winding of a transformer, and the output
sides of the windings are connected to one another and to the output point of the

series path, and the




20 25 30 the harnful effects of the self-induced voltage2jowpal2c06made of
RC circuits, but the latter are heated greatly in the event of high
switching frequency. [0009] Diode circuits, also known as freewheeling

di odes, protect the switching elenents from self-induced voltage only
after a response time, but cannot be used with AC voltage, and cause a
power | oss during each switching operation, which limts the efficiency of
frequently switching circuit arrangenents such as voltage converters or
swi t ched- node power supplies and leggs to the heating and damage thereof.
[ 0010] Furthernore, varistor protect the switch 35 self -induced voltages.
However said varistors are rapidly heated and in the event of high high
vol t age ar i i : i tisc il [Walg

Fovever, - oardhgLotihg B2t Sra BABed e ot B e ency and
for preci dbe waredrmpogeot cub@nidprfithe B840 6urrent in the transformer act oppositely to

one another, and a capacitance is effective between the output points of the series

paths.

Theﬂ circuit arrangement may prevent the occurrence of high self-induced voltage by
means of a capacitor which momentarily accepts the current from the electrical load
circuit togﬁ;e broken and, by means of its discharge operation, may prevent a rapid
rise of t_h§ voltage across the windings of the transformer and the opening switching

elements connected in series therewith.




-3- the overvoltages to | ow values, for the protection of 1®eadrteosBict or
conponents. . It is also known that the self-induced voltage and heating of
the switching elenent during interruption of the electrical circuit can be
effectively limted by neans of -capacitor- connected in parallel with the
| oad or else in parallel with the switching elenent. However, this circuit
has the di sadvantage that, during the closing of the swtching el enent,
t he capacitor would have to be short-circuited or abruptly charged? which
causes very high switch-on currents, high switching |osses and severe wear
of the switching elenents, so that thé& capacitance of the capacitor
remains limted to a very snall value and the effectiveness thereof is thus
greatly restricted. Taking this as a departure _Po_i nt, herein disclosed is
a circuit ameargliahienswilghrahopasationl & scurmeat-gastyingbsvaiching tedamends sf@ydhect ri cal
circuits. Ag ' al ] IS provided a
circuit ar ﬁ@%%é%’len ac%hgerv%ﬂ?: H%'é@%ﬁ# z\a’@FagUs%\%k%%\r/??’%} @?s ae'lwé%'ga(rﬁp al circuits, in
a lead to a current load, conprising a first series path, which
el ectricall n i i ppu i "N ifnL, and a
second seri’%’gﬁ% tﬁ?‘kréﬁw?)csk éﬁaﬂ tp‘%ctgrvﬁ%ﬁ g%né?%@@a@&c%ﬁ%%%\bé&? tg%i nt to a

,,,,, second. out pudupitorndf,arcshiatiectaseiof elbcframédhahicaltswiteliag elemensvantdisiblg el enent s
are arranged in parallel w.th one another in at |east one of the series
ot hs 1 ho ks, Ap ARy enieR Mheoletgn i Devraa yesrah ccSiingdo Bfinect ed to
rhe input pReRicPf the series path and the swi tching outputs of said

- switching elenents being connected to the input side of a respective
wi ndi ng of a transformer, and the output sides of the wi ndings are

~connected {fqa eq%@nﬂtelaedf aHaehyt Sret fiescdetiP e BIebtAkalbad BiRcuits gl @uat h, and
the 10 April 2006 -3a windings of the transformer are enbodi ed such that

t he nmagnet Aeardestent stmash deheonfgured heuchwiiat dhgderchiis heriveiuiiediafiche | oad
eurr ent | ndi%@&n%?tfo@&o% %Lvo?g ee%cg.ﬁﬁeséﬁueﬂthx gbgggﬁ%ﬁesla@?fhg%ect%plogd

capacitance’i's ¢ I've be e outp the series
circuit. ‘

During making of an electrical circuit, the load may be connected to the voltage
- source by the circuit arrangement via a transformer winding acting as an
inductance, which brings about a slow controlled current rise and a slow controlled
charging of the capacitance in the electrical load circuit. The slow controlled
current rise and the small power loss in the switching element when the load
current is switched on via an inductance may enable a reliable closing operation of

the switching elements.




paths. The circuit arrangement nay prevent the occurrence 10fAgtil gbos

sel f-induced voltage by neans of a capacitor which nonentarily accepts the
current fromthe electrical load circuit tobe broken and, by neans of its
di scharge operation, may prevent a rapid rise of the voltage across the

wi ndi ngs of the transforner and the opening switching elenents connected
in series therewith. 10 April 2006 -4 The reliable switch-off operation of
current-carrying switching elenents nmay in this case be achieved by
avoi di ng vol tage spi kes, power |oss and heating. Avoiding power |oss durlng
the switch-off operation may al so prevent the production of arcs in the
case of el ectronechanical switching ebements and fusible 1inks and thus
enables the latter to be reliably switched off according to the invention.
If large quantities of energy are present in the electrical load circuit,

t he circui The soltagrgd rﬂmwanmmbewmhn@i rgay kel transfprmelde at sesondwinding,

short-circy daft sgonne on fr m the voltage nd the energy
is held in b'ﬁﬁ ‘@heep tﬁ?lcg%ﬁc FOEd" Ilef (Q,ﬁtf‘ "Bj’r‘i"ﬁ%'P ‘i%gﬁ’&ag? ha? V@ ®trical
circuit, tbethboattagayoures, cmmemged ste@ort&gmtwlnba@@nemqntbcuev@mgblbgs circuit
arrangerrent via a transformer w nding acting as an inductance, which

. bri ngs.. abottetedn sl itipait heoieliakly easadeWith fitle BOWRIdoss- s| ow control | ed chargi ng

of the capacitance in the electrical load circuit. The slow controlled

~current rise and the small power loss in the switching el ement when the
Joad curreifeEeseiuit nrerngRmenta may  erRRie tthe celianly suitsing eperatiopaibl e

cl osing Opéﬁt%ién‘ﬂalppt@ a%d“tﬁnggﬁg%&ﬂ"lbé'& E'Wﬁt cohitRsh to 3@ u tdie vol tage

at the transforne y -be tran rredtoasecon i'ng, which,

~when the camthcmammeoﬁ a:bstshbr frequantly calitchiopdpparafused st aﬂqacgedtag@ t he
vol t age
converters, switched-mode power supplies, motor drives, may be made since this

permits significantly higher switching frequencies.

Reducing the power loss during switching operations may also make an important

_contribution to environmental protection.

Since the circuit arrangement may use only one transformer and a usually very
small capacitor for limiting damaging voltages and damaging rapid current rises,
the circuit arrangement may be used for DC voltages and sinusoidal or rectangular

AC voltages.

Exemplary embodiments of the invention are illustrated in the drawing and are

described in more detail below.

In the figures:




of the voltage source, may bring a second swit chi ng el ementp Agil 2066
‘voltageless state in which it nay be reliably closed with little power
loss. Since the circuit arrangenent may enable the reliable switching

oper ati ons p guebgtoantical | y by avoi di ng gpawer | oss, a significant
contribution to mniaturization and reduction of costs for frequently
swi tching apparatuses such as DC vol tage converters, sw tched-node power

supplies, notor drives, y made si.nce this _permt |f|ca tIy

hi gher switching fFéaﬁeﬁgﬁesgh?%%uﬁl%@r?ﬁe qq&uﬁﬁhﬁd#ﬁf hlng

operations may al so. make an ttumor:uarn:hltcoarntrart@,&meemttacen\tma@rrerm al

protection. Since the CIFCUI% r# - may use only one transforner and
or Tor

a usually very small capaci i'm 11 ng danmagi ng vol tages and damagi ng -
rapid current rises, the circuit arrangenent may be used for DC voltages

‘and sinysoi dal or eglh2agyl Bnof Vali a085anBIRP! aeY cxbodiipis, of ! he

invention are illustrated in the draw ng and are described I n nore detai

below In the figures: 10 AT ERLiNB MD LR ¥93flre 1 shows a first

exenpl ary enbodi nrent of the circuit arrangenent according to the

invention, figure shows.an .exanpl e of _alterna current direction in
%é %bo%§ &

_the load, figure 3T3HBRE an Mﬁpl%nvxff{ﬁm? Sn& AVt ST Y devi ce
33, 10 figure 4 shows an exanpitrof dewiaperBtion of the circuit
arranggyrent accor di ng to the invention fromtwo voltage -

flgure 4 shows an example of the operatlon of
the’ 01rcu1t arrangement accordlng to
the 1nvent10n from two voltage
sources,
' figure 5 shows an example of the operation of
the circuit arrangement aecording to
~the invention from one AC voltege
source formed from a - transformer

20 - - winding with a center tap, and

figure 6 shows an exemplary application of the

circuit arrangement according to the

invention,

25 | |
_[0025] -The circuit"'arrangement accordihg to the'
invention has two series paths 1 and 2, which
"are located in the lead to the 'ioad 3 "and
contain two connecting pbints 4 and 5 for the
30 " connection of the voltage source, and also two
connecting points 6 and 7 for . the connection of

the load 3. '

[0026] The series path 1 is subdivided into two.

- 35 .+ further serles paths containing in each case a

'”gw1nd1ng 8 and 9 of the transformer 10 and also
in each case a switching element 11 and 12,

respectively.




sources, 15 figure 5 shows an exanple of the operation of 10tAmil 2006 Ui t
arrangenent according to the invention fromone AC voltage - - source forned
from a transformer 20 winding with a center. tap, and figure 6 shows an
~exenpl ary appbi galgi gy of the circuit -arrangenent according to the

i nvention. 25 [0025] The circuit arrangement according to the invention
has two series paths 1 and 2, which are located in the lead to the |oad 3
and contain two connecting points 4 and 5 for the 30 connection of the

vol tage source, and also two connecting points 6 and 7 for the connection
of the 103d037] BSDb%%@]re’éhxe o Q'_Ehd)atth:a]n:-if:‘oﬁt\.d}.di vigled g o ¢we® further

i es, h h f_th f
10 and al 50 i n oot CA0E%h Carttnng o chenteasednac12ne Bt vaty. 10

April 2006 P 42 40&mdDto 1h4(ﬁﬁﬁﬂedﬁmm5¢xeaﬂm@f the transformer 10, the
t wo m%pdlngs 8 and 9 are connected to one another and to the connecting

poi nt
[0028} A capacitor 13 is connected in parallel with

the load between the series paths 1 and 2. The
capacitor 13 may be chosen to be very large in
the case of slowly .mswitching circuit
10 T arrangements or high load currents, and, in the
case of rapidly switching circuit arrangements,
be so small that the line oapacitance between 1
~and 2  suffices for obtaining the desired
. protective effect.
15 . |
[0029] The load current 14 from series path 1 is
| ' divided into fhe compOneﬁt-currents 15 and 16
such that the magnetic field strengths 17 and
18 thereof in the core of the transformer 10
20 act oppositely to one another and mutually

compensate for one another.

[0030] If the two eomponent‘currents 15 and 16 in the
7 . "windings 8 and 92 are of thlie same magnitude, the
25 load current 14 cannot store energy in the

transformer core.

[0031] If the component current 15 is interrupted by

_ the switching element 11, then its compensating

- 30 | field strength 17 is omitted, as a result of
which the remaining current-carrying winding 9

takes effect"as an inductance and momentarily

interrupts the remaining component current 16

o since the '££ansfofﬁer | oore is - not yet
35 _ magnetiied Therefore, immediately after the

interruption | of _the component current 15, the
- load current 14 1is drawn completely from the

-roapacitorr 13, so that the remaining, second




[0028] A capacitor 13 is connected in parallel with the |igathripgbo®en the
series paths 1. and 2. The capacitor 13 nmay be chosen to be very large in
the case of slowy switching circuit 10 arrangenents or high load currents,
and, in the jeasegofygapidly switching crcuit arrangenments, be so snall
that the |ine capacitance between 1 and 2 suffices for obtaining the
protective effect. 15 desired [0029] The load current 14 fromseries path 1
is divided into the conponentcuyrrents 15 and 16 such that the gnetic
field strengths 17 SHdChEgd hePdGMenG t hd2eor e2BFOFHE anE‘Porg 10 20 act
oppositely to one anpididicald nuhadal Ine ceoapeasaye foaperosd adat hes. 25

[[(0030] If the two canponent. currents 15 and 16 in .the ., w ndi and 9
are of the sane nad’ﬂ]%‘lféqu heculiroeafﬂticelﬁsr erﬁnc%4 CH %a}ﬁels‘%lgoé:e %%%%y in the
transforner core. [WG31]1ittkcheowempdest. current 15 is interrupted by the
switching elenment 11, then its conpensating 30 field strength 17 is
omtted, as a result of which the remaining current-carrying winding 9 -

t akes ef f ed003&lan Theduepracéd tand hdnert ardisghangesy r byt sthe 1@3Ri ni ng

cormponent current 1§ &idice the dranst aner Gids "ot y&hitching
element 11, as a result of which the capacitor

voltage falls, and a voltage is prodﬁced across

10 _ ~ .the transformer winding 9, which is t:ansformed'

to the transformer winding 8. The voltage in

: transformer winding 8, - together with the

~ ‘voltage across capacitor 13, has the effect

that the switching element 11, according to the

i5 invention, can open reliably in a virtually
| | voltageless state, with'ﬁery'little power loss.

[0033] In the simplest case, the switching elements 11
and 12 may Comprisé a swifching_ contact, a

20 . fusible link or a transistor, which undergo
transition  to the nonconducting  state
"simultaneﬁusly, or with a short delay, when the
electrical  circuit is interrupfed; The
switching elements 11 and 12 may also be formed
25' as changeover contacts, push-pull or CMOS
rtransistor “.stages which, 'after _ the-
diéconnection of the series path 1 from “the
"connecting 'point of the voltage- source 4,
establish a connection to the series path 2 in

30 | Qrder to conduct away the load current 14 and -
| to hold the energy stored in the load 3 in the

electrical l@éd circuit.

.10034j In order tom;bnduct'égay the_energy stored in

35 - the electrical circuit, the switching elements
| .11 and 12 'ﬁ;§ also be provided with diodes
which -conduct away- the load éurrent_ld_éfter




.35 magnetized. Therefore, imrediately after the interrupfyAiebog he
conmponent current 15, the load current 14 is drawn conpletely fromthe .
capacitor 13., so that the remai ning, second . 10 April 2006 P 42 408 WO

- switching el ggenlyglgo according to the .nvention, can be reliably opened
ina virtually currentless and voltagel ess state wth little power |oss.
[ 0032] The capacitor 13 is discharged by the load <current 14 after the
openi ng of swtchin el ement 11, as a result of which the .capacjtor
voltage falls, andt%evdﬁ%%@%nm%cb%%ﬂuéaﬁmthBgs QLR 3RE t PRNLEEr nk? Wi ndi ng
9, which is transfangEdertiest pathr ansforner winding 8. The voltage in
transfornmer winding 8, together with the voltage across capacitor 13, has
the effect that the switching elenment 11, according to the 15 invention,
can open rgloioaBlly an farvhetualosyibidlittagelse s stersiran the veoitaget|l e power
| oss. [0033] In th L.l e C , Wit chi el nd, 12 nma
conpriég a smﬁtchi%ﬁﬁggﬁtagﬁ? ?ﬁif#%ﬁ?%|§lﬁﬁﬁﬁggr,ggfﬁgﬁﬁﬁitéﬁﬂ %hich g
undergo 25 transitivedtaget eeawheorgudevigestand tei mAtEddlsI fheor with a
short delay, when th@neehaehiiGal ctheuUi sdrSdsNt epaepted. Wieh a

controllable - switching element when  the
measured voltage has become zero, thereby
10 | '~ achieving an - according to the invention -

reliable, low-loss c¢losing operation in a

voltageless state.

{0036i The load caﬁ'be connected to the voltage source
'~ again by only-one or both switching elements 11

and 12 - interrupting the connection to the

series path 2; and then  0nly one switching

element connectiﬁg the corresponding

15

| transformer winding to the series path 1, so

20 " that the capacitor 13 is charged wvia the
‘ winding inductance of the transformer 10. In
this case,  according to the invention, the

winding indﬁctance,prevents a rapid rise of the

charging current aﬁd thus enables, according to

25 | _ "the invention, the reliable, low-loss closing
o of the switching element- in a virtually
currentless state. If the capacitor 13 is

completely = charged, the second switching

_ element may 'likeWise estéblish the. connéction
30 to the voltage source-in‘low—léss fashion in a
| virtually volfageless state reliably, according

to the. invention, whereupon the.  component

currents 15 “and 16 in the windings of the

transformer match one another,

[0037] A further embodiment of the circuit according
' to the invention consists in the fact that the
load 3 is connected to the series path 1 or 2




swtching elenents 11 and 12 may al so be formed as changqugﬁngmmiacts,

push-pull or CMOS transistor stages which, after the disconnection of the

series path 1 fromthe connecting point of the voltage source 4,

establish g Q%ng%%thgp to the series path 2 in 30 order to conduct away the
| oad current T4 'and to hold the energy stored in the load 3 in the
electrical load circuit. 35 [0034] In order to conduct away the energy
stored in the electrical, circuit, the switching elenents 11 and 12 nay

~al'so be provided wittie deodepasitiath é8nditneniad t he |ssadeur r8his14 after

10 April 2006 P 42 408 M -5 Lhe (dit3cRaRenll Qhdrep theryol {ageigource to

the series path 2. [0035] A further possibillity is to neasure the voltage
5 across the switcHhilfy ¥atentiiceh rReaRitsr they QaPage ta¥ashdt i ¥ BRvi ce and
to establish the eoRieRId afb tithd h@oiﬁﬁg?éso@aﬁtlfé vyl tHg@ sea@pteobyable
smﬁtchiig‘elenent when .t he, nmeasured, vol.t age hgf‘QFcone zero t@ereby 10
achi evithg an - accotti ng2d CHHET VRt T SYEET abt ST bARTeRs EPBsi ng
operation in voltagel eswyidtcdtiong [ @l&ffentlse [1dadacdn bhE& coanectkento the
voltage source 15.3gaiy} i Ay @BAnQL POAN L SWitkEhivigh &l Grentardd

in a currentless_and voltageless state without
energy being fed into the transformer 10.

10 S
[0038] The circuit according to the inveﬁtion may
E likewise be wused on voltage sources of
~.-alternating polafity for rectifying the current
_ and for regulating the power drawn from the
15 .- voltage Source. In this case, at the beginning
7 of the positive half-cycle, the transformer 10
is connected to the voltage source by the
switching elements 11 and 12 via the series
path 1 and, during the poéitive half-cycle,
20 , after a time period determined by a suitable
regulating defice, is again connected to the
neutral conductor of the voltage source, series
path 2, ih order to génerate a positive
rectified current for the load. At the
L 25 '_ beginning of the negative half~cycle, the
~ ‘transformer 10 'is- connected .to the voltage -
source by the switching elements 11 and 12 -via
‘the series path 1 and, during the negative
half-cycle, after a time period determined by a
- 30 suitable regulating device, is again connected B
to the neutral conductor of the voltage source,
series path Z}.in order to_generaté a negative

 rectified current for the load.

35 [0039]. ;The circuit gaccording to the invention may
' ' furthermore be used on voltage sources of
? alternating polarity with a neutral conductor,

such as, for example, the secondary winding of




and 12 interrupting the connection to the series path 2, Hwbriledsonly one
switching elenent connecting the corresponding transfornmer winding to the
series path 1, so 20 that the capacitor 13 is charged via the w nding

i nduct ance pfg4 hgggrpgsforner 10. In q4his case, according to the

I nvention, the wnding inductance prevents a rapid rise of the charging
current and thus enabl es, according to 25 the invention, the reliable,

| ow-10ss closing of the switching element in a virtually currentless
state. |f the capac®t bF2nsfpsmegowptt 8l geBR8FgEaP t KOTs&e6Htd Iy Oehi ng

el ement may |ikew seghestakkesh bha qmesdd o Bhhd othdepvabiradgeasaurce in
| ow-10ss fashion in_a virctually voltﬁgfless tat ,reliably,ﬁgc%grding to
t

the i nvention, mhergﬁ%ntﬁ"ﬁev EH e iU GE ¥ ehfs T SarftPa% ®wi ndi ngs
of the transforner bagthnbne andt hathe 35d£03iAle A halfheyckapoditient of the

s connZoted to the SapPEgtRYFN 1, “3805Th3 | 'obBBeC Y, B wefe 107 10
via a capacitor 19 zehhetied ephesenteslliTHimd testbt $hen anabl tédsati ng
current direction iﬁoiﬁ@e i Qady i Mbich p55g1£§vghetg§g§95§or0%3 t@ebe
o voltage source, and, during the positive half- .
cycle, at a switching instant determined by a
10° . .. suitable regqulating device, is connected via
| " the switching eleménts 11 and 12 to the -- at
this point in time ~ negative terminal of the
voltage source. This connection persists to the
‘ end of this half-cycie, and through the
15 - " polarity reversal of the voltage source right
into the next -half—cycle. In this way, by
defining the switching instanf, it is possible
for the load to bé fed a positive current if
the switching instant lies in the second half
20 .~ of the half-cycle, a negative current if the
' switching instant lies in the first half of the
half-cycle, and no current if the switching"

instant lies in the center of the half-cycle.

25 [0040] Figure 6 shows the possibility of how the
' circuit described in the application can be

used as an active impedance. It can thereby be

used very simply as a replécement for an ohmic
. resistor for current limiting. In this case,-
30 . the c¢ircuit is completely encapsulated and,
' like a'simple impedance, provided only with two

terminals., One path is thus not connected.

[0041] The circuit may acquire an ohmic
' be embodied as a voltage source .

‘35 R characterist; .

or current source, .or operate with an

- additional ¢ontrol input as a potentiometer or



charged to the voltage of the voltage source by the |oad 1gusgreptog n t he
event of switch-on. The two switching elenents 11 and 12 can then
establish the connection to the voltage source in a currentless and

vol t agel esspshat ggyi fyRout energy being,fed into the transforner 10.

[ 0038The circuit according to the invention may |ikew se be used on

vol tage sources of alternating polarity for rectifying the current and
for regulating the power drawn fromthe 15 voltage source. In this case, at
t he begi nning 20 of PPHEFpEANGRAEL Ifdl f - @ clext neme 1 ok oPREE L1009
connected to the vobtagersagyr &g B¥chheasswi tching elenents 11 and 12 via
the series path 1 and, during the positive half-cycle, after a tine
period determ ned by a suitable regulating device, is again connected to
the neutralO@éhflucinr vhet heasol tafe sloar cel roeit esillpatttraéed n ior.der to
generate a positivec: i £i.ed cyrrent. for t | oad.. t hg 25 j nni ng of
t he neg§tive half-c§%Pg?EtEg' t?g%sfgbﬁgg 1&%%5 c%ﬁﬁg®t§d ﬁégtﬁgﬁ'oltage '
source by the switchPrgosiBabaly 110aP8*U2Ivi a thae seks es fpat h sévand,
during the negativeapBabkimyetey abtpbrackhi® Ber i e@hedetryyaned dys a 30
suitabl e regul ating devjce, is again connected to the neutral conductor of
. the voltage source, “DLER| OB h OECUT GitdefPBo GRAEF at e Fedfat ife .

figure 6a. The value of the impedance is
10 - dependent on the value of the inductance L 10
and the capacitance C 13.

f0043) Subclaims relate to further refinements of the

" invention. - In  this .casé, such feature

15 combinations for which no express exémple has
' been specified are also - to ‘bé regarded as

claimed..




rectified current for the load. 35 [0039] The circuit accqpQphfedos the

I nvention may .furthernore be used on voltage sources of alternating
polarity with a neutral conductor, such as, for exanple, the secondary

wi nding of 10 April 2006 P 42 408 WO - 11 a transformer with a center
tap, for rectifying the current and for regulating the power drawn from
the voltage source. In this case, at the beginning of the positive

hal f-cycle, the 5 transfornmer 10 renmi ns connected by the sw tching
elenments 11 and 12 to the - at this point in tinme. positive term nal of
the voltage source, and, during the posid-ive half- cycle, at a swtching
I nstant determ ned by a 10' suitable regulating device, is connected via
the switching elenents 11 and 12 to the - at this point in tinme negative
termnal of the voltage source. This connection persists to the end of
this half-cycle, and through the 15BE3tnhklains reyersal of the vol tage source
right into the next half-cycle. In this way, by defining the sw tching

i nstant, |t is possible for the load to be fed a positive current if the

swi t chi ng ¥-nst &rfircyi; @gangsmenios Begatipbitavritching of elpﬁgcq{grgw@ylmaelea% negati ve
current if they, sWitdiidad, RN d firSiSsetiBs pAR, dhilrs LieBAtdiy bnidit a

first input point to a first output point, and a second series path, which
electrically connects a second input point to a second output point,
characterized in that at least two switching elements are arranged in parallel
: W|th one another in at least one of the seriés'paths, the switching inputs of
sald switching elements being connected to the input point of the series péth
and the switching outputs of said switching elements being connected to the
input side of a respective winding of a transformer, and the output sides of
the windings are connected to one another and to the output point of the
series path, and the windings of the transformer are embodied such that the
magnetic field strengths of the two component currents of the load current
in the transformer act oppositely to one another, and a capacitance is

effective between the oufput points of the series paths.

2. The circuit arrangement as claimed in claim 1, characterized in that a
capacitor is arranged in series with the load in at least one of the series

paths .

3. The circuit arrangement as claimed in claim 1 or 2, characterized in that at
least one of the switching elements has a control input which, when

 actuated, interrupts the




hal f-cycle, and no current if the switching instant liesj qﬁ}hﬁbapnter of
the half-cycle. 25 [0040] Figure 6 shows the possibility of ow t he

circuit described in the application can be used as an active inpedance.
It can thereby be wused very sinply as a replacenent for an ohmc resistor
for current limting. In this case, 30 the circuit is conpletely

encapsul ated and, |ike a sinple inpedance, provided only with two
termnals. One path is thus not connected. [0041] The circuit may acquire
an ohmc .35 characteristic, be enbodi-éd-as a vol tage source or current
source, or operate with an additional control input as a potentioneter or
10 April 2006 P 42 408 WO - 12 power controller, an extrenely | ow power

| oss occurring in each case In the ase ircuit illustrated
in. 5 figure BBMECHRD tbed\’)(%‘?“ 82‘%’"31‘4%!1?@ gl ﬁF‘XY't‘g}HH?}E‘?Lﬁmt ely 0.05*%UI,
that is to say approximately 5 per cent of the power Ioss whi ch woul d

occur at the o] c. resistor fi .6a. . The val e of edance is 10
Gopondont %on ¢ AB® A AnGPREN: FsutRiar 7o clim 4 or g ShRGeTA IR IR o ¢ 15

[[0043Subcl ai ms izl e of thel sWilchiRg lcthdite "®RIMaInCh flidklocdtBy BBfWe@A-thd N this
case, such feature 15 conbi nati ons for which no express exanple has
. sw_ttehlng input and the switching output.

5. The circuit arrangement as claimed in claim 3, characterized in that at feast
one of the switching elements has a further input, which is conductively
___kconnected to the series path, and contains at least one nonfinear element

“located between the input and the switching output.

6. The circuit arrangement as claimed in claim 5, characterized in that the
nonlinear element becomes conductive if the polarity of the voltage at the

switching output becomes opposite to the polarity at the switching input .

7. The circuit arrangement as claimed in claim 5, characterized in that the
nonlinear element becomes conductive if the magnitude of the voltage at the
switching output exceeds the magnitude of the volfage at the switching

input.

8. The circuit arangement as claimed in claim 3, characterized in that the
control inputs of the switching elements are actuated virtually

simultaneously by a suitable device.

9. The circuit arrangement as claimed in claim 8, characterized in that the

control inputs of the switehing elements are connected to




been specified are also to be regarded as clainmed. 10 AprplapfPS6oe 13
Patent Clains A circuit arrangenent for the reliable switching of

electrical circuits, in alead to a current |oad, conprising a first
series path, which eI ectrically connects a first input point to a first
out put point, and a second series path, which electrically connects a
second input point to a second output point, characterized in that at

| east two switching elenents are arranged in parallel wth one another in
at |l east one of the series paths, the switching inputs of said swtching
el enents being connected to the input poldt of the series path and the
switching outputs of said switching el enents being connected to the i nput
side of a respective winding of a transforner, and the output sides of the
wi ndings are ¢ t.o 0 [Er ngly t 0 t he
series path, a‘%ﬂ@%ﬁ% |dng§ g?‘a‘fi’ g \f'r ans %‘Ptrjrle%eg?% e gtd!eg [ gﬁ%h t hat the
magneti c fi el dssitabbndgvize. of the two conponent currents of the |oad current
in the transformer act oppositely to one another, and a capacitance is
effective between the output points of the series paths. 2. The circuit

arr angemneri0. as Taé &u‘raﬁbbr’ramgelhahtrasldainiear:actaﬁm HzeQ, ichartabtatizedl in ctlaepad:i tor is

~arranged in serles wtr}% q_ﬁtﬁone of the sg aths . 3.
The circuit arregigenem’ e %’Y‘t& ‘?"He'?,tf’al 12 genbol PRy, whic r?"’?% in that

at . least one ghyhfag uﬁavrdﬁféﬂhe%oﬁ#é%ﬂ@%étwﬁéﬁth% SARBAIRG InpliiMdlswWiBhiRg .  when
act uated, interrupts the 10 April 2006 -14 connection between the sw tching

i nput _and t he owipticrAndgestablighgs the aonnghiondp ﬁdumherawrtﬁwgblnmﬁt, wiichds$ ai med in
claiml or 2, %Qi%u%ﬁ\;ew&o%ﬁgctéd-'tottngger%s path .

11. T_ﬁ_é circuit arrangement as claimed in claim 10, characterized in .that the
control inputs of the switching elements are connected to one another and

are actuated virtually simultaneously by at least one suitable device.

12.  The circuit arrangement as claimed in claim 1 or 2, characterized in that at
least one of the switching elements contains a controllable component with
a control input, which can establish and interrupt the connection between

the switching input and the switching ouiput of the switching elements.

13.  The circuit arrangement as claimed in claim 1 or 2, characterized in that at
least one of the switching elements contains a controllable component with
a control input, which can establish and interrupt the connection between the

switching input and the switching output of the switching elements.




| east one of the switching elenents contains a fuse | ocat ad At y&@n t he
switching input and the switching output. 5. The circuit arrangenent as
claimed in claim3, characterized in that at |east one of the swtching

el enents has a further input, which is conductively connected to the
series path, and contains at |east one nonlinear elenent |ocated between
the input and the switching output. 6. The circuit arrangenent as cl ai ned
in claim5, characterized in that the nonlinear el enent becones conductive
if the polarity of the voltage at the sw tching output beconmes opposite to
the polarity at the switching input. 7.-%he circuit arrangenent as cl ai nmed
in claimb5, characterized in that the nonlinear el enent becones conductive
if the nmagnitude of the voltage at the sw tching output exceeds the

magni tude of tl‘fﬁ Hfebdi @Bm&&%é%:ﬁ%ﬂ'lﬁglalﬁ ARyt cﬁara%c@ﬁze@ ih Gttt tat

arrangement as c armed 1nclaim3 racteri ze t he control

i nputs of the taastcld u@thelsultelmt@e@memaactmanam tworcbnlatl!byle mrrpaherameousl y by

a suitabl e devi cei} @1 t(i |t ar{l'an ema t as tcésta d tn ﬁb
characterized PACTHHT 2 CRETO LB r"'(:)?peF PA&S AHgteEreHRRt s are
connected to 1@oMMekiidn BREen the sW't%lﬁ@inU@ranﬁﬂﬁ’e Shikchitigt @i sl and skyal |y

..simul taneously by at |east one suitable device. 10..The circuit :
arrangement as befwgpnthe switcking inputs and the switthingoutuiszed in that at | east one
of the switching el ements has a control input which, when actuated
Jnterrupts the_connection between the switching input and switching output
, and est abti sihBe cireit FEngeRentors elaimedrin ofaifer12s g ©F Adneharagierized ivhi ch i s

conductively coRpeetefrdiRbREnSSEh arrangenent as
clainmed in cl a?% %%c aract e@?eéd—ﬁi%ﬂmﬁgésatt%%ﬁ o}%ﬁ?lﬁ{éﬁ&’lﬂ%%uts of the

- SW tchl ng el errents are connected to one anot her and

16. The circuit arrangement as claimed in claim 12, 13 or 14, characterized in

.~ that the controliable component comprises at least one transistor.

17.  The circuit arrangement as claimed in claim 12, 13 or 14, characterized in

that the controllable component comprises at least one thyristor.

18.  The circuit arrangement as claimed in claim 14, characterized in that the
control  inputs of the components are led to a control device, which can
assume at least two states, state 1 and state 2, and which has at least one

control input .

10. The circuit arrangementmas claimed in claim 18, characterized in that the
control device in state 1 drives the components such that the latter
conductively connect the switching inputs to the switching outputs of the

switching elements, and drives the components such that the latter interrupt




are actuated virtually sinultaneously by at |east one sui tallpg zomei ce. 12.
The circuit arrangenent as clainmed in claiml1l or 2, characterized in that

at least one of the switching el enents contains a controll abl e conmponent
with a control input, which can establish and interrupt the connection
between the switching input and the switching output of the swtching

el enments. 13. The circuit arrangenent as clainmed in claiml or 2,
characterized in that at |east one of the switching el ements contains a
control |l abl e conponent with a control input, which can establish and
interrupt the connection between the swtching input and the switching

out put of the switching elenents. 10 April 2006 -16 14. The circuit
arrangenent as clainmed in claiml or 2, characterized in that at |east one
of the sw tchi o ach with a
cont rol i mput, Mo EhEERR A g i g B i Sy REARE BERLE o2

- connecti on bet Wweenwitchiag slsntedtsi.ng i nputs and the sw tchl ng outputs and al so
bet ween the switching inputs and the switching outputs .. 15. The circuit
arrangenent as clainmed in claim12, 13 or 14, characterized in that the
control | abk® cohpaeheult acangeriestas ataimheh st clannemed:lmfacﬁéﬂzbaaﬁ thatGhe The
-.circuit arrangeme?ﬁ)fias clainmed in claim112, 13 or characterized in

“that the cont r GPTOh favice iRt mrdrvehibiei OEPORENts auch thﬁh@eﬂﬁt@ﬁﬁt@f‘ﬁ 17. The
Circuit arrangggeiinnadiort defidnithe QJvﬁdH‘HgLaputé%nQrthé-éwnm Afibis beed in

-~ .that the controllable conponent conprises at |east one thyristor. 18. The

circuit arr angﬁlﬁ!emlltcamgc$lamﬁe’r§ and clriggsmitied coropeneatst evdhz thdt ithe tdfiac t he
cont rol inputs contral devjce V\QI ch can

assune at | easf %bhsn%f PQP&C fognﬁcetb?ﬁ egxy%e[ngthﬁ SWICHINGUTIPYES /RS ™% | east one

control input  swildingDutpues of thistswaHiggIgements . as claimed in cl'aim 18,
characterized in that the control device in state 1 drives the conponents

such that the latter conductively connect the switching inputs to the
Swi t chi ng 2qut Ptk ciRfuitldM@ngement as claimed in claims 18 to 20, characterized in that

the control device is changed over from state 1 to state 2 via the control
input, and the control device, upon this state transition, drives the
components virtually simultaneously such that the connection between the
switching inputs and the switching outputs is interrupted, subseguently
drives one of the components such that the connection between the
switching input and switching output thereof is established, and then drives
the second component via the control input or thereof such that the
connection between the switching input and switching output thereof
becomes conductive if the voltage between the switching input and switching

output thereof has become virtually zero.

22.  The circuit arrangement as claimed in claims 18 to 20, characterized in that
the contro!l device is changed over from state 2 to state 1 via the control

input , and, upon this state




swi tching el enents, and drives the conponents such that the Apsat 2606
interrupt 10 April 2006 -17 the connection between the swtching inputs and
the switching outputs of the switching elenents . 20. The circuit
arrangenent as clainmed in claim18, characterized in that the control
device in state 2 drives the conponents such that the latter interrupt the
connections between the switching inputs and the switching outputs of the
swi tching el enents, and drives the conmponents such that the latter
establish the conductive connection between the switching inputs and the
switching outputs of the switching elemetts . 21. The circuit arrangenent
as claimed in clainms 18 to 20, characterized in that the control device is
changed over fromstate | to state 2 via the control input, and the
contr ol devi Cerhiiplh, { Bt SonfdiShis | Riballf sinRinddiSly SRARARAGALS

virtual ly sinultaneously such at the connection % twrgen the sw tching

i nputs and t hecenectidn hgtwealn pthes swgtching einpuistad, tsebwichrentltputsdsi ves one

of the conmponents s cannecti o et ween th chi i nput and
owi t chi g but pUESTRIG bR e BTSN ahe T fe: FERPeneGesieh, it uldon
conmponent Vi a. theheefidh betweleRPHE Wtchnhﬁﬁﬁﬂft SdC Bwitdhitg bthl?ut fHePdRRGE | ON

- between the swi tching input and sw tching output thereo becones

conductive if ?Pﬁéb‘iﬁbﬁﬂa@fé’ then \dewes theesepand @ﬁmﬁ@‘nqmﬁpwﬂ tag gortigl it ng  out put
‘thereof has beﬁ%g%of‘éh%ﬁﬂﬁ ti-hé ofif loa%eﬁxgéﬁ tﬁ%%ﬁhﬂhnqg%élﬁgﬁvmﬁ nis ¢! ai med

Jin clainms 18 to arac erlze rnt e Cco ice is changed
over from st at eutput othsteaf bedbmesacdnldectwent thel volap® bejweendhe spdtohindi s st at e

10 April 2006 -18 transj drives the conponents virtually
i rmuaneouswl@at;ﬁn? e W&“t%ﬁ'ﬁ“é{%‘t"”ﬁ‘ﬁ RSO TE AN § ahi hg | nput s and

the switching outputs is

23. The circuit arrangement as claimed in claims 18 to 20, characterized in that
' .the control device is changed over frofn state 1 to state 2 via the control
input, and, upon this state transition, drives the components virtually
simultaneously such that the connection between the switching inputs and

the switching ouiputs is interrupted, subsequently then drives one of the
components such that the connection between the switching input and
switching output thereof is established if the voltage between switching input

and switching output has become virtually zero, and then drives the second

component via the control input thereof such that the connection between
the switching input and switching output thereof becomes conductive if the
voltage between the switéhing input and switching output thereof has

become virtually zero.

24.  The circuit arrangement as claimed in claims 18 to 20, characterized in that

the control device




i nterrupted, subsequently drives one of the conponents sud Aptb2006he
connection between the switching input and swi tching output thereof is
established, and then drives the second conponent via the control input

t hereof such that the connection between the switching input and sw tching
out put thereof becones conductive if the voltage between the swtching

i nput and sw tching output thereof has becone virtually zero. 23. The
circuit arrangenent as clained in clains 18 to 20, characterized in that
the control device is changed over fromstate 1 to state 2 via the control
input, and, upon this state transition,”'8ives the conponents virtually

si mul taneously such that the connection between the switching inputs and
the switching outputs is interrupted, subsequently then drives one of the
conmponent s suc Q‘Fe i % i i i .and

swi t chi ng out pt]k}t&{éﬁ%?&eo ricﬁgﬂggtg{aeb?lfbs g%mfﬁgtﬂﬁl{g?/@ﬁ @g@’ g'gc%v@gﬁtﬂg% t chi ng

i nput and sw stake ingnsiiob pdriveb e doegoments ivirual diyulteeoushasuthtthatrthelr i ves t he
second conponent he conhrol {R,Figm t her eqf ,such, that the caqnnection

betvoen the oapansitichy PRt bRt DS HRYlS e e THishBS: ods s

conductive if {rig@rupw sasRqbaiiaRsh HRsONet dthd Borhpotehtsadidh IMAtttRdi Ng out put
- thereof has beecone virtually zero. 24. The circuit arrangenent as..clai ned

in claims 18 t €omBctiothheteerrthe euvitching Haput anseswitshingoputaldvthereoids Apri| 2006

-19 is Changede&)ﬁ@fshé& fhe Lt e%e eﬁts%tghiri%}é‘ui gt %ribe%vﬁfraﬁhrgﬁlugﬁu?ﬂ% , and,

.upon this state transition, drives the co en Si nmul t aneously
such that the beameditiain zbel asetheh ieivesiht ebéong dompuhent @iadhé bentsM t chi ng

: out’puts is interrupted, subsequently then drives one qf the conponents
such that the "Pdhn E'EePf)ﬁ”‘%b{%él?? Pﬂ‘}é‘%vﬁ“c befvagn ithp gvitching bRt 884 ng out put

thereof is estamlhinghlpht! thdteorVdonRs RREVESE iSHE VoA peiEh thad
switching output has becone virtually zero, and then drives the second
conponent via tsWiécN_r@rimpubland switching output thereof has become virtually zero.

.25, The circuit arrangement as claimed in claims 18 to 20, characterized in that
a voltage source having alternating polarity, such as, for example, a mains
-voltage, the secondary winding of a transformer, the secondary winding of a

switched-mode power supply transformer, is connected to the input paints .

26. The circuit arrangement as claimed in claim 25, characterized in that the

control device has a further control input connected to the series path .

27.  The circuit arrangement as claimed in claim 25, characterized in that the

control device has a further control input connected to the series path .




i nput thereof such that the connection between the sw tchitoghpringogs and

swi tchi ng out put thereof becones conductive if the voltage between the
switching i nput and swi tching output thereof has beconme virtually zero. 25.
The circuit arrangenent as clainmed in clains 18 to 20, characterized in
that a voltage source having alternating polarity, such as, for exanple, a
mai ns vol tage, the secondary wi nding of a transforner, the secondary

wi nding of a swtched-node power supply transformer, is connected to the

i nput points . 26. The circuit arrangenment as cl ai med in claim 25,
characterized in that the control devic®has a further control i nput
connected to the series path . 27. The circuit arrangenent as clainmed in
claim 25, .characterized in that the control device has a further control

i nput conngct edhk @.rémparﬁeﬁ]@bﬁ@nﬂ%tammea% BRinsl 22Q0F, cB&tadBrizeliNg it " CUI t
arrangenent as claimed in clains 21 to 27, characterized in that the
transition froffesiranséion from shate 2 td state 1 hethe\ﬂmtefmnmgevie&/lesgwes‘ed by ggered by

h I
beconss posi 1 11 AT iRk VAR T sARIGEC Rl osP Bl BT sl B 7 g o

by the controbetdnpst positk®, arkhtheiansitibi framr Aagendndtaies2 &l eiggered by cl ai ns 21
~10-27, characteri-zed in that the transition, fromstate 2 to state 1 in-
the switching H&sopEoligpyty ggered by the contr ol i nput or when the voltage
bet ween input p0| nt and input point becones negative, and the transition

fromstate 1 state2 is triggered by the control 30. The circuit
' arrangeme%tg ‘F&F?Hétcfrﬁ'?gﬁmﬁntr?é" alajmeg 'Q?‘a'”@r?értﬁc?t%P'i‘azrég(e"@dt"hﬁtat a second

vol tage sour Cetl‘l%&)’dd@ﬁoﬁlfkﬁﬁ Batd 2% DAl inthe swHhPSevidsOks RYGRI By @ Mains
~voltage, the secondary wi nding of a transforner, "or the secondary w nding

of a switched- Md@npgmputSQmM%rl the aolifas: between npobpeist tand ibmutipojpit  poi nt

andtoafurth |nt chth the furt p oi nt . has the
OppOSI te pol a“ Os r%erg ﬁﬂb r?ns IOI‘I flom State P?o stat% ij tngered

the control input,

30. The circuit arrangement as claimed in claims 25 to 27, characterized in that
a second voltage source having alternating polarity, such as, for example, a
mains voltage, the secondary winding of a transformer, or the secondary
winding of a switched-mode power supply transformer, is connected to input
point and to a further input point such that the further input point has the
opposite polarity to the input point.

31. | The circuit arrangement as claimed in claim 30, characterized in that the
switching elements in é;ch case have a further switching input , which is

- connected to the input point via a further series path , and in each case
have at least one further controllable component with the control inputs ,
which controllable component can be driven such that it establishes a

conductive




31. The circuit arrangenent as clainmed in claim30, characfeesirgedod n that
the switching elenments in each case have a further switching i nput , which
is connected to the input point via a further series path , and in each
case have at |east one further controllable conponent with the control
inputs , which controllable conponent can be driven such that it
establishes a conductive 10 April 2006 -21 connection between sw tching
i nput and switching output. 32. The circuit arrangenent as clainmed in claim
31, characterized in that the control gﬁ\/i ce is connected to the control
i nput of the conponent via a further cc t7ol out put, to the control input
of the conponent via a further control output and to the series path via a
further input . 33. The circuit arrangenment as clained in claim32,
characterized icBnidbabn béteee SWitdhitlg iSlRN bR switbWiigtaitgdie rise of the input
vol tage, drives the conponents such that the switching inputs are
conductively connected to the sw tching outputs and the conductive
connect i orgzbet Wheriktie afhdcriting Gs | HIMES iR BRIk 1A, chivbéieiiedtin QHALPHES 1S
interrupted, and, during the rise of the input voltage, drives the
conponent s sucfoRiFRitdevise is wparadadglol guaestral Bpelopidthetqompogentc oitnéct ed to
- the sw-tching %Hl"féptcﬁntnﬂ%ltﬁﬁetoqﬂaQ:Hﬁttn%lviﬁpl.ﬁo(?r{ﬁgtcbﬂgop%rt%eg fuftfi, SW tching
inputs and the swtching odtputs s I nterrupted, and, by nmeans of a
sui t abl e si gnalcontfol bhiput and tacthe serjEstpatif vid bdéurtt@ninpat . devi ce, t he conponents
are driven such-that the conductive connections between sw tching, inputs
and the switching output are interrupted, and the conponents are driven
such that 33. coffaaincvit avangesent as damed dduokaira 33etheeectetized isvthatctheng i1 nput s
and switching outputs . 34.. TRe circupt arrangenent. as clained in claim32,
char act er i zed CRMAE EReSUrag AR Hr GhirdBPU KolFeR, FHS 1S PTBOTENE | nput
vol tage, 10 Apkith #2P%he switching inputs are conductively connected to the switching
~ outputs and the conductive connection between the switching inputs and the

switching outputs is interrupted, and, during the rise of the input voltage,

drives the components such that the switching inputs are conductively

connected to the switching outputs, and the conductive connection between

the switching inputs and the switching outputs is interrupted, and, by means

of a suitable signal of the control input of the control device, the components

are driven such that the conductive connections between switching, inputs

and the switching output are interrupted, and the components are driven

such that a conductive connection is produced between the switching inputs

and switching oufpuis . _

34. The circuit arrangement as claimed in claim 32, characterized in that the

control device, during the fall of the input voltage,




_22_ drives the conponents such that the swi tching inputs rgpritoggictively
connected to the switching outputs and the conductive connection between
the switching inputs and the switching outputs is interrupted, and, during
the fall of the input voltage, drives the conponents such that the
switching inputs are conductively connected to the sw tching outputs, and
the conductive connection between the switching inputs and the sw tching
outputs is interrupted, and, by neans of a suitable signal of the control
input of the control device, the conpongnts are driven such that the
conductive connections between sw tchi'n%‘n'l nputs and the sw tching out put
are interrupted, and the conponents are driven such that a conductive
connection is produced between the switching, inputs and sw tching outputs.
35. The circui drivdd grRgesmpinedts el@i tRA the sWiRhify 3Rputs ae awheaudtzely i n that
the control device, during the rise of the input voltage, drives the
conponents  su€RNMesiRd tp e Swifchingi aulputs ee Shenpedueliva FePNeREPy beRRBCt ed t o

t he swi tching Vmﬁﬁlt I e LS4 Vi [iHal |y zero,
and the condué%l\g/@wg@ﬁnect?on fé?v\gé@%ﬁ?g?a@wst &ﬁ%eéangég]btbgd’adntg%yhe

swi t chi ng out phe f&lliof theringut valtdged drivesdhe domporgentsheuch #hat dfe swighingput

--voltage, drives-the co nents such that the sw.tching input re

~ conductively c&?r‘fggctaé% (E%Bgu&ﬁeéy s\ﬁ@@ﬁtleag&’o&ﬂeplﬁ”gcmno _ ‘H‘E‘S’VBT“?atgg measur ed
at themis vir chgduciiveZ @bfhectih behianC Hed Bwhdhity FPORCEAd GRe bRjiloRAg t he
switching inputs 'and the swtching outputs is int errug} ed, and, by 10

April 2006 - 23cHpHissisdteruped. @al) by wpeyaf apuitahle signalof S1e gonpokingst t he

cont ol devi o¢ of By GOIMRACHES A EndiL 5 GG hfhat e cRBgGLT ve

connections between inp nd the swtching outp are
i nterrupted, anodnridationsCc baperrnisitching tripats dnd vide switthinghautpat canduct i ve

connection is E)r'oduced bet ween the sw t chi n_g i nput s and sw tchi ng out puts
if the vol tage Heraptpdegand the components are driven such that a conductive

connection is produced between the switching, inputs and switching outputs.

35.  The circuit arrangement as claimed in claim 32, characterized in that the
control device, during the rise of the input voltage, drives the components
‘such that the switching inputs are conductively connected to the switching
outputs when the voltage measured at them is virtually zero, and the
conductive connection between the switching inputs and the switching
ou{puts is interrupted, and, during the rise of the input voltage, drives the
components such that the switching inputs are conductively connected to
the switching outputs when the voltage measured at them is virtually zero,
arid the conductive connection between the switching inputs and the

switching outputs is interrupted, and, by




at themis virtually zero. 36. The circuit arrangement as 1@lgdriegog N cl ai m
32, characterized in that the control device, during the fall of the input
vol tage, drives the conponents such that the switching inputs are
conductively connected to the switching outputs when the voltage at them
is virtually zero, and the conductive connection between the sw tching
inputs and the switching outputs is interrupted, and, during the fall of
- the input voltage, drives the conponents such that the switching inputs
are conductively connected to the sw tch'%ég_g out puts when the vol tage at
themis virtually zero, and the conducti connecti on between the
swtching inputs and the switching outputs is interrupted, and, by neans
of a suitable signal at the control input of the control device, the
conmponent s ar e niidny & assiitblehagnatl Betheddditteitinyi@ of hane@mtrblogsvidaet ween
switching inputs and the switching output are interrupted, and the
conponent s ar e SCHBANANS vaFe Slivan eHe thet dos Fopdycliee ceppfsiers BaMeEs pr oduced
bet ween the sw NG il t SWik &N PMES it d t.age measured
at themis vi rt%@ﬁ"&gzlgélgg ?L%@Xg?i FWIE%@@ ?)é'ﬁﬂ%?%ThnéérT(‘:tfprrt%ﬁi %{mart?gngerrent as
claimed in cl aicoepd@eni a2dtheolviverc sumhithach camduttive cotestien ispredutaect ed

~..between input pojnt and a further input point a vaolta sour ce havi ng

al ternating pol gMete{)?hes%W QQ,'“H“E)Er aa@&%ﬁ%&g clultﬁé‘tss(é)fé%%g‘g‘ia?e MEPAAPRg of a
transforner, whtgRmhasirasya@es.tional tapping for voltage division, such
.as, for exanple, a center tap of the secondary wi nding of the transfornmer,

and said additional tapping is connected to the input point of the circuit

ar rangenent3es Thk aird@it afréindefifent BY @Birhéin d8im TP ecirddiatizbd & BigiRNENt as
~clainmed in clains 25, 26 and 37, characterized in_ that the input point is
connect ed by a cPiifdl Kevice.cdyriag thafall efdhe Fpus wpltaghki Advesi thp gempeRenthe

Sy, o eSSBS oLt KON o] ohBEn D e oo pydbhng e cf ot
outputs when the voltage at them is virtually zero, and the conductive
connection between the switching inputs and the switching outputs s
interrupted, and, during the fall of the input voltage, drives the components
such that the switching inputs are conductively connecied to the switching
outputs when the voltage at them is virtually zero, and the conductive
connection between the switching inputs and the switching outputs s

. interrupted, and, by means of a suitable signal at the control input of the
control device, the components are. driven such that the conductive
connections between switching inputs and the switching output are
interrupted, and the components are then driven such that a conductive

connection is produced between the switching inputs and switching outputs

if the voltage measured at them is virtually zero.




control device, by neans of a suitable signal at its contr@agrinpode is
swtched to state 1 during the first half-cycle of the input voltage at
the input points and to state 2 during the second hal f-cycle of the input
voltage, and the respectively existing state 1 or 2 is nmaintained during
the zero crossing of the input voltage. 40. The circuit arrangenent as
claimed in clainms 19 and 20, characterized in that the control device,
upon the transition fromstate 2 to state 1, then drives the conponents
such that they establish a conductive cag ection between sw tching input
and switching output if the voltage bet n switching input and sw tching
out put has becone virtually zero. 10 April 2006 -25 41. The circuit
arrangenent as clained in clains 19 and 20, characterized in that the
control devdTe Thepirouit frearigemesi 48 caimketainciaingd €8 fo 20) charatterized ihfet dri ves
t he conponents such that they establish a conductive connection between
swi t chi ng i nputhei e cnneetad Bgwean prput peint ed\Rolufthgydnpid Ppise 2 ¥Qli2ggehi ng i nput
and switching t Vi I y2 enl i r rangemnent
as clainmed in %Pgr?ﬁshd%%@ %%9%9 Bﬁérc ’aér%gt%:’ﬁgregg?naa{&t Hfaét £ét%%g&ac nt rol
devi ce i s enbodiiretihcasf an tiansfegnent ehiahi hasiian. ad@tiorihdapping fiort veliagangenent as
- claimed. in cl aidms.18 :1}2 ar?d 38 .r?garactt egipﬁﬁghi n_that t.hcg cofmgrol devi ce
i s embodi ed as IWF'Ur 8T Fhi'¥ KETRI A FENEL 2 TPFCOFEY MMM BERt as
- clainmed in cl aiaBsid®ner32napdld 38ditiGraRtpingris z8fhdoed foltBé ifpue peiantgrol devi ce
J4s enbodied as a potted nodule. 45. The circuit arrangenent as clainmed in
.~ clains 18, 31, thexigy§anangemenbeselaimed iieeiinvepliet t he control device

" together with the controllable conponents is enbodied as an integrated
circuit. 46. The circuit arrangenent as clainmed in clainms 18, 31, 32 and

38, char acter TReqireuf artaagement ag siaimed iIndaiing @5¢ Byrchdh chpresferized in

trol | abl I; I . j Ny brid
ﬁf’fcﬁﬁ | at hfckﬁﬁif}ﬂﬂg‘ﬁ[}&ﬁpduﬁ ROAALELS BF aH0nFLraRHEOBAR 5 HRWitéhingY LT |
inputs of the switching elements and to the input of the control device .

39. The circuit arrangement as claimed in claim 38, characterized in that the
control device, by means of a suitable signal at its control input, is switched
to state 1 during the first half-cycle of the input voltage at the input points
and to state 2 during the second half-cycle of the input voltage, and the
respectively existing state 1 or 2 is maintained during the zero crossing of

the input voltage.

. 40. The circuit arrangement as claimed in claims 19 and 20, characterized in
that the control device, upoh the transition from state 2 to state 1, then
drives the components such that they establish a conductive connection
between switching input and switching output if the voltage between

switching input and switching output has become virtually zero.




circuit or thin-filmcircuit. 47. The circuit arrangenent fsAg aooed in
clainms 18, 31, 32 and 38, <characterized in that the control device
together with the controllable conponents is enbodied as 10 April 2006 -26
a potted nodul e or nodul e encapsul ated by a housing. 48. The circuit
arrangenment as clainmed in claim1, characterized in that the two w ndings
of the transforner are enbodied as two parallel-routed Iines or conductor
tracks of a printed circuit, which are connected to the switching elenments
and the output point of the circuit arrapgenent as clained in the

i nvention such that the component currenfs of the |oad current flow t hrough
themin an opposite direction. 49. The circuit arrangenent as clainmed in
claim1l1, characterized in that the capacitance is forned fromtwo

par al | el - r o4t edhkidiregit arramnwncta@rctaﬁmatksdafmsmg and 120¢ dharadteried. in10 Apri |
2006 P 42 408 WO Abstract circuit, arrangenent for the reliable swtching
of electrical that F'?ﬁﬁotngocq?r‘ﬂc% %“tt%tr@@tloégroﬂhﬁt% Ttppiste et ivgs el enent s
bei ng arrangedtnéﬂc&ﬁ;scmehfslsuwﬁhtqv@ @&%n.@ﬁra éd?xdﬁélﬁe%nﬁé?:ﬁo§§é!\nfe%npat hs, the
switching inputs of said swtching elenents being connected the input

poi nt of the sewitdinpiapht andswirbingwiutmhi ihthe \wifagribaiwesn switalingvinputhi ng

el ements. bei ng conngeted 10, te LORYL 545 2f, @ respestive winding of a

: _ 42, The circuit arrangement as claimed in claims 18, 32 and 38, characterized in

that the control device is embodied as an in’tegrated circuif;;

43. The circuit arrangement as claimed in claims 18, 32 and 353, characterized in

that the control device is embodied as an elecironic assembly.

44. The circuit arrangement as claimed in claims 18, 32 and 38, characterized in

that the control device is embodied as a potted module.

45. The circuit arrangement as claimed in claims 18, 31, 32 and 38,
characterized in that the control device together with the controliable

components is embodied as an integrated circuit.

46. The circuit arrangement as claimed in claims 18, 31, 32 and 38,
characterized in that the control device together with the controllable
components is embodied as an electronic assembly, hybrid circuit, thick-film

circuit or thin-film circuit.

47. The circuit arrangement as claimed in claims 18, 31, 32 and 38,
characterized in that the control dewce together with the controllable

components is embodled as




48.

49.

10 April 2006
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a potted module or module encapsulated by a housing.

The circuit arrangement as claimed in claim 1, characterized in that the two
windings of the transformer are embodied as two parallel-routed lines or
conductor tracks of a printed circuit, which are connected to the switching
elements and the output point of the circuit arrangement as claimed in the
invention such that the component currents of the load current flow through

them in an opposite direction.

The circuit arrangement as claimed in claim 1, characterized in that the

capacitance is formed from two parallel-routed lines or conductor tracks of a

printed circuit.






