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@y (57) Abstract: A circuit arrangement for the reliable switching of elecirical cirenits comprises two longitudinal branches (12), with
¥ two swilching elements (11,12) arranged parallel to each other in one of the branches, the switch inputs (20) of which are connected
¥ to the input point (4,5) of the longitadinal branch and the switch outputs (21} of which are each connected 1o the input side of 2
¢, winding (8,9) on 4 transformer (10). Ef ' ’ '

—

(57) Zusamnienfassung: Eine Schaltungsanordnung zam zuvettissigen Schalien von Stromkreisen enthilt zwei Lingszweige (12),
wobei in einem der Lingszweige zwei Schaltelemente (1 [,12) paralle]l zueinander angeordnet sind, deren Schalteinginge (20) mit
dem Eingangspunkt {4,5) des Léngszweiges and deren Schaltausgiinge (21) mit der Eingangsseite je einer Wicklung (8,9) eines
Ubertragers (10) verbunden wird. e . . . o
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two switching elenments (11,12) arranged parallel to each aphlgri2gogone of
t he branches, the switch inputs (20) of which are connected to the input
poi nt (4,5) of the | ongi tudi nal branch and the switch outputs (21) of which
are each cagnngctgsg typ the input side of a wnding (8 9) on a transforner
(.20). 10 April 2006 P 42 408 WO Description Grcuit ar rangenent for the
reliable switching of electrical circuits 5 10 [0001] For interrupting and
maki ng el ectrical circuits, use is made both of nechanical contacts,
sliding contacts such as in the cBREELHRERRrent collectors on rai
vehicles or commtators in electric motors, fusible links, and of
sem conduct or MAtCheS such as, I conduct or
relays. 15 [ 0092 A el 1 s, all
t hese sw tching elenents are e&emsfmbal)eur¢u;ﬁsself-|nduced voltage as a
result of the rapid reduction of the energy stored inductively in the
entire electrical circuit. 20 25

[0001] For interrupting and making electrical

circuits, use 1is made Dboth of mechanical

. contacts, sliding contacts such as in the case

of current collectors on rail vehicles or

10 © . commutators in electric motors, fusible links,
and of . semlconductor - switches = such  as
tran51stors, thyrlstors and .semicenductor

relays.

15 [0002] © During interreption of the electrical circuits,
| all these switching elements are exposed to.a
~high self—indueed.'vqltage as a result of the:
rapid teduetion 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,-ceuses material migretion and welding
_ at contact areas and can prevent the breaking
25 of the electrlcal 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 switchee Vthrough local :thermal‘

overloading.



30 [0003] Said self-induced voltage heats and destroys semA»indogs or
swtching elenents and protective circuits, causes material mgration and
wel ding - at contact areas and can prevent the breaking of the electrical
circuit as ay rﬁﬁglh of arcing betwpgn_contact areas. [0004] During making
of an eIecPrlga I f'cuit, the capacitiance present: -in the circuit has to be
charged rapidly, which nonentarily leads to a large swtch-on current.
- [0005] Said switch-on current bri'ngs about material mgrations at contact
areas that [A806é]noDuyeng3sheorgraatsaltyonclods édhe and tedrirndestrapents
sem conduct or swt t u h I n i1 2006 P
42 408 WO - 2-[000§F%%uﬁﬁﬁg ?ﬁ%&?ﬁgﬁgét?égqteeﬂﬁgéégfﬁgh?ﬁa%glgﬁg%ts from
the conducting to £Wemplbeki hgoskare & thromamidiidkki AGaES:t Ife '
conducting state, fowReWeridfss is PrRducRddat ddhe swet chivig crel nts due
to the sinmultaneous _presence of current and .voltage, said,gomer 0ss being

referréd to as swi ECRPREESovETe [FO007 e | 7 e S2REEYSF PFEGERAE Kt chi ng
operations, 10 thicargentchang povktayepdssaddt heoweat ingsof being

-referred to as switching power.

{0007] 1In the case of frequent switching operations,

10 this switching power leads to the heating of
the switching elements and of adjacent
_ components, énd thereby jeopardizes the
o 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 switchihg 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'
opefation, which limits the efficiency - of

‘frequently SWitching circuit arrangements 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, sald varistors




the switching el ements and of adjacent conponents, and thermghy2oeppardi zes
the reliable operation of entire apparatuses and installation. 15 [0008]
In order to protect the switching elenents from20 25 30 the harnfu
effects of the self-induced voltage, use is nade of RC circuits, but the

| atter are heated greatly in the event of high swtching frequency. [0009]
Diode circuits, also known as freewheeling diodes, protect the switching
el enents from self-induced voltage only after a response tinme, but cannot
be used with AC voltage, and cause agpower |oss during each sw tching
operation, which limts the efficiency of frequently switching circuit
arrangenents such as voltage converters or sw tched-node power supplies
and | eads .to the heating and damage thereof. [0010] Furthernore, varistor
prot ect thehgwrareditagés welofv valuah dedthegirttag®s. of Bemisoetuckacodmpenentst or s ar e
rapidly heated and in the event of high

It is also known that the self-induced voltage and heating of the switching element

during interruption of the electrical 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
charge&.,?-':'which causes very high switch-on currénts, 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 ;h.ot.her 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




hi gh voltage and also circuits are known, which from partip@kipzdos hi gh
However, said varistors are therefore unsuitable swtching frequency and
for precise limting of 10 April 2006 -3- the overvoltages to | ow val ues,
for the protection of sem conductor conmponents. It is also known that the
sel f-induced voltage and heating of the switching elenent during
interruption of the electrical circuit can be effectively imted by neans

~of capacitor- connected in parallel with the load or else in parallel wth

the switching element. However, thig,circuit has the disadvantage that,
during the closing of the swtching elenment, the capacitor would have to
be short-circuited or abruptly charged? which causes very high switch-on
currents, .hi i i F=Talo it Wadth : h&RL o el ements,
so t hat th‘@h(ga éa%ﬂtﬁgﬁ%@%rb% t§ %ges%apag?dts%\réﬁ tI(r'::aetmal ng&feltﬁrcrirﬁt‘(:3 Ig%&&aé very snal |
val ue and théévetdraminereneesatstdidielobd carrdrit irsthg teasfosmerrazs oppostayio  Taki ng

this as a departure point, . ereinﬁdi scl.osed is a circuyit rangenent which
enabl es ¢ HISAEPINGD 80 A 4PRRIFRGS BrerlePBEENEan e PRI ROMRSEBR ARG t o one
aspect of dag invention, there is provided a circuit arrangenent for the
reliable swtching of electrical circuits, in alead to a current |oad,

..conprising a. first series path, which electrically connects a first input

poi nt to Fhkicié&ilit iah§ethe Phd)iprevedltheDcO@EPDE oFRGH SAT-PAldLG voltadelby
el ectrically connects a second input point to a second out put point,

.Cchar act er imeggs pia eanaciteitwhickagemenierily areepks the cerentimstha electrigalieadged in
- parallel wih 86 FOXRNEY, b ndbind SRR aiSB& ofefioR Sk Brel@t S rapld"e

rise of t_h§ voltage across the windings of the transformer and the opening switching

elements connected in series therewith.




switching inputs of said switching el enents being connect e Amil bO®s | nput
point of the series path and the switching outputs of said swtching
el enents being connected to the input side of a respective winding of a
transforner, and the output sides of the w ndings are connected to one
another and to the output point of the series path, and the 10 April 2006
-3a windings of the transfornmer are enbodi ed such that the nmagnetic field
strengths of the two conponent currents of the load current in the
transforner act oppositely to one angther, and a capacitance is effective
bet ween the output points of the seri€s paths. The circuit arrangenent may
prevent the occurrence of high self-induced voltage by neans of a
capaci tor which nonentarily accepts the current fromthe el ectrical |oad
circuit tobkhebrelieble &‘Wtﬁh"ﬁkjlom@ﬂ@ @ current-eAry easvyishing cteeendh mayd) prevent a
rapid rise..of : : L,indl f former and the
openi ng swﬁ?lgﬁ?%g;@e %‘?Jéén\%g?’ g%g%@ﬁég%l%@e}@hﬂ%%ﬁ%@gﬂ(oa&e?@dﬁ ehi]‘.é'lo April 2006 -4
The reliable switch-off operation of current-carrying switching el enents
may in thi e i.e b Lol e i  prBE L 0ss and
heat i ng. A@S’P@?‘ﬁgpg‘g‘ﬁ? o}é@%&uﬁeﬁé%ﬂ*eg@ﬁp%ﬁ@gf F'% gpéélrggteron mawéal SO

,,,,, prevent t heroducimiuaftarenindiie easef electrdmedhasiealaiwitehiag eleowssheadifesble swi t chi ng

el ements and fusible links and thus enaples t latter to be reliably
owi 1 ched offkuEib At gnates HE B horda stise o Sreingdo dfeener gy are
present inihkkidgy. ectrical load circuit, the circuit arrangenent may be
configured such that the load is short-circuited after disconnection from

 the vol t age source and the energy is held in the electrical |oad
. If large quantities of energy are present in the electrical load circuit, the circuit

érrangérﬂent may be configured such that the load is short-circuited after
- disconnection from the voltage source and the energy is held in the electrical load

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.




circuit. During making of an electrical circuit, the | oad 1rmaq43.-ipgo{§e)nnect ed
to the voltage source by the circuit arrangerrent via a transfornmer w nding
acting as an inductance, which brings about a slow controlled current rise
and a slow controlled charging of the capacitance in the electrical |oad
circuit. The slow controlled current rise and the snmall power loss in the
switching el enent when the load current is swtched on via an inductance
may enable a reliable closing operation of the switching elenments. 10 :
April 2006 -5 The voltage at the transfornmer wi nding may be transfornmed to
a second wi nding, which, when the capacitance in the electrical |oad
circuit is charged to the voltage of5the voltage source, may bring a
second swi.tching elenment into a voltageless state in which it may be
reliably closed with little power loss. Since the circuit arrangenent may
enabl e t heTheMpltdgeeat $hv trqugeow'mdmgimmsbe frahsformeditalal sechbyd windingi ng power

| oss, a si ﬁ,ﬁl bl cantt c%ntgcl bugllo d o] . turllrza 1 on. gq dv%?tti on of costs
for freque I ‘%’\‘/ﬁ’l gﬁl ﬁ% é%’b&ra us%? §ﬁ% ag B Got ?&6 2 eI Ter s,

swi t ched- rramepm@ge SoUNEd, irRSy biifiaf 8rseffridv &itchBYeléiBertaste Sidigelebé s permits
significant| her SW t chi n? frequencies. Reducing the power |oss duri ng
. swW tching. %tﬁér'af"i ishdt ey beelizplnelreedaWith Hifle PEweftoSSeont ri but i on t o
environmental protection. Since the circuit arrangenent may use only one

- transforner and a usually very small capacitor for |imting danmagi ng
vol t ages aRtIc®aRBgPiRyitr AANGSRERY Sy PP%@% the tnglialle (suiching roPgfRfiGABNt may be

used for DGpg %lntt e bkﬁé}‘ H?% gr Hutiorf o MiHidi@@EFon Exenpl ary
enbodi nent s 't_;;}%gﬁt?ynvent[lﬁdo are Iusst1 ate %t Helodrav}fﬁrllg and ar e
~descri bed amd resluetishedfagdstsbier fraquently switching apparatuses such as DC voltage
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:




In the figures: 10 April 2006 P 42 408 WO - 6 figure 1 shonsapil Roosst
"exenpl ary enbodinent of the circuit arrangenent according to the

i nvention, figure 2 shows an exanple of alternating current direction in
the | oad, P guraol slpows an exanpl e wig h transistors and control device
33, 10 figure 4 shows an exanple of the operation of the circuit
arrangenent according to the invention fromtwo voltage sources, 15

figure 5 shows an anpl e _of the oge%ation of he circuif, arraqggnent
according to the FA¥EAEH dn THOHT one TAESToPEGR L ALy uI®S ffom a
transfornmer 20 w ndi ng w t htlee cedtrenitaps reatydment e accohadmgantexenpl ary

application of the circuit éﬁé‘?}%? Qngccording to the invention. 25
[ 0025] The circuit arrangenenf according to the invention has two series

“paths 1 and 2, which
5 figure 2 shows an example of alternating

current direction in the load,

_ figure 3_shows an exampig'with transistors and .
_ control device 33, ' |
10 '

) figure 4 shows an example of the operation of
' the circuit arrangement 'accordiﬁg to
the invention from two voltage
sources,
' figure 5 shows an example of the operation of
the circuit arrangement aécording to
~the invention from one AC voltége
_ 7 source formed from a - transformer
20 - - winding with a center tap, and
figure 6 shows an exemplary application of the
circuit arrangemeﬁt accordiﬁg“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 series paths containing in each case a
' winding 8 and 9 of the trahsformer 10 and also

in each case a switching element 11 and 12,

respectively.




are located in the lead to the load 3 and contain two conEegril pgOgoi Nnts 4
and 5 for the 30 connection of the voltage source, and al so-two connecting
points 6 and 7 for the connection of the load 3. 35 [0026] The series path
-1 is subdiyi ded gigmat gt wo  further series, paths containing in each case a
wi nding 8 and 9 of the transforner 10 and also in each case a sw tching

el ement 11 and 12, respectively. 10 April 2006 P 42 408 WO - 7 [0027]
Downst ream of the transforner 10, the two wi ndings 8 and 9 are connected
to one another and to the connecting point 6. [0028] A capacitor-13 is -
connect ed ijpopanal bewneitireant he fl oathdetyents idieneaer i EF, pais ltwnd 2. The

capacitor 13 may be .chgsen to be.very.large in . the case of_sl.aow
switching.circuit f&nﬁwn@ﬁge%ﬂf‘g ?r afﬁeghg?gﬁ%lc'éﬁ$rgﬁt so,nean%f,loﬁhe%/he case
of rapidly sw tchi mgditroc dinte aomeregeme g pointe 6so snmal |l that the |ine

capaci t@ance between 1 and 2 suffices for obtaining the protective effect.

15 desired - :
[00281 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 arrangéments or high load currents, and, in the
case of rapidly switching circuit arrangements,
be so small that the line dapacitance between 1
~and 2  suffices for obtaining the desired
. protective effect.
15 . |
[0029] The load current 14 from series path 1 is
o 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 Component‘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 '££ansfofﬁér | dore is - not yet
35 _ magneti?gd. _Therefore, immédiqtely after the
interruptionfo%_the component current 15, the

- load current 14 1is drawn completely from the

-réapacitorr 13, so that the remaining, second




[0029] The load current 14 fromseries path 1 is divided 1ol 2bes
conponentcurrents 15 and 16 such.that the magnetic field strengths 17 and
18 thereof in the core of the transforner 10 20 act oppositely to one

anot her ang npyt Ualg yyo conpensate for- gne another. 25 [0030] If the two
conponent. currents 15 and 16 in the wndings 8 and 9 are of 'the sane
magnitude, the |load current 14 cannot store energy in the transforner
core. [0031] If the conponent current 15 is interrupted b the switchin
el ement 11, then i t&¥idsfidisat ielgr&“@@tfiella’stré_ﬁﬁ?ﬁgi’?gi syB?ritt " as a °
result of which theivetaigi,Ng eHAr eMe careyYiaglw ndipenhd takes &ffect as

an inductance and nonentarily - interrupts the, rema.ni ng conpo current
16 since the trans‘?%aljtyorecﬁ%r%ttl%& 23! gy %a}gzegjue.sgltﬁeérlg of e,
i medi ately after thiech ilntterlreuptawar gfostshe conponent current 15, the | oad
current- 14 is drawn conpletely fromthe capacitor 13., so that the
remai nihg, second 10 April 2006 P 42 408 WO swi tchi n% el emrent_ 12,
according tl®08Rd Theencepacican be3rels aslipbzawed i Rya the load
' current 14 after the opening of switching
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
15 _ invention, can open reliably in a virtually
voltageless state, with very 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-
disconnection 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




virtually currentless and voltagel ess state wth little povweiboss. [0032]
The capacitor 13 is discharged by the load current 14 after the opening. of
switching elenent 11, as a result of which the capacitor voltage falls,
- and a voltgngigﬂgr%@uced across 10 the transformer winding 9, which is
transforne to the transforner winding 8. The voltage in transforner
wi nding 8, together with the voltage across capacitor 13, has the effect
that the switching elenment 11, according to the 15 invention, can open
reliably in a virtdde ydigerangertes i, thet WRAY3AT i SOUE SFovk? | oss.
[0033] In the sinpligst seases paehsthching elenments 11 and 12 may conprise
a switching contact, a 20 fusible link or a transistor, which undergo 25
transition to the nonconducting state sinultaneously, or with a short
del ay, whenooBé] ebecduritbelr goseuibtliity ntsertaiptetsuthethgwotbhdgg el ement s
11 and 12 may al so f.Qr : ver Ctsy Rusthdulle of CMOS
transi stor stages fﬁﬁfﬁ% g??%rqﬁﬁ% ?ggog%g@%?%% o?ythe sé?igg d%th 1 from
the connecting poivetltefet leeasitbye device 4nd ekpaistatbld donkketion to

the series path 2 iR 3@c0Mder 4 copduct sawawd hepdoad our renth 145 and

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 establish the connection
30 to the voltage source in low-loss 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




to hold the energy stored in the | oad 3inthe el ectricalml,&;amlzo@acuit. 35

-[0034] In order to conduct away the energy stored in the electrical,

circuit, the switching elenments 11 and 12 nmay al so be provi ded with di odes
whi ch condyct,,a tfe load current _1410af_t er 10 April 2006 P 42 408 W - 9
t he di sconnection fromthe voltage source to the series path 2. [0035] A
further possibility is to neasure the voltage 5 across the switching
el enents by neans of a voltage nmeasuring device and to establish the

~connection to the sdd es pape@itar hlf comeatiddabie swWinicts.ngTeienent when

the measured voltage1as PECOR 28h@rnkiRELELYEE 3N Vi &g 88k - 1Aaccor ding,
to the invention reliable, lowloss closing operation in _voltagel ess
state. [0036] The It0&d keafbhevRbARepEERItS %ﬁ@ FEIPRSGE Fouktet© 188 agai n by
only one or both swHathjaty t&) et soldapd b A2t halt €61 tiPgé Ngotih€e CHRNECT | ON

to the _series path.2, ;and, t hen |y, one_swi tchin el epent _conpecting the
correspbnding  t randforkisd vﬁtfﬁq‘ﬂgt 0 tHE SBYFRs ‘g%tﬂw’l‘?g%‘?%o that the
capacitor 13 is chawgedswidcdthismg elements 11 and 12 can then

establish the connection to the voltage source
in a currentless_and voltageless state without
energy being fed into the transformer 10.
10 . ‘ |
[0038] The circuit according to the invention 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




w ndi ng inductance of the transforner 10. In this case, agcAasiiRogto the:
I nvention, the w nding inductance prevents a rapid rise of the charging
current and thus enabl es, according to 25 the invention, the reliable,

| ow- | 0ss. clwsjngso@fyréhe switching el gient in a virtually currentless
state. If the capacitor 13 is conpletely charged, the second sw tching

el ement may |ikew se establish the connection 30 to the voltage source in
| ow-10ss fashion in a virtually voltageless state reliably, according to
the invention, wher2upbAnthereeohpvhkht 2. eaREEHt §2P5 &Rd FECtA fYR89wi ndi ngs

of -the transforner ﬂnéCBu@@@n@n@hﬂerﬂor?:&e{@%ﬂirﬁ%ftllﬁéhgbwéﬁb@diaﬁmnt of the
circuit according I nvention consists |n the fact that the: load 3

o th
i s-connected to the%§%?ig§epé? LIS SPUFSRpr P 3066 FAF 408t WO 10 10
via a capacitor 19 pbegiecied i nfsertihes. gdsistivesuhtifiayabeal t eheati ng

current -direction i , | ch reits t tor, 13 be
chargedsto t he voItgﬁgﬁgf?%ﬁggvoﬁ?ggergﬁagbé bygg?ﬁggﬁggd éﬂ%re%@ein t he
event of switch-on.sTheching shemehiagldl amaht §2 1tcandiel2- cah thds

point in time - positive terminal of the
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 lieé,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



establish the connection to the voltage source in a curremtAmssoed
vol tageless state without energy being fed into the transfornmer 10.
[ 0038The circuit according to the invention may |ikew se be used on
vol tage soupcgs @hg fbternating polari{y for rectifying the current and
for regulating the power drawn fromthe 15 voltage source. In this case, at
the beginning 20 of the positive half-cycle, the transfornmer 10 1is
connected to the voltage source by the switching elenments 11 and 12 via
the series path 1 BRESFIFAMF AHEDosphi vety@elyyclew pavresr kR3S me
period determ ned bycauswihablig esggukakkeng device, is again connected to
the .neutral conductor of the voltage source, series path 2, in order to
generate a positive rectified current for the load. At the 25 begi nning of
the negati veOD&R] - cynl ethéhecase ansf orties 1 ¥ u connielckvest tak édhe irol t age
source Ry the switchi I nts,.11 2 Vi the .series ,pat | nd,
during-?he negativeE&ngg-gggle?héftgggg}tiﬁﬁéférpﬁﬁﬁgg?%r&#ﬂegnﬁ?ﬁa 30
suitabl e regul ati ng2BB¥PEEMatelygai B- €BHHAEEL ed thatt heldeuttal cAWuctor of
the voltage source, apgebk®naPaly 25 pBrobdak ! @rIeReRAl pAdiegald s
rectified current for the | oad. . N

o __ which would occur at the ohmic resistor of

figure 6a. The wvalue 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..




35 [0039] . The circuit according to the invention may .furbhgrmdgs be used
on vol tage sources of alternating polarity with a neutral conductor, such
as, for exanple, the secondary w nding of 10 April 2006 P 42 408 WO - 11

a transforner with a center tap, for rectifying the current and for

regul ating the power drawn fromthe voltage source. In this case, at the
begi nning of the positive half-cycle, the 5 transforner 10 renai ns
connected by the switching elenments 11 and 12 to the - at this point in
time. positive termnal of the voltage source, and, during the positive
hal f- cycle, at a switching instant det€Wrned by a 10' suitable regul ating
device, is connected via the switching elenents 11 and 12 to the - at

this point in time negative term nal of the voltage source. This
connection persists to the end of this half-cycle, and through the 15
polarity reversal of the voltage sodpakent into the next half-cycle. In
this way, by defining the swtching instant, it is possible for the |oad

to be fed a positive current if the switching instant lies in the second
hal f 20 of1-t he Arriryit yRnoemegt fﬁéﬁ‘&t‘?‘!ﬁ@[*ﬁmﬁcﬁ'ﬁﬁ of glegtfjgal 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
: 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




switching instant lies in the first half of the half-cyclgampggdee current
If the swtching instant lies in the center of the half- cycle 25 [ 0040]
Figure 6 shows the possibility of howthe circuit described in the
application can be wused as an active inpedance. It can thereby be used
very sinply as a replacenent for an ohmc resistor for current limting.
In this case, 30 the circuit is conpletely encapsulated and, |ike a sinple
i npedance, provided only with two termnals. One path is thus not
connected. [0041] The circuit may acqui-rid-an ohmc .35 characteristic, be
enbodi ed as a voltage 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 extrene | ow p 0SS ,.0cCC rr|ng in each case.
[0042] In the Ea¥ectign ‘P‘ﬂ\@e‘%'}‘ihelﬁ}"’tt ing 'UB‘E*r%’l‘L‘HeﬁW“C“'@? Yi)}lir e 6b, the power

| oss anmounts to only apprOX|nater 0.05*U*l, that is to say approximtely

5 t of I | d t th h t f
Fi Gur o 664 The D8 FRBIGHTAREMERR ARSI OEB ddlcnauHpoERPEtHS WaRke of ¢ he

inductance L 1Qasebk blBeCaiRfihg @hferts dntains a fuse located between the

switching 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
___Mconnected 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 swiﬂ_:hing elements are connected to




[0043Subcl aims relate to further refinenents of the invenpisym 2006 this
case, such feature 15 conbinations for which no express exanple has been
specified are also to be regarded as «clainmed. 10 April 2006 -13 Patent
Clains Acircuit arrangenent for the reliable switching of electrical
circuits, in alead to a current |oad, conprising 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 |east two sw tching

el enents are arranged in parallel wth Be another in at |east one of the
series paths, the switching inputs of said switching el enments being
connected . to the input point of the series path and the swtchi ng out put s
O ool Sul L ohiohg Sl B8] Q0uGeR LAY SRubdiBo iyl oo et Bhe @
respective winding or a transformer t°%ided o e w ndi ngs
are connect ed tsoitableedevivet her and to t he out put point of the series path,
and the wi ndings of the transforner are enbodi ed such that the magnetic
field strengths of the two conponent currents of -the load current in the
transf or me0. actThepjyost aredngementoemecmnmtjhebl,amnobrez, chpractetizsadon that atef f ecti ve

- between the .ou of .t ries paths. 2. The circujt arrangement
as claimed in iq%g‘ ﬁ‘ﬁﬁ ol¢ ﬁr%tf’g' z%%f"?'ﬂs a °°E§?Ja'6‘PE'toWg'Fé }i’ﬁ?%mged in
seri es with { Nachod iiidbks 1H88hnelon BtwbiietBUiBing Akt suftcnife i cui
.arrangenment as claimed in claiml or 2, characterized in that at™ |east one

of the switchi ngtpgi eardrﬂszabh%i@sahe:mmedlomtnpdurttwhﬁwhchtmewt which is

conductlvely connected to the series 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.




actuated, interrupts the 10 April 2006 -14 connection bet wgeiprit #spesWi t chi ng
i nput and the switching output . 4. The circuit arrangenment as clainmed in
claiml1l or 2, characterized in that at |east one of the switching el enents
contains a fuse | ocated between the swi tching input and the sw tching
output. 5. The circuit arrangenent as clainmed in claim3, characterized in
that at | east one of the switching elenents has a further input, which is
‘conductively connected to the series path, and contains at |east one
nonl i near el enent | ocated between the input and the sw tching output. 6.
The circuit arrangenent as clained in ct#8m 5, characterized in that the
nonl i near el enent becones conductive if the polarity of the voltage at the
swi t chi ng out put becones opposite to the polarity at the switching input.

7. The cirguit gt A8 LRl i 387 ih kn that the
nonl i near el enent CEecorresbgon]&lﬁ%:ﬁ v'e Ff'ﬁfﬁ!anar};gé%’ tcﬁ%g&g? e?h'eﬁ%ldtt age at the
swi t chi ng out pldasesmeefithe tsnitchivg) elemenes abniaims twolcbaigeiable domposents chi ng

input. 8. The circuit arrangenment as.clained in claim3, characterized in
that The cont PBN FHHbAERNEH HATE FeShertyan e ool SeDIRAT GRS  r ¢ ual | y
si mul t aneousl y céhedticibdt@bérethdWitsifing Prputtidahd SWitdhindl Juli e BRMAIs@s cl ai med
..in.claim8, characterized in that .the control inputs.of the sw.tching

el ements are cbapesn the switchipg mppts| and@sswitchingmetpyitfot her and are act uat ed
virtual ly sinmultaneously by at |east one suitable device.

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

t!?i":é't the controllable component comprises at least one reiay contact.

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




10. The circuit arrangenent as clainmed in claim1 or 2, champgsi®ioszed in
that at |east one of the switching elenments has a control input which,
when actuated interrupts the connection between the sw tching input and
switching output , and establishes the connection to a further sw tching
input , which is conductively connected to the series path . 11. The
circuit arrangenent as clained in claim 10, characterized in that the
control inputs of the switching elenents are connected to one anot her and
are actuated virtually sinultaneously by at |east one suitable device. 12.
The circuit arrangement as clained in ctddm 1 or 2, characterized in that
at |east one of the swtching elenents contains a controll abl e conponent
with a control input, which can establish and interrupt the connection
between the syt chingd: Nk the i i pUt: tQ Wi i chi ng

el enents. 13. %egggl{]rggcmht ar?%gggnggﬁfﬁﬁgg@pgﬁ %eag%%ns%ﬁc@hno E’Hr% ftf

~ characterized the sWiahingklereatsst one of the switching el enents contains a
control |l abl e conmponent with a control input, which can.establish and
interrupt the connection between the swtching input and the sw tching
out put of 2Mhe Ihe tcrbuingraigement as clhindpini tairD08, elbactetized he tieit tieai t
—arrangenent as clained in claim1 or 2, characterized in that at |east one

of the switchi AP ERETR S SURLANES RSOEBARPSHP PUB) BaCBRRSISERITPEach with a
~control input, iHeesRRELHoHE bkiwabh i thd sERIIRSTHhARS 128l 1RO dwitdMirky 6iRlits bhe

- .connection between the swtching I nputs and the swtching outputs and al so

bet ween t he swihectwitehingnglameniandnd risivesnithec homporentspauah thatl She TEitter ci r cui t
d.in.that the

Gontrorianl o cstipBRBte sBpiMeorportd bt UGS hPER e The
circuit arrangswieshingafitpitfioned siviiclihgélemndats . 13 or 14, characterized in
t hat t he control | abl e conponent conprises at | east one transistor.
21. - The circuit arrangement 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




17. The circuit arrangenent as clainmed in claim12, 13 or 1d4ppricPeosact eri zed
in that the controll abl e conponent conprises at |east one thyristor. 18.
The circuit arrangenent as clainmed in claim14, characterized in that the
control inputs of the conponents are led to a control device, which can
assune at |least two states, state I and state 2, and which has at |east one
control input . 19. The circuit arrangenent as clainmed in claiml18,
characterized in that the control device in state 1 drives the conponents
such that the latter conductively connect the switching inputs to the
switching outputs of the switching elenthts, and drives the conponents
such that the latter interrupt 10 April 2006 -17 the connection between the
switching.inputs and the switching outputs of the switching elenments . 20.
The circuitl arARGRIENLES Hhel dBifhohBntS \HUE Sim MBRIGRSK Yok Gt e L Nt the
control device in state 2 drives the conponents such that the latter

i nterrupt theccuectiat betmseethse ewittiieg simptishandg theypwitchirgndutphite iswi t chi ng

outputs of the ,switching elenents, and driyes the copponents ch that the
"at Cor . est abl FURTRE CORGERENDS SDUSaTE | U Bo BT TR S&h b G | nput s
and the sw t cBomctish BUtaeAltht NswiteMing GhbCarR] SWRIMINg, outBdt thER&Gs M cui t
-arrangenent as clainmed in clains 18.to 20, characterized in that the

control devi c e epigblishamhgang @?Erdfiffﬁ)?hesﬁ‘}?éd ICOMBORGMA t é?ZhQ/icantf%énR@'ént r ol
e o PR S Uyt Al Sk SN L,
swi tching i npub_g}pahdhéﬁef besdnusi cugrdoctivput thel ®olape detwephettle ssitbisiegiuent | y
e o o SR o R S it
drives _
- 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




t he second conponent via the control input or thereof suchopet2td6e
connection between the switching i nput and sw tching out put thereof

becomes conductive if the voltage between the switching i nput and swi tching
out put thereof has becone virtually zero. 22. The circuit arrangenent as
claimed in clains 18 to 20, characterized in that the control device is
changed over fromstate 2 to state 1 via the control input, and, upon this
state 10 April 2006 -18 transition, drives the conponents virtually

si mul t aneously such that the connection between the switching inputs and
the switching outputs is interrupted, -sbosequently drives one of the
conponents such that the connection bet ween the swi tching input and
switching output thereof is established, and then drives the second
conmponent via e f i bet ween
the sw tching |Shn(g11?tﬁ %\é@sfvf\;c}ﬂgﬁ%tﬁgi {bo%}?%u%ﬁ??\%%@b@@@h&&g@%a@?l ve if the
vol t age bet weestatdhiparssition cdrivag thel crqmnonamtslvissbwbllscé;imnlgamumqjymdhhbatdbé has
becone virtual l 23. The circuit arran nt cl ai in clains 18
Lo 20, char act PIEGPT feiegp the FRMIERRG  BPUISEUC D] SMERBAGRAPES er® from st at e
1 to state 2 Virgerhpeed® 8ibdeqlientlytRed drieRthnet? @Rk Ebthgorh@t fuchtRdshd | on,

- drives-the compenents virtually sinultaneously such that the connection:
bet ween t he sweeritgckRp pafpiger thedwitching Sowut candngwitnhinguewputs theraod s upt ed,
subsequently t necti on
.between the swggtgﬁlghégﬁhéa?ﬁta% b]é%ep %WH%%)E ﬂlg{rcgglb Qtugb%tﬁ %bl ished if
. the vol tage bebmm ﬁm&ligzlzenmganmmeh dneéuihs\sectcmhlobg:ponérpura thasorietone
“virtually zero, and thegﬁdrlves t he second, conponent via the control input

t her eof such tmf’ t HEeeh ARt thab e epissirn piweenthe AVIKinch pRkt 8R% swi t chi ng
out put thereof s\pﬁﬁlﬁﬁeéutﬁﬁn%@rébfv@ed&ne% h®nductive if the voltage between the |

switchi_ng input and 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 .




vol t age between the switching input and sw tching output tfoexmidbodtas
becone virtually zero. 24. The circuit arrangenent as clained in clains 18
to 20, characterized in that the control device 10 April 2006 -19 is
changed over fromstate 2 to state 1 via the control input, and, upon this
state transition, drives the conponents virtually sinultaneously such that
the connection between the switching inputs and the switching outputs is
interrupted, subsequently then drives one of the conponents such that the
connecti on between the switching i nput and swi tching output thereof is
established if the voltage between sw tciving i nput and sw tchi ng out put has
becone virtually zero, and then drives the second conponent via the control
i nput thereof such that the connection between the swi tching input and

swi t chi ng 28Ut Ptrhe chQlistangments SaRdHG bies 31 e, RhhaaR-dach iRRN t he
switching input and sw tching output thereof has beconme virtually zero. 25.

The circuit ar thengansilion feom sliate 2iaistate tliniheswitghing dedce shidiggaredby zed in
that a voltageg, s . i It ernatin arit such as. for exanple, a
the g&{tr%?l QY Ovﬂefi‘.tltle .vo@adgf lg]eatﬁ%na H?f"g;p?r@kj 1ang H%d:.g éjé)!ﬂt.

mai ns vol tage, the secondary w ndi ng dary
wi nding of a setdnedeesbsitivdcambibertraiifiph Yroinr Amsfotonstate 2 & tHggeLbed to the
~input points . 26.- The circuit. arrangenent as clainmed in claim25, :
characterized fi¢ %RHP! ®ME- control device has a further control input
connected to the series path . 27. The circuit arrangenent as clained in
.cl ai m 25, I?éhar %ﬁt erized in that the control device has a further control

- input . confect ed"t 8{'?Wr_?é'9?'@§f‘tp?§tcf‘?ime‘i@ Agime1 212958 chsaderizetria that r cui t
arrangenent  as el it ffor® s@kdB t?dtaleC1 #kthe SHRGHRTY GviceeH HifgdrB@by
' _ the control input or when the voltage between input point and input point
becomes negative, and the transition from state 1 to state 2 is triggered by

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




the transition fromstate 2 to state 1 in the sw tching deyw &g 6od ri gger ed
by the control input when the voltage between input point and input point
beconmes positive, and the transition fromstate 1 to state 2 is triggered
by the control input . 29. The circuit arrangenent as clainmed in clainms 21
to 27, characterized in that the transition, fromstate 2 to state 1 in
the switching device is triggered by the control input or when the voltage
bet ween i nput point and input point beconmes negative, and the transition
fromstate 1 to state 2 is triggered by {he control input. 30. The circuit
arrangenent as clainmed in clains 25 to ?%,'characterized in that a second
vol tage source having alternating polarity, such as, for exanple, a mins
vol tage, the secondary winding of a transformer, or the secondary w nding
of a swi t ched- BAfdEONBEWSEIRBVIChingaRsit ahdBWitchiry cigiupect ed 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 arrangenent as
cl ai med i rg2c| aimie 3kcuic RbAgEnRInt 26 bidiMed RtiaiM a1, sharbablizd iRl tRAEMAES i n each
case have a further switching input , which is connected to the input
poi nt via a furcPHE} dexiceds cpanasted ignie) gonirakcinpetacfiethe pinpopent| &dsse one
..further control t, . W cont i Whi ,
control | abl e cgﬁggkgﬁﬁﬂggﬁmﬁ@ %ﬁ%%gﬁhgﬁé agﬁgﬁh?f££@§§rfﬂéwggﬁﬂuyconductive
10 April 2006 -c2diraonipetndto thetevwsipathvwia alfurttggr inpptit and swi t chi ng out put .
32. The circuit -arrangenent as clained in claim31l, characterized in that
the control device is connected to the control input of the conponent via
a further33conflhelcirouit prrangement he ozimed il claimp 32, ofiarbdterizzdnipdhatnthevi a a
further ‘

: cqptrol_ device, during the rise of the input voltage, drives the components
such thaf the switching inputs are conductively connected fo 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,




control output and to the series path via a further input 10 &sil 200& circuit
arrangenent .as clainmed in claim 32, characterized in that the control
device, during the rise of the input voltage, drives the conponents such
that the switching inputs are conductively connected to the sw tching
out puts and the conductive connection between the switching inputs and the
swtching outputs is interrupted, and, during the rise of the input
voltage, drives the conponents such that the switching inputs are
conductively connected to the switching, putputs, and the conductive
connection between the switching inputs®nd the switching outputs is
interrupted, and, by neans of a suitable signal of the control input of
the control device, the conponents are driven such that the conductive
connecti ons beldviesN tancbBporitdts b0 tisat B8 GwitdRing Whiahidrg @atiptivelar €
interrupted, and the conponents are driven such that a conductive
connection is [SPORAFESHC Bhe Switchingruitrils (3P thgycondBeive corPRFIIBNPLEMEPRg out put s
34. The circuyi : t | A [ ai; aracterized in that
the  control ddyi SACHERIRES, ortPine) QERRg oleles i IniepRe ARG Lo0s
_22_ drives t héheclaltpbtrerinput sultdget Heatestthe cemporsmisn guchnihat theaavdichioaduct i vel y
--connected to the- ?ﬁV\A t chi n& Cg.ut uts a dth{a condulcijtt.i ve connect | otg bet ween
" the switching MRt &A@ RV SRR olor fift SHIENING ¥R Dt 88 BRd, during
the fall of theohdiRtNe COhtedEEn bEEAERS tHeh BWREMITRC MpDEsS afid Ghe tdwatchihge
.sW tching inputs are conductively connected to the sw tching outputs, and
the = conduct i veuPyEnisdntewynted PRV "E‘ﬁ@%@ﬁ&%’ﬁ?b‘@sﬂhﬁlﬁ thegeptreliepuwi t chi ng
outputs is interpup sui [ I he control
‘npat of “the Chubrert e B ERARGA BeliANS BaPRE ofbuale PO
conductive coro@ektians bbeicar eswitsMnge iipats anguthe switthtrige oatput charag out put
are

interrupted, and the componenis 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



interrupted, and the conponents are driven such that a congusgril 606
connection is produced between the switching, inputs and swi tching outputs.
35. The circuit arrangenent as clainmed in claim32, characterized in that
the control device, during the rise of the input voltage, drives the
conponents such that the switching inputs are conductively connected to
the switching outputs when the voltage neasured at themis virtually zero,
and the conductive connection between the switching inputs and the
switching outputs is interrupted, and, ring the rise of the input

vol tage, drives the conponents such that®the switching inputs are
conductively connected to the switching outputs when the voltage neasured
at themis virtually zero, and the conductive connection between the

Swi t chi ng i nputnseanB Gf tahsuitabel dighal BYthe optibiSinpE  bNiher donpbledvicandhe by 10
April 2006 -23 neans of a suitable signal at the control ut of the
control devi ce comppRents o &b JEYRNS Seghe tha jthe poaduative WQB"@H%“%@H@@SN ve

connecti ons betsgﬁgﬂré Mbﬁtghbﬁlﬂ hBPULSch ﬁ E}lpllq‘vsgpet R e

i-nterrupted, an conponents are t en suc that a conductlve
connection is ppmdqrmeafmb do@thmeinvemwﬁmmtcmd:omud:tivabsn@noh esvprodmedlg out put s

.1 f the.vol tage asured t he 36.. The circ
arrangenent as CEMEERNF ?VH?ngl' ﬁ"g‘ t'?’gﬁjofﬂf‘u e Yoiigge fegsurg ntroI
devi ce, duri ngatfp@mﬁgwrtugﬁyiem |nput voI tage, drives the conponent s such

.that the switching inputs are conductively connected to the switching
out puts when the voltage at themis virtually zero, and the conductive

connect i on dget Wae rirbiie agidenttind @s ichithiées iraadint BE, SharddidhizBg iOtapes i S
interrupted, and, during the fall of the input voltage drives the

~conponent s suéﬁ“tfqlné’PV‘P‘hedl%"\WBttB%fﬂgOfl the inpst ypltageodidnestthe epyPeRsitect ed t o
_t he swi tching 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 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.




out puts when the voltage at themis virtually zero, and th® gpindoss i ve
connection between the switching inputs and the switching outputs is
interrupted, and, by nmeans of a suitable signal at the control input of the
control device, the conponents are driven such that the conductive
connections between switching inputs and the swi tching output are
interrupted, and the conponents are then driven such that a conductive
connection is produced between the switching inputs and sw tching outputs
if the voltage nmeasured at themis virtu%ily zero. 10 April 2006 -24 37.
The circuit arrangenent as clainmed in clalns 18 to 20, characterized in
that there is connected between input point and a further input point a
voltage source having alternating polarity, such as, for exanple, the
secondary 3M. ndihegiredit &rdngamehicas@aimedtn ehiniss n2mddatktensadd ihapgei ng for
vol tage division, such as, for exanple, a center tap of the secondary

wi ndi ng of t he thare imeangesied betyegn dnpud paigtliand ehistrtherdppit Rgint < ¥eliddBct ed to

t he i nput poin Ci i+ t i i Lnvention.
38, Tho ol foul AT axpasmieriathg HARACTER od ol bBUTRE il (gl
characteri zed windinchaf & hensfopedr, pdiaht has arordditarad tapping ffarr vdllegeseri es

. path to the switchin inputs of the swtchi el enents and to the input of
the control deelvézséon.’ g%ﬁ’ aéjr'lﬂ%- %‘F'ﬁ?fﬁ'? ¢ %&%@ﬁg'ﬁ SEEONET i HE™Y o tb?ai m 38,
characterized imanébier! &)1 s&@ALSiGONH RWPRE, is RYnRBYStodhe Ipstibbiabldge signal at
Jts control input, is switched to state 1 during the first half-cycle of

.~ the input vol t Hifecispit prangenisnt aslpimed in higdnveptiat at e 2 during the second
“hal f-cycle of the input voltage, and the respectively existing state 1 or
2 is maintai ned during the zero crossing of the input voltage. 40. The
circuit arr¥¥ngdhesirculirangemed asplaimed welains 2RROwd Thahaetterseddd i n

that the input point is connected by a further series path to the switching

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.




that the control device, upon the transition fromstate 2 fpagtiabes 1, then
drives the conponents such that they establish a conductive connection

bet ween switching i nput and switching output if the voltage between
switching input and swi tching output has becone virtually zero. 10 Apri
2006 -25 41. The circuit arrangenent as clainmed in clains 19 and 20,
characterized in that the control device, upon the transition fromstate |
to state 2, then drives the conponents such that they establish a
conductive connection between sw tching énput and switching output if the
vol t age between swi tching input and smn%chlng out put has becone virtually
zero. 42. The circuit arrangenent as clained in clains 18, 32 and 38,
characterized in that the control device is enbodied as an integrated
circuit. 431, Tbhedadircditlbiramyefrng aseimed irc blainse iand cbattesadi8iized2nand 38,
characterized in that the control device i s enbodied as an electronlc

assenbly. 44, 1S the GoalipkdexIchoR9B i Fasiop g wiate; 1o Sl ZeinaBdrvgs and 3,

characterized iy cérﬂﬁ&neh@%u%ﬁ%dt%eﬂ@éfé&@h'asccﬁtHP&Qe%Gnﬁe%tlé‘n Betnteeﬁ modul e.
45. The circuit arrangenent as clai'med in clainms 18, 31, 32 and 38,

characterized iswitehig mplhteaord)nwmabtingdmtwelf thegeltags bativeen switchingrinpu! | abl e

conponents is enhodied as.an | rate rcwt 46. .The circuit
arrangenent as WF @H’q(hm%lttaqaﬁé’% ne 3T, us Zzéchd 38, characterized in that

t he control deV|ce together with the controllable conponents i s enbodi ed
Aas an elect cir f|| ciLG Qr thin-film
S reuit, LTk SRR TR YR 5h kb drt Gt Ao B o LD 10
38, char acterttzaemeldantrdﬂafbwt:étesemmd"@iasiawn&;grét@cgatdnﬁr wth the
controllable conponents i s enbodi ed as

43. The cwcuut arrangement as claimed in claims 18, 32 and 38 characterized in

that the control device is embodied as an electronic 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




10 April 2006 -26 a potted nodul e or nodul e encapsul ated by gpringogs ng. 48.
The circuit arrangenent as clainmed in claiml, characterized in that the
two w ndings of the transformer are enbodied as two parallel-routed Iines
or conductor tracks of a printed circuit, which are connected to the
switching elenents and the output point of the circuit arrangenent as
claimed in the invention such that the conponent currents of the |oad
current flow through themin an opposite direction. 49. The circuit
arrangenment as clainmed in claim1l, charasterized in that the capacitance
is formed fromtwo parallel-routed Iines or conductor tracks of a printed
circuit. 10 April 2006 P 42 408 WD Abstract A circuit, arrangenent for the
reliable switchin electrical circujts corﬁal ns two series paths, two
swi t ching el erré‘rﬂog o Bodyle 0P ensrRsYirtadi bY@ RGUBR90ne anot her in one of
the series paths, the switching inputs of said switching el ements being
connect ed the |nput oint of the series path and the swi tchjn out puts of
sai d swit 4 ng TopsieHt arangemgnicamsiibteddn £8im Aechamsitrizef i that thﬁgf\”’gspesti ve

wi nding of a %r?d"rﬁs%f%é 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.

49. ‘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.




10 April 2006
P 42 408 WO

Abstfact

A circuit arrangement for thé_'reliable switching of
electrical circuits contains two series paths, two
switching elements being arranged in parallel with one
- another in one  of the series paths, the switching
inputs of said switching elements beingrconneCted to
- the input point of the series path and the switéhing
'outputs of said switching elements being connected to
the .input ‘side of a respective winding ©of a

- transformer.




