: @3eBQJJK<M dMIN6NTBOgnBP 42 408 WO - Description Circuit arrangenent for
the reliable switching of electrical circuits 5 [0001] For interrupting and
«~maki ng electrical circuits, use is made both of nechanica

sliding contaetsy sagh v in the case of current collectors mm’mmmmﬂ'mmmmcl es
or 10 commtators in electric motors, fusible links, and of semjgonductor
swi tches such as transistors, thyristors and sem conductor relays.” 15

[ 0002] During interruption of the ebectrlcal circuits, all these sw tching
el ements are exposed to a high self 108l tage as a result of the
rapid reduction of the energy stored inductively in the entire electrical

circuit. 20 [ooog% rgékg égkéﬁﬁi g:ﬂ%ﬁ%dlféé?' ﬁﬁ‘@%@‘f%%l%”%gg%% ri(r)xésof .
sen conductor s mat eri al

m gration and wel ding at contacelectascahdctaauptevent t he br eaki ng 25 of
t he eIectEicaI circuit as a result of arcing between contact areas. [0004]
During making of an electrical circuit, the capacitance present in the
circuit has tPHE B0o kdar gednEgpiraPyinghi clanfbrentakiing | egleqtaricdlar ge
switch-on current. [09DBdufSed d sukbch+i@ CW(dRNt BEE RIS 0FbOUte TR EId Al
m grations at contact_ areas that. haye not yet 35 conpletely closed and can
destroy semi conduct orCSWFches ?ﬁ?gh@ﬂ FBBéﬁcFﬁeFHHﬂPo@%rF adinfg.case P
42 908 WO - 2 [0006]ofHurcugrete tecabdettonsof ohhe radilt chigig cdlesmmerdrs from
the condygting to the 9!89 i tage fr. ocki tg t
conductigg state, a ﬁ%mer ¢%£§?$s?%r5%%%&5%§“@$§?§$ﬁt?H?ﬁgl% ﬂ¥%ks’

and of semiconductor switches such as

transistors, thyristors and semiconductor

relays.

15 [0002] During interruption of the electrical circuits,
all these switching elements are exposed to a
high self-induced voltage as a result of the
rapid reduction 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, causes material migration and welding
at contact areas and can prevent the breaking

25 of the electrical circuit as a result of arcing
between contact areas.

[0004] 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.

[0005] Said switch-on current brings about material
migrations at contact areas that have not yet

35 completely closed, and can destroy
semiconductor switches through 1local thermal

AN

*G00002*

overloading.



5-el enents due to the sinultaneous presence of current and voltage, said
power | oss being referred to as switching power. [0007] In the case of
-frequent switching operations, 10 this switching power |eads to the heating
of the switchBigg ghgnppts and of adjaceny conponents, and thereby

j eopardi zes the reliable operation of entire apparatuses and installation.
15 [0008] In order to protect the switching elenments fromthe harnful
effects of the self-induced voltage, use is made of RC circuits, but the
latter are héQPB&]1gr OREING Fhend Anshitt isin Mhtro svitehing pLergekey.

[0009] Diode circuitgroal sth&knesndastihgewteethagodicetteng Pseiest ahle
swtching elenents fromself-in uzﬁ(d vol tage only after.a respaonse 25 tine,

a
but cannot be used WEERMACRSI 0 EQudde FBNEPCFLRE i3ty edch
sw tchi ng operation, polwieech |1osés tilse gffodusaty at frgmpenshytenihghi ng

circuit rangenents _such_as vqltage converter i, { ched- ep r 30
suppl i esagz’and | eads tgifﬁ‘gn%esat ?Hé gchod gﬁﬁngée“{l le‘?%%%%%oé)f%sr%gcre[ hg\reermre,
varistor circuits areukwewt, amidchvoldieget tkeiswi polekr odogart bedhar|y

hi gh 35 sel f-induced  ygltages ¢ \ge\éq\,ri,t&aln% Wetors are rapidly heated
and are therefore unsuitable in the event of high swtching frequency and

hi gh voltage and al so for precise limting of P 92 408 WO - 3 the

overvol tages (boohow val uese taket Nef PretgaEhen @iitﬁcﬁmrfq{)ndpétr@u@ﬂ@ponent s.
5 10 15 20 25 30 35 [0Q11] It is.also known that the ? f-1nduced val t age

and heatithg of the sWtchi Fg-EFRMRAL PANSIg! PATRY bt gﬁ JreA4 LI Lt ri cal
circuit can be effectheel yshkiitichdesighy edemenats capadi t onfconaddteenitn

parallel with the lo r in | j t he. swg b el e t.
However, this circui t%gﬁlggn% ZC%di saﬁ%ﬁt agéeh%\%% , du;?%&%ﬁ%?g 0Si gg%of t he
swi tching el ement, tkeléapdei t opewdtiianhavt tantbiersheppradiatifiasedadd
abruptly charged, whijgR+gaysgsowery high switch-on currents, high switching
| osses and severe wear of the switching elenents, so that the capacitance
of the cdapacitor remains linted to a very small value and the

ef fectivenesgobbeneofini ®rideus t@ gatdtediestiie céeiitching 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.

[0009] Diode <circuits, also known as freewheeling
diodes, protect the switching elements from
self-induced voltage only after a response

25 time, but cannot be used with AC voltage, and
cause a power loss during each switching
operation, 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.

[0010] Furthermore, varistor circuits are known, which
protect the switch from particularly high

35 self-induced voltages. However, saild varistors
are rapidly heated and are therefore unsuitable

in the event of high switching frequency and

high voltage and also for precise limiting of



[0012] Taking this as a departure point, it is an object of the invention
to specify a circuit arrangenent which enables the reliable swtching of
‘el ectrical circuits. [0013] This object is achieved according to the

i nvention by, npang,@fybhe circuit arrangement having the features of claim
1. [0014] The crrcuit arrangenent according to the invention prevents the
occurrence of high self-induced voltage by neans of a capacitor which
nonentarily accepts the current fromthe electrical load circuit to be
broken and, by neansth¢ | yedivedf@dgs ope? at L6H, praEWR®s afPZpi &8 se of
the voltage across the,weRdiHgSoef séhecbhanst 6F MebmpbHehBe . openi ng
switching el enents connected in series therewth. P 42 408 WO - 9 [0015]
The - according to the invention - reliable switch-off operation of
current-carrypopl pw tehiiRg AAlsmeicun sthat t bhe cade -dehduwes byl Sageoi di ng

vol t age spi kes, power l.oss and heatin [ 001 i di r uring
the sw t%h- of f oper a?PSnS}é%%%JrW ngj’ft o%pﬁe g‘ﬁgléﬁﬁ}{gﬁ a%g%’“%ﬁ@pr%\%ﬁ? t he
production of arcs ibntherupséonf ofl eche omdelcaniicall seirehihg cdrenedit s and
fusible links and th t hg . I g, be Lablye sw f
according to the inv§§F§§§EL§§¥[ogf%?E%? Iégﬁe Eﬁgﬁ%itfgg g$£%%§?%9£are
present in the el ecteporectedd idi masiallelhaviih ctihe épﬁgnﬁémﬁﬁs%cg%rding

to the invention may,Rea¢oRfi guirad sHeh diatchieg | eadment20 BbwEvee) rcui t ed
after di sconnection ?

romthe vaqltage source,and the _ener is held in the
electrid® 1oad circhPts Fééﬁﬂlq;hﬁ%gtﬂ%kﬁﬁﬁa a&ﬁagﬁeégﬁpbalg3f}%%it, t he
25 load is connectedthe theosdhgagefsowhee Mwitthirig cuélementngetipat
according to the inventiogn _via a tran r di ct . X
i nduct ance, which brFﬁaécéBSEt‘5“%‘%mﬁ%§%?§61¥% 5ﬁg?§ﬁfh9?§§§§%8,3rslow
control l ed 30 chargi agroptihe capmgedncewhachhe edesesi caletoadhédhcuit .
The sl ow controlled gHEESHLoB“%%f¥Ehﬁ e EE%H PPVEERL RS S 1idsdde amit ching

. '4 d . '

el enent when the load current is swtched on via an I nductance engbles an -
accordi #§ to the 35 PAVEREi ¥ear raf | Bbf eSULESPARI0 S ERMSTOT 0f S hEP8N t chi ng
el ement s. P 42 908tH® - &mpddBcdheorol tage alcapeittansf eemedinai ndi ng
is transformed to a second w ndi ng, which, when,the itapce i he
el ectrical |oad circi??lggdchgfbedato Y%%yvoﬁggéé'ofsgﬁggvoﬁﬂgge Eh%ource,

brings a second switelifegtévemess | ntthareoft ageless sthatse i ngwRREAYI t can
be reliably closed aggarding o the invention, with little power [oss. 10

[ 0020] Since the circurt arrangenent according to the invention enables the
reliabl &0w tching operations substantially by avoiding power |oss, the

in;ention capopeke argkdfigl | €RNE Nt i bukpartteem poahyyi zat | as aad
reduction '

object of the invention to specify a circuit
arrangement which enables the reliable
switching of electrical circuits.
25
[0013] This object 1is achieved according to the
invention by means of the circuit arrangement

having the features of claim 1.

30 [0014] The circuit arrangement according to the
invention prevents the occurrence of high
self-induced voltage by means of a capacitor
which momentarily accepts the current from the
electrical 1load circuit to be broken and, by

35 means of its discharge operation, prevents a
rapid rise of the voltage across the windings
of the transformer and the opening switching

elements connected in series therewith.



15 of costs for frequently sw tching apparatuses such as DC vol t age
converters, sw tched-node power supplies, notor drives, since it permts
‘significantly higher switching frequencies. 20 [0021] Reducing the power

| oss duri ng swybchipggwoper ati ons al so Jrekes an inportant contribution to
envi ronmental protection. [0022] Since the circuit arrangenent according to
the 25 invention uses only one transformer and a usually very snal

capacitor for limting danagi ng vol tages and danaging rapid current rises,
the circuit arrangenent can be used for DC voltages and sinusoi dal or
rectangul ar AG036)volrhages. ddfdirxenpl atlye enodintmindrs of tékiabyention

are illustrated int W and escrib in tall bel ow. 35
[0024] In the flguregﬁlq 33g908 %@éfég §§|9u§% sﬁnﬁge TrPEEYRR %nplary
enbodi nent of the ci lswmttché,nlgaragsamtsacmr dnnghue tdase ra/@nievmj Bbyfigure
2 shows ap exanpl e of v%hb%h@at'981EHgée”ts§E gstio d é; 6bg|gure ure 3

shows an exanple with transi"stors and contr devi shows
an exanpl e of the op8fatidd-of the circuit arrangenent according to the
invention fromtw voltage sources, 15 figure 5 shows an exanple of the

operation of irguit arrangenen t a cordi to the invention fromone AC
vol t age souréégiéj VPGS tr £5%0 agﬁﬁpﬁg\ﬁq?laSEéFFEr £p, and
figure 6 shows an exeppkatyoapMadnﬁrdmngﬁ tbe mhbcwinmﬁﬁwm@enealso

accordifg to the | nvegLLanes?S (O35l They 61 ToH LALT ARISIRNTC AEELT N Lo

the invention has t series are’loc e | ead
to the load 3 and coﬁﬂapﬁIDWQCbénnG@ﬂlng %mﬂt@@lmgandeaeﬁ@mtwhe 3end

connection of the volkl,398180uliG&ks apd s té’i’f%k?l‘%!ﬂ”'e@ﬁé nEatP@éPtt% 6,gnd 7
for the connection of the |oa The series 'S sd%d|V|ded

into two 35 further §§#Fé§lﬁath§wégﬁhﬁﬁnln@f?n eaéﬁoéﬁééga wFAdi ng"8 and 9
of the transfornmer 1@ngedtabsQ in each case a switching elenent 11 and 12,
respectH&Fly.
[0017] If large quantities of energy are present in
the electrical 1load circuit, the circuit
arrangement according to the invention may be
configured such that the load is
20 short-circuited after disconnection from the
voltage source and the energy is held in the
electrical load circuit.

[0018] During making of an electrical circuit, the

25 load is connected to the voltage source by the
circuit arrangement according to the invention

via a transformer winding acting as an

inductance, which brings about a slow

controlled current rise and a slow controlled

30 charging of the capacitance in the electrical
locad 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 enables an - according to the

35 invention - reliable closing operation of the

switching elements.



P-42 408 WO - 7 [0027] Downstream of the transformer 10, the two w ndi ngs
8 and 9 are connected to one another and to the connecting point 6. 5
-[0028] A capacitor 13 is connected in parallel with the | oad between the
series pathsplygngdod wHe capacitor 13 mpy be chosen to be very large in
the case of slowly switching circuit 10 arrangenents or high |load currents,
and, in the case of rapidly switching circuit arrangenents, be so snal

that the |ine capacitance between 1 and 2 suffices for obtaining the
desired prot é80l9d effihect volddap02dAt THq oderanaferitens ¥io@ikeri &8 path 1
is divided into the GePQFIHme £68NtS $8ca3RE kfirsdiaty f haiildhe napesti c
field strengths 17 and 18 thereof in the _core_ of .the Hf sf%rner 10. 20 act
oppositely to one an&ﬁ'ﬁercwlrﬁﬁrifa?wnc&ﬁﬁeﬁs}ﬁcér &P o3 ofhEFYF0030]

If the two conponent igur radvdrgyeld arwd Ithd n tdiecagendiafys BhandvOlaageof the
sanme magnd tude, the 25 | oad current 14 t _Si.Qre .ener | h
transforrer core. [Oﬁfffqe’ ﬁHQJEH%p%ngﬁﬁgggrF§H$C%§§£% ?%ﬁ%??%p?85°
switching el ement 11a tviedrtages esemshedat iimg WBoidh eltd c2nehgt heliabsy
omtted, as aresull Bl dbdditad BILH RACCUTRRCACA! W igh WiRding 9
takes effect as an inductance and nohentarily interrupts the renaining
conponent current 16P$wede ka$S transforner core is not yet 35 magnetized.
Therefore, immediately after the interruption of the conponent current 15,

the |l oad curr 4 is drawn conpletely fromthe capacitor, 13, so,{hat the
remai ni nd sé%%& §l$§69\(,}g“wnfﬁcg té‘ﬁirﬁﬁggf“gﬁ%nta%r rﬁ?nﬁhfao t he
i nvention, can be rgummgnwimpene@nbblasvirthalIyremiabmelesswaMdhing
vol tagel ess state wi to elrjatttilo%soovflﬁb$@§1§ti§lﬂ§) 1%y20 g\%iding power

loss, the invention can make a significant

by the

contribution to miniaturization and reduction
15 of costs for frequently switching apparatuses
such as DC voltage converters, switched-mode
power supplies, motor drives, since it permits
significantly higher switching frequencies.

20 [0021] Reducing the power 1loss during switching
operations also makes an important contribution

to environmental protection.

[0022] Since the circuit arrangement according to the

25 invention wuses only one transformer and a
usually very small capacitor for 1limiting

damaging voltages and damaging rapid current

rises, the circuit arrangement can be used for

DC voltages and sinusoidal or rectangular AC

30 voltages.

[0023] Exemplary embodiments of the invention are
illustrated in the drawing and are described in
more detail below.

35
[0024] 1In the figures:



30 [0032] The capacitor 13 is discharged by the load current 14 after the
openi ng of switching elenent 11, as a result of which the capacitor voltage
-falls, and a voltage is produced across the transformer winding 9, which is
transfornmed tpo4haer amsf or mer wi ndi ng- & -The vol tage in transforner

w nding 8, together with the voltage across capacitor 13, has the effect
that the switching elenent 11, according to the invention, can open
reliably in a virtually voIHag | ess state, with very little power | gss.
[0033] In the sinpl edt9¥4&el (HROWR Echif§ el ARSI SRRCAIMERY Cdnpri se
a switching contact, a fusibl ethenkiaicud tt ransangemenwhiadvoydiargoto
transition to the nonconductin@hétfﬁgég'ngétaneously, or with a short

del ay, when the electrical circurt™isi %er?upted. The switching el enents
11 and 12 may al so be fornmed as changeover contacts, push-pull or CMOS
transi st st ages whi f ber di nn L of e Ser| :h 1 from
t he conng%ting pointfg uf%ezvo %gg% s%ﬁ?ce%ﬁ%hggf%blpgh agggﬁﬁgg?ﬁgﬁ to the
series path 2 in order to condei¥reRfydirectben turtleatlaadand to hold the
energy stored in the load 3 in the electrical load circuit. [0034] In order
to conduct away the %nergy §t ored in 35 the electrical circuit, the
switching el enents 111848%13 nRPYUF sBNbEXFFBEdeH TR t Fr 3R BHRECHRI 8R%conduct
away the load current 14 aftercontxd? d4&3id 339 the di sconnection from

t he voltakﬁe source to the series path 2. [0035] A further possibility is to
measur e e voltage 5 across the swtching el enents by neans of a voltage
measuring devi ce andfiguast 4bl$kews hanc@xdeutliconof o tihiee eperasipat hf2 with
a controllable swtching el embpie Wagh e n@ﬁﬁyﬁgémm{t%&%mrpfceae zero,
t hereby 10 achieving an - according to the invention reliable, |owloss

cl osing operation in a voltageth®s stRfention3e) faPR | ohtiocanVBétadRnect ed
to the vol tage source 15 agai nedyr®sdy one or both switching elenments 11
and 12 i.nterrupting the connection to the series path 2, and then only one
SW t chi r‘-i%t el enment connecting the corresponding transforner winding to the
series path 1, so 20ftibatet he stapaci bor ekanslechaf gedhevi@pd teet ivmdobifig

i nductance of the transforner 0. %qugg% C25€an %ﬁgﬁﬁirgééé%&fgaj pyenti on,
t he wi nding inductance prevents a rapid rise of e charging curtent and
thus enabl es, according to 25 &He ihvenrtben theomrel padl eAC| oWollb3gecl osi ng

of the switching element in a agdutel | ¥osuewent fess Stat errhhskRemeapaci t or
13 is cgﬁpletely charged, the second sw tching el enent may | ikew se

est abl i the connection 30 t " YHERDITHYE FociREST nt#Bw-#Bds fashion in a
virtually voltagel ess state reliably, according to the invention, whereupon
t he conponent curren apd 16 i e_wndi f t.he, tr.ansfo mat ch
one anot her. 35 [003 ng??ugtﬁérng%b% iﬁg%ﬁggggghggﬁ%ﬁﬁﬁ%uﬁ%c%é3?%8 to the
invention consists in the factcitetit harreagedens capperdedgt &4 hehseri es
path 1 or 2 P 42 408 WO - 10 nvdrixfbfapacitor 19 connected in series.

Thi s re;glts in an alternating current direction in the |oad, which permts
the cap&citor 13 to be charged to the voltage of the voltage source by 5
the |oad curf@m25] n The ewsncuift Swetrehngemehlte tsaocswiingi nt el egrats 11

and 12 can then establ| ectio t he valtage _source in.a
currentl ess and vo|tgég§§§§g§tgﬁgymf%?ogF&gﬁér§¥“§E%ng F%ﬁyintowﬁﬁgh
transfornmer 10. are located in the lead to the 1lcad 3 and

contain two connecting points 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 1is subdivided into two

35 further series paths containing in each case a
winding 8 and 9 of the transformer 10 and also

in each case a switching element 11 and 12,

respectively.



10 [0038] The circuit according to the invention may |ikew se be used on
vol tage sources of alternating polarity for rectifying the current and for
-regul ati ng the power drawn fromthe 15 voltage source. In this case, at the
begi nni ng of pt ke Pos wWove half-cycle, 4he 4ransfornmer 10 is connected to

t he voltage source by the switching elements 11 and 12 via the series path
1 and, during the positive half-cycle, 20 after a tinme period determ ned by
a suitable regulating device, is again connected to the neutral conductor
of the voltage source, series path 2, in order to generate a positive
rectified curl0€2f7]f oDowmstireach Af t eh@5 beansfiongenf 10g nébeati veo

hal f-cycle, the tran Oql omne d 0 g o] t he
switching el ements 1%}( ﬁgflws a§ ery;eg%gscgg{]%g?fe& (#da g?gngatg%g%%egatl ve
hal f-cycle, after a tanfe frerihsl Qe gl mg/lrat 30- suitabl e regul ating
device, is agal n connected to the neutral conductor of the voltage source,
series path 2, in _order to generate a negative rectified current for the

| oad. 35 [0038P2e & re@PRCAEREr dihgifo IS THRAHt iBn PAKAF1RL hedkdre be
useﬂ on v]9| tage sour Q:QﬁehOIo@dtBéﬂﬁééﬂgtg_@ @rdx’;mswgdtzrasgglgua%al 2§<ir1dxu¢ct or,
such as, for exanple, the seco ry w nding o - a
transformer with a cé’rﬁpéarmtskaopr, nfgr%?gcglef f?‘ﬁ&ephetoca?? ehEr¥ndaFgF in

regul ati ng t he power tdreawn ¢asen t hefvol tlgevlgour cewitohihgs cadecudtt t he
begi nni ng, of the posigf C a 1 e n

connect eg) by the swi tcﬂn]yaql Jenrrﬁtifﬂigﬁd?aé& 8§£ EHEEét QFE m'iLlno;stnte i

time - positive terndafe (ﬁf tPidly ageitehiee, Caﬁé‘llﬁuﬁrﬁ@n@ﬁ@eﬁ%rtl ve

hal fcycle, at a swt g ng i disd et let e’EHb“@QnQYcé aeisHhtabbetieaw ating
device, is connected v Y\FE tge SWi Chl ng el ements 15 and 12 to the - at this

point in time - negatd rmSHg 165t he Qfol 1A TR e. TR s FESHFES i on
persists to the end gfrdtdcxihad feftfdte, and through the 15 polarity

rever sal f the voltage source right into the next half-cycle. In this way,
by defln]I ng the switching instant, it is possible for the load to be fed a
positive curi@AR9lf (he swoachi agrrastant4| i gsomn sdeisecarkhallf 26 ~ of

the haf-eyole, & nNeGALNRPUIAEAL o thEmshd bl RA-kRSEANTd | 6Ral e

first half of the half-cyc no current he swtching Instant lies
in the center of the S -EhRY ethes nagnwlici §irdde S&W"t% posSi ity
of how the circuit de.sscrtlbedebﬂ tihe apel icatd O@fcmebetmxeglfaﬁmaﬁ agtive

i mpedan It can ther by be us d very si | aceyrent . faor,.an ohmc
resistor"tor current aI imt |pr?é°SJ1 £ 1thi < ocarséglgsﬁntﬁ r@ﬁ’io{mlméjtc\f@rﬁ}lyet ely
encapsul ated and, |i kempegisgiie fapedencmopreavi ded onI y with two
termnals. One path is thus not connected. [0091] The circuit may acquire

an ohm c 35 characteristic, be enbodied as a voltage source or current
source, or op8Pale wilth thE kP t CORRPNEBAL CHTIERSSt ds anPolBninomdier or

P 92 4g8 WO - 12 powemhdaonyd @ |8id @naext6eMehy¥ kawePRAWSHilts®, 06 i Ng
'neac :ﬁ§se. 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

since the transformer core is not yet

35 magnetized. Therefore, immediately after the
interruption of the component current 15, the

load current 14 1is drawn completely from the

capacitor 13, so that the remaining, second



[0042] In the case of the circuit illustrated in 5 figure 6b, the power

t oss anbunts to only approximately 0.05*U*I, that is to say approximtely 5
-per cent of the power | oss which would occur at the ohm c resistor of
figure 6a. The gpalqums ajo t he i npedance 4isg 10 dependent on the val ue of the

i nductance L 10 and the capacitance C 13. [0093] Subclains relate to
further refinements of the invention. In this case, such feature 15

conbi nations for which no express exanple %Z been spegified are %%150 to be
regarded as clai med. SWHEings \RBem Pd%ent @CSHIINI A &G cuithe
arrangenent for the rehvadt Boswi t cainng 198 elredtirdbdal cbpenetls, im aal ead to
a current 5 load (3), _gconprising a fir series.path whi

el ectrically connect sVJartfr?‘?Jsfyi nﬁﬁfr%%€%?5f4, a%? tgoé‘:%pgé%a*sgut S%thoi nt

(6, 7), and a second with ekitptate gdwye2)loswhi ch el ectrically connects a
second input point (4, 5) to a second 10 output point (6, 7), characterized
in that at |least two swtching elenents (11, 12) are arranged in _parall el

with one anotif&33In dthe egapasid i iRe 38ri @ssEharged 1, bY) thée 187% ching
i nputs ]g20)h of said deiﬁds»i}l@g ﬁherrgﬂtﬁrbetne ﬁ_@p@ﬁ@hqd @ Erzselwit@fmm@g
poi nt of the series pat , and the swi.tchipng outpu of, . sali

swi t ching el enents be‘ﬁﬂ“é’bﬁnat ed5t & tIT?esq]ﬁpLHPsVBécgf %Eeré: BEHNPE

wi nding (8, 9) of a tvemsdgs neallsy ansdoaneoltBye dsdpiroeucedpwicrisdes of
the windjpngs (8, 9) are 20 conpected to one agother and_tq.t poi nt
of the si:‘&i es path (%Z,he?)t,:r%%ﬁ PHES W ‘ﬁﬁ?‘gbggog’tﬂgltcgagssf %rrr?&%fg#é%gnbodi ed
such that the magnetitofitbled stamsfiotmer 1wintgngof 8t hdhewovebhpatenhn

currents (15, 16) of gpgnép@,g,]‘gyrr%%d(ﬂ-,@) i§ the RRtHANSTQIPRI the

(transfornmer 10) act oppositely to one another, and a capacitance (13) is
ef fective between t he’OtEdR LIRSS (GAPRALLSPL hd3gerds petths §ELEH . 30

2. The circuit arrangen@pttlsé swatsRéngnelembntlillchakecteingedd nHenat a
capacitoijl (19) is arran\ged in series wth the I.o&glL i n, at allee},s.trt%na lof t he
series paths (1, 2). SEHLERR i8I PPEFr ahGEMBRLYas Rl & med iW i m 1 or
2, characterized in thattagelesstsoatepfwitie sekychibglel powarsless, 12)
has a control input (23) which, when actuated, interrupts the P 42 408 WO

- 19 connection between the switching input (20) and the switchi ngl out put
(21). 4. The A0 t Ty righgepbnplest crasfedtha eWatehingr edements 11

characterized in thata@f l©aShaGNecBhpih8eSWat CoinEciRiggendésntdds, 12
contains,a fuse Iocatteétlsflg]t_é/veelnir;[khe oSrW E;lCh‘lcP nlsf g})r(zowhfglg tuhnedesx.y\"c;chl ng
out put (24). ' _ g
transition to the - nonconducting state
simultaneously, or with a short delay, when the
electrical circuit is interrupted. The
switching elements 11 and 12 may also be formed
25 as changeover contacts, push-pull or CMOS
transistor 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 order to conduct away the load current 14 and
to hold the energy stored in the load 3 in the

electrical load circuit.

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

35 the electrical circuit, the switching elements
11 and 12 may also be provided with diodes

which conduct away the load current 14 after



10 5. The circuit arrangenent as claimed in claim3, characterized in that
at | east one of the switching elenents (11, 12) has a further input (22),
-whi ch is conductively connected to the series path (1, 2), and contains at
| east one 15 mard i40mrweel enent (24) | oeaped between the input (22) and the
switching output (21). 6. The circuit arrangenent as clainmed in claimb§5,
characterized in that the nonl i near elenment (29) 20 becones conductive if

the polarity of the v e at _the . switchin t put 1) becones opposite
Lo the polatity at tHEbuiBsRongierite (oo TR kol FRbe o chothont  as
claimed in claimb5, 2t51®rwszan¢sarpad§d 2n that the nonlinear elenment (24)

becones conductive if the magnitude of the voltage at the sw tching out put

(21) exceeds the magnitude of the voltage at the switching input (20). 30
8. The circuill00FFlandenhtther dres sadeit 1 vty | B$ nt @, meharset €hez@alitagehat the

control igputs (23) ofcides SWhTeChéQQtGBEHS”téle(niléntslzbyarﬂeé‘ﬁ&Uaéﬁd

virtually si rrultaneousl}z/trﬁ%qa suitable device. 35 9. The circuit

arrangenent as cl ai metP aPRABUTLRGr AG%HGE e8NFn tithatSEHRL LBt KB | nput s
(23) of the switchi ngccﬁ{reesmtnicsn(lﬁ.o 1&)hear esé:fm@@ct pdtho 2 P #2tR08aWO - 15

one anot her and are act ua tual L,ul taneo y at | east
sui tabl e device. 10. cﬁ'n %(rj]t arr%%gé%h?g as % %@g EFQI m f% r
characterized in thatmegsuredt voktaget hbaswi tiehiaonge el emem s (tbhereby) has a

control (ﬂput (23) Wrgg? Wg'?d;' agt uat%é&ﬂr{%ptt% t@ﬁ olr]{%ﬁ bet ween

the switching input (20 w tchi ng output 121) es the 10
connection to a furtH8liakkehi nbOWanFS(ZE)lOS\MWCh Qpﬁmt i %/@I ya
connected to the seriasithajdidsls Hate.ll. The circuit arrangenent as
clainmed in claim?110, 15 characterlzed in that the control inputs (23) of
the switching elenents (11, 12) are connected to one another and are
actuated virt[0Ql36] siThe tlarebusdry iy adbnheast¢dove shet ablleadevisoarc20 12.

The cir t arrange o] a Li t hat
at Ieastclué'one of then%ﬁatqﬁb%aéer?%greéﬁ S %ﬁ‘lm)%}é E‘é%ﬁ g?ﬁ %&ggﬁf‘%gl I gbl e
component (25, 29) wiand a dbnt¥nter rpritig®e, t13©) cehhentian esvabltheh and
interrupt 25 the conngatiddh batoeen, thsnéwmé%n%ﬂnputon(éo)swa%h g

swi tching output (21) of the sw tching elements. 13.” The circuit
arrangement as cl ai msd-SMENY ai m FORNERFINT char &&€er i zeéfoirﬁetsﬁ§f‘dépgl east

one of the switching t&ia&fﬁﬁﬁne(rllwﬁxa}.ngorﬁcﬁl Bhea £OieH| babhe romgenent
(27, 31) th a cont r.ol can es abli h and interrupt

t he connzedclz\’!tl on bet Ween |npt tc%l%agcg%op{ut 1(032)15.5 Sha-Bh S\'an?chlt 6 out put

(21) of the smﬂtch|ngnadymgusnductance of the transformer 10. In
this case, according to the invention, the
winding inductance prevents a rapid rise of the
charging current and thus enables, according to

25 the invention, the reliable, low-loss closing
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 voltageless state reliably, according
to the invention, whereupon the component
currents 15 and 16 in the windings of the
transformer match one another.

35

[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



P92 908 WD - 16 19. The circuit arrangenment as clained in claim1l or 2,
characterized in that at |east one of the switching elenents (11, 12)
-contains two controll able conmponents (25, 27) and (29, 31) each 5 with a
control inputp (126.4038wand (30, 32), regpectively, which can establish and
interrupt the connection between the switching inputs (20) and the

swi tching outputs (21) and al so between the switching inputs (22) and the

switching 10 outputs (, 21 ) . 15., The ﬁl rcuit arr(wgenent as clai ged in
claim12, 13 or 14, chdtat &GIRAEEY t hdt FWRETRY of P alfi&F ‘&hpohBh

conpri ses at | east orLees"Lﬁ]ltas/ mntaa.craltb&nh(ﬁanljhe;lmﬁe}w tdﬂréaﬂgeﬁemh as
clainmed in claim12,

cterized t hat th o)
conponent conprl ses att j<;:1%?don E’eﬁ“ég g 178PATE & nﬁ L Bgngemant
as clainmed in claim ]gz;ar]gaed)rtclzthe:hmhbaga& |czédtlnem vahtaghesoam:eobblabl e

conponentg conpri ses agﬁbéqfa]égr d One 1dWE T 8 O e Jpeoflg‘g#&h%ﬁangg nt as

clainmed in claim 14, acterized In that the control 1 nputs 28,
30, 32) of the conpditht $Widshizg 2dementsardll e@nfo a2cofBRol thewi ce

(33), which can assur@staébl1%}§ttlﬁé\0c§hﬁé§§m§t %be t]h@“@'oﬁﬁé‘éé 3ougd Which
has at | east one control BUt 30 circujt arrangerrent as
‘forieta&c??ﬁ 3

clained in claim 18, thha"?‘ae EFPREY ?ﬁ lai’?élt §51 AeIFeWLISPUL, state

1 drives the conponerdreef{3b,belg sfeah ittt tife ttheard sfidmecan@lucti vel y
connect t(pe switching inputs (20) to the switching outputs (21) of the
switching el ements (11, 12), and drives the conponents (27, 31) such that
the latter indt0&3Bdpt Thep 421408 tWDaccozdinge tonnébei oanbentden t hay

swi tching inputs (22); qnd, e syt chidigy oubput Sy§2dd 5of tshﬁusd/gg chigg
elements (11, 12). 5 20. The circuit arrangenment as_clainmed in claim 18,

characterized in t hat? k3fFT@dIDI PRAAH e ( Feckifydne ghpveyreget
components (25, 29) sueh tbat tégulatiey igHeer pupbrt hersoAnemidOngheet ween

the switching inputs and the swi tchi out puts 10 1) . of .the

S tohi b el aents. (TPICESE SHESRT vES EROSCOmBBers t59 PSFNSIEN ¢ ha
the latter establish dﬂwetm@nplusntyeechariéck:wriebettlb&entrahmsﬁm’rmehi ﬂ@ i nputs
(22) and the swi tchi ng oW PYLS t(e,]%l) t%f tttfll% S\%tl(EIgl gg gl g:%%’étsb 12). 15

21. The circuit arrangenment "as inclans cha acterl zed in
that the control devistd tycdng seéﬁﬁlﬁgéé obvker amcomlgdt a¥ea 1 the ssgrdes vi a

the control input (3§xtrand tQﬁdcor&Ef’inge‘Hl&e ©33htid@ upan flbiye1gtate

transition, drives the conponents ) virtual mul t anequs such
that théEonnection Bdthiden®t o™i PERLA "%3 éﬁd 4 héusl\xf'%’ﬁ'ﬁl ng

out puts (21) is intemegpiledt irgubdegiest | yidr iagednoneonhethedcanpondrt s (27)
or neutral conductor of the voltage source, series
path 2, in order to generate a positive
rectified <current for the load. At the
25 beginning o¢f the negative half-cycle, the
transformer 10 1is 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, 1is again connected
to the neutral conductor of the voltage source,
series path 2, in order to generate a negative

rectified current for the load.

35 [0039] The <c¢ircuit according to the invention may
furthermore be wused on voltage sources of
alternating polarity with a neutral conductor,

such as, for example, the secondary winding of



25 (31) such that the connection between the switching input (22) and

swi tching output (21) thereof is established, and then drives the second
-conponent (27) or (31) via the control input (28) or (32) thereof such that
t he connecti gngbetyygeno30 the swi tchingipnput (22) and sw tching out put
(21) thereof becones conductive if the voltage between the sw tching input
(22) and switching output (21) thereof has becone virtually zero. 35 22.
The circuit arrangenent as clainmed in clainms 18 to 20, characterized in
that the control devidcd AIHEAPLhIHGY BVE"¥5ont 3P at EO5 FEC5LEYENT via
the control input (3@he ad\fkref®nafhdi ot alegulalt i%y AHe Vidbwe8drawn
transition, drives t%e conmponent zwgﬂ, 31) wvirtual lég.si rrultaneous% such
that the connection B&Meer§ h¥OLhREEhSRY 5 Tout T (53} Safd e ¥wi FERI ng
outputs (21) is intehagrednd sabseghent lppsditiiwes dmel Hfcyhke conpbeent s
(25) or (£9) such that cthgn b t he i i g hpput 0) and
sw t chi ngszout put (21?%&%&5@?‘{%}5 egteabl ?‘Lérﬁggﬂs andcm%]&g%@veﬁhetéécond
conmponent (25) or (2%witichinge eksmentsi hApuen@e)2 180othe30) 2hetBdF such
that the connection bgfwgen itrhe sid chi ngodHiPitvé 20 e AR t i Ngheut put
(21) thereof becones cqnductive if the vol tage bet ween the swit h'i%g I nput
(20) and switchi ng oI 154 H8 eof"Has IWHEdBFe TG tRAFLYIYRr 83115 23.
The circuit arrangengiiclas ci@i aedwitdtiaigreidstant 2Qethariacicerbyed in
that th ontrol devi cet%%é) IS chtalnged ovgr fromstate 1 to setaate.lZ Vi a
the cont¥®l input (31N upSHLARIE St afRY26%¢ r ab®i (BN TV ed *ohe
conmponents (25, 29) uhe uaviyckinul edesenslsy Buchnthdltl t he d¢drenect atn

bet ween the sw tchingyj. . (20) a e_Sw L it s (2 i

i nterrupted, subsequg#ﬁ%yk%%éél@d%f]vggn%ge o%%&gaggnp%%rzalﬁa%z;%eor (31)
such that the connecticdiass &BH e Bk cCFPPREFRPOR PO2F1i8RE §Ri LRI ng
output (21) thereof ieshestapliehad i fhdhe-vptiage belgweethsybdihi rgei nput
(22) an wi t chi ng out put .%2}/1) has beco V|rr1tuall zero, and thenh%rives
the sec 30 conpon&ft§2HY of Y3452 igﬁth"e CoNPASEGEN pt I 9B) F3NE32)

t hereof such that thdnteannedie omelxet whed fitogcdwi .t cHinng tihdput we32) &yd

swi tchi ng output (21), ther. op aduct.i ift volt tween t he
switching input (22) déen %slvmq{ cﬁ?%ggga:%ﬁ?g?Z n\é%nttHeplg%f 91?@?%%5?%&38
virtual ly zero. 24. Tex ctheulpagr ramgbgerfiedasaclpgisidd vien evaremt 18ft o 20,

characterized in thatHhes¢ont fhg d8Kistant33Nies Pif2 tHB ¥ond9nall®
changed over fromstate 2 to state 1 via the control input ;36 and, upon
|1

this sta® trarnsitioRf dFpvedalfe Wsifoneft YPBELRA)) SHEFER the

si mul t aneousl y such tshdtt dhiewcamaeirton fedbeineehet Bersw habifngfi mpat s (22)
and the switching ou ts (21) is_interrup bseguently rives one
of the conponents (2%‘)%&6{? cgyféf'sugh%t hé? t ggﬁ%ﬁﬁec JIl';]on et ﬁggﬁ%ﬁl@g

swi t ching input (20) iawstaswi tidisisng rodthputcgrtigr 19f ke dodlfscestabl i shed i f
t he vol tage between switching input (20) and swi tching output (21) has
beconme virtually zero, and then drives the second conponent (25) or (29)
via the Zont (8P4PApuELIEIEE 0f (SDPWEhetbBS BQSH iHdL trhe Adonh@¥t i & ebet ween
15 the switching inpui(s2Q aadsewibeki ngnoutpat 4@d)idcdereof dmcomes
conductive if the voltage between the sw tchj ng, i nplué é20) tgnd %wi Eo%hi ng
output (21) thereof HEEDSEHMR" VvAPELEPI P& an- thereby

used very simply as a replacement for an ohmic
resistor for current limiting. In this case,
30 the circuit 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
35 characteristic, be embodied as a voltage source
or current source, or operate with an

additional control input as a potentiometer or



20 25. The circuit arrangenment as clainmed in clains 18 to 20, characterized
in that a voltage source having alternating polarity, such as, for exanple,
‘a mai ns voltage, the secondary wi nding of a transforner, the secondary

wi ndi ng of a swbched ®B node power suppi® transfornmer, is connected to the
input points (4, 5). 26. The circuit arrangenent as clainmed in claim 25,
characterized in that the control device (33) has 30 a further control

i nput (34) connected to the seriqalfath él). %?. qu circuit arra genent as
claimed in claim2s, BREPACIETIAGHSE1nal o Lo Lot Perst sl ORas 35 a
further control input og@bxrdogneot edchochlse.series path ( 2 ) . P 92 408
WO - 20 28. The circuit arrangenent as clained in clains 21 to 27,
characterized in that the transition fromstate 2 to state 1 in the
switchi ng devi@e4233) Ins theggered b9ftheheontivruinhpuillBsyratedssinwhen 5

the vol tage between i|gpglLROIER. (4heANbdwdtut RN dRJudEsones PosLYi Ve,
and the transition from'state to state 2 is trlgggred by the control

i nput (36). 10 29. Th@8PRrP&dMet&l¥ang8mintVad cl aFhed i nl8l ai FR 2158¥ 27,
characterized in that appeokimasielliyon 5f pemn Heatte D 0 tHeat epdwen thess

switching device (33) is triggered by the control I t. (34). 35) -when
t he vol tage between iHb&?hpo?ﬁPi§4)oéﬁﬁriﬁHhttﬁ? pSﬁﬁ#C(Sfe%éggﬁés %f
negati ve, and the trafisiguiren6r.omBteat evdlye soft ethe s impedpnerl byst he
control hpput (36). 3leplhfetk’ Wi ! cALT IAAHIY e aene! ARALddhdd 2,25 to
20 27, characterized in"that a secon volta%e source having alternating
polarity, such as, foRnexamgl earaciiansevdl tldge, the secondary wi nding of a
transforner, or the secondary wi nding of a sw tched-nbode power supply
transforner, is 23 connecﬁed to i nput point §5% and tqQ a further_input

poi nt (40) sutWOfpht PHECIAPEE F&IAC 459 hASTRRE SFFOSIEFESS £5 tFPfo the
i nput point (4). 31. Theeatdiou.t ammangened ascade nedsuehcl afgaBlre30
charact erji.zed in that .SWi.t.chi_ng. el enee (211, i se ve a
further sl\?n tching i npﬁ%mgzt%%fﬁ\%ﬁiscﬁf?}s %E%gctr%% ?%g%ﬁggi ﬁegﬁa{;npglm nlt"Q%40)
via a further series paeh (8Rpcifnedi nasachadase havebat reasrdede &art her
control | abl e 35 conpopent 643, 44) with the control inputs (45, 96), which
control |l abl e conponent can be driven such that it establishes a conductive
P 92 408 WO - 21



connecti on between switching input (91) and swtching output (21). 5 10 15
20 25 30 35 32. The circuit arrangenent as clained in claim31,
-characterized in that the control device (33) is connected to the control

i nput (45) ofp Yhe ymenent (43) via a kgrther control output (47), to the
control input (46) of the conponent (94) via a further control output (48)
and to the series path ( 42 ) via a further input (99) . 33 Thecircuit
arrangenent as clainmed in claim32, characterized in that the control

device (33), during the rise of th22teMutClaii%ge (4, 5), drives the

conponents (25, 27, 29, 31) such that the switching inputs (20) are
conductively conn cted to,the swtchi n (21 t he conductive
connecti on bdrased t FErERit CRTRGNIEIEAE (55 KRG crit LS nENGEBOLRE: 5 (21)
is interrupted, anrd diuecnglthe rc:se:mn‘tst hemnpalt lealdt age (a40pE):;redti ves

pclin. e (271,0‘3%11 the SR?#%E ﬁhaat {Epu S %}_Jlegg 1(45%166”6

conductively connected g ou e con tive
connecti on bet weenwhijgh swlechrmgailhputcsor(rzezgt%n@ tfnerew tiolug PEEpGts (21)

is interrupted, ang, [y rre@,nsaoffgr%l tablgusi Pnof tde nont raglld i gput
(36) of the control "devj ce (33), the corrponents (25, 29 re driven

such that the cond§GANfe SEFIES | BFEvetiheen 23w tt’ﬁllﬁB |ﬁ6§€§r6§6?1¥1) and

the switching out pidinneb)s aaeseabﬁarlmtpect Boicht he4agomponant s €8¢éondl) are
driven such that a on uctlve

ect uced between swi_t chi ng
puts () and sAHEEMing PBIRbuL S0 217+ SANAERTTEERT 4t arfdiitent Cas
claimed in claim azasctha:rva:ctsentzcmhng] ¢hetentthe Cbhir dR) devbcer@:ﬁﬁ);eddurl ng

the fall of the i 991” Q(P%fggf (ﬂ‘.luth5)one End¢nd0s M atza.ea(yﬂ V?ﬁ et Re

conmponents (25, 2 h that the swtching Inputs are
conductivel y conné@teecﬁqrdetﬁwé)%mf’( cfﬁngzbut‘bmss‘(@l?héﬂa ﬂﬁé’uééndﬁ@t)l ve

?gg?eCtl Ont bet we;ara;gt f’tﬁh%d\ﬂ %ﬁbt@ﬁli? pé&ém@néfgzbﬁdﬂ@ té?ﬁé&tﬁ@@l BGQQ%%IOUt S

is errupted, an uri 0 e i.nput voltage

drives ting conpondfPYt 2po1iRE Cgfs t%’?) §ﬁ€ﬁe{5h£at’(l’he%§w tvlégw SE}FS (41)

are conductively mmeﬁheﬂl_; t@ntldsmetsvwzmhl of ciipltswilOch2dy, e&l&dlehhe

conducti ve connectol 9 rJ) A C,g%&: ggm Eﬁte“ '191 Qp%t 2%% gnqesggc %Chl ng
upct a

outputs (21) is i nter neans a SUI e sign the
control input (36yisdinige tfhint Dbl odeva cermsﬁormﬂe domwposdormer230)29, 43,

94) are 15 dri Ve”a%‘aChtﬁé’abuftE%tCOé“@d@é' ¥ qannegi hasq Qet("ﬂee”9§Watr%h' ng
i nputs (20, 41) and the switching output (21) are |nterru ted,  and the

conponem& (27, 3EPTREELET ViEh SDEh aRIthex ctRdutei \)%’eco‘h‘nEE’t’f:oﬁol@t
produced between bife tHe iy r;@ﬂ_mpues,s "()22)aﬁ<ﬂldt§w wehunggeubgutthe( 21) .

35. The circuit arran nt _as clal 32,, characterized. i.n that
the control devicé™ ?%%%%Hﬁﬁ nar?he Oél%($ th?h’ n%ﬁ? VO ageagﬁ?etg) 25

drives the conpondnedd 25trgngths, 317,sub& thaf tilee S\Mhtochlc@glnomptmts (20)
are conductively connegted ﬁtl%tth)SbeCtﬂth IYEPU S Al gD Ghe vl tage

nmeasured at themis virtually zero, and the conductive connection between
the switZhing 30 ithpieformeyr atdanrfamatht Gy dek paPBOE2ER1Ys tPnoder upt ed,

and, during the riapetdlrthe dmputa vatigae: tdce 5)419;! ves t herewperent s
(27, 31, 43, 44) E\?n%h that_the switchin mputi6 i}) ar c nductively
th

connected to the FERINGEBEL P WS P t¥he voP tredStESF at

themis virtual |l ypa¢hs, (and2the conductlve connecti on betmeen the switching
inputs (22) and the switching outputs (21) is interrupted, and, by
30 2. The circuit arrangement as claimed in claim 1,
characterized in that a capacitor (19) is arranged
in series with the load in at least one of the
series paths (1, 2).

35 3. The circuit arrangement as claimed in claim 1 or
2, characterized in that at 1least one of the
switching elements (11, 12) has a control input
(23) which, when actuated, interrupts the



P92 408 WO - 23 neans of a suitable signal at the control input (36) of
the control device (33), the conmponents (25, 29, 93, 99) are driven such
‘that the conductive connections between switching inputs 5 (2041) and the
swi tchi ng outgpuis (&lg wse i nterrupted,. gnpd_the conponents (27, 31) are then
driven such that a conductive connection is produced between the sw tching
inputs-(22) and sw tching outputs (21) if the voltage neasured at 10 them
is virtually zero. 36. The circuit arrangenment as clainmed in claim32,
characterized in t3RRNeHelAbnPEENEEBYI EReE ( 3L tchdnigngiPRBLf af40)of aRFe i nput
voltage (4, 5), 1x%uH imestdHihsdmPnt@1)25, 27, 29, 31) such that the
swtching inputs (20) are conductively connected to the sw tching outputs
(21) when the voltage at themis virtually zero, and the conductive
connecti on betweerrieiecsnweathi agriangemen20 {22¢1anded hénswglaim Ny out put s
(21) is ipterrupted, , ring the.fal t [ vol t age (40Q,. 5),
drives thg corrpon?rjfts%?’%fa%g:f;m%fdh4&f' sht&%t hgz;? tgéé)é{éé%\,i tChi ng°i|( ng@tes (41)
are conductivel y coniedtiow t celémestbst cilhg 252dut prrstd21y when fuise

vol tage at themi i I : d &m%jc-' cofpact | ween
the sw tching inpaltds{c,!a{ézz g%%latgﬁg St{?\kll%t cﬁ]ﬁcg out pu%gﬁ(ﬁgl)@ﬁ@ i%\lﬁgr?&t& ed,
and, by neans of #Wihi¢hiNe® aitgit edlhhe control input (36) of the control
30 device (33), the components (25, 29, 43, 44) are driven such that the
conduct i cqnnectj.ons hetween switching jnputs (209, 41),and the sw tching
output (M) “are R T GIEEH1 At THROEBABbGHR & Caamest) 187 1HEh dri ven
such that a 35 conzhetdatecioreection ithapr oducedlbesweeroridhe sfi t diheng

i nputs (22) and swjt.ghi u D4t % gg NEas emis
virtually zero. V%&l%grglghgovéﬁ-%gﬂ{:%?dlr’heq?i)rgﬁ% gr rang%“rr%ﬁt %Earl@%l ai med
in clains 18 to 20(2%har awhigh zeds i nconductheedyi scepnaetedd ot wddre i nput

point (9) and a fudhels i pR%H PELNt £50) Advokbagaingurse Mavddg one
alternating polarity, 5 such he secondary w n

as, tor exanple, t di ng of a
transforter, which NARLJBLEMBREI &idpi hECRBEAV AGTIGE I TRE;| &r?,p%atuch as,
for exanple, a centa®) tap afhd hevissaninrdaroutpudi (@L)of the transforner, and
said additional tapping is connected to the 10 input point (5) of the
circuit arrangenent as clained in the invention. 38. The circuit
arrangenment & cl dheedcimculisi nereang@6ennd By, cdhdmact einzedldaimt fat t he

i nput poi it 15 ().l GOMAR ot DY Al UERDC SRR DAL RS (@S

sw t chi né:; i nputs éq e swtching elenents (11, 12%‘ n[géto the ‘i nput
(35) of £%e contr&ePRATCYBYCEDYE 3DE Tthe RTIARYtYArean§BReMOldR9d ai med
in claim38, charaatethgedwift chialy thecont ol ) dedamdB33pppbyiteans of a

suitable signal at_.its control input (36), .is swtched state 1 during
the first hal f-cyctll"e? &t i p#bei tszibl)etcéflrf%e“?%‘b t(ﬁz@ pboints (4, 50)

and to state 2 during the second hal f-cycle of the input voltage, and the
respectivel y ,exi stijag %g?&gﬂ: Oérgali@erf@ﬁgtaaiéqe@lg‘ﬂr@e@g Efle ZF4 Py CT50SSi ng
of the input voltage. . The circuit arrangenent as clained 1n clains

19 and 285 char actc®arASF 95iagtht inhdhadnt Eoe donldaeaiz)elementt He4d)

transition from stRi@med Cidic ve thencHE i ¥e§nt BEdEOBRORGR! S 13ge29)

such that they establish a conductive conn { On bet ween ,
y at the switéhing output ?Sis exceegg the magnitude

of the voltage at the switching input (20).

30 8. The circuit arrangement as claimed in claim 3,
characterized in that the control inputs (23) of
the switching elements (11, 12) are actuated
virtually simultaneously by a suitable device.

35 9. The circuit arrangement as claimed in claim 8,
characterized in that the control inputs (23) of
the switching elements (11, 12) are connected to



35 switching input (20) and switching output (21) if the voltage between
switching input (20) and switching output (21) has becone virtually zero.

-P 42 908 WO - 25 41. The circuit arrangenent as clainmed in clains 19 and
20, characterg zd 408 twmt the control dey ce (33), upon the transition from
state 1 to state 2, then drives the conponents (27, 31) such that they 5
establish a conductive connection between switching input (22) and
swi t chi ng out put Eég% if the voltage‘getmeen smﬁtching i nput 2§GQﬁnd

swi t chi ng out put ha8PBERERe vidhdal | §X8er 0.298Pa%ed The Vit tUGLY
arrangenent as cl aimedltanedws Ip KB, at32 ek Ifhe chad ttatd b | deedli ¢, t hat t he
control device (33) is enbodied as an integrated circuit. 43. The circuit
arrangenent as clainmed in clains 18, 15 32 and 38, characterized in that
the control ddéwui ceTHeE3¢irsubhbadiradigement eecciahmedassenblaim9ad. okhe
circuit agrangene a |.aj | i | gi s 32, an C a ri,zed in
that the %ontrol ?d d?\pfagé%'d}%g 1z|QeSoCe%:r)10dité§taS§g po?%%é rrcgt}?i%l §€4§.% he
circuit arrangenemvWidschiing nedempgngiai Bl 181231, h39 anccastrehardagudr i zed
in that Ehe(ggnt r2(73(|232$SV' gv?u(%g) gz\gl;g:g,!@er gn%!ggaggg CO%&_QE:L::%BE% 23 the ”
conponent s , , , 31, : i s enbodieqd as an integrated cifrcuit.
46. The circuit arTHHYEHeAN abetrgeRedt i SYRIHRNIY 3BPUS) faﬁéi) 33’,“‘3{
characterized in tdwbitdhiengontoudlpu?0 de¢il¢e (33npdt ogedtebl vdHds t hehe

controll able conp ts..(s 7 9, 44), 1§ . odi as
el ect ronlﬂcs:) assenbloc’&?{}heycotgll 31 ci?trdcui%}, t |tcr%§;‘i Isr‘#l(ﬁcﬁjclﬁ}r&) olrn%tqﬁ n-(%rbl)m
circuit. 35 47. Thehigily cis tcandeeiybvehy asnoeateddtpntbeaisesied, th 32 and
38, characterized iln, that the control device (33) together with the
control |l abl e conponents (25, 27, 29, 31, 43, 44 ) is enbodied as P 92 908
WO - 26 a potted nodule or nodule encapsul ated by a housing. 48. The
ci rgwt ar gancgl;arre]gmeﬁsc:@kau&rfed alf!r&{g’%rﬁ@rﬂt 5sﬁbh@1@§ﬁ1@<al zed d:Dairha]fl(T,he twg
W ndi ngs , of .the transtorner re enpodi eq as t p el route
li nes orléonduct orcqa\’ra?‘cqfserolfzeac{ pH“ngt tcia‘?}&%i f:,o"‘%ﬁlo h ﬁ}%‘%nzéﬁ ef%o the
swi tching el enent $hellswiR¢hang Elenrsutput (pbi nl2()6)amd thenected to

one another and are actuated virtually

~

simultaneously by at least one suitable device.

20 12. The circuit arrangement as claimed in claim 1 or
2, characterized in that at least one of the
switching elements (11, 12) contains a
controllable component (25, 29) with a control
input (26, 30), which can establish and interrupt

25 the connection between the switching input (20)
and the switching output (21) of the switching
elements.

13. The circuit arrangement as claimed in claim 1 or

30 2, characterized in that at least one of the

switching elements (11, 12) contains a

controllable component (27, 31) with a control

input (28, 32), which can establish and interrupt

the connection between the switching input (22)

35 and the switching output (21) of the switching
elements.



10 circuit arrangenent as clainmed in the invention such that the conponent
currents (15, 16) of the load current (14) flow through themin an opposite
‘direction. 15 49. The circuit arrangenent as clainmed in claim1,
characterizeg igd tyvd Wde capacitance_(43) -is forned fromtwo

paral l el -routed |ines or conductor tracks of a printed circuit.

. AYe. AN. Aa. AY. A; . AuY. A; F?. A9Y. Aa3R AN . ANl r. AsY" AN. A; A L. ANY. A9(. A

. AN. A& A; F, . A93?. A&(Yr. A; F. AN. ALNI 9! ac>qL

>AD| wr mhe Y] dd-ca]ihg calEapER] éajréapeaqeea] ey c‘a]%a‘]‘%cfa]LBa]‘iﬂé]ld‘a] tap&a) caj ca
] ca] ca] ca] ca] ca] ca,cajorrrerit@yaler] cahDGIh{y. @t least one of the

" " OALE& d Z
ca] ca] ca] )éZ]mca] CL]%%@]:S% g:}%ﬁ%r&%%%} g:] @f‘]( ?% gg} ;32] Ca%; ])Lca] ca]tca] ca] ca]
03w44) 63: controllable components (25, 27) and (29, 31) each

? @ AYAAA d
paravanec xon! duAldeeleslalaalodloalen) caleal oa)caken) C R NCBoePPr PR
TBTi Ul U?WW XX1Y" Zesgisisivel 7] | ehlich] caproa)eslaal t3l) cdnsh] darearadtca] cal c

a e ] a al 2] aaleabeahcal eohealaaleen] cahealsakenlonl Stafhiy L asogodnhi T

meEnnnf rss4u@1@uuuuuuuuuv xsni d_Z]]ca]ca]ca]ca]ca]ca]ca ca ca ca calca
ca] ca] (F:)g] ca] ca] cal®d ¢ ]‘@a]%"b‘]‘if%ﬂ’ééﬁ CQ%JEH}Jéé] cb%Jca] é’&] ca‘% ] ] ] beal
z${{{| uL_i uw the sw1tch1ng inputs (22) and the sw1tch1ng

| wmh} xspid_Z] ] ca] C ca cal ca] ca] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] cal ca ?Qa] ca] cal ‘cal] ca] caac] ; ! $L"10% ()- !'$L "109%& () -
"Y3(1098+! 8&' ()- i Y3( 10%##&' O- "Y3( 10% & O)- Y3( 10%ChC& () -

5000 ()5 ) s AOBELL) DA (o Lo OB cibind 108 O ¢
109 ()-!" &+6|v|10%szr()- +6 M@K qbeniaed 33n1oghag (the uceontgmllgble " 1s110
N\& ()-° 10@3&T()cdH%dH%ﬁ¥)égﬁ§¥&@%§)at least one relay contact.
15
16. The circuit arrangement as claimed in claim 12, 13
or 14, characterized 1in that the controllable

component comprises at least one transistor.

20 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,
25 characterized in that the control inputs
(26, 28, 30, 32) of the components
(25, 27, 29, 31) are led to a control device (33),
which can assume at least two states, state 1 and
state 2, and which has at least one control input
30 (36) .

19. The circuit arrangement as claimed in claim 18,
characterized in that the control device (33) in
state 1 drives the components (25, 29) such that

35 the latter conductively connect the switching
inputs (20) to the switching outputs (21) of the
switching elements (11, 12), and drives the
components (27, 31) such that the latter interrupt
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the connection between the switching inputs (22)
and the switching outputs (21) of the switching
elements (11, 12). '

5 20. The circuit arrangement as claimed in claim 18,
characterized in that the control device (33) in
state 2 drives the components (25, 29) such that
the latter interrupt the connections between the
switching inputs (20) and the switching outputs

10 (21) of the switching elements (11, 12), and
drives the components (27, 31) such that the
latter establish the conductive connection between
the switching inputs (22) and the switching
outputs (21) of the switching elements (11, 12).

15

21. The circuit arrangement as claimed in claims 18 to
20, characterized in that the control device (33)
is changed over from state 1 to state 2 wvia the
control input (36), and the control device (33),

20 upon this state transition, drives the components
(25, 29) wvirtually simultaneously such that the
connection between the switching inputs (20) and
the switching outputs (21) is interrupted,
subsequently drives one of the components (27) or

25 (31) such that the connection between the
switching input (22) and switching output (21)
thereof is established, and then drives the second
component (27) or (31) via the control input (28)
or (32) thereof such that the connection between

30 the switching input (22) and switching output (21)
thereof becomes conductive if the voltage between
the switching input (22) and switching output (21)

thereof has become virtually zero.

35 22, The circuit arrangement as claimed in claims 18 to
20, characterized in that the control device (33)
is changed over from state 2 to state 1 wvia the

control input (36), and, upon this state
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virtually simultaneously such that the connection

between the switching inputs (22) and the
switching outputs (21) is interrupted,
5 subsequently drives one of the domponents (25) or
(29) such that the connection between the

switching input (20) and switching output (21)
thereof is established, and then drives the second
component (25) or (29) via the control input (26)
10 or (30) thereof such that the connection between
the switching input (20) and switching output (21)
thereof becomes conductive if the voltage between
the switching input (20) and switching output (21)
thereof has become virtually zero.
15
23. The circuit arrangement as claimed in claims 18 to
20, characterized in that the control device (33)
is changed over from state 1 to state 2 via the
control input (36), and, upon this state
20 transition, drives the components (25, 29)
virtually simultaneously such that the connection
between the switching inputs (20) and the
switching outputs (21) is interrupted,
subsequently then drives one of the components
25 (27) or (31) such that the connection between the
switching input (22) and switching output (21)
thereof is established if +the voltage between
switching input (22) and switching output (21) has
become virtually zero, and then drives the second
30 component (27) or (31) via the control input (28)
or (32) thereof such that the connection between
the switching input (22) and switching output (21)
thereof becomes conductive if the voltage between
the switching input (22) and switching output (21)
35 thereof has become virtually zero.

24. The circuit arrangement as claimed in claims 18 to

20, characterized in that the control device (33)
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virtually simultaneously such that the connection
5 between the switching inputs (22) and the
switching outputs (21) is interrupted,
subsequently then drives one of the components
(25) or (29) such that the connection between the
switching input (20) and switching output (21)
10 thereof 1is established if the voltage Dbetween
switching input (20) and switching output (21) has
become virtually zero, and then drives the second
component (25) or (29) via the control input (26)
or (30) thereocf such that the connection between
15 the switching input (20) and switching output (21)
thereof becomes conductive if the voltage between
the switching inpﬁt (20) and switching output (21)

thereof has become virtually zero.

20 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-

25 mode power supply transformer, is connected to the
input points (4, 5).

26. The circuit arrangement as claimed in claim 25,
characterized in that the control device (33) has
30 a further control input (34) connected to the

series path (1).

27. The circuit arrangement as claimed in claim 25,

characterized in that the control device (33) has

35 a further control input (35) connected to the
series path (2).
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trlggered by the control input (34) or (35) when.

5 the voltage between input point (4) and input
point (5) becomes positive, and the transition
from state 1 to state 2 is triggered by the

control input (36).

10 29. The circuit arrangement as claimed in claims 21 to
27, characterized in that the transition from
state 2 to state 1 in the switching device (33) is
triggered by the control input (34) or (35) when
the voltage between input point (4) and input

15 point (5) becomes negative, and the transition
from state 1 to state 2 1is triggered by the
control input (36).

30. The circuit arrangement as claimed in claims 25 to
20 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
25 connected to input point (5) and to a further
input point (40) such that the input point (40)

has the opposite polarity to the input point (4).

31. The circuit arrangement as claimed in claim 30,

30 characterized in that the switching elements
(11, 12) in each case have a further switching

input (41), which is connected to the input point

(40) via a further series path (42), and in each

case have at least one further controllable

35 component (43, 44) with the <control inputs
(45, 46), which controllable component can be

driven such that it establishes a conductive
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switching output (21).

- 32. The circuit arrangement as claimed in claim 31,
5 characterized in that the control device (33) is
connected to the control input (45) of the
component (43) via a further control output (47),
to the control input (46) of the component (44)
via a further control output (48) and to the

10 series path (42) via a further input (49).

33. The circuit arrangement as claimed in claim 32,
characterized in that the control device (33),
during the rise of the input voltage (4, 5),
15 drives the components (25, 27, 29, 31) such that
the switching inputs (20) are conductively
connected to the switching outputs (21) and the
conductive connection between the switching inputs
(22) and the switching outputs (21) is
20 interrupted, and, during the rise of the input
voltage (40,5), drives the components (27, 31, 43,
44) such that the switching inputs (41) are
conductively connected to the switching outputs
(21), and the conductive connection between the
25 switching inputs (22) and the switching outputs
(21) is interrupted, and, by means of a suitable
signal of the control input (36) of the control
device (33), the components (25, 29, 43, 44) are
_ driven such that the conductive connections
30 between switching inputs (20, 41) and the
switching output (21) are interrupted, and the
components (27, 31) are driven such that a
conductive connection is produced between the

switching inputs (22) and switching outputs (21).

35

34. The circuit arrangement as claimed in claim 32,
characterized in that the control device (33),

during the fall of the input voltage (4, 5),



10]5]5Pp73"10965]5&f()-!\&O "10% 51 5& () -t PWQQQRS TzX6rS4 !11f "
"10%85S5& ()- !'p" "10%5]5& ()- !SS9 "10%BDDE ()-, =109%& ()-!'\"9
1109 515& ()- 'k.9 1'109%5X5& ()- TBT*U UgUhUi Ul U Vr S1 ! ~+& 10%5k5&' () -
YA 0%& ()- 10@BZH406@H0D 10@@! S 0 "402E5B& () - & X0
"10%E5E5&' () - & 10%&' () -: V?WWNV XX1YzX9r S1 ! ~+( F109%& ()-!f&"
n19%5585&f()-!5nﬂ0@65&i()-& 10%5&f()-!ﬁ?;109§i&%(%1!‘§i1??§2§L()_
ToMENB ()11 p) CTOVBBE NS | SYEIORRE (125 100e (307 [ 3\ B ot o
"10%J& ()- x9 "1l0%he& (3wilibchind 0% {inPubds ! dBV)! 108¥4&€& (9enductively
: connected to the switching outputs (21) and the
conductive connection between the switching inputs
5 (22) and the switching outputs (21) is
interrupted, and, during the fall of the input
voltage (40, 5), drives the components (27, 31,
43, 44) such that the switching inputs (41) are
conductively connected to the switching outputs
10 (21), and the conductive connection between the
switching inputs (22) and the switching outputs
(21) is interrupted, and, by means of a suitable
signal of the control input (36) of the control
device (33), the components (25, 29, 43, 44) are
15 driven such that the conductive connections
between switching inputs (20, 41) and the
switching output (21) are interrupted, and the
components (27, 31) are driven such that a
conductive connection 1is produced between the
20 switching inputs (22) and switching outputs (21).

35. The circuit arrangement as claimed in claim 32,
characterized in that the control device (33),

during the rise of the input voltage (4, 5),

25 drives the components (25, 27, 29, 31) such that
the switching inputs (20) are conductively
connected to the switching outputs (21) when the

voltage measured at them is virtually zero, and

the conductive connection between the switching

30 inputs (22) and the switching outputs (21) is
interrupted, and, during the rise of the input

voltage (40, 5), drives the components (27, 31,

43, 44) such that the switching inputs (41) are
conductively connected to the switching outputs

35 (21) when the voltage measured at them 1is
virtually =zero, and the conductive connection

between the switching inputs (22) and the
switching outputs (21) is interrupted, and, by
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g () - 1nterrupted, and the components (27, 31) are then
driven such that a conductive connection is
produced between the switching inputs (22) and
switching outputs (21) if the voltage measured at
10 them is virtually zero.

36. The circuit arrangement as claimed in claim 32,
characterized in that the control device (33),

during the fall of the input voltage (4, 5),

15 drives the components (25, 27, 29, 31) such that
the switching inputs (20) are conductively
connected to the.switching outputs (21) when the

voltage at them is wvirtually zero, and the
conductive connection between the switching inputs

20 (22) and the switching outputs (21) is
interrupted, and, during the fall of the input

voltage (40, 5), drives the components

(27, 31, 43, 44) such that the switching inputs

(41) are conductively connected to the switching

25 outputs (21) when the voltage at them is virtually
zero, and the conductive connection between the
switching inputs (22) and the switching outputs

(21) is interrupted, and, by means of a suitable

signal at the control input (36) of the control

30 device (33), the components (25, 29, 43, 44) are
driven such that the <conductive connections

between switching inputs (20, 41) and the
switching output (21) are interrupted, and the
components (27, 31) are then driven such that a

35 conductive connection 1is produced between the
switching inputs (22) and switching outputs (21)

if the voltage measured at them is virtually zero.
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transformer, which has an additional tapping for
voltage division, such as, for example, a center
tap of the secondary winding of the transformer,
and sald additional tapping is connected to the
10 input point (5) of the circuit arrangement as

claimed in the invention.

38. The circuit arrangement as claimed in claims 25,
26 and 37, characterized in that the .input point
15 (50) is connected by a further series path (51) to
the switching inputs (22) of the switching
elements (11, 12) and to the input (35) of the
control device (33).

20 39. The circuit arrangement as claimed in claim 38,
characterized in that the control device (33), by
means of a suitable signal at its control input
(36), 1is switched to state 1 during the first
half-cycle of the input voltage at the input

25 points (4, 50) 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.

30 40. The circuit arrangement as claimed in claims 19
and 20, characterized in that the control device
(33), upon the transition from state 2 to state 1,
then drives the components (25, 29) such that they
establish a conductive connection between

35 switching input (20) and switching output (21) if
the voltage between switching input (20) and
switching output (21) has become virtually zero.
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switching input (22) and switching output (21) if
the voltage Dbetween switching input (22) and
switching output (21) has become virtually zero.

10 42. The circuit arrangement as claimed in claims 18,
32 and 38, characterized in that the control

device (33) 1s embodied as an integrated circuit.

43. The circuit arrangement as claimed in claims 18,
15 32 and 38, characterized in that the control

device (33) is embodied as an electronic assembly.

44. The circuit arrangement as claimed in claims 18,
32 and 38, characterized in that the control
20 device (33) 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 (33) together with the controllable

25 components (25, 27, 29, 31, 43, 44) is embodied as
an integrated circuit.

46. The circuit arrangement as claimed in claims 18,

31, 32 and 38,'characterized in that the control

30 device (33) together with the controllable
components (25, 27, 29, 31, 43, 44) is embodied as

an electronic assembly, hybrid circuit, thick-film

circuit or thin-film circuit.

35 47. The circuit arrangement as claimed in claims 18,
31, 32 and 38, characterized in that the control
device (33) together with the controllable
components (25, 27, 29, 31, 43, 44) is embodied as
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48.

49.

a potted module or module encapsulated by a
housing.

The circuit arrangement as claimed in claim 1,
characterized in that the two windings (8, 9) of
the transformer (10) are embodied as two parallel-
routed 1lines or conductor tracks of a printed
circuit, which are connected to the switching
elements (11, 12) and the output point (6) of the
circuit arrangement as claimed in the invention
such that the component currents (15, 16) of the
load current (14) flow through them in an opposite
direction.

The circuit arrangement as claimed in claim 1,
characterized in that the capacitance (13) is
formed from two parallel-routed lines or conductor
tracks of a printed circuit.



