93 P 3481 P: -1- Current limter The invention relates to a
current limter for limting overcurrents by neans of a sem conductor

el egent havi n%gatplftfﬂ pne controllable geni conductor which has charac- 5
teristic curves ™ arter “the manner of a  field-effect transistor (FET).
In the case of protective swtchgear, such as power circuit-breakers, notor
- profective ci bwuners; chi@ittenyr | ine protective circuit-breakers, in general
in the case 10 of automatic circuit-breakers, it is desirable rapidly to
detect overload currents, that occur, in particular  sh ui t, currents,
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armature, rapidly anoe d.0r idpyl |y strikes open the contact 20  system
Nevert hel ess, contact opening times of |ess than about 1 mllisecond have

still not been achieved in practice. The short-circui t current rises
uni npeded her erdinthle td£s6ORIFACHBoLPEBivAN Bwitdlsgemd, PEAdhC eds Uidwenf t er
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line protective circuit-breakers, in general in the case.
10 of automatic circuit-breakers, it is desirable rapidly ~to
detect overload currents that occur, in particular short-
circuit currents, and to lTimit them to the smallest
possible values and finally to disconnect them. In the
case of essentially mechanical automatic circuit-
15 breakers, f.orl example in the case of line protective
| circuit-breakers, use is made of so-called instantaneous
releases, in which the magnetic circuit is of optimum
design and also a magnet armature, often a plunger-type
armature, rapidly'and forcefully strikes open the contact
20 system.'Nevertheless, contact opening times of less than
about 1 millisecond have still not been achieved in
practice. The short-circuit current rises unimpeded here
until the contacts open. An arc is not produced until
after the contacts have opened, which arc is guided
25 rapidly into an arc chamber and cooled on extinguishing
plates during arc splitting. As a result of the high arc
voltages in this case, the short-circuit current is

limited and finally disconnected.

In the case of known automatic circuit-breakers, given a
30 prospective short-circuit current of 6 kA, cos phi = 0.6
and psi = 60°, current-time values of less than the

following are rarely obtained:

Switching current of 4000 A, rise time up to the peak
value of 4 milliseconds, and an integral of the current

35 squared over time of 30,000 A?s.



plates during arc splitting. As a result of the high arc voltages in this
case, the short-circuit current is limted and finally disconnected. In the
case: of known automatic circuit-breakers, given a 30 prospective
short-circuit urPed#BdfP6 kA, cos phi = @6 and psi = 60[err],
current-time values f less than the follow ng are rarely obtajned:
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mlliseconds, sadiesndategral fof duneremy Ndmiiting iaqpeoedceree switchf
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protective swivahietyapf Farptors:i npeded or prevented in practice by a

variety of factors: 5 - Sem conductor el ements generally have an
i nadequat e current-liniting action_and an excessjvely | ow perm ssible power
consunpti oh. Ih nor ARPLIGPRAUEEDR, eleRARESNABREER LY SRR say clRadeq@hr e have

a forward resistancéuptenbo¥emififigl | aetibn and &hNSedtedbively low

Sem conduct or elenenéém §Q§£f£|¥038¥ecgﬂs§§§ §ghvely | ow di el ectric
strength as well. P .

- ' In normal operation, semiconductor elements gen-
‘erally have a forward resistance of above 10 milli-
10 . ochms at 16 A.

- Semiconductor elements generally have an excessgively

low dielectric strength as well.

The invention is based on t;.he object o©of developing a
current limiter from a semicondugtor element having at

15 least one contreollable semiconductor, in which the usual
disadvantages hitherto of semiconductor circuits are
reduced down to a technically feasible extent.

The object which has been outlined is achieved according
to the invention by means of a current limiter according
20 to Patent Claim 1. In this case, the control voltage
required for driving the semiconductor element is
obtained from at least part of the load current flowing
through the semiconductor element. The control voltage
can also be cbtained from at least part of the voltage
25 drop across the semiconductor element. The' control
voltage can also be obtained from a combination of the

two provisions.

The means for driving using the voitage drop may in each
case be a drive circuit connected to the drain and gate
30 of the semiconductor. A current/voltage converter situ-
ated in the load current is suitable in each case as the

means for driving using the load current.



The invention is based on the object of developing a current limter froma
seni conduct or el ement- havi ng at 15 | east one controllable sem conductor,
in which the usual disadvantages hitherto of sem conductor circuits are
reduced down t9$3aPt28Bhi Bally feasible extdert. The object which has been

outlined is achieved according to the invention by neans of a current
limfer accordFmgth® cagg pfi d& valtager. the dFive £F i RVnt 01 EB8I t age
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using the voltage drop may _in each case be a drive circult connected to the
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using the load current. se, of DC

vol tage, the dP9e’trRUit® ’?r% °P’f %L}‘?#é'asﬁ“rﬁﬁ && té‘§§et38%p?‘%2%‘gg€?§§?s’f%r
whi ch i s connect¢mjlunction with enhancement-mode FETs, that is to say
10 with normally off FETs, which have an n-channel, as a
starting circuit which enables the current limiter to run
up to the operating state. A starting circuit of this
type is not necessary if normally on FETs having an n-
channel, that is to say depletion-mode FETs, are used,
15 and depletion MOSFETs are particularly suitable.

In the case of DC voltage, a constant-current source
which is connected between the drain terminal and the
gate terminal is also suitable as the drive circuit. In
the case of AC voltage, a drive circuit may advantage-
20 ously be constructed such that the drain terminals of two
reverse-connected series FETs are connected to the gate
terminals via a respective valve and via a constant-

current source.

A suitable current/voltage converter for driving using
25 the load current is, in particular, a transformer whose
secondary winding has connected to iﬁ an element which
effects voltage limiting in both polarity directions, in -
particular to reverse-connected series zener diodes, and
whose ocutputs are connected to the gate terminﬁls via a
30 rectifier circuit. The term "reverse-connected series
zener diodes" in this case encompasses all those elements
which have the action of a voltage-limiting zener diode.
In the case of AC voltage, characteristic curves are then
limited to a desired drain-source current in the first
35 and third quadrants of a diagram with the drain-source
current on the ordinate. against the drain-source voltage

on the abscissa.



between the drain termnal and gate termnal of an FET. In the case of AC
voltage, a drive circuit may be. con- 5 structed in the sinplest manner
such that the drain terminals of two reverse connected series FETs are
connected to t3% Rgai‘bmee?m nals via a resfpective valve and via a resi stor
A circuit of this %pe |s suitable in cog#unctlon wi t h enhancenent - no

FETs, that.is Tcl'tf su§e16f 3 PFRRRA TSy BRFWERRs FWRhiTSY SRR SOPETHE neI
as a starting sdrfias tFRhE CAseaablinduthanecsur fert limfittieng tshantn aiprdwit he
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of DC vol tage . Gons} anhg gli&rcae&oaowmwl ®B i 160mRCIed BeLueen 4 he
drain term naI and the g Fe fermnal is also suitable as the drive circuit.
In the case ofF’ﬁ('Sl’x’R)l?bgelnatBFFvéaEFrcGPF FEPEFeIMETy £ tanfRysi e
constructed sugdrvdt tbhdnboripbriatiei dlaksnetol Wwdlbaeyes ees Obre sl isRi | es
FETs are connect ed t ]tc‘ge gate termnals via a respective valve and via a
constant- cur rgh sui tabl e current/vol tage converter for driving
using 25 the Ioad current is, in particular, a transforner whose

secondary w n zggtﬁ? <50BNGE! Efle! Bubkedl €hgHRAL WALARET aGl il bage
limting in bo arity directions, jn _particular to reverse-connected
series z&fer dime%noas a current/voltage converter, the drive

voltage is obtained from the load current, that is to say
internally. The advantage is furthermore obtained that
the locad current can be routed in a low-impedance primary
winding having a small number of turns and that the
15 secondary side can be designed with high impedance and a
large number of turns, in order to derive a voltage for
the driving from the load current. The voltage-limiting
element in this case ensures that the drain-source
current is limited in a low-loss manner on a curve with

20 the corresponding parameter of the gate-source voltage.

It is advantageous to connect a rectifier circuit to a
secondary winding of a transformer and to connect a
capacitor in between DC voltage potehtial points for the
drive voltage, specifically according to Claim 7. The
25 capacitor may optionally be formed by the gate-source
capacitance of the FET, if this has a sufficient magni-
tude. When using voltage-limiting element [sic], it is
advantageous to arrange them in a bridge circuit of zener

‘diodes, specifically according to Claim 8.

30 ° In addition, the rectifier circuit may advantageously be
designed as a voltage multiplier circuit according to

Claim 9.

Finally, accordixig to Claim 10, the current/voltage
converter may be a. chopper with a downstream-connected

35 voltage multiplier, as a result of which it is possible



whose out puts are connected to the gate termnals via a 30 rectifier
circuit. The term "reverse-connected series zener diodes" in this case
enconpasses all_ thaose el enents which have_the action of a voltage-liniting
zener diode. 9% theé48ke of AC vol tage, “cRafacteristic curves are then

limted to a desired.drain-source current_in the first 35 nd .thir
quadr ant s of g“di?&%ﬂ %ﬁehéfﬁ-ged}’g#%?ggu’lﬁggmcﬁ ereln a‘%rf ut%reengtr |1r%:2\°é1
agai nst the draitrasmficomgnem] t age on t he absci ssa. 93 P 3481 P

-4- The use of a transforner between two reverse-connected series FETs as
an inductance for limting short-circuit current js the subject-matter of
one of the apPhxamelntdeRacurSFOEALPg: kP abpei RYYHiMMi ARdhatheir

Iear|t ih_ef 5 pri %{d#aﬁht(a@&léf | Gal OB_eNLE’ibﬂfl hé&2 ll_ai&n%‘i:%d), iEi gthe FETE Juire 7).
n i's case, e fransforner si taneously. serves, tq_incarporate
control val tad’?"t“béacfet"h'iﬁf{ ir%i’néﬁ%ﬁq fazﬁ\‘/l‘qsﬁe ¢ s’e%@f %@p EiFCerte
limter havi ngdardntaypdimmwnl Per deseofnan FET made cuff rsdiiti/coon tcagdide
converter, t |V ¥§|I ' ! b8 ofd Qs : , t is
to say inter n%?ﬁ/%%gaa van ag%e%lés?gf urthernrtr'lo(rie Oh!%éji %%%O%FQP%@ Itog%d
current can bef dhedatent |[DrinmpHakierd sne@nether mutual support.

Current limiting in conjunction with means for driving

10 using the voltage drop or the loéd current can be
achieved in general by means of a ciréuit according to
Claim 12.

In addition to obtaining the drive voltage internally, it

is also possible, according to Claim 13, to provide on .
15 the semiconductor element a drive device for additiomal
- external driving. Corrective contrel voltages can then be
applied extermnally. According to Claim 14, it is also
possible, by means of external driving, to generate a
voltage which blocks the semiconductor element when an
20 intended input signal is received. A current limiter of
this type then acts as a circuit-breaker. A current
limiter of this type can be constructed in general using
semiconductors which have the particular properties which

have been outlined. The current limiter may be designed
25 as an integrated circuit on a chip, using discrete

components or with a mixed structure.

For certain applications, it may be advantageous to
arrange at least one mechanical switching contact in
series with the semiconductor element, according to Claim
30 15. A comparatively simple switching contact without any
special extinction means is then sufficient, since the
current rise is limited by the current limiter. On the
other hand, when the switching contact has been opened,
it protects the current limiter from sustained over-

35 loading. This interaction permits advantageous construc-



wi ndi ng having a small nunber of turns and that the 15 secondary side can
- be designed with high inpedance and a | arge nunber of turns, in order to

derive a vol tagg; fpraide griving fromthe load current. The

voltage limting elenent in this case ensures that the drain-source current
islimted in aisys] 0ss nanner on a curve with 20 t he correspondi ng
paraneter of the gate-source voltage. It is advantageous to connect a
rectifier circuit to a secondary wi nding of a transformer and to connect a
capacitor in bet wpentBEticlet aga.—mm:i-aik@ﬂi aesignedt hes dahV_&dmilnlta?lgﬁ
specifically ac T capaci t or optiona e
fgrmed by t%e ga eéus%.r}%:geac%%%g}” gﬁcg:%of TRECEET, ST RY dhggréef?uf%g% ent
magni - tude. Wea usi n@egbrnigal iWitﬂlglMemtiqm ciis | knownadwent ageous

to arrangestherrop@rmﬂorszﬂm@:sncwxh QheZ€HSE HEOMESs heG f%aédefe&%ﬁp A di ng
to daim8. 30 ﬂf}}lon the rectifier circuit may adva ous

desi gned as a \Fdixf%lb"et *3%#T o WhiiGh dis; coRESFHFEEt %sGaFr‘?Wef qmmmy

according to Craeakdk, tdeusiltr e6iny@l bpgeetap¥chahar sh@EchAny CRAYRIeM th

a downstream cannected 3 volta e tipligr a result of which it is
possi bl e 9335 358 §:ed Sarg‘ﬂ.gi with af:wo reverse-connected
series FETs. In that case, too, the switching contacts

10 are arranged in series with the interconnection of the
FETs. However, the internal impedance of the semi-
conductor element has a low value at a specific control
voltage, and as the voltage across the working electrodes
rises; the internal impedance rises abruptly, with the

15 . result that the release element of the relay is supplied
with voltage and can initiate the disconnection opera-

tion.

The mode of operation of the current limiter having a
mechanical switching contact arranged in series is

20 fundamentally different from this. According to Claim 16,
the switching contact may be in engagement, either
directly or indirectly wvia an energy storage mechanism,
\&ith a magnetic system which opens the switching contact
in dependence on the current limiter.

25 A particulé.rly favourable interaction .¢.:f the semiconduc-
tor element and the magnetic system for the switching
contact is achieved by means of a structure according to
Claim 17. The magnetic system has a comparatively low-
impedance primary winding ‘with respeét to the secondary

30 winding and forms, on the one hand,'". the transformer for
obtaining a control voltage from the load current. On the
other hand, the magnetic system simultaneously forms with
its low-impedance primary winding the exciter winding for
that magnetic system whose armature is operatively

35 connected to the switching contact. The effect achieved

here is multiple use of structural elements in a combined



to obtain the drive voltage fromthe |oad current w thout a transforner.
The solutions according to the invention and their .advantages can be
further pronot ﬁg '?f t%ﬁ- EETs are 5 manufgc.%ured fromsilicon carbide, SiC
In this case t dva ad’es known per se of an FET nade of silicon carbide

and. the_advant ges Slebelilf LA d MU IO ACCOL Dl uP0CBE 415 BRROBE

clains afford one a er nmutu upport. Current Timting inh _conjunction
wi th means forbadiidgiedy by anspugiliREYyvor?hge aRCHF BRI hEC| dakr¥ir Aénmt can
be achi eved incagRaby phodiRany of walll-clvsedaagndtie tarcuditmidz. the
addition to obtaini gg/thg drive voltage internally, it.is_also ssi hl e,
according to CFYFMeR%/ed FAS8%,i RPBFETEST . R iehy c?)'ﬁ’ﬁh%f%?yel gﬁgﬁt &5%drive
devi ce for sadddimenaliotedeinaksudhi aiway ot et ineaches salturaltiageevean
then be applied_externally. or.di Lm 14, i1 J o] [ , b
means of exter Al cfﬁ%a%\agglxﬁe%%g eggr\%ﬂ: g]geiv’\shiéch*%?‘giéﬁ's tgﬁgﬁ Qh% _ d
seni conduct or éumegdonimean ofi Xhe arymatwre Emdutthignelf |the coaopegicA

current |imtep;Qb it S kype tigh aghsraatdveikaye! - WaRkSFrer A cuhhgal
limter of this type can be constructed in general using sem conductors

whi ch have t heUpamPRdded IF AF&I5XEE whi ch have been outlined. The current
limter may be designed 25 as an integrated circuit on a chip, wusing

SR EBnpog,%r}t thi's \gutrgo%eqi )E%%ns,t rt:ﬂ%t %E_:%rating air gap is bridged
by an auxiliary yoke which is dimensioned in such a way
that it reaches magnetic saturation even at currents
which is [sic] less than the desired responée current for

the magnet armature.

15 The semiconductor element may be used in general in an
automatic circuit-breaker, such as, for example, a power
circuit-breaker, a line protective circuit-breaker or in
a motor protective circuit-breaker or other protective
devices, as a current-limiting part having the function

20 of a so-called limiter. It is understood that the semi-

' " conductor element and the mechanical switching contact
may each be part of physically separate switching

devices.

The invention will now be explained in more detail using
25 exemplary embodiments which are represented in a roughly
diagrammatic manner in the drawing:

FIG 1 is a first, simplified exemplary embodiment of
the current limiter, the driving or the control
-voltage being obtained from the voltage drop

30 _ across the semiconductor element.

FIG 2 illustrates a current limiter whose control
voltage is obtained from the load current. -

FIG 3 illustrates a current limiter whose control
voltage is obtained from the voltage drop across

35 the semiconductor element.



For certain applications, it may be advantageous to arrange at |east one
mechani cal switching contact in series wwth the sem conductor el enent,
according to Claim 30 15. ‘A conparatively sinple switching contact

wi t hout any spetiBl34&tiRction neans ist®erm sufficient, since the current
riseis limt y,the,current limter. On the ofher hand, when_the

swi t chi ng conflg% fas bgg sgﬁéﬁgﬁ, Pt proteets f 1E?J’Fre‘%f°ﬁm?%?t’f?%m
sust ai ned over- 35 | valltage Tis sohtainedt fopmpaihe t Soadyv anragedusand

CQ”StFUC'_ 93 P 3481fgbm the volta e'é&oéi99§osé @Hﬁ‘%gﬂﬁ@%nductor
circuit-breaker designed as an automatic citcuit-breaker with two

rever se-connected seri®8®ReEF§-and a nmechani cal switching contact is known
per se 5 g5 (PGE1EPs 92/ 8REWS) - al NehbEoLdSeadfeldpfetl |d£I HO! ESlFVant
circuit-breaker, which is,constlucted as a pguer ci_rcu'}:-_br ager, aunit
formed by relays and shFEERPRG TOMGRHS 9% Voo 48 PREPIRARI BoR T4 t wo
reverse-connect ed seriksa&Eleurtenthaincase,pdgicilerin taxdwartapsdwst s 10
are arranged in seri e%%ﬁﬁ@ﬂﬁ? [ S_[scog@egt Q3 R tZQ%IEF%' Wgr rérth.e

i nternal inpedance of e sem = conductor el ement s a val'ue at a
specific control volt dgetweed afWohe XRVeRRR-rIRRStede @OFiResy HR®R ¢ odes

10 Furthermore, a switching contact is inserted in
series with the series limiter.

FIG 6 illustrates a current limiter having a switching
contact, in which reverse-connected series zener
diodes are arranged in a bridge circuit as volt-

15 age-limiting elements on the secondary'éiae of
the current/voltage converter. A capacitor is
connected in between the DC wvoltage potential
points for the control voltage on the secondary
side. A voltage-limiting element on the primary

20 side is not necessary here. ' ‘

FIG 7 diagrammatically illustrates the use of a voltage
multiplier circuit for a current limiter accord-
ing to Figure 6. '

FIG 8 represents a different exemplary embodiment of a

25 current limiter for driving using the load cur-
rent, according to which the current/voltage
converter is designed as a chopper with a down-
stream-connected véltage multiplier.

FIG 9 illustrates the principle of control voltage

30 'production from the load current with reference
to the illustration according to FIG 5.

FIG 10 illustrates a further basic principle which is
oriented to the illustration according to FIG 5
and according to which the control wvoltage

35 production is broken down when using a current/
voltage converter by virtue of auxiliary voltage
production on the secondary side and voltage

. production for the gates.
FIG 11 illustrates, with refereﬁce to the illustration



rises, the internal inpedance rises abruptly, with the 15 result that the
rel ease elenent of the relay is supplied with voltage and can initiate the
di sconnection QRelA3 4g10% The node of opegation of the current limter

havi ng a nmechanical SV\IItChI ng contact arranged in series is 20

fundanmental |y differentaddpiidy Lo #E&05LE] nﬂo&zoléj@é Bobidihe toVeledleicty
contact may be in engagenent, either di rect I ndirectly via an energy

storage nmechanism wt r?déilrfdg?ﬂ?ﬁ'c NFATHA _’?:‘H"d‘@e’ns the switching contact
i n dependence @nd he CWepdsdnys t . a25ernAtmaét idudign yEdavaukcammand

in_teraption of the_ seni ondug}__ tI g a(gdg_rge alndetxtl n%g_n%gl &iﬁsg@g%‘r t he

switching contact is achieve nmeans o §tructure accor
17. The nma@netic systerngmta Rﬂiﬁrﬂdr-at i vely 'l ow inpedance primary w nd| ng

Wi th respect -t grd 35 CANAA ¥n3Axemph A NEmBId1 heh BBo £ A deiR AN b t he
transfornmer for obtaining a control vaoltage fromthe |oad_currént. On the

other hand, the magnet it e\ RIFHANG hifiseZouASFORSimg ha Whilch RokremSedance

primary wi ndi ng the exddzedesni NGk NotheOr éhﬁi—eﬂagﬁeltsgaysbeﬁb&he&e afgat ure
I's operatively 35 co ect ed ‘{,O the switchin ont effect :il:chl eved

c
here is multiple use o eﬁ‘ﬁ?& At %I RHERTS 1%3%‘07'?155 he magne

10 system for actuating the switching contact.

FIG 14 represents at the top the detailed.symbol for a
normally off FET designed with én n-channel, and
underneath this the corresponding, reduced symbol
used in this application.

15 FIG 15 portrays a diagram which is intended to illus-
trate the mode of operation of the current
limiter.

FIG 16 4illustrates a magnetic system £for the current
limiter, whose operatiﬁg air gap is bridged by an

20 ' auxiliary yoke which is dimensioned in such a way
that it reaches magnetié saturation even at
currents which are less than the desired response
current for the magnet armature.

The semiconductor element 1 according to FIG 1 operates
25 in the exemplary embodiment with field-effect transistors
3, referred as FETs below. In the exeﬁpla;y embodiment,
the FETs 3, corresponding to the upéer illustration in
FIG 14, can be understood to be enhancement-mode FETs,
which are normally off and have, for  example, an n-
30 channel. The reduced symbol used here is represented in
the lower illustration according to FIG 14. FIG 1 illus-
trates a current limiter for AC voltage which operates
with two reverse-connected series FETs 3 in the case of
two polarities to be connected. In order to drive the
35 semiconductor element, or the FETs, the required control
voltage is obtained from the voltage drop by virtue of
the fact that a series circuit formed by a valve 4, for

example a diode, and a resistor 5 is connected to the



93 P 3481 P - 7 - arrangenent. In particular, the armature
air gap can be bridged by an auxiliary yoke according to Caim 18, thereby
produci ng a | -cl d gnetic circuit _for the current/voltage
converter, ﬁg i 3%3)% IPingry yoke is 5193 nmensi oned in such a way t hat

|t reaches sapLall qn..e¥eL Bty COEPELAL! gﬁ:{rﬁ zg’?@g:‘ 'at:ﬁéﬁﬁné‘;”&éheﬁseﬁdf esul t,

both the functioning of the armature an netic circuit for
the current/ ¢oprpggEedc dir ebher gatemtiermdimadpf refl thepFER ite. Inotheror
this purpose, chiB@noft Be PHEERFE NEhdi wd) A vier J-cdgRb dbed Bedeis| FRINY,YOke
whi ch is dinen |on«%d In such a way fhat it reag_ggs gagnetic atur.ati.on even
at currents WAPERSFOT i cff | TR heSde8FFBR-FEEFBNSE ¢ nfTREP t he
magnet ar pat utermihalsTHEe senitiondgater teremimElarey bdausedrespgendéral in
an au;onatlc %QE%Q'QTQ&E?Kﬁ%a 5“545f§%o£9%.e%ﬁgpégurgepgggﬁin ls 8 oF
circuit-breaker; 'a I'ine protective circuit-breaker or in a notor profective
circuit - br eaktbheoFEGShdr ameoicompiegtedeFoc ©ne anofkberent-linting part

havi ng the function 20 of a so-called limter. It is understood that the
sem - conductor. el enent and the pechanical switching contact may each be
part of physfcanly QHPALERELM(LAi G S iTERe q nvRRItFBReHI PF now
be expl ai ned Lbweer FEdeBaih venjgn2tionewénhl shy apbadhedntralwki ¢hafnde

represenigd Igh% g£§¥g96r 5 are sufficient, with reference to'FIG 1

for orientation. The source terminal 8 can then be routed ..

to earth.

In the exemplary embodiment ;ccording to FIG 1, with two
reverse-connected series FETs 3, a zener diode is con-
15 nected as voltage-limiting element 9 in between the gate
terminals 6 and the junction 10 of the source terminals
8 of the reverse-connected series FETs 3. The junction 10

carries the lecad current.

The gate voltage of the reverse-connected series FETs 3
20 is thus obtained via the valves 4 and via the resistor 5.
The voltage-limiting element 9 limits the gate wvoltage,

and hence a maximum flowing short-circuit current.

FIG 2 illustrates how the control voltage Ué is obtained
as a function of the load current I, U; = £ (I). FIG 3
25 illustrates that the control voltage Ug can be obtained
as a function of the voltage drop U across the semicon-
ductor element, Ug = £(U). FIG 4 illustrates ho& tﬁe
control voltage Ug can be obtained as a function of the
load current and as a function of the voltage drop across

30 the semiconductor element: Ug = £(I) and Ug = £(U).

‘In the development according to FIG 5, a mechanical
switching contact 2 is connected in series with the
current limiter. The current limiter operates with two

reverse-connected series FETs, whose source terminals are



di agrammatic manner in the drawing: FIG 1 is a first, sinplified

exenpl ary enbodi nent of - the current limter, the driving or the control
vol t age bei ng gSt ai H%% frPom t he .vol tage_dr?_p 30 across the
sem conduct or e G 2 illustrafed® & current liniter whose

control voltageisoi ined fromthe | oad_cutrent. Fl .l lustrates a
currént |im tgronnv%:%s?? I?%or"?tnreoﬁn\?o egggqlasléti)’bet Er"%%‘ar?r %r’fﬁi_%égvg%t gtét_agdrop
across 35 currenti{yroddagso senveatex ddsnt is ggrphergespential in

-8- FIG 4 ilkystratgse achgtl BN elleh@hker 100058 o1f ORIFFRA £40! L83€ake
obtained fromthe |oad current and fromthe voltage drop across_the

seni conduct or eRBHEARS 31 hatdh polagiki direqhipnsy LYchRFEHFBHRT 5FO the
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illustrates a gULLeNH;biadist €6 BAYLEGt8d Sk M Mecondary side limit the
voltage on the secondary side, as a result of which only
10 a voltage drop of a few tens of millivolts occurs on the
primary side, owing to the transformation ratio of the
current/voltage converter 11l. Load current additionally
£lowing through the FETs 3 on the primary_ side is
consequently limited by the low-loss limiting of the
15 voltage on the secondary side by means of the
' current/voltage converter. This effect interacts with the
semiconductor technology-dependent limiting caused by the
- special driving of the FETs 3. On the other hand, the
transformation ratio of the current/voltage converter 11
20 permits a comparatively high voltage to be passed to the
primary side as gate-source voltage, as a result of which.
the ON resistance is reduced. Ry is obtained at large
gate-source voltages. The details of the effect will be
explained later with reference to FIG 15.

25 In the exemplary embodiment according to FIG 5, a
rectifier circuit 16 is further connected to. the secon-
dary side 6f the current/voltage converter 11, which
rectifier circuit is connected, on the one hand, to the
gate terminal 6 of the FETs 3 and, on the other hand, via

30 a centre tap 18 of the [sic] primary winding 12. In the
exemplary embodiment, a capacitor 19 in the form of a
storage capacitor satisfies two functions:

On the one hand, it isolates the DC voltage potential
pointé 17 for the control voltage and, on the other hand,

38 it ensures thiat, in the family of current/voltage charac-
teristic curves of the semiconductor element 1 having the
reverse-connected series FETs 3, it is not necessary each

time to run up to the ON resistance between the para-
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contact, in which reverse-connected series zener diodes are arranged in a
bridge circuit as volt- 15 age-limting elenments on the secondary
side of the cuggepthyghtgge converter. A gapacitor is connected in between
the DC voltage potential points for the control voltage on the secondary

side. A vol tagﬂehéﬂ&éﬁGnaEﬁEEé‘ﬁaﬁﬂcééélQéiEBéﬂ/r\?& for the ga€édSoii$ca0t

necessary here EI G7 t| ca4 é%%écust rates th use OL voI tage

multiplier C|r¥ﬁ Fa?Srlﬁ s rﬁﬁﬁsfo BFgtRERET

represents a diﬁfésembssﬂhnEEEq @p@@dtaeat &headnsreslstancechéteeén

e for ATENENG B Add e PR GlbaraflE, UGS U00che WALGH dfeac
as a chopper wth a dowi-

current/vol tage converter ) i
st ream confectedl bageaghigl twidld; eEFlS‘FI l=oexplplipsdr Midh nefexgngri pbe of

control vol tagﬁI§01s The capQ&QéHEti.W:.érQEé&hﬁn'QEQS cm&m Pitdeion
reference to the i] ustration acc ding to FIG5,, FIG1Q _illustrates a

further basic pRi FREpPEHRIERY; & Pﬁéﬁle@d‘ AFXFEIAY & TG dhr 2R oFBRRg to
FIG5 and accoadengthé(DGWvdﬂtagéﬂpoﬁﬁﬂﬂﬂaﬂ poitltisag? 35 the rectifier
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In the case of the current limiter according to FIG 5,
the current/voltage converter 11 is not terminated as
usual by a resistor, but by the zener diodes 15 of the
voltage-limiting element 14. By means of the Eapping of
15 the DC voltage potential points 17, there is routed to
the primary side of the converter a gate auxiliary
voltage, which supplements or replaces the auxiliary
voltage generation on the primary side such as was
explained with reference to FIG 1. Given a zener voltage
20 of approximately 9.1 V and a forward voltage of approxi-
mately 0.9 V across the zener diodes 15 in one direction,
for example, a voltage having a magnitude of approxi-
mately 10 V is achieved on the secondary side of the
current/voltage converter 11. If a current which is large
25 enough to overcome the inductive reactance flows, there-
fore, in the primary winding 12, a voltage is established
on the primary side, on account of the 10 V on the
secondary side, corresponding to the transformation ratio
of the curremnt/voltage converter 1ll. For example, given
30 a transformation ratio of 1 to 1000, a voltage of only 10
mV occurs, therefore, at the primary winding 12.

The c¢ircuit according to FIG 5 functions in detail as

follows:

If a voltage is présent‘at the terminals 20 and 21 of the
35 automatic circuit-breaker, for example owing to a

switched-on load, a current flows via the valves 4, or



FIG11 illustrates, with reference to the illustration 93 P 3481 P

- 9 - according to FIG 10, how it is possible to effect additional,
external driving._ Fl " represents an alternative design for a command
el ement for a@gﬁgtpl oanél,l%external driving "accord- 5 : ing to FIG 11.

FIG 13 shows an, exermlar u GIOdP i G SISNSLARTRE Wil le VRN,

limter, accor rar ormer as t uarrent/vol tage
converter is desl ghereduced npesttivenperentinlhishpreagnét pé the gate

system for actuatliihides DWikghkBItReNELtagh! &xdd adBULIMY Tedlidtty tOD
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of Operal1on Of iy eUALCTlnd | BRAE 5 A 18nel | U UG, TRODEL! Gt o
auxi l i ary yoké®nshigit | £ntido nbhei ONedtiatesucthe aayrentt flewingefsravaimetic
saturation eveghAlprimary winding 12 of the current/voltage converter

_ 11 generates a voltage across the high-impedance secon-

10 dary winding, which voltage is limited, when the zener
voltage of the upper or lower zener diode 15 is reached,
to the zener voltage plus the forward voltage of the
other zener diode, to be precise in both directions of
current flow assigned to the AC voltage. In this case,

15 there is produced at the secondary winding 13 a virtually
rectangular-waveform AC voltage which produces, via the
diodes 22 for rectification in the circuit of a full-wave
rectifier, at the capacitor 19, a DC voltége having the
magnitude of the zener voltage of each of the zener

20 diodes 15. This DC voltage is fed to the two gate-source
junctions of the FETs 3, as a result of which the latter
are maintained in the ON state without further requiring
a voltage drop across the resistor 5. In other words:

current then no longer flows through the resistor 5.

25 In the éxemplary embodiment according to FIG 6, the
voltage-limiting element 14 is constructed in the form of
a bridge circuit comprising four zener diodes 15. In the
case of this circuit, a current-limiting element 9 is not
necessary on the primary side of the current/voltage
30 converter 1ll. A switching contact 23 is again arranged in

series.

The a.mplitudés- of the AC voltage in the secondary winding
13 of the current/voltage converter 11 can -be kept
smaller if a voltage multiplier circuit 24 is connected
35 downstream of the 'voltage-limiting element 14, as is

illustrated in FIG 7.



currents which are less than the desired response current for the magnet
armature. The sem conductor elenent 1 according to FIG 1 operates 25 I n

t he exenpl ary enbodi nent with field-effect transistors 3, referred as FETs
bel ow. In the3x&m Fenbodi nent, thé B#TS 3, corresponding to the upper
illustration in FIG .14, can be understood to be _enhancenent-ngde. FEETS,
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10 voltage drop across the resistor 5 to the forward resis-

tance of the diodes.

FIG 9 diagrammatically represents the generation of the
control voltage between the gate terminals 6 and the
source terminals 8 of the field-effect transistors 3. The

15 .generation of the control voltage can be split between
contreol voltage generation 25 in the starting case and
auxiliary voltage generation 26, such as was explained in
detail with reference to FIG 5.

FIG 10 diagrammatically illustrates the structure of a

20 current limiter having a control voltage supply 25 and an
auxiliary voltage supply 26. The control voltage supply
25 can be designed as a starting circuit, with the result
that the control voltage during operation is then under-
taken by the auxiliary voltage supply 26.

25 In order to be able to drive the semiconductor element
externally in addition, it is possible to provide an
external drive device 41_according to FIG 11. If actuat-
ing contacts 42 are closed, the gate-source voltage is
short-circuited, with the result that a normally off FET

30 passes into the off state.

The external drive device 41 can also operate with

semiconductor contacts 43 according to FIG 12.

FIG 13 illustrates, on the omne hand; an advantageous

refinement of the arrangement according to FIG 10, the



valve 4 and via a resistor 5. The source terminals 8 of the FETs 3 are
connected to one another. If only one potential is to be connected, the
upper or Iomeé FET i Ln_conjunction with Ehe assigned valve 4 and 10 the
resistor 5 ar@>shffi éﬁeﬁt with refereic&>td FIG 1 for orientation. The
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a high-impedance winding having a large number of turns
can be fitted as the secondary windiﬁg 13 to the low-
impedance primary winding 12 which drives the armature.

15 . In this case, a small auxiliary yoke 37, compare FIG 16,
may close the magnetic circuit for the functioning of the
current/voltage converter 11. This auxiliary yoke is
advantageously dimensioned in such a way that it reaches
saturation even at comparatively small currents, with the

20 result that the functioning of the armature 27 which acts
on. the switching contact 23 is practically unaffectéd.
The low-impedance primary winding 12 may comprise a small
number of turns, for example 2 to 4 turns, and a favour-
able voltage range for the auxiliary voltage production

25 can be raised on the secondary side up to a desired
voltage value by means of the voltage multiplier circuit.
The voltage multiplier circuit comprises the components:
capacitors 28 and 19, the capacitors 19 simultaneously
providing the DC voltage for driving the FETs 3, as well

30 . as the diodes 29, which at the same time effect

rectification in the circuit that is represented.

The control supply 25 according to FIG 13 presents one

possible way of producing a "fall-back" characteristic

curve. The essential components for this are the transis-
35 tor 30 and the resistors 31, 32 and 33. This section of.

the circuit operates as follows:

When the current-limiting action of the FETs 3 begins on

account of an increased current, such as occurs, for



switching contact 2 is connected in series with the current imter. The
current limter operates with two reverse-connected series FETs, whose
sour<ce termnals are 93 P 3481 P -11- connected to one
anot her via th23pPi A&BY Rinding 12 of a~clfrent/voltage converter 11. It is
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current/ vod t age-£LBNET 487 thd depicted bridge rectifier is also present
at the series circuit formed by the resistors 131.and

133, as a result of which a voltage drop occurs across

the resistor 133 and switches the tramsistor 30 on. Due

to the size of the resistor 132, a gate-source voltage

15 can be turned on which becomes smaller and smaller as the
voltage across the terminals 20 and 21 rises, and thus
reduces a load current through the FETs 3. The exemplary
embodiment that is represented shows only one possible

way of producing a fall-back characteristic curve in

20 according to the principles according to the invention.
Any desired characteristic curve can be produced, as is

known, using an operational amplifier.

In FIG 14, the complete symbol for a FET is reproduced in
the top illustration and the reduced symbol as used in
25 the present description is represented in the bottom
illustration. The usual abbreviations for drain, gate and
source are entered, as well as the positive direction of
the drain-source current. The illustration according to
FIG 14 shows an enhancement-mode FET, that is to say a
30 normally off FET which has an n-channel. The illustration -
according to FIG 14 is to be understood, in particular,
as an MOSFET. It is understood that the circuits that
have been represented according to Figures 1 to 13 may
also be realized by other corresponding components, in
35 ° particular by other FETs. When using p-channel FETs,
therefore, it is necessary to carry out only the usual
polarity reversal. It is essential that characteristic

curves sugh. as those illustrated in' FIG 15 can be



20 permts a conparatively high voltage to be passed to the primary side
as gate-source voltage, as a result of which the ON resistance is reduced.
RON.i s obtained at |arge gate-source voltages. The details of the effect

will be expl aPReB P4B&rPwith reference”t®’FrG 15. 25 In the exenplary

enbodi nent accordin to FI'G5, a_rectifier cipguit. .16 is further
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on the othe 3 it 'ensures_that, in the fam.ly of current/voltage
charac- terisePecefiifesEIF BRE SFonPCORETEEr %Il&g‘ﬂl%gﬁg\ﬁrﬁd' pegse.
reverse-connected series FETs 3, it is not necessary each tine to run up to

the ON resistance between .t-he .paras 9 s : =
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ON resi st anceFE%t ¥8€0hows a diagram where the drain-source current Ipg

10 is plotted on the ordinate and the drain-source voltage

Upg is plotted on the abscissa. An FET of the type

depicted here, such as the one explained with reference

to FIG 14, originally has a characteristic curve 32 which

changes into the characteristic curve 33 of the body

15 diode in the event of a negative drain-source vbltagé.

The horizontal characteristic curves are produced for a

gate-source voltage parameter and limit the drain-source

current with corresponding circuitry. A steep ON

resistance, Rgy, 1is achieved at high gate-source

20 voltages. With reverse-connected series FETs in the case
of AC wvoltage, a symmetrical mode of operation is

achieved between the first and third quadrants, the

characteristic curve 33 of the body diode no longer being

realized. The use of a circuit with a current/voltage

25 converter having the circuitry depicted achieves a rise

following the characteristic curve 35, which merges with

the straight line for the physically predetermined ON
resistance of the FET used. '

A rise for each polarity direction of an AC voltage is
30 avoided in a reverse-connected series arrangement of FETs
when a capacitor 19 is used as a storage capacitor in the
manner described. The current-limiting action of the
reverse-connected series FETs then develops between a
selected horizontal characteristic curve with the corre-
35 sponding. gate-source voltage as the parameter in the
first and third quadrants in copjunétion with a transi-

tion in the characteristic curve 34 for the ON resis-



the first and third quadrants, even in the case of AC5 voltage. This

will also be explained with reference to FIG 15. The capacitor 19 is used
in this secondgf{upciigp pn the exenplary odi nent according to FIG6. In
t hat case, the vol tage potential poi ntgéﬁl)7 of the rectifier circuit 16
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' wide variety of applications without the switching

device.

FIG 16 illustrates a magnetic system 36 having a primary

15 winding 12, a secondary winding 13, an auxiliary yoke.37
and an armature 27. A magnetic system of this type is
advantageous for the structural combination of a current .
limiter with a switching device, this already having been
explained. |



30 a transformation ratio of 1 to 1000, a voltage of only 10 nV occurs,
therefore, at the prirrary w ndi ng 12. The circuit according to FIG5
functions in 1fpllows: If a voltpge is present at the termnals 20
and 21 of thed%%aib aﬁ‘?orrgtlc circuit-br ff for exanple owing to a
swi t ched-on | ofgk et Cot 460k flOws via the vaI ves 4, or 93 P 3481 P

- 13 - the diodes, depending on the polarity of the AC voltage, and a
reduced positive potential is present at the gate termnals 6 owing to the
vol t age drop acr osriémtrkhhbter &w:mim@mvémﬁfmmihy \medres hal
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there is produc d2at “the secondary win a vl
reverse-connected in series, if approprlate, in the case

10 ' of AC voltage, and means being provided for internally
obtaining the control voltage required for driving the
semiconductor elements (1) from at least part of the
voltage drop across the semiconductor element.

2. Current limiter according to Claim 1, characterized in

15 that the means for driving using the voltage drop is in
each case a drive circuit connected to the drain'(7) and
the gate (6) of the semiconductor (3).

3.-Current limiter according to Claim 1, characterized in
that the means for driving using the load current is in
20 each case a current/voltage converter (1l1l) situated in

the load current.

4. Current limiter according to Claim 2, characterized in
that, in the case of DC wvoltage, the drive circuit
comprises a resistor (5) which is connected between the
25 drain terminal (7) and the gate terminal (6), and in
- that, if appropriate, in the case of AC voltage, the
drain terﬁinals {(7) of the two reverse-connected series
FETs - are connected to the gate terminals (6) wvia a

respective valve (4) and wvia a resistor (5).

30 5. Current limiter according to Claim 2, characterized in
that, in the case of DC voltage, the drive circuit
comprise [sic]l] a constant-current source which is con-
nected between the drain terminal (7) and the gate

terminal (6), and in that, if appropriate, in the case of

O 0




rectangul ar - wavef orm AC vol tage whi ch produces, via the diodes 22 for

rectification in the circuit of a full-wave rectifier, at the capacitor 19,
a DC vol tage having the magnitude of the_zener voltage of each of the zener
20  diodes 183 PhPé8AdCPioltage is fed t4%Hhe two gate-source junctions of

the FETs 3, as _a result of_ whigch the latfer. ar Lptai ped_.n state
without furth®f FedFaSstg B Fr3kp %?%bl%%]r%s?fﬁégrgisilgsggk gfemlarfggt-her
words: curréentohhected kerges FETwmsararcemedted resithepogate germipalshe

exempl ary enbeg) 15al, 3o£EgbBAibE FAR&, (4NCnPlia0e Lofibtang eueFRat 14 is
constructed in the tormof a bridge circuit conprising four zener diodes
15. In the caseusfFe-his circuit, a current-limting element 9 is not

ne-_cesaary on the primary side of the current/voltage 30 converter 11. A
swi tching _contact 23 is ai,n arranged.in series.  The |_i f .the AC
voltage i A thé'sEEGH&&FyigFﬁ&ﬁﬁga‘ﬁgﬁa"?ﬂe %uélfeaelrﬁ \/oIC? g%é‘ cté:t)é%\q/%ret%erl 5111 can
3e kept snal :cehaltf- al aundrearfe/vnil tage | eenvértes tuPed | takeantbeedord of
ownstream of _the voltage-!|igllddq ol 1Anddsid F1kh! ualkr \ 1 G 7.
93 P 3481 P 2 Srandcc %Af’g %gr o‘gﬁ%\’ﬁyﬂ lI,I:LSi ng Ec(he)l oad g&rﬁ%gﬁ?,eat he
current/voltage it an element (14) which effects voltage limiting in

both polarity direction [sic], in particular two reverse-

10 connected series zener diodes, and whose outputs are
connected to the gate terminals (6) via a rectifier

circuit (16).

7. Current limiter according to Claim 6, characterized in
that a rectifier circuit (16) is connected to the
15 ° secondary winding (13) of the transformer, the DC voltage
potential points (17) of which rectifier circuit is [sic]
connected, on Ehe one hand, to the gate terminals (6) of
the FETs (3) and, on the other hand, via a centre tap
(18) of the [sic] primary winding (12), and in that a
20 capacitor (19) is connected in between the DC voltage
potential points (17) for the control voltage.

8. Current limiter according to Claim 3, characterized in
that a bridge rectifier formed by =zener diodes is
_ arrahged.on the secondary winding (13) of the trans-
25 former, the DC voltage outputs of which bridge rectifier

are connected to the gates.

9. Current limiter according to Claim 6, characterized in
that- the rectifier circuit is constructed as a voltage

multiplier circuit (24).
30 10. Current limiter according to Claim 3, characterized
in that the current/voltage converter is a chopper with

a downstream-connected voltage multiplier.

11. Current limiter according to one of the preceding
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converter can be designed according to FIG 8 as a chopper 39 wth a

downst ream connected voltage nultiplier circuit 24. The voltage occurring
acrpss a resi tor g’?%f he 5 event of J.oad current is present at the
chopper 39. | 2o inmt the voltagé drop and in order to minimze the

pover 1055, | o Jeva v ANARO £ A QY R 8 WCddUddg TERNSAD. |0

t he exenplary Senb be two reverse-connected parallel diodes
which linit tH@@Of\R)ﬂE%fg@cﬁ%ﬁP’eéﬁob%lq)he resistor 5 to the forward
resis- tance of the diodes. FIG 9 diagrammtically represents t he

generation of _the control vol.ta ge bet ween t he te ter naI nd _t he
source terni ndid SRS AR S F‘F&(?\l%%llf‘gngf’sgg?ém& ’ ? CoEF&<at i on
of the controltatildealjeinanhbe syl |é1émémee|09&:omawdlngvcﬂhagecgemra1fi @ 25

in the starti ggﬁﬁ ﬂlj?,! |

expl ai ned%l n 3,91 al waﬂﬁ“ e#e‘f\éc%eet/gi 51%‘3?(!5%1% |d§qrnarrrrat I ca

il lustrates tlgats ree¥yminabf og ZGmlééﬂ-lsen(ts)l i #pd Fhﬂa\?PHﬁc& &ﬂm:gal

vol tage suppl y(be%5 S8R0 thR Hurdddidy YD0f age UHW! twabsolbeeC Hirminand,t age

supply 25 can be designed as, a starti,n rcuit th th Lt that th
control vol t ag@ifh i dﬁ“’f?%’f?g}?ctrfd'g:sucth\gﬁeﬁ“ﬁyeﬁlﬁé’r es:ﬁﬁ’)ﬁ %"“y ©
vol t age suppl wodtagkh of Iuhe)rsm:.dandumzm& o @filrihee stelnd comdurarehsc tier

el ement >&t er naI | yatl n oad?ék%n aI‘JT twﬁ?cﬂo%ﬂé)l 8@_;9:,&&0\5]1(1&&%9%5@ q@e drive

devi ce 41 acc&iT i ng %t &
overload current is established.

13. Current limiter according to one of the preceding

claims, characterized in that a drive device for addi-

tional, external driving is constructed on the semicon-
15 ductor element (1).

14. Current limiter according to.Claim 13, characterized
in that the drive device is designed to generate a
voltage which blocks the semiconductor element (1) when

an intended input signal is received.

20 15. Current limiter according to one of the preceding
claims, characterized in that at least one mechanical
switching contact (23) is connected in series with the

semiconductor element (1).

16. Current limiter according to Claim 15, characterized
25 in that the switching contact (23) is in engagement with
a magnetic system (36), either directly or indirectly via

an energy storage mechanism (38).

17. Current limiter according to Claim 16, characterized
in that the magnetic system (36) has a comparatively'low-
30 impedance primary wihding (12) with respect to the
secondary winding (13) and on the one hand forms the
transformer for cobtaining a control voltage from the load

current and on the other hand simultaneously forms with
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ing contacts 42 are closed, the gate-source voltage is short-circuited,
with the result that a normally off FET 30 passes into the off state. The
-external drive device 41 can al so operate with sem conductor contacts 43
‘according to BRGP13483 & 13 illustrates, ?n the one hand, an advant ageous

refi nenment of ,the grrangenent according to ElLG.10, th ' P

-15: auxiliarﬁtfblagagﬁﬁaﬁ#%ﬁ %n19&ﬁq%}ﬁlﬁﬁl ed‘ﬁ%)thgg%orﬁ%%$¥§g
vol tage mul ti plineding Eouri th_eandspeptiafsemagnemict myattetlewﬂw@red argature
devel oprrent aqe0ndi 11y LoephEgheiPe cbilckBARN ! LiREInLhElcbirat e

operatively connected t rmat ur e which is to be brought into
engagenent wi t{@3dhe switching contact 23. A design of this type is

particularly cost-effective, since the current/voltage converter 11 and the
magneti c system 36 whi ch qQpens the swi tching contact . via {he_arnmature 27
are structuratify ﬁHrrﬁﬂﬁ;ﬂﬁﬂﬁ§ﬁﬁmﬁﬂq9fdﬁ %ﬁb%&?&ﬁ-&ﬁer§§a§P8F§§%=e%
mechani sm 38 linkehat! &#hehopeyatddgt abnafay o gheowagmetilo sylsitexc{36) a

hi gh-i npedance mhg%i ayi,ng.a . f &gynns wes Ei 4y as the
secondary mﬁn&ﬁng gg%gtﬁg'F%b+4§§£§}auce§%F?néPy)ﬁﬁ ﬁlqg 1§Lwﬁﬁg%ndrives
the armature. si®neq in rﬁ@%@se{aYaEm&I i ta Fepchesy magretiz saspgatdon G 16,

even at currents which are less than the desired response

10 current for the magnet armature (27).

19. Current limiter according to one of Claims 15 to 18,
characterized in that the semiconductor element (1) is
used in an automatic circuit-breaker, such as a power
circuit-breaker, a line protective circuit-breaker or
15 motor protective circuit-breaker or the 1like, as a

current-limiting part having the function of a limiter.

20. Current limiter according to Claim 15, characterized
" in that the semiconductor element (1) and the mechanical
switching contact (23) are each part of physically

20 separate switching devices.

A



may cl ose the magnetic circuit for the functioning of the current/voltage
converter 11. This auxiliary yoke is advantageously dinensioned in such a
way.that it r83cPg@sh gat Ppration even at conparatively small currents, wth
t he 20 result that the functioning of the armature 27 which acts on the
switching contact 23 is practically unaffected. The | ow i npedance primary
w nding 12 may conprise a small nunber of turns, for exanple 2 to 4 turns,
and a favour- able voltage range for the auxiliary voltage production 25
can be raised on the secondary side up Y8 a desired vol tage val ue by neans
of the voltage multiplier circuit. The voltage nultiplier circuit conprises
t he conponents: capacitors 28 and 19, the capacitors 19 simnmultaneously
provi ding the DC voltage for driving the FETs 3, as well 30 as the
diodes 29, which at the sanme tinme effect rectificationint

circuit that ps=represented—Tim™ control supply 25 according to FI Gy13
presents one po Ny o T T = st+elcurve.

The essenti al | cpnponept s f3or thgi are the transis- 35 tor 30 and the

resistors 31,|3p and 83. i fr/sgction of the circuit operates as foll ows:
When the current-limti Liont of the FETs 3 begins on account of an
increased curfent, sudghgas urs, :

for
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93 P 3481 P -16- exanple, in the event of a short circuit,
the voltage across the termnals 20 and 21 rises. This voltage appears
at the bridgeSsd8i4¥ Ber P which is fornmed by the diodes of the valves 4 and
t he body diodes, also referred 5 to as inverse diode, of the FETs 3. A
body diode is known to be the internal diode wiring, associated with each

depletion layer, in particular an MOSFET, of the pn junction fromthe
source to the drain. The body diodes are illustrated with the designhation
31. The voltage 10 present at the demipgged bridge rectifier is also

present at the series circuit fornmed by‘t™he resistors 131 and 133, as a
result of which a voltage drop occurs across the resistor 133 and sw tches
the transistor 30 on. Due to the size of the resistor 132, a gate-source
voltage 15 can be turned on which becones snaller and smaller as the

vol tage across the term nal s20 and 21 rises, and thus reduces a | oad
current through the FETs } hat is represented
shows only one possi bl e way pfoduci ng a fall-backegharacteristic curve -
in 20 according to | fagi pl es according to the2 nvention. Any desired
characteristic curve gangde pr , as is known, using an operational
anplifier. In FIG 14,] t he_caom slynbol for a FET is reproduced in the
top illustration and g Yeduced slynbol as used in 25 t he present
descriptionis representefl in the pattom

Usg f(n
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illustration. The usual abbreviations for drain, gate and source are .
entered, as well as the positive direction of the drain-source current. The
itlustration qﬁgFﬁehQ? tp FI G 14 shows an enhancenent-node FET, that is to
say a 30 nor (YANo) # FET whi ch has an n-channel. The illustration
according to FIG 14 is to be understood, in particular, as an MOSFET. It is
understood that the circuits that have been represented according to
Figures 1 to 13 may al so be realized by other correspondi ng conponents, in
35 particul ar by other FETs. Wen usiaaaf-channel FETs, therefore, it is

necessary to carry out only the usual p ity reversal. It is essential

that characteristic curves such as those illustrated in FIG 15 can be

93 P 3481 P -17- realized, in other words that, for DC

vol tage, a maxi mum current can be set independently of the voltage, and

that, for AC voltage, conditions of trgs type prevail in two diagonally
5 have been_represented here by

opposi ng quadrants. The circuits whick

way of exanple usingrspﬁuEEJZE-EﬁfgngrgsTﬁ e regardgd in this general
sense. Reference wil} be madeteeFt-G-h.J o] expl ai n functional 2fri nci pl es of
the current limter:}JFIG 15 showd a di agfa ere the drain-source current
I[err] '

Ug= t(U) U= F(1) !

—pe |
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10 is plotted on the ordinate and the drain-source voltage Uerr] is
plotted on the abscissa. An FET of the type depicted here, such as the one
expl.ai ned mnt€%§¢ q{gqc§ to FIG 14, originally has a characteristic curve
32 which cha ? e characteristic curve 33 of the body 15 di ode in
the event of a negative drain-source voltage. The horizontal characteristic
curves are produced for-a gate-source voltage paraneter and limt the
drain-source current with corresponding circuitry. A steep ON resistance,
Rlerr], is achieved at high gate-source 20 vol tages. Wth
reverse-connected series FETs in the ¢ of AC voltage, a symretrical node
of operation is achieved between the first and third quadrants, the
characteristic curve 33 of the body diode no | onger being realized. The use
of acircuit wwth a current/voltage 25 converter having the circuitry
depicted achieves a rise followi ng the characteristic curve 35, which
merges with the straight Iine for the physically predeterm ned £

resi stance of tJhe i Sed. (N T1Se 1or each pPol gl y directi or ap AC
voltage is 30 | avoi deg = W-IV-TRS-WP-TTC Y-S SV, = VR angemt FETs
when a capacitdgr 19 i%s @* a storag 2D et (s | N the manner descri bed.
The current-linmiting. ad of the revefses: dect €d serigs FETs then

devel ops betwedgn a sel ¢ ct%o :orizqn;al hadxsréi sfic cure with t he corre-
35  sponding dategsoufcesvoltage @ > _par angt er L t he

P ‘-r-19
A A O

FIG 6

3

T

o

' oo
‘ﬁ} 2'(3 20
.;__4t: — 2%
3 '—'\
5 | & Lo !
'~4:£:3 . 5 ==~13
T
L i
I S J
4 2
b z

FIG 7



first and third quadrants in conjunction with a transi- tion in-the
characteristic curve 34 for the ON resis- 93 P 3481 P -18-
tance. In this_dase, the area between the characteristic curve 32 and a

sel ected chara88eét84t8d Purve situated on the left in the first quadrant
has the effect of a saving in | oss, as evinced by the product of the

drai n-source 5 current and the drain;source vol tage. The possibilities of
the principles depicted are further pronoted in a considerabl e nmanner by

t he use of FETs made of silicon carbide EEe sem conductor el enment 1, which
is connected in series with the smﬁtchiﬁé evice, can be conmpletely or 10
partly realized as an integrated circuit in the various enbodi nents. The
current limter can also be used in a wide variety of applications w thout
the switching device. FIG 16 illustrates a magnetic system 36 having a
primary 15 w nding 12, a secondary winding 13, an auxiliary yoke 37 and

an armature 27. A magnell ¢ system of this tvpe i s advapntageou
structural conbifnation acurrgnt limter with a switching d |ce thls
al ready having teen exgl ai ned.3
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93 P 3481 P - -19- Patent Clains 1. Current limter for limting
overcurrents by means of a sem conductor elenment (1) having at |east one
control - Iablg agqic nd#ctor (3) having an el ectron source 5 (source), an
el ectron sink ? raﬁhg d a control elec- trode (gate) which controls the
fl ow of el ectrons, which sem conductor has characteristic curves after the
mannher of a field-effect transistor (FET;3), tw FETs being '
reverse-connected in series, if appropriate, in the case 10 of AC

vol tage, and neans being provided for kﬂairnally obt ai ni ng the control
voltage required for driving the semc ctor elenments (1) fromat |east
part of the voltage drop across the sem conductor elenent. 2. Current
limter according to,Caim1, characterized in 15 that the nmeans for
driving using the vottage drop is in each case a drive circuit connected to
the drain (7) gate (6) of the semigonductor (3). 3 _Qurent Jinmter
according to aim 1Y characterized in that] the neans for driving ug]ng the
| oad current ifs in 2 €ach case a.currentj/voltage convertér (11) t uat ed
in the | oad currelE.T4. Current Iinite;fﬂﬁquding to Caim2, characterized

in that, in the céﬁe of DC voltage, th MvE cF cuit
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conprises a resistor (5) which is connected between the 25 drain term nal
(7) and the gate termnal (6), and in .that, if appropriate, in the case of
AC vol t age, gﬁf q% i tﬁnrﬁ nals (7) of the two reverse-connected series
FETs- are co gt gd:@) the gate termnals (6) via a respective valve (4)
and via a resistor (5). 30 5. Current limter according to Caim-2,
characterized in that, in the case of DC voltage, the drive circuit
conprise [sic] a constant-current source which is con- nected between the
drain terminal (7) and the gate terﬁk@fl (6), and inthat, if
appropriate, in the case of 93 P 3 P -20 AC vol t age,
the drain termnals (7) of the two reverse- connected series FETs are
connected to the gate terminals (6) via a respective valve (4) and via a
constant-current source. 5 6. Current limter according to Caim3,
characterized in_that a current/voltage converter used takes the formof a
t ransf or ner V\hosg"secondary nd| ng (13) has connected tQ~& an el ement

(14) which effects /oltage I| ting in both polarity dirg¢ction [sic], in
particular two reve CEH-CEh=E € el St di od¢s, and mhose
outputs are connect=d to the ﬁa@g ternlggLi (6) vig a re:tifier
< ~
& ~
1

FIG 13




circuit (16). 7. Current linmter according to Claim®6, characterized in
that a rectifier circuit (16) is connected to the 15 secondary w ndi ng
(13) of the transforner, the DC voltage potential points (17) of which
rectifier cir8diR3i% 8 kiPc] connected, on the one hand, to the gate
termnals (6) of the FETs (3) and, on the other hand, via a centre-tap (18)
of the [sic] primary winding (12), and in that a 20 capacitor (19) is
connected in between the DC voltage potential points (17) for the control
voltage. 8. Current limter accordin Claim3, characterized in that a
bridge rectifier formed by zener dio is arranged on the secondary
wi nding (13) of the trans- 25 former, the DC vol tage outputs of which
bridge rectifier are connected to the gage® 9. Current limter according
to Claim6, characterized in that- the rp&ifier circuit is constructed as
a voltage nultiplier pircuit (4)4 3 0. Current limter according to
Claim3, characterizell i® tihat]the¢ cyrrept/voltage converter is a chopper
wi th a downstream con cged VO tate Ity plier. 11. Currd® liniter
according to one of thesmrgced] ng 03 P 3481 P ¢ -21-
& N . .
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clainms, characterized in that the sem conductors (3) are nmade of silicon
carbide (SiC). 12. Current limter according to Claiml1, 2 or '3, charac-
terjzed in trgﬁgﬁﬂlﬁtqngnt (9) having the action of a 5 current-limting
zener diode i o) ed in between the gate termnal or termnals (6) and
the source termnal (8) or the junction (10) of the two source term nals,
whi‘ch el enent is dinensioned in such a way that the gate voltage of the
sem conductor or of the sem conductors is 10 set to a value at which the
desired limting of the overload curgaﬁt is established. 13. Current
limter according to one of the precedlli¥ng clains, characterized in that a
drive device for addi- tional, external driving is constructed on the

sem con- 15 ductor elenent (1). 14. Current limter according to Caim
13, characterized in that the drive device is designed to generate a

vol tage which bl ocks the seni conductor elenent (1) when an intended input
signal is received. 20 15. Current |imter according to one of the
preceding clainms, characterized in that at |east one nmechanical swtching .
contact (23) is connected in series with the sem conductor elenent (1). 16.
Current limter.according to Caim15, characterized 25 in that the

swi tching contact (23) is in engagement with a magnetic system (36), either
‘directly or indirectly via . :




an energy st or age rrechanl sm(38). 17. Current limter according to CI ai m

16, characterized in that the na@heSheetPBzyséeﬁ 25 has a
wi ndi ng (13) Bne hand former fof| obt aﬁhf-’h@cﬁﬂ

30 i npedance_pr.i mar%:%vvl ndi ng ,ﬂ“’ gct tot eTHkScfﬁiﬂtcﬁeryAS BEEN

control vol tagl&f{:fm he Ioad current an ot her hand—stmoi taneousTy
forms with -22- |tslow-|rrpedance primary
wi ndi ng (12) the exci ter WI nding for the respective mmagnetic system whose

armature (27) tfa&msﬁthe':ylﬂmgwaztﬁé %fﬂeaasca@t@cgeﬂéan-
In e

18. Current limter accord alm 17 aracferized in that the

operating air YspreF terke“f'ﬁi% s?%?éﬁg(%‘) ileagt joRe IRPnhratiablieary -

yoke (37), V\hiﬂhi@oﬂwefbrswnaehvmg%h auw:&maéouﬁcé ew&ma)a.grﬁl C
saturation even at,_currents which,a s_t han th%1 i ,esppnse
current for tHerHRGHRR 5?‘5‘2& uf‘érf‘ﬁé BurFB®i 5898rd %t?)o one

of Oainms 15 twhildh aﬂrarmlsamlmdlmr btﬁaélehersnm ommlctmmmmmuﬁﬁ) S
used in an auterplLhachbEdllsRi62key et Ul ARORERLE CUEl DIEALRL. 2

line protective circult-breaker or 15 “Wotor profective circuit-breaker or
the |ike, as s@ffect transistor (FET;3). Two FETs are reverse-connected

in series in the case of AC voltage. Means are provided
for internally obtaining the control voltage required for
driving the semiconductor element (1) from at least part
of the load current and/or from at least part of the
voltage drop across the semiconductor element.

FIG 1



current-limting part having the function of a limter. 20. Current limter
according to Cl aim 15, chafacterized in that the sem conductor elenent (1)
and the nechanical sw tching contact (23) are each part of physically 20

- separate switching devices. Substitute sheet - 20 August 1996
93 P 3481 P

Abstract

Current limiter

[lacunal] for limiting overcurrents by means of a semicon-
ductor element (1) having at least one controllable
semiconductor (3) having an electron source (source), an
electron sink (drain) and a control electrode (gate)
which controls the flow of electrons, which semiconductor
has characteristic curves after the manner of a field-
effect transistor (FET;3). Two FETs are reverse-connected
in series in the case of AC voltage. Means are provided
for internally obtaining the control voltage required for
driving the semiconductor element (1) from at least part
of the load current and/or £rom at least part of the
voltage drop across the semiconductor element.

FIG 1
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