2155255 | NVERTER FOR FEEDI NG A CONSUM NG DEVI CE HAVI NG AN | NDUCTI VE.
COVPONENT The invention relates to,an inverter which produces, froma
direct voltage,- an alternating voltage for a 5 consuni ng devi ce having an

I nductive conponent. The frequency of the alternating vol ;% nggilced
may be o@e order of magnitude of 10-100 kHz, particul arl at

Consum nig\dgvi ces of somewhat the followi ng type 10 can be fed wth
the alterfating voltage produced: AI'ternating current notors w thout

commut at i on, LEATRNG" e dnshhHRE SHEEREE LRGENENAGN VOrK at a

frequency of

the case of which only the r ¢nobe TIvESICOmMPBNENY @l ner for the food is
heated by a magnetic field i meachcase. 1tnverrters are known

(E|eketro”'qU?he'BHUéﬁEiSh'EebEtégl%ooén1983erﬁa§e&h35h4bkcwheéeun a direct
voltage is applied-to a so-called half-bridge with two power 20

transi st orgrédnreciogdect seéltsge, Thn palertvatisigst endtage domral | ed
alternately so as to be conducting and, at their connecting point, produce
the alder nabhsgmimngt abes Famr hlag iognsani nindestbee  coTpanes -call9 t he
first transistor ought to be switched off at_a certai n 25 nonent and the
second trénetiweney o t thed abheanathaas Mt tAARNPTOIYREY; [RRXt PFe

conponent of the consum ng devi ce does not r ny sud en interruption
of the curfEntthe eRdefh@ + dﬁﬂﬂlt‘l'%?ld"g WEQ'E{Hra @ fyt 8PS %’&F&‘i

'&% about 30 KHz.

Consuming devices of somewhat the following type

10 can be fed with the alternating voltage produced:

lalternatlng current motors without commutation, induc-

tors, transformers. fluorescent tubes which work at

a frequency of about 30 kHz) and boiling plates with

inductive heating, i..n .the case of u_hich' gnly the re-

18 reiving container for the food is heated by a magnetic
.-field in each case.

Inverters are knouwn (Eleketronique Industrielle

ﬁ? No.50/1-04-1983, pages 35-41)_wherein a direct voltage

is applied to a. so-célled half-bridge with two power

20 traﬁsistors connected in series. The power transistors

are controlled alternately soc as to be conducting and,

at their connecting point, produce the alternating

voltage for the consuming devi;e. Theoretically, the

first transistor ought t. be switched off at a rertain

25 moment and the second transistor switched on at the

same moment. The inducti;e component of the consuming

device does not permit any sudden interruption of the

current. On the other hand, the transistors would

eating, in _

{




-2- sbe endangered if -they were both to be conducting for a short tine.
Because of .toelerances and the depletion times of the transistors, such

a :precise switching is- onIy possi ble with conplicated driy, jrcuits

in'5  the formof nicroprocessors. It.- is . therefore knoun, r- _
safety, - to- provrde between the successive conducting -phases of=*the.
two transistors, a. qui escent ti'me, during wh ch both tran- -sistors- -are
non-cohducting. = As a resul t,, assurance” i s provided that both- = .-
transistors -cannqt con uct Si H} %It?F ousl| bn orger to re osslble =
the netessary flo aEﬂPFB N ny s DT edBeit® JtJ|T'=bde%rare :

connecred in par gl Lg l: 4 talhe AN P HEL g Aegn@pgﬁg Es{%yet&the_

emtter current pat His ors an over
the current br'eftﬂhég”'dﬁitdh% QQ&QESQQEoEs”E suéWnQ§CE@@cthpa§@it§hl

each. of the diodes is a capacitor which -limts the steepness of t
al ternating vol tage wragucpdssiblet hiith cesmplid@ted Warileenyditarits am
controlled 20 ~alternately, in push-pull, so as to be- conductlng and -

-cut-off, by5mnndthgsfodmaotrmwcddprdoessans.this pur- pose, -an additional
driver circuit nust be associ ated with the transfornmer to cause this
control -of the tran-I%isi&rsthergfione akngwnyer fogir s@fetyseqtiPr egrovide,

addi tional 25 expense on circuitry - and power. The driver circuit'
may, for exanpl e, PBRUSSN ao"ch%r@h‘&lceﬁ&yé \/\?Ft'i"&q’\'-'?’%l"f%dp\'i\?tsﬁsa epdig etus

Opetatlng VOItagetransistors, a qu1escent_t1me, during uhich both tran-.

_‘ sistors are -non-conducting. .As a -result,' assurance
~ 10 l..is provided that ‘both transistors -cannot conduct sim-
' ultaneously. In order to. render possible the necessary .

'-flow' of ‘current during this quiescent time, diodes

y*

4 are connected in parallel m1th the transistors, being
'_poled opp051te1y to the collector emitter current paths
_15 _ of the transistors and taking over the current briefly
during the qu1escent time. Connected in parallel with
'heach of the diodes, is a capacitor uhich limits the_
gufr-;' :_ _ steepness of’ the alternating voltage produced.
.‘ 'In ‘this case the two ‘transistors are . controlled
.20 E alternately,,in push- pull, sojas.tolhe-conducting and
- - cut- ofF, by mindings of a transformerff'For this pur-'
_pose, an additional driver circu1t must be associated_'“
hwith the transformer to cause this control of the tran-
'“fsistors.f Such a drlver c1rcu1t requrres._additional
_25" expenser on circuitry and power.: The .driuer"cirCUith
may, for example, be an additional stage mhich is fed .”T

-With a separate operating voltage.?



-3- It is the object of the present invention to reduce the expenditure on

circuitry and the expenditure of energy for the control of thé fransistors.
The i nti on accordingly provides an inverter for 5 . feeding a consuming.,
devi c@avi ng an inductive conpgnent, wherein two transistors are connect ed
in serrés between direct voltag Terninals of the i.nverter and in

operation gt 1P {iWCEbTLct bR EARL PdLRD nfaemo%ng Saa g nd- ings_of

a transforner ey are rend req con ctive -1 rnately -

© . the expenditure1oh“EiréﬁﬁtfynﬂnﬁgtHE %ﬁkﬁ%% y n parallel
with the transistors and a t appi ng between the d| odes “fromvihi ch the

out puEoyokhageoatrblicofi euer teanssstirsyed, “being connected with a tapping
between the series connected current paths 15 of said transistors®®ia -
a third w mHengimferthicord raosomnmlyammml ratt hénveatetorfeyr conprises a -
fourth winding that lies in series with the first or second wi nding, the =
msd pfeeding saicbnsamiing dewiss ihavislg an ainductive wiompanenthei ng
connected to one side of the Source/Drain 20 path of a field. effect -
transWbﬁoﬁiancf-‘lmetfmséﬁﬁérsh@rr&)fcmwte@onﬂedﬁé‘ées Refean vely,  via
t wo further des to the other sjde, of saldEPath and the said output -

vol t - &ﬁécﬁel"ﬂ égﬁl Feymipgals af cthe clnyerfkeniangdy &3 Reraicfct transi stor

Furt hEF BTl RIREREE roreth RTARRAGH T Tt ARt sofand oMo Tom the

foll O‘i’hag OQGQCEth.L:QBmer so that they are rendered conductive = Q
10 alternately - o o, twe free-running
diodes being connected in parallel with the -transistors
.and a tapping betfween_ the diode_s p _.from .which the output
_ voltage .of the’ inverter is derived, being connecte'd with
a tapping between the : series connected current paths
15 of said transistors via a third winding of the transformer,
and wherein the transformer comprises ‘a fourth w:.nding
that lies in series with the first or second winding,-
the mid point of said series connection of transformer
_wz.ndings beJ.ng connected to one side of the Source/Drain _ \J
-_ 20 path of a field effect trans:.stor and the two ends thereof - e
| being connected,'- respectively, Via two further diodes ’
to . the other s:.de of said path, and the said output volt-
age being applied to a gate electrode of saJ.d field effect -
transistor via -a. control c:.rcuit acting a pulse former. :
2.5 _ Advantageous further developments of the J.nvention'
will become appar ent from | the follow:.ng description,.
taken in conjunction w:.th the subordinate claims.- .
| - Several advantages iesult from the solution accord-—
-ing to  the 1nvention.-_- No separate stage is needed '

30 for the control and commutation of - the two transistors'

A L



taken in conjupction.mﬁth t he subordinate.CIainE. Several advantages result
fromthe solution accord- ing to the invention. No separiggg st age
t

i s: needed 30 ~ for the control ‘and-comutation of the two tra tors
-4- because. the control 'is effected by _the “transforner c alnlng
t he coanoI-Mﬁndings, t hr ough. i-ts  magnetic energy itself. Therefore

apart ‘from the feeding of energy into thaypomer transi stors, no
addltlonal energy-5 has to be supplied externally for their _ -
control © The sai d igcnsdeor rtfe deeatpol nesd & fF dicteuhl biycUkRE| Yt PECSF Gimer N
construction. As a result of the invention, a self-comutating systemis
prOV|ded mherm|1t¢nntﬁmn{ngfbhe EMQtHQMHwIﬂdiEQS,therOUQanwﬁﬂ(magnetnc
derlﬁéd from 10 the alternating voltage produced by  the .
i nverter. Since tHRNeEWY t Adssildt-or sTEEFBﬁaﬁceﬁﬂ%ﬂcufrBﬂe tel'!ﬁ)t ﬁéﬁdef‘ﬂ of ..
through the use of. thejr. .currents, gssur ance is rOV|8 the =
swit chi ng over of. ??ﬁ?ﬁ%wﬁ??%n§h§t69§an Bﬁgﬁliﬁ??sfs ef pd %EH°“3 energy -

satisfactorigy. The o rcuEt be.selfs

_ u ng T P Clklatlgﬁ i ntrol.
construction. - In t#s th@ PPEREENCS < 5P PRk 4l t &P hat PG ﬁoI?% %
produced can be vafjé dsE% %Pﬁ?s"‘\‘tdﬂ&:t gk f gEEN e@gn%‘bm ucegi"cE@élaJ:

addition, the duty cycle of alternating voltage can
be varied.- so as igcd@Fatd Nh ML RQUctionlal ke aofreshmtSofatherﬂaoeﬁamn,

voltage as a result, - for adaptation to different' consum ng devices. The 3-"
I nvention |s I||&S$ékﬁ€ﬁbmdnmat&ng eﬁstemxampbeov1ded mhereln the energy

for the cont:dl ‘of the tran51stors is derlved from
"10 : the alfernating voltage produced bye the lnverter.
-Since the tuo transxstors automat1cally cut one anotherd
Joff through the use uf._theln currents,_ assurance 1s.'””
: provided thet the'switching overiof the two transistors
ln push- pull is effected satlsfactorlly.-_The circuit
15 may . be self—osc111at1ng in constructzon.' Id this case, .
| the frequency.of-the alternating.voltege prdduced_cahf.-
.be Va;ied'for_adaptefich ﬁp.different'conSuming"deviees.
b N "-'._. In --add'itidn, ihe-'_df_;fy cycle _. of the 'alternatidg voltage
' | pfdduced. can also be varied. so dae to vary tHelneane”
20 yeiue' of _tﬁ;s ualternatihg 'vdltage“ is & .result;. .For 
"adapfafidnnto differehf'cdnsuming devicee._
The: inventlon _isu 1llustrated by - way of exempled
'ln the accompanylng dramlngs,_Ln uhlch’l |
Flgure 1 shous a’ c1rcu1t example of the 1nverter1 
25 d_.accordlng.to the 1nvent10n, |
Flgure 2 shoms curves to explaln the mode of opera- ,
'_tion of the c1rcu1t shoun in Flgure 1, B _f'

Figure 3 shoms the reallzatlon of a c1rcu1t detall R



in thé acconpanying drawi ngs, in which: Figure 1 shows .-a-Circuit exanple
. of the inverter 25 according to the invention, Figure 2 shows curves to
expl ai n«the' node of opera- tion-of the circuit shown in Figure 1, Figure 3
- Shows. thé .realization of a CII‘CUI'[ det ai fromFigure 1, Figure 4
sho the equivalent-circuit -diagramfor -the transformer used in Fi gure
1, re 5 shows curves to éxplagn the. equivalent- 5 circuit diagram-
of Figure 4, Figure 6 shows an exanpl e of "a practical embodi ment of the
'contrqdrd;ﬂ Falgdreiagd in Figure 1 and Figure 7 shows curves.. to explain. the
control cir- cuit as shown in Fi gure 6. In this case, the | ower - 10
case lett erBigdwyy att Whouspoittie oéqubealentetiicuit hedvagtages and =,
currents. according to the graphs appear. In Figure 1, a so-called “**“
hal f - ffomgke diransftonmieth used tinafidigsirer 4,T1, T2 i s connected between the
~ operating-voltage +8 and earth... The:operating direct voltage +B may be 15
“a rectifi thowRs nd ebPuagEuTHES nky eweladgkcihe f pauivakeatcunul at or . _
Connected to ,the base-emtter paths of the' transistors Tl, T2 are two -

c%ntro‘F“\‘/ﬁLHotr ff2epam Af £199T% Be transformer TRL. Associated.with the .
e o ol LA A I B e
are C@Paﬁké Ushtfoh cf}?cm ‘L&ed -Jﬁ‘ Figdu?® 1 and - '
| Flgure 7 shouws curves. to explain the control cir-. T
teuit as shoun ln:Flgure 6. In th;s‘case, the lomer-
10 .case le-tters show a.t ‘which points o._f‘__t'he' circui_ts, the
uoltages and c.urrents'. according to the. :graphs appear.
'In“Figure i, a so-cailed half-bridge circuit mith
two transisturs T, T2 is connected between the operating
“_<VOltage +8 and earth... The operating dlrect uoltage +B ‘may be
15 a rectified mains voltage or may be taken ‘from an
| ~accumulator. Eonnected to the.ftaee-eﬁitter - paths  of
- '_the" transistors T1, T2 are_twn"cqnt'r-nl" 'windings 52 a'nd' :
S3deithe-transfo:mer TR1. ASSncieted mith the transis- . _t AR
tars Tﬂ;'TZ are diodes D1,Tb2-which ere_designated'here- . |
20 inafter~as:free-running diodes. =Connected’in.barailel
| to - fhe :diodee are ecapacitore c1,_-czl mhi;hf limit the
eteepness. of  the altefnating unltege Us’ produced at
the terminal a. In knaun -circuite,f'the- connection
-point- i of the diodes'D‘l; b2 is cOnnected directly tq-'
25 the cqnnectiun'pnint*;l Af the transistnrsz1; T2.. In
the circuit shown in‘FiQﬁfe 1,thoUeQef; theee twu.conf
- nection pointsteéte- eepe:eted.;.3Th9f:conneeted:,point- i

is connected to'the dcnnectidn bointfgluié?tne'eqxiliafy



T

steepness of the alternating 'voltage 'Us produced at the termnal

a. In known circuits, .the .connpection point i of the di odes D1, D2 S
connected directly'to 25 = “the ‘connection point h of the-transist
T2.." In the.circuit shown in Figure 1, however, these two con-. ne
p0|nts .are -separated. . The' connected point i i's connected to

connecti on point h via the .auxi‘liary -6--NBJNﬁ ng Si. The alternatlng
vol t age. "Us produced at the. termnal a is supplied- to 't he consuni.ng
device V having’ hhﬁdtﬁdUCﬁive CiponrAiterinatithgpr odbtege arnlsil tprgduced ngt
current Is for the consuring device V. The output 5 = a i's connected to .
the cofitrol terni khe ['eelrﬂ}mﬁltb_e ESnlSIUODIGBF’CLhQ tdl .consmimingcotevide V-
circurt cdl. peri odi cal controls ' the V-MOS transistor T3. The -
transistor - T3 peheaaneattlly igdeetive reemrananie Wisnd rtg@dteeeam 34 t@rgarhe

di odes . D3, = D4 nd_initiates: t chin over bet t he
transistors’ Ti, % 99 cugFenty; ks E%ﬁnghe CPHEQE??EUFF"FEe v Hhe" outpit

made’ sel f-osgi |1 a6 The ool g Sine XGhelod ScB0HLRLENE! LY AL adusady

has the | owi frg = "pui pose transrs I s=cond
so the ‘transist@irchitl SceHt, Ofhe tc'&‘?'ltjr%l cﬁ%u‘i‘%toer1CUVp’e°ﬂtod1Pa11y

flows via the winding-SI to the term nal . case,

transfornmer TRl caet$ods atlSel”\ﬁ-l’MUSr%&%hQE.EEE:rSOHth Thie wéﬁeremfflta .
through the winding S1 produces a current in the w nding 52, which.

current is suppbeedoﬂdcemeytshrrméﬁuneurﬁb tneawzndrngs S3 and S4 via
&J. H the drodest,DB, D4 and rnltiates the swrtchrng aver
10 -between the traneistors__T1, T2. By  this -means,_;the
circuit is made'seifaeecillating;". _ | .
The winding '51_," which is additionally ‘introduced,
" has the fullnwing' purpose. If the: transistor'.T1 is
tconducting and s&- the _transistor T2 .is 'cut eff, the -
15—._ collector-current'iT1 flows via the-winding.51 td'the
.terminal a:.- In lthis caee, the traneformer-'T§1'-acts’
._as a current transformer S0 that the current iT1 through
-&J- _ - _the_wrndlng 51 prcduces a current rn the mrndrng 52,
o ::,whlch current rs supplred to. the transrstor T1 ae a'
_'203_.“base current 1B1  As a result of sultable selection
| of the turns ratio: betmeen the urndlngs 51 and S2 and
therri palrng,? taking- into cansideratrqn the_ current
_ampliflcation_ factorftalwcf_ thef-transistor_.f1, 'it.iis-.i
' Dossible-.tel'errenge;.that{-thejtcurrEnt iTt.'breduces” the
'reduiree .base_-current 181 fnrf_thes'traneisfor._T1. In

25 this Case, the current iB1 is'prdpertional td'thelcurrent-

iT1 as desxred so that ‘as . the current 1T1 rlses, the [;' 

“~baee,current_;81-rlses-alsp. “Rs a reeult of thls : bese



B . . b
20 base current 1B1. As a result of suitable selection of the
turns ratio between the windings S1 and S2 and their poling,” ‘taking into
consLd7 Nyion the. current anplification factor B of the transistor -
CTi, -ﬂ:4:i s possible to arrange that the current i Tl produces the. .
reqU|ﬁ.c' base current: iBl1: - for the transistor Tl ~In 25 this

'n.case the current iBl is proportiopal to the .current i Tl as ‘desired so that

“as the current. iTl rises, the base.current iBl rises also. As a result of ,
this cubgeat adetwrmentthada:puadctbﬂ ¢hrerardl ) enbedsepan=e, no '
separate power is needed for the control. - Thus the current iTl is -
ut|I|zedwerlnsnneaﬂmmtﬁgeoabemmnﬂﬁr0h4)[ﬁhﬁMCbhehsuweeessaﬂy base current
1’81 by using the current trans- 5 formation.caused by the transformer®®
TRL. ~ THe Wekkdzads - ian@n mBEERGPOUS MY ol Lot REOdUEENENR ors. i s

obtai ned fromthe nmagnetic eper, t he, transf or ner ual ly, the :
currenPecF?Eaﬁyodﬁfﬁg 8”55??5nﬂg¥ %WtTE}Qﬁn&ﬁﬁg°§§rFHFo§&W“?%e ‘Wi ndi ng

I h d
. ho‘ﬁeVe?IOrr]fcnﬁglfr aﬁ g’?’ f‘?f ﬂrarg' SictE ™S coﬁﬁﬁlo'f Ieeﬁ"é)géoaeaestcoﬂgr eeWI et 82 T
.Conduc%th nd eEQﬁyCUH e@o’ntrta‘it {:ﬁeh?l‘%r@‘ﬂst‘ﬁfrfs tE tt{l‘.ﬁ:é*r@&?' stor T1 '5___, :

cut offt and t e transistor T2 conducting, the ector current

| T2 OffrolhetHé magheansi SédHrgyTzoﬂ ithewi ts@ngfdawer .t hreygdi1 g he  windi ng
SI but in the opposite direction iTl. ~ Since the w nding 53 is

opp05|u:eley oot Beh oifhe pyodlicys S, cuawendr, imethe winding S3 R
| -through the m;ndlng 51. Slnqe 7tné wzndlng S3 is \J-
10 nppositsly paled to the winder SZ?'hoﬁsver, the transis-
" tor- T2 is not csntrdlied sg - as  ta " be .conducfing by
..this current, but-is held cut off, | _.
-If the transistor T1 is cut of f and the trans;stor
T2 is conducting, the collectnr “current _iTZ ch the
15- trar{_sis'i:ar_ T2 likewise flous. through the winding 1
E th in the_-oppssits_ sirectidn _iTi; Since the winding

-:53 is oppssitsly poled to the winding. S2, howeue;, the

same modefof cperation abplies for the.ccﬁtrbl of the
translstor T2 by the collector' current iTZ-_as for the
'épj.-stranslstor T1 o | |
| A starting circuit St is cannected to the base
-_of ths transxstor T2. Thls serves to control the tran;.
sistor T2 into-saturatlpn with a pulse mhen the circuit
is_takeh .into-se:viCs so'that.theswhole_circuit starts
25 to osciliste. 'Dufing 'operation of the circuit, the
| .startlng c1rcu1t St is lnactlve bscause then the circuit
uorks in- a. self osc1llating manner. | |

The. made of operatlon. of _ths”scifbuit' shown sih



same node.

‘the col | ector
cigecuit St

serves to contro
circuit, -i-s taken

'OSC|IIate

of operation applies for the control of the transistor T2. by"
“current iT2'as_for t he 20. transistor Tl. A starting

i.'s " connected to.‘'the ‘base of the transi stor T2. -Thi 7}
he

Durlng operation ‘of the circgit, the starting cirtcuit St'

the tran- sistor T2 into saturatian with a pul se
into service so that the whole circuit-starts 25

i s inactive because then the circuit works in a self- oscillating manner.

The nmade. -
expl ai ned

of
in

. opﬁungon 10fist hexpldirad t1nshmmme_|detallF|gnth reference
nore 'detail with reference to Figure 2. -At the nonent’

t1, the tranS|sto¢dﬁflgUE©n?pmI&kibpeth@mﬁﬂhrb1,c¢hewtranﬁlsﬁ91h£5 tirse
voltdgé Uc appears at "its control electrode g gate), which renders 5 it

conductin

g.

As c@ntaelled byhghgi gankgel s
t hée di odes D3, 04
then works

in.

produced ‘at at
S3 therefore %

nd the t t T3 The wh f
app%rrsiﬁ‘ﬁs'fg%rcwtol .sﬂ%e@reﬁpf&gaﬁ%fs Ml dendaes

P4 bhEuk DAL 9% as THS 2GS ERY Bt oblifgl: 5 J0sa. 'a[lﬁee
transistor. T2, whigyMas hidigkko ﬁ%ﬂ%l&hﬂ:d&eww%@wc@f%m& a -

certain delay so that- at. the nonment t2, the current i T2 drops to zero.

capaC| tor

As. a result,
. of

because

C2.is thgn ncrhleonaﬁbléh%far?éﬂ'mézedm 1bhek haydrkansi At ernothZ-,
tHe voltage Us at the point. a. can rise to the value +8

the clrcuit so . that practlcally no -voltages are 'prodUCed.

10

: at at any of the wlndings.- The voltage U53 at the w1nd-

ing 53 therefore breaks domn to zero.' As a result ‘of

the oepletlon_time, the transrstor T2, uhich mas hitherto

'..'conducting; becomes'non-conducting uith a'certain'delay

15

. The capacitor _C

so that at_the'moment t2,'the current'iTZ drops to zero.

-the transistor TZ. As a result, the uoltage Us at the =

' ooint 'a. can rise toh'thef}value +8 because. of :the:"

',jcharglng of the capacltor Cz v1a the 1nduct1ve component

20

Ll of the load V.. From t2 'to t3, a current .also Flows S

across the . capacltor C1 whlch chargeshit osciilatingly.l

Foubh Gk Shobhatitiii Rl _! |

2_15 then no. longer short c1rcu1ted by

At ‘the: moment t3, the dlode D1 then becomes conductlng J_h-

 fso that - the current 101 flows up to the moment t4 and
:h”no lnterruptlon “oF the current Is occurs. The current:
'hiD1 ls pOSSlble because the load v contalns the 1nduct1ve.f
- "component L. At the moment ta, the current 101 become”
"zasi.equal to zero.h Slnce there is now no longer any other"

'fcurrent path, the current Is becomes'= zero at the moment ;fu

1_t4.“; At pthls moment the reversal oF dlrectlon oF the



: , .
eharging of the' capacitor [err] via the inductive conponent L of the |oad
V.. Fromt2 to t3, a current also flows agross the capacitor [érr].which ,
charges: it oscillatingly. 20 At the nonment t3, the diode D1 then becones:

pon@img so that the current .iD1 flows up to the nmoment t4 and no

I nt Aiption  of the current I's occurs. .The current iDl is possible - _

because the | oad V contains the inductive conponent L. At' the nonent t4,

the current. i D1 become 25 equal t%-zero. . 'Since there is . now no | onger

any other current path, .the current |s becones = zero at the nonent t4.

A CheSTiaRferi® TReetfevtrdal Ab tha memerdn tf R frsngident Is 15
now t nedh Tl Becoit, SREER b0 e WA el rIOBe R RERDTEMEBRRE T TP S0 e -

now t he Tl'ow of current _ _ I'TEc ~ During this
time, the trans- tor T2 is cut off by the voltage US3. At the nonent 5°

15, tRE $HR apeosd teppidestien:n AURiNG dSHS Jing edhe tF@NSOf the .FET T3

and briggs ppoyls Lhe e tefi kR t;{cﬂlﬁe}%{@é"i-ﬂ@spf Athenel rfidepy mer -~ TRL.

As a result, the base control of ransistor Tl is lost. Therefore,
tge cwg.enthei UblthgeOnBs -e@galars0 ZRiih Wat NtheC@dnirdll elecdel ay at the

nmoment t6. The taking over of the current is .effected for the tine being .

by the toayci 6Or $hELFEC2 yf ahdcbrihgsf iaboluti stiohasiyert 4ol vdusind the second

.is charged up to the ndnent - t7. At the nmonment t7, the diode D2

takes apepatime ofcuthenttramefosmerh TRis 15As adrgppedt,tctheero at the.
nmonent t9. - At this nonment, the "transisor. T2 is turned on -again-
by thd2ask|eagkrol of the transistor T1 is lost. Therefore, :
the l:_u,ffent im -becmﬁes equél' to zer.o__\.n'ith a cerﬁ;ai'n '
10 ‘delay at the -—ument tE The taking over of the_c'urrenﬁ '
~ is -ef'f‘ected' for the timé being by the. capacitof.s‘ t"l, _-
'Czl- of which the first is charged to +8 _arid the second

' is charged up to the moment £7. At the moment t7,

the diode DZ takes over the current iD2 which, has

15 drqppé‘d_ tﬁ- zerg_af ..the. moment t8. - At_fhis mc-:me"nt,l
| the. frans’isor; T2 15 ﬁu'rned_-dn agéin by the voltage

. US3, as a result of which the current iT2 begins. to-

flouw again. Th'e nioment_ 10 co_rrespd_nds' to . th_e_ moment

t2.

.20_ o Alsa connected between the. windings S2- and S3 and

the bases of the trén'si-sto_rs' T, T2 afe__ two voltage
 sources E1- and E2 '_mhich are pb-led in the cut-off di-
‘rection of the transistors T1, T2. These _v'_oltage‘

sources have - the fql.lowi'n-g_ purpose. When the FET

25 T3 is rendered condu;ting_-b'y_ the '_voltat-;e Uc the windings

§3, S4 are ;also not ' t_bn_ibletely short'-ci_rc'u'i-.t,'ed

" because = of -the - forward voltage - of ‘the diodes D3,



US3,: as a result’ of which the current" |T2 beg| ns. to flow again. The.
nmoment t10.coriesponds to the ‘monent t2. 2a . - Also connected between
the windings S2 and S3 and the ‘bases of -the. transistors Ti, T2 are ..
two vol tage sources El and E2 which:are: poled in the cut-of f di- rectign -
of the - tran5|stors T1, T2 These. voltage" sources have t-i
follomnng pur pose.. vwen the FET 25  T3gks rendered conducti by t he
vol tage Uc the wi'ndings S3, S4 are-also not compl etely short: C|rCU|ted
because of the Daf,oswartdatvcdvteangem oéhorhecmhmitasopeﬁation, S@allD&pls-o
that “even in short-circuit operation -small vol- tages in the forward - .
direotiton of thethag&asi@rshtlfqmw@mbeduractthe wfndtigys tsanssstorshd i,
voltabé sources El__and E2 serve to accelerate. the necessary turning
5 off of the trdifsi3RRRar Tat, the wingdings $2shdds  &hei vaditagsnisqurces
whi ch the vol tage sources E E2 c be re Ilzed The circuit consi,sts

of two di odes D5, U6 ZR§ at ap%%’f‘f%r%&i SEReLSERT %ast@e TAPEESHARY W TNifiSge

a capacitance gthat vol.t terminals e and m renains -
constant and far rrgoftfheomreetqtﬁ rtégg‘%‘éga’ |on % ‘bias - acting. in - the =~

cut-of f direction. Figu& e JShQWEmsthé‘ c‘i‘}‘éh‘i’.%' b#ﬁr?'t rugxli'c‘h Qhélgru%l‘ta%fe

the transfornmer TRL fOr - further ~explanation . control.
the tranSIstor T3.sodrkds$ Ehe itzradam nductrealued. ‘The circuit ccns:.sts

of two dlcdes DS, DG and a capacltcr C3 in’ each case..

t

'j\“ﬂ This hae 'so large a _capacrtance ~that the voltage -at -
10 the term;‘.hals g and t_n_...ren_l.aihe' ccnstant -end__fcrms" the |
.rrequired ,.adciticnal bias - acting:, in | the :jcut-otft

directicn; - | | ll.. | . | | | |
L Figure 4 showsl theu'equivelent-circuit- diagram of _1'.

__;the_ transformer TR1 forl further'-explanaticn' of :thet
15 7'r:cntrcl by the transrstcr T3, L3 is the'etray inductQ'

. ance_ ‘of the transfcrmer TR1; seen from the - srde of _

'uthe uindin§=53.- The energy stored in the core cF the ir
&w{ _ o tranetcrmer_.TR1_.is represented 'by the' magnetrzrng.

'current itS; l _ . .

.20 fg_“FngEe;'s shcwe;.in"principle,-the chntrcl_bcltages_h_-“

: ”.::Fcr the ccntrcl of . the transrstor T2.i Fron.tT to t2, .

:the? current it}_'is'_negatlve and 'remarns ,ccnsteht"J

_because VL3 'ist approxrmately zero. :tIheﬁ currentl iL3 
_t_floms Vla the dlade 03 and the tran51$tor T3. | :

.-zst_'f,h From t3 to t4,_the current 15 negatrve.i_Theigicdei

302 is conducting. 1'The current _1T2 is. appranimatelyt

.”'qurrenth'rLS 15_ substantlally equal to the current 1BZ]_?'t;

"-fzero.;::The current hise flcws via’ the dzcde DZ.. ”Thgf;;-f'



ance of the transforner TRLl, seen from the side of ‘the wi ndi'ng

- S3. energy stored in the core of the transformer TR1L 'is * E
repre by the nmagnetizing current ilL3. 20 Figure 5 shows, -
in prg n‘gy@- , the control voltages for-the control of the transistor T2.:
From®dl to/t2, the current L3 is negative. and .- remains ~constant
because 'VL3 is approximately zero. The current L3 flows via the
di ode 03 and the transistor T3. 25'1- . Fromt3 to t4, the current is
‘negative, , The diode D2, is .conducting The _current iT2 1is _

appr oxi HREEDy PRARATES Thbe Fendicting P'P%?\E ofi athe h&ragségkorpe. The

I L bst ant,i al | It t t 2 h
Che. contfct PRESHRacE: a?cf't%@%ysr 082, gl PabREREL o Y | UF gaigat" B OPESS
di t t di t
the i Be ot SifeRedY fapessda %Eéﬁgé“ﬁ"m W °8s b8 L Ceton
Secondapy  ¢4r r§lbercbd2! Nand EPPT OYbETHEL Y edlal YRS thengase_current

i B2, in order to maintain the satura- tion o the transistor .T2. - At
tBe SagBcohiEBy dhErdMseiTa/ht e(n \w@prasanatREy of) tiherebsassi stor T2
ri-ses by about .1 V as a result of which the increase. in the 10 .
current theLbases cmgredt eiid2, The ordderr ebd naBntsimnhéhe- sheuea-cl osed via
_the voltage souice E2 and -the base/ collector path of the transistor .

T2. Durtdgn tRE cthductragsistoe T&. thét tthasisamue. t'ﬁqu,t h&he is to say

from t4-t6, the current iL3 _passes L
_ base/emltter voltage UBE ~ of the transistar T2 rises _ .

by about 1 VvV as a rasult of whlch the lncraasa in the

10 _'-currant iL3 ;s magnlfled. . The current il3 is there-

| fore closed -via the voltage scurca E2 'and  the base/
collector Eath of the transistor T2. | |

Durlng the conducting time of the transistor T2,

tﬁat ;isf to say frpm_ tafts, tha _currant 1L§ passes

15 - ~through tné”zé;o valpa{:With_a_sinusoidal.cufva, this

corresaoﬁds to a_ phasa displacemenf. of 909: batween

the voltage and the current in an inductance.

:.(:):  .:{.. :.:.  i a hl.   '}:-;.

Thah,_ at the end of the conducting phase of tHe
‘transistor -T2, the 'currenti iL3 basbmas aos;tiQa- and
20 ._1s'd£amn'¢ff by-the current iTZ/n td furm_tHa current
| ..slb accordlng to Flgure 5. |
| From t5 - tE, the " canductlng phase oF the transxs-
tor T3 and ‘of the diode D3 causes a rapid drop in the_"
current 182 and the cuttlng off of the tran51stor T2

25 after the so-called dapletlon tlmeL

- e



15 thrdugh the Zero value. Wth a sinusoidal curve, this corresponds to
a phase displacenent of 90: betmeen the voltage and the current in an
inductance. .Then, at the end: of the conducting- - phase of the -
transistor T2, the current i'L3 - beconmes positive .and.20 . i s(dDR
of f by.-the current iT2/n to formthe current ib accordlng to Figure 5
t5 - t6, 'the conductJng phase of the tranS|s- for T3 and of the di ode 03.
causes’ a fapi d drop |n the current 62 and %ﬁe cutting off of the o
transi stor T2 25 - o] |1 epl e n 1 Fr,0 _or
t'"1 tot'3, the current |L3£ﬁas§a1€35|ﬁgt?vg ElgeEP?gE”t 153 %ﬁerefg:eq no
| onger= correspongsve t @idee@RdHCtang RiRsereke tHE tlro%fb%'rs'[@érﬂ_gs@éﬁdéot%
con- ﬁhctlng phase of the transistor Tl. The following period 5 - from
‘t'1 to t'5 carespoodsingo phiase condgbki ngrardiatarof T2 heutr atsi at @onkl
on-the same principle as for the transistor T2 fromTl to t5. At the end
of the conduc- tiduptiitas@beise fof tthangirensistor The clineefiellodimgagieriod
beconmes  negative and causes . the conducting phase. of 10 t he
transistor 2. IfFami < 'Fanter, tf Re eamresrandst dos FleandoTIuesng phase
alternately. contrpolled .so as to be_con- ductlngmand cut off.'

inductance L3 |%f aEB?e transtistheh VAl uenmh‘?"tﬁl P edé’fféﬁ'&él‘?tle O?PT?Hé the

Vo 'téglec?tv'c‘z)”+ Cgmtiadd P2 PR 15 s OBs!M%ak ERUCIRY B R Whoue-

-t1ng phase .of -the tranSLstcr T1; the current'iL3_again
' becomes negatrue' and- causes_ the conddcting- phase. cf_f”
10 the transistcr T2; ln thls;manner,.the tu03transistore
T1 and T2 are'alternately.contrclled so as to be con-
-ductlng and cut off |
' The'lnductance L3 is above- a udnlmum value ‘which
‘is dependent on_ the ampllflcaticn - aof the tran51stor,
.15 l[_on the frequency and on the voltage (VCZ + UBE) | _
" From thls it. follows ‘that the current -af the dlade:f “
‘D2, which. is generally -cdnsiderably, greater _than'gthe'h
'Lg’. . current lL3, should not flod thrddgh the-primary winding-
51 Tof-.the traneforner_'TR1{. To high a 'valde"of -the
20 ..current iT2/n. frcm“'t1,--. t3 would: preuent the 'current_“;
© 182 so that the  transistor T2 ....a;_ud _not be able” to
| .beccme c0hddctiﬁg.} Then dthe circuit dwould ‘not - wark
-:satisfactarily; | | . B .
= The . constructlons andd mode"of.hoheratidn-.of Athéi
l25 _J.contrcl%_CchULt Cd1;.are_ descrlbed mith. reference to

Flgures 6, 7;, The cnntrol c1rcu1t Cd1 serves td control'.“

the tran51stor T3 and so to control the partlcular con- eﬁh-

: ductlng phase df each ’ tran51stor T1, T2. -The, Optpu? R



Fromthis it follows that the current of t he di ode D2, which. i s generaIIy' :
consi derably. greater. than the current iL3, should not flowthrough t he '

primargw nding S1 of the. transforner TRI. To high a value' of -thes
20 ent iT2/n from t -. t3 would prevent the current iB2 so . -
that “\#he transistor T2 would not be able to becone conducting.

Then the circuit . would not- vvog_g< satisfactorily. -The .constructions.
and node of operation of the Vi control «circuit Cdl are ' ;
descri vvit fer e ., The cont Circyit Cdi serves
to conpggf;agﬁ frggg'ﬁsf ¢ H% so o(?é' E'trreol Ii]t hegpagr Arlcuﬁ‘{atr% don- ducti ng -

phase ¢ab epghc tEaREhahoT: L‘% thie cnﬁbfowtﬂ%u;t -ddr, volrhgge Us frigm

the point a "in Figure I is applie o the nput termnal r. of¥ _he"-'
cont robpeshteHht velltags THE QRETS4ABOLI¥éH t Bge thR dSodd abel bzed . by the
diode 09 and Iinmted to a value of about +12V. At the' point s, the 5

vol tageikdted danpedalue z:efr_ceth;utt he1ﬁVodeAG7.theTmmnias§,athesult of the
action of the capacitor C3 and of the. resistor Rl there is a voltage at

. the povpitage tUswe aspldlamped oto wieirch.by sthgotdiaiismeldent Thos, t he

- anplitude of the voltage Us. The resistor R4 _and the- capacrtor 10 ¢4
form &P ?ntefudti ngf thgetambientef e coepehber OB #@d Afresult, the

3 0, Yol A e RS B & "lBallh S5 in e R Y S e
whi ch %R%lrtude of which. is ‘not dependeot_,on' the amplitude _ \.J i
of ‘the 'voltage 'Us, The resistor R4 and the capacitor | -
10 C4 form ear lntegratlng netuwork For ‘the voltage 'U1”
As a result, the sawtooth voltage Us appears at the
| point t._ The threshold value\ circuit with the' tran-
. sistors T4 and TS has . two threshold values- whlch are
edetermlned by the voltage sources U3 and ua ‘and with
15 : which ¢the voltage- uz rs compared. ' The voltage source
.UA'forms the lower threshold value Uu1 Via'the'transistor
T4 andsthe'sum,voltage U3+U4 forms the upper threshold
- 'value Uw2 via the ,traosistor TS. If the .voltage Us' _”_\u{_
has .its lower:value{ the'voltage u1 1s equal to zera. E
-'zn : Therefore .the  voitage uz drops'_and, at the moment t1,
droos.oelow:the iower threshold uatue“Uw1. As a result,
the -transistor_ T4 becomes .oooduoting"and:"controls “the
.transistors T6 and” T3 so that 'theyirbecome :conduotinot
As a resuit; the uoltage'Uo,.mhich'is elso:represeoted
25 . in figores 51, appears ‘at the. control electrode (gate)

of the transxstor T3 and renders 1t conductrng.

_After-the dglayednsm;tch;ng overyof the powermstage”:ﬂ-



'deiefniﬁed, by the voitage sources U3 and U4 and with 15 whi ch

the voltage’ U2 s conpar ed. The vol tage source U4 forms the | ower _
threshol d value Unl via the transistor T4 and the sun1vo|tage Us+U4 Lgigg
t he upper t hreshol d- value W2 via the -transistor Tb5. If the qg_jia

voltage™Us has its lower value, the- voltage U is equal to zero. - (
Thereforée the voltage U2 drops and, at thefonent "t1, drops below the -

| ower t'hreshol d val ue . result nsi stor T4, begcones '
conducting and ESH?F%THQ FHeIﬁ%%ﬁﬁsﬁtnEhET8° ﬁ&e ¥§ %ﬁ?1Qhﬁise?h€9d.

.becorre n;:ce)gdggtl ngea@ﬁﬁgguﬁﬁgl tdlpe:tameinvol t%g_g_taggc +4hi chpi's 6}:| %‘?:ent via

t he- Eont I'o N edModd

repr :
(gat yof the traeﬁhst@eipJ&@&d t%“dé‘r'i& 'tthecopgs'gst@ﬂ ﬁfteaniéﬁ cheéaxsq -

swi tchi ng -over of the power stage - according to: Figure 1,

‘'vol tage Us again ﬁ:eeessaad leacémuﬁéte gPX | B8anVehbagerreRt. tr&bagh '
current via the:  capacitor. C3 and. the. resistor R, which is now
reversed, s sonewba&qyﬂyﬂHM'R&mﬁbthaaeumhuudiddanmm how bebemeesiceher - -

R4 so that. the diode D8 now becones con- ducting. - The voltage U goes
rapi-dly up to thedopéing.ti Tye waiktape WF gede Tap hdlly pupdboetha opiesiang
voltage U2. = The transistors T6 and T3 are only cut off 'when the voltage

'Us has reached thé&ifpertritrpeorfageidgV wid produpest ife RbAbAE volteme
10l tage (2 exceedp Ll opel ALPRISLY HeI R UG apa"tiubd 2Rt bRk ubR
t.'\*/' ) the voltage 'Us has reached the dperatlng voltage +B.
"10..'f . At”the-moment tS, the vdltage U2 exceeds the_upper'
' thfeshpld_ value Uw2. The transistdrs. TS, T7,_¥lﬁ' and
T3 remain vcbnducting so long ‘as 'the- voltage Us has
_ not become' ierd. In a cdrresponding symmetrieal man-
ner, the:vpltage'u1 becones equal ta zefd'during‘the
15 _-descendlng edge df the voltage Us. the voltage Ué dtdps f
o and the camplete operatzon is repeated.- with a glven;
Rcd netudrk, the_ frequency depends on the dlfference
t \‘j". o betmeen'.the upper . threshold. value and the louer one.
B | The duty cycle of the output voltage Us ls dependent
Zb l.on the mean:-value between ‘the upper threshold value7'-
B and the lower one. If thls ls-equal “to half the opera-.
.'..,;_".ting voltage +B df‘ the control c1rcu1t Cd1, ‘the _du-t.'y-'-
'.'cycle is equal to 1/2.__' | ' o
; Thus, .in Flgure _15. the eontfol cireult. Cdl can :
-25e'h;be lnfluenced at the terminal t so that the Frequency""
| _p of the 'voltage Us or - its duty cycle ‘and. hence _its.; :

'effectlve value varles. Thls can be effected by alter-

o 1ng the valtage sources U3 and ua



not becone zero. In a corresponding symetrical nman- ner,; ‘the voltage . '
Ul becg®es equal to zero during the 15. descendi ng edge of the” voltage

T ol tage U2 drop.s and the conplete operation is repeated. ~ Wth-a |
: &G/ . network, the frequency depends on the difference between
.the upper ‘threshold. value and the |ower one. The duty cycle of the output
vbl tage Us is dependent 20 on tYe nean value between the upper
t-hreshol d vqﬁu§ anqnthe Lower one. |f this is-equal to half the opera-
ting vol tage +B’of ThePEbAEFBLCei r¥hf t dmcuithe showp cyol eFigumgual to 1/2
Thus, 6N i s  dn ..contral o circuit Cdl can 25 be i nfluenced.
at the termnal t so tﬁgpi%ﬁgg r SGTEHEF tith nehe vgipdge D8s arat its duty.
cycle ‘and fhenathe i Ya1ehhectiye value,varies. This: can be effected by ¥
alter- ing the voltage s_-oér cedsél’UB\ég'ﬁ'd R_ .'"eet"*ﬁ'ﬂ'fs, R&/Q4 (gaymiind e, the .
circuita shodng,i 2 HHiEIR1G-CRR 5@l J.tu limter with the di odes
08ﬁ?nd %Z- h%é the voltage Us, " an _ ;Iﬁﬁ%&k ﬁ@ﬁQ§?5§&ﬁ%fng a -
tiing, TA»t Hi%eshotd-bhal ueoLtageli tsotirkBst Ne3 1 1 ARSI s_5 T4, ‘T5 and the
voltage sources U3, U4, and a control circuif vsﬁtﬁ EhENE i stors Ts,
T7 to cBAFFYEtt Méthr dhe $ireneist®ds WE,CIT7 §d) ddri A the t3§HUES as a
- Sw tch totshor -circuit’ the wnding S3. The capacitors Cl,, C2.in
Figure S¥5*PFnik3 wRdchst ebpnédguref. 15 hesemider 88t iandsdPrch the Vol tage Us
produ-ceghoitlg. Fiﬁgu e 1, these capacitors may also be connected - o
directly "Th _p’a’l;%l 1o ¢ t Windieg S3. The capacitors C1, €2

in Figure 1 1limit the steepness ‘of the élféfnatiﬁg'

10 the voltage Us produced. In Figufél1, these capacitors

may also be connected directly in parallel with the

col;ector-emittér paths ~ of the .transistors“ T, T2.



collector-emttet  paths -of +the transistors T1, T2. CLAI M5 1.

.An inverter for feeding a consun1ng devi-ce having an inductive o
cenponentmhereln two transistors are connected in series between d|"

-vol tage term'nals of the inverter - and, -in operatiion of the invertersZare
controkt’ed by first and second mnndlngs Qf 4 transforner so.that-they are
rendereed conductive- alternately two free- runnlng di odes bei ng connected in
parallel with the transistors and a tapplng 10 betweén the di odes, from .
whi ch the output GeAM3e of the.inverter is derived; being connected with a

tapplng between the series. connected curr at hs’ of sai,d transistors via
thi rd wi nding ofsthe t rim SkpreRter \j%§4£a$ ﬁﬁviﬁﬁnprises a

Iﬁzrfn“dwp(?f"n?go%%a S &F&%ﬁh %oﬁ%?%égiétgﬁé“g’
connected to one gecegm%@eeéaﬂs YEeld ALl Bt Gotkhae! chataloL

and the two ends er eo el ng connec respectrv

di odes,  to 2 &b & O i eﬂtiéﬂ‘%isébh‘é uiRvL eyl bpae
bei ng applieg to a gate ié%%f?ode of " saufgleﬂd effect. tran3|storSV|a a

control circuit agéhtBoELEd! B¢ fOF$EIand. secont wiliddnigy o&SaCH:&EﬁEIormer
Claim'l, wherein'the control circuit conprises a voltage limter, a tine:
25 constant netwsskthat théylrménd-ehdereda conductives altemanelynverter as
clalned in Cla|n12 mhereln t he .
: : : “a two free-running diodes be.ng
g“/f connected 1n.parallel with the transistors and a tapping
40 between the diodes, from which ‘the output voltage of -;"

the inverter is derived, being connected with a

tapping between the series connected current paths of
- sald transistors via a third winding of the_transformer,
. and wherein'the'tranSformer.comprises a fourth winding 3
15 'that lies in series with the first or second winding, .
' the mid point of said series connection of transformer
"_-w1ndings being connected to one side of the Source/Drain
K.r“u " path of a field effect transistcr and the two ends thereof
| o 'being connected, respectively, via two further diodes,to
'-ébi-the other side of said path, and the said output voltage
' being applied to a gate electrode of said field effect
transistor via a control circuit acting a pulse former.
i?-' .af'p_'*f;f 2.'-. An inverter as claimed in,Claim 1 wherein the-
N ."control circuit comprises a: voltage limiter, a time— |
o25--constant network end a threshold-value circuit._' -
3. an inverter as claimed in Claim 2, .wherein the
'*iuﬁthresholdfvalue_circuitihas two threshold values.'l

S+ ¢ L M § *



t hreshol d-val ue circuit has two threshol d val ues. 4. Ah invertet as.

bt

claimed in daim3, wherein the threshold val ues are adjustabl®e to vary the!

e frequenz; and the duty cycle of the output voltage of the inverter. 55.,

An in r substantially as described herein with reference to Figures 1.
to 5, igures 1 to 7 of the anggpapying_dramﬁngs.
4.. An inverter as claimed in Claim 3, wherein the _
'a threshold values are adgustable to vary the frequency | .,,ea;:
" and the du',ty cycle of the output voltage of the - - v
inverter. | | "-_ - f B
5 5. An inverter substantially as described herein -
w1th reference to Figures 1 to 5, or Figures 1 to 7
of the accompanying drawings.

I
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