EP 0 635 171 05695 This invention.relates to an el ectronic switched- nmode
power supply for supplying current froman input voltage source to an
and to an electrical ‘| oad adapted to be sw tche(aMon cogrl si ng

accurml at er

a sel f~ oscillati ng flyback converter having a t r ansf or mett,

arr angement

conprising a primary w ndi_ng of the transforner,

collector-emtter circuit of a first tran- sistor, a reS|stor and t he

accunul at or

bei ng connected in parallel with the input voltage source,

rres

W th

t he secondary w nding of the transforner being connected in series with the -
and a first diode and with the base of the first transistor
be{ng connected trhideihveaepbameldtid Ngot MwUgheati-oAbaGwitchId- |
addi tion to msdergpoaepl eshipply €fopt mlppliyimg t cupbehtt i fxprc oadudnputon of

accunul at or

the first trokiajer sohecet Heo vaht sgewiuldtemc andul Bt oanhasl ectadivad a

pr edet er m nekbagpexdaphed ofto vheueswihdhedabbnpg compoisimauca agdifir af ter

in

the vol t age ¢reiliaping Hiyback htenverhenf havihge aortransfsdmesy,mwidd | over

turn-on val w. se!maﬁt@nveanmentaompgyppng af pmmrwy

inidd.nigh @dn theom EP- 0

162 341 A, YrRnsEewRer n g eokkeqkoxtemittenfcirruihiqkd fplusthiganor a

trigger circHistQhos® %%ﬁﬂeﬁtmflw i hey Arcuptater tb@%lq;?’%?% dithg at -

t he accunu- P%E%}le]i'he"’%'Fnggm;% “tt V\AY‘P]-‘E%Hﬂt BUTGRY c h™agh r A8 st or -

of f when a PFECRIRRY pEin Fge’éx ég&f’ e
swi t chi ng t rayst TOY’J‘FE fid § a b aﬂ’ gF Q}( s
d d bel '
p'rgﬁr_)econgtgf% %gﬁ%ggi s‘ﬁaf,ﬂgé‘g susr i %%Zﬁe%“’? Eﬁ%f ‘f i B and 2
ow_frickle ﬁ:o ‘;ﬁ ASE vﬁfé}f tBEO 1 &é( ink in

the “char i N0aCBahathe5s Shiak OeddfodCal @&élﬁenhﬂ: h tf.
swi tching trgaghé! Oind Nef&bEng 4HE Cko Wb aé@é é%
probl em exi Shag! B3bphEA HEIGWNEROE. BRFRLOERD vt &Y d Neroddtdpined

.detected at

transi stor driving the.switching transistor

ibgeentush~-am ©sTwél ation interval, and that t he con- trol

“osciliator interval swttchedgmble powerhisuppglyanst sthist dype tis riasowd f
whil e yet atfrém EPReéoofis2hes4dl axk, ninchedihqt dn ithicerdrdlve hosimmritt af
transi stor |’sheuswe¢tchﬁhgag‘.a:1ansmt@m iangtrhegeni mllnngtt rehesiest @ondio- be

conducting abhen is depepdenst ennthed veddage xesidicig

the end of thaterecki fpeosEripgesr ¢irenithl widkl o tuany| ther swhtching|
char ge del ayt¥angisterecofdniwhan 12 aRsPdesermines: ancumplaken veltage

‘sufficientlylfaprae

the subsequefi#3bilo eﬁ'a ‘g&%o %ﬁ%\‘lﬁ?ﬁr f@ltage has dropped” below a

alue e turn-o voltage. This results in
a high, constant boost charging current requiring a short
charging time and a low trickle charging current for the
accumulator, producing a sharp kink in the charging
characteristic of the accumulator.

In cutting off the switching transistor in depen-
dence on the accumulator voltage, the problem exists that
for reasons of measuring accuracy the voltage is detected
at the end of an oscillation interval, and that the con-~

- trol transistor driving the switching transistor is

turned on during a blocking oscillator interval, causing
the switching transistor to be turned off, while yet at
the end of the blocking oscillator interval the control
transistor is turned off again, enabling the switching
transistor to be conducting again if the predetermined
accumulator voltage is not reached at the end of the
blocking oscillator interval. As a result of unavoidable
charge delay times, the control transistor cannot be
turned on again suff1c1ently rapidly to inhibit conduc-
tion of the switching trans1stor in the subsequent
blocking oscillator interval.

is turned on during a bl ocking

the raccumzched at

e

deqd,  aRRBLing ohRe SWitehing tRANSIFERR; k9 $9BMGKtor in |



EP 0 635 171 05695 - 2 - FromEP 0 226 253 Al it is known to connect an

i nput of the trigger circuit for driving the control transistor to a

vol tage di-vider in parallel arrangenent with the accumnul

connegt a second input of the trigger circuit to a term a{‘;{? %fg“I;I gigé
accunmul ator, with a switch- ing device_bging provided in series WER>t he
vol tage divider and being turned on when the switching transistor is off.
The two inputs of the trigger circuit are additionally connected to a
term nal of the secondary wi nding of the transforner through two diodes of
the sanme pol arityFroa BPi ve2Rbe25BaRdi §todssknowhl Yoceonaettdani ihpube
volit gge divi eér the &rdggerhcigecdéti for drdiwviag thescpnbrolletiransidtoh t he
effect of hi goerai wpltagel tdigeisiean tihe pacrablehgaa'r'angameatelwmmathd by
taking into eecumilascati endt ko changetdel spconde inputhefswhechriggeran-
sistor. A hicdrsuitnfe a diermjanads iafctthe hacawouhator orwibhrai agitohrent to
be regul at ed ingchdevizge deindonsewidedhaine s@xigp t whthofthehevedtadgai ng
transistor, &% |1|‘i19rc Pagds being tugpedi pn woew the, syitchipgatEanshsterng

current becadfe P r&?ﬁeontm’ L A (ﬁftl"'réesmm FERYE oRTRemmi ns
const ant, th@éiﬁé’ nefked o - w1 3t i@m Bg | BECRREAYY

US- A- 4, 965, 508 lol’fol §ﬁ Shormer, thrpug Hﬁ@ssﬂift Ehen§2PSuer
supply is knaﬁ‘}ai i ch equaIIy atrigger circuit in the formof a

Schmitt- Trigger Sefves Jo 19&& & té&Pth 58@:& LieR L_Stor
when at the gpg f fﬂ%‘i l:lr A:Q” n %\{:@hﬁag‘) erS Qﬁ LH“EE

vol tage is e ia i e ek o5t ﬁggg  thBetVhbAbile o
transi stor isyen ei:iaﬁ ne ¥aRiHd 2PReST eBa-~-Lel ow
a predeterni 'Ea'.diér‘&dﬂronvaiﬁ@ hAEgE el 8% | 8¢1it¥RIRGCErAN-FOr
conpensat.i. on gifstidie, | nﬂuhllgﬁéi’ag‘hp&%d ' é@raﬁﬁéetéll 8h8J aechin@daterni ned
boost and-t r icHdreyimhArgirientlitice e redu lataids isuchn &had, K ats apcovistaatwhi ch
I S con- nect ethdrmye h@elayg ordarey dfnd:hw S\flltbhlhgalﬁfaﬂfsli&lto&ﬂd alii ias an
addi ti onal "t raresssicdr volitagag will t heesuditt cinngahr airerdasedarchaergiag t he
val ues of thepmierds \begausentthe auratiasi of. tioneosr ofcthei syitchinge

- swi t chi ng povksransigtior cmn}amsalc;omeﬁt%mpenuhuSelmpannengethedimfctagm | -

| ati on and oxRf Ithe jghanging jod@audthot provi ded. The continuous charging
mode is maintained at all times, also during periods when the Ioad suppl i ed
with energy from {HRom c USnAray 8657 §0R0t2 2 GANHQL - akgangement: Jin agower
suppl y is per?‘?ﬁf’éﬁ ’}F%oﬁﬁé@f’@c}nt?q PREEY,|, §H§Blgupfb$1}(“kn°wn in wh

rigger circuit in of a Schmitt-
'I'rlgger serves to inhibit conduction of a switching tran-
sistor when at the end of an oscillation interval a pre- -
determined accumulator voltage is exceeded. In this con-
trol arrangement, the switching transistor is rendered
conducting when the accumulator voltage drops below a
predetermined lower value, thereby forming a switching
hysteresis. :

For compensation of the input voltage and thus for
maintaining a predetermined boost and trickle charging .
current, a resistor network is provided which is con~-
nected to the secondary winding of the transformer and
drives an additional transistor turning off the switching
transistor earlier as the values of the primary current
are increasing. However, cutting off the switching power
supply completely in dependence on the periods of oscil-
lation and oscillation off-time is not provided. The
continuous charging mode is maintained at all times, also
during periods when the load supplied with energy from
the accumulator is not activated and the switching power
supply is permanently connected to the voltage supply.




EP 0 635 171 05695 - 3 - In sone types of accunul ator as, for exanple,
ni ckel hydride .accunmul ators, even a |low trickle charging current has a

detrimental effect on the service life. Smal | househol d k §1such
as electric shavers or electric toothbrushes are often kep V\% E unts
t hrough which the accurmulator is rechagged. Such appli ances are

accordingly permanently connected to the input voltage source (the |ine),
so that in conventional swtched-node power supplies with self-oscillating
flyback converters a continuous charging current (trickle charging current)
flows to the accuiml sbme. tipeiss ofnackuanlatbrt s ,pfesecekanplient ndokelo
pralong the $edriide hctamoflatbeszcesrenl at drowott:rs.aklleapnhrgmngscui‘heatobj ect
I's acconpl i shes ia Qedrimentalerefifechg adevibe isenriwe didifewr ni 6yaihe
first transi fowsebpildi appdipneesngughpes edemtdiic whaverseotwelenstigode
power supply quﬁhle%ﬁrmg‘?ﬁﬁﬁl kept rinjwadl E§En1-‘-$at—hl§ﬁu6hf whigh to

the duration € oSCCUPRLAERTLH A s rechaz@eda pr e SUCH nPREY 1ﬁf§&ﬁ§t u@&e The
magni t ude of *’t"r‘i’r“"é'drL Ly |sp ‘&E&u?rpgn?@teﬁe & dheg chn E% Yol &a Eéspond
to the normal§ rﬂeo . ‘i’& FRah FPE‘NF“W-P“% EHé Qgg sRedred
that the acc Iup,p .VC tﬂﬁg %Ea Eﬁ?v &PEESs 3 ur ned
off for a pr 1 ablé?x %\; Y (§rds |18e'? Rt §%&h as
to en- able t | St DRSS B &S conduct again not until after t he

swi t ched- node po potg) y 0 r

ot e o ! e(vggg%r s%&nal% ) hegoraﬁt ‘\?ﬁi Sent efpeghﬁst E-etp Q‘%lo‘ﬁg“untll
the-el ectrical was sw tched on m)t or power the

acclypul at or vol t age iAotk bebodnbl Bs8EE BRI l&hael aal fint@tirupt iFRANI ng,
for exanpl e, ddiglcedilsy provilded RAnGE e M Fivstl RGBT SPOrALFE for a . -
Advant ageous|prolichedt @eriRid Nnesday, Cariith Cald Jswittthaddrnodeh poiEner
that a capacisupplyoniecthe tpu lideet dras emofle thlven-xdfid r efsiosicdl latiomar ged -
during oscil| leff-ttime did -thersdufatienféofbeskitdattoheburdtschacgeds auri ng
t he occur r engerestetmamiinest imagrbd:rlxles. whereby the turn-off transistor is
rendered conducting froma. speci- fied ratio of pulse spaces to pul ses,
turning the first Thearmagnituder oforthisr sasigedipentivantageonslyf s®tur es

will becone a@rﬂﬁ%tsﬂfﬁbmiﬁtet@t h‘é@r§9§ﬁ9ﬁﬂn§'—° e normally flowing
trickle charging current. It is thereby ensured that the

accumulator is fully charged before the first transistor
is turned off for a prolonged period.

The 1nterrupt1ng device is conflgured such as to en~
able the first transistor to conduct again not until
after the switched-mode power supply was previously dis-

- connected from the input voltage source (power plug

pulled or removed from the wall mount), or until the

o, electrical load was switched on (motor power on), or un-

e ' til the accumulator wvoltage has dropped below its set

_ point significantly, meaning, for example, that only a
half charge remains in the accumulator.

Advantageously, the 1nterrupt1ng device is config-
ured in such a manner that a capac1tor connected to the
base of a turn-off transistor is charged during oscilla-
tion off-time of the flyback converter, discharging
during the occurrence of oscillation bursts, whereby the
turn-off transistor is rendered conducting from a speci-
fied ratio of pulse spaces to pulses, turning the first
transistor off for a prolonged period.

Further features will become apparent from the other
subclainms.




EP 0 635 171 05695 - 4 - Enbodi nents of the present invention will be de-
scribed in nore detail in the followwng with reference to the acconpanyi ng
‘drawings. |n the drawings, FIG 1 is a schematic circuit diagramof _an

el ec- ‘tronic switched-node power supply incorporating an ERt8r63p uﬁ?ilng
device: FIG 2 is a first detailed enbodinent with reference to PRE%Circuit
arrangenent described in Gernman patent aﬁpl"l cation No. P 41 22 544.9- 32,
FIG 3 is a second detailed enbodi ment with refer- ence to the sane circuit
arrangenent; FIG 4 is a graphical representation of the charging current

in %of the initianyodinmesIUsE NErHd2pglene! AvaRGGR! @101, Hd ohked as a
function of tfag ifed N GhdrdTRdtaian ¥ MO FRNbWIng - WPLn2reBeehbe t2 IS a

graphi cal r eRiRS Qictnpahydng Bravingdde an ROEE dthwihgk, G 2 (upper curve)
and at node P8 of FIG 2 (lower curve), plotted against tine. The schematic

circuit diagram offImn el edsr @i scisemdciedecirdaipodiagramplof sknweliee-Fl G 1
i's conprised tford o Isplidcihechbmogie goweresyippdy finworpob@tdngA&ns iptley~90

t hrough a brimxpdirertiefMigre:arrangement 9. Connected in parallel to the DC
input termnals of the bridge rec- tifier arrangerrent 9 is an input
capacitor 7 for fiHEGer 2 iify ;rfilrsiosietiaidach enhgsimens) wigh refiexenced in
paral | el wit HQ hshenikresdaciersangepenthdeser Haed nang%emen c®R%endi ng
the primary ARREIGREHPHNC: B 4si2F R&4-R327d the | oad CI rcuit of a
transistor 1 and a resistor 22. The Siﬁcondﬁe% w nhdi n

transfornmer 50 ISF&ﬁE}’% t &8 Pn%"é"r"% ﬂB"@’l ‘le%a&'efer‘

arrangenent ecerke | - of an accurml ator 61 and
an glectrical T oa 0 ect c S
adapted to be eiqlcy A T tfh i (ig;q’ %\gn?c&ad

conpri sed of .&& arlg eﬁhéte

f eedback capgﬁ fF:Ed any sté;{d |s connec.e to the one end
of the secondary win |n 52 of etrans- fornmer 50, and to a control

circuit St. The cantgols Cig- acgrtapﬁlicai rabrdgentdtiynt Be ‘ol agAtdqy the
accumul ator Gt Adid PS.ofMEEIGA DI QHsHEF Neuisse Yy Urd Gt Hode eRdEdIC. :
transistor 1 av{lowsr Gtirvdy, plemesd lagainst rieiRet arting again i nmmedi atel y
with the buil dup of oscillations, and EP 0 635 171
The schematic c¢ircuit diagram of an electronic
switched-mode power supply shown in FIG. 1 is comprised
of a flyback converter energized from a DC or AC supply
90 through a bridge rectifier arrangement 9. Connected .
"in parallel to the DC input terminals of the bridge rec-
tifier arrangement 9 is an input capacitor 7 for filter-
ing and smoothing the input voltage.

Connected in parallel with the input capacitor 7 is
the series arrangement comprising the primary winding 51
of a transformer 50 and the load circuit of a transistor
1 and a resistor 22. The secondary winding 52 of the
transformer 50 is connected in series with a diode 31 and
a load arrangement 60. The load arrangement is comprised
of an accumulator 61 and an electrical load 62 as, for
example, a direct-current motor, which is adapted to be
switched on by a switch 63.

Through a feedback circuit comprised of the series
arrangement of a feedback resistor 27 and a feedback
capacitor 11, the base of transistor 1 is connected to
the one end of the secondary winding 52 of the trans-
former 50, and to a control circuit St. The control cir-
cuit st is influenced by the voltage U at the accumulator
61, that is, when a predetermined voltage U is reached,
trans:.stor 1 will be cut off, preventing it from starting
again immediately with the bulldup of osclllatlons, and




05695 i.t is only after the voltage U has dropped that the tran- sistor wll
be brought back into conducti on. In this manner, oscillation bursts occur
(periods of tinme in which the flyback converter is oscillating), wth
pauses between the bursts. The closer the accumul ator comEP {635 1}17@1
charged condition, the |longer becones the oscil- lation off-ti me 069 -
conpared with the oscillation bursts, unt?l” only a low trickle charging
current flows. When the ratio of the duration of pul se spaces to the
duration of pulse bursts exceeds a predeterm ned mag- nitude which

corresponds aly i aHEOHA P tHE VoI tEdd W IHW b PPdd it Raidiviaelir 1 ent
(that, i s, thdsihsmuallt e i BrotighBe Hadl Yisks eedaaesdbhl.on) int Rahis

i nterrupti ng mEnnere, ABsdillllatiiion obukstBe deaer of( gerddsst 68 leimé &n

prol onged perwhicch Acli@r flybgekl penwvedtezs idsedciidlaitingygnwititpddies
transi stor 1 betwern athevedrsbvs: et The tdoserdihei accamudatarbidofespado od
only, when tHe fwllngehargedt benditionl, atheolohgerdbeppmesorthe oscil-

i nsi gni fi cant}gtiomeoffrteimepasngoupared witbr thgs asciddiattion buxadis i nt o
conduct i on i fultthiel QRkEHedomderidnke changingwenuntierdofilenssd from t he

I nput vol tage source 90 ﬁpomer,plug pulled), or if the electrical |oad 62
is turned on oFhengaktiia 9f ghheodurptipe \of tﬁgbs.@ spbacps & u-
nul ator 61 has Sir A I'%@v?‘h’es%e‘?‘;";% %t ods & mradeteaminetmag-
These conditi ts: Rty .r§§ﬁp§’ﬂ agyanEag 1%t B IR 1Y
conducti on sqa% 18 $Hap ; R @eﬁpﬁﬁgg pé Atsdpl O ?ﬁﬁ‘*“ﬂ;gj'
oscillations guaidl N&Y ARR % oy fgggieﬁ: 86 irnat n’:ré ergﬂ“f First
enbdgi ment  of ﬁﬂdr&%&ir JW_ devi ce” A ofb_ Go%, T %??_—Et t &9 @
transistor 1 %\n be canceled again either if the power ‘plug was pulled or
i f the nmotor is.tuy negrefonged peod®C il QIRPNIFEI n Ohedls! Tndlt" Wid NI
devi ce AS2 oftihikaiskor rﬁnﬁgsﬁ&p%élm&éd 10 (HauiMGlorn GigbE1 t her
if the pover PImgiersperib@doflyi,f whef okt 388 tabet BE a2C AN R Umi¥ES-
dropped si gnitdadd yarspsed conky UbnSiyn Bsieaitiig to the fully charged
condi- tion, neaning, for exanple, that the accunul ator holds only 50% of -
its charge. FIG Zrhhoisterrepeingodevicei Ashbeingge tpaneistopplly kauRri sed
of ~a sel f - oscintat cogdulciank ifnwde eswitthed-nodaspowey SGpphy aas
transi stor 1 dksqminected. tiometide impuwt deall tage Feoumeed 90 r(power pllite
flyback convepulked) s orndifyi the elleckrjisala 1aad dg2 isecturned eonr dywenent
9 and a resi APNDPF 1 Ehe SYELeh AR, sOEpAf khesvolbhueg¥ aby the jacqure
range of bet v@ﬂ'ﬁ Q% &hdhaso dxemppedybelqy e et cheintil by an \appre- and
whose Clable -amount. These conditions which, when satisfied,

' . bring transistor 1 back into conduction so as to enable
the. switched-mode power supply to build up oscillations
again, may apply singly or in any combination. 1In the

- first embodiment of an interrupting device AS1l of FIG. 2,

L the off-state of transistor 1 will be canceled again

.. either if the power plug was pulled or if the motor is
-turned on. In the second embodiment of an interrupting
device AS2 of FIG. 3, transistor 1 will be caused to con-
duct again either if the power plug was pulled or if the
voltage at the accumulator has dropped significantly
bglow a value corresponding to the fully charged condi-
tion, meaning, for example, that the accumulator holds
only 50% of its charge.

FIG. 2 shows an electronic switched-mode power
supply comprised of a self-oscillating flyback converter
with a transformer 50 and a transistor 1 as well as a
diode 31 provided in the 1load circuit. The flyback
converter is energized through a bridge rectifier
arrangement ‘9 and a resistor 28 from a DC or AC supply
whose voltage may be in the range of between 100 and 250
volts or, -in the extreme, also 12 volts, and whose’




EP 0 635 171 05695 - 6 - frequency nmay be nearly arbitrary where an AC
supply is used. The rectified output voltage is applied to the I nput of
the f{yback converter or the electronic control and regul

through a filtering and snoot hi ng arrangenent conprised o Sgﬁé hoke 8
and two snoot hing capacitors 91, 92. Conpected in parall el W|th

termnals is the series arrangenent conprising the primary w nding 51 of
the transformer 50 and the collector-emtter circuit of the transistor 1, a
resistor 22 and an accunul ator 61. Connected to the base of transistor 1 is
a resistor 2¢refuelcys mguBeinéariyeapbitiare WRkeeOhn NEC i spphlyois- age
teqwi nal thragel.t heTher irmsctoiiled Soutput agdiltage idicabpitedl tig aBRestor 1
i s connect edihputhassitheorf Iybacleranmeeiadre gy athé hebegbrdhtec control

col | ect or - emantierregqulakingf neansarthrcugh 2a - filteringt eandf smoethisgor 1

i s connect edarrangemeathodomprisedeneof drodse#lesavihgket s8anadd cbwo
nected to thsmoetbivy cepasifors 2lan@2al so, through .a resistor 26, to
chassis or reference potential. More- over, the emtter of transistor 1

i s connected t hroGgRNesEest gm Jpaxallgl cwith piheo PG H@Mrys Gl ng 52

of the transﬁGFﬂﬁs arrangﬁﬂerb#r%ewwmwm. Pglﬂﬁrﬁ’hé"grq% ¥

secondary of YIRE 30 ARG he fAldefrqnenidte h%%ﬁc -'htt F?g
Figure. A fe 11 8 t~ X et apdr ha‘éc'F’@'éQ:l% %’R F%il st or
ORI Rl ol ik

y W rB% 1 %ﬁ ﬁnd (P4)

ithe Z?S?” 3B Srahet afi i ﬁ el am e ren
R @e Bt BEEA G
T0ad ¢i 1CUIt o Ko iatrisha Cof T S A éngegeada abat 80 52
whil e the angdeted e Neakedbase tck@ Eﬁﬁnﬁsﬁ&.@ acamllat<s, 6&hpeagRCcREdD tO

reference poygiistior Toe, f ¢odlitdesiapactt eefétensel Lﬂd&m{tmmecmd-e-

t hrough a cuw-ltmtenguterl WHr exransistor discimr génfected 7thiraovghg its
cathode on t hreslistorclassdd an end ded)adf theasiecondaty( Rindink 52 iofs
anode i s conrtdet etiransfoemposiGlive e @(Ptecbiohherfacwimiiagoro®HltheCon-
nected in parpaimaryiard t$econdaryloef thedtregnsfobrenctn Asddnditaied P4 is
a series arraydhendatis shtvwgrdrg they Rigyre-eni tti ng di ode 10, and a

'current-l imting resistaor 82.
_ A . feedback capacitor 11 is connected, through a

feedback resistor 27, to the base of transistor 1 and
directly to the one end (P1) of the secondary . winding 52
of the transformer 50. Connected to the other end (P4)
of the secondary winding 52 is the load arrangement 60
comprised of an accumulator 61 connected in parallel with
a switch 63 and a direct-current motor 62 in series
arrangement.

The cathode of the diode 31 arranged in the load.
circuit is connected to the one end (Pl1) of the secondary
winding 52, while the anode is connected to the end of
the accumulator 61 connected to reference potential. '

The feedback capacitor 11 is further connected,
through a current-limiting resistor 72, to a discharge
diode 71 having its cathode on the side close to the
feedback capacitor 11 (P2), while its anode is connected

- to the pos1t1ve pole (P4) of the accumulator 61. Con-
nected in parallel with the secondary winding 52 between
nodes P1 and P4 is a series arrangement of a diode 81, a

light-emitting diode- 10, and a current-limiting resistor
82.




EP O 635 171 05695 - 7 - Paralle] to the accunulator 61 is a series
arrange- nent formed by a voltage divider 25/23 and the collector- emtter
circuit of a transistor 4. The base of a transistor 3 is tied to the
juncti‘an (P6) of resistors 25 and 23 providing this voltagBPdPvbasdrl7a
decoupl i ng di ode 36 and a vol tage divider 20/50 serially connecte@36RBreto
are arranged between the one end (P1l) of Th® secondary winding 52 and the
positive pole (P4) of the accunulator 61. The emitter of transis- tor 3 is
tied to the junction (P5) of resistors 20 and 50. The collector of

transistor 3 is copgeqhgdil ¢o P AR ?‘c%gs'eit ¥g 2at£1é:9£ i £§§ gtor
24, as well amehe eRemBaseyoh bbﬁ@ﬁbét&iv 3595 3ah&Stha&0Cko g

tion, the basemgtterangisbiits éf GONRSALS s £Qr’ €4 er enGg, fb%!Eel ﬁ ough
a resistor 19traAsdsede 32 ikstieaetbednbeurenibhe P@b'SEtQésLHEGI:*soﬂs(P7)
of transistoratdard previdéngne¢hiBlyodtag edﬁesaaﬁlary wi nding 52, the anode
of this diode 32 being connected to the collector junc- tion. To limt the
flyback voltage, aAcidexouplingrdioded3isn sml ahl eolwaigle tdievidérmaryg/sondi ng
51 of the traserialiiyr manmsted criperatogare Zarerandedddetvenrd theli ofle 34
in series arr&ndenit) oife thedsecbndary wiadingesizcande thwdpestbiwect ed
to each ot her Poilge (Ré)i efetthepecoymydator A81, The emitbteroof tmansis-
circuit of a ftPa'ns?l si®r thedi o HehewiwnehiomatB5)f ofr sresistors a0dande
positive pole node P4) of the accunulator 61. Through a resgistor 56, the

base of tran- SISt |s a I|ed {o,a node P8. Node P8 is connected to
ref erence pot %ntla 11:5?“ AStP E ng@ etdf thee
i npit/vol tage P esaﬁgo 2f0038n eéllrdan EPhe
secondary w n F8 §7r§ﬁ&s§ r #@e dftgdé d47 &g

have th iy R "? P TRPA
ngeandearf ur% % \i% C % é)é@cylj_. i%i €l ? éiﬁzg‘iﬁge%glozg
junction of t 1§ dig0 SI ﬁecgﬂaggt ed

to the junctiof @hﬂé‘edi@ié’r:sﬁ"“bﬁlinbs connBetkl |t% tfh S11e6F6¢ Hahential

by neans of thgomwi tch 63. The node of operation of the circuit a rangerrent
of FIG 2 will now be exptained in greater detail in the follow ng. EP O

635 171 05695 To limit the flyback voltage, a circuit is prov1ded_
in parallel with the primary winding 51 of the trans-
- former 50, comprising a- Zéner diode 42 and a diode 34 in
series arrangement the diodes having theJ.r respectlve
- anodes connected to each other. _ -

(

In the interrupting deV1ce ASl, the collector-
emitter circuit of a transistor 5 lies between the base
of transistor 1 and the positive pole (node P4) of the

accumulator 61.- Through a resistor 56, the base of tran-

. sistor 5 is applied to a node PS8. Node P8 is connected

' to reference potential through a capacitor 54, to the.
positive pole of the input voltage source 90 through a
resistor 55, and to the one end of the secondary winding
52 (node P1) through diodes 57 and 58. The diodes 57, 58
have their respective cathodes on the side close to the
- Secondary winding 52, and a further diode 59 is provided
between their junctlon and the one junction of the motor
62, this diode 59 having its cathode side connected to
the junction of the motor which is connectible to refer-
ence potential by means of the switch 63.

The mode of operation of the circuit arrangement of

FIG. 2 will now be explained in greater detail in the
following.




- 8 -. Foll,ow ng rectification by means of the bridge rec- tifier
arrangenent 9 and filtering and snoot hing by neans of the series choke 8
and, respecti vely, the parallel ca- pacitors 91, 92, gﬁ/ gaég ent
Wil l drive, through resistor 21, the transistor 1 operat g a %gg\étchi ng
transi stor. As a result of the firstgtransistor 1 switching 7

positive feedback effect occurs through the switching path of the
transistor 1 and the primary wi nding 51 of the transfornmer 50, driving the
transistor 1 additionally and placing it in the conductive state. The

col | ector currenpodMlblwihiys ectigithyiofl BYUGIdahs? ¢Ff Oflvd t bpfdde voetage at
resjstor 22tifidkearirhagementnd Aad £eatéeing anddemnoothing begakesasue,
transi stor Bfwithle seriles dhokenst andyghespecEdnelydi te paralhel ebg-
going.into pand&orsomlanwzpmetbwngasbemrm‘ wikinsdsive, 1thovougher ence
potenti al oreshstoirs 2Whetbby trapsistorerkt opevathngaws fa oswitehingt or 1,
cutting t r abEABSIStOYLf f . ABt IR t KESHAYi nef ngtlee tfiersdt f tyansdstorhel
polarity of Sﬂﬂféichémag@'ld ndupegitiveh&ecdbaglaref faatdi 'SQSo’FhFﬁ‘éghr ans-

former 50 withe tﬁ?‘#@&%dPéthG%W cfrapgistenpicend pble t primary|

accor dance Windinge |‘HP% txans ‘?V“e’,’oa%% c‘éﬁf\‘/‘éﬂ“érthﬁhﬁr§ﬁﬁi °§tored

in the tran cﬂ‘?‘ﬁﬂ‘t JrY fhds é‘f ednt CoR ‘EF bvg 'F" 'the

di ode 31, C?h e %r AL %f T i de 34

as wel | -as e fg a ged t he
primary wn é Or. gilﬁg age

peak during Jhue ‘élOQler - e 'é%?.n éVSaQ% rI:‘?: ’% - node
PIvof the. s ggf&&& "Bfak senwee.- nsﬁr ﬁﬁhagge |
period, -nodg;l Pom! %ahg@.%ben 0] EGELEhe eofgQ! | ector .

of transi syt 4he BeditHING OF Cwe BEE! Do iR, @.@Let 90'1% rcgn@e Rgkent i al
t hrough- t he véj1adRye3 3 ridifoedn 110 thiek ecddinaaiy Givdinggss of ¢hedeyangl and
32). The foraldrageo @ilildase PovEvsedsadl yde OPEd cficbhéh&leedbacRg thi s
current fl owspadidhy nit.he Irearedrdande aiith the tprdngiple of whd#dg-base is
coupl ed to tHack wmivertdl, othé henepgyagtodied den tinel thansformeétreboi s :
connect ed tovitlie fiuss t beedplliver&d) tof thiee laaingd atbroughothe ddedet or 50,
becomes cond@icti ng near the turn-off voltage-of the accumul ator. Thi s
avoi ds a premature overdrive of transistor 3 which, in conbination with the
hysteresis prope/udngfthecreverspl PXprePfe®d nther STaRSEPKNEE BFe
fol l'owi ng, r&diode, I Smwdd as G:ll'&?- éener Gﬁ%lﬂ& which are cgggee

FI G 4). Teate%: ip ?%%ﬁcoﬁ'&ﬂ% g P’ﬂf sWaRAang; |32 40, thecone
conducting t f ]ﬁ% d"’t SrRSHLINEIEn the
of f- st at e. : perlo .
Because negative potential is present at node P1 of
the secondary winding 52 during the entire transformer
e dlscharge period, node P7, that is, the Jjunction of

resistor 23 and the collector of transistor 4, is
connected during this period to reference potential
through the diode 32 (assuming like threshold voltages of’
diodes 31 and 32). The voltage divider 25/23 is’
dimensioned such that during this current flow period in
the secondary circuit the transistor 3 whose base is
coupled to the junction Pé6 of the voltage divider and
whose emitter is connected to the positive pole (P4) of
the accumulator through resistor 50, becomes conducting
near the turn-off voltage of the accumulator. This
avoids a premature overdrive of transistor 3 which, in
combination with the hysteresis properties of the circuit
explained in more detail in the following, results in a
sharper turn-off characteristic (see FIG. 4).
Transistor 3 being conduct:.ng, transistor 2 will also
become conductlng through resistor 24, transistor 1 being
thus malntalned in the off-state.




EP O 635 171 05695 - 9 - During the time transistor 1 was conducting, the
f eedback capacitor 11 was charged through the feedback resistor 27,
producing & negative polarity at node P2 of the feedback capacitor 11.
During the transformer dis- charge cycle, this charge wtHFERhRHRIZL71
polarity at node P2 discharges through thge discharge diode 71 toqqfégﬁ)osi -
tive pole of the accunul ator 61, enabling transistor 1 to conduct
relatively rapidly at the end of the discharge cycle also in the presence
of a low input voltage (12 volts, for exanple), that is, the sw tched-node
‘pover supply is inDarpegi tthen timéuitrdnsisteos | i atwanscagabbtingdi lthe The
reskstor 72 i feedback hcapesitone Jlumeas ochdzgeld t tiereagodaeOfs ack

di scharge di cp@S¥3terd27 hepreducinack hegathvélpplaF)itendtt modeapacidror 11
serves to |inteet heedbppkncappedtigh flds di Daeing. thki tremsferineli Milg-ng
resistor 72 %‘F%ocl’)‘él?nsEN%dcb@r%eﬂithen&godtévef plardityc latr goad ode
71 and its copheltTORRYIes craugh fhe |difigharge tdindeli Tddd e Eosis on
during the tr 30? T q?i%gé"g%gaé%éﬂm@wim transishamd thoe
potential at 1§ E& gFv cebiddyy %ngﬁ%%@ | of p&bet idisahiarige

I

S
. esepge fodash input cvplsage| i(di i
respect to t ) g% %}%fbig 5;8 I'é%ﬁ S t%ﬁ a‘g’gi’“ﬁg} eéVE?@m ]pglg@:rd:]p?ng

%
{190

resi stor. Thes

$ R
t he conducti vgg Ofambl Is o e P Giddatarnss nt at
node Pl. As desces |<§1} %Ec]ggfeq_%}gbl Z\% ? °§ Pi A0S at
Lhe 1ow end (o obrden el 05 Yl PR s :
di scharge cyctite SREréR@NthSOEIP! | §1 6880511 Nguhiear L6 1 . gol t age
of bdhe accumitesistérd. 7 Rardyldlis be titdlertag Y PY:Tol o;tt[ig
adj ust abl e t yqissditarge \ditie 7alaHec ite IdoHHd Ao Hdd, ﬁ%et nat 1, part

thereof, is tenperature- responsive in order. to enulate teh"e' vol tage . :
characteristic of The hightrémitting dépaadeocqb) ei@esat B6eingUikhad this
period of curtzansfomer ndischasgendgclesi haddusd h@urbhd agRi¥akigeigh t he
turn-of f poi Eh®fPekentialinatatbe enbt Rge of i shenseeonadryywihaingl sage

~di vi der 50/ 20-% R} Ve ditde respeqiodia ithe potenti4)] et idnd Pagumphat or 61
and node P1. YOSt t82ripfa qumeni-ddnd ting cresdettedt .t 0 Thiee giicaet Ban P5
of resistors W,Pﬁf@%ﬁ%ﬁ ofheOLBR| againgtt overvoltage taripgsitheve
pol e (P4) ‘and’F 14§ erigy ofe Sransd skoma: when mesidiiviet potantindde Pl
The di ode 36 THIHFHAWNAS ELiestor 20 and node P1 serves a decoupl in
oot 16 por fo: 16 BREMEIAd Eno8le® 400N > edrente. potential
posi tive po- $npiELeRECUT Tndt IBTUCHE (57) of the veltage dividar

' _ 25/23 during the transformer ‘discharge cycle, and tran-
sistor 3 is conducting near the turn-off voltage of the
accumulato_r 61. Resistor 25, that is, part'thereof , is

of the adjustable type to provide a balancing function.
Res:.si_:o:_:' 23, that is, part thereof, is temperature-
responsive in order to emulate the voltage characteristic

of the accumulator in dependence on temperature.

. puring this period of current flow in the secondary
circuit, the voltage value of the turn-off point of the
accumulator voltage U is increased by the voltage divider '
50/20 inserted between the positive pole (P4) of the
accumulator 61 and node Pl. The emitter of transistor 3
1S connected to the Jjunction P5 of resistors 50 and 20,
resistor 50 being located between the positive pole (P4)
and the emitter, and resistor 20 between the emitter and
node Pl. The diode 36 inserted between resistor 20 and .
node Pl serves a decoupling function during the conduc-
tlve.state of transistor 1, that is, when positive po-
tential prevails at node P1. '




EP O 635 171 05695 - 10 - During,the transformer discharge cycle, this

vol tage divider 50/20 causes an increase in the turn-off voltage by a val ue
of about (R50 : ‘R20) x.U (neglecting resistor 50 because ii'E i% ég y.snal |
as conpared with resistor 20), where R50 is the resistance &t O Eg%&é 50
and R20 the resistance of resistor 20. Lf39 On termination of th
transforner discharge cycle,the accunmul ator voltage U has not reached the
pre- determ ned turn-off voltage as yet, transistor 3 and thus al so
transistor 4 will be turned of f, that is, the com parator forned by
transistors 3 and Puxing ftheutiransformerodischarefe \oycliegt €higheodthgst at e
of transi st or FWdsr H0/R0 sansas i tnoredse oihethéf turhusfenabltage
transis- tor P% & cBHARCfaRhart HRAY et , R20) t KeUadneglleatingvoksigeor has
reached or ex %o*é%"?‘i‘n%evéltuel,sof"?ﬁ! et lof aspeionpaned with vesisgey at
the end of th r'ar?g*ws%iiﬁhﬁ e ISEASEANCe; O EewisoMm%0 tand RROO
transistors 2 Afd TESLSHANCE. OfpFRSISKOER0e, that is, the conparator will
be held in the conq&ctigg s{: Jransi stor. 2 hei ng conducti_ng,

te. 9
i 1 130, transformen,: Aischaspei
(ransstor 1 ey “dad T RE UL, din Y e ol ke
détlenindd ¢dralh 1 4 Eﬁgs
SEEER e e S R R
: ra i ’
conmparator) K cfrﬁ@&‘éu@)&iﬁr&agih&g@f S'Il‘ae?B -s@ﬁgﬁﬁ‘%&gt b EE

re t PP
P! RS Y
state, thus balag dausedtTankiEtdrbaCko Bed o2 B aﬁb’i‘ihg Pensis~
accunul ator vdlorage td kanddeepagedilel ow the turn-on Vointage, at' 1s, a
Iowéyvol_tage val ue. .The difference between the (upper) turn-off voltage
and-the (1 ower) tuHowewergl i#gthesatbandtaitoedvertheecs hasl rbhenkgi gger
circuit. .By cempsededn wheh whtueirofii t ther angensolfdi poiatcd (tirkPoPr 162
341 Bl whose Voil§gge)ciatctihe end arhatixe otransfopméysttseRapgl’ BELISACS,
such a circui transisgered and nthyst aleoi trahstiseorsi gyandi4 cwill hag-t he
advant age t haft@iRe coRgugtiyequithad ist, tthe promparator ampEhebé heldi yh
nearly constaify $RPINCHiVR)| SFatkar geFransdistiaon 8f heingiccondheting, as a
result of whi ¢fi2 .SF-iltPrc kaFgBnPt gpt Ankedcandugtiipnas Theenegabive 3po- .
mi nut es (shar (15K girF?*’ﬁeth nakf fNQdRr Fdt cPRlYi £3f the auratijesr eaf in
g gaﬁw GurEs s Lo (4R BRafl nggrc pHeSeNntje NQx cissethe

Lhe arr angene g ¥l ger et Gerctt, Todifs SR e e e e S ke
: y abLeq S%I §@§%§g ggfaé’t - rESuFEeBe ue ic Qnaly Q_f

an.accunul ator to _ _

. As.a result, the trigger circuit (or comparator) Ks
formed by transistors 3 and 4 will not return to the off
state, thus bringing transistor 1 back into conduction,
until the accumulator voltage U has dropped below the
turn-on voltage, that is, a lower voltage value. '

N _ The difference between the (upper) turn-off 'vol’cage
and the ( Z_lower) turn-on voltage is the desired hysteresis
of the trigger circuit. : '

. By comparison with the circuit arrangement disclosed
in EP -0 162 341 Bl whose trigger circuit or comparator
h§S'no hysteresis properties, such a circuit arrangement
with hysteresis of the trigger circuit has the advantage
that the charging current. of the present arrangement is
high nearly constantly up to a fully charged condition of
the accumulator, as a result of which a full charge is
obtained as early as after about 33 minutes (sharp kink
in the turn-off characteristic of FIG. 4), whereas in the
~arrangement of EP 0 162 341 Bl the charging current de-
Creases continually already from the outset, as a result
of which the charging of an accumulator to full capacity
takes as long as 60 minutes, approximately.




takes as long as 60 m nutes, approximately. EP 0 635 171 05695 - 11 -

Al t hough the charging current of the present circuit arrangenent (FIG 4)
is higher, the trickle charging cur- rent which would fl d’;\fbt3esr L-he
accunmul ator is fully charged in the absence of an interrupting gece ASL

i s not higher than in the arrangenent, gy EP 0 162 341 Bl. The interrupting
device is equally applicable to the circuit arrangenent known fromEP 0 162
341 Bl1. The node of operation of the interrupting device AS1 illustrated in
FIG 2 will now be explained in nore de- tail with reference to FIGS. 4 and
5. As beconmes aphbtkoughrtne Rtlardingheusneht hefl- tivel cppawentt ipmuitchanges
oer to theapnasgemnent nOFEG ron psi higheni the thicklechargiany cur-
charact er i srestsiwhiich UsohlLdpof Inw A aditerhetbharagagmuiatioant ishafwlckeri sti c
of FIG 4 icharcgededn the mhsenas @fchnl intemruptingndevdces@SY aks on
bursts becoRft highersthan| ingthe:arrapgement of hBP chakeR mpk Bk ent becones
progressively lower. In the absence of the interrupting, device ASL, a
current amounti ngR@ EFB??WAPEtWtBethecbﬁtP‘HHBE%YC%BP RPI&rtNe eached
at point A %bHFH ’Ehg FANGGReRt knegngErem; BP n@ql8%. 34heBbsci | | ogram shown

in the upper parft, of FLG shows, the pul sating, node of the sw tched-node
pover suppl y,(xQ i nggﬁ_ ! Pﬁ’;‘c‘sP §E é@ nﬂg)r’ ﬁmﬂ'ﬁ}ﬂa v’o‘f: Fi%_j 2)
short of re%é-kn i Iafgi' c.h?oCE _ iﬁé & §r§ SHEFS A& 95 % ¢ FI G 4.
As is clearl’'y"Seen, the ratio of the duratron of pul se spaces to the
duration of pul sgsbyeshiele SHIOUELSR! ¥ohY ¥ ealr - sWi€ch odelrve of
FILG 5 showpolbg \ WR0P %aah%e&ev eps 8 the at g iﬁbﬁéi émﬁ'e P8)
of\.gapaci t opo2ftofK Fb® £he Alchia@yiRR0! BirPEne! chaih HgraRershoph, that
is.., after aatilpwoivd® 1A06f SEHEC eh3ging Idarrents aiidtdcbrilgtansigtor 1 is
enabl ed to pucldaudsseéddindd Pnshebeagioe o io8dil Ritiicmsi Siimd t6 .
delayed by besilflatibh dntkr<stas paciomes progpesfivéhat grihtergscthatt i ng
mode of the,sthecbhdrgirdg puweentubpktypmest progressivelpnlewepusiInis in a
posi tion t otheodhsencaieglt ithe pinterraptingh dericpeast) oa heurrenter of
transi st or 8mguntkitlg PIpEreingAtalwminstet oth®) teontiglhuause debaeging and
58, causi ngcurzentsirenshed a§ pOiNth 2noiathdkheny of lamekf (e bord ched- node
power suppl FuERgAgeB-over to the pul sating mode frompoint K of FIG 4, the
capaci tor 54 cangllole char-,ged during osci I,Inatj on off--tiggr{:oogosiiltci ve5
: potenti al atshrclzo%g ﬁﬁul atql;x%él; mgg: S%f_ ﬁ eh%%%?iﬁghed—mode power
. - supply (voltage at node Pl of the secondary winding 52 of

FIG. 2) short of reaching point A of the charging current
characteristic of FIG. 4. As is clearly seen, the ratio

of the duration of pulse spaces to the duration of pulse

bursts becomes progressively greater. The lower curve of

FIG. 5 shows the voltage as it develops at the upper ter-

minal (node P8) of capacitor 54 of FIG. 2. '

At the beginning of a charging operation, that is,
after an input voltage source 90 of FIG. 2 is applied,
transistor 1. is enabled to build up oscillations, because
driving of transistor 5 is delayed by resistor 55 and ca-
pacitor 54, such that the oscillating mode of the
switched-mode power supply setting in instantaneously is
in a position to produce a negative potential with re-
spect to the emitter of transistor 5 at node P8 (base of
transistor 5) through the diodes 57 and 58, causing tran-
sistor 5 to remain nonconductive.

When the switched-mode power supply changes over to
the pulsating mode from point K of FIG. 4, the capacitor
54 can be charged during oscillation off-time to positive
potential at node P8 through resistor 55, discharging
again in the oscillating mode through the diodes 57, 58



again in the oscillating nDde t hrough the di odes 57, 58 EP 0 635 171
05695 - 12 - (see FIG 5).: Wen the ratio of the duration of pul se spaces
to the duration of pulse bursts beconmes so large, that is, when a pause
bet ween pul ses becomes so | ong that the capacitor 54 can B CHEZF %o a
potential corre- sponding to the base-em_tter turn-on threshold ?ﬁ of
transistor 5, transistor 5 will go i nf'oX@ofiduct i on, wit h- drawi ng base
current fromtransistor 1 so that the latter renai ns nonconductive, thus
preventing the sw tched- node power supply frombuilding up oscillations

agai n. Thecggsi pigl 26 .andwhbR ehe" :qiifﬂ? §£7 tﬁ§ & Ea’tiSH %ff %ﬁl}’sé’”e
di ode) SerVesf:&c@é'a%ethaedﬁi-aﬁfibhobé‘bdl% PR, hdrge,
potential téRact e, baséneal patEe BotwoEN! PLESES &ﬁésl c.a:s ma; fieryer d
vol tage of atBkOod@pacdterngsi aas Her cﬁa&-geaetﬁffsctpo\t@hhan coiieet i ne
const ant of isb@n&{?ngl e nthe Obbpseseititere stwitrpsorb StRAGSKODAC UQls Sdif
determ nes ftpansbstbrrB}i trahspstor 5pated go putsecoﬁdmsiatprwﬁ:nm | .
conduct, thadraw;n@rbasahcuhreatl from thansistohell-sodehapovehe sleppter wi | |
not buil d upresaihs anonconduagive, [thust Ipreverdiiricyurhe i switched-mode

swi t ched- rmdpow§nwsmpm;srp|§/r¢xs hud ldingvatb tosciblations | againg adehe unti |
it was previ 5688 g tarsdenang cther swilnhaliodeut5%0l $8géinodien o MI i ng
capacitor 540n8 @iedglrgerve mremhne the §§P§§h‘é@rn‘éﬂet%o\?®rc

restart osci 1 P angurgher tﬁ’ basgy e@h ’ﬁn t‘éWn with
the input voF }g gIH“BEBI bl FHBrdt Ha%tﬁge ﬂEv%.r ®i ‘L‘W ower
plug. To avo i 8 .two
di ades 57, 5§§ ngguﬂ; ?Pac%EPrva n the

svmtch63|s nee@:r o N 3? de of
Tl ﬁﬂ @%E;a% el ﬁ’é‘?g% i o

the base-e resho ransi's si ng ranS|stor
5 to be noncon uctlﬂg and enabllng t he switched- node pomer supply to start

oscillating agai ninFl €ni3d Shake RnBAOIth SOk B8y i €énddmddéd €T peRéENg
devi ce (AS2) supgqyahlsynw B11eiedcree starthesek 1t ing! AgagRMEARE L aCERr di ng.
to German pawait pgeRibasliyoaibeonhetéted? £2éth 8nd2inpitt Gortagodourse, the
turn-of f trawgi,Stenall iy acapagttobetuedto t dbtsdeegef t NoxSiwduwad 1thed
reference potsmitchb_d-noaenepomhmdsuﬁﬂlbemu;taﬁerd:sacllbmmmm filie ethéter of
transi st or 6matdrr e meee spmla'hedaby thEhswa.rtlchngerre-nthﬁhtthe basput
resi stor 66, voldagesPot anveFiably applied, that is, never pulling the
o power plug. To avoid this, diode 59 is inserted between
the junction of the two diodes 57, 58 and the reference-.
potential side of the motor 62. When the switch 63 -is
closed, reference potential will be applied to the
cathode of diode 59, and capacitor 54 will discharge to a
potential 1lying below the Dbase-emitter switching
¢ threshold of transistor 5, causing transistor 5 to be
nonconducting and enabllng the switched-mode power supply
to start OSClllatlng again.

PIG. 3 shows a second embodiment of the interrupting
device (AS2), equally with reference to the circuit
arrangement according to German patent application No. P
41 22 544.9-32. '

In this embodiment, the turn-off transistor 6 is
arranged between the base of transistor 1 and reference
potential, a Zener diode 69 being inserted between the
emitter of transistor 6 and reference potential. The
arrangement of the base resistor 66, the resistor 65, the
capacitor 64 and the diodes 67, 68 corresponds to the
arrangement of the base resistor 56, the resistor 55, the
capacitor 54 and the diodes 57, 58 of the interrupting
device AS1 of FIG. 2. The operat;ng mode of cutting off




capabitor 64 and the di odes 67, 68 corresponds to the arrangenent of the
base resistor 56, the resistor 55, the capacitor 54 and the diodes 57, 58
of the interrupting device AS1 of FIG 2. The operating node of cutting

of f EP 0 635 171 - 13 - 05695 transi Sépro lkidoma
predeterm ned ratio of pul se spaces to pulses and its rendering cég@%ti ng
again after the swtched-node power suppBg s di sconnected fromthe put -

voltage 90 are equally identical. In this enbodi ment, the turn-off
transistor 6 will be conducting when the voltage at the base or at
capaci tor 64 trddStHr i FrEaRL & t he breakdown vol t-age of the Zener
di ot 69 pl uta heubese- amat tﬂﬂs tgp ?%ﬂ;&@aﬁlq refispelise Gpabes
i nteerrupt i ng sktichedAnS &N Piier 1y° i 19 Ctisg t3gaimt aftept ithe
devi ce ASl oNVot8ge? 901 BPa! dqul11\s! g ONNgEtegh droad thendnptitng

as.»

i

al so when t h&hgc cturmdef ot raistiagd Shped tlats asmpogddmentt,he set
poi nt corre¥pd%agrg ato the baééy o h@aide ;%é F%BE Ctipg| jwhenfshe

L Lh respect
1%5?’5 Bge of
ansiRtor 1

=

|
exanpl e, to HESREProGhan Hire Breakdd ¢ RS - &1 O; (RRfRsHAN dsl tage
of a transi sPbHSi §heebpsepemittirs theaghbha i%%gg eéﬁgﬁgidgﬁﬂe@ '
vol tage[err] of thg Zeger diode 69 is [err] = 1.7 v Ft5FapfintoXi6r 6 will
conduct when.a volP&gdnberruptiogt dewide olser drks at "WHe P
to ref erencetbgPe aftnterrypting deivicer A%1c '&'Lr{l
. S r lﬁd. % ﬁl
[err] = 1.7 ¥ g gs_- i P&t denderidd camiuitidlg td¥8sd AR j
(negl ecting g%fl AgenY, thas varopped dappretihbay- baly
si r\]TQJ/I'e-cel Yo Y §ge§?‘:€ﬁ§ﬂlqt§ed,%%heavolfuagy U charajeet jﬁ
fulTy char gaghs hfg ? neaniystos thereemnec .
posi i ve pole.d Rig1EL Thes ﬁ61 gt UPl_Gﬁgﬁhtoiﬁégﬁh teahsiotoR2ist i I%%;tor 1
~is not allowste tzgrpéinflﬁ.f' 414 XRMmivel bage o Geger UviiL g the :
em tter has cbraRad &Heﬁu&i‘j}r@oy 6aT_} 1k Vnkks ertitareigtoreehqlid vol t age -
of [err] = Ghollev@g swj_glai.égbg t ng ez'g} e¥@hts epanhigheni 3ivgulad be the
case at an aistord & Gontdtiify Ofa Gen 1o 0G0 Botembinler Mith ran-
[err] 0.6 veépPproximatedn Nowift Q.gsfb e A Qfstl%sﬁglw.mjmafdé)en
started, thdnegleeqion hé-ebalactbrlofy gy Rsiaf oFransfisbogh 1t he.
di odes 67, Sig&oreréhl i nWhetB€a égiqgff A7 ddcunny %Pteocgﬁfg e@f tran- C L
M S Egggagggl%?e 0B69%s about 1.45 volts when fully ::iagseg'
positive el_ emltter of transistor 1 is connected to g:h.
22, 'transl;'.ostir( P:) fsf l;gi achl.l'm s o, 61 through reSi'St(’?-
: ' _ , allowed to | p
fo suot o ayortage U Dresent at the e;f:g:x?thausn?;opggg
of U - . € Dase-emitter threshold
this-B%%uido i;s volts is attained. In the present e::i;?ge
o 1.1 volts. .;h:rrileu case at}: 'ar;J accumulator voltage of U =
; * ZG = = = . p 1
DO the on-state of trangsistor 1 ';ﬂ Jich (;.ss- 1;’110:1:: ss.taxljl?el; ow;ﬁg
* ’




14 Patent Cl ainms 1. An el ectronic sw tched rmde pomHmwmjm Hmlmll

suppl yi ng current froman input voltage source (90) t
(6l)and .to*an electrical load (62) adapted to be switched on, conprising a
self-oscillating flyback converter having a transforngpP 0(6@?,1m1th a
series arrangenment conprising a primary wi nding (51) of the tr@de®%rner
(50), a collector-emitter circuit of~ &4irst transistor (1), a resistor
(22) and the accurul ator (61) being connected in parallel with the input
vol tage source (90), with the secondary w nding (52) of the transforner
(50) being connected in series'wth the accunulator (61) and a first diode
3 ) and nEh g?ﬁg of the first transistor (1).being connected to the
. secondary mnn I'ng % hrough a feedback circuit (11, 27), in addltlon to

being coupled tg9 a cCapt roleCtrstid ERchRRLRblEN f?élr gﬁ?f bt he
first ”a”§h§b§2§uh§) c%ﬁ@ntthﬁrbm hAJEnphLt! V8184 H% akeé ) Jegsaﬁeached a
predet er m geduniip@tokur(s19f farkd! 6 &h) electrecall ildakd t(é@) caadpekdagai n
after the el bagewiached bied dehpwiSng 4 Uselposyl Vet Dhgatpybdeker m ned
| oner turncenvegkee, bhabiag’ a ctra@isformére (50), With tah sekiesan
i nter-. ruparergndemett (AGhprisimgviadeprimagyngwind@indgrs¢s51y aws sthe (1) off
- for a prol trgrdfpemerd (809, aviddldutanamitaemusierqoiterofuapEirst t he
pul sati ng twdesishkerr dtli)o &f mesistart | (RR)ofdnd | tike t actchBuliatari 6610f
oscil |l a- tbednguconnestededn papeddeiewithettheninputdvoliage $hureeectronic -
-swi t ched- m68@)poWdiths ihe ysegondamnawinding a( 33 )1 of the transfermer | z e d
i n t h(§°t) being gonnectsd ddvisenies Wity - '@hﬁeaeeuméaaerat(ﬁéh of
0§9|IIatloﬁn9uﬁﬁt§1€%Fr@§SQHdéﬁﬁinPRPQrV%Rme thRa ofur ¥Rt £arsthe -
©accumul at of*® 515tﬁﬁe c??kggccgﬁPPEﬁﬁﬂ ﬁﬁdéﬂﬁb gn Fggned in
“claim1, c(f2 ¢, 10 nPBr Or upting

devi ce (AS e&Qgs cfﬂﬁ b 811 Ib] 1%"?% % inuntil |
after the gt ﬁé:d ;}Sﬁgcj E %

volrage sod 5 fotexs pas
clainmed ingg %&?ﬁ*édé;:v éeahﬁs dro gﬁgblfe W séid" tur - fi‘ Qlalufl) E;e

in- terrup girst transis- tof
conduct ag@ h ik |aatf:t‘€ret belebe@ @ cal j Qf"d GQ)hV‘@StSW' hahedtrer-

- C L Myupting ‘device (AS) is provided ¢turning the first

" transistor (1) off for a prolonged period when, with the

. switched-mode power supply in the pulsating mode, the-
.ratio of oscillation off-time to the duration of oscilla--
‘tion bursts exceeds a predetermined magnitude.

: 2. The electronlc sw1tched-mode power supply as
claimed in claim 1,

. "ceharacterized in that the ratio
\«/ of oscillation off-time to the duration of oscillation
: bursts corresponds to the trickle charg:.ng current of the

accumulator.

3. The electron:l.c sw:Ltched-mode power supply as
claimed in claim 1,
characterized in _that the inter-
rupting device (AS) does not enable the first transistor
(1) to conduct again until after the switched-mode power
?up§ly was disconnected from the input voltage source .
20

4. The electronic sw:.tched-mode power supply as
claimed in claim 1,
characterized 1n ,that the in-
terrupting device (AS) does not enable the first transis-
tor (1) to conduct again until after the electrical load
(62) was switched on.




g e a2, e o s o HEHAN

inter- rupting-device (AS) does not enabl € the flrst transi stor (1) to
conduct again until after the voltage (U) at the accunulBRo® €33)1Thhs
dropped bel ow a value lying signifi- cantly below the set point.0%695 The
el ectroni ¢ switched-node power supply~adSciaimed inclaiml, char act
eri zed I n t hat the inter- rupting device (AS) is
conprised of a turn off transistor (5, 6) |ocated between the base of the
first transistor £I) r aﬂfqﬂ’ t | L a ccu-
mu{ afor (61)cPRih fi‘ggiégﬁ% ro%org?%{r:ghgg E%tagnt‘l?&fgfl Eu%%ﬂ?g of said
turn-of f tragshSLO0f Eebnq gopngched §0 a gapaci terp(4e 64)tHbi thebs-
charged duripgpesry! Gaviee Qhak)t idRsOnhoth@nudile etk "PHes P Oo¥BANSLSRLY |

di schar gi ng g § htbheonducthadaibdanteleafEepP| Hd vdlEcLfe| (U RtaBOLtHRde. 7
The el ectronaecamulabod- (BU¢ nRavedrsSpPed YoébowChavrabdei DyLthgi gignigih a r a
cter i z eafitly bebow thehsettpointhe base of the:turn-off transistor
(5) located between the base of the first-transistor (1) and the term nal
(P4) of .the accunGkat ofhe6lglerkrdrici dwikshetembdem paver estppiat eas ti al
i s connect edclaimefleinncdapnt dptial through the capacitor (54), to a

potenti al ob€ahnadrf ot the g odi i @edpol eloh t hetihpattvol t the éptere (90)
t hrough a re§P§FénG(Q§Y103n& £3 af éﬂmp{iﬁ?doﬂftﬂet§§30ﬂ€§;§rﬁpﬁ§$hgr(52)

through one 5'sé\)erlé?°"=tﬁ W“S’Q‘}%Pﬁ@ 9)5 tgxe fll?ﬁ*t EEP%ﬁFEr

svm tched m)d "‘&; %c ur z e d
i - ’“‘g hFhé" ﬁeB?FetF ﬂ‘é‘l FSFrFB e §° 8 E?‘ed to.
one end (Pl) e p 535’ 8. 8 8‘33? °5§) and

that a furth gpag gr g ggs ag
di' od 57, h
cl)ﬁngcsztl(bl e gggeferéeng‘g&go entl b means oéi)gf T’

The el ectronic sw tched-node power supply as cl ai rred |n cIa|m6 c h a r a

cterized 7. Nme tei‘eétfonlctQ@l%@hbd%ﬁeo‘c?ébért WipliY as
t ransistor (élah_ﬁeaogﬁe@u_g(imtg refer- ence potential through a swi t chi ng
device (69) gomng itsd ¢opdgcEi j_)nzféom a speq fied Wwl4 age onthangakbat the
base of the br ehef frirm et trandistor cophedioeated Mittiaitethe base
: of the first transistor (1) and the terminal (P4) of the
accumulator (61) on the side remote from reference poten-
tial is connected to reference potential through the -
capacitor (54), to a potential obtained from the positive
pole of the input voltage source (90) through a resistor
(55), and to an end (Pl) of the secondary winding (52)
through one or several diodes (57, 58) (FIG. 2).

Vo 8. The electronic switched-mode power supply as
claimed in clainm 7, ,

characterized in that the base .
- of the turn-off transistor (5) is connected to one end
(P1) of the secondary winding (52) through two diodes
(57, 58), and that a further diode (59) is arranged be-~
tween the junction of the two diodes ( 57, 58) and the
terminal of the electrical load (62) which is connectible

to reference potential by means of a switch (63) (FIG.
2). :

o. The electronic switched-mode power supply as
claimed in claim 6, o _
characterized in that the emit-
ter of the turn-off transistor (6) is connected to refer-
ence potential through a switching device (69) going into
conduction from a specified voltage on, and that the base
of the turn-off transistor (6) is connected to reference
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capacitor .(64), to a potential ob- tained fromthe positi
i nput vol tagé source (90) through a resistor (65), and to an en ( 1) of

t he secondary wi nding (52) through one or several diodes B0 &8 171FI G
3). 10. The el ectronic sw tched-node power supply as clained in Q-’v@ﬁfm 1, ¢
haracteri zed I n t h-alf = the con- trol circuit (St) is

conprised of a starting resistor (21) connected to the pole of the input
vol t age source (90) and of a second transi stor (2) connect ed to ref er-

ence potenti b o o] ner )l O the
eeer o BECHEE iRl P B %‘; o

nofi toring tpg EE i 3C ? l? rP|1ge.;fc¢ﬁgwt
inhibiting c éﬁ LPp ﬁlnﬁﬁg fsg§ Py ﬁt ggpsﬁt t he
accunul at or § REGL €3¢ a predeter ned upper turn off val ue,
rendering it conductl ng agal n when the voltage has dropped bel ow a
predeterm ned | owgp,t UTHeOrélé’ﬁﬂt%nlcllswihéhé&eﬁbaénl}ﬁ‘ovﬁd!'t%h@@-l@d@s power
supply as cl elLakfleinifl 8ilaik01,c har act er i zed t
h at . &hh &rirggerc @ re:urtl (K2 ds cofiphi sedtth a tthird thaneon-t-or (3)
and a fourthtroansistaxiff 4] St)hdis tbemprisédr of ahestarntithg rmesistor (3)

i s connect ed(2d)t lmonneatedortg PElre opodef iofst thel tlapatdivolkage 28ousce
arranged bet(@@n and ofe ®nse¢snd bfansidésteror@ar anmimﬁ B2) refiert he
accumul a- t oengelpotemiialhahnse: kase hist ﬁpmepltsﬁm 51%1’13‘-70 .3 sZen@fect ed

to the junctfépd 6)4ldf: ateetbad %rtﬂ'- e Qﬁ vT-:Bér afbﬁ# d(bét ween
t he_accunul aB® ég ‘I‘J‘Pé' (Rﬂrlc'é’é{ 11?%11?‘1)&'4 Yo (4)
that the col P&c 1P§

)0 'F e

connect ed tocPéggF% 88 e"‘?ﬂ? af“ﬁt hﬁ?"a%ﬂﬁ}s?% 455’1@%%% é -
(32), to the3fn g ﬁﬁa? 55{1 (Egeﬁﬂa adgpggfh t he

second transj §§ qu )h %j@ﬂiibog é- %;%e ﬁg&l‘? third

transi st or lue..

11. The electronic switched-mode power supply as
claimed in claim 10, :
characterizead in that the
trigger circuit (XS) is comprised .of a third transistor
(3) and a fourth transistor (4), that the emitter of the
third transistor (3) is connected to the junction (PS5) of
a first voltage divider (20, 50) arranged between the one
end (Pl1) of the secondary winding (52) and the accumula-
tor (61), that the base of the third transistor (3) is
connected to the Jjunction (P6) of a second voltage
divider (25, 23) arranged between the accumulator (61)

Kz’ and the collector (P7) of the fourth transistor (4), that
- the collector (P7) of the fourth transistor (4) whose
emitter is connected to reference potential is further
connected, through a diode (32), to the one end (Pl1) of
the secondary winding (52), and that both the second
transistor (2) and the fourth transistor (4) are driven

. by the third transistor (3). .




