s |- 2151375 "A Seri-es Vol tage Regul ator".” The'
present invention relates to a series voltage regulator having a regul ating
transistor arranged with its emtter-to-collector path in a series arm of
the regul ator, the base of this regulating transistor being 5 controlled
by g ijferential “amplifier whi ch conpares a voltage proportiopal _to the
regig¥or output voltage with a referénee voltage, herei nafter21e5e13ézl5to
as a series voltage regufator of the type descrlbed A conventional series

vol tage regul ator of the 10w tggglggsggiggggl a@g@grmn Fig. 1, is used

for supplying a consuner mﬁt a stabilize &t voltage. In order that

the nom nal output voltege eiegeﬁtsehbeatwht §€QaE§gU|tét ar skyi@atained, its
i nput . vol t age st exceed_a cer%aln critical | eyel t he i nput voltage

falls bel ow 1%°t¥# %ecFF?P&3F°Fe gringnha HFEP%FEhPBaF%HﬁP?FP&r aFrANGE% he
regul ating tredshsits emidtarsabucelidcsbat patbuénta tkeikswarm of the
coIIector-to at t regi C a 3

i nterference g%§i§£°§ Eﬁé LQQ 8§n?é?$e?8 %égggﬂér%g?gsa %ﬁ:ta%%‘g
reach thélwxﬁmﬁﬁtﬂlhﬁdopratdvffeuantya&nﬁﬁpééééernwbhpb §9m@ﬁ§?50n state

Suppr essi on ¢f ﬁéﬁ@%éérﬁ?éﬁokﬁﬂén&@cﬁbstﬁa|¥e§ﬁlEESrnehﬁﬁhtVQbH%ﬁ%erange
I .e. at input voltages n the ﬁrltlca | evel WEICh thé nom na

vol tage can B%‘?%aihﬁﬁ 8ﬁgPﬁ§ 38?559e$| n “Paffofs
applications,segie$ovoteageatdegalasoppo€sshantgpet Gesaktibedat i ng vol t age -
ortions of the input s S Lian t ation %
gf t he dlrect voltgge n%gggégkﬁtggﬁg? §E¥1%Q @g?#&?%e gu&g%°§ ? khé

regul at orl0 THr¥Perdeseribedound shownl Ln| Fea 3b,nds vERY fert ﬁ@pp&ﬁg@gof

QP i nput VTHt@&§§quHtw§£§0a'Qt&ﬁfl!ﬂéér&Qkééﬁevbﬁﬂﬁge'n hi eRgkke output

age no lo reaches.its nom na
g q%at the nominal output vo?tage of the series voltage

grezgafter referr

regulator is obtained, its input voltage must exceed a
certain critical level. If the input voltage falls below

15 this critical level, the differential amplifier drives
the regulating transistor into a saturated state. Due to
the low collector-to-emitter saturation resistance of
regulating transistor T, interference voltage, for example
interference alternating voltage, may reach the regulator

20 output virtually unimpeded in this saturation state.
Suppression of interference thus occurs only in the normal
voltage range, i.é. at input voltages higher than the
critical level at which the nominal voltage can be

(% reached on the output side.

25 _ In various applications, e.g. for car radios,
suppression of the alternating voltage portions of the
input signal is necessary in addition to the stabilization
of the direct voltage mean value at the output of the
series voltage regulator. This property should be fulfilled

30 not only in the range of high input voltages, but also in
the undervoltage range in which the output voltage no
longer reaches its nominal value. _

This requirement may be fulfilled by cascading
a conventional RC low-pass filter with the conventional

35 series voltage regulator. This involves additional

expendithre and additional power dissipation in the



Thi §-requi rement may be fulfilled*by ‘cascadi ng a conventional RC | Tas 5
filter with the conventional 35 series voltage regulator. This inv ;g; /
-addi tional expenditure and additional power dissipation in the |
.resistor of the RC lowpass filter. Discrete circuits of a

transi stor/ Zener di ode/ capacitor conbination |ead to unsatisfactory

.apprdxi-mate sol utions. The invention is based on the probl em of over- 5
‘comi-ng the di sadvant ages of ‘the known sé%les vol t age regul ator and,

particul ar, inproving the i es. voltage r |.at or t he type:nen d't
the ‘cutset, soTSisFoq |Q§Wt?7§l’ RGe oM PR 88, fr - on%d‘iscrrﬁt 5¥%&F§H&% PEth((ja1

_entlre |nput vd1ﬁﬁ§hsruﬁyrﬂzenennamuaeAdapacutonxcqﬂhnMwalbﬁ dead to

‘power -saving a égp invention there is
‘provi ded a ser?‘e“%’%\%;%gagjet %Igitor t(')'%tt%e type tesscrl bed wherein: the
reference voltage is aval'm?@bllélvfﬁmoél 5 hased wEcbh en ¢f| CxNgE -

limting ci mcuidomifitherld ralts%dd&%tr e@%}c&ﬁ@lﬂm ts@rae@awmgleevel is.
aSSIgned and which I's connected ut put, of a.trans-conductanc

STTcult whose GREAKARAT A ddn BRI GBTSVAse e, S5 Send ALEAge
vol-t age and thare?yﬁlmﬁorv@ﬂ ate u:‘ypehmezftmredesau/(ﬂliea@atlsegpul aoomas Ito t he

normal - vol tage [I al%evﬁ g'ﬁfefir %Ei%e %sgs?%uh JEHYRED fehe niaPyty \{._gll t age and

'._t he OUt put vol tage e ou e . trapsconductance cCi rcuit

causes. a currerentitre Hnpwy ewlitagley ramgsydd th@anaesc Whdchydsi ps25impd e
: Q%am tor's 1‘2)“%% %MJ%,;QS dd pdad pie a naxi mim | evel by the voltage
tlng CIrCUIt As | ong as the
Co Accordlng to the present 1nventlon there 1s
prov1ded a- series voltage regulator of the type ' |
'descrlbed wherein: ' - ' -
N -the reference voltage is- avallable from a
15 capac1tor to whlch a voltage 11m1t1ng c1rcu1t which limits
‘the reference voltage to a ‘maximum - level is a551gned and
-which is connected to the output of a trans conductance
-pgc1rcu1t whose output current depends on the dlfference
-~ between: the input voltage and the output voltage of the '
- 20 series voltage regulator. - ' : :
- In the normal voltage range a dlfference comes
. 'about between the input voltage and the output voltage,
N 'l- which at the output of the transconductance circuit causes
| - . a current which increasingly charges the capacitor'until
25 the capacitor's charging voltage is limited to a maximum
level by the;voltage limiting circuit. As long as the
"input voltage is so great that not even negative inter-
ference peake of a limited amplitude put the regulating
transistor into the saturation state, the series voltage
30 regulator shows its usual regulating behaviour. However,

<)

as soon as negative interference peaks occur during
which the regulating transistor could go into the
saturation state, which is detected on the basis of the
_ difference between the input voltage and the. output
35 voltage, the output voltage of the series '
regulating amplifier is regulated down to a



is so great that not even negative inter- ference peaks. 6f a’
PDUt VO;%;??tude pu? the regulating transistor into the saturation state,
ies voltage 30 regul ator shows-its usual regul ating behaviour.
‘as soon as negative interference peaks occur during which the
‘ng.transistor could go into theasaturatlon state, which is detected..
basi s -of the difference between the input voltage and the. output 35,
voltage t he out put vol tage of .the series regulating anpllfler |s regul at ed
down to a ldwerOMeveleinlsuahsucbag-wmgttﬁﬁg Egeuggﬁﬂﬁ? qelstor

s ntly to the satUration state ev
'z2825932nin¥e eréﬁgéngggkgoesTﬂP§ g8 dptecthe E?tP€9§ﬂ§Pn§tﬁW@ @vrerent

- flowing. at tdring psuchfnegativanintcedferenee peakei.t airna sdisfd @ ﬁ%&
“vol tage betwagn tdeiSPHY EHQ EHErQHEPE&oﬁ n 2833 {eﬁf%g g'ﬁtgag,gt lﬁh%ltj| gtnor

- whi ch the regul t|n ransi stor wo
gf;?g by“nﬂeﬁ?iﬂ g%cﬁaﬁ%§§uﬁﬁeaéapadif6erentbaldvo&hagged t her eby

e I fier and P
Eghsggﬁleggl ;?&Mﬂ euimfolﬂlg'{:%ggﬁdog?%gs‘é é{réefn%lg?e g'glg%n% to a "reduced
noni nal | evel™ %éﬁ?JcF %%E%r ﬁb?x Bgtﬁﬂttbﬁl%%@@1%§msﬁstrhasdstberence
 between the wegnid del pute. rmt@uthaohaa@eatﬂoﬁeggggeabieyﬁgeggeughgg the | g

tion state _
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" the. transcon@&@ﬂ&ﬁbéhﬁr%ﬁﬁ%renﬁewvmltqgé)ofwthémﬂitfereﬁﬁﬂﬂltﬁtﬁlghe '”pUR.J_
i Ty susisn r

-_-Yféhiginéhi?ﬁ?ﬁ;?“ﬁ d‘ﬁft Pt IRy e don W EREe Yoltage chsr ge

_ ate own. to -a "reduced nominal level”.-- The decrease
gin the output voltage causes the difference between the
1nput and the. output voltage to.resume a level at which
_the regulating tranSistor cannot be put in. the saturation
. state by interference, on the one ‘hand, and the current
at the output of the. transconductance circuit returns to
0, on the other hand.. If the input voltage rises again
afterwards, the current at the output.of the -transconduc-
tance circuit can again reverse 'its direction and charge
;-the capacitor again to reach a higher reference voltage.

- The downward regulation of the output voltage below the e
nominal level also takes place when the input voltage is
“in the undervoltage range in terms of direct valtage.

ln the inventive series voltage regulator which works with
variably controllable reference voltage, interference woltage at
- the input is evaded in a certain sence, by reducing

the direct voltage level of the series voltage regulator _
on the.output side. Such a change in the direotxmlugexman
value at. the output of the series voltage regulator is
generally: coped with by consumers supplied by the series
voltage regulator, since they are usually designed to func-
‘tion in a wide range of the supply voltage. But such
consumers could usually not cope Wlth interference vol-



the’capacitor again to reach a higher' reference voltage. The downward ~
regul ati on of .the out put voltage bel ow t he nom nal |evel also takes pgira
when the input voltage is’in the undervoltage range in terms of dir
voltage ‘In.the inventive series voltage-regulator which works with :
“variably controllable reference voltage,g4 i-nterference voltage at the |nput
‘i s~eYaded in a certai.n sence, by reducing the direct voltage |evel of the
series voltage regul ator on:the.output side. Such a change in the direct
vol t age nean tabee far ekam@aepummowdmtagearmes.vommegetmeguhaeumiwe
generally CcoPRdalilsDU-EORMIRS Ll ncPd dhedBerd k85 qkolhade hequl ator,
.si-nce they are usua F 5é3| ne nc- e rang supply
“vol t age. Butegﬁéhiéoﬁ§6nﬂﬂ e@G@ﬂGﬂﬁ@u&meensvxé@ﬁelwppw ﬁnﬁ@rﬂér@hee vol -

- -4- tage, forge¥agel gohw éO& QatdirC. Wien theinventive neasures are
taken, they no | onger nee o this, not even in the undervoltage range
on the input side of the serles voltage regulator. In order that a large .
-char gi ng. ti mreInoostert thad hhﬂar@eg&hdrbﬁh@eklﬁbfe@gsahn&hanBOﬁmﬂ&SS f
function of t e ol ul.ator, _be qobt ai.ned,even in e_case of a
~rela- tively €S°§ f%g%g% E%g%thggtngséﬁﬁhﬁgggnggngf PHe°Fr§h series. -
-Gonduct ance cvubnagelgeBEAetpg be. thgiabﬁ &yepodsi the. cAsEraﬁsaomduaPance[ '
circuit with £hogay tsfna&&ceasue&%e ﬁntéa\{:&%sb%n%‘éft%é beuind eralls?

“particularly prefefred enbodr nent of € invention, a transconductan
dhagracter- |s?PEdP§tG§GG ﬁhFEHlﬁaéslyﬂdﬁaFGebﬁlﬁéaﬁmﬁﬂ&nééoﬁﬁﬁéﬂbﬂse

bet wleen a |0V\thﬁaflsdanﬂﬁatanbbr eabelhdttofaitth?ldhtetaer e?taﬁsaehuﬁeef588

. regulator inp voltage _an ul atQr ouyt- put voQ and [.ar

i ransiuct ancebBBFRbE o Preceoabiy need. *fh aPpartlcudiiy, Prerdila
' embodiment of the invention, a transconductance character-'

“i~_istic is used which has. low-value linear transconductance
between a lower and an upper threshold of the difference
;'-between the regulator input voltage and the regulator out-.
_n_fhput voltage, and large transductance both below the lower"
:"-ithreshold and above the upper threshold ' Due to the high .

'h-transconductance, ‘the . low-pass filter behaVior of the series

:"fvoltage regulator is in fact impaired below the lower thresh-f
”lfold and above the upper threshold. But a fast reaction of
) flthe series voltage regulator .to high negative interference
_ k,¢ voltage is thereby obtained, on the one hand, and fast:
o charging of the capacitor to its normal operating voltage
when the series voltage regulator_is_switched on, and thus a
short building-up time of the series voltage'regulator,
~on the other hand. |

" The transcOnduetanceloircuit is preferably designed as a

'h differential amplifier, one input of which is connected
to the regulator input and the other input of which is f
connected to the regulator output, An auxiliary voltage
source is preferably connected between one input of this
differential amplifier and the regulator input, the vol-
tage level of this auxiliary voltage source being such
that the output current of the transconductance circuit



threshol d and above the upper threshold. - Due to the high transconduct ance,
the 1 ow-pass filter behavior of the series voltage regulator is in fact

i npai-red bel ow the | ower thresh- old and above the upper threshold. But a
fast tion of the series voltage regul.ator to high negative interference
voltq;ﬂls;thereby obt ai ned, on the one_ hand, and fast charging of the -
-capatrtor to its normal operating voITa@e mhen the series voltage regul at or\#
is switched on, and thus a short building-up tinme of the serles vol t age

fegul ator, on t he other nsconductance circu ésﬁreferably

“desi gned as ASIFFVEFSRY ﬁnragrﬁﬁ‘ﬁ?ser B rEeRepEe ’E)ft?\,hl?%h §° 8dted to
t he regul at obefopet thajndgnlnﬁﬁng|tunnsistorug¢essimbmnﬁﬁéedaturabﬁon

regul at or .ou A Ik I ted |
be?v\een one %%ﬁrﬁt “of &?%U)Qddé% nt |&P€aip eéréan?lé tlﬁéag gﬂﬁ%ﬁ%?gl nput ,
t he vol - tagEOEéﬂsle Founges %)é N%Sﬁ%lamsmm devapishblté voht the

out put curreghgefl ekl mﬁ%qprl@c‘dmné&uﬁ accordande 'Y Eh SEfle and
causes the ca efore the regulatlng transt st or goes -

acitor to be di
into the sat BE‘HP&n cé‘tré:teé‘ °ﬁs1é:q’£»ﬁq1|"aﬁ§/ ‘(Fb"i"taﬁg% Ak tat oy e dgsedhed ant
vol-t age sournen@readeﬂhlaﬂﬂaseﬁﬁﬂ%am a%ltg?‘\_/t &ﬁgge%%ﬁ?m' chis
nt- o Seri -

controlled.i ceordance, wWi.th t e output curre
regul at or, Qe%‘-ésﬂad‘e P 33 41340 M@bwlmtﬁaﬂwt

appl i cat'i on PEEEgtien ‘Ms@%ﬁm Magpmecatoﬁoa gerddsMoltdfe rebjildtoks
directed to 5he RhB¥eNH1SR oRureX A2S Hetery a:réir{;ﬂ addd ent of a series i J

~ vol tage regul ator and whose dlsclosure I S “hereb beln made part of the
" di stl osure oPaFkeOfr &dendigsdasime of tﬁPQnPr§ﬁQ2§;4R§ keaeton byisexad of

: th|s aUX|I|apyege|&§&%r%ﬁ@@Qe Instead of this. aux111ary voltage source
*  “one might also use for the transconductance c1rcu1t a dlf-'
ferential amplifier unit Wthh behaves asymmetrically, in
.such a way that the current at the output of the transcon-e
'--_ductance circuit is not only reversed in the direction dis-.
charging the capacitor when the- difference between the two
© voltages at the input of this differential amplifier unit
~ have reversed their polarity accordingly,_but as soon as .
this difference falls below a certain positive threshold;
' This positive threshold corresponds to the level of the
auxiliary voltage source.

In a particularly preferred embodiment, a differential
‘amplifier with two transistors is used for the transcon-
'i ductance circuit, whose base terminals are connected to
'the auxiliary voltage source and the output. of the series
voltage regulators, respectively, whose emitter terminals are conmnected “
to each other via an emitter 1mpedance and each connected
‘to a curnam.smnne, and whose collectors are connected to
two inputs of a summing circuit whose output delivers the
output current of the transconductance c1rcu1t which flows
to the capacltor or out of the capacitor. The summing

8]

circuit preferably includes a current mirror circuit whose
input is connected to the collector of one of the two
transistors and whose output is connected to a connecting
point between the capacitor and the collector of the other'



aimplifier unit which behaves asymretrically, in such a way that th =5ﬂrent
at the output of the transcon- ductance circuit is not only reversed—n the
~direction dis- charging the capacitor when the difference between the two
vol tages at the input of this differentigal anplifier unit have reversed
thei ¢ polarity accordingly, but as soon as this difference falls below a
certain positive threshold. This positive threshold corresponds to the-
l.evel  of the @yx$*éa£¥°vgt5ﬁggs§gggge In a particularly preferred
enbodi ment , erential _anplifi-er with two transistors is used for the
t ranscon- ductance circuit, whose-base termnals are connected to the
auxiliary volzggeraeurenaand veeyodbputrahsthodeetansevdist ohpsaingdl dnors,
respectively, whose_enitter ter 'n I re n t 0 la an.
emtter inpedihCePgRle aeﬁe58§ﬁe g&ﬁﬁg atggrgggtgggh?ég%ggﬁ b&eggg
collectors aréifﬁenentedltampﬂofnngupg GheatgéﬂﬁFﬁgdBFFéﬂFF wigS¥igut put

. delivers the :&BH; tfh% éﬁﬁ%@%ﬂﬂf&l@@&%&;ﬁtﬁ% tfeédibaa:h fdens to
% t he capacito

t he capacitor or ou The g ﬁerUItF%r erably. .
includes a Cu@ﬁbhteﬁ1ﬁF@ra€Pr@EFteﬁﬁ9§¥ PASD §18 ffle@ed & col | ector -

orme’ night also use for the transconductance circuit a-dif- ferenti;éi;jBi
e

af  one of thepidRstgeBsi #iehs taied coldeetouisput The twoneolldectors @dnnectlng'fl~

~-poi nt - bet ween. thelg§gg§é;g{wgg%& 3§F§%p5%§%%rhgbe ?ﬁf?%@%%t coliectbr! he

two - transi st of&ch ransconductance is obtained in-
tihe nor mal opgreking - mhegeplﬂhettwo Mﬁ&hs¢b60smaéﬂthéodﬂﬁHQQ§ﬂﬁﬁﬁa

‘amplifier of Lhe LLARSEROdGEANGS G ciiRcRddi hORHae ha Re11ee- -
- current- contrsfﬁe negatrve tee n t e emtter arnlarecp ef%rably each _
;deSIQned as atemlcurrent. portions delivered to the summing cir :

-are low, constituting approximately 10% of the entire
. collector current of each tranSistor 1n the selected

- example.

_The increase of transconductance cutside the linear range
'amay be realized by one. auXiliary tran51stor 1n each case, .

'“f which is only activated in the ‘case of suffiCient modula-
';tion of the transconductance circuit.

The inventive series voltage'regulator is preferably con-
. ' 'l_structed completely with bipolar transistors. However,
o field-effect transistors. may also be used for at least
some of the.transistors of the series voltage regulator.

The inventive series voltage regulator is preferably
formed on one monolithically 1ntegrated circuit. The
'capaCitor may be left out of this ‘monolithic integration.
Due to the possibility of providing very low transconduc-
tance, one can manage with a relatively small capacitor.

The invention'as well as_advantages and developments of
the invention shall now be explained ﬂamore detail with
'reference to embodiments.

The figures show:



r

triansistor with two collectors. The two ‘coltectors of each of these

- mul tig@ransi stors have different collector areas. The collectors with the
- smal >gol l ector area are connected to the summing circuit so that the
~coll /tor current, portions delivered to the sumring circuit are | ow,
.consti.tuting approxi mately 10% of the entire collector current of each o
transi stor in the selected exanple. The ilnerease of transconductance o
- -cutside the linear range may be realized by onhe-auxili.ary transistor in :
. each -case, which is only activated in the case of sufficient nodula- tion .

" of the transcditflict hncEhei EFUCEWIR | nonai convenitdonud! BageeCYulidbgl | S
preferably con- structrsgenagdetel y w th bipolar transistors. However,
field-effect transistors may also be used for at. |east some of the.- - .

~ transistors of the series voltage regulator. The inventive series voltage_

regulator is ;ﬂla‘-eréblghé drvaeit orstonec s | | thC§h| yn{,g,tlgg(,gt g%ﬁércu
o the

The capacitor -may be :|gfite nonol i thic integration. :
possi bility of provi dl‘ﬁ;gl Vag;ét "1046'?/‘\‘/&{] t;?l’éconduc- tance, one can nmanage W|th a e

relatively small capaci tor. The i nvention as well as advantages and

- devel oprments @figt.ne | RMdME S o ned.in npre detail with
- .reference-to, enbodi nents. The. f:wures st efﬂ’{f%s Va’lemﬁlee@]??@"eTure .
-of a conventi onal serl""€§’t\?o fa(jé‘er é‘gﬁﬂ%@ﬁn@@tamce tdma'dlmslt Cof stheicture . .

“of an inventive seri ese\theTsag@lrtqyé qtégufégor Sas tfr?"i-sia Ssi on
: characterlstlcs of vari-ous: enbodi - S o W,

Fig._4'_a particularly preferred embodiment of the trans-
'.“conductance c1rcuit and- ‘the auxiliary voltage
‘source of the series voltage regulator as in
Fig. 2

- The conventional series voltage regulator shown in Fig. 1
has a regulating transistor T in commen baseconfiguration in
. 1ts upper series arm. The output of the series . voltage
regulator is bridged by a voltage divider with two re-
-sistors R1 and R2' The base of regulating transistor T
is connected to the output of a differential amplifier V.
| whose inverting input is connected to the d1v1s1<:nal voltage \.J
| point of the voltage diVider and whose non-inverting input
w_is connected to a reference voltage source UREF‘
In the case of suff1c1ently high input voltage U1 + the
differential amplifier V can set such an output voltage
2_ via regulating transistor T that the voltage across
llower res:l.stance R1 of. the voltage divider reaches the
- level of reference voltage Upep- Output voltage U2 as-
sumes its nominal level then.

' .Below a certain critical level of input voltage U, it is
no longer possible to regulate output voltage U2 to its
nominal value. When attempting to regulate the output
voltage to the nominal voltage corresponding to reference



ments ‘of the transconductance cirecuit* of the series voltage regulator as in

Fig. 2 Fig. 4 a particularly preferred enbodi ment of the trans- ==
conductance circuit and the auxiliary voltage source of the series (#Q—'e
regul ator as in Fig. 2 The conventional series vol tage regul ator sh n

Fig. 1 has a regulating transistor T i® gosmon base conf iguration in its
upper Series arm The out put of the series voltage regulator is bridged
by a voltage divider with two re- sistors R and 'R2. The base of regul ating.
transistor T isoltagecu Loduhéenanpdaloampldﬁﬁher&hpmas amgunaumnqv whose

verting inpul baceaungchednty te dutha®iah wahkage alulrloblis ol tage

di vi der and wh6S& 'Ron-1 nver connec to areterence vol tage
source Uerr].vbhtage,cfor ska@Hﬂﬁ|GneﬁbﬁyfﬁF@thnpdﬁemMﬂﬁiys ypltage ,

differential agpbh f&s&j¥ﬁpeﬂbaﬁt aucblseuQQHQUhﬁwwskagetu& W te0ihat i ng
transistor T that t he voltag across | ower rési stance . .the vol tage

+di vi der reache§°Wh€eFé§§PnSP PéfEP@nEQléﬁFFQGetGREplttGEtEEFhVGﬂté&@ Uerr]

&s- sumes its BﬁﬁhﬂalteHe‘tebullbelingBeh:‘ﬁWsas&@ﬂ:‘t ahavahigt iaC @i steedlingf eifrput
vol .t age . U[err]f ng. |l on §OSS|b e t% r %Pl%§? Qut put vo&& e Uerr]
to i'ts .noninal 95Fuén eff QFP FREPES T PEy Pal B S pﬂi 5%fage to
the noninal. vokeggdatorrnesponding to reference - -8- voltage U err]- '
differential ‘anplifier V puts regulating transistor T into the-saturation
‘State. Interference voltage, for exanpl'e in the formof alternating
Vol t age,  then Wbﬁcﬁ@boﬁhéeaﬁtﬁﬁtavl#PU&PF}V§n§§§ﬂP§cW@dteﬁé Ee A teF W

- resistance of thewhohheeligr- boinphbies Bathreuith@eans which is identi-
cal. to the conventlonal series” voltage regulator, if the
reference voltage- source is. dlsregarded. _Instead of the

reference voltage source U, ‘which - delivers. constant’ vol-

' tage in the conventlonal szﬁies voltage regulator, the
inventive serles voltage regulator'comprlses ‘a controlled
reference voltage source.: The latter ‘contains a capac1tor

- -C which is connected at one - end to" the non-lnvertlng input

."'of ‘differential amplifler 'V and at. ‘the other end to the
. lower through-connected serles arm of the. series voltage
v-regulator. Parallel to_capac1tor C a voltage limiting
, circuit B is arranged;in the form of a Zener diode or an
N - active limiting circuit. The output of a transconductance
- circuit G is also- connected to the end of capacitor C which
is connected to differential amplifier V, this transconduc-
tance circuit being designed as a differential circuit
whose first input is connected via an auxiliary voltage
source U, to the input connection E of the series voltage
regulator, which is shown at the top in Fig. 2, and whose
second input is connected to the output connection A of, the

series voltage regulator, also shown at the top. in Fig: 2.

[4)

In this inventive series voltage regulator as well, dif-
ferential amplifier V having a voltage amplification v,,
together with regulating transistor T designed

as a power transistor, as the series regulating



. anplifier V

- anplifier V, this trapseontiue

: -"-shown at the top in

» z

sat ur ed regul ating tran5|stor having a di'sturbing ef- fect in the
pely connected to the series.voltage regul ator. The enbodi ment of an
\ne series voltage regul ator shown in Fig. 2 includes a circuit neans .
s identi- cal -to the conventional. series voltage regulator, if the
reference voltage source is disregarded. ~ | nstead of the reference voltage -
" source U err] which delivers constant vol- tage in the conventional serleski
-~vol tage regul ator, t i nventive series voltage regul ator conprises a
“control | ed relementéand| thgenegative feiedbagi Fesdataino i wifagd ai-C.
~which is co dgat gne o] e it of differential
nyﬁ%égtRﬂﬁeﬂathgggg%thE f%g%lg%é? tﬁ&§h qg%%nnected series arm
of the series voltage regutator. Parallel to capaC|tor G a voltage
S limting cirgndd B i $ Rl ygngeqhénfbmgowh@ abiaséener diode or an active
limiting circuit. 0The @ but of a transconductance circuit Gis also
connected to the end of capamfga C which'is connected to differentia
_ hcy_Circuit being deS|gned ag 19 »
differential circuit ose f|r |np8t is connected via an auxiliary
~‘vol t age source Uerr] to the |nput connection E of the series voltage - .
~ ~regulator, Whiechthe chavaing-voitage ofi Fapacitoand,wisseoptroldedpyt iS s
~..connected to; é}ﬁrs@aﬁaaétaﬂ&seeifealé 8l B8 tRE! 83sLobAgRsiRIYeaal. A so.

this i nventive series vol a e regul ator as

el b, dife f@%‘érﬁ?ﬁ?e%%ﬂ:;\f?grtkbe hE§PH§°8n9HFF§§€eaFF}§F-‘FP|lGat copagiger] . \J

" ,_"toget her wi'td i®othat 6@ tneDYi st oredcHesi caediaalavb%al’get IUar)Slt%tor -as

ch vé@%age fimiginé circuit B limits capacitor voltage
o Ué’ Output voltage U, of the series: Voltage regulator
‘then has- 1ts nomlnal level: o : _

;:”the serles reoulat]

n o= o g1 o+ =2y s
92 U2 you = Ur(V *RD) - (2)

"._ Cﬁrrent--_IA is determined by
Iyt Tp . o (3)

g is the effective transcondﬁctange and UD the control —
voltage of G, whereby o e

Uy = U1 - (U2 + UL). ; : - (4)
UL_iﬁfa-constant-auxiliary voltage.
.. In the case of
U 20, you * UL , "'.(5)
a differential voltage

0, 2 0

D



. UERR] ,- the charging vol tage of capacitor C, is controlled by .

- transconductance circuit G In the case of positive out- put current of

t he transconductance circuit, capacitor C.is charged until it reaches|  ~}

critical voltage U.ERR] to which voltageqphipiting circuit Blimts

capagitor voltage UERR . Qutput voltage U ERR] of the series voltage

regul ator then has its nomnal |evel: [ERR] .- 10 - is obtained at a _

- nomi nal = out putis/ BB giFnéd &El\él.ﬂoza_fissrod%aﬁe vbibagaupli on (3}, Qgkween the
two inputs oféirans- p_nﬂgctan e circuit. G. -In this opér¥PMng range an
‘out put vol t ag&FERV Fuat ?ﬂe‘%ht%ﬁ?wﬁ?ntFEﬁsEUﬁdﬁEP&ﬁée°§LK§GPF‘G.'
“When the serieondidtayece egitaidt GONEIni thost Speradenyorhage kANBALphte:

t he range of lﬂéﬁﬁ; nput voltage for which [ERR] holds, differential

vol tage U ERR] D¢ S negative between the two inputs of transconductance
circuit G This leads to a reversal -of output current | of -
transconductance circuyt & o that capacitor Cis discharged. Wen capa-
Citor voltage U ERR| fdt1S belowcritical Ievel U ERR] out put voltage

U ERR] of the series voltage regulator is regulated down .to a | ower |evel

than U2 NOM - obcuitss it e rsife i £ -o £ Ut taks @tidudCaridle " @Y¥ELE 8T ¥, M egul at or”
thangi ng capacitor .voltage U in such a way that differen- tial voltage: o

- U ERR] disappéars in the steady-state condi-tion -at which output current 1A B

i.s equal to’ OWhemdhe reridsitvaltddiRftegulator comes into the ‘undervoltage
N | range, i.e. the range of smaller input-voltage forfhhich

U /Uy ot U, (e

'~holds,-differential voltagé-UD.becomeé negative bétﬁeen
- the two inputs of transconductance circuit G. This leads
- -to a-reversal of output cﬁrr'ent’IA of-transcbnductance '
__circuitjG;-so that capacitor C is discharged. ' When capa-
. citor vpltage-Uc falls-be1ow criti¢éi'level bR;Tdutput
~voltage U, of the series voltage regulator is regulated
~down to a lower level than U, you- T:ansconéuétanéé cir-
_ . cuit G acts as an "auxiliary regulator" o : .
\_ éhangihg capacitot voltage UC in Sugh a way thét di:feren-
' tial voltage UD disappears in the steady-state condition
at which output current 1, is equal to 0, and the relation

U1 =UL.+_ U2 ' | _— .(7)

- ' holds.

s In the opgrating range IAﬁrO, i.e. the:normal #oltage
range in which nominal voltage U2 NomM €3n be reached at
the output, the suppression of interference

(8)




- 11 - is infinite due to the negligibly |ow dynanic inpedance of voltage "~
Iinit; J circuit B,. and is virtually determ ned by the real behavi or of

t he 4;E§krential anplifier, i.e. by the sensitivity of differential

~anpl i r Vtointer- ference in its supply voltage. For the undervoltage
opergilon of this series voltage regulaifq, the follow ng holds i'n the oz
| i near transm ssion range g of transconductance circuit G for the e
suppr essi on of |nterference [ ERR] Thus, :the suppre35|on of - |nterference D

It Patnrs]goﬁgggi ;g'Lteq'g& r%um 11 ary vﬁagﬂ%% mnes #‘ﬂée sefﬂ&)? ue o? t he

_average serie® vmqlég?@%driéb‘é:% ik B - tandrd § teirppahlpide termined
regu: ail ng trwfltﬂé)rréal Lwtiﬁwazt e tREIPEf fd Wht PAL V%m;s%f%w{iliaéy g
regul at or' ervenes-in the re rocess, a ou e designed in
such a way th&¥ the Rensihiv ﬁ&gatq%@ajlfrﬁ]%é)’b?ﬁeé‘%ﬁr\]ﬂ*f’t%e‘é w Fh%eﬁgnput
vol t age, whi cifec@meet ire irteyBuppdy oadlthee i o the delay in the regulating -
circuit, -do not drive regulating transistor T into the saturation state.

The dynani ¢ behavior of the circuit nmay be influenced i'n an appropriate :
‘manner by a n&ed itheamndexvalitageoopsatatian of dthis asexiesiuvcebrage circuit

‘G Fig. 2 ShO%g%g WA, wwwq@w@%ﬁwﬁpte;é Siir?éazg tldRERELSIdstic
1 characterlzes e above- nent i oned Il ngar _ case, -
‘range g- of transconductance Circuit G for the suppre551on

of interference. S SO _ \/

(el o 1 1 . (9)
D(p) = 1+ - — R, E
—i)—é (1 + -ﬁ—1-)

wherein p = j .

Thus,” the suppression of interference D iﬁ'the.undervcltage '
range can be determined by capacitor C and transconductance
g Auxiliary voltage UL determines the set value ‘of the
average series voltage across the . collector-to-emitter
path of the regulating transistor in- undervoltage opera-
tion, at which "auxiliary regulator” G intervenes in the

. regulating process,and should be designed in such a way
that the maximal'negative interference amplitudes of the'

. input voltage,'which cannot be regulated out due to the

delay in the regulatingcircuit, do not drive regulating
tfansistor T into the saturation state.

The dynamic behavior of the circuit may be influenced in
an appropriate manner by a non-linear transmission behavior
‘g of transconductance circuit G.

"Fig. 2 shows several transconductance characteristics g.
Characteristic 1 characterizes the above-mentioned linear
case. |



3 i
Ghafacteristic 2 is not as. steep as characteristic 1 in the range Uerr]
>Uerr] and is much steeper in the range Uerr]< UD2. UD2 is a lower =
threshold of Uerr]. 1In the case of negative interference which falj)s . ~"
bel ow | ower threshold U D2 the extrene steepness of the transconducf '
characteristic leads to an intense capadRter discharging current. T
ci¥cuit therefore reacts quickly to such great interfer- ence. The reduced

st eepness above | ower threshold UD2 increases the filter time constant, .
t her eby i npr GhakAt Reristier 2piRalPtr a5CAEPER: 2Fi ShREagtRE igtds Jedp theep

above an uppefandé esh>o0ld sheris. mubkl ee&kperv\&ﬁntﬁec:Eaageh@r@herI stic if

- used, the buildin u? # % the, cicuit may be reduced, p &ci aPRy after
it i-s switch n:EJ RWehs hﬁﬁfﬁﬁ#dVBktng UFBrFF casg cﬁeﬁéﬁépethan

i nput .vol t ageintlet ferehtp ewhichf falls belownlohérfthnesgouﬂton apahet or C

I ncreases sh n [ r r hat . noni na

Vol tage Ul or :Blé’emé été%ﬁgigg 81‘ Eﬁé 9&?9%&8&‘?@%&8 cﬁarE.SFFg&st

embodi nent  of Q#@ﬁlﬁﬁeﬁﬂl#%t%@$¢e@apé¢i§g§ éegghargingmnucnens pafhecul arly

sui'tabl e for gmnalit hiKet 8688 abe8Etsi GuBbRIY tB Ebén erethiﬁt@??eE'L”E“t
exhi bits a.non-Ili-near. tra conduct ance cir.cult Eaaccor dance w_.th

‘eharacteri stiSP9F1 n g Tused SEERRBR P2 NRRO¥R, Frcﬁﬁﬁﬁsﬁaiﬁlpgpy o
" voltage sour dmdfedsés atite efthtehoramé ncbhgtadt by thedeby edmpkookngAuxi I i ary

vol t age sour U erles arrangenent connected in-parallel
tlag i nput of Ctt%e Lfsjg‘r eezg 1%/&?{" re_gul ator .and conprises a diode D[err] a. -

resi st or RS ~aresistor R and a current source I[err]. Constant

~current | @é’% eﬂsrfnisseilgaevé{rfr&eéfagﬁo%g e%‘éé %hgggﬁ -tage

drop Uerr] acros e .series arrangenent” co sin
resistors Rl rﬂb?@pp1ﬂTmWQﬁRl$¢%Pya characteristic if used, the

'ﬂbuildlng-up time of the c1rcu1t may be reduced, espec1ally.-.

‘after. 1t is switched on. In case output voltage Uz is
so much lower than :.nput voltage U that UD’UDV current
_I flowing into capacitor (o lncreases sharply, ensurlng
quick. charglng of capacltor C, so that nominal voltage ,,"
U, Noﬁ may be qulckly reached at the output.

A preferred embodlment of the inventxve serles voltage
) -regulator, which is partlcularly suitable for monollthic
W, _ integratlon, is shown in Fig. 4. This embodiment exhibits
a non-linear transconductance cirouit in accordance'with
characteristic 3 in Fig. 3. . L

Transconductance circuit G and auxiliary voltage source UL
are each shown in Fig. 4 by a dotted block.

Auxiliary voltage source UL exhibits a series arrangement
connected in parallel to the input of the series voltage
regulator and comprises a diode DT' a resistor 3, a
resistor . R, and a current source 103 Constant current '
Ip delivered by current source 103 leads to a constant vol-
tage drop UL across the series arrangement comprising
dlode D, and the two-re51stors R3 and Ry The auxiliary



1

-13- voltage S avallable at connecting point M between |ower resistor - &
s current source I[err] Transconductance circuit G includes a

ial .anpli- fier circuit having a first transistor T[err] and a

. ansistor T2. The base of first.transistor T is con- nected to

connect ng poi nt M of auxiliary vol tage source UL. The .base of second

‘trarisi stor T2 is connected to output “tohhettion A connected to the enitter \é

of regulating tran3|stor T. The-emtter of first transistor T[err] is con-

nected via a source.l rr] tter of econd transi stor T2
i's connected Wi a Li]‘rsreal % aftB%QD ri)e?e'ffﬁlﬂ l{lsl?) ‘Eeﬁﬁnﬁ%‘ﬂ‘f’éd to
the coll ectorecr:.srt@gul atﬂfgindmmestcﬁoﬁﬁrce §-herm)re the emtters of the
‘two tran- sistors T[err] and T[err] -are-connected via a vol tage ‘di vi der
~com prising two resistors Rlerr]’ and R6. The two transi'stors T[err] and T2
are each desT§ABScARANCHANGE Gt s tGrinclade sy i fif ferentdal sagpli-

col | ector beE&&rCQ:fl&%Qi:.Qd Hay iG{PUN G ik adddhdiidy B, Nnd £05d&64Qr being
connected to an armo current .mrror SéI‘CUI'[ W t.h 1atran5|stor T3 L4

switched as HX8RSIEERTd T f uriifePaseaRs SifstrArangisteF by r % PRI ng
sel ection of nebceldatuoo c@hrielm:mg(@omw Maf antxall faen ol tdge NSolrce

col l ector arega, ct t I'n. col | ors of the. =
~twe transist g&s T an'g)af é)%re so(\éqzlr %1 %ac%@(#n&gfi'z hiegio?/erfra?‘f@%% {%ct or- -
current, onI9U&PPKOEQﬂMQﬂ§}QHN%IQ¢ﬂﬂﬁFtﬂdﬂﬁﬁitbéﬂqﬂx#teﬂlmftxﬁgﬁﬂatlng R
reasure,. a V%E)ﬁn%&‘ﬂt'o%V@‘ OfpHd WNIGAMGANCE & [disd 6@91'3”?9‘%&?-”t N

shownln Flg 4, the summng circuit, at the output of h turrent IAis

‘made avai | abPSc ted MdaAmedS eq%%(imwerﬁq%ﬁél? (ﬁ]ﬁ*#fe’%ﬂr rﬁf reRcAd cui t

transistor T2 is connected via acurrerrt source IBZ’ to

input connectlon E connected to the collector of. regulatlng
Ttrans;stor T. Furthermore, the emltters of the two tran-
sistors T.I and Tz are connected v:La a voltage d:Lv:.der ‘cam-

prlsing two res:Ls_tors Rg and Rg .

'The two trans:.stors '.I'1 and T2 are each des:.gned as-a lll.ﬂ.t.'l."
transistor, each havmg an auxn.l:.ary collector being comnected to _
ground and each ha’v:.ng a maJ.n collector being oonnected to an arm
of a current mirror c:.rcu:Lt w1th a. transistor T3 sw1tched as
a diode and a further transistor T4. Due to corres_pondlng ‘\./

select:.on of the ratio of the aux:.l:.ary collector area to

the main collector area, the collector currents from -

“the main collectors of the two transistors T1 and T2
. are only a fraction of the overall collector current, only
o approximately' 10% in the stated example. Due to this

measure, a very low_ level of transconductance g o -

<

g=q_.1 v R o _ _(10)
_is.obtained;
In the embod:.ment shown in Fig. 4, the summlng circu:.t,

at the output of which current I is made ava:.lable, is
formed by the already-ment:.oned current mirror circuit



=I4-* with transistors T3 and T4. ‘The current .coming fromthe main N
collector of transistor Tl flows into the input of the current mirrog——
circuitlocated at the collector of transistor T and-is added at the¢ oW put
of the current mrror circuitforned by the collector. of transistor
cennecting point X, to the current com-ng4f#omthe nain collector of
tman3|stor T2. The current resulting fromthis addition is. the output

~current I[err] of transconductance circuit G The increase of )
_transconductewmxhvtmansxstorsHTfsmmddT B2 - Thef aureenthoeming faemskben in

characteri St',ﬁﬁ,'éb Q‘E Sr of f%éﬁgig orWrt hf@o&.&aﬂﬁtéteﬁe% £S8f

emitter-to-collector I s connect e ween fhe base of _transistor
T[err] and tr&h¢mﬁ¢rﬁ%mté%i%?obfci?ﬁH§F5@8F3¢e§nEtmﬁB§ecﬁﬁtﬁchrCBﬁnected

via a diode Qfeiddistér arcoéw&cis ngageinatYehet veeputesfsthescirrand R of
auxi | i ary-vol tage source r th@ﬁshol o[ ned g%gthe voltage

UD; _
drop at resi 9¥ r°¢q%&¥$ﬂ%ﬁaée&m | P¥r VOF?ng gBﬁr% ans ofefiti al
junp bet ween dhecaimmédtingnpoife bastoothereusrenbrcaﬁbng]fremcbhpemeaned

by di ode if e e U of
Cransi stors TOLRPEPEIFE BrafudobiRe, PRbrEalEee PRBFLIERRG 226D, 0L
T err] beconeshimradditienahs tbedgutphtgnugﬁﬁpécigr°§ut¥éh§°?ﬁ§6ctﬁécﬁnput'

~of current rné{{g uftrguit Tlerr], Thi s.current appears:at output point

X of .the current mirror circuit and Ieads to a rapid discharge of capacitor.
Ck?nd thus to a downward regul ation.of output voltage Uerr] of the series

E?ge r?9;“'ﬁié)r:.ﬁ@réla_lt_ééddiﬁedrﬁlntﬁﬁhduethﬁglé wRen Yeker. tRBeéshehdt t:g?
em er o rans r err a it he S§4 S I
O ohel B ofioet S57 A07ePBYE, 08, LREFRRsBhpLE e LR el Ts]

the emitter-tHc ansi s con ected
whose base i sizorfecteds owitie: @ohnensn-ngopo'?gt‘ﬂb@a\ﬁ@ém and

R6 - When d'fééih is connected between the base of transistor T, and the
. .main collector of . tran51stor T1, and: whose base is. connected
. via a diode D, to a connectlng point Y between. resastors
R3 and Ry of auxiliary voltage source U, . Lower threshold
- Upy is formed by the: voltage drop at re31stor . R3 of auxl-_
~liary voltage source UL . The potential Jump between the
‘emitter and the base of. tran51stor Ty is: compensated by
dJ.ode.D2 When differential voltage U between the base
_ termina;s -of transistors T1 -and T2 drops below_lower' _
A .. threshold Uy,¢ transistor Tg becomes conductive and feeds
"a high collector current into the input of current mirror -
circuit Ty T4. This current appears at output point X
- of the current mirror circuit and leads to a rapid discharge
| of capacitor C_and.thus to a downward regulation of output
voltage‘U2 of the series voltage regulator to a reduced
direct voltage mean value.

Between the emitter of transistor T1 and the main collector
of transistor T, the emitter-to-collector path of a further
transistor T, is connected whose base is connected to the
connecting point between resistors Rs and 36; When differ-
ential voltage UD exceeds upper threshold UD1' t:ansistor

T6 becomes_conductive and feeds a relatively large current



tra

. ential voltage Uerr] exceeds upper threshold Uerr] transistor T becones™ * 4

- cofigicti ve and feeds a relatively! | arge current T6. -15- into the
éonﬁgétlng point X, in the opposite direction to the current fed in by

jstor T5. -Wen transistor T becones conductive, a current A thus

flows ‘from connecting point X into capaﬁiﬂN'(; 't hereby chargi ng capacitor =,

Cup to-a maximumof linmiting voltage Uerr]. Transistors T to T formth&¢

transconductance circuit 1 4 whi'ch works in the linear range between

I ower threshote ther rcpmmmerpqm&woli@ dher idppagider direchinh thaon

[err] Vol taggel bRiieR® FHeleuind KR | S IRAUdZ 94 | N WHeh t‘ké&?sfsé%“ef di ode,

‘but is preferably realized by an el ;ectronic EN mting circult
“enbodi nent BECPRES| ﬁ\?@ﬂl"rc\?é"fe'r i SUrRangd y dhnsafdowsh EFPR (FeMRecting

- functions ipgotihe kolinew l&epmrwlr c V\Vtﬁi%zidﬁifu'fcha&lgti&@e ddppaditds ¢Wp ched
on, out put voltage U2 ande crtor volta e err] areinitially 0, so that

;'dlfferentlaF v8I é&mBFbP ol r threshol d Uerr].

Transi stor T6 therefore dellvers a. pomerful coIIector current to-con-

- necting poi at, C t [ d&ﬁ current
- 1 A of transg%ﬁﬁﬁ%%gr?tg% Eh%&?q‘ qo&@ns%’cﬁcjg%{ %Q out pu v%f%g%’ err]
.'1ncrea5|nglyh#§§uW§F@§ dpndhe i3 inesr gangs iketwsemdiawer thues

The increasg | nagat up@iétr “read I\ U C!,UQﬁﬁiei* fely @Hﬂﬁtw{tage U[err]

_glncrea3|ngly

B &

| NV
fReféreﬁce eurrent'i of mmnﬁmt source I 03 generates voltage

- drop U at ‘series connectlon R3, R4, D1 By tapplng at_

'-voltage d1v1der point Y,,voltage level UD2 correspondlng
to: the lower ‘threshold is: obtalned. The following holds

' approx1mately for the voltage level correspondlng to the

- upper threshold:

Voltage limiting circuit'Bfisﬁsvmbolized'in:Fig. 4 as a
Zener diode, but is preferably realized by an electronic

‘limiting circuit. ' ' '

"The embodiment of the inventive series voltage regulator
:shown in Fig. 4 functions in the following manner. When
_ input voltage- U, is switched on, output voltage U2 and -

capacxtor voltage U. are initially 0, so that differentlal

voltage U is higheg than upper threshold UD1 Transistor -~
: '1'6 therefore delivers a powerful collector current to con-
necting point X, so that capacitor C is charged by a strong
output current I, of transconductance circuit G. Consequent-
- 1y, output voltage U2 is increasingly regulated upward in
- the direction of nominal level U, NOM® The‘increase in out-
put voltage U2 reduces dlfferentlal voltage UD increasingly.



=16-""Wien upper threshold UDerr] fis fallen short of, transistor T6.
switches off, so that only the linear transconductance cir- cuit with
transi storsT to Tremmins effective. In the nom nal operating state
positive differential voltage UD remmins-due to the voltage drop a Lég—_
gulating tran- sistor T, so that the g¢sreent delivered by the nai

c ‘ec- tor of transistor T[err] outmelghs that delivered by the main
'fcollector of transistor T via current mirror circuit T T and output.
~current. (ﬂhenenemomdthreaheldlUﬁylist&lben sbottnoﬁustyanststonpmﬁltor

C. as the chage] Eih &8 588} - s8%69a£'ahiy“9h¥°i£$8§ﬁLiféﬁécbﬁaﬁéégﬁggnfi '

_capaci-tor voltage remain§ constant In s cur |
the series Witlagelthgt¥ansistorssTnto T@er9m§é$$o¢f§g@tluﬂge Enntheuously

or during neg:aiin/aalléﬁ:@fiei C@ta@étasepeﬁ%ﬁvétdif@eiréﬂulaluIrSHl &S _
smal | er tha va vol t on the output S|de and
auxiliary v i4n E%ﬂ%tﬁ%ne?%)yo Ei%etﬂg°50?%f?§§ B?gﬂt?FéP nEFap-
vOItage UDls;stnmN%edso thet the current delivered by the maim coiieaior o
of Lranst st Qlor L6 Tdrd e FLELLN, BEERLshE Sthde Fe1dTELLY OYIIEL RS, the

- current dellvere by the main ¢d r ansi :
polarity: ofqak#ﬁﬁthu¢€wﬁr4n$iﬁthdh§C6hﬁu@men%mtcmxcxmr carsuxbnquuentlyo_

." .
S A

reversed asmieldna diu€ieAFerie IE0UGH DRk EcsiySORAC LoLr GliaE ge and thus

"_a decrease i, ca aC|tor vol tage. U ébr] ut voltage U.err].1s therefore
fregdul ated d %D’P%Vé‘im%’vbgrl’!%ncﬁw% fal 2% ot e ehar Ging fqurzent al

canplifier VWthri drigei t i ot gty ebsl| fSadiosd | rﬁuér@a@@cifbﬁa«méﬂ

- voltage Uer of . linegar | transconduct ance t he case.
_of ‘negati ve z?m% r}{g Es %‘Paq’?tntfenr fErence €V¥flf"a%e%§/ﬁﬁ%ﬂ’3 acf‘fr%%?ibvﬂlbv\er )
“threshol d UD2 of differential voltage UD[err] a strong current is fed |nto_

~the input Ofm&yiheie idd Folidddlifeditat 9 il S éﬁ{ﬂd&&&t
transistor T5 into te‘he cond uctal e staate, %%1 %rong current ac 2 e
jstrong di s- range. contlnuously or durlng negatlve interference voltage

_ peaks. at the’ input, U1 is smaller than the sum value of
. nomlnal voltage U2 NOM on the output side and auxllrary
voltage 0y, .{Equation (6)), and- the polarlty of differentlal
'_1voltage-UD_ls reversed. Then the current delivered by the
- main collector of transistor T,y to current mirror c1rcu1t
T3, T4 outwelghs the.current delivered by the_main collec~
R tor of transistor Té,'and the polarity of output current IA
N - of transconductance circuit G is consequently reversed as
' well. This causes a reduction in the capacitor charge and
thus a decrease.in capacitor voltage ﬁc. Cutput voltage U_2
is therefore regulated down to a level lower than the nominal
voltage via differential amplifier V.

-A large time constant results for the'change in capacitor
voltage'UC in the range of linear low transconductance g.

In the case of negative amplitudes of interference voltage
which fall below lower threshold Uy, of differential voltage’
Upr @ strong current is fed into the input of current mirror
circuit T3, T4 due to the switching of transistor '1‘5 into the
conductive state, this strong current acting as a strong dis-
charging current for capacitor C at connecting point X, the




chargrng current for capacitor C at connecting pornt X, the -17- output’ ~ «
iC transconductance circuit G Thus, a rapid downward regul ation of

'yol tage. U2 can be effected to a level at which differential vol tage -

U[erﬁy7|s agai n hi gher than | ower threshold UD2. Dye to its low pass filter

“ter in the undervoltage range, tha 7 Aventive series voltage regul ator

t hus’ protects the consuner it supplies against interference voltage in all 5&

- t | t |

ohar At e e uE OE RSk oRalRRahERIBLEEERRSS, PRRYEL Sh fapsa, o

series vol ta@@wmeguﬁareguﬂatdapusﬁ D@l[!&mtyvpdtcmer ?ec@rmerbﬁ iefif edttadattioons.

18- AAIMS aligvel at Anighi Birfarkataancouhibge o dgtih GRS Yhan
a Ie a Ehpacrtor to

wherein: the reference voltage is availa

vol tage |imitewer ctheaphowdi Bpol-imits 5 the reference vol tage to a maxi mum
|l evel is assigned and which is connected to the output of a

t rans- conduct ance circuit whose g rent depends on-the difference
bet ween the PRputCvdFfa 8WaRBSFh§ EuF 5PF§§§ of the dDdeyaifiagsye
‘regul ator. lfadge, the iAveatiive selrtizgevodgabet regadatodi mhme(pﬂﬂﬁadﬂé.

wherein the %ﬁ)ét é‘gﬁang}:t 'iﬂgsﬁ?%ﬁ‘i'en_; aﬁaiﬂg@;eghggrf".grgﬁrc@ | %tltta?%et q@erl s

capacr tor, I'S para connectron |1 sTconnec one en

E'*arn]of t he: r@@b|gpg:at1ng ranges. The ‘selection of a. non—linear trans-

conductance characterlstlc ‘in. the embodiment as in Fig. 4 :;J
'i addltlonally allows for the serles_voltage regulator to |
adjust rapidly to extreme operat:.ng situat:.ons.



whi ¢h”i & not prow ded with the regul ating “transistor, 15 and at the
énd ‘both to the non- I nverting input of the lifier jto
t he output of the transconductance circuit mll“lmlﬁullmlllaw ng i np(it>64/t he
differenti al anplifier is connected to a taﬁpl fig poi'ht %of *a first
diyi der connected i'n parallel 20 to the regulator output. 3. A
‘serjes vol tage regul ator according to claim1 or 2, wherein the voltage
-I|n1t|ng circuit.is fornmed by a zener diodé connected in parallel to the
capacitor. 25 4. . A series ol tage regul ator accordi ng to claim1l or
.--2 wher ei n thec\mlt,@_g,e limting circuit . is formed by an electronically -
reaILzed .active I|n1t|ng circuit arrangenment  which is connected in
gg(r:glr-jld_el _ t;) t hg capaci ]'EorA sHries voltageA reguladorolafaddie &gileat or

ing to any one,o e edi ng cl ai

@‘éearﬁﬁ,ec} %elpéef g ains 1 to 4, wherein the

transconduct an as a |1 near transconduct anc terl stic. -
19'- 6. . . A series Vidie Xpfexapgattl @ISR AFR %’Hﬁ £ the -

py ecedi ng cl ai ng, t r
17 ansconduct ance pzﬁ] dd e VH84Ridh alardlﬁg?élqudnﬂﬁrng‘ c1rc1ﬂrtcml'mci'r:ll|1m:.l‘t&s a

aracteristic, which has |.0
transconductBncWRIEIIRAGE VA% TR & Bﬁ’fﬁéﬁﬁ/t egﬁer egtr}lea%o Siqnes,And -
}/glr tgggf and’ tha!vﬁi?ﬂwiﬂéodioméqﬂwdvmuama ;outputb e ay Hrans- qq“dém@lrwe and a.
| ranscondug ance en t |
7.0 A serFEC Y 1% %Q?e%%?% or aclgé(}?lgldn éf}gié;\lfl&ﬁ fe Odr?éﬁextéﬁdéshol ¢
ipic;Edlng claldmeﬂween4tbmd1@putwﬁ9l¢agerﬁpd the out ut voltage ogttie

serles voltage regulator.

10 2. A serles voltage regulator accordlng to c1a1m 1,
" .wherein the voltage 11m1t1ng circuit is connected in
‘parallel to the capac1tor, thlS parallel connection is
E . connected at one end to the series arm of the: regulator
_ which is not prov1ded with. the regulatlng tran51stor,
L | 1$-and at the other end both to the,non—lnvertlng input of
-H‘ﬁ-fi*t . . the dlfferentlal ampllfler and to the output of the
o -_transconductance c1rcu1t, and the inverting. 1nput of
the dlfferentlal ampllfler is connected to a. tapplng
-'p01nt of a first voltage d1v1der connected in parallel
.Z 20 to the regulator output

3. . A series voltage regulator according to
claim 1 or 2, wherein the voltage limiting circuit is
formed by a zener diode connected in parallel to the
capacitor.

B 254, . A series voltage regulator according to

- claim 1 or 2, wherein the voltage limiting circuit is
formed by an electronically realized, active limiting

circuit arrangement which is connected in parallel to
the capacitor. '

30 5. A series voltage regulator according to any
~one of the preceding claims 1 to 4, wherein the
transconductance circuit has a linear transconductance

characteristic.



| | . . whi ch has-a’ .

' o \t‘ansconduct ance characteristic }

fran30o : ffﬁgce SHn e 62° 2 ance when the difference bepmeen t he c

rgW[JI - oF mpuﬂ'ﬂmmmﬂmﬂlm regul at or output. voltage is bel ow an 1bove )

-upger threshol d, ahd a IMarde #ransconduct.ance when th: stdlrfgg(r:gpglenlgstg oy

' hol d. 8. A series voltage regulato

ggéso?pfﬁ; LPQﬁZd?ng clainse 1 to 7,. waengri the L{ans-dcgpdughapge CIrCUItgz
r

' ed as a dlfferentlal CIrCUIt 20 preferably a diffe

-aﬁpﬁﬁf:gp circéit, havind aetnestvoﬂpa@eWheghlh%oﬁoaagg%§28 Oabhgn'”

Tenraion o "bet?@r*’%c*@“?%%lésﬂ.gk%h?mr ML e L e gepu

' r

Liﬁﬁ'eii o8 of “FRESceFealtohaags BEansGguARCtanCahERkrhstERNSEEECHn  an! Mo

regul ating trahsssaolowSvalue llné\a§etr§ﬁs¥8h599\e.ahgg @%SL a&;g;dlt Rg |t(r)1put

ol tage source IS _conn
| ggﬁln;nc? i O;@:Lgajgﬁég?g,:gx' "%%%?%f t’Pﬁers'@ulaw:emnutaVol:tageu 4nd 16he A
“series vol t ager e@ylabenroutpot dtvoltige ¢ ﬁgn&@avgm§rpgfpef h&?é%%’is%h o e
"VOl tage sourceamlévg,_rs%?n toéé]tl%éﬁi g;,gge ‘t’)he’@m*eli’ﬁ rfijéﬁ%eiéﬁﬁ‘i%rmtbeﬂow e
'fgfliﬁgf ngulﬁggr aCC%ﬁHﬁé&%ﬁh%h@ed in-a differential anpllfler circuit; %

- liary voltage 5
' f t first transistor is.connected to the auxi.
'::Fsgﬁrtggsgng thgﬁ'base of . tﬁ]es%re‘ﬁd’qlr% slt%JUIastmorammlri*g #& dfie out put

"“connecti o0 t mnemf tidre drddedifg 141y Seo tPMarl P 6C0Qv'}1(ae(:1'te%.q'1 thhe 2. f Tt \J "
-5current SourCQmaﬂgtoﬂaﬁctance circuit has a transconductan |
S S -._characterlstlc which: has a low-value linear transconduct—
'_ance when the difference between the regulator “input
voltage and the regulator output. voltage is: below an
15 upper threshold, and a large transconductance when
this difference is above thls upper threshold.

8. - - A series voltage regulator accordlng to any
one of the precedlng claims 1- to 7, wherein the trans- -
‘conductance circuit is de51gned as a dlfferentlal c1rcu1t,'

20 preferably a dlfferentlal ampllfler c1rcu1t, hav1ng a

. first input which is connected to the 1nput connectlon of
the series. Voltage regulator, which is connected to the \;}
regulatlng transistor, and a second: input which is
connected to the output connection of the serles voltage

25'_regu1ator, which is connected to the regulatlng
_transistor. ' '

Lo

9. | A series voltage regulator accordlng to
claim 8, whereln an auxiliary voltage source is connected
. between the 1nput connection and the first input of the
30 differential circuit.

10. - A series'voltage regulator according to
claim 9, wherein the auxiliary voltage source delivers
a constant voltage.



em ttér’ of the second transistor is connect ed VI a a second curr@source

to the input connection, the emtters of 1 ors _
connected with each ot her via an emitter | , mﬂﬂ capa S
connected to the output of a sunmng ci reuit V\/r‘iosé imp e connected to

‘the collector of the first transistor_and to the collectqr of the second

t kansi stor, respectively. 12. A $eries vol tage regul at or accordlng to
claim1l, 15 whgrein the, s%@@ e 1G4 @@5 I A
whose input is connected to the colc{ ectgtoer 1'16)'hq:lérf’;| %s%%oﬁdan I St orqgnh‘ whose-

output i s conn®&t d@ .« ¥heredimdds ﬁglf;iermnbd@tlv@ﬁ% bgis| &wcotransigéors

Secolndt transi Sta(i'rra@@;eé r1;5‘1 @l&%?ﬂe@.‘reﬂ:a@vlml%mpl1ft1erAfc§.Q'rcj[u§.$: VchEa%ﬁse og
regu at or accor O Clalm or ereln e LTS an e secon
reguator acCondendiia s AL 1L et S bR 00 SEiRade

col l ectors Wit somrest landyathe feseoldfediher saceas] ardnesdcitorolilsecoanestel t he

smaller collectQr y e e%dti:u(\to%g&te%ctlto%dwt Onenﬁ#@@he%fcLt"h%“'f&rsjc‘ltransif—p‘

geri es voltage regulator ~according to precedin
13; wherein t h&oguxdis |W9\R§etdag’éas®rféésﬁa§ué’r§@m @ougiceeuiendcdhgri sing a

second vol t age et NG I Wriadili st G& acme%@ae%bna %ecsaant

‘hetween the.second volta e divider ;and the third cyrrent sourcge:

connected to t FAFENE OGE of 5% (HNE AR §PNNGEF 1O EBFIEEPGFeFS 8ﬁ1tter

pat h7of a t hior d:Heraﬂm mnsmmmaﬁeecbdmwemd wiehbeaehobthee seaond -
N gpsi stor and ISRl |ifillandtl Ghd L1EOMEARAO 2RI B8 ChiCu! !

the first transi transi stor
Connected ‘via @u@@@ﬁecphﬁhsummlng c1rcu1t whose inputs are connected to

‘the collector of the first transistor and to the collector
- of the second transistor, respectlvely.

“12. A serles voltage regulator accordlng to claim 11,
'15 whefeln the summlng c1rcu1t has a current mlrror c1rcu1t
"_ whose input is connected to the collector of the flrst

?;tran51stor and whose output is connected to a connectlng'_
- -point between the collector of the second: tran51stor
“and’ the- capac1tor._: '

-20_13. - ‘A -series voltage regulator accordlng to clalm 11
| orflz,,whereln the first and the second: tran51stor are each
. ﬂdesigned as a multi-transistor with at least two collectors
N o "~ with greatly varying collector areas and each collector
| - with the smaller collector area is connected to the
25fsumm1ng circuit. -

14. A series voltage regulator accordlng to any one
of the preceding claims 11 to 13, wherein the auxiliary

U voltage source has a series circuit comprising a second

_ voltage divider and a third current source, theyconnecting

30 point between the second voltage divider and the third
current source being connected to the base of the first
transistor, and the collector-to-emitter path of a third
transistor is connected between the base of the second
transistor and the collector, which is connected to the

35 summing circuit, of the first transistor, the base of
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to a divisional voltage p0|nt of the second wvoltage di vider. 15. . A"

seri voIt num rding to any 5 one of the preceding clainms 11 X
" to(14,) wher m‘“ﬂmumﬁ edance is forrmed by a series circuit of two
st/ors and*thee ém ftef path of a fourth transistor is connected between

mitter of the first transistor angdjthe collector, which is connected ..
to the summing 10 circuit of the second transistor, the base of this fourth-)

transi stor bei pg.coppnected to the connectin oi nt _between_t

" resi'stors of- tﬁgléhgﬁfﬁé 9ﬁ%%ﬁ5ﬁ§8?-§8?ng cgngﬁ°§§ﬁ|E%av%l@éﬁgerﬁaﬁhator
according to ahy andivisibmaprecttiagg pbantsof thelSecohéreobhtagé 15
‘transistors argipigelar transistors. 17.. A series voltage regul ator
~according to any one of the precedlng clalns 1 to 15, wherein field-effect
transi-stors argsprovi dEdAfQérﬁés|9@§ta§8”§e8f11£98ﬂ£@8§£§i9 Sto- 2{2%

A series volta ere the preceding c ins 1to

t d ne of
17, wherei n3t h@® %n?g é ‘?Ce)é{f?‘g‘(?: rn‘l'ilnﬁgi:ﬁ?- nﬁﬁo”t hvkerein thegrated, with

"

the exception omlthercnmpedanme i9. formed Byserseﬁ1d§|éﬂ%@ui@gﬂfffﬁo of the
type 25 descri dg e %h g per u stantla as )
‘herein descrlb'gg V§€ﬁ§ éééﬁ%% 0- an §Qt# ugt?a %ﬁr€$ HWRFEEEY (0 4 of
@the acconpanylhﬁ %9@@@¢@ﬁﬁ between the emltter of the first tran51stor
' - -and the collector{ whlch is connected to the- summlng
a 10 c1rcu1t of the second tran51stor, ‘the base of ‘this fourth ' i;j

ftran51stor belng connected to the connectlng polnt
"between the two re51stors of the emltter impedance.

_ 15-_ . A series voltage regulator accordlng to any
one. of the precedlng clalms 1 to 15, whereln all
15 tran51stors are. blpolar tran51stors.j

17 A series-voltage regulator accordlng to any

" . one of the: precedlng claims ‘1 to 15, whereln field-effect
tran51stors are. prov1ded for at least some: of - the
transistors.

'.20-18.. '_ | A seriee_voltage;regulator;according.to_any
one of the preceding claims 1 to 17, wherein the entire
regulator circuit is monolithically integrated, with (g
the exception of the capacitor. |

19, A series voltage regulator of the type
25 .described constructed and arranged to operate
e_aubstantially,as-herein described with reference to .
and as illustrated in Figures 2 to 4 of the: o _,4 ;;
accompanying drawings. _ - _ S —




