"PUSH PULL AMPLI FI ER" 2076605 The invention relates to a J
push-pull anplifier arrangenment having an input term nal, an output : \
termnal, and first and second supply termnals, which arrangenent

conprises first- and second transistors of one and the sane conductivity

t'ype having 5 their main current paths connected in series in a current
pat‘h’between 'said supply termnals in such manner that the collector of the
first transistor is connected tovphs-butsiaMppPiegtt er m nal , the 5
the second transistor is connected to the second supply termnal %#6%@6
emtter of the first transistor is connected 10 to the collector of the
second transi stor, a connection.fromthe emtter of the first transistor to

t he output term naI, .a first coupling fromthe input termnal to the base

of the first transistor, a sem conductor junction included in said current
path in such manner that it is poled in the forward direction for currents
flowing in 15 sapl m%ﬁq%rieatatggt% % r%ipﬁeg Y, g.genvgm chis a
nmeasure of the current owi ng at ec a sai t n5| stor, a

vol tage meadwving am ieeut tem@#ucqrbeur-vxtgéﬁmwé aandafivgt snd sdcondof a

si gnal whi chyy ;pﬁly'" teRfdd1qN a{mﬁOL{»@a@eaé&seaﬁpmweﬁ}sfclsﬂ and second
i nput termna her eof , whi ch I nput_t ern nal have sai d senj conductor

junction i ndeGeRY tt’ﬁB?’eﬁf@Fﬁ\e% ong Apd; the S5m8 %FFh‘G‘tVrbYﬂet R&viRg put of

sai&l vol 5age;haeaswmng;ﬂehcwdchBOcdrhecbecsanoéeﬁ&bdmeceaﬂketﬂtaﬁsutstor whi ch
coupling |s ch t hat .t he iesultl. %\?coupl ermnal to the

f
base of the "SERSHR oAF% AUPRLY Lermip ell?lﬁulé'g?ﬂ‘fré{)m éhiet tﬁ% &%ﬁi)fﬁ ng from
t hew 25 i nputoft eherifiizbt ttoranbbstiors és afonhbetdd rgtther ﬁmtsbopplyt berntigwai nat i on

of said vol tage, Jﬁ?ﬁi’réé‘ﬂl s[e%‘&h& Ahdls S8t EECct%gﬂ d QS&&Afo ng a

third transistor Ivity type op sal I rst and
second transuepky s:ermi:n«,ihammhe Gmmrswﬁ)rthﬁsfmﬁnmwdﬂ@ dpesennected t he

common- blse pgDege 381 btorN6E UaladsddbndOc it ist ok PodectiQfMeLbs thQ' t age
measuring circuit input to the base of the second transistor.

~push-pul | ofmAEte phgEh o First STaRMSLAr §9 5he| Qupyb ferminal, a first
coupling from the input terminal to the base of the first transistor,
a semiconductor junction included in said current path in such manner

© that it is po1ed'in the forward direction for curfents fiowihg in

5 gaid main current paths, for generating a voltage which is a measure

of the current flowing at the collector of a said transistor, a

voltage measuring circuit constructed to generate at an output

thereof a signal which'is a function of voltage present between

first and second input terminals thereof, which input terminals

have said semiconductor junction included therebetween, and

a second coupling from the output of said voltage measuring circuit

to the base of said second transiétor, which coupling is such that

the resulting coupling from the input terminal to the base of the

second transistor is inverting relative to the coupling from the

"25 input terminal to the base of the first transistor,-the combination

of said voltage measuring circuit and said second coupling

including a third transistor 6f a conductivity type opposite to

that of said first and éécond transistors, which third transistor

is connected to operate in the common-base mode and is included in
30 ' :
the signal path from the voltage measuring circuit .input to the base

of the second transistor.



from "Electrdnics’ Letters” Vol. 10, No. 15 of 25 July 1974, pages 317, ,31@
and 319. In order to enable the second transistor in this known circuit to
be driven in a sui tabl e -manner the sem @onductor junction is included in
the collector circuit of the first transistor, The .voltage across said
junction, which is a measure of the current through the first transistor.
| sk-e‘onverted by Ahsushepitigeurmss stage ofi this igefeinl ltype #shénawrown
arrangenent ncl uy 0 _the hransi $Lo | r ent which is
in phase op gﬁef%r?thms LQ& eq?l gﬁ% ib cﬁt’hﬁoo ﬁej&cﬁ' rrizin‘{ is applied
fromthe thlpatehrbﬁhl §18)rattdo315he base of the second transistor. As a result
of this, any siggpal r e&chq,g S im b€ in phase
opposition to thﬂ? ﬁ%#(&)uﬁﬂ%nﬁﬁfﬁgtgﬁgﬁhm st O}LE‘?‘?&? %ﬁsh“ghl | anplifier
arrangengent circpfie toabe dwenl in @opuitablecmennerafhe §EBIGONAYELRT rcuit t he
‘first and Seﬁ%@;&& %Stéé@t dedMd lengesgnakbyr RErubit ogaknd Ficst ansi st ors,

e

whilst. it w gener al ’¥h necessary to enpl oy a hori zont al p tranS| stor
“for the thireransistarst ofhe Xoltage aetpss #aid mgbionoHhigh 3¢ a

transistor ise khkeluerefe @8y Q'.'hehiﬂiktf tem&ewrprﬁpwedlw%éer to
mtigate the influence of said poor q{t) ugﬁgx{éprogertle in tge known
circuit arr MRJEABHMEASUF 108, GIF U “]P’CF ngemenk| 188t i h of
the third transicaisd c%ﬁhs&owrim eomﬂvaawmnefmmesssmlphw a

ca actd However, t.he naI ta e.emtter of. t -hij,rd
trgns: st or |‘§P§)’\éh5t°&1 i T’%d‘?‘ |sé'ﬁf'a opE 9 THYS FETTTRE s"(sac%ﬁc}&%

transi stor Verom Bhé ﬁﬁi-dela-aﬁeﬁbtmtbmhe bdasé heft thécsepand \viivdnhistar .t he drive.

0 S SRR TR R e e e g

the asymetr Cl rcu nor eover ﬁe fact
t hat the secweild be aivsipbage qpsosmxpmamlmtdthmhvt@ £iresitympsiatoracct ed

in parallel wthgft e C stgntial
dependerBe of theiE qalsj|pé’sce%te1r{‘c%é€felr?tlgge£t#ﬁ8%érﬁt Ee’irt'rpsiéehretatg ﬁ?des‘:g? to
non-|inear stapsgruttedngscan iRbegtasedosircudficthenfirst mpdaesro®dof the known

35 O TCUNte A 3065IPUL 1 ekl HERRAASRAL Hpu! BRadbTatiors) whitpad NPUL

signal .
it will generally be necessary to employ a horlzontal pup

transistor for the third transistor. As is knoyn, such a horizontal
20 pnp transistor is likely to have poor high-frequency properties.
In order to mitigate the influence of said poor high-frequency
properties in the known circuit arrangement it is advisable
to bypass the emitter-collector path of the third transistor |
with a series combination of a resistor and a capacitor. 'Howévef,
¢ 25 the.signal voltage on the emitter of the third transistor is '
| 'generally inéufficient to properly drive the second transistor
€ . yvia this series combination, so that the bandwidth and the drive
.. range at hzgh frequencies tend to be very limited.
In the knowm circuit the asymmetry of the—voltage measuring
30 éircuz: and, moreover, the fact that the second transistor
is in practice driven via a resistor connected in parallel with
its base-emitter junction giﬁe rise to_a'substantial dependence
of the quiescent current setting on temperature and to non-linear

signal transfer. Furthermore, the-input'impedance of the known

(<]
wn

circuit arrangement is highly dependent on the value of the

input signal.



31t is an objéct of the invention to provide a circuit arrangenent of the Qﬁ)
t.ype set forth in the openi ng paragraph, which can have an i nproved _
linearity, a larger bandwi dth, and a substantially tenperature-independent
qui escent-current- setting 5 and the input inpedance of which can be

" r-endered substantially independent. of the value of the input signal . The

i nveftion provides a push-pull anplifier arrangement havi.ng an input
termnal, an out plx:t ibeamiobject afidthd risvemtidnser prdvidéeppl yidemim nal s, whi ch
~arrangenent f S 0.t sisLors and t he sane.
-conductivity ? %gﬁt 3{ %h aﬂl}q’rrai?%ocl}g’r:é%nn Eﬁ? ggamrﬁ'ngcfe%q?n series in a
current pat hWbeles’en E%ﬂed asumwveérMMIGYl,naslucaenézanévutﬂhat anha

col I ector of shbet;dcaﬁh; rcaaﬁér%f:%eiﬁmgpmﬁ%e feQcbhte chik kil §y£ﬁ$§ .
-termnal, the emtter of the second transistor 1s connecte e second .
supply 1% t@&rdithe imprf dmeedance; of which (ranf be senderpdspubsiantiablgnnected to

t he coll ect or,_naépgnlagngqgoﬁﬂe t‘;aaaglﬁ @he ﬁ,pggngmtawn fromthe emtter of
the first transistor,to the outﬁ t er m nal %f fi rs COUEI:'SLD@ fromthe

i nput terninal tdMehLNYRIEAORPrERides aspugh-zl s‘P‘BP Bk or
junction inchadi ian ieput ceufnrmal. Al Buibht I:an&hl@h rﬁiiilnéirdfhahdldecbﬂd pol ed

in the forwand, gy eehl b Orudh SHLa LW 0810281 4. 0R B CULIEN paths,
for generati ng PR age whi chn asure 0 p e cur?en? oW ng at. the
col 4 ect ong of taamsdon afspre omd aha/clamagmnﬁuammgtmer bmmgcmm ucted to
generate at gp; UL RUEnd f}se&pfcoanéawaahnvﬁmas rr%ntf' v&fenvol tage
present between first and second I nput term nal s t ereo I nput

t erai nal s hadaid fugpke heguinale: ép Jushcrenneri thatydhe qoldeetan ﬂ/ﬁe'ﬁ‘e and a

second coup! igpged tohd 1HRoOULD WonRécteal elo\&htmcrrs@@l 'E‘&nﬁ.‘nh'}}“dheto the
base of said second nsi stor,, whigh couyplin ée% hat the resulting.

coupling 30 em} rosh P%uet enpetoH FRAMFAFLED 18hEe fto e BECBRY FUPBAY st or
I S | nver g ng temidial vand mhéhenm:mupldmghé rfimst herans pstort és ndonhkctad tthe base

of the first chi a”i'ﬁté)of O% gponrbartl on lgft?sal d y rIlethgg neasupl ng circuit

and sai d sec6nd coup‘l’ rng inc ng a Tafs FeYeT a con uct|V|ty
‘type opposit emitrerhaf thle §a1'a1= tram:-sand @e@bﬂdﬂ%@ut termimalst ar Sirsghi ch

third transig de and is
%.gg Sﬁgﬂ%gﬁ%@ ph C &a& tothd D250 TP R 3t o D

included in t voltage neasuring circuit input to the
base of transistor, a semxconductor Junct1on included in said current path

20 in such manner that it is poled im the forward direction for
currents flowing in said main current paths, for generating
a voltage which is a measure of the current flowing at the -
collector of a said tramsistor, a voltage measuring circuit
constructed to generate at an output.thereof a signal which is

25 a function of voltage present between first and second input
terﬁinals thereof, which input terminals have said semiconductor
junctioﬁ included therebetween, and a second coupling from the output
of said voltage measuring circuit to the base of said second
transistor, which coupling is such that the fesulting coupling

30 'frdm the input terminal to the base of the second transistor
is invertiﬁg relative to the coupling from the input terminal:to the
base of the first transistor, the combination of said voltage
measuring circuit and said second coupling including a third transistor
of a conduétivity'type opposite to that of said first and second

8  transistors, which third tramsistor is connected to operate in the

common-base mode and is included in the slgnal path from the

voltage measurlng circuit input to the base of



4 the second trfansi'stor, characterised in that said senmiconductor junction
is inetuded between the collector of the second transistor and the
‘connectiron fromthe enitter .of the firsg transistor to the arrangenent
output termnal, said .first and 5 second input terminals have the series

conbi nati'on of said semi conductor junction and the base-enitter junction of

Saie first toh@nsdcHndl chdHalidess, LREFRNRLIEED i20c8 412238 dbmtObi iR U | NG

circuit will generate at .its output a_signal Is a function of. the
vol t age acr J¥8ctiany igcincdaded hathaer Fhe qotlessipx ofcthacdecsndl i ng i ncl udes

said third teransistodr adddhe &dtine@Bidd R R bnidde® §&dRdl £P&eh fromthe
out put of. said vpltage asuring .circuit to the,emtter of said third '

transi stor, “XABSLAtOL LR th, arrangsment oytpyt ferminad, §pdd,Eirst @ndnal path

t hr ough ssai desond %phﬁp%iaﬁﬂﬂsamdvsautd bétidd bombination o£15a1.d By ,
.including the sem cogduc.t ors#]unct | Oq}fe tvveen he collector the second

transi stor ZTH-CIRSUELATAMEFEICT A8, TR PBAT SRR JpREtiam of ‘H’gnm stor to
the arrangerfinst durtapaistosr dhciaidednthdrgbdtwden 8g that skl eolvagecurrent for
the second tr LOL; . ng_Lcireu he, i nput of
which is cotr?ngg‘? 3’ '%"1 pgir:% %é?gvﬁhgﬁﬂgsggﬁ SF cgowa%t'l'%lntho %t he '
sem conduct & fg:mmmont‘m voltagesacuosst said peries oombinatiens i r st

transi stpr C ' ' on the
curs ont " 8358 ol AU delclales? 3uty VHeE CHiaRBlor SBE W BeBEL D0
Thus, the drippedanger imtthespigaadt prth érebnﬁfmenﬁptvmpéhsﬂldsmh%ﬁxénds 25 - on

the drive Cuebsiting! ftduit BSANESEnDtetNSs rsallatm&e-dpb?édsrigtwe@aaw Il be
negative feedback, which can have a stabilizing effect on

qui escent - c @ FRPACLLRT t i dnghydedndn Rarad hel d‘l%?r?%t‘?&?#lb@ﬁﬁken the first

and the secenfodghiBaididdried hﬁ.ﬂeasﬁ&r afdNedi@Sthird RransidReEh Cross-over. 30.

A furth advant age can .be that shifting the asurln CII’ uit input
to the gé)em fi ecPIpaPe ‘{ﬁ"nﬁh'éheclsFE‘b qndyctor, JuRehion E‘I"Efr’i'aF ¢ ANIGEE R ng
can be obt aibfethd edbmh ﬁraﬁsim&uammgthal édiitiek t Bditl frbA the ShitiEPbY the

S o PR e S BRSE GBpf coiodl kfi
: : the drive current for the second transistor by means of a '
' vbltage measuring circuit the input of which is connected in
20 'parallel with the series combination of the semiconductor junction
and the base-emitter junction of the first tramsistor, it can
be achieved that said drive current depends both on the current
through the first and the curremt through the second transistor. Thus,
the drive current cam contain a component which also depends
. 25 on the drive current itself. Because of the relative phasing-
| there will be-uegat1ve feedback, which can have a stab11121ng
effect on the quiescent-current setting and the current
distribution between the first and the second tramsistor. The
latter can result in a smooth cross-over. '
30 A further advantage can be that, by shifting the measuring
circuit input to the specified part of the circuit arrangement,
a signal-voltage swing can be obtained between the measuring
circuit and the first supply terminal, this allowing the higher
frequencies of the signal voitage requiréd for driving the second
s transistor to be obtained by meahs of the geries impedance (suitably

a resistor) via the capacitor.

l

7



35 transistor t o’ be obtained by nmeans of the series inpedance (suitably a
resistor). via the capacitor. The measuring circuit may conprise a second
series conbination of a second semiconduBtor junction and the base-enitter

~and second transistors, said second series 5 conbi nati on bei ng.i.ncl uded
between said firie aaslszaan.ndmcnpntmayepnmmalss arsexoofh sexiger that said
second seni congiic t: rnlé'é‘ 59&&“95&{&9%&1:9 hé Eonl %&nftehgnbme-aamézourt h
-transistor are po e sane rection s seen fromsaid first and
second i npuuunetmmafsa ﬁy)s-reh craneiftorsof rkher Bame Goolw YA EY CERe junction

10 and the Basg; SMestet dndNSeddid Q{an%"i'sgo;d J 3hid 'ARShetRriebhe coll ector of
said fourth transistor constituti n%,t e output of said voltage neasuring

circuit.s C sesbinarienheing togluded Wee’bt%‘-ﬁeﬁlw Aed kecgpd (\PsE o sai d

junctions i RelhfndTRASHIdRE RAkded that'Racd ﬁa@akeseauabmwtoﬂjumuaabl e for’
feeding to the second transistor as ap(%rlv % t 0 becone aval#‘ le in a

hi gh- i npedad®d HhthPepeTARILREr CINeELeD, ofa%dng"‘ ERAIRGLFROT T POIT this is

the case thgnCohé @Rl diffection Qur bder Foon i suiar £mie bﬂ&mn&&tﬂqbﬂ-o the

tter of the third t t dth
Comon poi cagminaing &8 AHEc M ATAR P ARATo T S SBM RO IRECH 1

transi stygr mayd tie daseaaiiedet Ojunkteidn foft ssithfiiyst erramsidtori, athe fcai!-!»#mr
d {:
Fedor Z‘Qfeof e ol B AR iR SR bt hi pllole Y RO RRGe |

realized i nuaasufmigecMr.. . The base-enmitter junction of the fourth

"~ trgnsistor may iackuded CH, F PRdGbOn and
t he base of the P& t?pfﬁgpgémggﬁﬁﬁgt velﬁgmb?osecong’rsem conductor
junction ma;pabé juncitides! imethe aeasheingcareyitst !!h“}mﬁeﬂlcm agpigned 30 fourth

further | e pus |- output stage publlshed "El ectronics
‘Letter s! ' | sbetchm aviad labke tini arﬂ@canme@ae e|v3ﬂneeﬁe9w§ 5r\°"cl|3r€°f7%=[ ue of the

i nput signalyz e fourth tramsistor.

If this is the case the collector of the fourth transistor

fransistgr aidebis %ﬁeféﬁdthe: ch§!addoSLS sediS B £1dANS! Yigml boned, &

may be connected to the emitter of the third tramsistor: via
20 said series impedance and the common point of said series
impedance and the emitter of the third transistor may be connected
to the first supply terminal 1@3 a further impedance, suitably .
a current-source circuit. ' ' ' _
In this way the phase rew_rersal ‘of the drive current necessary
» 25 | for class-B operation can be realized in a simp];e manner.
The base-emitter Junct:.on of the fourth t:tans:.stor may be
" J ' included between the second semzconductor }unctm .and the base
| of the ‘first transistor. All:ernanvely the second semiconductor
junction may be included between the base-emitter junction of the
36 fourth transistor and the base of the first tramsistor.

As prevxously mentioned, a further drawback of the push-pull
output stage published in "Electronics Letters” is that the input
impedance greatly depends on the value of the input signal.

The cause of this is that when the first transistor supplies :he o
38 load current to the output terminal only one current-amplifying

semiconductor junction is included between the input terminal

@

“junction of a fourth transistor of thée same conductivity type as said first



The cause of this i's that when the first transistor supplies the 35 |oad {4
current to the output termnal only one current-anplifying sem conductor
junction is included between the input termnal = 6 and the output

term nal, whilst when the second transistor supplies the |oad current two
current-anplifying sem conductor junctions, nanely the base-emtter

j unetions of shRed betpRNHeSHEANY JHIEDE R She 3eCorlf EREM1skD: L NE S gnal
path fromthe Input to the out put térmnal, so t at the i1nput inpedance in
the | ast- nenfiRRid@scehse 1pad [fugnent [yo curzentramplifyicgosericonduatagni t ude of

B (B " beingjhherions | GinedRi thel 864 emPftdrSuldtishs WY th€CARY: L4ANSI St Or S)
than in the case when the Tirst transistor- supplies the |oad current. 10
“I'n order thafesoPdatFanRjetent: ACRRTEPARE iG the gisedbpathiFea the dnedh have

an i nput /i npeeagiee oubpudth tbfninldd§tanthat Ichel MulpiReRbsiianel fohehey/alage- of the
~i nput signal _the, rr_egsuri ng I.recuit may_incl udqe he base-ﬁm' tter dj unction of
a fifth -traRSPYIBFS ofa%th Pég-,&ﬁelé dactaarPEye ﬁb% Fder 94 W8y second
. transistors, of5 éeﬁcbe‘iintt thd cansinttgaih Eaatprc ofingtod Edirdto aapeserbadi n t he

- | . - ts - et | L Q. f ' i ncl uded
ot veon oai d-CuilielB0) e S RERTE UnchClnd UL F1hOFIBE il fds ' N 00
transi stor, the eadaeuprentit input terninal being coupled to the base of

sai d Tifg,,t transifgt ofded ensdiad bifanBeddritn 36&5A0ng to?Ohe PeBednner that it
i's coupled to the arrangenent output termnal via the first-nmentioned

sem conduct ofRYSREAPR f3nvhave BB inpnt LeRfsepcemhich if sebstaBiiald¥pl i fyi ng
seni conduct OinddfealéntN® £0th € Gl e loEntise tilpue Gfigasl tthat medsar g Cirédit S

FiTTh 25 MY AFOre FARo Gespat ekt ioh 23 SchtrE AP THERLAE s sixtn
transi stor ofhe lsameasrmdgchiiidyi Uyrey as ygaddasitdteand rserowhtrancintdrs,
oL i PR ahive 6 LD S eI oyt 17, (1
arrangenment feldiectermedaasnd jthe haseremittepninnctien ttherent baing dnclwdedf ourth
transistor apgkvelef &§£1d 86¢dHd S@PIBCLSEbInAtiAE and the base of said first -
' transistor, the arrangement input terminal being coupled to
the base of said first transistor via said fifth transistor in
20 such manner that it is coupled to the arrangement output terminal
via the first-mentioned semiconductor junction via the same
number of active current-amplifying semiconductor junctioms
or equivalents thereof as that via which it is coupled to the
arrangement output via the base-emitter junctions of the fifth
6 26 and first transistors. |
Such an arrangement may include a sixth transistor of the
& same conductivity type as the first and second.transistors is
included in the coupling from the arrangement input to the
arrangement outpﬁt, which transistor has ifs base connected to
30 the arrangement input terminal, its emittar connected to the
base of the fourth transistor and its collector commected to the
emitter of the fifth transistor aﬁd to the base of the first
transistor, the arrangement also including an impedance conmnecting
the base of the fifth transistor to the first supply terminal,
35 an impedance connecting the base of the fourth transistor to the

second supply terminal, and a third semiconductor junctiom in the



the arrangenment al soincluding-an inpedance connecting the base of the
fifth transistor to the first supply termnal, 35 an inpedance connecting
‘the base of the tourth transistor to theysecond supply termnal, and a
third sem conductor junction in the 7 connection between said second
ser‘Ves conbi nati on and the base of said fifth transistor, said third

seni conduct orcophgxttionrbédtaebnpdiles s paliesi dombdfat fvat and thBebdyase-enitter
junction of the fifth_i.ransistqr_as seepn .fromt.he common, point of the base
5 of the fioftfY% tgﬁg%hst%?n%lns °fhesat1ﬁi rauge?ne"élc?ﬁﬂ% ctrpég ]“B'}?ct%?'bn. Because
in such an ahewimgptbatsanecpeldrlieztan thét tdfethke Yhahetemitsestjunchion carry
substanti al | y¢t i | : t L BlhdiE f gt " l er™”
capaci tance )égnt%e%gu Sf‘gﬁ?ﬁﬁﬁéﬁ?ﬁ?@?& t é:tg con-??gréér)ggl y gtg%éer hi gh
frequency pr Ofcthe £3ftlp trapyistios sk Ahe dthixd ctemdepnduegor hiamgktemgenent from

a high-inpedggesust §RMuchO G rafgineRe HHY 8ol RREBHSSE the fkhect or current
of the sixth transistor passes t I‘Ol;!'?rg#he'nal n curyent path of the fifth

transistor, GRPPPISRET WP ERT S SHPLE lethecttag $ignahi 2 dtAPHEeh the
fifth and thehsiddfluédcnsEstiny SMilller" cdiacicam@d tas del edbdtaatbeldy, emtter
and col lector_of at |east _one of t faresaid.transistors may, be replaced
by the gate. “EtFRe 4 aranerasibly DA e EEPReRR TR 94 e et
tragnsi st 4. Erbdrd obbainedf whdne driviagt Llom axichhgement birodes driigbetivpeldanemy of
exanpl e, Wit ;eheLenas  Opf R PREUTPONNARY HHAQbP{IRbECogRehlt B NOS N
whi ch: Fi gurgl%gs}h%ws the_C'ILI’CSi t difagram of the afor esa?%ql?novm ush-pul |
output st agethFigjoth trapraskon Raseqs Ehrquel By awisfowrrent qathbdhfent of
the inventi ORifdd transistof] BHLG onesSRAVFert ¥aidcdNhaPivel heddar €4t Oof Figure
2, and Figure.,4 shows the cifcuit di aﬂram of ~anot her enbodi nrent of the .
invention. |RAIAEIREPILEDE {g‘lff'ﬁsa‘ﬂ'& & 8dX5h §TBPPISEOTR-transistor T2 are

the two 1N 0Pl mddiFAEAEIN, Endibade PlsiitDet lan@UidIlecES2GE. at least one of

the aforesaid transistors may be replaced by the gate, source and

* emitter of ‘the fifth transistor and to the base of the first transistor, @

drain respectively of a corresponding field-effect transistor.
- Embodiments of the invention will now be described, by way
of example, with reference to the accompanying diagrammatic:
20  drawings in which:

Figure 1 shows the circuit diagram of the aforesaid known
push-pull output stage, .' | -

Figure 2 shows the cirduit diagram of a first embodiment
of the invention,

© 25 Figure 3 shows a variant of the circuit of Figure 2, and

Figure &4 shoﬁs the circuit diagram of another embodiment
of the invention. _ i

In the various Figures transistor Ty and tramsistor T, are
the two npn output transistors of a push-pull output stage,

30  tranmsistor T, being connected to operate in the common-collector
mode. The collector of transistor T1 is connected to_a positive
supply terminal 5 and its base is fed from an input 3. The
eﬁitter of transistor Tz is connected to a negative supply
terminal 10.

35 Transistor I, is employed as an emitter-follower for the input

- signal and transistor Ty, which is connected to operate in the common-

emitter mode, is employed as a controlled ¢urrent source, it being driven
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30 transistor [err] ‘being connected to operate in the common-coll ector @
mode. The collector of transistor [err] is connected to a positive supply
termnal 5 and its base is fed froman ighput 3. The emitter of transistor

[err] i-s connected to a negative supply terminal 10. 35 Transi st or
T1 is enpl oyed as an enitter-follower for the input signal and transistor
[exr], which {yS sCOPRACERErdn? eﬁﬂihaaepéﬂust be tHyTdBive Ofi ﬁ-arswaaher i and
enpl oyed as acontrolled, curre z’ource it bei ng gl yen ¥ E
current whi cHPti€Bett 2P, "T"hé°dF ¢/ 238¢ 9% ARAPLEPE [Bg PRI A PN PRI E pl i ed
to the base of trmﬁtsmsr[ ris wmea:wmotdspaatetm tha. commnsbadeomoded s

connected to dperate in t 0 ase ;_t] OHLGHNT
the said drive cufrSfFe B ggf?ﬁaggmg sal e i %q"g%eg{rgm cs
Letiters"g and im sann-tuulEl:gur‘nléctrohmdzl.gttérs!'hentdsl ebovr iof Figuxeslst or

err s con he n torT7,
Lo eh 12 SOMEEERS: 0 RS AIakELY Se LRt sk 5L, V3L Tntibe et NS, o1 07 T
of transi st orpdEitise cupply ttedminel Sevim e pap Eraor ek, ofwhichniy soppected
to 10 - the &s?"ﬁf&&f Bied ' %”ﬁixété?:Eerd A38ed Gicd. ! Ol %r of Neraaglh &t or

of transistor i S confect e he negative supplﬁ t er m nal 10 via 3. a
resistor [erry dadconnesred R?oﬁh%d’taée #d collechoy pREIRBESLHT fynfd st or

[e”] and to éhet ebiidtdbr Tof HREnbERROF tdnan%a%zﬁﬂan]us mnaerlte%dotmﬂ he -
gtlve supply termnal 10 via a resistor R 1§ furthergD{(f .o the
[

tive supptianeastAamdy. &8 W&e%FeSeF?e‘g’ecBﬁ%?trHﬁ %‘H’P [ o F8i stors

[err] whi ch s’lr&siﬂmie?ﬁ?daxﬁﬁ igi £xbes cmmedmmtlprmtﬂechasecof on. The
basg of transjstor

T { t t tant,
potential rel BRanpdsEeF Ize‘“b F?I?C%ea"é‘g’g%yte %f'ag" 3 ale 5203 'fm um ng .
that the vol t@cﬁﬁeeﬂed fouthd ﬂgetﬁmeapﬂ}omeaminaj.h 100sia aveesigitoe, Rt he
~coll ector curr tran t t T .
will alsB dec‘?@ 5&8]’?81'“8‘% Phe 5 tgg%é 2’(;?8 § gﬁéﬁsééfﬁa ?oﬁrof '
transi stor T3coﬁhdnaumtea§etwm pnhetﬁamsmtqj:sml'gemdl @g thﬁ lcpnpechedi st or
Lerr] is 25 ?esu??g p%'ieétm %hSOEJr%ﬁPQ'HXS:TeEgz&Pe $héasel of HGaRsLRRVEr

regl on) ‘whi ch® he application o rirve current to transistor

T3 is thus ma1nta;ned at a aubstant1a11y constant potent1al relative |

to the positive supply terminal 5.

20 ' Assuming that the voltage on input 3 decreases from a hig§
positive value, the collector current of transistor '1‘1 and thus - fvg ,

the voltage across transistor T7 will also decrease, causing the
voltage across the base-emitter junction of'trgnsiStor T, to

increase in the forward direction. Eventually tramsistor T, is

‘© 25 turned on (this corresponds to the.start of the cross-over region)
which results in the application of drive current to tramsistor
s : Tz,-so that the last-mentioned transistor will .supply the load

current to an increasing extent as the voltage at terminal 3 is
reduced fﬁ:ther, as well as sufficient current to the emitter of
38 transistor T, to maintain this transistor just conductive, thereby
maintaining the coupling from terminal 3 to transistor T2
The signal loop comprising the transistors T 12 Tys T3 and Tz may
therefore be regarded as a control loop, which ensures that transistor
_ Tl remains cqnductiva. Because of the inevitable horizontal pnp
35 transistor T3 it is found that said control loop has poor high-
frequency properties, which limit the bandwidth of the circuit and

which are difficult to remedy. The inclusion of a series combination
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[err] so that the Iast nmentioned transistor wll-supply the | oad current t@

an increasing extent as the voltage at te Jm nal 3 is reduced further, as

wel | as sufficient current to the emitter? of 30 transistor -T to

mai nt ai n thi sof I‘ﬁl&&bﬁitﬂj’r nrgtaxﬂoadw?ﬁah\ieu tchereby majntainipg the coupli ng
S

fromternminal, 3 to transi r. T2, The 5|gna11 | oop conpri, sing

t héwt r ansi st daEveeR rihenderminaiars avdnd, [asgis Fasommended, ik rgaid Sbi)"clﬁhl ch’

ensures that gublAshéd dhn '['mrerc]:&-eﬂmm.eemuqtm nbe GHeved@fmiche i nevitable
hori.zontal pnp 35 t

r S|stor ‘Ferer ] found that said control Ioop
has poor hi gh*™APBERfAfey ?frad‘ﬁ&rf ) Y IRLFRER CCETRFINENOM Weh Bt
circuit and wi ehandistdel T dsl induffieh@ty to dfitrel aeénﬁ.tsa@r a:serl es
conbi nhati on f a resistar and a c aC|t.o
o nal s gl ShefbehEiteuda, bRH ROfL sORPRRKISE. | B o Fediipheils
"El ectronics 'zzeh.ked:si'vendmm:aﬂmy Yiotramsiwroh Tuprovenent, because the -
signal voltage ocgur 09 emtter of L& sistor ' |nsuf|C|ent-
to drive transi stgr {herrjh"f dh" Feese equeen #el° v:1 t‘%‘g?ﬂers °co‘77‘fﬁ“ﬁaf| on.
At | ow frequefromeinpit ite MMnanrbrthal temperatureadepaxtdence n the
di sadvant age I | 10Ut put
and the 1 oupeTarireitlffes MSeLyld, ORLEY a8k G428 By WA LQION P
caused big t heratuyeras the areasuring cercv#e fovathe icplledtogucurment ofie
col/ ect or curr.rﬁahpéort TSR cdkkuitdulhr Shed Wk EOMREL the transistors.
[err] and T9, and the Fesence of the resistor gure 2 s a first
‘enbodi ment offgsh&yi ﬂiseﬁf“fld'?g epd tthe presencel of G@Fptﬁs“éfagel‘ﬁf Fig. 2 the

coldé ector of tranpi@irerzla.ows[srf:]rstseﬁwaaasﬁ@%fdtn@%wnﬁbﬁ he positive
supplytermnalﬁg base is connectcgfttot e | nput and its em,tter to

the output 1.17r [ Byl PuEpRE (SEage Q% Sis( & F eu?’&&ﬁﬁ‘é’&?&dtﬁ}"t’ﬁ?‘-’ .
gggat | v?a, ZUpm y:.se?dmatgdgmeéﬂyma tuearpsbstﬁredbepﬂ]y teﬁmmt gfd as a ]9' ode
pol e |n. orwar irection, is inclu etwe tter o
transi stor [er%¥] gﬁ%" tlﬁec%‘b‘ﬁcéﬁﬁorf (')"Pet’r‘%’&é ‘U’% ?g ﬁ'éh a%%y that the

common base- catpecthr termi nal of transistor

The emitter of the transistor T2 is conmected to the negative
supply terminal 10. An npn transistor Dl’ connected as a diode
20 poled in the forward direction, is included between the emitter .
of transistor Tl and . the collector of tramsistor Tz.in such a
way that the common base~collector terminal of tramsistor D1 _
is connected to the emitter of transistor T, and the emitter of
transistor D1 is connected to the collector of transistor T,.
o 25 - ~ A.voltage measuring circuit M, which is included within a
dashed line:in Figure 2, comprises an npn'transistér'nz which
& - .is connecte& as a dxode, and the-base-em:tter-Junctzon of an -
npn tran31stor-TL. . i
- The emitter of tramsistor D, is connected to the emitter of
30 transistor D;.
The emitter of tramsistor T4 is connected to the common
base-collector terminal of transistor D2 and its base is connec:ed
~ to the base of tran31§tor Tl

The emitter of transistor I, is connected to the collector

3. - of tramsistor T, via a resistor R; and to the positive supply



is connected to the emtter of transistor [err] and the emtter of
transistor Dis connected to the collector of transistor [err] 25 :
A-vol tage neasuring circuit M which is ilacluded within a dashed line in
Figure 2, conprises an npn transistor D- which is conhected as a diode,
and the base-emitter junction of an upn transistor T4. The enmtter of
trawsi stor D terpisahideyiace correns enixcecinéuix SB, .t (IgashatendisD., The
emtter of trapsLsty tLe;rJ ng&ﬁp&ggg&&(gvto the conmon base- col | ect or
term nal of transistor err agefis connected to the base of
transistor [err]. THheodkeetarr obftnanghaton 35 e copnscredobmddiecbass ofhe

col | ector 35 Qlanbf st &l Odnd, 41l \d RubrddtSisshite beF&ditaBH | @ol Bfe POSi tive
suppl y 10 term nal 52via acurrent source circuit SB12” 1ts base is

connect e to BeERLHER AWPPLYL|teaginalefl0. THE sBeyls: b8y aaked: thatsthe furyent g

connecteéd to Jdaﬁcbaéﬁcai:tannﬁa;stateirnaﬁwu\rdeacanfé&teeme:s;euﬁca:ésl rcuit
SB2, to the at |1ye supply

termnal 10. P‘ﬁ’l""%‘Fﬁ)d‘l’"BPBE tespinpl Rafnd ﬁ@ec‘ifﬂ%ﬁp'é(ﬁfr E’é“!ﬂ"t’ BF t*4*err ] may.
al ternativel \a herabinleét il chnhversa thecunoaone&oﬁwlt\;aﬁﬁme& 5 and the

coll ector of tr.ansij st r.] Ater nnect e 0 _the | ector of
transistor T# ngnﬁ é‘Pﬁ*ﬁ}z’il ]‘s c?%ueggﬁﬂgc?t gﬁe’tﬁ?i?ﬁ‘émcrof’? % aonflﬁ’f"ﬁ 8nsi st or
T3. 10 118 Th'B:ancn.tuuit operatéasaasfcﬂdbm):/vs The measuri ng circuit M

enc| osed- wit Fiag e r r
whi‘ch depend?h%ng?%gﬁso ta" {é?{vbegn %see%bgg%%'f §t r%rlfg&s #ﬁ %L-E &)

enmtter of trcawsestadrive tml.rbel;bri% whidh dependsnon théghouﬁxﬁtl&ﬁwqmnner on
theg col I'ect orthgf B&?e of! EAdLiSEEF T!4and Péiﬁsgmi&\é‘i-r ot Q:'}aﬁhécjlz‘% fr 'ébebﬁé'&ﬁeent

1 . is achiev ysutractlngltlfrom e current supp by the

current sour a¥aitsble insp high-imnedanes) magaer onthe peldpeten é’ﬁce current lv

to the effitt eirgpbiddoanl St%a?@ inveds fhrdlbltl SKE AT SvE WP I[eié] after the
| oss of a fraction egva‘f to the base current 20 of transi®or T3 is

appl i'ed to t fehpgeed by eybfracting ifofyom the current I, supplied bY the
current source circuit SBl.gpd_gpPIYIRg the resultxng d;ffe;ence

current Iv to the emitter of tramsistor ng. Said difference

pu;rent.lv, after the loss of a fraction equal to the base curreat
26  of transistor T3,'is applied to the base of transistor_TZ‘!ig

the emitter—-collector path of transistor'rs and after subtraction

from it of the current I, supplied by the current source circuit

SBZ.

of the action of the control loop comprising the measuring

The customary class-B operation is obtained in that, because

© 25 circuit, the coupling including transistor T. 3, and transistor
) ' T,, the sum ‘'of the voltages across the base-enxttet lunct:on of.

& _ transxator T1 and d:ode-connected transistor D1 is maintained
substantxally constant, the quzescent-current settrng being mainly
determined by the magnitude of the currents I1 and Iz'which

30 are supplxed by the current-source-cxrcuzts SB1 and SBz
respectively. _
The effect of che poor hlgh-frequency propertzes of- the
horizontal pnp transistor Ta.can be glunznated by xncludlng_a
capaci:oz.cz_between the terminals 6 and 7, so that for high

35 frequencies the resistor Rl and the'transistor 13 are bypassed.



of the current 12 supplied by the current source circuit [err] The
eustomary class-B operation is obtained {jn that, because of the action of
the_confrol |oop conpr|3|ng the measuring 25 circuit, the coupling
|nclud|ng transistor T3, 'and transistor T2, the sum of the voltages

acress the DagfeRNtA &lrivuNGirrelt Of . pkodiusSb@EeiEiedd kighRTo0apect ed
transistor[err] is _mmintained substantially, constant,. the

qui escent - cur PSSR ITRFLHRAT F1nER ﬁ‘Fﬁ"’%le‘t"éPﬁ*% By %‘ﬂ%‘ﬁ‘f’ﬁde of the
currents [errg, a@beéideudbi £SlBo3Perfctng SayiBlEbeEbdilyt £ BGPRT €Nt - SOUrCce -
circuits [err re5ﬁgct|vely The effect of the poor high-frequency
properties of *¥ t%%2ontal . pnp transistor [err] can be eliminated by

i ncl udi ng a capacFigird 6r showscavearisnbeof ahel aidcuib andngeman: bfaFigure i gh
35 frequen .the resista err] and the transigtor [e assed
Si'nce the dri g P GHARE  PBAbRES meRRTiRtcRt SR 8 X, spe i i r et [ o
resistor [errby taoddshetblh.nansi’l‘hboconﬁoul bampatlém:[&m]:.nthmfm rcuit also -
performs satigfact i at_high e C e S a '
vari ant of thé %’rg Tt 3b;zr ;%n'{gog'rr%% %?,SE éure"‘g’aﬂe °Fh| S var| a‘ﬁ?mblgi,\o/lst age
measuring cirinput BAi éfh&gemxtqendoi:alredswtoa Basisedowi comnedted cortan

base- col |oect Ofede* ! Bllusbedd H1Shidd The: bhidleiz ¥/ e tgg the base of
trgpsistor T &nd I nput ter of transistor [err 4 1's now

connect ed t 0 B9t copnectigdsko cﬁhet ea#sﬁem of trensistardDjhe Wishithis yariant

transistor [ef¢ligl §d¢‘f§ﬂb§9nﬂﬁ(ﬁx€ﬂuééjatE‘L@rféﬁ‘tt&&frc‘éfsﬁragﬁbﬁqasi@&r] Wth
'this variant jt is advisable to include a current sou‘? SB4, shown dashed

in Figure 3, }hFigaed dnolBiArder s&ufoﬁ’temraufaamatemlwpsrﬁmﬁntﬂh’en out put

stage. For thgnd QERpRIRLagde Fo8i G &edaﬁmei-atwraeeig&&d bpératibh (O t
arrangenent ar.e, the sgne as for that of. Figure ies of the.two

The ers
ci rcui t stSonl yERfist FLFCYR S ATTIRGSHERE (3Te; FRe j97P6 29 IFBEd °? vIH&ITe 61t he
circuit of FiThe propertiieghdf \the oty chh&ﬁhﬂcs)bnlileiﬂféﬁlﬁﬂthofeﬁs@we 2. The
contribution of he, i edan of dIQd nected tr n . to.t |nput
" i npedance 20 ¢ S8f t F’o"ﬁ't"ﬁ §§8 TR &Ert ﬂ’g%'r%é 2 is

" lower than for the circuit of F1gure 2. The contr:.but:.on of the

the emitter-coll ector path of transistor T3 and after subtraction fromit @

_ .inpedance of diode-connected transistor D2 to the input impedance .
20  of the push-pull output stage in the circuit of Figure 2 is
approximately p times that for the variant of Figure 3.

Figure 4 shows another embodiment of the imvention which has
an input impedance which is substantially independent of the value '_
of the input signal. In comparison with the push-pull output '

o 25  stage of Figure 3 the circuit has been extended by means of
o npn transistors '115 and T¢s an npn transistor D,, which is 'connected
'as. & diode, and current-source circuits SBy and’ 534.' The base of -
transistor '1'6 is connected to the input 3, its emitter is comnected
to the base of transistor T4 via a junctiom point 11, and its
. 30 collector is connected to the emitter of transistor Ts aqd to. '
the base of transistor '1'1._ |
The collector of tramsistor TS is commected to the positive
 supply terminal 5 directly and its base..is commected to the
positive supply terminmal 5 via the current-source circuit SB4.

35 , The juaction péint 11 is connected to the negative supply



approximately [err] times that for the variant of Figure 3. Figure 4 shows
anot her enbodi nent of the invention whi ch has an input |rrpedance which is
subst anti ally independent of the val ue of 12 he i nput signal. In conparison
wi-th the push-pul | output 25 .stage of Figure 3 the circuit has been

ext ended -by neans, of ﬁgn tran5|storsljerr , an npn tran5|sr,or [err whlch

i s *eonnect ed SEFEIRaL oHE vis eHTTGREeIRures ¢ “&Fr%& #2d (&, SeF1esgomp

LranSI fstor T of StxaaspsdredD, :tdha J Mdth Zare EomedUtet cds Idioggnne.et eleI to the
ase of transistor u ctlon oi,nt 1 i.ts . _collector

i s connect ed f"b"]t“ﬁ@[ie‘?ﬁ%'te&? ??ﬁ\sﬁ ’F’tﬁﬁg?i angrré‘eba% e3P r ansi st or -
T The col | ect poimf 1uria¢nsnahos vagr that shemr&ehei:hﬁo@stm pobed iivetlalppl v '
term nal d| Eectlé_% cl iSn ! base. ‘is connected to the positive supply

t er m nal Vi a cu? €5 t2%ource circuit [err]. 35 ~ The junction
point 11 | s connednethe¢ pushepuldgatplid isnppivangemen bﬂrhgna4r 4 @ignal

current-sourc gu gwﬂg |.Qn “;g far and
[err] which a e&lca'%ngé?ég b Lod%dtlg I 'ncl hga%is%? ween géé i'agbsb(%? : '
transi stor [efheg bana-wtparmncgnmpmfnt:ri@nsnos@ thesdiogezgonnaeted -
transistors agfAqkesed b m@n‘S, and %w&edb&%%méﬁoah@f push-pull
anplifier arrangenment of 2Fig a signal path is fofned between input 3 and
the baselbf tFransiigter "Tserr] by the base-emitter junction of

trgnsistor[err] Athel fg@dﬂeﬁa&ﬂﬁgtﬁ.@chi@ﬂﬁl sﬁmhszkeaédocaadbpa and the
base-em tter gunctl . trapsistor,T5 Avoltagtp nmeasurin Ult M

which is denotath h“%&?h%%ﬁqrien » | GPOPF 3% the Rapespmitker; jan QB tter
jungtion of’ ttﬁt&lx@tﬁ 114, tﬁ&aldaoekbnaem&ednsis&asssi%ﬁd[ .l hnd he -
"base- emtteré tion qf LT ansi 'Eg r2t fromthe '
advant ages of l?% T TSR 1S é‘ﬁ"érﬂ Bﬁnﬁﬁsﬁﬂ?e% 2 and 3 the embodi nent of.
Fig. 4 h#s the nojpartaciramt thge atihaitages ofipbe cirpadanoerangedenfls ¢Hecause of
the input emé-{%eu%e@i'a%e& Er{ea'&%téé&%nkeéf 18 13sSHRS LA55L "ﬂabxncage

I ndependent

that its input impedance is h1gh (because of the input emitter
follower transistor T ) and is substantially independent of the
value of the input s1gnal (because the signal path from the 1nput
26 3 to the output 1 via the base-emitter junction of

transistor T6’ the base-emitter junction of tramsistor Th
and the diode-commected transistor D1 passes through two
amplifying semiconductor junctions plus one equivalent thereof,
and the signal path from the input 3 to the output 1 via the

" 285 base-emitter Junctzon of tran31stor TG’ transistors 92 and

D3, the basé-emitter junction of transistor Ts_and the base-em;tter

s

" junction of Ti passes through three current-amplifying -

semiconductor junctions; it should be noted that the signal

_cufrent amplified by tramsistor T, passes through transistor Dl
36 so that with respect to its impedance transistor D1 behaves

as a current-amplifying semiconductor junction and may therefore

be regarded as an equivalent thereof).

Further advantages of the arrangement of Fig._4 are that
tke input capaciténce of the circuit is substantially reduced

35 By‘campensation for the effect of the "Miller" capacitaﬁce €y



the output 1 via the base-emtter junction of transistor T6, the

" base-emtter junction of transistor [ernd and the di ode-connected _
t.ransi stor [err] passes through two anplifying sem conductor junctions plus
one equival ent thereof, and the signal path fromthe input 3 to the output
1 ¥a the 250f basmisted T3}, FHAWCbedig Gh hdviithgé Oin The ddsdNBESE Or' S and
D3 the base-er%_t.t er .junction of Hﬂansi stor. T and.the ba%g-er%%ter
junction of P&SR7imPedanse ARp¥e ff FRF SFTABETISAE: o NSt 1F AFRIENRE DoGEMIDY
junctions; ithehmlldcber ndt ecardsiatot 45 gsuplpl fed wdish sulialtiaht bal Ulpy :

transi'stor | ] SSi hr tr h.stor, D 30, .. .S hat wih respect to
its inpedancgi‘%r%%%’ éf%'ra&D!%e gvggg%g' -ga%hurcfre'ﬁ%’:té’r?ﬁ?i#{/?ﬁganglé%"&'ﬁnduct-or'
“juncti org. andDyegnd Bgr aidthebmsecguither jencticsqef wxeesistioreleof). Furt her

advant ages of,t Fi0. ;ap'aig LA £2Rae tance of
the circuit %g %@%ﬁ?%ﬁ&?ﬁ&cﬁ% tgé éﬂﬁbty cofrrpttgﬁg%tl otrﬁ ?Gfaqﬁie ef f ect

of the "M /| &hus @mpitsthasee dfareoven dpcavamsheienllpctor cunrentoifng an
advant age i nellgs 258 Bf pashidtnrbREI 206 Sndiil YEriint! Pocd JEAPAGIRREox THi S IS
achi eved because the cdll'ector of tfansistor, _'err! IS supplied wth -
subst anti al | F5t RALYaARe SUTRARL \Boureh Sisryiaispangdedofiok iigedns by .
transi syprs betK [trandidddrant. tama bg,se-em’ tter junction of transistor T as’
that which is present ogtheserri;tt 4 of transistor Eerr{ gnd, thus on its
base. Moreover, We¥ilkbe; ARPrasipted Sbat ceAr pATS PE RIS PIPOYAF 1] passes
through the eRansistoreif Pags Q-4tdidndesteplated W laycoriesponding source

cigcuit is nee f.ar biasing 10 0 transistors [err]. [t wll . b
Cpproci at od FRAESBeES FAPEERSET, PRSI & A8 Sabet e tfetyasf L e
repl aced by d&ncssriespwithi nyef\'raliduef&a@atitdr&ns'h_stﬁnr. ekangllec foorstabdlisation
reststor. may_be included in series wwth the various capacitors [err],. for

exanpl eli% or §t&l M sation 15  reasons.

'\'/_al ue of the i'nput' signal (because the signal path fromthe input 20 3 to@




14 CLAIMB: 1. A push-pul| arrpllfler arrangenment having an input term naI @
an output termnal, and first and second supply terminals, which . '
arrangenent conprises: first and second transistors of one and the sane
conductivity type havi ng their main curr &t paths nected in series in a
current path between said supply termnal's in suchmnémt‘hmhe\

col #ctor of the first .transistor is connected to t

termnal, the emtter of the second transistor is c ﬁg

second supply termnal and the emtter of the first traﬁS| st on nect ed
to the collector of the second transistor, a connection fromthe emitter of
the first transistor to the output -termnal, a first coupling fromthe .
input terminal to the base of the.15 first transistor, a sem conductor
junction.inclwuded in said current path in such nmanner that it is poled in
the forward diregtion for currents flowing in said main current paths, for
generating a vol & thich is a neasure of the current flow ng at the

col l ector of a shi dAtpestsipelDramp2fier arréhg!ﬁéﬁtﬁgﬁvﬂﬁg’iw fnputCiceeminal,
constructed tnog‘gce gte atlan %utf uttth r eof ? si gy whi.ch. i s g functlon

of voltage ffe THRER 1 i 176t %ﬁw & c?ﬁ’f“rﬁﬂﬂ%?e’ﬁﬁ“ﬁﬁﬂ’tﬁ?‘ whi ch

i nput term axksngemest sampriges:conduct or junction included therebet vveen and
a second,coupl i 0 d S n t to
e baso®or oal qrsEomd ASeal Miunelechat be 3hh M BRESUE Kokl EH1 Y

restl ting céuphmmsoﬁhetlhemmaurt@tnpﬂws pgnmmebalje seriesdnsacond :
transi stor icariaitChhiRGbekbbal isktal fugply CaiRhbId st nfvtgﬂo%aeerm nal to

t hegbase of the first transistor, theé CTo ation o sal t age nmeasuring
circuit andt88iePldeerrr ofobipt | £igsB(Frianel thtnds Loomeeted rtanE‘P%tféFsF)f a

conduct i vi t ¥ubyBe tepRifdll,ethd emBdtePbrSahdl skbond ca-adsmnds doRRS8EEddOT S,
whi-ch third transi stor IS connected to operate in_the comon- base m)de

and is iHfcl &8ethe fecoRd SuRLY t5ERina) aRd tHhe ¢BtttegeohdeuftTRF ' circuit

i nput to theransistor is comnected to the collector of the second transistor,
| | a connection from the emitter of the first transistor
~ to the output terminal,
a first coupling from the input terminal to the base of the
15 first transistor, _ '
a semiconductor junction included in said current path
in such manner that it is poled in the forward direction for currents
flowing in said main current paths, for generating a voltage which'is
a measure of the current flowing at the collector of a said transistor,
20 a voltage measuring circuit constructed to generate at an

output thereof a signal which is a function of voltage present

A

betweea first and second 1nput terminals thereof, which input
terminals have said semiconductor junction included therebetween, and
a second couplzng from the output of said voltage measuring
- 28  circuit to the base of sald-second transistor, which coupling is
such that the resulting coupling from the input terminal to the base
of the second transistor is inverting relative to the coupling from
the input terminal to the base of the first tramsistorythe combioation
of said'voltagé measuring-circﬁit and said second coupling
38  including a third traﬁsistor of a conductivity type opposite to

that cf said first and second tramsistors, which third transistor



base of the second iransi stor, characterised in that said sem conduct or
junction is included 5 bet ween the collector of the second transistor and

the comnection fromthe enmitter of the first trans ngement
output terminal, said first and second input term ”mmmljﬂllmﬂmgml es '
conbi nation of said seni conductor juncti and the bas®e-ém ttef 10
junttion of said first transistor included therebetween so that said
voltage neasyring circuit will .generate at its output a signal which is a
function of t"ﬁec‘g‘BFf%"gde t&c?‘%ﬁ?tga’r“dt B ryomEoR dtasenitdeoAnd s dneludsd gin

coupl i-ng i ncluhdesigmildpath fdoh rthesvsltage leasabihg cieiies ihggredanar i n the
signal path fhr‘ggﬂ#'nq: Q_uge%%gdo{ra%gij_gtovol tage neasuring circuit to the
emtter of said thi r(tj' transi stor, and ’a capacitor is included in
paral | el” with t hehsrapteripet Hat thatughid siedicarduesor rjpecitivne ignihcdadet t hi r d
transistof. glcveen the colflbrdr’ GPURUEMAT ElsTELd Ind dleMdunection
characterised In that the neasuring circuit conprises a second series

conbi nati on &fom theceHdteemic shelldrse juameisenr dadthehartansementi tter
junction of guéguer tbedin@nsi stor of the sanme conductivity type as said first
and second transistors, said second series conbination 25 being included
between said fir S AFITSEHI SEERRS IRRitRERIDALA hayen theyfsEied hat sai d
second seni coasbinkotiord WiCsaidN sénitonlecttasS Gukdtibhednd WREtHRB-&fittakd fourth

trapsi st are paoled in the..sape direction een fromsaid first and
secgnd i ﬁé)ut J‘t'%ér% °tr11a?tjs sald trg t?féingé?ﬁ"foﬁ%@i%&? ﬁlﬁgﬁ?%%egp%%itkfgd in.
Clatm 1 and s&isl 301tdgeswessuringreirgnit ivdilodensande fatr $ts touspst st or, the
col Kector of 4 5ajq R R L T
measuring circuit. 3. An arrangenent as cl ali 1N alm 2, characterised
in that the e®Mi®8tmsof the fourth transistor is connected to the 35

emtter of the tRBhjd decan®iTuplidd AnShiddsSpiiLenifdeansBtor and the
comon point of said, series,i dance and the em.tter_ of the third

e
transi st &t i¥4EnARTSEd 1eRedange 11 She Si8PpY Rath frPR the putput of

said voltage measuring circuit to the emitter of said third

transistor, and
a capacitor is included in parallel with the signal
path through said series impedance and said third transistor.

20 2. An arrangement as claimed in Claim 1, characterised in
that the measuring circuit comprises a second series combination
of a second semiconductor junction and the base-emitter junction |
of a fourth transistor of the same coﬁductivity type as said

first and second transistors, said second series combination

«

25 being included between said first and second input terminals

in such manner that said second semiconductor junction and the

» o

base-emitter junction 6f_said fourth transistor are poled in the _
same direétion, as seen from said first and second input terminals,
as are the semiconductor junction specified in Claim 1 and the

30 ° base-emitter junction of said first transistor, the collector
of said fourth transistor constituting the output of said voltage
measuring circuit. _ |

3. An arrangement as claimed in Claim 2, characterised in

that the colleqtor 6f the fourth transistor is connected to the

35 emitter of the third transistor via said series impedance,



a.further irrpe‘danc'e. 4. An arrangerrent as clai.med mcterl sed ;M
inthat 5 said further inpedance is a constant (C:H“‘mmﬁ “‘u cui t
An arrangenent as claimed in Claim2, ¥ m3 or L ciwar ct &ri sed |n

t‘hat the base-emitter junction of- the fourth transistor is included between-

t he second. sem conductor junction and the base of the first transistor. 6.

Andr rangengsd the Edmioegoidt GEassﬁdZseﬁal imBedanc€l andnthe ehittactef ithed in
t hat the Sec‘?ﬁ% ]igggﬁci’o?réggg%élr ctt | op t%el gﬂsq:dsg?ﬁg ;ﬁ@g&&ﬁe pgse emtter

junction of t and he "base o Fst transi stor. 7.
An arr angenmenfurkiee| inpeddneer any of Clains 2'to 415 or C ai m 6,

characterised :*.Q’f‘z E&% ar@gng%?e%! #ggﬁ_gu‘g&uﬁ bi%lnpge galggcpgﬁ-%egnh{ ttﬁg.;

junction of a ransi e same conductivity type as said first
and second sakhdusthers impedahcei £$ I8 CORstANS: ovrIeRtNBOWEANEEXR®tyo0 Operate in

the common-col | act of, gngég% ghgs RAgGn&dNiht @faﬂniJECtﬁl%tﬁ‘e&:e@ﬁaQﬂlﬂg

i ncl uded bet ween 20 sal seri es conbi nati on and t he base of -said
first transchaxacterfiedinathatnshe hasgnemitsex; junctien RE EBEpf‘é’d’t o the base

of sai d firstaddidRst SiLin¥ideddbatdeht bhd s2BERE (s@mitdhdud€br MRMEELod hat it
S coupl ed -to the arran%errent output termnal via the sem conductor

junction spaediheddate efaFhe £iFsy 49988380 e nunber. of acti ve

current-anpl i fyleng ARE1GARgeIINR! ag LHlQ&hws.nOCIﬂwzvad:EihSStdnemamas t hat
via which it is cougl ed to the F‘ll‘ eg%g nt .output via the base-enitter

juficti ons ofbarasteriTed dRgthat Lpe SPREONCTOR JURSFARE 3Bt as clai med
i ngCl ai m 7 whenudeapbesiadnt thbasarénit8er cjumecaidre oifs tiie i fourblattransistdy

tra]15| st or P%tﬁq‘ﬁ FS:.ﬁ%eeé)c‘foglg‘jéjcftn_\’(ﬂ__t atcﬁé? ?oats the first and second

transistors heTe6upiTng from the arrangenent input to the =
arrangement out fut , Amterchngemansi a¢ cvlafimed iims abpRf EdaimsciZeloth t he.

ar r angengnt of ngol 81 iddhee di3e8Md bfle CANGERAH (b8 LiIRulESEkabhe fourth

.35 transistor connected to the emtter of the f
fransi stor &he &qsethmmgeJmcﬂtlhe ¢f 1as £1ftn t5pagintor o the aﬁ“&ngerrent al-so

i ncl udi ng,aQoL&HH¥q%§9F &58Ng€tdald £15e0a2€ sRkond transistors, said

| fifth transistor being connected to operate in the common-collector

mode and the base-emitter junction thereof being included between
20 said second series combination and the base of said first

transistor, the arrangement input terminal being géupled to
the base of said first transistor via said fifth transistor in

' such manner that it is coupled to the arrangement output terminal
"via the semiconductor junction specified in Claim 1 via the

25 game number of active current-amplifying semiconductor junctions

v

_ or equivalents thereof as that via which it is coupled to the B _
& ' arrangement output via the base-emitter juﬁc:ions 6f‘the_fifth ' f
and first transistors. ' ' '

8. An arrangement as claimed in Claim 7 when appended to Claim 6,
38 characterised in that a sixth tramsistor of the same conductivity
| type as the first and second transistors is included in the
coupling from the arrangement'input ﬁo the arrangement output,
which transistor has its base connected to the arrangement

" input terminal, its emitter connected to the base of the fourth

o
om

transistor and its collector connected to the emitter of the

fifth transistor and to the base of the first t:ansistor, the



the fifth transistor to the first supply term nal, an inpedance connecting
t he base of the fourth transistor to the second su ] da :
third sem conductor junction-in the 5 connection bmmmm;nlmmumﬂd series
conbi nation and the base of ‘said fifth trhhsistor, %ai# third $entconductor
junction having the sane polarity as that of the base-emtter junction of
th ifth transistor as seen _fromthe, conmon point of the hase of the fifth
transistor aFAASRBeRhialgo SIRRLNARRR) AR APPIRFRER fiPnngpting the Jaseppf

arr an?engnt tﬁ% fGlzah gﬁ@dssgxaitm the ehaiacaugbigsaﬁrinﬂnmahnth@od!daﬁ@éiances -
specified in daim re constant current source cirguits. ;A

modi fi cat i oﬁ°?ﬂe‘:§ﬁn§r’$‘§§g‘é’ﬁ‘é.’rﬁ tgﬁ AP aRrRISHRF BP Fﬁﬁ"é aim wherein

t he base, esuppler teninatl | £ ar tivirdabenfconieésdr Gatctaont I thei d transi stors
are replaced b he gate, sour.ce and.drai.,n respectjvel f_.a correspondi ng
1 ol d off cotoTieshara darueey Suid Spding s ¥ike Soizaticy dnd i, Bose

subst anti al bf seslddEEnh beandister N sailhthisties emicendectorg judstieng. 3 or Fig.
4 of the drawiags The t 't he cid Lgati -F@ﬁ e duoed by .
. phot ocopyi nﬁ%ﬁ% 5%?0@%%% &;fa&?%ﬁi%alt g&é%ﬁ%tqaggl na‘%scﬁﬁ{cg%ga few o
anendnent s ohitdle Stechiitksngidtortas mean. fronThize momyom gloiny pufs the phase

(C:)9P|t 2ie”i ”9 bPesh RWRHITERLSiTRY A LHSPAATEYs Qi cbhSudtot TiSRT 18k, t he Patent
- 10 9. An arrangement as claimed in Claim 8, characterised ‘
v in that the impedances specified in Claim 8 ére'constant.current
E} source circuits. -
- 10. A modification of an arrangement as claimed in any
preceding claim, wherein the base, emitter and collector of at
15 least one of the said transistors are'reélaced by the gate, source
and drain respectively of a corresponding field-effect transistor.
11. A push-pull amplifier arrangement substantially as
described herein with reference to Fig. 2, Fig. 3 or Fig. 4 of

the drawings..
- The text of the specification has beem reproduced by photocopying the applicants original
typescript. It may contain a few amendments which are difficult to read. -The original
typescript containing these amendments may be inspected on the premises of the Patent Office
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