"Cass "B" type arrpllfler " This invention relates to a Cass "B" type @
anpllfler CIrCUIt 5 Typi cal pri,or art Cass "B" type anplifiers
are.showt in U S. Patents Nos. 3,573,645 (Fig. 3) and 3,786,364 (Fig. 4).
Whil e these anplifier-circuits provide dass "B" operation, they suffer
from a nunber of drawbacks. Since the two prior art ci rcw#@pag ically
sinrTar as they 10 rel ate to the present invention, the '@ } ircuit
‘siown in Fi g"C3ass UBS tymecmmmlEAR®4S will be described. In Fi g. 3, an
AC nput signal is provided to a single-ended | ow i npedance input node at
the junction of the emtter of transistor 11 and the base of transistor 12.
The input sig- 15 nal i's processed by a push-pull phase splitter econposed
of transistors 11 and 12 and their associated circuitry (as shown in Fig. 1
of the patent). The outputs of this push- pull phase splitter are then
coupled to an out put stage which operates in a Cass "B" node. However, a
nunber of 20 di sadvantages result from applying the AC i nput signal

directly to the phase mgtﬁvméiaheﬂemaitag e spleassspiptter output to
drive an out put stag erat i.0g in.the class "B" node.” First, this

confi gurati offPt SPPLE w i nput 25 i nmpedance for the AC signal, which .
may present problens in certal n appli cations. Furthernore, |n order to

achi eve tpe necessary cllxyl; {loi.na%.lgecg_g‘rs ut..Bs.t %r hi s
configuration, the prior  art c cw t O ?@’ rent a | ﬁr
conrfi gurati oﬁhPmncﬁJ‘tsﬁer%a’é?%t%\AB°3@ Ba ﬁ?‘g) 611103) dh%d(ﬁ

transistors @ignd 42p) HHIIEK*EEEbe£MﬁmeQBQ %Wﬁaﬁiﬁﬁ ﬂﬁuwimascléaklhhar
and the circuit oq_\}put term nal

I ol t d
apbr oxi mat el FPETR LA BAFEFTE FRaBspiIRs o dnbeks . Bidke
term nal of the dwecpitiommxh sm‘mitsoarbmbasmwmmasﬁmlmgesothehe

circuit. ginggiGlleS 4P f1A0H A OPnt CRVBAtion, the more basic circuit
shown in Fig. 3 of U.S. Patent 3,573,645 will be described.
In Fig. 3, an AC input sigmnal is provided éo a single-ended
low impedance input node at the junction of the emitter of
transistor 11 and the base of transistor 12.'The input sig-
15 nal is processed b& a push-pull phase splitter composed
of transistors 11 and 12 and their associated circuitry (as
shown in Fig. 1 of the patent). The outputs of this push-
pull phase splitter are then coupled to an output stage -
which operates in a Class "B" mode. However, a number of
20 disadvantages result from applying the AC input signal
4 directly to the phase splitter and then using the phase
splitter output to drive an output stage operating in the
a class "B" mode. : .
First, this configuration provides a low input
25 impedance for the AC signal, which may present problems in
certain applications. Furthermore, in order to achieve the
necessary current gain in the output stage as required by
this configuration, the prior art circuit of Fig. 3 employs
a current amplifier configuration in which there are two
3 base-emitter junctions (of transistors 28 and 25) comnected
between one output of the phase splitter and the circuit
output terminal 27. This results in a voltage drop of
approximately 1.4 volts between the phase splitter-and the




be segen ‘that this problem becones increasingly 5 _ significant in

| ow vol tage applications, where the éofo'l tage drop due to the

seri es-caonnected base-eni.tter juncti'ons may constitute a significant
Jortion of the total dynam c range available. In Figs. 4 and 5 of US. -
Pat.ent 3,852 676 .t e .10 - s Cl A ' p, Lekally
resenble thebbzgfsts Qgﬁan%(i)n?/leragxe%%gﬁﬁ’qﬁhb?‘ '% %{é}&gi ‘rs'%mi%ﬁ gfﬁlgi ‘ﬁg‘l’.rﬂcdlﬁ%f t he
present i nvemargm of HWegdrcuithedidnpe thisayqltage Arpp srempintiet ector circuits,

rather than Ghﬁ&%x;'t{i;lﬁoea@sr&ﬁesfefgmms o) tREYdwbk Hupply RR1REgDsdd!
clrcults are.used st an I Ng al one, an there is no su esjion 15 In

t he acconpanyfrigilidpheseep thas,this,preblem ecopes 1oersIPEY di scl osed therein
coul g be usedigsifismit dh PowSkabsageBdppliphtione| .whiewe tther nuktaget he det ect or
circuits of Eigs..4 and.5 incorpora n LI ofst - C2) which
serves to fi Idfg? de g"rr%(t)’fhsetrﬁ'gsoﬁ’f‘ %?tegi 5%% %{%ﬁg c?%“'gﬁgyci rcuits of
20 U. Sonftittohe £ s85rifdzant ppotiop ofidhet tasad dnemigranget he present
invention. Ag.obi#Gk.of the invention is to provide a Class "B" anplifier
circuit in which the Cass "B' conversion does_nat take place in the output
stage, which anpl%®f Figs.cf and p ofU.S. P“e?ﬁﬁﬁgmfeﬂfﬁﬁ 358, 8RO de

dynagg ¢ rangeisfdicd Wigh bupRiEidigitgarneenbldehe rolass i'B! gonvertes a class B

type anplifier circupt which ¢ L$E€Sa- & A f i 868, fi er input
circuit nean?QHE*ﬂnn&katr?ei ?1’|c')"'umgcnf;[¥ Fig1 f’fer%enéfers?g% %{La'ggl ving an input
signal with Hesegest, thess puiproart siptyids, axe darectar ®irsyitssr FRFREAT, and ,
fiest and senpd bl OmONtimlerfiiaddbr enld Auplitied] Pithe JfibkTat CIrcuit
means having first and second in put_term nals opgratively coupled to said
first and secérepits are used ftapding,glone, e, hey Pﬁi?PaI3§3¥°€§b8 tively and
an owt put terd fid abodmpahpirglepéciFicatiohi thad theltdetigcirgadcuits h respect to
said 3 .

substantially constant regardl ess of the power supply. voltage used, it w I@
!

©

disclosed therein could be used as part of a Class "B"
amplifier. Furthermore, the detector circuits of Figs. & and 5
incorporate an RC time constant (R5-C2) which serves to filter

or smooth the output signal, thus making the circuits of

20 U.S. Patent 3,852,676 totally unsuitable for use in the present
invention.

An object of the invention:is to provide a Class "B"
amplifier circuit in which the Class "B" conversion does not
take place in the output stage, which amplifier circuit ‘
25 furthermore can have a wide dynamic range and a high input-
% impedance.
The invention provides a class B type amplifier circuit
. which comprises:- o - T
- differential amplifier input circuit means having an input ]
30 terminal for receiving an input signal with respect to a
common terminal, a current bias terminal, and first and second
differential output terminals,
- output amplifier circuit means having first and second-&n;pdt
terminals operatively coupled to said first and second .
35 differential output terminals respectively and an output terminal

for providing an amplified output signal with respect to said

- H
e s e,
3

e S——



second bi pol ar out put transistors. each having base, em'tter and collector
zones and being of nutually opposite coﬁduct|V|ty types, the base zones of
sai d oUutput transistors constituting said first and second input termnals,
the emtter zone of said first transistor being connected to a voltage
supply ternminal, the emtter zone of said second .transistor bein nected -
Lo kb common t SR ISTuiRtl « AR GPFRI ARPLISHER SIFCULh HORRR SORPHABLRR (FEF <
bei ng connect eda:td)geédmlr bigblfaoran@atotxanaiaﬁorereanhtwmgermnaémtae; for
providing an anpld thetbcBhk Ribhes | dheind s muBulli3S ofai FAcol roui t
for supplying bras “uiren 0 sald current b a sal |a current
conprising a dctxpsspothenbasengorearofdaidi mmmmtmrmsrsttﬁm&oﬁmonal

to the abspl ut efmlcusnme@awaweemmkb@ ItRO Wmitt & 3bnd rdfmias fiPst
QUI escent evel Sal gs current Sup y circuit con}:prl Si ng i rst nd
8% supel

second further ‘Eﬁﬂ%f‘%@‘t sonestedi 9 & XALK arfaecﬁlltéﬁt'or
zones and each Mengfcn‘uahﬁacaﬁmaﬁfﬂmtlwmg éqmectwdofmestomacond and
thi.rd di ode-con ect. tr tor e z [ further

bi pol ar transis %I' nggggértr%ec i cg‘b‘ zQ&‘ °f & tp?'gr% naf’é a dc bias
current for detmmmesmﬂ \tazgréesft%zs‘pm G@Gérmﬂreﬁter QWHGON%M zones

of said fifpst apg @gﬁraqn%tgnt BEg1iREEP At ple BRSS!, 0k PEi N connected to
sai d current bi as rmna he emtfer,zone of said first further bi pol ar

transi stor being ’cBﬁ?Feé‘PEBe"ctost‘?PéYb‘é’s"é‘“éBnfr?rof"%?&?b“%?éb?rd’“?!')e“‘ tPurt her
bi pol ar t raBS| sigid, chirenerbilascteriingl ofsasalhdaseﬁﬁ-aéxﬁ eohpeilsihg ROKar
transi stor bein conn cted to compon ter m.na e fir nd sgcond
di ode- connecte ansr SIS B"e"?'?rlgaqé Thitecr ed i nwhs"é:r ’éss V\n?cftrtﬁa Z" g&‘g‘% ty
bet ween the basabspdnte yalumiod éxqussidngr plicthebinmitasignadnbiost 88 and sai d
common ter%nenal quz%QQexIé“ieHl I gaid) bias CuPFGIC QEHAG! eﬁr&.&emmm&efm:

connect ed tween the em.tter zone. of said first further hipolar transistor
and the common ¥ geseRd furrhsr; hipel ﬁ‘él‘r’r’gnﬁ’WFﬂé&*rm‘%le‘Frr?& ol
second di ffereniﬂcﬁhom&enut- ZoRksidndl Sadhobéliy 6O6NENRNs @R BondictivityeBypd,cr

zone of Sai d Segondila el ROl Bhald 850\ GhndVea YR A oRY, e base

comon termnal, said output anplifier circuit means conprising first and @

- zone of saxd fxrst further bipolar transistor being connected
20 to an input terminal for a dc bias current for determining the
value of said dc_cdmponent, the collector zones of said first
and second further bipolar transistors being connected to said
current bias terminal, the emitter zone of said first further
bipolar transistor being connected to the base zone of said second
25 further bipolar tramnsistor, the emitter zone of said second further
bipolar transistor being connected to said common terminal, the
first and second diode-connected transistors being connected in
series with like ﬁolarity between the base zone of said first
further bipolar transistor and said common terminal, and the third
30 diode-connected transistor being comnected between the emitter zbn;
‘of said first further bipolar transistor and the common terminal,
couplings being provided from said first and second differential
output terminals to the common point of the emitter zome of said
second further bipolar tramsistor for gemnerating said modulation

35 component.



4 Wth such an anplifier circuit i-t is possible to elinminate the need for l
an enitteéer-follower type output stage typical of prior art circuits such.a
t hose shown i.n U.S. Patents Kos. 3,573,645 and 3, 786, 364, and consequent|ly -

for base-emitter 5 JL(mélons confiected in series with the si gnal out put
path in the output anplifier circuit. neans. This can enabl e the maxi num

possi bl e dynam c.-range to be realized and the circuit to be capabl e of
opekating ef f "dthrauch 3 amplifisheiizstphiif Vo neggihle toelimingte Fguie of

the acconpagydead wﬁ%wicseﬁ-ﬁmbsw&t tfpeleucpu:dw@eaaﬁn‘caa ¢geferred
enbodi nent  of th? i.,nvention. hgferred Cla ﬁ’gﬂtsg%ll ier circuit in

accor danc & 49% ATF ATV PP GBS WP R f"he -&r 3fe of the draw ng.
An i nput 8, 5THI645 cand] 3,786, 3¢l laedl Msaquelnthforebanenemtdtenhi ch is connected

{0 LR, PafndeiBte Uonfel '8k YehedThith chelh g Sicell dtn 1o 27PLIf1 o1 oLt

CII’CUIt rises transistors etran5|stors which are
of like t¥pe, “ﬁ&% ampLi fleg sincuit meqee. c Shie QeBdenabdet e M ™Br m a current

bi as ternbaeélbw/rujnemi&l&lahgcdol BG'&Q@liﬂﬂeimi cuhm &ﬂeufjtféoesentlal out put
i as term nal of the

term nal s_of 2 # BUt Clrc é} 1 g
di f f er ent FERePARLPT PPEFE4IRE, ¢ &Fi"%‘lﬁlf 1% 88n‘h°é'8feﬂ‘ﬁp Yo 48 B" converter
circuit conpr i'l'he neinglariiigeteres tloe ra}:cmnf,mg drawingi ke & pplsmagiiong with

di odgg [eﬁﬁl rgg‘dmp? Brégerggglsgmgo@ﬁeugdﬁ hgo%vgnga{[ in this specification,

whenever t ter de 1su or .a I's shown, a 25
di ode- connect ddPrefeszed Clpss Bt anndifien Fhﬁ%‘*’é:tb? ageerdance wigBe and

;:ol | ect ?r :xornseﬁﬁrweﬁs Q@lmtnlolqat E@é)s:.tééld m&aatd ofrllhﬁndﬂingk{l the FIt gure,
ransi stors e | e as ogae- conpe. r.an3|s ors,
whil e theA?e’%“ﬁl g; -b%rﬁ?@%’fegdiit?r%éf'g‘ftofgt‘f‘ﬂ‘? %Z'ﬁ ¥nd D4) are
shown ‘as dowwesed o Sﬂe ase zopenpf iacttansidsors A8 iandifferéngiale, t he

col | ?&tora&m%iepfm%@r?ﬁ%&ﬂ Shi&] chmfridek St dans 24 fors 04 @A G4 L OOt her to

formthe , :
These transistors, which are of like type, have their emitter

zones connected together to form a current bias t;eminal, while
their collector zones form the differential output: terminals of
the input circuit.

2 The current bias i:erminal of the differential amplifier input
circuit is connected to a Class "B" converter circuit comprising
transistors Q5 and Q6, of like type, along with diodes D1, D2 and
D3. It should be understood that, in this specification, .
whenever the term diode is used, or a diode symbol is shown, a

25 diode-connected tra:_:sistor (that is, a transistor with its base _

' and collector zomes connected together) is in fact intended.
In the Figure, transistors Q2 and Q8 are illustrated as diode-

connected transistors » Wwhile the remaining diode-connected
transistors (D1, D2, D3 and D4) are shown as diodes for

30
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converter output termnal, and this output termnal is 5 connected to the
current bias terminal of the differential anplifier. A DC bias input /
current | is applied to input Qtermnal 3 of the converter circuit, and

this termnal "is connected both to the bage zone of transistor & and to

diode [err], diodes [err] and [err] bei nggconnected in series wwth 10 |ike
pol.afity between terminal 3 and ground terminal 6, which is the common

tery nal of tglgmgh_ggliitfy.. The emtter zone of transistor @ and the base

zone of transistor Q6 are connected together to forman_AC current sunm ng
node, and diode D3 is céfnEhoxR Higt Euh THeureunithagcrdde ched 2ragd el

Eerm' nalt 6. Qge;-aasﬁzk%e-tst mgd@ﬂa/. _ ﬁm G%r&i%&ﬂéct&hetegé&hﬁbda?n&‘ﬁm t%e' -

ransi st or IS connecte |, ec . 1O e Ol n or rQu er m.n . e

Gl £ orenti ar” SRETPFISF STURNY Cevminals fendy Bieg BsPhi Formahe e

transi stor8 (Bommdc@édarte dheneutmkn(biaspterninh], ofo thiee dififldrential

first and secgpd,Gigh @t AMgd q{i%;Q]ir%@ngé'Féﬁl:- 1Thg s04pRYY oY 441%.3.%&1?'[‘
to e A S t"he -

current mrror -2 1's connecte curren@ su g node of

Class "B" contefrmépadi 3c9fi the Ra¥erigr| eirpuifnt pod Shishdermingl ol -
current m rrcuﬂ;_@%h&%&mg@!% t&é@ez&%caféeﬁgnwamoag' dqtptiazd_)fﬁd heQ7
converter via | cuylrr . ror | s1'ng I ode an rqansi st o .
The out put anﬂ??&?ebq(ﬁ %8‘[?%]880{5{ I‘Fembclg s °’s"€aﬁﬁf’f¥ﬁ°-3% 14| l?(fé‘%’ﬂ‘ﬁ r‘?télénd
second bi pi¥ aliket poflaidy teCiwsest oberniifaind gid groupdodiexminal 6,
(conpl ement ar%ﬁ%hﬁpﬁ R Jonddat! édé}-.ﬁﬂéfs Pewﬁﬁgi@c el 264,65 WY Vi or

termnal 4 and the common or ground termnal 6 collector zones o
transi stors EonanafQtramsdsdomi aand otlee hersangons pfe td@nsie ter Rbhal 5

of t'het cijr_cui areTbuamla%ﬁ m&guhé:]fafb ﬁtﬁfﬁi 8hOAB t@&@ﬂm %ﬂz@gt node,
connected I1n a GO -e er con- rat| on, an ere gre no outpu
anplifier b-as%‘-‘gnggggf ng?né"tsi &Wé%‘?i%%é\ﬁ?ﬁ £ soﬁf’ﬁ'ﬂ'ﬁ'”ﬁ e p%f‘% to

term nal 515 ground terminal 6. To complete the converter circuit, the

emitter zone of transistor Q6 is connected directly to the
common. or ground terminal 6,
' The differential amplifiexr output terminals at
the collector zones_of transistors QB'and Q4 are connected,
20 respectively, to the inputs of first and second current
mirrors Q1-Q2 and Q8-Q9. The output of the first current
mirror Q1-Q2 is commected to the AC current summing node
of the Class "B" converter circuit directly, = =~ .= 7
while the output of the second current mirror Q8-Q9 is
25 coupled to the AC current summing node of the converter
via g third current mirror comprising diode D4 and tramsistor Q7. o
. The oquut amplifier circuit of the Class "B"
amplifier includes first and second bipolar output tran-
30 sistors Q10 and Q11 of opposite (complementary) types con-
nected in series between a voltage supply terminal 4 and
the common or ground terminal 6., The collector zones of
transistors Q10 and Q11 are comnected together and to the
output terminal 5 of the circuit. Thus, both output tran-
¥ gistors Q10 and Q11 are connected in a common-emitter con-
figuration, and there are no output amplifier base-emitter
junctions in series with the output signal path to terminal

5.



6 The input termnals of the output anplifier-cir- cuit, at the base zonesfy
of output transistors [err] and [err] :are coupled back to the differential \*°

output’ termnals of the di fferential arrpl ifier input circuit. Specifically,

the 5 base zone of transistor QLO | g connected to the junction of the base -

zones of transistors [err] and Q2 of the first current mrror and the -

coI | ector zone of transistor [err] while the basé zone of output transistor
i's coupled toTHe ﬁ@julzﬁctermznaésobfdltweeroernptdt amplifier ciymsi stor :

e at ol l,ec C rent |
m rro; r&‘ ati};n tcil %‘i)erzéc}lggcﬁ%t L{ﬁ ase ch; %e?‘féz}e%ﬂﬂ al‘”iresl stor-
netvxorkac‘srrpmmlrgi rmlst‘b@sth& dmf&ﬁ'enmalR@é#@Qﬁ stermipyls eP are
connect % fh&@ﬁﬂméﬂ ?i‘ifﬂe§51§1¥{ﬁl‘tﬂbi&‘iﬁﬁﬁ/ Ss@eapti@aﬂ?guehet o one

hal f of e power supply vo e Vcc applied to term 4 t he base
zone§ oﬁﬂsﬁarﬁ”sﬂ #Rf (ﬁ’%f‘é? Q1P fe comRgSEe ‘%\h’f‘f e&%s;‘%’t’ﬁ%‘% i s
connect g fthembdue ozamw afreraabistba-st gt kask @dnef othé roamast or 4.
Resistor Rl serves to bia e |n S t
anmpl i fi &PFH eﬁ e":"rres‘fzst%? % °and % &F t‘ﬁogféou‘{ axft}l:{ég'scent&i??as poi nt
and prowhd.e-melz;xﬁ ihaes ¢ czome crEf QnthlﬁI‘iaFlfl@rkPlgaQN cohteeprpriada con-
vent i ongl, t% 1134 65F €2on@" ot aﬂ‘&*e%ﬂt&aﬁ BPIL SOE | £+2AS13E81r25

I'n

establ i she e clrcuit of the Figure | yi ng e- sired quiescent

bi as WuRfeiia dhe 21 aEpPT3ZoRA; of)\t Hanéétsa?g?p e‘hﬁ gh‘bcs PPEnts in

_trans| St ¥ il [@BLQ9Qf the Class "B' converter under steady state

condi tions since the conv er _transi st.or.s e K es. The
Ehpiar h3Ranie a% Band Pl et SrRETTTLLA

steady- 30 state ¢ PP Convertertout pu ermnal (the
j uncti obyofa t:fassxxﬁdlemthqnhesombrnsm Fte®is §axrs ]RhndRQB’nésBle i shes

the qui ﬁ%%q'stt@ﬁ rﬁ nLer chBfelcted #¥bnPla tﬁﬁe%&fﬂinﬁnes of

t ransi st or err the differential a I| |er | nput circuit.
Unden st S?%Q’a‘f%s c%nHP%FBSS eAualyites qnp Ratt \of | thePa¥eTqual | y

bet ween ghyfpPs S&&Iﬁa&% vnd &8plLiedo tohFermimdli £} Ctot thel basentzohbsough
translstor%jiwris £§$aLdmbL| g%s%gctively, while resistor R3
is connected from the output terminal 5 to the base zone .
of transistor Q4. Résistor R1 serves to bias the input
20 stage of the differential amplifier, while resistors R2
and R3 set the output quiescent bias point and provide '
negative feedback for stability and gain cont¥ol in a con=-
ventional manner, _ o *
Quiescent or steady-state biasing conditions are
25 established in the circuit of the Figure by applying a de-
sired quiescent bias current IQ to terminal 3. This will.
establish equal DC currents in transistors Q5 and Q6 of the
Class "3" converter under steady-state conditions since the
 ‘converter transistors all have like geometries. The steady-
30 state current appearing at the converter output terminal
(the junction of the collector zones of transistors Q5 and
Q6) establishes the quiescent DC bias current at the
junction of the emitter zones of transistors Q3 and Q4
of the differential amplifier input circuit. Under steady-
35 gtate conditions this bias current will divide equally
between tfansistors Q3 and Q4, so that the quiescent cur-
rent through transistors Q3, Q4, Q5 and Q6 will be the

sSame..




sane. 7 The qui escent collector current flowing in tran- sistor @G will @
be mrrored through theecurrent mrror QL-Q2 to provide a current output
fromthe collector of [err] to the AC current summing node of the Class "B"
converter.. 5 The emtter geonetries of transistors QL and 2 are selec- ted
such that the current mrror QL-Q2 w || hédve a current multiplication

factior. of 2. Similarly, the collector current of transistor [err] is

m irored by current mrpor [err] and the h|rd current m.rror [err]
thévgol |l ector of Q7 10 B‘gﬁ 1'90"?{) ? RLoTRYEFeT® Ké%‘léri‘t R skFARNg

node. Again, shetemr Qentw:mw thep Imicatdved f thitoughr thet kareeh e airraongt of2
{ransi stor [ ofL) pkgvilig ACHEIGEI SHITLEIROC ks 2oadBL el o 71 OFg ™

be achi eved by s he “appropriate em eomefry ratidstin
current mrrotbej ACt nns'rgam swﬂng ceide of Hbei ﬁﬂnesphé‘ﬁd'esamniteas;s "B"

mode of opera'rhenemm%eeurgre%emés N4 CoraRD1 L 368" gl AME YD) 2 | i s - Of
the differential, anplifier input circuit to the AC current _sunmm ng node of

the convert er *€fRofiPghpdhgrte B8 ERPREMLTToR U oRE Widd BRYe W iqnurent
current nultumh1cap1ana&ammomaabaﬁ mmeaorsiﬁsmartbasthb coQlR'cdO ewdtént

t b h ] - f
Mstabi 1ty net iehpister” B Wikacfe By SikRenE aleser sl st
equal bias cueherthivd| | chmnﬂﬁm;grple%@'?,t he tr&h9| sollectme. c{:er‘I and
[ers] whil@ epgihECBbndb WL &d bdﬁe VAPt bt Lboxehw@a&g 'h?%% '
| scusse ove,

[err] and [err] due-to the selected eorretr¥ rati os as

Thus, at the 4€aiBer&he Swrmenf MWHEiplicatian: fertegnfrom thenGakipctor
[eFr] t he cuzaﬂatoflmuuaglsmurtdueﬁuxkhérmc1éhﬁreﬁhleahmiﬁgnnbdﬁ ¥ 2,

ot of the notd; Hys, RESHe aBe be SErtTveRLRE: SR LI ReAHs, AHRAATIREe
current m rroembfterr gagme tryntraduisys i bedthdocervehnlt mirsoms e.fzielm:.s)rpa_tb.-
steady- 15 In order to achieve the desired Class "B" mode ofjoperation,l
the current multiplication factor from each collector of
the differential amplifier input circuit to the AC current
summing node of the converter should be greater than one
but no more than two. With a current multiplication factor
20 of one or less, Class "B" operation will not be achieved,
while with a multiplication factor of greater than two, '
instability may result.
_ Under steady-state conditions, a cons tant and.
equal bias current will flow through each of the transis-
. % tors Q3, Q4, Q5 and Q6, while a current of twice this value
will flow through transistors Q1 and Q7 due to the selected, S
- Zeometry ratios as discussed above. Thus, at the AC current
summing node at the emitter zZone of transistor Q5, the |
- current flowing into the node from the collector'#one:of
30 transistor Q1 will exactly equal and be balanced by the
current flowing out of the node into the collector zone of

transistor Q7. Accordingly, the current mirroring arrange-
ment described above will have no effect on the steady-
state operation of the Class "B" converter circuit. -

- 35 The base-emitter junctions of output transistors
Q10 and Q11 are comnected in parallel with the base-emitter
zones of transistors Q1 and Q7, respectively, so as to also
mirror the currents originating from transie tors Q3 end.Qll-_.




"state operation of the Cass "B" converter circuit. 35 The @ '
base-emtter junctions of output transistors QIO and QL1 are connected in
parallel with the base-emtter zone® of transistors QL and @7,
respectively, so.as to also mirror the currents originating from

transi stors B and 4. "8 However, the emtter geonetries of transistors
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approximately four. This current nultiplication ratio_is nhot critical, and
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convert&F BPfc T ¥HTH 1 nRRRuPt FRITREI BBFFETS TRnERS: Zange ¢ Bectors
of céirr abbutl orier ris temnsoaldr beQhpprbpgPiatét hout the nultiplication

factor, the insta u ue s he t scurrent. il in rough
transistors (b an?@%tﬁaa%‘glgss}%%ﬁg tﬂpaeg%zfr n{mg%ﬁlfbf'%g&t’o ﬁghéaﬂsoéj
di f f er efiB"amogieplaf japexationt Lswobtainadiby sabdudatialg ytheodd ant, and
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current multipli-_ cation factor-.in the current mrTrors supplying current to
the AC BRifdRliadnfuRrente, sagegaded i thoeolisetprs ofAuFRNE val ue

of " tile higFoturyreiissipers eq1t anuhQ7di WiehY bRe w¥iRipiicatiswes not. remain
c-orlstan};_,hﬁ%ut rather, 20, i s, nmodul-ated .as ‘a fu C_tlﬁn 05_ t he 1 nput_signal. For
‘exanpl e QF'a%i%%E@ﬁB?ﬁﬁ%PgP@l%( _¥he JFotal, & Fopur
terninaing,thb@ughIimansistbrénn5thnﬂﬂﬂﬁﬁGmm&ttisggbhbobﬂ%?\Mdirent.- _

i nereas : USi . Lslpcreased.current to .

45 i RRLeR (A e, &L Rl IR Lol | DLt S Mt pamatn o ac
cur r ent subskengiaddy ofonsitagiasendBCla@s/ cBRropératiions amwmid mot he

POS! 181 VBe URLRA AL tibdper i trs tRAUIR BPIRALARSR Erbld GG prs CUT T ent
Qf 4, which will resu Inasim- larly-multiplie ecrease 1N current
f|0mjngc5§§ogfﬂgﬁ§or in the current mirrors supplying current to
the AC current summing node, as described above, the in-
stantaneous value of the bias current supplied to the
. differential amplifier does not remain comstant, but rather
2 is modulated as a function of the input signal.

For example, vhen a positive-going signal excur-
sion is applied to input terminal 1, the collector current
'throﬁgh ihput transistor Q3 will increase, thus causing a
further increased current (due to the multiplication factor

%5 of the current mirror Q1-Q2) to flow into the AC cirrent
sugmipg noge of the Class "B" converter,;At the same fime
the positive-going input signal will cause a decrease in
‘the collector current of Q4, which will result in a simi-

_ laily;multiplied decrease in current flowing out of the -

3 AC;cﬁrfenﬁ.summiﬂg node and into the collector of tran-
sistor Q7. The increased current into the AC durrent summing
node, proportional to the input signai, will result in an
increase in base current in transis tor Q6, which will in
turn cause a pfo?ortidnal increase in the collector cuirent

¥ in transis tor Q6,'whilé-at the same time the collector

' current thrbugh.trahsisfor'qs will decrease toward zero;
Thus, the bias current supplied to the differential ampli-
fier current bias terminal will be substantially equal to




30 AC. -current summ ng node and into the collector of tran- sistor Q7. The é§£>

increased current into the AC current summ ng node, proportional to the ;
nput S|gnal will result in an increase ig base current in transis tor @6,

mﬁlch will inturn cause a proportional inCrease in the collector current

35 in transistor Q6, vhile at the same time the collector current through

transi stor (beMel bod@eictze dvvPd gt Z8f Otrihdds tidie ¢8 M%Bgﬂh.%pma' -I 0
the. dlfferentlal gpl|- fier: currentaglas term nal - be substanti al '

equdl to o +FBEaL o RS it 12 1?r&H§ﬁﬂﬁﬁ'Wﬂ?%cﬁepBgPPPFﬁlPﬁﬁﬁe
si gnal excur stenshancdurhient wrenided! From nmepw@mxu&&ofOzahe T e~

provi ded fro ct zon of tran- S|stor Jel t he qurr
supplied by t %ﬁ?,%tgﬁe é% @ gthe CULE PR, PR t9¥) %ﬁn?ﬁ 85}§Qnﬁs
generated $n aheuédnpéﬂﬂﬁ ﬂﬁthnmslefothQBcdmganrtgﬁnemmtedsignahp|t :
will be seen c&ﬁikctbla% R é&léésfé%:?“h?p&%' %dv'atl%q :Ltq‘l‘To | ncr t':&l w::.l:lr

anplifier circurt wll increase proportionately se ’insi
current, thusbﬂcﬁPévlﬁﬁﬁﬁzﬁﬁﬁ"ﬁ?t a8 - CESrenq‘Rﬂ?vﬁﬂmﬁltplyhﬂfdﬁﬂieren-

negat i ve- goi nﬁiamgaa.bnmtan dhecept! 9819 1aiietite p&ﬁéi’ﬁ%hﬁt:&f Q%uw:hk

decr ease Mhl|$ g col.l ector frrent In transistaqr.® | ncrease. he
i ncreased col RSg A fignal SHETeRE, SBuf achieving flrssi & myera-
refl ected ®hresgh.the current m-rrors @B-Q@@ and D4- Q7. to provide a

mul tiplied increased cur, p rtlonal tqQ.the ut 51 nal qut t he
'AC.current summing nodesgﬂa%égégﬁtf 8fn§§a% 33' g?FécPBP e of
t ransi st or CﬁthOAPOﬂHQQﬁnnaQurnanthtncbraaaﬁsmmr Qa)wiﬁbddenreabhewﬂile

summi ng n0de pe! B819@eR! Gurifed £ afa Bhah8lsThatidd ‘%‘;ﬂ reasel.e

current flowt roug the collector zone o tranS|s ncreases ‘t he
current throdﬁhetiaﬁ§F§F&@(&P%&#¢t@%c¢é§§én¢owawinﬁﬂﬁis#mrlGﬁtwélduﬂNEnt

through tr#nsksieipiBed ldnd GFEF1WCLEQ ERPLEEIC the current mirrors Q8-Q9 -
and D4-Q7 to provide a multiplied increased current pro-
portional to the input signal out of the AC current .
~ summing node at the emitter of Q5 and into the collector
K zone of transistor Q7. At the same time,  the current pro-
W vided into the AC summing node by the collector of tran-
sistor Q1 will decrease. As the current flow through .the
collector zone of transistor Q7 increases, the current
through transistor Q6 will decrease toward zero, while the
current through transistor.Q5 will continue to increase.

25 Again, as in the case of a positive-going ihput signal, for
arnegative7lgrge-signal excursion’ the increase in bias .
current. supplied by the more heavily conducting transistor
of the converter will cause .a net increase in bias current to be
supplied to the differential amplifier due to the current

3% multiplication factor provided by the current mirrors.

It is this net increase in bias current, for
both positive-going and negative-going inputs, which en-
ables the circuit to operate in aiClass npn» mﬁde. With
matched betas in transistors Q5 and Q6, and matched geo-

3 petries in the current mirrors as described above, a

symmetrical current bias signal, with an instantaneous

value: proportional to the absolute value of the input

'signal, will be provided to the differential amplifier



| arge-signal excursion the increase in bias current supplied by the nore
.heavily conducting transistor of the converter will cause .a net increas
in bias ecurrent to be supplied to th¥differential anplifier due to the
-~current 30 nultiplication factor provided by the current mrrors. It is

t
‘this net incr in. bias current,. for. both sitive-going an
negat i \/‘é‘-‘ﬁﬁ?ﬂgaﬁﬁﬂﬁt ?,er\ﬁ'inc#' &Y - the eél?ﬁﬁ 38?05??"?5% e% e%%e'd ass
"B" nodeighitlhinpudised Incttdsls manmens) sChass (BBAndpQFatdoch rimt ched geo- 35
metries, 4. curren 1JJ GF L hed. , :S) fIJsC current :
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In this manner, Clygsz " 3: operation is achjeved by .a ( aiss "B" converter
circuit which pro & Fhf dRvanttop Rag  peen: rertdsulantgnshow®y  he i nput
si gnal éndodéserdibeicwdrth atefgdnde cto Carprafebrad t-emioddmenthi | e t he
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CLAIS: 1. Aclass B type anplifier circuit which conprises:- -
differential “anplifier input circuit neans having an input term nal

25 Again, as in the case of a positive-going input signal, for a negative/
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for receiving an input-signal wth respect to.a conmon termnat, & curren .
bias term.nal, ‘and first and second differenti al ﬂm naI s, - e
output,_ anplifier circuit means having first and s "”mﬁm "',E",i'nal S
operatively coupled -0 said first and secddd differenfiat output =term nals

respectively and achmput term nal for providi ng an anplified output
, said output anplifier

sighal with respeci %n onmon r6n nal .

circuit means conpftsin§ ‘Hsr t"yz?ﬁda'ggé BFE‘Eﬂ’-&rWWpE@H"F&?PSl stors each
havi ng base, enidiffereantal alpEbifies Mesﬂa:ladubaieaﬂs Glaving dal idpuePRaRihSL
conductivity type e.zane sgi g out transi stors constituting
said first andyogeg%?\édn %aﬁi f'épr o §,_ nal Y ;{)etc% to, 81 EoTBPR TR 'Fslr’st
transi stor bei®hgursent ém@emﬁo ai'tdvéiltsa;gent‘suppbt}d déffereatialt betpati tt er

zone of sai d sgamaist,ansi stor being connected to the conmon termnal, and

the collecor zones of said out put, transistors being connected toget her to
form sai d anpli PPEPUH ieg qirRuic F‘S'Fnﬁmhﬁ%‘!ﬁ firstn apdecend dupek put
signal, and 20temindlisaspextatiedly eumlexl €3 s@id ik Pt amdPFEhd HilFEdSedtih] eNt

to sai d curre al |as urre ri a dc cqnponent
and a nodul at :UaanL@scetcS{JHLQ esé%@hve orla EP“Y %n?ﬂ'e“&b W BTAViAIPBe of
excur si ons of %mhﬁmed Fugpat siigesh msh reBpertche daddectommos cedmipals current
supply ci réw ts @GSk NehplL £ emuiemﬁsfwmfpbgs n§5ﬁ1g5*2' e 3ped cdda?nsi stors

each havid bas emtter and goll ector zones an e sane
conductivity &*Bglaraﬁﬁtﬂ"'r Sranadstorn each bawing bﬂ?bdé“b'éﬁﬁ'e%‘%"e@ﬂ%‘isrst ors,
the base zone mhesaind béingt of wutheXlybopsite tdoaaﬁéﬁirﬁfy &4, eréneked to

ne t ot t f I of i d
38 comontrt bt 9 aBid subha® sl Shheel Sodih LR WAL REn S e
bi pol ar t ransiispuet Legmina}sgothecenitterczanei dof mdefnrsblaansesmnb\émgt he
emtter zqQpe Qfonﬁgétqdftggtvgw an cqenected to

a%geguplal€Qeq'PalﬁJI Bhe e 1Y) Db Q8!

t he base ﬂ)ne of, ;.sai d second, further ar transistors e emtter zone -

of said secondaifiri4sepd firapsigcor rbfd%‘ss‘i‘lﬂ“eﬁ'éﬁ%@ﬁe CMeEQ@én%b sai d
common ternm nand tHee cblYedtor Ndnes Wi Pait @dEptoRPA(Ei8ELs B@ﬁdgskeﬁ&ecb@a ng

connected in %:%gé&tserwkg t}olrllnksea:l.gol arl'x%i’erb%;[x uet tem:.]ﬁ%l for providing an
amplified output signal, and
20 - a bias current supply circuit for_supplying bias.current to said
current bias terminal, said bias current comprising a dc component
" and a modulation component which is proportional to the absolute
{-;value of excursions of the input signal from its quiescent level,
said bias current supply circuit comprising first and second further
2% bipolar transistors each having base, emitter and collector zones
and each being of the same conductivity type, and first, second
and third diode-comnected transistors, the base zone of said _
first further bipolar transistor being connected to an input terminal-.
‘ for a dc bias current for determining the value of said dc component,
30 the collector zones of said first and second further bipolar
transistors being connected to said current bias terminal, the
emitter zone of said first further bipolar transistor being connected
to the base zone of said second further bipolar tramsistor, the
emitter zone of said second further bipolar transistor being
g5  connected to said_common terminal, the first and second diode-connected-
transistors being connected in series with like polarity between

_..:.._.....,__.__...s -‘ .
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the base zone of said first further bipolar transistor and said _conmon
~termnal, and the third di ode-connected transi stor bei ng connected between

the emtter zone of said first further bipolar t m m conmon
terminal ,. coupl i ngs being provi ded from sa“ﬂ ” ”mmmuumd
"differential output termnals to the common p0| nt of tnitter zone of
said firgt t lePQ) s ASE theN dofs £pi d second
further :DI po+Je Q?r‘:‘sllr?l’sf gs)iia %i&nggﬁtteh(r&gt 1sal 312 %u atr&on ?:orrponent 2. An
arrpT it evompén deirminad,cand thel third) ‘H-P#‘F'.L““%ﬁ@?eé‘l Krangdstqr beingp | ngs from

sai d i rhn@idaSeeaREn ditfel @ﬁ%kaiorﬂubp%idtﬁr%al ﬂ;&ﬁmpam:nt i ncl ude
first and second current mrrors reg oy |f|er circuit as

pect| a
cl ai med Graneisox, and fhe OPROR Hhe er'bé/ﬁ ?5?"&? ?é&‘gﬁi §%di fferenti al
out gut tﬁ-oﬁasddcemmamlsatonmahaﬁmnmambaubu:u:emm:shs reoothdet ween sai d
second 15 curre [ or d opIEmN n ) Lifier circuit
as clai fegof tg‘kﬁ?/\hegrzg\&n ?ﬁﬂedcgrrent f&%: iftﬁiggﬁkgg%ctor of said
first cmrraenisww@r the rkase oneuef @aid mecond| furshenpirelaror of the

conbi natd,QReeosaEsk §emmeg¢awlmum1roan&odpoaéﬁs are each greater than
one 20 but no nore than t npl.ifier circuit ,as_clained in

Caim4, whetei ﬁ“s%&lf’r?’sf’“é‘ﬁ’&tsﬁ%ﬁﬁﬂlﬂeﬂpb? aim; raFRessid Bnected to
saidgfi rﬁhpﬁﬁfksseﬁﬁ”ldawrﬂieﬂﬁ aaiurui:roadrﬁsaieeéuc\iel youtfutsA tol eesisi B t ype

anplifier circuit consiiuGhe p fljstantially as
het ei nbeFPBPE FE&RE i s &e % Qc %grence ?%%gﬁ%ﬁagléﬁoog %ﬁ)tegﬁ gcorrpanyl ng
drawi ng. The3{ eAn mlltﬁtae!spwaltc@ﬁ icdaineds indainchr whersd® by phot ocopyi ng

‘the applineapsp12hi ¥rdf! s diMPESEInAL di dre BN iG2 S uitiplt 2 S¥LAFBAAGENT S Whi ch are
difficult to read. .the original typescript cont aLnl ngomrese anendanent s nmay
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15 current mirror and said common point.

4. An amplifier circuit as claimed in Claim 3, wherein the
current multiplication factor of said first current mirror, and
the current multiplication factor of the combination of said
second and third current mirrors, are each greater than one

20 but no more than two.

5. An amﬁlifier circuit as claimed in Claim 4, wherein
said first and second input terminals are connected to said
first and second current mirrors respectively. .

6. A class B type amplifier circﬁic constructed and arranged

25 to operate substantially as hereinbefore described with reference

. to and as shown in the accompanying drawing.
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