Afrpl [ f‘i-\er‘ Qut ]5ut Stage This invention relates to an anplifier output stage
and. is particularly although not exclusively applicable to an 5 out put

st'age for driving a | oudspeaker. A typical prior art anplifier o t
conpki ses series connected NPN and PNP transistors arranged to b@@&ﬁ‘f@

push pull configuration with the omboile 0V fefalstagaode between the two
transistors. 10 . I n one haH—eypete—et—thRe—+rput—stgnal current is
sourced_to a | oad connected to the output, through the NPN transistor

whi | st._i m<the other fiedd Dyedrit ioi r¥llaties sunknf a@plifbet cattgut tdtageNdnd

transistor. This_t of out.put age, has, several ,problens., It .is. .15
ditticult to ot B Ay Brixbdden BRe "PEFLrate o AR b 1E 022
requi res a el |ouefitnestdgeviicedgerivfinghei LowBspeakers. Al so the use of a
PNP power transistor ﬁgyé' 1 a : ' ng&gé (e TNF=
Generally the ci rcpi? %as aélfegové%rsragﬁt gg‘gggﬁ.t't??t ?/8{%189 e cf%dﬂ;:rfgteﬁer
known anpl i fi erseRriepgerieqtad iGN aadr BPF atsam i SEoxd yoateefaia Wt on

PNP- NPN out put &f2¢én Wi Gusay @uld charagadat 06n awle gthdNuypameprovided at
transistor. This tage of arg)l ifier still ers fromthe above biasing

suf
probl em and al s® P2 PR iHR? SWSbFéﬁ{‘S%E%HFﬁg to oscillate due to the
25 inclusil®n of thelhicome gef dardliengifothet dgput Thignahveunrent sieeleourged
provide an amplifigr; QUi RntA itd WﬂbcBuEBﬁt9b9ﬂfbﬁgﬁﬂﬂﬁﬁnhﬁﬁw%ransistor

mtigated. According to the invention there Ts provided a push-pull output
stage conpri si nghhbSt nputthegfiben hadf SUEHEt CuEFpRhals 30k Framh e tred

to Q;Joad; a CUpby efthe SENY Gl \ithsiR&drQn coupled to the input termnal for
sourcing current to '

he output termnal; . a current sinkjn tion for,
STnking current  frontiEe BUEDHIRT (R It 245 BRROACESERL SR il I 26
t he i nput & m abfffioultdrioichg dilne ac desénedsbbas ngustage fond theasi ng 35
both the curre | bkl ARG a t 30€1 P AScdRA 0
bi asi ng the coR%%%+%§%%gg?ggé. F%ﬁ%rgbbgg?%g %S?%g%t soJ?%?ng st%?g% ot
i ncl udes a PNP H%?+¥r¥ﬁ%n¥%ﬁ%&ﬁa Also the use of a PNP power transistors

requires more space on the semiconductor die. Generally the

circuit has a low current capability.

20 In another known amplifier the PNP transistor is
replaced by a compound darlington PNP-NPN output stage which
avoids the need for a large PNP power transistor. This type
of amplifier still suffers from the above biasing problem and
also has a stability problem, tending to oscillate due to the

25 inclusion of the high gain darlington stage.

W, This invention seeks to provide an amplifier output
| stage in which the above problems are mitigated.
' According to the invention there is provided a push-pull
output stage comprising an input terminal; an output terminal

30 for connection to a load; a current sourcing section coupled
to the input terminal for sourcing current to the output
terminal; a current sinking section for sinking current from
the output terminal; a common base stage coupled to the input
terminal for driving the current sinking stage and biasing

35 both the current sinking and sourcing stages and voltage bias

' means for biasing the common base stage.
Preferably the current sourcing stage includes a PNP
darlington stage.



-2- The conmon base stage is advantageously driven by a low. output '

| npedance driver stage, typically an emtter follows ' 5 stage. The current
sinking section preferably includes a current gain section. The current
gain section may be a current mrror or a beta gain coupled transistor. A
M Il er capacitance is preferably coupl éd 2h&t ween the 10 I nput and out put
termnals. An exenplary enbodi mrent of an output stage in accordance with
the invention w ow be described w ference to the,acconpanyin

i i ngs | n_ahi GRESRPUIPEn (RN BEATR S AR eOr AR EAEFR 1 PE o AT he 15
i nvention; entpitgimped@acendir Xestahags,t ¢ypdcaldyeaboeinkenes 61 bawe gt
gai n seq§|o QBE the anplifier of Figure 1. Referring to Figure 1 an input
term nal” 10 1s”coupled to the base of a | ow i npedance driver stage forned
by emitter 20 foﬂhéméﬂr§?ﬁbeslﬂkl%ﬂnﬁﬁQQﬁQﬁ;Rﬁ?fﬁpﬂbéwaﬁ§F§P€?shQV|ng a .

col | ector C@ﬁﬂ@éhﬁdgéﬂnaséél@ﬂéﬂ | imee bhrrang @ﬁlﬁ%éb&ﬁ.oﬁoﬂ&{rﬂﬂevaa a
current source 13 to round r.ef erence ternmn he emtter of the NPN

transi st or fTngnEoﬂbFE t o~ arﬁ&£%&$§ﬁﬁw%°ﬁ&%8§ §f§8§l§5 Eonpri sing PNP
transi stors 21 addM22le¥heapatitamce ofs tphre flevabRMP coupleidsbetwedl timel 22

are COQR&EdEBBPEhSnéugﬁégpé'€5¥ﬂfﬁ afdat of the transistor 21 being coupled
y

to the supp I ne a resistor 23 which deternines the current
t hrough the trandfsesemplagydenpedinent3ef A PAPUST stRget LAN3FSPERaNge The

col | ector otuthethéamﬁvéﬁ@io@lwim PR declrhtedr QUBH FeEerence t&rm nal
14. Input to the darlln 15% ikﬁ 98 20 js cqupled to the base of the
1

transi st or QEeMHFFQFp?ﬁ 1nog Atk ¥ the collector of the b
transi stor 22, wﬁughreslcshphedome ehbotbinidre: F thasempllifienr oEntheour cing

NPN tr@ﬂ§|338@eﬁglon, and

Figures 2a and 2b show alternative embodiments of

current gain section for the amplifier of Figure 1.

Referring to Figure 1 an input terminal 10 is coupled to

the base of a low impedance driver stage formed by emitter

20 follower stage 11, comprising an NPN transistor having a
collector connected to a supply line 12, and an emitter
coupled via a current source 13 to a groun& reference
terminal 14. . _

The emitter of the NPN transistor 11 is coupled to a PNP

25 darlington stage 20 comprising PNP transistors 21 and 22.
The emitters of the two PNP transistors 21 and 22 are coupled <
to the supply line 12, that of the transistor 21 being
coupled to the supply line 12 via a resistor 23 which
determines the current through the transistor 21 and also to
30 the base of the transistor 22. The collector of the
transistor 21 is coupled to the ground reference terminél 14.

Input to the darlington stage 20 is coupléd to the base
of the transistor 21 whilst the output is taken from the
collector of the transistor 22, which is coupled to drive the

35 base of a current sourcing NPN transistor 30.

The collector of the current sourcing transistor 30 is
coupled to the supply line 12 whilst its emitter is coupled
to an'output terminal 80 to which in operation a load, such
as a loudspeaker is connected.



The coll ector’ of the current sourcing transistor 30 is coupled to the
supply line 12 whilst its emtter is coupled to an output terminal 80 to
which in operation a |oad, such as a | oudspeaker is connected. -3- The
transistors 21, 22 and 30 together with the resistor 23 forma current
sourcing section for sourcing current to 5_tRe_output term nal 80. The
emtter of the emtter follower transistor 11 is also .coupled to the
emtter_of a common base, (cascode), connected PNP tran3|stor 50 whose base
is cougkgd to a bi asmeltmissnﬂnsezmg 2‘Ehanuanagegeﬂuéﬁe~ﬂ£h Y rdesdstor
t hree trans t [ r 44 A
source 45. The %%1 c‘?‘# réﬁlﬁ% %gg‘ggs Q&:glgﬁ gégosuo e%ﬂrfgo eré: eg‘upgloy :
line 12. Thé Pl\Pler%@%Q drexpiingds 80t.s Bhseembtiperdof d:h¢leemmtleéctf@rllowev:he

PNP transistor ¢d3.280s¢& the & Qung rc%hgneaceot Eha é}@itéé‘r Va2 o ot
seurce 45. Its coIIector 15 is coupled'to the ground reference term nal 14

and its enitterP?¥colfATPdR)  FOBESESnBNPhETRBP 1R OGMRARE Byse 1s

transi stor 42. Eb@pmtﬁ@ra indé"lercﬂhslagbr aaataéono42 is coupled to the base
of the PNP transisto dtothe sup| sistaor 44

e
ohi chfi xes the.carr DAT SoLEa48 A haCpRe PR SR s Fhiet W, ot arstechte
current sodilce 4%, s%pﬁn@ﬁbummtretsgsn:he PRIPand apeé scwrrefs, smcxwt‘lyﬁut of

the vol tage source 4gis R e

is coupled to the base o?ta E cascode transi stor . rovides a voltage
which is three PaRRI®M i@l undheoRNpstroppiages 41 s h’éi%thﬁﬂey qoupded)
The col | ector ofottge CosSrOste S aﬁsrt&teowéotrangﬂslﬂdzﬁdm Carfd 14 ey g&@uﬁd

section includin one reS|sto.r q_Z nd .t wo NPN cu*:rent r{é; é%nne%ﬁ c
transi stors 60 AR BT ChHavi Ay 8 gdi'n VracPoFERTRF TRUETRe $ti epLor
emtter aréds pis:scmreledao:om mqumdrse@éreheel\mm;mlm @rgl Gk sand 61
are coupl ed togghhefents td 1@ PeuRtler BLEECRRE LRE B ediby ik ®he PNP

transistor 42, The emitter of the PNP transistor 42 is
coupled to the base of the PNP transistor 43 and to the

supply line 12 via the resistor 44 which fixes the current

20 through the PNP transistors 41 and 42. The current source 45
supplies current to the PNP transistor 43. The output of the
voltage source 40 is taken at the base of the PNP transistor
41 which is coupled to the base of the cascode transistor 50.
It provides a voltage which is three base-emitter junction

25 voltages from the supply line 12. |

N\ The collector of the cascode transistor 50 is coupled to
‘a current gain section including one resistor 62 and two NPN
current mirror connected transistors 60 and 61, having a gain
factor equal to the ratio of their emitter areas plus one.

30 The emitters of the NPN transistors 60 and 61 are coupled
together and to the ground reference terminal.14 via a
resistor 62 which fixes the current through the transistors
50, 60 and 61. The bases of transistors 60 and 61 are |
connected together and to the'collectdrs of the cascode PNP

35 transistor 50 and the NPN transistor 61. The collector of
npn transistor 60 is coupled to the supply line 12. If a -
high gain is required, the PNP transistor 61 is
advantageously replaced by a resistor 63 coupled as shown in
Figures 2a or 2b to form a NPN beta gain with resistor.



resistor 62 which fixes the current through the transistors 50, &0 arfd 61.
The bases of transistors 60 and 61 are connected together and to the .
collectors of the cascode PNP 35 tramsiédstor 50 and the NPN transistor, 61.
The coll ector of npn transistor 60 is coupled to the supply line 12. If-a
high gain is required, the PNP transistor 61 is advantageously replaced by
a resi stor 63 colpeegascodieoRtP SrENgdsESr2506r byb vilatuer mfathBN bet a gain

Wi th resishRbctions?of 1esCagitderPiB thanphakObSeneP Py Hfa‘ﬂiﬁétbﬁe
connections of its emtter to base darllggép A s

. .Lhe base of the PNP n o
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dr { vet at sor &gntsugguliieﬂ_g bye EhieOFold owange cuedent Yalh Section,l ke the
out put

erm nal ri t he appropriate . half cycl,e of the.i nput signal.
The" our r EHEEER ity The BB, LEARBAFLEE 20uA SusqtermiBed and 48 Bro 73 74
and two fasacttions of5 thved ctrrefite sdires Ubers- of the transistors 60 and 61
of the current gai 1A ar pl t he :ba RN,t I ansi st or
72 and to that o?b%hgﬁﬁ%h Faﬁgi%@%rc§%1%g§ Q%ﬁggﬁgF%% %%%?gf%ghg%igpers of
t he NPN andnéilsedes cpupded tp drdveoapcugrest: sdngkisgnsecsioncide t er ni nam

14. The gghhgetel ¢b %ﬁ%kNENr%@nEr%Q%hﬁtﬁb it t?QHEH@%&l”sbt&ukﬂhB'to t he
coll ector, of the PNP tran5|stor852 of . the PNP aq,ln ton stage via the_NPN

t ransi st BRe73PPERRE RS ball Gvgde ofhithe iRP of the -

The current sinking section comprises four NPN
transistors 71, 72, 73 74 and two resistors 75 and 76. The
20 emitters of the transistors 60 and 61 of the current gain
section are coupled to the base of the NPN transistor 72 and
to that of the NPN transistor 71 via a resistor 75. The
enitters of the NPN transistors 71 and 72 are coﬁpled to the
ground reference terminal 14. The collector of the NEN
25 transistor 71 is coupled in its turn to the collector of the
PNP transistor 22 of the PNP darlington stage via the NPN
transistor 74 connected as a diode, while the collector of the
NPN transistor 72 is coupled to output terminal 80. _
Thus the vital loop is created to ensure the good bias
30 of the circuit. The current from the collector of the PNP
transistor 22 fixes the current in the collector of the NPN
transistor 71. And the éoupling between the bases of the
transistors 71 and 72 fixes the current in the collector of
the transistor 72 which in turn fixes the current in the
35 transistor 30. The amplitude of the collector quiescent
current of the transistor 72 depends on the ratio of the
emitter areas of the transistors 71 and 72.
The NPN transistor'73, mounted as a diode between the
collectors of the transistors 71 and 72, is used to prevent



NPN transistor 72 is coupled to output termnal 80. Thus the vital loop is
created to ensure the good bias 30 of the circuit. The current fromthe
col l ector of the PNP transistor 22 fixes the current in the collector of
the PN transistor 71. And the coupl i ng bePween the bases of the
transistors 71 and 72 fixes the current in the coIIector of the transistor

72 which in turn éLxes %hghcuirent g 35 transl go The a i tude
of the col | TRTHF2HHPBsE EuFFBRELS °Fh 1t?§n§|§%6 ?25 EbéﬂﬁscBﬁ eRE-
ratio 0#1&hktea1high snnhsngfcuheentanthetnesz§ﬁcnnm5721mihs &Rl transi stor -

73, '““”%ExEéfléc?deéug§EH@eaft ﬁece£§ﬁ§%8£§r°%1t9 dt£§¥8h§t £ha %é}€29e72
is used To pre tura ranS|s
si nki ng curd®ernthe sonFputstaxnigatupfehe, r@ﬂéhrﬁbﬁsY@lu$5°flﬁhﬁs the 5

col I ector qyat@fetﬂéntbelta§a8b§tene7éraﬂ§1atbﬁw@zthewuelaaeaea&ohheceaaput
termnal 80 to reach the v

aturation the transistor
72. The d|dﬁ%a%%ﬁﬁEEFea4tFBﬁsEQ?oFe§ﬁs§ﬂH ?ﬁeCPBgiggogggBQEBuﬁpﬁd bet ween
the col | ecteorlettdhrs dbFfathestpansisdters 72 ana lmsgdgéOusauotﬁ sheoth the
Cross- oygr (o] capaci tance 81 coupl ed between the input
term n?f‘l gg%g %ﬁt%ég%ﬁ 80 is used to conpensate the anplifier
frequency phase sh|Atnllhenpganacohaaqeoab|couplag bepweeni ghel inputh as

10°0f the rerepnat 1B Fh BUEUR berfinal afPhy GReRth PonpHbaty FhR”

current is @%El ﬁ%@rtﬁEeEE§§°3fPFH§eeﬁ¥%fEr fol | oner stage transistor 11,
the emtter f0||OWBInpbpétdﬁioﬁnaﬁnbéé@llaﬁlﬂyniﬁbﬁt°§iéﬁhl9Uéﬁ@ﬁtaﬂhtﬁé

O ol e SARE e Lo eLo, TRekako LheaCurienl Aaln Siage o0
t he out put terminal 380.of the amplifier.

During the half cycle of the input signal in which
current is fed into the base of the emitter follower stage
transistor 11, the emitter follower provides an emitter

20 dynamic output current which flows through the cascode
transistor 50 into the current gain stage 60. This stage in
turn drives the current section 70 which sinks current from
the 6utput terminal 80.

In the opposite half cycle current flows out from the

25 base of the emitter follower transistor 11, which absorbs

. current from the PNP darlington stage 20 causing current to be

R drawn through the transistors 21 and 22 to the base of the

- transistor 30. The transistor 30 in turn sources current to
the output terminal 80.

30 The relationships between the currents AI,;
and AI, respectively sourced to and sunk from the output
terminal 80, and the current AI of the emitter follower
stage 11 are as follows:



In the opposite half cycle current flows out fromthe 25 base of “the -
emtter follower transistor 11, which absorbs current fromthe PNP
darlington stage.20 causing current te @e-drawn through the transistors 21 -
and 22 to the base of the transistor 30. The transistor 30 in turn sources
current to the output termnal 80. 30 - The rel ati onshi ps between *
the currents (ervhemadsyeand e s ttheelrnespratticte tgaimsl sunk fromthe

out put t&entRal pRs, aﬁ&dnﬁﬁetfgﬁé?%ofé’réi Qﬁetéaﬁéﬁhit gha! f 4@0ehReSt a0 L1

are as f&¥loms (err)and (err) age,lhe
respé%tlg%FﬁaﬁﬂgtBF PﬁetbﬂPcﬂﬁHeﬁﬁmgﬁi%n§?§Fb?E of the circuit and hlﬁﬁpihe
5 gain factor otepéﬁdﬁugreﬁttnelﬂam@td:ﬁnthébpnpdqaﬂnoap;hehual ue of the

raner erdt et rohOE AT 8p  Bf  Fhobeh Mo Menf PR clabfa 88 o8, EHHE trhseron
has a nuffectibonichavsahenistiover the prior art circuits described
previously. At h?ﬂgh?ﬁﬁfﬁfiéfubireﬁ@t o Gﬁecﬁﬁ{rﬁﬂiéﬁﬁpﬂgg bt Ymmbter' £

|nherentlg nore stab an th rior art circuits to its elng riven
by P erd Y%Ft¥6ﬁﬁoﬁﬁ¢rs?§3ep%9€ha’fﬁ GiBRN1ES| SRSFRDERINBECYAPYSLY 15

Bi asi ng !?itl&cb@gﬁl tRdi tibyuiByhas ahmgnsa@ﬁlfeﬁtaeapaanftyl siextigenel y
Pl ohiEaRky 0ee  BLRRLH b B PSRBT R SR BherkaTRS o
i nvent i doeifgrdeiven| byaan emmttereﬁollouernpbdgecwhiﬁhdprmvndesagelmwy
repl ace iﬂsegghaée&rigglomer 11. 25 30 35 N
15 : Biasing of the circuit by way of the cascode stage 50 )
is extremely simple and stable. '
The invention has been described by way of example and
modifications may be made without departing from the scope of
the invention. Fo: example any convenient low impedance
20 driver stage may replace the emitter follower 11l.

25

30

35



-7- Clainms 571. A push-pul |l output stage conprising an input termnal; an
output terminal for connection to a load; a currenrfiiﬁﬁéjlglgggniinr~
coupl ed+to the input termnal for sourcing current € output term nal;
a current sinking section for 10 sinking current fr “W“I\ m nal ;
a conmmon base stage coupled to the input term nal ﬂm m\m‘ rent
si nki ng stage and bi asing both the current srnklng a soureifg Stages and
vol t age_bi as means for biasing the conmmon Pake stage. 15 2. The out put
stage;ofaclaim 1 wherein the current sourcing section includes a PNP
darlrnﬁron stage. 3. The output stage of,;gligism 1 wherein the common base
20 stage is driven by a | ow out put |npedaﬁee—§r|ver stage. 4. The out put
stage of cl@ m 3 wherein the | ow output inpedance driver stage is an

emtter followey., .320p d%h—pdiheoﬁﬁbﬁﬁtSES?Qec&ﬁpf&é&dﬁ{hdMﬁﬁﬂ%%ntbQﬁlﬁHirent

stnking stage incl udes a curren& garn sec e out put stage of

clai m 5 wher ei i#%t PR &FETIRA @Et?‘aﬂn%%'h’pﬁrf 4 3 10307 eAt SHEFEBE. 30 7.
The out put st agoudcitigaisrick ivheretiplédiet s uttie ninme rteﬁtrra@elc@wr sseScan@eta
gai n coupl ed transisto ge of claiml including.

MIller 35 capacﬁian%e coupFeauggF é&%%ﬁééfh anurr'%%ufﬁﬁk % r%?%g g7 Eﬁr
The anplifier cam;mgsmgeregubgramtthelqumuméremm}r@éscrar icotmant hasef stage e

to and as showpdypOWE theOk nplifUE €8min @D e Yr QIR AY Rrrent sinking

stage and biasing both the current sinking and sourcing

\_ stages and voltage bias means for biasing the common base
stage.
15
2, The output stage of claim 1 wherein the current sourcing

section includes a PNP darlington stage.

3. The output stage of claim 1 wherein the common base
20 stage is driven by a low output impedance driver stage.

4. The output stage of claim 3 wherein the low output

impedance driver stage is an emitter follower.

25 5. The output stage of claim 1 wherein the current sinking
N stage includes a current gain section.
6. - The output stage of claim 5 wherein the current gain

section comprises a current mirror.

30 |
7. The output stage of claim 5 wherein the current gain
stage comprises a beta gain coupled transistor.

8. The output stage of claim 1 including a Miller
35 capacitance coupled between the input and output terminals.

9. The amplifier output stage substantially as herein
described with reference to and as shown in Figure 1 or
Figures 1 and 2 of the drawing.




