PATENT SPECI FI CATI ON (11) 1485 682 (21) Application No. 2680/ 75 (22)
Filed 22 Jan. 1975 (31) Convention Application No. 435450

(19) (32) Filed 22 Jan. 1974 in (33) United States of Anerica (US) (44)
Conpl ete Specification published 14 Sept. 1977 (51) INT [err] HO3F 3/30
1/34 3/45 (52) Index at acceptance H3T [Al 2J 2T2X 2T3J 2T3X 3A 3J 3N 3VX
4A2 AA3 4C 4D 4E1N 4E2N 4P 4R 4X 5B 5E 5S (54) AUDI O AWPLI FI ER ( Ve,

- GENERAL ELECTRI C COM sources in nost frequency usage are af cd@ddse - 50
PANY, a corporation organi sed and existing the detectors of AMFM

'Lﬁ'ﬁje\éersfa?ymt&’i‘, c%hﬁﬁw\,&ﬁw st at E(Fﬁz eﬁm:ﬁsiart ri dges.

~anpld i(@r)sA%eatﬁhw%do»ﬁ (Eizaaﬂtedﬁiﬁha{tqﬁs dy 12305, State of. NewYorKk,

\_aval EfioR REpRLABY N3t 43Ut a watt Ul ted State ,/«f“\: |rica, do

her & (gﬁ RE S Jp,ea 740th put, they normal |y ‘use ‘push- r,»a” ; Be i nvention

for lml(g mtegr ‘%m&m@ out put st ages and /“/ o \ eedback

for ﬁy@ e& tfg assort Y. bst t hat
1/54 S3/40 %r or rred to be P4 By, seemto

havq..r exaat ta&x éatn opti. - 10 | arly .descri bed \\\ fol |l ow ng

stat e g DERCINST P WRSAS YEPulh e NGRS /.

outlined. 4E1N 4E2N 4P 4R 4X 5B SE 5§ € presew ntion relates

to audio Accordl ngly, it is an object of the present anplifiers wherein
i mproved neans. h:ﬁt/ been . (SMéHﬂI@mMBU;ﬁIE&l,deean irrproved audi o am

E L?t/:ag? & ?xef:diﬁmbﬁt)@ we(gs&u ge&e demkféﬁ(ﬁ%%ﬁﬁﬁﬁéésﬁ; ngéétl §P t he
pr esentundav&n-lavfsatjruhcatateooi Néw Yokh eantpﬂgeil ers wher ein increas- tionto

" provi_deV 5 “e 18¥UY he “chi p" and
decr &as iy tegiglﬁ E& ?ﬁ, qﬁ‘{ %‘(@ﬂ%x@sy_ of f the
chipis Wﬁxﬁﬁr wmag “sta s,eaneLHegeeatt&e fadtiBia
m ni rrunlpaynb@amted to us, and the method by assdrted pupaﬂthenhaohximnoﬁow he present
i nve L I ll%tggﬂ"b Py Joobes Patiny 5‘@@: 7(512‘ o ress PPt o prow de an
i mpr Jalldi o anp er 'SOnee £ e 6'It° R treRent s \ipt h
adapt ed froe pr&éﬂgrneetnﬁﬁ @éldt@ Utot adidddor | Q’&tdrdlmy, it is 46 obje oﬁdiéq:metsenof I nt egr at ed
ci rcui t%npgwm igfproved rhaans| lywabﬁ r idw@ﬂmobj wotideoh ipprovedrasdie-i nven-

di scf LA AP aep . i3 ;@nﬁ?r st Phe b B a0 audio

- anpl l f | 8bri
i nt egr aing clomyilaxity | b tlﬁa‘dnp”caﬂlcbﬁeaeiugj alm pmadid fasrhelﬂevlugd
consi defd leﬁ?!spffo!bﬁahln is faypured) together %’ | nt rat i on shoul d

R 0D bt i Bﬁ‘@ TR pr esent i n-
singYsolid) B leleimbsdd) , Wil ifiteated aeﬁtt fae pr oyg de_an

audi o aﬂnpladvfenteof adgped cirgmndmttae afe Imraefuehpeblmtvétbamdzsmeqmnﬂ ng for
i nt egr a rfhfsa'ﬁ’l'q feskpeand Henfopepvide an @W@i‘? POhfoEh are al so
expe@§| “g‘%g MESRY. . Feedback
| oops, should @s ﬁé’aﬁﬁtﬁﬂimpleﬂhﬁﬁnt 1%}) ah&dcﬁdibnﬂl.bdk@ oft B3 |pkesens ild| @5 shoul d
remain GrPO!SﬂPb Bhpqmpmwmwtmarieé cofii e vmmmmmmuéd idling cur-
80 bot Wﬂm E‘?‘Fﬁ %@b‘ g %{;&rﬂ ﬁ‘B‘H dBpvime ¢ omon

t er Mg ahould Bé! mhirhigdd] Feed posPac Xﬂ?a@m BeyE= conmon
t er m nasiblé, (shoumrmmlbmgae&hpesmmimef efdrr gdmisiamh dnmﬂeq:)adhng)mur-capabl lity,
any a 'é"’%ﬁe IfoBRo _ a8 FOmprHng A pomsen temuinal sad gt i on i n

f‘*

aver age®y pn term nal,

the asmﬁa O e e Ao o o e o e rientith b comaliyl STan it st age
conpr i stha phﬁ’en tosltroc&& greayn sk outpt @ chkshipuli nqutpsit g cmpgismgnaéigatsed and
second ‘&?‘P‘P‘%t and eeqpd QUIRYE fransistor %é@d wfind their
vy 1 “fa:tt:"%;@%ﬁew Sl B o %uttt oper at &d
devi msws@mbnraﬂu@bs@aanymx&wrba@ey g egion Aufeas BIORXIdC ST Erd setoaam nal s, the

40 di shfppat lon.-will substanti aI |'y &wrusistors beingt approximaely \egual efgr 00 ar eas of
said fir ) S )ectwes hay- exhibiting approxxmately équal current COB- ;[ Jngi st ors

bei ng fﬂﬂ;o & rffﬁ[d h:% Emmmaam £§1ﬁ'gver f°’9’i“nng obj ecti ves

hav- 45 enhhnhtat pﬁ@nﬂa;n fguirbd W Eighla 1st6ruproﬁ g QOBignal 16 Gaving Hoch ect
appl i cabiity irsspeative rthlt pfrthel cPllt!m mmr Stf¢rc@,PlYalsd!h’Pvéﬁ stage for
1
Fa\gTas-Yarsy

d ist lifi
o o G T R AT

ﬁaté@ﬁk}éi ?B@W-S of hi gh
sistor providing a 5|gnal for dr|V|ng both stability irrespective of t he

nature of the load output transistors, nmeans for applying the 95°
presented by the | oudspeaker, IOM/distortion, signal fromthe third
transistor to the input | ow hum and adequate sensitive to be driven of
sald second tran5|stor for cau5|ng conduc- by custonary sources of audle

-,




ing the signal fromthe third transistor to the pull output stages and
driver circuitry of input of said first transistor conprising a fourth
Figure_1 and_including pre-anplification; and transistor and a control
means, -said fourth . Fgures 3a, 3b and 3c are three wavefornms transistor
being of said first conductivity type descriptive of the operation of the
power am 5 and having an active region area that is related plifier
iIIustraFed lg%flgure : 70 to. the active region area of said second

tran- = - Cene ly ~an audio anplifier is described si'stor by a

predeterm ned2ratio, and said con- desile#8%6B2for integrateed circuit 2_
fabrication and gl sghRiamn BEkHHd tﬁm&wﬁd DR SRkl § §taﬂ@tdméaaa.!ca9y Sl
controlled idli hmumﬂsatdeﬂﬁttran? singamifﬂi e[l*igu&Cludnﬂ&lmﬁihg gieimplification n;gda

portion of fi e%?&:}g%t el 8 EP‘B'S' Sﬁg‘% @;%&@@&E@W&oggqlg: ent .
from said congt ATl g gﬁe :
hi gh 75 to the Q%‘E 'E" ve%%& tg%Gm:’iH i | Genbihlly ﬁangldﬁyﬁdé GaaRd 870

ceram c cartri dgstor Wheprpﬂamneﬂmuopmﬂtsm) Pont odesigeedl fmpintegmd &ttlnd fabnaaﬁdn and

transi st or and it (entrolied 'rl'he amph- L
wi t hdr awi ng %Ldfuf‘ “° %ﬁ{ e"‘aﬁr ed,si_ n

push- pul | m&mﬁiﬂopddﬂf ceﬁh'licr@ﬂﬁdg
i nt erstage drl veomwrmsls mu:mmﬂﬁfs&ransmoraad dpﬁﬁzr sibs.  rpaiin Sof Sike rcormin v:ty

e TR ;; E: &&Am A M'hé i

current .to a small i$ LRS! the
predi ct abl e val e‘éeera?,immmueedtmutChmduopti
fourthtran3|st§l¥d \gwa P Sa'dquh - .
current withdgga - :

di stortion and ﬁﬁhsmmahﬂ&crmﬁﬁdbj hleoutﬁluthﬁgencumafgaaa dirtui fb&mﬁeﬁthnd mnkimm
amplifier is ex &a@é@uﬁrﬁaa#iﬁtqr{ﬁmgwtﬁrm¢ stot!ﬁboar%d dM?mtﬁe@dby Mt put

current tegr at%en t Logipn E\""’é ni B i t
transi stor, bei ng{e;,ﬁn %}ﬁ ,;":ﬁi‘i EQ&{I d Qéhny Eéﬁfpﬁ ‘-' %ﬂdﬁ% m

anerfemer ipre-sai d

by the ratlo of ing e imput junceior «f gh mMrme plqumdh 1 th w\/am:rhsal d
second and fourfe rig B"mt at curpggg Samcladin dxw fff?‘hm pal
25 Resi st ancf; W ﬁ%‘g‘m PR b Q3

f ol | ower drlwrns:élamo put J nc ' émtﬁﬁmﬁﬁ(@) fasr
pl oyi ng an NPN tDemsatart&led Qg, %p'élthﬁtfcallef
current.level s -- @y'el‘med‘iﬁ?ﬂ‘ieé“ ﬁaﬂh% é F“F‘@B ”P mes.
that of its betléf: gﬁ&gﬁué tog&&lr1 uc el?, IEonouII '
power i t§" cuBs egibi tyemaiugh Rinfhiuin Phiadé SHOPR) nemtumeam sousdEl Foim 20

NPN t r.ansi st ors cedbiRk og®) its el ect rode alQZaQ8; an ac. couplﬁd loudSPwku' 11 form-
normal |y operati .*_- : BmPhWFhW§?°&‘§3) ing ;%%“g?é%&&d mey

be provided be- pj * %‘f&f grovz a sdifes 12 epaibQF
out put |nterdﬂ)nm&egamraﬂv‘edaﬁd1‘ele (1 @mmb& Acxam&aﬂmf aﬁdxostos

and base of sai & ,BE%%? ?ﬁ} mgs@ﬁ””ﬁ couB ozamte @ﬁ

and Q6, of NPN HHg.
conduct i vity tyggse: sma%sga@&aiuw&. &e,m@m&@ﬁw upﬁt_l
: dwpentiter 'tdnasmrr Qhss sﬁupleé © 1n0

phase di st or #5 oduct nsymmttqrﬁh

dfgprove@mpli lmﬁﬁ‘Ya,
accordance W thy ds T

anplifier; and ks e sad  GoMRlel st ] bl RpfliEh U Gor i i85
of d.c. bi asSQ)obmpmmérsonpacutml atgpwoximitﬂ)elhdht tkitmarrpl i fi er having sepa- -115_

sai d feedback |

The signal pat hite thigs Vol : ; WV’e"““&‘ﬁﬁf
"degenerative" i Sace 1 Holne N e Qﬁ“ﬁ% T&uﬁge,;i%
and it suppli espmm ut {6 the base of tmNStt@ﬁ@drsQHﬁ kieghgh gesistne

base of NPN &§i vém tnbhomentrdrtbe Ptesent mn@e;comfléedbbcl’@ étmmswmﬁ%tléﬂ

QL which dri veswiglo‘i hgpre by 1. ex’&?lfp > q@vﬁ?“ Bnnec-
pul I output st agl%%“ﬁi%e tgﬁf Iagwfngany%q tam Sj%%nudég%g&? M@utnput

to further. re- Rigntepl 2 d slighdy Eiﬁpﬁﬁe&md:ﬂambl sig:alsﬁwitsc R); ‘Pl odtput. sipial
asymretry in6@ hgr aﬁn_ﬁehm'amllepwmtl sagsin dnd t prupledyitq they bagsf Oftm S?F ||2§

coupl ed to 110 iyés. cipepitry dormying) the ot ‘P‘P‘Fﬂ%ﬁr y connected res‘sm Ough
| oad resistance” faa g Eﬁ"@bﬁnﬁ Fhadidivam SEANSE vel;nﬁum the l\?g?“ég é I -

ter of QL i-s di toeL tadio. @mpmiex:rsnﬁdblidorthse'nbaseconm tiliectragisistor Qajtftongwhm“a
and the audi 65 bfmetadio |resoieer incorpprating| the G\!P!l'pu@n%%mt E?rdewd)swgnfalth%mshg”
about said idling voltage at said and supplies a non-inverted driving '
signal 50 output interconnection at approximately half theréto.

115 di e bias voltage, and a hum reduci ng, -capa- The upper push-pul |

out put transistor @ citor |s prow ded coupl ed through an |sol at- is

o, o o, .

o’



65 hone radi o receiver incorporating the push- constant current is
derived) and to the base 130 62 3

1, 485, 682 _ 3 of 2. The PNP
transistor Q is in what B+ supply, ._the undi storted power output my nmay
be regarded as an enmitter follower con- Ilie in the range from 150

- mlliwatts to 1 figuration, coupling the inverted input si@al or 2 watts
(dependi ng upon packaging) before applied to its base via i't8 emitter to

the bgse heat :dissi patron sets ?&ser Irmt for audio of Q.
POV == ¥ : O . S out put
state ¢ 2 Jbe R etr

& e TR t’%ﬁ%d%ve;tt %@%ﬂﬁ%}?fﬁf "

) Q. Ioad coupl ed to- dt str ncxtolwyr c&alfufaamelmts eoumally slightyf
anpl i fi caﬂ“‘&ﬁ“ - igher bebﬁ"a‘%‘idhgyéﬁt‘?&’ﬁnf . as

" bet ween ﬁ%ﬂ?ﬁg&g@gha i 75 no et descri bed,
loddNey W ‘ﬁ%m 8¢ res-
om%@&ﬁ!ﬁhegaa t:yaies 1h4y. The

provi desnd Qﬁvnfg| €48 Joubispeakét usltddioo i dhd
oper alfi aheiruhidtphig t.d‘bt easdla@s,no;s bBtee

i tof tbaaﬁd:qoamk butrmrstpbase Mster- ~ stage
Q to tr}é; 130 satn U.El!el 5%“ H sescent. The
col | ect oratelyréagduhﬁe hrfdGfiesta], 'Hﬁcanaér u t{‘ d s connect ed

galnfrcﬂ’ﬁy‘arf ‘éﬁ"&/

to the ﬂztwwmmmabosme wﬁmmwer ﬁigage t@he ppefﬁtﬁveupp@r pover
80 the d ttt_mstmeZt envolvtngam > invol ving
“two |nt ftgge Bof B P st ages of
arrpl I fi Cl&ktom‘dpdaﬂs h:egaﬁveaérhujnalvarﬂge pu (B ;l' e emtter of
h2Qyhbiasjse epeqgnng e | agssource
12 The nﬁaneaxﬁgtﬁaﬂoﬁ Ihusmm ed in Figure
- 3(a). ofp be@bnmdpﬁmprwseht Ithetaurtie di stortion
may be prhe sh- t he
porer 34 ) 0 B t:fﬁw R Ml 1o
| oad co %d jora) plﬁseih &u dvar t he .
I oudspeadﬁeﬁ c#age req follower Qi 0 t he

anpl i fi efan & piatel mvezdion (s@wol@)thanﬁff out put
termnal ¥8e inphtrbissihy conditi6he § iR aadpii~ e andzaceymylgted Phabroshifis jarewerytsmpll. () ,  whi l e
the | oweﬁﬂ amdﬁsablssh@nw dke@Mt:kumhnedth:@mphtmer@wmandsleagd!gqur res only

th vl eils nfecHonss | -
e o *',_.ru %C::F%er D L5 %vi MO 2l i

sighal Feed a |
.drl \r/e\é\(ila\cg‘%:illr é%@@%ﬁﬁw%%t%o o ﬁ%ﬁ%ﬁ%@ tosTt]ﬁe i nput

al ready g:QiaBétare ¥ he anplifier
out put t erme mkmntauneihﬁuﬁmahwm tebral | ewarrﬁerrm:ge udle sesiylame 2101t i hr ough

r esi st anewentjrefergnce (apd |3 ¢d yomice; of d¢gema ughsﬂqramlém dnohff e at nost, a
si ngl & g%‘e‘t'r i FUDE, Iefgpuce, comprises the  very sug:tgn %r,a_,; on is

I NVOl Vedem; e N |,@ﬂ,3ﬁgelﬁwt %,&gmg@mﬂﬁ# ﬂp e anpli- and

accunul atslﬁﬂ) hns ' Positite bilisSsoutecl2y ity hases Mpdoved. vfaveeurmaese!umﬂmbthxssfm&cby t he
3Figere p )1 a 5 source

cons lradweﬂu thy js il ‘ed
”tttrrrtertr ,Mtz ;rrrm%%

provi'si opNp wda&dtcﬂldm‘oﬁedback and
hi gh freﬁtpdc s:stoicd: Zofui the?rmwfeO(bmbe tterfollower and .

f eedbgckid & el'oéz"-T °fc'6ﬂ’s§'t rifent sour ce
has an’ i BE%} %ﬁﬁéﬁiﬁg‘?&mﬁ u&,qwrent

r ef er enche aRame. muus;erho preciudd has the

ef fect ofmite of(Qﬁ; raa;hthe'bh@ O&LQZF éntwﬂl einsr Erequenep rinstabilityt inothe \loy ',

subst fordher, 57 alie PHF : PAREY st or Q7
havi ngg] ape R ttigg coupl ed

t hr ough maham e Q3. sured di. SWe‘étl mn&etuppea ﬂoﬁimpferthecmqﬂx The im

ohns) to T amplifie: OfFBulbllMGthO@éovﬂZﬁﬂr C%s%é’%ﬁéﬁém Y% resul ting
from Swcicicler (Jasly pathis
illus a aSibr | J.:, tfo Egtok& &‘%,, L%@ hrg)sto

ground. plxﬂe:Ahseaa aheegﬁiﬁeotopﬁ tetubonsa tancé of Q8, ﬁrozhctbapxkedﬁbierdbnt rol | ed

source opreem an % S intgpracdia éﬂﬁPG'é‘F fumility of the
110 P @wgﬂg}%@% g:'(% é gﬁt};ﬁ'{ ﬁf’ﬁder al |
si gna oa con I ons Fo gh resis ance to the positive source

Transrstor QL, being an emtter.follower and 12, |ts base coupled to the
collector-base con- of smaller size, is of hlgher frequency res- 50
nection of Q7, and the collector from which ponse than the output
transrstor @, mhrch has the constant current |s derived, connected to

L Y - a Ar a1 1 o




di stortion, high stability and maxi mum power the first loop is normally
adequate to avoid 60 output in an integrated circuit format. In the
instability, but may be supplenented by the nmatter of si gnaI anplification,
the power am resistance 14 (2.0K), which with the "Mtler" 125 plifier
has adequate gain te operate upon a capacitance of @5, produces

appreci abl e-rol |l ‘bre anplified signal froman AMFM detector, off in the
i nt er medi ate driver anplifiers to fur- and to produce, adequate audi o power

to drive the. reduce any tendency to |_§§~- £|Ity Wth 65 a. conventl onal

| oudspeaker —Bepefrthhg—tpor—ieedbac S3s . y St OTT:
4 mth a capacmvely coupled loudspeaker and “Et% g8 spi _txal pmpomon to ‘the ;ela- X )
pr oportion to t,ﬂt&as'@t mdﬁdavalm waﬁﬂladth%son@éd )theSB Voftagd tan |sg~k¢er <Rk O

tive areas of @mﬂﬂds tythéovauhc @erd fx.uf tl@? 29 Theqalen ofi resstas @hmﬂhdud& eamer
| oad becones \quxtmo@%:p@ u ARSI e‘e‘t"%c‘ﬂ’éﬁe‘ﬁgg '
i nductive. The gl SRRt i ectivy g : tt@c"ﬁ' %‘ pon

resi stance 5 aﬁd)lzw:lﬂévas &tﬁhbslﬁnhal audid Oepiit trlieectﬁeﬁdnf(m chfhe dla ue

s’

of resistand@ Zgwcsmdblfaosbfemytmdestmﬁémmt Wg detiees; lhewo el inkrgllable erdéint s |
C Ci

in the referergg%l”é‘ 1

 Jegels -
Wi T

this reactive OQiRGHIEY
enbodi ment il qﬁe,rﬂiﬂeequﬁnﬁ:gmxgs:u&em &*@myceby it cdhktsl

i ﬁrthmeasloyﬂﬂaaendent
upon and 2 a&h|5eQFe7§ efgu Bhasexpnd; agher 0 PeRiy
the relative:-a ¥ c@éﬂéﬁ‘”ﬁ% Egﬁf £l

s &3t and QXOme  8nd
-ié% YWer the
two devices. Thgefianera a8l liktegeddal i ik t'éo um ng

v :
a bi asi ng vol t ahich wilbnosr bé describad.. cent . “of 6tiamlpm11elstthembnzr;e@donsg>fmmndf|er

a{gc‘, . The
1]

permts e ey forpgoing, gircpit n@tﬁesg@wn aligs < [ Qt andsf .e_botp _e@bs g 85
audi o currentsg};’; “‘3@ smn reRpshep e emiitess of bot e
pere, while reg ‘kabkfally ¢4 ' Q nof the

T kRl o 80T ot |
1]

areas of the- reng—mﬂraﬁed 61:@&: §toqassih¢ I'Hmpeﬁa:es resifhméttafbdrerishme mmmtempect ive

devi ces. Tr 2hsit¥e Jesthepu e gepstant o OF base wing chq heses; pisphe 90
nature of the NEN mbbas bt ﬁaﬁ?m ‘?ﬁ; y N i Pote from
certain const r We kit Qb.EFhese. fsotd&ﬁiredépsﬂd&ﬂl awithe the FVRb's NEiNhﬁdoﬁee&tdagmﬁbhey
are tures real |oaetl!|= atm O’émhelamveg:traﬁted#vms rIg uibgtween rQfnand Q3crhen| becomend fupction

devel oped). 3%({‘%’ s H‘H ,%d-mafcmﬁgaéﬁe’w;fb@'?w w§;‘f‘_‘?"o§8’°‘f}"° tlec- 95
tion parallels Pcénp& Uess, | H é@tﬂ&b@u&e@z{‘a'}h 5 is arr &&19-
configuration rmkﬁ&nd%n e dirduir TS déﬂ@meﬁcyVeba s»f Qatso as Wh B &t duftbnt rithe dthe -

i dling current ogghess ,ot@fmltm;!v_ Udebcribag): ity '_,mvm,_em tters %

Py

are grounded \M] Brreht ol QasisiOf ' KACpetatf Wa Oplahdtor 6
bases: are int eischﬂﬁeeUﬁetaﬂyydebdmedMMana;yldathaPm tmnsistuﬂlltavmg a
processi ng. Thé§@f:1d, congegted; Juith the emitier e d jatpp A pelatignsto g 8th& diler s 25
tors are th ® P 2 Daq, joined, e o gnt 5@%&

bases of the ot :
transi stors, a:emlfdrhierrdhgvekrmhfth pute r¢
and the beta thoﬁ da

_ igOpoidit; the | bekiis lafu -fmt
oo - of searBlite appmxmmly

Q. These f&it & ‘E mst“h c"Gr ShBr

.:’.' . rela "
ratio on the araeaﬁ'- "6 Lchadbec afcwlt& ldeVl‘lﬁQ&cm” a@ﬁnaﬂ&s@
t hen becones abilumci t’ Bﬁacmﬂrcnuéntmmmsmgamdinglbe’pmadl mgcmsesxampor of

cont o e s ke G e ” B s Bt SRR 1,

per cent or | e&&:enHOWtd taeﬁ:ed.fﬁﬁmrﬁlaedneﬁp:omany ifidepdntdnt @mmrmq&dméo be
one-fifth that T trep pfl. @R Jisdedcthigugly & e @fés Gﬁ,tht defvige- ces’ dependency ar ea

f vl {‘%%““&‘u?"r@ oS tp cdrcyity
2 oo i TR g S T i

source PNP trarieisﬁicerm (43A)hinsx teher hobfignibet ampli 619’ ﬁaﬂsﬂbzeQﬁ 100 5
provi des a st algmise rmﬂntthsmvnlgnge @mthﬁn connhdrtenhe boget df 1 cinmtstheQZ
push-pul | a I|--._ ‘f Al ofped, f.. n i " 125
be transtra '

deposi t ed PNP EHeadﬂ’ect of i

t he

‘1‘0 .

X)) Byv
aape e@lli’ytxﬂ&l%l\gﬁ’lobf Imvanﬂng; he st or,
di ode’' connect edempssh the em tter se a- r-edernsal arbe bsp Ofélﬁaislsebﬁwm@ll!'ts

gge{ ﬁlalt nigtcgi) %“ém%e ﬁwmﬁf";eaﬁcne'g fgga"f{)S JUhE?t%OH oﬁzﬁ% ca?emrpg&lﬁgel

replicates the junc- peak of the transistor. At a 5 mllianpere oper- tion
of the controlled current source @B ex- ating point, the beta is adjusted
froma peak cept for the relative areas othehe active regions. of about 30
to apprOX| rrately 4 Assum ng the QB |s aI so IateraIIy dep05|ted V\hlle Q?

c o o o Y .

ik tzgg the



val ued resistance 20 (10 ohns) to the posi- The circuit connections
involving @, @@, 55 tive bias source while the emtter of Q7 is @ are
one of the last two factors which 120 led to the sane source through a | ow
val ued determne the idling current settings of the resistance 19 (43

ohms), thus holding the anplifier. The emtter of PNP tranédftor
- emiters at nearly the same voltage. Since the is coupled the base of
"~ 'NPN transistor Q@ bases of both transistors are joined, the Véb's and
‘the base of tranS|stor Cﬁ IS conqqg 1; 60 of both |nput junctiops are
~equal ized y=Y- - : Si~St-ai - ok , aees of 19
ands20 apml !&amllrvmeﬁerm npahsnblmsmdl Taei tidliog cut trcteimbedf Sindge

subst ant 810 ':@%&%ﬂ%ﬁﬁ%e% ﬁgﬂ as tWe. géﬁés connecte f@@mt y in the

\Veb's of g $hd the current sources (Q7, Q8, and Q3), the. d.c.
. pot ents abasatof H&geAé@mﬂg kisthgte 1S uszm:.:t a;n@uaa%lltggeThmde tel @a degrec.ui 10

cemitter g WFlh‘-ét qomeqaiy thef Q. .65
AT ST

'il Sof :
resi st angR bhe of QGS rm reduce the distortion, a second feedback loo D, .
1, 4851682 The effect of the. foregomg assumptions may  and certam other fwtur& nap de nbvepocusdr T8t her ei n

H

’3 o

=

negl i gi b% .'fsrnbedm:;an 0810 eé&lﬂ}lﬁnmr% % tg‘f noags Egg% Si nce
circuit [ gﬁ“ﬁ (ﬁl@% ce at 18 i's
defined ki MM cuftay of I El @ac QB Gl Ihet BdicS g'ifi’ -

regar dfed aeéstebséaﬂwemchﬁ@cLeu cobnsimilat t9 bvatlmesn ar e8ﬁ st ance
15 and t : :

at in Q3

tl‘h’
Rasun ng SRERED R éﬁﬁ*ﬁ%sﬁéﬂg S (5

" degree. théh cohduet, thanmi2 tn)ﬂlihﬂﬁi'es emctut-erprq—mﬂﬁer as \49 1ﬁa@ﬂ§onentAG1C&'f-dl ngl y, i f
-one w2 he?t ts'cppb@rfsqm @nTmmﬂﬂ Tejisiaiice g f 1w} ,r eoniplﬂmsl’llﬂ’l umsBtosnd8s he
qui escen S ¥ ef ; %%;o“ g fect or
current ) Q.sv ’ isBe - «Qﬁ‘; surtgﬁn_er t he base
of 6. . its collector current is 4 mils and m emltterr edtmtem Qlﬂmtmﬁstomnlﬁahﬁmond feedback
1 oop, Ziocmq'ﬁ sePFfe'crile Eﬁmtl aechduﬂéwrt&q n ot her

ai)
f eat ures g{ g@;@ﬂ?@ E@’ﬁ_fo %I mat-e-
cal cul a- curkelti &mkbEQ semim I Img e descrT bed I O et us assune

~that a c@inbmlmsnbummtmmsxsttme 15mdenb @bl ampiiﬁercﬁnpﬁﬁ tanenpﬂt; sxg:arull audi o of

6 m[PPa “ISFQE F% Thyps, whea, dpllopgy; A 1t £ dheofpgut | Bl udi ng
pr e- anpl i faaie emdb\;ﬁegd ggntTw Whe BRECE “of the audio
:-si gnal al&(ihq%tﬁi@éﬁﬁd LR8I % Ihell o3 lowed N Ch 2\c6m @Htﬂ@noaéseﬁsdeﬁg- o to 1,

. thecol - censmtl gluey ‘OFtomh the  walueFi syudas * ItionhWhe. HmmngZas c@ﬁlzd @nd;uah acurrent of
Fb§ Jor |19, 3 vol

¥ gy P e ? |13 olu

AT D @rﬁ% R R R

Fi gur e 1l redoenantdne Qb5ar® tediidad cnt&kp‘oﬁge ltlﬂafgh assdmhdaeub&smeafase sane

1 ef er encdnl al,s in F @tangispoe QI1. Qrmxdfre-a eres of
“cur- E%r gl gyt fict 51{. ui &zpﬁ%a -Pa;omde%shez@mw from

. dling 5 : : i € “collecto:

B, Typi. Gaidnk ofQRd entitdd 6ftra dn&rnsC&E{Eérl &bﬂg ran3| stors
- 85 15 carcolleemr@Qﬁanikﬁe @Q}wésl smmnt:egniﬁzscdanvedm dflel tcﬁslfeomat ed PNP
~and N Py poip ‘ﬁ'ﬁ'el ‘B“ Agps %

. istors
y.o?p%fs is 5,

- transi st(ﬂs’“' ' Ittt geRbrarbl Nt IS 4 mils
and its. @m’ ianeriees, othen @plg, T:2)1Billia ) chagky ¢ B Qlr areigbingd5 current
is 4.8 mm ; ¢ R  reegiNs - theiy; cuprens thrpugh the oot and .
sundrg0 ss whi ch:
enter i

Vi si ons. fSgmpilliemperes i
be 5 g || n f!qel.tn' e and

a’ s th Gl O fcurrent of
._heﬂxbrdﬂf&en%ainbb enitter
refecsigsk i nneqwnm det ect or

T ‘tﬁx sis.an FM
a det ect or

_ The anpl i nﬁr coRfih h&ﬂ aSF lﬂ Feseﬁieg
%ﬁh Péﬂ

a FA

bo veadily
W ) pegfornxs
T b ‘Yﬁ’% @
- feUSeE B, “The ioh

conbl ni n;zcﬁmm%gat@fordmhymyphmt eaanerlé?lve s:d :

tion.
curregs v- Y- Tsra e r oV oY ﬁg R I4LOR e
resi stance 15 exceed “hat avalla Ie from t he
potetioneter is groun- constant current source and thus both the cur- ded
-and audio signals fromthe tap are sup- rent in @ and Q6 are reduced
correspond- plied through resistance 24 to the base of i ngly.

en1tter follomer tran5|stor Cﬂl A radlo fre- 40 The flnal CIrCUIt

r . N T o o o ~ - o " o A~



anperes of current is available at the emtter and receive their current

t hrough the col |l ector 50 of . The foregoing nunbers are approxi ma- of
current source transistor QL6. QL6 has its 115 tions and, in practice, the
collector current of emtter led through a 3000 ohnlreS|stor 26 to B is
established it the range of from®6 to the positive source of bias
potential s 135 Audi o 8 mllianperes, the emtter of @ in the range

signals dir 5Iy anplified from the detector off from1l to 3 mlli.anperes
and @ from3 thus appear at the collector of @.As will be 55 to5 . :
mllianperess . . : ,:lﬁﬁuﬁm sngnal conponents |nLeCBed Qy

the feed- 1200k _ggg&loglgﬁ sgsgﬂgjﬁ@{_

appear. at the ik ¥ 4
A second i nputmnmﬁohmtodhdﬁawa’gvtcomaoraﬁﬂlv, méinmdd;utrmtsas:ﬂypxaue_ excel‘lmlelnt

overal | per for¥ich epty : el,pvgl__ljat:paéegdba he mersy
Figure 1 versighy USSR ey e, descrip
is an 60 idlng meﬂfrﬂ@&ffer&itﬂhpaﬁ‘t a D M

n apv.d:m ;
emtter foll omZSr,coupiwf begw—xathe ein?fr of| Q82 ehdstmxttlwmooderﬂyfommcpdrcmnMur-The
distor- ti ] s, fh . The idlip FP“FH“QZ?‘F fhejmagniwys %f

many appl i cati N nal §
readily be i nphe @nitre; bteQ9 Gihtoplq.?,

mr of onmeafg@j okl sl coator s '-.i."'_my-mesammauphled from

anplifier feeb%
t he out put ter Rl

. S e Foes Wi fﬁéﬁ:mw‘aﬂ;
resi stance ? b Qotiectéd! of 40 and ki uplest3 Opoint birweck mmpomuﬂofwm
1,485,682 ..6 ﬁﬂh'mr‘mmwm #ltiputs 2ugmd| graneld, f Thisnis taktdevech byneadrig. be
still Iess th enters sheofofyears ath resistaz -aqual 3o, epproaimately rpae-balk,
QL7. (The Ftltg
at

base and co 0 Gd edl 10 ties Bate:ch The didg i+ tggy )
establish its muuecdbntof Idbdee&onnmd hads&oxtQHat of thehamplifien harcahditahw ng t he
output will 5 015919 P side o und.jBhe: kollqwe ﬁ'ﬁ’F allex d’f‘Qz :
descri bed. 4 1l '-" (Em"‘ﬁ}.%)l 596 ed
to the base er4 heTbasd 1 6F @ "9 ' node t he

di fferenti al paﬁ@mt-MefsQ bei ng
the 28 coupled e - -

The idling volq.’
QLO appears. - 4he8.d]
em tter. of” QlO,-__...___._.-‘ie |
sour cet ranss t e ohek b Fod 1T ara . S0
29, di‘bdes Di- m"ﬁﬂd"'oﬁnmedh&us - ool
source Q18. By Q9 rane nspphpdm

si gnal . , \
directly anjd | &
the hal fway &% '
bet ween the poGﬁ“P @_.ﬁe
t he out put 1¢ -_j -
enters the 4pr ‘_' QL

er of Q9 SIStOI‘ Q?
the fdggeReK: adds ¢brrdane
neratlvely to the .initial |nput

g%ﬂﬁmwﬁiﬁilmm féﬁg"” bel ow

of’ QlOaxﬂnd is coupled 0| nt
VI ala-‘!!m é‘htfee‘“i“r‘:krm ‘Hi 0

base-col | eCS(Drﬁers;'_: Q3 & Qu A VAR E:pﬂé ﬂ "écteﬁ.lmo@a‘ di ode
connect ed transul&d or Q15 p0| nt “of t lyadecdieauﬂmcedf B4 on t he
i nput side of t. .9’5 tial ippih puplifier ¢ =i oo

Vo et

regar ded enit efgﬁ

current nodss (mtriﬁa Darlingtetconfigiration STt | €l W|th thB-H-FBJ!lH Junctlon of
Regarded as a iitharore ofrmdmgn%ﬂhbgh;muﬂ%e - 90 A=-the—base of @4 bei ng
coupled to the “' [\a %’1 of, /48 SPRRBYE.from that n “Kcol'l ect or - base - of
QL5, and the efRITPtatl antdlifes er B MoFg, R ﬁ#b?e" isyde;e;n&aedcwrmeent

bei ng grounged. Thefeedbaock CotEcHSH cdng Cfé\im volnﬁy‘eawass S0TuidNéhe riaghti- by t he
col l ector of tﬂutol&@ﬁ'.f,,_..-_".::_[ -"@Eﬁ'-d:'f’h :
current approafTRIKy , a bode, 140 s

al so through o lpu

b pakies A d iDdrby
appearing ae$ th;e@ibd GfCatp%f cent.l‘&e@.f; alhieoe | théuﬁp“u: ;gatbnt(mm Gﬁlbd‘éiﬂde Bps oach-
of . The effect is to further augnent the i ng the node fromthe emtter
of constant cur- degererative action. rent source
transi stor QL8 may be equated as A conpsite audio signal, including both
follows 35 the d| rect and the feedback signals fromthe twy paths

T Y T T - o o, r 0= 7 AN\

fesi st'ance .-



voIt ge (V18)

i nf l ueg e m%?%ﬁnﬂézm

ance 37, and its base coupled to a bus comon to the base of current
source Q6, the emtter Increasing the current flowin the feddback 45
of QL7, and the base of current source Q18 resi stance raises the idling

.voltage. Since that (so far not described):.. The output signal current is
:supplied fromthe collector current appearlng at the emtter of Q3 is

- coupled to in QO, increaing the collector current in QO t base of
driver transistor- QL. Driver tran- has a like effect upon the 66 ng

|
l
I
-

110 si'stor Q drjves the output push-pull arrpl I - The
wcolldctar of (POIA8SERE . 50 fiers @ B in the manner

aI ead ' biased with a small ememh&s a;uprea{,gel &c&u@@&‘é%&“ Y nggeted di ode
cr i bedis lowered slightly. to approxxmately one-half acteristic of lower [Phsh-pald : mmﬁﬁ(mslsunder t he

?j?é_n mﬂvp@HQttOesmatnna | ess three
di ode drops (i nput Junctlon 0 ‘ e cThus, & 53 enpl oys a
sub-s D1, D2)-throuwh the restanceaﬁmtq)vol B+ tfg ﬁﬁgbgie:;?NP and a

" latérally for ﬁef“ﬂttg' tran- 58 sawool/4 molaaliaac Igrongd dox ﬁ«gﬁtfvegurat ion. The

~ stage [err] S ‘*"i_{:a'
can *  The cm{remt the feedback resistance 27 - creasd

‘f°ﬁ Horegeing aprtering | gh - gai n and
the ﬁ"‘ fe Sgouits of

fynstidne Ctoltage TINEB) Cit r theli 'iroltd,atlhitetﬁe blﬂﬁht(‘s& & o Mhsie for stable
ﬁ“" voltage at the node (Fhe Bmpmmn mwaran:BsleAt Tlﬁieﬂem deed by the 60

4D 87, KT SR o B ATt

degeneﬁ.FL

EP%‘ fi 2 \RIFE §h list ance 30 and
the  magsilt-of sivessive ipu jultEEdrops MW tffepffﬂ&ht ﬂfﬁf R ElE of that
resist ._9:‘@1@? ,tcageem:a omrtha dr:fsspeatdstdma enent s the eedback’

. connec g§ val IEE thet‘w mnoststrachcont&l 120 earil er
~ notigd juliteibrd Card QiivRdssi E % gﬁﬁg ono ‘ﬂaﬁ‘rased .and the
" i nput.- pesitikecfor tQ9e negatteafor tQA0,0f)osﬁwjl d@nm, BO R uﬁ'és‘:f;,;e 5?0 Ql? | ess
t he volof Qe fing:# net of P‘E‘gvelancﬂMCmbmm‘lfdastﬁlﬁlityCHﬁ $e. las hﬁbﬂeac bal-ance may
t he i ae's ' _ bzmems d?“hxon 2 aghieved in a_particularly economic .

B+ At 6°volt biks.and [err] ¢
- ground-f or- ne!ge,t—sve Swi'ggs.. . An. effﬁﬂthvgm%gr?ﬁ ﬁhﬁgf:

. positive for.

r esi st nhwituting into Qﬂmpladb eristic of

1, 485, folts: ' OfQZOatnShowanT qgllqs}o req with a
snal.l. current, |ts drop voltage PCH] &ew 1e4§a, 5 char- is

| onered sl i ght |y Yso~hpproxi. mat§ y &hiecdpaditbr haaetlageu Biluk ¢160fy) | laoa{ver push-pul |
ent

transistor Q8 s w@g. The cuf l°Y’nV (zélé’glff wlugcprovidse  not
symmetrical with the collector sat %a;s‘ ”e%tcr ss emitter

e OflQI2Ss % preferred
that the positi Isvm ngs. remalgt 0. Ssmall (750) resistance which' togethabwith 1 vol t bel ow
“Pa‘m‘ 34 permits th Joopgeimief 1/ 4 volt above

ik --h29f eedback
resi stance 27 Feased 3:?50ve a. nor @cheﬁll)ﬁoraha‘ unction of the
vol 152 GRIvink 16)V18 by sdifing eqiikibSea) gd;;ﬁt d6 %i%?g fige yolt pm ¢l ass

anpl i fep-equatibai@ut , t he voI tage at t -t9 rd cl ass
A ‘This e t de- i nversel y pdoputpntwolngi.owmiyeﬁdbm i IS Ccreases
t he pOV\BL{,L£ ‘zct.el?ltv g@ h® anpl i - YlBse n’t“}’eE= smhtaa .ﬁwiet the node 31
is the fi8oK prodasmg fggkher | nﬁagy % “result of
successive input junction dr o(7$ igpld bud ge'bst anti al
reduc%%%., @, Ql0, Q12), : lt ortolerhhiehmwmeﬁover

di stortion. ‘grounded termnal X Ln addition to

provi di: ng an. {(B:-w-alva CoE I [ g’qﬂﬁﬂg% n the input

of - 't he VSR Te— tmfgnsma.r egsuccessi vely
?-EEE pI ] ?' §r eheripples 0 pro- 55

confi.gurat i —~thien- t h) B’ +for$ahlen!c. ra‘u'he curre

positive for

‘substantial d,c Sﬁl I|t¥ These Isabts, ol lea:ﬁldp vaboJe of 1.2
e

| e‘EIﬂF s e |
¥ﬁe£2f(«)’?e [ r]7m b@ml} a:,tev ﬂ“ﬂ%ﬁ%ﬂ"&fnﬁ lﬁ‘ngH?eezy)the

col I'ector- fol | ows: - balaricing circuit injects current from onf 0, at node
31'is cbupl ed ggsgxt er nal 60 padmodiammwdd:empmnhﬂr B4 is
attached. [err*= & schristerminnd nearsceptrdl gelbe val ue (160

[err])'ﬂ:‘evﬂe(ﬂ)VISmh W itled BPRIL 2 o des a | ow
i m%ed uV@S) d@?@llﬁsenmﬁtlg%mm dest prpqutem“p“ﬁ%@fgg@%ﬁgw on. |ntroduced

" be- to QI8, current from D1, and this\iggmn S apk0i t ance 34
and t baseﬁq@%’g‘t’?w w eme‘gltg‘l Mécvm‘%ﬂt%er with [err]

(5) capaC|tor 34 permts the closed | oop gain of the anplifier to remain
high for ac. signals [err] . and low, with |arge
anounts of degeneration, 70 (6) for stable d.c.” operation. Assum ng
that the bias source (12)' for the anplifier is derived froma 60 cycle



25 Solving for V18 by setting equation (4) equal age and rectified and

filtered, one nay expect to equation (6): sone
a.c. r|pple to be superinposed upon the 75 d.c. output voltage. One may
control the ripple [err] by use of |arge capacitances
such as capa- citor 36 shown in shunt with the bias source, and by nultiple
section FK:fllterﬁ7 In general, (7) one does not try to elimnate such
ripple, but- 86 only to reduce it to tolerable limts consistent to obtain
V18: with other requirements. In the' present
arrangerent, a$mdified [err] . . 1,485,682 approach to filtering is8

provided. In a COfe @il MRl .8 dshce 1] Cap@itl¥ | Srlg@blly$pddl IThe VRiplifier Goparticularly v/

conpl enentary powad ﬁltersathmr@ple)f(lmm)twwhrm edent (€29 nommalus uapqalofederhdb nents.
col I ector of theﬁpbe?é xﬁ?%ndﬁ irer P dhe. ey Mhild [fgeqbagk
30 Assuming B =g nedy fr andthustherefeth- require Basq
di vi si on between &neaagmﬁﬂm&r&thmws C't'hrB

t he output I.oud- “P'(?rk"h‘él %?‘SK“md around in.Q .-
arrangerent, e i o Em PR, 15
into the node at %e&eﬂxd‘lékkeded gaih' p&hm ‘biasing .arrangement permlts

at 18, at a pred%ﬁﬂﬂ?ﬁmm%;%w@ml f—h%@ngi@m |boMeryﬂeeanco.frqu¢m

i njection by QO e&l@ H ey ?gnds ;ﬁfor t.6 vol wdlﬁgq

capaci tor 34 3gd mﬂnszﬁp&oeﬁi’ﬁfaeemb smms R R A
or not present, dbewed.cThe diruibMeansl inoluc eapn-ns\tom-lt&ﬁl alhyoplﬁj:eu_sﬂ& tigfactthﬁth
current into .QL8.cipha @ésws pange 33&?1@993{.._._ mpfopegfidelity. %L!#en i s

a 100 val ue of Vl%u o3 impuyal: et naxe - o
d.c. potenti alygi 'tﬂQainf: ifik! Fér.a.c.. purposes, the. and does ‘50" w1thout the ‘need for - boot-- 85
1, 485, 682 . degenerauve feedback is. - determined by the 1&?mghe i ppl e from t he d. c.

filters the rippl iy aTggeny s & Qhnection.
ext ernal “conpQsen smalll feedb &hﬁrbﬁﬁz --'rpeme&hevh@amput d
while it enploys dasl bepdbaein. Fachs thimqmne:rdnmdal( hlgh\mtsdaa_@ [
therefore these YgaRysitor 3 ‘%)Wﬁ’élﬁeandcﬁ?- fredback

hum free and thuspbdi, e ORL OF f&,ﬁm‘f"? -
ences agai nst 3ohilgh mnﬁyépeﬂﬁﬁaack Ioops work of'Eiimughn e{dha::kqlt) ombutdhlt- 95 -
| i neari zes and. areAkfelmeflf%@re of the embodimeny llluPr tdg® 7. 5K resis- stabilizes the
anplifier.and st : f Ol ~t e ST B (291 o r}g.d around in.Qr,
@ d.c; idlng pokiiated e BitentS et e be: j g ubd doRat €S
the norrmal 5 3drioaeat bﬁg’ed Tuethmﬁk &x&aﬂﬂmbﬁg pmuerxdﬂn@euqm, cd:@nsmg hlcommqnere

id e current. Thltlze base; pe - sourcy 102 : _

sel f-center 75 i ;

source 12. Capacme’e‘i“’“‘!ﬂe Wiéﬁ@@emgnplﬁl

oublad %0 3

of the biasing arjpdgdp £ I0AD! TRACHaEE &ESQBINS! Q' adotnhont @& Salfy | @Mh to
the the anpl i40i eirobgh digle\DBr i R—lelwheraltttxsbdiduhammmg anﬁrssend Tepqmdc'aitpu rn-
reduction is 60 dpoealy fiedde.splpabelon) the;bits po I°f F'@F RBAUCHTRP YR, €8 105
effect of the conlipneli-c 33 a0t Qesrghietl 1 8 8 m on-
operate 15 34 itsaniidtor! OF TFhéCelittee Harrdatt § -Qﬂam;hlﬂsyaﬂdha%ndwmh&s bdﬂigtaharwod _
linearity, butdsr exdtdai!eﬂ frawehe @llccﬁr c&&nobft@nnedmlquuablfpxwxlub:mamrqmtelydl ng
capa- volts. It ¥ ’ dss > s an T

,thop?,_; a 110

resistance 33 at YoHs DY Hhe tesiemie 26 aod the '_ stc or
addition, the i n[:lklﬁxeﬁcm;h _' I'quﬁsw:gum&m&es
it possi bl e t B0t aiowntiaboby rthenintercponeoted; ipue dis stxml\ﬁeum ithe third sgReistet. c

advant age of the ¥l 8 b onlien
For a.c. purposesichidip Q12/G17088; _75@4"
degenerative feedhaﬂlmmﬁtdd&ﬁ for QI EHd. 1
resi stance 33-%o mte%m @wpled tAﬂi‘u'_ -_°_f

'f‘;‘_- s‘eF'S'
k2 -m |

desi gn reactance. Qi ey

anpl ifier - and :_‘

d.c., the reactarft} _ _ ‘ :
capaC|tor 34 IS igdehd R Hr el dagioes APt . ¢ (=Y Mp ; :
pre-amplifier na;bercam:odled ® e digbndepred bg/aqaurndyy four&rqandandnsa’nanhtrlpaiubym thotpan| y
be driven by & nvdse |ﬂvn‘épaslﬁ1v|fan#vwmvﬁ'gatehé cpaig ﬁrﬁgatransx%moﬁnﬁrisrumwwgqse
desired FMdetectors, but also by a ceram.c cartridge 30 high stability
oper ati on. of the conventional (~1/2 volt) output volt-
95 A further feature of the enbodiment illus age:



trated in Figure 2 is the nmeans by whi'¢h“the. current supplied to the
pre-anplifier stages WHAT WE CLAFMIS: - is isolated fromthe current
demands of the 1. An audio anplifier having m ninumcon- 35 output
stages. The ne wprk for establishing trolled idling current, conprising a
common -t he bhas® otentials on current source transis- terninal and a
non-common termnal for pro- 100 tors Ql6, Q18, QL9 is Q17," whose emtter

vidfhg acces8 to a source of bias potengussles2 a is coupled to-all thrge
bases and to t{g . C r our.ce 1Cokl T0 non-_TEctor
of Ql2. The baSﬁﬁ% qiﬁpg%tc r'é%gjxgggl&t& mghelj;:of &%Emfom put
stage 40 throwgthemsﬁdesx% m) ammemethet ms,hﬂiﬂd ittémplaysTied Seedb@ckalodps, St
and 'Second n(Q e op\ihe ﬁéﬂlﬁa da oot
sistor of - a ﬁss 'éi ctfl%“’ 3‘“&2’@ e E‘Fﬁofm@?
i's coupl ed to hﬂa&umlffeeS'ﬂEel(ﬁ& & REPKSR: plmananaqeb E%nQ{f ase

junction of cutord?®) whickgeas swed aropmhindy, Qar ni.cnadlsg Iveinabe vieput agpsmayrieas of

transistor Q7. r pe 7 drizen; hgrd w sive cpomergdissipa- :
1 ane) ot o o Rl B TR el %mmp%?@ o o
ligtBe Rerf OR Ba fat €1

mat el y equal f ead alblridu&gﬂﬁp‘ﬂdi:ﬂ)(ddmttekﬂj
current estab- noigg 'l!'ml% qucﬁeamcﬁﬂodbb on _cliber &ias cwoltage.i The amplifitd Has desxd by

t her esi st ances m ngs 33 Eﬁ \ﬁéﬁth'gq nﬁm&éﬁé“%ﬁ P“@ﬂpﬁ%ﬁﬁgl

anplii fier, COMbbraifkd. T8é @§&1t&iﬁ§
t hi fd tran5| St gitor 3fhrand, resista 38 &i! en‘ézeuivel simfmovee dlity, & 12 valid, B adiditiolg debr Op

.;: ground Pty fonge 1650 ]
t he T nter cogne ac }%‘1 %‘g& ]Elﬂé ; Tooe &5
t Fansi st or i oBedetat te byRﬂﬁl S gpgg,g ‘est ab- e 1 nput of

sai d second t rmvssxaroffmswoauﬁ tol:hé consaltms aA fiarthemadmantage degives frnm rltehbsla\erl es

path, ing cond |°?PP‘é‘P aweﬁm l""15317 and
B St T S %’i AT ﬁ

current drain tiesed Q@ép, e giin Fo6 df ceSlﬁxpit ce, fl Pst

transi stor compt %wt@ly is tbsmdn ,etheprk-am m ng a
fourth transisfa %rﬁ“—?“i amandms i “‘tgg %‘g E@ﬁg “‘4 ed by

the tran- 3osa h Pﬁ; f“org 1 Ng ofofgg m

from any excess Acﬂrrm&r&atﬁfebﬁﬂxd&mbmma‘nt ilind-y apyype and haV| ng an ac |ve reg| on

from Q8 or onﬂé%tn whiglythe  area that _is relatedtothe o
act I ve regl on t deman : smf;: 1. AIIEUle o AIMrhavm
second trangi Sbfpu ﬁab&ﬂm u.‘{g::ﬁ?%pﬁ?ﬂéep

enbodi nent hasthertesei pzo;endutsobnsm:émemmendnsmea&mm

predi-ctabl e i dE"é‘

’r%Qlﬂ'
di stri but - 125

of the currasmnt @nndﬁ,ad e@3+§1§
can stant curnemlyﬁmdrdmevaﬂmbblmm

degree of accu e polleqtar |pf (Q1Z s papp

V\/nen the ' P%E%;,Ef@ W

‘M.

‘mas kg.ans

cqnstans gmitpcutent

% i
RETEE
inteﬁ:omiec

8 the ripple f
anplifier is p

econom cal in stfxed @€
arrives vi ast hpotentiduby,
(Q@0). Node 31% r?ft(l}ér‘é?:(ﬁlé
be assuned to h%a %
external conpargthsent d

Thr ough

7.5K resis- Eepﬁély
whi ch gets tur
may be cont ai n&n&wm an perturb

excessi ve péner Idlsmqunmellﬁvenumemb

ti;on or unexpe&ﬁ@&
the gain in bo

general |y reduﬁee&oﬂuh&d

R et

h‘dr awi ng4s xs8derxved from the collector current of C

_aeﬂvlgrct:rtml ‘e"
ﬁ%:‘%ﬁmﬁéhgg s
A ER

shae@es% Qlﬂ\fh lsﬁ
f ebd bQ@% Qlﬂnb@i; cdupladaar ithecamitte Nl

dfl?Y e aﬁg

sten

w?ﬁ%t %@kﬁﬁ“ i

d g neBcvnEDh mlmmal\ierr gto-l

Q17, hese qmittes 5 villing AsestsAp @ seuseerof bi ‘6 ela af or
D i B S b s e 0 o
dtN Qo ﬁiﬂg héb&ﬂso -hus

lpbtenaf sis@r -df eﬁmcmtduaiviqe aypt c;coxa:edmdg hos

b dretweem saidy pren r%tr::§5

3040l sdcbid ihfeaand for
)12 mately equal “for exhxblun§8&)
cmaensme 110
‘ PIYK t
‘ﬁgs%% and
t,he thirdneaasiaetn d
mmf@;mml%

w

jimd:-V\npﬁlﬁmthas

"’ﬁ&a inbi@

tran-

stltaaa&rw K
MsttGFhmi ceontrad nkans,n t he

b&‘Pg plhaidy fiﬁt 19120
tﬁ,‘b Ages

1s’t6?nb ar
tha |ratioeandmud gomgrol ﬂﬁansbep!erwmdmdt i on,
for, l%y

m&% and

r.Sdnoth&@ ater ant

cy 6urd poRiol & the

of .ichange i nvh@ethe'ryqaskéaformwerbmon e jof s§@ fip. transistor anfh forhwirksdraminigt age.
Thé @nplifier has been A second effect of the c onents 33 and deS| gned
for--use at 6 volts, but will operate 15 34 is in the excellent

stapility that may be wth good line
obg:Al ned. The circuit means including
and<“in fact with citor 34 and resista
fldellty, at 12 volts. In addltlon ot

11" o

RSN | 1T T e

nce 33 at the" dégeherMtive * | npr oved
he I nput to the arrpllfler permts a

o M .

s v

c



of capacitor 34 is infinite, and the feedback nmegohm Consequently, the
pre-anplifier may ratio is essentially unity, very substantially not only
be driven by conventional AM and lowering the d.c. gain and insuring the
desired FM detectors, but also by a ceramic cartridge 30 Yhigh stabiTity
oper ati on. ' of the conventional (~1/2 volt) output volt-
- 95 A further feature of the enbodinent illus- age. trated jm Figure 2 is
t he neans by which the curreént suppli ed to the pre- arrpllfler “st ages VHAT
VE CLAIM1S: -.is |soI at'éd from t@g’ﬁ&urrent demands of the 1. An audio

) an‘p| i tnnf ot alglec Th

~ estab #se@r lﬂwlnemgmngjctnenm@w five it zs&rmd’mcdnkmm base
pot ent i ﬁj‘ w Eﬁ&(ﬁ‘&&‘f‘ ’i%l §““°mt %’P’r‘ﬁsﬁ m @afon ter ni nal
for pros i mmds @Ygfm ;19,911,‘ Y. aess to a

I’aeﬁelkaﬂﬂ& afd to the col -

const anPut CHEeng @dﬂm - phsingne diffetbrial m bY@ anTive base of QL7

is ret\%&? B, %?:@% sﬁv m;rmféeatfﬁﬂfcdg%gqémtdeze!eﬂro 8h di ode D3
to B+ ¢k by lguta ur:eEtOEHJEﬁdS Bide %f %ﬁ Omolﬂ&'t ran-
near10y foiuxte ttardistor, bwd wlated diew Hyhbe bifeadbagkaheam-couplddSi Qégemfatie st St

- conductmﬂ' d‘F éﬁst?ﬁéﬁse@“msﬂ afmm'lsﬁé ogippy Betcgmle@bn @1 Ridj d:-coupl ed to

Cthe in Geimt §n % Bresai G qﬁmn el éé@'}i ctJ on of
- Cur I ent wiiepdee sl Bee anﬂ()da&iiﬁdluhﬁfs eaiﬁ&h e regl B &r EHE o1 ransi stor
Q7. hecaghionnacted fnug bayﬂinpﬁtcnonﬁgminonsar Azrsmpldiadassehmad ihrdafiBiGt or s bei ng

“appr oxi ¥ :‘3&%‘3“’ t?fe"lfl s’-'f bﬂm ely equal for
exhi bi ténggera@ ﬁagﬁg g‘:@ st ab-
- equal cmrnedam |aiw:&5ne¢tﬁn, Si stance 28
“and neof Meﬁistv';fﬂnimor hsmg\peuplesltta fmm goup h%ﬁﬁﬂsalﬂ gdn&atbe com - age

T

acr oss ﬁ& W J:e out_ E‘Pﬁ‘% utpyy; ip m?ﬂ“&’nsr st or:
provi drm &a,ﬁisaﬁa whicll! frocd sbl

r nd
+ dri vi ngheixiafier oefenpadt to tas SRl Gitpat inner-l’feaxﬁﬁutfv@lta Gk a Bésirednitiling %

i nt et E’(’}I *‘ﬁdb‘!d fstor isy ng ¢tigering Sild@mrenhemhhwad transi stor
tions of apagte 28ERET ‘-‘_ cmgg Eﬁ?‘“‘b‘f Bgai d second
transi Sdﬂrco pﬁ:ﬂ tGﬂidS)ase ASrad- MhekHBI Meds rt@rﬁmﬂ H:q I@S i ng

conductm saldcfpwgibntransistori lns dts paeidal osailf onegut idling| votthge Oat (@pproxifglitely an Q7 and
sets¥ §opmled. to the, thind fangistor Wﬂdgnh#g‘.*‘?%m"t’ ge.t hird tran-- mum current
drain ety 0 i‘“ﬁ? ﬂ?%& PH fin i Birst

transi Ss‘aidrfoﬁtﬂmancBEeco Hansﬁi ol  Bribed b Sfifst  Qirrbrld Crefefdh, tﬁamﬁiq; aPréssing a
fourt h ﬂadlsde:sdrms e&wdaul dtcrdivrsubmmams anGyl Thavigg eprinksatde neice  thy i soI ated by
the ¢ rfg&f'gfms‘gg?g sopgplcmenps 1 EAlge of 6 md--iﬁa@ackfrpawypce@eﬁa © sistor QL7
froma n'u T Iy : cactive region
“from Qesaﬂrou mhmneeﬂogh“ts ﬁm)@ﬁpledat jubtidh S5 incehGt vriadelaod eﬁa diggo the -
aCtI%g P M@ﬁm foyrsh [trensistor and lts collector connectednosaxd first E;.sxstance 1do sai d

Seco

' o P SRt th tih dhat iy ent
‘enbodi nm%:&iﬁﬁ%&%ﬁ%éﬁc%g eghp&%ﬂ &E&ﬁ@m :nve\r/$ | ow

pr edi ct%@hdalrandistm 18 Wupplisdt by siih:itstmll ewhdrm mﬂmeﬂﬁgﬁ&hs&blpfoﬁ&d smgrce for

- di st{fr rren |s deter sy’rhavmaﬁxr:chg a portion
of t emengp e TLES and thus can

st ant qngbmpmssnuﬁtmg :tupm e;u&usﬂo fis hi gh degree

sour 6e @ﬁ é&rqnohoerté iraluced u;t theS owtO U Rig il akiditichl- ther

of acc ufamwrlan than ﬂsﬂattrshun&nocuﬂismt pongqoupkdtm)tliehauBSI lowhen t he
"masks" g ﬁfmtgrfmaqxsera ofthes Sragpispors syl fursham qnals posigton iniggtd f or
W t h operatmg ng- a Current at its Connectlon P 485 682

tranmstor at current le to otfset the current f said withdra
9 fromsewaldm’éslthsﬁoftxfsaﬁﬁlﬁﬂpl’s AT rmrihdlﬂxeﬁwm set mhg'aasaadi five

‘transi ﬂ“@%ﬁhﬂaﬁf mmﬁomw poirt | e%ﬂt plighilyn puder ouerbialfrthe tSsai d first
. bi
BT

currg G Mg a ra aor and . consequently
its |d|wﬂﬂﬂmCdee§ tive Sdedbatkl é"ﬁ@:ﬁﬁﬂ% &&Eanasﬁané&ﬂgfmél .-.E& 65 is

| i mit ectouplled tetweenc said- eunjut ditercd menthsdug e:amﬁ ;npﬁﬂana collectorf as cl ai med

i n cl ai 3§ A bpseof saif ¢ mrstemqo anshtllo ing in
sl gy TATTE Lo e &owﬁ&‘@&@g T A AR 0 1 ondi St or
and t hewortioinisfid fegibat ereﬁtra?‘ ef; avi ng an |n- cu ent Wi t hdr awn
by said &oAe raudphﬁreamsqlmmddm_ clggmt 2,her d1.n&d nwplifiercdsedaimdl nockés Whe " degener a-
the idling current in the second transistor is tive i nput”, and an out put
supplied to the 70 determ ned - in said base of
said third transistor, and-a second 10 fourth transistor, being rel ated
.thereto by the feedback means cw wm& m ﬁatlve sense ratio of the
active region areas between said i nterconnection to said
de- second and fourth transistors. generative input to
further reduce asyrrrretry 2 An arrpllfler as cIar rred |n clalm 1 in the

e o
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