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resistor 45 to_the positive power-supply term nal and whose [err]. A
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Application. in this respect it is ob- . buried resistor arranged in
paral l el “therewith. Aszserved only gmptogd he2 Bal anced i nput ygol t age appli ed
already stated, the junction point between the re- to the bases 2 and 3 is
converted into a bal anced sistors [err] and [err] constitutes a virtual
si gnal - dba eresent Appligaion.plg thip gesgibct fiteis eyt | al  phuiried rgsistor Jamanghd ind pérfliel tarewithT[Ae
si ghai ViSvehnly el terelanesd inpuixoftagp meplibhput - 2aireagydstateds theplpiation] egint betwaeroipe éi-ng
an i ncr dad@dases Fand G is eopverted dnto a pplancedhy er t i A Rpdhd Bs conglityjesy 4 vidyshsignal-aggh.
t hat t he¥genkhpy g lifierenial panb. dnthecdiflorpnt al  pafie signalvpliage i the Peregveﬂm b‘B‘ﬂ@ ey
al so be "F' iy Ei'e'ffl_rpé@" ra(‘Fé!Ealﬁ_ ? of th&ydi £ of'?‘él'""&'ﬂ?gr l?ﬂ'tt Zé;!ir ‘f‘?’y fhat these

defi ned a0 @es subst ﬂ'h é%, p “a\/ﬁf
of the r '¥°f?t9?“" 9% es t heeﬁ’t \§ 6‘1 tséf ar:'

t he resrbg Ee)gn r’} ‘3‘%%2 ° t he b]étgg c?ﬂp %snfsl%m t? < es
gﬁljrt L:r '§ §r e o % [ efo{j] thérg dly an)hsr naia lltegre ac]:os %er]
har dl y sta 0" th eTrrar nt aﬁ;&s capﬁ e res'

out put S for Br%rb@a%'chﬂréﬁtscd'r‘%% f bet Wﬁi ﬁlas& §pa£-é§de§ ES’F. a phase
accur at eﬂs)én@ QD%B%E onlJ h‘\g sfgﬁﬁ@ﬂeﬁ{sgﬁﬁe err] 0 tﬁé 5 nal The par%El aﬁ&J t nc@sp -
bet ween ghhfe bfigitsSt @hd 5. el rbsistMIR] 8dd s SR CRBREIS Bluton68istdr 40 o Aabeblb h&al S
of ‘the thaa Gmphratively hrghaés.stah@esenﬁa@amat ancesatfder tholshiovot ilefratgemantphase
[err] arsly[a&bdylsmalbRactidhad the Blgyal bli@ntSlo@nal cur r &gl Sc i RRAfammatidsdetiondlfvielwlve the

si gnal . tirbugh piss@ tasisios ana [BattabtRIMCAS eftite ON t tegraled pirtuld fof tha 136t obresidtr® Ry and Ry".

r e]l_st orsigndl eorrent iaptfleclivelyrdvailabld bn tht waputs t he bOn b @eypecstbsriiora FASIUB &rhi-typel bitaxialt e
har dl y Heand 5 Sinpratha signad eyrehli gyhthe adputst ance  viayen &EPIsieo depastted. irathisclayer teh B-type
behavi ownd &frertdins ageurately) baiamoed, nosigngl witver y  seifidsbd or igwiantesh registot BBB & fgmeeld with
current abb willsappdEir gn tRciunctionapaifit hefveamtbe | ¢ S elotviiropedance jendy poftionsh8P.t densliturg the
these reaftroRs agthbs. Jngrsienthisdenciontagiot ent i r esistmBagPuat B opisteruan infuating lager
set of roeusiwieppyinpabpignaleail [err]. signal culSPelt aTa898s; F’ed‘thl"\reﬂ“?a"&?‘élaP%{Hreé
on the outPurey ofd s"é?"?" EPQHJ 3§‘E¥!§§!’? SEUR- o - SMBTLANIWM Efée %Eﬁ“id “3I'°°3"°3r?8“‘8.

Si nce t H& ﬁ’éﬁ"g Fapgg it fhenly s 4 ’92'§°"P %t?i’@ SMEHqis
In this "le & 'd t' pg’% s"}"@rrﬁfe caolccur a?°€P r'“ "% ée' 2?@“ e
dLLL;JISng IB F mput na e]:jorgg ﬂ{ﬂu&g&ﬁ f 8 nt?ln e
b r

therrfﬁlnﬁ J mar % tb . %ﬁb' S”j uragg,lsra sra.%r.a%h °SL§?-. j %ergga x

f n I{ a :
1SO is %ﬁv@ﬁ) nputs bf‘ﬁ&é's% Eonli Bk rdnggéenﬁpe” UBR Scobi¥t rtui@.@ghé)f'esis{ WL Mmadhb er%ul nﬂ-
3a Shov‘@n VY &844Roupledds the MiEduls W2 ar eferr @d diwdt mbMsel 05k MET3 L HE

led fil tﬂ&ér aRBRGBMESRNERE Smblifierd GR0dAMIGS] W dsh MB®4 al- formfe8 S Wit bro &dath Péhnédieans
SP. One & eahéwnnial FidViaT leghrdiods 6t Ho@Nthe bitiant i cal ordasrinmallut e résiter 8a BE mb@ik Bf £02p
connect diflert dratgememUs panistruéteaf anl ingit fesiset i | t Bypardifusige DNnahdies abrionass the biireg .
1,\the ad asodaf resilter #eapaty fisl dobdecteddnt andiaydn BN Thee ternbigal IMETAlis ddarfecidd its the
connect escit output.riafigedtethbschesisigs prei sieeh The outptit4 bfethai findl| filier6 brrangemenhend thput
2' of t eepasatelyTtie boad tesistora Ry antfsrnd the first N 40h etermpiop! MET of is ichrmediedt torihe jupgtipg point
ar r angerfertarangement have larg@resistgncayaudseleat h t Priwges glegesisiorSbgnd Feart | y buri ed
nect ed taivet teethguippytredistaraifnapngl B2'gidher of t he Hfthe filer resigiera progppstr Bthdcﬂs (fitfysed
The hi gifesonp St Enosaet. o that sybptprtiglly the 9 gefppifiers e filfeg a’f"i‘i‘gﬁiée’ﬁ('if"eﬁe dgated
al ter- entrepyipy sianal syrfeptflows jip 'E)PhF F??ﬁ‘s of t Ff’é“ % B‘H"\e ‘Wé’f ishgm”'
Ol"%l
I

i nput s j‘?’sﬂ‘u Qeﬁ?or’fﬂ“f’?’l tp gptaln ¥dht BN b '[‘?t' beI n
the ins aﬁ ib "98 % the B fc ' pt:°°es a eesr:
?lyé %5% ?I’fj é’ | c?ar % f it ei/l oc%sses erm W | nc ar ansistorg an

1'SO t wo %sﬁoa&? ] w?m% sorft’ S
are con L{ Iy d, whi $heS

shown | fLsf-;r g o B FaGallie &ﬁéﬁp b epti s.sé'iﬁ’g o Tgrrﬂo.rserrgm T
resi story, ﬁ B e; er ar pARGRIGHEY A4S mn%nrsﬂﬁrrse@uchaﬂios
input r q.%h&hgés givéP Rsdliold pabdbhi a PRdnkisiei aRb ednibR pRidEiicCEpRisheés wiad

resi st OrgihiCwiidn ﬁﬂ&sd’lﬁ&fﬁcﬁqmﬂ' ?‘f-ﬂﬁﬂu&n@y | ay ehdvEiRbly 3Rt the béHadlr ofind Biter Srrange-
connect efah@orisits of &6 MitetUnahtoment MTHel iGiu- 30 t NRSR. TIRS bisahidl-Gatd kepailanbNis the most
out put 4ngf of Mess’ pdrasitic fdapdcRncadr aRN@EEENt ssaNthpbitcdt e Rssat w@kagitic Tdagaclamass. This

r esi st Ordacddaubdtandail ifcacH ¢f taf redifi@s Ri‘asd 40 pdrasitini capdcitdvEsT cabiséssa MOSNEmbigtoh HO
t he j unat,i Breoitruckdd 4si 4 titwsed rasRloganiesath have beegeas & siskibuted BCwatwordkgn (el same
bet ween df hie resisiost By snd & ri§ censthcfedras]ja at i vean a5 & difusedgsistor eaviping e sigfiablorbp
and [err] of the If the filter resistors are constructed as

di ffused second- filter arrangement, so that substantially the resistors
the filter arrangement can be fabricated entire output signal current flows
through the resis- conpletely by neans of a bipolar process. How tors

- [err] and [err] In order to obtarn corrparatrvely 45 ever, alternatrvely

o o o o -, - o
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Thi s phase shift can be conpen- , tor [err] and the nagnitude of
at | east one sated for by providing_a conpensati-on capacitor [err] of
said two circuit el eménts being ad%ﬁs"t n@ 2 Bet wveen the sodfce and the

drain of the transistor, characterized in that one elenment is

consti tﬁ!‘:&s%@hﬂéd | HhisS shift cht Be A er-t i's not tod F4 S RH T tI'IeQnagmtude of at Ieagyongl
j unset i el &P B¢ bloAling £ Edrpenddfich daBac&cBQﬁ a arrangesAy HONBRERSHMAR ﬁﬁﬁg%fu fQJ:e
acr 0SS fefheh MBGourcs 3hd the GHiR St el EEMRRior, SOUT C€  Edfdclerizedn HRRAEEH Qo

resi st QisSis[¢hbwr infPid. BRI & Jis nbtefebssaryttoese resi s§ @risncfidnCeapacitor (Ci, G2 14Nk luﬁga '
i nput  (aBhngnglcdntpehdatonapacitdt\eCilobs the ldal- 1Ot | NeGlassel@@nt Idurkd @, $) B dthndeRl o 16 - ¢
t he ar rrasig@sewtand Rs, becpust tHe2¢ résizforngpUst i Ng t Mesr@r@DiAKI {3)R6E to0the hitkinVeAlng &R

opt i mumotindisdSathe Gigndl Ipath obihg enebgémedh put (2) fosncijusting the pap@titande of MBI |
connectRod ab @ptirngn capreosdtion thhaemaensatione whi ch jusction lxspagitdr i (61, | G2) eopmedted to the e
rel evarrapaciigyutas atvelue mbick isxtubstasftiaiytegualhannel - gelevang ipetci t ance. 10 The MOS

resi st dp gnentigh efdhveechpringlegateceacitanemc e o 2. Afilter arrangenent as
cl ai med- i AheCMEP fesistors, mpy Baye fisest repistancs g| t erdrafi fiter prramgemanpiad claimegeir Clhaimel. r
char act'@lups, &4t 1 if aematively possibie ?t'“%‘? el ¢ eI erreﬁ'ta'ar‘:@"?eéé'F Betithe st cipyliealement is

adj ust dB %anﬁngaﬁ jugigbleb VC'B??P gf a control §t’?ﬁ'3t°' %‘P ) and the gorend iyt Rlp-

ci r cui t"° 98 .applisg %"?'ﬁ@m te of t H’@m o eapagitgy (C1. Cz) ment

|saJuW8FTgnttg; ]s f a'Fﬁ tant of sch? L i 3

g{{ggge%E; e . ac.ttnt ue'ée eﬁmtg h dJ Lol t?;gi.m .t e.em?ﬂég\

Off’ th §- snstors Prefe Ea{hg(\ggég lof- in that ftel h\ErE%aCrb &H‘ r% ene IS
Set i s By A e bt agpe valUes ctio

capaCI tdafes of B fels.sm@mf 4nB E SWRENHe Bntrbihe MOG T st Qraﬁgenlame;seaﬁhmn dnm 1,2

gat es Qloitdgh Qaries the ratfol Bebhébh the k&ERIAe Jyab a I €SI SbP8, chhiRétbdzed iPMEt the SMBIHieY Som-
[err] ard AieRylandRE AshemapRREGb @kt e the  2QH@ates warsistoRe(Ts,end st @mest [cor- |
and [ errato. béthesn hbaigaandukelts tftough théset er ar r aBEHWEpedthich larl dveshed Bs &liférsn-1,

2 vol t agsstorasibee®mbileconstint.o bet ween t he eesi st 82 @eir wr@l which haveOtheiRhasss coupled to
char act er if tedresistors hratdiftula rasigadrs,ftheepar&om  ues tHeemonjinvartiog inpatr (2) and the inverting
mai nt ai stedapaitantdsetiotiebe these resistorprandthe t Wo t r ainpitgB)ouf the Fpiifiet andatheirecofidctosst to
con- r aubsralsctanie vomprasaedgiaaby enangieges t hr ougkhetitegisg output (5) anddthe nprvinveyting
t.ype whiomhensation saneciiegBelacess the disistoerTdis- r esi st ovitput 44) 9 thecamplifies betweent whigh out-
25 compprgption afapagiipi Gah PieYidasa fst-ordsi r shases Peidipload) drepit) is ‘tfﬁegeﬂesfh@'! desd

are di f@ﬁ‘ﬁ%‘lﬁa‘f"ésf‘%t‘%ﬁ‘%"w"t'ﬁé: 'ﬁbeﬂea-sec""‘i he non- i AR CORRY ‘s?%?lif'lfﬁ' SqeRAd CpEent-
i nverti% '§P‘f‘ﬁ’et5‘sa<9%l})5ﬁ9l H‘gt hese r e§‘?‘§‘t°ot’%‘s'a‘ﬁ"d g) of a seqo G‘E’“‘
(3) of E"Sta’ Popiss W dhet‘Fi’B‘i’ t°r Etors to ’th
- for by or phasaresustan tina out t\ n
whose base:

conpens?ilf‘fb(ﬁ cﬁ'f" t%P:[s’%iE’ ]resg P%esvsa"tghe esi sf

resns or 0 e compe!
_ the anp ch out - corrpensatlogaj Gk ﬁa &k ,ogggg, S(m

Oélgiﬁ.]’s 30 puts a load circuit is aLy@hl QREn the non-n-
%’p’ensatlon As is shown in Fig. 3e, second- Vertlngoutputandﬂ-rel'ﬁ‘BHhéo gpri ses

a firstq, andsnir SAeRBMetk UWokBiting 8rdiRhcé@OMgnsati on can be obtai ned- by

ar r angi ng amplifier having A Hve@nd m@NS8)Sh@bn- [ errs. @f filRr SR&RQEHerE QB -clainddemi CIEIAN 4,
[err] in swediesnpit {2) ah iRer@rafdaput Y anti@r r] .  Sui twhere appddtiiit tovClhivh -2, \th&tacteNBas
col | ect or sosinertieopct @) aalkdast, a filst ;putesi st or frat e s t@minelsi (6 AN oL avsaband
whi ch cirdud atrirged) betweanvetirsti ingpt candhipalt (4) andier eangement b conniested to the outputs
subst ant i @) lagd dguaderting iPutA3)x att lasst pesé-st ance val the first3MBter uangerhent 3hd invtes @
. bases ar e onbimpeicdirewit ar@ngeddietwel® arsesondt or t 0 beesison{ionBa) as@nged in an input circuit of
conmon  cofpwtoterningh (B) apgithehnopdnverapinedt t o t he jhengachish fllsoiavendementernd theydoad
| oad resi €0t grs[ @pcpqaclgplg;plhgrranged between resistor (Rs, Rs) which forms part of the first
[err] whi &1 rap-EveingHBEEns Be TG iftnon- | n-  J& 1 ARgeBARt ? “@ﬁa it fRanectsd to
i nver ti ng @fiPpigeond feedRagk; qircylf a’éﬁ“ﬁeadng%'rreﬁ? co 7idl Esislyr e pyone s '°°"d“°'
anpl i fi er 80 |“f?g'"‘f§ﬁ‘"9 HV‘B?ttai“?l or body? sPﬁ\"t?'?Y %FQ

as cl ai meéf‘gl ‘HpLEriln"‘é\lTe chi % g ( 2) aﬁ bF%VéFst'ﬁt?ﬁﬁrrﬂ'ﬂ? 'f]tp““rfl ART
wher e appcv {% ele 6 lgcj\a?hand §r| zed é.n Wgr tggﬁlgimemﬁtcé )1 Z%t

| east a fi cika E’lt ter mng r hon ca-

bacl ?ch compn
circuit arp Q:g, 5 termn cltor (C) sﬁuﬁe@tnr aé?ﬂﬁﬁﬁm il €
connect ed ?éﬁ EH §e| ltérh(%x ' nvertin tﬁé)nput%rc&tl@%ﬁfee&aa‘éﬁ@if—

45 of th%z antﬁrte :%Lntéérﬁ@@&%ﬂ%‘ks@-ﬂ in th%t..tsa ond input circuit
arranged between a second resistor [err] arranged in an input

circuit of input, termnal (6) and the non-inverting input ‘the second
filter arrangenent and the load (2), a f9rst feedback circuit arranged

bet ween ' resistor  [err] which fornms part of the first the

non- |nvert| ng out put and the |nvert| ng |nput filter arrangenent and

?nag 9%@1?&‘3 ﬁ" vave;t"ﬁg
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phase-shifted. This phase shift can be conpen- tor [err] and the
magni tude of at least one sated for by providing a conpensation capacitor
[err] .« of saidt circuit ele adj ust abl e, t ween t he
source and the drain \3% the transi sgﬁmzcsgb'%bracharact erized F‘g t hat one .
element is constituted as is shown in Fig. 3b. It is not necessary to

by a | ungiakosminedPBHs bidse shifRfdah bedddehpbrid t hat a RF (FANRSY ad 16 MAGIRERL df @least one
Capq"ét O$atedGtrQfy providiag b Gafipensatitn capdeit@ L, CUr I ent  GfadaldCi@o clredit felements belag Bchstabid,
to t I Bgwesh aeSsofires arjd tbendraih @f thé ;radsiemaus e t hesenaraetiize8 Biriisat anecslement is constituted

i nver ti ngs isnghatn (Bigadt. tds tnbienevessaiyntoer t i ng i by a funttion wapagitbe (Cri B2)tahe insthajreal
pat h of #rtsegean camppasalion capacitor acppes the Madf ors adj ubits-qugertt lseuresalpalz) s zonmectest tottiee
For an oesiston fs candien berrisg rthash gesistorpemasat i on  inverting input (3) andcto itaennop-drertingt inr
[err] coninstydesdn the sighe! pethohibe eeangéresdta val ue piii @hfor adiusing thenedpeditinge «of dhel

r el evant Farrueptimpp cemeensation theogompprsatidannel - galuecten serapion ifee C2) contpotpd do s
resi st or FPAHY PAs\Aevalp bigh ingbsieiRlyequal - 2 A flVARIPYy r angenent as cl ai med
i n O ai nioPne §4h gidle chapnel-gate qapacilaneer nat i vél y possjble to make their

char act er| Q'B%I N\qsr" 'Fﬂsc‘t?’s f'ﬁe h?‘19 fg‘?d RPNt el e nf f|'t§’ ?’ eé'tﬁaﬁt %seclrfs.'f%ésc'aim 1,

adj ust a fmake their o5 PR

r tﬁﬁ glgralgg'is
‘circuit r@ﬁt'gzta ’"ﬁ %'ae %%°" %{te of th%% c? P seconc clreui RiRt
is a | un % i -t| coMEF i fungpon caB%m'(?" Ff)er
Thel é't. %E’o"’}. su %f{ i
ar r angengiity,e, dpé@ o’ gr ARt e B Himl 10 i
fil ter ag&en@err@ pééﬁan‘a % i0s of' ndiio) 3, 2 AR Ak ﬁeréf'a\ A{‘i‘é
of the | UedibQ hnd by adjusting tHal @&t ﬁrﬁé r/ in that L%QOhrcgﬁacﬁdrr(é ) &
capaci t OpsSmé Mshysisthll. wakdribly, 1HRGales BF ShaNCe Val LRSit element is aGedstén r:w
cap®ei t Ofoad feSktbrs Re RHIRS 416 15R 6AMGLIATo e MOS-resistors. Preferably, the
gat es of gduddt the resistofd #:CaHAIRCWRERRS cdnfiold I €Si4St Arfilter[ Mrafigoment @8 Rlan®aiis CRIE 1, 2
[err] anebithger valiesatheratidiGaiveen MHaaedistalcd wl-t he 200108t chgradidrizédia that IneSdngtifier [comh |
and [ err fes Rz dnbl &, CRYNiE maintaindd, sA that theer ar r angesse hio Bahsistbrai (Tpda) of Llirsti ¢on-L,
2 vol t agstiv aeiwesn thaesignalt cuirettie ttvawgh thése r esi St atkelvity ajpe which are rrdhged as a differen-
char act eresigted also retriain$ canbitentanpl i fi er com 2ues  fiabpaif andrvdiich bave]thelribgses coupled to
mai nt ai ned i theoresibtars atehaiffused resistors,ghé pasm t wo t r athei non-wsstirjgeinpit (&) ard e rinyerting
con- r at fitic ¢apeciienses bdtween ithgsmtesistorsrapththe t hr oughinpidYeof the amplifier and their icolleetgrs to
type whi sdpsteateecanrbecnemeensaied for By prasgien2 resi st othe ievesiog puipii()sand diestaaripverting
25 cqmpgsalingj cAPagkRY CuAGresh thedesistor.Ibisr bases %K’ﬁdf the amplifiery, petyees jwhich pu-
are di f f (REWENSEERY; STRFFIEr (fth'?a‘Fsa firstorfigfe  dbn- i nHWS tal |°1‘ﬁ5'l§t's (azgngaﬁdwfr‘q'rebad
| nvertin "ﬁefﬁaﬁ"" d%is g8 hese resF'ch"

3
of the a ?’1‘1" ég E't bt?}'l?qfiebe 8'?9§'gto subst W .
p in senes wi eec 3Pa tgr it out put (€§ cﬁjgxe ed

by arran Wil em?g

ly is resrst resr tance value w ng o
conmpensall gl G T’t% E rés?sﬁa%esva € r?s' St &Etput Shose f8'a
t he anpl %{ftll\eJeSl - conpensat | baptit Sk 5098!5 fothe
first or %‘ uts a Ioad circuit is ar;uaaig oint % d resistors (Ra.

ensapiafs As i shown in Fig. 3e, second- Rg) which are arrfriged BbtvodnOB®MbRAS
st and a second current- order conpensati Gghirigiipiten®hb fivértid daiput.

: arrangl NG A filter arrangeMightCeoniptiiys aStiainced[ €] of a second con- a resistor
[err] in sekiphier Waving dnlevettiag mpitt(8) a[nedi-r | . Suh.t A filter achngdnievi b3/ claiyneé in \Oluins &,
col | ect or s isvesing input ¢2),tae thvarbihgyqutpuhisand@si St or [ ehard apymsdaat WeHais (23 Niaeciedded dn

“which . trondnketingoswguniAgrdt ileagt @ditspimput( 4) and thakethe rinmit termigal$ $6°, 7°) of a second
subst ant i al diruitcayiaagded tbetwen7a first puttawinglt ance v alfiltee arrangfnenbare pennected)to thejadputs
bases are ddramedteeidvertiog dnpof (3}, lablepstaisse-or 4 0 be ok Byt Siere grangement and in that a
conmon contand|inphgitgeit airenged betwaep wptesendt o t he | (RSN G PeliaTendpdinge ngutcgyit of

| oad r esi stighut t pal](s)@naltnpsnon-mvemng input the second lter arrangement and the load
[err] whi cHz)aPé"sarf‘?eﬁ??@%d"‘HEtaﬁﬂ'@PF P?f@e"}'?on i n- véersrs'Ph °he{?f sr;pﬁ'%d the first
i nverting df 'pﬂzrtmvefing %‘pl" *f | dhe inyp nt co rrp ' Gpgnected to

i f rﬂ% "’h o Py 2 sae§5°s' e 38'?‘6 Ay
e SRR fT'r ”EH% AR T b T sz@% poi

wher e apperf WP" i n non-1nver
compr se a su all

least a fi r wmch 0 Eeoh d‘%ﬂé ter M dalaSindeCuran Zu)nerQEs é}an'ﬁ@&ﬂ&iirm 1,2,3

circuit a” x\ﬁ.eeonﬁ’pn d r5£ub519rnuuty &5 M Naly 4, charadidrizbcEih 14 b BEHBRAREN @L €
~connected t; gentu&? sQdhd Wikt (eleeNEnel BesaldnVer t i NG phdUIC,Y i) arrafded| Rasakallél WA@Cthe
45 of the b rebul bibhéks BéinABORPRAS @nd in t hafres%to%ﬁa theplit cREURtE i feedback cir-

arranged becz\;\lemaotﬁé?emderemem being a feisd Stor [ euits] arranged in an input

circuit of input termnal (6) and the non-inverting input the second
filter arrangenent and the load (2), a figst feedback cir |

bet ween resistor [err] which forn6rrs part of the fliu ||||ﬂu““mm"|!|| _
non-inverting output and the inverting input, filter arran§enknt" arfd
;._V\/nrch |s connect ed to and a second feedback cr rcurt arranged be- 50
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