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Fl oating, Balanced Qutput Crcuit T@E’Mﬂ,ﬁlﬁ@ﬂ‘ﬂ%m‘ron is based up 174
provi si onal application Serial No. 6 A I'l ed Novenber 9, 1999 in the

‘ name of Q%Xl/ﬁsg'ebe” and entitled "An I‘F%‘P%ved Bal anced phra®od/g@401 Nt
Qut put Driver . 10 Field of the D sclosure The present application
relates to a floating, balanced output circuits, and nore specifically to
an inproved fl oatindmpaosedFloating, Balanced-@utput Gircuitontrol of the
comon- node out put current in both output |egs of the circuit even when the
differential voltage output is clipped and the circuit is driving a

ground-referred | oad. 15 Background of the Disclosure Professio ' u\m
equi pment of ten enpl oys el ectronical | y-bal anced out put circui tsm “\m m\“
nmmc the bRAGWIApMicaBhPuUt transforners as closely as possible. Sygh e

circuits are designed to accept a single-ended input voltage and to produce
a 20 differenti dlhipapplichtiomistbagsel wgohlprevisional dpplication Serdl NuutopLtc4|35pdtladce.
They are further designed to possess a substantially higher conmon-node

out put i npeldayraber @ohfrgrin thscrams effiary KmblahsH aad priitifd “darimpsevedBalpnced

i npedance f i . differential output to the ground or

ref erence p%ltggﬁ%??{o#ﬁl&sﬁé %rg%s the differential output voltage to
"float" with the common-node voltage of the |oad, thus allow ng the 25
circuit to B.ro erly drive both bal anced and ground-referred | oads. This
behavi ol0 i sFigldwefithe Disclasyke of an out put transformer, wherein the
differential output | dance.is t ermged. b e rce.lnpedance driving
the primry refI'_[e;}(’:etperglsn%)lgal hégtédencrgﬁa asr?/a(oﬁﬁ%%ﬁ)a_}a\%c%%l?u#%@ c\l/\r/ﬁ\rlrl}gs_éa?(ﬂgi_ore _

i npedance f gpifRally¥@ran! i@?r&fed%ﬁtiﬁﬁ%ﬁﬂ@éﬂodﬁblﬂ@ir@ﬁt tiat faliedifls Ecntr@Vbf ehi gh,
being determned primarily by the stray capacitance fromthe 30 secondary
wi ndi ng to ¢memertmode cvtpubenreant in lyfth phiput lkgs efihe eirenit ¢enivihen thhdifforantial
currents exiting the t | egs ,of t.he. hal.anced out put .are.substantially
caual i n misiERakhns Brridreds rGaanee cestiBrededisibe Tond
configuration. f 4 Novenber 2002 A widely used circuit described in 1980
(T. Hayl5"Differential Technology in Recording Consol es and the |npact of
Tr ansf or ner j S VA undi ng Techni que." Presented at the 67th
Conventi on %gafgﬁge}'li\%g{@e nlgé]‘r’l%qé'rgi ng Society, Journal of Audio Engineering
Soci ety (Abstr acp®fessivfil-audd, eqRipdeeht bRECEBIBYs dI9&nicall§-bahawed dulpkt gure 1.
It accepts a single-ended 5 input voltage v,n with respect to ground at

t ermi nal | Neirquits prtentlgd ée mamin the behavidr aff ovipuplmansfarmersps clasglyads possiblai ce t he
i nput vol tage) between ,nades, OUT+ and. -, Jhis circuit. accongplishes the
dosi 1 ed goaP SIS B8 SEUEnTLOdrIopLr SEeacad Frbb inbtee e B BB

i rpedang®s. digRe@tialQitpRvoRRRS With 8Tow HiTfrdithf SEtBMihfedRidt PThey AR GEARGE 1S
substantially determned by the sum of output resistances ROy and R oz, as
negati ve f edehignel tapansend atshbstapiatlythigheatoramphinfdderaitAimpeddndd QA2

substantially reduces their, internal, opep-|oop, out put i npedances. and

Fo2 ar e 1 ypl CHS BetaRUR iE R cs Seing eined Foghg Hrbancedtinm ereer i Lt |
out put i npe : i = i kS quite
g, and oA EERbICS e Sl oFRErLAPTRAARAE This PO SCRURIAR X dnd 2

i n the schepatpiutvatage for ‘Hloatalvigh theicotmmonemodd voltige of theleadn ttus dllo¥watg the
n‘ismatch%s) in these resistor ratios can either reduce hﬁdcommn-rmde

t
out put 29 e Qsiittojpropesly drive bathhalanced and ground-referred loads. s behavior 1s

similar to that of an output transformer, wherein the differential output impedance is
determined by the source impedance driving the primary reflected to the secondary
(output) winding, while the impedance from either leg of the secondary winding to
ground is quite high, being determined primarily by the stray capacitance from the

30  secondary winding to ground. A consequence of this arrangement is that the output
currents exiting the two legs of the balanced output are substantially equal in magnitude

and opposite in polarity regardless of the load configuration.



*15 are in one direction, or can lead to instability if they are in the
other direction. This requirenent for precise resistor-ratio h%ﬂerﬂazyﬁ a
. drawback to this circuit. It should be clear that the common-node or
of the circuit of FIG 1 is governed by both opanps, OAl and QA2. Wen
driving a single-ended load, as in FIG 2, the conbi ned conmon- node
f eedback forces the output currents to be equal and opposite (@Fassube 2002
exact 20 resistor ratios around the opanps). This behavior is one of the
nost desi r abwadqly apel ditonit dekeribied in ¢D8E ('.tHay, MFDWrential TeclawlogypntReeogiad 1 S

| to t | t | at th ded
ot putCPet find UEaspacRfT ans DBn st Sarcaite ST se T ALag8: b 5%%@3%@@
suppl ypy @bﬂla@@nveﬁf?&h of he thﬁﬁ)%@ﬂ?éeﬁh g BiehP maﬁFﬂﬁuﬁﬁ rin@ &R

br oken. I S expected, entfal out put voltage wavefornrat t e

QJT+ c(Atbptnacts)pmle&,ep 924 (Ippmhbeaﬂ 980)& 1wl ;1 Pigureaki dtaccepts pusingletenderk.
out urrent be the divi ded t he | ga

o3 oottt riippeddoaing. i W Hhpackioss pibmptRLoBR Holtee

the 0‘{%(?(%1 t& Hhice 'i‘ﬁe fbut b&t&épbﬁ&%&l (bles QUTPUdOUT- DEnBWilcit hicSdnplishes

typi cal limted only by any protective current i mti ng circuit in the

opanp, th@rdetl dt paalnrmsthrmgapasp dondifferemial and| coaypontmeidd extB0 impedances. HYnder ooz

v5 65 e P et B ey H5irn P e it R e e

grou n%uﬁ;hft YesissReORo{ 4R R e;uis desaitive fécdbidkt 4bihd Be bpEraforap dinpHfia@ DA Wahd h
can le to di sturbances on the audi o waveformthat are nore audi bl e t han

silfpl O sypstangiallnredapeseheinintynalapsndepproutpntamppdraces Ro nd Roe gregypiselly
e e 0
St r ahreg Ve ERE 108 fulylu bED (P Kee bt SR B B el ey 15 O

C OMD reofflen-miatl P viitpat mmklsnceﬂa quitk high @idtdaalbelinfipite i$ tieomtibQol e résilstimese
the differential outEut voltage to s bstantlalli/ equal the input, voltage

mul t i grbeded Byand gheing %ﬁqhéalagam prsﬁa: Y feiniaingd nltshawdbe dgtsdtha raeslarféleao
f A

oppost § uii reicdh afiod O &M R he B GRnfY DG Auelalt® iPEThCAAhes g

belbaviave irnonk diteetioncir camdoad fto instabilily mﬁﬂhayl aresn dle:sathexbrhnbcabmv@hxs/%b@memt

descriped in the Strahm t ent ci se reS|stor rati os are not necessary
to m,fﬁ{gqeﬁlsgfeggfqr-rgg,oglp H@l&?ﬂ&wettacﬁm%ﬂ B¥ot mentioned in the Strahm

patent, in PERMd bOcRAAUSThe BodBHIASE: behaviBHSPUE cREuiBYLRIR 16k h6Wrhed PM
going into current limting when the active output is driven i nto vol t'age

cl i ppitregh opdreps; dvivbandrée2.f éiﬁéhﬁ@a@kvm@@mlmglstnd@rrbam acini Kig. @y ¢hre comoliged t he
d|fferent|al k.loop is disabled. In fact helnte ted circui
devi o6 I BERG Baoh (HeesuDe yRRE Ctsme o revbeb s PR Bastmtig, Stk
Stavahrfegigtbitiol Sroufi® ki apahfe). | Thid bévidriigbnélofthe mst RERABIe\Ropdies of such
functional i fﬂ\;Of t he conmmon-node 20 feedback | oop when the differential

f eedbadleuity dlpweyeh ibieinpaisgnad is,apligg o tormpyal BY thatcansss greowiie gignabe. thas

shown i: } | i . t

the. 1 sbeousFed Syt G i L5 RIETE), P ool kR il 6B silrer BERY

pr ovi dedtapd)dotiaihk diffierestivl ahd eommfoﬁlfm(bdbefeeﬁlj‘af:le leipt iafd brpkén. . ASB éxpecteditthel! | ed
t he node feedback i gnal h| S case, (i)&e comon- node feedback

Si gna|dlf rea%ﬁﬂ. QULRPt P a8 Ky OfIHeatsth?n teu{mlévm% hmeéntaé the GRS
Vget CemaBiudes hpesnd,ga tfelg ﬁ@g%n&aﬁt @ﬂr be Tﬁ%utphh@ﬂﬁ%moﬁigg@e@w 1B

age 1s adjusted via f roug untrl out put
cur r entesistanen. t Whateiamioy aszeb\oousalﬂdhat,awbllet hh;a)m@asrdopueqlgatheam@lmypnsmttczf thavhen

| t t | t
Lot oo S aSedeBPO O Sei Swl, pe ol hadlh Pspica Ry ARkl bty 8 a%Y pRgeetivegrtint
gr oundirhRin@r cfeuit od thé OH}!})}W Qpt Byt the0 Aifhubd espal ir?)atodtﬁutdrvblt g Rividbe
a

cutoff transistor, then there is no way for @B to fect the output voltage
and conmmon- nbde feedback is also disabled. Wthout common-node ~ NOY ~

30
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WO 011 35526 PCT/ US00/ 41941 feedback to maintain control over the mgtmﬁ 2
currents, the grounded output anplifier conducts as nuch current 002

permtted by other aspects of the anplifier design, such as protective

~“current Wgaidsem 5 Brief Description of the Drawi ngs Fi gRCEUS00/4194

schematic drawing of a prior art circuit that uses positive and negative

“ar i ng of IR BRpepT 03 B o pABR B7HOS i e E s A B e ng) o

ended | oad indeferfifitt Batd tROAYS1HR fgmhﬂr%'bﬁuamﬁé R Aevide B deflim & ﬁxe%fgﬁ! t

for inplementing a cormmon node feedback | oop; Figure 4 shows a schematic
drawi ng of stagej whichvanilead tacdisturbanaes anstbs asdip avaxtforniithdt @ercemoieadudibdelthan
common- node, f eedhack | oops to enulate a floating voltage source and
control s t NE"BIGEPBPN&ormon- mode current under cl i ppi ng conditions while
driving a 15 ground-referred | oad; Figure 5 shows a schematic draw ng of
the preferred trdhaltanativeanpoachion fleatingdalaneed uiputicircwit was desqribed ioui t ;

Fi 6 h ' ' I f sential.-i t . _dual - out put
{t anscondudeaned CHE STRhindfS AR L7 3fh, Sl ol i M sporr®Ly, ' P
addi tional fgaivaciedopé AFAfETbtibl ﬁn&c&ﬁ@x‘éﬁ-xﬁo&%ﬁﬁﬁgﬂgﬁal@.rm BffekdnkidBlobpt €S a

further nodification to mnimze output common-node vol tage; and Figure 8
shows a scheeatfigurett tavpreg the diffstentialasitpin ooliage tonsubstantially equal therinpiitii ze

out put common- node, vol e. 25 Detailed scription of .the awi.ngs Figure
P o Solaremtlined B Somé Rerd taim gu e romBiongofe s dkach it ey 1 hat

;JIS g: t ;5 2832%%@\5&3 & ftd Bk +A0 GupRITERAINAPEBrch &8 B Eludi 2P SpPcRice MhidLE 2

least opens up the possibility of preventing the clipping behavior and the audio waveform
disturbances described above. Also, as described in the Strahm patent, precise resistor

ratios are not necessary to maintain stability of the circuit.

Although not mentioned in the Strahm patent, in order to prevent a grounded

15  output of such a circuit from going into current limiting when the active output is driven
into voltage clipping, the common-mode feedback loop must remain active even though
the differential feedback loop is disabled. In fact, the integrated circuit device
manufactured by the assignee (Audio Teknology Inc.) based on the Strahm patent is
implemented in a way that does not preserve the functionality of the common-mode

20  feedback loop when the differential feedback loop is broken due to voltage clipping into
a grounded load. As shown in Figure 3, a differential pair of transistors, Q, and Q,,
accept the input signal and the differential feedback signal. Transistor Q, provides the
tail current I, for the differential pair. Q, is controlled by the common-mode feedback
signal. In this case, the common-mode feedback signal is derived by sensing the sum of

25  the output currents from the device, as described in the Strahm patent. Thus, the
common-mode output voltage is adjusted via feedback through I,; until the two device
output currents sum to nearly zero, and, are thus nearly equal and opposite. When
voltage clipping occurs at either amplifier output, one of Q, or Q, will saturate while the
other will be cut off. If the circuit is driving a ground-referred load from the output

30  amplifier that is driven by the cutoff transistor, then there is no way for Q, to affect the

output voltage and common-mode feedback is also disabled. Without common-mode



O ~ NOY 2002 WD 01/ 35526 PCT/US00141941 vol tage source and conuﬂl ‘t’hﬁz
out put common-node current under clipping conditions while dri gﬁQ\
ground-referred | oad. As shown, transconductance anplifier 1 is a circuit

" that accepdeisssdéfferential input voltage and delivers as HQT{USSOMP4ls a

pair of differential output currents such that: (1) tl = -12 = vdi f f

gm
This transc U . lifiar, alan Lth identical invertin .gh-gain
vol t age anpf)%g&?agﬁ(ggﬁ%gﬁ%}%f?&f@edﬁf | ngglogg)\é\ff f‘érrrengﬁ‘rﬁﬁ § S‘é?dsegf u&’ﬁ'& a%'png d
i dentical cedfIQBSat hividh eaRetiab Pefmified Byl othef &pattd of M aHiplIRr design, such as
fully-differential operational amplifier. ReSistors R "and R2 are connected

from t he i npwtective cergant limitimgal s | N+ and I N-, respectively, to the 10
non-inverting and inverting termnals of transconductance anplifier 1,
respectively. Resistors R3 and R4 are connected fromthe outputs of buffer
anplifiers 4 and 5, respectively, to the non-inverting and inverting inputs

of transgongyiel Pesai mldgfthgl)rawi,{?specti vely, to provide differential
negati ve feedback. |l ong as the Torward gain provided by transconductance

anplifier 1 and %‘)ﬁ relps 2] W gfa(?qi ¢ 1Sl o the

desired cl osed | g ggfsn, t%%%ﬁcte{%%wﬁ} erpélr#tr?gl%ﬁlgé%é%e%g%ggg?gm%cl d wil
be subst ant hégdatiye fdedbacknd emutate + flowding voltagéSoutéq v, R + R2 Preferably, R
= RZ and R3 = R4, so that the differential closed loop gain will be: R (3)

A-rd = R4 20 1 n gighké Sdvth RNBRIEBRAWnd of the FrlorarPeilcad: RS 1Toffected0
kS2. It should be noted that either termnal IN+ or IN can be grounded,
and t he i npta drivegnsihgle endeddoat] i n a si ngl e-ended fashion, with no | oss of
functionality. Transconductance anplifier 8 is a circuit that accepts a [

differengial inpBlgues blage affedatié hRMNDOSE d prior@uldirdtiis fér ifplémattingat ched
output currents i3 and i4 such that: 25 (4) 13 =ig = 82 vcm These out put
currents i 3cemmonmedsdprdback/loop; sumwith the output currents i2 and il of
transconductance anplifier 1. Note that the output currents i3 and i4 from
5 WD 011 35526 Oiguré\OshAaa et rhdigdf dnriapseved dirctid timeusesepdrater 8

wi | | cause hoth output voltages &Vo~, + and V tg mpve i.n the sane

direction, dHfarentiahandeamypen-made deadback loaw@ro;izﬁifq)kt%mﬂpﬁmwmaéwﬁ%énd

amplifier 1eontrols the output common-mode current under clipping conditions while driving a

15  ground-referred load;

Figure 5 shows a schematic drawing of the preferred transconductance amplifiers

used in the Figure 4 circuit;

Figure 6 shows a schematic drawing of the differential-input, dual-output
transconductance amplifier shown in Figure 5 modified to include an additional gain

20  stage;

Figure 7 shows a schematic drawing illustrates a further modification to minimize

output common-mode voltage; and

Figure 8 shows a schematic drawing illustrates another modification to minimize

output common-mode voltage.
25
Detailed Description of the Drawings

Figure 4 shows a schematic drawing of one embodiment of an improved circuit

that uses separate differential and common-mode feedback loops to emulate a floating



wi |l cause the two output voltages (vout+ ~d vout- ) to nove in opposite
directions. Resistors R9 and R o are used to sense the indivi dLﬂtl‘, NOVr202
currents, and 5 preferably are of equal value between about 10 and about

* 7100 ohms WO0LISSE to maintain low differential output | npBEARISEVARRSY hough

the values can be outside this range. Resistors R' and R 2 serve to
_establish Jofthgd BRI AR ARRH cbRimdniBodd it und%?@hﬁ;ﬁ %rﬁﬁﬁd&bl y
bet ween about kS~ and about 100 ks2, although the val ues ca e outside
t hi s r ange.wiilesirsting s gR8nd-neforghloag. #Asshown branslgmdunrﬁmbetam;ﬁ]ﬁreseli&arcwt

common- node, out ut C ent,. Preferabl thi s case
the vol t agéhaige Pt%%&f{m'%“‘o‘fmﬁécé%‘ﬁiﬁe%aﬁ fts B%tp“‘:?ﬁ palr\,afdef%rew;a = 2 and
the vol tag {on of R and Rg will be: 4 = yourt ~" voui- . U
2-15 Notlng)t &Euﬁﬁgsé‘b@%énts through R9 and R o are: i _ vz - vr~ ~d Ro
y - vo' r) | our - [ﬁ i nput voltage to transconductance anplifier 8 wll
be: To 'R9+|o )I-~R|O)~C —§"’20Aé1§ﬁmngthat R, and R o are

I th | t = I + 2. whi ch
or opor ti onaih Vé’e%%én%méﬁarﬁau@ero@p%%emml ingsrting g EERDANE00> (1)
~tour+ + | t C i
transcondu%?r{ﬁc;elépsgzrrplﬂﬁd?J éﬁgéﬂ?gggl‘gaﬂ Sf%@g cl"’lpéc})r%I ?tro tend to

M ni m ze t hapatifokLs amvﬁwoﬁ@gegmllyr&fférmm opéiaticad ampliferd RYsistoreR; S
i nputs via negative feedback. This will then tend to m nimze the

cormmon- nodendRqpte cangeeted from téammgwdtﬁgy terminady Bt and IN-exgspactisely, tophosi t e)
t Bot h t duct { d dt h

ot murPpodSraebE AR SR PR iRy of &R e A e ARV ¢ age

exceeds a &Ik REEnd RY Ble- coﬁm&i frSm Gt @M&fﬁ}?ﬁ%ﬁﬂ&@ 40hdtshe preferred

i npl ement ati ons, as will be illustrated belo In order to ensure 10 t hat
t he common mmetIVdE,dbah;d(ndmmpenmg lang mvanmgamuts/@f trinecondhetanticfanepldier lal | oop

has been di sabl ed ,due to i..ppi N t he t put c nts .from

e e dacEaEavelfnp prade $RRIDHa e a Ao P S itk oS HecsCRiaA 68 but put
currents fr that R> >
is a short [g?}qg&?ta §%§E%Eﬁ{l&g%% hﬁﬂgﬁgg«’;ﬂvlgind;vso lt‘§§e %ﬁ?ﬁ%?ﬁ%red |§ ad, and

that the i nmpaval toabededimd closadiobp gmﬂrm&:xythﬂcchff&mmml thosett owp gain 4.9y tilé

maxi mum possi bl e tive
P be substaxet?aﬁi

Vous ™ Vou- R, +R
@ Adu= =

v R +R,

in

Preferably, R, = R, and R, = R,, so that the differential closed loop gain will be:

3 A ==

20  Inapreferred embodiment, R, =R, =5 kQ and R, =R, = 10 kQ. It should be noted that
either terminal IN+ or IN- can be grounded, and the input signal connected in a

single-ended fashion, with no loss of functionality.

Transconductance amplifier 8 is a circuit that accepts a differential input voltage

and delivers as its outputs a pair of matched output currents i3 and ig4 such that:
25 4 i3=i4=gm2* Vem

These output currents i3 and i4 respectively sum with the output currents i and iy of

transconductance amplifier 1. Note that the output currents i3 and i4 from



15 voltage allowed by the circuit power supplies. The negative feedback
path via R4 is now broken, as the voltage v2 no | onger responda*w@m
change in the input voltage. Under such conditions, i, and i2

t hei r mawooanspmssi bl e val ues (in opposite directions). CRGTAHRO0/MIB41 | |
tend to drive voltage v, negative, and, if left unchecked, will cause a

| arge curr )

| 9e cur ! b bR MU LANALYS SR BRI Wmiein
sink the mahe sme disdctien, afhilel the bitpot dunentaand i nfrom thaecindaktah@mplifier 1act
to mnimze the common-node out put current. Under these conditions, i4 wll
be subst antWillicpysedhe gyo ?l&put.voltagﬁfdvomran okt~ ) R TOYB &t @RAOSKE figectigngl ¢ o
iour+. It should be clear that output stages 9 and 10, consisting of

vol tage anplifi &esnstpraﬁdalsl Ry afef used ¢0 saypes the indididwal @mmtmtptm,smil on

Che-scofe. apeRan 1t 8 i eyRGk a0 o s P o weptdainsh "
Lransi StOr o \Rirhatl bt fniyRlince, gp%é: Ry 3% be Bftsde this ran

current-source-1o0 l'ifiers, er a ifiers 4
and 5 my @esitoss Rgfanddl]pdeemteaﬂablmlmnmnmm éc&n:m°n-namhllbéd for the difchizy
devi ces, such as VWO 011 35526 PCT/ US00/ 41941

transi st or $N @mraf%%bwegmwéMW%hom HY kQsathopsh theaipiyeg can be
functional i f a 4 coul d

al ternat el y e %ﬁ%@n Jieglfs‘r?dgéﬁ h“{"c?ﬁ%tdﬁ ﬁj‘flﬁiﬁ%g% © f@%%hér?al s, rather
than taqot h&oﬁﬂﬁ@ﬂﬁﬁd@ﬁuﬂpﬂfd@femﬁnﬂl’eﬁra}:ﬂ?y R4 RpshdR,; SRG. hIxﬁﬁmSadasaﬂ!ﬁezmge woul d
result in lower differential output inpedance, but would require 5 nore X
el abor at e 3 theduyctionpidnand Rewill Beor der to maintain stability into
capacitive |l oads. A preferred enbodi nent of transconductance anplifier 1 is
shown in Figure 5. This struckwe, conprises differential pair transistors
Q and Q-, current scfé)cesval-,, ,»and 13 and optional equal -valued emtter
degeneration resistors R 3 and 4 The differential 10 input to the
transconduct lifier | Led tp th ases of Q and . The
differentid™ 3@?%‘3% f’f‘%trqfémg?ggf’ggéﬁl%bmleqﬁfé collectors of Q and Q.
Preferably, the values of current sources |2 and |3 are each equal to one
hal f of the val ue of O(l%yrrent Yaurtce.l,. In this case, the maxi mum current
available in either ect ('on fro;gnthe collectors of Q and @ is equal to
I,/2. The transconductance fromthe voltage between the bases of 15 Q and
Q2 to gist hqqo@ggﬂqgﬂhgg{ulr&%%&,ggf&qndq{ Ris: 1 _12~-T+R3+R42IT
+ 2R, 3 9~ 9~ A preferred enbodinent of ¥ T ansconduct ance anplifier 8 is also
shown in Figure 5. It conprises transistors Q, through B, current source
|4, and optional em t¢mgr dggegé’ri_aﬁmn resamgf ors R15 through R'. Preferably,
transistor @B has an enitter ared§w ce 20 f hat of & and . Also, if

i ncluded, the value emtter degeneration resistor R' is half the val ue of

i denti cal ly- valued resistors R 5,and R 6. Thus, with no differential o
vol t age applied bet weé) the,,,,_basé—e#i’ltranm st or @ and the common bases of
transistors of Q4 and @, @ wl IRooperate at a collector current equal to
14/ 2, and transistors Q4 and & will each operate at a collector current
equal to I, fh.initvoltagel ty trahscanducsance aplifiers8 will beri tt er area 25 twi ce that

of transistors Q7 and 8. Thus, ignoring base currents, the collector
current of Q6 will be mirrored;to.ghe;colgectors of Q and (B with a gain

of 0.5, such that eacfwil W,ﬁpe’ln'a'at-e—z‘t"—'”%—col | ector current equal to one
hal f of B's collector current. The differential input voltage to
transco uctance anplifier 8 is applij.ed betwen the base of transistor B
and the @onﬁﬁ%&ggﬁt?ﬁ a'c“ignsaires?%’rag lliﬂ"%‘ﬁﬁe@ | dentical output currents
are taken from8 1~ ~v ~ )

R,

(i ]
1 0 = ouf + DUI .
10) v, 2

which is proportional to the common-mode output current,



- WD 011 35526 PCTI US00141941 the collectors of Q and @. The
transconductance fromthe input differential voltage to either of the
.identical current outputs will be: 1 1 (13) g~z - 2kT + R5 + R6 + R ~
"2kT + 2R 2 gl n 5 10 15 20 25 The maxi num out put current available in
either direction fromthe collectors of 4 and & is equal to one half the
val ue of current source |4. Thus, as described above, current 430uwmee2002
shoul d be nade greater in value than current source I, in order to ensure
t hat the comon-node feedback | 00 mﬁil+nengjp active after the
differential feedback |oop is dﬂégblegﬂbzzé?fpping. In an enbodi ment of the
i nvention such as that shown in Figure 5 “when the differential feedback

| oop has been broken due to output voltage clipping, either transistors Q
and QB ﬁarééQ%Kinn rovRleli €6y Ghe CBRibRAtSN StV ahnscOndtictanB@ Simplifie? 8 Qhd voltage
transistors and S are sourcing collector currents equal to at |eaSt

|, 12. aomddiers Bessl Gowdll ttensh4o mainpoizeethe diffohtislc voltageaidt the trvescomiugnod
curr ent rce |, wll exis et .t he,collector current, of and t he
SuR orrpAEieE s Yo Reght o [ecaBAeN e i kheny g Yo LS 9 sp BB Ress
cause cufput diténtOleh g oMYl di A8 entidl QeqidPard dppobite)ch@bntsaused by random
transistor and resistor msmatches) at the inputs of transconductance

anpl i fier SBaliranscopdyctangarmplificss musibeidspighed Hphavess mgwimuyp possiide eirtput

degrade .t he chin f.th nitudes of the curnrent.s in resistors R, and
R10. angmen APl Rbed wrshInd BB BRER Sorodd i PRUEER S0, (TR iR hance
I s unapesuaidetrf thd pRtdtdd idpidmgnitions] RoeilCENiletradd elot). i anke @6 ensukance
anplifier 8 as illustrated in Figure 6. Differential n(sair transi stors @

ad Qithat hpcrayan made deedhackeloopraill wargihastive when tendifferestial lRos hasdesn 9,

Curreng; . mqr I 1St : ,

it or eIl e b [ 1 B Rim B ot Bl T BlhocS MRl SR S

vol t age madd greasc dradub¢ ansemanplutput enrrénts Sroap phhedndhetaree aniphifebhses af O
and QLO. The outpu rrent fromthe collectors of QL2 an 0 i pplied
to th&*pRBs: a&rsue% i Hs BroBOTL SISVl SYel hat Sazi vy &% 2 B1VR -rgélaa@ Toad bnd

dual - ayinyE JARARSRANANC i i bbdi \J i ival €
tied to an éﬁ%ropr%%?e biggﬁsgﬁ@%ggﬁggingﬁv%?e e?ggﬁéﬁ §§T8§§ﬁgﬂ98§?3§/Vbc
t dSenswltegpalbyyead lypbe atréwhpafer$upplEs~ThiOne 2002 fasBbadk BHlb 23 RGT ho)8bddlkeho41
current source |14 and transistors (B3 through .Os.. The dual .output currents
are ¢ dRdie Vo Giee vhad Moert Bromils 3o Sey Curae o Med Moo BeaCRIg wll i <
modi f i;¢a4d QRvill e dﬂﬁ\bi’r%xﬁlﬁﬁmtﬂo@ﬂﬁl%%ﬂf%Kiﬁ%&ﬁ%iﬂe&i&{s).%uﬁ&ﬁ ipefll eh@as!

of fset voltage created between the base of and the common bases of

and QariMseioltagrev/dieRhteves and.df lefieentbecked) widbcause dilargp cemerd de flowt thrasighdewng i s
reduc i n LLfer iLal if]er,.st 11. . Jhis results

Vory A felfo R, Mot SETPLa®ngBRce MapfEe hod el SR S
si2oul capsbilitydiersilot@ mbrdinuihealhieinC ), dich HE dohtnei-mode feedBivkvidop avillbrt to

inpl enented in different ways w thout deparfing fromthe scope of the

i nventMiEMizedhe cp@mondpods RRtPEL FVEHE. YRdes theseqippdidions.or v b pehsimiiedy and
QL1 t . -0U nber of inproved current mrrors
known SEH?EeQ%%FQ?GbﬁHEESﬁﬁgﬁ@¥ngﬂﬁ%8#?%ﬁt mrror, the cascoded current
mrror, or Itkieovddrbe ickear flak botpet stagegrie ande 80,ceonsisting of moltage Addilifiecsn2lahg 3, each
mrror ul d have 1tter degeneration.resistors added to increas he

out putoUTHE AL A 2By 478 cORTBIORT SPEITR Ao T30 e Y R e AREES

amgl i fw#ticut |depatting FnlltHe @@tﬁ% 61Tttt BiverdtRin. OWR' arP Wk 4RpIS, W‘B@ﬁ/uﬁ'lizf?lgsalﬁpﬁlldf rent
cancel lation circuitry added to 15 minimze input bias current. _

ment i drasdistobs \weltagel amplifiense2 end Guingy consistdofbeurrampiseuresrtcadedicommendérhitier ent

tner o el IO AR b, Ms TRDSORURY S eCToRh Ry Smblottcfector

amplifiers. Other devices, such as MOS




- the differential inputs of transconductance anplifier 8 due to transi stor
and resistor msmatches. Such offset voltages will give rise q 20“%
~comon-node of fset current 20 flowing in resistors RO and R10 equal t he
" input of Me@bd1/3s826t age di vi ded by the resistance val ue of RPCIBIFEI4These

currents will then be converted to a common-node of fset voltage across

resistors !R% nd RIO are
pr ef er abl ylﬁ oW vé%? adggsa %E%Plﬁgﬁgg%@o#e)ﬁgs of} Eé&ﬁpﬁ@:%@ﬁ re l%r’ ef erably
hi gher val wifferentisl Ifeédbatlﬂtwistcﬁi Ry aid Rptduddsltarhattlyebei copnbictddirectly to the
transconduct ance anplifier 8 can result in a 25 substantially |arger

conmon- nodOtgod ~lermipals; r&&l@f thante thequtnuts pibuf{or amplifiprs 4 and 5F| ghe 7

illustrates _one prefer . ef f.ect n Fi

capaci t or (,anarr?ng‘?{g%'& ‘{;Sﬁl% g'glov‘%’rmr. et “zagﬂltltBPP §fl%rf°8’rl§utﬁ'°“ﬁﬁqﬁ§e and
the i nvartimgreielibdiat®fredlichdp @@mﬁetcsbﬁmm SHA#H th mheBhitafh stdBAR A0 capiRlives added
fromthe inverting input of transconductance anplifier 8 to ground. R20 s
preferably lobdssen to be 30 | arge enough in value so as not to significantly
load R, and R8, preferably, although not 10 0 ~r N OV 2002 WD 01/ 35526
PCT/ USCO 41941 nepesfered entbdditdent efftrdns¢qgeuctaficeRmplified U ¢ shivgmah Figutd Sabout

or within a small range of 1Q kS2. C, .is chosen so that the high-pass
filter formBasByuctiregamprses differentiplfair trangigiean@yand Bs cament spvrges lpderand han

t he operati [ e, al nF for
G “and- 1 web i pPGTRL G} Sl e eF BByl s ERRURAC, rl 0 e Al |

' p 2oc~LAfmRo MdERnstorditctanvbhisplific ihgliceh sy Hakte df@}@n@b i mherest for

audi o applications. Thus, in the audio band, the conmon-node f eedback | oop -
will minimi dléfeten@almm;pmtcuﬁgmtﬁmtmveﬁ@nrtheecmlle‘:ﬁotﬁrqﬁQngmé@;alPr@fmabkvpms| te
currents in R9 a

force the | YRS o uBr sttt isnt Feart PG AHE oBLRRn ! CoTAR Shbtentgouce

vol tage) topthg gk eagadme%@aﬁmaal our&hu&vaﬂabmxw&eaauedtmatﬁon?mesc%nee{@ﬂsto%ge at
transconductance anplifier 8 s inputs. One of the prinary applications for

floating, b@|anQdisequaud I¢2.r the transcondueange Tdmsbe woiteige hetween thechasesof is to
drive a d|o Si | s qye bles of u 000 feet long. Such cables
represe @g{‘j‘ﬁﬁ%ﬂ%ﬁ ﬂfc@ﬁc?ﬁf‘;&t%FPE@ Préwlsth resonant frequencies that
may 15 coi I’ICI de with the unity-gain frequency of the conmon-node feedback

| oop. Such resonances n cause peakls in the |odop transmission that wll
conprom se the stabil ]tcz? o] mtﬁegk]oop The coggon- node feedback | oop can be
isolated fromthese | oadi ng eff‘g‘;‘rt&ufﬁut he add?kis on of C2, also shown in
Figure 7. C2 is preferably cho so that thé 'l owpass filter that it forns

with the parallel copbination of R ?ﬂlﬁ‘ IS substantlall 20 hj gher than
the operation fr8dgetseedsmbpd rinaﬁnép%@%nsc cRBsAMBIHIET 88 elyoglmn wligwsyer

frequency o r ment, with
R3 t hrough E%Bi }L%Tﬁ)equat? Bkﬁ’ﬁ'ﬂ%&%ﬁg n|{ ébugceﬁéﬂ% Oi’g aqum%%&pF Thi S
results in degrabmtibh e&mk Ohrdugh R . fm*efardblszmmlgapi:@m&?a)n ehrittbfitea twice

20  that of Q, and Q,. Also, if included, the value emitter degeneration resistor R, is half the

value of identically- valued resistors R,; and R,,. Thus, with no differential voltage
applied between the base of transistor Q, and the common bases of transistors of Q, and
Q;, Q, will operate at a collector current equal to 1,/2, and transistors Q, and Q, will each
operate at a collector current equal to I,/4. Similarly, transistor Q, has an emitter area

25  twice that of transistors Q, and Q;. Thus, ignoring base currents, the collector current of
Q, will be mirrored to the collectors of Q, and Q, with a gain of 0.5, such that each will
operate at a collector current equal to one half of Q,’s collector current. The differential
input voltage to transconductance amplifier 8 is applied between the base of transistor Q,

and the common bases of transistors Q, and Q,. Identical output currents are taken from



25 which is well above the audio band. Thus, the conmon-node fe'j?mlm
wll continue to mnimze the common-node output current, while a ol
frequenci es substantially above 3 MHz, C2 will shunt the inverting input of
"t ranscondwottans®éanpl ifier 8 to ground, isolating it fromRBEEUSELEAse
peaks due to resonant |oads. 11 0 ~ Nov 2002 WD 01135526 PCT/ US00/ 41941
Figure 8 il Ng, 4 L i £ t he
outpUt cormenomdests of Qa hd T KDl B S e e oy
term nal aneithreesf siedderfiiéal durdertispyts edlphei t or C4 is inserted between the
QUT+ termnal and resistor R8. Resistor R7 is added fromthe junction of C3
and R7 to ground, and resistor R22 is pdded fromthg junction of C4 and RS
to ground. In a one ifA3)em8at &tW$%ﬂ—modi ment C3 and C4
are each about 10 u F, and R2, ard+ ®ach 2R20 k~2. Like the
circuit shown in Figure 7, thisq&ircui® will mi i ze the common- node
output current in the audi o band, but force the output commobn-node voltage
to the ground potential at DC. The circuit in Figure 8 will maintain a
superior match between the 10 output current nagnitudes when driving a

ground ref erhemhakiddth 60HREEGEEnAYAlabREn Cithd: irkctidh bl Wecollectd of Oﬁ%ng ue to

t he absence of any loading on R, and R8. However, this cones at the expense
of an addi t Qonatquahpewicthalf thevalanobeloient sovade [;.eThist ay desdiiledeabbog) icoeendt and

practices descriped in thig specificatign have been presented b of
| st r at | ofPUrEs WapouIf g n}ﬂﬁﬁﬁ?ﬁ&ﬁrwﬁ% 20 SR SOUFERI i BT rfnste that the

combi nat | ongo adndodB8itati o Fehaiiicfld A Bt difelcifs Fectlthld B i1 L e
art wthout departure either 1h spirit or scope fromthis disclosure inits
br oader aspéichisiedbyd chppisgt forth in the appended clainms. 12 WO 01/ 35526
Caims | claim D~ ~V 2002 PCTNSOOI 41941 1 1. A floating, balanced output
circuitygor provigifémBodinbh€SRM inPbntRIH bk athiOdhb@aSn FlpubeS RARSRAE O an

i nput voltage, with a relatively low differential output” 3 inpedance and a
rel ativel y Hiffgrentiahfesdback deopohaspatn bropeddwecte outputrpoliage oljpping xither st
transconduct angce anplifier section for providing a differential pair of S
out put cur r BARESIPR Qrnd (yage pipking @olﬁwmrtcuvsrvtﬁ a@gxl 1q fhdeastihPesk *gana@f% Q
substanti al agal j ot Mg mugptg ' i Pehd thds¥ coddi

i nt er medi at Lele{qsg&#osr?ﬁrc%r%n‘{e@g%}so éls t ge(r%glregfiel'/gngﬁn%edrlér?eg?é%lg&s’a

di f f er ent i akuBent dinbalgrcel aqualets plsrertud of dubentsaurce df widléxist bettweren diet cdlledtot he

first transconductance 9 anplifier; . .
15 current of Q, and the sum of the collector currents of Q, and Q,. This current imbalance

will cause an input offset voltage (in addition to that caused by random transistor and
resistor mismatches) at the inputs of transconductance amplifier 8 equal to I,/g,,,. This
additional input offset voltage will degrade the matching of the magnitudes of the
currents in resistors R, and R, under the aforementioned conditions. If this degradation
20  of performance is unacceptable, an additional gain stage can be added to
transconductance amplifier 8 as illustrated in Figure 6. Differential pair transistors Q,
and Q,,, optional identical emitter degeneration transistors R4 and R,,, current mirror
transistors Q,, and Q,,, and current source I; make up a differential amplifier with a
single-ended current output. The input voltage to transconductance amplifier 8 is applied
25  between the bases of Q, and Q,,. The output current from the collectors of Q,, and Q,, is
applied to the base of Q of the previously described differential-input, dual-output
transconductance amplifier. The common bases of Q, and Q, are tied to an appropriate

bias voltage source, preferably far enough below Vec to ensure proper operation of



| O an output section for generating the differential output voltage in
response to 11 the internediate differential voltage; 12 a di ffe@d,nN'le 2002
f eedback | oop configuration connected around the first 13 transconductance
~anplifierwpagissne and the internedi ate section so as to prPUT/ig00M44941
differential negative feedback; and 15 a comon- node feedback | oop

configurati .S C . fler section
connect ed SBTRSREEST, B FRiSR 0 Hiobi 00 FREUGHTNGH: ARt bR iaRG Herd
pair of subgkaslléctdrs ¥f Pahad1QlandspribedabbieNaLh thistriedifedtivnito QUAILApst 18 of
the first transconductance anplifier stage in response to the common node

current; 19rapseenduptanercamnplifiar 8athe additiond affsaheal tagd areated betweeplthd base of & e
designed so_that 20 the co e feedba | O opfi.gurat.i Qn [r.emmi ns
act! ve wherd B GPRRERBATER B O 188 S EB s PR ferirec ioh iR FLi e 1 o
clippi ng m@%lfg@ﬁlﬁ'i?%&éﬂ}‘ﬁ@% oTAftTertial ampliieedthded . TRKGEsuld 3n very VO
011 35526 PCTI US00/ 41941 1 2. Acircuit according to claiml1, further

i ncl udi ng alittlelchgngdiih frgpue nffses ivoRagepe thet hasesadf Qamdi@p.er conprising the first
transconductance anplifier and the 3 internediate section. 1 3. Acircuit
according to cl atghduld bbahdritodbd thatiihg Faddtidas oPihe ichrGuits 4baxt BarMboOUt put

currents fromthe second transconductance ‘arrgl ifier are tgreat er than 3 the
magni t udes wiplementadin ¢ifferestiwpys wishout depasting Gam e scppesef the inventiend utarance 4
anplifier. 1 4. A circuit accordin 0.6l aim fur r.includin i nput
coupl ed 1o Prtinsé i &t S AmeRen B Q BsPhet @1 Yo wimien (o Pulhe e
di ffereqngi ahny Mud@rbﬁﬁgpro%cﬁcmﬁnﬁniﬁ&'s kn&h 9 tHeniot subh G4 Ble"Wiksorf dtirleRer

i ncluding an i nput coupled to the 2 first transconductance anplifier

confi gured mirroms thei cascoded curging memai dr theputitterefiollawer-adgntentod airreatiinirror.
according t Jaim1, wherein t commpn- node feedback 2 | goop configuration
i ncl udes a 8&&’#% ¥% SR YT é&?‘ggﬁ"? Frattter gg%:e&ﬁ'fai“@{} Fesistars ad "t‘%%asgttjhe
conmon- node e j I&fqgﬁ ' . i fe 4
commmon- mdeo%%giﬁpegﬁc% e ﬁﬁlﬁ?&g%gﬂtf ér%dt}%é ﬁg’%&s ai gﬁgﬁﬁﬁédﬁan él(gitr? ugiergdgge
anplifier. cduldhave emittetfolloovecbufttrs)@nd/or biaaicunrént caticetletion crvuitentadéeinwi ng

section_ 2 includes, a pair of identical qutput resistors . in series with said
two out put s THRIMIERINGUL Hasussat A emsptiqned gboves all of the pircpigscaldpe pr i dge
configured : [ rf i ] . sum of the
currents i n}rggl?@gﬁéggﬁ%@c%a@ﬁéﬁy ptﬁz?hsrsgdsfitt%?@?%gg%%ﬁ Iagﬂ@%s ngl&? WO 011 35526

PCT/ US0O0/ 41941 1.8, A cj it di t l.aim 7,. wh i t
including a deco&ﬁf@ngz{éégbraég%foﬂr‘ivﬁgaqfvﬁgs é%@isg%ﬁWF ?‘{i’de;‘:ég F%[%OP‘%F&H ve

| oads connegfed] en{iél‘?nﬁ{fs& M@ﬁnm&eﬁame}s%ﬁems&sﬁa geediqsr - 1 9

A circuit according to claim8, erein the decoupler i1ncludes a 2
capaci t or caorismatchesg Sonke offset poltages wilhgivierisd ¢gea tomgoatmatle dffseOcurenci r cui t

accor di tqQq claim9, wherein_said voltage prgportional .to .
%’ %owing {ITI]I‘ESIStOI‘S R, and R, equal to the %pu 0 s%t voltage%gwéed by the resistance

value of R, and R,,. These currents will then be converted to a common-mode offset
voltage across resistors R, and R}, (and any external load resistance). As R, and R, are
preferably low-valued, as mentioned above, and R,, and R,, are preferably higher valued,
a small input offset voltage at the input to transconductance amplifier 8 can result in a

25  substantially larger common-mode output offset voltage at the OUT+ and OUT-

terminals. Figure 7 illustrates one preferred method to minimize this effect.

In Figure 7, capacitor C, is inserted between the junction of resistors R, and Ry
and the inverting input of transconductance amplifier 8. Resistor R,, is added from the
inverting input of transconductance amplifier 8 to ground. R,, is preferably chosen to be

30 large enough in value so as not to significantly load R, and R,, preferably, although not

10



2 said common-node output currents is ac-coupled to said resist i
wth a pair of 3 capacitors and a pair of resistors to ground. ﬁilfNﬁ\ﬂngUZ
.circuit according to claim1, wherein said first transconductance 2

“anpl i fi erw@ONpESk6es a differential pair of transistors w ACTASWRHM er
current source and 3 a current-source |oad for each collector of said
Jdifferenti glcdgdrly quhr&rl&'g&ti@RE thrdugh?R, dve GillabbudordGfRH dsRdll kehgl A1 ® 1,
wherei n the commoh- node feeédback 2 | oop configuration i ncludes a current
sensi ng sed.oq, isichosenso dmt theduglegassdiltoe fmedivy G and Ryphasragubde fraquenty

current and | yi.ng a vol tage proportional to.said 4 _common-node_ output
current t o SthAtalseverthanfE onaainal freaiiciss a6 BIeIEe: ERpFYARIRIS, 2 Wlugef t he
second tra a i.fa et k j iat. transistor 6
confi gur at p@g%ﬁ;&gf‘g |1r§¥mgdrf I%Cevggnﬁ t?gﬁg?%tﬂgﬂgéﬁk@}év ases are connected
so that the 7 applied voltage fromtpe current sensing section, and a third
transi sor connected (pyf h ﬁhiLWMn.sp@, base of the second
transistor, and the collectdrs 2o(100n&)idEYnd and’ 9 third transistors
respectively being coupled to the output of the second 10 transconductance
anplifier. viichisWikl0BdIS® Mbbaad of HRereREDf 40O ofpiR4tlonk. Idhus An €hd £idid band,

according to claim 12, wherein the emtter area of the first 2 transistor
is twice tHheesmmoamededocdbpcieloon will mininize thsrautput gompiondmedespigrest.ors. 1

14. A circuit .accordi to.claiml,. erepn said-vpltage propprtiqn to 2
sai d comm#b%e%ﬁfﬂﬁi?opé’ﬁﬁlfee%frfnﬁsén%%‘g léﬁﬁ%’tgﬁfﬂﬂwgfr’é&%ﬁ?‘%@ nput ,
3 dual - out pYbp WilpRAE W6 B fErcABRbE R id R?(faﬁé tHh the SitputZdninkéh-ablect of
any offset 4 voltage applied to the input of the second transconductance
anpl i filér. voltags.to thecgroend poterdiobmiisray mioug iy mputioffsaheoltsgaasai d vol t age
proportional to said co n,yode output currents is ac-coupled to the

i nput of t HEDS Hﬁta?etar"ﬁlg]éi)ﬁédﬁﬁ‘ﬁﬁce anplifier. 16 ',0 ~ NOV 2002 WD

01135526 PCTI US00141941 1 16. A floating, bal anced output circuit for
provi ding a di f f@repktheprivapapplicatings ferdloating rhalansed eutput cirsuithiihe vol t age,

with a relatiyvel.y low.di.fferential. output.3 jnpedance and. a tively high
cormon- nod Bl e A RBEY b R dh g il REF GO oF BRe 10T BB g
first transqnddblesipPeseiid reAdtiRE 164G A8 cfr&it, Witk reddndhi Beqefiits BaRAY al

pair of output currents in response to the input voltage, the 6 currents

bei ng slfbstcndidd with ghpuaitytgaimiepvieneidef thadoropisogneds feedback koopt Pucland a 7
subsequent section connected so_.as to, generate. an t put sSi | in,.response
o the. pai eSO AR ARUSE AN LeaPO et WRaN LSRR aE srlbrTer o
a differentipghyd .eﬂ%&%hﬂ&?ﬂo&&ﬁ%&lﬂi&k%dﬁ’d}n%‘éﬁm&wﬂoﬁf@w&%é@% Eirgcsd 10

transconductance anplifier section so as to provide different negative
f eedback; awith the aldatomdiG, naisteshosmdb Fogure 3o £, csoprefecablyathosen swotipt thei ng a
second

lowpass filter that it forms with the parallel combination of R, and R; is substantially

20  higher than the operation frequencies of interest, but below the unity-gain crossover
frequency of the common-mode feedback loop. In a preferred embodiment, with R,
through R, all equal to about 10 kQ, C, is equal to about 10 pF. This results in a pole
frequency of:

1
27(10 pF {5k2)

A5)  fop = =3.2MHz,

25  which is well above the audio band. Thus, the common-mode feedback loop will
continue to minimize the common-mode output current, while at frequencies
substantially above 3 MHz, C, will shunt the inverting input of transconductance

amplifier 8 to ground, isolating it from the response peaks due to resonant loads.

11



12 transconductance anplifier section connected around the sung wq¥
section so as to 13 respectively add a pair of substantially ou put
currents to the output currents 14 of the first transconductance anplifier
stage i nwespsssze€ to the output signal; | S wherein the fiRGEUSNMEAI¥ECONd

t ransconduct ance anplifiers are designed so that 16 the common node

f eedback | oop c i I o op
configuration hgfg %‘glﬁrm Ft@%ﬁ%ﬁﬁ%ﬁ@a@%ﬂg{fﬁb&ﬁég I\E/\IE&OQ%) fu&%l"llnhgthgljot 56 Y
exceeds a l&nmphesaiodeedlthgy alapaditdriC, idimsenedbdtwasttie HUD- tteﬁmﬁhladnmréﬁstor
wherein the first transconductance 2 amplifier _section provides the

di fferenti aks damwm, cgpagier Cg ig inserted heﬁmestbeﬁw 1t @nmélp adiragistor Bol t age,

t he current subst tude 0

ol ar 11y aRGFtrd o FACRa bt b bR Rof C7 s Bz o arod Bhe FREHIY il
i nter medi at form th fuhEticHéf @] anda {8 @Pound. 16 5RAB SfplethehlafoR 8f thidrefRpre@Ut
currents of the first 6 transconductance anplifier; the circuit further

i ncl udi ng: e?n‘aadlmamt@gta&débtar@mdlmbog@%u Hi andR pand thw@whabommodm vol t age
in response & the 8 Eternedlate differential ,vol.tage. 0 ~r NOV 20~
WO 011 35526ikpihg aesyisshawn n Kigyge 7,ghisicirept wilh minimizs, eFB“’BPO&r’HP‘iWoutRHer ein
the differe f fi the
st tranctinl GEERAE band M forfOMcl oML ARhERNIELE dE B 10 ¢,

as to provigestial beDENtThelciroeig &i Figard £ailbmalatdin arsaperivn seatdtobdiieentdthe
internedi ate differential voltage; and the second transconductance

anpl i f ik s@&pﬁltcmrrlest xeammdes:wéqn drivina@ grownd; rnfegﬁdé@nd@pmpg@dtmﬂhths elrest t o
respectivel ubst ant i t ched, out urren s to the (
output - cur rietsgt- LY s fo SRARBAGR oh e IoAEE Ry Ry HEMRYE I © esponse
to the comMmEymdidenetekbbRiof an aditioAalBRp4LIEr 8ld &PAHditdHal ﬂ@lsfbr.f | oating, _
bal anced out put CIrCUIt so as to 2 provide a differential output voltage in

response to an ipp &9 1{:\%9%11&%&5&0@5 Hé‘sjcﬂgéd’ﬁ'ths%Péﬂﬂéa‘&bixgﬁi}ee&eh@'ms%%@Ut

i npedance and a re Ve comon- node out ance onpri sing:
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opposite in lﬁﬁpérlty and the subsequent section is connected so as to
generate an in errredl ate 5 differential voltage in response to the pair of
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0 1
10% o0&’ () 2 maximum output currents from the second transconductance amplifier are greater than

3  the magnitudes of the maximum output currents from the first transconductance

4  amplifier.

1 4. A circuit according to claim 1, further including an input coupled to the

2  first transconductance amplifier configured to receive a differential input voltage.

1 5. A circuit according to claim 1, further including an input coupled to the

2 first transconductance amplifier configured to receive a single-ended input voltage.

6. A circuit according to claim 1, wherein the common-mode feedback
loop configuration includes a current sensing section that is configured to sense the

common-mode output current and applying a voltage proportional to said

W N

common-mode output current to the inputs of said second transconductace amplifier.

—

7. A circuit according to claim 6, wherein current sensing section
includes a pair of identical output resistors in series with said two outputs of the

intermediate section, and a four-resistor bridge configured to produce an output

AW

voltage proportional to the sum of the currents in said identical output resistors.
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2  said common-mode output currents is ac-coupled to said resistor bridge with a pair of

3 capacitors and a pair of resistors to ground.

1 11. A circuit according to claim 1, wherein said first transconductance
2  amplifier comprises a differential pair of transistors with an emitter current source and

3 acurrent-source load for each collector of said differential pair of transistors.

12. A circuit according to claim 1, wherein the common-mode feedback
loop configuration includes a current sensing section that is configured to sense the
common-mode output current and applying a voltage proportional to said
common-mode output current to the inputs of said second transconductace amplifier,
and the second transconductance amplifier comprises a differential transistor
configuration having first and second transistors whose bases are connected so that the
applied voltage from the current sensing section, and a third transistor connected with

its base tied to the base of the second transistor, and the collectors of the second and

O 00 N1 O W h W

third transistors respectively being coupled to the output of the second

—
(=]

transconductance amplifier.
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said common-mode output-currents is ac-coupled to said differential-input,

3 dual-output transconductance amplifier so as to minimize the affect of any offset

4  voltage applied to the input of the second transconductance amplifier.

1 15. A circuit according to claim 14, wherein said voltage proportional to
2  said common-mode output currents is ac-coupled to the input of the second

3 transconductance amplifier.
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5 providing a differential pair of output currents in response to the input voltage, the

6 currents being substantially equal in magnitude and opposite in polarity, and a

7  subsequent section connected so as to generate an output signal in response to the pair
8

of output currents of the first transconductance amplifier;

9 a differential feedback loop configuration connected around the first

10  transconductance amplifier section so as to provide differential negative feedback; and

11 a common-mode feedback loop configuration comprising a second
12 transconductance amplifier section connected around the subsequent section so as to
13 respectively add a pair of substantially matched output currents to the output currents

14  of the first transconductance amplifier stage in response to the output signal;

15 wherein the first and second transconductance amplifiers are designed so that
16  the common mode feedback loop configuration remains active when the differential

17 loop configuration has been disabled due to clipping when the input voltage exceeds a

18  predefined level.

1 17. A circuit according to claim 16, wherein the first transconductance
2 amplifier section provides the differential pair of output currents in response to the
3 input voltage, the currents being substantially equal in magnitude and opposite in
4  polarity; and the subsequent section is connected so as to generate an intermediate
5 differential voltage in response to the pair of output currents of the first

6

transconductance amplifier; the circuit further including:

~

an output section for generating a differential output voltage in response to the

8 intermediate differential voltage.
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10907& () - B Offflckinediater 6 MO0 4s)to @Ec[vli’dd differenti&ibiegdtORNEEMECK i responb® kthe ) -
3"10%& ()- 110%& ()-m ! 109& () - 109%&' ()-v~~i +dEbC 10F ) 109%& () -
"109%& ()- 4" 1@1@,@1@§l1ate1®6f@gep)1al @@m @nd thegegond)trangnductance amplifier section is

5  connected around the intermediate section so as to respectively add a pair of
6 substantially matched output currents to the output currents of the first

7  transconductance amplifier stage in response to the common mode current.

1 19. A method of configuring a floating, balanced output circuit so as to
provide a differential output voltage in response to an input voltage, with a relatively

low differential output impedance and a relatively high common-mode output

H W

impedance, comprising:

Lh

configuring and connecting the following components:

a main current path including a first transconductance amplifier section for
providing a differential pair of output currents in response to the input voltage, the

currents being substantially equal in magnitude and opposite in polarity, and a

W 0 3

subsequent section connected so as to generate an output signal in response to the pair

10  of output currents of the first transconductance amplifier;

11 a differential feedback loop configuration connected around the first

12 transconductance amplifier section so as to provide differential negative feedback; and

13 a common-mode feedback loop configuration comprising a second
14  transconductance amplifier section connected around the subsequent section so as to
15  respectively add a pair of substantially matched output currents to the output currents

16  of the first transconductance amplifier stage in response to the output signal;
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1 20. A method according to claim 19, wherein the first transconductance

amplifier section provides the differential pair of output currents in response to the
input voltage, the currents being substantially equal in magnitude and opposite in

polarity; and the subsequent section is connected so as to generate an intermediate

transconductance amplifier; the circuit further being connected and configured so as to

2

3

4

5  differential voltage in response to the pair of output currents of the first

6

7  comprise an output section for generating a differential output voltage in response to
8

the intermediate differential voltage.

1 21. A method according to claim 20, wherein the differential feedback
loop configuration is connected around the first transconductance amplifier section
and the intermediate section so as to provide differential negative feedback in
response to the intermediate differential voltage; and the second transconductance
amplifier section is connected around the intermediate section so as to respectively

add a pair of substantially matched output currents to the output currents of the first

S I e R A

transconductance amplifier stage in response to the common mode current.
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