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WO 2005/ 099202 PCT/ US2005/ 009752 Magnetical |y
Differential Input Field of the Invention The

Wo pasf9920n rel ates generally to the design of PCT/US2005/009752
integrated circuit devices and, nore particularly, to
an input circuit that effects cancellation of an
interfering signal at thelinput of 5 a receiving
devi ce. Background Renarkable growth in the denmand

for cpnnunipations roduct aqg eryi ces, and

especially int ! ortabl e
Fieldoftﬁé) Vbﬂﬂ&{atl ons devi ces, has driven consumer

requirenents for | owcost, small-formfactor,

Thfgiéhwnﬁm rdlfei pemtialyf tocthe datigy) of intpereisi\dtcgit dpgicphand, more
. addition, t ) I - of .- - ar. '
particulay b ¢ GG ECHL CLRC U e BB L Ahay el P g Sttt Beipdut of

a receivi vi@nveni ence of extended connectivity and the
enefit of enhanced services. RF transceivers that
Ikwkgnmmhrgtedln conpliance with nultiple prevailing
sta S are.instr ol ' j :
RERAPsceran ot hn guia R com@ila BE A AR bl btficps, and

especiall§ 3RaRE réduiRfeafs OMpOrthlsiengiemeritaiops devices, has driven consumer
_metal /oxide/ sem conduct or) and Bi 5 .
requiremgis ol W-Mma‘]{k@pm(-%m lp\gr}gj)ézveg %a&m %aqugpi:@nti‘anscewers.
In addit}é)glc hpe! %&%loﬁﬁfenf afet Lot Sy aWelireRidh t §fh1ikMionkNBas encouraged
ctonmodati on of very aggressive |evel's of
consumeif’@f € @xpéog radth ithé egnainiane afsexterided aeonnectiviy apd dg Hpesdit of
o . ) ) _ e
enhanceq ﬁ@llélg:lggte glgll:gt?q:nggﬁq‘?gl% ?c%atl n tI% gl:l aqq%@i@'g‘?e C\A{lhﬁlgmﬁllztiple prevailing
standard% Ef:er El@ﬁ'{lllﬁgn‘[gﬁ rlE nbd rdq@irddi Bk Rhedr@ioadoRhesd bbjsttives. In this
ocks are packaged in ‘the sane, or neighborin
regard, thtapgbiitiesl of CMQS (cmimﬂbmelstaﬂa’agetb]é@ﬁd%(ﬁ‘t@ﬁ@mycw? and BiCMOS

(bipolar/Emn&)r Xgék (ég}@]%gé};st%% qn‘%lgrca@gl% ! tlglﬁ‘ﬁ%fo%yt agé Bﬁjti&?lﬁhy FEAMited to

the accoBlnSslalioNRYNeLy SedrtsRiclievas 6enlitdd sighdiditepmyioheas well as to the
propagat ed between circuits_and_devices.

provisiompf cregsipg fanctiondléy et §inglectiyRE 1$tﬁ$é§ﬁ§ﬂ%ﬂl? g]icg Z,égwgle’e ’
evi ces, and w r . ' . i i .
T
the sam8e¥F @BighBbridy) iategfitéd dirtuibdavides tray beer attended by a number of

interfering voltage at the i i '
operationy ChalcnEre. 23TPTRER BP0, i o8y angavigd Hbipiinfiy o

exacer i Latd r i iRF ;
svon SRS BRSO 0EL B ) O Gt Sk 30w s

For exarhplep®itRpéspstignalessedy padiegdd iptpgetes ciefuit dryiqes and with respect to
Conventional ly,

. I .an interfering,volt.a .
RF integrpted farcyits i o B’P{]af’h% CHIGFY owcﬂba%% dft g)g-lg'ﬁ%}é? ?{f r%r ‘2%? S on a
circuit b3, hﬁgﬁn € 3n Ghte@LANEToltdRE at tha Rt ol bi@her citdaé or device. The
recervin oop, increasing the distance between_the
likelihodd ahatbrfiremny iaredavesloased Wign HesogiEculasinesHrsPlisng 8t Hpent that

opss i S0 Pl BT S B 1, DGR Bpkame 1

Conventionally, an interfering voltage may be reduced by one or more of the

following methods: minimizing the loop area of either the transmitting or the receiving loop,
increasing the distance between the transmitting and receiving loops, or shielding either or
both the transmitting or the receiving loop. In the situation where an integrated circuit may
be part of the receiving loop, it may be impracticable either to further minimize loop area or

to provide shielding as a mechanism to reduce the induced interference. That is, the input
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be part of the receiving loop, it may be inpracticable
either to further mnimze |loop area or to provide

wa bioshghi2oyy as a nechanismto reduce the i nducerCT/US2005/009752
interference. That is, the input WO 2005/ 099202
PCT/ US2005/ 009752 -2 | oop,0f an integrated circuit
consists essentially of a féad frame, having

b . : ! . :
= TR R ——
dimensi?fl}]sg'allngr‘%nddxk/ﬂgsn561(91'%5&1%2?160Y&ﬁaﬁ£m9rt8 ahQfintkBlafedPditduiOfiie. The

nput 1 oop are ti y controlled and Tixed, but
dimensioRyartodvebe] srealof tik part afcthe. infutrlobie areoii ghtlyseamingdled apdfixed, but

may noggg ;‘g%ll}c:%g tg gz,%?q.ﬂ%ilﬂgé{%rgs sﬁ&a@fi r}%uggtciﬁ%gﬁgl é(oeesflgo% Cptrgxyiﬁe gven
mimmaﬁg‘éﬁ&qiv%gméidi B thiS pAeSE F18Minb &t Bop.echni que to inprove
the imunity of a receiving (1C) device from | ..
A?wﬁmgm mdhat isgdesired isha teckamjqusr osiannirave Hie ipppuRpigy ol 2 geceiving
t.he_ devi ce. .Sunmary..of the lnvenpti - ' -
() devigioreib TPy e Eray AL ey i UF Bl RS Rk e
Summadsh@Myeddion eduction in the 10 vulnerability of

recerving circuits, such as, for exanple, integrated. .
Thasdgedt vesgsetieadly differsntial iappecirpiak el s Rnfig euction in the

her circuits . e Vheinty.. iap ' [ i
s A FLGBURE S0 B o PHEAEY e,
interferéd®l Uhatodmdragesr feaeiothen girciits un tthe Tiognityooibhe dpmrt atiwsuit restablishes

v rCEBGE Sngac 032 A1 LB, Lo e CocalallD Ehtpull o
oppositiz)}nfg%%ﬁ'tpé'g?ﬂlﬂ Qe ?égg%g%ﬂ%uit &0 ROREE &Rl dadcellation of induced

_ diffterenti I'nput circuit couples a single-ended
interfer@ig@iglalssour ce to a singl e-ended receiving circuit. The

TS oot b PTREASER Sl TP ) St ot

signal s%ﬁﬁggg als®{ol BiMedr@ctAHP LRCHR. TheSh@iR@irciticUhprisanal fisst terminal
third termnal to couple to an output of the

to coupdédniyl & ewgeidoSihgrsingleouiedesignal soprest a|ssepnd ismpinad & couple to a

: the first,termnal.and e ' : ;

sigwt 365 B LR 0oL SR AP IRl RSP A

first locgﬁédﬂqbl@es thd ikt fenlikde an@ e dbovedtternanaipgrietomxldop comprises the
ifferential jnput circuit couples a source of

second ¢irminal end theithisdl gnmainglt o a differential receiving

ircuit. T ' t [.CUj ' . i ot -
555 BN P 558 e oo
differertial fsegnagst foah dsffgemtia;receivimgocideuien Aheainptio ciragtghmptiess a first
torming 1€ RWRIC {0F GRS oF GRrotesiect, of HiSTessiEl SEpaBy  farbify Srminal to

couple e s QHE Sgtg‘a{ oidt.%l;g tsIrendt @Frepdidakisnals fhildubrfi@gdie cauple to the
return node; a first conductor coupled to the first

first outpet of thelsoared of Hiffereniat siguale; amingubnesiss s refurbrrfiss e dirst conductor
oupled to the first . t i nal d '
coptef B Al i 1 b B b BRI  fepPne e

termindl%nd the input node. The terminals, circuit nodes and conductors are arranged to

form a first loop and a second loop that effect cancellation of an induced interfering voltage
at the receiving circuit.

In accordance with a still further embodiment, the input circuit is both magnetically
and electrically differential and comprises a first input node to couple to a first polarity signal

from the signal source; a second input node to couple to a second polarity signal from the
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forma first loop and a second | oop that effect

cancel l ation of an induced interfering voltage at the
WO e@siovi2oy circuit. 30 In accordance with a stPeT/US2005/009752

further enbodinment, the input circuit is both

magnetically and el ectri g@l ly differential and

conprises a first input node to couple to a first

polarity signal fromthe_ signal source, secon

signal sompwa firsckermipalcenupled to @ilf‘aﬁ@‘é‘@@ﬁﬂn?ﬂﬂa arspfcgndsﬁeawalﬁfj?%}ﬁd to the

200 9 0 | 1
second gg)lhl]t g0 d %n‘l% ‘? %giélraﬁg% égg)uléfx@ g@szqa}?%te&%cﬁ gttﬁélangol}lltrth termina
coupleditodigs se@oﬁcﬁﬁl@ﬂtdndd%r nihe dlrstaamph abartdotht Heurtls ool narqamluded ina

st oo el 35 2L s 0B g o i

oppose§ tjﬂQ %st Tc?%%e\mg;r éclt tPtntdr R@na@nd the fourth term nal

first 1Toop, and the second terninal
Eﬂdmbﬁher tdmh’odlrhﬁrtm analintegrated nc¢Q¢d@¢1 tomprises c e damnplier and a

magneticae AKEFTRG BPGHEACG 1} FOUBERGTILHERd: oo ghsignals. The input
circuit éorﬁtl ek ikt rl@cgieéﬁ@i sEcBAP IdopE S IRPeiR MY fifst (Bd’opaﬂﬂﬁmases an amplifier
neti cal fferential input circuit to couple the
input 1naanph:mfe|rﬁrat bppcm%da@rse,@ndflocm gnals. The input circuit
rlse a. {irst loop and a second | oop, wherein the
Brief Dyt = es an anplifier input in a manner
trhélfsutﬁ&ﬁ As8etidaty TeEassid ognt nldy B betfer Dedasioptibynawnd its many

the Drawi ngs The_ subj ect magnetlcally dlffe nti al P
features, pgvantaagy ard capabilisies m@é@ ERPA At tgyt ogf akilled 1 with reference

to the gfv&@%egigt aﬂe ﬁ.ﬁé@g ﬁgsc?ﬁgd %%A‘[ﬁl& oWBHR APRBEE ml%reto in the

erence to the

several rigile§ 98 wihal identicddrrefefdnge destaralb € arrybrerdfeattellsielﬁ@abw similar
and attached hereto, in the several Figures of which

elementsgaift WBHPIN; of er ence nunerals (if any) refer to

E4E N} 1scaa41rcﬁft %{gﬂrh 3Fa c&i@eﬁh@t@@iﬁgle-@ﬂ&j@d’&'ﬁﬁﬁﬁbﬁp FIG 1

iSa circurt dragramof a conventional single-ended
IFd@EUR 1ls @ogircultl @agram ef a magn@upallsd diffgrembiad finput circuit to couple a

. d%etlcall dlffer nti.al ut Clrcltllt to couple a
single-g) gls@%lr?& e§‘?@ﬁ’é‘lg W@éec{s Y188 &Yl e- ended recei vi ng

GIGCYW §s 2 Flifdplifled SoiRuiti dBgddnl §6prebdifinbt a dioagemional approach to
representlng a conventional approach to 20 coupling a

couplirj a‘dﬁeﬁntlalasllgr@l gvate tosudifercnida e@l‘?lf/mér‘?éliﬁ"tl’rtal recei vi ng
g:lfléc % s gan‘gllf(f%&t ﬁ]la§raan ]pf s %#I M it C tﬁm‘?f‘éﬁﬂ?r@ﬁnal input

circuit EPSHRIpR: a?dlﬂfbfeﬁlﬁﬁl@ﬂgﬂaiiboﬁd:@mal disferential te(aela'ntg ¢1f®ul‘re nti al
receiving circuit. FIG 5 is.a cir t dl@@ar ac{;:lloiagﬁ tricall
iFGuS s arcignit Hagran fofap 1%5&&‘%“3&9# esh Faghelisally and gjectrically

dlff@r@]gtlb%f ggﬁ*ntgl @c!na wér&ﬁgalfs 1080 Bufld b & BitbledlialSe8fAng circuit.

erenti al receiving circuit.
Skilled artisans appreciate that elements in Drawings are illustrated for simplicity and

clarity and have not (unless so stated in the Description) necessarily been drawn to scale. For
example, the dimensions of some elements in the Drawings may be exaggerated relative to
other elements to promote and improve understanding of embodiments of the invention.

Detailed Description

For a thorough understanding of the subject invention, reference may be had to the
following Detailed Description, including appended Claims, in connection with the above-

described Drawings.
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25 Skilled artisans appreciate that elements in
Drawings are illustrated for sinplicity and clarity
wapwshgoze2 not (unl ess so stated in the Descri pp€DO$2005/009752

necessarily been drawn to scale. For exanple, the

di mensi ons of some elenments in the Drawi ngs nmay be

exagger at eg relative to other elenments to pronmote and

i mprove under st andi ng of odiments .of .the jnventij

Imfﬂapm@adm@ra BRSO EEPrea e Bt g P I sy Source to
the i 86§ hit! QYERLL FfegmBpe s RY.nbR lifier {II€A) in an

npu? ﬁ ovmlng@ lt%ah e%l %e a§’rb|ept| on, ﬁ|Slncl udi ng glgg%nldefj( )

mtegratéal raceﬁser mhmwmlbrﬁlfﬁetdmmhap@mﬂ efasty {Weeeircuit loops, each

R o T,
in at 1ea%9%@ §chsé t t%ainte?%hg%obﬁe drh@rcuit Pididuéds aplicﬁﬁ@ vélteges in the

rcuit, be, for exanple a | ow no
100PS Alml Heﬁmlerthé Lmél)fellencfaw Canﬂ@lbf@r at éfdleﬁéb é@ﬁéﬁmla}hﬁ @itenuated, at the

o o RLEHS b St IR . s s e o

arrange& & veCl&thhAchetitalBUbAd eldatidalippiiffacatiahgiat ]FIGEhI 1 ythe mtegrated
differential, 5 in at least the sepnse that an
receiveri intrepreegniterh bg dermaipaly 1 2cande 13t (whi %SPIWSSW% be pins on an IC

package gﬂi?ﬂﬁan{lﬂ]agfn@ p[ec?aglgg As a result, the interference

éast substantial | y attenuated, at
IR 1 illapidted cirhﬁ?udae 66 cicéuitcoi couplaa ainghd- e@drqdesngrmé source
enbodi nent, the input circu

11 to ahercKlviRgSEETE AR (he ame|f%fcte¥‘i“’&1£1{a| 9Pd‘%’f’f ?@egﬁ% ai“’ce Vt%? In one

applicat onGmgiIla éoﬂgcze' 1319?/l ated anfe%ﬁ§ k4B [ntdrS epBRIMERE Righd] Q’}d couples the
(which in practice may be pins_on

RF mgﬁfn t(b (ihe iﬁhgmmdag ejlplamf thy m@gmtqdaltepﬁgfeir npEigaticwuren & may be
coupledabelg}lvlﬁgqs tér sgli a%gq%g%lﬁ I,l% ogqc%n | {n%gééﬁ\(/et) ﬁeﬁ‘ﬁﬂgﬂ £3 on the

1ntegrath Edierl nSﬁéfﬁl fs@ﬁr@b f10is @Kﬁﬁ@é@zedobyaﬁl SOchﬁgfrﬁlb@ﬂnce Re. A
receiver. In one application, signal source 11

terminating anpatanee,thatis pm@ﬁ@@mrQSSatﬁHRFaléﬂg%amd aAPidhe b‘?cézymg circuit.

F h
e s G o PSR P s
(As is vWeUBloRsh, PethveRRalBsoliidePlreseiie S inpajanice iyt imhothRirelydesastive, then

second (negative) termnal 3 th
sound destgs \pézgctw% %&ggps)t% cshﬁtc@lel?@q]ﬂ"léfln%ﬂ el o 1) @?p‘%‘%fey a terminating

1mpeda13$eu£1éa§ t1g§H§ %%H(ﬁgatte%nat%h (?fefﬂé] DRkdNGnbERRRRNICeAs Rldicdted above,

acr ermnals 12 and 13 of the receivi n%
interferfigl §ipihdls in ke RElrﬂlgpctf teamnalss],Z pat 13 cokphaye thdeapacity to induce

mterfer{nggs?glgan 7 gP ! E%ga%tq ﬁ%mgp%/}ﬁ 2{2 agg 3]:,39131(5% Fté 2 1:61%& {h%]c'] cgﬂtammates
the mte('ﬁxﬁpc? gﬂﬁ'l? %{ftnglat Thé 1rﬁ8tferﬁigr &bal MeS 1kl Qesiihan s@ﬁmﬁx@ u‘ésj)onses or

ti1ce suggests that the recei vi ng circulft
other a1$d1mlied i tegentessing of thenatend@,d inpwrigrady the secepdng pigcuit. In one

embod%%gu{[,et%gtd%ler‘g&tlo%g e%ec% hF IO ng s1§i9§§j %&}?)oe sﬁﬁsthﬂt‘?élﬁ)aﬁt?ﬁed with

resort to the magnetically differential input circuit depicted in FIG. 2.

Referring now to FIG. 2, a single-ended signal source 21 is coupled at one end to a
signal ground (GND) and at another end through a source impedance Rs to input terminals
221 and 222. For purposes of this Detailed Description, GND may represent (and comprises)
a physical ground comnection, a virtual ground, or a common mode at low impedance at

signal frequencies of interest. A terminating impedance Rt is coupled between an input node
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interfering signals in the vicinity of termnals 12

and 13 may have the capacity to induce interfering
wGer@nayeoye. g., voltages) across term nals 12 e@musBos/on97s2

a manner that contam nates the intended input signal.

The interfering signal may |ikely result in spurious

responses or 25 other anonalles in the processing of

h
231 and egreninal g TeaHe aoa e eRehey 06 (S FaRHt T BeARER Pf Ui iefeivine
circuit c? oS nd@yzﬁe Al ?ﬁ%’ﬁ&tﬁ}@h’ &l Infay2al adedirédistor, @8 Bid cdrﬁ’omatlon of

e nagnetically fteréntial i nput circui f depi ct ed

a fixed nenstﬁhclfa with tRefrpot fasgtanonof theFp@iving carcyitnghbisangeiged to match
S|gna source .21 is coupled at one end to a signa

the sourggyigipedan °£ﬁ@ngﬁoﬁﬁﬁgher end through a source
Hﬁ%gtgdngQB ?‘%}f} Pel ﬁi{z‘tﬁclhﬁgﬂgal %at%ﬁagﬂétwanﬁ diﬂ%renﬁal input 20

i's aile scription

comprisese pribié nerniizatl zabrtmtu i§ expyplgd pRyE i%@@ﬁ 7g’»r20ﬁmugh % conductor 241,
co ction,. a vi u t

contucfnBBcbRRsEd ¥ fheePEiatis 200y SRR Speyfod o an

embodlrh&{t”leﬁ‘ﬁﬁﬁdﬂ @20 g 88 wenddéred 2 Soupbstivbatmena amnl te:mpmal 223 a
de WO 2005/ 099202 PCT/ US2005/ 009752

second nozsrtmeﬁwmla@lz It fohlows Siresthp HichriAte; ﬂﬁﬁ't%mg @%{3 ﬁléayn%ep?ﬂnmdered a
negatlvez%%nd%i] gfhé%f Jel gpﬁtﬁﬁg_la\fé rl:@eakr)g' EGHEWhSOMB tﬁﬂf%rt)o hﬁ‘@ﬂ@mon input

ernatlv a fixed resis or the
circuit ZPREMPELEOD @fnducaoﬁ axz:dlmemusteartcenmai R2ihe inppamode 231 and

_resistance of th
kS AR L SEELYLAR, W bl PLOY o 20
compnsﬁ;# seg{nleﬂts@ﬂgfh gﬁ? ?445 boupi% the Gage Qldfe beR¥bINcE21 2o tdiatinal 222.

eréntial input 20 conprises a_third
Tnet manadr taarslstcﬂmrlyu dscevupledtorn §'1G. AoaenzzpticHhodifiereptial nput

stage isgg)ggtglgf{tg ﬁglrgﬂ@egq?ggt o 243%}5% %E%ESL? agldrfﬁ Consistent with

FIG. 2, eFRQfidmNL1 ch@bAbdiatmaadl 2mY chrluen2i4de hede 23f JRgtterminal 222,

"positive termnal and terminal 223 a secon 0
Segment 2444 ofadondnetof 3f4,and fm’frsé%mplgft 241pef sppfectox ﬁ‘éf §1m1 al?yv circuit

er m nal 222 e e t
oop 1 S0 BT Yo 2Tt 2R M0 il sond
segnen{mﬁﬂ@bdoh@lﬁbtoﬂmut circuit 20 conprises a conductor
42 that couples termnal 221 to in ode
o Fsbasaneblo Ut CPD AR Mg SYES Hotie g » part of an

integratﬁti X{Paﬂ? ge\égg’ -suéh G0 5!1? %?%tegﬁ trarﬁ@élpéf SHhP e SQSIEE H $his context,

a an coupl e de of source 21 to
then, tefr@inaisrall, 220and ZiZSamalsabmpms bh alpac@ge P&ahptenglosesthedpiesrated RF

transcelfggzrggn@[:y!hg @éﬁ@, SOfR gg%{l ﬁ? a f{;tg{ %f §4?hgf%”and b24 may reside

within t‘ﬁb e l&etxllcleo%’ﬁmajn!nelalﬂgmknzto CRfigiofére Nontiuttars, ok Gondhctor segments
rcurt Toop L1 conprises term nal 221, conductor

1ncluded (md theAB1deviTE, mmebwﬁmmled bpone og@@fﬁs]ﬁyelg@i paesplligatan, C({,‘Qﬂductors
or con 4‘?ﬁﬁr |s§£rg91f1tls,rt?\ %nFe S4la kg% Er ! ngc{’? bortfth ‘tfy %cglzductwe traces

imprintEd on"PP8ntéd Jealrcﬁi@ %Hﬂt @CB343n sIoﬁ’ferﬁln@tahcéhgégs anglaed -thrdugh hole
with be employed were conductor paths intersect and no electrical interconnection is desired.
Understand, however, that unless expressly so stated, the invention is not limited by the
manner in which the conductors alluded to above are fabricated, or by the extent to which the

conductors are enclosed within, or are extend outside, package 25.
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segnent 241b of conductor 241. 20 In one enbodi nent,

input circuit 20 may, as suggested above, constitute a
w@2005/0220an i ntegrated circuit device, such aBCHIS2005/009752

integrated RF transceiver, for exanple. In this

context, then, termnals 221, 223 and 223 may be pins

on a package 25 that encloses the integrated RF

transceiver. In this me or. a

g P AR @imagaezwaﬁﬁ%Efaqaelt@ﬁwpnfag}w&%@ Her (AR g the mutual
arranger}lgi%s b d%?g I GEmd 1. ?J)é@@mgﬁ v, KO0 bd P3G E Icbh@ARESE and arranged

conduc or con tor ségments 25 included in the
so that thGhelpresaee nﬁ)anhmteffemmgld)opﬂ,%ﬂ@ 1o’terﬁemng signak[&g.pfoltage) induced
[ on

B e A ey AR

loops L%MEQ ttfaV@rsE ﬁﬁ:qgﬁut (bﬁéﬁtﬂv@ly%ﬂ)p@a[hr@ d@fdsl%tfﬁg of Itliidlltm!tdgrated receiver
. I'n sone instances vi as or%zzll ated-thro

in oppositd @recmonh Deoteethet Wytbdesmﬁfewdbﬁd%mwl HE) ¢ |er¥{f’é‘9‘§e%tl of loop

N

loop L2t hené rdl\éﬁfgd' Shsbuened of thw atfﬁfkn’ﬁaymbﬂ&d &ﬁ‘aﬂ@mﬂl’c i$ rtlhaMthe: tmduced
the conductors alluded to above are fabr.i

interferinpesignel énduced inhilclndnio canseidiie iBieseipg i ‘&qegssé%ﬂaﬁ 4o, The

i B AR EomRNESP 25 o, of e et

which I1QfpHyREARY neadHey 1di fifoe eearhpla) the npneellation affect 29 cnteanced gecording

o oG G PSS oo L 08 Ao i
prox1m1?l'é§ acﬁgg% two ﬂoB?ste iht@rfbie @6&5 QBC arédfmaBohét eAtesidigly, in one

the intertering signal (e.g., voltage)
embodlmﬁﬂu tledarea mrduimslg:ylbb_@by @1 ) s;ﬁglstan‘g@uy P 40 the ared ciggpanscribed by

terferin nal e T
L2. Fu}’tggﬁgorg,| to 4 ge{ n’tt }izra\;,t E]%, ﬂﬂ] | gh‘réuetrg é‘%?%‘gi%.}l \;%??/spgctwe positions
that are%%ﬁ%thlﬁq}&ﬁ K@ Ferkhl IOEE) [BhenichiRgdimied wikeeicy@inald 221, 222 and
osite directions. te that with respect _to

223 consttute pials @pan 1¢ Byvice pagkiags. thg_too@emgg‘gﬁm that thase 1§11|}2 are mutually
adj acenf) &B@&%nﬁ%ﬂ E%gaets%g%%Iﬁ %Zg-l A th® Bﬂﬁ %Egﬁk@gﬁo@t oﬂihe‘ﬁ%tvti‘lth pins

oop esire

221 andERIBSHSHued e dimdthealBf oppesirn hmdmpﬁidlaan’a rfgnwpm 22% t hat
the 1 nduced interfering signal induced

Egﬁcié regrpp@ntsrﬁne@m@quﬁﬁntl 1R Jviely the I&ﬁ%}et}(‘ﬁ IY éll'ilfefﬁlétlegdnput circuit
countSE BT LRAIASI DB BEnesl i) pamBERbragjon ot s it
which ﬁhﬁfﬁdrﬁﬁiall yignalt whes ik 2oufed tex diffdrential thl@a]fcaetelchirtg]IC device.

effect is enhanced accQr.di n t.he,ext ent .t hat
In. FIG g onkTr@biebp 204l sHae3 8 r & RAPEHEY O30 Vit S4htehara and 31b.
Signal §6(1§.1€E§ 349 aﬁﬁ'?ll?o bRGidePreapdchivé isBhalf oft quﬂmagﬁﬁﬂfe but opposite

Intertfering | oop L3 are natche Accordingly, in o
polarityg td deti Tﬁeﬂmngtllﬁfedmm Biat ¢, trcsigid @raxpdpd by source 31a ‘Dears a 180

subst ally. he ar I d at
pose rEBRSh AR GBS LRE A gt s oo
end to &igBal H¥EAPASKD) %hd e glResppbyiee d&QlSﬂhIrdughSa sbirat 1rﬁpedance Ry/2 to an

equidistant frominterfering | o D..In errb0| 8N‘E)
input twhgn@ 3%r Simdardy, Zpenal gggceaﬁgb is coupled at one en and at the
opposite end through a source impedance Ry/2 to input terminal 33. Input terminal 32 may be
viewed as the positive (P) input terminal; and input terminal 33 may be viewed as the
negative (N) input terminal. The differential input to the receiving IC device is represented

as terminating resistances Rt and Ry, where R = R = (R¢/2). Rqy is coupled from (P)
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223 constitute pins on an | C device package, then to
the extent that those pins are nutually adjacent in
wao b@soemoer suggested by FIG 2, then the pi nsP@u/UE2005/009752
likely be collinear, with pins 221 and 223 positioned
di anetrically opposite, aﬂg equi di stant, frompin 222.
20 FIG 2 represents an eibdodi nent in which the

~ magnetically differential input circuit couples a )
terminals B db S¥Pdedd iR ds wpvjed ifoan i) terpinal333 do Gy | A wgenetically
e l.epresent at.i on..0 i Lo [ ' i.ai: .
ateren RGP DL RO OE! aRpEbASHebsly TS0 3 BShEANG tlciosed i
FIG. 4. receiving I1C device. In FIG 3, a differential signal

source 31 is represented by duyal signal 3 .
Rplgrng Bow t@iFéﬁgl‘h denisiea dhosain lﬁﬁdn%%%&“ﬁ?@g fifftencal Trput circuit

e t ' I ' i -

0 i [CFOFRENS (LRSSl aladTagi o oo BROH1L 808 i
device (@logshRdwiy. ol BEE. bydisterantiel Sigmalbearce 4l i80eprptvated by dual signal

sources rgielléﬁaté]:do%]alj :ﬂgaétpg'g\tfi gisgginggﬁclﬁ ] g]\a/i{n%gﬂgl%eeﬁ)gl tro%gggbelngc?laﬂty to the

receivinlgai%e e uigr&l@vi%. 1t GPRRSI it %beiuea forcs U4 G@s a 180°

ance R /2 to an input termnal 32. Simlarl

phase ralatimmhipsouthe sigiabpioyideduiiger] spuispéd larig coaplefipt gRe ead to GND

he opposite end through a.source, 4 nmpe
o st b gapSREHO B ¢ MR AR R REPRE Bl
practicaffattBe (RQRY)tid (y(ﬁlgqe%) tol tBPhihalt4n Mhidakl a avddidptit]2 tatrextahds from
33 may be viewed as the negative (N) input term nal.
a commiphenagief406r tertermainali Pt Singlaglye sigadl P yrGrgt HTisgearpésd tone end fo

: represent e 1 nat ' e ,
s s S AL Py
to an ingld A2 0R2 PQTE WS2ARRADRARER 1,/27is tconplatalo Bfninal EXDthrough a
and RT2 is coupled from(N) terminal 33 to GND. A
conductghdhdtically differential input may be effect from an
¢ vra e rronm
S g b0 0 R et i
receivingagnedrated| discuiti devireeappeals betyern an impritt nods 404 tandtteimginal 402.

desjgned. to coupl.e diffe tial signal, sour 41.
imput GBS OB PSR ATE bl PN B8 i o
terminaf 463 throudhf § €bRMIkG! 4 8. 9NakerfRtHiEE iflpddanéL s 8R@Al e6urce 41 is
by dual signal sources 4la and 41b, that provide

providediﬁg’rvaﬁst tkmaytiag impefnee ), rensescoispésitle: faF apsitignoedR/2), and
) . S e 254 ry
o secortd SRl i B ShAShGdRIIE: gThel hatdite )

Termin#t@lgd ihPEERLd 400 i heuplednisdtwpsro iptie dodSi 40valand curaterndade 405.

is coupled at one end to G\ND 10 and at, t he opposite
(A% a0

Termingiing impedrgre #08oisr eaipled BefHiser gy pode tpinal 402. A

r,m nal i .S :
contuc 371 3R 58 50 PRRPLR i, BRI cppls v
403 to deettds from a conmbn node 406 to term nal 401.

Simlarly, signal 41D | o
Lo el s e 51 L2 GOl 008 OBt
stage A0MRELHMGRetell GRT LRLALEAtHAD t6nf3 o dPp&Bing, circuit loops, L1 and L2.

Consistent with FIG. 4, circuit loop L1 comprises conductor 412, terminal 401, conductor

409, input node 404, terminating impedance 407, return node 405, terminating impedance
408, terminal 402, conductor 413, and conductor segment 411a. Similarly, circuit loop L2

comprises conductor 413, terminal 402, terminating impedance 408, return node 405,
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to an input termnal 402. As a practical matter Rsb/2
is coupled to term nal 402 through a 15 conductor
W@ 1®s/09920n manner wel | understood by skilled PCT/US2005/009752
practitioners, the differential input to the
receiving integrated circu%t devi ce appears between an
i nput node 404 and ternmi nal ~402. Input node 404 is,
in turn, coupled to term nal 401 th
terminatjng impedanse dOpiwyt ngde HQ?‘MW&P‘?‘C&M{
uctor 410. A term nating inpedance to signal
Segmeng%{l]ﬁ)ce 41 is 20 provided by a first term natlgng
Thp edidit easpect, off Eﬂgﬁﬂmaﬂﬁaﬂlﬂfﬂeﬁlaﬁ iusasiOr detiwtsafiom the mutual

anangep@%{s%ém%gill Wdﬁ[??&o }f)_jf:ct wally,laap al | g? aeﬁjgg[?f NeE g't%?dtecf‘ S0 %at in the
presencg%rf oh akickich e (%I 18RSHaNGe nﬁéﬁeﬂr% %Qﬂpﬁ d., k}SItM\giﬁ find B L1 by L3 is

ode 404 a return node ern nating i nmpedance
equal, ba@appcmtenn pheamtdmm@rgnabmdwedn@&éz & 1addat sy Withgpspect to (N)

i LI o ST OB Hiin
with re G? ¢t @@midal 483 "Hirlﬁ@[.lﬁ Iphathd &esﬁ}ﬂe@%dn)éeqheslee rolﬁitbel: afcfremamtloned

4, a magneti cal differential input stage 40
arrangemstsrthmtthqjmdnced m’@rfﬁgng signal in & Agndsie C@Biﬁ; §]pen]élduced 1ntel fering

signal 1& l;ééu:'[{h l(% 22 t Lv!/hlapﬁné'%anceﬁ:& ' ?ftfg fgfﬁﬂm@[e@ co pl%uiness is a

conprises con term na
functiof QdHE ERlent t-’kﬂﬁlhlclhnlpl.l bhy@cﬂlyékﬁdt,chdise L@ nBod ﬂ:gamp’l'p,eﬂ)a nacellation

e e e 05 e et o Lmedpoc® S000 L
well as jlﬁ&t? LTy lt%%%ﬁ)kﬁﬁﬁ'ﬂeg of B8Rwb-foo n‘ggsqm%ﬁfeﬁﬁ l&diﬁgi&‘ gfeQhatched.

gﬁ@lﬁglggéjy % conductor

erm na term nating dance 4 return
W@ﬂl@b%oﬁarogwoﬁObeM&QQﬁBﬁN@ﬁaysL@@DS/ @@@Eﬁ@thHSOf FIG. 4 in the

termnati n edance 407, 404 d
abatemigics) 10} GG HOS TSR L GhBUGUER: S CEGRBEPH OB AFry FIG. 41
magnetgﬁ bred?ffex%ﬁﬁﬁcit 9hmoB@BREd £ divcudéL1fye aEdrbial, #pakt 1e44 the sense
ves fromthe nmutual arrangenments of |oops L1 an

nd
that sighgl soBpeecd laiis abupted, ltropgh 4 sewrde impedance Bad? fqEpaltcgynal 401, as

that in the pres
well as; tﬂtnéplftgﬁlq}aal é{ba &ﬁo%gfegm’% gﬁ b gﬂgflé % gg% L@Q&Pﬁﬂ)}@l Rea/2
to nodd 2060NHde 406t isaPRER ttBroupl cohductdit &IZ & iterghisdl giedl and is coupled
induced in L2 by L1. That is, with respect
through eondueiak 44029 tqr@mﬁl Hap. @wabpour%ﬁlla 1 P%up&fi%]&c'\}?w@alghﬁ source
0 son wth tt
lmpedalng? #sz?{hﬂﬁ %{dl?&& ap O(PE‘[Fhe t.lie3| red conse[qﬁ:ﬁgg of °

ai hﬂyrﬂfetlbmeq)acmw!pmaﬁm td sourbatt14 hell ba dm@ﬂ[y twice load
interfering signa fends.to ca t he .i nduced
capacitppgeahrpEanfsiglo SOUKE é‘ﬂéi ITiﬁt Is1gnphROWEq P@% 1§ 80%%‘?‘{3 EP {¥¥ gins on an
integra ”Sf?édl@tdb@e efhEehs JPRLOXLITBE @3 bCNTRLESIBACSSal Sindle pin or the
nction of the extent”  to which L1 physically matches
integrated. cifeait dexmepNote thata senooé (duninghpin may be coupled to source 41b, so

that substantially equal load capacitances are presemnted to both source 4la and 41b.
However, terminals 401 and 403 in that instance would continue to experience coupling to
respectively adjacent terminals on the IC package. Because terminal 402 and the
hypothesized dummy terminal would not experience such adj acent-terminal coupling, circuit
40 would not be rendered electrically differential. FIG. 5 depicts an input circuit arrangement
that results in symmetrical (electrical) coupling, so that the input circuit is both magnetically

and electrically differential.
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effect is enhanced according to the extent that the
geonetries of LI and L2 are matched, as well as the
W@21081099200 whi ch the proximties of the two | oPEEUS2005/009752
interfering oop L3 are matched. W thout derogation to
the effectiveness of the nfiguration of FIG 4 in
the 15 abatenent of EM effects, it is instructive to
note that although input circuit 40 of FIG 4 is .
Redgriagi sav| o il eh-efenigied thereins ifoaengnedcellyopnd electrically
. | G Y . s+l e e
ditferen Bl FEDH G SOt 30 BB 1oL Pifls p OB L SRAIPLOk IS 1o
receiving imegtated eiresia/d2vite 55.npot pomposes pdthid@esceptiomehiegaged areuit 55

t term nal_ 403, definitively, si .
may be urglrieoio i GHLHE B AERESp s Koo e inSa Bt gy (oot
shown) QIQ&IQI: ﬁgmbgr Bﬁ%ﬂlsc&n%ﬁ&ﬁs.df][ﬁ HIGs, tor Hi'fﬂs@éntf’a@%i%ﬁﬂ sbrce 51 is

coupl ed 20 through conductor 411 to term nal 3.
represenfidgnatiua signebsatitesid 1cod flddhamirgv iderstgngls of el gwgnitude, but
.. I npedance bl2 thro C tor 413.t.0 t .nal . -
opposite T GUg i PRt RERER Lapial vanass freutil LM sttt dovice
Signal sfdrc8 M1l s d@@greatb@w_anw 16 &igPAdroGaPEGNDyNGE 41 @8 epbesite end
to source 41b. That is signal source 4la is coupled to
through ewgeugsienisnpsdanas 5i3nlRe@ aioe et irnyt made\i4e, Sippilragignal source

. Si | .source 41pb j [ DI I
Ny Y e e
impedanRé 15 18R /RRtoCOsgond iipnt Ki0de 643.4 Idput swdetsHatmay be viewed as being

substanti al ly equal, | oad capacitances ar resent.e 0
coupled Ho@HHSCRAIGEY e 4 PAHIHE BOla P ARGl SOVER i ha SO G185 may be

viewed ésgl?j’eg\? ﬁ%ﬁ@%d b2 LGS _p%?‘iit)d geg?pﬁégayﬁeté%%ﬁﬁgfﬁ%ﬁﬂ%urce 512. Of

respecti acent t s onthe IC
course, papkateal Bedanswaticy vignal sd@lesahd tand 51y ppréseni theddifferential

.dunpy. term nal .woul d not _experience such
(OPPOS“SBE%MtQ“f@FW%@aiﬁﬂ'BP? ?1]8 circuit 30 40 woul d not be

Hifp AsIsaflef it hbdedd dots Bhifi &l @ftusla cdiidictod SYERS fhnBirdAN 521 and
input circuit arrangenment that results in symetrical
through (aet@ciucioc 4B% tocuisiinmg] 586 tSeaend: egatipel inphy Bede 543 is coupled

e 35BS A e 8008 LIS A gt Y8,
terminatilgGmpodatePs At eccdubRESefvded tarnifBgNS21 aid teymaiall 522. Terminating

_ electrically differential input circuit 50 that is
impedange s 5gnemprises Guissistancalf i pelihPe sy RalraBgt ol spdi GND and
comprisgs rdsfetanicd '5? 9‘? ICBESL&%E %Et%\%e g8 dnade¥hifl 352 FO%second terminating
purposes of thi scription, integrated circurt 55
impedari®@)s 5Reis woasied bemeteh derhendl rieB wré deriminal d24.i dermmeking énpedance

o oo atee, ool Lyt ot 5 sty S
resistanc S8 ¢ Téld:getgleﬂ SN 8RE e8RS0y B¥aliucidds® couples terminal

sour ces nd 512 that provide signals of equal
521 to teragmaltSdde, but opposite polarity (i.e., relative

FERTINE M RUAE AL e T Wp—
loop L1efdt tO8mpH&RaposavRUABut £34e) 52N dodudtiie 5OPPREhInAl 6T terminating
impedance 551, terminal 522, and conductor 532. A second circuit loop L2 comprises
negative input node 543, conductor 533, terminal 523, terminating impedance 522 terminal
524, and conductor 534. As with the circuit arrangements of FIG. 2 and FIG. 4, the
arrangement depicted in FIG. 5 results in a configuration such that, with respect to common

source of EMI from an extraneous circuit loop L3 (not shown), L1 is oriented opposite to
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t hrough a source inpedance 513 (Rs/2), to a first
i nput node 542. Simlarly, signal source 10 512 is
weowshetont one end to signal ground (GND) at PEEUS2005/009752

opposite end through a source inpedance 514 (Rs/2) to
a second i nput node 543. IQfUt node 542 may be vi ewed
as being coupled to a first polarity (e.g., positive

' polarity) signal source 511. Input node. 543 nay .be )

(i.e., OppPess: ézaéleﬁbb’ gHeeingihe aartcsll%tl%%lﬁéu%q? itprigripgesignals at input of

At | | ari .slgnal source 512. O course, in

the rec%‘?lglgﬁ%gﬁa%:aﬁpIcglﬁr%ﬁ%]‘flgét'i on, signal sources 511 and 512

Tepfasantesctibed irhinediately above] Snpuppiosiit §0pis| effdctlyy to present a

I f .si, | e.bl. Fi it i
oanc b o R kB RS ) RS, s,
magnet%%?lg} cgg%areg%%i, ﬂgﬂay HRr RUMAsRatc@NHMCIPNt 8i3duit gogs,, nonetheless, not

_ 524. Second (negative) input node 543 is
electricelby giféadenttahr ough conductor 532 to term nal 522 and

through.conductor. 533 to termnal 523 A first .. .

KO RE ey Begtanier £81e%h ohcBugrat: HEERigl dppyyy and an
electrically di&hehi®dl MnNaput> 22 it keisthmad ithg tBO ihpmeeaacecdbihg device, for

conprises a resistance 55la coupled between term nal .
exampl§P ¢onsirts cRDpasitive bwithrB, sad arnegdasiyvea ienutol] eadhp eégetive mput is

tween GND. .t i . ! t i i . .
R —
field wilefféon 8bthGRd posTevdndaicgngyd inpatiaqaslly, 36 Zhatcpiracmy () from (P)

resi stance, 552a coupl ed between term nal. 523 and .
cancelssthe ctfspiprfi the interferngsmagnetie SekE Eﬁle wﬁr}%@% BragBetr @B is created
' 4 d . I } aal
rom. GG SR s GRS 0L0UB Bk g gl o
dlor apgerentinme sceledischl Bodiffereatibbinpst mnflies shateinrisigifering electric

st b B SP hEGEe S B 05 g o
cancelslsg%: : effLegf g% AR inRARring Mect AN Huelt OTHES ZrterferBRC OBk fidldiit created

nprises negative input node 543, conduct or
from, f5B8ani@enapaditi&2@uplieg i thetdhi, bondewiaes Pag@petas heprdairaces, and
SOﬁHtSO 524, and conductor 534. As with the circuit
]ﬁrrangenents of FIG 2 and FIG 4, the arrangenent

deRi cloffidancd hat Sthe efidbhidticl Bnd GRenblagtiAtdffeotss uedh independent.
that, wWth respect to cormon source of EM froman _. ,
Electrieatkyrdiffersatialdnputs prly| naiapmizg elegbicad HgHgrenes; magnghiealhydifferential

- ophosi-t.e .t o 0 PCT/ ] . )
s ARy pUBARSHARTERE, "HTBRORRIO0RIE oy i
input t@ids ik ghingitre ek thobffedteof gh syrgsalf sntatferenguit of  the

receiving integ$ated cjrcui%edevice. I nsof ar, a

Rebemingotlienieds 41G1 - HiBwebe [SeFbce F2a ppwoSifauit SO is without

more, Iffcﬁfe‘?&'ﬁjiéﬁﬁgtd?ff&@m.nqh?s isTRGNRIChER! hiy1ediif FRLBMAASS the capacitive
put to a receiving integrated circuit device.

couplirtdotwe pesitivea términedsh 525 amd i?dt di€Eers yrogh fhe meppmitafle of ttherpppacitive
coupliq*?,c';gltc(;j %@Eﬁf’&e’r etrr?lgnaish §£2 ia%8u§23(.:i rﬁilei tinc Lcl)SiiOI’? 'of ! Perllr%grpa?lﬁ%s effects a
capacitive loading on signal source 511 that is substantially equal to the capacitive loading on
signal source 512. That is, the sum of the capacitive loads presented by terminals 521 and
524 to node 542 is substantially equivalent to the sum of the capacitive loads presented by
terminals 522 and 523 to node 543. However, because terminals 521 and 524 are disposed at

the endpoints of the linear string of terminals (521, 522, 523, and 524), terminals 521 and 524
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electrically differential. Consider here the
di stinction between a nmagnetically differential input
w@nasam20el ectrically differential an input. |PCT/US1085/009752
assunmed that the input (to a receiving device, for
exanpl e) consists of a posjtive input, P, and a
negative input, N, then thel ef fective | nput is 10
(P-N). To say that an input is magnetically
experiet¢d tewming tl adjapint dermihals (apt ishown) eni thy dexjerepackage. Interior
- field w affect. both {. osi-tive. and negative
terminald £ e o2s 4 DS LR A FRBF REERITRY Trom (P)
sangel smbbéintht efipudicitctie SOt @af ebé ngramgemebi beddn@d dlectrically
) The interfering magnetic field 1s created from for o
differengiah tgpegh sher w&g{@ni of addational pongdesityovglpments shsnesed 1 proximity
: : f.qpt ' ' :
with re%%gtg\?er ‘?‘%egfb?;eraﬁlﬁ% ?%1 . tS?%,l §§I3 : gﬁfl %?ﬁpﬁﬂgée ?%adtu@gﬂé elbthients, which
includej it @rd @nbsdtimehte cdrmiitals 35, 52, dndMSRY aatl fimdtiddadsbeitited conductors

positive and negative inputs _equally, so that. i
233, 53852 o emgﬁ}w? IS et e ercasplips tq paminas 521,

522, 52BRh&5LE 6L RYteBl e it hiol Eﬁ;n i interfering electric
field is created from for exanple, capacitive

Aougdpicied iim ke 5 hthp, comphuak wined@mpispadkegéesotertnosal 526 disposed

. t.races, .and o foryh. The significan what _t.he .

intermeffefic Bmi, 27 ol of et OB SRR aina e 2, B ciefie, the ggrminals

coupledEtLGibhdICRutd if f eeRnhilad2cl PSEupINtY GNINI M ZBnductive trace 536
el ectrical interference; magnetically differenti al

extends; latstally Gemtemingli2peandnpiséariably, aeemiesr @path. eqaidistant loop L1 and

oop LTHRELL L ARGA PR SLAST B sl s sove

terminal BREr R CeNDRtivEelate 535 gxidhdeMteally tiodrltéemibal $15 AlBMg g upper
seen there that i n;lz)ut_ circuit 50 1s without nore, not

boundagy @iclopp ddt | Teraminal éde it oapledrio GNDs  Pingikarkye e caiplipg mechanism

. includeép R2inal §890ishsda aﬁjag%lg’zeagg g@gﬁé&r'{%‘l}ﬁ?al%@ﬂ Wmﬁrﬁg 559is coupled to

ositive termnals ers fromt
GND. Angnidteine teice 5B extapdsclateirally frompeimigal $2agag blewer boundary of

termnals 522 and 523. The inglusion of _term pal_ 523
loop L7 bnetiesebocingile _Ffel}c@e‘u‘feo%%ﬁea&%éngég @ﬂ@ﬁ?@&m Rlesuffigient length to
extend %E?sftaﬂ_cé fﬁiﬁb%sﬁé@tiv@'téﬂniﬁ%ﬁ thSE 924, Nedcamanht is}’aﬁ ééa%ﬁﬁ’é B@at as the

_ signal source 512. I's, the sum of
distancgatpaoch comluctond38 pxtesdstosidobyallydrom terhgng2 52 hand 5224

t de.b542. i bst anti.al | i val.ent .to th f .
MR R RS 1 a6 BBl UG R tatihn bbEe@ ST i, ghysical

arrangeést 08 APEE chddt SHOVRY &hablbeCakng 56115 Bal Sondrikrednthagnetically
524 are disposed at the endpoints of the |inear

differengie} pshyelfast deqtiiepdlysdiffsrentials 2 plergit3s imperigpatp, reiterate that, in one
: i nal: 0 / 2
cntoh G4BT 8 306 9400 29081095042 T L BR00T Q02 i,
on the $Ackupe 6N ah Hatedendd eirpdt Kagee (not ahbwh). t@hnémeak@bddithent, the
) and, 523 ar.e not ,supject to _this form of coupli 2(20 In
integratgh gireHhaeiitfmey nRsIent i REi wansacively fpeexapivin g depnsgauently, the

dimensPDREIOBaBliBE bEtwdh Mfutually adjacent terminals is substantially equal. That is,
the distance between 521 and terminal 522 is equal to the distance between terminal 522 and
terminal 526, inasmuch as these pairs of terminals are respectively mutually adjacent, and the
pin spacing ton the device package is assumed to be uniform.

However, to the extent that uniform pin spacing on the device package is not

obtainable (or is contraindicated for reasons not related to those addressed herein), then the
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differential through the inclusion of additiona
conductive elenents disposed in proximty 5 wth
wo e@poeRdrve ones of term nals 521, 522, 523, apdI/B22005/009752
Those conductive el enments, which include, in one
enbodi nent, term nals 525, 526, and 527 and i ncl ude
associ at ed conductors 5351 536 and 537, forn1a
coupl i ng mechani sm for bal ancing the coupling t
followipg riphyaighls r@atlonshm 2are spnetheles prafgrabht émanaﬂamdr c ukltes physical

sep aratigh % g‘ﬁ?éﬂm%“%l S:’a1 all ¥ Pirﬁ%:] §?2 5931 Igﬁ%ep 8%%% hte 1%10 up%yswgl separation

betweem ﬂé@iﬂﬁdpﬁf &28 emin BM s B2id ARdirb@dnt Hetiwest At the desuablhty to
rmnals 522 and 523 are the termnals cou

estathb.egh%har%J%l@OBié angdeqp hal 15zédlrtl@nc@wb@cretegecm@lly,shfferentlal
V@ 3 e
operatl 2 1&]&1 %r6e ﬁblfe Qlu(l)(g%ét%.glp ggtwle%ﬁ %%I%Jﬂé%lﬁ |5cr7f§s n'gnstrﬁl’ gﬁgl terminal
525 shdulld hamb thecame Lpﬂysﬂ'zﬂesepammbn rf@nmmhmmlssml adssiveb m«ex’rrudai§27 from
. ggéfinal 525 di sposed adj acent and above term na
termina A conductive trace 535 extends laterally from
heEsunaly, St%a‘CalIlé%ngeehhﬁSdIBQ&f hdreir? %u&g(ﬁﬁﬁ/ aﬁgn%eﬁ%t lthat effects a
Term nal” 525 is coupled to G\D. Simlarly,
magnetm@um diffeyentiat frgpmi, Shom ieitedr ual el gteeenvied alr dbZetenliiapogret source, to an
mesro B8 308 SB%RE) 4 SCHAEED o 57 0L bt it i
estabhsh@é @ps;ﬁisin\g TobSYMiHaC A éied tH? Tnptk @ Ghe réRWahg laeviad améc?tibﬂity to
op. L2. 1n one enbodi ment, conductive traces 535

EMI cqaﬁ@m@atxorarl% sstantiply gpdised) e fytahfurdher exbodimentdithg aweaetically

dlfferenlftlggfé}oﬁﬁ% Q&dteh:t eeléc%{u{?ll?%&t‘g %ﬁﬁ?laa%gelg@ \Aﬁé@ma@zgﬁfe en?tal.

$a8lectht @ﬂ@h&nﬂwmemmtmisIb,eehrctmﬁlﬁrdnwnnlr&p'éaﬂtoam tinGe4d. number of

At this point it instructive to specifically indicate
embodl{qqgtssg}0§% sleillgd Hb@lesar‘rowl 1 ﬁEprﬁ’% RUYPEroxs ¥ Gadiops gpd variations
therefrol{] PHYs {rirf 9& thaPfhel a?g%r}dgﬁ' %g&?% c%'v&céﬂ ucﬁQmScﬁFlPﬁmns and variations

conS|dere magnet erentla as we as
as fall vathae thel towd slpmtdmﬂfseopemﬂtlab Jpréfeneinvention. | mportant to

reiterate that, in one enbodinent, termnals 525,

521, 522, 526, 523, 524 and 527 may represent

contacts, or pins, 25 on the package of an integrated

circuit device (not shown). (In one enbodi nent, the

integrated circuit device may inplenment an RF

transcei ver, for exanple.) Consequently, the

di mensi onal separation between nutual |y adjacent

termnals is substantially equal. That is, the

di stance between 521 and term nal 522 is equal to the

di stance between term nal 522 and termnal 526,

i nasmuch as these pairs of termnals are respectively

mutual |y adj acent, and the 30 pin spacing ton the

devi ce package is assunmed to be uniform However, to

the extent that uniform pin spacing on the device

package is not obtainable (or is contraindicated for

reasons not related to those addressed herein), then

t he WD 2005/ 099202 PCT/ US2005/ 009752 -12
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foll owi ng physical relationships are nonethel ess
preferably maintai ned. The physical separation
wheideen20t er mi nal pair 521 and 522 shoul d be ePEEIS1005/009752
t he physical separation between term nal pair 523 and
524. This requirenment derives fromthe desirability to
establish equal areas for‘ﬂédp LI and loop L2. In
addition, to achieve electrically differential 5
dpeftdiimon, term nal 526 shoul d be equidi stant between

ermnals 522 and..523 ..and term.pal 525 shoul d have

the s AngnyerBL il finuh SR cohh g Fagel i source
to a singREdHde@tectRind difvit, therifpmalircb?¢ompeisidi ngly, there

has been disclosed herein a circuit arrangenent that

ef f ectedirg temmpigalde cewlego an prwubaf thelsinghpendedtsigngl source;

ei t her [ - i.ffer [.al signal source,

to anas%ﬁ%ﬁﬁgéngﬁgggP gél&ﬁ%§m§§%#§é. As a result of

t he nmaghied iemiray todiciibes ®nthe alitpunpfithe siMdl € bndgtsadilal shiese;

opposi ng | oops that traverse the input of the

recei ¢ithe laeR FuBprisiRgs thepfitshiermingl el theppeqndiemminalagndn

IS su [ : EFRLL B0 he

nagne??%gﬁﬁgahg%?ggggﬁ ?grk?%gh%ﬂﬁéﬁféﬁderggﬁ fnal.

electrically differential as well as magnetically

ifferential..Wile_.the.present invention has been

desor 1DEARHiPal s SRR TPy e bR ot FHBdy MOFTen G first loop
and the®BRAA1185N¢ifouni BABE sublstdd iRty lefudl Rfeadnhd W Arra?%@& 86 tAt £ first
_ nunmerous nodi fications and variations therefrom It
interfering signaé mdoded inghe fitseleqpenaseliret af imerbouwe iakdncslighby a second
. nodi. fi cations. and vari.ations, as fall..within the true
interferffg sigral Bihoeinthe s Onspeon B spuich oL SR

2005/ 099202 PCT/ US2005/ 009752 -13- W Claim 1 1. A

magnetically differential input circuit to couple a_

3i ngl dhe magHctisal differsniieldnpyt cirguii o plagh &, Ether comprising:

recei yj ' it [ Clrcuit..conprising: 3 a

v ot th Buf hofb contiip PiboiEldsfetchia 0Py L 2

si ngl ecemdexh iidgnal source; 4 a second terninal to

couple to a signal return; 5 athird termnal . to

coupl & firg copdnpnconpling thefirstierginel torthe dnnut gads:

sour cg; | .l ‘ [ 1 nal

and ¢ ReceendSantictis ooaBin ARARIAE1ARibRe e Bput Rl 47

conpr ashincdridectse capdiinggheihial teamuhat toethe firstderhgnati nal .

1 2. The magnetically differential input circuit of

claim1l, wherein the first loop 2 and the second | oop

@i I CUITRE flaRRetfddN§ UAirbAlid InRA AL uRbLARIA N dwRERN the first, second

;arranged so that a first 3 ynterfer|ng si gnal induced
and thijddemntinalg prestubstaatinllypodlineatly dextaposed vnd ther ssaomd fesminal is

pos RSB B s S RO ARl e

third terminal.

5. The magnetically differential input circuit of claim 4, wherein the first loop
and the second loop circumscribe substantially equal areas and are arranged so that a first
interfering signal induced in the first loop by a source of interference is cancelled by a second

interfering signal induced in the second loop by the source of interference.

6. The magnetically differential input circuit of claim 5, further comprising:
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1 3. The magnetically differential input circuit of
claim2, further conprising: 2 an input node to
W@ owple920D the receiving circuit; 3 a conmon nPCUBEDS2008009752
first conductor coupling the first termnal to the
i nput node; 5 a second cogguctor coupling the third
terminal to the input node; "and 6 a third conduct or
coupling the third terninal to the first ter al . 1
4. Thdermipiing ipppdance qopprled betvagen; andpputdiode gp Ht?rsecond
tmnﬂnd0|a'n]l wherein the first, second 2 and third
termnals are substantlally collinearly juxtaposed and
the second termnal is 3 dlsposed i nternedi ate

:3 gtr Vn\fﬁqe%aglgq?g:a]t gl%%e%%tl u[t 8‘? ﬁ Sgo%ﬁ eSa]:sr on}é fh i ff‘ferieﬂt%atd
signals t«\%ﬁgﬁ?érélﬁf’all kaceid &Irc%ﬂtt 'tlﬁal inbiRicufticbfipkisingt cl ai m 4,

erein the first loop 2 and the second Iogﬁ
cir clartksirtmtnmnalub@olaﬂteltalalfysfefqmlalt Oérﬂtfa%mmﬁdo derential signals;

h
R R O R R e T e

signals; cancel l ed by a second 4 interfering signal |nduced in
the second | oop by the source of interference.

The rebinétarednal jo upleteiheifst quiptiot Sersogre Oéfdl@ffrsmrﬁl
5, further conprising: W 2005/099202

PCT/ US2005/ 009752 -14 2 a term nating inpedance
couplagadnhgtedgn an i nput node and the second 3
termnal. 1 7. A magnetically differential input
C|rc@HFuW%n@3Uple a source of differential 2 signals
1o a k! &ratbAoubREPIOhOSirg hirftthdl ant i Btilade) it ¢
conpri si ng termnal to couple to a first

out putsecdnd dmdaautm:mpdéd i thé firs rheemanalsung itlad imput mpdg, wherein

second termnal ,to _couple to a
the term gLy, GEeUGhIRer Pt CREREI T s agRe S RO A hopSpd pdfeond
loop thaf éfféé@é'zﬁlc@llét%ntcﬁ%n ﬁﬂd@ed%ﬁﬁﬁn@@oﬁi@@ a% ¥ 1e6eiPing circuit.
ferential 7 signals; 8 an 1nput node; 9 a return
node 10 a first conductor coupled to the first

t al d t j. t .. : .
% oupl Tt maReHut R AR ARy ARRF e e R A oop
circumsOMIRE @iffdst akeh thhEis b@stamalily eq@alrts Wistcdigicesa élﬁdlmscnbed by the

conductors are arranged to forma first |oop and a
second lgeswond

signals;

9. The magnetically differential input circuit of claim 8, wherein the first loop
comprises the first terminal, the first conductor, the input node, the return node, the second

terminal, and a first segment of a third conductor.

10.  The magnetically differential input circuit of claim 9, wherein the second loop
comprises the second terminal, the return node, the input node, the second conductor, the

third terminal, and a second segment of the third conductor.

11.  The magnetically differential input circuit of claim 7, further comprising:
a first terminating resistance coupled between the input node and the return

node; and
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13 |l oop that effect cancellation of an induced
interfering voltage at the receiving circuit. 1 8. The
wore@aevdenl |y differential input circuit of clBECTUS2005/009752
wherein the first loop 2 circunscribes a first area
that is substantially equgi to a second area
circunscri bed by the 3 second |oop. 1 9. The
magnet i cal | Y differential input circuit_ of claimS8,
wher eft F°PRE (EMIRItN eSS stapce eappladshebv enethe retyen node and the
second te@hfdanal , the first conductor, the input node, the
return node, the second 3 termnal, and a first
segnent of a third conductor. 1 10. The magnetically
j fferential input..circuiit of clai ,. Wherein the
isjée' co n{dﬁ? 1818%11et1§2l§8 Gremtial fnput §§€1&}ﬁg} ‘3@1‘%1 ﬁa‘f’l}er?lﬁé
r et ur fhe f@s@oop dSIMpARKELA i : e
. 3 third ter rriﬁnal ,band a ggggerﬁ%ﬁgagggngﬁm% [bﬁlgq{lﬁercgﬁ(h
terminaiiRgiesistages; a8d 11, The magnetical ly differential input

circuj haim. 7. furthe tising: .2 a first

ter mwrl%gtslg({?a 8 ' (goﬁn%s?%%{l:%s E%eu {sgge%g}e\%gg ﬁesg%%nqeﬁag?herﬁ%@d
terminatamgiresisdneeet urn - 3 node; and WO 2005/ 099202

PCT/ US2005/ 009752 -15 4 a second term nating

resi stance coupl ed between the return node and the 5

2con ki . T 3y y.differential

o 4 LRy and il TRAREIRY b I Fhihe B

differengdrspgniabssireeh thefinpst citemitrdongirisiig: r esi st ance and t he

second. 3.termnatin esi sfance; . and 4 the second

| oop ac%ﬁﬁ@?&é‘?#ﬁ@ CPgPé’tto f‘é{r #hi H’Pi@ﬂtﬁ gienakiramdhe sigagl gource;

the seeest inpul 85d8 BLLAE t6 §Sb ity si i

magnet i cal | yglz:md el ect r?lcal Iy %{@g@%ﬁ%ﬁaﬁ frﬁ%ndtthe signal
SOurce; circuit to couple to a 2 differential signal source,

the i ciycuit copprisi.ng. 3 a first input node to

coupla(r;fri)rtlé{otmélrminl"1 %?“PE% rt}’?@gi”ﬁﬂ’éfnmﬁ‘?’om the signal

Sour Gesecorfl 8rSa@DBELIEPISLthE 96tBnl iR HBEE tO a second

polarity signal fromthe signal 5 source; 6 a first

t er marfhird éesiminat gonplet e thiei first inpuimadenode; 7 a second

term | caond J.nput node. 8 hird .

o Tl L S SO0 B8 B B i
and the foorth tdmmired areria¢luded pl & @rst Codp@1dSEEREIA the febnd @FBinal and the

. wherein the first term nal
third termmaf are 1nctlu ed in a second loop that opposes the first loop.

14.  The input circuit of claim 13, further comprising:
coupling means in proximity to the first, second, third and fourth terminals for

balancing coupling to the first, second, third and fourth terminals.

15. The input circuit of claim 14, wherein the coupling means comprises a fifth

terminal and a conductor disposed between the second terminal and the fourth terminal.

16.  The input circuit of claim 13, further comprising:
a first terminating impedance coupled between the first terminal and the fourth

terminal; and
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10 and the fourth terminal are included in a first

| oop and wherein the second termnal and the 11 third
W 2005092 are i ncluded in a second | oop that OPEDEER05/009752

the first loop. 1 14. The input circuit of claim 13,

further conprising: 2 couph'ng means in proximty to

the first, second, third and fourth termnals for 3

bal anci ng coupllng to the first, second, third and

f our t ;secopfisaigating ippedamgs qonpl@fi betwasnithe scond trminphand the

1hudta%ﬂﬁ&e'n the coupling neans conprises a fifth 2
rmnal and a conductor di sposed between the second
tern1na| and the fourth termnal. 1 16. The |nput

rCUI% of claim %&8 further conpr|5|ng 2 afi
hHag }nﬁﬁt ‘?Wﬁb‘éﬁ megtqq@rlfi}l?@f coupled between

the ﬁrsttt&ﬁﬁhﬁ%d?ﬁkdt i Gl h 3 termnal; and WO
2005/ 099202 PCI/ US2005/ 009752 -16 4 a second
tern1nat|ng i npedance coupl ed between the second
and .t he t.hi termnal . 1 17, The i nput
T cule igpisite fi%la% 14T i it tegpmipadie ifabbnee
comprise@upl ed between 2 the first terminal and the third
termnal. 1 18. The input circuit of claim 16, wherein
the f4 first resistavicaaoiplgd |bmme@arﬁheeﬁrs2tewnpd AB@s gr@nd potential; and
first e cou bet ween t he e a
and o SESNEHADERcR ATy A LAY e Llfnd o Bht GodfiEtourn
terminalcoupl ed betmeen the ground potential and the fourth 5
termnal. 1 19. The input circuit of claim 18, mherein
the second term nating i npedance 2 conpri ses:

S S ST, SR AL T

conqnmemupled betmeen the ground potential and the third 6
termn 1.20. The |nput circuit of claim13, wherein
t he .an%mi registans ¢ cqupleghetwegn ﬁS?q?péé?r&%%l and thegrepydr

potential QHB' ising an amplifier.
a fourth resistance coupled between the ground potential and the third

-
-]

terminal.

20.  The input circuit of claim 13, wherein the input circuit is part of an integrated

receiver comprising an amplifier.



