WO 02/ 060086 PCT/ US01/ 50873 11/ 05/ 2005 AN ELECTROVAGNETI C COYRLAF; Fbigldss
OF | NVENTWEN2{9¢P@36i nvention is related to the field of el e®PCTARAYNSIS C
coupling devices for bus comruni cati on. BACKGROUND OF THE | NVENTI ON

El ect romagneti ¢ coupling devices enabl e ener to be transferred between
conponents of a system vi @W@WWQW&%@%%Q%H c fields. These
interactions are quantified using coupling coefficients. The capacitive
coupling cHELD OFENVENIION ratio of the per unit | ength coupling
capacitance, Cm to the geonetric nean of the per unit |ength capacitances

of the two coupl®fs inveRBen {2 -relalidol tBE kid 6 BedtFHGHICYIE cEQHRY E{J@zi%?&fi ci ent
is the ratio of the per unit length nutual inductance, Lm "o the

geonetrlc unit length inductances of the two coupl ed

l i nes, Wﬁﬁqﬁggngﬁﬁﬁgéé a conventional broadside coupler, where the two
—broadest faces of two adjacent printed circuit board conductor lines are
el ectromagnetically J coupled. Figure 2 shows an edge coupler, where the
narrow faces of two conductors on the sane |ayer are coupled. Conventi onal
coupl i ng dBACKSROMINEY OF Toih INVENITEDAN es in several areas. The coupling
devi ces exhibit significant variations in the capaci tive coupling

coefficient dueEleuatshass hiphagldvried 865 eRelghqo betansRoBYerwadd i n the
rel ative position of the two coupl ed lines ("x,y,z variations").

et o o SRS B BRI pe I, g et or 1

h__,} interactions are quantified using coupling coefficients. The capacitive coupling

coefficient is the ratio of the per unit length coupling capacitance, Cm, to the
geometric mean of the per unit length capacitances of the two coupled lines, C.
Similarly, the inductive coupling coefficient is the ratio of the per unit length
mutual inductance, Lm, to the geometric mean of the per unit length inductances
of the two coupled lines, L.
Figure 1 shows a conventional broadside coupler, where the two broadest
faces of two adjacent printed circuit board conductor lines are electromagnetically
| ) coupled. Figure 2 shows an edge coupler, where the narrow faces of two
conductors on the same layer are coupled.
Conventional coupling devices sﬁffer from deficiencies in several areas.
. The coupling devices exhibit significant variations in the capacitive coupling
 coefficient due to manufacturing tolerances in the line geometry and in the -
relative position of the two coupled lines (“x,y,z variations”). Furthermore, in

common manufacturing practices, the width of conductors is subject to variations




%

of between +/- 0.5 and +/- 1.0 mls, the relative alignment of ceRdyptPhaos
| ayers wWMMh92D68086ri nted circuit board (PCB) is subject topPcarissifsesTs

+/- 5 mls (x,y axis), the distance between conductor |ayers can vary by
+/- 2 mls (z axis), and the location of holes for guide pins is subject
to +/ - 4 m Pf hetwieam it@n8.5@ndy+ /axiOsnils, Sha tedatieorlignnoaon wé aeridoreddr laparpl ers ar e
too sensitive to msalignnment to be used in conputer systens. The present

i nvention adeth@ss psm&é&a&@%ﬁ&e@)deém&ms vBfa@dns STV EHHIIORA} aXGHUP! er s.
BRI EF DESCRI PTI ON OF THE DRAW NGS 10 The present invention is i 'l ust'r at ed
by way Of - CHRIELERENGthRkn kbl 1Bfkrs bh LA ) DL 25u0], 1HG) B&EQIPANYI NG

drawi ngs, in wnich I1ke references 1 ndicate I"ar s, and in
which: Figure L s rior art. broadside, cougler. . Figure 2 shows a
prior art e@@%ﬂo {@ﬁ?sﬂoggulf{emgsg%&fﬂgﬁd’@ @ﬁ&\ﬂf‘é *ifefti- of a portion
of a coupler including two conductors. Figures 6A, 613, and 7 show
embodi ment sTksrelore. cppyentionabeasplers apt top senaie i misakliggmenttcgbeanstddn s how
variations in capacitive coupling coefficient. 20 Figures 10A and 10B show
enbodi ment sconfpuwtecsysparas.. Fi gures 11A and 1113 show a digital bus
comuni cation systemhaving multiple couplers. 2 0/ 885/2005

The present invention addresses these and other deficiencies of

conventional couplers.

) BRIEF DESCRIPTION OF THE DRAWINGS
10 The present invention is illustrated by way of example and not limitation
* in the figures of the accompanying drawings, in which like references indicate
similar elements, and in which: |
Figure 1 shows a prior art broadside coupler.
F‘igure 2 shows a prior art edge coupler.
15 Figures 3, 4, and 5 show embodiments of a portion of a coupler including
two conductors. |
. ) _ Figures 6A, 6B, and 7 show embodiments of multiple crossed coupler
segments.
Figures 8 and 9 show variations in capacitive coupling coefficient.
20 Figures 10A and 10B show embodiments of a coupler.
Figures 11A and 11B show a digital bus communication system having

multiple couplers.



WO 02/ 060086 PCT/US01/50873 Figures 12A, 12B, 12C, and 12D show Wﬁg@t@s
of a cros¥QRPHE of a coupler. Figure 13 shows anot her @gFaLio 30f “a
cross-section of a coupler. Figure 14 shows an orthogonal view of the
cross-section shown in Figure 5 13. Figure 15 shows an enbodi nent of a
coupl er on a noEErEsHAIY, T%ﬁdl%tczqu@xlzl%ﬁlf%?ﬂboémtﬁﬁﬁ SrEsEREIbPREd2an

el ectromagnetic (EM coupler is disclosed. For one enbodinent, the 10 EM
coupl er incoughs. a first transm ssion structure having a first geonmetry and
a second transm ssion structure having a second geonetry, which may be

di fferent than gfhgehB5REwE BROBEF ¥mbOlinkdt ©PH Rt dsBedtonldladphe! veen t he
first and second “transm ssion structures. For one enbodi menF, the first

and second geonetries,are selected t.0. Si .k Vi . pling to
ol'ati ve pos 1 irge s if ofRbRIniG TR FElel ot ino ke D ' ",
‘EM coupl.er _structure may be physically separated into two conponent hal ves
to be uged ¥n an interconnect application. For one enbodinent, the EM
coupl er provides a broadband coupling device that is separable,

bi - di rect i onal , Fige g5 shiwdesn embodimergrof ercouples od egpptherboard ahd grlemnt  of
the transm ssion structures. The coupler may further have an 20 inpedance
that is corfre@it! ed over a wide frequency range to prevent |osses from
reflections. Thus, the coupler may be used to transmt and receive digital
si gnal s. Eﬁﬁ}ﬂ@%[ﬁﬁﬁ@gﬁﬁﬁ@bhlthe EM coupl er al so provi des bi-directional
signal transfer, 1.¢. Te-transm ssion properties of the coupler are

essentially the sage in 3
_f y An electromagnetic (EM) coupler is disclosed. For one embodiment, the

10  EMcoupler includes a first transmission structure having a first geometry and a
second transmission structure having a second geometry, which may be different
than the first geometry. An EM coupling is formed between the first and second
transmission structures. For one embodiment, the first and second geometries are
selected to reduce sensitivity of EM coupling to relative positions of the first and

15 second transmission structures. The EM coupler structure may be physically
separated into two component halves to be used in an interconnect application.

) | For one embodiment, the EM cbupier provides a broadband coupling
device that is separable, bi-directional, and provides robust performance despite
misalignment of the transmission structures. The coupler may further have an

20 impedance that is cont;rolled over a wide frequency range to prevent losses from
reflections. Thus, the coupler may be used to transmit and receive digital signals.
For one embodiment, the EM coupler also provides bi-directional signal

transfer; i.e. the transmission properties of the coupler are essentially the same in
3



WO 02/ 060086 PCT/ USO1/ 50873 11/05/200 5 the forward and revgg?gf}}g@@%

transfer WOrREM8hs. For one enmbodi ment, the |ine i npedanc@CHUSHRES

coupler is conpatible with the circuitry of a conputer system Figure 3

shows a coupl er that includes an arrangenent of sections of t 5

conduct or s ti% fanda@ arshrevarse gignpl transfer dEegtiogs.s W%%P?qimw'm‘g‘ﬁé‘ﬁﬁl e.

Figure 4 shows a top view of the sections of the conductors. As shown in

Figure 4, impadhietof thd BM cotpht edcdiypaiblawithahd tcditrgrof alemmrtaon

| ongi tudi nal axis, while conductor B is rotated by an equal but opposite

angl e 410 \%fs‘?éﬂit he same common |ongitudinal axis. 10 Figure 5 shows a
ng

coupl er ha a total capacitance that includes a parallel plate

capaci tance and..a frjinge capacitapce. rl i

capaci t ance co(rjr'f-lﬁ}lfﬁ# i;'}g’nwsf7 ?HRlﬁreH'g\?/&C}ua%ﬁg;éﬁgr%g‘gkﬁgﬂgé%%cgé% %%%uct ors is
generally simlar to that of a parallel plate capa{coi(gt or w'gt },par a&l el ogram
shaped 5 pl gensductors & anghBsepaiated et dislsstigRich 3R alictos eXamPI, F1BUTS# 1 egi ons
520 is a fringe 15 capacitance. The outer boundi ng edges 525 show t he

poi nt s whesiowhetopdded of fthé smreions phidietcandectbst WeehowreintKigueohduct ors A and
B beconmes negligible, e.g. less than 0.1 % of the total capacitance of

the coupl efondlRorePERoRAéd B aRfanghe1103roth bRl cophmbe 1srgafd ihalnegs, avidlet he
fringe capacitance provides a nearly constant coupling capacitance in the

face of 20 deviatians f nom nal TRi0%:&ARRE 2ihe COMPBAIAY
capaci tanc(é(mpru 5€O|r g rote E)e%trpia%g‘ﬂ%{lfbﬁléggégﬁk% ggeh@hcgn uc‘% ors are

m sal i gned. Therefore, the two conductors can be noved relative to each
other in tI9BEYULRgl 3Xigi rections, without a significant change in their

mut ual capacitive coupling coefficient. 4
10 Figure 5 shows a coupler having a total capacitance that includes a parallel

plate capacitance and a fringe capacitance. In overlapping area 510, the
capacitance contribixﬁon from the overlapping sections of the conductors is
generally similar to that of a parallel plate capacitor with paralielogram shaped
plates. The capacitanée between the conductors A and B in regions 520 is a fringe

15  capacitance. The outer bounding edges 525 show the points where the added
fringe capacitance between the two conductors A and B becomes ne.gligible, e.g.

. ) less than 0.1%, of the total capacitance of the coupler.
The combination of the parallel plate capacitance and the fringe

capacitance provides a nearly constant coupling capacitance in the face of

20  deviations from a nominal position. This constant coupling capacitance provides
robust couialing even if the conductors are misaligned. Therefore, the two
conductors can be moved relative to each other in the x and y directions, without

a significant change in their mutual capacitive coupling coefficient.
4



WO 02/ 060086 11/05/2005 PCT/US01/50873 This constant coupling C?ﬁf/fd.f}-’ﬁﬁtos
behavi or WeHE06486y transl ati on hol ds providing that the Pemgishs308f31he
two conductors are such that no disturbing feature, such as, for exanple,
the end of either conductor or a bend in either of the conductors, falls
into the over| afhisngnstamtcaspling coeffisient behgeriar svgidens, Bwirengatiembolds conduct or s
in such a manner as to significantly perturb the parallel plate and the

fringe Cap%%&idﬁ%&hﬁ%%ﬂéﬂ%ﬂxé 6Nte tiWe\wBHilictoisfar@sulitsthat ho distibatgir e i s _
present, the coupler may still function, but the coupling coefficient may

change si Qldialldhvag, AP dxhiBIe e BlIBHIG R Whd e R 80 LARAE in bltndis ther LT cal

separation di stance two conductors is 10 increased, the

contribution of the parallel plate.conpo t in.the regio 104n Figure 5
decreases & “‘ﬁ’@ﬂﬁcﬁaﬂﬁwtﬁfhﬁ?ﬁr aﬂé’\%ﬁfggé Eﬁﬂ%r t:hf’iﬁﬂﬁ%e’é %rﬁzér?géhﬁ n regions
-520 of Figure 5 can contribute as nmuch as 25% of_ the total coupling

capaci t 2anc eonsiudiersin sidh & BWaDEL 35rte significaptly tpsriued B pseHelplpteand tBE enent s

of the conductors in the fringe capacitance regions is determ ned by both

the 15 confligfeaiapacipaica tontribaitionandowdvanif atdistusising féardraisgiresedf,he The
fringe capacitance contribution changes at a rate significantly |ess than

1/d. The & 1 maﬂ@{l‘ﬂﬁl&ﬁnrmtﬁew&ﬁmggf&ﬁi&érﬁi cmtg%wmyctors A

and B, as wn I n gure 5, separat'ed by a distarnce d an tated by a
sel ect ed anc 410, is therefore significantly less than the rate of

change bet@x?g%ﬁ‘ec%fﬂrg?§°$g\ﬁyﬁ’§c%§rﬁegadsi de or edge configurations, as
sggwn in Figures 1 and 2, where nearly all of the coupling capacitance
shows a 1/d depéHeerrsiical pparation Histace ddretyesetie thgcopducks Sased by t he

use of nultiple crossed coupler segnents for a fixed |ength of coupler
regi onme@s isbfeased, thdt@ittibufidn of the parallel plate component in the region 510 in

Figure 5 decreases as a function of 1/d. However, the fringe capacitance in
regions 520 of Figure 5 can contribute as much as 25% of the total coupling
capacitance between the conductors. The distance between surface elements of
the conductors in the fringe capacitance regions is determined by both the
15 conductor separation distance d and the selected angle 410. The fringe
| capacitance contribution changes at a rate significantly less than 1/d. The rate of
) change in the coupling coefficient between conductors A and B, as shown in
Figure 5, separated by a distance d and rotated by a selected angle 410, is
therefore significantly less than the rate of change between couplers having
20  broadside or edge configurations, as shown in Figures 1 and 2, where nearly all of
the coupling capacitance shows a 1/d dependency. |
The coupling coefficient may be increased by the use of multiple crossed

coupler segments for a fixed length of coupler region as shown in Figure 6A.
s _ _



5 WO 02/0§0086 11/05/2005 PCTIUSO /-50873 Referring to Figure 64,
conductorg‘&)%2 %%8en formed from nul ti pl e connected segnemtsMsysslig/%%/gocs
pl ane, where adjacent segnents are arranged with an alternating angul ar

di spl acenent _.about the |aqgngitudinal axis_of the conductor- A second
simlarly SEFERELH I8 8conduster Ads baeriprimed s mrlEplsrconngsted 5
dielectric at sone predeterm ned distance, with its segnents lying in a

pl ane par akgreenis dyihpan a plareondect atjadens segmantaarpedraged vath tde angul ar

di spl acenent of its segnents are in the opposite sense to the

cor r espondiaigrrGgganftlar AispdHen®hboud thé Rk RuHLH8xis bPteadnahétdsiAlr € shown
in Figure 6A. The structures from conductor "A and conductor B have their

| ongi tudi n ) ' [ r j Er o nomi.nal ition, as
Shoan i FrooRg ity RaEn R BRALAY b copRret bl R Ror AR b 0 g
geonetry, gn he ot her cqgnductor, pay have a straight line geonmetry. This
alter na%/i vglei‘ff%'dﬁ?trﬁé’ﬁfe P?agﬁmq%g'g%‘@ﬁ?'é" 1§y 4S SeeAnIHs iR 3PlaRg U p| er

havi ng one strai ght conductor A, and al so another conductor B, which is
segnent ed Paraflebtodhatnf cgadnetor p. and &r@8ygedrsorthali thg angulandisplastment of | el

pl at e capacitance regions 610 and fringe capacitance regions 620 per unit
| engt h, t hits spgammits yreshalopposiieGens 10Ahe theéspandng fgneapaaicohiectepupl i ng
coefficient avail able between the coupled conductors A and B, while
retaini ng Ah® @HhIRTBRLzAg SRSk ShbIvk i ey I Bild of coupl er shown
in Figure 5. 20 In adi(%tti on to thse capacitive coup ﬁlgc crgsépjfa?ci ent, the
.which is derived from

coupl er al h n__inductiv oupling caeff.icient
the nut ual C%i%ﬁl g‘t(%:)tr Z‘n%%d C?)’Ef%%rﬁB ﬁﬁ‘é %'Sﬂ'g lg‘}%ngfr?d‘ef pligned Plineatyitnce of
each conductor. 'Me nutual

10 their nominal position, as shown in Figure 6A. (Alternatively, one conductor may

have a zig-zag geometry, and the other conductor may have a straight line
geometry. This alternative embodiment is shown in Figure 6B, which shows a
Eoupler having one straight conductor A, and also another conductor B, which is
segmented in a zig-zag geometry.)
15 By providing a number of parallel plate capacitance regions 610 and fringe
capacitance regions 620 pef unit length, the geometry shown in Figure 6A
) ' mcreases the capacitive coupling coefficient available between the coupled
conductors A and B, while retaining the alignment insensitivity characteristics of
the c_oupler shown in Figure 5.
20 In addition to the capacitive coupling coefficient, the coupler also has an
inductive coupling coefficient, which is derived from the .n-mtual inductance
between the conductors and the self inductance of each conductor. The mutual

inductance describes the energy that is magnetically transferred from one
6



i nduct ance describes the energy that is nmagnetically transferred flr/%’rg?l}%[ﬁ-)
WO 02/ 0609860240608/ 2005 PCT/ USO / 50873 conductor to the otelcgrusoi80873
exanple, a time-varying electric current flowi ng through one conductor
generates a tine-varying magnetic field which causes an electric current

to flow t hrcoudhctohe Betrgher: diod exarople, THmeseryingriemtamesentdO¥inrgbes t he
energy that is stored when an electric current flows through a 5 conductor

and ‘gener attﬁﬁ)u?hm%hﬂﬁcfdrgbﬂerat'ﬁbe tineluatyinenagptid figd odeth caisensn  whi ch
is the ratio of the nutual i nduct ance between the conductors to the

geometric @?&H’i@{ur}m tE?iofw it M3CRhertonBacdr | THE ¥difiaucepaduct or, is

al so proportional to the geonettic nean di stance between the conductors.

"Me mutual jndyctance is portional to the, | enath, gf t h oupl er
conduct or s.deﬁ‘ﬁg’e& %Eﬁ‘?’ﬁ&gﬁ%ﬁﬁ“f’ﬁ%‘&'b?‘\‘/%“ 55?5%9‘{“3‘;%“@? wé%é e g%t% ure with a
given geonetry are determned by the nmaterial properties of the structure.
Ther ef oPe, condectar anqd generptes BJB2gedA figkki gned with an appropriate geometry
to obtain a desired set of capacitive paraneters, the inductive paraneters
are al so det er Theadiuctive thepling evedfidieranwbichtih ¢hempiacif themutwd i nducti ve
coupling characteristics becones significant, especially at higher

frequenci egndubifrfel BRRREATHRBnH BB 16 thélgedthéterirhadr of theself MueRupd er - By
controlling the length of the coupler to be a preferred fraction of a

wavel engt h o?%ac?i-hqgi?iﬁg clomﬁﬁ{:tof" EAYE gf&ﬁorﬁgﬁalrt§ Irt]l‘gé %é’o?netﬁ@%gag 11 aftle €NEr gy

flowin the forward and revers€ direttions on eceil vi ng onduct or of
LRI WURCIRERMERTE AN R T A
10  the coupler conductors. The capacitive and inductive parameters of a structure
with a given geometry are determined by the material properties of the structure.
Therefore, once a structure has been designed with an appropriate geometry to
obtain a desired set of capacitive parameters, the inductive parameters are also
determined.
15 The interaction of the capacitive‘and inductive coupling characteristics
becomes significant, especially at higher frequencies. 'I'Ius interaction results in
' ) directivity for the coupler. By controlling the length of the coupler tobe a
preferred fraction of a wavelength at a desired lower frequency, the relative
magnitude of energy flow in the forward and reverse directions on the receiving
20  conductor of the coupler (directivity) is determined over a preferred frequency '
range. For example 1 cm of length provides approximately 3 dB directivity over a

frequency range of 400 megahertz (MHz) to 3 gigahertz (GHz).



frequency ra of 400 nmegahertz (MHz) to 3 gigahertz (GHz) 0
WO 02/ 060@%“2%&‘193@801/ 50473 The nmagni tude of the coupling @Gmmilﬁgg?a%os

the coupler shown in Figure 6A renmains substantially unchanged over a

| arge range of relative x and y displacenents of the conductors A and B as
|l ong as the di sﬂi‘ﬁé@am%@ﬁtﬁ‘?@“?&&ﬁé@éﬁ@%&é’@%@‘{mg RV EBTdEOr s i s
greater than a given distance. Inthe 5 limting case shown in Figure 7, an
i ncrease i 6A feenains phbstaptiatigfnicharegetl dyegiadargeoangeoafuelatien antde x, y

di spl acenent becones sufficiently large to bring the adjacent edges 710

and 720 of dilj.&RRais bPiR cHndiddoB A BhQ BAsA6Rg B thel didthiice eltwedratige Of X,y
di spl acenents for which the coupling coeff|C|ent remai ns essentially

const ant r I ont.ro r segnent
| engt h, sucﬁlacggt €'(5{’% %ngeg%n‘fofégkﬁgg(@[s B 1@%&%&%16 pr oprﬁg?ée) %lﬁis‘gl acenent
angl e, as. 35 degr ees, | e. Furt her sel.ection .of
apgropr at E’W&F‘Eé@s‘?gw“f%g'% f“B CrERf RS e ‘?Hfa’d‘ {“GF f%ﬁ&éﬁ%ﬁ%ﬁ? and

nunber of segnents, a range of coupling coefficients may be obtained. For
exanpl e, Flogmrervhersﬂms yicheplacsmpmt becaraed suffigantiinlagpedimng/beadipseing 15
coefficient for a coupler conposed of 5 ml| w de conductors. The x and y

di mensi on efif&Et1® dnd FA0B tke conduCtopP AtandBB MtbTlosk Préximstyr dhgeangdisf
variation in the capacitive coupling coefficient is less than +/- 2% about

the averaggy dibgitémd ﬁ?%hﬁﬂ&%%%&o}é%&%ﬁ'r@ﬂmhﬁ SERAGNY SREAUP! | NG

coefficient ange I'n stance between the coupler
conductors

t hat f. 0(V
conduct or *SaBeseltre AN aOHE bR st AR PRYSESERTFRS BRECVIFTES by | ess

than +/-15% This conpares with parallel plate
10  0.125 cm for example, and an appropriate displacement angle, such as 35 degrees,

for example. Further, by selection of appropriate values for the conductor
widths, conductor separation and number of segments, a range of coupling
coefficients may be obtained.
For example, Figure 8 shows the computed variation in capacitive coupling
15  coefficient for a coupler composed of 5 mil wide conductors. The x and y
dimension offsets in Figure 8 are up to 8 mils. In this range, the variation in the
) capacitive coupling coefficient is less than +/- 2% about the average.
Figure 9 shows the computed variation in capacitive coupling .coefficient
with a change in the separation distance between the coupler conductors in the z
20 axis. It shows that for a +/-30% change in conductor separation, the capacitive
coupling coefficient varies by less than +/-15%. This compares with parallel plate
based geometries shown in Figures 1 and 2 which show a +4d/ -30% variation

over the same range of conductor separations.
8



based geonetries shown in Figures 1 and 2 which show a +40/-30% ré%/’yg@og)
over the ¥4h9680f¢e of conductor separations. 8 WD 02/ 06008‘&'}‘3}11510%2/ 5
PMUS01/50873 In addition to the stability of the coupling coefficients of
the geonetry shown in Figure 6A, several alter nativeﬁgeomstri es may be

used in the couphedditigrytedhestabilithekhespuplingeqeliicign s pbthejgeemely r educe

far-fielde ectromagnetic radiation, increase broadband behavi or of the
coupl er, r eluse: infigakertrs sbvathbaltenhatiue geoasetriendag babbel infthe uswplet
alternate materials for inproved performance and flexibility. One

embodi ment sﬁfucﬁﬂ-eﬁﬁh@é&ﬁi&rﬁ(ﬁi&%@ﬁﬁi&ﬂesfrﬁé)éwﬁcﬁﬂrmEﬁEtrbﬁmagﬂé'Hw in .
Figure 10A. Referring to Figure 10A, the EM coupler includes a differenti al

pair of conduct.ors. 1010 and ,101 Cond r 1010 is . coupled to a second 10
Ponduct or T oohsinf eace RRGAPHI ner RIS B Pl (R URRI® 8 SPCP™ 016
A first reference, plane 101%i s placed below the first set of conductors
1010, 16812 discgnhiguitieg.and enable the use al pltespate spaterals forimPCYRLsi on 1ines. A
second reference plane 1020 is placed above the second set of conductors
1014 and 1@tformanctargbflexibiditturn  conductor for the transm ssion |ines 1014
and 1016. Ends 1010B and 1012B of the 15 first conductors 1010 and 1012 are

term nated w t hOnetegttesdiinentbfint dlRendtR& grofietry f6PD8¢ ENMdodPREis dhiatkn 1014B
and 1016B of the second set of conductors are also termnated with natched

resistors | g%,@gl 0 i b Al o dicg) i 4 RN i to ends
1010A and l:1[{81 A o?o%hggﬁréggw %:%ﬁgﬂ?:?%rtgg%\%&? l?elggl?lﬁegnéd I 1Ficl,‘t‘r?é}e]inti al

CofEhed = Bl s ST ORIFLNINR e SEL ofl oL CRATMGLEL, gds 10164 anc
10 conductor 1014, while conductor 1012 is coupled to a second conductor 1016. A
| first reference plane 1019 is placed below the first set of conductors 1010, 1012, to
act as a return conductor for these transmission lines. A second reference plane
1020 is placed above the second set of conductors 1014 and 1016 to act as a return
conductor fér the transmission lines 1014 and 1016. Ends 1010B and 1012B of the
15  first conductors 1010 and 1012 are terminated with matched termination resistors
1024 and 1026. Ends 1014B and 1016B of the second set of conductors are also
) terminated with matched resistors 1028 and 1030,
A differential digital signal is applied to ends 1010A and 1012A of the first
conductors, and a resulting differential coupled signal is then observed at the set
20 of conductor ends 1014A and 1016A. Conversely, a differential digital signal is
| ‘applied to ends 1014A and 1016A of the second conductors, and a resulting
differential coupled signal is then observed at the set of conductor ends 1010A

and 1012A. Thus, the first and second set of conductors are reciprocally coupled
9



applied to ends 1014A and 1016A of the second conductors, and a § %5?2@05
di f f er ent P4} 024688 ed signal is then observed at the set of pcoruhbetAesy3ends
1010A and 1012A. Thus, the first and second set of conductors are
reciprocally coupled 9 WO 02/060086 11/05/2005 PCT/US01/50873 by their

el ect r omagriettheir plesiramagpetiohietdnt Aligsmasy nperisitvigrofithe cewplgr @idsai ds
differential signaling by reduci ng m snmatches between the coupler fornmed by
conduct or s difldenaaldighdlihgdydeld iang aipinatchbobetaded thecanglatformed 832 and

1016. The differential coupler shown in FigurelOA reduces the effects of 5
radi ation. fhgudts 1010 Fhd 161LHd @ c%hﬁ!@@l’drﬂgzd dohd@Bidrs POBSAR f016! ent s

flowng in the differential conductor pair, causes the radiation to fall

rapidly to zero.,as,the distance .fromt di reptia ir 1S increased.
The differenti ai[ﬁ FHE%?’? A COUPET P %r%%adgfeeﬁ‘cfﬂé}ege?%%s c'gffers | oner
far-field el ectromagneti c#di ation | ?_vel s.than a single ended

i npl enent arpdiation nIhgmpse of slittergntiph signplingeithiangrphased anrrents Hawigg i coupl er
may be used in a single ended inplenentation, where a single conductor
coupl es el ¢t differegtiot caxaluctortpairacaiseg tie rediativottofall mpidlpdoazesaasithgur e 6A.
In addition, the effects of far-field radiation may be further reduced by

sel ecting aistfiee fromh FiREdiffefen®ANPAIE O 2RI e diffe@ntiaPdifihdlirpo@dreiohs) for
the coupler. Thus offers potentially lower far field el ectronagnetic

radi ati on I i : i i . r of
Conduct or SouEeidr BURRLEGLS 180! AP IR AL IR PRuBof M RDE
differential,  sjgnalg,, has a_ differepi.i al i.r.of conductors that

alf er nat el 95'£'§l?re6'§€a ’%‘&’@T“‘Eﬂtﬁﬁ?ﬁ'aﬁhﬂc{}#@%f d .hag%‘@gﬂgﬁn?rﬁeu’(?onduct ors
1014 and 1016 of the second transm ssion structure have segnents w th equal
and opHbsi caupiergoinabe dbshingcsinglntended implementation, where a single conductor

couples electromagnetically to a single conductor, as shown in Figure 6A.

In addition, the effects of far-field radiation may be further reduced by
selecting an even number of conductor segments (e.g., eight segments) for the
coupler. Thus offers potentially lower far field electromagnetic radiation levels

‘15 compared to an implementation using an odd number of conductor segments.

The structure of Figure 10A, which couples the differential signals, has a

) : differential pair of conductors that aIternater‘approach each other and then turn
away. Because the conductors 1014 and 1016 of the second transmission
structure have segments with equal and opposite angular displacements to
20  conductors 1010 and 1012, respectively, this structure reduces the effects of
capacitive crosstalk between conductors 1010 and 1016 and conductors 1012 and

1014 due to misalignment from X,Y variation of the conductors.

10



20 conductors 1010 and 1012, respectively, this structure reducalt/:@/zoof)
ef fects oWO @Mt i ve crosstal k between conductors 1010 amdTABABI & :
conductors 1012 and 1014 due to misalignment fromX Y variation of the
conductors. 10 WO 02/ 060086 11/05/2005 PCT/US01/50873 Figure 10B shows an
al ternative geoFigury18Bshews anbleinativie gostmetrygter the epgrdipgnipifiigwre1oB, t he
pair of differential conductors 1010 and 1012 have a segnented, angul ar

rotated stroatl W BiguratoB,3hg Pafttof diffaestial eondwdtors 01D antih812 hadera has an
angul ar di spl acenent such that the segnent is parallel to a 5 correspondi ng

segnent of er%&,%\ﬁ%@é}%%m stPhicthie Hidh SeRher@ U BHE tOASuctdNirdm thesul ts in

a differenti pair ere the conductors naintain parallel positions to

each other throughout the.length of coupler, l.n thi opfiguration, the
conduct or s PRE1#S 4R4n égbsﬁ’??(%?egg%‘bc%&g?trtg' g?ﬁ’%%‘l‘tol?lpg arl%lc 0uiirje have segnents
W th equal and opposite angul ar djsplacenments to conductors 101Q and 1012,
10 r espect coBesponging wgmesd ok e nther condnesp PRI sRBANSIoOBY duct or s
1014 and 1016 parallel to each other. However, this alternative enbodi nent
of Figure 1&uBsin sddftdhpmidl pad gheatthe coshetars waintatroparaflelgdasitioms ¢¢ osst al k

t han the enbodi nent of Figure 10A. For one enbodi nent, the coupler is

desi gned t @a@Vthék thihRHRE ehellenfihSSIARé tiiplér. G thi8 koRffig@@eSn) thet he _
el ectromagnetic field structure, by not using connections between nultiple

printed circuit. bo PﬁE@] I [ i_gh i ngl e)
bends. (HOS\%Q/dé’rc,torf gélglnéna er6 r?gigl?ev?eﬂgﬁ%%aﬁ‘yn%ﬁg? Hgnggﬁfﬁfggltravg o é? desi gned
with discontinuitjes or changes. i

e e L S LM ) T SRR L
10 respectively, while also keeping corresponding segments of conductors 1014 and
1016 parallel to each other. However, this alternative embodiment of Figure 10B
is subject to greater sensitivity to capacitive crosstalk than the embodiment of
Figure 10A.
For one embodiment, the coupler is designed to avoid impedance
15 discontinuities, or changes in the electromagnetic field structure, by not using
connections between multiple printed circuit board (PCB) layers, and avoiding
- ) abrupt (right angle) bends. (However, in an alternative embodiment, a coupler
may be designed with discontinuities or changes in field structure.) The
discontinuity effects of the small angular bends in between the coupler segments
20 is further reduced by chatﬁfering the outer edge of the bend slightly to keep the
conductor width reasonably constant throughout the bend.

Figure 11A represents electrical properties of an embodiment of a system

that includes multiple couplers in a digital bus communications system. A
i



20 is further reduced by chanfering the outer edge of the bend S;Iyil Y2005
keep the WEbP#\GEE86r wi dt h reasonably constant throughout tRETHEIIOEE QU e
11A represents electrical properties of an enbodi mrent of a system that
includes nultiple couplers in a digital bus comunications system A WO

02/ 060086 1cbndsrtpobbi2, piirhusey bseethe sibrrbpard atrcomppier fongIHRieon t he

not her board of a conputer, for exanple, incorporates two or nore couplers
1140, 1141 iat@pgratésstuenginore cdvplenad 140 174 aibng ithengdndlivs emd 11122 ofn t he
not herboard is connected to a transceiver 1110 to permt the transm ssion

or recepti Qe éndlicthd A2 DGR hfothérbdatd is dofuetd PRA tramReer 1H0the end 11128
of the conductor 1112 on the notherboard is termnated with a resistor

1136 equal to t i pedance of the.co I S1: 11k ,134B of

each coupl é’cfr%%tﬁgﬁ%rtggfmésrs ‘eox}c’errrfhcerPgrloeno& \?l\)llil éﬁ Eﬁ S}%tycgﬁﬁ"%g%q ?iel%‘l%é?%rds QT% 1132

for high frequency_operation, the_ends 1114B and 134B are selected to be
the end® f UireacIR2B Al tiecoRRIE Bom o (i dneierimerd Siemminege botise. of

signal directionality. Each daughter card has a transceiver 1120, 1122
connect ed tresisthel i Btcquil tothe dmpplactesd thfuecrsiuctior14A, 1134A, respectively.
The transceiver 1110 transmts digital data which is received via the
coupl ers 1140, ThdéAdHY1MBandNIGHB of edthicdupledn®adiy®F areltbPflinated@ith
Conversely, transceivers 1120, 1122 may separately transmt data through

R T ) e R

Figure 11B shows®a erenti a tiple couplers for a bus

o, oS b S SR 06 RS 250, °° ©

transferring signals anong devices that are coupled through the data
channell0 Tihecaun¢ pbsignal divackipoalityp Eeple denghierngasd has a transceiver 1120, 1122

connected to the end of the coupled conductor 1114A, 1134A, respectively. The
transceiver 1110 transmits digital data which is received via the couplers 1140,
1141 by the daughter card transceivers 1120, 1122. Conversely, transceivers 1120,
1122 may separately transmit data through couplers 1140, 1141 for reception and

15 decoding at transceiver 1110. Figure 11B shows a differential version of the
multiple couplers for a bus communication system.

) This embodiment includes a data channel, such as a bus 1112, having
substantially uniform electrical properties for transferring signals among devices
that are coupled through the data channel. The uniform electrical properties are

20  supported by an electromagnetic coupling scheme that allows higher frequency
signaling to be employed without significantly increasing noise attributable to
transmission line effects. This is achieved by ensuring that only a small amount of

energy (e.g., less than 1%) is transferred between the bus and the coupled
12 '



20 supported by an el ectromagnetic coupling schene that allows thWS/Z 5
frequencyWs24886ng to be enpl oyed wi thout significantly iPoTrEsagssisg3Nois
attributable to transmssion line effects. This is achieved by ensuring
that only a small anount of energy (e.g., less than 1% is transferred

bet ween t halapghtesgard: he peefapled ¢mbpdinte D! deis epeemis oonsruwted incrclugo1/ 50873
daughter card. A preferred enbodi nent of this systemis constructed in such
a way thatwaiaghghilshglitar cisds enitainiigdeviei1¢28 add 2022amdy bd 26maesd fremr enoved
from or inserted to the systemwith little effect on the comuni cation
bandwi dth Qf j{ddfed W the s:}sFeng Wigh A6 eRBAW BP SARRifRIYn BiindavigfiOSIEheect i on
of the coupl er of Figure 10A, shown at the point where the conductors
cross. A differential pair of conductive signal traces 1230A and 1230B are
coupl ed wi tbf’i' anot her differential pair of conductive si gnal traces, 1236A
and 1236B. Dielectric_1212 separates conductive si gn tracF %230A and
1230B. bBi el ectrfmeééAééaa'ﬁap@@h?éﬁamcr FETIT-SCHARP 'theée&g ] 986A and
1236B. Dielectric 1216 separates the differential pairs. Conductive

ref erence Figime30A24i®vamdt d@3igrwherd ¢he etrductgachss.f Ardifferentialgreduet | ve
signal traces. The coupler may be constructed as an integral part of the

conput er mMpéMAIRREsEmal FEc&0ng0is hhi Q230BRR 8L pRdheBRAnothéBABferdt#lA,  1236B
of the coupler with selected width (e.g., 5 mls) and thickness (e.g., 1.4

Cur hee of Par CheSRATEEIEH B RRR N 108, RGN AR T8, 1 o

el oot cormefistied pepal e 135 s Fi hefeefin Bh semades cpadlpeely | O

mls),and dielectric constant are added to
10  signal traces 1236A and 1236B. Dielectric 1216 separates the differential pairs.

Conductive reference planes 1210 and 1222 provide return paths for the
conductive signal traces. The coupler may be constructed as an integral part of
the computer motherboard. The conductive components 12304, 12308, 1236A,
1236B of the coupler with selected width (e.g., 5 mils) and thickness (e.g., 1.4 mils)

15 may be constructed using conventional etching techniques on the surface of a
dielectric sheet 1216. The sheet 1216 may have a preferred thickness (e.g., 3.5

w ) mils) and dielectric constant (e.g., 4.5). Additional dielectric layers 1212 and 1220,

with preferred thickness (e.g., 12 mils) and dielectric constant are added to
provide the required spacing between the coupler elements 1230A, 1230B, 1236A,

20  1236B and the outer conductive reference planes 1210, 1222. The end connections
to the motherboard coupled conductors can then be connected to the daughter
card using conventional impedance controlled electrical connectors as is currently

common practice.



provi de the required spaci ng between the coupler elenents 1230A,
1236A, M‘l@sﬂ@‘lﬁg‘%{ﬁﬂ the outer conductive reference planes 12¢DCUSQé%7§?§ IhEOOS
end connections to the notherboard coupl ed conductors can then be
connected to the daughter card using conventi onaLe[ri edance cont,rol | ed

el ectrical conn8rRRENGSoFsURledrdpcters FrRlsribeRveepBpes agdy 5 Wp
02/ 060086 PCT/ US01/50873_ By pl aci ng cross-coupl ed conductors of the

coupl er belmeencanpipetivarederehcreianen hallforid/ 222 ofsshewadn fliguresl2 Al a irabnd

1222, as shown in Figure 12A, a dual stripline structure is forned.

Stripline siipieRRaitaveforhedssftplReainirades hipropagaik even alodel ty (the
vel ocity for the wave propagati on node between the 5 conductors and the

reference pl - [ngﬁ qgcggei BoXEltRa h¥dd biieveeNGhoCi ty of
t he wave p?’é%%#gﬁe%?%gfvﬁeen tﬂﬁrret%ign |vilﬁuglgconduct ors gfe t he
coupler). This results_in broadband behavi or alowin the coupler to
oper at e up ORGP AREFbE Eference ngnﬁ?)@rsgﬁl%g@d?réo e(ﬂ{o%%hé’f'nvae??c\%/&gl  the
coupler may include a mcrostrip reference plane, a 10 coplanar reference
pl ane, or Nelpcieétheovawsf propagatios made hetvegen thomdividual spaduptors ehsdi nent
is shown in Figure 12R which shows the two pairs of conductors 1230 and

1236 separ ahgslei)n Thisthesdlecinrtiréadbaghid behai ok, aillowiag eiermplal tappsratdaps
structure will forman EM coupl er, however, it is not particularly suited

for i npedangg, ftidtesh nggrg‘gam%mrpth characteristics. 15 Figure 12C -

shows a microstrip configuration fOr the coupler with both pairs of
conductors 123047, 12308, and 1236A 12368 referenced fo a sindle reference
plane 1222. Thi SIRFRAY r&ﬁ C8HB%BWHP&“%F&%§OW " HPEGEREE ahd
10  coplanar reference plane, or may have no reference plane at all. One alternative
embodiment is shown in Figure 12B, which shows the two pairs of conductors
1230 and 1236 separated in a dielectric medium with no reference planes. This
structure will form an EM coupler, however, it is not particularly suited for
impedance control or wide bandwidth characteristics.
15 ~ Figure 12C shows a microstrip configuration for the coupler with both
pairs of conductors 1230A, 1230B, and 1236A, 1236B referenced to a sihg]e
) ' reference plane 1222. This microstrip embodiment improves the impedance and
bandwidth characteristics over that of Figure 12B. Alternatively, a coplanar
waveguide structure of Figure 12D may be constructed with reference conductors
20 1210 and 1222 in the same plane as the corresponding conductive signal lines
12304, 1230B and 1236A, 1236B.
The dielectrics in Figures 12A through 12D may be any dielectric material,

for example air or FR4. The bandwidth may be improved by selecting dielectric
14




bandw dt h_characteristics over that of Figure 12B. Alternatively

copl anar W\ﬁa‘{?(%?ﬂsﬁe Sstructure of Figure 12D may be construBCEﬂJSﬁ%‘%ﬂz‘gS/zoos
ref erence conductors 20 1210 and 1222 in the sane plane as the
correspondin% conductive, signal lines 1230A, 1230B and 1236A, 1236B. The

di el ect ri cIftgrigh gtbsimlen diglecitig ronsimitsdy Figvreh 24 Huoegh A2 naterial,  for
exanple air or FR4. The bandw dth may be inproved by selecting dielectric
14 WO 02/ 0600&6ctark/ 1030208 12B0H Magden 60 gtiffenant wid thitbamiardiusitors 1336A
dielectric constants. In Figures 12A through 12D, conductors 1230A and

1230B nmay hadg2368li Afso) @lechiclid2 nghaae adiifeens thiddess tandididae. Al so,
dielectric 1212 may have a different thickness than dielectric 1??0. 5 A

separ abl e gpgpdi nent of the coupler of Figure 10A is exenplified in the
cross-sectional view of Figure 13. In this enbodi nent, notherboard

conductprs 1336A and, 1336 re copstructed t he _outer |ayers .1360 of a
r 1t ec 6 1 cut t ASEPERbI g Rodigrl oh e sEip (6 oBFigere 174 s ExemRiTsd Bige
thickness of 2.1 mls for exanple. The daughter-board conductors 1330A and
1330B are €wWi-seqhienal view of Figyug18. 1o this ﬁ@bpgu@@mpomﬁrwrﬂ@pdes@w onto
the surface of the notherboard. The conductors 1330A and 1330B may be 10
mls w de #38bA0ard 1368 drbcabstrfctrd axthepheter layars EBgLofen pdnted @hrduiticande
reference plane 1322 is an internal power or ground plane as comonly used

I n print edugthiwidth FEN8E §ARIUSr exddfple] FILLEidIheb SYES 1 miB40r Mdiipler ef erred
t hi ckness and dielectric constant (e.g., 5 mls and 4.5, 15 respectively)

T E e B R e
10 circuit 1350, which is pressed onto the surface of the motherboard. The
conductors 1330A and 1330B may be 10 mils wide and 0.7 mils thick, for example.
In Figure 13, conductive reference plane 1322 is an internal power or ground
plane as commonly used in printed circuit motherboards. The dielectric layer
1320 with preferred thickness and dielectric constant {e.g., 5 mils and 4.5,
15 respectively) is used to provide the correct spacing between the motherboard
conductive signal traces 1336A, 1336B and the conductive reference pla.ne 1322.
.AA} _ The outer sﬁrface of the board may be coated with a thin dielectric coating
or solder mask 1318, although this is not essential to the operation of the coupler.
The daughter card portion of the coupler is provided with a conductive reference
20  plane 1310 attached to the top surface of a flexible dielectric 1312 with preferred
thickness (e.g., 2 mils) and dielectxic constant (e.g., 4.5). The daughter card
conductive signal traces 13304, 1330B are constructed on the lower surface of the

flexible dielectric 1312. A dielectric adhesive 1314 is used to attach a dielectric or
15 '



The outer surface of the board may be coated with a thin dielectihy@Ppabpnd
or sol der YWREKU6P8Y63  al t hough this is not essential to the mQRUSH/s08v30f the
coupl er. The daughter card portion of the coupler is provided with a
conductive reference 20 plane 1310 attached to _the top surface of a

f1exibl e di eMveelaylm33kp wtbwrﬁﬁwéﬁhetﬂmﬁ (@&n@3dnily agd dicleqir synsiany

dielectric constant (e.g., 4.5). The daughter card conductive signal
traces 1330(Q,g.,ﬁﬂOBtar@lumﬂsbuphhgdoefficieheis laciwevedsby §cleatingf the preferréd exi bl e
dielectric 1312. A dielectric adhesive 1314 is used to attach a dielectric

or 15 VWO 0g{&Q&Q836 aﬁ&/d@e'iééﬁ%ond?gté ¥50h6 a8 i€ 2R whé talklidgnicdke W th

preferred thickness (e.g., 0.5 mls) and dielectric constant (e.g., 3.8).

The requi I e 6ihb pg%tgr 98] e Wy PERMRVES, BY dégtee&tc'c FOH %[dg ' gg

t hi cknesses T C CONSt diele
into th cecoun ect ed nuf act uri.n var| tions in the d| el ectric
coat i ngesl31ac§rgé‘ﬁat1§‘i£ anﬂetrﬁ?ﬁva%ﬂ%scm (BePHYeIY 3ngBateRatshe

coupl er geonetry and materials. Although Figure 13 shows a dual stripline
enbodi nent, al t élthuighddgurectd shmsvse diad striplimeprersboient alterm tivepshar
enbodi nent, or an enbodi nent without a reference plane nmay be used, as

di scussed ata@\aﬁxcrdfsmp Re1bydiBent; @ l&dgléh@f EmbdJRANL BBl iRt Rethdut
different width than conductors 1336A and 1336B. 10 Al so, dielectric 1312

may be diff, ﬁ?&ncte l%ﬁﬁa{qugd %s%x&%gﬁe'éical:t%)%g.ol:%t{:ti-ngélﬁgfre,lcd'or&ﬁ?% a viewin

t he pl ane ort ogon tot ure circurt 1350 for

axts of thadRas 6] Et’g’%@'éﬁﬁfgtwaﬂ%&i%ges&? FigrSapdoh st

circunference. The ends of the conductive signal traces 1330A and 1330B are
15 condBct ddsa didestricd 312 map e ldiffergnt thickne nidégledtric 3820f t he daught er
card 1355 in

Figure 14 shows a view in the plane orthogonal to that of Figure 13. The

flexible circuit 1350 for daughter card 1355 is folded into a circular loop, with the
longitudinal axis of the signal conductors 1330A and 1330B lying along the loop
circumference. The ends of the conductive signal traces 1330A and 1330B are
15 connected to conductive etches on the two cuter faces of the daughter card 1355 in
order to provide connection to the transceiver and terminating resistors mounted
) on the daughter card 1355.
The loop is then pressed onto the top surface of the motherboard 1365 so
that the longitudinal axes of each motherboard conductor 1336A and 1336B is
20  parallel with, and in the desired proximity to, the corresponding coupled flex
circuit coﬁductor. The length of the flexible circuit and vertical position of the
daughter card are adjusted by mechanical means such that the motherboard

conductors are in the desired proximity to the flex circuit conductors for a length
16 |




order to provi de connectl on to the transceiver and termnating regi/i®ys
nount ed §V,P BWaughter card 1355. The loop is then pressé’d:’fdl‘ﬁﬂd.t!{iﬁe?y 005
surface of the not her board 1365 so that the | ongi t udi nal axes of each

not her boar d. conduct or 1336A and 1336B i s allel with, and in the
desired pr og('l"ﬁliuflﬁlstsﬁ et OB REPBh 1erf§P%C61ﬁ¥ﬁ %ﬁ?‘ﬁé‘ﬁ“’ﬁ‘? fREgconduct or . The
| ength of the flexible circuit and vertical position of the daughter card
are adj ust ewpeffiriemge fadlnwithin the desirelizinge bbvaluke Tt lepgthoanty kedrmuéaror s are
in the desired proximty to the flex circuit conductors for a length 16
11/ 05/ 2005 4&xp2£.060086 PCT/ US01/50873 873 L, which is selected to ensure
that the capacitive and inductive coupling coefficients fall wthin the

desired range ok,yal Bé?\%lwxahﬁrédﬁgﬂéﬁ'nla rgé r@&nk i Rel R sﬁﬂ#@ lefhentiBR:

bandw dt h reducti on e present In t lex strip i ntatiron 5 of

5.8) and ﬁ'&?ﬁ%\%&%ﬁgﬂiﬁﬁgﬁﬁr MY@*&%@ bty crerbeem A

constant=4.5). These nmaterj al s are comrercially avail abl e fromwel |l -known
vendors sudhe metimwpesrd ipgmsiero! FR4 glasseapone (dirlenfrisaoastant=4-Ne These | s
replaced with a material with a dielectric constant equal or close to that
of pol yi m degtetdizlk ereRogemerdrOdailablelftors ivll-lrownwend ahissliels b 3M cxonst ant
materials. Rogers R04003 is available fromthe Rogers Corporation. In the

enbodi ment pUrRne ThE ok SEmirh QU IRAFRistrBSlacsPier PR al Wi Ppandwi dt h

may be limted by the dielectric losses in the FR4A nmaterial used in

| O:,N- cost PERARAELRlGR 'eqéglac;r dlosqu that of 80 J%c?er, iRk ﬁoﬁné}s}hd)% or
10  similar lower dielectric constant materials. Rogers RO4003 is available from the
Rogers Corporation. In the embodiment where the coupler is buried in the
motherboard, the bandwidth may be limited by the dielectric losses in the FR4
material used in low-cost PCB assemblies. Again, the use of materials with lower
dielectric losses like Rogers RO4003 relieves these limits.
15 Figure 15 shows a detail of the contact area between the flexible circuit and
the top surface of the motherboard corresponding to the embodiment outlined in
) Figures 13 and 14. Arranging the motherboard conductors 1336A,‘1336B, in
| selected proximity to the flex circuit conductors 13304, 13308, creates the coupler.
The motherboard-connected segments are lying in a plane where adjacent
20 segments are arranged with an alternating angular displacement about the
longitudinal axis of the conductor. The flex circuit conductors, similarly

segmented, are arranged so that the angular displacements of its segments are in

17




dielectric |osses |ike Rogers R04003 relieves these limts. 15 Figuiss 15005
shows a d¥t 93968886t he contact area between the flexible ci PEATUSKEMSTI T he
top surface of the notherboard corresponding to the enbodi ment outlined in
Figures 13 and 14. Arranging the potherboard conductars 1336A, 1336B, in
sel ect ed pripRaFite yorss o K ‘%qréefpﬁ’i‘ﬁl’é‘ﬁisfg’@%ﬁd’ép&?r‘é“"%@g@%r&'l%gBS?m@P%‘tft es the
coupl er. The not herboard-connected segnents are lying in a plane where
adj acent 2Gtestumemay thus have tragig-2ag ghomatrylas ehowin imbigamg 6Rar di spl acenent
about the longitudinal axis of the conductor. The flex circuit conductors,
simlarly segniesélandbthedemdogditents of thatprbdeat AvgHtion nthysid reekpaiihs of its
segnents are in 17 WO 02/ 060086 11/05/2005 PCT/US01/50873 opposite sense
to the corr LG, i ot . . ite structure
&%&gﬁﬁt@&ﬁ%@&%&m@s L 1?9}}131{51& g %chlenif fiGt GoHBES

may t hus have e zIl g-zag geonetty as shown in gure 6A. ese and ot her
enbodi nents_of..the present invention A real ized i. ccordance with
these t SacHTRGECAReS Sechonee BeY & ron o dhese oachigne o fPrEtE ons and
changes may be made in these teachi n%ge_vvith(_)ut departing. fromthe broader
spirit and fsempee broadgespiritard pespe of flae iyention. cHie specifisetioniandhi ngs ar e,
accordingly, to be regarded in an illustrative rather than restrictive
sense and tdrawinpseme,i azpordiregdyirte beoegarded it en iiksahtivdimthérathas restfictiviy 05/ 2005
CLAI M5 What is clainmed is: 1. Apparatus, conprising:

sense and the invention measured only in terms of the claims.




first transm ssion structure; and second transmni ssion structurejhagsggoags
plurality of transm ssion sections, each transm ssion section having an
angl e of deflection relative to an axis parallel to the second transm ssion
section, wherein the angle is selected such that, when the second

transm ggigMsstructure is positioned proximate to the first transm ssion
structure to forman el ectromagnetic coupler, a total capacitance between
the first and second transm ssion structures is maintained relatively

const antwea ey cldmedizge of relative positions of the first and second
transm ssion structures. 2. The apparatus of claim1, wherein the angle of
deflection forns a fringe capacitance and a parallel plane capacitance
between the first and second transm ssion structures when the first and
second transni ssion structures are positioned proximate to each other, and
wher ei n lt he fARPAGES. CIFEEMEance and the paral l el plane capacitance, in
conbi nation, nmaintain the total capacitance relatively constant over the
range of relative positions of the first and second transni ssion

st r uct uRdEst transmigsion SIYEUERANL of ¢l aim 1, wherein the angle of deflection
is an other than 90' angle. 4. The apparatus of claim1l, wherein the second
transm ssion _structure Qggprises af heas one. .diffFrentia+ﬂ¥alrmogajmn
conduct PEOR4 FARYHSIQn Structin by plugalityef transmission 7etiare RFRIRSHISSIRASTEPN ¢ he
second hEARSHA &EleyT defldctien rlAive RtAnuGBpamillelitg theagcond eamnetissjonandionhe fir st
transm ssion structure includes a straight geonetry, and wherein the first
transm ssion structure dielectrically crosses the second transm ssion
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2. The apparatus of claim 1, wherein the angle of deflection forms a fringe capacitance and a
parallel plane capacitance between the first and second transmission structures when the first and
second transmission structures are positioned proximate to each other, and wherein the fringe
capacitance and the parallel plane capacitance, in combination, maintain the total capacitance

relatively constant over the range of relative positions of the first and second transmission structures.
3. The apparatus of claim 1, wherein the angle of deflection is an other than 90° angle.

4, The apparatus of claim 1, wherein the second transmission structure comprises at least one

differential pair of conductors parallel to each other.

5. The apparatus of claim 1, wherein the second transmission structure includes a zig-zag
geometry and the first transmission structure includes a straight geometry, and wherein the first
transmission structure dielectrically crosses the second transmission structure at mu_ltiple locations

due to the angle of deflection.
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transfer signals in an electronic system 8. The apparatus of C'@Tﬁd%/ZOOS
wherein the electronic systemis a nenber selected fromthe group

consisting of: conputer system conmput er bus; conputer notherboard;
daughter card; multi-chip nodule; an integrated circuit; a flex circuit;
a printed circuit board; and a cable circuit. 20

6. The apparatus of claim 1, further comprising a planar conductive reference plane parallel to a
plane containing the second transmission structure, the planar conductive reference plane providing a

reference potential to the second transmission structure.

7. The apparatus of claim 1, wherein the first and second transmission structures are able to

transfer signals in an electronic system.
8. The apparatus of claim 7, wherein the electronic system is a member selected from the group
consisting of:

a computer systern,

a computer bus;

a computer motherboard;

a daughter card;

a multi-chip miodule;

én integrated circuit;

a flex circuit;

a printed circuit board; and

a cable circuit.
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