; e3et dp~6TZ] W AN ELECTROVAGNETI C COUPLER FI ELD OF I NVENTI ON This i nvention
is related to the field of el ectronagnetic coupling devices for bus

comuni cayoanoesddCKGROUND OF THE | NVENTI ON El ect r omagnet i eceispi/s08@ devi &
enabl e energy to be transferred between conponents of a systemvia
interacting electric and magnetic fields. These interactions are quantified
usi ng coupling coefficientAN ELEETROMACNETIC QQUPLER coefficient is the
ratio of the per unit length coupling capacitance, Cn to the geonetric
mean of thepep owivERTHON capaci tances of the two coupled lines, G
Simlarly, The rnductive coupling coefficient is the ratio of the per unit

| engt h nutual ingductance, L tq.the tri.c nean of the r .uni.t length
i nduct ances of tH®¥ W%dwﬁpgﬁeﬁit%&égﬁ?g?ﬂ%tﬁ?%a? est’ﬁg%&%f‘@g%}%eﬁtf?ronal

br oadsi de coupl er, where the two broadest faces of two adjacent printed
circuit bodtus COBWEWRIEHION. | nes are el ectromagnetical |y coupled. Figure 2
shows an edge coupler, where the narrow faces of two conductors on the sane
| ayer are coupl ed. Conventional coupling devices suffer from deficiencies
in several areas. The coupling devices exhibit significant variations in

t he capaci tgAekGRERINDIE TefH INvENTIoNe to manufacturing tol erances in the
line geonetry and 1n the relative position of the two coupled lines ("X,vy,z

variations"). F . ] : - fac i r i . i dt h of
conductors is su %c@%ﬁ%@t\}%ﬁhﬁﬁﬁ %0@%&5&%&% I%ft?%{este\%ge?nbew?e .5 and
+/- 2.0 mls, the relative alignnment of co,ndugtor | a Frs within a printed
circuit bo&PEROPERS of & s¥sipMddt Iteragting lectypan F“agn?“% ields.sThesey axis), the
di stance between conductor |ayers can vary by +/- 2 mls (z axis), and the
| ocati on ofintesdation$ ere quaintiieg usivg icouplityg axtfidients:/ Thelcapatitivacowgilingns (x, y
axis). 5 Therefore, conventional couplers are too sensitive to m salignnent

to be used doBfffe@Pik tRE rAISHARE perhikdt Ehgﬁfé&ﬂﬁ%@%&d&%@ﬁ@%ﬁ%&ﬁ@ these and
ot her deficiencies of conventional couplers. BRI EF DESCRI PTI ON OF THE

DRAW NGS geometric mean of the per unit length capacitances of the two coupled lines, Ci.

Similarly, the inductive coupling coefficient is the ratio of the per unit length
mutual inductance, L, to the geometric mean of the per unit length inductances
of the two coupled lines, Li.

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 suffer 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

TUunLT

AV A

L

*159159*




10 The present invention is illustrated by way of exanple and not
limtation in the figures of the acconpanying drawi ngs, in which |ike

ref erencewygndsedte simlar elenents, and in which: Figurecrsi9assa prior
art broadside coupler. Figure 2 shows a prior art edge coupler. 15 Figures
3, 4, and 5 show enbodi nents of a portion of a coupler including two
conduct or s. ofhegie@s+540.5 GRd +AnU0 fitsh the relatioe ahigrithentadf conddtod layes ossed
coupl er segnments. Figures 8 and 9 show variations in capacitive coupling
coefficient,,. i ; . I i . \Fi gur es
11A and 115%%‘%%%%?%%#’359&@32% c(mﬁk?ﬁ‘%e?gﬁ%%ﬁ%ﬁ% %gmrrﬂgf’?%flgl’:

coupl ers. -igures 12A 12B 12C, and 12D show,egbagdi nents of .a
cross-secti Bﬁ‘gftgﬁceg%eﬁﬂ%r??mgih@éf%ayf? LRNRLY BRhS{ hng“'gr{ﬁBﬁ'isiﬂﬂg By o
cross-section of a coupler. Figure 14 shows an orthogonal view of the
cross- sect i qatierpaihales for guide pinsys subjpgfibe &/ 16 mihwatiations bobedFhent of a
coupler on a notherboard and a flex circuit. DETAI LED DESCRI PTI ON An

el ect r onhign®hérefor&Npneantjpinal cduplats and tos eehsitiier to emisalégrinodit ne bé usddia 10 EM
coupler includes a first transm ssion structure having a first geonetry and
a second tr@g}ﬁgﬁéggﬂ%rﬁg,r ucture having a second geonetry, which may be
different than the first geonetry. An EM coupling is fornmed between the

first and second.transm, ssi og strHPturg@ Far, g{le(fbxb.odi.nerkt, the first and
second georet ri eSS H aventgh pddiesdrs these apd ofhef dehcispcigqpt. o b1 i ng t o
relative positions of the first and 15 second transm ssion structures. The
EM coupl er eanvigationa cauplelfe physical |y separated into two component hal ves
to be used in an interconnect application. For one enbodi nent, the EM

coupl er pr oBREFSDESORIPAUOANTF THIHDRAWINGS ce that is separabl e,

bi -directional, and provides robust perfornmance despite m salignnent of the

transm ggi on st refd fogsm JM&SH%I&ﬁUe{F@d’birWatyhﬁrexmyfélaﬁia rid! liliBdance that

is controlled over 'a wide frequency range’ to preven osses from

11 eC i 0Ny, el ROURb SN aniBEE QIR IRI L erBRs S G 0 0Tt

similar elements, and in which:
Figure 1 shows a prior art broadside couplier.
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.




For one enbodi nent, the EM coupl er al so provides bi-directional signal
transfer; i.e. the transm ssion properties of the coupler are essentially

t he same wo o2o60086€ forward and reverse signal transfer dipcgaidopgsmsz For one
enbodi ment, the line inpedance of the EM coupler is conpatible with the
circuitry of a conputer system Figure 3 shows a coupler that includes an
arrangenment of ggehboIA, QbB! 1T, an ARDULbATENBodimEnS of apassaisediomofa
dielectric such as air, for exanple. Figure 4 shows a top view of the
sections of t conductors. As shown in Figure 4, conductor Ais rotated by
an angl e 4f6"P¥Em the comon | ongitudinal axis, while conductor B is

. rotated by an equal but opposije angle 41 romthe.sa Q n

| ongi t udi nal ax#igured3 W%?@@?W%O@EBE%E}C%?%?&WFH%H ch% ?)?uraqm tapaci t ance
that includes a parallel plate capacitance and a fringe capacitance. In
over | appi ng ar e&igke 14 shews aparthegenad viewnef the griasgrection showe B Eigureppi ng
sections of the conductors is generally simlar to that of a parallel plate
capaci tgr wast h parall el ogram shaped pl ates. The capacitance between the
conductors A and B in regions 520 is a fringe 15 capacitance. The outer

boundi ng edges %@%HQ%&@?/&RQMB&MB%%B@pl@ﬂé‘l@ﬂ idth@bBabdtacs flence
con

bet ween the two uctors and B becones negligible, e.g. less than 0.1
% of the total capacitance of the coupler. The conbination of the parallel
pl ate capacii¥Hce and the fringe capacitance provides a nearly constant
coupling capacitance in the face of 20 deviations froma nom nal position.
Thi s const aRETAHKD DEGCRESHEN ance provi des robust coupling even if the
conductors are msaligned. Therefore, the two conductors can be noved

rel ative to eachélba@rormagidiie (RMyoupledis déidsedisForvartetembodimenig Hief i cant
change in their nmutual capacitive coupling coefficient. 4 Thi s const ant

coupl | ng)t Coﬂdféoﬁhge?ﬁn@@m\é'ﬁ%t aeission MridtBRNMNLL( RO LESMPPYhdiang t hat

t he | engt hs™ of wo conductors are such that no disturbing feature, such
oot o L) N5 S5 S S G L ey PR b B, (e
of the 5 conductors in such a nmanner as to si %nge%g&ngﬂe%rgtearn%%?oéye
paral | el pl thes thefirst peometry. An EM coupling is forme
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 coupler 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 controlled 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



fringe capacitance contributions. However, if a disturbing feature is
present, the coupler may still function, but the coupling coefficient nmay
change si ovd d2/esnodel y and t he performance may be degraded. ﬁénhgﬁﬁM?ﬁtica
separation distance d between the two conductors is 10 increased, the
contribution of the parallel plate conponent in the region 510 in Figure 5

decreases agedorwhib landte@drseléifinal llRinefeediredtitmsf Forge cnbaiiiear) €ie lifle I egi ons
520 of Figure 5 can contribute as nuch as 25% of the total coupling

capaci t ance, ggHﬁ i . e el ements
of the condﬂgggggggﬁ%ﬁggﬁ?rl g%qﬁ§$2§??§§?2&328?%§§h?§§§§?§&%?%ed by both
the 15 conductor separation distance d and the selected angle 410. The
fringe capa%’isfeghce contribution changes at a rate significantly |ess than
1/ d. The rate of change in the coupling coefficient between conductors A
and B, as shown Eiﬁumiaga%wsa coyples that derledesangirmngamentiofagationstafted by a

sel ected angle 410, is therefore significantly less than the rate of change
bet ween ¥ ou@industofgiiand Réeparaediby deicdéctadgechesnii, fiesbmphs Figgredhown i n
Figures 1 and 2, where nearly all of the coupling capacitance shows a 1/ d

dependency. g iTha mgwi L9 BREkE bGP thd B BBk CA £aRHh ?ységn& gise of

mul tiple crossed coupler segnents for a fixed length o upl ér region as

shown in Figure BA., . ferring.t i qur.e 6A, a conduct.or, A has.been
formed fr on&’rﬂ?l“ﬂoﬁlpélsc%ﬁg%c?yeﬂ‘ %‘%%@é&‘;}ﬁ%@%ﬂ‘%ﬁ%‘% ,m%?éfsewil} acent
segnents are arranged with an alternating angul ar displ acenment about the

| ongi t udi nafongdurior Bris rotated hypancagyal byt oppesitgianglet1iirom the sarapc@mmednduct or
B is separated from conductor A by a 5 dielectric at sone predetermn ned

di stance, wohpitadinabedsrents |ying in a plane parallel to that of conductor
A and arranged so that the angul ar displacenent of its segnments are in the

Opposi tfy sense (fa g s‘Pn%Ws%ScBQEiﬂr Rving AT SapalitsRAGHL iR lufles 4 PardaBEIM t he

zi g-zag structure shown in Figure 6A "The structures from conductor A and

conductor B_have their |ongitudi nal .axes aligned colli r in 10 their
o nal _posPreRPraEnEnsIe i GRpaRES. Ba-PRRRRFRAYSIOE conduct or fray
have a zi g-zag geonetry, and the other conductor may have a straight |ine

geomet ry. Tepacifance eepiribytor freptthewverlapping segtions ofthgeprdBgtorsiiki ch shows a
coupl er havi ng one strai ght conductor A, and al so anot her conductor B,

whi ch is segameniliycimiiagtozhat afagpgalieiplaty cgpatitoByithpavdlldlopgamd shapder of
paral l el plate capacitance regions 610 and fringe capacitance regions 620
per unit | epgtel; ThOEaeRIE BersERMe bohdil@H4S A £l 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 negligible, 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 coupling 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



i ncreases the capacitive coupling coefficient avail able between the coupl ed
conductors A and B, while retaining the alignnment insensitivity

char act er w0 éxwoass t he coupler shown in Figure 5. 20 In adgifi;@f/583t he
capacitive coupling coefficient, the coupler also has an inductive coupling
coefficient, which is derived fromthe nutual inductance between the
conductors and trig @ablant aliptingroeffiolenebetavionaidet ory. tramsationthudds i nduct ance
describes the energy that is magnetically transferred fromone 6

conductor t REhS ¥ PR IR0 BnlihdWBrs\4Ré YA RS RS dishdrbfigr I ent

fl ow ng thﬁgagﬁﬁgﬁgaggﬁ355$o$ genergfeg a t?ne-varying nagnet?% field which

~ causes an electric ,curcrent to. fl.ow through the other conduct.ar. e self
duct ance 1ROE FHULY fiE Sennply, MR e Y PedobdRiosr a FoRT EHfer oL o

flows through a 5 conductor and generates a magnetic field. The inductive

coupl i ng coehfihetormfallsiptothe peeriappingatea SEY ox the fringeragians$de phiee bet ween

the conductors to the geonetric nean of the self inductance of each

i ndi vi ddal addootin,sucls aahamepaoipcigriificetlytpertuil tigeparalielipdataanad tli st ance
bet ween the conductors. The nutual inductance is proportional to the length

of 10 the Cf_ﬁﬂﬁé BAp A AR oREPoutibRs. FRRRGEL, iiﬂ’aedié‘t%‘iibiﬁ\?g%}e‘ﬁﬁ RabATRIEr s of a

structure wth a ‘given geonetry are determ ned by e material properties
of the structure. Therefore n a structure .has been desianed with an
appr opr | at & YEIHRPyHITuBEse Bibfhedonpling cofiget mprdhangestesticantl er s, ¢ he
i nductive paraneters are al so determ ned. 15 The interaction of the

capaci ti ve adhe patfermancednaipbe degraded-act eri stics becomes signifi cant,
especially at higher frequencies. This interaction results in directivity

for the coupl er If thy vestivhl sdparatpntdistah@ndbétwebn tiwctwaneopidactdroisbe a preferred
fraction of a wavelength at a desired | ower frequency, the relative

magni t uge qacx%aﬁggmeféoawiﬂdﬁomﬁ thOpAalél s cbRpBhef iﬂkﬁee&%;id?{sio% the
et’erm ned over a

recei ving 20 conductor of the coupler (directivity) is d

f d fr . . fol th vi d
Bopr oxd mat gt et pRess oGy BT TAL tabBk e TR AP S ganer -

(MHz) to 3 gigahertz (GHz). The magni tude of the coupling coefficient
for the couggiens SHbFiBured guireontribute 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.
5




6A remai ns substantially unchanged over a |arge range of relative x and y
di spl acenents of the conductors A and B as |ong as the distance between the
adj acent adpyexocoésst he two conductors is greater than a gi vquar,g%(ﬁpsgéyge. In
the 5 imting case shown in Figure 7, an increase in the coupling
coefficient begins to occur when the x, y displacenent becones sufficiently
| arge t o brRefgrrirpaoFigwre &, aedadisctdilA haneehXOrmed floen owitipple tomrsecfedand B
into close proximty. The range of x,y displacenents for which the coupling
coefficient %ﬁ{m ,-n%% j - |ondnies e ataRo 6P Wi thQn ed by
sel ection 6? an gggr pr?g?gﬁgggﬁgﬁ?ﬁ%ggg?!, such as lg&g.f%S cm for
- exanpl e, and, an_.appropriat.e. di spl ac . es, for
exanpl e. Fuﬁfeﬁlé?tfrpg%/ngg'é reéﬁl%éﬁ 0 ?3%%@%? ?%gletseg\%ggs}s @P g? ﬂ'gcg%{gﬁrd%‘ct or
wi dt hs, conductor, separati on and nunber of se ts, a,. range of coupling
coef fi ci entsscorssigulagyissgmentedcgpdusian issepas o coRguRof AdYcbrput ed
variation in capacitive coupling 15 coefficient for a coupler conposed of 5
m | w dé codidlectrivras somh @redeterchipedidistamse, ovitlofts segneentslyiigmracplgnare up to 8
mls. In this range, the variation in the capacitive coupling coefficient
i s | ess thaparallel t thatldptdnduttoray @ angddid thatkhe hayslat B pLeembhest
variation in capacitive coupling coefficient with a change in the

separati on g SLAGR BEINARbIHEE UBL B 0 ADAHGIR Rkl 2ndiledr |1

shows t hat r°a + e I n conductor separat e capacitive
coupling coefficient varies by less than +/-15%._This co res with
paral | el pl /St*é’fB’éfgglbe @gz}ﬁgﬁr}lé@r% Fﬂﬁﬁ}‘ sThe %{Hlf%?ggﬁpgh show a

+40/ - 30% vari ati on over the sanme range of conductor separations.  In
addi ti on t ccondaicor Apand eopduttor Bchave tiwir loggitudingl aies alignesk callineaglydnet ry
shown in Figure 6A, several alternative geonetries may be used in the

coupl ericst rheirognindliRSRion), heshHoain ieFigaReN. M (Aderiaivelye dh€ eordaictdri byl
el ectromagneti c radi ati on, increase broadband behavi or of the coupler,

I e R T e b i

materials for inprov mance and odi nent of an
alternative geonetry .far the EM coupler.is shown,in Eiqure, 10A. Referring
fo. Fi gur e BRI Thit QiRiBrEre SnEsiment i sBowhah Eieire B ARER SROUS Aduct or <
1010 and 1012. Conductor 1010 is coupled to a second 10 conductor 1014,

whi | e condwsupler haying enesyajght gondnciorsdamdplscomatiersendecter B,avhich dg
reference plane 1019 is placed below the first set of conductors 1010, 1012,

to act as aseghiented ib@dglzhgpedmetry.hese transmi ssion lines. A second
reference plane 1020 is placed above the second set of conductors 1014 and

]ég (]j-g agll%gt aﬁz i& 1@%\»’%&%%}’2@%9& PRGN Path LRSS rBiohs BRFanAthgand 1016.
capacitance regions 620 per unit length, the geometry shown in Figure 6A
increases the capacitive coupling coefficient available between the coupled
conductors A and B, while retaining the alignment insensitivity characteristics of
the coupler 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 mutual inductance

between the conductors and the self inductance of each conductor. The mutual

inductance describes the energy that is magnetically transferred from one
6




15 first conductors 1010 and 1012 are termnated with matched term nation
resistors 1024 and 1026. Ends 1014B and 1016B of the second set of
conduct or woanacelsso termnm nated with matched resistors 2025@Emngkoll¢8s 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 cohdaaodticthe otlemdSorl &bddpleradimév6Aingdeoteic satrgnt Gowdingf er ent i al
digital signal is applied to ends 1024A and 2026A of the second conductors,

and a resulhiRghdidelBhanétbAberfepattd £ Hmel GiPinginSadr?8R fiekSwhicadaddesbiie set of
conduct or ends "1010A and 1012A. Thus, the first and second set of

- conduct ors I eci Vi I I el tic fields.
Al i gnmrent ieﬁécgrﬁéﬁrlre\?l{t? ;3/?1%% tP ﬁéeq}é@otﬁgftel}er 5?1¥ch2(|§11‘ fTehr%esﬁlﬁrg Sl gﬁal i ng by
reduci ng m smat ches between the cqupl er fqrned by copductors 1010 and 1014
. and ¢ he coulsPaIbeRSh e BY G IRRREG hT A A IS HE SENt LAY B 9vRbiant | al
coupl er shown in Figure 10A reduces the effects of radiation. The use of
di f f er et i alondiigfanpndhgenexptepa magnefinbieldd currents flowing in the
differential conductor pair, causes the radiation to fall rapidly to zero
as the di st ance Theoid ddtioe doiiplatgadtietfitierpavhich $s thegat@stte nilt@aldi f f erenti al
signaling version of the coupler therefore offers |lower far-field

el ectromag Qﬁ%l{x]&a %ﬁe?ma{ltﬂe%};ﬁaéct&mau% SRk RRAR DS TR BRI @lden- 10

addition to S erential enbodi nent; the 10 coupler may be used in a

singl e ended inpl ementation, where a single nduct or coupl es ..

ol ot r ommgrREPTLIR i eBRAePE . B nfirgrcne] BLS S me bR Beptigancs
addition, the effects of far-field radiation may be further reduced by
sel ecti ng digtweasnthgganducters. chhednutus indugkange is frepertional tgithe leaghhedft s) " f or
the coupler. Thus offers potentially lower far field el ectromagnetic

radi atixon |thy edsplédsScoranpiore dTHeccapaciting hmdriznluativ © parasietds aha sithdctarearber  of
conductor segnents. The structure of Figure 10A, which couples the

differenti %tﬁhmeomyaaré bfeRhBRHI the fdtedd] prOPRIHES & the bitdlture,

alternately app each’other and thén turn away. Because the conductors

and opposi LAY AFocH SRrawE R pevt deSheiffed pPo i Gt " °

respectively, this structure reduces the effects of capacitive crosstalk
bet ween co ardesired et o gaprgity etieRTBeiRtRy thedpduativepassmetersre alse t o
m sal i gnment from X Y variation of the conductors. 10

determined.

15 The interaction of the capacitive and inductive coupling characteristics
becomes significant, especially at higher frequencies. This interaction results in
directivity for the coupler. By controlling the length of the coupler to be 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).




Figure 10B shows an alternative geonetry to the enbodi nent of Figure 10A
In Figure 10B, the pair of differential conductors 1010 and 1012 have a
segrment edwaeshess r ot at ed structure. Each segnent of one lf(?ﬁﬁélﬁfs@? from
the pair has an angul ar displ acenent such that the segnent 1s para Fel to a
5 correspondi ng segnent of the other conductor of the pair of conductors.
Thi s results i n Thedhdgdrdtueletof the qaiptinpheefficieivefoc thediwopler shomn int Bigurpar al | el
positions to each other throughout the length of the coupler. In this

confi gurati®fyerhiifis G%kqélﬁfaﬁx%n@ﬂér@eﬁ Rded # IR gOfanlgh 8f AR ddnSM ssi on

structure have segnents wth equal” and opposite angul ar di spl'acenents to
- conductors 1010 and.l \ ectiveal v, I i rrespondi ng
segnent s of&ié%ﬁaeun(‘:?r(‘)t? gg%é&%‘g&%ﬁéﬁ%graéll?lgusttge ggg‘.ﬁmg? ﬁ@‘?&gt %ever, this
alternative enbodi ment of Figure 10B is subject to grgater sensitivity to
. capaci ti ve ¥heeut edgesobtie tt"‘f?ecoé‘ﬁﬁﬁtélf%‘érgfeaé?‘Jtﬁ?‘bﬁgﬁ’e%(ﬁlﬁéta‘ﬁ&’r %&HE enbodi ment ,
the coupler is designed to avoid inpedance 15 discontinuities, or changes
in the & eclimdingyaee slwovn o1 Eigute 1 ehinereaseyin fu coupling cesfficient begins thet ween
multiple printed circuit board (PCB) |ayers, and avoi ding abrupt (right
angl e) bendsccuf WOWRERE x, yi displacethdrt beedrhassuifidiadiyRipe, to drigguié adjatary be
designed with discontinuities or changes in field structure.) ‘Ilhe
di sconti nui t %Qﬁj : i upl er
segnent s ZO&?Igseg?)tij(?ﬁ(gzﬁroefcfﬁgg ftoéﬁg%“ﬂ lr{ggtgﬂge {}txer 'dggef)afrﬁ%te%g bend
slightly to keep.the conductor w dth reasopably constant throughout the
bend. Fi gurey SERIacEpeBAt hinhdbe FouRiingsoaRian aemaps srseahiBlur Rt of
systemthat includes nultiple couplers in a digital bus conmunications
system A 1is thereforoarhitalled byseRctigthofcan appropuate segrentriengtbrivchre of a
conputer, for exanple, incorporates two or nore couplers 1240, 1141 al ong
its | engl h.o.7i%cme At ekdiple, ahd ahiappaspiiatd @isplhidmertanilessutht’3S6 kiegreds,i S
connected to a transceiver 1110 to permt the transm ssion or reception of

digi tal sigpals,hpled lﬂlrﬂ{% l‘spée!&ﬂ% g%}ﬁfrriaé vhitfes #0¥dnd Loreducpdr the

jr
conductor 1112 on"the notherboard | nated wth a resistor 1136 equal

to the inpedapngce of .the conductor. The ends 1114B and 1134B of each coupl ed
conduct or " ab s RdietGE S PRAORAPdiaE S B PesFat . 5 7084 LE 9P BRE b g
frequency operation, the ends 1114B and 1134B are selected to be the ends
furthest frenefficientsinaydeiobtaived.r anscei ver 1110,

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 +40/-30% variation

over the same range of conductor separations.
8




10 because of signal directionality. Each daughter card has a transceiver
1120, 1122 connected to the end of the coupled conductor 1214A, 1134A,
respecti vavg 02/ddoaset r anscei ver 1110 transnmits digital data y@f/ggmi/%sf ecei ved
via the couplers 1140, 1141 by the daughter card transceivers 112 ,f122.
Conversely, transceivers 1120, 1122 nmay separately transmt data through
coupl ers 1140, 1T4hdfiion te chpithbilityeoictthd Soulslirgdionfficiintd ¢fahe gedrmetty 1110.
Figure 11B shows a differential version of the nmultiple couplers for a bus

communi cat i 4pvaY &8 Phre 61, SeFsTaLAteiRitivel JabIidfiSS xﬁa,ﬂﬁé@seahamﬁke&oug?ach as a

bus 1112, having substantially uniform'electrical” properties f

"transferring_ signa a evi ces. that | ed rqQu t he data
channel . Thsgr Oh%e%ei”agge? A geﬁf“&%éer%tr{l%rs%gﬁgg%ﬁ%se%%8‘%‘2‘5&1 ¥ Sn

el ectromagneti c coupling schenme that allows higher frequency signaling to

“ be enpl oyedradiatiggyincegageabraadhand behayiarof therouplirsredycs imprdades e t o

transm ssion line effects. This is achieved by ensuring that only a small
anount of ediscanfindtiesgand ¢rgxble thause of Aldernate mateniad$ fariegprivedneen t he bus and
the coupled 12 WO 02/ 06008G PCT/ USOL/ 50873 daughter card. A preferred
enmbodi nent pérférh{aslc§yﬁdﬁ6&ibﬂitﬁ,0nstI‘UCt ed in such a way that daughter cards
contai ni ng devices 1120 and 1122 may be renoved fromor inserted to the

systemw th litthe Silﬁgxfgg}eglpof m?lm;ée_%h{e AN CBuper SRRRIS: S

Figure 12A shows an e ment of a cro section of the toupler of Figure

conduct 1 ve B TRHe A ciRerTinggn Fisie 198 BNl et eloer nofsemal "

differential pair of conductive signal traces, 1236A and 1236B. Dielectric
1212 separ apasotemductors H19iagd 4012, r Gendnciar3ON0 isrequpledoa sefasidect ri ¢ 1220
separates conductive 10 signal traces 1236A and 1236B. Dielectric 1216

separ at &3 tduddaictor @081 While paldu&or 1010dIEduptal toef RtGRTeonduetied01£140 and 1222
provi de return paths for the conductive signal traces. The coupler my be

const r uct edg b 982401035 blaBld biGwGRLRK 84 JFRbRRIRGRN 0, ThE, Gpnduct i ve
conponent s i’ggf)eié}fg%to‘% &%%GA, &lzag%% o?wtctﬁe coupl er IEM&%% seﬁeét e ’V\flpdt h
(e.g., 5mls) and thickness (e.g. 1.4 mls) 15 may be caonstructed using
convent i onalctas & feHE T‘@@Rﬁf‘lﬁé‘%&‘gﬁ '??fbf’“é‘ﬁf‘r‘?’bd’éesof“ chﬂﬁ‘% FeletepeePlafter 1216,
The sheet 1216 rr;l)é have a Er eferred thickness éle. g., 3.5 mls) and
di el ectri c HBA4s placed abaye thesespnd get@f conrshctors 1 @1 deand 1086 tagetas ajretupn and
1220, with preferred thickness (e.8.,12 mls) and dielectric constant are
added to pravnddetor i@ the ransmitsivpdidiesn H01deindaddns.t BedcloapB end e0EBastithe
1230A, 1230B, 1236A, 20 1236B and the outer conductive reference planes
1210, 1222. {RecSifictR S 9GO dndND12 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



to the notherboard coupl ed conductors can then be connected to the daughter
card using conventional inpedance controlled electrical connectors as is
current | ywoomreeenspr acti ce. 13 WO 02/ OR008G PCT/ USOL/ ~08 a3 Rysopkdes N
cross-coupl ed conductors of the coupl er between upper and | ower conductive
reference pl anes, 1210 and 1222, as shown in Figure 12A, a dual stripline
structure iby their eReirofmapgngtd fisddss tAligrimere Sndeasiéivith ef demeupleenidsode
propagation velocity (the velocity for the wave propagati on node between

the 5 Condleﬁ&a@ﬁﬁa%hﬁgrb?fr@amnmﬁﬂsﬁes wRiwidietheddupRiRrRkapggat i on
city

velocity (the velo 0 he wave propagati on node between the”indi vi dual

« conductors of ,the |l e Thi i 0a nd b I | I owi ng
the coupl o org gBar BE=Tl oy Henk bk Rrar R kR RER AR T 0T u o
Al ternatively, the coupler may include m crostrip reference plane, a 10

+ copl anar refer e%edﬁ?eaﬂ@?alswmlﬁsﬁqwavmﬁsWrWéece@taﬁ fegsofi | One
alternative enbodinent is shown in Figure 12B, which shows the two pairs of
conduct &r s ra@dbonndhd ascofstifferentiadignaling dwith entisphesededirtemtsiflewingdnr ef er ence
pl anes. This structure will forman EM coupl er, however, it is not

parti cul ar liie aiffcr&etial Qénddfﬂ@gﬁﬂf} eapesitHeqhdi@tiontslRIRAPIAY & foro as the
characteristics. 15 Figure 12C shows a mcrostrip configuration for the

coupl er wi th b0t Haihea r&%ﬂg&% R ifcrb N ThE Hfereftfitl sigrafif vedlenl

referenced to a single referenc ane his mcro

i nproves the inpedance and bandw dth c teristics over . that of Figure
128, At er i thefauplerdhersiare afere %@fer-gigfdgeﬁ?qﬁw@em radigfinnlevaptheg, be
constructed with reference conductors 20 1210 and 1222 in the sanme plane as
t he cor r espoirgle gndeshigplemeatasipyn b addities to thidifferengial emblodipeen tho 36B. The
dielectrics in Figures 12A through 12D may be any dielectric material, for
exanpl goai rcogplel-hthy behised ama ginglelendey iln@lentgntaticed wih¢resesiagleicogdadtel ectri c
14 materials wwth simlar dielectric constants. 1n Figures 12A through

120, conaustiefs abnaptubAPR ghaRacth UL RS et e concuc ors
di el ectri o 1220, & ASSARL SRS STROHLI Moo 5 SOMPS!  Huck By e 104 15
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 alternately 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



cross-sectional view of Figure 13. In this enbodi ment, notherboard
conductors 1336A and 1336B are constructed on the outer layers 1360 of a
printed cw@oa/deoassrd, with a width such as 8 mls for exanﬂﬁusﬁygﬁg
thickness of 2.1 mls for exanple. The daughter-board conductors 83 OA and
1330B are contained in a flexible 10 circuit 1350, which is pressed onto

the surface of tHiguieubBehbwaaf altdinaticoOpebidtoy & thd 3pdodifertI3Piguray be 10
mls wide and 0.7 mls thick, for exanple. In Figure 13, conductive

reference pio@{?qniﬁg.%eil%ng‘@g?}w ArerBAUA oRiudbRYDE RhE DG 23myegmon!l y used

in printed circuit”nothe ds.f The dielectric layer 1320 with preferred
- thickness and dielectri.c constant (e. g.,,5 m| nd 4.5 5 respectively)
is used to SﬁﬁB\?Pgeg’ ?%‘%‘JP?%E‘% g@ﬁﬁéf%%%léf%%‘ﬁ&toggn ?W%%aﬂ%“g@%ducti ve
signal traces 1336A, 1336B and the conductive reference plane 1322. The
out er sur f aRar bas armngsdardispagemeat surdy that the segmentris pamileltect ri ¢ coating yr
sol der mask 1318, although this is not essential to the operation of the
coupl er .5 Therdapgitiag seganehtpd thd ahendontlnetoe of theqrain of cpndudtdsd Thist h a
conductive reference 20 plane 1310 attached to the top surface of a

flexible dikeed inladilfBreatiil pdir Phefeahé 8shduthsrs ieistalepdtallel Hoditon) taand
dielectric constant (e.g., 4.5). The daughter card conductive signal traces

1330A, 13308, 81 oL RSl L URL SO hriphPol MYEh. UL GG QnhBfalibe b e dielectric

1312. A di el’eetric a IS use ectrrc or 15
cover-lay film1316 with preferred thickness (e.g., 0.5 mls) and

di el ect ri c ©oHuetgrt 114 agd 101p gfithe wnsi@aaﬁmwwgrmcn% haysagmentht i s

achi eved by selecting the preferred thicknesses and dielectric constants
for the di evighequa ahdppabienangitamijsplacementetoamaductors 1020 exgaddtzd

manuf acturing variations in the dielectric coating 1318 and 5 airgaps 1340
i n addi{g onrebfecBlBI9r whité hRb kE&ing BorkrékpoR@iHE REmERAITR Lo fcts TBI L4 A S-

Al t hough Figure 13"shows a dual stripline enbodi nent, alternatives such as

a mcrostri i t p e i . Lnent.ad t hout a
reference p éﬁ?g %E%F%e% aﬁ%é@%gais{%%g%rﬂggg téa%g%’/ﬂég 9@3@4‘ gegp rrgﬁ:aI f:eoln uctors
1330A and 1330B nay be a different w dth than@&&gdui{eors 1336A a}nd 13368B.
10 Al so, dil8Fudesite gieater spasitiyly e sapasitivg cropitalkthantheembadinericet j ¢ 1320.

Figure 14 shows a view in the plane orthogonal to that of Figure 13. The
flexi bl e ciFigure10A350 for daughter card 1355 is folded into a circul ar
| oop, with the |ongitudinal axis of the signal conductors 1330A and 1330B

l'yi ng al ong t he Hop@Re Einb6ditkeit ARE Bouplbiis design&d td oid kve signal
traces 1330A and 1330B are 15 connected to conductive etches on the two

out er f?sc esdi?éon&i“ﬁit%@,u&rl%g{\ge%% %elegléérglﬂagneﬁc 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 chamfering 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
11



order to provide connection to the transceiver and termnating resistors
nmount ed on the daughter card 1355. The | oop is then pressed onto the top
surface owa éxoenessher board 1365 so that the |ongitudinal apegu§fysee8h

not her board conductor 1336A and 1336B is 20 parallel with, and in the
desired proximty to, the corresponding coupled flex circuit conductor. The
| engt h of tduddukexilitl® whictcmiay baod themotleabogrd of hicompatert foe exkanplet er card
are adj usted by nechani cal neans such that the notherboard conductors are
in the desifgdporfdd Aid ¥r fbrd QRipid§ 1140, (O dlopORALALAl ThbQhda11B0et h 16

L, which is selected to ensure ghat the capacitive and inductive coupling

- coefficients fall withi,g t desi r f wolhe | th L my be 1
cm for exan%'ﬁ & oérlr}’i%r @a}gt?vl\lnng? O?éé(’fgg?rfigg&ﬁlan%ctg}eﬁ%rgggagﬁ e“l?eﬁ 1? ﬂgtof l ex strip

i npl enentation 5 of Figure 14 if the flex strip is nade of polyimde

< (di el ect ri cPEBHEtheitansimissgyn %(rf&“tﬂ’i’é’“r?éf‘?fé'faié‘gf‘ﬁs%a Riadigedonghanagnefss- epoxy
(dielectric constant=4.5). These materials are commercially avail able from
wel | - kndwn Tenerot $1128 of thescoBiitrotor DL the Thothenbagrdoie terniinatedivath af t he FR4
is replaced with a material with a dielectric constant equal or close to
that of polsi#icial3é édal ROGRIMPBAARIRDS BHe bhdattsr! ar | ower dielectric
constant materials. Rogers R04003 is avail able fromthe Rogers Corporation.

0
I ne sombod! men ek 31 Bl Blor LEnRUIRRA coRakde: SRUASHARE i e

bandwi dth may b imted electric sses I n the materi al used
in | owcost PCB, assenplies. in,,t use of materigls w | owe

el et 11 o MBCREE rrRerRiRe ERsts Fur g Rt fends TAF MG e 15
shows a detail of the contact area between the flexible circuit and the top
surface of 1134Buatr sedecdirshiodbedbe endpiomitiesidram theymothebrirduranseiner 1Aty i n
Figures 13 and 14. Arranging the notherboard conductors 1336A, 1336B, in

sel ect et) preecaiidd of sighal Hiedtonsligi. IRadh HaGghtdticirdhas 4 &30écehd3QR0, t1BAt es the
coupl er. The not her board-connected segnents are lying in a plane where

adj acent 20, ANENS oy Gl iALARHIA EhAtiRh BET15409 agaliany dTRp! acerent

about the |ongitudinal axis e con circurt conductors,
S LAy Seqment et e A A2 MR S NEH Al LRSI S O 1S
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




opposite sense to the correspondi ng segnents in the notherboard. The
conposite structure may thus have the zig-zag geonetry as shown in Figure
6A. TheseWan@®/osodser enbodi ments of the present invention rymi®1saaki zed in
accordance with these teachings and it should be evident that various 5
nodi fications and changes may be made in these teachings w thout departing
from t he brdaghterspid.iA peeferret epbodimerttof this/systanuis. conblauged &i fucbat i on and
drawi ngs are, accordingly, to be regarded in an illustrative rather than

restrictivey H&?d@@@xt&%r&@é@ﬂ&iﬁﬁ? deaesn em i 122 dyBe®enived honc! ai ms.
18 CLAI M5 What is clained is: An apparatus conprising: a first

- transm ssi o Sl kY BRI i 1it1é Slre@BRTRE EomundftaloR bAREARAL bE ARSI sSi on
structure having a second geomnmetry an orm ng an el ectromagnetic (EM
coupler with the first transm ssion structure, the EM coupl er having a

- coupling cd®st i ci ent, the first and second geonetries being selected so
that the coupling coefficient is relatively constant over a range of

rel ative positi digurefl2fshows agembedimentod @ crosasseiadsefdhe seynlenafres. 10 10
2. The apparatus of claim1l, wherein the range of relative positions is

bet ween 0 aFigureO10M, khowh @antheqvisbeserp dieeddnelluctods érbss. fA differavtthl patr@fid

transm ssion structures. 3. The apparatus of claim1, wherein each

transm ssi qiynghEdd éi%@atl ‘rﬁg[?&r 12564 aftd 5256 &re%@ﬂ?%&%ih arbthd\GiffeRARLAL uUS Of

claiml1l, wherelin eac nsm ssi on structure nprises at 15 | east one

differential .pair qf conductors. he aju f. claiml, wherein the
first geone‘ﬁ‘{jjoicém “Etiwge-sigbatl 88%?%39; afgaﬁgg% bﬂi“e‘%éb-ﬁé?ﬁ{fﬁ%'h%?ﬁ claims,
wherein the second geonetry is a zig-zag geonetry. 7. The apparatus of
claim5, weendpstiveragnal 9Res %%@91432?%39 ;ﬁ»g{ch; 20 peppsatgeepnsiuctive s 5 8.
The apparatus of claim1, further conprising: a first planar conductive
referentfe pligmed tiabext12B6A paddRbeH. Dieleatrjvl 1216 sepmndtas thientiffereatidli padts.

transm ssion structure; said first planar conductive reference plane

provi di ng acérﬁftﬁﬁe@?&gﬁﬁéé‘ﬁl%h@si 1210 ahd €234 }%x%bide_rxéﬂﬁm fs¥Br fler ucture; and a
second pl anar conductive reference plane that is parallel to a plane 10

contai ni ng £ fig, 8eeond hi NSl Qlat LG Shehdh S5O RAANR Fonduct i ve

the computer motherboard. The conductive components 12304, 1230B, 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
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.
13



reference plane providing a reference potential to the second transm ssion
structure. 9. The apparatus of claim2, further conprising a first

conduct i vivo @@n@ace pl ane providing a reference potentialpd®@uédiRedssr St
transm ssion structure. 15 15 10. The apparatus of claim9, further
conprising a second conductive reference plane providing a reference
potential to theysslacng ciossoswpled candigtorsiof theeoupler batneeapppensnd of cl ai m
1, wherein the first and second transm ssion structures can be mechanically

separ at ed. R er condifetivd ReRPRAPRRES 1970 &1 las HBRNEH Bid1€ 1ERUPHRS Can
transfer si gnars In an electronic system 13. The apparatus of claim 12,

- wherein the electronic system. s, selected, fr commrising: 5 a
conput er sysstflg ey edggormgg's,%ué& Fgﬁp%&qg?re%%‘{legrﬁ%g%nrqggv?%gﬂ%hter card, a
mul ti-chip nmodule, an _ integrated circuit, a flex cj rcuic%, a printed circuit
. board, and Bropagatiercyelegityt(thevplocitydonihis ayaye propagationimede baiegerbths t he range
of relative positions is between O and 2 mls along an axis perpendicul ar
to the f3 r stondmdtoseanhthetrefenawe ptines) ab0he odd mageguop@gationrvelnoisptheus
conprising: a circuit board; a first conductive trace having a first

geonetry onydlfGtycdf'thelviavOpasphgation hidhe beavddnithe irdlividhbl ®ndeeifbfaRaduct i ve
trace having a second geonetry on the flexible material and form ng an

el ectromagnet i EM). ] LISt i . WO

021 0G0085- PCHFIRLr N AR AL bbbl Bk et iR B4 KRl A6 Bperate up 2
selected to reduce sensjtivity of EM coupling to variations in relative
posi tions o freguepcipsin tha InictoMaNg regdfuct i ve traces. 16. The apparat us of
claim15 further conprising a system nodul e connected 5 to the first
conduct i ve tr aceAlteuativeldhe chupleymeemchutid micestripaefdrenice pking, 4 0 t he
second conductive trace through the EM coupler. 17. The apparatus of claim

15 furtfer &paNar séfofbnde PRINB) of HBVhAR ORALEARPIAKR JthE. TR ReREUCt i ve
trace, such that the nenory device can send signals to the first conductive

trace thro”&ﬂbé&lﬁ\eﬁg’ls ?H%%-F%égf%%,Whicﬁﬁﬂo@?H%rtgﬁoﬁaéﬁzog%bnﬁt?gta , Wherein

the variations inr ative po ons are between ong an

axi s parall to,t first d second conductiyve
P 1%30 and 19?6 separate(? Ina 3iefectr9c 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 single
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
1230A, 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



traces. 19. The apparatus of claim 15, wherein the variations in relative
positions are between 0 and 2 mls along an axis perpendicular to the first
and seconwdl®/waosducti ve traces. 20. An apparatus conpri sigeyusRangf or
sending a signal; 22 WO 02/ 030086 PCT/ USOL/ 50873 neans for formng an

el ectromagnetic (EM coupler with said neans for sending; said EM coupler
havi ng a couplerialy witle sifikar eidledthiatorisant b Eiguaesci2dsthraughai2Rt i on i n
positions of said neans for sending and said neans for formng. 5 21. The

appar at us qfongliaiol 2BoAMMNI 2508 hA9 H4@E h Aiff&Bni WidiR Shdr @Adut&rPEBSREN O and
10 mls along an axis parallel to said nmeans for sending and said neans for

formi ng. 22,3786 BPRALALHScRl: £131ByAle WIRHEIR: ikt thith ifledkllc POST LT ONS

is between Y §along an axi’'s perpen 0 sal d means for
form ng and said neans 10 for sending. 15 20 23
- . A5S. As. A AR AaL. AuL. A9 . AuL
. AaL. AyL. Aa” . AaL. A9. AL. AuL. Au9. Au9. AuL. AuL. AuL. Af9. A". A"/ ~A3;15>0
zupkf a\ \§ ca] ca] dapemratdld empodinterd of theapupler of Figure 10A is exemplified in the
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]c”a]calcalc”™alcalcal0
W M\Acrdssksektional view of Figure 13. In this embodiment, motherboard conductors
1336A and 1336B are constructed on the outer layers 1360 of a printed circuit card,
with a width such as 8 mils for example, and a thickness of 2.1 mils for example.
The daughter-board conductors 1330A and 1330B are contained in a flexible
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 plane 1322.
The outer surface 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 dielectric constant (e.g., 4.5). The daughter card

conductive signal traces 1330A, 1330B are constructed on the lower surface of the

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




")-t}, {~xsnhc"Ykfa\W]ca] ca] ca] cha] ca] cal] ca] ca] ca] caU] ca] ca] cal] cal] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]calc”Malcalcalca {p N@56#u™q

VG } xsni dWA} §Yawadsea) ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cajepisalseshcal cal c
a]calcalcaljca]ca]lcalcalcalcalcaljcalcal\K *}8%q[? ~ a b

| wmgb] X] ] ca] ca] calU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]c
a] caj Ca] ca] @aps by filay tsa]sm]lcpl]eéa]'ezhﬁhickness (e.g., 0.5 mils) and dielectric constant

[1T 14" " #SH#SXSZz$$U YOOR) &&' ' :(f(((L))){val gb] X]]ca] ca] ca] ca] ca] ca] ca]
ca] ca] cal Cg%@aé)ommhﬁﬁk&a&mk@%@ﬁk&e& GachRl A by 3biealipalhe paralred] ca cal ¢

ajcal) ?***x* +%'u

- Ot 001&1p112 a)l ca] ca] ca
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The loop is then pressed onto the top surface of the motherboard 1365 so

that the longitudinal axes of each motherboard conductor 1336A and 13368 is
20 parallel with, and in the desired proximity to, the corresponding coupled flex

circuit conductor. 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
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Some bandwidth reduction may be present in the flex strip implementation
5 of Figure 14 if the flex strip is made of polyimide (dielectric constant = 3.8) and
the motherboard is made of FR4 glass-epoxy (dielectric constant=4.5). These
materials are commercially available from well-known vendors such as 3M or
DuPont. This may be eliminated if the FR4 is replaced with a material with a
dielectric constant equal or close to that of polyimide, like Rogers RO4003 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 1330A, 1330B, 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
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accordance with these teachings and it should be evident that various
5 modifications and changes may be made in these teachings without departing
from the broader spirit and scope of the invention. The specification and

drawings are, accordingly, to be regarded in an illustrative rather than restrictive

sense and the invention measured only in terms of the claims.
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&10%&' ()5 " 10%& ferond Oasniission Giviicture having a second geometry and forming an

electromagnetic (EM) coupler with the first transmission structure, the EM

coupler having a coupling coefficient, the first and second geometries being

selected so that the coupling coefficient is relatively constant over a range of

relative positions of the first and second transmission structures.

10

10 2. The apparatus of claim 1, wherein the range of relative positions is between

0 and 10 mils along an axis parallel to the first and second transmission structures.

3. The apparatus of claim 1, wherein each transmission structure comprises a

single conductor.

4. The apparatus of claim 1, wherein each transmission structure comprises at

15 least one differential pair of conductors.

5. The apparatus of claim 1, wherein the first geometry is a zig-zag geometry.
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5 8 The apparatus of claim 1, further comprising:

a first planar conductive reference plane that is parallel to a plane
containing the first transmission structure; said first planar conductive reference
plane providing a reference potential to the first transmission structure; and

a second planar conductive reference plane that is parallel to a plane

10  containing the second transmission structure; said second planar conductive
reference plane providing a reference potential to the second transmission

structure.

9. The apparatus of claim 1, further comprising a first conductive reference
plane providing a reference potential to the first transmission structure.

15

15 10.  The apparatus of claim 9, further comprising a second conductive reference

plane providing a reference potential to the second transmission structure.

11.  The apparatus of claim 1, wherein the first and second transmission

structures can be mechanically separated.
20
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109 ()- & 10%‘@&&1‘;)63@%&1), a computer bus, a computer motherboard, a daughter

card, a multi-chip module, an integrated circuit, a flex circuit, a printed circuit

board, and a cable circuit.

14.  The apparatus of claim 1, wherein the range of relative positions is between
0 and 2 mils along an axis perpendicular to the first and second transmission

10  structures.

15.  An apparatus comprising:
a circuit board;
a first conductive trace having a first geometry on the circuit board;
a flexible material;
15 a second conductive trace having a second geometry on the flexible
material and forming an electromagnetic (EM) coupler with the first conductive

trace;
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to the second conductive trace, such that the memory device can send signals to
the first conductive trace through the EM coupler.
10
10 18.  The apparatus of claim 15, wherein the variations in relative positions are

between 0 and 15 mils along an axis parallel to the first and second conductive

traces.

19. The apparatus of claim 15, wherein the variations in relative positions are
between 0 and 2 mils along an axis perpendicular to the first and second

15 conductive traces.

20.  Anapparatus comprising:

means for sending a signal;
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and 10 mils along an axis parallel to said means for sending and said means for

forming.
22.  The apparatus of claim 20, wherein the variation in positions is between 0

and 2 mils along an axis perpendicular to said means for forming and said means

10 for sending.
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