;e3ee #b$ X' |"6"T #ES<15 APB 2002 ©16616 * ~I1 1 6 SURFACE MOUNT COUPLER
DEVI CE Background of the Invention The present invention relates generally
to small electronic conponents adapted to be surface nounted onl;s Hlmn_mr

r

cifcuit boar d/mﬂwm icularly, the invention relates to a ace
nmount coupl er /mﬂ se in a variety of applications. Surface nount
conponents are of gy ectangul ar, and very small. For exanple, the 1 10

conponent may have ‘| ength and wi dth di nensions of |leas than 1/10 of an
t he conponent body will include side term nations
t

inch. Generally speaking,
conpati bl e H‘mlﬂm Mﬁﬁlﬁmmgductl on sol SIRFRAY MOEVARERER DEBICH vari ous types

of electron , 1t is ofteg, NecesSsard tQ. a?%bﬁ"%he el ectri cal
activity in certagiogz conductor |ines. FOT exanple, electrical activity in
the line of interest may be slbg ecesans fineriivdek xedatenisengyadilyato coupl er 20
devices utilized for thi ss“%]ﬂpgfeect% Foll/=¥=Ty1 s Nals) a\giagp%nwd&r eaksgal vanic
connection. A need exists, however, tor novel coupler devices tﬁat are
conpatible with surface nowmted ewhpi tarssr SneHbE pogkdt hdorqivention ' 25 The
present invention rgcogni . [.9us di.s ; k|, O

constructions and rrit hodsgﬁ’}\é}égjfg i g'gltg{e ??Me?xgﬁﬁ%% ?Eeeés? tgfgtsﬁ%%?ﬁeesent
invention to provide novetoungr taurderminTEce oifFonentis, 2 varigty ofpR ~Q-1 2 It
is a nore particul ar objegl,19fatN@spresent invention to provide various
novel structures for a surface nount coupler device. It is a further object
of the present 5 invention toSPFFFdESTafP ROBEpt AT ERs particul arly

adapted for use in RF appliGabens., ida herpls@ian ebieslampie t R8e present
invention to provide novel nethodol ogy fpi t he production of a sanpler
&'é?éaﬁl

device. 10 Sone of ! hese THPEERERE JRE S p3h WaET SLBRBRIGRE Toupl er
device conprising a devi ceedpodMahayidsf anrirhectdeneadl yekpadkahy Oithel ocat ed
t hereon. The devi ce body i ncl udes an in_sH_JI ati ng s%strate havi ng a top
surface and a bottom 15 sGPHPRBERT RORY Bl HAHHEE | SAEe BSF&F P2 Pni ng i r st
and second conductor changsigsciBR &hth rass dbre@dasebnoBoldeeii®p surface of

t he substrate. First and second conductors are |ocated in the respective
first and second conduct o'Fe‘%Wéﬂﬁ%ﬂ‘s. The first 20 conductor is electrically
connected to first 1and secondInevdrinas icypss @t thecwteul cegbimhentThi: second

is electrically connected,t QAL | east_a rﬂmi:‘f%@}@%ie?c@r?@a t he devi ce
erirs

thi
body. An ineul ative cover T ayernoﬁes?f)%ssera g%ove t i nsul ative 25

| ayer . |In sone exenpl aryaeniyddy nenrertaimpecyaivgher danduct erisxapbertrical |l y
connected to third and fo term_nat.Qus;onyLhe; deykce body. Ihe,device
body may al so have at Ieag%é%rx tera%él{nalt il}(s)hs :1%10 tJhr%r eon, twith':thge?el rst
insulative layer further defiestnee £eefadt ewrdaét oTyeheminePuPlisy this case)
(~ G~ p ~tlal 3 ajzgonduchefideacatad-td dohectii perfRRdiClQr sshanngl is

electrically connected to fifth and sixth '
without direct galvanic connection. A need exists,

) however, for novel coupler devices that are
compatible with surface meunt technigques.
Summary of the Invention
25 The present invention recognizes various
disadvantages of prior art constructions and
methods. Accordingly, it i= an object of the
present invention to provide novel surface mcunt

components.



term nations on the device body. The respective conductors preferably
i'nclude 5 respective first and second el ongate portions situated i{; PR'I.W-
paral'l el to one another and separated by a predeterm ned spacing. érh
exanmpl e, the first and second el ongate portions are substantially straight.
Alternatively, the first and second , 10 el onggte portions may be V-shaped:
The four termnations may be | ocated on sides 0f the device body. For
exanpl e, the device body nmay f] S f.ac d end
faces. In this case, two of tﬁg Jfg(;glr H%%ggtaﬁugﬁg O% g?r%a%r}bé 70%g§t§%cf on each
of the opposed side facesinvEngsicouel providei Caripuy deeet ontrivgtieed &sr a

nul tiple insulative |ayer gtaugthre.having 3seeend insulative |ayer
I

di sposed on top of the first insulativelayer. For exanple, a third

conductor 20 | ocated directl|ylabove Ehetberraticchsed she wreksager. Preferably,
the third conductorgis el ricall t o] f gt b i rst conductor
or the second condu?:t or. teglﬁ?é‘% ﬁ)eé ?ﬁ%ﬁgcﬁ%&ﬁc‘f%&qﬁ%yﬁtﬁlgggfourt h
termnati on on the devi cepddyulamyradanredniee isatin BRsaPrdheatdfone he
conductor channels defined in;thg fiEst.] agulat b¥ede gseg@yiﬁveﬁgio

di scontinuous to define at |east one crossing bridge or the third
conductor. In such cases, t@ BEiivRde MFdeE tefBodd lege niorprks Pradistiert @nds
under 30 the crossing brigdge-ho-mgtitpl e insulative | ayer embodinents, the
15 APB 200'1 4 first conductor may be U-shaped. In addition, the second
conduct or and third®conduct or SRE§ 9fe LB PHIAEE EE° PEPHEVRISHY rial . Ot her

objects of the present inygitadceMmalR 2c@ARkeyAd cBYcapsikiace d®Bet coupl er
devi ce conprising a device body having four electrical term nations |ocated

thereon. The device body PP GEBERAPRSHESETIG sUHTLPATE AalFT7Ge2 t op,
surface and a bottom surf ggerech. f it dbvidd! Bédyw endNidedys indefdrnngg a first
conductor channel therein, ie disposed on the tgg surfac% of the substrate.
Ai first conductor, el ectYITERFY HPORASA &8P 1B RS RN P06EThd

term nations on thasdevi ceudrady) is rskbtidhedlduive vkl defeAns Chost

channel . |5 The device bodxg fsurthi?r cgnprirscs a Egct%ndei nsuyl ati ve Idayer
di sposed on top of the fiP%} SCHSUT SOPTR™1°4y &P Fh2 CEERHY *RsTHSRPFSR | ayer
defines a third conduct or oxhdmenedp hawrface afsecondbaonadect Girstheamdi n. The

second conductor is 20 el g%%oglf@%ﬁéﬁc%??ea%eﬂocta‘le@cir{ @ﬁétre@gégj.;iérgosed above

term nation on the device n 1 naul ati ve cover |ayer 1
said third ineul ative | ayéizst anéxeanshdropndndenti ApFnslst h&hpnSidsat i ve 25

layers are construghed of -aidashl A lYEcRALUIEY icEnfBkEhi @] £1EQr Gyanpl €)
the insulative polyneric material may be a photoi nmagabl e pofyl m de. The

respective conductors mayseeordoraEtinasiond onl HiredepignbedcondirtseFend such

as by electroplating to ans30 d.Rkidalyl epkerdd REraoheesd $ ch8@f ures and
aspects of the 15 A~fR 1~~1 5 present_ invention _are provided by various

conbi nati ons and subconbi AEFTGRELIER ThePRidCULeEY: ePBnERfatLHEE wel | as
net hods of practicing saneevethilgheRrdsdbsUSESEL itRe i3t Blnsdeigide bel ow. 5

Brie Description of the Draw ngs
25 layerx.

In gome exemplary embodimenta, the second
conductor is electrically connected to third and
fourth terminations on the device body. The device
body may also have at least six terminations

30 thereon, with the first insulative layer further

defining a third conductor channel. 1In this case,



A full and enabling disclosure of the present invention, including the beet
node thereof, to one of ordinary skill in the arc, is set forth nore
particularly in the remai nder of the specification) |10 including r.\ed‘ gp"é"time
to the acconpanying drawings, in which: Figure 1 is a diagramatic'
representation showing a typical application in which a coupler device of
the present invention may be utilized; 15 Figwte 2 is a perspective view of
a coupl er device constructed in accordance with the present invention in
position on a printed ci racGPPd‘b"d'ﬁFdPT—?tﬁgr’é‘ 30 FRARdTARIPGRY FRERE T om a

perspective opposite thati0k]EtQuca1 Py Wohhedia 20 reotpl-ge gerihce renoved
fromthe circuit hoard; Figure 4 is a cross-sectional view as taken al ong
line 4-4 of Figure 3; Fi it8i525iong o} J8&-RYEF RGN vi ew taken along |ine
5-5 of Figure 4; 25 Figures 6fmanidspéttake ddrRwtsdsNblafexhblyiigul@iesd show ng
alternative conductor patterns; ' Figure '1is view simlar to Figure 5
wherei n one of the tondudtSPepateerhssy ﬁﬁ?uﬁégng SJePPafi® PRETSMSr: 30 Figure
a is a cross-sectional viewuatengrapsidlikartpbadenasnhéhandi aspaebtdd gure s
of an 15 p,~~R 1001 6 Slter natjve s_trgcture wi t h._conduct or @at%er ns on
multiple |ayers; Figure &Y% & BETIGEEMEEE: FRIFAMIvi &RF o™ Re® cSUHI B =26f
Figure B as taken al ong tdm seporsuelegmts pirtibes iargaudaistagr.sabgt rat e but
showi ng a thin conductive qtzat.tern fA?rnedtth reop: Ei, E'reamglosi S
cross-sectional view as taREAZAT on§ FTHES LU0 i Figur 67; “FiGire 11 is a
cross-sectional vi e as teloanaid mirohend mae HklVidhapkdFi gure B; Figure 12 is
a cross sectional viewas taken, ':QLondLL06 k2 4% 8L fIAULE & show ng

| ower | ayer conductors in pha orﬁ Fi gur € 1398 B enl argea cross-secti onal
vi ew 15 show ng i nt er connef tthe ndéeiiceeleriyc onthuc examplien thte deardeotiedy ayers in
t he coupl er device of Figure.e:.Fl 14-17 SS- ignal views
simlar to Figures 9-12 igr?]layad ﬁ%ﬁ%ﬁf"g etdeélhéﬁ if\%&s%?igc{pﬁr%g%\ﬁqﬁ conduct or
patterns on nultiple 20 | 83amss; Fi ghlesapB. Xkoapd tdreofaurs sermigimalond ews
simlar to Figures,9-12 ip. a3t iJ)%atfeHrcgrh%EcﬁlotfeElg@tolpiégse%t LYEL Waleli th
conductor patterns on ' nultiple layers; and 25 Figure Z2 is a view simlar
to Figure 5 of an alternativeTHaatourdee ceyupt ERY des/iceBIiREPRAS Gse of

reference characters in tg{efpeseitsuiReSiel L&Al ebrandrdrawiAgs kscddat ended
to represent sane or anal ogouys features or elenments of _3Q the invention.

insulative layer disposed con top of the first
insulative layer. For example, a third conductor

20 located directly above the first insulative layer.
Preferably, the third conductor is electrically
connected to one of the first conductor or the
second conductor. Often, the third conductor may

) be a fourth termination on the device body.

25 Furthermore, at least one of the conductor
channels defined in the first insulative layer may
be disconctinuous to define at least one crossing
bridge for the third conductor. 1In such cases, a
thin conductive element preferably extends under

30 the crossing bridge.

In muleiple insulative layer embodiments, the



15 APR 2002 Detailed Description of Preferred Enbodinent It is to be
understood by one of skill in the art that the present discussion is_ a
description of exenplary enbodi ments only, and is not intended a'§55\?R 100
l.imting the broader aspects of the present invention, which broader
aspects are enbodied in the exenplary constructions. Figure 1 :
diagrammatically illustrates a coupler 10 of the present invention enployed

in a 10 typical- applicatign._ . In thi L OU r .10 js_install in the
out put section of an RF dée)l\fiséefo%%g 0%2& bceefal g+a§)r5dfelf€p %ﬂ%mlfhgg’gut put
section includes a power saphifieruidboped gthivé dcadamply gy tHee RF si gnal
received at its input to an.15 pg i at for transm ssion via
antenna 14. As can be seecnotkfég%’?egdg%ofﬁgsgfé (é%git'erm' nations respectively
designated A, B, C and D. Ter atimat bbjrsctA ahdthB pregeserinakhyicoanected into
the main |line between anplif.ier.12 and en 4 wn.

Term nations C and are aScihr%”le ?aorlllD %osﬁlﬁgg%%frg?ﬁ odogg?eézggﬁgg C | oop i ncl udi ng
a predeterm ned conpensatormpibsiokypi datilcy, badyr bavisgofoul8 ehpddribel connect ed
between term nation n andt[equgﬁggio LNy JARY g ARRLLGAL | glq?)dewa; $L90 18 may 25
have a val ue of about fifty ohns. Bue T o principles of electrontgnetic

i nduction, coupler 10 prowicdesepper ansulet s shbarrabet edngthdoput put of
anplifier 12 and the feedhagk Logp TG QI Q0. agpPhifdelnddcan be

moni tored 30 in this manner) and adjusted as desired. For exanple, it may
be desirable to endlre thkaver. 1&=fAping g0 figstapphreyater chrogel trereim
constant level of output POWREL-Ald BfNalkl V& YuriddIbE HRWBELARADE A .
sel ectively varied, such as in proportion to a received signal. 5 Referring
now to Figure 2, coupl er BiFstsceffiche elechdyahppearnsdied Surftate nount ed

to a printed circuit boargh?QecAfs $BOMhart SR HORS fhe BoayC 18nd D are
attached to the board at respective nounting pad) such as_pad 22 Conductive

traces, 10 such as trace 24uagee idefihddrsh TREEEE stAsee of circuit 20

ext endi ng from eachs of the nowatidgipadsdy Theteendaabi st & assnd hus
provi de el ectrical comrunjcation between, the respectiv Sﬁer m nations and

the remai nder of the circtRTPhEE 18YRhiRAPLTTpPRICOP0°T R80Tt ed. In the
illustrated exanpl e, circiidulbonvd 120et.nClrhele®cand andutditive pyernd pl ane

defined on its bottom sur e. CGrcuit board 20 ma . made from a
cg tvgﬁlic{i] gug: I r%ﬁ?ﬁl?

. N ha . ond
| ow-t enper at ure organi c nBtert al- The Sol"der ehobeing & | ow

tenperature eutectic sol desnduppbr aedbebyimavehe metdbmivcond@paerpitmse or nanual
| deri t echni . Ref ' ' -5, : d
SOt dering techhi qugs. ~e gi{,éc??c%ﬂ‘y EQTIECQE&E‘:% 3 Ez)‘fatgﬁpi eherd e

construction of coupler | € "explained. 1n is case, coupler 10
has a rectangul ar devi ce bouyn26iatebnntirgdavianiedy | ehgtimsdiaivei on and a

shorter width dimension. Brahengbly . dgm:eeedativeGals iz dnageniorm to
a standard size for other small surface nount conponents, such as

mul tilayer 30 ceranmic capd®arers According to industry practice, the size
of) a such a conponent is In exemplary embodiments, the insulative

25 layers are constructed of an insulative polymeric
material. For example, the insulative polymeric
material may be a photoimagable polyimide. The
respective conductors may be formed as multilayer
planar conductors, such as by electreplating to an

30 initial layer,

Other objects, features and aspects of the



1 5 APR 2002 9 generally expressed as a nunber "~XXYX," with XX and YY
being the length and width) respectively, in ' hundredths of an inch. A
typi cal size under this practice is 0805. S Device body 26 includes a
substrate 28 of alumna or simlar rigid insulative material. Fo«me&?&l’&me,
substrate 28 may be nmade froma gl azed al um ng A first insulative |ayer
30, disposed above substrate 2A, defines theréin a pair of 10 conductor
channel s. A mai-n line, ot pLddraL ¥yet9BAUGOE 34 bk s voPEWRf the conductor
channels, 1 arid extends 1Egetween termnations A and B. Simlarly, a
secondary conductor 34 fichhisinagéons Raf sdhsdoeiwtiermtiethe dheFlexednds
between term nations 15 Gapd R A sedl I 10CONR: 36 p Wbt LN ngB¥arRe forned of
gl ass, glass-ceramic) alumna or a simlar rigidinsulative naterial, ie

| ocat ed above insul ati ve vhasterrrgodissusesth IpesseEAr mskelt|ReaPYy in Figure 5,

ZO conductors 32 aRd 34 include @ﬁ@%%gyﬁp@i&%%t enddbi,oRs 38 and 40 that
extend substantially in parallel wth one another. The close proximty of
el ongate portions 38 and 40 pr duiHengherarddng stiesl et o et ¥e%€Bpl i ng.

For exanple, elongate 25.p0LtdQRS 3R188GhARhOBREmSRACEERRAITo BYe aboOUL
1.7 mls in a preferred enbodinent. ' It wll be appreciated chat a nunber

of factors will affect tI9é effreay gfcidduldt ithE, 25 nctudichgt e &F&ci ng and

length of elongate 30 porfke&1d81pnG ¢he RREiddie sPatef ifeciBiathahs
utilized in the manufacture of coupler lo, in this ~ ¢~ p, PR 1001 10

case, conductor 32%has a RFYEdagr E2RAEEREH IPC HRYFCEOPPEYIRT FEaI%i | | be
requi red toaccommodat e gr.gafgicd:l ow of current. For exanpl e)conductor 32
may have a width of about 5 mils, w th5conductor 3g havi ng a w dt h of about
3 mls in apreferred enbodi neftSBar: i§ PretrfPARTIR"EC of SFESETIEF I, substrate
26i s appropriately cl eanefowfnd A Bypiser agfliget fdn, $nohias LreGupldrs t hen
deposited over the entire toplOsurface of subst rate 28, pahe .t hin, metal

| ayer isnext etched and SI¥tppe&d BY° FREETTT tREGIAPRI T 8Ehniques 't o t he
configuration of cmnductors 3Rajudte32,1isAaphdspeoeigableew ok ya wedeldrs next
appl i edover the substrate,to a thickn r ef I xceedi m crons,
and nost preferably to at T ckness o ucgc%%u?n %@%@%%%ggﬁe@%ogg?%%e | ayer
is masked and exposed toWrvieghicrand pamiséen tap gafiipted lrdrewivdbeanst.channel s
inregistry with the metal copgdygtog Zigog;ltéj{lg,?ged'rh,ge@xgggeg metal is then
el ectropl ated, preferably to an overal|l conductor hei ght of about25 m crons.
Various netals may be el extrspptitvedopreshte thafiner Fipwed ddvid: EbPper, sil ver
gol d and thelike. SealingLQver 361is REXbefRRLh @OV Sicul PaZasy! face of the
polyimde [ayer.Oten, coupler 10 will be one of manymanufactured in a

| arger sheet. After the |argeFSHEet 4’ & BRrFs-FRITHORaL iV3RY 2% BRYS®

appl i edaccordi ng to knowwisgghnifuess JrCrivdlde Be30appreciated that, in nmany
respects, the manufactureof coupler_ 1D is nade accordjng to }he tlechni gues
1 ~ APR 2Q02 11 described in EFE*patEhf F\B?s%,s%%%‘,"é}éjo ‘aS“’B“ra &f 2-omg

i ncorporated herein by refsieenc®.ofFF{giur@sabA and 6B illustrate alternative
conductor patterns_for a coupler device genl?er al I‘y. 5 as. d(iscrti bed above. In
the enbodi ment of Bl gure 6A, FiFEEScHhAIEL 87 F22VMNE ol Conddtor 44
define respective V-shapes slocengnt=etpaidrioascoh@uentd 48cternsFi gure 6H,

pri mary conductor 50 and secoEdal%%/ gonduc;rgr 92 ¢ afrl ne ihorrtesrw Longate 10
portions 54 and 56. The | onge 1% “al'l €] en'fg‘fhs achi‘eved °n t he "enbodi ment
of Figure 5A generally prom d€stian cendhancedpamephs ngeladtsor. sekisli | |

further alternative is il]lustrated in
regigtor;
30 Figure 8 is a cross-sectional view along a

similar plane as the view of Figure 4 of an



Figure 7. In this case, a resistive elenent 58 is 15 located in series with
secondary conductor 60. Resistive elenent 58 advantageously elim nat e?_ ihe
need for providing a separate resistor 18 (Figure 1) in el ectricgy AR L)
comuni cation with termnation D. Term nation D can thus be directly
connected to 20 ground. It will be appreciated that any of the various

coupl er configurations described herein can be’ equi pped with a simlar

internal resistor. In theeabodinents. discdsser ARANE oL gt,{eeﬁge ive
conductors are located in a common plane 25 on top of the rigid substrate.
Accordi ng to other enbodimsnisleoflayées:i nvention, at |east one of the
conductors may partially or e C - b he ot her
conductor with which it wll \Agg%"lﬁlgep k ugh&teo%%og%ﬁgﬁ??a%sg t ghédvant age of
30 permitting even | ongercopateat |afl Fpantsi Bres Ghhenchceddacten sunfade t he
coupling factor theyeby he ™ 2 HuRe [ to Figures
8-12, one such coupl er 62°f|) ghflﬁr}%gti?%%gdgﬁ%ﬁgggggﬁgl %a}’r?cr“rllggg%g&\g?er 62

i ncl udes a substrate 64 ofordigrivysarartelnsfonmedrthezgPe/ i nsul ative materi al .
In this case, however, a pluraldfy 9§ jROLYARISECsdRIBLAL W Ew | AY @EReAN ©

di sposed above substrate 64. |n particular, coupler 62 includes first

insul ati ve | ayer 66 and sec®ad itsdPatd ¢& Figret 8. It will be appreciated
IO that such a device nmay be ppggeusi NG RhotRkrBgabLEaPl YL e aRyn
repeating the processing steps_descri bed above for each successive |ayer. A
seal i ng cover 70 i30| ocat®prgbbine décbnd@fi Hisrative layer 70. 15 As shown
in Figure 9, the thin netallie;patd et nid ar érdsofedtheniv@isur{Aeaxred
suybstrate 64 defines the entire outline 72 of the pripary conductor as well
as a portion 74 of the setidatincoRateetorFignge;d I%gt‘”r%ﬁ éa‘"?*‘n &¥8tire 10,

t he 20 conduct or channel scédauttssd thnshdn@buye | ayer 66 are generally in
register with the thin netalli¢c pattern. |t i%ouléi be_noted, haqweyer, that
di scontinuities are formed i nFtRECOATcEBrotRARATRIST]TS Saverat™ dtati ons.
Despite the discontifnuiti€sgwidy ifrercancdeciar detwrearedonduchibns timetonduct or
channels of first insulative |ayer 66 w remain i ect.ri )

conmmuni cation by virtue of *117e"t %yr?r(s:olnndl%{& or - ;La% éigﬁ%eng{gr{ﬁf . 8The

di scontinuities in the conductogumdsanmel’s a9 awbssrgkdtnaleviewer 6B provi de
i nsul ated crossing bridges,f.qr,.s thy t 15
A~'~ 2002 13 shown in Fi g%?%qﬂ,%g?ﬁt glgétqsolr9 }){)?%?%%u%gﬂo %ég%%?laﬁi%ﬁsul ative
| ayer 66 crosses the condsetustyrofwitpregnductor pattexns on multiple

20 layers;

Figures 18~-21 are cross-sectional views
similar to Pigures 9-12 in a still further
alternative structure with conductor patterns on

] multiple layers; and
25 Figure 22 is a view gimilar to Figure 5 of an
alternative dual-mode coupler device.

Repeat use of reference characters in the
present specification and drawings is intended to
represent same or analogous features or elements of

30 the invention.



insulative layer 66 without shorting. The particul ar crossing | ocations
78a-c are nost 5 readily seen in Figure 12. Referring nowto Fi gur\(é- m,lgm
el ectrical connection between the conductors of insulative |ayers'66 and 68
is. achi eved through an aperture 80 defined in insulative |ayer 66. In
particular) 10 second insulative |ayer 66 defines aperture 80 at a | ocation
inregistry wwth an end of the secondary 1 cohduct or portion forned
therein. As a result, elect r% gaﬂ%gnﬁee?é : %Eo‘@l‘ %E &g@%égggﬂo&n&%ri;n%m 76 can
be achi eved. Because Figure S n evi ous
figures, the multilayer struétursetefbd hadeortdadtlor sne cifeskdllt he the

el ectropl ating process dgscr.li b an. ily s Fi es 14
through 17 illustrate a %Sfr tthggq P’r%e[e%ein a@le#gaﬁ%zldkﬁean?ggﬁgtpk?gﬁ salsfm' lar in
many respects to the enbeximpgaty inbbdiguenes Gulyhrowghs Idr Thiendedbadi ment
will not be described inyd I i_n J t 1 t hus be readily
apparent to one Sklp| | ed ]l'ln"%tgﬁéé atﬂe. B%ngéﬁtegg%%gégé%gl gﬁ%ﬁ?ﬁgg%% t he enbodi nent
of Figures 9 through 12 lrueatied.emwbick yaadsyr ssperyremed¢mbydigdeihundr ed.
Figures 18 through 22 illysttate 3, coupl.eideyice Z10 in which a multiturn
secondary conductor is predom nant ?’y ocated on the sanme planar |evel 30
with the primary conductor. AsgwteowndizsrEinpakical By ilketxhRies metallic
pattern defined on insul ghifd, 1dSeARR 2002k snvetlihSh dtbord? shorms a
plurality' of interconnects 214a-d. Next. as shown in Figure 19, polyneric

i nsul ators 216a-c l8re fofFymdabvarplinaciont: er Fofhtecsse AFoapest dPel218 is
formed in 5 insulator 21634484 !QCeht Uhebik It S ¥ Wd RradeiRd, of

i nterconnect 214b. Referring now to Figure 20, an insulative polyner |ayer
220 is then forned as de8¢fH BEJ® ARIVEIID CALIRNEe s FPErHUTPEY TFtEBMduct or
channels. As 10 shown, pgj#RiEs CORPMEE Ump2 28: Xt eNerbeiveces dpliFpati ons A
and B. Various secondary |ine i .se%ment s are located to be electrically
connect ed by the intercoffedEsSHEINETCTeS WsitFatEPst 2° the resul ting
secondary conduct Qs 224 kSprpgdste 18heWEctSeidnshigiive 2k, aatehrd=00ps both

i nside and outside of pri maré condyctor 222. In gg ordance with the present
i nvention, devices can also B8 PrOVICAEF t'haT" 1Hhc rff‘S‘Fa T more . than one
coupler in one body. For texampkeondirgepe-t20e? dekigmtedtresra duab-mode

coupl er device 250 that gan be utilized to ;gr&lreallfyoéox%%gg%ei,mgi gnal s at

two different frequenci e$STHIREF T A gnend)a coupler “devi ce 0 1 ncludes six

t erm nati ona (desi gnat edthe FeinAbinsahebesgeamplifiepdendted prgSreontiuct or 252
extends between tepm nat Long, (andrdn: iIMalnPd BREY GRPAGH9LS254 and 256
) R .

extend between term nation pairs A-H and A'-B', respectively.
connected into a feedback loop including a

predetermined compensator 16. Typically, a
resistor 18 will be connected between termination D
) and ground. 1In many applications, resistor 18 may
25 have a value of about fifty ohms.

Due to principles cf electromagnetic
induction, coupler 10 provides cperative coupling
between the output of amplifier 12 and the feedback
loop. The output of amplifier 12 can be monitored

30 in this manner, and adjusted as desirxed. For

example, it may be desirable to ensure that



It can be seen that the present invention provides various novel coupegg)
structures adapted 30 for use as surface nount conponents. Wile M’ rred
enbodi nents of the invention have been 1 ~~ P~ ?002 15 shown and

descri bed, nodifications and variations nmay be nade thereto by those of
ordinary skill in the art. For exanple, primary and secondary conductors
could be located in entirely in 5 different polyner |ayers. Wiile the

pri mary conductor has been_descri ve Ln 0 er of multilayer
enbodi nents, the primary 33‘8%1 ul§tro?§édd§§Pge%e°I %éc%t%aellc'i“ %Krain@épﬁjétrpﬁtayer. In
addition, respective pol geeer!| apersrmmyvdley, 10ugepapateedcdy t@n i nt er nedi at e
pol ymer layer, with interconnection through via, Acc i ngly, it should
be understood that these saegﬁc%tvﬁg}’ ‘(/aarhegt i%(‘)lrclg TF tHe ?%gil%sgé “enbodi ment s
are intended to be incl udedeiwddhisigridie 15 , scope of the appended cl ai ns.
In addition, aspects of the vard i . I I,Ck both in
whol e or in part. Furthernor el?e te%ggnegegpggiog?gé‘?rfngii%%%% ﬁﬁepggglggmnl I
appreci ate chat the foregsi by wesepeqsri vrer sublpagayouftedes@ppPeirérly, 20
and is not intended to be.lLLm ' ft [ ntLan ; h escri bed
in such appended i cl ai rrg:.llr%ﬂl‘:t %to,%\%lf ZgOOZﬂemﬁg?Nr?s%%n?}gaéﬁ%'%' %\'surface
mount coupl er devi ce con@mds? mFeaatarhed Yodpe RAFFARTareFRAEVE our

el ectrical termnations locatad theregn, saidqdavi ceopdyitehkilisng: an
insul ating substrate having a top surface and a bottomsurface; a first

i nsul ative | ayer di®&posecdush saitdateRisurfadelHedsar d-heubR FHEFEEENAE bei ng
formed of an insulative pOLyFey i DBtGHEAL £-oal fhehi E6ternsdlathye | ayer
defining first and second conductor channels therein; a first conductor
situated in and substantiBfdPy fT0el FORFUSAE YR FFREES COMRIRECYYChannel , said
first conductor el ectricalieyespinestffink OationSheriadn S@eOREsgBLAAL I ONS on
sai d device body; a second conductor situated in and_substantially filling
sai d second conduct or chafABEN2ELPY 3EC 6RY TEBAMMREE o HaenG BIU8Et ¥ Cal | y
connected to at | east a tuhied éRipienalo aa amneatsll.devi ce body; and an

i nsul ating cover |ayer disposed above said first insulative.layer, 2. A
surface nount coupler device &3 tg‘gtl]f%dﬂ‘a?ﬁaﬁ’# ST%TP%el,cWél%ibﬁ%gich second
conductor is electricall yimonaestaedodductbive dyramtl boand hietfined patitens on

sai d device body. 3. A surface nt_co . deyi.ce et _far in claim
2, wherein said device bt)kdj;‘/: ﬁ%ssua#afee'astﬂméﬁut g%qrﬁ%n%?ishc?ﬁ’sg? hm%r"%c%\%omand sai d
first insulative |ayer furtlhercewkratng arganicdraendatt orhckiriaenedldsavi ng a
conductor therein egjectrigally,cQanectdetfddatidt andeistt botsgM nations on
sai d device body. 4. A surface nount coupler device as set forth in claim
2, wherein said first cormRpéied nHashi d=s8kon¥aRBnERTOPY | TRilate
respective first and secodael akenpefskkons, said first and second

el ongate portions being situated in parallel to one another_ and _ separated
by a predeternined spaci ng. 5ReRIIHRT RO¥ ROFAEUESUPrer HETREF ™SS set forth

in claim4, wherein said ddnsstudil@nSEeL @RMpBdONGaNA 1PBE tdPDEirRIE In _
substantially straight. 16 1 5 APR 2002 6. A surface nmount coupl er device

as set forth mclafin4, vWHEFefAFSardBisTstC diid L eCGREINEIEngT e pdtt¥ons are
\\A/Ashaped. j d7_. A isurface i?ﬂ@fi&ﬂﬁphﬁor@eri%gaﬁ cﬁ.&&néﬂfﬂ anfm @hf&:_rar_la o
erein said insulative polynmeric material is ot oi magakl e pol yi m de. 8.
A surface nount coupl er g‘é\ﬂ\éeedﬁge@é?“f oFfﬁfﬁrﬁ%&WP'aidﬁl"fe %ﬁg}’&sgligi d at
| east four teimnations aggedotatRafoim TodeSsehdani digdeVicteottzadysmill A
surface nount coupler device as set forth in claim8, v\/n_L rein said device
Hag ™

body defines opposed si deSFAGEE AT opPHSBE iid St iLayer

30 ceramic capacitors. According to industry

practice, the size of a such a component is



10. A surface nmount coupler device as set forth in claim9, wherein said
two of said four termnations are | ocated on each of said opposed side
faces. 11. A surface nount coupler device as set forth in claim iz kppribier
conprising a third conductor |ocated directly above said first insulative.
| ayer, said third conductor being electricallg connected to one of said
first conductor or said second conductor. 12.°A surface nount coupler

device as set forth in clgi r{)é% wher ei saiadn'{‘1 ierrd @ ycr or ? 4
electrical ly connected t 3 & Fout tRPERTIRhAT iHDA N saft devi'td BASFY 13. A

surface nount coupl er devyaeiasg el 1éofibhand wabah mridpedthesri niat | east one
of sai d conductor channeLs eBLned fi n s.aig1 fiAr %t ljr;_iul ati vedl ayer is

di scontinuous to define Ar"Y°E485%° SHe*Rr'§SEi nd BYFdGe 10 Aid thitd
conductor. 14. A surfaceppautiteciupkes. device as set forth in claim 13,
conprising a thin conductive_el enent .exiendin nder . sai d_crpossing bridge.
15.rrpA sur?ace m)unstE coupl er 355f%eeb8gy)s(2test 1]?%1rut%ﬁgian nggtlrﬁ%quf,é)v?ﬁ%]ergi n saigd
first conductor is Ushapetiumité. oA soiizmceigblnhselrygiermadevixle aBoset forth

in claim15, wherein said_second conduct nd.said third_c tor forma
. ’ . b %i% G
spiral, 17 1 5 ANK Zooﬁxi@ciseﬂr?"gbcs‘ér% < ggl rrZ;ysu sTa%aet g’f‘{"‘sal dLllér st

i nsul ative | ayer defi ni nglemifnar stAh dameticingrnl oliganyerhet.ednspos@da fir st

conductor situated in saiag?\;ei rsﬁgz%giraguﬂ'orefﬁ%@n%ﬂégiéﬂgfﬂ{_s&f conduct or

electrically connected to TiITrSs secon erm nations on sald device
body; a second inddl ati veohduospr diteposbal oA aip binelSoxgirdmé¥y.st insul ative

| ayer, said second insul g_g}'la/@ahgyﬂ rde{l nihpd. A cfecand, cadugi a1 ghannel ;

and a second conductor situated in said second conductor channel, said
second conductor bei ng ekedtsitents ypeguereleeninesiens Pedlt Ba third 20

termnation on said devi genbQdyy, aNdeafndRNFUtHaubto LY ef 1113y e dbaposed
above said second insulative |ayer. 19. A surface nount coupl er device as

set forth in claim18, WREBPRIGFOEaFRPTRASUI2RE| PEREY HeEWEF . SeARYELaERRd of an

insul ative pol ymerjsc mat er bgd p20. A Aestlifpcevadunrt GauRl @y Bevismeas set
forth in claim19, wherein said insulative polynmeric material ie a.
phot oi magabl e pol yi ni de. °fgi@ssa(Tlagszcergmic A FlUpinaN DT 2 Axmifgl Tigld A@

insulative material, is located above insulative
layer 30.

As can be seen most clearly in Figure 5,

20 conductors 32 and 34 include respective elongate
portions 38 and 40 that extend substantially in
parallel with one another. The close proximity of
elongate portions 38 and 40 provide the desired
electromagnetic coupling. For example, elongate

25 porticns 3B and 40 may be spaced apart by about 1.7
mils in a preferred embodiment.

It will be appreciated that a number of
factors will affect the degree of coupling,
including the spacing and length of elongate

30 portions 38 and 40, and the specific materials

utilized in the manufacture of couplexr 10. In this
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aJca]calcalca [ NyWo! &(10% ffThd &olyimllde layer is masked and exposed to

UV light and rinsed to define the conductor
channels in registry with the metal conductor

20 patterns. The exposed metal is thén electroplated,
preferably to an overall conductor height of about
25 microne. Various metals may be electroplated in
this manner, including copper, silver, gold and the
like. Sealing cover 36 is next applied over the

25 surface of the polyimide layer.

Ofren, coupler 10 will be one of many
manufactured in 2 larger sheet. After the larger
sheet ig diced, terminations A-D are applied
according to known techniques. It will be

30 appreciated that, in many respects, the manufacture

of coupler 10 is made according to the techniques
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described in U.S. Patent No. 5,363,080 to Breemn,

incorporated herein by reference.
Figures 6A and 6B illustrate alternative
conductor patterns for a coupler device generally
5 as described above. In the embodiment of Figure
6A, first conductor 42 and second conductor 44
define respective V-shaped elongate portions 48 and
48. In Figure 6B, primary conductor 50 and
secondary conductor 52 define shorter elongate
10 portions 54 and 56. The longer parallel length
achieved in the embodiment of Figure SA generally
provides.an enhanced coupling factor.
A still further alternative is illustrated in
Figure 7. 1In this case, a resistive element 58 is
15 located in series with secondary conductor 60.
Resistive element 58 advantageously eliminates the
need for providing a separate resistor 18 (Figure
1) in electrical communication with termination D.
Termination D can thus be directly connected to
20 ground. It will be appreciated that any of the
various coupler configurations described herein can
be equipped with a similar internal resistor.
In the embodiments discussed above, the
respective conductors ares located in a common plane
25 on top of the rigid substrate. According te other
embodiments of the invention, at least one of the
conductors may Eartlally or wholly be located on a
plane above the other conductor with which it will
couple. Such embodiments have the advantage of
30 permitting even longer parallel portions of each

conductor, with the coupling factor thereby
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increased.

Referring now to Figures 8-12, one such
coupler 62 is illustrated. Like coupler 10,
coupler €2 includes a substrate 64 of alumina or

5 pimilar rigid insulative material. 1In this casme,
however, a plurality of polymeric insulative layers
are disposed above substrate 4. In particular,
coupler 62 includes first insulative layer 66 and
second insulative layer 68. It will be appreciated

10 that such a device may be made using photoimagable
polyimide by repeating the processing steps
described above fcr each successive layer. A
sealing cover 70 is located above second insulative
layexr 70.

15 As ghown in Figure 9, the thin metallic
pattern formed on the top surface of substrate 64
defines the entire outline 72 of the primary
conductor ag well as a portion 74 of the secondary
conductor. As illustrated in Figure 10, the

20 conductor channels in first insulative layer 66 are
generally in register with the thin metallic
pattern. It should be noted, however, that
discontinuities are formed in the conductor channel

) at geveral locationa. Despite the discontinuities,

25 the conductors formed within the conductor channels
of first insulative layer 66 will remain in
electrical communication by virtue of the thin
conductor pattern underneath.

The discontinuities in the conductor channels

30 of insulative layer 6B provide insulated crossing

bridges for subsequently formed conducters. As
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particular crossing locations 78a-c are most

5 readily seen in Figure 12.

Referring now to Figure 13, electrical
connection between the conductors of insulative
layers 66 and 68 is achieved through an aperture B0
defined in insulative layer 6. In particular,

10 second insulative layer 66 defines aperture BO at a
location in regisery with an end of the secondary
conductor portion formed therein. As a resulc,
electrical connection with conductor portion 76 can
be achieved. Because Pigure 13 is enlarged in

15 comparison with previous figures, the multilayer
structure of the conductors, due to the
electroplating process described above, can be
eaglly seen.

Figures 14 through 17 illustrate a further

20 multilayer embodiment that is similar in many
respects to the embodiment of Figures 9 through 12.
This embodiment will not be deseribed in detail
since its construction will thus be readily
apparent to one skilled in the art. Analogous

25 elements to the embodiment of Figures 5 through 12
have reference numbers augmented by one hundred.

Figures 18 through 22 illustrate a2 couplex
device 210 in which a multiturn secondary conductor
is predominantly located on the same planar level

30 with the primary conductor. As shown in Figure 18,

the thin metallic pattern defined on insulating
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2l4a-d. Next, as shown in Figure 15, polymeric
insulators 2i6a-c are formed over the
interconnects. An aperture 218 is formed in

5 insulator 216a at a location in registry with an
end of interceonnect 214b.

Referring now to Figure 20, an insulative
polymer layer 220 is then formed as described above
to define a plurality of conductor channels. As

10 shown, primary conductor 222 extends between
terminations A and B. Various secondary line
segmenté are located to be electrircally connected
by the interconnects defined on substrate 212. The
resulting secondary conductor 224 is clearly shown

15 in Figure 21, and loops both inside and outszide of
primary conductor 222.

In accordance with the present invention,
devices can alsoc be provided that incerporate more
than one coupler in cne body. For example, Figure

20 22 illustrates a dual-mode coupler device 250 that
can be utilized to sample, for example, signals a£
two different frequencies. Toward this end,
coupler device 250 includes six terminations

) (dezignated A~F). As can be seen, a secondary

25 conductor 252 extends between terminations C and D.
Dual primary conductors 254 and 256 extend between
termination pairs A-B and A!'-B!', respectively.
It can be seen that the present inventicn
provides various novel coupler structures adapted
30 for use as surface mount components. While

preferred embodiments of the invention have been
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the art. For example, primary and secondary
conductors could be located in entirely in

5 different polymer layers. While the primary
conducter has been described zbove in the lower
layer of multilayexr embodiments, the primary
conductor could be located in an upper layer. In
addition, respective polymer layers may be

10 separated by an intermediate polymer layer, with
interconnection through a via.

Accofdingly, it should be understood that
these and other variations of the disclosed
embodiments are intended to be included within the

15 . scope of the appended claims. In additicn, aspects
of the various embodiments may be interchanged both
in whole or in part. Furthermore, those of
ordinary skill in the art will appreciate that the
foregoing description is by way of example only,

20 and is not intended to be limitative of the

i invention so further described in such appended
|

Ceclaims.
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a second conductor situated in and substantially filling said second conductor channel, said second

conductor being electrically connected to at least a third termination on said device body; and

an insulating cover layer disposed above said first insulative layer.

2. A surface mount coupler device as set forth in claim 1, wherein said second conductor is
electrically connected to third and fourth terminations on said device body.

3. A surface mount coupler device as set forth in claim 2, wherein said device body has at least six
terminations thereon, and said first insulative layer further defining a third conductor channel having
a conductor therein electrically connected to fifth and sixth terminations on said device body.

i
4. A surface mount coupler device as set forth in claim 2, wherein said first conductor and said
second conductor include respective first and second elongate portions, said first and second
elongate portions being situated in parallel to one another and separated by a predetermined spacing.

5. A surface mount coupler device as set forth in claim 4, wherein said first and second elongate
portions are substantially straight.
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7. A surface mount coupler device as set forth in claim 1, wherein said insulative polymeric material
is a photoimagable polyimide.

8. A surface mount coupler device as set forth in claim 1, wherein said at least four terminations are
located on sides of said device body.

9. A surface mount coupler device as set forth in claim 8, wherein said device body defines opposed
side faces and opposed end faces.

10. A surface mount coupler device as set forth in claim 9, wherein said two of said four
terminations are Jocated on each of said opposed side faces.

11. A surface mount coupler device as set forth in claim 1, further comprising a third conductor
located directly above said first insulative layer, said third conductor being electrically connected to

one of said first conductor or said second conductor.

12. A surface mount coupler device as set forth in claim 11, wherein said third conductor is
electrically connected to a fourth termination on said device body.

13. A surface mount coupler device as set forth in claim 11, wherein at least one of said conductor
channels defined in said first insulative layer is dlscontlnuous to define at least one crossing bridge
for said third conductor.

14. A surface mount coupler device as set forth in claim 13, comprising a thin conductive element
extending under said crossing bridge.

15. A surface mount coupler device as set forth in claim 12, wherein said first conductor is U-
shaped.

1§. A surface mount coupler device as set forth in claim 15, wherein said second conductor and said
third conductor form a spiral.
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conductor channel, said second conductor being

electrically connected to at least a third
20 termination on sald device body; and

an insulating cover layer disposed above said
second insulative layer.

19. A surface mount coupler device as set
forth in claim 18, wherein said insulative layers
are constructed of an insulative polymeric
material.

20. A surface mount coupler aevice as set
forth in claim 15, wherein said insulative

polymeric material is a photecimagable polyimide.



