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TECHNI CAL FI ELD OF THE | NVENTI ON The present invention relates to inpedance
transformng elenments, and in particular to an integrategy hireag®sde
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deficiencies of the prior art. In particular, a nee as aril sen ra
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connector segnents
transmission line elements into RF devices such as cellular telephones is not competitive

due to size and cost. Moreover, conventional coupled transmission line elements are not

suttable for use in the desired frequency range.

SUMMARY OF THE INVENTION

Therefore, a need has arisen for a coupled transmission line element that addresses
the disadvantages and deficiencies of the prior art. In particular, a need has arisen for a
integrated broadside-coupled transmission line element. |
Accordingly, a novel broadside-coupled transmission line element is disclosed. In -
one embodiment, the element includes a first metallization layer that has a first spirai-
shaped transmission line and at least one bridg'e segment formed therein. The element also
includes a second metallization layer that has a second spiral-shaped transmission line and
connector segments formed therein. The connector segments provide respective
'conductioﬁ'paths between the inner area of the first and second transmission lines and the
outer area of the first and second transmission lines. A first one of the connector segments

is-electrically connected to the inner terminus of the second transmission line. The second
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Is electrically connected to the inner term nus of the second transm ssion
line. The second 1 24 June 2005 transm ssion |line has a gap at each
intersection with the connector segnents. A dielectric |aygind2@% between
the first and second netallization |layers. The dielectric |ayer has a
plurality of apertures formed therein for providing electrical connections
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a second metallization layer having third and fourth spiral-shaped transmission lines

-and a plurality of connector segments formed therein, the third and fourth transmission lines being
substantially aligned with the first and second transmission lines, respectively,

an unbalanced element having a conductor;

a balanced element having first and second conductors;

a third conductor providing an electrical connection between the conductor of the

-unbalanced element and a first selected one of the termini of the first transmission line;

a fourth conductor providing an electrical connection between a common potential
and a first selected one of the termini of the third transmission line;

a fifth conductor providing an electrical connection between a first selected one of
the termini of the second transmission line and a second selected one of the termini of the first
transmission line;

a sixth conductor providing an electrical connection between a first selected one of
the termini of the fourth transmission line and a second selected one of the termini of the third

transmission line;




transm ssion line; a sixth conductor providing an electrical connection
between a first selected one of the ternmini of the fourth transni ssion
line and a second selected one of the termni of the thirsy )28 ssion
line; 2 24 June 2005 a seventh conductor providing an electrical connection
bet ween a second selected one of the termni of the second transm ssion
line and a second sel ected one of the termni of the second transm ssion
l'ine; an eighth conductor providin n el ectrical connection between a
conmon pot enti al aéﬂ@%@@é@@hﬁf@%ﬂ%@%@e@ﬁ@ 1 gprnegon betieen a sfcopd seledednd
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bet ween the second sel ecte e termni I'rst transm ssi on
| i ne andedohé thingrsissioohdeict or of the bal anced elenent; and a tenth
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wher ei nohdgr thic 'Ee'“‘rhnﬁﬂa? Mﬁﬁﬁﬂrﬁﬁnﬁdsﬂﬁ lﬁ{érmﬂltﬁeeﬁrsﬁcdﬂduétaf bit the Bﬁlaﬁﬁ%élt%ﬁ
spirals outward froman inner termnus; a dielectric fornmed over the Tirst

metal |ayer: a seédwnih ednsestor praviding emelaeiricaleoppestionbemicen thej sqeondeelogied i n
a second, (pf @l o @Y QI o qm&‘?raf?éfﬁ Diindhf] BE5Ldofid cmﬁ{c{%}r%f{l{%% £0Nleme

Fd\%‘ ¥
transm SSi on Flnes |ras out wargsé'rom an 1 nner term nus, 5 erelnlt1
second transm ssi on I|ne is positioned over the first transm ssion line; a

Porming. an Sredfiedan sendebi Beieufon FF ot Beth ruTEnEE or ¢ ne

first teerprAl am@lidd:ne; and a first connector segnent defined in the first
~nmetal |ayer, wherein the fir connect or segnment ext ends fromtgg i nner
terminus of the fAM&H elqca%?ﬁﬂi' §%f}dé‘ﬁtlY€i rRAsnpgsiaviner e fingd inpyErskBgHe Yen and
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from an inner terminus;

a dielectric formed over the first metal layer;

a second electrically conductive transmission line defined in a second metal
layer formed over the dielectric, wherein the second transmission line spirals outward from
an inner terminus, and wherein the second transmission line is positioned over the first
transmission line;

a bridge segment defined in the second metal layer, the bridge segment forming
an electrical connection b_etween first and second segments of the first transmission line; and

a first connector segment defined in the first metal layer, wherein the first
connector segment extends from the inner terminus of the first transmission line, below the

bridge segment, and between the first and second segments of the first transmission line.

According to a third aspect of the invention, there is provided a method for creating a
transmission line element, comprising thé acts of:
defining a first electrically conductive transmission line in a first metal layer,
wherein the first transmission line comprises a plurality of segments and spirals outward from

an inner terminus;
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According to a third aspect of the invention, there is provided a nethod
for creating a transnmission line elenent, conprising the acts of: defining
a first electrically conductive transmssion line in a fissty,Eids | ayer,
wherein the first transmission |ine conprises a plurality of segnments and
spirals outward from an inner termnus; 2a 24 June 2005 formng a
dielectric over the first netal |ayer; defining a second electrically
conductive transmssion line in a second netal |ayer formed over the
dielectric, wherein the second transm ssion line spirals outward from an

i nner term nus, aﬁ;%nﬁ%%{&iieﬂcﬁ %vEF&%Qﬂst%%&ﬂZ?e?Si on line is positioned over
the first transmssio ine;, defining a bridge segnent in the second netal

| ayer, the bri dgedsfagmeasecofidckiingalimcaidactive teamismissivndikeiinn sb@ndestalt he.

first apd second segnments of the first transm.ssion |ine; and fining a

tirst cORREBRORS RS RoRn R el e hosphd BREFRRIODfng seifie iy Tl bt
connect e RaARAE, Y baReen (HeaBtdndardnemasiondinglinpsitined beertthafitstl ssi on | i ne,

bel ow the bridge segnment, and between the first and second segnents of the

first tHARSHFYQTWIR ) ine. BRI EF DESCRI PTI ON OF THE DRAW NGS For a nore

conpl et e under st agdifigl Pbril escPrRACR thd S¥ERY el BRE iRbridgbsbBhedieat ures

and advantages, reference isS now nmade to the follow ng description taken in

conj uncfdroving a4 ¢lectriend comnestipmbstivaen thedirbtragd seqond wegraents eiRIESt1 is a top

vi ew of &Jnﬂgsti&{‘ﬂﬁg'% spiral broadsi de-coupled transm ssion line elenent;

Fl GURE E is a perspec‘%i ve view of a crossover area in the transmssion |line

el ement; Fl GURE 3defirtimga fjist sGurrcr sapmeont avehe difrst tnfetal tlayensmhessin de fifshe

el ement at various stages .of fabrication; EIGIJRE 4.is a.schematjc di agram

of *ht r ettt BEfegent HAER o 1 it Fruis o i st Yk RPREAS: esont

i nvent i BAdge segment, and between the first and second segments of the first transmission line,

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present invention and for further features -

and advantages, reference is now made to the following description taken in conjunction
with the accompanying drawings, in which:

FIGURE 1 is a top view of a rectangular spiral broadside-coupled transmission line
element;

FIGURE 2 is a perspective view of a crossover area in the transmisston line
element;

FIGURE 3A through 3C are top views of the transmission line element at various
stages of fabrication;

FIGURE 4 is a schematic diagram of a transmission line element designed in
accordance with the present invention;

'FIGURE 5 is a schematic diagram of a balun using the transmission line element;

FIGURE 6 is a schematic diagram of a voltage inverter using the transmission line

“element;

FIGURE 7 is a schematic diagram of a current inverter configuration using the
transmission line element;

FIGURE 8 is a schematic diagram of a second balun conﬁguratfon using the

transmission line element;
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" FIGURE 5 is a schematic diagramof a balun using the transm ssion |ine
element; FIGURE 6 is a schematic diagram of a voltage inverter using the
transmssion line elenent; FIGURE 7 is a schematic di agradigde Zoosur r ent

i nverter confrguRa i ' ney: nsAl ssi onyline elenent:. FIGURE 8 is a
schematic di fglgljgam o? Oig al;g%ﬂé%(;hg}%&@ﬁﬁgﬁ; Aubalanged; hﬁ“ﬁwﬂ HFREsHssi on

| i ne el &mapsthissighlifdeléoeat; 2005 FIGURE 9 is a schematic diagramof a 4:1
unbal anced. orHE.r‘ using the transm ssion line elenent; FIGURE 10 is a
schematic di %&gﬂsoi‘ ds A $chsmalsdagama pt Rof e balarged gtransérmer asipgi thei on

l'ine el ﬁ%ﬁﬂﬁi&si&ﬁ%ﬁ .s a schematic diagramof a 9:1 unbal anced
transforner using t g&l%?ér'ansm ssion line elenent; and FIGQURE 12 is a

schemat.i c di #FGUREoL] ds acchada®: iaghialofnCed ddbaRRER! WRhsforkReR fus@ig! @ki ON
using the transm.ssion |line elenment. DETAILED DESCRI PTI ON OF THE™I NVENTI ON
The pr ef@PFRIgsIERHBRFsESE5 208 t he present invention and their advantages are

best unders y errin o ElGURES .1 through, 12 of the draw ngs. Like
nuneral s ar etl:'?ﬁseg'fl (é)(r-:itsl%’ I?éhegrﬁa 1C Biagmant, 8f i ﬁﬁoﬁggﬁ?é mbalaﬁ@ec\-,gppsgwer

dr awi ngsonfifeirgtion wsihgl the frhiddiibsidn life &i8Bemi ew of a rectangul ar spiral

br oadsi de-coupled transm ssion line elenent 10 is shown. In elenment 10, an
upper. transm ssion line 12 primarily occupies an upper netallization |ayer.
A | owner ﬁ(ﬁ' Si-8 LRen 14 _pLiar cupies a lower netallization

| ayer u gat - th HEt DY 8yer. The upper and | ower

net al | i zat i OfTht PyeTePePERbSRRABAB 0F ShdYretert iRl eGl | bes S in
FIGJRE 1). Each transmission |line 1gr’c§el4 ﬁg@ﬁ%ﬂhﬁ%'{@ﬁ%dgﬁ%eg}:@@%} 14a.
From t henésasteed b referring 01PIGURES, 1 thawmight 12208 thesdrawings) Makel Bumddlssqer al s

~inward .nner, term nus 12b, b. At the inner term nus 12b, 14b, each
transmi égs)ﬁdgfﬁrillcn%ldl?frei%ﬁﬁé“géqagéf’%ﬂ'@a"lawus dBWHEEt ed to a respective

- connect or  16Refefring o -FAGEREMOQ! 85 WiewC O ASEARSAS sHR bjrgadside-coupled

transmission line element 10 is shown. In element 10, an upper transmission line 12

- primarily occupies an upper metallization layer. A lower transmission line 14 primarily
‘occupies a lower metallization layer undemeath the upper metallization layer. The upper
and lower metallization layers are separated by a dielectric layer (not shown in FIGURE
1). Each transmission line 12, 14 has an outer terminus 12a, 14a. . From the outer terminus
12a, 14a, each transmission line 12, 14 spirals inward to an inner terminus 12b, 14b.

At the inner terminus 12b, 14b, each transmission li_ne 12, 14 is electnically
~connected to a respective connector 16, 18. In ,one-embodiment, connectors 16 and 18
reside in the lower metallization layer. Connectors 16 and 18 are used to establish
electrical contact between the respective inner termini 12b, 14b and other electrical

~ terminals,

Each loop of the spiral element 10 requires transmission lines 12 and 14 to cross
over connectors 16 and 18. To accomplish this without the use of an additional
metallization layer, a bridge segment 14< of transmission line 14 shares space in the upper
metallization layer with transmission line 12 in a crossover area 20.

The transmission lines of element 10 are referred to as “broadside-coupled”
because the transmission lines are vertically aligned, giving rise to transmission line
coupling between the conductors. Naturally, other effects such as edge coupling between

conductor loops within the same metallization layer are also observed. However, the spiral
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reside in the lower netallization |layer. Connectors 16 and 18 are used to
establish electrical contact between the respective inner termni 12b,
~14b. and other electrical terminals. Each loop of the sppq fineSIepBENnt 10
requires transmssion lines 12 and 14 to cross over connectors 16 and 18.

- To . accoﬁhﬂpmﬁﬁma‘ssmn uestl 2tand 14 sow$ therfrandubissiomniaie conpling tbipzedonomate ayer, a
bri dge g‘c; nt 1 aﬂe#r nsm ssion line 14 shares space in the upper

metal | i zation I'a é}m #¥ransnission line 12 in a crossover area 20. The

transmi Ssi On%mstﬁﬁesebﬁgﬁﬂian]aore@{%ﬁgdlﬁf ﬁﬁxfaﬁghzhﬁ A8 poiNe IS demenupy. ed”

because the transm ssion lines are vertically al |gned giving rise to
transni Eei ¢xamplaea Cmmdaﬂ sﬂwf:;/vehmutaltmg cthedneetdofcx. crivssouerabieys sothhes
ef fects _such as egge co etvveen cond ctor Iqo%pq]vmthl n the_sane

metal | | SRETYRT 153 49> mAvbe QREWSE shape@Ivesisedp edeoooupling ® 005
hane. Ol whath Shes tﬂaasxﬁiego&ﬁn EhietlBydchASGRRGR, | [ N coupl i ng

to predom nate over other undesired ar1 ous s apes other than a

rectangul ar Rpferraig w(i’(i@llmfemas;mripleetnfa)meed effantrodshver s HX&FHRvn. a

"meande shape, elim nat| ng the need for crqossover areas such as
Spaniingaiongineny

Cr ossov cemEHelAsr occipe thesinnge metligtion layes whilge to
‘ dge |
et veon b u%tﬂgfrszo% § bbbl Dgel. | AMRARL Aol OPapM' "

- Cr 0SSOV egpamtesah@vo meslliwation lalegnsm ssion [ ine 12 and bridge segnent 14c
occupy the upper netallization layer while connectors 16 and 18 occupy the

| ower met al | fAZ¥PGesh fargyeating slement b isrillestratsdein HIGMREh ddvihrouglep6rwbas t he

two met gll; f i_n eIe trated
| Fl USRS b RSBl Ear (BLERERS JribrfGaRBh Bl Mt P E o1 2ges
of fabr BAatheqmtameofsﬂneWerRﬁéanrzam la?erFZquRﬁowﬁA M&ﬁﬁ.zaﬁcsﬁ Riyer 2f nfa?e | ower
,metalllzatlonla 22 is shown. Metallization |layer 22 may be, fo

- exanpl-ebe.dor @gﬂé}p %fa layerafalpmings, goldopr anedien spndustive matarial. nMe@alhmon

| ;I\)/ﬁz)? lo: : Fal?i%gr apﬁ u%éﬁ ’te%ggfift e?q’gggl tfc?‘é‘it@m&’b‘&gt ; attg%q%@npqrﬁeﬂ’gdltﬂ SrRate

connect gafsnliGsiaNdinkS 14S kD GAMERNS | B Ahd Segr m%ﬂ L&h%nuohﬁb séraRbhdiRtor
technl gues. Substrate 24 nmay be gallium arseni i con or sone other
' fabncat:on techniques. Substrate 24 may be gallium arsemde silicon or some other
conventional substrate material. | _
- Referring to FIGURE 3B, a dielectric layer 26 is deposited over metallization layer .
22 and substrate 24. Dielectric layer 26 may be, for example, bisbenzocyélobutene (BCB),
‘a nitnde or oxide of silicon, or some other insulating material. Dielectric layer 26 is
- deposited using conventional techniques. Vias 28 are formed in dielectric layer 26 using
conventional photolithography techniques. Vias 28 are formed in the locations shown to
-establish electrical contacts between the two metallization layers.
Referring to FIGURE 3C, the upper metallization layer 30 is formed over dielectric
layer 26. Metallization layer 30 may be, for example, a layer of aluminum, gold, or
- another conductive material. Metallization layer 30 is deposited on dielectric layer 26 and
- photolithographically defined to create transmission line 12 and bridge segments 14c of
“transmission line 14 using conventional semiconductor fabrication techniques. During
"deposition, metallization -layer 30 ﬁlfs in the vias in dielectric layer 26, establishing
- electrical contact to metallization layer 22.

.The dimensions of element 10 are preferably such that each transmission line 12,

14 has an overall length that is less than or approximately equal to one-eighth of the signal
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conventi onal subst rate material. Referring to FIGURE 3B, a dielectric |ayer

26 is deposited over netallization |layer 22 and substrate 24. Dielectric

layer 26 may be, for exanple, bisbenzocyclobutene (BCB), »8iHd sdote or

oxi de o{v Sl N, rpRr t t 26 is
lleﬂl%ﬂ 3 loégln‘ﬁmﬂ &%sﬂﬁéﬁko@l iu(%ll 1 e\gilg¥%w eﬁén%gﬁg Hﬁ éieg%égc t

dep05|te usihg conventional techniques ric

| ayer 26harsiterstics,dmy ndeneralll dplenhinkd byaghanpityioh dinbrbeplag. Lvigeterdl itdk e
formed in_the | ocations shown to establish electrical contacts between the

two et Biefsrabieifgntheadpaired “gddr mpesher dterantaiReoupding (b he mﬁsransslpn ati on
layer 3fi,dSf ﬁ)ﬁ'&ﬁﬂn @ ro\rglJ ?{ eﬁﬁ(ﬁésﬁ'&d l %Vg 8“0%6” Nt el 6}1t 511%'& c%fe v%na? ey

be, for exanple um num ano cond

~mat er i aprophtinl Wizrataspa&t toayetind6r 1‘@@&0%@&1 0Rs ¢§ @imttbltﬁodeésmred% and
phot ol i t hogr aphical |y defined to create transnission |ine 12 and bri dge
segnent theplle of transm ssion i ne 14 using conventional sem conductor

fabri t Du | | t O.5ill i
the vias i UF BREfRery BboRBhertRoBl Pline Fealinchifee e | Glgadchg ' ° "
net al | i Zattb®e doﬁ&zﬁ:lteda% eledh&it 101 rlﬁ'iﬁlb%ﬁﬁ)oﬂifm&nlt B raddhiddich Rheieriaa¢ such

that each transmssion line 12, 14 has an overall length that 'is |ess than
or appr &xvidsh «ifylieguiatons,oa dhskmsgh@fhﬁ@é miceors; @ndl and ogetall Ueegth 06k four

dopenal Moftstey A rismap T fptd B8 Soistsied By gehestir fometithrh hekbesy

t ransm §61.8Mnmickgd@ coupling. In general, it is preferabl e for the desired
"odd node" or differential coupling bet ween the transmssion lines to
predoni nat e Spwal elhmentn i@ snayetie "used o nwedd koowh coroniindevide 'credteds iuging|
propagation with reﬁggct to. ground or "common.te mnal " as is kngwn to

t hose skPVERHoRg| coppled frapsmisiiop fines, surhy o § tuistes P A °°§P‘§fn&Fr§5| rquhe
f d b I n
{hy SueneNarkABIGiR clehit 100 mayHE used 16 &atd yhRRWSlaficka i ufibBced ). | O

a wd
a t hi ckiresgomfier ancbcmeotmdsroltagdlwartmer all length of four mllineters.
Transm ssion Jines 12 e separated by a dielectric layer with a
t hi ckness of f“@uﬁﬁ*@m%%s of ghgse girewif aﬁ‘é‘ﬁ?s e shayn WeFIGLRES & throagh d2.dR0wn

Circul t wilg Ghipict’ €ishbshRi s are represented by parallel inductors. In these figures,

the outer termini of the respective transmission lines are represented, for example, on the

left side of each figure, while the inner termini of the respective transmission lines are
“represented on the right side of each figure. It will be understood that the opposite

configurations are equally feasible, in which the outer termini of the respective

transmission lines are represented on the right side of each figure, whil'e the inner termini
of the respective transmission lines are represented on the left side of each figure

In FIGURES 4 through 12, the upper and lower inductors may represent the upper

" and lower transmission lines 12 and 14, respectively, shown in the previous figures. Of
course, the opposite arrangement is also feasible. In a few cases, more than one broadside-
coupled transmission line element such as that shown in FIGURE 1 is used.

In FIGURES 4 through 12, a “balanced” or “unbalanced” circuit element or set of
conductors is connected to each side (right and left) 6f the circuit device (e.g., transformer
or balun) depicted. An unbalanced element may be, for example, a coaxial cable, so that

- one device terminal is connected to the center conductor of the cable while the other

device terminal is connected to the (grounded) shield of the cable. A balanced element




conventional coupled. transm ssion lines, such as a tw sted pair of coppe
wres. For exanple, spiral elenent 10 nay be used to create bal uns, '
bal anced and unbal anced transformers and current and volipgge duggrters.
Various exanpl es of these circuit devices are shown in Fl GURES 4 -t hrough
12, in T bh feoexarerles 2 Ayvisteds Baib Of IcopRsE Wires. r e coumsecethes byancgd | aad
indUCtO%ﬁbﬁﬁﬂFﬁgﬁﬁﬁtégﬁﬁﬁﬁ§na gévg uter termni of the respective

- transm ssion lInes are repregénte , for exanple, on the left side of each
- figure, whil aVitithe forpbingaixplanaticd intrhigd) ths ROas guetidisTFIGEIRESY thr are
represented on the right side of each figure, It will be understood that

the oppdsiarescicomamglara Refeoing i HIGURY §, assis mwemissonulnccteroan suuas:
Side of B BrlsErBECHRY e B TEPIG b0 s SRV L e s T o

transmi %ﬂt@%h-ﬂnb&ﬁiﬁ%%ﬁi RS 3heWn Oth FIBURE A, auftenOhvadng chafpirfiohn
roug

FI GURES 4 t 2, the upper and |ower inductors may represent the upper
and | owd$ shoveams i EEGURE! §,ne second datinlcbnfigeapen tis shiwn. dhEFWOURE 9,teedir evi ous
figures. cqurse, the 0si ment .is also feasible, In a few
cages. * ePRed eimisiys Shht. bIHRERE AL heafiamsRERer s an oo as
- that shqugURE IT{ GRE] LiribalaHe&H trahdloril P ERoGn! NP ¥IBURS 18, ahrlaaceqd” or

- "unbal anced” circuit elenment or set of -conductors is connected to each

“si de (rivghbalagoed thambformef comfiguratiaruist shdemi ¢ Eale of .theser configurations may Heal un)

depi cted. An unbal anced el epent may be, for. ex | e,, a coaxial .cable, so
that  orfE°HEVISHE e GHTRRIF SPUAlIeRets Bighias Spirel SEREU0C SIS YRUGHS Ao cabl o
whil e t 3 M ] ' n : shiel d of
the cabl Smtiafons ST RILREIR R bl eyl A5EERRA D uhige sflEpHIiEd, Th 01 € ¢
tw st ed pair Adfhoagiperprasene invefifiorcandrisscadvahiages vk deeredesaribed inndeadikiitced
~circuit el nts may be used., Wth the foregoing explanation in mnd, the

e,
conf i qurtaeyigrke wpdeptendribat yarigps, ghanges, substpudens; apgd Aligraliops gan kemade ng to

Fl GURE . j Ot 0, 5G| e o LeV]
desori banPn Shdu depatEE e B S Tebhe SPEAE Aol oy BRI e
vol t age-dppeeiet clagmgonfiguration is shown. In FIGURE 7, a current-inverting
configuration is showmn. In FIGURE 8, a second balun configuration is
~shown. In FIGURE 9, a 4:1 unbal anced transforner is shown. In FIGURE 10, a
- 4:1 balanced transformer is shown. In S




FI GURE 11, a 9:1 unbal anced transformer is shown. In FIGURE 12, a second
9:1 wunbal anced transformer configuration is shown. Each of these
configurations may be created using one or nore spiral ebpemmeatzosuch as
spiral gl Rt 10. O her variations and conbinations of these el enents may
be reaery—cmn ceived by those skilled in the art. Al though the present

I nvent i-We dlsieh:i t s advant ages have been described in detail, it should be
under st ood that various changes, substitutions, and alterations can be nade
t her ei nlwfth7dUt ceprising:ing fromthe spirit and scope of the invention as

defined by t d glaigs,. 6.24 June 2005 I W .cl ai | A bal un
conpri si né: g%f ﬁt%@%ﬁlﬁgﬁanﬁ?%eaﬁ%dﬁg ﬁ%ﬁ?&ﬁéwqeﬂ”ﬁ%:é@%%ﬂ%mﬁes’

spiral - shaped tthafsias®sdBnd irftRfnissidn ek leh& haAfh ﬁ?&@&%ﬁﬂnﬁi&%ﬁh%ﬁi on lines
each having an outer term nus and an inner termnus; a secon

metal | i zati on |iByertenmigusg third and fourth spiral -shaped transnission

~lines and a plural,it f connecjior. s nts. fqormed, therein, the third and
fourth t rangﬁ?cfgfl&e‘?lﬁ%’songﬁ@ﬁﬂ%véw _I&reé’ﬁdéﬁ‘f‘g? spir3}-shaped rasmissied nner

termnus, the ifkhgd aﬂﬂuilﬁybfébnhéﬁaﬁwﬁﬁéhﬁfroﬁﬁéaﬁﬁeﬁéﬂ,&%tﬁi&?@{dﬁf%@' 'y

aligned with the first and “second trafismssion |ines, respe
unbal anced el ertemsmissionripescachbdviog an puter kamincadd ah anenterdiaus,nge f i rst and

~~ second conductogs; a,third conductor providing an el ectrical connection
bet ween t he coﬁéﬁ@f“?ﬁ‘ }.Wli‘tt?‘?@smlﬁﬁ% pesInesubsentiallyalisaed vith thedpleanded one

of the termni s%oﬁdrl?angn'ié%fonlﬁﬁﬁ?%sﬁi:%g{e line; a fourth conductor

providing aft electrical connecti en a common potential and a first
"sel ect ed oneawénbaimcedeleinent leivingaecontiucter; t ransni ssion line; a fifth

conduct or pr Oﬁi di n n el gct,ri cal connection between a first sel ected one
of the ternf Rtlapsedshement bayine firss aadhsesendeendugtorsind a second sel ected one

- of 't h:e , a third .cond_uctor providing an electrical connection between the conductor of the
unbalanced element and a first selected one of the termini of the first
transmission line;

-a fourth conductor providing an electrical connection between a'common potential
and a first selected one of the‘tefmini of the third transmission line;

a fifth.conductor providing an electrical connection between a first selected one of
the termini of the second transmission line and a second selected one of the
termini of the first transmission line;

~asixth conductor providing an eléctrical connection between a first selected one of
the termini of the fourth transmiséion line and a second selected one of the
termini of the third fransmission line;

a seventh conductor providing an electrical connection between a second selected
one of the termini of the second transmiésion line and a second selected one of
the termini of the fourth transmission line;

an eighth conductor providing an electrical connection between a common
potential and the second selected one of the termini of the second transmission
line;

a ninth conductor providing an electrical connection between the second selected
one of the termini of the first transmission line and the first conductor of the

balanced element; and




termini of the first transmission line; a sixth conductor providing an
~electrical connection between a first selected one of the termni of the
fourth transm ssion |ine and a second sel ected one of the24 gHag2ogys of the
third transm ssion line; a seventh conductor providing an el ectrical
connecti on bétsiB sordusis prryidiag ar elsetricyronpectiondetvescnithy seond $edectastc ond

transm ssion |i C .one of t termni_ of the fourth
transm ssion | iér}ge; (ﬁgﬁe %@ﬁﬁ%ﬁ@t‘g%@%ﬁ%&ﬁ Pienad"dgﬁe %chrg{i F?%@Fm&?ﬁﬂ’é"ct i on
bet ween a comroalanzed ertriecat. and t he second sel ected one of the term ni of
t he second transm ssion |ine; a ninth conductor providing an electrical
connecti on between the second selected one of the termni of the first

transm ssi ' . the fi.rst conductor of the balanced elenent; and 24
Aot g 3

June 2005 PBIF#Fng an el ectrical connection between the
second sel ecldifstltidally@ndwivé HhnsfisddiLlndidthell AN Bt St e and the
second conductor_of the balanced elenment. 2. A transmssionine element
conprising: a fwhereindhe irst ireagnhigsiomn ik eanprises r phaatity of segntenicandeapirakd in a
first netal |ayer ereinthgﬁfi.rst transm ssion |ine conprises a

plurality of seQH¥ATSIURATIMEE IHQINYS ¢ ward from an i nner terminus; a
dielectric f@"di@@ctﬁc‘!ﬁfmfeﬁ%v&itg§ﬁrs@'ﬁ§?ﬂ lz{y@y;er; a second electrically

conductive transm ssion line defined in“a second netal |ayer  forned over

t he di el ect r iasecondelesincalli eonbdrbneltrsmsanssidrs Bncodefined in ©picond metal daylevar d

froman inner tgrmnus, angl wherein the second transm ssion line is

posi tioned ovelPTPRLOYSE g dieleginevherein the serond frapsmispien Hegyshirels eltwarkd i n

- the second net iRlsl SREw ] n:..efectrical
connection bet %%ﬂr}ad?ﬁénsﬁr%gﬁn ss’econdﬁfggqrrg%%%%@@%gﬁ %‘?ﬁlfe lj‘isrp 3%§%n%dsi on

line; and .a fiowr thedisetcansmissiogrime; defined in the first netal |ayer,

,Wnereinthefir%t .
o a bridge segment defined in the second metal layer, the bridge segment forming an

electrical connection between first and second segments of the first -
transmission line; and
- afirst connector segment defined in the first metal layer, wherein the first
- .connector segment extends from the inner terminus of the first transmission

- line, below the bridge segment, and between the first and second segments of

the first transmission line.

. 3. The line element of claim 2 further comprising a second connector segment defined in
the first metal layer, the second connector segment being electrically connected to the inner
terminus of the second transmission line, anid wherein the second connector segment

.,extgnds below the bridge segment, and between the first and second segments of the first

fransmission line.

4. The line element of claim 3 further comprising an electrical connection between the

-second connector segment and an outer terminus of the first transmission line;

3. The line element of claim 2 further comprising an electrical connection between the

first connector segment and an outer terminus of the second transmission line.




connector segnent extends fromthe inner termnus of the first transm ssion
1ine, below the bridge segnent, and between the first and second segnents
of the first transmssion line. 3. The line elenment of chAlwhe2dorrt her
compr ! SENTna iRl eRAM ARG LATRE firdl RbhafieibMind Minbddesbn BRER! | Ve,

t he second connector segnent beling electrica ?y connected fo the i nner

ter m nuierwinus lhed §ecoomhditranmsistien ilna compeisesanburds egraiinust gl whaeindt connect or
segnment , _exten hel ow t he bridge segnent, and between the first -and second
segment 2N % the IRRST terpind, ar onied fesmintjare.coupleditngrouide el ement of clai m 3
further conprising an el ectrical connection between the second connector
segnent and an outer termnus of the first transmssion line: 5. The line
el ement 7ofThe lia¢ elethehitufichedin Twhgreinsd 18ggth b f Heaetdridatdnsmivadine elcbethween t he
first connectqr segnment and an outer term nus of the second transm ssion
line. 28T apRRXIDGISLY eqyal toipuetcighth af wavelergth of apignal zeagined dyrihe Hee
first-tpapsp ssion line conprises an outer termnus and the second

transm ssion |line conprises an outer term nus, and wherein at |east one of
the.inner termni or outer termini are coupled to ground. 7. The |ine

el ement of claim2 wherein a length of the second transmission line is less
t han- of- 3ppliokFlemest of cizim=) whereinrthe 6rsgrahsmiksian ling andthgsérond a si gnal

i : - | t. 8. T [ | t of claim2 wh in th
trrer "t ity nd Fe B B Hea sattli shefriuiuff B8 ofmefofindioss g, " '
- el ectri elttrivalGienit asla 541GH, d Wlagd Hvelitr)8 cRirEiBMeriet 0t hilisfohieran €l ectri cal

circuit as a balun, a voltage Irnverter, a current inverter, or a

. transformer. -9. A nethod for creating a transmssion line element,

- conpri shyng t ts_ of. efinin first electrically conductive
transni g’s?‘p’ﬁgﬁf’ﬁgmicﬁca&nw ‘?{'5%?1&? ?‘Psyfsme“wqamvﬁﬂsﬂ@ ¥t transmission
- l'ine conpri sasfifingh Bt blektficAlly SRAUBNSrARMISRIN1fleIn attbRdta JS fem an | nner
termnus; formng a dielectric over the first meta11 | ayer; defining a
'second el ect ri cdhargin Sherfirattringmissicanise comiprised a plardlity af sgmend amd spitals ayer
. formed over the gﬁivel Zfo”i c, Wherein the second transm ssion |line spirals
outward. from ANVHASTD 8 MPFLUE™IINS wherein the second transmission |ine

1's positionegrming a dielectric over the first metal layer; .

defining 2 second electrically conductive transmission line in a second metal layer o
formed over the diclectric, wherein the second transmission line spirals outward
from an inner terminus, and wherein the second transmission line is positioned
over the first transmission line;

defining a bridge segment in the second metal 'layer, the bridge segment forming an
electrical connection between first and second segments of the first
transmission line; and

defining a first connector segment in the first metal layer, wherein the first

- connector segment extends from the inner terminus of the first transmission

line, below the bridge segment, and between the first and second segments of

the first transmission line.

10. The method of claim 9 further comprising the acts of: _
defining a second connector segment in the first metal layer, wherein the second
connector segment extends below the bridge segment, and between the first and

second segments of the first transmission line; and




over the first transm ssion line; defining a bridge segnent in the second
metal |ayer, the bridge segnment forming an electrical connection between
first. and second segnents of the first transm ssion |ineq apd@eki ning a
first connector msnt lntbhe fi rst metal |ayer, wherein the first
‘connect or se'&J é‘ﬁﬂ%tmfgr FrieRRA FOIREFLOT saemeRtite the inngetermings of thansmi ssi on
| i ne, bel ow thgeg;ddq%ﬁ%;@mm and between the first and second segnents
of the first transmssion |ine. 10. The nethod of claim9 further

conpri SI ng the acts of defini ng a second.connector segnment in the first

met al e C connect or segnent extends bel ow the bridge
‘segnent , . m@&m&g 1% lﬁefl'“’st eré’ﬁ@”%‘é&&?d’cé@gi’@md@&ﬁn qlepsrigal r st

transm g&ineetidn Bew t he second
connect or sebnent %%qﬁﬁge%ﬁﬁéy&%g%%g%ﬂn&k gﬁ ‘% #e&ﬁéll t%rmgaﬂf ?ﬁtﬁqg sion |ine.
11. Thetramsphigsibrolinec| ai m 10 further conprising the act of providing an

electrical . connection between the second connector segnent and an outer
term nus of the first transnission Iine 12 The net hod of'clain19 further

t t t he f t
Connoct or TagRelsl of ol O b oBbERESAd i BraSuitan SParioldeiaion  ne. -

'13." Thebetéthe dirstebabettdt sbg:h’&:ﬁt%d@ﬁﬂiﬁfet fenmmirsmt&%cﬁfd melmgsia 1&.196 first
transm ssion line and the second transm ssion |ine such that- I ne
el ement functions in an electrical circuit as a balun, a vol tage i nverter,

. 2 tr ansf . Th n | 9 furth
2 Curt oS, SHMGLHGH of i o {ORS BiBlng i s el o epn e
length lissamdithesecond apnesioR ik mcﬁmlthé&eoa&n&it@mé&o% ifan @Yot h of a

signal to be received by the line elenent.
‘ circuit as a balun, a voltage inverter, a current mverter, or a transformer.

14. The method of claim 9 further comprising the act of forming the second transmission

line to have a length less than or approximately equal to one-eighth of a wavelength of a

signal to be received by the line element.
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