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(54) Title: INTEGRATED BROADSIDE COUPLED TRANSMISSION LINE ELEMENT

(57) Abstract: A novel broadside-coupled
transmission line element is disclosed. The
element inclodes a first metallization layer that
has a first spiral-shaped transmission line and
at least one bridge segment formed therein. The
elernent also includes a second metallization layer
that has & second spiral-shaped transmission line
and connector segments formed therein. The
connector segments provide respective electrical
- conduction 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 transmission line
has a gap al each intersection with the connector
segments. A dielectric layer lies between the first
and second metallization layers. The dielectric
layer has a plurality of apertures formed therein
for providing electrical connections between the
second transmission line and the bridge segment(s)
of the first metallization layer, and for providing
an electrical connection between the inner terminus
of the first transmission line and a second one of
/ the connector segments. The element is realized
16 18 14 ) in an integrated circuit environment, and may be
' used to creale various circuit elements such as
5 baluns, balanced and unbalanced transformers and
current and voltage inverters for operation at high -
frequencies,
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" 24 June 2005 | NTEGRATED BROADSI DE COUPLED TRANSM SSI ON LI NE ELEMENT
"TECHNI CAL FI ELD OF THE | NVENTI ON The present invention relates to inpedance
transformng el ements, and in particular to an integratemh
coupl ed transni ssion | i neweDROR WCﬁq}JN'IﬂﬂMﬂllMlﬂlIliiﬁllImHMIlmﬂﬂﬂlIIIHHIIIHIIHIHI[[Iﬂf
tw st ed pal rs—of COppeET W T'ES to—torm cotupret—TtransSTSSo—TtRe—EereentsS
is well known. These transnission line. elenments nay be used to create
baIuns’”HﬁL ﬂ%ﬁﬁ and unbalanced transfoﬁnewémand%%ﬂgifn@manﬁmvGﬁvaqg;;”
inverters.,, B £ >, MSe..of vefitf Cofeagh IPReFEnS @8 At s
are pr eserg ar!d Iojgiepubiﬁébﬁ ”¥eﬂ-ém' ojggcﬁ% * B Fﬁmég ;gf,l&-
Pr oceedi N@G&en@hent he (Instltute d|o Engi neers), voI. 47, pp.
1337-1342‘(Aug..1959) whi ch is incorporated herein by reference. These
transm ssion line elenents are typically found in fornms that are useful in
frequency bands through UHF. The use of such- transmission line elenents in
integrated circuits such as RF power anplifiers and | ow noise anplifiers
t hat operate at higher frequencies is desirable. -However, the
i ncorporation of numerous off-chip devices such as these conventional
transm ssion line elenents into RF devices such as cellular tel ephones is
‘not conpetitive due to size and cost. Mreover, conventional coupled
transm ssion line elenents are not 'suitable for use in the desired
frequency range. ‘SUMVARY OF THE | NVENTI ON Therefore, a need has arisen for
a coupl ed transnission line elenent that addresses the disadvantages and
deficiencies of the prior art. In particular, a need has arisen for a
i nt egrat ed broadsi de-coupled transm ssion line elenment. Accordingly, a
novel broadsi de-coupled transmssion line elenent is disclosed. In one
~enbodi nent, the elenent includes a first netallization |ayer that has a
- first spiral- shaped transm ssion |ine and at |east one bridge segnent
fornmed therein. The elenment also includes a second netallization |ayer
that has a second spiral -shaped transm ssion |line and




connector segnents formed therein. The connector segnents provide
F espective conduction paths between the inner area of the first and second
transm ssion lines and the outer area of the first and s2Coj F008Nnsm SSi on
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the inner termnus 0O e second transm ssion : e secon 1 24 June
2005 transmssion line has a gap at each intersection with the connector
segnent A djelectric layer lies between the first and second

net al | i ENYENTION ayer has a plurality of apertures

formed therei ' oyl i P Ll | ons,; bet n, the .second
transm ssi on 'I:ﬁle gésg[ﬁd&ﬁ?gb@??lg%gﬁ)sléﬂ %eair’]‘l"%gﬁ}’ﬂgf%?ﬁé e}ﬁe eé’l%lgl}da{ni poaﬁmfsui er, .and
for proyadimerated bioaddidé calpledarumemission rtefnamet he i nner term nus of the
first transmssion |ine and a second one of the connector segnments. An

advantage of the invention is that a coupled transm ssion |ine el enent may
be real 'Bzfémﬁm'ﬁfeﬁﬁﬁtﬁﬂ@'@@ﬂt environnent. Anot her advantage of the
present ' nt may be used to create various
circuit el enaheussotviasd PatsTeoppdratirdas o ChupRaata8aRdoh 1R SlefeAR' S
power splitters, conbiners, directional couplers and current and voltage
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second spiral-shaped transm ssion |ines, the first second transm ssi on
| i nes e&and Haansfymers, bOtaseedingsnafivhe IRE dIratinite\forrRddér Bugineers)a vebdanpp.

-metal li | er I ng.third and foutth, spiral -shapged transm, ssion
| i nes éﬁ#i&b’% %%'i@?ﬁﬁ%%%lﬂcﬁm’%"é RS PoFEanh el BFSE, Tans@isionr d and
~fourth Uih@@ﬁ:iﬂeﬁ&!a?@ty?:ic@ﬁ?f&ﬁﬂ@ﬂ forfi$RRitand bRkl ﬁkg&ﬂeﬁbquts Mﬁg}]{mﬁ@.t and
second transm ssion’lines, respectively, an unrf)al nced el ement®having a
conduct or; a Theluanoksichlteremissioalinagldnentt inanegmestiorirtuite nubthcis®B powert hi r d
conduct or Exr oVi didu? an el ect ri.%al onnecti on between the conductor of the
 amplifiers’ and Jow noise amplifiers that operate at higher frequencies is desirable.
However, the incorporation of numerous off-chip devices such as these -conventional
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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unbal anced el enent and a first selected one of the termni of the first
transm ssion line; a fourth conductor providing an el ectrical connection
bet ween a common potential and a first selected one of theshyrags of the
third transmssion line; a fifth conductor providing an electri cal
connection between a first selected one of the termni of the second

transn gah@iisdibNBnsd a?ga?@ﬂ? ea% iARHBEIBtWIN fheQonhdi@ord BEMEMS. AfdidIBAHET T St
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conductor “providing an electrical connection between the second sel ect ed
one of inventiay iithat thefelementmmyrhe usedivswpale venousicireuih algments syetarwlesnduct or
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wherein, the fir transm.ssi on |i.ne .conprises .a plurality. of segments and
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met al | a¢sientsa second el ectrically conductive transmssion |ine defined in

.a second netal |ayer forned over the dielectric, wherein the second
transm ssion line spirals outward from

According to a first aspect of the invention, there is provided a balun comprising:

a first metallization layer having first and second spiral-shaped transmission lines,
the first and second transmission lines each having an outer terminus and an inner terminus;

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;




an inner term nus, and wherein the second transm ssion line is positioned
over the first transnission line; a bridge segnent defined in the second
nmetal |ayer, the bridge segment forming an electrical coppggld sapsbet ween
first and second segnents of the first transmssion |ine; and a first
connector segnent defined in the first netal |ayer, wherein the first
connector segnent extends fromthe inner termnus of the first transm ssion

line, below the bridge sn%ment and between the first and second_segnents
of the first trangifedtloepndpeier prA@@m&ﬁm@eqtecqi copfiecon between opecppd selected
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transm smoodtﬂanmsaﬂnnanél rst nmetal layer, wherein the first transm ssion
line conprises a plurality.of se nts a hrals outward from an i
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net al Iayer f ormed, oy he dielectric, wherein the secon%ﬁesr ans sie(()ln
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term nus of the transmssion |ine, belowthe bridge segnment, and bet ween
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pr esent elefégnNdédnitisapd f or further features and advant ages reference is

~now nade to the follown _descrl(fotlon taken. in, copjunct
a first elecfrically conductive transmission line defined 1 111 a ﬁrst metal layer,

wherein the first transmission line comprises a plurality of segments and spirals outward
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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wi th the acconpanying draw ngs, in which: FIGJRE 1 is a top view of a
rectangul ar spiral broadsi de-coupled transmi ssion line elenent; FIGRE 2
is a perspective view of a crossover area in the transm ssjggnd bt
el ement; FI GURE 3A through 3C are top views of the transmssion |ine
el ement at various stages of fabrication; FIGURE 4 is a schematic di agram
of a transm ssion line elenent designed in accordance with the present
invention; FIGURE 5 is a schematic diagramof a balun using the
transmssion line elenent; FIGURE 6 is a schematic diagramof a voltage
I nverter .using th%ﬂ%ﬁ?@f@eﬁﬁﬁﬁ%%#ﬁh@ ﬁr?tln‘?é{ﬁrlﬁ erd | QURE 7 is a schematic
di agram of a current 1Thverter configuration uyl’ng the transm ssion |line
el ement; FlI GURE 8déftning & sdvend tlectrigaliygcaniuctvearasminsntieun a sevhil gnatalt i on
using t 0 ne.2005 FIGURE 9 ..s a
~ schemt Paef%fogaP S Rglee SheRobtsdPrd fariiud i wiR et on
l'i ne el gaenterminkSidnE wirdis IR ssedidBinsmisdioadinam pdsitondd dbvérahafined
transforner usi nlg the transmssion line elenent; FIGURE 11 is a schenatic
di agr an{t@®snysssemlingapal anced transformer using the transmssion |ine
el ement; and FI GUpky b Bri@eSEPRIRL inGhiRBAAMEeRl la"j’fels%%}fh ds al anced
transforrrer_ configuration using the transmssion’line el ement. DETAILED
DESCRI Pfarmingsm degricaloonertive tfeepn Gedirstand spasodispmments of the st pr esent

i nventi RQns%ﬂgsiM]ﬁﬁer; a&gvant ages are best

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

- connector segment extends from the inner terminus of the transmission line, below the

bridge 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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~understood by referring to FIGURES 1 through 12 of the draw ngs. Like
hunmerals are used for |like and corresponding parts of the various

drawi ngs. Referring to FIGURE 1, a top view of a rectangubflyreProos!

br oadsi de- coypheRE bl 11S.S4 ] e 10 J how. In el enent 10, an
upper transmg:gdgi on il%(rahsgg Sﬁ?rrde#rlé}ﬁly %ﬁgﬁﬁpli eusn%%lﬁg%%pg?“smf I“F’?ﬁt‘ig‘Bn

| ayer. Mahsmsion lineekireat;on |ine 14 primarily occupies a | ower
netallizatio r .underneath the upper netallization |ayer. The upper

and | ower rre% 543%%&980‘5 3 sohematig, diagrama phae i 1phalanesdetransforiner lusipgrthe not

shown i gafdfdefEn 1ide el N transmi ssion Line 12, 14 has an outer term nus
12a, 1l4a. Fromthe Sﬁﬁg{ﬁ@term nus 12a, 1l4a, each transm ssion |line 12, 14

spiral s i nwaF#GUBEab] iisiaeychemsitid 8isgrah?bf al94. uralahB& traRgomie WiingUe 12D
14b, each transmi.ssion line 12, 14 is electrically connected to a

r espect FEaSTRISHRR Bpg Flemgnt, avd | n . one enbodi nent, connectors 16 and 18
reside in th |ization.l ayer. .Connecto 1 nd 18 are used to
establish e édé% r cé?%%gintsg%?m%lgt% RE % é?ﬁ@ét#ie‘“? fed Gppsformer o,

14b.  andomfifieation] wirig the Bhnsniisyion idé dembAch | oop of the spiral elenment 10
requires transmssion lines 12 and 14 to cross over connectors 16 and 18.
To acconplish this without the use of an additional netallization |ayer, a

| i Zatton | - anSTHSSHOR 1 12 in a crossover area 20. The
transni ssi onThé peferdéd B‘d&ﬂﬁent%%f%ﬁ@p{eﬁéxﬁﬁxf\%ﬂﬁ&?m%thzfl?r'%%ﬁ;ge?a?@ﬂ? jed”
because the transm ssion lines are vertically aligned, giVi rise St,o
transmi 48dst00d by refening onBGIARER dnthrdughciohofitheatrawinst Wikd hymeralshas

_effects edge coupl.ing between .conductor |oops within the sane
nmet al | i'%aﬁﬁﬁgﬁﬁ?%?%?coﬁép ndng 8t thegan PWIESt he spiral 3 24 June 2005

. shape of traRrefssd @ HIGORE 12 a2 A \ ttae%’ 11S.51 line coupling
to predom nate oﬁger ot her u_ndesila,ge% ef{)gg}tl%: ri%%gélgsphbz%éedsgﬁgtcﬁg?e han a
r ect angtrpRgmishHon dine sherpant dileisphesinb| b Elemenl ¢0Ea upPer rIMMIRIATIME12 2
"meander. . shg}oe elimnati nl% tne nee?l for crossover areas such as

- . primarniy 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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crossover area 20, nmay be used. However, the nmeander shape gives rise to
edge coupling effects which detract fromthe transm ssion |line coupling-

. between the conductors. Referring to FIGURE 2, a perspectsyguns ®iysof a
crossover area 20 is shown. Transmission line 12 and bridge segnent 14c

- occupy Shipe gppasmissicen linesd2iand 1k allews divi transmissimdittecnosplirg tarpdedbSinate upy t he
| ower g arl I}i1 zat i on éa&er. A dielectric layer (not shown) separates the
two net al ooy PBIesired giects. o process for creating element 10 is illustrated

in FI GURES 3RafitMisOsHaBes3btheMAh & rek hre¥iraP Sh&leCATE Possitle Fr MBhERUR, St ages

of -fabrication are showmn. Referring to FIGURE "3A, the pattern of the | ower
met al | i Fex iesamplay ar “eanider”s bapn, elaineking zthe i meed| foyecroSdveragreahsuch as
example, a I'alyer @r_al ugi nu ol d, oy another_ conductive materi al..
Netal | SEETOYRr aPa g0 may b Usede S ey e $hip @vesiseig edge coupling
phot ol i bf18s #Rfth Getrkot (A R REIsof IRRbGpInE BAAMEN thOBdhdt6rs1 4 and

SEm uc a

connectors 16 and 18 using conventiona on or rrcation

t echni ques. Refegingte FIGURE 2ha mpadpectiva aiese bf decrosidver area 0 §0sywat, her
convent jonal .substrate terial. Referring to FIGURE 3B, a dielectric |ayer
26 is dépBEmissien wrl%ﬁm&eaﬁeg@ﬁml Heeqccupy therupper Bigialigation Jayepwlilect r i ¢

| ayer. 2 ey f ' 3 ng { o It LI de,or :
- oxide o OSI Fﬁogsglnﬁ,:Lg[;1%W%?ﬁzépkﬁlﬁ@%g%ﬁ%&%#%r”gé%g&%%faé%rt f’ﬁ:g og.g%r 26 is

- deposi t sgparmésiife anmetillizatioh ldyeshni ques. Vias 28 are formed in dielectric
| ayer 26 using conyentional photolithography techniques. Vias 28 are

formed in t h& Nrecess fgrkeating wiemept 1@ isilpstrated w HGURBSBAdoengle 36, Wearaeen t he

two met gll; ' { ' FE _3C. the er lzation
| ayer abm HEPE bEAGHBNEI s HFiol b Jralncaiii afcindvy R SRe FEDBORE my
be, for3Axarniaeerncofl thy d6wer matallizhtivnMay&ol s shbwnaﬂqbﬁﬁfzaﬁ&mi?@ 2V fia

~material. Metallization |layer 30 is deposited on dielectric [ayer 26 and

- phot ol i P&dgF emniaa pyersriahsainuw, epldagrancthen sondustiye material. 1 Megaldzation dge
TNttty O AbbAIATLEY Bk S AR BRI IR |,
the vi agahdiiediél aiifer 18 by Qondéetore SIERLE S8 NGine | RalértoRl S@Rfcafductd?
~netallization layer 22. The dinmensions of elenent 10 are preferably such
t hat - eaf#bncatipns teichriques. | Substiate 24 may be gallium arsenide, silicon or some other
B 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. Dieiectric 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 fills 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

4




14 has an overall length that is | ess than or approxi mately equal to
one-eighth of the signal 4 24 June 2005 wavelength.. The lower limt of
transmssion line length will vary depending on device chajaedfigsstics,
but is y t ] ARSI S8 kne: | 4 -1 n ral, it
s pr efg’g?g%?%hf 'g—)l?l %t]ﬁae’@dg@ﬂr%y ggfé%frpéldgﬁeogpkﬁrﬁlggée}ﬁtqeg%d(}:%Bﬁi%%gw%et ween
t he tr acsmdaisics, Hut issgentallpdeanined by temanistios line deglingd In @¢pralyRde” or
"conmon r’r?de" of sigpal propagation with respect to ground or "conmon

“t er mi naPreteralie;fer s sgired, “qeddomadek oy diderential eoupliag tbetwaendhe tapamissigny
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“has a pioghpativh with fésgdcoRSgroand b €oAeA6n Bimiraye a8isCRNG:, toaRekeaRilRqh al |

|l ength of four mllinmeters. Transmission |ines 12, 14 are separated by a
di el ectF"lecaW-ayer with a thickness of 1.5 microns. Spiral elenent 10 may be

used to create.known circuit .devices created usin conwenti.onal upl ed.
transni ssio ni"floneees’fem E%'H eqb oglq%t,ssg%rg?sp%%e B‘?{'ﬁgé?“&ﬁ (ﬁgséhﬁg? S @ npl e,
spiral  gleag®etcoadhoddbyderied ot OnGhi8 *hBolMhdhl back BhARESSoreRsE tbal peced

transfornmers and current and voltage inverters. Various exanples of these
ci rcuit aguidtle cof By enicieosna i thicknessRES ige thicough a0@ , ani overalhiletpth oofp Feaul

transm ssion lin are represent by parallel jnductors. |p these figures,
he  out PPN T ragRission o, i 14 e SPEERs bE polilietie 2o wi ahiekBessed. 1 or
exanpl eof PR hikpons! €ft side of each figure, while the inner termni of the
respective transmssion lines are represented on the right side of each
figure. It wSpiralodemnuici® maydbe haed tthereappdmbwe ciraitf deytoeatdrenal asiegequal |y
feasi bl e in.whilch thg outer termni of the respecti ve transm ssion |ines
are repPEVERIRRE! SRUPIAE TARYRISSIOR diness suelichs #iRyisted PoiRiafcopRe WirRer B98r i ni
-of the gospaet| t @RS fF1 ' S -Yalg t .4t I l.dqe of
each fi'gure Ie’nb%lgdlw%ES 4 ﬁpgégghé rllgéd? ecrﬁ%gelﬁﬁgﬁa%ﬁlgﬁv\%d ?ﬁidﬁg%%?@egnay

r epr es etransfivenarp gt curmntiandowsdtage invedersssi on |ines 12 and 14, . respectively,

shown in the_previous figyres.
! \PaHOXsI exuampflésgot% these cgcuit devices are shown in FIGURES 4 through 12, in

which coupled transmission lines 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




course, the opposite arrangenent is also feasible. In a few cases, nore

t han one broadsi de- coupled transm ssion Iine el ement such as that shown'in
FIGURE 1 is used. In FIGURES 4 through 12, -a "bal anced" cu4juﬁygﬂognced"
circuit elenent or set of conductors IS connected to each side ht and
left) ofM@hke,dpy exaneplaeytwisigdepyir of cpppErWiteler Ob coBBEuAter bprae dan An
unbal an a coaxial cable, so that one

devi ce E@?%ﬁ%gﬁgﬁénggﬁﬁgﬁfn%‘ oqﬁﬁgpcenter conductor of the cable while the

. other devi cayilethsi fomigoing cxplnstirce rhﬁd,tﬂhe coafi guratad)of FIGURESH thkdighcabl e.
A bal anced el ement 5 24 June 2005 ma for exanple, a tw sted pair of
copper raseselicyxplapatosy Referming t9dilG) amps-qﬁmmam@dlrm elemgnt sedheasent s

may be d._ Wt he .f oregqi ng e nlnmnd t he o i ons of
F cures APty beSHaRl AR, CHPERRRE Y el g BTHGERR 3" 0o
t ransm sgitage-ink&Eing conBRiraoii sﬁéwnt hﬁFIGIHREI'Dldsduﬁeﬂleﬁ%ﬂan@oﬁﬁg&zh&W” I'n
FIGURE 5, a balun 1s shown. In FIGURE 6, a voltage inverting configuration

i s showds ShcrwrFl GJRFQUREaS,cmsmndhahmecmﬁgyauonﬂs ghova.i &m FIGERENYvw4:11 n

FI GURE 8 | fi RE 9,
unbal anéié’B H&?UP§COH I rﬁqb% ‘{EBW]‘&“%PBM‘& LRI sgc?vﬂhénor mer
is s hO\MFIGURE 'ﬂ GRE] Tnbafnddl wrHidl GE&hbWaNS P FIGURES 13 hﬁ"!&coﬂd”ﬁ?"f' QURE -

- 12, a second 9:1 -unbal anced transforner configuration is shown. Each of
‘these ¢ ombalgnnedttramabmmy chefiguratént isdshosinng Eacie of rtheser @ndigumtibneinagdret s such
as spiral elenent 10. O her. variations and i nations of these el enments

may be rcé%?&?di PmgAEAT Fare spiral flements ych g Spigellgmet;L0. ther AR esent
i nventi shoul d be
under stg:g t g?ﬁsis/oaf?ﬁéo%s@c ang@gyseg%mt&ﬁlt%?{glﬁgsgtﬂ% gﬁ‘gt?gnit}%n‘s can be made

therein-wt ho\lthodgtp&retprag:nt inventidreamsinity advantagessicavp deat désoabedinedetdibix as

- defi ned BX rL appended clains. 6 24 June, 2005 CLAIL M
uld be understood that various changes, substitutions, and alterations can be made

- therein without departing from the spirit and scope of the invention as defined by the

- appended claims.




- sel ected one of

W claim 1. A balun conprising: a first netallization [ayer having first
and second spiral -shaped transnm ssion lines, the first and second

transm ssion |ines each having an outer term nus and an »yfge d096M nus; a
second &HM i zation layer having third and fourth spiral-shaped
transm'§§ro‘n— lines and a plurality of connector segnents forned therein,

t he thi-mk daieh:fourth transm ssion |ines each having an outer term nus and
an inner termnus, the third and fourth transm ssion |ines being

subst anti éltra}uraﬂ;qrgmm th the first and second transm ssion |ines,

| t bal d el t
navi ng 111 st * S8 R ARG bR hrsl i o SR et e
el ectri cal conrtﬁ@m@and)@écwmshﬁssf&n%te%hvaﬁéﬁo&%}?&lﬁﬂ&%ﬂd%e”ﬁm and

a first selected one of the termni of the first™ transmssion | ne;
fourth conduct dﬂnirrt@i‘mldm&;\g an el ectrical connection between a common

- potenti al andaflr ted one of termni_ of the third
'!tor ansni ssi on® PF7Rd ) ?IPFS WHB%‘P’&%&HF@S‘ dowth spiralsphaped rangmissifihect i on

between a fi rstlnfeglag@g Airfi6 opf SHizhtd t e sion
| ine and a second sel egt ed gﬁe OSPB& ege ter{r%1f(r)#?iflec()iftﬂtgrﬁg1 ﬁl% f&%l%aq%g%tnﬁsm on
line; a sixth drandumisson lmepeactihaving an eltee tarintals and an agief eAnipas Ween a first

er of the fourth transnm ssion |ine and a second
sel ect ed one ofth‘fr%in EMWSIBFS‘P% ingsheing fybstagrallysaligned witk thefirstandnt h

conduct or provigdif BhsRiSioh i on between a second selected one
of the termini of the gecon ngkeﬁg‘g{gﬁ% line and a second sel ected one of
“the term ni af untredariced elemeht leavingiascoindiicto; ne; -an ei ghth conduct or provi ding
an electri cal connecti on between a conmon potential and the second

sel ect ed one® BR2ptrd slement havipg firsh and sscondicendugtons; ssi on

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;

~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



line; a ninth conductor providing an el ectrical connection between the
-second selected one of the termni of the first transm ssion |line and the
first conductor of the balanced elenent; and 7 24 June 2803%uneedosnt h _
conductor providjing an electrical connection between the second sel ected
one of the t @teRthirorducionpravidipgan pigpimeeloonaectionhetvensd thensscertsnirttebnduct or
of the bal ance - . ]SS -l ne enment ,conprising: a
first electrica e;e/(l f@ﬁ%ﬁ“&?‘?%&? tr‘%ﬁ@?n%ﬁﬁ%)sﬁ&f |1rheea"(q§}fler FrEgng ﬁorgpuﬁq Q? 81‘?¥3t al

| ayer, wher ei nbdliteefl elefident.r ansm ssion line conprises a plurality of
segnents and spirals outward froman inner termnus; a dielectric forned
over the first netal l|ayer; a second electrically conductive transm ssion

| i ne defi ln.a.seesond metal |ayer formed over the dielectric, wherein
the secdh rasﬁlsl%@%ﬁ'geng?mﬁ%%gﬁpp "8 outward froman inner termnus, and

wher ei n t he adfendedti@Ny¥badicae trhmnissSorPRiSd &éfﬁfé@%aﬁi‘&&ne&aﬁ‘?a}fe"f,r st
transm ssion line; a bridge segnent defined in the second netal” |ayer, the

bridge segment Whemgindbe first trenssoissior line coonprisss o pluridity of segnidntsandaspirakecond
segnments of the fi ransm gq%inon | ine; and .a first connector segnent

|rsdt [ |
defined in the TYPE FUPAR MG IMIBYSer i n the first connector segnent

ext ends 'fromatdi@edﬂqag{nﬂegro%m§ﬁgfm;e%l@§pst transm ssion- |ine, below t he
bri dge segnment, and between the first and 'second segments of ~ the first

t ransni ssi on alsegnad efectritably cominctVetramsmissiorcling defided i 4 feond anpl iBjeng a
second connecto se(grrent d@f{ene.d iﬁ 'thﬁ first metal | ayer, the second
connect or segrre’f?f‘."B PY@ﬂ?ﬁ EEPCaViSreRdRn 8B trapsmripton ipeIpiralsouivA of
- the segond tr angghSaiiRker tdrRfnus2il WhGER the g&ﬁnéﬁ-&&ﬂﬂsﬁ&pﬂfecfs%%siﬁgg&e nt

over the first transmission line;

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.




extends bel ow the bridge segnent, and between the first and second segnents
of the first transmission line. 4. The line elenent of claim3 further
conprising an electrical connection between the second canngrtampssegnent
and an gutrge lih@él@ﬂ&ﬁﬁoﬁiaih%ﬁéﬁﬁtwé ﬁ?ﬂ,ﬁ%ﬁﬁﬁi'sﬂgh hﬁé"@dmﬁl‘éseg B€olikfre €l enent
of claim2 further conprising an electrical connectron between the first
connect tarmgey avdh thesecbranransmssioh dingicomprieds dnlvartes eqarinhist sraihwhirsimiaon | i ne. 8
24 June, 2005 2 The lLine elenent of claim .2 wherein the :

first -t IATHERe L thsinner \arminy, A5 optes ermyini g equpleddp #TONM- and t he second

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

el ement 7ofThe liaé elehentisfickiim Bwherogtdiengthidf thesResHUArdns ks iBn e 9lekd then | S | ess
than or_appraoxi mately equal ;to one-elghth of a wavel ength of a signal

r ecei vedl HProHmalsiyequakiopgighth of ‘BWaY&éngﬂl pEa sigaataegeived byithe ime wher ei n
the fi rgferfe[]fansm ssion line and the second transmssion line are each

el ectrically coupled such that the line elenent functions in an electrical
circuit as a balun, a voltage inverter, a current inverter, or a
transformer. 9. A method for creating a transmssion |ine el enent,

conpri sBngbe lee glemsniwf claime} wheraig the first sranshiesion linaand/the sendndt | ve

transm §siQr. J: 1 ' i kst .metal layer rein the first transm ssion
1 e cofmflgitrfing e Soor SRR Eranipd Shongndl IR Brdelodontaidions Bihn | nner
- term nuglectrioslBingit s 8b&ALLH vdlg®MRerttl 8 clirbitlintrieflor haMAEOonAGT I NI Ng a
second electrically conductive transm ssion line in a second netal |ayer

~ fornmed over the dielectric, wherein the second transm ssion line spirals

75 post £1 ArBe08 furNiat FiALEsioR e SERRt CPREISIBERIHRG A brl dge Segnent
- in the secondefiih@h fitR¥REtrichINEcIHdbetdR SARABRon! 1R Th 'aguét'}neta' 18eky 1 cal
connection between first and 'second segnents of the first
B _ wherein the first transmission line comprises a plurality of segments and spirals
outward from an inner terminus;
forming a dielectric over the first metai 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




transm ssion line; and defining a first connector. segnent in the first
metal |ayer, wherein the first connector segnent extends fromthe inner-
term.nus of the first transm ssion I|ine, below the bridgy sggmeos, and

bet ween t he f]i rst_and second, segments of the first transm ssion I'ine. 10.
‘The net hod ofiS¢gH %’“Pﬁ?tt%&‘e&%ﬁﬁ‘? PIGEOT fremeat to the st teAnings af hecond
connector segmBiondirandgikiondinemet al | ayer, wherein the second connector
segnment extends bel ow the bridge segnment, and between the first and second
segnents of the first transmission line; and 9 24 June 2005 electrically

connect i he sego co ctor segnent to the inner termnus of the

‘second ?P’gﬁéﬁﬁ%@\ogﬁ?g\a Hﬂﬁﬂhqﬁgm%gglﬁg@e@ct ef ﬂkmdmg #WQQﬂéC;Jalconpri sing the
{ of > : . 7 "

2 egmont Pams o Ko e Socon Romyes 2 Rt o B} AREo bl gS SRR BT 05001 01

segnent and an outer termnus o 12. The

met hod thnspdigsion Bnd urt her conprising the act of providing an electrical
connection. between the first connector segnent and an outer term nus of
the second transm ssion line. 13. The nethod of claim9 further conprising

t he act jf i i NS SSi .on ine.and the second .
t r ansni éﬁs)l gﬁ@#igér}l{ga gﬂ%ﬁﬁ? %Iafglﬁ[lﬁrtecroﬁp%g? ngﬁfée ste k?i?ﬁt‘ﬁ?%ﬂée Fﬂ"%‘ﬁ COREEReR cal
“ci rcui t betyeen thalfivst coAnacedrisegentrivie ah Shter ﬁerﬁﬁfds%Mhej'éé&?r{dtt?dhsm%&ioﬁtline.

transformer. 14. The nethod of claim9 further conprising the act of
formng the second transmssion line to have a length I ess than or

appr oxi mat I . jghth aof. a wavel engt hof - signal to be
; ggei vega b?llle}[/lﬁgﬁﬂpg of I‘,1§1ng %e%nﬁba'lcampnsmg the act of c&pﬂn g the first transmission
line and the second transmission line such that the line element functions in an electrical

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