COVMPACT BALUN TRANSFORMERS Field of the Invention This invention
relates to balun transforners, and nore specifically to 5 conpact
balun transfornmers inplenmented in thin filmmlti-loop configurations
Background of the Invention Bal anced/ unbal anced transforners (bal uns)
are a key conponent of doubl e-bal anced m xer and push-pull anplifier
designs in wreless systens. The rovi de bal anced outputs from an

10 p
unbal anced i nput. Bal anceQQﬁ!ﬁ’@G* BALUN TRANSEORMERScat i ons requires

hal f the input signal anplitude at each of two output termnals, 180
degrees out of phase with each other. In principle, conventional coil
transforner designs using wire wound coils, can produce this result.
However, cBiuldoftlmbhivention wound devi ces have an upper frequency
limt of 15 several hundred nmegahertz due to magnetic flux | eakage

and capaci ti ve TiigidvehtioR ¢élaReRo baRinrdi@fdtafers, Ghd hbie dpechicamsto
applications require very high frequency operation at | ow power.
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power consunption. Passive baluns are therefore preferred. t he
known passive bal un designs, Marchand type devi ces have becone the

devi ce
Background of the Invention

Balanced/unbalanced transformers (baluns) are a key component of
double-balanced mixer and push-pull amplifier designs in wireless systems. They
10 provide balanced outputs from an unbalanced input. Balanced output for wireless
-applications requires half the input signal amplitude at each of two output
terminals, 180 degrees out of phase with each other. In principle, conventional
coil transformer designs using wire wound colls, can produce this result.
However, conventional wire wound devices have an upper frequency limit of
| 15 -several hundred megahertz due to magnetic flux leakage and capacitive coupling
between ihe windings. Current wireless applications require very high frequency
operation af low power. Active balun designs provide high frequency but operate
with high DC power consumption. Passive baluns are therefore preferred. Of the
known passive balun designs, Marchand type devices have become the device
20  of choice for wireless applications. They provide excellent balance and can be
made in small, easily integrated, geometries. A preferred Marchand balun, from
the standpoint of miniaturization, is the spiral coil type. A version of the spiral

Marchand balun has been reported by T. Gokdemir et al., [IEEE MTT-S Int'l



20 of choice for wireless applications. They provide excell ent

bal ance and can be made in small, easily integrated, geonetries. A
preferred Marchand bal un, fromthe standpoint of mniaturization, is
the spiral coil type. A version of the spiral Mrchand bal un has been
reported by T. CGokdemir et al., IEEE MJ}S M crowave Synp. Dig., pp.
401-404. They inplenented the spiral balun using GaAs MM C t echnol ogy
and two si ACKNaye Sy, ig), PPréBb’ﬁ'Pf’q They implemented thecgpiral baluf usingay e
al so reported nonolithic passive balun designs using neandered |ine
conf i gur at i@afAs MBHE tephnolegy amd two 8d©@umdﬁjsmmmlcmatrlp liP@ssi ve 5

Bal uns and Monolithic Doubl e-Bal anced M xer", |EEE Trans. M crowave
Theory Tech., VE@hen3® al Mave Bso mport&@ﬁﬁmbﬁ&h passamcbalers dgsignd asing
"rectangul ar spiral” configurations with air bridges to access the

strip |inesneandered ihg'®siffiguedtione! Sé&lChan ¢eal. OBrosduteonohsithit Passive ed
States Patent No. 6097273, issued August 1, 2000. This design uses a
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planes in an offset but overlying relationship. re cont
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configurations with air bridges to access the strip lines.
A more compact balun design is described in United States Patent No.
6097273, issued August 1, 2000. This design uses a thin film stack of spiral
10 loops with multiple loops on different planes in an offset but overlying
relationship.

There continues to be a need for high frequency, low power, baluns that

are compact and can be easily and efficiently integrated.

15 Brief Statement of the Invention
According to one aspect of the invention, balun transformers with multiple
transformer loops are implemented in a stacked design with the primary and
secondary loops overlying one another. By aligning the loops in a vertical
direction, instead of offsetting the loops, the area of the device is reduced.
20  According to another aspect of the invention, multiple transformer loops are
nested on each of multiple (at least two) levels, and the transformer loops on a

given level are connected together using a crossover located on a different level.



15 Brief Statenent of the Invention According to one aspect of
the invention, balun transfornmers with nultiple transformer |oops are
I npl emented in a stacked design with the primary and secondary | oops
overlying one another. By aligning the loops in a vertical direction,
i nstead of offsetting the | oops, the area of the device is reduced.
20 Accordi no to anot her asect of the invention, nultiple transforner
| oops are BriefDescription of tho ) He (at | east tvvo) | evel s, and the
transforner | oops on a glven | evel are connected together using a
crossover | ocatg' edventian may leg bettenusiderstenpd whemssasidereddn conjungiéon
Dr awi ng The invention may be better understood when consi dered
i N conj uncwithrtheidrawingén éhioki: ng i n whi ch: Fig. 1
illustrates a common prior art balun configuration using interleaved
5f plr: i rrar31/ and s €gpridistratenagbmiman pribrizst balse confijuratiotvuding Piteteaded
0 Y :

5 primary and secondary loops;
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Fig. 2 is a section view through 2-2 of Fig. 1;

Fig. 3 shows an alternative arrangement wherein the primary and
secondary loops are located on different sides of a substrate;

Fig. 4 illustrates a stacked loop configuration wherein the loops are

10 aligned in a vertical direction in accordance with one aspect of the invention;

Fig. 5 is schematic plan view representation of the two levels shown in
Fig. 4;

Fig. 6 is circuit diagram showing a balun embodiment with a spilit
secondary, which is an electrical representation of the embodiment shown in

15 Figs. 7-9;

Figs. 7A and 7B are schematic plan views of the metal 1 level of a
multilevel balun device of the invention showing the secondary loops of the
balun;

Fig. 8 is a schematic plan view of the metal 2 level of a multilevel balun

20 device of the invention showing the primary loops of the balun;
Fig. 9 is a schematic plan view of an additional metal level of a multilevel
balun device of the invention showing interconnections for the primary loops.

Figs. 10A-10C illustrate alternative loop shapes.



Fig. 3 shows an alternative arrangenent wherein the primry and
secondary | oops are located on different sides of a substrate; Fig. 4
illustrates a stacked | oop configuration wherein the |oops are 10
aligned in a vertical direction in accordance with one aspect of the
invention; Fig. 5 is schematic plan view representation of the two

| evel s shown in Fig. 4 Fig. 6 is circuit diagramshow ng a
bal un enbodi nent with a split secondary, which is an electrica
representation of the enbodlnent shomm in 15Figs. 7-9; Figs. 7A and
78 are schebsfs B¢ g ol 1 level of a nultilevel

bal un device of the |nvent|on shomnng t he secondary | oops of the

bal un; Withreferdhcedo &igs charmhventinahbalus gtraétutdis shvinal with the
level of a multilevel balun 20 device of the invention showi ng t he

prinmary | oopgmary 166 rutler 12 and tié Secdhdafy I8op FlveHERS HA fEinteY ditiewyQfiden
addi ti onal rret al level of a multilevel balun device of the invention

showi ng § Nt &y GaEUNA I PNFid. Qr;sra%\ptnraagwséa%sz-z%r gig, £.0A-10C
illustrate alternative | oop shapes.

Fig. 3 represents an aiternative baiun structure showing outer loop runner

32 and inner loop runner 33 that comprise the primary loops, and outer loop
runner 35 and inner loop runner 36 that comprise the secondary loops, formed
on opbosite surfaces of substrate 31. It is evident that the lateral area of the

10  balun of Fig. 3 is smaller than the area of the balun of Figs. 1 and 2. However, in
many cases it is not possible or not efficient from the standpoint of cost or
performance, to use both sides of a device substrate.

Fig. 4 represents an embodiment according to the invention wherein the

primary and secondary loops are stacked on one side of the substrate. The

15 substrate 41 is preferably part of a large Integrated Passive Device (IPD)
substrate. The IPD substrate may support a larger number of devices such as
inductors, capacitors, resistors. The substrate may be selected from a variety of
substrates and substrate materials. It may comprise silicon, polysilicon, ceramic,
FR4 epoxy board, etc. The substrate may be coated with a dielectric layer such

20 as silicon dioxide or polyimide. One metal level shown in Fig. 4 comprises
secondary loop runners 43 and 44, This metal level will be referred to here as
metal 1. However, it is understood by those skilled in the art that the {PD may

comprise several levels and a balun may be built starting with the first or any
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Det ai | ed Description of the Invention Wth reference to Fig.
1, a conventional balun structure is shown with the primary | oop
runners 12 and the secondary | oop runners 14 forned side-by-side 5on
substrate 11. Fig. 2 is a view through section 2-2 of Fig, 1. Fig. 3
represents an alternative balun structure show ng outer |oop runner
32 and inner |loop runner 33 that conprise the primary |oops, and

out er | oop sHbsaauenBmetal devehndhel loop runnenemagdet ¢raated bymonyentisnal
secondary | oops, formed on opposite surfaces of substrate 31. It is
evi dent t haethdus. | Eheemelal ased irothetdayicemby berangfsulabje cBndsctiveahétat,
than the area of the balun of Figs. 1 and 2. However, in nmany cases
it is not papsCh)Ag,du,8n, Taf Ti, Hide ot afloysrthéteef, but priderably i9fAl.C ayerds is
performance, to use both sides of a device substrate. Fig. 4

r epr esent s apinten&asl idigedtrie a6 hekiy erhsrise thy SiaBlel iRsulNIRy @ateriall &uch
primary and secondary | oops are stacked on one side of the substrate.
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capacitive coupling between coils, layer 45 is preferably relatively thick, e.g.,
greater than 2 microns. Accordingly, it is efficient to use polymer materials for
10 this layer since they can be applied by spin-on or similar deposition techniques
that form essentially conformal, thick, layers easily and quickiy.

The second level metal, metal 2, preferably is the same metal as level 1,
and, in the embodiment shown, comprises primary loop runners 47 and 48. In
alternative embodiments level 1 may comprise the primary loop runners and level

15 2 the secondary loop runners.

A characteristic feature of the invention is that the primary and secondary
loop runners are essentially aligned in the vertical direction (z-direction).
“Essentially aligned” is intended to mean that, in plan view, the loop runners at
least partially overlap, although not necessarily in precise vertical alignment.

20  This arrangement minimizes the area of the balun in the x-y plane. This is in
contrast with prior art designs in which the loop runners ére formed side-by-side,

or the stacked designs wherein the loop runners at different levels are offset in

the x-y directions.



20 as silicon dioxide or polyimde. One netal |evel shown in Fig. 4
conprises secondary |l oop runners 43 and 44. This metal level will be
referred to here as netal 1. However, it is understood by those
skilled in the art that the I PD nmay conpri se several |levels and a
bal un may be built starting with the first or any subsequent netal

| evel . The | oop runners_nmay be created by conventional nethods. The
metal used in thd f@éne@@crévewoamf%\&ilt@%wn@mawewmmblb.g.,
Cu, Ag, Au, Sn, Ta, Ti, Pd, or alloys thereof, but preferably is Al .
Layer 45 i slepanding epites dpvige eharactaristiemieaningd.c Gtsianse cardimensiond ise
insul ating material, such 5as silicon dioxide, silicon nitride, etc.
Pr ef er abl y givieayie thetgpplisation céfgrenced eatien dniisl\StatedPatentNe. 8083AV3t i ng
pol ymers, such as hydrocarbon polynmers, PVC, epoxy, epoxy acryl ates,

phot or esi stissuet #ugabts1, 2000, witith i thcosmdatedheminibyi referergea CTyipioally the
coupling between coils, layer 45 is preferably relatively thick,

e.g., gsealgip mhﬁérsauimhgt:@ RhicRRESY 6F 1648 than iohe nficRin, b@paaif1gtog lébé;\fﬁhan

polymer materials for 10 this |ayer since they can be applTe
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| runner 51a according to a preferred embodiment of the invention. The loop
10 runners comprise I/O terminals 53 and 53a. The loop runners have an inner ioop
runner and an outer loop runner as shown. The loop runners cross at 54 and
54a, where a crossover structure is provided as explained in more detail below.
The crossover arrangement whereby nested loop runners are interconnected,
forms another aspect of the invention. When assembled in the balun device, the
15  two loop conductors will be superimposed as suggested by the arrows. Fig. 5
shows two loop runners for each of the primary and secondary coils of the balun.
A single loop runner or more than two loop runners, or even fractions of loop
runners, may be used.
Fig. 6 is a circuit schematic showing a balun with a split secondary, i.e.
20 with a 2:1 transformer ratio. This example wili be used for the illustrative
embodiment shown in Figs. 7-8. Other transformer ratios may be realized by

simply choosing the location of the grounded tap along the loop runner.

Fig. 7A is a schematic representation of a balun transformer secondary for



A characteristic feature of the invention is that the primry and
secondary | oop runners are essentially aligned in the vertical
direction (z-direction). "Essentially aligned" is intended to nean
that, in plan view, the loop runners at |east partially overl ap,

al t hough not necessarily in precise vertical alignment 20 This
arrangenment mnimzes the area of the balun in the x-y plane. This is
i n cont r astheirguitmf iFig. Gar Thelpaitern showniha porticneofineetpl levelnkinsa larger
formed side-by-side, or the stacked desi gns wherein the | oop runners
at differet®Dl &hellO termiradld forithe seddndary lpops arcdliowrsat 71 and 77. Thbee
specific dinmensions of the | oop runners may very consi derably,

dependi ng (obpt fenechegins alat, aeices iadtduter 166SIPather to@bHA@d 3 8bnnecting
di mensions is given in the application referenced earlier, United

Stat es Pat @ odier 100p¥2246%n ihAEHIBEp A49THE iffneragcqpruqu eAds &t via 75, .

i ncorporated herein by reference. Typically the 5 I oop runners w ||
o7 ons® ang I opiosE Ll A piRREyBr HteRonfectRA th itk e bBife HRT A,
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er | .
cross at 58UiERIPapANd UiRculerside gt BiAgs 75 % Haaw 8t 18, FFs vifol.4ee I00p
explained in nore detail below The crossover arrangenent whereby
nest ed | oopunnghiaces thecoutat loppde ekterninat of. nEhe splitisecondyyds of t he
“invention. Wen assenbled in the bal un device, the
10 implemented using tap 79, comprising a runnerfterminal placed in between the

I/O terminal portions 71 and 77. As is evident, tap 79 essentially splits the
secondary into two approximately equal pérts. Alternatively, a tap at any place
along the loop runner 74 can be implemented using a crossover of the kind just
described. Following yet another aiternative, a tap anywhere on outer loop 72
15 can be made without using a crossover.
It should be noted that bridge connection 73 and the crossover between
vias 75 and 76 can be interchanged.
The loop runner configuration shown in Fig. 7A is circular as shown.
However, other shapes may be substituted to form one or more turns for the
20 loop. For the purpose of defining the invention a loop is defined as a partly open
curve that extends through at least 300 degrees. Fig. 7A shows a double loop
that extends through nearly 720 degrees. If implemented in a square

configuration, a single loop would extend through four corners, or 360 degrees.



15 two | oop conductors will be superinposed as suggested by the
arrows. Fig. 5 shows two | oop runners for each of the primary and
secondary coils of the balun. A single | oop runner or nore than two
| oop runners, or even fractions of |oop runners, may be used. Fig. 6
is acircuit schematic showing a balun with a split secondary, i.e.
20 with a 2:1 transfornmer ratio. _This exanple will be used for the
il lustrative enbbéioappatisioehFion 7Aices berescribenhdn gepara fesmseas havings
may be realized by sinply choosing the | ocation of the grounded tap
al ong t he wojpopanarinneriapp aml ansoutes idopndihecnonagnadatare usddherefis a
bal un transfornmer secondary for the circuit of Fig. 6. The pattern
shown i s aillustratedrin &ig. M8 etadheloop cdmprises tvar gegméemtB), folinsegrhéhts in all: a
termnals for the secondary | oops are shown at 71 and 77. The | oop

runner begifipg oater Idop $ediRést (8n Bl #B), Ia)sm:onatdmte?rao Tpsegrhémd(efm .
connecting the outer loop 72 to an inner |loop 7 he 1 nner | oop
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in Fig. 7B). Each of the four loop segments is nominally semi-circular, and each
has an input end and an output end. The loop segments may be semi-circles,
but may have shapes approximating, or equivalent to, semi-circies as will be
described in more detail below. Continuing with this descriptive mode, the

10  secondary 6f the balun comprises four loop segments arranged as follows: the
first outer loop segment with the input being the input of the balun secondary; the
first inner loop segment with the input connected to the output of the first outer
loop segment; the second inner loop segment with the input connected to the
output of the first inner loop segment; the second outer loop segment with the

15 input connected to the output of the second inner loop segment and the output
being the output of the balun secondary.

The secondary of the balun shown in Fig. 7A additionally has a conductive
output runner connected to the connection between the first and second inner
loop segments. It also has a via connected to the output of the second inner loop

20 segment, and a via connected to the input of the second outer loop segment. As
mentioned above, the vias can be connected at the output of the first outer loop

segment and the input of the second inner loop segment.

Fig. 8 shows the pattern that comprises metal level 2, for the primary of



outer | oops. The crossover is inplenented using another |evel, |evel
2 in this exanple, as wll be explained below The other via for the
crossover, on the outer loop and the outer side of bridge 73, is
shown at 76. Fromvia 76, the |loop runner traces the outer loop to
/O termnal 77. The split secondary is 10 inplenmented using tap 79,
conprising a runner/termnal placed in between the 1/0 term nal
portions 71hehalunaf Fig 6. Againdiatatierpshowvis separtion bia sarpet metah pattern
secondary into two approxi mately equal parts. Alternatively, a tap at
any pl ace dhatfgrnsithel sswond {onanothiar) mataldevel wphe iRt ddwill berrgcagnized
crossover of the kind just described. Follow ng yet another

al t er nat i veahatahé ppttemyfoh this porticoutf enetaldeye! 23s $imiaato the pattéen of Figoua
usi ng a crossover. It should be noted that bridge connection 73

and the cr quspteledRbUREE horigontabaxis.d THA roRilioRfedveisahé e@eafinals 82
The | oop runner configuration shown in Fig. 7A is circular as shown.
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525?223 a§.°8°9%§5&é“%§3§%ﬁ" Y %‘%@?ﬁﬁﬁdﬁ*ﬁﬂw roué'heﬁgéa?ﬁlﬁeno
egr ees

woul a ext orRPTRPBEGR 6. ?re‘é‘?%ﬂ“ar"f%?"”f (A §2g ol olisi 183 83157

crossover via 84, then to another level, and then back to level 2 at via 85. From
there the loop runner traces the inner loop 86 to crossover via 87. This

10  crossover accommodates the space taken for crossover 81. The crossover is
completed at via 88. From there the loop runner continues along inner loop 86 to
bridge 89, where it crosses to outer loop 90, and connects to another crossover
via 91. Crossover via 92 connects to /O terminal runner 93. The crossover
between vias 91 and 92 is completed on another level, which will be described in

15 connection with Fig. 9.

Using a slightly different layout, the crossovers connecting vias 87 and 88
and 91 and 92 can be eliminated. For example, by spacing the loops further
apart, the crossover between vias 87 and 88 could be eliminated. This crossover
could also be eliminated by truncating a portion of the inner loop as suggested by

20 the dotted line path 86a. However, since ancther interconnect level is needed in
this embodiment for the crossover connecting the inner and outer loops, i.e.
between vias 84 and 85, it is not inconvenient to form additional crossovers to

implement the arrangement shown in Figs. 7-9.



The | oop pattern of Fig. 7A can be described, in general ternms, as
havi ng two | oops, an inner |oop and an outer |oop. The nomencl ature
used here is illustrated in Fig. 7B. Each | oop conprises two
segnments, four segnents in all: a first outer |oop segnent (a in Fig.
7B), a second outer |oop segnent (b in Fig. 5 7B), a first inner |oop
segnent (c in Fig. 7B), and a second inner |oop segnent (d in, Fig.
7B). Each of t h# should heoopied diatridgei&® arshthe ardssoventbeteiero vias §4 amdi
each has an input end and an output end. The | oop segnments may be
sem - ci r cl &5,canlie intercliengedshapes approxi mating, or equivalent to,
sem -circles as will be described in nore detail below Continuing

- Wi th this descrUsirigthefederiptiveandde setfonk abivedfor the sécdndant 6NAE bakm,
four | oop segnents arranged as follows: the first outer | oop segment

Wi th the | pdibril@heF Ki§es maR e @dscribed s lald cReEHIR four 1dop deghtents

I nner | oop segnent” with the’input connected to the output of “the
first outer S'f’?ﬂem' ' 'p?% | .
i nput cgnné%% feﬁaﬂ?b e oeui';O})‘EEJO 0@1?&%&%%1?@?% n'nerﬁﬁg)%né%%gniﬁ? Hﬁ? he:
second out ey nt. With t ' t he t put
of the sec %Ihﬂ%ﬁﬁ'éé?ﬂjﬁ’pse@&%g H‘{“@Ré‘l‘;’lﬁ%‘@gt’?gﬁ? ﬂﬁ’@li ﬁgthteﬁ@ﬁ%?'g@? of
t he bal un secgndary. The  se dary. of the palun shown_ in Fig. 7A
hddi ¢ onal 1 WE6MaBE lo9Realat B0 J0¢ MUK RUINSiAM DS @RI Oh e frst
connection between the first and second inner |oop segnents. It al so
has a via Odlfideancsearaenthbesiacend insrerdonp spomam withibe inpid sonnected to
segnent, and a via connected to the input of the second outer |oop
segnent . Ashereuipubtofdtie firshirnertioep segeentathelsecond nuter debpasegrhentovithdbe
of the first outer |oop segnent and the input of the second inner
| oop sdg@neiliviput connected to the output of the second inner loop segment and the output
being the output of the balun primary. The primary in Fig. 8 additionally has a
via connected to the output of the first outer loop segment, and a via connected
to the input of the first inner loop segment. As mentioned above, the vias are
interchangeable and can alternatively be connected to the output of the second
15 innerloop segment and the input of the second outer loop segment.
An interconnect pattern for compieting the crossovers for the primary loop
runner of Fig. 8 is shown in Fig. 9. The metal levels shown in Figs. 7A and 8
would normally be contiguous levels, though not necessarily levels 1 and 2. The
level shown in Fig. 9 could be the next adjacent level, in this example level 3, or
20 could be another higher (or lower) level. The pattern of Fig. 9 has runner 95,
connecting vias 84 and 85, and, if necessary, runners 96 and 97 connecting vias

87, 88 and 91, 92 respectively.

Figs 10A-10C represent alternative loop conductor patierns, as mentioned

10



Fig. 8 shows the pattern that conprises netal |evel 2, for the
primary of the balun of Fig. 6. Again, the pattern shown is a
portion of a larger netal pattern that fornms the second (or another)
netal level of an IPD. It will be recognized that the pattern for
this portion of nmetal level 2 is simlar to the pattern of Fig. 7A
but rotated around a horizontal axis. That rotation |eaves the 1/0O
term nal s &areraRattemsayvith saiare pr shamieeriargdike thaone sbpwpdoig: 184, t he
bottom of the figure. The crossover connecting vias 75 and 76 of Fig.
7A i s showarageldrallnaviided 8ue Whendesipblefieldpaftern§ithpt f&m sbecwaefsrafra
I/Otermnal 82, around outer |oop 83 to crossover via 84, then to-

anot her | eveneraAccdrdiaglypfossoine dppiieatichsdhe Voop dinfighiration of €lge 10Banay
| oop runner traces the inner |loop 86 to crossover via 87. This 10

crossover apeqreRRdal ThellmifRtRpedf ik bops i Fig> P08 caft be dEderibed as
crossover is conpleted at via 88. Fromthere the | oop runner
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be elimnated by_truncating a portion of the inner [oop as suggested
by center.” These are referred to as nested loops. However, in an alternative

10  construction, shown in Fig. 10C, the loops may have a spiral configuration. An
advantage of the spiral configuration is that a crossover interconnection between
loops is not needed.

Reference made above, and in the appended claims, to “first”, “second”
etc, in connection with metallization levels or interlevel dielectric layers, is

15 intended to convey a sequence, so the first metallization layer or level refers to
the first in the recited sequence, and may or may not be the first layer or level in
the device.

Reference to an insulating substrate is intended to mean that the surface
of the substrate comprises insulating material. The surface may be the surface

20 of a bulk insulating substrate, or may be a layer of insulating material covering
the bulk substrate. The recited substrate may also be an insulating layer
comprising an interlevel dielectric. In high performance IPDs it is usually

important that the bulk material as well as any surface layers be insulating.

11



20 the dotted |line path 86a. However, since another interconnect
| evel is needed in this enbodi ment for the crossover connecting the

i nner and outer |oops, i.e. between vias 84 and 85, it is not
i nconvenient to form additional crossovers to inplenent the
arrangenment shown in Figs. 7-9. It should be noted that bridge

89 and the crossover between vias. 84 and 85 can be interchanged.

Usi ng the descr ifheimeialigatiorslayersananbe fnediyreithies subsitantive pr additive
bal un, the primary of Fig. 8 nay be described as al so conprising four
| oop segrrerwtsce?ssi(ngs Tihe tBiry seleBjive Tepoditinn, of selpclivelyndepasiting, ishiatended
primary are arranged as follows: the first outer |oop segnment with

t he i nput Werefgrfottmth.nput of the balun primary, the first inner |oop
segnent with the input connected to the output of the first outer

| oop segment, t harises aaditiondl hodifRioRs SR invéitibri Wil deBitio theSESKler
to the output of the first inner |oop segnent, the second outer |oop

segnment 5w tnht LRI hetidtiorOneRthéed é&fé fé%cﬁiH%?BhHig %ﬁefh‘?rlc%%ﬁ%’ati nner

Iﬁop segnent 't he output bei ng t e out put t he un primary.
T

A bRy By AT RN
t t

|t er chang e adAited ?ﬁﬁf?@?rwaﬁﬂ?ﬁeye@gﬁﬁwﬂﬁ%éf%%e Bmgidestiohae o
t he second 15 |nner(L&EB ggnent and the input of the second outer

| oop segneescied an ct pattern for conpleting the crossovers
for the primary | oop
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runner of Fig. 8 is shown in Fig. 9. The netal |evels shown in Figs.
7A and 8 would normal ly be contiguous |evels, though not necessarily
|l evels 1 and 2. The level shown in Fig. 9 could be the next adjacent

l evel, in this exanple level 3, or 20 could be another higher (or

| ower) |evel. The pattern of Fig. 9 has runner 95, connecting vias 84
and 85, and, if necessary, runners 96 and 97 connecting vias 87, 88
and 91, 9flaim$ectively. Figs 10A-10C represent alternative | oop
conductor patterns, as nentioned wearlier. Patterns with square or
sharp corners, like the one shown in Fig. 10A, are generally avoided
due to undesirable field patterns that format corners of a runner.
Accor di ngly Anfislegesie® papgilé davice rsmiphisinganpalan fev@ertaivirgna afultFleyel 10B
may be preferred. The nom nal shape of the loops in Fig. 10B can be

descri bed sgficlars Btiat1ea¥t tivb 16 @IS dedk] PERRISevdifolwHale thegRuIRAEYSR! N,
wherein the pattern has at | east two | oops, has one | oop nested

wi t hin ang{r[]@t[jr% %%?tua{ ih fnhSl I‘?&rlz%ﬂhé? one Eérﬁﬁrlse?s ﬁt rérhe

| oops are circu the oop tern oop conce ically

formed w ﬁ]rtyupatf?l %tu%g a{e%’l reSstl\ﬁtggrQ%fefma%rzd(ﬁét&g\ SO r%vsPcSHBJ n

center. ese a e re erre oops ver, ‘i'nan
alternative constru t| on t | o have a
Spi ral - colPRULHEBrEr AR aﬂ{t"a%aulzf?rqt%%ngiﬁe‘:@p £ BRpREREAL (oA <
that a crossover jnterconnection between Igogs i s not needed.
interlevel dielectric layer covering the first conductive runner, (d) a level two
conductive runner formed on the interlevel dielectric and having a loop pattern
corresponding to the loop pattern of the first conductive runner, wherein the loop

patterns of the level one and level two conductive runners are essentially in vertical

alignment.

2. A balun device having a multi-level structure of at least two levels, level one and
level two, where the multi-level structure is situated in an essentially horizontal
plane and comprises: (a) an insulating substrate; (b) a level one conductive runner
formed on the substrate and having a loop pattern, (c) an interlevel dielectric layer
covering the first conductive runner the interlevel dielectric having a thickness of at
least 2 microns, (d) a level two conductive runner formed on the interlevel dielectric
and having a loop pattern corresponding to the loop pattern of the first conductive
runner, wherein the loop patterns of the level one and level two conductive runners

are essentially in vertical alignment.

13



Ref erence nmade above, and in the appended clains, to "first",
"second"” etc. in connection with netallization levels or interlevel
dielectric layers, is 15 intended to convey a sequence, so the first
netal lization layer or level refers to the first in the recited
sequence, and nmay or may not be the first layer or level in the

devi ce. Ref erence to an insulating substrate is intended to
nmean that the surface of the substrate conprises insulating material.
The surface nmay be the surface 20 of a bulk insulating substrate, or
may be a IGaybe balun dsviteaof clginmatvdrdrain thelaap pajterne obinekfirsidret secoad
The recited substrate may al so be an insulating | ayer conprising an

i nt er | evelcoddadimetruncers|conprige aidsdsd twaiops| Ridh onk losp nestad linside another
important that the bulk material as well as any surface |ayers be

i nsul ati nggop. The netal lization |layers may be fornmed by either
substractive or additive processing. The term sel ective deposition,

or selectively depositing, is intended to refer to both. Various
additional nodifications of this invention will occur to those

skill ed 5i4n t 1Ak g i chi

this speci4f th?’ Pg‘p\q q%\lg%é %g(g%ﬁbgfslm&”é?gwf?%qn&{&%ea?gE':Iﬁ'%%l:agotggg,a%!]aﬁ‘ g%rel%p

equi val en%%dtahsrrgglgef} I(‘)’%B,Carﬁdttng Ié?orp;[s hha%se a common center.

5. The balun device of claim 3 wherein the loops are square with rounded corners.
6. The balun device of claim 3 wherein the loops have a spiral configuration.

7. The balun device of claim 3 wherein the loops on the first level are connected

with a crossover connection on the second level.

8. The balun device of claim 7 wherein the loops on the second level are connected

with a crossover connection on a third level.
9. The balun device of claim 2 wherein the level one and level two loops each have
an input end and an output end, wherein the output end of the first loop is

connected to the input end of the second loop.

10. An integrated passive device comprising a balun with a multi-level structure of at

14



been advanced are properly considered within the scope of the
invention as described and clainmed. Cains 1. An integrated passive
devi ce conprising a balun device having a nulti-level structure of at
| east two | evels, level one and |level two, where the multi-Ievel
structure is situated in an essentially horizontal plane and
conprises: (a) an insulating substrate with a resistivity greater
than 200 ohmcm (b) a | evel one conductive runner forned on the
substrate and having a | oop pattern, (c) an interlevel dielectric

| ayer covégashgrendevdls, Jevel oneuleveliwos anddevel thupe.avheredhe mti-level
conductive runner formed on the interlevel dielectric and having a

| oop patt simcitios isesijpabet imgart esseméiallypbqrizuental gdaneodnd bemprised: (a) an
conductive runner, wherein the | oop patterns of the | evel one and

| evel two insungtingtsubetratel ey $ |dePos emductivé Yuriner Yemadah thd s1gdutid the
2. A balun device having a nulti-level structure of at |east two

level's, | eug) oﬁ@%oﬁd‘tﬁ’ctiv@’rﬁhnéﬁ’ﬁbvuﬁ?&ﬂ&d ;E@termlcbmﬂn@#@l atf‘rééé{?\b?'kﬁ)ﬂss c)

si t uat ed in an essenti al y hori zont al p ane and conpri ses

i nsul ati ng HUBS{dRLE dléﬂ%);tr% IE rovBRSg BREYSEd N6Cediifidve 498 106
i %ﬁ@" eveﬁ HEHREof

substrate and havi ng a tern an | n

I th t

naying-a. S nddnt 'frﬁﬁéeﬁ@ﬁ%&éhﬁﬁ% ftsh terigy¥ g‘%" il BYGL IR RGP o
runner forne ?nthel terlev %*ectrlc and. having.a | oo attern
cor r espondPRY e HRNG", erp GarresRRding o t'?%P? Re&f the

wherein the | oop patterns of the | evel one and | evel two conductive
runners alyebgae ﬁ?“%"qt';\’el"H”Wr {e)cleval twgrrasover canneniignfaimpd ae helrst
of claim2 wherein the |oop patterns of the first and second

conduct i vateiensddicleatiplayeecennactiag twe leppsodike laMet ane aendusiiye mesnard(f)
i nsi de another loop. 4. The balun device of claim3 wherein the

| oops ar eacecond intetleag dielecttiatayer cowmingahd ievet tvad benduatiop ruamat, (Ha

| oops have a common center. 5. The balun device of claim3 wherein

t he | oopsievebthBeriarcssovérconpedtistfcr@edeinsthe second interlevel dielectric layer

connecting two loops of the level two conductive runner.

11. The integrated passive device of claim 10 wherein the loop patterns of the level

one and level two conductive runners are essentially in vertical alignment.

12. A balun device comprising: a first metal level comprising a primary loop
conductor, the primary loop conductor having at least fwo loops, an inner loop and
an outer loop, wherein each loop comprises two segments and the inner and outer
loops comprise four segments, a first outer segment, a second outer segment, a
first inner segment, and a second inner segment, and wherein each of the four

segments is nominally semi-circular, and each has an input end and an output end,

15



6. The balun device of claim3 wherein the | oops have a spiral
configuration. 7. The balun device of claim3 wherein the | oops on
the first level are connected with a crossover connection on the

second level. 8. The balun device of claim7 wherein the | oops on
the second | evel are connected with a crossover connection on a third
level. 9. The balun device of claim2 wherein the | evel one and

| evel two | oops each have an i nput end and an out put end, wherein the
output end of the first loop is connected to the input end of the
second | odpe foud sepgments agangaskapedevecthadivitomiterdopp segmgntiwiib thmingut h
a multi-level structure of at |east three |levels, |evel one, |evel
two, and lbeingl thelinme of teebaluh lseconddry - theviest intardodp segmenbwitiutherhput
an essentially horizontal plane and conprises: (a) an insulating
subst r at ecofikectad teHR] ot eptHéLRt Metef mp%regﬁwnlfr&ﬁe @BcoMeinmepopat e
the I evel one conductive runner having a loop pattern conprising at

| east twoskgRRRt wits théinblt §6nrﬁé&tt&f i&ﬁ%'o%lﬁlcﬁ%éfn‘%t [r%elodp &1, fhie

| evel one conductlve runner (d) | evel two conductlve runnér formed

on the fi ':séfzoﬁd% 5 e?;'gférﬁ%trh' tﬁe i rcohh%ctla? Stphf Hgtsb}ffnq he

runner having a correspan oop pa ern

| evel one.conductive r unner e | evel ) canne

for med on*m*’qqpr%%gm%fa REH N Qo 5 i SRV Bops
of the |evel ndu tive runner secon |nterlevel

Gi e oot 1+ ESroRpLmel IS e PHENBECoHBNOBRRGEDEOT GRIEY tvg lops, an

| evel three crossover connection forned on the second interlevel

di el ect ri ENeajRaP FhAR SiaRdoARmsvhesepLash leorcorpeses i seaiaeiisiand the
runner. 11. The integrated passive device of claim10 wherein the

| oop pat t &mes aod outer [benetorpdsafadr segmientsya firgtralbert sagmeninaeesond euter
essentially in vertical alignnent. 12. A balun device conprising: a
first metakgmenkla frshipnessegnentpandrarsgcbod inneo sdyieat, anthvehgreinneach of
| oop conductor having at |east two | oops, an inner |oop and an outer

| oop, Wwhet fauP86dmbAtfls eBRMAlaEMivircaRe @t Sachitad A iripuoend and an
outer | oops conprise four segnents, a first outer segnent, a second

out er SegBRfL oAd fthe Fbur SHiRferie A Rbed B3 olRMAL ARt BARF IoupCsEtentaAth

wherein each of the four segnents i35 noninally sem-circular,

each has g, jhpRtHieiR§ theRBupsr REHMIn Fary, the first inner loop segment with the

input connected to the output of the first outer loop segment, the second inner loop
segment with the input connected to the output of the first inner loop segment, the
second outer loop segment with the input connected to the output of the second
inner loop segment and the output being the output of the balun secondary, wherein
an inner loop segment and an outer loop segment of the primary conductor are
connected with a crossover interconnection and said crossover interconnection is

formed on said second level metal.

13. The balun device of claim 12 additionally including a via connected to the output
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the four segnents arranged as follows: the first outer |oop segnent
with the input being the input of the balun secondary, the first

i nner | oop segnent with the input connected to the out put of the
first outer | oop segnent, the second inner |oop segnent with the

i nput connected to the output of the first inner |oop segnent, the
second outer |oop segnent with the input connected to the output of
the second inner | oop segnent and the output being the output of the
bal un secondary, a second netal |evel conprising a secondary | oop
conduct or ohéhg seeonddninerdpen sagmenthendlaodp candectad taitherinpeiogs thedsecench
each | oop conprises two segnents and the inner and outer | oops
conpri se faterisggsemhent. a first outer segnent, a second outer
segnent, a first inner segnent, and a second inner segnent, and
wherein each of the four segnents is nomnally sem -circular, and
each has an input end and an out put end, the four segnments arranged
as followay The phlunsdevitd & clélﬁP’PZ 284 ﬁSHéII%EIDanBea w!nQR:Bth@chQo lrﬂ?output

i nput of the balun primary, the first inner | oop segnment wth

i nput con

second | nab! q‘é‘s%%%ﬂ%ﬁ%“ﬁ%‘? ' viel T sBeo 1P R P REFE! eﬁ&bﬁiwner
the first inner 00p segnent, the second outer |oop segnent with the
i nput conhé%%%éﬁ? % he out put of the second inner |oop segnent and

t he out put being the output of the balun secondary, wherein an inner
| oop segnment and an outer | oop segnent of the primary conductor are
connected with a crossover interconnection and said crossover

i nt er connd&t T lam bplynrdevirerninigg] Hadditemlly iadedings gpssaver copraedinothe
device of claim 12 additionally including a via connected to the

out put obaidhdasecond i nner | oop segnent, and a via connected to the
i nput of the second outer |oop segnent. 14. The bal un devi ce of
claim12 additionally including a via connected to the output of the
first outer | oop segnent, and a via connected to the input of the
second i nnerThebalube@VRRLof claifm 14Thedibanally ifguding adrosédiefcdrnecting the
additionally including a crossover connecting the said vias. 16. The
bal un devigig yMs.cl aim 14 additionally including a crossover
connecting the said vias. 17. The bal un device of claim 12
additionally including a conductive output runner connected to the
connection between the first and second i nner | oop segnents.

17. The balun device of claim 12 additionally including a conductive output runner

connected to the connection between the first and second inner loop segments.
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