COMPACT BALUN TRANSFORMERS Field of the Invention This invention relates to
bal un transfornmers, and nore specifically to 5 conpact balun transforners

i mplenented in thin filmmulti-loop configurations Background of the

| nventi on Bal anced/ unbal anced transforners (baluns) are a key conponent of
doubl e- bal anced m xer and push-pull anplifier designs in wreless systens.

They 10 provi de bal ance Lnput. Bal anced out put
for wirel ess applicati on;bamiéégwwgﬁﬁﬁgﬁal anplitude at each
of two output termnals, 180 degrees out of phase with each other. In

principle, conventional <coil transformer designs using wire wound coils,
can produce this result. However, conventional w re wound devi ces have an

upper freficldof thednhventions several hundred negahertz due to magnetic flux
| eakage and capacitive coupling between the wi ndings. Current wreless

appl i cati ons r¥hisi ineentiory relates tb baturetransfommersabhdmere spakifivalipto Acti ve
bal un desi gns provide high frequency but operate wth high DC power

consunpt i egdmpRacsalv SN &S Smblkh 8n BHif LGkt : passi ve
bal un des?gng, eﬁ/&arc a#rﬁl typeéﬁevpces&ﬁgge Eﬁcfgﬁrﬁe nﬁﬂg I%‘\’/th@ﬂ%%ag%hoi ce for
wi rel ess applications. They provide excellent bal ance and can be nmade in
smal |, easily integrated, geonetries. A preferred Marchand balun, from the

standpoint. of miniaturization, is the spiral coil type. A version of the
spi ral vBackaround of the invention, eported by T. CGokdemir et al., |EEE MIT-S
Int'l 1

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 coils, 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 the windings. Current wireless applications require very high frequency
operation at 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



M crowave Synp. Dig., pp. 401-404. They inplenented the spiral balun using
GaAs MM C technol ogy and two side-by-side spiral mcrostrip lines. Chen et
al . have al so reported nonolithic passive balun designs using neandered

| i ne configurations. See Chen et al., "Broadband Mnolithic Passive- 5

Bal uns and Monolithic Doubl e-Bal anced M xer", |EEE Trans. M crowave Theory

Tech., Vol , .9 1 h ' have ' rect angul ar
spiral” Mﬁ%’%’%’(’éﬁs[&ot R&aﬁféalgd.&%y WS&‘%@%{?}%‘?@F&}I ibﬁ'ﬁm H%] 9 A nore
conpact baglu ign | s descriped i, nited States Patent No. 6097273,
ooneq AudiaAs WRTISHGshR olocy nclivgSiley-Side APatTIcISYRIRES! spi ral - 10

| oops with multiple |oops on different planes in an offset but overlying
rel ati onshi p. Gheneetalnbave alsotrepbded menalithiio papsiye balwydesigps using power ,

bal uns that are conpact and can be easily and efficiently integrated. 15

Brief Stainsearidered lihdeohfiyertions. $ee Ghénrat dl.0 "Broadband MomdlithisPasaient i on,
balun transfornmers with multiple transformer |oops are inplenented in a

stackey deniigl uhd Mdrefitric DBbYe-BafancRAMAER IEEE Mane Wicrekdte ThEo 2o her.

By aligning the loops 1n a vertica Irection, Ins t he

tha' i hventiogh. Ve 39 e T2 5% BROEFOH hesd deoiaR i snlaRaMa0 SO 1 i o

(at least twg) levels, and the transformer |oops on a given level are
connect ed copfigynatipng WithairbAdges te agcassdhe strimings.di fferent | evel . 2

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.



Brief Description of the Drawing The invention may be better understood when
considered in conjunction wth the drawing in which: Fig. 1 illustrates a
comon prior art balun configuration using interleaved 5 primary and
secondary loops; Fig. 2 is a section view through 2-2 of Fig. 1; Fig. 3
shows an alternative arrangenent wherein the primary and secondary | oops
are | ocat ed. ' < W des of. a substrate; Fig. 4 illustrates a stacked
| oop conf i Ot s oops are 10 aligned in a vertical direction
I n accordance th one. aspect of the invention; Fig.. 5 is schematic plan

vi ew represent PPdHV%ﬂt'%&av\R? betterjundersigad i"ﬂ‘e'\ﬁ%}%'qﬁreﬁi'@.coﬁlq“é"&ri‘ rcuit

di agram showi ng a bal un enbodi nent with a split secondary, which is an

el ect ri cawithdpeasirawing inoshioh: t he enbodi ment shown in 15 Figs. 7-9; Figs. 7A
and 7B are schematic plan views of the netal 1 level of a nultilevel balun

devi ce of the iRiyenillustratesator@nidreprigreahBalun dmﬁarabntdm%Méﬂéaveﬁ g. 8is
a schematic plan view of the netal 2 level of a nultilevel balun 20 device

of thegin | | imary | oops of the balun; Fig. 9 is a
51 o PR BrglkRkbRdat ooPs

schemati c _ ( ( ti onal netal level of a multilevel balun
devi ce of the |F?§/.eé1fs|§ge&po%%ig%thpéuegrth_r}ncﬁq;ib'op;s for the primary | oops.

Fig. 3 shows an alternative arrangement wherein the primary and

V

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 split
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.



Figs. 1 OA-1 OC illustrate alternative | oop shapes. 3 Detailed 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
formed side-by-side 5 on 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 | oop runner 33 that conprise the primary | oops,
and outer loop runner 35 and inner |oop runner 36 that conprise the
secondary | oops,. formed. on opposite surfaces of substrate 31. It is evident
that the |letailed Degcription of the Invention Fig. 3 is smaller than the area of
the balun of Figs. 1 and 2. However, in nmany cases it is not possible or
not efficient f\Withreferescantalbig. 1t acionyestional bapur $touctarecis, showruwith fiee h si des
of a device substrate. Fig. 4 represents an enbodi nent according to the

i nvention piraaki IBop rennérsi 12&aNd msmmdprqotd ppera 4 fornsek sidedsy-sige si de

of the substrate. The 15 substrate 41 is preferably part of a |arge

|t egr af edoPaapdikfe MY 198, 41 Bhiew iIRLGASRotidfo.2 BRFRUDStrate may support a

| arger nu evi ces suc ors, capacit resistors. The

substrate may sgl r L. of ,.substrates and substrate
materials. It ﬁ@? g&%ﬁ%ﬁ%ggissé)'F]?@Sﬁ‘%t'ﬁgfbé‘g'-f'] ?té%ﬁy%c%'?oa"?‘r'ﬁg,ouq?—rd& Bﬁﬂﬁ?erboar d,
etc. The substrate may be coated with a dielectric |ayer such 20 as silicon
di oxi de or34anginperdooprennarida thad gampgise e Prmary loapsg aRgouieidooRecondar y
| oop runners 43 and 44. This netal level wll be referred to here as

runner 35 and inner loop runner 36 that comprise the secondary loops, formed

on opposite 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 IPD may

comprise several levels and a balun may be built starting with the first or any



metal 1. However, it is understood by those skilled in the art that the IPD
may conprise several levels and a balun may be built starting with the
first or any 4 subsequent netal |evel. The | oop runners nmay be created by
conventional nethods. The netal used in the devi ce may be any suitable

conductive netal, e.g., Cu, Ag, Au, Sn, Ta, Ti, or alloys thereof, but
f bl Al 45 i terl I d
Suitabl e %H'e%*ro&tqnw SlefL) Toediob B EHRb B4 065?33%" 5 CNeIBRAn (1 do,

etc. Preferab er 45 is a mer such as polyi mde Q her |nsul ating
pol yner s, m&i@ asTh%Qiabv%' Pﬂ@memav Ge arypsyiable sargugtive matals,

phot oresi st materials, etc. nmay be used. To mnimze capacitive coupl I ng
bet ween ceéid.sCul AgeAUASni $apliePd; abblloysstheréafebyt prieferablydsfl, Layerdbés t han
2 mcrons. Accordingly, it is efficient to use polyner materials for 10 this

| ayer si nen ihteeeveladieleetripand arhybsorfiprise any suitablgiingulatirpesitdriadNsuchc hni ques
that formessentially conformal, thick, layers easily and quickly. The

seconds!| eugliiBhalioxdE! lioch n s %t@blwefe?aqngqa;?é% 824 Botyter iflas

in the e ment I Sés op’ runners
alternative, enb d|

level | 15PSMTEe fﬁiﬁ'ﬁ i Pl SENOE 4 aﬁ”é\éegferfhind

i nvention is that the pri mar and secondary | oop runners are essentially
al i gned i BPPKY eROXYiacaylatgs; é@tQiﬁS@tmte"@i%Qiﬁ)may%@@ﬂ|'5<I>anlzgned i s
intended to nean that, in plan view, the |loop runners at |east partially
over | ap, abpacitimtcooplingabmmni ¢ails| layer 46iis preferably slatively thiekte.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 quickly.

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 are formed side-by-side,
or the stacked designs wherein the loop runners at different levels are offset in

the x-y directions.



20 This arrangenment mnimzes the area of the balun in the x-y plane. This
Is in contrast with prior art designs in which the |loop runners are forned
si de-by-side, or the stacked designs wherein the |loop runners at different
| evel s are offset in the x-y directions. 5 The specific di nensions of the
| oop runners nmay very considerably, depending on the device characteristics

requi red. Cuida b | | i C erenced
earlier, Uni tedngfeag&g@p@%%né ét)@%é;@a ru'?}\sésrggndg’g\ug{y %ﬂﬂgéﬁ% which is

I ncor por ated rel n f.erence. ally the 5 ners.wl.l have a

t hi cknesstPeT' 109 %@é Qgrgateré?g lﬁr&d fGP'g§9°$ n&] IMeNngionsdfs and a
wi dth of |ess than 20 m crons In this connection it is nmentioned that the
drawi ng i §vstinthe application rgferensed garlies\dnited §§ﬁt¢§ P@twtl Ner8097248, r unner 51
and a secondary loop runner 5la according to a preferred enbodi ment of the

i nvent i onisstied Augyst 102000, whiehds inporperateédtheéreintby aéferériceantygically thee | oop
runners have an inner |loop runner and an outer |oop runner as shown. The

| oop rsmnw? RirP&Ps Mil Mv@admcﬁﬂ@ss ONBSS tHarCoHMS Aferdh, &lspaeing of 16Ss fHapvi ded
as explained in nore detail below. The crossover arrangemnent whereby nested

When assendnistor ok & RRTEFsSS el 20N, 5 B3t iF 'ehiRRele ™
cach of "t NeAtghs sEgiar NoLEAGARy “coi 15 of the baiun - A Single |oop runner
or nore than two | oop runners, or even fractions of |oop
Fig. 5 shows schemat|cally a primary loop runner 51 and a secondary loop
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 loop
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 will be used for the illustrative
embodiment shown in Figs. 7-9. 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



runners, may be used. Fig. 6 is a circuit schematic showing a balun with a
split secondary, i.e. 20 with a 2:1 transforner ratio. This exanple wll be
used for the illustrative enbodinment shown in Figs. 7-9. Qher transfornmer
rati os may be realized by sinply choosing the |location of the grounded tap
al ong the | oop runner. Fi g 7A is a schematic representation of a balun

Léf??iﬁrgﬁ%éf“”%é The bt Shpin.aborliaof el Rvelel b el ' °

secondary | Qops are sh ovvn at 71 and 77. The |oop runner begl ns _at 71
traces an!RHdt diherlddeminglsior the segandagelonps a5a ewnf 7t aed g dihe oop 72 to

an inner loop 74. The inner |oop runner ends at via 75, 5 which conprises
part of alaoposmoeebeginsatddntraces an autenlooprmﬁwﬂtolaebnidgEVSaodnectmger
| oops. The crossover is inplenented using another level, level 2 in this

exanpl e, #se viler Idup EX RO ah_rmlerhabgm Tmmhberooplranhefehdj@at:msmver on the
outer loop and the outer side of bridge 73, is shown at 76. Fromvia 76, the

loop 5 unggiicr &ﬁﬁﬁﬁséé‘gaﬂ‘btf%gbgg&ér‘?ntbfcgﬁn%ﬁ%ﬁfHathn@Eﬁs tﬁ@'l{\ .Sajfoondary

is 10 1 npl enment usin rising a runner/term na

between the, 1./0O t portians,71 a

ossent 1 al Ayt pors: °THb SRassBiR s fhicmeREfis g Alclres e T8 e'ai Ts.
Alternatively, a tap at any place along the |oop runner 74 can be

i npl ement €¥ample @savill hesexplainedrbelow. mhﬁcptherswa faethergrassoveropn $ig ng yet
anot her alternative, a tap anywhere on outer |oop 72 15 can be made w t hout
usi ng a cooaterdoep and the outer side of bridge 73, is shown at 76. From via 76, the loop

runner traces the outer loop to I/O terminal 77. The split secc;ndary is
10 implemented using tap 79, comprising a runner/terminal placed in between the
I/0 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 alternative, 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.



It should be noted that bridge connection 73 and the crossover between vias
75 and 76 can be interchanged. The | oop runner configuration shown in Fig.
7A is circular as shown. However, other shapes may be substituted to form
one or nore turns for the 20 | oop. For the purpose of defining the invention
a loop is defined as a partly open curve that extends through at |east 300

degrees. Fig. ho ouht. Q t hat extends through nearly 720
dooreee. 1t % mieTash BaRefdrics, LR FAn e bsdibe o tera) v A nhvitgy o
extend t hrough four cor Hers, or 360 dfogreef. 7 The | oop pattern of Fig. 7A
can be dei¥?iqqns, aninngiiepR@ndangutes Loap.y [hgynomgaclatdesusedhergisr | oop and

an outer |oop. The nonencl ature used here is illustrated in Fig. 7B. Each
| oop conpiliustratedin FigghiBnEachiloop compmieas swo segiments, foar segmentsan alloap
segnent (a in Fig. 7B), a second outer |oop segnent (b in Fig. 5 7B), a

first inngfstloutsr 669 @egmehc (a in Figd 7BY R seéditll Butee isupisédiment (boaFigegnent (d
in Fig. 7B). Each of the four |oop segnents is nomnally sem-circular, and

cach_ 52578, 4 MMindiong deathelb PHF BN, i 4 885 Re IRF oo Mot o
Thi's descl bl 7B maeh afthE TalruB8 anlriohls s e gl BB RE SR EeN oop
segnents arranged as follows: the first outer |oop segnent with the input
bei ng t he haR AN INBut endapd anourEbeRG: yhedorp S‘PQ'F‘?E'PS ma¥be sHPi-gEde®dnt wit h
the input connected to the output of the first outer |oop segnent; the
second i nib&t maydpavecshapes approxinating, puequivalent ta csemi-ditcles 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



output of the first inner |oop segnent; the second outer |oop segnent with
the 15 i nput connected to the output of the second inner |oop segnent and
the output being the output of the balun secondary. The secondary of the
bal un shown in Fig. 7A additionally has a conductive output runner
connected to the connection between the first and second inner |oop

segnents. | 0 I a.conn t,0 the output he second _inner | oop
20 segmenttr,'é Qﬁi&%ad\rﬁi' @oé\ggfﬂ’ gﬁe F%&g%esrfmls %POBW@ é)ffe% E?ﬁ%erorﬁ‘fagag W@SB‘
segnent. As  _nentioned above, the vias can be connected at the qutput of the
first outdhatfeEps thegaeand @x@nqkﬁ*&ra msial Isvelaf@nEdyntl Witk herecegiHzed gnent |
Fig. 8 shows the pattern that conprises netal level 2, for the prinmary of 8
t he bal un that the gattern faydhis, partien phmetaldevei@is similar fodtheipattesh ofiFigai7der net al
pattern that forns the second (or another) netal level of an IPD. It wll
be recognibuebtatdtbaround sPhdiizdrital axis.t That pratioroleavés s O teAvilals?82s simi | ar
to the pattern of Fig. 7A but rotated around a horizontal axis. That

rotatign 'a‘?ﬁ‘ﬁgﬁ@% tbb@fttlﬁ‘é th@fémﬁg c?os?s'ﬁgre?%tﬂ'fe b&torh OF 1 figlve, frere_and a

crossover at ottomo I gure. crossover connecting vias 75 and
76 of Fig. 7Ais shown at 81 Ln Fi 8, ~The, .la ru r.in Fj 8 traces
from 1/ 0 CEFRONET SaREtNg,vias SR 78 8LFigs 7Ads SEPYDAAA nfig 84 Thenen (o
anot her level, and then back to level 2 at via 85. From there the | oop
runner trJeesrunnerimfig- 8 agessiomd/Q tersrinaks2, arqued outafileop 83deossover
accommodat es the space taken for crossover 81. The crossover is conpleted
at vi a 88.créssovet hiar84,tthen toapothentevel card thendsackl torigvelnatrvia @3p Font o

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 another 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.



bridge 89, where it crosses to outer | oop 90, and connects to anot her
crossover via 91. Crossover via 92 connects to I/O termnal runner 93. The
crossover between vias 91 and 92 is conpleted on another |evel, which will
be described in 15 connection with Fig. 9. Using a slightly different

| ayout, the crossovers connecting vias 87 and 88 and 91 and 92 can be

elimnated. Fo xa e, i.ng the | s further . apart, t crossover
bet ween vi as 852t Sj}?d'@gefﬂg%%ﬁ%g%@paﬁi a@"é‘ﬁ_ equng;\fqgsbseéngn V@iug‘gaﬁfjso be
elimnated by truncating a portion of the inner |oop as suggested by 20 the
dotted |i 88 Gamhe BderchaBgeder, since another interconnect level is needed in
this enbodi nent for the crossover connecting the inner and outer |oops, i.e.

bet ween vi as 8Usinglthebdesdriptive moade setdorthrabeve forthecsevonddry obthel batumssover s
to inplement the arrangement shown in Figs. 7-9. 9 It should be noted that

bri dge 89 tiga grifnagy 6f PRS SvRay betdseribed a8 dido amhtprisﬁgefam RRp sé(%eﬁéﬁtgnged-

Usi ng the descriptive node set forth above for the secondary t he bal un,

e P g, 92) O TRBYOBPE el B SSFTIe ArRRd AR iy ST

egnent’s re arranged as
21 e, ATk ot 8 S BRI e i Bt 1 1
output of the first outer |oop segnent, the second inner |oop segnment with
t he i nput thefirséinnear loep segmestwithithe inpuieonnecteditatike outpay of thpfinst, t he
second outer |oop segnent with the
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
10 input 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 inner loop segment and the input of the second outer loop segment.
An interconnect pattern for completing 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 Ievelé, 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 patterns, as mentioned

10



10 i nput connected to the output of the second inner |oop segnent and the
out put being the output of the balun primary. The primary in Fig. 8
additionally has a via connected to the output of the first outer |oop
segnment, and a via connected to the input of the first inner |oop segnent.
As mentioned above, the vias are interchangeable and can alternatively be

connect ed t f t he ond 15 in | 00 ne nd, {.he 1 nput
of the segéﬂ@r %tagtle 5385%%6?& i“f?{%‘?féoﬁ'ﬁ‘e 'g? r"ﬁaw f'BIFaQ:d' et| ng the
crossovers for the pri rrary | oop runner of Fi is shown in Fig. 9. The

net al | ev@re 9SRefAY awoﬁegsduezw whdesirablg,ligld ﬁ@z‘-f matwn&ahw@ebﬁgf Aevel s,

t hough not necessarily levels 1 and 2. The level shown in Fig. 9 could be
the next adnpnereAccordingly, fonsomesapplieations theveop 8pnfiguration afiFig. tkdBamayher
hi gher (or lower) level. The pattern of Fig. 9 has runner 95, connecting

vias 84 apg greferrsttl, Thé namWa& e of e RiopsIA Figcth 6B caAbeafddchibediags 87, 88
and 91, 92 respectlvel y. Figs 1 1 OC represent alternative |oop conductor

patter Z ’ vvn %dl@or‘fg% | e (e enerd;:f;?él’l‘térh \%@Hﬁéuﬁtﬁé éﬁ@fnohgé)gfars

like t are y avb undesi rabl e

field pat er t hat f rmat coner runner. Acc i n 0f. _Ssome
appl i cat t?\ﬂg QRS eamedepatneéw%w%ngan% ingl” T dhel odigurgion The
nom nal shape of the loops in Fig. 1 OB can be descri bed as 5 square with
rounded c&hAWNdN Figfe 718.the lpe@@areslmlar apddheilepp patterahas eneleopat | east
two | oops, has one | oop nested within another | oop. In the configuration
shown i n leogeentrically fonmedowithin ametherricop,dre. trendir¢diar loops share arconfrasnone

ooF 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.
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concentrically formed within another |loop, i.e. the circular |oops share a
common center. These are referred to as nested | oops. However, in an
alternative 10 construction, shown in Fig. 10C, the |oops nay have a spiral
configuration. An advantage of the spiral configuration is that a crossover
i nterconnection between |oops is not needed. Reference made above, and in

et al | eati on NReangRathh ifers nafbeimed by pib ERHEELS Oﬁtva“ghﬁ'aa to

convey a seguence he first tall | zation | a | evel refer t he
(Trst in PROEGSSING oihe efTselective denesilion. arsplandiobanasting, i nt

|l evel in the device. Reference to an insulating substrate is |ntended to
mean t hat torefestobelbe of the substrate conprises insulating material. The
surface may be the surface 20 of a bulk insulating substrate, or nmay be a

llayer of insul aMdrioasradditional msdificdtions tof ehid inventiohsiill @ceur Bhwose ekilled
substrate nmay al so be an insulating |ayer conprising an interlevel

i el 2e5 11 fn ol W) RAFRTEIRSS thESBebiichsacti btinid deicitionthal e bul k

material as as any surface ati ng nmetal li zation

ot m sol cbasraN IR on e Prngibieg HAR haE bhiafin ﬁﬁh{jér\{%'&hﬁ@nﬁihngt o reter

to both. Various additional nodifications of this invention will occur to
t hose ski Ibeed adyanged aee praperiy ¢congiderad within th)'#ﬁQR?eOfstbédFW'H'Qne%ﬁ:hl ngs of
this specification that

described and claimed.
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basically rely on the principles and their equivalents through which the art
has been advanced are properly considered within the scope of the invention
as described and clainmed. 12 CLAIMS: 1. Balun device having a nmulti-Ievel
structure of at least two |levels, level one and |evel two, where the

mul ti-level structure is situated in an essentially horizontal plane and
conprisest%%@&gﬁ an insulating substrate; (b) a | evel one conductive runner
formed on ibstrate and having a |oop pattern, (c) an interlevel
dielectric |layer covering the first conductive runner, 10 (d) a level two

conduct i va. Baluedeviserhayingamltilevel strugture of at least two leyels, lewsl sgeandoop
pattern corresponding to the |oop pattern of the first conductive runner,
wher ei n t level tvp wheredheanolti-level structireds sitaatdd lieaalesseatiaiynborizontal runner s
are essentially in vertical alignment. 15 2. The balun of claim 1l wherein
t he.i nsul planetarsd/B6inbfit@si s part of an integrated passive device. 3. The
bal un device of claiml wherein the interlevel dielectric has a thickness of
5 (@) an insulating substrate; '
(b) alevel one conductive runner formed on the substrate and
having a loop pattern,
(c) an interlevel dielectric layer covering the first conductive
runner,
10 (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.
15

2. The balun of claim 1 wherein the insulating substrate is part of an integrated

passive device.

3. The balun device of claim 1 wherein the interlevel dielectric has a thickness of

20 atleast 2 microns.

4. The balun device of claim 1 wherein the loop patterns of the first and second

conductive runners comprise at least two loops, with one loop nested inside

13



20 at least 2 mcrons. 4. The balun device of claiml|l wherein the | oop
patterns of the first and second conductive runners conprise at |east two
| oops, with one | oop nested inside 13 another |oop. 5. The bal un device of
claim4 wherein the | oops are circular |loops, a larger loop and a smaller
| oop, and the | oops have a common center. 5 6. The bal un device of claim4
wherein the | OP are square with rounded corners. 7. The bal un device of
claim4 mh@@@ﬁﬁ @W@'Ioops have a spiral configuration. 10 8. The bal un
device of claim4 wherein the |oops on the first level are connected wth a
crossover connection on the second level. 9. The balun device of claim8
wherein the | oops on the second | evel are 15 connected with a crossover
connect i on5.oiThe hakim devieedlf clait 4 Wherdinlthe |abpsi are aifcutdrdoops], allaegerilaop he

| evel one and level two | oops each have an input end and an out put end,

wher ei n t hgn@atdalie?NeoPfaridhel lobps haven doinmeAteptéred to the input end of
the second | oop. 20 11. An integrated passive device conprising a balun with

a multieclevel structure of at least three levels, |evel one, |evel two, and
| evel tthree, where the nmulti-I|evel

6. The balun device of claim 4 wherein the loops are square with rounded

corners.

7. The balun device of claim 4 wherein the loops have a spiral configuration.
10
8. The balun device of claim 4 wherein the loops on the first level are connected

with a crossover connection on the second level.

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

15 connected with a crossover connection on a third level.

10. The balun device of claim 1 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.

20
11. An integrated passive device comprising a balun with a multi-level structure
of at least three levels, level one, level two, and level three, where the multi-level

structure is situated in an essentially horizontal plane and comprises:
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structure is situated in an essentially horizontal plane and conprises: 14
(a) an insulating substrate; (b) a |level one conductive runner formed on the
substrate the | evel one conductive runner having a | oop pattern conprising
at least two loops, 5 (c) a first interlevel dielectric |layer covering the
| evel one conductive runner, (d) a level two conductive runner fornmed on
the first interlevel,_ diel fs the |l evel two conductive runner
having a | oop patté?}t %‘ng@é’bﬁ&uﬁé ?Bathe | oop pattern of the level one 10
conductive runner, Agi a |l evel two crossover onnect| rned on the first

interlevel dielect 3 loyel one sABEYEtYS rupBer dgn LF thglevel
conductive runner, (f) a second interlevel dielectric |ayer coverlng t he
level two 15 condudneveondustive rupmer havirg alloompatierty earpprising @b feast twon
formed on the second interlevel dielectric |ayer connecting two | oops of
the level two condugppge runner, 20 12. The integrated passive device of
claim 1l wherein the |oop patterns of the |evel one and | evel two

conducisi ve runners age LRIEMEAVS didle4Rt tayet cotblifg tFdlevel one

conductive runner,
(d) a level two conductive runner formed on the first interlevel
dielectric layer the level two conductive runner having a loop
pattern corresponding to the loop pattern of the level one

10 conductive runner,
(e) alevel two crossover connection formed on the first interlevel
dielectric layer connecting two loops of the level one conductive
runner,
() a second interlevel dielectric layer covering the level two

15 conductive runner,
(f) alevel three crossover connection formed on the second
interlevel dielectric layer connecting two loops of the level two

conductive runner,

20 12. The integrated passive device of claim 11 wherein the loop patterns of the

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

13. Balun device comprising:

15



13. Balun device conprising: 15 a first netal |evel conprising a primary

| oop conductor, the primary | oop conductor having at |east two | oops, an

i nner | oop and an outer |oop, wherein each |oop conprises two segnents and
the inner and outer |oops conprise four segnents, a first outer segnent, a
second outer segnent, a 5 first inner segnent, and a second inner segnent,

and wherein ea f S nomn Lo CL L and each
has an i nput eﬁgirérmggjrlue\;@g%ﬂﬁ?gﬁg ﬁﬂgj%f%&@ps%f%er é{@gbﬁ @?pf ol | ows:
the first outer | oop segnent with the input being the jnput of the balun
secondary, 10 Pﬂ'é&f‘ﬁ%h Y'Haét\‘\é%ﬁwg BN '898 Q"ﬁ'pﬁffoﬁ@ﬁrlf&ﬂied to the
out put of the first outer |oop segnent, the second inner |oop segnent wth
t he i nput connateeinteachHeop campiisestwoisegments and the innes@ndeeutentoopshe
second outer |oop segnent with the input connected to the 15 output of the

second inner | compsiegfout segrientseadinstutitebsegrgentia sacopdiouter sédrmemtaaun
secondary. 14. The bal un device of claim 13 additionally including a via

Comnectcy 1 LIty B 3OGRBR NG SNSRI roM I e,
device of clai g i3 AL 2L AbIInAI L AR ufhr hRd E38AREE S hBut 88d and
an output end, the four segments arranged as follows:
the first outer loop segment with the input being the input of the
balun secondary,
10 the first inner loop segment with the input connected to the out put
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

15 output of the second inner loop segment and the output being the output

of the balun secondary.
14. The balun device of claim 13 additionally including a via connected to the
output of the second inner loop segment, and a via connected to the input of the

20 second outer loop segment.

15. The balun device of claim 13 additionally including a via connected to the

output of the first outer loop segment, and a via connected to the input of the
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output of the first outer |oop segnent, and a via connected to the input of
the 16 second inner |oop segnent. 15. The bal un device of claim13
additionally including a crossover connecting the said vias. 5 16. The

bal un device of claim 14 additionally including a crossover connecting the
said vias. 17. The balun device of claim 12 additionally including a second

netal |ev k1.8l condary | oop conductor having two | oops, an

i nner |oo§5$#g’§ﬁﬁpgﬂﬁégﬁﬂﬁ8ﬁf wherein each | oop conprises two segnents and
the inner and outer |oops conprise four segnents, 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 i ngét Thedbaluo devicewefmiaim 18 additionaliy inchuding agressavescoangetingis
follows: the first outer |oop segnent with the input being the input of the
bal un pri tipe gaidtigs.fi rst inner | oop segnment with the input connected to the
output of the first outer |oop segnent, 20 the second inner | oop segnent
with the input connected to the output of the first inner |oop segnent, the
second outer |oop segnent with the input connected to the

16. The balun device of claim 14 additionally including a crossover connecting

the said vias.

17. The balun device of claim 12 additionally including a second metal level
10 comprising a secondary loop conductor having two 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
15 end, the four segments arranged as follows:
the first outer loop segment with the input being the input of the
balun primary,
the first inner loop segment with the input connected to the output
of the first outer loop segment,
20 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
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out put of the second inner |oop segnent and the output being the output 17
of the balun secondary. 18. The bal un device of claim 17 additionally

i ncl uding a conductive output runner connected to the connection between
the first and second inner loop 5 segnents. 19. The bal un device of claim
18 wherein an inner |oop segnent and an outer |oop segnent of the primary
conductor are e i crossover and said crossover interconnection
is formed on s H{bsgélgﬂé\gcéag netal. 10 18

18. The balun device of claim 17 additionally including a conductive output
runner connected to the connection between the first and second inner loop

5 segments.

19. The balun device of claim 18 wherein an inner loop segment and an outer
loop segment of the primary conductor are connected with a crossover and said
crossover interconnection is formed on said second level metal.

10
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