| NTEGRATED PASSI VE DEVI CES WTH H GH Q | NDUCTORS Field of the Invention
This invention relates to integrated passive devices (IPDs) and nore 5
specifically to inproved integrated inductors. Background of the Invention
(Portions of the technical material contained in this section nmay not be

prior art.) 10 f I il ' circuits use
| arge quantiti eﬁwﬁmﬁés'ﬁ?gﬁéﬁﬁmw@ @‘“@?@&Eﬁsl n hand hel d
wirel ess products. Accordingly, mniaturization of passive devices and
passive device circuits is an inportant goal in RF device technol ogy.

Recent advances in passive device technol ogy have produced integrated 15

passi ve dedRigtdbof thePimvention ei n i nductors, capacitors, and resistors are

i ntegrated on a single conpact substrate. |IPD substrates are |arge, and

preferably madeTias imvdntionreldied td itspraRedpassive evides (IPDy)andaheid s on | PD
structures and their manufacture can be found in U S Application Serial

Number g 1 : | i whi ch is incorporated herein by
referer?cegd%ﬁigésﬁ?a%ma#ﬁﬁﬁguct Féiggrlr%%%ﬁlésé in these IPDs usually has two
goals, high Q and a conpact space. In general, inductor devices require
conductors that run side-by-side along a substantial |ength. The RF current
flows in the same direction through the side-by-side conductors so that the
magnet i ¢ fBasckground af the Invention

(Portions of the technical material contained in this section may not be
prior art.)

10 State of the art radio-frequency (RF) electrical circuits use large quantities
of inductors. Many of these circuits are used in hand held wireless products.
Accordingly, miniaturization of passive devices and passive device circuits is an
important goal in RF device technology.

Recent advances in passive device technology have produced integrated

15  passive devices (IPDs) wherein inductors, capacitors, and resistors are
integrated on a single compact substrate. 1PD substrates are large, and
preferably made of silicon, but in some cases ceramic. More details on IPD
structures and their manufacture can be found in U.S. Application Serial Number
11/030,754, filed January 6, 2005, which is incorporated herein by reference.

20 Design of inductor components in these |PDs usually has two goals, high
Q and a compact space. In general, inductor devices require conductors that run
side-by-side along a substantial length. The RF current flows in the same

direction through the side-by-side conductors so that the magnetic flux lines are



in the sane phase. This results in a large nutual inductance. Straight
conductors, that is, elongated pairs of runners, achieve this goal in
princi ple but consune excessive |inear space in a conventional |PD. Spiral
shaped runners, and nested squares or rectangles of runners, achieve the

desired res N a r 0 . S . r |, ohl:ah, Q seeks high
perfor nanc'é’%%r‘?&%? Bﬁéggv jlh&egg%@ﬁ{; ik Bﬁ%@e@&@aﬁr{%@gt:ﬂ%@v e‘?’tg#'gpgct ors

i nfl uence the Q factor. The indyctance value depends (inter ali. on the

| engt h andCUMHSIAS H?att'ﬁeé]%ﬁiﬁ@aé?a""ﬂfg "Ha0R"S ?6§'§Ve§éﬁéﬁ’él'rl%r“?‘?'€])§tblgr der on
the conductivity of the nmetal. The conductivity is 10 dependent on the w dth
and t hi ckne@rsuine exeessive dnear spags isaeomientanant: r Spiralghapedyeinpess. gn
considerations for high Qinductors. In state of the art integrated passive
devi ces soanrd okstdibsqlereg or gecthnaglesof rumnemsnathieve theodesireddseilt iha smal |,
conpact, IPDs it is desirable to shrink the interconnections. This

i ncreases hitfe lcBfipHcRBpEcOf the inductor runners and 15 reduces the Q of the
i nductor. To offset this, the conductivity of the runner nay be increased

by switching fr ] S %!% . ruproposal
Is to coat the Zﬁh%ﬁ%ﬂ%@hﬁ@ﬂ?\/\% 3{@% pg@hg? b??(@ﬂpg%P _ce@%ﬁf é;ﬁngt er
approach is to increase ,the length qf the.  ndugctor. m_nal It woul d
appear tha “ ncr a rea.
nafo RewBELEE” Sevianiertrs invgnhe the i st IEeoldicealE e 20
However, it has been recogni zed that inductor design is not restricted to
two di nenstependagaier @liahPn the length andspacingef themuarensc ddhe power 9ssi ces
built on nultiple | evels, have been devel oped. Miultiple I evel inductors
produce nudepehdetd first order on the conductivity of the metal. The conductivity is
10  dependent on the width and thickness of the runners. Thus several parameters
enter the design considerations for high Q inductors.
In state of the art integrated passive devices some of the design goals are
in confiict. For example, for small, compact, IPDs it is desirable to shrink the
interconnections. This increases the resistance of the inductor runners and
15 reduces the Q of the inductor. To offset this, the conductivity of the runner may
be increased by switching from aluminum, the standard metal, to copper.
Another proposal is to coat the aluminum runners with a copper strike layer.
Yet another approach is to increase the length of the inductor. Nominally
it would appear that increases in inductor iength require increased surface area.
20  However, it has been recognized that inductor design is not restricted to two
dimensions. Accordingly, three-dimensional IPD devices, i.e. devices built on

multiple levels, have been developed. Multiple level inductors produce multiplied

inductor values for a given surface area. For example, see Yin et al., Double-



I nductor values for a given surface area. For exanple, see Yin et al.,
Double 2 Level Spiral Inductors Wth Multiple Via Interconnects on GaAs
Substrates, | EEE TRANSACTI ONS ON MAGNETI CS, VOL. 40, NO. 3, MAY 2004. This
paper describes various structural paraneters of stacked, multilevel

| nduct ors.| Gl st I ARRSARYANIFBE o ek Gl HeRE B oMl Snkhact e val ue

of tmo-leve ors I ona evel's exa our revels, would

appear to ten. In an | PD
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| evel s serve only the inductor elenents. More efficient designs for

t hr ee-di rreq-‘@,s%\b&rs veripys wHuctiral paramesens of iackedy myltigvelssduaorp@ndsighnol ogy .
Summary of the Invention W have devel oped a new approach to constructing

t hr ee- di neinsoposhtedi hataut by efetancePD devi ces. It invol ves constructing a
portion of the inductor on a 15 base (first) |IPD substrate, and

constricti ng a Wt the provén ealuef ofttive-lenelusdwitory) additional leyvelg fmd) substrate.
The cover substrate is then flip bonded to the base substrate, thus mating

the two pogtdf I?éﬁiurtlé‘ﬁelé Y pe‘é?‘tc?‘ﬁettﬂé%eip%ga% E’ch‘u a¥gkq! nduct or

can be constru ut usi n l'evel trat |ng t wo

t wo- | evel l evel devi 20 A ¢ ence of this
new approa'@l’fmpieii f '{%m@r‘g&gﬁﬁﬁg 'preﬁﬁgsé’oﬁ?e?-@ﬁt's e§BB§'?ﬁ% ¥ be used
in the two Rortlons Thus a silicon | PD substrate may be
ere the multiple levels serve only the inductor elements.
More efficient designs for three-dimensional {PDs would allow continued

10  progress in IPD technology.

Summary of the Invention

We have developed a new approach to constructing three-dimensional

inductors for IPD devices. It involves constructing a portion of the inductor on a

15  base (first) IPD substrate, and constructing a mating portion of the inductor on a
cover (second) substrate. The cover substrate is then flip bonded to the base
substrate, thus mating the two portions of the inductor. Using this approach, a
two level inductor can be constructed without using a multilevel substrate. Using
two two-level substrates yields a four-level device.

20 A consequence of this new approach is that the structure allows different
substrates to be used in the two portions. Thus a silicon IPD substrate may be
used for the first portion of the inductor, and a GaAs substrate, for example, may

be used for the second portion of the inductor. Cther components may be built



used for the first portion of the inductor, and a GaAs substrate, for
exanple, may be used for the second portion of the inductor. Qher
conponents may be built 3 on the substrates according to the demands
needed, i.e. high performance conponents nmay be added on the GaAs

bstrate, bstr at
Syost o . ok b5 ABTIRS g RPRONANAAL AERUEE, A oSl dfs bt o1 ¢
t f th d ded t th
Cechni quescomBRFREEK bet et 1R A yBsplE FEREsSHSTBMANY || p bonded

dual substrate inductors. Brief Descrlptlon of the Drawing 10 Fig. 1 is a
pl an schen@@méovﬁ@ﬁﬁl‘@‘ﬁatﬁﬂwnsm@s&"imb%f@ﬁ| sing two inductor halves prior
to flip bonding, Fig. 2 is an elevation view of the two substrates of Fig.
1; Figs. 3-8 il Thetimductostapssruction o tHeainveoton omherfeiratwd spbéicatded@adhal

substrate inductor according to the invention; and 15 Figs. 9 and 10 show

al t er nag i VeorphsEEpbRionlofithe MdLatsiasbdilate bt foabthdrndiieg Richnidticd. 11 i s

a schematic view of an IPD containing an inductor of the invention; and

Fig. 12 1 seamihAR ip i AsSErABIyaaN ldidised 8 L8 Ridobidis alial Bstiateui t- 20

inductors.

Brief Description of the Drawing

10 Fig. 1 is a plan schematic view of two substrates comprising two inductor
halves prior to flip bonding,
Fig. 2 is an elevation view of the two substrates of Fig. 1;
Figs. 3-8 illustrate steps in the fabrication of a flip bonded dual substrate
inductor according to the invention; and
15 Figs. 9 and 10 show alternative embodiments of flip bonded dual
substrate inductors.
Fig. 11 is a schematic view of an IPD containing an inductor of the
invention; and
Fig. 12 is an IPD circuit diagram illustrating a typical IPD circuit.
20

Detailed Description

Fig. 1 is a top view of the base substrate 11 and the cover substrate 21,

each carrying half of the inductor structure. In the embodiment shown, the



Detailed Description Fig. 1 is a top view of the base substrate 11 and the
cover substrate 21, each carrying half of the inductor structure. In the
enbodi ment shown, the 4 inductor body, conprising elenments 12 and 22, is in
the pattern of an arc greater than 270 degrees. The inductor body conprises
a netal conductor, typical]l | um pu C er,. or other suitable conductive
material . PANSIOE SRANLBIBRTSHG RIRments 11 RBd 2kl ndheiRstiem of an 2 §realse
substrate are shown at 13. Mating 5 interconnections connecting the two

hal ves of thae 3i{tdegreesbdde induciondady sommBisesadmetal conductiosdiyaically

I nt erconnections, which are optional, are shown at 16 and 26. The use of

i nt er nedi adlemindra; coppers or ottserisuitabkt eaicedttive Inatessale| Interdormnactions  di scussed
inYinet al., referenced earlier. The two substrates are shown in an

el evation ningérd b fedinddetol Body St st Bdsd Subdtials ar@sRewaAsata Pavibtieg of a
| arger substrate. Typically one or both the base substrate and the cover

SUbSTIa © itercoRAYRRUdneRihg fhd ko hales U the dRieR it Fare HiowRf g 13 Ona

circuitry nmay conprise ot el'ement's such” "as ‘capacrtors and resistors,
ovent i on PaLPRedniarNERIEtS SErERREoT O ot 7ES OpUSTAaiE SIOWR of A6 Hhner
shown all ows one inductor half (or portion) to be formed on a substrate of
one nat eri 6. Theruse@friptasmegiate daigrcangmectionsh i astackeddneltilgve! ingductafdsict or i s
formed on a substrate of a different material, for exanple GaAs. Either
subst r at e, discussdchinsYihstrait esfereraedoearfien. "Eite tho stbsiratentaee ishbwn ie.an.
elevation view in Fig. 2.
10 Substrate 11 is illustrated as a portion of a larger substrate. Typically one
or both the base substrate and the cover substrate will have additional circuitry
on the substrate. The additional circuitry may comprise other IPD elements such
as capacitors and resistors, as well as active device such as transistors.
An important aspect of the invention resides in the fact that forming the
15  inductor in the manner shown allows one inductor half (or portion) to be formed
on a substrate of one material, for example, silicon, while the other half of the
inductor is formed on a substrate of a different material, for example GaAs.
Either substrate, or both substrates, may be formed of other materials, e.g.
ceramic. However, as pointed out in the patent application referenced above, a
20 preferred substrate material is silicon. More recent work shows the advantages
of GaAs as an inductor substrate material. See for example, |.J.Bahl, “High

current handling capacity multilayer inductors for RF and microwave circuits”, Int.

J. RF Microwave Computer-Aided Eng., voli. 10, pp. 139-146, 2000. The use of



ceram c. However, as pointed out in the patent application referenced above,
a 20 preferred substrate material is silicon. Mdre recent work shows the
advant ages of GaAs as an inductor substrate naterial. See for exanple,
|.J.Bahl, "High current handling capacity multilayer inductors for RF and

m cr O""aveiﬁ%a%@ria@ A F.ugéltratgg gMdgra(?]W o%gﬂgfoﬂrtb%g%ﬂ'cgg esigho! - 10, pp.

139- 146, use o m Xed materials as Substrates S anot her

di mension to the circuit design. .. gh conponent s, may, be sel ectively

for med on HiSBpheoSTrsEEts B selephdly RS A eAERTEBay It ¥ e on
a silicon substrate. Using different properties of the substrates provides
a vari et y damanding elemepty may &g fgrmeddnoa silicen shbstalenddsing diffarest n of the

i nductor in Figs. 1 and 2 is an arc of a circle, 1in this case an arc

gr eat er t hxapetiesdddhe esbstratesqiravidds awarzhpobuseful ciralit design aptionsiner s may
be used for stacked inductors, but to increase the conductor length in an

ar ea- ebf i ci ent TrRNgeometmepstieasfihairiuciey indHigy. f andeds iah freatei Eirdle,
configurations. Spiral configurations are common. In stacked rmultilevel 10

i nduct . | fq ' 3 i Yi t
I nductors |g)§ﬂ§%’a‘§e%{n afc @Qﬂ#tlg{?n 990 dggﬁ%' ggﬁ)foﬂﬁéé& olﬂ?‘éﬂoyﬁ,%c{re(@l‘?te 'n e

al., supr A'Targe variety mean I'gurations have been
vent on MRIELEMTES ey BE WERY OEH AR keb MR Te ot g erB AT Bofdr Rbd "her o
as a two- di nensional shape having at | east one curve or corner. 15 Figs.
3-7 show dJeRgid inasr afearefficieat mannesdhedunagrstare typicalvionmed in@gomaiist r at e
I nductors of the invention. A finished inductor is shown in Fig. 8.
configurations. Spiral configurations are common. In stacked multilevel
10 inductors, square or rectangular configurations have been used (see Yin et al.,
supra). A large variety of meandering configurations have been proposed for
inductor bodies. Any of these may be used in implementing the invention
described here. The term geometric configuration is defined here as a two-
dimensional shape having at least one curve or corner.
15 Figs. 3-7 show steps useful in the fabrication of the flip bonded dual
substrate inductors of the invention. A finished inductor is shown in Fig. 8.
Referring to Fig. 3, the mating substrates 11, 21 are coated with insulating
layers 31, 32, for example SiO,, by growing or blanket depositing the oxide on
the substrate surface. Typically the same oxide will be used on both substrates.
20 However, if the substrates are of different materials, different insulating materials
on the respective substrates may be beneficial.

In Fig. 4, patterned layers of metal, 41, 42, are formed on the substrates.

The materials and pattern designs are discussed above. The metal layers may



Referring to Fig. 3, the mating substrates 11, 21 are coated with insulating
| ayers 31, 32, for exanple Si 2, by grow ng or bl anket depositing the oxide
on the substrate surface. Typically the sane oxide will be-used on both
substrates. 20 However, if the substrates are of different materials,

oL e et SERUbBART S Bhle IBbA AGTORTIRoBT RIS TR o e

substrat es The terjals and ttern deS| ns are di sc ssed apove. The
o T oihe matal IR epdhaninank LiF BYSEAh Sntab: £0-7 SEEEITGOBPBRTASY vt hod

Is to bl anket deposit the netal |ayer, then mask the layer with a mask,
e.g. a phondhepriigrgrsicedand etchrawaetheaaposad hestionss, TAvslleaven aavay t he
exposed portions. This |eaves a portion of the inductor body 41 on the base
subst r at e, pertidn &f ploe inductafbddyed bon tiskibase shbsliyaté? and 4 pertioowwfthesubst r at e.
The portions of the inductor are intended as mating halves, to be joined by

f1ippi My tingueldY Bod§UPShH ﬂi@c&)@rsubﬁﬁatebaﬁ@e ﬁéhﬁin%fﬂthé dutEraner sa) .
Accordingly inductor body portion 41 and inductor body portion 42 are

mrror t f e

[ nductolrmalgruc Sr%qﬁsa%g'g %er’y%g&ﬁ%a Hﬁﬂﬂﬁbgﬁhgﬂg% %@tég\%ﬁﬁbst rate
is a conplete mrror dctor onthe bas strate. This
i s essenti I&??%/Slfq’%r%‘ar@?r G?é(?f mQIM "qubm‘ép%r efwrortion ‘ﬁs aBffective
because the upper and | ower runners have coupling fields along their entire
| engt h. HoWwduetor body erkan AR ade inirroninages of one asethgni ze that parti al

coupling will also achieve useful and desirable results. This neans
The preferred flip bonded dual substrate inductor structure is one where

10 the inductor body on the cover substrate is a complete mirror image of the
inductor body on the base substrate. This is essentially the configuration shown
in the figures. It is effective because the upper and lower runners have coupling
fields along their entire length. However, those skilled in the art will recognize
that partial coupling will also achieve useful and desirable results. This means

15 that the patterns in each of the inductor body portions do not have to be
completely congruent. However, they are preferably at least partially congruent.
To realize the goals of the invention it is sufficient if at least 30%, preferably
50%, and ideally 100% of one of the inductor body portions is congruent with the
inductor body portion on the mating substrate. At least partial congruence

20 between geometric configurations is defined as a relationship where an area of
one geometric configuration directly overlies an area of another geometric
configuration when viewed from above. This prescription allows incomplete

congruence not only along the length of the inductor body, but also along the



15 that the patterns in each of the inductor body portions do not have to be
conpl etely congruent. However, they are preferably at |east partially
congruent. To realize the goals of the invention it is sufficient if at

| east 30% preferably 50% and i deal Iy 100% of one of the inductor body
portions is.gongru I nduct or bod: ti on the matin

B lbst rat e, MgkeSs AfReastbh TS o dinEe b haBeler BeAnBeria EEM G RIdE ons
is defined, as rel ati onship where an area of one geonetric configuration
directly otvh@F‘ItF'l€§Uﬁ'ﬂe%.'F‘éBe(S’lth%friij%@Pr QQGWPWQP %%Qﬁrﬂw}kﬂh%ﬁoﬂﬁwnﬁﬁemed
from above. This prescription allows inconplete congruence not only al ong
t he | engt hfagtortit@niardacoogrusawe, fabtar. #itdeast|3oig of the areahdfokeeimgdudiarensi on.
Thus the runner in one inductor body portion may be wi der than the runner

in the ot hssdy potiohahdudigireethy overie Aarradpogting drea of thg btlesrdedudtact or i s
an area congruence factor. At |east 30%of the area of one inductor body

por ti om shgadyd Gl‘tibﬁn‘:t |y overlie a corresponding area of the other inductor 5
body portion. ose cases where there is partial congruence the geonetric

“mageof - the oBdaFeicASHE es® MikelR mhltH clhbluets e BBsRe0qy parcion.
In Fig. 5, dielectric layers, for exanple SiO2 |layers, 51 and 53 are forned
10 over t HeOHIEHERNIGM Bl RS Nduistardodypaltian 241l bered least ecartial MiERlsMageld 57
are fornmed through |ayers 51 and 53, exposing the netal |ayers 41 and 42
for el ectthecggomemicamndigurstiotioaihe 3nating indiuglos dodiytporiidmdows 57, so t hat
it In Fig. 5, dielectric layers, for example SiO; layers, 51 and 53 are formed
10 over the metal inductor bodies 41 and 42, and contact windows 53 and 57 are
formed through layers 51 and 53, exposing the metal layers 41 and 42 for
electrical contacts. Windows 53 are aligned with windows 57, so that metal
pattern 41 and contact windows 53 form a mirror image of metal pattern 42, and
contact windows 57. Widely known techniques may be used for forming the
15 windows. Also, any of a variety of suitable materials may be chosen for the
dielectric layers. If the inductor design or other IPD compatible steps call for thin
dielectric layers, for example if this layer is also used at another location on the
IPD for a capacitor dielectric, the layer may be SiO, with a thickness of less than
0.1 micron, or less than 0.5 micron. Thicker SiO; layers, e.g. 0.5-5 microns, may
20 also be used. If an organic dielectric is used, for example polyimide, the layer
thickness is usually greater, e.g. 1-10 microns.

in Fig. 6, electrical contacts 61 and 62 are formed in and on the contact

windows as shown. These comprise solder bump contacts, and may include



pattern 41 and contact windows 53 forma mrror inmage of nmetal pattern 42,
and contact w ndows 57. Wdely known techniques nay be used for formng the
15 wi ndows. Also, any of a variety of suitable materials nmay be chosen for
the dielectric layers. If the inductor design or other |IPD conpatible steps

call for thi di Lirc.l.aver for ex le If | s laver is also used at
anot her | o%rgicijefroq#rﬁ#\?%%h&?@‘f Oﬁ%n%lgb%eﬂ%rcod]taﬁ:tégieﬁe&% t%ethpdpaferwgy be
SSI2 with hi.ckness of less than, 0.1 micron, or ss than 0.5 njc¢ron.

Thi cker Si %ﬂhﬁd%‘i'%t?r Rody. %.téey‘cﬁ‘lcé?ro‘?%qy 'ﬁ&?pﬁér’é‘-‘@{)ﬁﬁé%"@%‘a? 6|1farg18 rganic
dielectric is used, for exanple polyimde, the |ayer thickness is usually
greater, e3rg COPPED, hecyalder. bumpsimpy Bonddisesth todhe coppatcentactsand 62 are
formed in and on the contact w ndows as shown. These conprise sol der bunp
contacts, ldoweway ifithelostheacts aveakmibuny asgegiadliUBivi is typiddiy ustdur Ehef the
contacts depends on the material of the inductor body. If the inductor body

i s copper, yQHl pra&iceanttRs irkdstryas %o Gaplya BBRPEBSfing idtheSALARRuRWERgadtRY bond
directly to the copper contacts. Howevér, if the contacts are alum num a

cpnly o AT ST e 8GR, o o R 1 GG Tt IR P BRY, 2,

apply a U _ _ y thé sol der bunp
dnere vl ¥R fisnoBe R HANSTE yvellig AlaindT, b elighle B e Hons,
and be highly conductive. A structure neeting these requirenents is a
conposi t e $fidentosmulationsdand pedrighigioondliolivg. sSAgépetirecaeatng these, to adhere
to the al um num and copper is applied over the chromumto
requirements is a composite of chromium and copper. Chromium is deposited
10  first, to adhere to the aluminum, and copper is applied over the chromium to
provide a solder wettable surface. UBM layers are conventionally sputtered.
Fig. 7 shows solder bumps 72 applied to UBM 62 on cover substrate 21.
Alternatively, the solder bumps can be applied to UBM 61 on the base substrate,
or, in some cases, to the UBM on both substrates. The solder bumps are
15 typically applied using a solder paste process.
With both the base substrate and the cover substrate essentially
completed, the two substrates are assembled together, as shown in Fig. 8, by flip
bonding one substrate on top of the other, registering the solder bumps 72 to the
LUBM on base substrate 11, and reflowing the solder bumps to attach the two
20 substrates together. The result is a two-level flip bonded dual substrate inductor.
it will be appreciated that this multi-level inductor is fabricated without using any

multi-level substrate.

The combination of the thickness of dielectric layers 51 and 55, the



provide a solder wettable surface. UBM | ayers are conventionally sputtered.
Fig. 7 shows sol der bunps 72 applied to UBM 62 on cover substrate 21.

Al ternatively, the solder bunps can be applied to UBM 61 on the base
substrate, or, in some cases, to the UBMon both substrates. The sol der

pase subet RKEEBR AT LM A e B 3hd hdabalEl o ThbEr BB T atlinaBl,
Suibst ot o GRTD o FRECHS BFWasE e PTG S G2 Bl ihgmeBotog BPRK * g
on base substrate 11, and reflow ng the solder bunps to attach the two 20
subst r at esThisgPanring istyeicalbsneta catical designaarantetenfop dtustorpeforsaianse: at e

i nductor. It will be appreciated that this nulti-Ilevel inductor is

f abri cat edand significans iatijudanis allowed for eive jesmietigsadfethe Biemeatdused tooflipof t he
t hi ckness of dielectric layers 51 and 55, the 9 thickness of UBM 61 and 62,

and the di goed fe QibstRItEStodiirRs Glerill fie $pid etwitRirEinALE® T boRieseri Ng
between the two portions 41 and 42 of the inductor body. This spacing is

typically %‘r?r{l g?irﬁé{gbgﬁﬁ'th?f%i,ﬁ1%balﬂﬂctggﬁ&f or inductor performance, and

significan e’is a for geonetries of the elements used to
U R L S e e I R Y i
the flip bonded dual substrate inductors nay have nore than two levels. A
wi de vari emprethaptweleyels. oA aide vahety dfeptioss iagaiangilable for designing
additional levels and additional inductor lengths using the basic building blocks
10  justdescribed. Fig. 9 shows a three level flip bonded dual substrate inductor.
The third level is added to cover substrate 21 in the form of added inductor body
91, added interlevel dielectric 92, and conductor plugs 93 electrically
interconnecting inductor bodies 42 and 91. Those skilled in the art will
appreciate that the layer elements 91, 92, and 93 are formed after the step
15 shown in Fig. 3, using the same approaches described for Figs. 4-6.
Fig. 10 shows a four-level embodiment, where a level is added to the
base substrate. The added inductor body is shown at 96, the added interlevel
dielectric is shown at 94, and the conductive plugs connecting the inductor body
96 with inductor body 41 are shown at 95.
20 Any desired number of levels may be constructed in either the base
substrate or the cover substrate. The inductor bodies that reside on the same

substrate, for example, 91 and 42 in Fig. 9, or 96 and 41 in Fig. 10, are

congruent. After the two substrates are bonded together, all of the inductor

10



additional |evels and additional inductor |engths using the basic building
bl ocks 10 just described. Fig. 9 shows a three level flip bonded dual
substrate inductor. The third level is added to cover substrate 21 in the
form of added i nductor body 91, added interlevel dielectric 92, and
conduct or S 3 eI eg ricall I nt erconnecting inductor bodies 42 and 91.
Those ski ﬁ?oéégeﬁ Ey?ﬂr]qrug'gppreci ate that the Iayer el enrents 91, 92,
and 93 are forned after the step. 15 shown i i ng the same

appr oaches desch$ Bimtiopedmbgye, 9,'1'33" arikpth fgb‘éﬁrﬁ%"\% '%th%ﬂtp-ll’%d e¥¥odi nent ,

where a level is added to the base substrate. The added i nductor body is
shown at SBibstrate mduestbrimae cary etherdP8l eampogents. shhese are tggicalhynthin filn
conductive plugs connecting the inductor body 96 with inductor body 41 are

shown at Sfevicdd fbnyeddsi stegs conpatibief witle Wedse describedcabesier Thireflm n ei t her
the base substrate or the cover substrate. The inductor bodi es that reside

on thessanBehigies "fcﬁt"t’%rmfrf}\;r tthgéé{ﬂ%?we LleBAtstare! \K)eiFUSv%IgR é)@aﬁ ict1 ' n

Fig. 10, are congruent he two substrates are

or both i fily BEcBRSeFReR) %B?E%i%i%‘é&tpﬁﬁgr ke t@tfe@f%‘?ﬁéta‘it”ﬁ PR ?'yt o

ot her |1 PD conponents. These are typica thin film devices fornmed by steps
conpat i bl & anﬁgﬂht%éeﬁe’é@?ﬂ@egog odad UFér Ratentas Q%%ﬂ%u@@?@r form ng

t hese passive el enents are wel| devel oped and specific thin film processes
need not Heecarnber 2t,etO9h: both Sbwhiahrarexnomiperales.hePaindmt reference.

As described above the base substrate surface and the cover substrate
10  surface are attached together using solder bumps. However, other conductive
means may be found effective in attaching the two substrates together.

When the two substrates are attached together, it is evident that the
structure requires that the inductor body on one substrate mates with the mirror
image inductor body on the other substrate. “Mating” in this context means that

15 the two inductor bodies are adjacent each other.

While the terms base substrate and cover substrate are used above,
these terms should not be construed as limiting. It is evident from the
description that the substrates are completely interchangeable.

Reference herein to solder bumps is intended to include a variety of

20  solder attachments and solder attachment techniques, inctuding solder bumps,
solder balls, solder microbumps, solder paste methods, BGA methods etc.

An IPD incorporating a flip bonded dual substrate inductor is illustrated

schematically in Fig. 11. Again, the figures are not to scale. This figure is a
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6, 075,691, issued June 13, 2000, and U.S. Patent No. 6.005.197, issued
Decenber 21, 1999, both of which are incorporated herein by reference. As
descri bed above the base substrate surface and the cover substrate 10
surface are attached t oget her using sol der bunps. However, other conductive

means may b cti.ve he two subst.rates tpgether. Wen
reans, 1Ry BeROHRIPE] LRSSl RRADS et R g ppet e e
requires that the | (guctqr on one substrate mates with the mrror

i mge i ndURtESFOHIRSE Haﬁﬁée@?%?n§lﬂf§t%ca yganragented. (Tiessulstiaéd 1iheans
that 15 the two inductor bodies are adjacent each other. Wile the terns
base substip frevided with\growsnupdde taver 418. ddwdresistorecomprisgserasistasbedivul d not
be construed as limting. It is evident fromthe description that the

subst r at es! 18, andargitatis| W14 aicn ¢haTheakipacitbetanprises lowericaphoitsopidiy bunps
is intended to include a variety of 20 solder attachnents and sol der

attachgenty 1@%’%9 BSSacitdt It 148 8R4 e itor él‘ét&'%ntﬁ@t 197, TRLGRS

m cr obunps, sol der paste t hods, BGA net hods etc. D incorporating a

) pASSPﬂ%fﬁiéﬁft%%?l@%%@%ﬁe LR s e éf‘t%fagqvﬁfg%t 1 et ¢ i P

wher ei n i ntegrat paSSI ve el enents or conbi nations of |nterc nnect ed
passi ve el %ﬁe‘?”&@“@?el 'E'QPFEQ'"ﬂ@ﬂr%@PﬂS@? a hage subshratgl WIS s provi ded

with grown oxide |ayer 112. The resistor conprises resistor body 113, and
cont act s lembedinentsand acavepaubsivatectddori ses | ower capacitor plate

As mentioned earlier, the concepts described herein apply to either
10 substrate, the base substrate or the cover substrate. This means that, in the
context of Fig. 11, either or both the base substrate 11 and the cover substrate
122 may have added inductor elements.
A feature of IPD technology is that elements of more than one component
may be formed from the same metal level. For example, resistor contacts 114,
15 115, and capacitor plate contact 117 may be formed using the same processing
steps. Upper capacitor plate 118, and one of the inductor spirals 119 (contacts
not shown), may formed using the same steps. The structure is protected with
polyimide layer 120.
The thin film passive elements may be formed by a variety of thin film
20 techniques. These techniques are weli developed and the specifics need not be
reiterated here. See for example U.S. Patent 6,075,691, issued June 13, 2000,
and U.S. Patent No. 6,005,197, issued December 21, 1999. The latter patent

describes a multi-layer structure for PCBs, which could easily be adapted for the

12



5 116, upper capacitor plate 118 and | ower capacitor plate contact 117. The
flip bonded dual substrate inductor 121 conprises netal runners 119. The
flip bonded dual substrate inductor 121 conprises a base substrate 11 in
this enbodinment, and a cover substrate 122. As nentioned earlier, the
concepts descri bed herein ly,to eithe 10 suhstrate,. the base substrate
or " he. covaniEatian AaserbaABR A BnipaiEnt waY of SenEbe & Fin BT BRgsNer el t her
or both the base substrate 11 and the cover substrate 122 may have added

i nduct or el@figmissa pAssivadevicedhat isfofraes 86 HEYLSIEALE WSINEPRBARIOTSf nore t han
one conponent rmay be fornmed fromthe sanme netal |evel. For exanple,

resi st or cdeperstypiddly, a plusality Bf layeds, chgpasited ongheatsabstrateachh additiormyasbe
formed using the sane processing steps. Upper capacitor plate 118, and one

of the i nduehfibnédPabals, didof rRé afdrient8 Af Hwb OMMoreBMpEHiems gy bg t he sanme
steps. The structure is protected with polyimde |layer 120. The thin film

passi ve elﬁﬁﬁga%%tﬁﬁ,ﬁéﬁgﬁ;@éi@ g@ggety of thin film20 techniques.

These techni ques ope t he specifics need not be
reiterated here e for exanpl . S.. Patent 6,075 691 issu e 13,
2000, and U 5 TEL0BHEORSBVE Tpphcation for Bl Banhbanare wierahghe THRImAY: . o
patent describes a nulti-layer structure for PCBs, which could easily be
adapt ed f dunghien asandshifiltest ABrExaERleioh adypispbiiltes cireHi dh PN IR ihf12def i ni ng
athin filmpassive device is a passive device that is fornmed on a
subst r at e Tisé bgsiorimildingnbloek in this filter circuit is shown in box 139. it comprises
capacitors (C) 127 and 131a, and flip bonded dual substrate inductor (L) 128
10  connected to ground at 129. In Fig. 12 there are two repeating units shown, the
other LC unit comprising capacitors 136 and 31b, and flip bonded dual substrate
inductor 133. This LC combination may be used in repeating units to narrow the
band pass and increase the out-of-band RF rejection of the filter.
Various additional modifications of this invention will occur to those skilled
15 inthe art. All deviations from the specific teachings of this specification that
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 claimed.
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| ayers, typically a plurality of |ayers, deposited on the substrate. In
addition, as nentioned above, one or nore elenents of two or nore
conponents may be 5 forned using the sane processing steps. |PD devices have
application for nobile transceivers wherein the IPD may function as an RF
filter rrple of a typical filter circuit is shown in Fig. 12. The
basi c bwls\'ﬁ"H Shlock in this filter circuit is shown in box 139. It

conpri ses capamtors C). 127 and 131 _a, and flip bonded dual substrate

i nductor (L) 128 fardabricatinac A kandesldualisupstate pduRie are two
repeating units shown the other LC unit conprising capacitors 136 and 31
b, and flipomprigieg thestepa®ktrate inductor 133. This LC conbi nati on may be
used in repeating units to narrow the band pass and increase the

out - of - band RF rej ecti dormihgtahfirst induetor béalyi pordorddi 4 base bubsteatbistafacens  of
this invention will occur to those skilled 15 in the art. Al deviations

fromt specific te i i f ely on
L3 affivaee éi!:bsirﬂteS tﬁ@ﬁf‘% H‘gﬁﬁ&%r%%d;ﬁﬂ%rﬂgﬁ?ﬁé@ b ¥irdt

the principles and their equivalents t been

advanced are pr Op-erlée&%%?ﬂ&dgc?lﬁ@u%q@ﬁn the scope of the invention as

descri bed and cl ai nme 'A nethod for fabricating a flip bonded
dual substrate inductor conprjsing the steps of: a. formng a first
i nduct or body porti oR- WW%ﬁgléStsq}%|§FF&t|€Y%ﬁﬁﬂ thesfirst inductonfady RorlieRy at e,
the first inductor body portion having a first
¢. forming a second inductor body portion on a cover substrate

surface of a cover substrate, wherein the second inductor body

10 portion on the cover substrate has a geometric configuration that is
at least a partial mirror image of the first geometric configuration,
d. forming a dielectric fayer on the second inductor body portion,
and
e. attaching the base substrate surface to the cover substrate

15 surface using an electrically conducting attachment that electrically
interconnects the first inductor body portion and the second

inductor body portion.

2. The method of claim 1 wherein base substrate is silicon.
20

3. The method of claim 2 wherein the cover substrate is silicon.

4. The method of claim 2 wherein the cover substrate is GaAs.

14



geonetric configuration, b. formng a first dielectric |layer on the first

i nductor body portion, c¢. formng a second inductor body portion on a cover
substrate surface of a cover substrate, wherein the second inductor body 10
portion on the cover substrate has a geonetric configuration that is at

| east a partial mrror inmage of the first geonetric configuration, d.
formng a dielectric |layer on the second inductor body portion, and e.

attaching the base, subs te surface to, the cover substrate 15 surface using
an el ectri callygcg-ﬁﬁdﬁ'?h\?g t‘ﬁ%‘ﬁ‘h ergipd eé?ﬁ?"@tﬁq@é"ﬁf and the £e¥8ect s t he
first inductor body portion and the second i nductor body portion. 2. The
met hod of gubkstiate ayg ef differenigwatanisds.rate is silicon. 20 3. The nethod of
claim?2 wherein the cover substrate is silicon. 4. The nethod of claim?2
wherein the cover substrate is GaAs. 14 5. The nethod of claim 1l wherein

t he base substrate and the cover substrate are of different naterials. 5 6.

The netshod of c$amﬁblmétwae¢fruéuhe1smeéremfth@tétéﬁbf BfatMiRg MR Basgubstrat e
surface to the cover substrate surface uses sol der as ah attachment

material. o bstrate surface to the cover substrate surface uses solder as an attachment

material.

7. The method of claim 6 wherein the step of attaching the base
10  substrate surface to the cover substrate surface comprises applying solder

bumps to one or both substrates.

8. The method of claim 1 wherein the geometric configurations comprise
an arc or a corner and the geometric configuration on the cover substrate is a
15  mirror image of at least 30% of the geometric configuration on the base

substrate.

9. The method of claim 1 further including the step of forming a third
inductor body portion on the base substrate, the third inductor body portion
20 having a geometric configuration at least partially congruent with the first inductor

body portion.

10. The method of claim 9 further including the step of forming a fourth

15



7. The nethod of claim6 wherein the step of attaching the base 10 substrate
surface to the cover substrate surface conprises applying solder bunps to
one or both substrates. 8. The nmethod of claim 1l wherein the geonetric
configurations conprise an arc or a corner and the geonetric configuration

on the cover, substrate j.s a_ .15 mrror | of__at leas 0% of t.he

geonot i o UHFICBPHY G Bp B sAke SUbsBRe dng Todth RBcinr BRSY BAVER ai m 1
further including the step of formng a third inductor body portion on the
base substha¥iag aigromeiriccaniigucation ddegstpartialbreongruent wigh Heysesand i ¢
configuration at |east partially congruent with the first inductor body
portion. libduTios bodyhpedtion. cl aim 9 further including the step of forming a
fourth 15 inductor body portion on the cover substrate, the fourth inductor
body portion having a geonetric configuration at |east partially congruent
with the second inductor body portion. 5 11. A flip bonded dual substrate

| nduct oy DI { §4 N4 fipBorleB sl SHBSmliRdudtor Bofpfisingt nduct or body por tion

formed on the base substrate surface of a base's _Péte,_thefirst _
iel'octric ayer forfed HFORPSIAET i nductor body porcion, o oS
b. a first inductor body portion formed on the base substrate
surface of a base substrate, the first inductor body portion having a
first geometric configuration,
10 c. a first dielectric layer formed on the first inductor body portion,
d. a cover substrate,
e. a second inductor body portion formed on the cover substrate
surface of a cover substrate, wherein the second inductor body
portion on the cover substrate has a geometric configuration that is
15 at least a partial mirror image of the first geometric configuration,
f. a dielectric layer formed on the second inductor body portion,
the flip bonded dual substrate inductor characterized in that the base substrate
surface of the base substrate is bonded to the cover substrate surface of the
cover substrate with electricaily conductive bonds that electrically interconnect

20  the first inductor body portion and the second inductor body portion.

12. The flip bonded dual substrate inductor of claim 11 wherein base

substrate is silicon.
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d. a cover substrate, e. a second inductor body portion fornmed on the cover
substrate surface of a cover substrate, wherein the second inductor body
portion on the cover substrate has a geonetric configuration that is 15 at
| east a partial mrror inage of the first geonetric configuration, f. a
dielectric |ayer forned on the second inductor body portion, the flip
bonded dual substrate inductor characterized in that the base substrate

surface of the se sypstrate. i, s ponded.to the caover substrate surface of
the cover subsfﬁai@e&ﬁﬁ hoﬁé%‘%f’P?E%rhWa&%HU{'z’@f‘?r\fﬁ ogﬁiﬁhigt"‘f%’e'@ltgﬁtqoi"@él ly
interconnect 20 the first inductor body portion and the second inductor
body porti®4bhstrate isibcan.i p bonded dual substrate inductor of claimi11l
wherein base substrate is silicon. 16 13. The flip bonded dual substrate

i nductor of claim 12 wherein the cover substrate is silicon. 5 14. The flip
bonded dual substrate inductor of claim 12 wherein the cover substrate is

GaAs. 5. The fM.pTh@fﬂi’@fﬂoﬁa@d dEHPSIBsHate Intflieedrdf int i 2WRekdinthercever at

| east 50% of the area of the geonetric configuration on the cover substrate
directly g&gg%%
e

H ﬁ%Atshe geonetric configuration on the base substrate. 16.
The flip bon dual’ "substrate inductor of claim11l wherein the base
substrate and the cover substrate are of different materials.

15. The flip bonded dual substrate inductor of claim 11 wherein at least
50% of the area of the geometric configuration on the cover substrate directly

10  overlies the geometric configuration on the base substrate.

16. The flip bonded dual substrate inductor of claim 11 wherein the base

substrate and the cover substrate are of different materials.

15 17. The flip bonded dual substrate inductor of claim 11 wherein the

electrically conductive bonds comprise solder bumps.

18. The flip bonded dual substrate inductor of ¢laim 11 wherein the
geometric configurations comprise an arc or a corner and the geometric
20 configuration on the cover substrate is a mirror image of at least 30% of the

geometric configuration on the base substrate.

19. The flip bonded dual substrate inductor of claim 11 further including a

17



15 17. The flip bonded dual substrate inductor of claim1ll wherein the

el ectrically conductive bonds conprise solder bunps. 18. The flip bonded
dual substrate inductor of claim 1l wherein the geonetric configurations
conprise an arc or a corner and the geonetric 20 configuration on the cover
Substrate rror i,mage, of . at | eas % of the tric, c nf| ration
on ¢ he. bastgipdkdE? bty sORieriored Boheckpn subdiate ARaairg Y &l aim
11 further including a 17 third inductor body portion forned on the base
subst r at e, Pemienthaving a geoaairic sealjgurptien conRgm@nt withahg dostanduetoe BREY gur at i on
congruent with the first inductor body portion. 5 20. The flip bonded dual
substrat e poriont or of claim 19 further including a fourth inductor body
portion on the cover substrate, the fourth inductor body portion having a
geonetric configuration congruent with the second inductor body portion. 10
21. An Integrated Passive Device (IPD) conprising a base substrate, at

east Qe L1 50 TeaRapbhabaefal B S iidldor G1la®) 40RLihy, At onded

dual substrate I nductors on he su I'p bon dua ubstrate

i nductors rst i duct or he base
substrate g?‘?l@& db‘l’:ﬁ?{ Mb@ Ql'j' Froqver S'tt’)tﬁ%?/aftg’r@te f?’HH[] %?gﬂﬁﬁgé%orti on
having a first geonetric conflguratlon

portion having a geometric configuration congruent with the second inductor

body portion.

10 21. An Integrated Passive Device (IPD) comprising a base substrate, at
least one thin film capacitor on the substrate, and plurality of flip bonded dual
substrate inductors on the substrate, the flip bonded dual substrate inductors
comprising:

a. a first inductor body portion formed on the base substrate surface of a

15 base substrate, the first inductor bady portion having a first geometric

configuration,

b. a first dielectric layer formed on the first inductor body portion,

C. a cover substrate,

d. a second inductor body portion formed on the cover substrate surface

20 of a cover substrate, wherein the second inductor body portion on the

cover substrate has a geometric configuration that is at least a partial
mirror image of the first geometric configuration,

e. a dielectric layer formed on the second inductor body portion,

18



b. a first dielectric layer fornmed on the first inductor body portion, c. a
cover substrate, d. a second inductor body portion fornmed on the cover
substrate surface 20 of a cover substrate, wherein the second inductor body
portion on the cover substrate has a geonetric configuration that is at

| east a partial , mrror | f.the first oneLri nfiquratio e. a
di of ect r | cnpdfiepofpd el Africate dadiipior Rarablen B in fastte brse Substae™r |
bonded dual r?{:lécbez(y te i nductor characteri Z%d in that the b?fse scgbstrate
surface ofSY eass suhstrate Ipnaed odheirovensebsteals suFigce A iPe ace of
the cover substrate with electrically conductive bonds that electrically
i nt er conne@avershbstrateswith etradtieallymonduptiva bonds it electdeallyratereennacsr body
portion. 5 19

the first inductor body portion and the second inductor body portion.
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