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BACKGROUND OF THE INVENTION

(1) Field of the invention.

The invention relates to the manufacturing of high
performance Integrated Circuit (IC’'s), and, more specifically,
to methods of.creating high performance electrical components
(such as an inductor) on the surface of a semiconductor
substrate by reducing the electromagnetic losses that are

typically incurred in the surface of the substrate.
{2) Description of the Prior Art.
The continued emphasis in the semiconductor technology is

to create improved performance semiconductor devices at

competitive prices. This emphasis over the years has resulted in



extreme mniaturization of sem conductor devices, made
possi bl e by continued advances of sem conduct or

processes and materials in conbination with new and
sophi sti cated device designs. Myst of the

sem conductor devices that are at this tinme being

created are ained at processing digital data. There

‘are however al so nunerous sem conductor designs that

are ainmed at incorporating analog functions into

devi ces that sinultaneously process digital and

anal og data, or devices that can be used for the

eRE@ers Shhgi afurdday ianabdgsdat aond@netwf delve cesj, omade possible
chal l enges in the creation of anal og processing
b§l E6Htinyed usdvithadisgicttakempeonéssiang. praaeetesesndndaterials
equi pnent) is that a nunber of the conponents that

ial oMb eflaf ¥n aNAOGew hodi Ebyhaseidatge devisikezdesagds. Most
are therefore not readily integrated into devices that

oty Rheakhyi by deat e iskzesnhbairapd QaGh ttheée being created
sub-m cron range. The nmain conponents that offer a

a%%aghﬁggeaﬁrbeEé%éf%%pgﬁblﬁﬁﬁ d&@&aofﬁé¥é5a&%dhowever also
i nduct or s, S|nce both thése conponents are, for

nh%@&gﬁg Pyt &H&ﬁﬁ?%@@ggﬁbrEHSESaréﬁaﬁﬁﬂﬁbQEEﬁgbﬁporatlng

SI Zé application for I nductors of the
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processing of only analog data. One of the major challenges in
the creation of analog processing circuitry (using digital
processing procedures and equipment) is that a number of the
components that are used for analog circuitry are large in size
and are therefore not readily integrated into devices that
typically have feature sizes that appfoach the sub-micron range.
The main components that offer a challenge in this respect are
capacitors and inductors, since both these components are, for

typical analog processing circuits, of considerable size.

A typical application for inductors of the invention is in
the field of modern mobile communication applications that make
use of compact, high-frequency eguipment. Continued improvements
in the performance characteristics ¢f this equipment has over
the years been achieved, further improvements will place

continued emphasis c¢n lowering the power consumption of the



in the performance characteristics of this equipnent

has over the years been achi eved, further

i nprovenents will place continued enphasis on

| owering the power consunption of the 2 equi pnent, on

reduci ng the size of the equipnent, on increasing the

operati onal frequency of the applications and on
eqetpmenhg o gwduoisg kbeebsze One tfe tdumimpmient, on increasing

appl i cations of sem conductor devices in the field of
theodpd e Tiomainifecativency sof heheraatliara tdfonsRaddoon creating

Frequency (RF) anplifiers. RF anplifiers contain a
lowmundete lofvedisandaedo€otheneniss, afh NRjaariogepa@neshi @bnductor

typical RF anplifier is a tuned circuit that contains

devieeti e randicGdPagi hb¥el s orRanetcat ibined €heCHiéStion of
form dependent on and determ ned by the val ues of

Rad 1@ Frd ittty V&F3NEnpapactts VerRr COMANERYS, c8Atain a number
i npedance that is frequency dependent, enabling the

of [4BH L o ch@nelt NEr mp% &8 emdh it ¥ a8tk B¥eal rRF
i npedance for signals of a certain frequency. The

amﬁi&%%%fjféng b 620 c&?gﬁféoﬁﬁé iégﬁﬁéfﬁg %%EugEiP@S n@ng

further anplify conponents of an anal og signal, base
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components, an impedance that.is frequency dependent, enabling
the tuned circuit to either present a high or a low impedance
for signals of a certain frequency. The tuned circuit can
therefore either reject or pass and further amplify components
of an analcg signal, based on the frequency of that component.
The tuned circuit can in this manner be used as a filter to
filter out or remove signals of certain frequencies or to remove
noise‘from a circuit configuration that 1s aimed at processing
analog signals. The tuned circuit can also be used to form a
high electrical impedance by using the LC resonance of the
circuit and to thereby counteract the effects of parasitic
capacitances that are part of a circuit. One of the problems
that is encountered when creating an inductor on the surface of

a semiconductor substrate is that the self-rescnance that is

caused by the parasitic capacitance between the (spiral)



noise froma circuit configuration that is ained at
processing analog signals. The tuned circuit can al so

be used to forma high electrical inpedance by using

the LC resonance of the <circuit and to thereby

counteract the effects of parasitic capacitances that

are part of a circuit. One of the problens that is

encount ered when creating an i nductor on the surface

of a sem conductor substrate is that the

sel f-resonance that is caused by the parasitic

capaci tance between the (spiral) 3 inductor and the
indderdyiamgl shesundeslwing $ubAtratse widé bimipethe use of the
i nductor at high frequencies. As part of the design of
iadebtan ati ndudt dreqtiensieherisf magto i kper danten t¢f such an
‘reduce the capacitive coupling between the created o
1haduetoriand tdherefdee! yf nonsubsirest ¢o radupe gbhe capacitive
frequencies, the electromagnetic field that is

cHBPEL AY esk e drh e hiendueh bed i Ntigeoreday cher endsriyinde
underlying silicon substrate. Since the silicon

sHbstsate is a resistive conductor, the eddy currents
wi Il consune electromagnetic energy resulting in
significant energy loss, resulting in alowQ
capacitor. This is the main reason for a

At high frequencies, the electromagnetic field that is
generated by the inductor induces eddy currents in the
underlying silicon substrate. Since the silicon substrate is a
resistive conductor, the eddy currents will consume:
electromagnetic energy resulting in gsignificant energy loss,
resulting in a low Q capacitor. This is the main reason for a
. low O value of a capacitor, whereby the resonant frequency of
1/V¥{LC) limits the upper boundary of the frequency. In addition,
the eddy currents that are induced by the inductor will

interfere with the performance of circuitry that is in close

physical proximity to the capacitor.

it has already been pointed out that one of the key
components thét are used in creating higﬁ frequency anaiog'
seﬁiﬁonductor devices is the iﬁductor that forms part of an LC
resonance.circuit. In view of £he.high device dénsity that is
.typically encouﬁteféd iﬁ semiconducﬁor dévices and the thefefrom

following intense use of the substrate surface area, the



| ow Q val ue of.a capacitor, whereby the resonant

frequency of 1/'P(LC) limts the upper boundary of

the frequency. In addition, the eddy currents that

are induced by the inductor will interfere with the

performance of circuitry that is in close physical

proximty to the capacitor. It has already been
crgsdiimre @ fotihet hatuoher ofusthelrkwyposerpohbat sinhmizatrion of

used in creating high frequency anal og seni conduct or
thaledmfesei srebhethaducs oreqiiiated dioms tpar indficeeor L Grhile at the

resonance circuit. In view of the high device density
saidhatimes matiyjpataihy eneognt@e rved uen feenihentndtotor.

devices and the therefrom follow ng intense use of

Tygieigyhstihatietsus f aie£t adea, cridi@ 4 ohegheopupfaddent a
i nductor nust incorporate the mnimzation of the

susstaACe agkead st Babpi Sal S dhife@ebli/NenbNGYLEST . i MM ted in
at the sane tinme maintaining a high Q value for the
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the surface o substrate aré of a spiral shape
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para wth the plane of the surtface of
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Create t uctor on the sur ace 0] strate

llmfggé?bnsevﬁ k high Q inductors form part of a hybrid device

configuration or of Monolithic Microwave Integrated Circuits
{MMIC’s) or are created as discrete components, the creation of
which is not readily integratable into a typical process of.
Integrated Circuit manufacturing. It is clear that, by combining
the.creation on one semiconductor monclithic substrate of
.clircuitry that is aimed at the functions of analog data
manipulation and analog déta storage with the functions of
digital data manipulaticn and digital data storage, a number of
significant advantages can be achieved. Such advantages include
the reduction of manufacturing costs and the reduction of power
consumption by the combined functions. The spiral form of t@e
inductor that is created on the surface of a semiconductor
substrate however results, due to the physical size of the
inductor, in parasitic capacitances betwéen the inductor wiring

- and the underlying substrate and causes electromagnetic energy



[imtations. Mdst high Qinductors formpart of a

hybri d device configuration or of Mnolithic

M crowave Integrated Circuits (MM C s) or are created

as discrete conponents, the creation of which is not
readily integratable into a typical process. of _

Integrated Circuit manufacturing. It is clear that, by
conmbining the creation on one sem conductor

nmonolithic substrate of <circuitry that is ained at

the functions of analog data nmanipul ati on and anal og

data storage with the functions of digital data
1loBsépulmatiten vaxdrdiygnyakesas bl v sridgeonaspbabeatef These
signi ficant advantages can be achi eved. Such
padyant agesgatdltadeest heve eduseiomomhneagatitacefif¢agy on the
costs and the reduction of power consunption by the
ranabi sesl fiunctfii ahe. cThetspi L@l cformtofoyt kbarphyduceduwcing the
that is created on the surface of a sem conductor
FeHBSEf @Y & howeMeIankes blft he duendd diheuiltysifcahesagel bfation.
the inductor, in parasitic capacitances between the
MbREUSEPL o I NG heaNgdubecdAgend yi gl silbkstrahegaatic field
causes el ectromagnetic energy 5 losses in the

winderLyi g L&) Hir@ntk! EROPhS URSId Al ngTheSestive silicon
par asi tic capacl tances have a serious negat i ve effect

sgﬁng tef éfHHﬂ i%ﬁgﬁﬁfﬁggngréﬁgfﬁblfgég keHE! rBYults in low

rply reduci ng the

Q inductors.

The: performance pérameter of an inductor is typically
.indicated is the Quality (Q) factor of the inductor. The quality
factor Q of an inductor is defined as Q = Es/El, wherein Es is
- the energy that is stored in the reactive: portion of the
component while El is the energy that is lost in the reactive
portion of the component. The higher the quality of the -
éomponent, the cleoser the resistive value of the component
approaches zero while the ¢ factor of the component approaches
infinity. For inductors that are created overlying a silicon
substrate, the electromagnetic energy that is created by the
inductor will primarily be lost in thé resistive silicon of the
underlying substrate and in the metal lines that are created to
form the inductor. The quality factor for components differs
from the guality that is associated with filters or resonators.

For components, the quality factor serves as a measure of the



frequency of resonance of the tuned circuit of the
application. Mre seriously, the inductor-generated
el ectromagnetic field wll induce eddy currents in
the underlying resistive silicon substrate, causing a
significant energy loss that results in low Q
i nductors. The performance paraneter of an inductor is
puriy ¢ Ihphe inedictaned (srttiee QuudaptafOr)f aét bhe oformnent,
i nductor. The quality factor Q of an inductor is
whijgf igred bes d@gzralsfiFine whertgie fesiisstiviecheiéneogystbstrate,
is stored in the reactive: portion of the conponent
thawhtd =i HHarice tifetBaengyal hadinés drastdilenetheiceacsso®. In an
portion of the conponent. The higher the quality of
actlel onifieneatiohherképsesird hel wAS sbimeephgbiieadf rddtiestors:
conponent approaches zero while the Q factor of the

théz‘@mquerdiis%ﬁP&@éCESﬁerj NEhdidiy deirdaRduet @hs pbRr At can
created overlying a silicon substrate, the

be e&&ﬁi\fé}'@ﬂn@wecqﬁaﬁig?/ feb@@of o C_Lrﬁfi‘ﬁ%@nQXohmgss A O value
i nductor will primarily be lost in the resistive

of ShidfHQUt ctfhatnh%oumgeewé{@eééewew i@nd £ &bgcfr@ééll
[Tnes that are created to forn1the i nduct or.
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the Q value is typically in the range between about 3 and 10.

In creating an inductor on a monolithic substrate on which
additional semiconductor devices are created, the parasitic
capacitances that occur as part of this creation limit the upper
bound.of. the cut-off frequency that can be achieved for the
inductor using conventional silicon processes. This limitation
is, for many applications, not acceptable. Dependent on the
frequency at which the LC circuit is designed to resonate,
significantly larger values of guality factor, such as for
instance 50 or more, must be available. Prior Art has in this
been limited to creating wvalues of higher quality factors as
separate units, and in integrating these separate units with the
surrounding device functions. This negates the advantages that

can be obtained when using the mconolithic construction of



6 purity of the reactance (or the susceptance) of the
conponent, which can be degraded due to the resistive
silicon substrate, - the resistance of the nmetal |ines

and dielectric losses. In an actual configuration,

there are al ways sone physical resistors that wll

di ssi pate power, thereby decreasing the power that can

be recovered. The quality factor Qis dinensionless. A

Q value of greater than 100 is considered very high

for discrete inductors that are nounted on the

~surface of Printed Crcuit Boards. For inductors that
cteatmpprtotdf tae indegiat eanditheuisrropReing vagkegs on one
typically in the range between about 3 and 10. In
and egtié repnan siemdgondncbar aswipgtolatehi §heubshrageobithic

whi ch additional sem conductor devices are created,
appEopet aslidd hascapaciiaadesntdys tbecurdditpanal ofininics is
creation limt the upper bound.-of. the cut-off
rbgegpencyb titale re@nnbet aché emes-daponieatsi nfuthorasmsimgly,
conventional silicon processes. This |[imtation is,
tﬁ@feﬁ?nﬂgéﬂﬂﬂﬂﬂ&&bﬂ@ﬂsngn@&dfmiuﬁﬁﬂﬂﬂaiasBemendepaciMances and
t he requency at which the LC circuit is designed to
rbE8SOPBLE, 1o ONidesanhbyihes 8dniealtiey @firgugl héywork. For
factor, such as for instance 50 or nore, nust be

mQ¥9i5§b{ﬁb Qe bnBagsi § &fisnplifier, such as portable
battery powered applications, power. consumption is at a premium
and must therefore be as low as possible. By raising the power
consumption, the effects of parasitic capacitances and resistive
power loss can be partially compensated, but there are:
limitations to even this approach. These problems take on even

' greater urgency with the rapid expansion of wireless
applications, such as portable telephones and the like. Wireless
communication is a rapidly expanding market,. where the
integration of RF integrated circuits is one of thé most
important challenges. One of the approaches is to significantly
increase the frequency of operation to for instance the range of
10 to 100 GHz. For such-high frequencies, the wvalue of the.
quality factor obtained from silicon-based inductors is
significantly degraded. For applications in this frequency
range; monolithic inductors have been researched using .other
than silicon as the base for the creation of the inductors. Such

monolithic inductors have for instance been created using



been limted to creating values of higher quality
factors as separate units, and in integrating these
separate units with the surrounding device functions.
Thi s negates the advantages that can be obtai ned when
using the nmonolithic construction of 7 creating both
the i nductor and the surroundi ng devices on one and
sapplel sy Sediscendacbase suBkesatimduptensohamenopns kierably
approach al so has the di sadvantage that additiona
lower i ngpdtsrateedoseed tbanntlkeetomiddtcanheosnberpapomefrics eddy
of the assenbly, thereby again introducing additiona
cupeeras, tHehceapacilbances abekctr@as@idiie kaszgy) oved tixerefore
i nterconnecting wiring network. For nmany of the
prépplé caldroms gbkeragREnagptofs ergurddimaseporhahl Rave lower
battery powered applications, power consunption is at

pafaPiEeil Whpaandanust ahber et ps oRe RS Wiew asgResSEbéQuency
By raising the power consunption, the effects of

opPAd@di i fa@RagitaBceqnand H&W%éﬂﬂ‘m%repewﬁblE93§p§fﬁbatlons
be partially conpensated, but there are Imtations

ard Or &Y B Jd)i %h@peeeacBtlIbeé@lﬂsobéoer&efa%elﬁaueys& using
greater urgency wWith the rapid expansion of wreless
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usl%ﬁl%ﬂbaéﬁh%a erigl other than silicon has proven to be too
cumberscme while for instance GaAs as a medium for the creation
of semiconductor devices is as yet a technical challenge that

. needs to be addressed. It is known that GalAs is a semi-
insulating material at high frequencies, reducing the
electromagnetic losses that are incurred in the surface of the
GaAs..substrate, thereby increasing the Q value of the inductor
created on the GaAs surface. GaAs RF chips however are

expensive, a process that can avoid the use of GalAs RF chips

therefore offers the benefit of cost advantage.

A number of different approaches have been used to
incorporate inductors into a semiconductor environment w?thout
sacrificing device performance due to substrate losses. One of
these approaches has been to selectively remove (by etching) the

silicon underneath the inductecr {using methods of micro -



integration of RF integrated circuits is one of the
nost i nportant chall enges. One of the approaches is
to significantly increase the frequency of operation
to for instance the range of 10 to 100 GHz. For such
hi gh frequenci es" the value of the quality factor
obtained fromsilicon-based inductors is
significantly degraded. For applications in this
frequency range-, nonolithic inductors have been
researched using other than silicon as the base for

the creation of the inductors. Such nonolithic

mbadileiog)s, Haneeebgr remsy ang esexiradreeaesdstsvage®ergy losses
sapphire or GaAs as a base. These inductors have

ag@nsa s iahly efifewes . sahsthat endtdggehashhpenhed ruse multiple
silicon counterparts (no eddy current, hence no | oss

18(e £l et mar@gnaisueheasr gyhmamndn it hiertefrabane pt svodeo fnmipper
hi gher Q i nductors. Furthernore, they have | ower

dRRE8SEtd Ci fpapaGinhakee . and therefore provide higher
frequency operation capabilities. Wiere however nore
conpl ex applications are required, the need stil
exists to create inductors using silicon as a

subshLal £. 4 500 dpRsenan! Lsad i Onsigr hesarpLoach ofiicon
using a base material other than silicon has proven to
SESSE?%teCﬁﬂgﬁﬁgpQ%dWEEhS for; inslancr sE3AInasna SEM 4R

or e creatlon

substrate. Resistive substrate losses in the surface of the
undérlying substrate form a dominant factor in determining the Q
value of silicon inductors. Further, biased wells have been
proposed underneath a spiral conductor, this again aimed at
reducing inductive losses in the surface of the substrate. A
‘more complex approach has been to create an active inductive
component that simulates the electrical properties of an-
inductor as it is applied in active circuitry. This latter
approach however results in high power consumption by the
simulated inductor and in noise performance that is unacceptable
for low power, high frequency applications. All of these
approaches have as common objectives to enhance the quality (Q)
value of the inductor and te reduce the surface area that is
required for the creation of the inductor. The most important
consideration in this respect is the electromagnetic energy
losses due to the electromagnetic induced eddy currents in the

silicon substrate.
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of sem conductor devices is as yet a technica
chal |l enge that needs to be addressed. It is known
that GaAs is a senmi - insulating material at high
frequencies, reducing the electromagnetic |osses that
are incurred in the surface of the GGaAs::substrate,
thereby increasing the Q value of the inductor
cr et e iaecaAsngupf abet el RCicgups shaneveea kgde down,
expensi ve, a process that can avoid the use of GaAs RF
thehipe adrerddfore defeesseheribelrefdomeofaspest sady apt alyeimance
A nunber of different approaches have been used to
are nmogryporeat.e Thednet ol scombec @l gerniwdrtiucbaneenvitheonmmerdgrated
wi t hout sacrificing device performance due to
Cisaipist rat ethessesrcbe of sidiese appoeRciesbbasmbeen fdlative
sel ectively renove (by etching) the silicon

moti dgigiRaidhdeh@antndueé prwl{tisi tige nRieds afinihendiation of
machi ning), thereby renoving substrate resistive

th@nﬁigyniQ&ﬁ&%as@ﬁglpaﬁ@§éﬁi@eQﬁ&ﬁ&kSonA&QEBQEtnﬁéf@&kmance
has been to use nultiple layers of nmetal (such as
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i nterconnects. O her approaches have used a high

inf &SI dd 36n§;' hEQQaﬁgb@Hcﬁ{ QidIeIRRY thedufik B%erformance

resistive losses I n 1 con
significantly. Of most concern in this respect is the voltage

drop along the power and ground buses and the RC delay of the
critical signal paths. Attempts to reduce the resistance by
using wider metal lines result in higher capacitance of these

TWires.

.. Current techniques for building an inductor on the
surface of a semiconductor substrate use fine-line techniques
whereby the inductor is created under a layer of passivation.
This however implies close physical proximity between the
created inductor and the surface of the substrate over which the
inductor has been created (typically less than 10 pm), resulting
in high electro-magnetic losses in the silicon substrate which
in turn results in reducing the Q value of the inductor. By
increasing the distance between the inductor and the

semiconductor surface, the electromagnetic field in the silicon

11



substrate. Resistive substrate |losses in the surface
of the underlying substrate forma dom nant factor in
determining the Q value of silicon inductors. Further,
bi ased wel | s have been proposed underneath a spiral
conductor, this again ainmed at reducing inductive
| osses in the surface of the substrate. A nore
conpl ex approach has been to create an active
~inductive conponent that sinulates the electrica
properties of an inductor as it is applied in active
circuitry. This latter approach however results in
st st afeneri ldoksumpeiead bin tHRve rFemprabed t i aaue? drhafd stance,
in noise performance that is unacceptable for |ow
thovervalhigle ff tbguendychppl ¢aratieonscrAbsedf Bhegterefore
approaches have as commobn obj ectives to enhance the
cotatiny t(® indalterobvéhbyimgludicorlagred 6 padeceatinn (by a
surface area that is required for the creation of the
pb8eusdyivaienTpsbeeApPr damtby cansiadeliativon credtirsy the
respect is the electromagnetic energy |osses due to
ihéecededd amRgrelriracendacediieddy ciyerenttsdialédteric (such as
silicon substrate. 10 Wen the dinmensions of
al pbegrated Hat GYi bispaEersgabethdidwed oiBe enstspefadh of a
i's decreased while sone aspects of performance

layer of passivation, the Q value of the inductor can be
increased. In addition, by using wide and thick metal for the
creation of the inductor, the parasitic resistance is reduced.
The process of the invention applies these principles of post
passivation inductor creation while the inductor is created on a

thick layer of dielectric using thick and wide metals.

Us 5,212,403 (Nakanishi) shows a method of forming wiring
connections both inside and outside (in a wiring substrate over
the chip) for a logic circuit depending on the length of the wire

connections.

Us 5,501,006 (Gehman, Jr. et al.} shows a structure with an
insulating layer between the integrated circuit (IC) and the
wiring substrate. A distribution lead connects the bonding pads

of the IC to the bonding pads of the substrate.

UsS 5,055,907 (Jacobs) discloses an extended integration

12



are inproved. The netal connections which connect the
Integrated Circuit to other circuit or system
conmponents becone of relative nore inportance and
have, with the further mniaturization of the IC an
i ncreasingly negative inpact on circuit performance.
The parasitic capacitance and resi stance of the netal

semierdiutivectsitonstuner that, alwhdwh epfadésrehe thi pntegrate

performance significantly. O nobst concern in this
cirespect hHeydrde thel thie bduopreiendyt Herpdwer aahdin £ilm
ground buses and the RC delay of the critical signa

mupat-hisayaAt twanpihg tlecaddusethidesumsirgt ambethyteushfigover the

wi der netal lines result in higher capacitance of
chipmesowaMdres th@ur Feft régcdnd s Ardauichdi Agvantion.
i nductor on the surface of a sem conductor substrate
use fine-line techniques whereby the inductor is
created under a |ayer of passivation.  This however

i Mmbd &5, 10 1Physh eabn PEOXA M |t Ve RiHARER hn@tlcw%@d
i nductor and the surface of the substrate over which
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., resul tlng in h|g el ectro-magnetic losses in
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di st ance bet ween the i nduct or and t he.

and

US 5,635,767 (Wenzel et al.) teaches a method for reducing

RC delay by a PBGA that separates multiple metal layers.

US 5,686,764 (Fulcher) shows a flip chip substrate that

.reduces RC delay by separating the power and I/0 traces.

US 6,008,102 -(Alford et al.) shows a helix inductor using

twe metal layers connected by vias.

Us 5,372,267 {(Sundaram et al.) discloses a helix inductor.

Us 5 '576,680 (Ling) and US 5,884, 9%0 (Burghartz et -al.)

other helix inductor designs.
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sem conduct or surface, the el ectromagnetic field in
the silicon 11 substrate will be reduced in reverse
proportion to the distance, the Q value of the
i nductor can be increased. By therefore creating the
i nductor overlying the layer of passivation (by a
post passivation process) and by, in addition,
creating the inductor on the surface of a thick |ayer
of dielectric (such as a polyner) that is deposited
or -adhered over ‘the surface of a |ayer of
passi vation, the Q value of the inductor can be
increased. |In addi tSUYNAREYOESTHg IWHNTLYY t hi ck net al
for the creation of the inductor, the parasitic
resi stance is reduced. The process of the invention
applies these principles of post passivation inductor
creatt ais Whid erttharyndotéorives of ehcednwanpion hickimprove the
| ayer of dielectric using thick and wi de netals. US
rD, A2 AOR(Nak T shigh Bbofsrmanm®st hodeafratednthgewd ts ng
connections both inside and outside (in a wring
substrate over the chip) for a logic circuit
depending on the length of the wire connections. US
5, 504, SOG{ ColyR: ide. o€t 18 - In WS 18t EYCHHERi A tdh method
an insulating |ayer between the integrated circuit

fgkc%héngkéggion of a high-Q inductor.

Bnother objective of the invention is to replace the GaAs
chip with a silicon chip as a base on which a high-Q inductor is

created.

Yet another objective of the invention is to extend the
frequency range of the inductor that is created on the surface

of a silicon substrate.

It is yet another objective of the invention to create high
quality passive electrical components overlying the surface of a

silicon substrate.

The above referenced continuation-in-part application adds,
in a post passivation processing sequence, a thick layer of
dielectric over a layer of passivation and layers of wide and

thick metal lines on top of the thick layer of dielectric. The

14



Wi ring substrate. A distribution |ead connects the
bondi ng pads of the ICto the bondi ng pads of the
substrate. US 5, 055,907(Jacobs) discl oses an extended
integration 12 sem conductor structure that allows
manufacturers to integrate circuitry beyond the chip
boundaries by formng a thin film nulti-layer wring
Prerardl igwveniéosuppbends upse rataveang fevencedeconhiplation-in-
However, this reference differs fromthe invention. US
pan; B l4ebtivol byohnetdadltjornt eantaedng hubhi ghayery electrical
i nterconnect structure of alternating polyimde
confmtitelnget, r isorhand aneimiudayer & aepacanokCoknaardAEtor, on a
structure. US 5,635,767 (Wenzel et al.) teaches a

layeet had phesivediehngr &C el ayurdPaca BBGA tRatk SepadataTs
" nultiple netal layers. US 5,686,764 (Ful cher) shows a

didldqrrGli.p 1subgHE 8L 6n} hdtle prdR@¥ces Rhedeha¥nb¥on provides a
separating the power and I/Otraces. US 6,008,102

metHo frdm@lin@hny 8NOWSe B RAldo4 VeNdUeteki B8l NBomdMents at a
netal |ayers connected by vias. US 5,372,967 (Sundaram

81§ﬂ1ﬁ¥cahtdbﬁgk9ﬁ@§ @eﬁ@%éd‘ﬂﬂBH“ﬂH%runH§r§y1§56s£¥gEon
(Ling) and US 5, 884,990 (Burghartz et al Show ot her

sufeldeX inductor designs.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a cross section of the interconnection scheme

of the referenced continuation-in-part application invention.

Fig. 2 shows a cross section of an extension of the
referenced continuation-in-part application whereby an inductor

has been created on the surface of a thick layer of polyimide.

Fig. 3 shows a top view of an inductor that is created

following the process of the invention.

Fig. 4 shows a cross section of a substrate and overlying
layers, an inductor has been created on the surface of a thick

layer of polyimide, a layer of ferromagnetic material has been

15



13 SUMVARY OF THE INVENTION It is the primary
objective of the invention to inprove the RF
performance of H gh Performance Integrated Circuits.
Anot her objective of the invention is to provide a
method for the creation of a high-Q inductor. Another
objective of the invention is to replace the GAs
chip with a silicon chip as a base on which a high-Q
i nductor is created. Yet another objective of the
invention is to extend the- frequency range of the
i nductor that is created on the surface of a silicon
addirbttratfairtheri ¢ngetabpotierinshjcdor FEonf thpeganderlying
invention to create high quality passive electrica
sthiponents taweel-yi ng the surface of a ‘silicon
substrate. The above referenced continuation-in-part
application adds, in a post passivation processing
sequence, a thick layer of dielectric over a |layer of
passiiat isen stathsl ayerssof sedtderand at biokliBiad térmson of
on top of the thick layer of dielectric. The 14
the substrate and the layers that are created on the surface of

the substrate using the processes of the referenced

continuation-in-part application.

Fig. 5b shows the cross section of Fig. 5a, an inductor has

been added above the layer of passivation.

Fig. 6a shows a cross section of a substrate on the surface
of which has been deposited a layer of passivation, a capacitor

has been created on the surface of the layer of passivation.

- Fig. 6b shows a three dimensional view of an inductor that
has been created on the surface of a layer of passivation by

creating vias in a thick layer of polymer.
Fig. 6c shows a three-dimensional view of an inductor that

has been created in a thick layer of polymer that has been

deposited on the surface of a thick layer of polyimide.

16



present invention extends the above referenced

continuation-in- part application by in addition

creating high quality electrical conponents, such as

an inductor, a capacitor or a resistor, on a |ayer of

passi vation or on the surface of a thick |ayer of

dielectric. In addition, the process of the invention

pr oVidle $da showishedtbpr vhewne T nghalilsgreet @0passtive surface of

el ectrical conponents at a significant distance
whidnored fdugrnotrhbaendeehyermgaised i con surface. BRI EF

DESCRI PTION OF THE DRAW NGS Fig. 1 shows a cross

section of the interconnection scheme of the

referenced continuation-in-part application invention.

Fi Fi. F0Who®sCRO68088CEEOM A AN tel ershienusé bherig. 6d

referenced continuation-in-part application whereby an
takeluctly thas 1baencereat egr omid hessurface of a thick

| ayer of polyimde. Fig. 3 shows a top view of an

i nductor that is created follow ng the process of the

invention. Fig. 4 shows a cross section of a substrate

ande Qy.erd gy ishG s Qy‘éﬁﬁee a@lrhé}?élfér%rl %%wbg%nagrfﬁaﬁ&%] that

the surface of a thick [layer of polyim ayer

hagf%ééﬂn%¥%%E%8 gﬁtgﬁéaéuP§QCQQEp %%yer of passivation, the

inductor has the shape of a solenoid.
Fig. 6g shows a top view of the inductor of Fig. 6f.

“Fig. 7 shows a cross section of a substrate on the surface
of . which has been deposited a layer of passivation over which a
thick:layer of polyimide has been deposited, a capacitor has

been created on the surface of the thick layer of polyimide.
Fig. 8 shows a cross section of a substrate on the surface
of which has been deposited a layer of passivation, a resistor

has been created on the surface of the layer of passivation.

Fig. 9 shows a cross section of a substrate on:the surface

of which has been deposited a layer of passivation over which a

17



added to further insulate the inductor fromthe
underlying silicon substrate. Fig. 5a shows a cross
section of a sinplified version of the substrate and
the layers that are created on the surface of the
substrate using the processes of the referenced
~continuation-in-part application. Fig. 5b shows the
cross section of Fig. 5a, an inductor has been added
above the | ayer of passivation. Fig. 6a shows a cross
section of a substrate on the surface of which has
been deposited a | ayer of passivation, a capacitor
thask . 1dyeen ofr paf gimode thas hadracepotithd, | ayeesigftor has been
passivation. Fig. 6b shows a three dinensional view of
cBdatedluat ahet barfabasobeemn: drrdatkedagrrt hé pulyaedonf a
| ayer of passivation by creating vias in a thick
| ayer of polynmer. Fig. 6c shows a three-di nensi onal
view of an inductor that has been created in a thick

layeripf olspds thatobassdesion dgpasstiedcon shiestrate on the
surface of a thick layer of polyimde. 16 Fig. 6d

saPeNGe bt AiEheW afi sthetd ayrsctdl en thepsHehacadfbeen
whi ch an i nductor has been created.
mountéd, contact balls are used whereby the distance between the

substrate and the electrical component is of a significant

value, a thick layer of polyimide has been used.

Fig. 11 shows a cross section of a silicon substrate on the
surface of which a discrete electrical component has been
mounted, thick contact balls are used whereby the disténce
between the substrate and the electrical:component is. of. a.

significant value, no layer of polyimide has been used.
DESCRIPTICN OF. THE PREFERRED EMBODIMENTS

The referenced continuation-in-part application teaches an
Integrated Circuit structure where re-distribution and
interconnect metal layers are created in layers of dielectric on
the surface of a conventional IC. A layer of passivatibn is:.
deposited over the dielectric of the re-distribution and
interconnection metal layers, a thick layer of polymer is

deposited over the surface of the layer of passivation. Under

18



Fig. 6e shows a cross section of the structure of Fig.

6d taken along the line 6e-6e' of Fig. 6d. Fig. 6f

shows a three dinmensional view of an inductor that

has been created on the surface of a |ayer of

passi vation, the inductor has the shape of a

sol enoid. Fig. 6g shows a top view of the inductor of
therigressmt dinyenzishows highuvsmlsidot iedecotigasuperpenant is

on the surface of. which has been deposited a |ayer
crefteshedi e snrdeee ohithe athitdk dievieayef pblpotyi ni de

has been deposited, a capacitor has been created on

the surface of the thick layer of polyimde. Fig. 8

shows a cross section of a substrate on the surface

of Td dmvkasibeaeaddeposés ethrorpyeheat, parsi ¥aéaoinn @f an

resistor has been created on the surface of the | ayer

indictRas sineakb@nthEi grpla sV @2 t$86t hANin@ictor of high
substrate on the surface of which has been deposited

0 valiayehn ehepassiFyabi o7 HVInIMYTIhR orl dubBi ekl ayeinpf
pol yi m de has been deposited, a resistor has been

me tH QRS %qldogsrb%dﬁyééa@ﬁanaﬁ@%lm Ghoh@YSh Phe art for the
polyi mde. Fig. 10 shows a cross section of a silicon

crSHS e sQRikBRauskEE a&@% highh 2:dhSEhE 8Ly of the

el ectrical conponent has

inducter of the invention allows for the use of this inductor in
high frequency applications while incurring minimum loss of
power. The invention further addresses the creation of a
capacitor and a resistor on the surface of a silicon substrate

- whereby the main objective (of the process of creating a
capacitor and resistor) is to reduce parasitics that are
typically incurred by these components in the underlying silicon

substrate.

Referring now more specifically to Fig. 1, there is shown a
cross section of one implementation of the referenced
application. The surface of silicon substrate 10 has been
provided with transistors and other devices {(not. shown in Fig.
1) . The surface. of substrate 10 1s covered by a dielectric layer
12, layer 12 of dielectric is therefore deposited over the

devices that have been provided in the surface of the substrate
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nount ed, contact balls are used whereby the distance
between the substrate and the electrical conponent is
of a significant value, a thick layer of polyimde
has been used. Fig. 11 shows a cross section of a
silicon substrate on the surface of which a discrete
el ectrical conponent has been nounted, thick contact
ball s are used whereby the di stance between the
substrate and the electrical conponent.-is. of. a
significant value, no layer of polyimde has been
used. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The
anéfeveancedt: comsitmadei b9- | fepduatiysplinsarronneechidiesdl are
Integrated Circuit structure where re-distribution and
pt &t Bdebnirecitdardbakr| afetbarecrgregdt éd ithel agwigomtuctor
dielectric on the surface of a conventional IC A
dbayess ofhgmssiveabeen psovikdgbsint etheoverfohe df ebwunturiate 10.
of the re-distribution and interconnection netal
| ayers, a thick |ayer of polyner is deposited over
the surface of the |ayer of passivation. Under 18 the

presﬁﬁ?efé“ﬁﬂ“'ﬂ%6,eﬂaﬁ?@@sqwiéiﬂﬁbWﬂ)eprkéﬂénﬁOﬂppnﬁmtthe
is created on the surface of the thick |ayer of

nPOLY MBiye A& Ve RE LeRr addl £pSEs Lt IRADAG Ot BEESa1 I & reated on
creation of an
top of the dielectric layer 12, layers 14 that are shown in
Fig. 1 may therefore contain multiple layers of dielectric or
insulation and.the like, conductive interconnect lines 13 make
up the network of electrical connections that are created
throughout layers 14. Overlying and on the surface of layers 14
are points 16 of electrical contact. These points 16 of
electrical contact can for instance be bond pads-that establish
the electrical interconnects to the transistors and other
devices that have been provided in the surface of the substrate
10. These points of contact 16 are points of interconnect within
the IC arrangement that need to be further connected to
surrounding circuitry. A passivation layer 18, formed of for
example silicon nitride, is deposited over the surface of layers

14 to protect underlying layers from moisture, contamination,

etc..

The key steps of the above referenced application begin

with the deposition of a thick layer 20 of polyimide that is
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i nduct or whereby the enphasis is on creating an
i nductor of high Q value on the surface of a
sem conduct or substrate using methods and procedures
that are well known in the art for the creation of
sem conduct or devices. The high quality of the
i nductor of the invention allows for the use of this
depawiietdoovier theghuffecpiertylaymy il8at Aogssehinigt be provided
incurring mninmumloss of power. The invention
to fpriter cdddiesseschhecenteatt dre,offoxr this capachtorpaitkrn of
a resistor on the surface of a silicon substrate
oparhiargeb\2 2t hé6maha Bb) £€t ¢ tehddftHrivegpr @bespodfiti@atiaigr 20
a capacitor and resistor) is to reduce parasitics
‘and hate ¥R sikvpheal L ¥yéncly ) echdpadthesd ognppseM@s 22, 36 and
the underlying silicon substrate. Referring now nore

38 sPeGHd Galthy the Fhftedn dhef@dtsiThAWBoALaEE0SSints 16.
section of one inplenentation of the referenced

cortfid GRLiIneR. 1EhgrsuUrbacRe Ms e teQ@N opBShEAt 82 195 MBS that

been provided with transistors and ot her “devi ces

aré'g¥eat%%QWﬂ EHeFEderléo_J¥“béT§ﬂﬁ¥a @&géypgééggﬁaég%ended

: g,
I's covered by a dielectric layer 12, |ayer

to ﬁquét %%ltrffia%ei gt lﬂg%%gi@ deposited over the devices

ave been pr ed in the surface of the
substrate 19

The above referenced material that is used for the
deposition of layer 20 1s pclyimide, the material that can be
-used for this layer is not limited to polyimide but can contain
rany-of the known polymers (SiCli0,). The indicated polyimide is
.the.preferred material to be used for the processes of the
sinvention for the thick layer 20 of polymer. Examples of -
polymers that can be used are silicons, carbons, -fluoride,
chlorides, oxygens, parylene or teflon{ polycarbonate (PC),
polysterene (PS}), polyoxide (P0O), poly polooxide (PPO),.

benzocyclobutene (BCB).

Electrical contact with the contact points 16 can now be
established by filling the openings 22/36/38 with a conductive
material. The top surfaces 24 of these metal conductors that are

contained in openings 22/36/38 can now be used for connection of
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and over the substrate 10. Conductive interconnect
lines 11 are provided inside |ayer 12 that connect to
the sem conductor devices that have been provided in
the surface of substrate 10. Layers 14 (two exanpl es
“are shown) represent all of the netal layers and
dielectric layers that are typically created on top
of the dielectric layer 12, layers 14 that are shown
in Fig. 1 may therefore contain nultiple layers of
dielectric or insulation and. the Iike, conductive
i nterconnect |ines 13 nake up the network of
tied el riccdltscenvéctioest t hand drar dueihed iphedtRibiout into the
| ayers 14. Overlying and on the surface of |ayers 14
sareoyalinics elécafriebdctitcal toonttdts. 1These portreernts is the
of electrical contact can for instance be bond pads
sihataestaatinigs thatheeel estducalr idetvdcesnhbat shdoe thheen
transi stors and other devices that have been provided

ptévidel suf fraee safk-rhbe sabsivairatelQ0 Thasevpoi tits afnductive
contact 16 are points of interconnect within the IC

1 AFLAnaaEts thatkanaed 10 dseediidhern /genoected t@rther
surrounding circuitry. A passivation |layer 18, forned

cOfind Hed VARS8l E9N-Hpdrdlfss ahddepesit edy OVEitdh®nnect
surface of layers 14 to protect underlying | ayers

phEOM M0 R Wee o GORLAREAALA OFbp B Gurfaces 24 of the metal

interconnects contained in openings 22, 36 and 38. These pads 26
and 28 can be of any design in width and thickness to.
accommodate specific circuit design requirements. A pad can, for
instance, be used as a flip chip pad. Other pads can be used for
power distribution or as a ground or signal bus. The following
connections can, for instance, be made to .the pads.shown in Fig.
1: pad 26 can serve as a flip chip pad, pad 28 can serve as a
flip chip pad or can be connected to electrical power or to
electrical ground or to an electrical signal bus. There is no
relation between the size of the pads shown in Fig. 1 and the
suggested possible electrical connections for which this pad can
be used. Pad size and the standard rules and restrictions of
electrical circuit design determine the electrical connections

to which a given pad lends. itself.

The following comments relate to the size and the number

of the contact points 16, Fig. 1. Because these contact points
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The key steps of the above referenced application
begin wth the deposition of a thick |ayer 20 of
polyimde that is 20 deposited over the surface of
| ayer 18. Access nust be provided to points of
el ectrical contact 16, for this reason a pattern of
openi ngs 22, 36 and 38 is etched through the polyimde
16 |ayeerlozgtegndnt herpassa veltinrdicheatrig (Rhgepatiér nFigf. 1)
openings 22, 36 and 38 aligns with the pattern of
thel|wol rdical ceonbécbepoont badfe siCow actlapgenpsdléize €rings
by neans of the openings 22/36/38 that are created in
witihelill aydrrde okppoliyantde, Irelatiitical | v éxtrgadpdd $ize will
the surface of |ayer 20. The above referenced nateri al
.intdwfedes wis®d ther rbheingepasdinitofof ayert 28ves of metal. It
polyi mde, the material that can be wused for this

is | afeficyeN@irelfbfirb@dr b Ox &G YiHE dg Ul rCaReCpARAL S relatlvely
any, of the known pol yners (Si ClxOy). The indicated

smP0l YiTHAR 1178 ochBaBr €6 el sty ialsd @iRacHI§dréDited with
the processes of the invention for the thick |ayer 20

th@fag%séamrau%xe@‘pb%s0i2/3@pé3/r@rr§ ats&s%tct%at@s Y8€thout 5 is
are silicons, carbons, fluoride, chlorides, oxygens,

e (Qf I P I e
ac%’%ﬁ%@lbﬂ_%o f)‘&/’)oxftg\fe ?g8§?8%¥§§{%8%%1%e%886§1§ ¥RheGENeril1ing.
Based on these considerations, the size of the contact pad 16

can be in the order of 0.5 pm to 30 um, the exact size being

dependent on the thickness of layers 18 and 20.

‘The referenced application dees not impose a limitation on
~.the. .number of contact pads that can be included in the design,
sthisznumber is dependent on package design requirements. Layer

18 in Fig. 1 can be a typical IC passivation layer.

The most. frequently used passivation layer in the present
state of the art is plasma enhanced CVD (PECVD) oxide and
nitride. In creating layer 18 of passivation, a layer of
approximately 0.2 um PECVD oxXide can be deposited first followed
by a layer of approximately 0.7 pm nitride. Passivation layer 18
is very important because it protects the device wafer from

moisture and-foreign ion contamination. The positioning of this
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benzocycl obutene (BCB). Electrical contact with the
contact points 16 can now be established by filling
t he openings 22/36/38 with a conductive naterial. The
-top surfaces 24 of these netal conductors that are
contai ned in openings 22/36/38 can now be used for
connection of 21 the ICto its environnent, and for
further integration into the surrounding electrica
circuitry. This latter statement is the sane as
" saying that sem conductor devices that have been-
provided in the surface of substrate 10 can, via the
lepadusdiveen ¢MEesubnm£cr@ncnﬂﬂQ§S$edOﬁntbpehmt@ﬁxated circuit)
22/ 36/ 38, be further connected to surrounding
af@npon erdrss-aridronr pubteys (o etheoriméet copadst 267 ark28 zation
are fornmed on top of surfaces 24 of the netal
st Atetenect sfcentiained impapemargsi2ze 36 ahtbwd8.for a
These pads 26 and 28 can be of any design in wdth
cABShE I EIRSS thatapessIplatieasspeaisl iseréhgent tckesi groom
requi renents. A pad can, for instance, be used as a

bbb Pr & PG @Egebrﬁég§30@@ hedtsed tee ipe¥efonnecting
di'stribution or as a ground or signal bus. The

mgggipygggbn(gyy%@ghkgns can, for instance, be _
made. to. t he pads shown.in Fig. 1. pad 26 can serve as

a flip chip pad, pad 28 can serve as a

Layer 20 is a thick polymer dielectric layer (for example
polyimide) that have a thickness in excess of 2 um (after
.curing). The range of the polymer thickness can vary from 2 um

to 150 pm,. dependent on electrical:.design requirements.

For the depeosition of layer 20. the Hitachi-Dupont polyimide
HD-2732 or 2734 can, for example, be used. The polyimide can: be
spin-on coated and cﬁred. After spin-on coating, the polyimide
will be cured at 400'degrees C. for about 1 hour in a vacuum or
nitrogen ambient. For a thicker layer of polyimide, the

polyimide film can be multiple coated and cured.

. Another material that can be used to create layer 20 is
. the polymer benzocyclobutene (BCB). This polymer is at this time
commercially produced by for instance Dow Chemical and has ..
recently gained acceptance to be used instead of typical

polyimide application.
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flip chip pad or can be connected to electrical power

or to electrical ground or to an electrical signa

bus. There is no relation between the size of the

pads shown in Fig. 1 and the suggested possible

el ectrical connections for which this pad can be

used. Pad size and the. standard rules and,

r esthe clingnms iohs elfecpentads ci2 culd adesi3gnhdeteprevniously

the. electrical connections to which a given pad
bedrniissdusssedd.. Theediokheibngo £othe dienrielgat eotyethde with the

size and the nunber of the contact points 16, Fig. 1.
diBecatisiec thEskneaBt dete poing sth@ sk A ealt@oabedtiod édhing.

of athin dielectric (layers 14, Fig. 1) the pad size

Thé i cther 4140 cahgeetfbseriie | A PR pFlozesBr kAGSthe metal
wth it a large capacitance. In addition, a | arge pad

£1 51 78 WddabiliRker TRLS Weills tHe 4 QUIE GARBRI bbby M
that | ayer of nmetal. It is therefore preferred to

22 KeEP3d h@a seh%e r%gtehsfpé&ﬂéxfﬁ@élw >s R oT&ﬁ the

size of pad 16 i S however also directly related

ei%&u fotspernqtn' q QEéF{B??B 234%%%@31 A30RGL to of

epta or the considerati Vi a

ap;? &)Eﬁngagcr ai}d 2V g@g%mof’ﬂ? nectth?:%%lo ofGOpenln S

consi |on | ontact pad can
22}§6}§]6e ] d er51%fne sugf:ln El?a‘gofmiggh%fext%%t vﬁgzﬁlgﬁlrﬂ]&al can

be accomplished. The via can be filled with CVD metal such as
CVD tungsten or CVD copper, with electro-less nickel, with a
‘damascene metal filling process, with electroplating copper,

ietc.

=-1The referenced application can be further extended by

applying multiple layers of polymer (such as polyimide) and can
therefore be adapted to a larger variety of applications. The
function of the structure that has been described in Fig. 1 can
be further extended by depositing a second layer of polyimide on
top of the previously deposited layer 20 and overlaying the pads
26 and 28. Selective etching and metal deposition can further
create additional contact points-on the surface of the second
layer of polyimide that can be interconnected with pads 26 and

28. Additional layers of polyimide and the thereon created’
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dependent on the thickness of |ayers 18 and 20. The
referenced application does not inpose a limtation on
_the...nunber of contact pads that can be included in
the design, -this:nunber is dependent on package

design requirenents. Layer 18 in Fig. 1 can be a

typical | C passivation |ayer. The nost frequently used
passivation layer in the present state of the art is

pl asma enhanced CVD (PECVD) oxide and nitride. In
creating layer 18 of passivation, a |ayer of
approximately 0.2 pm PECVD oxi de can be deposited
chbntact frddowed bey caskaperedftappreitigtépry apylipation, the
nitride. Passivation layer 18 is very inportant
ihéteased idxtEratient ©ft heldévleelajdmy offr pmlydoidesrareatly
and foreign ion contam nation. The positioning of this
eABahayerthetileed btild tgubndi csefilpreemess ok théerenced
integrated circuit) and the tens-mcron process (of
cbheihnd €l eonnegiantg applakazadhon structure) is of
critical inportance since it allows for a cheaper

process that possibly has | ess stringent clean room

requi renents for the process of creating the

i Nt efFCONNECIHAG aMBhakikzabh0fn SAdHGitdgR. olfayBe 28fd Serdced
thick polynmer dielectric layer (for exanple
continuation-in-part applicaticn. This advantage allows for sub-
micron or fine-lines, that run in the immediate vicinity of the
metal layers 14 and the contact points 16, to be extended in an
upward direction 30 through metal interconnect 36. This
“extension continues in the direction 32 in the horizontal plane
of the metai interconnect 28 and comes back down in ﬁhe-downward
direction 34 through metal interconnect 38. The fuﬁctions_and
constructs of the passivaticn layer 18 and the insulating layer
20 remain as previously highlighted. This basic design advantage
of the invention is to “elevate” or “fan-out” the fine-line
interconnecté and to remove these interconnects from the micro
and sub-micro level to a metal interconnect level that has
considerably larger dimensions and that therefore has smaller
resistance and.capacitance and is easier and more cost effective
to manufacture. This aspect of the referenced application does
not include any aspect of conducting line re-distribution and
therefore has an inherent quality of simplicity. It therefore

further adds to the importance of the referenced applicaticn in
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pol yi m de) that have a thickness in excess of 2 pun
(after curing). The range of the polyner thickness
can vary from2 pm to 150 pm dependent on
el ectrical. design requirenments. For the deposition of
| ayer 20 the Hitachi-Dupont polyimde HD 2732 or 2734
can, for exanple, be used. The polyim de can be
thc'sipulrr— o kesamégrandndus el migne wigging- escesaibhg, 2t e wide
polyimde wll be cured at 400 degrees C. for about 1
anthouridkn mnetedcdemedr Thet iggercanmsicdnionsFée, a3bhankeds
| ayer of polyimde, the polyimde filmcan be nultiple
intcoatetheand ther édineAhetdkrmated lerhalgotilngt upahhbeudglsethd o
create layer 20 is the polynmer benzocycl obut ene
padBGB)tiohhiasidppbymReri 8r apolintidd A eleenEREClakéys,
produced by for instance Dow Chem cal and has

cori€Galitlyy ogairnaddaseaptanse i hedésedd nateadmetal level and
typical polyimde application. 24 The dinensions of

corPPBNNGS b2 de3BeARUNGBr AaY Y QMIRUSHYA tBeBR metal level
di scussed. The di nensi on of the openings together with

baél@edou%l &loeehtl §1BQLﬁ5€§§Sl&L?éFrH§) %%alﬁepéég%%h&@&ﬂl Othrough

of the openi ng. he aspect rati'o challenges fhe via
thf%sqrv%c&q.% afiRd B*ﬂ?mé‘?t@:! di 'rrlf?i% G3RgREk ki ¥ 1 IS, The
anetgr or open‘J

extensions that are in this manner accomplished need not be
limited to extending fine-metal interconnect points 16 of any
particular type, such as signal or power or ground, with wide

‘and.thick metal line 26 and 28. The laws of physics and

- :telectronics will impose limitations, if any, as to what type of

interconnect can by established in this manner, limiting factors
wwill.be the conventional electrical limiting factors of
resistance, propagation delay, RC constants and others. Where
the referenced application i1s of importance is that the
referenced continuation-in-part application provides much
broader latitude in being able to apply these laws and, in so
doing, provides a considerably extended scope of the application
and use of Integrated Circuits and the adaptation of these

circuits to a wide and thick metal environment.

27



22/ 36/ 38 in the range of approximately 0.5 pmto 30
_pm the height for openings 22/36/38 can be in the
range of approximately 2 pmto 150 pm The aspect
rati o of openings 22/36/38 is designed such that
filling of the via with netal can be acconplished.
The via can be filled wth C/D netal such as CVD
tungsten or CVD copper, with electro-less nickel, with
a damascene netal filling process, wth
el ectropl ating copper, etc. The referenced
application can be further extended by applying
mul tFig e 4 ayems bbwpdhy nersisuditersopobgt nigeyclamt dde
therefore be adapted to a |arger variety of
rapptémadd ansit ifivet ibonch+par ofapgdie cettioot gae fusthdmade
been described in Fig. 1 can be further extended by
efdepasid inglexr seeopdekayerimferpalond nmicdeotnont ppebfvitiee the
previously deposited |ayer 20 and overl ayi ng the pads

f 20e afsk 28 .t Selnec bil vae eb € hi g wairdk neldakhdeposétabrowarto also
further <create additional contact points on the

asdriacafctdie oneenndsulayes of PR whacdelbhetr zarbe
i nterconnected with pads 26 and 28. Additional |ayers

pOiyPRlyd MR anduhert NerepsntdLaled %ﬁaﬁ@ﬂtﬁ&ﬁ Padsarallel
can be custom zed to a particular application, the

with the surface of the substrate 10 whereby this plane however
is separated from the surface of the substrate 10 by the

combined heights of layers 12, 14, 18, and 20. Fig. 2 shows a

cross section 40 of the inductor taken in a plane that is

. perpendicular to the surface of substrate 10. The wide and thick

metal will also contribute to a reduction of the resistive

energy losses. Furthermore, the low resistivity.metal,.such as

gold, silver and copper, can be applied using electroplating,

the thickness can be about 20 pm.

- Fig. 3 shows a top view 42 of the spiral structure of the
inducteor 40 that has been created on the surface of layer 20 of
dielectric. The cross section that is shown in Fig. 2 of the
inductor 40 has been taken along the line 2-2 of Fig. 3. The
method used for the creation of the inductor 40 uses
conventional methods of metal, such as gold, copper and the

like, deposition by electroplating or metal sputter processes.
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i ndi cated extension of nmultiple layers of polyimdes
greatly enhances the flexibility and useful ness of
the referenced continuation-in-part application. Fig.
1 shows a basic design advantage of the referenced
continuation-in-part application. This advantage
all.ows for sub- mcron or fine-lines, that run in the
i TR -atde sfiowisnit yopf viele ohuingudtayedd whezeldytiie inductor
contact points 16, to be extended in an upward
haglilresnt ifonrt3@rt hsolighedefadnm i thersorfreet 0836thdhsgbstrate 10
extension continues in the direction 32 in the
by hdrd zantialiopl afielapért he ot riotemeaeinentt28iahd Openings
cones back down in the downward direction 34 through
‘ardreimdatad dhcoageet 4880 f Ther fameiricdis andercanststicilse
of the passivation |ayer 18 and the insulating | ayer
cordidtRITR 36ASnAr 8% OB Y1dy&ahl 4 ghtLdiepbRischagk cnglesi gn
advantage of the invention is to "elevate" or
conv@tiHal WRenbhBetbi Hechi MRILPHIRG! SadNHet Oxp&MMVhtally
these interconnects fromthe mcro and sub-mcro

deﬂé%ﬁinéd)é%dn%hék L8t ef £0NRSEd IRV eInd PaLtR8%1y dependent on
consi derably larger dinmensions and that therefore has

thes"a}éieesr ofIr %E@Qi@ §04q canaciganG gc@c?:%sbs oPABhEN A5 that

cost e eCtIVG tO manuf act ur I'S aspect o

aréiﬁ%g éﬁ@%@%ﬁggagﬁéif lne #g1§§§ir%%egqgluggagﬁyas layer 20)

aspec cti'ng ion

for the creation of the structure that is shown in cross section
in Fig. 4. The surface area of the ferromagnetic layer 44
‘typically extends over the surface of layer 18 such that the
vinductor 40 aligns with and overlays the layer 44, the surface
~area.of layer 44 can be extended slightly beyond these
..boundaries to further improve shielding the surface of substrate

10 from the electromagnetic field of inductor 40.

Layer 44 is not limited to being a layer of ferromagnetic
material but can also be a layer of a good conductor such as but
not limited to gold, copper and aluminum. The overlying inductor
40 that is created on the surface of layer 20 of polyimide can . |
be isolated from the underlying silicon substrate 10 by a layer -

44 that comprises either ferromagnetic or a good conductor.

29



therefore has an inherent quality of sinplicity. It
therefore further adds to the inportance of the
referenced application in 26 that it nakes mcro and
sub-mcro wiring accessible at a wide and thick netal

| evel . The interconnections 20, 36 and 38

i nterconnect the fine-level netal by going up through

the passivation and polymer or polyinide dielectric

| ayers, continuing over a distance on the w de and

thick metal |evel and continuing by descending from

the wide and thick netal |evel back down to the

fi neFixet dla |sbwels, bforgatas pas g laevis e hfodigipl iHed cross
passi vati on and pol yner or polyimde dielectric
skaybes.ofTHthe exbsnshbasandatharleverst thetnanae¢reated on the
acconpli shed need not be limted to extendi ng
stir fecerat Al thentsebsamaeet upde nttshel rofceasys phrtheularention,
type, such as signal or power or ground, with w de
tB80hidh CighmRidla reiage t RAt aste 2hovwbhdalvewpref i phyby dseen

and :electronics wll inpose limtations, if any, as
igenwhpied Ype of interconnect can by established in
this manner, limting factors swill.be the

comyent.onak ; ebectidaladd M ting factors of

reési'stance, propagation del ay, RC constants and

Ot g:fan§g8£eo{hg% {t%%&%ﬁ%%gtaﬂgglﬁégﬁcﬁkﬂé% ed over the
‘surface of the substrate
- 14, an interconnect layer that contains interconnect lines,
vias and contact points
- 16, contact points on the surface of the interconnect laye: 14
- 18, & layer of passivation into which openings have been
"¢reated through which‘the'contact'points”lﬁ can ‘be’ accessed
- 20, a thick layer of polymer, and
- 21, conductive plugs that have been provided through the layer

20 of polyimide.

The thick layér 20 Of'polymer can be coated in liquid form
on the surface of the layer 18 of passivation or can be
laminated over the surface of layer 18 df pasSivation'by dry
filﬁ'application} Vias that are required for the creation of

conductive plugs 21 can be defined by conventional processes of
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referenced continuation-in-part application provides
much broader latitude in being able to apply these
| aws and, in so doing, provides a considerably
. extended scope of the application and use of

Integrated Crcuits and the adaptati on of these
circuits to a wide and thick netal environnent. 27

phatigg.ith@ashons bowahdobasiantiat esdéognéesenspaciliof t he
referenced continuation-in-part application can

tedhurdllogry -be  ext ended under the present invention to
not only elevate the fine-netal to the plane of the
wi de and thick netal but to also add an inductor on
the surface of the thick |layer 20 of polyimnmde. The

[BdUStOled S @ARGviBud Bphabdessihdis ithapardle elquahtd of
the surface of the substrate 10 whereby this plane

layhowevelt L SBPRA Al @b f N dhe iour &acei?f $8enas been
substrate 10 by the conbined heights of layers 12,

crebbedlBo RRHE20ddFi fon 2l S 1A ca8T B8Rp5REE ONsdh Ufs an
the inductor taken in a plane that is perpendicul ar

lncfu%ttol?:e %uegsg&@ér substial @ 13Q cLhepw éfeéagd cﬂ"x%e surface

nmetal wll also contribute to a reduction o
£ NERJeSt bYe o€ ic‘i’é%%? UG LBy th
© Jh?‘ﬁ ow r85|§ gll{ly nmet ln. es%%% agg c?lataCtIV{/ler and
conrttRR %i‘ﬂggezf‘ppiéyerﬁsi % 985t c%B'lé“r'nQ?, in the cross
section that i1s shown in Fig. 5a, be part of layer 14 since

layer 14 .is a layer of Intra Level Diélectric ({ILD) within which

layer 12 can ke readily integrated.

‘With respect to the cross section that is shown in Fig. 5b,
.the.same layers that have been identified for Fig. 5a are again
provided in this cross section. Additionally has been shown the
upper layer 17 of the silicon substrate 10 that contains active
semiconductor devices. Also shown is the cross section of an
inductor 19 that has been created on the surface of layer 18 of
passivation. It must again be emphasized that the ohmic
resistivity of the metal that is used for inductor 19 must be as
low as possible. For this reason, the use of a thick layer of
for instance gold is preferred for the formation of inductor 19.

It has been shown that a thick layer of gold increased the Q

31



the thickness can be about 20 pm Fig. 3 shows a top

view 42 of the spiral structure of the inductor 40

t hat has been created on the surface of |ayer 20 of

dielectric. The cross section. that is shown in Fig. 2

of the inductor 40 has been taken along the line 2-2

of Fi.g. 3. The nethod used for the creation of the

i nductor 40 uses conventional methods of netal, such

as gold, copper and the |ike, deposition by

el ectroplating or netal sputter processes. 28 Fig. 4

shows a top view of inductor 40 whereby the inductor
vihse belenirfdncttiver 10s6ram egbdutorh tive abgntagde dbrthet GHz

substrate 10 by the addition of |ayer 44 of
apel 1 eamignet,i erhieherkbptesGpeningsigrdifé centaiedrévemenyterin the

44 of ferromagnetic material for the conductors 36 and
038altdent ayrfuctdri $9deposited using conventiona

met hods to a thickness that can be experinentally

determ ned and that is influenced by and partially

dependent on the types of materials used and the

t hi cknesssPfsHMG hayebsstbadticd Q)ﬂl%e@ag&@!ﬂ:&tnghéiﬁlas been
ferronagnetlc mat eri al (such as |ayer 2 for the

cPLEALA Oh Iocfhet @%&%E%CBHrg g@@étﬂastesh@mm ﬂla9595§4 of

sectl1 on The surface area of the

CBS& 5{?§g“¥ﬂ€%£d%%% c€4llnes and contact points has been

created on the surface of substrate 10. A layer 18 of
passivation has been deposited over the surface of layer 14,
openings have been created in layer 18 of passivation through

which the surface of contact pads 16 can be accessed.

'-A capacitor contains, as‘is-well known, . a lower plate, an
upper plate and a layer of dielectric that separates the upper
plate from the lower plate. These components of a capacitor can
be readily identified from the cross section that is shown in
Fig. 6a, as follows:

- 42 is a conductive layer that forms the lower plate of the
capacitor

- 44 is a conductive layer that forms the upper plate of the
capacitor

- 46 is the dielectric layer that separates the upper plate 44

of the capacitor from the lower plate 42.

32



typically extends over the surface of l|layer 18 such
that the inductor 40 aligns with and overl ays the
| ayer 44, the surface area of |ayer 44 can be
extended slightly beyond these .,boundaries to
further inprove shielding the surface of substrate 10
fromthe electromagnetic field of inductor 40. Layer
i3 pgshdee Ingiakednon béengraskayertbin figratonmgséeve in
mat eri al but can also be a |ayer of a good conductor
Figuda adabuthenoepithteediao bpsind creeppdr canthal s faga of
The overlying inductor 40 that is created on the _
laysan flcefobakayeat 26n of tipolpriavieds ©dncrbetisgl Bheddpaamtor
the underlying silicon substrate 10 by a | ayer 44
is ttheireforpr re€areetihes dera gragnrelhse ioatdogoptocessing
conductor. 29 Fig. 5a shows, for reasons of clarity, a

seigidd.f iPedcetosfg S66diOiby drie nsubstkaketnad ¢de be used
| ayers that are created on the surface of the

fors st Icdtea tiBden £t PR PFOGRSSES, Of ayRe sl B¥eNtk 0Oflnd 4d&have
hi ghl i ghted areas that are shown have previously been

alrdRRt ikiead h@@hllgﬁgedtmd Siddf MheTeRSt-EakS: - béme_acher
| ayer of dielectiic that has been deposited over

detSMNfRC@ Ok L Ber spstrate

The main points of interest are the various thicknesses to
which the three layers 42, 44 and 46 can be deposited, as
follows:

- layer 18 of passivation between about 0.1 pm and 0.3 pm

- layer 42 of conductive material between about 0.5 and 20 pm
---~layer 44 of dielectric between about 500 and 10,000 Angstrom,
and

- layer 46 of conductive material between about 0.5 and 20 pm.

The post-passivation created capacitor that is shown in cross
section in Fig. 6a has:
- reduced parasitic capacitance between the capacitor and the

underlying silicon substrate
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- 14; an interconnect |ayer that contains interconnect
lines, vias and contact points - 16, contact points
on the surface of the interconnect |layer 14 - 18, a
| ayer of passivation into which openings have been
created through which the contact points 16 can be
accessed - 20, a thick layer of polyner, and - 21,
conductive plugs that have been provided through the
| ayer 20 of polyimde. The thick layer 20 of polyner
can be coated in liquid form on the surface of the
| ayer 18 of passivation or can be |am nated over 'the

- salflagedofot ayler U off paskivht iayebyrgpnduicitive material,
application. Vias that are required for the creation
ofredcendycthe erqpirgenzt odnthe dapamethbiyy thdsvent penbicularly
processes of 30 photolithography or can be created
usimpgrkagerf¢driitdledsecppatogyions is clear from
previ ous di scussions that the sequence of |ayers that

-1$15BQYA ERr CERSSuSEH O ghRdkkfecbii hasthaqnl ehent 88 T1i0,,
so that additional electrical conponents such as an

| RAUSE Qor 3nEaRAELELEr BN dhR N kBeCaPpOE Sh@alRI 10ker plate
the“surface

of the capacitor, resulting in a higher capacitive value of

the capacitor.

Fig. 6b shows a three-dimensional view of the solenoid
structure of an inductor 19 that has been created on the surface
of the layer 18 of passivation. Further highlighted in Fig. 6éb
are:

- 23, vias that are created in- the 'thick ‘layer of polymer 20,
- Fig. 5a, for the interconnects of the upper and the lowérr
levels of metal of the inductor
- 25, the bottom metal of the inductor

- 27, the top metal for the inductor.

Fig. 6c shows a three dimensional view of an inductor that
has been created on the surface of a layer 18 of passivation by
first depositing a thick layer 29 of polymer over which a layer
(not shown) of polymer is deposited, vias 23 are created in the

thick layer 20 (Fig. 5a) of polymer. In addition to the
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of layer 20 of polyimde and in electrical contact

with conductive plugs 21. Layer 12 of dielectric nmay,

in the cross section that is shown in Fig. 5a, be

part of layer 14 since layer 14 is a layer of Intra

Level Dielectric (ILD) within which |layer 12 can be

readily integrated. Wth respect to the cross section
prahatusly shgwhight&dglapdrs, .Eide ésasbolayer Saydmat2 hanfe

been identified for Fig. 5a are again provided in
polshins dar.0s §heedhdaotoAdHd tionaddat edadybeeaashwwntlidieot tom

upper layer 17 of the silicon substrate 10 that

metcNtZF RS &bkl YAdusest COnJduHorcievietas. 2A 60 shoOWhdisctor
the cross section of an inductor 19 that has been

and ra ed a@nothenstrissecpiadayam 18yek 2passiyatson.cHdte
must agai n be enphasized that the ohmc resistivity

prégeggy;yn%bgkagﬁgt I So for inductor 19 nust be as
| ow as "possi bl e. For this reason, the use of a thick

| ayer of for instance gold Is preferred for the’
formati on of inductor It has been shown that a

hgﬁ_ l%ﬁe%hgasgglg %n&%&@%%ﬁlﬁh 10Ma5H§ %éﬁface of

tor rom a t o about 2 f or

wh:%pl nC%tn %br\l\gﬁghb erE)rﬁ,e eanct a Zlbacmvg.bﬁgfy shown in Fig.

I npr ovement ue O
6c. Vias 23 are highlighted as are top metal lines 27 of the

inductor 19, bottom metal lines 25 of the inductor 19 (hatched
since they are not visible on the surface of the layer 20).
Further detailed are vias 23 and 23 , the lower extremity of
via-23 and the upper extremity of via 23 are connected to
interconnect lines 31 and 33 (Fig. 6e) respectively, theses
interconnec£ lines 31 and 33 provide the connection for further
interconnect of the inductor 19.

Fig. 6e shows a cross section of ﬁhe structure of Fig. 6&d
whereby this cross section is taken along the line 6e-6e’ that
is shown in Fig. 6d. Contact pads 16 have been provided on the
surface of layer 18 of passivation, these contact pads 16 make
contact with the wvias 23, 23 and 23 for interconnection
between the bottom metal 25 of inductor 19 and the upper metal

. 27 of the inductor 19. Interconnects to vias 23 and 23 are the
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Fig. 6a shows a cross section of a capacitor that has

been created on the surface of a substrate 10. A

| ayer 14 of conductive interconnect |ines and contact

poi nts has been created on the surface of substrate

10. A layer 18 of passivation has been deposited over

the surface of |ayer 14, openings have been created

in layer 18 of passivation through which the surface

of contact pads 16 can be accessed. A capacitor

contains, as iswell known, a |lower plate, an upper

plate and a | ayer of dielectric that separates the
lipper3l prat 83 wbrichheas opeevinugly, sthése. copponehtdiof

a capacitor can be readily identified fromthe cross
isgati@n t%hato issirshonding eFegiriBal adritoflFowsor -cagpodnents.
a conductive layer that forns the |ower plate of the
capacitor - 44 is a conductive layer that forns the

upper plate of the capacitor - 46 is the dielectric

| ayerrhdatrsafiamnabEs at heropideYl ipldaickoddovetlyhey a layer of
capacitor fromthe |ower plate 42. 32 It nust be noted
phE8 V4 HEoIC MRSS beeet kBBwhhah FSgSh®M and 69 where toroidal
coil 19 is created on the surface of a layer 18 of passivation.
Top level metal 27 , bottom level metal 25 and vias 23 that
interconnect bottom level metal 25 with top lewvel metal 27

have been highlighted in Fig. 6f.

Fig. 6g shows, for further clarification, a top view of the
toroidal 19 of Fig. 6f. The highlighted features of this figure
have previously been explained and therefore do not .need.to be

further discussed at this time.

Fig. 7 shows a cross section where, as in Fig. 6a, a
capacitor is created on the surface of substrate 10. In the
cross section that is shown in Fig. 7 however a thick layer 20
of polyimide has been deposited over the surface of the
passivation layer 18 and has been patterned and etched in order
to maké the contact pads 16 accessible though the thick layer 20
of poly. The thick layer 20 of polymer removes most of the
capacitor, that is the lower plate 42, the upper plate 44 and

the dielectric 46, from the surface of substrate 10 by a
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Fig. 6a that the capacitor has been created on the
surface of |layer 18 of passivation, the process of
creating the capacitor is therefore referred to as a
post - passi vati on processing sequence. Processing
conditions and materials that can be used for the
~creation of the respective |ayers 42, 44 and 46 have
disgignaRly-hséed sheghp i ghe etharid ivdeg sshefeflavernef . bkt has
further detailed at this tinme. The main points of
pPrevitersdst beea sheteathatsthaimsuss ods prdyimhdehtihhekness can
three layers 42, 44 and 46 can be deposited, as
vaflfiirmows 2 hayeo 180 ofim parsdi atdepenoeinteen abeatricdl plasign
and 0.3 pm- |ayer 42 of conductive material between
req@bioenebits .aftli20spatehayteri A4k iafo dadliectbircthet ywess section
about 500 and 10,000 Angstrom and - |ayer 46 of
sh@aanductrive mat ehkalapetyeen BROWapRci tardcdl pRerefdi® be
post - passi vati on created capacitor that is shown in

red @85 £roaCithenshirktd. obdlratd adUegdapat 384hé€ of 2 pm
capaci tance between the capacitor and the underlying

to Sidd GAN S4bSLr 81€a33that this leads to a significant increase .

in distance between the capacitor and the underlying silicon
substrate, the parasitic capacitance will therefore be

significantly reduced.

Fig., 8 shows a cross section of a substrate 10 on the
"surface of which has been deposited a layer 18 of passivation, a
~resistor 48 has been created on the surface of the layer 18 of
~passivation. A resistor, as 1is well known, 1is created by
connecting twoe points with a material that offers electrical
resistance to the passage of current through the material. The
two points that are part of the resistance 48 that is shown in
cross section in Fig. 8 are the contact pads 16 that have been -
created in or on the surface of the interconnect layer 14. By
creating layer 48 between the two contact pads, that
interconnects the two contact pads and that is deposited on the
surface of passivation layer 18, a resistor has been created in

accordance with the processes of the invention. For the creation
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all onwed for the use of a thick [ayer of conductive

material, reducing the resistance of the capacitor;

this is particularly inportant for wreless '

applications allowed for the use of high-dielectric

material such as Ti02, Ta205 for the dielectric

bet ween the upper and the |lower plate of the

capacitor, resulting in a higher capacitive val ue of

the capacitor. Fig. 6b shows a three-di nensional view

of the solenoid structure of an inductor 19 that has

been created on the surface of the layer 18 of
opaksjaratdtorm hiEght hesist fnl fymadgriialrcgn B ugge: such as TaN,

23, vias that are created in the thicklayer of polyner
s2DicorFi g.nBagideqr t Iphoisphestbhoatt s oflade upfRiiGland silicon

the lower levels of netal of the inductor - 25, the
ob@iionmdet al adtimihamj ndughwrinum 27pxtde tofAIn®tal fdrantalunm,

the inductor. Fig. 6¢c shows a three dinensional view
noénsdun Ndyet ab1Baknutias Ihears ceeaiedtiont t Hemsnsf@ee such as

of a layer 18 of passivation by first depositing a

thhérked RY el 10T a 0| W I®ENH O¥ET duPbsht ok ayLer laf@pt 48 of high
shown) of polymer is deposited, vias 23 are created in
régfstivity material are application dependent and can therefore
not be specified at this time in any detail. The resistor. that
is shown in cross section in Fig. 8 1is, as are the capacitors of

Figs. 6a and 7, created in a post-passivation process on the

surface of layer 18 of passivation.

Fig. 9 shows a cross section of a substrate 10, an
interconnect layer 14 has been created on the surface of the-
substrate. A layer 18 of passivation has been deposited over the
layer 14 of interconnect metal, a thick layer 20 of polyimide
has been deposited over the surface of the passivation layer 18.
A resistor 48 has been created on the surface of the layer 20 of
polyimide. The resistor 48 is created connecting the two contact
pads 16 with a thin high resistivity layer of metal. By
increasing the distance between the body of the resistor and the
surface of substrate (by the thickness of the poly layer 20) the
parasitic capacitance between the body of the resistor:and the

substrate is reduced resulting in an improved resistive
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thick layer 20 (Fig. 5a) of polyner. In addition to
the 34 previously highlighted |ayers, Fig. 6¢c shows a
| ayer 29 of polyimde. The inductor 19 is created by
creating the bottom netal 25 of the inductor 19, the
top netal 27 of the inductor and the vias 23 that are
created in layer 20 (Fig. 5a) that preferably
copppredtthsl redysleginerrafi jic 6gamimiisl v tlopsvi énpobvedyleigh
20 on the surface of which an inductor has been
freqeened rey fprainoasly shown in Fig. 6c¢c. Vias 23 are
hi ghlighted as are top netal lines 27 of-the inductor
19, bottomnetal lines 25 of the inductor 19 (hatched
since they are not visible on the surface of the |ayer
20)Furthied hepldehaibrd afetivéd asosd3-panRGiddtiochhprboyesing of
extremty of via 23 and the upper extremty of via 23

thérl theoryiest edet eholAt ehcPIRect1d idies 13] andcB3céfitntrate on
6e) respectively, theses interconnect lines 31 and 33

ma P19y e 1t RentarRepbi f0s f BELhakd Nnt A0t aegNNecin@fan
the inductor 19. Fig. 6e shows a cross section of the

ové%I&EHé“éié@%ergcoﬁﬁon@ﬂ@re@UbﬁiH§5d3HQ%%r%€§thH@ué€br
taken along the Iine 6e-6e' that is shown in Fg. 6d.

Pré@ﬁgdﬁﬁgfﬁyﬁi 18chayerbeen, provided o 1ohen an upward

direction, most of the layers that are shown in Fig. 10 have

previously been identified and are identified in Fig. 10 using

the same numerals as have previously been used for these layers.

Where Fig. 10 shows previously not identified layers is in:

-. 50, contact plugs that have been formed through the thick
Jlayer 20 of polymer

- .52%:contact balls that have been formed on the surface of the
contact plugs 50 using conventional methods of selective
solder deposition (plating or ball mounting on the surface of
plugs 50}, the application of a flux on the deposited solder
and flowing the solder to form the contact balls 52, and

- 354, a cross section of a discrete electrical component such as

an inductor or a «discrete capacitor or a resistor.

Fig. 11 shows a cross section of a silicon substrate 10 on

" the surface of which a discrete electrical component 54 has been
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surface of layer 18 of passivation, these contact pads
16 nmake contact with the vias 23, 23 and 23 for
i nt erconnection between the bottom netal 25 of
i nductor 19 and the upper netal 27 of the inductor
19. Interconnects to vias 23 and 23 are the 35 lines
31 and 33 which, as previously stated, connect the
i nductor 19 to surrounding electrical circuitry or
conmponents. The creation of a toroidal inductor
overlying a | ayer of passivation has been shown in
Figs. 6f and 6g where toroidal coil 19 is created on
motretelyr feandach hal ye$6 1Brofugsss sheaebynthe Thpstangrg between
netal 27 , bottom|level netal 25 and vias 23 that
thatsrmomeget lboahdnthevel egtialal2Somprhenbps 4 evelof a
nmetal 27 have been highlighted in Fig. 6f. Fig. 6g
s SISt cfror vialrehecontact fhakltd are anceptedeimod tlive openings
toroidal 19 of Fig. 6f. The highlighted features of
thit shdvgWeen kavatpaevhotisd Yl hean 1@xplfapassiandion overlying
‘therefore .do not need to be further discussed at
thdi Sodd 4 p%ﬂc@ 1%, SHRMS ( e L4105 132 0kirgR) WoeKi BactAd s 56
Fig. 6a, a capaC|tor is created on the surface of
c§é‘£”§é rate gl rilAnkh8ep &t #6505 afdthnt RAk ESrSAGMW LA Nsubstrate
Fig. 7 however a thICE | ayer 20

10 and the discrete electrical component 54.

The methods that have been shown in Figs. 10 and 11
indicate that:
- the passive component 54 is removed from.the surface of
substrate 10 by a significant distance, and
- - _instead of mounting the passive, discrete component 54 on the
surface of a Printed Circuit Board (PCB}, the passive
component 54 can be mounted closer to a semiconductor device

in the present invention.

Throughout the methods and procedures that have been
explained above using the examples that are shown in cross
section in the accompanying drawings, the following has been
adhered to:

- the passive components have been further removed from the

silicon substrate, thereby reducing the negative impact that
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of polyimde has been deposited over the surface of

the passivation |ayer 18 and has been patterned and
etched in order to nmake the contact pads 16

accessi bl e though the thick Iayer 20 of poly. The

thick |ayer 20 of polyner renoves nost of the

capacitor, that is the |lower plate 42, the upper plate

a8 ahducedelyli diectyistrabe fpnentehelecifemagnsfitic losses
substrate 10 by a 36 distance that is equal to the
tthiroknedsinfthaysbsadatit has previously been state

that the range of polyimde thickness can vary from?2

- RRet podbOppsr brdk ich deperdenbfobhel Egddntciadn daliogd for the
requi renents. This statement is also valid for the
BEQ8EL 5661 b ONL ShaWe iddmbb@en?, dé8Egh AYSFfnetertsh@hat result
capacitor can therefore be renoved fromthe surface

oh suBstE@t fodstih® GrSkRBCAIOErdrdMadikR RM khe
is clear that this leads to a significant increase in

: QF§E§QE§ DEhVeEs) | h&;i%a%c%h%héPch@e?rF‘f%('ﬁﬂeﬂl%lollowing

silicon substrate, the parasitic capacitance w

Canifi. | Fi

LB e TR e EERMEEh B il Recs o
ich_h been deposited a | ayer 18 of passivation, a

?ggié?gg E%P%as bgen creat ed gn t he sur?ace of the

| ayer 18 of

Prior art requires for the creation of an inductor:

the use of thin metal, which imposes the creation of

wide coils for an inductor resulting in

© increased surface area that is required for the inductor which
~ in-turn increases the parasitic capacitance of the inductor

caldsing eddy current losses in the surface of the substrate.

- The present invention by contrast:

can use thick metal, since the metal of the passive component
is (by the thick layer of polymer) removed from the (thin
metal) interconnect layer 14, and (as a conseguence)

reduces the surface area that is required for the inductor,

and
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passivation. Aresistor, as is well known, is created
by connecting two points with a material that offers
el ectrical resistance to the passage of current
through the material. The two points that are part of
the resistance 48 that is shown in cross section in
Fig. 8 are the contact pads 16 that have been created
in or on the surface of the interconnect |ayer 14. By
creating | ayer 48 between the two contact pads, that
i nterconnects the two contact pads and that is
deposited on the surface of passivation |ayer 18, a

- resdates bAs beetstndatedfi ntheatoduciomce tlidreblyhéncreasing
processes of the invention. For the creation 37 of
| ayper o48adubi gh tresiisidudtioy.mat eri al can be used such
as TaN, silicon nitride, phosphosilicate glass (PSG,
silicon oxynitride, alum num alum num oxide (Al 0y),
tantalum nionbium or nolybdenum It is clear that

di ”e%i%gﬁpctlﬁeaﬁregfgkﬁg@eéﬁaodﬁrﬂﬁltth odNgn¥i gk&s&t invention
dep03|t|on of layer 48 of high resistivity materi al

ha5 e i 08}d+QR rdapendant n AN de SAD Ha%e'b%fegf Bes8Pipd® in

speci e at this time in any detail. The resistor
d%Egil ist S(J}.Ci% b'en r%é8§§ys|gﬁaé19§£dda '}_'J'yg thgsbsskf‘flé’ci €n the
e capaC|tors of I gs a and 7, created in

aggstt:hé)asvsallrv LhR e3P s tr\baGy be made therein without

departing from the spirit of the invention or from the scope of

the appended claims.
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surface of layer 18 of passivation. Fig. 9 shows a

cross section of a substrate 10, an interconnect

| ayer 14 has been created on the surface of the

substrate. A layer 18 of passivation has been

deposited over the Ilayer 14 of interconnect netal, a

thick layer 20 of polyimde has been deposited over

the surface of the passi Vatdigi | ayer 18. A resistor

48 has been created on the surface of the |ayer 20 of

polyimde, The resistor 48 js created connecting the
Tt wid contatt S@%ﬁ%r%emwalm% hi gh resistivity

| ayer of netal. By increasing the distance between

t he b°d¥‘E§ctHesﬂ §'§tﬁg_and the surface of substrate
(by t he®thi ckneds 6 ¢ €’'poly layer 20) the parasitic

capaci tance between the body of the resistor and the

substrahieciscteduced,Lesylbing.t8 anik PRROXEHstrate;

resi stive 38 conponent (reduced parasitic capacitive

| oss, inproved high frequency performance). Further

appl i @a:tiixcytsm@f;at_l%mbv@@ssséy@hii@neré:n;@qeﬁﬁ%;\xgr Ofwherein

the invention are shown in Figs. 10 and 11, ich

concentrate on naking ball contact points between
sziont act stpatst 46 bageancaverlygngy@lectri ¢ conponent,

such as a discrete inductor.

an insulating layer over said first metal laver and over
sald dielectric layer;

asecondnetéllayeroversaidinsulatinglayer,wherein
sald second metal layer comprises gold;

a polymer layer over sald second metal layer and over
said insulating layer, wherein said polymer layer has a
thickness between 2 and 150 micrometers; and

a coil on said polymer layer, over said second metal
layer, over said insulating layer, over said first metal laver

and over said dielectric layer, wherein said coil comprises

electroplated gold.

2. The circuit substrate of Claim1l, wherein said polymer layer
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Proceeding fromthe surface of substrate 10 in an
upward direction, nost of the layers that are shown
in Fig. 10 have previously been identified and are
identified in Fig. 10 using the sane nunerals as have
previously been used for these |layers. Wuere Fig. 10
shows previously not identified |layers is in: - 50,
CUBT Bt S PUbE T+ - have been formed through the thick
| ayer 20 of polyner -.52 :contact balls that have been
formed on the surface of the contact plugs 50 using
conventi onal nethods of selective solder deposition
(plating or ball mounting on the surface of plugs
5 L1 [ UX% O - j
L e R A SR
and - 54, a cross section of a discrete electrical
cg@@p@@@gtb§ygacg§ ol émeucker) or a discrete capacitor
or a resistor. Fig. 11 shows a cross section of a
silicon substrate 10 on the surface of which a
di screte el ectrical conponent 54 has been. 39 nobunted,
contact balls 56 are used whereby the di stance between
the substrate 10 and the el ectrical conponent 54 is of
4a Thed gairtudansubatneteCohtGctinbal | shareln serd ddsivited ing
t he openi ngs

layer comprises an oxide layer.

5. The circult substrate of Claim 1, wherein said insulating

layer comprises a nitride layer.

6. A chip comprising:
a silicon substrate;
a transistor in or on sald silicon substrate;.
ametallization structure over said silicon substrate;
wherein Said_metallization structure comprises a first metal
layer and a second metal layer over said first metal layer;
a dielectric layer between said first and second metal

layers;

44



that have been created in the |layer 18 of passivation
overlying the contact pads 16, the (relatively |large)
contact balls 56 <create a significant separation
between the surface of substrate 10 and the discrete
el ectrical conmponent 54. The nethods that have been
shown in Figs. 10 and 11 indicate that: - the passive
conpoRentt &4 nagl eiwsy ed ifly sinltReNsErPacer b, Wit imtseid
10 by a significant distance, and - instead of
nmounti ng_t he passive, discreteconponent-54 on the
megldf & 53 2Pk PRE Y BB Fe Tt BSarlrd TEPCBF I PRA PasE iR ond
conmponent 54 can be nounted closer to a seni conductor
devi c in the present, invention., Thr.oughout the
T S o R T D BRRdut S P HagBobRen ek aP hetP WbavE="
usi ng the exanples that are shown in cross section in
pé@e acconpanyi ng drawi ngs, the follow ng has been
adhered to: - the passive conponents have been further
renoved fromthe silicon substrate, thereby reducing

the nggatiyevhppast1ihat oA0sdsqi fduced RGtde over said
substrate due to el ectromagnetic | osses
metallizatidn structure and over said dielectric layer,
wherein said passivation layer comprises a nitride layer;

a polymer layer over said passivation layer, wherein
said polymer layer has a thickness greater than that of said
passivation layer and between 2.0 and 150 micrometers;

a ¢oll over said polymer layer, wherein said coil
comprises an electroplated gold layer having a thickness
greater than that of said metal pad, and wherein said coil
is connected to said first region through an'opening ir said
passivation layer, wherein said opening has a transverse
dimension between 0.5 and 30 micrometers; and

a third metal layer under sald coil and between said

“passivation layer and said polymer layer.
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incurred in the substrate the post-passivation process
of the invention allows for the selection of discrete
conmponent design paraneters that result in reduced
resi stance of the discrete capacitor and the discrete
i nductor, this is further clear fromthe follow ng
~conparijson between prior art processes and the

7 pridicesaER o6 CL 3R o it §-oh S ot G PeFaqui T FRRPTises
the creation of an inductor: the use of thin netal,

wWhi [ th t l,s
= RIGt BYCF SE0IT7 R8T A T Hor RS TEI0Y S68° aYER (HHT. s Laver
required for the inductor mhlch in turn increases the

ag@rggi&l Ofgﬁgfli %g of the inductor causing eddy

current es in e surface of the substrate. The
present invention by contrast: can use thick netal,
since the netal of the passive conmponent is (by the
thick |ayer of polyner) renoved fromthe (thin netal)
i nterconnect |ayer 14, and (as a consequence) reduces

81 mesuiifpee @rebn thathdseleguitecth frod mehelinduet bmprises

and 41

a copper layer under said ceoil and between said passivation

layver and said polymer laver.

9. The chip of Claim 6, wherein said polymer layer comprises

pelyimide.

10. The chip of Claim 6, wherein said passivation layer further

comprises an oxide layer under said nitride layer.

11. The chip of Claim 10, wherein said oxide laver has a

thickness between 0.15 and 2.0_micrometers.

12. The chip of Claim 6, wherein said nitride layer has a

thickness between 0.5 and 2.0 micrometers.
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- reduces the resistivity of the inductor, thereby
increasing the Q value of the inductor. Although the
preferred enbodi nent of the present invention has
been illustrated, and that form has been described in
detail, it will be readily understood by those skilled
in the art that various nodifications nay be nmade
therein without departing fromthe spirit of the
invention or fromthe scope of the appended claims.
ims 1. Acircuit substrate conprisin ,

1%1 | h@oﬁhéab%¥ (ekm &/ drREERLR| T2 hparl YE\raT lgaﬁa comprises
silicon substrate a first nmetal |ayer over said
di el ectr ayer erein said first netal |ayer

oLy ?X%%gmﬂﬁf dg%sulating | ayer over said first
netal |ayer and over said dielectric |ayer; a second
netal |ayer over said insulating |ayer, wherein said
second netal |ayer conprises gold; a polyner |ayer
over said second netal |ayer and over

14, The chip of Claim 6, wherein said metal pad comprises

electroplated copper.

15. The chip of Claim 6, wherein said metal pad comprises

aluminum.

16. The chip of Claim 6, wherein said third metal layer
comprises an aluminum layer under said coil and between said

passivation layer and said polymer layer.
17. The chip of Claim 6, wherein said third metal layer

comprises a layer of a ferromagnetic material under said coil

and between said passivaticn layer and said polymer layer.
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said insulating | ayer, wherein said polynmer |ayer has
a thickness between 2 and 150 mcroneters; and a coi
on said polyner |ayer, over said second netal |ayer,
over said insulating | ayer, over said first netal
Iayer and over said dielectric |ayer, wherein said
conpri ses electro | ated gold. 2. The circuit

1%uH§l@r%1PJeP&rf & &t mo1f UW%%P@H%&&SL&& YR Wt ey gopper

conprlses polylnlde 3. The circuit substrate of Claim

BRI b aEred (BB h o ST 8o EA A | LeuBRPPERESo said

Gaiml, wherein said insulating |ayer conprises an

f%ﬁé@eré&i’gﬁ tﬁro&?ﬁ‘ gLigu Ieéypéé){ﬂgdoéo;ga&%m L

erein”said insufating ay nprises ni trlde
| ayer. 6. A chip conprising: a silicon substrate; a
transistor in or on said silicon substrate; a
metal lization structure over said silicon substrate,
wherein said netal lization structure conprises a first
19etBhe chip of Claim 6 further comprising nickel over said

first region, wherein said coil is connected to said first

region through said nickel.

20. An integrated circuit chip comprising:

a silicon substrate;

multiple semi;onductor devices in or on said éilicon
substrate, wherein said multiple semiconductor devices
comprise a transistor in or on saild silicon substrate;

a first dielectric layer over said silicon substrate;

~a metallization styucture over sald filrst dielectric
layer, wherein Séid metallizationrstructure is connected to
said multiple semiconductdr dévices, wherein said
metallization.structure comprises a first metal layer and a -

second metal layer over said first metal layer, and wherein
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| ayer and a second netal |ayer over said first netal
| ayer; a dielectric |ayer between said first and
second netal layers; 44 a netal pad over said silicon
substrate, wherein said netal pad has a top surface
with a first region and a second region between said
first region and a sidewall of said netal pad; a

s ik gietatlildn akaparsor sk seovnd seegk bact byetaked ¢opper;
metal i zation structure and over said dielectric
| ayer, wherein said passivation |ayer conprises
nitri %Iegel%ﬁf& digleelymerl 3o PesVERNsER H §é§§|tv%1i"ii Fecond
| ayer, wherein said polyner |ayer has a thickness
egégaeer than that of said passivation |ayer and

et ¥ and 150 nicrometers; a coil over said

pol ynmer Iayer mhereln sai d COI| conprises an
| ect
Than FRAtTor x oy relly ol8Y M8 el SITeRE s SR Harpre

connected to said first region through an opening in

Eﬂﬁﬁerrﬂﬁ§§ﬂ¥@E%Qﬂnh§%%%onﬂh§{@l@c§§iQ %@%ﬂ%ngwﬂ@§e§nsaid
transverse di nension between 0.5 and 30 mi croneters;

and
passivation layer comprises a topmost nitride layer of said

integrated circuit chip;

a first pclymer layer over said passivation layer,
wherein said first polymer layer has a thickness between 2
and 150 micrometers and greater than that of said passivation
layer, that of said first dielectric layer and that of said
second dielectric layer;

a coll on said first polymer layer and over said
passivation layer, wherein said coil comprises an
electroplated metal layer, and wherein said coil has a
thickness greater than that of said first metal layer and that
of said second metal layer;

a metal line on said first polymer layer and over said

passivation layer, wherein said metal line has a thickness
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a third netal |ayer under said coil and between said
passi vation | ayer and said polyner layer. 45 7. The
chip of daim6, wherein said third netal |ayer
conprises a gold |ayer under said coil and between
sai d passivation | ayer and said polynmer |ayer. 8. The
chip of Claim6, wherein_said third neta

TR 28T BheapEor ST ) Gr A al G AREE ] B ek e daid

sai d paSS|vat|on | ayer and said polyner | ayer. 9. The

a mhe ein _sai d_pol er Ses
SEO Y et L 1B S T s AP R B b g af Boil
passi vation | ayer further conprlses an oxi de | ayer

af\#}ld&fsé&h‘?e&éci'%gor{n LN J‘Iélher-rh i p of Caim 10,

ereln sald oxi ayer has a I ckness between 0. 15
and 2.0 mcroneters. 12. The Chlp of daimé6, wherein

sai d pi tekgedl pyeymbas1ayethhcknessibehwesn Dideand
2.0 mcroneters. 46 13. %he chip of Claim®6, wherein

said polynmer |ayer conprises benzocycl obutene (BCB).

21. The integrated circuit chip of Claim 20, wherein said

electroplated metal layer of said coil comprises gold.

22. The integrated circuit chip of Claim 20, wherein said

electroplated metal layer of said colil comprises copper.

23. The integrated circuit chip of Claim 20, wherein said first

polymer layer comprises polyimide.

24. The integrated circuit chip of Claim 20, wherein said first

polymer layer comprises benzocyciobutene {BCB) .

25. The integrated circuit chip of Claim 20, wherein said

passivation layer further comprises an oxide layer under said
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14. The chip of Caim6, wherein said netal pad
conprises electroplated copper. 15. The chip of Caim
6, wherein said netal pad conprises alumnum 16. The
chip of Claim®6, wherein said third netal I|ayer
conprises an al um num | ayer under said coil and
bet ween said passivation |ayer and said pol yner
topyest nitrifhe bhigr off Galdn Btadierieich slafeiithiehip.
netal |ayer conprises a |layer of a ferromagnetic
material under said coil and between said passivation
| ayer and said polyner layer. 47 18. The chip of
Claim6 further conprising electroplated copper over

id first i on,. wh i n, said il ted ta .
2§aThe TS Tout b e bR S ot i e APop oL Be: Capensing
19. The chip of Cdaim6 further conprising nickel over
: £i an, S e . ¢
2 B¢ i S ST B R Y e
integrated circuit chip conprising: a silicon

pSURRLF af ;MU Ad Bl £ $6m conducior dewdces in or on

said silicon '
27. The integrated circuit chip of Claim 26, wherein said third
metal layer comprises a gold layer under said coil and between

said first polymer layer and said passivation layer.

28. The integrated circuit chip cof Claim 26, wherein said third
metal layer comprises a copper layer under said coil and

between said first polymer layer and said passivation layer.

29.Theintegratedcircuitchip(ﬁfCIahn26{whereinsaidthird
metal laver comprises an aluminum layer under said coil and

between said first polymer layer and said passivation laver.

30. The integrated circuit chip of Claim 26, wherein said third
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substrate, wherein said nmultiple sem conductor devices
conprise a transistor in or on said silicon substrate;
a first dielectric layer over said silicon substrate;
a nmetallization structure over said first dielectric

| ayer, wherein said netallization structure is
connected to sajd nultigle sem conduct or devj ces

Gkt et Y SR dOWRE AP FF zAt 1 BRTEt Phick ut BT TIRPYT SesC d“?‘ﬁ”’sjtal

netal |layer and a second netal Iayer over said first

%al la %%11a29dW@ Qf'q%s%§p$ 1rst %4llza55§gr a%p,sald
uc ure conprises el ectropla r

dlelectrlc | ayer between said flrst and second netal

phBYEL Sy 1 8nPRSgLyation layer over said netallization
structure and over said first and second dielectric

| ayers, wherein said passivation |ayer conprises a
topnost nitride layer of said integrated circuit
chip; a first polyner |ayer over said passivation
| ayer, wherein said first polyner |ayer has a

3t hitcknesse et wetr 12 cudrd-HH0 offi Cromet 8 sviand:igr eai @metal
than that of said passivation |layer, that of said

first dielectric |ayer and that of said
line comprises a ground connection on said first polymer

layer,

32. The integrated circuit chip of Claim 20, wherein said metal

line comprises a power connecticn con said first polymer layer.

33.Theinte@ratedcircuitchipcﬁfClahnZO,whereinsaidnetal
line comprises a signal connection con said first polymer

layer.

34. An integrated circuit chip comprising:
a silicon substrate;
multiple semiconductor devices in or on said silicon

substrate, wherein said multiple semiconductor devices
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second dielectric layer; a coil on said first polyner

| ayer and over said passivation |ayer, wherein said

coil conprises an electroplated netal |ayer, and

wherein said coil has a thickness greater than that

of said first netal layer and that of said second

netal layer; a netal line on said first polyner |ayer
camngelr byera sar an s passt vat | @n draysrid whiel Bton saikes rrettad ;

line has a thickness 49 greater than that of said

first metal |ayer and that of said second netal

| ayer @ ahes wWibirediatrgdiad lagedl ovPhResahd sial i pisibsgirate;

di sconnect ed fron1each other; and a second pol yner

| ayer over said netal |ine. 21. The inte rated circuit |

chip Bf et af it 28 L G et et HC ST ¢ Ottt dhiEed Mefdectric

| ayer of said COI| conpri ses gold 22. The |ntegrated

CIFCUIt Chlp of n_sai electro | at e
e e toredd BelBir aghirt sagr%%ﬁ SRR co

integrated circuit chlp of Cla|n120 mhereln sald

sdid Sfﬁul@%dweéerhfé’@ﬁ QNP S, 1<Pé’é e 1 s a il
Integrated circult |p of aim erein sald
first

metallization structure comprises a first metal layer and a
second metal layer over said first metal layer, and wherein
saidwnetallization structure comprises electroplated copper;

a second dielectric layer‘bétween said first and second
metal layers;

a passivation layer on said second metal layer, over
said metallization structure and over said first and second
dielectric layers, wherein said passivation layer comprises
a topmost nitride layer of said integrated circuit chip;

a first polymer layer over said passivation layer,
wherein said first polymer layer has a thickness between 2
and 150 micrometers and greater than that of said passivation
layer, that of said first dielectric lavyer and that of said

second dielectric layer;
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pol ymer | ayer conprises benzocycl obutene (BCB). 25.
The integrated circuit chip of daim20, wherein said
passi vation |layer further conprises an oxide |ayer
under said 50 topnost nitride |ayer of said
integrated circuit chip. 26. The integrated circuit
chip of Caim20 further conprisin a third netal |

| ayer2ufitiet S3i 82¢3i FLaRE BRELWR'A g%Y%rf?P§t0V66l§ﬁ%@
| ayer and said passivation Iayer 27. The i nt egrat ed
circuit, ch h|r

| .
o R i sl BT R o tr drint SafghsFfegnRo ¥ £irst

between said first polyner |ayer and said passivation

AT A LA

| ayer under said coil and between said first polyner

opYElg AR Siad 9a§§§§b‘é§bhqrh3}eﬁye%her89n sERQ £HL EWALR se
CIrCUIt chip of O aim 26, wherein said third nmeta

| ayer conprises an alum num | ayer under said coil and
ebetwwesi sotdl ddgisir pelndmehcl-ayaer sand sald pass tatiic®hess

| ayer. 30. The integrated circuit chip of Caim 26,

wherein said third 51 nmetal |ayer conprises a |ayer
gidateef ertraomadpact p€ pat@riiatst metal layer and that of said

second metal layer;

a metal line on said first polymer layer and over said
passivation layer, wherein said metal line is cconnected to
a second contact point of said second metal layer through a
second opening in said paséivation,layer, wherein said metal
line has a thickness greater than that of said first metal
layer and that of said second metal layer, and wherein said
metal line and said coil.are disconnected from each other;
and

a second polymer layer over said metal line.

35. The integrated circuit chip of Claim 34, wherein said first

polymer layer comprises polyimide.
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under said coil and between said first polyner |ayer

and said passivation |ayer. 31. The integrated

circuit chip of Caim20, wherein said nmetal |I|ine

conpri ses a ground connection on said first polyner

| ayer. 32. The integrated circuit chip of C aim 20,

wherein said netal |ine conprises a power connection

on said first polynmer layer. 33. The integrated

circuit chip of Caim20, wherein said netal |ine
rises a signal connectjon on said first polyne

3¢ agb

£ IneInd ShEAEFRAEF IR £ G B%d%ﬁs?ﬁeslﬁhaaldélrst

silicon substrate; nultiple sem conductor devices in

on_said silicon, strate, erein s I'tiple
oSt oo ot Les® St arer LRt by | or
on said silicon substrate; a first dielectric |ayer
over said silicon substrate; a netallization

structure over said first dielectric |ayer, wherein
said netallization structure is connected to said

37Ul thpl £nsem canguct ok, devigss, oMEer &M $&) Guherein said
passivation layer further comprises an oxide layver under said

topmost nitride layer of said integrated circuit chip.

38. The integrated circuit chip of Claim 34 further comprising
a third metal layer under said coil and between said first

polymer layer and said passivation layer.

39. The integrated circuit chip of Claim 38, wherein said third
metal laver comprises a gold layer under said coil and between

said first polymer layver and said passivation layer.

40. The integrated circuit chip of Claim 38, wherein said third
metal layer comprises a copper layer under said coil and

between said first polymer layer and said passivation layer.
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metal i zation structure conprises a first netal |ayer
and a second netal |ayer over said first netal |ayer,
and wherein said netallization structure conprises
el ectropl ated copper; a second dielectric |ayer
between said first and second netal |ayers; a
passi vation | ayer on said second netal |ayer, over
said netallization structure and over said first and
second dielectric layers, wherein said passivation
4 a){[% IQ’E@g 3€8a cezll_rt 08”05’1%1 0O (JEPE?J. l gge w eresi%l 9a1d third
I ht'eg Jr &t €d ¢ r Ui ars ayer ov
said paSS|vat|on Iayer mhereln sald flrst polyner
nb YN Nas: kglfsssdnb%tm%u% 18pd- 150401 LML and
and greater t at sal d passivation layer, Jh
of said first dlelectrlc | ayer and that of said
b&E6OBA $H @l eGltCpbayRer ﬁﬁy@c GeId sanasgd gk fddston layer.
pol ymer | ayer and over sai passi vation | ayer,
wherein said coil is connected to a first contact
poi nt of said second netal |ayer through a first
opening in said passivation |ayer, wherein said coi
conprises electroplated copper, and wherein said coi
4hadgha ihiegnabed circuit chip of Claim 38, wherein said third

metal layver comprises a layer cof a ferromagnetic material
under said coil and between said first polymer layer and said

passivation lavyer.

43. The integrated circuit chip of Claim 34, wherein said first
opening has a transverse dimension between 0.5 and 30

micrometers.

44, The integrated circuit chip of Claim 34, wherein said metal
line ccmprises a power ccnnection connected to said second

contact point through said seccond cpening.

45.Theinteqratedcircuitchip(ﬁ?Clamn34,whéreinsaidn@tal
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greater than that of said first netal |ayer and that

of said second netal |ayer; a netal |ine on said
first polynmer |ayer and over said passivation |ayer,
wherein said netal line is connected to a second

contact point of said second netal |ayer through a
second opening in said passivation |ayer, wherein said
1 et glomdd ke shas gaotihidckperec i eat epnidaied Hat sefidsaedond
first metal |ayer and that of said second netal
| ayer, and wherein said netal |line and said coil are
CQf S Pn i FHOHBRGH 6 FRgcondRPepStond pol yner
| ayer over said netal line. 35. The integrated circuit
chip of Claim34, wherein said first polyner |ayer
conprises polyimde. 54 36. The integrated circuit
chip of Caim34, wherein said first polyner |ayer

¥ . . 7+, Th
R AR K LR S0 BB Ao AL gt
| ayer further conprises an oxide |ayer under sai d

1£ﬂH”HEH MNiddd %eshgﬁgﬁ Qénﬁébglbﬂt§8ﬁﬁé@9e&'ﬂ6“§§1d3gb%ond
38. The integrated circuit chip of Claim34 further

conpri sing
contact point through said second opening.

47. An integrated circuit chip comprising:

a silicon substrate;

multiple semiéonductor devices in cr on said silicon
substrate, wherein saild multiple semiconducter devices
comprise a transistor in or on said silicon substrate;

a first dielectric layer cover said silicon substrate;

a metallization structure over said first dielectric
layer, wherein said metallization structure is connected to
said multiple semiconductor devices, wherein said
-metallization structure comprises a first metal layer and a
second metal laye; over said first metal layer, and wherein

gsaid metallization structure comprises electroplated copper;
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a third netal |ayer under said coil and between said
first polyner |ayer and said passivation |ayer. 39.
The integrated circuit chip of Caim 38, wherein said
third netal |ayer conprises a gold | ayer under said
coil and between said first polynmer |ayer and said
passi vation | ayer. 40. The integrated circuit chip of
d ai NP3 MW eE&Td Ot HRY - SEN 2yt o fResegond
copper |ayer under said coil and between said first
o olynfé égger and said passivation layer. 55 41. The
'%?egra¥ed Eircuit chip of Caim38, wherein said
third nmetal |ayer conprises an alum num | ayer under

said g .£s§watpg{l‘;§§}rhrs@2%rf %E%&_rﬁ@wﬁ{zé@&’&( sac@glcture

sai d passivation e integrated circu
chip of Cdaim38, wherein said third netal |ayer

ak@WRMrSE8: @ fiaves afl R JRId gagast F¢c Mt Al whdREeR said
said coil and between said first polyner |ayer and

said passivation layer. 43. The integrated circuit
p&hs pveafi&hal ayad, caeriadds saitdphickst nidopedentapas & said
transverse di nension between 0.5 and 30 nicroneters.
44. The integrated circuit chip of Caim 34, wherein
ishedraeedl circuit chip;

a firsf polymer laver over said passivation layer,
wheréin said first polymer layer has a thickness between 2
and 150 micrometers and greater than that of Saidjpassivation
layer, that of said first dielectric layer and that of said
second dielectric laver;

a coil én said first polymer layer and over said
passivation layer, wherein said coil comprises a gold layer,
and wherein said coil has a thickness greater than that of
said first metal layer and that of said second metal layer;

a metal line on said first polymer layer and over said
passivation'layer, wherein said metal line has & thickness
greater than that of said,first meta; layer and that of said

second metal laver, and wherein said metal line and said coil
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i ne conprises a power connection connected to said
second contact point through said second opening. 45.
The integrated circuit chip of daim 34, wherein said
nmetal 56 line conprises a ground connection connected
to said second contact point through said second
openi ng. 46. The integrated circuit chip of Caim 34,
awh edies grroE o grbtfon |ga1dr conprt sesida si gnal connecti on
connected to said second contact point through said
second opening. 47. An_integrated circuit chip
conpr?s?%@omdap%wm%nlémét?*é’%fe st npFal line.
sem conductor devices in or on said silicon
substrate, wherein said nultiple sem conductor devices
conprise a transistor in or on said silicon substrate;
a first dielectric |ayer over said silicon substrate;
4? %ﬁ%%%&éﬁ?dégaéEEHﬁﬁHr %ygfd¥¥f$£br%%éyé¥E%%{&%lrst
said netallization structure is
connected to said nultlple sem conduct or devi ces,
a!#%é%rl ﬁié&ﬁﬁﬂﬂég@ﬂﬁéﬁyfﬁf&@ture conprises a first
| ayer and second netal |ayer over said first
nmetal |ayer, and mhereln

49, The integrated circuit chip of Claim 47, wherein said first

polymer layer comprises benzocyclobutene (BCE).

50. The integrated circuit chip of Claim 47, wherein said
prassivation layer further comprises an oxide under said

topmost nitride laver of said integrated circuit chip.

51. The integrated eircuit chip ¢f Claim 47 further comprising
a third metal layer under said coil and between said first

polymer layer and said passivation layer.

52. The integrated cir¢uit chipof Claim 53, wherein said third

metal layer comprises a gold layer under said coil and between
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said nmetallization structure conprises el ectropl ated

copper; 57 a second dielectric |ayer between said

first and second netal |ayers; a passivation |ayer

over said netallization structure and over said first

and second dielectric |ayers, wherein said

passivation | ayer conprises a topnost nitride |la er of

S%h‘ii dE 1T At eGP RYBRT cf RYET t 2RRi P21G ???%%V%H%e}ay

over said passivation layer, wherein said first

pol yner | ayer has a thickness between 2 and 150

m cronmeters and greater than that of said passivation

| ayer, that of said first dielectric layer and that of
5§aide :‘E‘ﬁf&@@a@é& qebilhe Juetr & L0151 ORI LESL thirg

pol ymer er and over ~Sai passivaii on Tayer,

wherein said coil conprises a gold |ayer, and wherein
mSehd coby h@%@ﬂ@égk@eé%gé@aisyei hanidhaga 0f «SA dand

first metal |layer and th of said second netal |ayer;

a netal line on said first polynmer [ayer and over said
bPasseNaddion fhiayer poMiee el Tagat dinetal dl paes hast fon layer.

thi ckness greater than that of said first netal |ayer

and that of said

54. The integrated circuit chip of Claim 51, wherein said third
metal layer comprises an aluminum,laYer under said coil and

between said first polymer layer and said passivation layer.

55.Theintegratedcircuitchip(ﬁfClahn5l,whereinsaidthird
metal layer comprises a layer of a ferromagnetic material
under said coll and between said first polymer layer and said

passivation layer.

56. The integrated circuit chip of Claim 47, wherein said
passivation layer is on said second metal layer, and wherein
an opening in said passivation layer is over a contact point

of said second metal layer, wherein said c<oil is connected
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second netal |ayer, and wherein said netal |ine and
said coil 58 are disconnected fromeach other; and a
second pol ynmer |ayer over said nmetal line. 48. The
integrated circuit chip of Caim47, wherein said
first polymer |ayer conprises polyimde. 49. The
integrated circuit chip of Caim47, wherein said

td jsesitd cpakyprir PP ayertivomsgli ses dbensodyel obid effe(<BeRpaid
50. The integrated circuit chip of Caim47, wherein
said passivation layer further conprises an oxide

ORFRIEIT Y 2 tlophstenie rdden e krteesn ¢ nt et
circuit chip. 51. The integrated circuit chip of Caim
47 further conprising a third netal |ayer under said

o Y bet ween said first polymer |ayer and said
passi vation layer. 52. The integrated circuit chip of
Claimb51, wherein said third netal |ayer conprises a
gol d layer under said coil and between 59 said first
pol yner |ayer and said passivation |ayer. 53. The

57 Ne@r af by £h { £4iti CRIiR ShiPA Palm yersieResai fhid gold
third nmetal |ayer conprises a copper l|layer under said
coil and

‘layer comprises electroplated gold.

58. The integrated circuit chip of ¢laim 47, wherein said gold

layer comprises sputtered gold.

59.TheintegratedcircﬁitchipcﬁfClahn47,whereinsaidmetal
line ccmprises .a ground cconnection on said first polymer

layer.

60. The integrated circuit chip of Claim 47, wherein said metal

line comprises a power connecticn on said first polymer layer.

61. The integrated circuit chip of Claim 47, wherein saidmetal

line comprises a signal connection on said first polymer
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between said first polynmer |ayer and said passivation
layer. 54. The integrated circuit chip of Caimb51,
wherein said third netal |ayer conprises an al um num
| ayer under said coil and between said first polymer
| ayer and said passivation layer. 55. The integrated
circuit chip of daimb51, wherein said third netal
1#¥Ger conprises a layer of a ferromagnetic materia
under said coil and between said first polyner |ayer
and said passivation layer. 56. The integrated
circuit chip of daim47, wherein said passivation
| ayer is on said second netal |ayer, and wherein an
pepi i n.said jyatjo i Y C act
A R R s e Rt R LR i
is connected 60 to said contact point through said
cORSPL 8gngand wherein said opening has a transverse
di mensi on between 0.5 and 30 micronmeters. 57. The
integrated circuit chip of claim47, wherein said gold
| ayer peokmpaisgsa & Ecitdapkabed rgekd. mo8t ighe ddtiegnated or
circuit chip of claim47, wherein said gold |ayer
conpri ses sputtered gold.
devices in or on said silicon substrate, wherein saidmultiple

semiconductor devices comprise a transistor in or on said
silicon substrate, a first dielectric laver éver sald silicon
substrate, a metallization structure over said first
dielectric layer, wherein said metailization structure is
connected to said multiple semiconductor devices, wherein_
salid metallization structure comprises a first metal layer
and a second metal layer over said first metal layer, and
wherein said metallization structure comprises electroplated_
copper, a second dielectric layer between said first and
second metal layers, and a passivation layer over said
metallization structure and over said first and second
dielectric layers, wherein said passivation layer comprises

a topmost nitride layer of sald integrated circuit chip;
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59. The integrated circuit chip of Caim47, wherein

said netal |line conprises a ground connection on said
first polymer |layer. 60. The integrated circuit chip
of Claim47, wherein said netal [|ine conprises a

power connection on said first polyner layer. 61. The
integrated circuit chip of Caim47, wherein said

met al fornhes conpiisespal ghghal axennecey opa bl Baseivation
first polyner 61 layer. 62. A nethod of form ng an
integrated circuit chip, conprising: providing a

lagiqy comesifist ratied Tt frel e contficttts e £89'95

or on said silicon substrate, wherein said multiple
sem conduc evi ces conprise a transistor or. on .,

U AR S B U e R T R O R
sai d S|I|con substrate a netallization structure

I
paosvﬁe;\ﬁt : Zg} Sl’ r %fi%f e Sar¥ KL %’@ggﬁhnf 816%‘9 dlelectrlc

uré i's connec 0 ‘said multi i ple
sen1conductor devi ces, wherein said netallization

1a3}éﬂ1%t Lar §rEQPREI S9Sn at:kfahf $ir 9Bt 8l séé‘c}fﬁcﬁ dlae’l%cacxslecc‘il&%r,
netal |ayer over said first nmetal |ayer,

and wherein said forming said first polymer layer comprises
a coating process and a curing process;

forming a coil and & metal line on said first polymer
layer, wherein said forming said coill comprises an
electroplating process, wherein said coil has a thickness
'greater than that of said first metal layer and greater than
that of said second metal layer, wherein said metal line has
a thickness greater than that of said first metal layer and
greater than that of said secondrnefal layer, and wherein said
metal line and said coil are disconnected from each other;

and

forming a second polymer layer over said metal line.

63. The method of Claim 62, wherein said electroplating
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wherein said netallization structure conprises
el ectropl ated copper, a second dielectric |ayer
between said first and second netal |ayers, and a
passi vation | ayer over said netallization structure
and over said first and second dielectric |ayers,
wherei n said, ga33|vat|on | ayer conprises a topnost
PFPE? P 8 Payet 508 %a?ﬂl@n?%%¥%¥%ﬂlg$+%%lEr%%?%ﬁ 62
formng a first polymer |ayer over said passivation
| ayer, wherein said first polynmer |ayer has a
t hi ckness between 2 and 150 microneters, greater than
that of said passivation | ayer, greater than that of
6821 fnd hStn el pCliln |2y chnaR: 91 001 £ 1 0A0: LDRL P
sai second ectric l[ayer and erein sa
- formng said flrst pol yner |ayer conprises a coating
pP5OEES Sc AR BsEHIT b NYoPROE ESBe cf PP MYi By GOt b, a
metal line on said first polynmer |ayer, wherein said
formng said coil conprises an electroplating
process, wherein said coil has a thickness greater
than that of said first netal |ayer and greater than
that of said second netal |ayer, wherein said netal
6bi Mehdasetlieod hifckiess §ieavberthansahatfofmsad ddid ftirst
netal |ayer and

peolymer layer comprises forming a pelyimide layer over said

passivation layer.

66. The method of Claim 62, wherein said forming said first
polymer layer comprises forming a benzocyclobutene (BCB)

layer over said passivation layer.

67. The method of Claim .62, wherein said passivation layer
further comprises an oxide layer under said topmost nitride

layer of said integrated circuit chip.

68. A methed of forming an integrated circuit chip,

comprising:
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greater than that of said second netal |ayer, and

wherein said netal line and said coil are
di sconnected fromeach other; and form ng a second
pol ymer | ayer over said netal line. 63. The nethod of

Claim62, wherein said electroplating 63 process
conprises a gold electroplating process. 64. The
met hodrofi@iagm 62,1 iweer eithssantde elrect rigpl @tsieng conductor
process conprises a copper electroplating process. 65.
The met hod of Caim62, wherein said formng said .
A4V¥e%s 1pody wEr s iy &l ldewpr s et f ok e micaopol yridgeltiple
| ayer over said passivation |ayer. 66. The nethod of
Claim62, wherein said formng said first pol yner
STV EHIT STV ¥ I i TYRE W 2o dycl bbtit etle ¥BCR) on said

| ayer over said passivation |ayer. 67. The method of
s Sompt SobRAS5Er oo Ay Funter e baTd LAnBYE It 1 441 icon

| ayer of said integrated circuit chip. 68. A nethod of
M . an, 1 tegr af 20k CLf Cli Ly, GNLR o GOMPEL 84 NG r s
dielectric layer, wherein said metallization structure is
connected to said multiple semiconductcer devices, wherein
sald metallization structure comprises a first metal layer
and a second metal layer over said first metal layer, and
wherein said metallization structure comprises electroplated
copper, a second dielectric layer between said first and
second metal layers, and an insulating, separating layer over
said metallization structure and over said first and second
dielectric layers, wherein a first opening in said insulating,
separating layer is over arfirst contact pad of said
metallization structure and exposes said first contact pad,
and a second opening in said insulating, separating layer is

over a seccnd contact pad of said metallization structure and

exposes said second contact pad, and wherein said insulating,
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64 providing a silicon substrate, nmultiple
sem conductor devices in or on said silicon
substrate, wherein said multiple sen conductor
devi ces conprise a transistor in or on said silicon
substrate, a first dielectric layer over said silicon
substrate, a netallization structure over said first
SRBTHet Y cLIEGerComiel 8 h 3 a026 et 192 36 TFafctifie
is connected to said nultiple sem conductor devices,
eln said netgzllzatugn structu
c

nd L f Son | s P et S e PR S fan

first netal Iayer and - wherein said netallization

T SR B R A e B

| ayers, and an insul ating, separating |ayer over said

pdBt aldi zat Il%rye%t F Yelbes na20d; QVeh s S8k &k £ 44 sty and c%%%@es

dlelectrlc |'ayers, wherein a first opening in sa

insul ating, separating |layer is over a first contact
a pasbRd s S ah Ok fedal 1d zat | on SdTdict i &y etk exposasisatithp,

first contact pad, and a second opening in said

i nsul ating, separating layer is over a second contact
wipatc0f said hetsl |pdatieon Istyarcthase arnd i dopese besacen 2

second contact pad, and wherein said insulating,
and 150 micrometers and greater than that of said passivaticn
layer, that of said first dielectric laver and that of said
second dielectric layer, and wherein said first polymer layer
is formed by a process comprising a ceating process and a curing
process;

forming a coll and a metal line on said insulating,

separating layer, wherein said coil is connected to said first
contact pad through said first opening, wherein said forming
said coll comprises a copper electroplating process, wherein
said coil has a thickness greater than that of said first metal
layer and greater than that of said second metal layer, wherein

saidmetal line is connected to said second contact pad through

said second opening, wherein said metal line has a thickness
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65 separating | ayer conprises a passivation |ayer over
said netallization structure and over said first and
second dielectric layers, and a first polyner |ayer
on said passivation |ayer, wherein said passivation
| ayer conprises a topnost nitride |ayer of said
integrated circuit chip, wherein said first polyner
gyt ﬁé@f’atbﬁfcckﬁe%%igeﬁj\m reledndaysg andridmet erfs said
and greater than that of said passivation |ayer, that
- of said first dielectric |ayer and that of said ) ,
SEUYhAEtitd LRYFT ¢ 3R SPCTEAG REF AHF Saild PR #RE said coil

polymer layer is formed by a process conprising a

coatin r oces nd a cyri rocess; formng a coi
aléenoéjascg%xfréﬁ’cﬁeicge&ooﬁ“ satdi n%heflg’t iaHbé, separ ati ng

| ayer, wherein said coil is connected to said first
Co”t?E$rﬂﬁggtQrﬁﬁgﬂu§§gﬁéﬁééfl 'dv%r‘MEﬂﬁ' t%ﬂIQine.
formng sard coil comprises a copper electroplating
process, wherein said coil has a thickness greater
than that of said first netal |ayer and greater than
that of said second netal |ayer, wherein said neta
line is connected to said second contact pad through

6 BaiTthes @e0RECOPLE NI Y m WIREr @heredndsaetiafitd4inediagnedr layer
t hi ckness

comprises polyimide.

70. The method of Claim 68, wherein said first polymer layer

comprises benzocyclobutene (BCB).

71. The methed of Claim 68, wherein said passivation layer
further comprises an oxide layer under said topmost nitride

layer of said integrated circuit chip.

72. The method of Claim 68, wherein said second opening has

a transverse dimension between 0.5 and 30 micrometers.

73. The method of Claim 68, wherein said first opening has
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66 greater than that of said first netal |ayer and
that of said second netal |ayer, and wherein said
nmetal line and said coil are disconnected from each
other; and form ng a second polyner |ayer over said.
metal line. 69. The nethod of O aim 68, wherein said
first polynmer layer conprises polyimde. 70. The

a et HoEV of € dl e BSlonhereiees af o 410Gt 3 Holismene bRy -
conpri ses benzocycl obutene (BCB). 71. The nethod of
G aim 68, wherein said passivation layer further
conprises an oxide |ayer under said topnost nitride
layer of said integrated circuit chip. 72. The nethod

791 RSB B8y, A BE, AErENE RCLDE 10 conpr ises

73. The nmet hod of Claim 68, wherein said first opening

aggé? @nﬁé@gfe{ﬁrﬁsngwﬁg%'@? %f Jeen. O, p and 39 ad

oneters aim 68, wherein s
nmetal line conprises a power connection connected to

t15Pb ey 5esoNd SO REt oPagind hrough said second openi ng.

75. The method of Claim 68, wherein said metal line comprises
a ground connection connected to said second contact pad

through said second copening.

76 . The method of Claim 68, wherein said metal line comprises
a signal connection connected to said second contact pad

through said second opening.

77. A method of forming an integrated circuit chip,
Ccomprising:

providing a silicon éubstrate, multiple semiconductor
devicesincn:onsaidsiliéonsubstrate,whereinsaidnmltiple

gemiconductor devices comprise a transistor in or on said
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75. The nethod of C aim 68, wherein said netal |ine
conprises a ground connection connected to said
second contact pad through said second opening. 76.
The nethod of Claim68, wherein said netal |ine
conprises a signal connection connected to said
second contact pad through said second opening. 77. A

S et o seb stgafienga dn-ristt égrheedr ébrlanar oliep, said silicon
conprising: providing a silicon substrate, nultiple

- sem conductor devices in or on said silicon .

St e, @ MiferEt ht & Pt 5 e T S el Sontfued ortrst
devi ces conprise a transistor in or on said 68

df’eﬂ Iej(gtornics bst rat eWhgref:{ rst 'dc%l electric Iﬁ%er over  Sal d.
1T © stbstrat ¥ e et ST 2531 oS3 3 weturEoverite s
said first dielectric |ayer, wherein said

cdftAldzald an, & el 9 d Soot BRI DL QA LI Il
sem conduct or devi ces, ereln said netallization
structure conprises a first netal |ayer and a second

sdR aletAyerz oviein saldidd st dBkAli Ay el £ wher @l 31581 er
nmetal lization structure conprises a topnost sub-m cron
integrated circuit of said integrated circuit chip,

arahd second metal layer over said first metal layer, wherein

said metallization structure comprises a topmost sub-micron
integrated circuit of said integrated circuit chip, and
wherein said metallization structure comprises electroplated
copper, a second dielectric layer between said first and
second metal layers, and a passivation layer over said
metallization structure and over said first and second
dielectric layers, wherein said passivation layer comprises
a nitride layer;

forming a first polymer layer over saild passivation
-layer, wherein said first polymer laver has a thickness
between 2 gnd 150 micrometers and greater than that of said
passivation layer, that of said first dielectric layer and

that of said second dielectric layer, and wherein said foerming
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wherein said netallization structure conprises
el ectropl ated copper, a second dielectric |ayer
between said first and  second netal |ayers, and a
passi vation | ayer over said netallization structure
and over said first and second dielectric |ayers,
wherei n sai d passivation |layer conprises a nitride
533 T Fo R MG 1a%RE oINS SR C G & F@cess and a
passivation |ayer, wherein said first polyner |ayer
has a thickness between 2 and 150 m croneters and
CYrERE Tt hat of said passivation |ayer, that of
said first dielectric layer and that of said second
0l el egbEhealiayelos AnthdReret ) sal dolof Mg 63,380 doryner
first polymer | ayer conprises a coating process a a3
curing process; formng a coil and a netal |ine on
1880 fAhest 1RO VIR ork@YeS 52 DRI N Sb i § 88 WoRe 193 8 gold
coi |l comprises formng a gold |ayer over said first
pol yner |ayer, wherein said coil has a thickness
18¢ eat@Fet hamid hatr of w8l whdi ristyaret athdrayier sanidl ddiat has
of said second netal |ayer, wherein said netal |ine
has a thickness greater than that of said first netal
a l@dyerkregk greater than that of said first metal layer and

that of said second metal layer, wherein said metal line has
a thickness greater than that of said first metal layver and
that of said second metal layer, and wherein said metal line
and said poil are disconnected from each other; and

forming a second polymer layer over said metal line.

78. The method of Claim 77, wherein said forming said first
polymer layer comprises forming a polyimide layer over said

passivation layer.

79. The method of Claim 77, wherein said forming said first
polymef-layer comprises forming a benzocyclobutene (BCB)

layer over said passivation layer.
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that of said second netal |ayer, and wherein said

metal line and said coil are disconnected from each
other; and form ng a second pol yner |ayer over said
metal line. 78. The nethod of Caim?77, wherein said

formng said first polyner |ayer conprises formng a
pol yi m de | ayer over said passivation layer. 79. The
nmet hod of Claim 77, wherein said formng said first
pol ynmer | ayer conprises formng a benzocycl obut ene
&ECB% | ayer over sajd passivation layer. 70 80. The
SHet ol BFLIPQAi o 7L alther &1 s i hassid &g o vadyiem layer
further conprises an oxide |ayer under said nitride
|layer. 81. The nethod, of claim77, wherejn sai.d
f%ﬁ%g%‘&%%%? PO B TS compTT sTEsr g%ﬁi-i pitride layer.
el ectropl ating process. 82. The nethod of claim 77,
wherein said formng said gold [|ayer conprises a gold
sputtering process. 83. The nethod of Caim 77,
wherein said netal [ine conprises a ground connection
sPN BRb dndifSd POl YIBIm | ayermdd i fThe Methati9fy daidngolq
77, wherein said nmetal |ine conprises a power .
connection on said first polyner |ayer.
layer comprises a gold electroplating process.

82. The method of claim 77, wherein said forming said gold

layer comprises a gold sputtering process.

83. The method of Claim 77, wherein said metal line comprises

a ground connecticn on said first polymer layer.

84. The method of Claim 77, wherein said metal line comprises

a. power connecticn on said first polymer layer.

85. The method of Claim 77, wherein said metal line comprises

a signal connection on said first polymer layer.
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85. The nethod of Caim77, wherein said netal |ine
conprises a signal connection on said first pol yner
layer. 71 86. An integrated circuit chip conprising:
a silicon substrate; a transistor in or on said
silicon substrate; a first nmetal |ayer over said
silicon substrate;.  a second netal |ayer over said

8% rap HREAPrE§ercincyibl €ltRi eOTRYEF I BBt ween said
first and second netal |ayers; a nmetal pad over said

silicon aﬁbstrate ﬁ@eéeLn said netal pad has a top
surfate W th°8 PIPEETAEGfon and a second region
between said first region and a sidewall of said netal

pad; g passbyathanihayer .aven i §akd, stbhooposubstrat e
~over said tirst and second netal [ayers and over said
“dielectric layer, wherein said passivation layer is

on sai,dr3ecenfci8Yi 0AycraBded Ehiat sOPERbAYshBsSAkee;
passivation layer is over said first region, wherein

said first opening has a transverse dinension between
0.5 anmds3Qontchenatelayeandvehesein sardt metal layer;

a dielectric layer between said first and,second metal
layefs;

& metal pad over said silicon substrate, wherein said
metal pad has a top surface with a first region agd a second
region between said first regiocn and a sidewall of said metal
pad;

a passivation layer cover said silicon substrate, over
said first and second metal layers and over said dielectric
layer,whereinéaidpassivationlayériscnfsaidsecondregion,
and a first Qpening in said passivation layer is over said
first region, wherein said first opening has a transverse
dimension between.O.S and 30 micrometers, and wherein said
passivation layer comprises a nitride layer;

a first polymer layer over said passivatiocn layer,

T2



passi vation |layer conprises a nitride layer; a first
pol yner | ayer over said passivation |ayer, 72 wherein
said first polynmer |ayer has a thickness between 2
and 150 m croneters and greater than that of said
passivation |ayer and that of said dielectric |ayer;
a netal post in said first polyner |ayer, wherein said
whegtedn gestd ifd nednpectvednt d ayaicd hast @l thadknkssugktyaed 2
first opening, and wherein said netal post has a
hei ght greater than a transverse di nmension of said
arﬁﬁetlgp postonat ot 2oy eredhrt Fianthgdl gheraidypessivation

wherein said coil is connected to said netal post; a

neta ver_sai.d fjrst poly | ayer, wherein said
Iarﬁ %Zw}q% % ssc?dﬁjnéiclte:]t?‘%rolrﬁngﬁ ¥¢doi | and a
second pol ymer [ayer over said netal Ilne 87. The

ot OO S ICHEEY, Ln U By 01 Seab i B MSE &) N ARG o

conpri ses go ein egr crreut
Cl aim86, wherein said coil conprises electroplated

HEQQQP%%st7§S connected to said metal pad through said first
opening, and wherein said metal post has a height greater than
a transverse dimension of said metal post;

a coll over said first polymer layer, wherein said coil
is connected to said méetal post;

ametal line over said first polymer layer, wherein said
metal line is disconnected from said coil; and

a second polymer layer over said metal line.

87. The integrated circuit chip of Claim 86, wherein said coil

comprises gold.

88. The integrated circuit chip of Claim 86, wherein said coil

comprises electroplated copper.
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89. The integrated circuit chip of Caim86, wherein
said first polyner |ayer conprises polyimde. 90. The
integrated circuit chip of Caim86, wherein said
first polyner |ayer conpri.ses benzocycl obut ene (BCB).
91. The integrated circuit chip of Caim®86 further
ising athird netal |ayer under said caoil and
8%e?%@d@?ﬁﬁ%ﬁt%%§§F€§ﬂﬁﬁ#¥%9§ﬂ%ﬁkp§§r&WQW%W“%%P?ﬁéﬁst
Iayer 92. The integrated circuit chip of Claim91,
ein said third, netal.la conprises a gold |ayer
P ?rs%?%e%o??m%ﬁﬁs%%tﬁﬁiXFM%%ﬁd passi vation | ayer
and said first polyner |layer. 93. The integrated
circuit chip of daim9l, wherein said third netal
| ayer conprises a copper |ayer under said coil and
bet ween sai d passivation |ayer and said first polyner
90 aY8k. ; n9r ey b@tr%gﬁ_%t@rgl]& b&@latlr@bs P il 8293 first
wherein said third 74 metal |ayer conprises an
al um num | ayer under said coil and between said
oPRpnhe Y at b pdr | @yepr asdls siedlz $& ¥ Slopot ymer (hayer.  95.
The integrated circuit chip of Caim9l, wherein said
third netal |ayer conprises a |layer of a.
ferromagnetic material wunder said coil and between
sai d passivation | ayer and said

91. The integrated circuit chip of Claim 86 further comprising

" a third metal layer under said coil and between said

passivation layer and said first polymer layer.

92. The integrated circuit chip of Claim 91, wherein said third
metal layer comprises a gold layer under said coil and between

said passivation layer and said first polymer layer.

93. The integrated circuit chip of Claim 91, wherein said third
metal layver comprises a copper layer under said coil and

between said passivation layer and said first polymer layer.

94. The integrated circuit chip of Claim 91, wherein said third
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first polymer layer. 96. The integrated circuit chip

of Claim86, wherein said second netal |ayer

conprises el ectroplated copper. 97. The integrated

circuit chip of Caim86, wherein said second net al

| ayer conprises alum num 98. The integrated circuit

chip of Caim86, wherein said netal post conprises
medi @k tisosiratedredgesr an99lumhsuinnl egent weded reaid ashilp and

of Claim86, wherein said netal post conprises

ni ckel . 75 100. An integrated circuit chip conprising:
befwgqn @6 SHBSEI KEEI OB 174MS I AA B%r%\g ROfiyper layer.

silicon substrate; a first netal |ayer over said

silicon substrate; a second netal |ayer over said

first metal layer; a dielectric |ayer between said

first and second netal Ilayers; a netal pad over said
955! Il S%t%tﬁt{e Sir erehn 8% 1A 8 gﬁ%ﬂ&% Bl ®Rnird
sur ace W rég |o a secoh

bet ween sai d flrst regi on and a sidewal | of sald net al
metal layer comprises a layer of a ferromagnetic material

under said coil and between said passivation layer and said

first polymer layer.

96. The integrated circuit chip of Claim 86, wherein said

second metal layer comprises electroplated copper.

97. The integrated circuit chip of Claim 86, wherein said

second metal layer comprises aluminum.

98. The integrated(:irbuit.chip)of(:lain186, wherein said metal

post comprises electroplated copper.

99.TheintegratedcircuitchipcﬁfClaﬁn86,whereinsaidnetal

post comprises nickel.
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pad; a passivation |layer on said second region, over
said silicon substrate, over said first and second
netal layers and over said dielectric |ayer, wherein
a first opening in said passivation |ayer is over
said first region, wherein said first opening has a
transverse di nension between 0.5 and 30 mcroneters,
and wherein said passivation |ayer conprises a
nitride Iayer 76 a first polynmer |ayer over said

Ss vatl wher |n said first. polynmer |ayer
18 R T Rl e 0TS Onll et B o s and
greater than that of said passivation |ayer and that

of saLd QHQE%BtBb%sk§X%E a coil over said first

pol yner llayer, wherein said coil is connected to said
metal pad through said first opening; a netal line
over gak@ahkistoROh¥MBE bayehkidwhenekpnSaudstretal
line is disconnected fromsaid coil; a second polyner

| ayer over said netal line; and a cont act pad over
sai d secamrdtpokyaer lhayer pveheseid ssaidoaostaetrpad;
is connected to said netal |ine.

a second metal layer over said first metal layer;

a dielectric layer between said first and second metal
layers;

a metal pad over said silicon substrate, wherein said
metal pad has a top surface with a first region and a second
region between said first region and a sidewall of said metal
pad;

a passivation layer on said second region, over said
silicon substrate, ovér sald first and sécogd metal layers
and over said dielectric layer, wherein a first opening in
said passivaticn layer is over said first region, wherein said
first opening has a transverse dimension between 0.5 and 30
micrometers, and wherein said passivation layer comprises a

nitride layer;
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101. The integrated circuit chip of Caim 100, wherein
said coil conprises gold. 102. The integrated circuit
chip of Claim1l00, wherein said coil conprises

el ectropl ated copper. 103. The integrated circuit chip
of Caim 100, wherein said 77 first polyner |ayer
conprises polyimde. 104. The integrated circuit chip
of Cai /190, pohenei nlaned oféer stapdl yaesivayern layer,
conpri ses benzocycl obut ene (BCB). 105 The integrated

circuit chip of Caim100 further r|S|ng athird
whrstedn |t Qirddr %&Y@%maYﬁdh@étweé ickaieg sf begween 2

pol ymer | ayer and sald paSS|vat|on | ayer. 106. The

[ E rated circuit m 105, wherein said
el FeESPTF Lep P rocer Aot d ky et SRbPogaigation

coil and between said first polyner |ayer and said

ivati 0. |nt rated circuit chip
d aarlﬁ} t%g# @’Vfﬁ esraelldrlw dsléel lc? rEect SL | ayer
conpri ses a copper |ayer under said COI| and bet ween

sai d fidst pobynerid %Xg%taﬂ%’l)ﬁr@éld 1%@%%1 V@B%P%inl & roil

108. The integrated circuit Caim erein
sai d
is connected to said metal pad through said first opening;

ametal line over said first polymer layer, wherein said
metal line is disconnected from said coil;

a second polymer layer cover said metal line; and

a contact pad over said second polymer layer, wherein

salid contact pad is connected fto said metal line.

101. The integrated circuit chip of Claim 100, wherein said

coil comprises gold.

102. The integrated circuit chip of Claim 100, wherein said

coll comprises electroplated copper.

103. The integrated circuit chip of Claim 100, wherein said
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78 third nmetal |ayer conprises an alum num | ayer under
said coil and between said first polyner |ayer and
sai d passivation layer. 109. The integrated circuit
chip of Claim 105, wherein said third netal |ayer
conprises a layer of a ferronagnetic mat eri al under
said co and. bet ween sajd flrstyf mer |ayer and

£55Y R %T%%t}%%e?aﬁ%mprﬁﬁfﬁ B %rated circuit

chip of C aim 100, wherein said second netal |ayer
conprises electroplated copper. 111. The integrated
circuit chip of daim100, wherein said second netal
| ayer conprises alumnum 112. The integrated circuit

1641 prof ((-algp bRy hergin c%& dofneislimu@@ Qﬁf@}réfﬁe%ald

a power conrection over said first polyner |ayer.
113. The integrated circuit chip of Caim 100, mhereln

50 pdBiAdr | 1 0P £0PPHPELSe S 198 DLDEY EOFMSES h ON( YRS .
said fIrSt pol ymer layer. 114. The integrated circuit
chip of Caim100, wherein said

105. The integrated circuit chip of Claim 100 further
comprising a third metal layer under said coil and between

said first polymer layver and sald passivation layer.

106. The integrated circuit chip of Claim 105, wherein said
third metal layer comprises a gold layer under said coil and

between said first polymer layer and said passivation layer.

107. The integrated circuit chip of Claim 105, wherein said
third metal layer comprises a copper layer under said coil
and between said first polymer laver and said passivation

layer.

108.. Thé integrated circuit chip of Claim 105, wherein said

18



metal line conprises a signal connection over said

first polynmer layer. 115. An integrated circuit chip
conprising: a silicon substrate; nultiple

sem conductor devices in or on said silicon

substrate, wherein said nmultiple sem conductor devices
conprise a transistor in or on said silicon substrate;
thyifg et adi bpBEY re@nnEyETs overlemigusildwssnusdpstsat@coll
a metallization structure over said first dielectric

| ayer, wherein said netallization structure_ conprj ses,
and thetgrecnpiatd | Giett RO SEMONd MEt Al 21AyER 1 dWRAS Thyaf ion
first netal layer, and a third netal |ayer over said
lsecond metal |ayer, wherein said second netal |ayer
tonprises a sub-mcron integrated 80 circuit, wherein
said third netal |ayer conprises a tens-mncron

i nterconnecting netallization, wherein said second

and third netal |ayers are neighboring two netal

| ayers, and wherein said second netal |ayer conprises

18 ectiORAlRE 2 teePREr-ud tSERORAcEi @1 8EhI1®5 | AMRIrein said
bet ween said first and second

third metal layer comprises a layer of a ferromagnetic

material under said coil and between said first polymer layer

and said passivation layer.

110. The integrated circuit chip of Claim 100, wherein said

second metal layer comprises electroplated copper.

111. The integrated circuit chip of Claim 100, wherein said

second metal layer comprises aluminum.
112. The integrated circuit chip of Claim 100, wherein said

metal line comprises a power connection over said first

polymer layer.
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netal |ayers; a passivation |ayer between said second
and third netal |ayers and over said first and second
dielectric layers, wherein said passivation |ayer
conprises a nitride layer, and wherein said third
metal layer is connected to said second netal |ayer

t hrough an opening in said ga53|vat|on | a wher ei n

153 d'peditfgidseh Alrsnsre FEdPdP rens? bR Hiwsiers iy said

and 30 n1croneters and a pol ymer | ayer betmeen said

and t and over
ST LT oo Tt 67 8 R er RS  E SRl et first
t hi ckness between 2 and 150 microneters. 116. The

' a ircuit chip of laim11l5, wherein said 81
'p%%§§%%r£$gygr conprises polyimde. 117. The integrated

circuit chip of daim1l15, wherein said polyner |ayer
conpri ses benzocycl obutene (BCB). 118. The integrated
circuit chip of Caim115, wherein said passivation
| ayer further conprises an oxide |ayer under said

104t ritge drayerratkkd citheiitntegpabedctateui @0 chiferafin said
Claim 115, wherein said

metal line comprises a signal connection over said first

polymer layer.

115. An integrated circuit chip comprising:

a silicon substrate;

multiple semiconductor devices in or on said silicon
substrate, wherein said multiple semiconéuctor devices
comprise a transistor in or on said silicon substrate;

a first dielectric layer over said silicon substrate;

a metallization structure over saild first dielectric
layer,Whereinsaidnetallizationstructurecompriseseafirst
metal layer, a second metal léyer over said ﬁirst metal layer,
and a third metal layer over salid second metal lavyer, whereiﬁ

said second metal layer comprises a sub-micron integrated
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third netal |ayer conprises electroplated copper. 120.

The integrated circuit chip of daim1ll5, wherein said

third netal |ayer conprises gold. 121. The integrated

circuit chip of daim2115, wherein said third netal

| ayer conprises an el ectropl ated netal

(electroplated Cu IC + snall opening + el ectropl ated
CEFPPT shergy pusdi VatTdmetybrsyvap xcompr i stedgr at ed

circuit chip conprising: a silicon substrate;

nmul ti pl e sem conductor devices in or on said si]icon

CHBIRTHYT WHTET MRS o M 15 L seh kU Ut e e vidied

conprise a transistor in or on said silicon substrate;

a first di.electric.layer over said silicon substrate;
sdeddd Shatubl R ke R hEG AP LR R A B 0 vers,
dielectric layer, wherein said first netallization

artd LHELW siaidcgaesﬁheﬂ?leglSﬂ%%@f;ﬁtﬁ&e@ﬁ%@%ﬁ%ed

devices, wherein said first ion structure
conprises a first netal |ayer and a second net al

cd@yer; over said first nmetal layer, and wherein said
first netallization structure conprises

a second dielectric layver between said first and second
metal lavers;

a passivation layer between said second and third metal
layers and over said first and second dielectric lavers,
wherein said passivation layer comprises a nitride layer, and
wherein said third metal layer is connected to said second
metal layer through an opening in said passivation layer,
wherein said opening has a transverse dimension between 0.5
and 30 micrometers; and

a polymer lavyer between said second and third metal
layers and over said passivation layer, wherein said pclymer

layer has a thickness between 2 and 150 micrometers.

116. The integrated circuit chip of Claim 115, wherein said
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el ectropl ated copper; a second dielectric |ayer
between said first and second netal |ayers; a first
passi vation |layer on said second netal |ayer, over
said first nmetallization structure and over said first
and second dielectric layers, wherein said first
passivation 83 |ayer conprjses a nitride |ayer, and
PRHERYH Nt F4 r&MRIpEti POt eH{% first passivation
| ayer is over a first contact point of said second
nmetal |ayer, wherein said first opening has a
transverse di nension between 0.5 and 30 mcroneters; a
second netal lization structure over said first
1%?%}%’@&'&%& &l %g‘iic%‘i%r Fﬁi‘%%%'éﬂirﬁofﬂﬁ%h%%% said
erein sai'd second netal ['i zation structure conprises
el ectropl ated copper, and wherein said second
Bt | ZAbd O GhFMCE A pd 15z 0 SRMNAGTHEchd omad)d. first
contact point through said first opening; and a
second passivation | ayer covering said second
nmetal lization structure. 123. The integrated circuit
chip of Caim122 further

118, The integrated circuit chip of Claim 115, wherein said -
passivation layer further comprises an oxide layer under said

nitride layer.

119. The integrated circuit chip of Claim 115, wherein said

third metal layer comprises electroplated copper.

120. The integrated circuit chip of Claim 115, wherein said

third metal layer comprises gold.

121. The integrated circuit chip of Claim 115, wherein said

third metal layer comprises an electroplated metal.

(electroplated Cu IC + small opening + electroplated Cu PPT
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conprising a polynmer |ayer over said first passivation
| ayer. 124. The integrated circuit chip of O aim123,.
wherein said polymer |ayer conprises polyinde. 84
125. The integrated circuit chip of Caim 123, wherein
said polyner |ayer conprises benzocycl obutene (BCB).
126. The integrated circuit chip of Caim 122, wherein
+ stiel pd$3Eratphesivatdon further conprises an oxide
| ayer under said nitride |ayer. 127. The integrated
circuit chip of Clajm122, wherein a second opening
135 oA (iR 99F2 1l ST Vaf i idn TRlRICIePHEIN% second
cont act p0|nt of said second netal |ayer, wherein said
first tact % |s connected to said second
conta@tsb hr? FH#% GhS4i d second netal |izati on
structure. 128. The integrated circuit chip of Caim

122, Conitri | o
ot wellthERTsn g B e ELEE, MIPIo8s 4 ILAN giticon
circuit chip conprising: a silicon substrate; nmultiple

5 S CONUCHRLr IRV SLR 1L 01,00k Sk SAddGbr &Revices
comprise a transistor in or on said silicon substrate;

a first dielectric layer over said silicon substrate;

a first metallizaticn structure over said first
dielectric layer, wherein said first metallization structure
is connected to said multiple semicenductor devices, wherein
sald first metallization structure comprises a first metal
layer and a second metal layer over said first metal layer,
and wherein said first metallization structure comprises
electroplated copper;

a second dielectric layer between said first and second
metal layers;

a first passivation layer on saild second metal layer,
over said first metallization structure and cver said first

and second dielectric layers, wherein said first passivation
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substrate, wherein said nmultiple sem conductor devices
conprise a transistor in or on said silicon substrate;
a first dielectric layer over said silicon substrate;
a first netallization structure over said first
dielectric layer, wherein said first netallization
structure ., is conpected to said | tiple senm conductor,
LSRR COSID GRS e P Ea G 1548 et PPESERBre ottt GPEN g
conprises a first netal |ayer and a second net al
. layer, over.said first tal | ayer wher ej ' .
) B RHEr k TSy P hbrivsz avrvet et ar i ek prg et
a size between 0.5 and 30 microneters, and wherein

ofal g g fidsindretiald i 2a4)on SIUCHY & LOMIISES opening has
el ectroplated copper;” a second dielectric |ayeéer
between said first and second netal |ayers; a

a PASShYALF Q0 b aYEKs D ikt SeE omds NBtal 3¢ ayBfrofesrs ;
said first nmetallization structure and over said first
and second dielectric |layers, wherein said
passi yattoantayeraltonptisessartiopunst onetr sded] Ayest
of said integrated circuit chip, and wherein a first
opening in said passivation |ayer 86

passivation layer and over said first contact point, wherein

said second metallization structure comprises electroplated -
copper, and wherein said second metallization structure is
connected to said first contact point through . said first
opening; and

a second passivation layer covering said .second

metallization structure.

123. The integrated circuit chip of Claim 122 further

comprising a polymer layer over said first passivation layer.

124, The integrated circuit chip of Claim 123, wherein said

polymer layer comprises polyimide.
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Is over said first netal pad, wherein said first

openi ng has a transverse di nension between 0.5 and 30

m croneters; a polymer |ayer over said passivation

| ayer, wherein said polyner |ayer has a thickness

between 2 and 150 mcroneters; and a second

nmetal lization structure on said polyner |ayer and
1%bveThsailgtigrat edecak cpad, clvher ef Cbain IsEvontherein said

nmetal lization structure conprises el ectropl ated

per 130. The integrated CIrCUIt chip of Caim

PQ&KﬁeﬁMﬂﬁ%ﬁ§1%ﬂﬂRflﬁﬁﬂihﬁﬂ Ryrte s€Bot yi mi de.

131. The integrated circuit Chlp of Cl aim 129, wherein

said polyner |ayer conprises benzocycl obutene (BCB).

132. The integrated circuit chip of Caim 129, wherein

said passivation layer further conprises an oxide

y u S

L A T Feat At PIRTRTE Bh B 0P (Y 2 S rein sate

circuit chip of Cla|n1129 wherein a second openi ng
£id5t58hdsPaash ¥alf @ h &Y lonpT 1AL 2R SN afetaln®ad said

of said second netal |ayer, wherein said first neta

pad is connected to said second netal pad through
nisadidiss econg: .

127. The integrated circuit chip of Claim 122, wherein a second
opening in said first passivation layer is over a second
contact point of said second metal layer, wherein said first
contact point is connected to said second contact point

through said second metallization structure.

128. The integrated circuit chip of Claim 122, wherein said

nitride layer has a thickness between 0.5 and 2 micrometers.

129. An integrated circuit chip comprising{
a silicon substrate;

multiple semiconductor devices in or on said silicon
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metal i zation structure. 134. An integrated circuit

chip conprising: a silicon substrate; nmultiple

sem conductor devices in or on said silicon

substrate, wherein said nultiple sem conductor devices

conpri se a'transistor in or on said silicon substrate;

a first dielectric ger over_said silicon substrate,;
S%b$F¥§FeneW%?¥?%%t?%h SRttt BVRHCRUT T sfevices

di el ectric Iayer wherei n said fIrSt netalllzatlon

structure connected to said qg | e sen1cquqgtor

a I?za% 1

BT tas, amﬁﬁ?g?hs LRt T st Nt s Uh S et Uy

conprises a first netal layer and a second net al

| ayer jover said {d st matale. ) ayer, saM@35f1£E5ﬁ“§%ﬂéﬂfﬁ£e,

met al [ z&f i on Struct ure c%Lprlses a
sub-mcron integrated circuit of sald |ntegrated 88

circuit rghisp, n@Rd1WheEek Bnsakdubihst pekal khzatEonst
structure conprises electroplated copper; a second

dielectric | ayer between said first and second netal
dilayecsria Ipasst, vaheosihayerd oMerstsacthiitssition structure

netallizapion

is connected to said multiple semiconductor devices, wherein
said first metallizaticn structure comprises a first metal
layer and a seccend metal layer over said first metal layer,
wherein said second metal layer comprises a first metal pad
having a size between 0.5 and 30 micrometers, and.whereinisaid _
first metallization structure comprises eléctroplated
copper;

a second dielectric layer between said first and second
metal layers;

a passivaticn layer on said second metal layer, over
sald first metallization structure and over said first and
seéond dielectric layers, wherein said passivation layer

comprises a topmost nitride layer of saild integrated circuit

chip, and wherein a first opening in said passivation layer
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structure and over said first and second dielectric
| ayers, wherein said passivation |ayer conprises a
nitride layer, and wherein said first nmetallization
structure conprises a first contact point under a
first opening in said passivation | ayer and at a
~lower end of said first opening, and a _second contact
ieRr GAAEr T AT bk bai nghes eda g2 paskivat iseiagehas
and at a lower end of said second opening, wherein
said first ening has a transverse di mensi on bet ween
2 PR o e T & weciih ot i1 T
structure over said paSS|vat|on | ayer and over said
first sgcond, cont act | id fir
contact&gI Nt" i s tonnecte JQ§§E%¥%§§§ﬁI %%'%bd Werein
poi nt through sai d second netalllzation structure, and
sdhensinsal & second, el a\lﬂ cﬁ@{é@sn MG R LOITPrH P es
89 electroplated copper. 135. The integrated circuit
chip of Claim 134 further conprising a polyner |ayer
miQWeImesad 6k Passd vation | ayer. 136. The integrated
circuit chip of Claim 135, wherein said polyner |ayer
conpri ses benzocycl obut ene (BCB).
a second metallization structure on said polymer layer

and over said first metal pad, wherein said second

metallization structure comprises electroplated copper.

130. The integrated circuit chip of Claim 129, wherein said

polymer layer comprises polyimide.

131. The integrated circuit chip of Claim 129, wherein said

rolymer layer cocmprises benzocyclobutene (BCB).
132. The integrated circuit chip of Claim 129, wherein said

passivation layer further comprises an oxide layer under said

topmost nitride layer of said integrated circuit chip.
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137. The integrated circuit chip of Caim 135, wherein
said polynmer |ayer conprises polyimde. 138. The
integrated circuit chip of Caim 135, wherein said

pol ynmer |ayer has a thickness between 2 and 150
mcroneters. 139. The integrated circuit chip of

aim 134, wherein sai fri | a has a t hi ckness
LS P Ot BT S et b6 08 QLA AR Dy iticitieg Second

CIrCUIt chip conmprising: a silicon substrate; 90
uct Qr dev ces_in or_on _said si

BULLLE. £ WL OANG LI 1 ORYH £58 1 LI He D 581 8GR pdOh pad

conprlse a transistor in or on said silicon substrate;

of‘ §é£&ts@a&l@%ereacl hayel ovek 88l ds st ki ¢ gP?t?L{-péﬁéftp%d is

first metallization structure over sa
dlelectrlc | ayer, wherein said first netallization

cShhdetddetol §2£QNHEELLE hOr SRl Fadi i hen SEM §onductOr
devi ces, wherein said first netallization structure

conprises a first netal |ayer and a second net al
meéayeliovetosasdrfictstenetal |[ayer, wherein said first

netallization structure conprises a topnost

sub-mcron integrated circuit of said integrated

134..An integrated circuit chip comprising:

a silicon substrate;

multiple semiconductor devices in or on said silicon
substrate, wherein said multiple semiconductor devices
comprise a transistor in or on said silicon substrate;

a first dielectric layer over said silicon substrate;

a first metallization structure over said first
dielectric layer, wherein said first metallization structure
is connected to said multiple semiconductor devices, wherein
said first metallization structure comprises a first metal
layer and a second metal layer over said first metal layer,
wherein said first metallization structure comprises a

topmost sub-micron integrated circuit of said integrated
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circuit chip, and wherein said first netallization
structure conprises electropl ated copper; a second
di el ectric | ayer between said first and second netal
| ayers; a passivation |layer over said first '
metal i zation structure and over said first and
second dielectric layers, wherein said passivation
clmpert coipri sed wlraridin geibayer st angiol Mmeratiayestoveture
sai d passivation |layer, wherein 91 a first opening
t hrough said polymer |ayer and through said
COHRS SR 1O AR Gt D\EIPRETS st contact poi nt of
said first netallization structure and exposes said
first contact pojnt, .and a second openi .t hrou
sai o BoryhaE Fhs Lot Mo Rar R s e keF G agspnd
is over a second contact point of said first
al i jon structure and exposes said second
nmg%% gfﬁéﬁ%%int, wherein said first opening has a
transverse di mension between 0. 5 and 30 m croneters,
and wheged £ 54l 0 pol YIBF L AVET 52 N8Sr A 401 RKNEEBi zation
between 2 and 150 m croneters; and a second
nmetal i zation structure on said polynmer |ayer and
stOMeft §al dnld bskrandi econgt coM adc PRl Al Mheriel Nayers,

sai d

wheiein.sardpassivation.layer comprises a nitride layer, and
wherein said first metallization structure comprises a first
contact point under a first opening in said passivation layer
and at a lower end of said first opening, and a second contact
peint under a seccond opening in said passivation layer and
at a lower end of said second opening, wherein said first
opening has a transverse dimension between 0.5 and 30
micrometers; and

a second metallization structure over said passivation
layer and over said first and second contact points, wherein
said first contact point is connected to said second contact

peoint through said second metallization structure, and

wherein said second metallization structure comprises
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first contact point is connected to said second
contact point through said second netallization
structure, wherein said second netallization
structure conprises electroplated copper, and wherein
said second netallization structure conprises a third
nmetal |ayer having a thickness greater than that of

e fer IRtk hetPPFayer and greater than that of said
second netal layer. 92 141. The integrated circuit
chip of Caim 140, wherein said polyner |ayer
conprises polyimde. 142. The integrated circuit chip
of Cl aim 140, wherein said polyner |ayer conprises

l%fpzﬂ%¥c%§§#%${§%$8 Cuééschﬂ-eo%rEfggﬁnf§%

erern sard ‘passivation

ip o
further conprises an oxide |ayer under said

CALTIS
ayer

nitride

cdiyef s idda dg@fyﬂl&; eﬂéfé@do@éf C4ti £ GhH s BF a1 @ M LAD; |

wher el n sai nitride

ayer has a thickness between

0.5 and 2 mcroneters. 145. The integrated circuit

chip of Caim 140, wherein said third netal

| ayer

conprises a coil connecting said first contact point

to said second contact point. :
136. The integrated circuit chip of Claim 135,

wherein said

polymer layer comprises benzocyclobutene (BCB).

137. The integrated circuit chip of Claim 135,

polymer layer comprises polyimide.

138. The integrated circuit chip of Claim 135,

polymer layer has a thickness between 2 and 150

139. The integrated circuit chip of Claim 134,

nitride layer has a thickness between 0.5 and 2

140. An integrated circuit chip comprising:

a sllicon substrate;
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multiple.semiconductor devices in or cn said silicon
substrate, wherein said multiple semiconductor devices
comprise a transistor in or on said silicon substrate;

a first dielectric laver over said silicon substrate;

a first metallization structure over said first
dielectric layer, wherein said first metallization structure
is connected to said multiple semiconductor devices, wherein
said first metallization structure comprises a first metal
layer and a second metal layer over said first metal layer,
wherein said first metallization structure comprises a
topmost sub-micron integrated circuit cof said integrated
circuit chip, and wherein said first metallization structure
comprises electroplated copper;

a second dielectric layer between said first and second
metal layers;

a passivation layer over said first metallizat;on
Strucﬁure and over said first and second dielectric layers,
wherein said passivation layer comprises a nitride layer;

a pelymer layer over salid passivation layer, wherein
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a first opening through said polymer layer and through said
passivation layer is over a first contact point of said first
metallization structure and exposes said first contact point,
and a second opening through said pclymer layer and through
said passivation layer is cver a second centact point of said
firstn@tallizationstruétureandexpcsesSaidsecendcontact
point, wherein said first opening has a transverse dimension
between0.5&MK13OHdcrometers,andwhereinsaidp@lymérlayer
has a thickness between 2 and 150 micrometers; and

a second metallization structure on said polymer layer
and over said first and second contact points, wherein saidr
first contact point is connected to said second contact point
through said second metallization structure, wherein said
second metallizatién structure comprises electroplated
copper; and wherein said second metallization structure
comprises a third metal layér'hqving a thickness greater than
that of said first metal-layer and greater than that of said

second metal layer.
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141. The integrated circuit chip of Claim 140, wherein said

polymer layer comprises polyimide.

142. The integrated circuit chip of Claim 140, wherein said

polymer layer comprises benzocyclobutene ({BCB) .’

143. The integrated circult chip cf Claim 140, wherein said
passivation layer further comprises an oxide layer under said

nitride layer.

144 . The integrated circuit chip of Claim 140, wherein said

nitride layer has a thickness between 0.5 and 2 micrometers.

145. The integrated circuit chip of Claim 140, wherein said

third metal layer comprises a coll connecting said first

contact point to said second contact point.
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