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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 possible by
conti nued advances of sem conductor processes and materials in

conbi nation with new and sophisticated device designs. Mst of the
sem conductor devices that are at this tinme being created are ained
at processing digital data. There are however al so numerous

sem conductor designs that are ainmed at incorporating anal og
functions into devices that sinmultaneously process digital and anal og
data, or devices that can be used for the processing of only anal og
data. One of the major challenges in the creation of anal og
processing circuitry (using digital processing procedures and )

equi pment )extsetnhahisi unbert bbn tdke sCORPONSREOR KEVigee JWE Porsible
analog circuitry are large in size and are therefore not readilX

i Nt egr at edbsi ricntdoved eslvahaest yhHi T UOPNAEGECT PROGRESEP LAY (RgerLals
approach the sub-mcron range. The main conponents that offer a

chal | enge im dobgnaespectl thr e apitidophd ShheR 9T GEVOFE, A& S -hUPRT

t hese conponents are, for typical anal og processing circuits, of

consi der abb® igiez eemi conduchory prehtenappiatc aER iF 5 AUTE R N rreAEed
invention is in the field of nodern nobile conmunication applications
that nake ase adfnedompartqcdsisghaf dagiieric Yasqui Pt 2rCoRPTATY 2150

i mprovements in the performance characteristics of this equi pment has
over the ysaterdueencattimivedorf desheErs TgtodErehife WAl 1pf rating
continued enphasis on |owering the power consunption of the

equi pnent , amrtaeducthiorhe rgioz dewt ceh e heduispifehta o sty cPEISTHY t he
operational frequency of the applications and on creating | ow nqise

| evel s. Oneéigftalhendainabppldatat i 0hsAOTicgenitbEdhdirt &° &échE%r it?Y‘et he
field of nobile comunication is the creation of Radi o Freguenc QRF)
anpl i fi er spriRFesmiplo PEepslicomedics dakuntide 6f Eradtfarcd SBﬁgg%fé?%%, Ta
maj or conponent of a typical RF anplifier is a tuned Qircult,t%ft
cont ai ns i hdeictiasd iandoE aeadiad PECEBRpYMEMIE CUFEREd S IPOuFEE FoT m
dependent on and determ ned by the values of their inductive nol1
capaci t i veptonporiant proaedirqfedadc eqviritentd ffefi@nd EhdB8ht -
enabling the tuned circuit to either present a hlgh or a_low .

i npedance Forowielial $haf are el Aok s P LT FHESYfe® d2rehi t° crf®
therefore either reject or pass and further anpllf% gﬁgponengs of an
anal og si grafl, abadd@rERoth T SRSy HRLIHATCEoMPbhttY1Ofe “Pahed
circuit can in this manner be used as a filter to filter out or
renove si ghabscatlit derai AP ETuSTEREs tBRT (P HERGD oI BTGRP Tange-
circuit configuration that is ained at processi ng anal.og signals. The
tuned circlibe Bah AoFpopertscthato Fdem a FHYnefEctri cuat® irr‘?%gaﬁﬁcaereoy
using the LC resonance of the circuit and toéﬁgﬁrebé counteract the
effects of cparabieiT MepaBRPaitEy tHAECCaPRUDAMESE CTRIFENT 2 ene” Bf
the problens that is encountered when creating an inductor an the
surface of tapéerd cOHIPSt BFOSEBBY R Tr8 FRatot IFONSEFFIFR D AAREe t hat
is caused by the parasitic capacitance between the (spiral) inductor
and the underlying substrate will limt the use of the inductor at
hi gh frequencies. As part of‘the,desi%n‘of such ag % ductor it is -
therefore of inpofYRifce LEPHESRIET HE*cAPILTTIVE o g?i}ﬂfﬁﬂﬁﬁﬁgeﬁsthe

created inductor and the underl%jng substrate, At giégl at make
frequenci ehet haedt ek MOPEGREFTRI ¥ SO0 PRACE F oY ERBH-AERE BY (HhE
i nductor induces eddy currents_in the underlyi ilicon substrate,
Since the 3196 86nCYRGrafedtst BTt F\%l’ﬁ%?fglgct%(???l{lﬁ%ge}ﬂ“d)f oFeftents
currents will consune electronggnetiq energy.r sultiG? iQnéi QJE%%?nt
energy | ossi? tBEUPETHYMANCE PO & HpE& €5r ¥ FECRES i Y €ason
for a low Q value of a capacitor ereby.the resonant Réﬁﬁ ency of

a
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1on, the
continued emphasis on lowering the power consumption of the



It has already been pointed out that one of the key conponents that
are used in creating high frequency anal og sem conductor devices is
the inductor that fornms part of an LC resonance circuit. In view of
the high device density that is typically encountered in

sem conductor devices and the therefromfollow ng intense use of the
substrate surface area, th creation of the, jnduct.or st . .
ncor por at & SHEPRPRF i FariFGHoGRS | HF SUrade SR THRIPS r 8y EepsRo
the inductor, while at the sane tine i,ntaining.a high O val ue far
he i nduct o BT gBPEAFISiY HGRERGHSY (Hartnl APRH Lo Sa A5 SPREC U o a gt
a - substragg are.of f iﬁ%%aj shaPe wher eby thf.s i.ral i createqii@
a pl ane that-9s"Baral T8It HPERR” pHEn&adf" PRRSHTECE 8f tHRIConductor

bstrate. /enti onal et h hat . d to creat i nduct
on the. Sur f S0 LGP o LU LA St 167> Sl GPRTOP AT ORs S ROSTo R G 6
i nductors form.pact of a hyhrid devic i j f _Monol i t hi
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typical procés$ afotht e i P2 i GPRRPUF gt Pt SYELErka
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conbi ned functions. The spiral, formof the inductor that is creatgg
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energy thal & & gred LNLNefeaghiyg, POrtdonpat § e GRIPONeN HaLL Eng

El is the energy thst fs°tos €°feactive portion o
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overl'yi ng & B GARCEABETT ArECERE oo ECEr BIRaE: TF BReR I har roT
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t he

a semiconductor substrate is that the self-resonance that is

caused by the parasitic capacitance between the (spiral)
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. for the credti'on o

purity of the reactance (or the susceptance) of the conponent, which
can be degraded due to the resistive silicon substrate, the

resi stance of the netal lines and dielectric |osses. In an actual
configuration, there are always sone physical resistors that wll

di ssi pate power, thereby decreasing the power that can be recovered.
The quality factor Qis dinmensionless. A Qvalue of greater than 100
is considered very high for discrete inductors that are nounted on
the surface of Printed Crcuit Boards. For inductors that form part
of an integrated circuit, the Qvalue is typically in the range

bet ween about 3 and 10 eati,ng an induct n I
substrate oRPRFAT éaalF??nﬁﬂd%§;¥988niﬁﬁé% L3eVIggsféﬁ%§ égga QQ ééryH%
parasitic capacitances that_occur as S.Cd € ti.on %n%éFﬁIya

p
upper bound*BFUFHREF &bt PO FreRanéySt ﬁ%ﬁ Qﬁﬁ% 8 B Sed f8r
i nduct or usi ng conventi.on con_ptocesses. Thi |0 et
for many apngﬁ%ﬁ?§nﬁ§ lﬁo?h%f%%ﬁiaBFelm%%%éﬁﬁbntoo%e% e f?%qggﬁééitlve
which the LC CI cuit i s desj ned to resonate n cam ger
val ues of qG&FP V“Ié’tHFen %8 |ns(§ﬁ%b%§g %%énnréﬂxﬁtﬂ§
available. Prior Art has in thls been limted to creating val ues of
hi gher qual?F?s?E&ﬁ%ﬁs as separate units, and in integrating these

separate units with the surrounding device functions. This negat es
the advantages that can be obtained when using the nonolithic
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i nport ant ch approac &5 1s to si antly

i ncrease th%ﬁ%;%§§§E&%3%%“%p%5gklgge ch(yédIB tance 4 %t%@”??l?f 10

to 100 GHz requenci es, e va ue of the quali

factor obtai mec%rffr@%uﬂéﬂ iy ng%QrIImcto%r 81k Su Bl ONIdGARL] ¥ close

degr aded. For Ircatrons in requency range,” nonolith
inductors haye ed ushpg.pther than silicon as the base

%EQ%SE %ﬁ%gﬁﬁﬁﬁkggrg ¢ cﬁ% nnﬁbllthlc i nductors have for
i nstance been created using sapphire or GaAs as a base. These

| nductor s have C%ghggfm@/ady%%en%ﬁf{% SukOPRES Sfand el key!i con

counterparts (no eddy current hence no SS of el ectromagnetic

energy) and % <Qﬁ§§k9£§ provide nueh biober It nﬂE&ﬁ°fféqJ@HE§h§BH96§
we the

t hey have | o parasitic capacitance an ref ore provi dé hi gher

frequency Opseén?ﬂc'ogaugégﬁbdé\} ae%slsV\@ﬁé %M@%@r £ ARE L SUPLRX ¢ of an 1O
applications are required, the need still exists to create inductors

using sili C%s%%a%céu9§£iﬂte 0 R,_IEIJO&@ %mm%t hOPSce e ARR eAGH of

usi ng a base nmateri al er than silicon has proven to be too

cunber sone Wi 1@ hot LASSANGSE AT 88n - JRAMYS QEv1 88 URAtheNtRbretrom

sem conduct or EVICgS Is as yet a technical challenge that needs to
be addressede ity ;s oknomhdhats oS the fusParknsylaling it ekhal at



A nunber of different approaches have been used to incorporate

i nductors into a sem conductor environnent w thout sacrificing device
performance due to substrate | osses. One of these approaches has been
to selectively renove (by etching) the silicon underneath the

i nductor (using nethods of mcro machining), thereby renoving
substrate resistive energy |osses and parasitic effects. Another

nmet hod hascfﬁﬁQFQﬂoOéséhﬁu+ﬁq%ﬂ§§rlﬁyéFsl%ﬁoﬁﬂﬁFéFe(EQEHW%%&m&Féﬁ??Rnﬁf

i nterconnects or of copper danascene |nterconnects. Q her

appr oachesthavdifess arep gihdtedisstrdrtRSiforchesibMGate Hhétemr the
reducing resistive losses in the silicon substrate. Resistive
substrate PHRISSENTERRERIR LS BE9RNR idr EPFnge PYECE ‘form a
dom nant factor in deternmining the Q value of siljcon inductors.
Further, b &8EFMr| AT RN 35 BpBsetFaffdePReblh SLEIRFEAPE 2
conductor, this again ained at, reduci ng inductive |losses in the )
surface of SEAR-AHSsEFEL 85 A Hré e ShpPR X FsPalhe nakl tider St 6T 62k 61
an active inductive conponent_that sjnulates the electrical

properti es®oflaif ith@bctorPaea el ¥iippthedigneatti vRe TWGcer §T 1 s
| atter approach however results in high ower consunption by the

si mul at ed PRORICEGE -af@ VAR HoIRE BE-PE7 e A&t UFEd U §bFRSf or

| ow power,  high freguency applications. Al of these approaches have
as common OPBfETHIVé FB%?\W&%&& e 2qTaPs 52 EQPUE AP Tie Bfe e i nduct or
and to reduce,the surface area that is required for the creation of
the i nduct &5 MSst MPRborHEQ dHALFERT I GH PATENPS § dupadf f8V1%fe
el ectromagneti c ener, | osses due,to,the_electronagnetic i nduced eddy
currents i ﬁo?#eg%aitil%n%u‘B%tW%ﬁoel.lthlc MichfEy et AR TRRG Srigchtts
Integrated Circuits are scal ed down, the cost per die is decreased
whi | e sone ‘B¥Ee s 96f 2p&r FoT et &5afd S PHpT DI ORART fret W1 CGRAEEET dtis
whi ch connect the Integrated Circuit to_other circuit or system
conponent s"PEFOME GPTr EPARTLE IRIFITRIPDIE ait® AndYRAGRT RET9FSEnBT-
further mnpiaturizatigon of the |IC an_increasinglé ne ativg)ing ct _on
circuit pefPbfHeHEE CTREVRAMRAIYIACTREHRE T tnce HNBAF eSEtrante CBFP Y
nmetal interconnections increase, which degrades the cq%% erf or.mance
Signi ficanth. CXEETHEBt OBoRBer PR PHIE EP ESBUELEL e v o g or op

al ong the Eomer,and round buse qndhthg RC,deIa§ of tﬁe &iitical
signal pat hsTCR'tehitett 551 @ AhENPETRTAREE BY 8RN WidéEr net al
lines result {n higher capacitance of these w.res Curren

t echni ques™fFBTPHi Pn@“gna?% F@Faoﬁt?ﬁ%@%dpﬁ‘c3h8ff%P?ﬁﬁﬁq€oﬁ%uctor
substrate yse. fine-line techniques ereby the inductor is created
inder o | aYSFiHAL RS DADFONLE TS MvByRIcT At ds SEP RRE pify SLTREE of
proximty between the created inductor and th urface of the .
Substrat o BYSPLAHIAH PHESPHUUET GiAhee BEBHE YT bat i FOBTRHTY fagiuce
than 10 p resulting in high_electro-magnetic, |l osses. in the silicon
substrat e wAf cHTUFHE nOEe@ﬁg?gﬁqq?ﬁFgguﬁ?gkftﬁﬁg égﬁarﬁ%u%ﬁlQQN§% power

i nductor. By increasi %Ee di stance _bet ween t i nduct or . and th

o Conauctire BRI B, KBS Rt R SREET BTy ol AETRRLLE AT gl Ene
inductor that is created on the surface of a semiconductor
substrate however results, due to the physical size of the

inductor, in parasitic capacitances between the inductor wiring

and the underlying substrate and causes electromagnetic energy



substrate will be reduced in reverse proportion to the distance, the
Q val ue of the inductor can be increased. By therefore creating the
i nductor overlying the |ayer of passivation (by a post passivation
process) and by, in addition, creating the inductor on the surface of
a thick layer of dielectric (such as a polyner) that is deposited or
adhered over the surface of a |layer of passivation, the Q val ue of
the i nductor can be increased. In addition, by using w de and thick
netal 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 jnductor is created on a
thick |ayetosgesdigl Bee ritdardvagot FPISENE fi - HecaPgtrate. €
5,212, 403( Nakani shi) shows a nethod of formn mﬁringﬁggnnecti%§%

f a

bot h i nsi dea%afd tdGt SPRREXGINESWRT R B At W St R&TERT p}°

logic circuit depending on the |length of the wre connections.,

US 5, 501, OBereoRanl tyrot é%hea]:.‘f)?aE%%v%C SHEEPHEUF esq\ﬁrPﬁyaﬁe‘f“hcsld’lgattPﬁg
| ayer between the integrated circuit (1O and th%:mj k supfir%pe. A
di stri buti 6FCTEAFYcBANEIVANE B%na?ﬁdnﬁg sof “the 9°C g% TR bondi Ry
pads of the substrate, US 5,055, 907 Jacobs% gis | oses an xtegd%%

i nt egr at i ofors &ifirdBHALRt oS EPIEFEPE YHE 24P ﬁge%?lﬁ‘faggFu%%rslet 0
integrate circuitry beyond the chip baundaries by formng a thi.n film
mul ti-1ayeFidt rw?glcae%éﬁy &Pﬁrﬁgt%gbo‘i € é’lffﬁlgfi%’t I IrE \1}gFet?13é Chip.
However, this reference differs f[gﬁ]the invent'on.t USLlLt in 1
5,106, 461 EVOFTHESS efaRF1NT te 4B TACHRI t%“elr§§e1'°?%t &PEofRERLES 1N tow

structure of alternating polyimde (dielectric) and netal |ayers over

an 1C in aThBluq %étur e.

The performance parameter of an inductor is typically
indicated is the Quality {Q) factor of the inductox. 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
component, the closer the resistive value of the component
approaches zero while the Q 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 the resistive silicon of the
underlying substrate and in the metal lines that are created to
form the inductor. The guality factor for components differs
from the quality that is associated with filters or resonators.

For components, the guaility factor serves as a neasure of the



US 5, 635,767 (Wenzel et al.) teaches a nethod for reducing RC del ay
by a PBGA that separates nultiple netal |ayers. US 5, 686, 764
(Ful cher) shows a flip chip substrate that reduces RC del ay by
separating the power and I/ O traces. US 6, 008, 102 (Alford et
al.) shows a helix inductor using two netal |ayers connected by vias.
US 5, 372,967 (Sundaram et al.) discloses a helix inductor. US 5
' 576, 680 (Lipvg)tandf Ushs, 884990¢e ( Bur ghar suseeradnge)sfdwtbe hegmaesienE -
i nductor designs. SUMVARY OF THE I NVENTION It is the primary
obj ective ofWhtisd tayepr idgunagednprovieo tthe RFspetior raddecof sHpgjirate,
Performance Integrated Circuits.
the resistance of the metal lines and dielectric losses. In an
actual configuration, there are always some physical resistors
that will dissipate power, thereby decreasing the power that can
be recovered. The quality factor Q is dimensionless. R Q value
of greater than 100 is censidered very high for discrete
inductors that are mounted on the surface of Printed Circuit

Boards. For inductors that form part of an integrated circuit,

the Q value is typically in the range between about 3 and 10.

In creating an inductor on a monolithic substrate on wnich
additional semiconductor devices are created, the parasitic
capacitances that occur as part of this creation limit the upperxr
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
freguency at which the LC circuit is designed to resonate,
significantly larger values of quality factor, such as for
instance 50 or more, must be available. Prior Art has in this
been limited to creating values of higher quality factorxs 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 monclithic construction of



Anot her objective of the invention is to provide a nethod for the
creation of a high-Q inductor. Anot her obj ective 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 anot her 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
anot her objective of the invention to create high quality passive

el ectrical conponents overlying the surface of a silicon substrate.
The above referenced continuation-in-part application adds, in a post
passi vation processi ng sequence, a thick layer of dielectric over a

| ayer of passeebtiodiodhdthaypdgiornpae Bl THRFERNARRAI999FES B8R op
of the thick layer of dielectric. The present invention extends the
above ref er endethe orfmiengani epdumi@tt SHBPETRER- JRepbPorHAaRlitttieR
creating high quality electrical conponents, such as an inductor, a
capacit or omeparpesh stlsc, hea Bh¢ HidadgRnpagei Wit RIGFLOA HE T2HPf Ate
of a thick layer of dielectric. In addition, the process of the

i nvention prewrdesd & NEIRSHCPORC D RE AP TFIBRIBIE LFass| Ve A%BEIPI-Eal
conponents at a significant distance renoved fromthe underlyin
silicon surfriessb BRI IDESERPETFION EEIFHECDRANANEStic capacitantes and

resistive losses over the interconnecting wiring network. For
many of the applications of a RF amplifier, 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 probklems 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 the most
important challenges. One of the approaches is to significantly
increase the fregquency of operation to for instance the range of
10 to 100 GHz. For such high frequencies, the value of the
guality factor obtained from silicon-based inductors is
significantly degraded. For applications in this frequency
r;nge, monolithic inductors have been researched using other
than silicon as the base for the creation eof the inductors. Such

monolithic inductors have for instance been created using



Fig. 1 shows a cross section of the interconnection schene 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 polyimde. Fig. 3 shows a

top view of an inductor that is created follow ng the process of the

i nvention. SaPPhippor fadifoRg a RFUss T8EEEI SRCWFEAUA SSHBYEr sesigisdably
overlying layers, an inductor has been created on the surface of a
thick | ayer 18Fepofyp#ichte dopagertivm froeignBihbton GPRRERFRFT Hias! e &ATY
added to further insulate the inductor fromthe underlying silicon
substrate. currenf; ghenpe dpowgsy F Gdecseerponcic £r&irpl i $rdgherefore
version of the substrate and the |ayers that are created on the
surface of PEREVEHBSTHE d igdiengQt HelyitoasssESrbpeFpE e effBRENRBE 1ower
continuation-in-part application. Fig. 5b shows the cross
section of FPgasthicfRRafdiernse M Beskadgenrabbife NHFEeT ayRsIHICY

passi vati on. ' o . .
operation capabilities. Where however more complex applications

are required, the need still exists to create inductors using
silicon as a substrate. For those applications, the approach of
using a base material other than silicon has proven to be too
cumbersome while for instance GaAs as a medium for the creation
of semiconductor devices ig as yet a technical challenge that
needs to be addressed. It is known that GaAs 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 GaAs RF chips

therefore cffers 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 inductor {using methods of micro



Fig. Ga shows a cross section of a substrate on the surface of which
has been deposited a | ayer of passivation, a capacitor has been
created on the surface of the |ayer of passivation. Fig. 6b
shows a three di mensional view of an inductor that has been created
on the surface of a |ayer of passivation by creating vies in a thick
| ayer of pol yner. Fig. 6c shows a three-di nensional view of an
i nductor that has been created in a thick |ayer of polyner that has
been deposited on the surface of a thick |layer of polyinde.

Fig. 6d shows a top view of the layer 20 on the surface of which an

i nductor has been created. Fig. 6e shows a cross section of the
structure ofeFhinimy .t dkenehy ofRPINHEY PRRS B tGe et sEH Y Wigray losses
Fig. 6f shows a three dinensional view of an inductor that has been
created on &hé Bariwidd corfierbyerProthgasis g &S PREM | yWtStoPruhasPLle

t he shape of a solenoid. Fig. 6g shows a top view of the inductor of
Fig. 6f. layers of metal ({(sSuch as aluminum) interconnects or of copper

damascene interconnects.

Other approaches have used a high resistivity silicon
substrate thereby reducing resistive losses in the silicon
substrate. Resistive substrate losses in the surface of the
underlying 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
simalated inducter and in nolse performance that is unacceptable
for low power, high frequency applications. All of these
approaches have as common objectives to enhance the quality (0Q)
value of the inductor and to 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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Fig. 7 shows a cross section of a substrate on the surface of which
has been deposited a | ayer of passivation over which a thick |ayer of
pol yi m de has been deposited, a capacitor has been created on the
surface of the thick |ayer of polyimde. Fig. 8 shows a cross
section of a substrate on the surface of which has been deposited a
| ayer of passivation, a resistor has been created on the surface of
the layer of pasBremttilon.dimensiord gpf Inshownsted ctigwmisecarorpafleg down,
substrate on the surface of which has been deposited a | ayer of
passi vat i on theeconhi pdr aliet hbcedtmpmrecohnpbbysmealaspastbeeh performance
deposited, a resistor has been created on the surface of the thick
| ayer of polayeniideroved. ThE getdD showstdovrosikidestonoacdf the sintegsn ted
substrate on the surface of which a discrete electrical conponent has
been nount edircontate diEldrs carevisent Wwysiteby coheondirssaheechet vedie iepdve
substrate and the electrical conmponent is of a significant value, a
t hi ck | ayer rofrepohyeniziecchasdbbave useidh the fufihpr mindhowsizatrusot
section of a silicon substrate on the surface of which a discrete
el ectrical dcompdlensn hbscissenngbymeghtivs dkreohtactciyabis peefegEdce.
wher eby the di stance between the substrate and the el ectrical
conponent i §hef parskgnid i craacivahoe,anb despjstanee pof ihei dethds been
used. DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS

interconnections increase, which degrades the chip performance

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

wires.

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



The referenced continuation-in-part application teaches an Integrated
Circuit structure where re-distribution and interconnect netal |ayers
are created in layers of dielectric on the surface of a conventi onal
IC. A layer of passivation is deposited over the dielectric of the
re-distribution and interconnection netal |ayers, a thick |ayer of

pol ymer is deposited over the surface of the |ayer of passivation.
Under the present invention, a high-quality electrical conponent is
created on the surface of the thick |ayer of polyner. The

i nvention addresses, anong others, the creation of an inductor
whereby the enphasis is on creating an inductor of high Q value on

t he surf ace sobsarsesniwididbet pedsurbtinatrevessagenmethtden ahel freodéedtirrse,
that are well known in the art for the creation of sem conductor

devi ces. Thehki ghvglat idfy tbe fhéudtmduchborbefinhmasedenty ofherefons f or
the use of this inductor in high frequency applications while

i ncurring moyiemtimy ogse afndpowner. oWhel viimgehlné okefar ifepaagltiraidons (biea
creation of a capacitor and a resistor on the surface of a silicon
substrat e wpersébpashbvatdion pibpeessventobyt hen pdibddonef creaaitiandgha
capacitor and resistor) is to reduce parasitics that are typically

i ncurred by irhieseoromparientssiriface hef undertyi haysi [diconedabstiatieuch as
Referring now nore specifically to Fig. 1, there is shown a cross
section of oneolrpéeherttat iiondepothieed eftepdneeet aps chei snrfafwe of a
surface of silicon substrate 10 has been provided with transistors
and ot her dediyeesof npisshawicnn Fihg.Q MrluFhef sird doelustosubznt rat e 10
is covered by a dielectric layer 12, layer 12 of dielectric is

t her ef or e deposicbeddovBr addd tdevi cles usiag Wade debrilpcdvinded! ifrn hbe
surface of the substrate and over the substrate 10. Conductive

i nt er connectcdeatésn 14f artee pndwicded, | tisl derbayeic Igikdenconhecteduged.
t he sem conduct or devi ces that have been provided in the surface of
substrate 1(@he procesmyel Shie4 ipvaot exampodés=ar ehafwmyincaepiesent ralsit
of the metal layers and dielectric layers that are typically created
on top of thesdiighbéenimnduper tReatihyemdila thatinguctoliohh Fyeated 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.

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

12



Fig. 1 may therefore contain nmultiple layers of dielectric or
insulation and the |ike, conductive interconnect |ines 13 nake up the
network of electrical connections that are created throughout |ayers
14. Overlying and on the surface of layers 14 are points 16 of

el ectrical contact. These points 16 of electrical contact can for

i nstance be bond pads that establish the electrical interconnects to
t he transi ssenscamthatdrestdeviees gt ahaves menipctviged i ingegrate
surface of the substrate 10. These points of contact 16 are points of
i nt er connectiwncuhiry tdeyon@ ahe arigambrtntdhatendad Soombagf artier film
connected to surrounding circuitry. A passivation |layer 18, forned of
for exanpl ergilkichivar miirdeg dscalepusichedsaverrtt Babstrpbeeansi dvayekke
14 to protect underlying |layers from noi sture, contam nation, etc.
The key stepbinf Hdvexvalxovéhief ee Encadeapplfeat i orwrbdgieniny e idve
deposition of a thick layer 20 of polyimde that is deposited over
the surface of |layer 18. Access nust be provided to points of

el ectrical contact 16, for this reason a pattern of openings 22, 36
and 38 is et chedV$ hy.dugh 4thie (Fol§son de bayertechawd at helpaskiwat i on

| ayer 18, the pattern of openings 22, 36 and 38 aligns with the
pattern of ehtercdmmdccorractupei nf 1térn€ohamolpsimits 16iakectrdy) and
means of the openings 22/36/38 that are created in the |ayer 20 of

pol yi m de, @legslrlzwddy coetrendedCtin tsh@A8ustaeetwfe |l ayer 20.

The above referenced material that is used for the deposition of

| ayer 20 is polyimde, the material that can be used for this |ayer
is not limted to polyimde but can contain any of the known polyners
(Si Cl.0y). The iB8iTatdd 180| iphdel iek @he) preteheed meftdpRafor graswcing
used for the processes of the invention for the thick |ayer 20 of

pol ymer. Ex&Epbesapfbipd RGAs thhht serarafesumedt vl sidtiadoAsyesar bons,
fluoride, chlorides, oxygens, parylene or teflon, polycarbonate (PC),
pol ysterene (PS), polyoxide (PO, poly polooxide (PPO,

benzocycl obut ene (BCE). El ectrical contact with the contact
points 16 can noWs be @8&k,a184 dRedchyr ¥ idhowagat AbippBhithgas2raee 3gdiat
with a conductive material. The top surfaces 24 of these netal
conduct or s tigducas RCoktlambd sapepeking$he2prgeeBErhr /foRrBeetised
for connection of the ICto its environnment, and for further
integration into the surrounding electrical circuitry. This latter
statement is the sane as saying that sem conductor devices that have
been provi ded i nU§he, &if fldde (Bl foubset atle ) 16heEn, 2 Vel hd NEBRERE LYY
i nterconnects contained in openings 22/36/38, be further connected to
sur r oundi ng telonpeheht kavewd conegctey. by i@sconnect pads 26 and 28 are
formed on top of surfaces 24 of the nmetal interconnects contained in
openi ngs 22, 36 and 38. These pads 26 and 28 can be of any design in

wi dt h and thickness to o
Us 5,372,967 (Sundaram et al.) discloses a helix inductor.

Us 5 '576,680 (Ling) and US 5,884,990 (Burghartz et al.) show

other helix inductor designs.
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accommpdat e specific circuit design requirenents. A pad can, for

i nstance, be used as a flip chip pad. O her pads can be used for
power distribution or as a ground or signal bus. The follow ng
connections can, for instance, be nade 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 determ ne the

el ectrical connections to whi cRUMMARY/&F BBE THHAE fWsel f . The
foll owing comments relate to the size and the nunber of the contact
points 16, Fig. 1. Because these contact points 16 are |ocated on
top of a thin dielectric (layers 14, Fig. 1) the pad size cannot be
too | arge since &t |&r géepadispye riea§ivai ¢h the dnVarHEOR dPaditPanee. the

In addition, a large pad size will interfere with the routing
capabi l ity &F phaformppee 6f RbgllEerforpanehidrere tpref&f7edSto keep
the size of the pad 16 relatively small. The size of pad 16 is

however also directly related with the aspect ratio of vies 22/ 36/ 38.
An aspect ratio of about 5 is acceptable for the consideration of via
et ching and vi a Ppethasg orBasedverrh hbse lpvRist sy disi SAsPreheissipzBephod
t he contactépad 16 can be in the order of 0.5 pmto 30 pm the exact
si ze being depehbiertrit ithe of hit dkHES® Pdpels 18 and 20. The
ref erenced 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
typi cal |C passi ¥R IoRp&ctive of thre IRBeRT¥edifeCl jokare the Gahs
passivation |layer in the present state of the art is plasma enhanced
CVD ( PECVD) “OxPdBiahd mitliicds. P G%edt PAGS I Sy et it &f Rpals? vaIdu6HRoT a1 s
| ayer of approximtely 0.2 pm PECVD oxi de can be deposited first
fol | owed by “A®P5§@r of approximately 0.7 pmnitride. Passivation

| ayer 18 is very inportant because it protects the device wafer from
noi sture and foreign ion contam nation. The positioning of this

| ayer between the sub-mi.cron process (of the integrated circuit) and
the tens-mcron pFbcHREAETT OPE@CFH{% oftA8ct MY et iSz 4P pfRtend the
structure) is of critical inportance since it allows for a cheaper
process t hat-{5G8EPHY y* S IFdsENEt +RMENE ENBAN* T cOTRTEGuUPF et T F e

the process of creating the interconnecting netalization structure.
of a silicornl 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



Layer 20 is a thick polyner dielectric |ayer (for exanple polyimde)

t hat have a thickness in excess of 2 pm(after curing). The range of
the polyner thickness can vary from2 pmto 150 pm dependent on

el ectrical design requirenents. For the deposition of |ayer 20

t he Hitachi-Dupont polyimde HD 2732 or 2734 can, for exanple, be
used. The pol yi m de can be spin-on coated and cured. After spin-on |
coating, th&IFERYFnideeniion BEteited gt 2oy depfrewdced FORUHBRL L1~
hour in a vacuum or_nitrogen anbient. For a thicker |ayer_ of _
pol yi mi de, PREEPBPR}IFRIE I i tAarndE thoPt Fprat tuatddhadgatireglectrical
Anot her material that can be used to create layer 20 is the polyner
benzocycl ob FPERENEBER) .SUFAT §5pdl yHGtoTat 2t AFRAEIIAF CdnfreF @i alliqF, on 2
produced by for instance Dow Chemi cal and has recently gai ned .
accept ance t/GYBE BERPITSIEEAAN0PY t9hiteR SPEEGFHi e afPrFEat WL ©F

The di mensi ons of openings 22, 36 and 38 have previously been .

di scussed. THELBFRBRS ot GRGERECBPEHIhFLOCE§Et PEITRA LRVERBIOR S15BHAEe @
t hi ckness determ ne the aspect ratio of the opening. The aspect ratio
chal | enges fFéhgRafer ciPprdesssiamiEih@adstdr f¢¢rHgatapaBreReRLts at a
This leads to a dianmeter for openings 22/36/38 in_the range_of

appr oxi mat el 99i5i6ME FBTAFE FRBOTR JHOM GheopRMF HNge 927 861 %8 can

be in the range of approximately 2 pmto 150 pm The aspect ratio of
openi ngs 22/%%¢£88¢i s desi gned such that filling of the via with netal
can be acconplished. The via can be filled with CVD netal such as CVD
tungsten or CVD copper, with electro-less nickel, with a danascene
metal filling process, with el ectroplating copper, etc. The

ref erenced application caﬁRB%Ff@?%ﬁ%PTéQFé%%éﬁﬂ%}m§ﬂﬁw9?ng nul tiple

| ayers of polyner (such as polyimde) and can therefore be adapted to
a larger variety of applications. The function of the structure that
has been descri b&d9; nl FIRjPYSL Bc&HOBR FEFHIREY Cdx FRATEYCIRFOFRFEELET nfFfme
second | ayer of polyimde on top of the previouslg deposi ted Iaxer 20
and over | ayity ReTBEEECIE h PSSR} Ny @ aatc APRY: Gitd ORet gy ent+on -
deposition can further create additional contact points on the

surface of the second | ayer of polyimde that can be interconnected

wi th pads 26 and 28. Additional |ayers of po%yinide and the thereon
creat ed 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
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contact pads can be customi zed to a particular application, the

i ndi cated extension of nultiple |layers of polyimdes greatly enhances
the flexibility and useful ness of the referenced continuation-in-part
appl i cation. 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 imediate vicinity of
the nmetal |ayers 14 and the contact points 16, to be extended in an
upward direction 30 through nmetal interconnect 36. This extension
continues in the direction 32 in the horizontal plane of the netal

i nterconnect 28 and cones back down in the dowward direction 34

t hrough net aPdeditier domnBeE BBUIAEE FHRCHIBITEOENETEBN %lﬂ?ﬁ§r8¥l?%e
passivation | ayer 18 and the insulating |ayer 20 remain as previously
hi ghl i ght edSi¥h¢en Fa®isEr@E%i gn advant age of the invention is to
"elevate" or "fan-out" the fine-line interconnects and to renove

t hese interconnects fromthe mcro and sub-mcro level to a netal

i nterconnect |evel that has considerably, | arger dLnepgéggg and.thatf
therefore has snatd-erer 88P¥E ah e ad SEEpETT tHnfe*aME 15" Fasi®er *ahd”
nore cost effective to manufacture. This aspect of the referencgd ¢
appl i cat i on t88esukitratic Pidet Bhy a¥SyEc ot FEERFRY T ng'® Suriece ©
re-distribution and therefore has an inhereq% uali%é of ﬁ%nplicity.
It theref or &PRuPEPEFat@aysE DIt HF IRRPGRPERT ot Fhécr BF B Sttt ed
application in  that it nmakes m cro and sub-mcro wiring accessible
at a wide af@ thPeAtIRAP-PRYEI 2PPIHEA PRI connect i ons 20, 36 and 38

i nterconnect the fine-level nmetal by going up through the passivation
and polynmer or polyimde dielectric |ayers, continuing over a

di stance on the wide and_ thick netal |evel B and

, :%gntinging by. tor has
descendi ng from FHe WHENEHE HRF KISt SPCFEVRICTHAdR  ddtn T THES
fine-metal |evel i n passi do t hrough the passivation and
pol ymer or ﬁﬁﬁ?iﬂgéﬁgggﬁwgcfp?cﬂgﬁ?éﬁgip?ﬁﬁlégﬁﬁﬁﬁsions that are in
this manner acconplished need not be limted to extending fine-netal

i nterconnect points 16 of any particular type, such as signal or

power or ground, with wde and thick netal 1ipe 26 .and 28. The |aws

of physics and eft%t rQ?nng’é?W\ﬁ/i Plcr?&jsosseeclttﬁﬁ{‘t% iaor?su,bsitf:agﬁy?nle;és%et Surtace
what type of jnterconnect can by established ip this nner, _|im.tli,
factor s vii | IC5HEDERR RehPaes ORRPS ST Ehtt B4 | ?ﬁi‘%ﬁsﬁdvggé%f @ gpactid
resi stance, ,propagation del ay, const ant nd ot hers. e,

r ef er enced |ES%?i%ﬁ$%%$doPXiﬁﬁ%ﬁ?%ﬁﬁ%?% S that the réfe %%%%E#J¥%n'
continuation-in-part application provides nmuch broader latitude in
being able to apply these laws and, in so doing, provides a

consi derably extended_.scqpe of the application,and us X

G rou 5 and thet MapTaeEN o EHeRe Cepant o e S ppPLY S
metal envirqnnent. ig. sho how_t he, basi c_ d nter e

aspect of tﬁ’éasr g’FgPeﬁrc%adteé;r? i ﬁﬁgtls%%-é}cﬁa- f)’éfrfa la%%?rl coaﬂt %S%Sggﬁg%ﬁ tkﬁ'er
be extended under. the. present .invention t y elevate the
fine-metal t9F énﬁlghésor}ﬁhghﬁfgei%ﬁﬁ:fﬁiggiﬁﬁ %] but to al so add

an inductor on the surface of the thick layer 20 of polyimde. The
inductor is created in a plane that is parallel wth the surface of
the substrate 10 _whereby .t his _plane however. i.s,S r fr.

surface of the sgﬁgtrg? es}iod"rsbj?l Fﬁge%ogv}?eeﬁ% oh%llgﬁt?%w géﬁggyéggh%g‘,& ﬂl,at
18, and 20. ,Fi 2.sh Cr.oss i 0 _of i o] a in

a pl ane thatha}sgbggrr]p%%%?%% ar’ t%otﬁ%gﬁsur e;}Tcg%ongﬁrB%]?%%ét T&g E?’ﬁé;n

wi de and thick nmetal, will, al ntribute .t ugct i.on t.he
resistive eﬁ%%ﬁ?lﬁggs%%ﬁjﬁﬂfiﬁgggsré? H%nfgﬂﬁ?gggsf% |t98%%ggf, such
as gold, silver and copper, can be applied using electroplating, the

t hi ckness can be about 20 pm
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Fig. 3 shows a top view 42 of the spiral structure of the inductor 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 nmethod used for the creation
of the inductor 40 uses conventional nethods of netal, such as gold,
copper and the like, deposition by electroplating or netal sputter
processes. Fid.g.64 shbhawsa acdprieivent ofhd ricdiyetrol 040n vitier ebyfepe of
i nductor has been further isolated fromthe surface of the substrate
10 by the adHith o afnduayer H4s decrecreabgmheti ¢ material . Openi ngs
are created in layer 44 of ferromagnetic material for the conductors
36 and 38, the layer 44 is deposited using conventional nethods to a
t hi ckness that can be experinentally determ ned and that is

i nfl uenced by angligardd ahloysdepensentseohitheot yes sofruphees il $Figsedd
and the thickness of the |ayers that are used overlying the

f erromagnet icekent &rérad tfsudhnaséd-adLr oZ0¥iforédhe creati on of the
structure that is shown in cross section in Fig. 4. The surface area
of the ferromagnetic |ayer 44 typically extends over the surface of

| ayer 18 such that the inductor 40 aligns with and overl ays the | ayer
44, the surface Big@a ©f dhayer addhoan ddecesienakbdvisivi gift by beguwigr that
t hese boundaries to further inprove shielding the surface of
substrat e 1Gabrbaeh heredteet pamagaetutaceebd af layeluctfopagsivation, the
Layer 44 is not limted to being a | ayer of ferromagnetic materi al

but can al sdnbdecaot ayey tfe ahgpedofandwdeoriguch as but not |imted
to gold, copper and alum num The overlying inductor 40 that is
created on the surface of |layer 20 of polyimde can be isolated from
the underlying silicon substrate 10 by a | ayer 44 that conprises
either ferromagneisc 6y shegood copdundwrmf the indEipr B ShowstE f or
reasons of clarity, a sinplified cross section of the substrate and
the layers that are created on the surface of the substrate under the
processes of the invention, the highlighted areas that are shown have
previ ously been Filent7fsresvas: cro$h, s¢did osi bifcansspstatat en- the syrface

| ayer of dielectric that has been deposited over the surface of the
substrate 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
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- 14, an interconnect |layer that contains interconnect |lines, vias

and contact points 16, contact points on the surface of the

i nterconnect |ayer 14 - 18, a layer of passivation into which

openi ngs have been created t hrough which the contact points 16 can be
accessed 20, a thick layer of polyner, and - 21, conductive plugs

t hat have been provided through the |ayer 20 of polyim de. The
thick layer 20 of polynmer can be coated in liquid formon the surface
of the layer 18 of passivation or can be | am nated over the surface

of layer 18 of passivation by dry filmapplication. Vias that are
required for the creation of conductive plugs 21 can be defined by
convent i onaltipesceésses of pophonold theegbaphydenogdirdheacr esitsdgruskagheen
| aser (drill) technol ogy. It is clear from previous di scussions

that the sequeatedofn|hessrfhat 9% tdkothith rwsys ofeprivinide.Fig. 5a
has been created so that additional electrical conponents such as an

i nductor, a capacitor and the |ike can be created on the surface of

| ayer 20 of polyimde and in electrical contact with conductive plugs
21. Layer 12 of d@iiel ekl rdhowsay, ciesd Bectiogsobertiidicrhasulbst iiewani phe
Fig. 5a, be part of layer 14 since |layer 14 is a |ayer of Intra Level

Di el ectric (durDpowi ohiwhighi ehdlagestel 2leanrbeak exdidopehnt bag dtesa.

mounted, 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 distance
between the substrate and the electrical component is of a

significant value, no layer of polyimide has been used.

DESCRIPTION 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 passivation is
deposited over the dielectric of the re-~distribution and
interconnection metal layers, a thick laver of polvmer is

deposited over the surface of the layer of passivation. Under

18



Wth respect to the cross section that is shown in Fig. 5b, the sane

| ayers that have been identified for Fig. 5a are again provided in
this cross section. Additionally has been shown the upper |ayer 17 of
the silicon substrate 10 that contains active sem conductor devices.

Al so shown is the cross section of an inductor 19 that has been
created on the surface of layer 18 of passivation. It nust again be
enphasi zed tH#t PERECBRniRVeHESO8t i 9 piLTorVeRé tie B CHHER i SO FortS

i nductor 19 nmust be as | ow as possible. For this reason, the use of a
thick | ayer V¥ GF PRsEARCRISGCE PE PreefdicsdlrBer tHe PRS¥REE i on of

i nductor 19. It has been shown that a thick |ayer of gold increased
the Q value of inductor 19 fromabout 5 to about 20 for 2.4 GHz
applications, which represents a significant inprovenent in the Q

val ue of inductthEQ?nventlOqﬁiiﬁrﬁéﬁ%ﬁwnﬂ?Q§gcPg£§r%ed¥ﬁbﬁr8Ft%P“ of an
capacitor that has been created on the surface of a substrate 10. A .
| ayer 14 of HUHFHOEi VBereherdenfBEP2FthdS Sfd CEBRERE FFoilRfecHAs Hedrish
created on the surface of substrate 10. A layer 18 of passivation has
been deposi t®d’20VEr OPheRe uFHHEE 0P| AYEMICATIOFFERT NYP HERE ChREHI
created in |layer 18 of passivation through which the surface of -
contact padsHEEsnape BEeeRUEEs that aye WeddcikPBI™ chht@ienértakey she
wel | known, a |lower plate, an upper plate and a | ayer of dielectric
that separ at@LaAHE UPeF <P LREITEM $4Et F5ner DF BEED fdddYeBipbifent s
of a capacitor can be readi|ly identified fromthe cross_section that
i s shown in HiYctes, cisthel iumptiongaliewsy fndhet pee hyenist hguctor in
forms the | ower plate of the capacitor 44 is a conductive |ayer that
forms the up&&ﬂh;ﬁ%&ﬁ@eaFyt?RP%%%%%&PPBrWhlle incurring minimum 10ss 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
typlcally 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 is 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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46 is the dielectric |ayer that separates the upper plate 44 of the
capacitor fromthe |lower plate 42. It must be noted fromthe
cross section that is shown in 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-passivation
processi ng sequence. Processing conditions and materials that can be
used for the creation of the respective |ayers 42, 44 and 46 have
al ready been highlighted and need therefore not be further detailed
at this tinme. The main points of interest are the various thicknesses
to which the three |ayers 42, 44 a&? 46 can be dqpositedé as Iollqﬁsz
-1 ayer and over the substrate . Conductive interconnéct lines are
provided inside layer 12 that connect to the semiconductor

devices that have been provided in the surface of substrate 10.

Lavers 14 (two examples are shown) represent all of the
metal 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 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 connecied to
surrounding circuitry. A passivation layer 18, formed of for
example silicon nitride, 1is deposited over the surface of layers
14 to protect underlying layers from moisture, contamination,

ete.

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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18 of passivation between about 0.1 pmand 0.3 pm -layer 42 of
conductive material between about 0.5 and 20 pm - ayer

deposited over the surface of layer 18. Access must be provided
to points of electrical contact 16, for this reason a pattern of
openings 22, 36 and 38 is etched through the polyimide layer 20
and the passivation layer 18, the pattern of openings 22, 36 and
38 aligns with the pattern of electrical contact points 16.
Contact points 16 are, by means of the openings 22/36/38 that
are created in the layer 20 of polyimide, electrically extended

to the surface of layer 20,

The above referenced material that is used for the
deposition of layer 20 is polyimide, the material that can be
used for this layer is not limited to polyimide but can contain
any of the known polymers ({SiCl.0y). The indicated polyimide is
the preferred material to be used for the processes of the
invention 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 (PO), poly polooxide (FPO),

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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44 of dielectric between about 500 and 10, 000 Angstrom and -l ayer
46

the IC to its environment, and for further integration into the
surrounding electrical circuitry. This latter statement is the
same as saying that semiconductor devices that have been
provided in the surface of substrate 10 can, via the conductive
interconnects contained in openings 22/36/38, be further
connected to surrounding components and circuitry. Interconnect
pads 26 and 28 are formed on top of surfaces 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 c¢hip 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 cf
electrical circuit design determine the electrical connections

to which a given pad lends itself.

The feollowing comments relate to the size and the number

of the contact points 16, Fig. 1. Because these contact points
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of conductive material between about 0.5 and 20 pm The

post - passi vati on created capacitor that is shown in cross section in
Fig. 6a has: - reduced parasitic capacitance between the capacitor
and the underlying silicon substrate - allowed for the use of a
thick layer of conductive material, reducing the resistance of the
capacitor; this is particularly inmportant for wireless applications -
al | owed for léhergsoasfteri gh- dbrlalcter thimatbriegtrdgeilagens 02, Fagosl)
for the dielectric between the upper and the [ower plate of the
capaci tor, tBSuPad rifdencanhpghies twapderveveined e lefrgehrad apds boings

with it a large capacitance. In addition, a large pad size will
interfere with the routing capability of that layer of metal. It
is therefore preferred to keep the size of the pad 16 relatively

small. The size of pad 16 is however also directly related with

the aspect ratio of vias 22/36/38. An aspect ratic of about 5 is

acceptable for the consideraticon of via etching and via filling.
Based on these considerations, the size of the contact pad 16
can be in the order of 0.5 pm to 30 pm, the exact size being

dependent on the thickness of lavers 18 and 20.

The referenced application does not impose a limitation on
the number of contact pads that can be included in the design,
this number 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 pm PECVD oxide 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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Fig. 6b shows a three-di nensional view of the sol enoid structure of
an inductor 19 that has been created on the surface of the |layer 18
of passivation. Further highlighted in Fig. 6b are: - 23, vias that
are created in the thick |ayer of polynmer 20, Fig. 5a, for the

i nterconnects of the upper and the | ower levels of netal of the

i nductor - 25, the bottomnetal of the inductor - 27, the top netal
for the inductor. Fig. 6¢c shows a three dinensional view of an
i nductor that has been created on the surface of a | ayer 18 of
passivation by first depositing a thick |ayer 29 of polyner over
which a | ayer (not shown) of polyner is deposited, vies 23 are ,
created in flager petkwdeay she2oupBiigropaprefessol pHeithe| haRiHatREnC FFuit)
t he previously highlighted |ayers, Fig. 6c shows a |ayer 29 of

pol yi m de. Bhd Fhelucarormigrps pYecased (BY dredtitegconespbirbmerdlaraysn
of the inductor 19, the top netal 27 of the inductor and the vies 23
that are cr@atedtire) ayerf20riFiepl JaporRRCHIENELably2EHRITRE &

pol ymer. Fig. 6d shows a top view of |ayer 20 on the surface of
whi ch an i ndheepeT haerdseen thpbaPeIF idd vpheyi Bk WISHBER"F ncHag reem
Vias 23 are highlighted as are top netal l|ines 27 of the inductor 19,
bot t om net alrelaipsenes:pffarhEhpneiedsr 9 tHaoHed tendeteHeRNIaCE 1 ABt
visible on the surface of the layer 20). Further detailed are vies 23
and 23 , thadtgheraedan efir¢tsfevia 23 and the upper extrenmity of via
23 are connected to interconnect lines 31 and 33 (Fig. 6e)
respectively, theses interconnect lines 31 and 33 provide the

connection for further interconnect of the inductor 19.
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 peolymer thickness can vary from 2 pm

to 150 pm, dependent on electrical design requirements.

For the deposition of layer 20 the Hitachi-Dupont polyimide
HD 2732 or 2734 can, for example, be used. The polyimide can be
spin-on coated and cured. After spin-on coating, the polyimide
will be cured at 400 degrees C. feor 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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Fig. 6e shows a cross section of the structure of Fig. 6d 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 |ayer
18 of passivation, these contact pads 16 make contact with the vies
23, 23 and 23 for interconnection between the bottom netal 25 of

i nductor 19 and the upper nmetal 27 of the inductor 19. Interconnects

to vias 23 and 2ghar@rddheiohs ES opknands 3% Wi hndasds prew gusivjiously
stated, connect the inductor 19 to surrounding electrical circuitry

or componenisen discussHi€ Ch€adinhsAbnaot otiod dadentinguct @retneer wykhgtlze
| ayer of passivation has been shown in Figs. 6f and 6g where toroidal

coil 19 is greateean dhexsusf acaainiacl ayeraskeaf rpassi a@ttimen opgopng.
| evel netal 27 , bottomlevel netal 25 and vias 23 that interconnect

bottom | evelrhaehgbe 25 Mitlih tRRL1aURIs rBRaLi27ethay @rbeess hughlirghtredal
in Fig. 6f. Fig. 6g shows, for further clarification, a top

view of thestionohgatagedhiafithi gThd .16Hae hbghl dighteedrf €at uspsniofast hi s
figure have previously been explained and therefore do not need to be

further disgoussedagtid hite thABe of ddFoximshels Ga Scmossos@etimon the
where, as in Fig. 6a, a capacitor is created on the surface of
substrate 1l@eibAtther cHReS ngeCh? OF% A3tatcansbehomnclien reinge dfhowever a
thick | ayer 20 of polyim de has been deposited over the surface of -
t he passi vatipprokaygte1l8 and Basibeam patrkesspecant wochédopeniorgter
to make the contact pads 16 accessible though the thick layer 20 of
poly. The thixgkslayers 28Hfnpal yoes trermveslimgtodfticheieapach trortal can
that is the |ower plate 42, the upper plate 44 and the dielectric 46,
fromthe sunf-agecehpsidisdd.atr@el®ibycadn 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,

etc.

The 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 previocusly 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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di stance that is equal to the thickness of layer 20. It has

previ ously been state that the range of polyimde thickness can vary
from2 pmto 150 pmand is dependent on el ectrical design
requirenents. This statenent is also valid for the cross section
shown in Fig. 7, the layers of the capacitor can therefore be renoved
fromthe surface of substrate 10 by a distance of 2 pmto 150 pm It
is clear that this leads to a significant increase in distance

bet ween the capacitor and the underlying silicon substrate, the
parasitic capacitance wll therefore be significantly reduced.

Fig. 8 shows a cross section of a substrate 10 on the surface of

whi ch has beentdepasideedaa bayenstidhickdpassa wtutdoularraspisicar 148, hiase
been created on the surface of the |ayer 18 of passivation. A
resistor, asndscaetd drimmsiohsofmedttedlbylzormrectii pglyiwiqges greatly h

a material that offers electrical resistance to the passage of

current thrcecuagbntée tet diliealibiThey tanst peeftbradrmtcfatbe pagfemsincehe

resi stance 48 that is shown in cross section in Fig. 8 are the

contact padsohithatidravia-beeh apwatcedion. or on the surface of the

i nterconnect |ayer 14. By creating |ayer 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 w Fhgt he girosesskssibf ddséghnydmritoge Bdr thberaicaanicod

of layer 48 a high resistivity material can be used such as TaN,

si | i conni t ricderphoespiosiin-caréghasb(RSEpnsi Thtormdyaptetei gdelows for sub-
al um num al um num oxi de (AlxQy), tantalum nionbium or nolybdenum

It is clear stikgpndenefigicongnsgehhtlast tthincknesls Irppgtiktandiqimdttly of the
deposition of |layer 48 of high resistivity material are application
dependent amgtednlaherefldr @ngothbecawpecitf petntae tthi $of brecktergiggd in an

detail. The resistor that is shown in cross sectionin Fig. 8 is, as
are the capawivesfsdbfefiign 3@athneudgh meteat ent¢rcannsest 3pasHidati on
process on the surface of |layer 18 of passivation. Fig. 9 shows

a cross sectdxgrnefon subisimgse in0thaingcst eondecin [tdpeholiizdrds lbpdane
created on the surface of the substrate. A |ayer 18 of passivation

has been depdsithedneival itercaperct £Bhfandnceredririadt deenaly the Kogkward
| ayer 20 of polyim de has been deposited over the surface of the

passi vat i on di&pefiag. 34 asiughore 8l Hadeeennesieated Tos ChRCEiIMfsaead

of the layer 20 of polyimde. The resistor 48 is created connecting
the two cont@&ETtpuass 16 Witeh PasehratdigRayesi 58 i and \cheayapubdting dlayer
By increasi ;g)ot he di stance between the body of the resistor and the
surface of Sepate {Hyprave orRitEkivesslightede Poly Rapjisr dgoion glvantage
parasitic capacitance between the body of the resistor and the
substrate | €& &Q8cevIESANT itfg tPn akevaks oved  fasiativéhe fine-line

interconnects and to remove these interconnects from the micro
and sub-microc level to a metal interconnect level that has
considerably larger dimensiocns and that therefore has smaller
resistance and capacitance and is casier 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 application in
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conponent (reduced parasitic capacitive |oss, inproved high frequency
per f or mance) . Further applications of the post-passivation
processing of the invention are shown in Figs. 10 and 11, which
concentrate on making ball contact points between contact pads 16 and
an overlying electric conponent, such as a discrete inductor.
Proceeding fromthe surface of substrate 10 in an upward direction,
nost of thethayets dai@s atersowh siup-Fi gro 10l Hiage apress dlsl pthaenide
identified and are identified in Fig. 10 using the sane nuneral s as
have previ oastythesn mesed Level hdde layersoniWrrionFi g0, 136 shehws®
previously not identified layers is in: 50, contact plugs that have
been for meditheoogimddte thhi Eknd-aleerel2@ebil poy yardng 8P, theridctthBal | s

t hat have been formed on the surface of the contact plugs 50 using
convent i onabaseihadisorofansebetynae eolpddyidepogslitlentEpratayRFor bal |
nmounting on the surface of plugs 50), the application of a flux on

t he deposit ednsohdeng anerf kodd siaridee csoltber wide famdmtbhek comitalc tlepygll| §nd
52, and 54, a cross section of a discrete electrical conponent such
as an i nductontonuinglitscdeseendparifrom sheawidsiaoithick meta gevel
shows a cross section of a silicon substrate 10 on the surface of

whi ch a di streekedevecta ithal féoaporisrt 154chakby bewrin pegated, devhttdgeugh
balls 56 are used whereby the distance between the substrate 10 and
the el ectri chle peapuvenitors4nispolymesicqgnipbilyantde aligd ectoht akayyd-| $he
are inserted into the openings that have been created in the |ayer 18
of passi vat iconteoséohyitigptt heecont drts prdeel6acedree)(issledt nvet yrtarkfe)
contact balls 56 create a significant separation between the surface
of substrat éib@taddte hextdinsidnet 6im¢vettrdlcdntevnpurrait Pe4nts 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
electronics will impose limitations, if any, as to what type of
interconnect can by established in this manner, ilimiting factors
will be the conventional electrical limiting factors of
resistance, propagation delay, RC constants and others. Where
the referenced application is 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 te a wide and thick metal environment.
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The net hods that have been shown in Figs. 10 and 11 indicate that: -

t he passive conponent 54 is renoved fromthe surface of substrate 10

by a significant distance, and - instead of nounting the passive,

di screte conmponent 54 on the surface of a Printed Grcuit Board

(PCB), the passive conponent 54 can be nounted closer to a

sem conductor device in the present invention. Thr oughout the

nmet hods and procedures that have been expl ai ned above using the

exanpl es that are shown in cross section in the acconpanyi ng

drawi ngs, the followi ng has been adhered to: - the passive conponents

have been further renoved fromthe silicon substrate, thereby

reduci ng the negatgve ismpasthdéhathe basiaduosddoynehe sigestir atfetigele to

el ectromagnetic | osses incurred in the substrate the

post - passi vatifereprat exstbhus himniveptt oneablioas ibor céamefvwwehectbon of

di screte conmponent design paraneters that result in reduced

resi stance ekteéheéedigciat eéheapacicnar iandntimn dicsopéet eninduetvers tie s

is further clear fromthe follow ng conparison between prior art

processes ardntheepriocesses plfarddefi nrentidm.and thick metal but to also
add an inductecr on the surface of the thick layer 20 of
polyimide. The inductor is created in a plane that is parallel
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, i4, 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
inductor 40 that has been created on the surface of layer 20 of
dielectric. The cross section that 1s 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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Prior art requires for the creation of an inductor: - the use of thin

metal, which inposes the creation of wde coils for an inductor

resulting in increased surface area that is required for the

i nductor which in turn increases the parasitic capacitance of the

i nductor causing eddy current |losses in the surface of the substrate.

The present invention by contrast: - can use thick nmetal, since the

met al of the pasBiye Compereattirs (g theitdhatod dPerhefelpolynpeipductor

renoved fromthe (thin nmetal) interconnect |ayer 14, and (as a

consequencehas been further isolated from the surface of the substrate 10
by the addition of layer 44 of ferromagnetic material. Openings
are created in layer 44 of ferromagnetic material for the
conductors 36 and 38, the layer 44 is deposited using
conventional methods to a thickness that can be experimentally
determined and that is influenced by and partially dependent on
the types of materials used and the thickness of the layers that
are used overlying the ferromagnetic material (such as layer 20)
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
inductor 40 aligns with and overlays the layer 44, the surface
area of layer 44 can be extended siightly 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 alsoc 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 cenductor.
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reduces the surface area that is required for the inductor, and -
reduces the resistivity of the inductor, thereby increasing the Q

val ue of the inductor. Al t hough 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 my be made therein w thout
departing fromthe spirit of the invention or fromthe scope of the
appended claims. CLAIMS 1. An integrated circuit chip conprising: a
silicon substrate,;

Fig. 5a shows, for reascons of clarity, a simplified cross
section of the substrate and the layers that are c¢reated on the
surface of the substrate under the processes of the invention,
the highlighted areas that are shown have previously been
idehtified as:

- 10, the silicon substrate

- 12, a layer of dielectric that has been deposited 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 layer 14

- 18, a layer of passivation into which openings have been
¢reated through which the contact points 16 can be accessed

- 20, a thick layer of pclymer, and

- 21, conductive plugs that have been provided through the layer

20 of polyimide.

The thick layer 20 of polymer can be ccated in ligquid form
on the surface of the layer 18 of passivation or can be
laminated over the surface of layer 18 of passivation by dry
film application. Vias that are reguired for the creation of

conductive plugs 21 canh be defined by conventional processes of

30



mul tiple 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 dielectric |ayer over said silicon
substrat e; a passivation |ayer over said silicon substrate and
over said dielectric |ayer, wherein said passivation |ayer conprises
a topnost nitride layer of said integrated circuit chip; a first
contact padpaptalitiboabhacer ofars ded cpaasedaldiony layer, (digrldi n sai d
first contact pad conprises a first contact point; a second
contact padtesnsaishy.op surface of said passivation |ayer, wherein
sai d second contact pad conprises a second contact point; a
first conductive structure connected to said first contact point,
wherein said first conductive structure has a bottom surface; a
second conductiwe sStidst Ufeonc @rRetbed discaisdonectimt dont aegrenherei n
sai d second conductive structure has a top surface with a first
regi on and aaseeonthd®©gisOBhown in acdddsSkerntien conregt. bankagsdrerect ed
to said bottom surface of said first conductive structure; and
created so that additional electrical components such as an

inductor, a capacitor and the like can be created on the surface

of layer 20 of polyimide and in electrical contact with
conductive plugs 21. Layer 12 of dielectric may, 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

laver 12 can be readily integrated.

With respect to the cross section that is shown in Fig. 5b,

the same layers that have been identified for Fig. Sa 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 forxmation of inductor 19.

It has been shown that a thick layer of gold increased the Q
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a second interconnect line connected to said top surface of said
second conductive structure. 2. The integrated circuit chip of Claim
| further conprising a polyner |ayer over said passivation |ayer. 3.
The integrated circuit chip of Caim?2, wherein said polynmer |ayer
conprises polyimde. 4. The integrated circuit chip of Claim2,
wherein said polyner |ayer conprises benzocycl obutene (BCB). 5. The
integrated circuit chip of Cdaim2, wherein said polyner |ayer has a
t hi ckness between 2 and 150 microneters. 6. The integrated circuit
chip of daim1l further conprising a polyner |ayer on said
passivation | ayer, wherein said first contact point is under a third
openi ng i n saildepof yimeluckayeily fansh skodtsgconcdbeont aGtfgoihtd G8zunder
a fourth opening in said polynmer layer. 7. The integrated circuit
chip of J aiagplicabieme,nwsack passiseattisoa $ayerfitant henpoomengesn ame
oxi de.

¢ value of inductor 19.

Fig. 6a shows a cross section of a capacitor that has been
created on the surface of a substrate 10. A layer 14 of
conductive interconnect lines and contact points has been
created on the surface of substrate 10. A laver 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 1% can be accessed.

A capacitor ceontains, 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. %a, as follows:

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

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

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

of the capacitor from the lower plate 42.
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8. An integrated circuit chip conprising: a silicon substrate;
mul tiple sem conductor devices in or on said silicon substrate,
wherein said nmultiple sem conductor devices conprise a transistor in
or on said silicon substrate; a dielectric |ayer over said silicon
substrat e; a passivation |ayer over said silicon substrate and
over said dielectric layer, wherein said passivation |ayer conprises
a topnost nitrideusayes roftesaifdoinntiegratessd seccidn Whitpls showngin
first contact pad on a top surface of said passivation |ayer, wherein
said first €optatd: Pad tbaprases. @ hest beontartatpdi an; the surfgce of
second contact pad on said top surface of said passivation |ayer,
wher ei n sai dagecohdl dopraest vpatbrooriyel pescasserordesbhracthpoiapacitor
is therefore referred to as a post-passivation processing
sequence. Processing conditions and materials that can be used
for the creation of the respective layers 42, 44 and 46 have
already been highlighted and need therefore not be further

detailed at this time.

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 um

- 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 umn,

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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a first conductive structure on said first contact point, wherein
said first conductive structure is connected to said first contact

poi nt; a second conductive structure on said second contact
poi nt, wherein said second conductive structure is connected to said
second contact point; a first solder contact on said first

conductive structure and over said first contact point, wherein said
first solder contact is connected to said first contact point through
said first conductive structure; a second sol der contact on
sai d second conductive structure and over said second contact
poi nt, wherein said second solder contact is connected to said second
contact poi At alipeaghtsaiite seeonfl € didwdt Lepestauchudect ane wdiererh,
sai d second sol der contact has a thickness greater than that of said
passi vation | ayeucand thmtresfissande setdie coptatitoypadhia irgarticularly
i nterconnect line connected to said first solder contact; and a
second i nt er compectahi n>conmedted ampplsaiagisweond sol der contact.
- allowed for the use of high-dielectric material such as TiOs,
Ta,0s for the dielectric between the upper and the lower plate
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. 6b
are:

- 23, vias that are created in the thick layer of polymer 20,
Fig. 5a, for the interconnects of the upper and the lowex
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 laver 22 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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9. The integrated circuit chip of aim8 further conprising a

pol ymer | ayer over said passivation layer. 10. The integrated
circuit chip of daim9, wherein said polyner |ayer conprises
polyimde. 11. The integrated circuit chip of daim9, wherein said
pol ymer |ayer has a thickness between 2 and 150 microneters. 12. The
integrated circuit chip of Caim8 further conprising a polyner |ayer
on sai d passirwatdwyiy ayehligherdilaysasd Fig.stéccohbustapoiysr 2§ ohder
a third opening in said polynmer |ayer, and said second contact point
i s under a pouypihidzpeniThg indsatick (6l yeecrdaneer by &8ca®ing rithegbat el
circuit chip conprising: a silicon substrate; mul tiple

seni conduct oetdevites ikheoinducisai d9%i theorrsuesbiat @, ofhereiindsgrelr
mul ti pl e sem conduct or devices conprise a transistor in or on said
silicon subshriaties dadi @Bechat catayesraowerisdadesi EDcdRigulbstir ghat

preferably contains a polymer.

Fig. 64 shows a top view of layer 20 on the surface of
which an inductor has been created as previously shown in Fig.
6c. Vias 23 are highlighted as are top metal lines 27 of the
inductor 19, bottom metal lines 25 of the inducter 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
interconnect lines 31 and 33 provide the connection for further

interconnect of the inductor 19.

Fig. 6e shows a cross section of the structure of Fig. 6d
whereby this cross section is taken along the line 6e-be’ 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 vias 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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a passivation |ayer over said silicon substrate and over said
dielectric layer, wherein said passivation |ayer conprises a topnost
nitride |layer of said integrated circuit chip; a first contact
pad on a top surface of said passivation |ayer, wherein said first
contact pad conprises a first contact point; a second cont act
pad on said top surface of said passivation |ayer, wherein said
second contact pad conprises a second contact point; a pol yner

| ayer on said passivation |ayer, wherein said polynmer |ayer has a

t hi ckness between 2 and 150 m croneters and greater than that of said
passi vation _|ayer, and wherein a first|openin% in said polyner |ayer
i s over sai difPesil cont a8t Whbtint 3sargeriQetiondtepedi mPiecsathe

pol ymer |ayer is over said second contact point; . afirst
conductive $NFueE & oiosaRETPIIENIcBhEattIdi REICWRETRIGF SEMBOPEREY-
conductive structure is connected to said first contact point through
said first opening; a second conductive structure on said second
contact point, wherein said second conductjve structure is connected
to said second comta@regsiAl throdghoddrl TEb@ropBAThying a layer of

passivation has been shown in Figs. 6f and 6g where toroldal
coil 19 1is created on the surface of a layer 18 of passiwvation.
Top level metal 27 , bottom level metal 25 and vias 23 that
interconnect bottom level metal 25 with top level metal 27

have been highlighted in Fig. 6&f.

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 laver 20
of polyimide has been deposited over the surface of the
passivation layer 18 and has been patterned and etched in order
to make the contact pads 16 accessible though the thick layexr 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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a first solder contact on said first conductive structure and over

said first contact point, wherein said first solder contact is

connected to said first contact point through said first conductive

structure; a second sol der contact on said second conductive

structure and over said second contact point, wherein said second

sol der contact is connected to said second contact point through said

second condd@skwrcstihedt deeggant Wwhehei hhsaknbseodndaygel ded. dénhaégt

has a thickness greater than that of said passivation layer and

great er thawrremacusly $mied stebndtiontthet rpagk of Piohginiae erlticimees can

| ine connected to said first solder contact; and a second

i nt er connectvafrynéroormest éd 1060 sai dhrsedendesoidiert conedeetricy dpRegn

integrated circuit chip of Caim 13, wherein said polynmer |ayer

conpri ses polegiuairegesntsl5 Thihestatawrdt éd siseuwalichifprothel efgasigection

wherein said polyner |ayer conprises benzocycl obutene (BCB). 16. An

i ntegrated showoi tncdhigp donphesiager=a ofi kheotemdidioraten therefore be
removed from the surface of substrate 10 by a distance of 2 um
to 150 pm. It is clear that 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 is well known, is created Dby
connecting two 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 Dbetween 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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mul tiple 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 dielectric |ayer over said silicon

substrat e;

a passivation |ayer over said silicon substrate and

over said dielectric |ayer, wherein said passivation |ayer conprises

a topnost nitride layer of said integrated circuit chip; a first
contact pad on a top surface of said passivation |ayer, wherein said
first contact pad conprises a first contact point; a second
contact pad on said top surface of said passivation |ayer, wherein
sai d second contact pad conprises a second contact point; a

pol ymer | ayef bavemidd pabiyWateorftizyey  mafeariaincanie prsfnerch sk ral.
has a thickness between 2 and 150 mi croneters and greater than that

of said pasSivacemn IHyeidand t RReSRITOSIAT 2R el SEtFSS | dYSF) » angstticon
wherein a first opening in said polyner |ayer is over said first
contact poi PEYREFEEAS secBREMOPEHI ngLEOEHY pekyfRer | Bfefrliis ofaptalum,
sai d second contact point; a first conductive structure

connect ed t &igabPEHui rat BohYRAINYWLI it thY othtR S atlp | fEEeRPOTShGUch 2as
wherein said first conductive structure has a bottom surface;

thickness, length and width of deposition of layer 48 of high
resistivity 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 is, as are the capacitors of
Figs. 6a and 7, created in a post-passivation process on the

surface of layer 1B of passivatiomn.

Fig. % shows a cross section of & 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 resisteor 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

38



a second conductive structure connected to said second contact point
t hrough sai d second openi ng, wherein said second conductive structure
has a top surface; a first interconnect |line connected to said
bottom surface of said first conductive structure; and a second
i nterconnect line connected to said top surface of said second
conductive structure. 17. The integrated circuit chip ,of dajim

wher ei n sai GOpBPYRRY (EpPEFed oppFasidd HEPYRAT e lfgszH‘épJf%feébP&EBd
circuit chip of Claim16, wherein said first opening has a transverse
di mensi on b&EREEANEY PFEATBBNARLr omet ers.  19. An integrated circuit
chip conprising: a silicon substrate; mul ti pl e sem conduct or
devices in or on said silicon substrate, wherein said nmultiple

sem conduct or devices conprise a transistor in or on said silicon

substrat e;

Further applications of the post-passivation processing of
the invention are shown in Figs. 10 and 11, which concentrate on
making ball contact points between contact pads 16 and an
overlying electric component, such as a discrete inductor.
Proceeding from the surface of substrate 10 in 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
layer 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

- 54, 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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a dielectric |layer over said silicon substrate; a passivation
| ayer over said silicon substrate and over said dielectric |ayer,
wherein said passivation |ayer conprises a topnost nitride |ayer of

said integrated circuit chip; a first contact pad on a top
surface of said passivation |layer, wherein said first contact pad
conprises a first contact point; a second contact pad on said

top surface of said passivation |ayer, wherein said second contact

pad conprises a second contact point; a first conductive structure
connected to said first contact point; a second conductive structure
connected to said second contact point; sql der cqnt act

t; a first
over said fRPerteSondarirsle R lscObr é,revbf?é‘z‘tdelwﬁe’é%}?% tfiier &i-skgpgaretveen

contact is connected to said first contact point thro%%h,sai first
conducti ve Fa?e§ubstrate 10 and the electrical component is of a

significant value. Contact balls are inserted into the openings
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 electrical component 54.

The metheds 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 Circult Boaxrd (PCB), the passive
component 54 can be mounted cleoser 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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a second sol der contact over said second conductive structure,
wherein said second sol der contact is connected to said second
contact point through said second conductive |layer; and a first

i nterconnect line connected to said first solder contact; and a
second i nterconnect |ine connected to said second sol der contact.
20. The integrated circuit chip of daim19 further conprising a

pol yner |ayer bvemdgrd PasEia shrrhgetue t2]1e1vpbr¢RrEHtaCedosses
circuit chip of daim20, wherein said polyner |ayer conprises
pol yi m de. 22ingieednibgig edlbsitivéliet chip of O aim 20, wherein said
pol ymer |ayer has a thickness between 2 and 150 microneters. 23. An

i ntegrated cirthe tooshi-pasehyprtiigimgrocess of the invention allows for the

selection of discrete component design parameters that result
in reduced resistance of the discrete capacitor and the
discrete inducter, this is further clear from the following
comparison between prior art processes and the processes cof

the invention,

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

causing 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 consequence)

- reduces the surface area that is required for the inductorn,

and
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a silicon substrate; mul ti pl e sem conduct or devices in or on
said silicon substrate, wherein said nultiple sem conductor devices
conprise a transistor in or on said silicon substrate; a dielectric
| ayer over said silicon substrate; a passivation |ayer over
said silicon substrate and over said dielectric |ayer, wherein said
passivation | ayer conprises a topnost nitride |ayer of said

integrated circuit chip; a first contact pad on a top surface
of said passivation |layer, wherein said first contact pad conprises a
first contact point; a second contact pad on said top surface

of said passivation Iager, wherein said second contact pad conprises
a second cont &adusepnthe resistivity Qf EORdERINGRC St FhETEPE BV ereasald
first contact point, wherein said first conductive structure is
connected to s&id<f VRsRe cohttaet 1pdrHter-

Although the preferred embodiment 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 modifications may be made therein without
departing from the spirit of the invention or from the scope of

the appended claims.
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a second conductive structure over said second contact point, wherein
sai d second conductive structure is connected to said second contact
poi nt; a first solder contact on said first conductive
structure and over said first contact point, wherein said first

sol der contact is connected to said first contact point through said
first conductive structure; a second sol der contact on said
second conductive structure and ovely S@gg second contact point,
wherein said second sol der contact 1Is connected to said second
contact point through said second conductive structure; a first

|nteranRe%%e%a@gcggqﬂgpted to.said first solder contact; and a

COINPrisi1
second i hterconnec nected to sai d second sol der cont act .

24. The |nt£ghamﬁﬂbﬂanU|t chip of daim23 further conprising a

pol ymer Iayer ver sai ivation |la The integra
circuit chiPusP qﬁ%N%W %P 8W§PH°§8P&¥§6@§W%?%F§§% 8W$$Pig§hmk

pol yi n}.éﬁﬁeonda@mr ddigeel esrﬁ%qs%taefhnﬁgtbfsm dr ofRhib sPfcofhistihiéd, wherein said
pol yner |ayer has a thickness between 2 and 150 mi crometers.
a dielectric layer over said silicon substrate;
a passivation layer over said silicon substrate and over said dielectric layer, wherein said
passivation layer comprises a topmost nitride layer of said integrated circuit chip;
a first contact pad on a top surface of said passivation layer, wherein said first contact pad
comprises a first contact point;
a second contact pad on said top surface of said passivation layer, wherein said second
contact pad comprises a second contact point;
a first conductive structure connected to said first contact point, wherein said first
conductive structure has a bottom surface;
a second conductive structure connected to said second contact, wherein said second
conductive structure has a top surface with a first region and a second region;
a first interconnect line connected to said bottom surface of said first conductive
structare; and
a second interconnect line connected to said top surface of said second conductive

structure.

2. The integrated circuit chip of Claim 1 further comprising a polymer layer over said

passivation layer.
3. The integrated circuit chip of Claim 2, wherein said polymer layer comprises polyimide.

4. The integrated circuit chip of Claim 2, wherein said polymer layer comprises

benzocyclobutene (BCB).
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27. An integrated circuit chip conprising: a silicon substrate;

mul tiple sem conductor devices in or on said silicon substrate,
wherein said nmultiple sem conductor devices conprise a transistor in
or on said silicon substrate; a dielectric |ayer over said silicon
substrat e; a passivation |ayer over said silicon substrate and
over said dielectric layer, wherein said passivation |layer conprises

a t Opn?si"hﬁh{e"gf g\% diR¥e r:hl fof @‘i’zﬁl? 2' %glg{nasla 0%&‘% ﬁ'xé'aq ickness betfeen 2

first contact "p on a p surface of passi at i on ayer, erein
sai d fandsiSOguntoacterpad conprlses a flrst contact point; a
second contact pad on said top surface of said passivation |ayer,
wherein said second contact pad conprises a second contact point;

6. The integrated circuit chip of Claim 1 further comprising a polymer layer on said passivation

layer, wherein said first contact point is under a third opening in said polymer layer, and said

second contact point is under a fourth opening in said polymer layer.

7. The integrated circuit chip of Claim 1, wherein said passivation layer further comprises an

oxide.

8. 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 dielectric layer over said silicon substrate;

a passivation layer over said silicon substrate and over said dielectric layer, wherein said
passivation layer comprises a topmost nitride layer of
said integrated circuit chip;

a first contact pad on a top surface of said passivation layer, wherein said first contact pad
comprises a first contact point;

a second contact pad on said top surface of said passivation layer, wherein said second
contact pad comprises a second contact point;

a first conductive structure on said first contact point, wherein said first conductive
structure is connected to said first contact point;

a second conductive structure on said second contact point, wherein said second
conductive structure is connected to said second contact point;

a first solder contact on said first conductive structure and over said first contact point,
wherein said first solder contact is connected to said first contact point through said first
conductive structure;

a second solder contact on said second conductive structure and over said second contact

point, wherein said second solder contact is connected to said second contact point through said
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a polynmer |ayer on said passivation |ayer, wherein a first opening in
said polymer layer is over said first contact point, wherein said

pol ymer | ayer has a thickness between 2 and 150 m croneters and
greater than that of said passivation |ayer, that of said first
dielectric layer and that of said second dielectric |ayer; a
first conductive structure connected to said first contact point,

wher ei g, d%nﬁﬁéu% SEQIACIIehePdih %h‘i& %jéchP?o?de"P chRL&%%% §h‘ﬁcfkﬁ85% greater {chana

second con tive structure connected to sald second cont act
wher ei thatseisdidpassoration tryekumilithas of saidistcundcdngest pad op sur f ace; a

first interconpe I|n .connect e ttom surface of said
first condtfcﬁﬁsglél&gtornﬁ%ct lipgsonpggfed to Saldst?fsgsé’g%h‘&onitar’f‘?élpéonnect li ne
connect ed tpsesaiddintcfnasst fincombctsdiodaniaearnd seldBtismticye structure.
28. The integrated circuit chip of Caim?27, wherein said dielectric

| ayer conprises titaniumoxide. 29. The integrated circuit chip of

d ai m 277 MR SRLA ofib & ikl SCfuhﬁéi%m(ﬁHﬁ'iﬁé mﬁ@@n&?ﬁ&@&@? Qx{ de.
30. The integrated circuit chip of Caim?2 efein Said dielectric

| ayer paspipatiandsyean oxi de.

10. The integrated circuit chip of Claim 9, wherein said polymer layer comprises polyimide.

11. The integrated circuit chip of Claim 9, wherein said polymer layer has a thickness between 2

and 150 micrometers.

12. The integrated circuit chip of Claim 8 further comprising a polymer layer on said passivation
layer, wherein said first contact point is under a third opening in said polymer layer, and said

second contact point is under a fourth opening in said polymer layer.

13. An integrated circuit chip comprising:

a silicon substrate;

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

a dielectric layer over said silicon substrate;

a passivation layer over said silicon substrate and over said dielectric layer, wherein said
passivation layer comprises a topmost nitride layer of said integrated circuit chip;

a first contact pad on a top surface of said passivation layer, wherein said first contact pad
comprises a first contact point;

a second contact pad on said top surface of said passivation layer, wherein said second
contact pad comprises a second contact point;

a polymer layer on said passivation layer, wherein said polymer layer has a thickness

between 2 and 150 micrometers and greater than that of said passivation layer, and wherein a
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31. The integrated circuit chip of Caim27, wherein said polyner

| ayer conprises polyimde. 32. The integrated circuit chip of Caim
27, wherein said polynmer |ayer conprises benzocycl obutene (BCB). 33.
The integrated circuit chip of Caim27, wherein said passivation

| ayer fnther conprises an oxide. 34. The integrated circuit chip of

G aim 27, wherein said polymer layer is further on said first contact

POi Nt . g éﬁfxin-éﬁﬁs i beGHhe 1% rGd S6hsdid Gl Qoxﬁ&ctgoi%'t Thé £ 5ecth@ bdniheSidistid

di el ectri ayer as at ness between 500 and 10, 000 Angstrons.
36. Anpqiyme‘damgob\@rmdﬁqcomhcrq@t@bpmm sing: a silicon substrate;

a first conductive structure on said first contact point, wherein said first conductive
structure is connected to said first contact point through said first opening;

a second conductive structure on said second contact point, wherein said second
conductive structure is connected to said second contact point through said second opening;

a first solder contact on said first conductive structure and over said first contact point,
wherein said first solder contact is connected to said first contact point through said first
conductive structure;

a second solder contact on said second conductive structure and over said second contact
point, wherein said second solder contact is connected to said second contact point through said
second conductive structure, and wherein said second solder contact has a thickness greater than
that of said passivation layer and greater than that of said second contact pad;

a first interconnect line connected to said first solder contact; and

a second interconnect line connected to said second solder contact.
14. The integrated circuit chip of Claim 13, wherein said polymer layer comprises polyimide.

15. The integrated circuit chip of Claim 13, wherein said polymer layer comprises

benzocyclobutene (BCB).

16. 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 dielectric layer over said silicon substrate;

a passivation layer over said silicon substrate and over said dielectric layer, wherein said
passivation layer comprises a topmost nitride layer of said integrated circuit chip;

a first contact pad on a top surface of said passivation layer, wherein said first contact pad

comprises a first contact point;
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mul tiple 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 dielectric |ayer over said silicon

substrat e; a passivation |ayer over said dielectric |ayer,
wherein said passivation |ayer conprises a topnost nitride | ayer of
said integrated circuit chip; a first contact pad on a top

surface of salendanscydd @lrhaidatypgmfae%fﬁhd\pa%@wgld‘nuafe} WIRRiAGLd Badnd
conprises a first contact a second contact pad on said
ﬂé&ﬁ@mtmﬁVer

t op su@@’é@épﬁﬁcwr@eﬁﬁ%@@ wherein said second cont act
pad conpri Se?ﬁolgrg qngﬂﬂtpgﬁ RG e er, WhGIEII'LSgldg) :l%lff% y131a1¥a§ra tﬁ)glq?e@:% d

passi vati on erein irst opéning in ymer layer
over shétdedn 2 ad kﬁ@nmamqmn md arpderahaetbatrrd smp@assngtibmla.gw aghd ot yfmmd

| ayer i.s, over, sai d,secon ontact poin erei n.sai

hasCr RIS aRR s REERRS SRNREhRt L hat BELER S Gt P S Rl
of sai shdnaseSondedpening liRyeed polimhat layr isS@ielsdid €3c8ad Ednact point; a first
conductive sfructure connected to said first contact point throu

said first dPEhHYuctiissiustiresanpectete pai¢ Grd cottach 8ogt ﬁlweh paid it oaenm&

bOttOmwﬁéi%i‘nasﬁﬁlﬁlstconduc%v@@t%ﬂgeﬁ%%{ﬁﬁohlvﬁlrﬁéé ucture connected to said
second contact point through said second opening, wherein said second

conduct i ve &sacoid epndudiiys stuatens conrepigd &0 said second contact point through said second

opening, wherein said second conductive structure has a top surface;

a first interconnect line connected to said bottom surface of said first conductive
structure; and

a second interconnect line connected to said top surface of said second conductive

structure,
17. The integrated circuit chip of Claim 16, wherein said polymer layer comprises polyimide.

18. The integrated circuit chip of Claim 16, wherein said first opening has a transverse

dimension between 0.5 and 30 micrometers.

19. 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 dielectric layer over said silicon substrate;

a passivation layer over said silicon substrate and over said dielectric layer, wherein said
passivation layer comprises a topmost nitride layer of said integrated circuit chip;

a first contact pad on a top surface of said passivation layer, wherein said first contact pad
comprises a first contact point;

a second contact pad on said top surface of said passivation layer, wherein said second

contact pad comprises a second contact point;
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a first interconnect |ine connected to said bottom surface of said
first conductive structure; and a second interconnect line
connected to said top surface of said second conductive structure.

37. The integrated circuit chip of Caim 36, wherein said polyner

| ayer conprises polyimde. 38. The integrated circuit chip of Caim
36, wherein said polymer |layer conprises benzocyclobutene (BCB). 39.

The i nt egr aj fid: Gictive stlbciheQbn kRl 1 304 iNPesRIdpsALd Passi vati on
Th

| ayer further conprises an oxi e |nteg atéd circuit chip of
G ai m 36, wheceidrogdudivpeinter cblay:eﬂed tassafdigetbnest contactyedinl; f i r st cont act
poi nt.. a first solder contact over said first conductive structure, wherein said first solder contact
is connected to said first contact point through said first conductive layer;

a second solder contact over said second conductive structure, wherein said second solder
contact is connected to said second contact point through said second conductive
layer; and

a first interconnect line connected to said first solder contact; and

a second interconnect line connected to said second solder contact.

20. The integrated circuit chip of Claim 19 further comprising a polymer layer over said

passivation layer.
21. The integrated circuit chip of Claim 20, wherein said polymer layer comprises polyimide.

22. The integrated circuit chip of Claim 20, wherein said polymer layer has a thickness between

2 and 150 micrometers.

23. 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 dielectric layer over said silicon substrate;

a passivation layer over said silicon substrate and over said dielectric layer, wherein said
passivation layer comprises a topmost nitride layer of said integrated circuit chip;

a first contact pad on a top surface of said passivation layer, wherein said first contact pad
comprises a first contact point;

a second contact pad on said top surface of said passivation layer, wherein said second
contact pad comprises a second contact point;

a first conductive structure over said first contact point, wherein said first conductive

structure is connected to said first contact point;
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41. An integrated circuit chip conprising: a silicon substrate;

mul tiple sem conductor devices in or on said silicon substrate,
wherein said nmultiple sem conductor devices conprise a transistor in
or on said silicon substrate; a dielectric |ayer over said silicon
substrat e; a passivation |ayer on said dielectric |layer, wherein
sai d passivation |layer conprises a topnost nitride |ayer of said

i ntegrated £ide6i donBiktRe structure o@erl safdSbcdn@RtbAGL: Raf, Wikrén kAR s&dhf ace
of said pass vation |layer, wherein said first contact pad conprises a

first ewdneibie sposinge;is connectedtosaidonerndsantaeitropid on said top surface
of sai d paspiNALAN L& Ton MIHE B ARlick RREANNEORLAGE RALGORPEISES
a second contact point; a po?yner ayer over said passivation
| ayer , whireimeshid &t sdldpotontaet islcayerctedas sad fitsk cdates poibethvagh s@ddind 150
m croneters. an reater than that of said passivation |ayer and that
of sai ﬁongP‘étfvgc? %Bler ayer ;

a second solder contact on said second conductive structure and over said second contact

point, wherein said second solder contact is connected to said second contact point through said
second conductive structure;
a first interconnect line connected to said first solder contact; and

a second intercennect line connected to said second solder contact.

24. The integrated circuit chip of Claim 23 further comprising a polymer layer over said

passivation layer.
25. The integrated circuit chip of Claim 24, wherein said polymer layer comprises polyimide.

26. The integrated circuit chip of Claim 24, wherein said polymer layer has a thickness between

2 and 150 micrometers.

27. 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 dielectric layer over said silicon substrate;

a passivation layer over said silicon substrate and over said dielectric layer, wherein said
passivation layer comprises a topmost nitride layer of said integrated circuit chip;

a first contact pad on a top surface of said passivation layer, wherein said first contact pad
comprises a first contact point;

a second contact pad on said top surface of said passivation layer, wherein said second

contact pad comprises a second contact point;
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a first via in said polynmer |layer, wherein said first via is
connected to said first contact point through a first opening;

a second via in said polyner |ayer, wherein said second via is
connected to said second contact point through a second openi ng;

a first solder contact over said first via, wherein said first sol der
contact is connected to said first contact point through said first

vi a; S5EaNGy < 8h 464 8&5@%&&{ la?éf%hérgih% fﬁﬁﬁo@@ﬁﬁn Eﬁsaid’%&éﬁ%ﬂa&?ﬁs‘j

second soIde contact Is c nnecped 0 said second contact
t hr ougéwves adid figst comatt woiat, wherefin sagd polymerlayem hect thidkness betweer 2@dd 180 sai d

first solder _contact. and.a second i.nterconn | he-connected to
cai o SRR eaLp s Al o RSN D SRPRTEL of HPEGRF RERERE i ling
41, whéneiRaglabebndaislevaic lagyrer conpri ses polyinmide. 43. The
integrated circuit chip. of Clain14%, mhg%ein sai d pol yner quﬁr

to said f1 1rst

conpri ses bk ?b@é}‘ﬁﬂﬁﬁgﬂ@uﬂe 8@@36_0&: rst contact point, wherein sal

conductive structure has a bottom surface;

a second conductive structure connected to said second contact point, wherein said
second conductive structure has a top surface;

a first interconnect line connected to said bottom surface of said first conductive
structure; and

a second interconnect line connected to said top surface of said second conductive

structure.

28. The integrated circuit chip of Claim 27, wherein said dielectric layer comprises titanium

oxide.

29. The integrated circuit chip of Claim 27, wherein said dielectric layer comprises tantalum

oxide.
30. The integrated circuit chip of Claim 27, wherein said dielectric layer comprises an oxide.
31. The integrated circuit chip of Claim 27, wherein said polymer layer comprises polyimide.

32. The integrated circuit chip of Claim 27, wherein said polymer layer comprises

benzocyclobutene (BCB).

33. The integrated circuit chip of Claim 27, wherein said passivation layer further comprises an

oxide.

34. The integrated circuit chip of Claim 27, wherein said polymer layer is further on said first

contact point.
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44. The integrated circuit chip of Caim4l, wherein said first via
Is over said first contact point. 45. The integrated circuit chip of
Claim4l, wherein said first viais over said first contact point,

and said second via is over said second contact point. 46. The
integrated circuit chip of Caim41l, wherein said passivation |ayer
further conprises an oxide. 47. The integrated circuit chip of Caim
41, wherein said second sol der contact has a third hei ght greater
than a thickness of said passivation |layer and a thickness of said
second3jveltel infegmed circvi8chipwl Chiire g7 avissleio istid didlectit lpyer apa thidknegs batween

Sil!COﬂXEﬁﬁgb&ﬁbzhgto . ~mul tiple sem conductor devices in or on said
silicon’s r NENAEPRi n sai d mul tipl e sem conductor devices
conprise a transistor in or on said silicon substrate; a dielectric
| ayer over said silicon substrate;

36. 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 dielectric layer over said silicon substrate;

a passivation layer over said dielectric layer, wherein said passivation layer comprises a
topmost nitride layer of said integrated circuit chip;

a first contact pad on a top surface of said passivation layer, wherein said first contact pad
conmiprises a first contact point;

a second contact pad on said top surface of said passivation layer, wherein said second
contact pad comprises a second contact point;

a polymer layer on said passivation layer, wherein a first opening in said polymer layer is
over said first contact point and a second opening in said polymer layer is over said second
contact point, wherein said polymer layer has a thickness between 2 and 150 micrometers and
greater than that of said passivation layer, that of said dielectric

a first conductive structure connected to said first contact point through said first opening,
wherein said first conductive structure has a bottom surface;

a second conductive structure connected to said second contact point through said second
opening, wherein said second conductive structure has a top surface;

a first interconnect line connected to said bottom surface of said first conductive
structure; and

a second interconnect line connected to said top surface of said second conductive

structure.

37. The integrated circuit chip of Claim 36, wherein said polymer layer comprises polyimide.
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a passivation |ayer on said dielectric |layer, wherein said passivat
on | ayer conprises a topnost nitride layer of said integrated circuit
chip; a first contact point on a top surface of said passivation

| ayer; a second contact point on said top surface of said passivation
| ayer; a first via connected to said first contact point,
wherein said first via has a first height and a first transverse

di mensz@NTiBebRtedidemit Sidp df Elim B3 6Neh BN said polymer BySCGRpfisdd a
connected to said second contact point, wherein safrd second via has a
secondbsnepgyiiobaigae B ond transverse di mension snmaller than said
second hei ght; a first solder contact over said first via,
wherein said first solder contact is connected to said first contact
poi nt 3hrDheghtegmiad chricnis thip o8 Claim 36, wherein said passivation layer further comprises an

oxide.

40. The integrated circuit chip of Claim 36, wherein said polymer layer is further on said first

contact point.

41. 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 dielectric layer over said silicon substrate;

a passivation layer on said dielectric layer, wherein said passivation layer comprises a
topmost nitride layer of said integrated circuit chip;

a first contact pad on a top surface of said passivation layer, wherein said first contact pad
comprises a first contact point;

a second contact pad on said top surface of said passivation layer, wherein said second
contact pad comprises a second contact point;

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

a first via in said polymer layer, wherein said first via is connected to said first contact
point through a first opening;

a second via in said polymer layer, wherein said second via is connected to said second
contact point through a second opening;

a first solder contact over said first via, wherein said first solder contact is connected to
said first contact point through said first via;

a second solder contact over said second via, wherein said second solder contact is

connected to said second contact point through said second via;
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a second sol der contact over said second via, wherein said second

sol der

contact is connected to said second contact point through said

second via; a first interconnect |line connected to said first sol der
contact; and a second i nterconnect |ine connected to said second

sol der
conpri
first

ci rcui

contact. 49. The integrated circuit chip of Caim48 further
sing a polyner |ayer on said passivation |ayer, wherein said

and sgffnietddaiedlife téhnatd ol /el solRY Edntact;2@d The i nt egr at ed
t chip of Gaim49, wherein said polyner Iayer conpri ses

pol yi ni de. amonépﬁ@mﬁﬂ@@ha% @ameqt%mswdcsﬁmsldépi &1 §miACH9, wherein said
pol ymer | ayer conprises benzocycl obutene (BCB). 52. The integrated

circui

t chip of daim49, wherein said polyner |ayer has a thickness

bet weef?. 2Tlzndieg@@drrircvibplup ef €1aim 33, widreinisait grglyatee thyer qoowpirisesqivlypmate.

Clam

48, wherein said first via is over said first contact point.

43. The integrated circuit chip of Claim 41, wherein said polymer layer comprises

benzocyclobutene (BCB).

44. The integrated circuit chip of Claim 41, wherein said first via is over said first contact point.

45. The integrated circuit chip of Claim 41, wherein said first via is over said first contact point,

and said second via 1s over said second contact point.

46. The integrated circuit chip of Claim 41, wherein said passivation layer further comprises an

oxide.

47. The integrated circuit chip of Claim 41, wherein said second solder contact has a third height

greater than a thickness of said passivation layer and a thickness of said second metal layer.

48. 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 dielectric layer over said silicon substrate;

a passivation layer on said dielectric layer, wherein said passivation layer comprises a
topmost nitride layer of said integrated circuit chip;

a first contact point on a top surface of said passivation layer;

a second contact point on said top surface of said passivation layer;

a first via connected to said first contact point, wherein said first via has a first height and

a first transverse dimension smaller than said first height;
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54. The integrated circuit chip of Claim48, wherein said first via
I's over said first contact point, and said second via is over said

second contact point. 55. The integrated circuit chip of C aim 48,
wherein said passivation |layer further conprises an oxi de.

a second via connected to said second contact point, wherein said second via has a second
height and a second transverse dimension smaller than said second height;

a first solder contact over said first via, wherein said first solder contact is connected to
said first contact point through said first via;

a second solder contact over said second via, wherein said second solder contact is
connected to said second contact point through said second via;

a first inferconnect line connected to said first solder contact; and

a second interconnect line connected to said second solder contact.

49. The integrated circuit chip of Claim 48 further comprising a polymer layer on said

passivation layer, wherein said first and second vias are in said polymer layer.

50. The integrated circuit chip of Claim 49, wherein said polymer layer comprises polyimide.

51. The integrated circuit chip of Claim 49, wherein said polymer layer comprises

benzocyclobutene (BCB).

52. The integrated circuit chip of Claim 49, wherein said polymer layer has a thickness between

2 and 150 micrometers.

53. The integrated circuit chip of Claim 48, wherein said first via is over said first contact point.

54. The integrated circuit chip of Claim 48, wherein said first via is over said first contact point,

and said second via is over said second contact point.

55. The integrated circuit chip of Claim 48, wherein said passivation layer further comprises an

oxide.
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