METHOD FOR FORM NG HI GH PERFORMANCE SYSTEM ON- CHI P
USI NG POST PASSI VATI ON PROCESS This application is a
continuation-in-part of serial nunber 09/637, 926,
filing date 08/14/2000, which is a continuation-in-
part of serial number 09/251,183, filing date
02/17/99, which is _a continuation-i art of seria
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Field of the inventifdws I 08 ERCLERSr el ates to the
manuf acturing of high performance Integrated Circuit
(ICs), and, nore specifically, to nethods of
creating high performance el ectrical conponents (such
as TS ngudtopfrion thea stpiaioaiagfica-deneshdaét sprial number
substrate by reducing the el ectromagnetic | osses that
09663, A)fpi dallingi deter @8/ 14/ 2N swifiate iof at hentinuation-in-
substrate. (2) Description of the Prior Art. The
pawondf ned aenmphades 09/2 %k, 58 conduet datteo0hndl 68y, iwhich is
to create i nproved performance sem conduct or devi ces
a @&ntiGapaiintiveppitces. sdhi sl elphasi $o0ver, rhe, year sng date
has resulted in 1 extrene niniaturization of
12 SEM1eoduGkan gHeMi €8ScomBéle fossirlee by conti nued
advances of sem conduct or processes and materials in
conmbi nation with new and sophi sticated devi ce designs.
Most of the sem conductor devices that are at this
time being creatggdeyaional Md e RLQEASSHRY di gi tal
data. There are however al so nunerous sem conduct or
designs that are ainmed at incorporating

{1y 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



anal og functions into devices that sinultaneously

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 pnent) is that a nunber of the

conmponents that are used for analog circuitry are

large in size and are therefore not readily

integrated into devices that typically have feature

sizes that approach the sub-m cron range. The naj
esoomrenennsgathat zof far Qﬁ(ﬁﬁﬂﬂq@ﬁ@éCtﬁrt%?%l?%%pé%?k%ﬁﬁmSlble

capaci tors and inductors, since both these conponents
byudﬂnth®Medtypwaa¢eanaﬂc@FWWQﬂﬂﬁﬁﬁtﬁg Erpeesees @pd materials

consi derabl e size. A typical application for inductors
i10fcdird namvent wbnh i sew rand heodhieitd cot efodey hcarodt § ons - Most

communi cation applications that make use of conpact,
oAighr fygguenaycequi peentes Gort muedamnphcsehem¢sbe1mﬁ created

the performance characteristics of this equi pnent has
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Il place continued enphasis on |owering the power
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of the eqU|pnent on increasing the operationa
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progggggﬂg ﬁ¥%éia%res and equipment) is that a number of the

components that are used for analog circuitry are large in size
and are therefore not readily integrated into devices that
typically have feature sizes that approach the sub-micron range.
The main components that offer a challenge in this respect are
capacitors and inductors, since both these components are, for

typical analog processing circuits, of considerable size.

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

continued emphasis on lowering the power consumption of the



determ ned by the values of their inductive and
capacitive conponents, an inpedance that is frequency
dependent, enabling the tuned circuit to either
present a high or a | ow inpedance for signals of a
certain frequency. The tuned circuit can therefore
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ertain frequepncies or to renove noise froma ui t
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signals. The tuned circuit can also be used to forma
(S SEiSedr FREI TT AR dRth CBOYL T WU HE ALEPed BnhR eCBpa Lo OF
the circuit and to thereby counteract the effects of
sl Firequenpdci Rahcaarthbte st ¢ Hamerdf facgpr eantain a number
One of the problenms that is encountered when creating
af istucesd eanppresis f ararafor Lawmeredtdadt or typical RF
substrate is that the self-resonance that is caused
Bynptlhe igar asi i tucapaci tante Hetwesmtaies( ¢pingk)veg and
i nductor and the underlying substrate will limt the
uspagfittive comductots atTimeh ¢ requencifesn, Asepantieot on and
the design of such an inductor it is therefore of
idqentanee be crducglide sapactit viemdwraupki agdbebpeentive
the created inductor and the underlying substrate. At
R gp dnle@guenahesmpé hign € eeh s Onpgnetd dudnicel debBatiehs, enabling
generated by the i1nductor induces eddy currents in the

e rdutleRd cSikkL§ONt SUBSERaE epr StdYee 4 N o8l birCanlow impedance
substrate is a resistive conductor, the eddy currents

Wdd GORSURBGf a certain frequency. The tuned circuit can
therefore either reject or pass and further amplify components
of an analog signal, based on the frequency of that component.
The tuned circuit can in this manner be used as a filter to
filter out or remove signals of certain frequencies cr to remove
noise from a circuit configuration that is aimed at processing
analog signals. The tuned circuit can also be used to form a
high electrical impedance by using the LC resconance of the
circuit and to thereby counteract the effects of parasitic
capacitances that are part of a circuit. One of the problems
that is encountered when creating an inductor on the surface of

a semiconductor substrate is that the self-resonance that is

caused by the parasitic capacitance between the (spiral)



el ectromagnetic energy resulting in significant energy
|l oss, resulting in a low Q capacitor. This is the
mai n reason for a |ow Q value of a capacitor, whereby
the resonant frequency of 1/'I(LC) limts the upper
boundary of the frequency. In addition, the eddy
currents that are induced by the inductor wl|l
interfere with the performance of circuitry that is in
cl ose physical proximty to the capacitor. It has
already been pointed out that one of the key

onent are used in cre h .f.requ y
éﬁ 6h° %ﬁérghﬁnﬁﬁﬁﬁfigéQGCEEB Qr?%% %H% uéfg}%t%%% use of the
forns part of an LC resqgnance circuit In vj ew of th
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sem conduct or devices and the therefrom f%{ ng scitive
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creation of the inductor nust incorpora
SPHPALBAL POFNRAN e WEAfACe 1aFEE Phat? tfi‘i‘ed{ﬂdree‘&yflé‘rg
the inductor, while at the sane tine nmaintaining a
wivgt@atval ue for the inductor. Typically, inductors
that are created on the surface of a substrate are of
a spiral shape whereby the spiral is created in a
plane that is parallel with the plane of the surface
of that BubstfetguerComenttitenallenbrhvdgnehbe Breldswrt is
to create the inductor on the surface of a substrate
suffentsaveyathe | imitatdonsidudest edidghc@r raduet or sthe
formpart of a hybrid device configuration or of
Mowelilthhg M Ttoewaveuddtegreat ednCer cukt sil{dbh GH)storate is a
are created as discrete conmponents, the creation of
WhisGR i §enebnigatht y 1y egiat ahblreennbowallypooalne

process of.

electromagnetic energy resulting in significant energy loss,
resulting in a low Q capacitor. This is the main reason for a
low Q value of a capacitor, whereby the resonant freguency of
1/¥(LC) limits the upper boundary of the frequency. In addition,
the eddy currents that are induced by the inductor will

interfere with the performance of circuitry that is in close

physical proximity tc the capacitor.

It has already been pointed out that one of the key
components that are used in creating high frequency analog
semiconductor devices is the inductor that forms part of an LC
resonance circuit. In view of the high device density that is
typically encountered in semiconductor devices and the therefrom

following intense use of the substrate surface area, the



Integrated Circuit manufacturing. It is clear that, by
conbining the creation on one sem conductor
nmonolithic substrate of <circuitry that is ained at
the functions of analog data nanipul ation and anal og
data storage wth the functions of digital data
mani pul atiqn and digital data stora nunber. of . .
CEFERITT CHnt DavARTEG8E BHRC be" Sk B SlfoR it zation of
advant ages incluyde the reductiop of manufacturing, .
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conmbi ned functions. The spiral formof the  inductor
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substrate however results, due to the physical size of
Typecathtudrstuctorspahasi ere %5%%&?@éﬁbé§“bé%%€@ﬁetﬁé a
i nductor wiring and the underlying substrate and .
sehawseat el dmagietire lefbrpy B¢ sthien srHgcal is created in
underlying resistive silicon substrate. These
apalad tilvtcdpaciaradded Wavk bheseplous afeddrs \ardffcgcpt the
on the functionality of the created LC circuit by
ssharpl e r dduoieng ithe 1 frecqoéacyhof awsonanta ofcaehge the
tuned circuit of the application. Mre seriously, the
inddcicd Orergener ated aeleeotfr amaghetretd i iftfemiddveanmaduce
eddy currents in the underlying resistive silicon
1subsitadres . oalss My gk © gRubiccant e Qe oSS tdhatybrid device
results in low Q inductors. The performance paraneter
cOhf Bt UG Oy ioF MeRbcakhyc kndisaded 1rsddietQenlditruits
(Q factor of the inductor. The quality factor Q of
(BT ENAUCEOra des defitRed 28S Qs or E84 BomMittld) ESd Sreation of
the energy that is stored in the reactive portion of

whben companend iy € kL g8 tEhee eNF @Ya thali dSl | RYcdsk of
the reactive
Integrated Circuit manufacturing. It is clear that, by combining
the creation on one semiconductor monolithic substrate of
circuitry that is aimed at the functions of analog data
manipulation and analog data storage with the functions of
digital data manipulation and digital data storage, & number of
significant advantages can be achieved. Such advantages include
the reduction of manufacturing costs and the reduction of power
consumption by the combined functions. The spiral form of the
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



portion of the component. The higher the quality of
the conponent, the closer the resistive value of the
conmponent approaches zero while the Q factor of the
conponent approaches infinity. For inductors that are
created overlying a silicon substrate, the
el ectromagnetic energy that is created by the
i nductor will primarily be lost in the resistive
silicon of the wunderlying substrate and in the netal
lines that are created to formthe inductor. The
quality factor for conmponents differs fromthe
leRRas ty that UPECRLEIRT at oo S0 FITLEEPR OP°7 bE0Rat or e o
For conponents, the quality factor serves as g neasure .
Pafagifd 6 CHRPFLYABESE hed Yot t3hiTce YonPAE Ehstebtancy) ¢
of the conponent, which can be degraded due to th
fuest istiald tyi PEcbhesapatred 6:C THE N Es PYt SRREP OY ffidicing the

metal lines and dielectric |osses. In an actual , ,
£ comfdrgur atfi orsorhare af ethe ek Giie ChyspEafhe application.
resistors that will dissipate power, thereby

Maee reasioug Liyhe tpewenduhaer capne it adecdeetsgragpgtic field
quality factor Qis dinensionless. A Qvalue of .
wiI BairefudehaidiO@uirsenbasideried weter lyiigh Fepidrsveesdlicon
i nductors that are nounted on the surface of Printed
sGhicttite, Bearsdsg Eosipntlfictans dhatgyf domspahktofeanlts in low
integrated circuit, the Qvalue is typically in the
of ah@e-thstaveen about 3 and 10. In creating an inductor
on a nonolithic substrate on which additiona
sem conduct or devices are created, the parasitic
capaci tances that occur as part of this creation |imt

the_ﬂ@@gkﬂﬁgg%&%d%fpEQQmGHEroéf 4 equrids 1t Hat topachely
achi eved for the inductor using conventional silicon
i9595§§§?%x;Rﬁkﬁddaﬁh&?thgﬁ factor of the inductor. The quality
factor Q of an inductor is defined as @ = 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 gquality factor for components differs

from the gquality that is associated with filters or resonators.

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



is, for many applications, not acceptable. Dependent

on the frequency at which the LC circuit is designed

to resonate, significantly |arger values of quality

factor, such as for instance 50 or nore, nust be

avai l able. Prior Art has in this been limted to

creating values of higher quality factors as _separate nt
BNELSY SRACPR FREGHFAT i foSe SLaBAPAPRCGN D5 Wit K omponent,
the surrounding device functions. This ne aﬁes t he

&Ov-&ht 88BSPENEEIT AR B D BCaithéd r\ﬁﬁéﬁt&é{?ngl pgon substrate,
monol i thic construction of 7 creating both the

itheueesi saaacehel stire digiding 10w 684 ohcoRetrafdleeres. In an
same sem conductor substrate. The non-nonolithic _
appredchoafsouhatiohe dherd\vast ageaivascagdPhydharl resistors
wring is required to interconnect the sub-conponents
¢hatheiadsdmbbypateheredy, dgainebivntecdgeisngoadbit povey that can
parasitic capacitances and resistive |osses over the

ibat eecomaeetli. nhwi ghapi tetfsrdor Foris geamensfiothess. A Q value
applications of a RF anplifier, such as portable

hat weey tpewenad appl isatéonisie pawere rgonsighpttioondiscagte

a premium and nust therefore be as | ow as possi bl e.
Byichi2icsirBg thAe ReWEhouSORS WtdeN surTaef fegctreiated Circuit
parasitic capacitances and resistive power |oss can

bR Rkt @bky 16anpensat edst btdrd hene ae ad iiMitkathess circuit,
to even this approach. These problens take on even

g:rh%abegfa_lﬂﬁge@_%ytgﬁﬁgaibﬁ {RPIrL ©XRANS it e Mab8l1€SS and 10.

applications, su as portable tel ephones and the
like. Wreless conmmunication is a rapidly expanding
mar ket, where the integration of RF integrated

Circu&%ScE%anﬁ ogntEgdgg§$r.4ﬁu§”ﬁéﬂglfgﬁﬁd %@%%%ragﬁeon which
of thé approac ds’s 't 0 signiticantly

additional semiconductor devices are created, the parasitic
capacitances that occur as part of this creation limit the upper
bound of the cut-off frequency that can be achieved for the
inductor using conventional silicon processes. This limitation
is, for many applications, not acceptable. Dependent on the
fregquency 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 guality factors as
separate units, and in integrating these separate units with the

surrounding device functions. This negates the advantages that

can be obtained when using the monclithic construction of



i ncrease the frequency of operation to for instance

the range of 10 to 100 GHz. For such high

frequencies, the value of the quality factor obtained
fromsilicon-based inductors is significantly

degraded. For applications in this frequency range,
nmonol i thi c i nductors have been researched using ot her

than silicon as the base for the creation of the

i nductors. Such nonolithic inductors have for

i nstance been created using 8 sapphire or GaAs as a

base. These inductors have considerably |ower
supstiagebPelsERe tisnativei Arei FPeoR EBUMEI FRAT 1Gs °on one
eddy current, hence no | oss of electromagnetic _ |

endr Ghp andet PR EFOTRICIITOVIEE LFAER - hf yheporymonolithic

i nductors. Furthernore, they have |ower parasitic .
egpaciathnesésantk s herefdredyeoticde Ahgherddelpiency’iring 1s
operation capabilities. Wiere however nore conpl ex
appliicati oosinaeecomuuit dhe shd-geadonentd ekiths ggpemnbly,
create inductors using silicon as a substrate. For
thesebappbikcat i onsodidinapucdacknefl pasamgtac bameacitances and
mat eri al other than silicon has proven to be too
cWxhersose1vbbbe dosr ii1sd ante rGaAsecas iagmedr imy frostwdek. For
creation of sem conductor devices is as yet a
teehinbgaknehapbengerihad omeeds kapheraddr essed. ad tpdstable
known that GaAs is a sem - insulating material at high

fHa%!é?c%b%%er_é@%ﬁﬁ;ﬁDQcéﬂﬁon@,' ?ﬁﬁie@”@6ﬁ@bh§th@§sﬁ§ dhad premium
are incurred in the surface o he GaAs substrate,

ther ehy i ReEeashng the, Q val ue %%s%ﬁ%lEDdEQtQQising the power
created on the GaAs surface. Ga RF chi ps however are

%ﬁﬂ@ﬂﬁ&%%on@ QEQCQ??e$@§IofxﬁéfﬁgﬂﬂlctQ@pH%@tQBCQ@A§n&¥ieSistive
chips "therefore offers the benefit of cost advantage.

power loss can be partially compensated, but there are
limitations to even this apprcach. These problems take on even
greater urgency with the rapid expansion of wireless
applications, such as portable telephones and the like. Wireless
communication is a rapidly expanding market, where the
integration of RF integrated circuits is one of the most
important challenges. Cne of the approaches is to significantly
increase the frequency of operation to for instance the range of
10 to 100 GHz. For such high freguencies, the value of the
quality factor obtained from silicon-based inductors is
significantly degraded. For applications in this freguency
range, monolithic inductors have been researched using other

than silicon as the base for the creation of the inductors. Such

monolithic inductors have for instance been created using



A nunber of different approaches have been used to

i ncorporate inductors into a sem conductor environnment
wi t hout sacrificing device performance due to
substrate | osses. One of these approaches has been to
sel ectively renove (by etching) the silicon
underneath the_i nductor (u5|n nmet hods  of Cro
FEERPHRgPT PRBFeBY 7 StRAA NG Gotgie Pas| BETgeonsiderably
energy |l osses and parasitic _effects. Another nethod
hR¥eheBHDESTaER AOFETDI 2N FPeid & Leea cPsDERTRATES (no eddy
al um nunm) interconnects or of copper danascene
CHESEESANBERSE TP hEPsapp cdEfdd Hapasidedeachpyh and therefore
resistivity silicon substrate thereby reducing
pesivétieveurbsbéghen @ hendidticgon RubsEracse, ReBegthaee lower
substrate |l osses in the surface of the wunderlying

sarsshidtie feparatdont namt Hreotediorien rdetvedei hiighet hBr€uency
val ue of silicon inductors. Further, biased wells have
beematprapespdbihdet aeatWher s piowadveoomduwet copplilksapplications
again ained at reducing inductive |losses in the

sukf aequotretihetRubstc@t i A g canpleaxaapploacbtbas using
been to create an active inductive conmponent that

siimdl-ahes st Besaheetat€al rdyr apeydd eprafi Rt iohBdUEher a@sroach of
it is applied in active circuitry. This latter

}RRHGAGN HQWeNEE < FeSUI d6nd N dHAD POVRIGLORSUBRELEA BY be too
the “sinmulated inductor and in noi se perfornmance that

ISiribRaceRRE ahk Qe EQE | oW povierGaAd AL TS GAUERGY for the creation
applications. Al of these approaches have as conmon

Qb eehli ¥8%4 Et‘é?hé ge.dhe; gual ify (a@te&%%%lpghghfenge that

i nductor and to reguce the surface area t
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1nsulat1ng 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 GalAs surface. GalAs RF chips however are
expensive, a process that can avoid the use of GaAs RF chips

therefore offers the benefit of cost advantage.

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

silicon underneath the inductor (using methods of micro



consideration in this respect is the el ectromagnetic

energy |osses due to the el ectromagnetic i nduced eddy
currents in the silicon substrate. 10 Wen the

di mensions of Integrated Circuits are scal ed down,

the cost per die is decreased while sonme aspects of
performance are inproved. The netal connections which
connect the Integrated Circuit to other circuit or

system conponents becone of relative nore inportance

and have, with the further miniaturization of the IC

an increasingly negative inmpact on circuit

pechériaace. tharrb paresiting éébééFPEﬁC%e%&ﬁF%%%n%ﬁgﬂﬂﬁelosses
of the metal interconnections increase, which

degr adesst hec chif frger f dmraiecs metgAffheanesn ¥ Yissfultiple
concern in this respect is the voltage drop along the
dewersand geobahd(dusesarduwhieuRC defaycofnedies or of copper
critical signal paths. Attenpts to reduce the
ldasiastaneeibyertshmg-td .der netal lines result in

hi gher capacitance of these wres. Current techni ques

for building an inductor on the surface of a

sem conduct or substrate use fine-line techniques

wher ebyhtheappatietioss i1 s enteeld aundeh aekayetvofy silicon
passi vation. This however inplies close physica

RILDEFatY BREVESY FdluciGifaleed sith@dclorsapditihehe silicon
surface of the substrate over which the inductor has

%%%@t%%@t efe(iypigaldvbd @t d haR sl BA) cheesubtidg of the
in high electro-magnetic |losses in the silicon

3%?%%ﬁ§%ﬁ?m@bﬁgtré9etfgfhréﬁﬁgﬂf%&d% FedUS-NYnt e Qmining the Q

he 1 nductor. By increasing the distance

Q%hﬂ@?%ftQ?lh@chig&uéggkgJ"%urther, 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 ccnsumpticn by the
simulated inducteor and in noise performance that 1s unacceptable
for low power, high freguency applications. All of these
approaches have as common objectives to enhance the quality (Q)
value of the inductor and to reduce the surface area that is
reguired 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.

10



sem conductor surface, the el ectromagnetic field in

the silicon 11 substrate will be reduced in reverse

proportion to the distance, the Q value of the

i nductor can be increased. By therefore creating the

i nductor overlying the layer of passivation (by a

post passivation process) and by, in addition,

cr eat RGNt Hee dHERRT MR &t HEtsarprage bFra i Acs ayfertes donn.
of dielectric (such as a polyner) that is deposited
theadhetedenvere t e damfeacedofivhg le| gpap appects of performance
passi vation, the Q value of the inductor can be

amer éapedvedin Adeindor, dppresivigns dbighdcenhekt ngtal Integrated
for the creation of the inductor, the parasitic .
casicatance bsheeducediit Fhe gystesssopbonhstenvepthomef relative
applies these principles of post passivation inductor

gbeat iapowhbheet fied i okt ori trs tereedtuiedhen mingafgkization of

| ayer of dielectric using thick and wi de netals. US
5n21204036Nakanishingshawsy £ ined Hagbaeft bar piinguwnk rpegformance.
connections both inside and outside (in a wring
suRsthake1ever capheiehidy £l @diogamcel bEUEhe metal

depending on the length of the wire connections. US

321 OPBCERRARA, i dbrefle Alwni SHQWSy @ Rl HEEUERIY bBrformance

an insulating |ayer between the integrated circuit
i Ghi WhE substrate. i A st rihuki-enikeade voltage
%Bg%ggggakﬁgybg%giﬂgspads of fhe Ié to the bondi ng

RAY %Eogggtﬁ%?ééﬁg%Ean&Eﬁé?@§§ﬂ§Q£%ﬂ%ﬁgp§%edhﬁcB@§§§ of the

an exten i on sen conduct or structure
t hat .al l.ows nmanufa %ure to i ntegrat ci,kcuitr

; . h% E Ystance b
St the Lenrp BoLRTAr t RETRCT orei G U S Kie Frrhe v
using wider metal lines result in higher capacitance of these

wires.

Current technigues for building an inductor on the
surface of a semiconductor substrate use fine-line techniques
wherepy 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 um), resulting
in high electro-magnetic losses in the silicon substrate which
in turn results in reducing the ¢ value of the inductor. By
increasing the distance between the inductor and the

semiconductor surface, the electromagnetic field in the silicon

11



mul ti-layer wiring decal on the support substrate and

over the <chip. However, this reference differs from

the invention. US 5,106,461 (Volfson et al.) teaches a

multi layer interconnect structure of alternating

polyimde (dielectric) and netal |layers over an ICin

a TAB structure. US 5,635,767 (Wenzel et al.) teaches

a method for reducing RC delay by a PBGA t hat

separates nultiple netal layers. 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 _
61068r202 (A} orel @dued ighsryeashePT XCPRELRR dr0 Udiengistance,
two netal layers connected by vias. US 5,372,967
tBenfaraimet ofl the dimbidsas canheki knEhdaetdr ByuSsrefore
'576,680 (Ling) and US 5,884,990 (Burghartz et al.)

shrewt ioghehe hehdwctodunteorl ydegi ghs. 1d8e SUMVARYS OFvatHRen (by a
INVENTION It is the primary objective of the invention

to@ sitnpaey eviheon Rbr pardOr raric &yef 1hi ghdPeidor neneeting the
Integrated Circuits. Another objective of the
iimeeRtbenohsthe provice & netthadk fapethefcaeatéorriof (such as
a high-Q inductor. Another objective of the invention

IS pod vieRh agBat hes G@ASos P oM bAnarsil been €hé ps@State of a
base on which a high-Q inductor is created. Yet
anglhenrophest ¥ eiof, the inventi-onri $hto;ipaLendr téen be
frequency range of the inductor that is created on the

SWSRG8q0f 18 ShhieP SURSt LS wide and thick metal for the
creation of the inductor, the parasitic resistance is reduced.
The process of the inventicn applies these principles of post

passivation inductor creation while the inductor is created on a

thick layer of dielectric using thick and wide metals.

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

connections.

Us 5,501,006 (Gehman, Jr. et a].) 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



It is yet another objective of the invention to create

high quality passive electrical conponents overlying

the surface of a silicon substrate. The above

referenced continuation-in-part application adds, in

a post passivation processing sequence, a thick |ayer

of .dielectric over a layer o assivatipon and | ayer.

SET AP RRO SR (R TR nad RS LB er S HE T i heegrate
| ayer of dielectric. The 14 present jnventipn extends 1
FhRECEbBYE PR REnded Tomt ibﬁagfﬂ%h-eﬁnbyp PIMERDIT cAtitod

by in addition creating high quality electrica

BHrpoNeAYRr wieknaclenitl fBush6r SUBPRApat PR r e £nd over the
resistor, on a |ayer of passivation or on the surface
chig-t HperRveayethof wifdrencei eiffaradarerohiet avention.
process of the invention provides a nethod for

nmounting di screte passive electrical conmponents at a
significant distance renmoved fromthe underlying

silicth SutPécesl BRIGCHE DESCRI BT ONtEECHEHE DRAW NGSLayer

Fig. 1 shows a cross section of the interconnection
dehemeonnéct het redenenced dortrinattanicopel pipade (dielectric) and
application invention. Fig. 2 shows a cross section

altan exyensi Oveofah hec ref er aneed teoptiupuat i on-i n- part
application whereby an inductor has been created on

the surface of a thick layer of polyinmde. Fig. 3

shows a top view of an inductor that is created

fol | owkng, the, peocessn Al tdie diNvertia@ResFadme4h88096r areducing
cross section of a substrate and overlying |ayers, an

iRRdUet 9 Bas, begaa Creat etk A 4e snkage cOhedal higkers.

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

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

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

two metal layers connected by vias.
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.

13



| ayer of polyimde, a layer of ferromagnetic materi al
has been 15 added to further insulate the inductor
fromthe underlying silicon substrate. Fig. 5a shows
a cross section of a sinplified version of the
substrate and the layers that are created on the
surface of the substrate using the processes of the
referenced continuation-in-part application. Fig. 5b
shows the cross section of Fig. 5a, an inductor has
been added above the |ayer of passivation. Fig. 6a
shows a cross section of a substrate on the surface

of which has been depd8iARdd OF [FHFerNBENBESY| vation, a
capacitor has been created on the surface of the

| ayer of passivation. Fig. 6b shows a three

di rensi onal view of an inductor that has been created
on t hétsisfalee ©figyvayped e6f ipassf valrt ol 1At Qe di Agprove the
vias in a thick layer of polynmer. Fig. 6c shows a

RAT pexrtioneas¢onaf HigwFefr fanrpandacioteyhated Hasr dyddis .
created in a thick |ayer of polyner that has been
deposited on the surface of a thick |ayer of

pol yimde. 16 Fig. 6d shows a top view of the |ayer 20
on thenstihéaceoDéct Wi &It ahei nduehoiohass beerpreateed. method
Fig. 6e shows a cross section of the structure of Fig.
6dr tnkeprabongntde d imerbe aduotoFig. 6d. Fig. 6f
shows a three dinensional view of an inductor that

has been created on the surface of a |ayer of

passi vation, the

Another objective of the invention is to replace the GaAs

chip with a silicon chip as & base on which a high-Q inductor is

created.

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

of a silicon substrate.

It is yet ancther objective of the invention to create high
gquality passive electrical components overlying the surface cf 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 passivaticn and layers of wide and

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

14



i nductor has the shape of a solenoid. Fig. 6g shows a
top view of the inductor of Fig. 6f. Fig. 7 shows a
cross section of a substrate on the surface of which
has been deposited a | ayer of passivation over which a
thick |ayer of polyimde has been deposited, a

capaci tor._has, ,been created on.the surface of the_. . .
BBy By B BBl S RPHE e PHp o e o4 corgds ekt puge ton-in
of a substrate on the surface of which has, been, . .
FEFGs PPRE &3 afBr LB IR Va0 o5 e 27118‘? IHaL beenectrical
created on the surface of the |ayer of passivation.

FCYP oY 8k s SHEr 8352 eIV VP & SEHSGLECE 6h he®sistor, on a
surface of which has been deposited a | ayer of

paysity &L BASELERTHAN T 1 IThe Huakacay e &f tporyi hfuer of

has been deposited, a resistor has been created on

tHe lsgifrace &f pHElthbek Yy arrasfessolofi fihge inEpgtiqp provides a
shows a cross section of a silicon substrate on the

swthade fofr whichingdissrettee alattinicalecdmponéntohpgnents at a
been nounted, contact balls are used whereby the

diigtrdrideabet ieehahhe roudrsdd afranthda hedelrégtingcalilicon
conmponent is of a significant value, a thick |layer of
painfiadede has been used. Fig. 11 shows a cross section

of a silicon substrate on the surface of which a

di screte electrical conmponent has been nounted, thick

contact balls are used whereby the distance between

the substrate anthgmemlestrireal ceormenentwincof a
significant value, no | ayer of polyimde has been

used. DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS The
refer%ﬁgedlcgﬂbhgugtbPQéér%é@ﬁfoﬁ“ﬁ%'6%3'5%%@&%%%H%§t§5n scheme

of the referenced continuation~in-part application invention.

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

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

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

following the process of the invention.

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

layer of polyimide, a layer of ferromagnetic material has been

15



Integrated Circuit structure where re-distribution and
i nterconnect netal |ayers are created in |ayers of
dielectric on the surface of a conventional IC A

| ayer of passivation is deposited over the dielectric
of the re-distribution and interconnection netal

| ayers, a thick layer of polynmer is deposited over
the surface of the |ayer of passivation. Under 18 the
present invention, a high-quality electrical conponent
Is created on the surface of the thick |ayer of

pol ymer. The inventiqgn addresses, anong others, the. .
BHEAT o DI HIFY (UGS WAEr CBYLT I sadre Mgdga1ying
creating an inductor of high Q value on the surface

6f 1 AcQend Hotidirdi®r substrate using nethods and

procedures that are well known in the art for the

creation of semnmi conductor devices. The high quality of

the inductor of the invention allows for the use of |

this Fhaluctorshars ki giroBregacheyn appld catironis i [version of
incurring mninmm/l oss of power. The invention

tbet hebs addresses e laveasi bhabfare eupledd om dhg gurface of
resistor on the surface of a silicon substrate

wher eblys t heteraiai abjtéet iprecgetes hef prloe esst ofergrasht i ng

a capacitor and resistor) is to reduce parasitics
thbatianet idypicaddyt iapguriredibyi. t hese conponents in

the underlying silicon substrate. Referring now nore
specifically to Fig. 1, there is shown a cross

section of one inplenentation of the referenced

appl i eaki ogy JhessurdfaceRfs sekkeon sobsigat®a 1Ghasmductor has
been provided with transistors and ot her devices (not

$REWN, kAl Goove the layer of passivation.

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

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

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

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

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

deposited on the surface of a thick layer of polyimide,

16



1). The surface of substrate 10 is covered by a

dielectric layer 12, layer 12 of dielectric is

t herefore deposited over the devices that have been

provided in the surface of the substrate 19 and over

t he substrate 10. Conductive interconnect lines 11 are
provided inside [ayer 12 that connect to the

seni cBhauctdrsheleyi T don Nae haietbeeha prbvi dedf i ths rorface of
surface of substrate 10. Layers 14 (two exanples are

ghowh) anepndgsenor dtds dfearheregtedl | ayers and

dielectric layers that are typically created on top

of the dielectric layer 12, layers 14 that are shown

in Fig. 1 may therefore contain nultiple |layers of

di el eELgi c6orshomsud atians ardttibe bifkeéhecohduetiye of Fig. od
i nterconnect |lines 13 nake up the network of

ebRehr ktahgconaetihonte tdwdt odr #igreatied throughout

| ayers 14. Overlying and on the surface of |ayers 14

are points 16 of electrical contact. These points 16

of electrical contact can for instance be bond pads

that esfabkEsBhohibes eli9edd idG@erisibakgorneat st ant eductor that
transi stors and other devices that have been provided

st BEegULEage0f of hensubptaRle o£10. 1EReSecPOpRESI®Ation, the

contact 16 are points of interconnect within the IC

qLL3ResIeNL st AL DBRed. to- be JUrdhsly connected to

surrounding circurtry. A passivation |layer 18, forned
of for exanple silicon nitride, is deposited over the
surface of layers 14 to protect underlying | ayers

fromnoisture,. contam nati.o te._ T st.eps;Qf ¢
t he aggge ggfépgﬁée%n%%%fY%% fﬁitﬁgbﬁgﬁhﬁﬁ¥ﬁ %ge if
deposition of a thick layer 20 of polyimde that is

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

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

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

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

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

17



20 deposited over the surface of |ayer 18. Access nust

be provided to points of electrical contact 16, for

this reason a pattern of openings 22, 36 and 38 is

et ched through the polyimde [ayer 20 and the

passi vation |layer 18, the pattern of openings 22, 36

and 38 aligns with the pattern of electrical contact

points 16. Contact points 16 are, by neans of the

openi ngs 22/36/38 that are created in the |ayer 20 of
pol yi m de, electrically extended to the surface of

| ayer 20. The above referenced material that is used

frbi ckhéaydeposipd oniwidd &per been| depos yiedlded idfdstor has been
material that can be wused for this layer is not

lcdreeted bo po¢yswitheccutt chr tbhathi hayanyobfpalhankisewn
polynmers (SiCl xOy). The indicated polyimde is the

preferred material to be used for the processes of the
invention for the thick layer 20 of polyner. Exanples

of peliyoers thats cancdesusedtana sfl hcohbjiceardongtrate on the
fluoride, «chlorides, oxygens, parylene or teflon,
peh¥eaebenalri (PG ,diolatst enener(PS), cpabynxiitensPlkeen

poly pol ooxi de (PPO), benzocycl obutene (BCB)

Rlogekeh¢akosontacta Wid hddh@seantiaetcpoi bhe dfs €W tween the
be established by filling the openings 22/36/38 with

3BQRAUEEI ¥Ra PRI &Li&leritha (eRpsHEhaces &4 OfsidieS@ cant
nmetal conductors that are contained in openings

22h 36/ 38 ‘Eﬁ@cﬂoy\é{?@r used, 1QfiGeRrnecki gRAf y2dgthe 1C
toits environnent, and for further integration into
the surrounding electrical circuitry. This latter

statenent is the

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
intexconnection metal layers, a thick layer of polymer is

deposited over the surface of the layer of passivation. Under

18



sanme as saying that sem conductor 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
conmponents and circuitry. Interconnect pads 26 and 28
a{e fornmed .on top. of surfaqge 24 of th

pe

eﬁ%onne§i§n€§HFéPHed in ‘Fﬁdgwéf %ggrlcal gomponent is

These and 28 c e of_ any .desi

AP e aDe S LTEaCEbdaTe W iy fduPe HEsF gn

reqU|renents. A pad can, for instance, be used as a

flip chip pad. Other pads can be used for power

di stribution or as a ground or signal bus. The

foIIoﬁWﬁ@Jjﬁﬁﬁﬁé@Pléﬁgrééﬁesfowmﬁﬁéﬁﬁﬁﬁe"béhﬁaﬁéeFBlon of an

the pads shown in Fig. 1: pad 26 can serve as a fli .
NP s, Pegeky chs sEPleshs B M igrediiipgpad éﬂdeagor of high

be connected to electrical power or to electrica

g dlidicoront dhen seirdecei edl a ssghktonlisct Fhendsitgasg using

relati on between the size of the pads shown in Fig. 1

amechidres ssupgestediupessihbe efectel tadinwonnectthengriofor the

whi ch this pad can be used. Pad size and the standard

ratesst iand afestaniictononstof deviects i CBle dirguiduadesivgnrf the

determ ne the electrical connections to which a given

pacihengs dft seld .inThkatfiohl ani ogs cosmetiis u=d atfe thd st heductor in

size and the nunber of the contact points 16, Fig. 1.

Berauser 4 iese\C oipactap@bAt Swh22e 16n@ner o atied ram tlops of
of a thin dielectric (layers 14, Fig. 1) the pad size

CoRot . bend 0G JeHtd@nSiFlgenar| angee Padls Stze Ddadsn of a
mnth it a large capacitance. In addition, a |large pad

Sé&SaMddr drY earfz%rses%trhohhehéoyumec@&p@ta |9t @ substrate
that |ayer of netal.

whereby the main objectlve (c¢f the process of creating a
capacitor and resistor) is to reduce parasitics that are

typically incurred by these components in the underlying silicon

substrate.

Referring now more specifically to Fig. 1, there is shown a
cross section of one implementation of the referenced
application. The surface of silicon substrate 10 has been
provided with transistors and other devices (not shown in Fig.
1). The surface of substrate 10 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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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 ratio of about 5 is acceptable
for the consideration 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 pmto 30 pm the
exact size being dependent on the thickness of |ayers
18 and 20. The referenced application does not inpose

| jmitati h f tact pad .
B et AR R R S R PR Sy cbes 11 are
K desi ' ts. L 18.in Fig. 1
e Ty T L Sl Y SR TarE toThat npepfeortuctor

frequently used passivation |ayer in the presen

SeAEes tORE BRYSi Rep ¥ KifthriCe FPEVBUT PEEYD) * oXife-rate 10
and nitride. In creating |layer 18 of passivation, a

| ayer of approximately 0.2 pm PECVD oxi de can be

deposited first followed by a Ia¥Fr of approximately

0.7 prhayiesi dé. (PagsEXAR o [afersnpgn)j gepepgent all of the

i nportant because it protects the device wafer from
msitstludevand Roflefgnl¢obr tontaafinsattihern. aFgetypically created on
positioning of this 23 | ayer between the sub-m cron

prage ess thef dibéerhtegrbted cid cuiayersadd thet are shown in
tens-m cron process (of the interconnecting

reeitcal i1z akiyonhestfouce uce)taisn ofuloriigdliecdlayiempopfadtelectric or
since it allows for a cheaper process that possibly
hiassJlesd ost bhAgent tlean ¢@omctrieguiirererbantot Lhees 13 make
process of creating the interconnecting netalization

Sip utieUhetwhageb 2018t alddl cdorpalapirmsdic@beChkbeCcreated

| ayer (for exanple

threoughout 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
1C. These points of contact 16 are points ¢f interconnect within
the IC arrangement that need to be further connected to
surrounding circuitry. A passivation layer 18, formed of for
example silicon nitride, is deposited over the surface of layers

14 to protect underlying layers from moisture, contamination,

etc.

The key steps of the above referenced application begiln

with the deposition ¢f a thick layer 20 of polyimide that is
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polyi m de) that have a thickness in excess of 2 pm

(after curing). The range of the polyner thickness

can vary from2 pm to 150 pm dependent on el ectrica

desi gn requirenents. For the deposition of |ayer 20

the Hitachi-Dupont polyimde HD 2732 or 2734 can, for
exanpl e, be used. The polyi m de can_be _spin-on coated .
dFHCEHERY. OV e?h%p‘ftﬁ:fg%ec@ét LAGSTt he- pBFyPRT dEisTiqg provided
be cured at 400 degrees C. for about 1 hour in a

vacnaimbs Ohi ¢ keogen eabiwmtackor 6a £RAFCckBES| B§RdTODa pattern of
polyimde, the polyimde filmcan be nmultiple coated
apdnéuged?22 And6 hend n3d erd altchidt thanubk tbedrebyEridn daver 20
| ayer 20 is the polynmer benzocycl obutene (BCB). This

pokynee pssatvahisntlamger dénmmehei akkyepnodicedebing®or22, 36 and
i nstance Dow Chem cal and has recently gained

ascept.ansewi oh behasedt i et edd edkcttypicedl copokyt npadints 16.
application. 24 The dinensions of openings 22, 36 and

3Bnhave poentouskyardeay dicsaiss s€d th&hepdhntiensi o/ 6/38 that
the openings together with the dielectric thickness
dekecriReelihenaspect ayat i 20 ff he yaperdiengelethbeiaspegtextended
rati o chall enges the via etch process and the netal

fiol khRgsGapabL! btyi1aJbi spd eads to a diameter for

openings 22/36/38 in the range of approximtely 0.5

pmto 30 pm the height for openings 22/36/38 can be

in the range of approximately 2 pmto 150 pm The

aSpeC#h%aEiong?f r?ﬁ@%H&éd.ﬁ‘!e%g{agﬁ trS 08 gred $HENtne

that fil'ling of eviaw can be
acconpli.she he_Vvia,c illed wth mebak ot b
PR SHCRr TREY 20000 R0 Wil ¥R TRl At pac can be

ms%%e%brm%hgsalayer is not limited to polyimide but can contain
any of the known polymers {$iC1,0,). 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 polcoxide (PPO),

benzocyclobutene (BCB).

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

contained in openings 22/36/38 can now be used for connection of
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damascene netal filling process, with electroplating

copper, etc. The referenced application can be

further extended by applying nultiple |ayers of

pol ymer (such as polyinmde) 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

| ayer of polyimde on top of the previously deposited

| ayer 20 and overlaying the pads 26 and 28. Sel ective
etching and netal deposition can further create

&8¢i £Cohal 1edneacirpoiaitts endt Rerstefbloer ofniaradd@dndnto the
| ayer of polyimde that can be interconnected with
padsopsdand e2ectAddit icomalbitayer 8hos pakyew deat@ygnt is the
the thereon created 25 contact pads can be custom zed

tsema par tkgihar tlappl dagwtdoonzcthe dendteat ek exiasmsibeen

of multiple |ayers of polyindes greatly enhances the
flrexiibeti Ly and sisefadeaneds sobstheteefléreagedvia the conductive
continuation-in-part application. Fig. 1 shows a basic
deskgroadvants agenoditdie irefopeenaed 22/36/38, be further
continuation-in-part application. This advantage

alohews tkar + subnr AdbER@IM Predrpd@ehiBeandt Batchiutry N If@rconnect
i mredi ate vicinity of the netal layers 14 and the

QRkack BARNLS dBe t&rhe: e engedti BuaflacPWad dof the metal
irection 30 through netal interconnect 36. This

%&E%Q%bﬁﬂe@@@tb8H€§1ﬁéhtfﬁedﬁeﬁ@%b%oﬁ2323€naﬁ@e38 These pads 26
hori zontal plane of the netal interconnect 28 and

%%E%bé% gdowgei &%%A@ww Gh1adir gsel eA; 3nd fx ough

metal interconnect 38. The functions and constructs

cc%ﬁﬁ08§§élgBEE?Flé%¥ﬁ&ﬂﬁ% %%%1%Rerbﬁﬁgkéﬁéﬁgs!%¥%&Mican, 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 ag a flip chip pad, pad 28 can serve as a
flip chip pad or can be connected to electrical power or to
electrical ground or to an electrical signal bus. There is no
relation between the size of the pads shown in Fig. 1 and the
suggested possible electrical connections for which this pad can
be used. Pad size and the standard rules and restrictions of
electrical circuit design determine the electrical connections

to which a given pad lends itself.

The following ccmments relate to the size and the number

of the contact points 16, Fig. 1. Because these contact points
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20 remain as previously highlighted. This basic design
advantage of the invention is to "elevate" or
"fan-out" the fine-line interconnects and to renove
these interconnects fromthe mcro and sub-mcro
| evel to a netal interconnect | evel that has

nside ably | arger dinensi nd. that .therefore S .
JRPrEr OPabTa(SRCCRIRE Cagddit %ﬁ@éegﬁal?sﬂé%%%? Q@d Fig.

re cost effective to nmanufacture. Thi gec
the Paflef eRedPappt itatith 14668 SABFSi Act &H8S ol Slze brings
aspect of conducting |ine re-distribution and
PRéPefbr 8 hasganciraferie@iicqudri fRdétiennphi tFge $3a size will
therefore further adds to the inportance of the
AefrerépEadvabpl Heat FoH in9 ZereRal ity RékEBaRi trypsarel metal. It
sub-mcro wiring accessible at a wwide and thick netal
lievéeherghere npee tonnettionee®0,thg6sand 388 the pad 16 relatively
i nterconnect the fine-level nmetal by going up through
e 1 lpa%$bevat tencfinpagol & nier hewepelryiefisdeddiretetyrieiated with
| ayers, continuing over a distance on the w de and
tthieckspetal rkevel cAndia<a®I6si3sg By deseendragibrofmabout 5 is
the wide and thick netal |evel back down to the
Gickepmebak Fevethdycagaidepassimerdewa eheatdgh abhdevia filling.
passi vati on and pol ynmer or polyimde dielectric

lBRYels onThBes€XtERSI @fsad s ared Rikki $cMBABEEontact pad 16
acconpl i shed need not be limted to extending

danereet gl +hot EFGORANEELD POIM SolG Ot m@NYhePakhieULBbe being
type, such as signal or power or ground W th w de

%%Qekﬂleﬁlﬁ BEt éﬂme'ﬁ}@fc]?r@e@dogsiaym% hgwanef oBhysi cs

and electronics wll inpose linitations, |f any, as
to what type of |nterconnect can by establlshed in
this manner, limting factors wll be the

conveptiopak glectpical, {im{ingJAct QS Qhose 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 um 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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resi stance, propagation delay, RC constants and
others. Were the referenced application is of
i nportance is that the referenced
continuation-in-part application provides nuch
broader latitude in being able to apply these | aws
and, in so doing, provides a considerably extended
scope of the application and use of Integrated
Circuits and the adaptation of these <circuits to a
wi de and thick netal environment. 27 Fig. 2 shows how
the basic interconnect aspect of the referenced ,
deHEr NRREVRRR | HhpHUL-APpIrreaProreTan! Furiieritgegrated circuit)
ext ended under the present invention to not only . ,
@ehdvahe téms-Mixeommrgcess thé phantniiredensgidemmgtalization
thick netal but to also add an inductor on the
stirfiateref iteof hitk ileimn@Orbinceodynet det Fheows for a
i nductor is created in a plane that is parallel wth
tcheasurfaceceds ttie s ybstaidtlly h8swhesebytt higept anleean room
however is separated fromthe surface of the
sehst rakendd byr ttiee ohkisned ftherght snof thayenseknnecting
14, 18, and 20. Fig. 2 shows a cross section 40 of
hlkealnduet ok dekemdire.a plane that is perpendicul ar
to the surface of substrate 10. The w de and thick
metal will also contribute to a reduction of the
resistive energy |losses. Furthernore, the | ow
resi sghyktyo et al s sicdk a1 ve8ekdaisib¥eriands 6OPPefor example
can be applied using electroplating, the thickness
@Mm@@p%% RiYe Al &nii5RQWS 8 LoPeYLeYrdZ of tder
pifal structure of the 1nductor 40 that has been

o] h f 2 Lel ri T;
%&%%BS?. @hé §aﬁ§% ?éqgﬁ%&%ﬁ¥ﬁ%éi8?9%k8?é§h25ﬁ Y&ry N 2 m

cross"section t

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-cn coated and cured. After spin-on cecating, the polyimide
wiil be cured at 400 degrees C. for about 1 hour in a vacuum or
nitrogen ambient. For a thicker layer of polyimide, the

polyimide film can be multiple coated and cured.

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

peclyimide application.
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i nductor 40 has been taken along the line 2-2 of Fig.

3. The nethod used for the creation of the inductor

40 uses conventional methods of nmetal, such as gold,

copper and the |I|ike, deposition by electroplating or

nmetal sputter processes. 28 Fig. 4 shows a top view of

i nductor 40 whereby the inductor has been further .

i sol arbd flinemshenswff apendhashd2subst pad e384 0hay Ry iously
addition of |layer 44 of ferromagnetic material .

Openi Agscuased cria etiriemdiayenf44hef openionagheddther with the
material for the conductors 36 and 38, the |layer 44 is
depositedcushhgkneanitidranale mekehedpetd aathe ckhess opening.
that can be experinentally determned and that is

TRkl Hepeed byt addcpartdildsy wependestcanprbbess ypes die metal
materi als used and the thickness of the | ayers that

q}&ql%gdcepssbhyw}g. the  erdRmagret eiBRkeerafof Susdnasys
| ayer 20) for the creation of the structure that is

ShowWR /kB GLOSRe SELhEO L £ iazspcaﬂcgq;né-tellye 0SYr fidaCeoas@anef the
the ferromagnetic |ayer 4 typically extends over the

siface 58‘} bgééﬁinc]é spehe thatc 4rhee iiRdugtoraf@eabkgns
wth an I

overlays“the | ayer 44, the surface area of

% %rx%%a%%?gbﬁu %tggdﬁﬁ)%hﬁghﬁk¥éF§¥QerB@§§eof openings

aries hér 1nprove s ing the surface of
S A 15 0L MLAE, B SGLEPTRANSHLD I 8L o, izt mecer can
gooTBBIadEesr CURH RS TR Pt 111 Va6 g0l gras sueh as
CSRPeL a0 2 Uy The, Over) i 18 JAdIChar, 404N ich o
be isolated fromthe underlying silicon substrate 10

@@m@qq@@@rmetal filling process, with électroplaklng 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 previously deposited layer 20 and overlaying the pads
26 and 28. Selective etching and metal deposition can further
create additional contact points on the surface of the second
layer of polyimide that can be interconnected with pads 26 and

28. BAdditional layers of polyimide and the thereon crealed
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44 that conprises either ferromagnetic or a good
conductor. 29 Fig. 5a shows, for reasons of clarity, a
sinplified cross section of the substrate and the

| ayers that are created on the surface of the

substrate under the processes of the invention, the

hi ghl i ghted areas that are shown have previously been
identified as: - 10, the silicon substrate - 12, a

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

that contains interconnect lines, vias and contact
gonhtst-pdds cuntlctcysdiontigedntehe sawfhoelaf adpsication, the
i nterconnect layer 14 - 18, a |ayer of passivation
intdcahedheopean hgs dfaveilbéphe tapatedof hwougimiwEssclgreatliy
the contact points 16 can be accessed - 20, a thick
kayiencef plodyfesxitand v 2hd cenduthéyve ¢f ugse tiwierraved
been provided through the Iayer 20 of polyimde. The
cbneknlayesn20n-ofap0lappan ceaiohe coated in liquid form

on the surface of the |ayer 18 of passivation or can

be [|am nated over the surface of |ayer 18 of

passivation by dry filmapplication. Vias that are

requi ked, f orsithies of aaldion (ks 1 gRORAYSHE ¥8e PhHIShZ b FRF enced
be defi hed by conventional processes of 30

e'a%%ugla@sﬁapmp@ft CabiRe . ¢heat ednusi RGvLASEIe (Ariddy for sub-

t echnol ogy.

micron or fine-lines, that run in the immediate vicinity of the
metal layers 14 and the contact points 16, to be extended in an
upward direction 30 through metal interconnect 36. This
extension continues in the direction 32 in the horizontal plane
of the metal interconnect 28 and comes back down in the downward
direction 34 through metal interconnect 38. The functions and
constructs of the passivation layer 18 and the insulating layer
20 remain as previously highlighted. This basic design advantage
of the invention is to “elevate” or “fan-out” the fine-line
interceonnects and to remove these interconnects from the micro
and sub-micro level to a metal interconnect level that has
considerably larger dimensions and that therefore has smaller
resistance and capacitance and is easier and more cost effective
to manufacture. This aspect of the referenced application does
not include any aspect of c¢onducting line re-distribution and
therefeore has an inherent quality of simplicity. It therefore

further adds to the importance of the referenced application in
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It is clear from previous discussions that the

sequence of layers that is shown in cross section in

Fig. 5a has been created so that additiona

el ectrical conmponents such as an inductor, a

capacitor and the Iike can be created on the surface

of layer 20 of polyimde and in electrical contact

wihels 1gomdiesinecyt ugsl 2pbTayer Y2rRg d?“é‘F%%’%Jrki’Jce r?a%/ a wide
in the cross section that is shown in Fig. 5a,

pact tbfickayetal4lsiqice THeayartergorgegtiayer2df 3%t%&9 38
Level Dielectric (ILD) within which Ilayer 12 can be
Headirkynbategtia¢ et naNtdvealespsetl by phéngresstiveetdlonhe
that is showmn in Fig. 5b, the sane |ayers that have
heerivdeabhf ked poryidg.cbadndrdga diepeovidedlayers,

this cross section. Additionally has been shown the

URPEM nhianer o¥dr 04 dhersidd con wihsticat endOthhak metal level and
contains active sem conductor devices. Al so shown is

U&%t%@i%gsggt h88cHhaany fruiuai W%t hati baschesatal level
created on the surface of |layer 18 of passivation. It

'ﬂ&gk @@%hntgetﬁgphﬁ§ézﬁgkéfﬁﬂe¢éﬁfH?“@@élnr§§b§£hglﬁywn through
of the netal that is used for inductor 19 nust be as

Eﬁ@ %%SEQ%ékggg aﬁgrpéfgﬁ %QQ§QQﬂQEHﬁd%Salgﬁe?tkmbckayeLs The

I nst ance I's préferred for

I{Xr né%lt I.l%rI]lS ng%%ofn 11.%13,8 lk]’?‘ % Blnﬁhq\éﬂeﬁhﬁgeé nct be

Iayer o Ihcreased val ue of

;g%r%tgttéggaE%ﬁ]ab u£ éetééfgfngnég}éb e%t4pg§5ts 16 of any

represen S a Ssigni cant

SN G BroSdPEectEh B & EAbhclt O Tial haCRBdg wiER vide
%%gﬁaﬁgxﬂpnkgglsggggCEGogng fgbs$ré“f%ﬁg)opr%%%lcslénd
electronics will impose limitations, if any, as to what type of
interconnect can by established in this manner, limiting 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 80
doing, provides a considerably extended scope of the applicatiocn
and use of Integrated Circuits and the adaptation of these

circuits to a wide and thick metal environment.
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conductive interconnect |lines and contact points has

been <created on the surface of substrate 10. A | ayer

18 of passivation has been deposited over the surface

of | ayer 14, openings have been created in | ayer 18

of passivation through which the surface of contact

pads 16 can be accessed. A capacitor contains, as is

wel | known, a |lower plate, an wupper plate and a | ayer

of dielectric that separates the upper plate fromthe

| oner plate. These conponents of a capacitor can be
readily identified fromthe cross section that is
shownFig. Fighowa,has thel begsc ind@rienrze cordysitdtvef the

| ayer that forns the |lower plate of the capacitor -

44 fesencedncuict inven diayerint-pat tf oppbitdel appem ghattbeof be
the <capacitor - 46 is the dielectric layer that
separatesutder upperprRisane 44ventidhetcapacidry faiemate the
the lower plate 42. 32 It nust be noted fromthe cross
gseatipacibatoi snshowhd Bf khe. whaet Bad thecieapacit @ut to also
has been created on the surface of [|ayer 18 of

RasshMai h@lctdheoPriacess@hcer 8at th theckapagdd o Jrs
therefore referred to as a post-passivation processing

%%_q&%'ﬂgﬁe PFOCessd NG £oNQ E'r@ﬁ%eéngnnﬁt]tgiél% Stﬁar@tlsc?Arallel

e used ftor the creation of the respective |ayers 4

w tﬂn?h3658§¥§ eQ# s%% Qrgkghgbgmﬁ@ﬁe@@duﬁﬁg%ﬂane however

_ere ore not etal ed at this tine

geBQLQEédOEr$£H§He guf%&%etg% ¥ﬁglggﬁs£9é85nﬁ§§§f'§ﬁg

combined heights of layers 12, 14, 18, and 20. Fig. 2 shows =a
cross section 40 of the inductor taken in a plane that is
perpendicular to the surface of substrate 10. The wide and thick
metal will alsc contribute to a reduction of the resistive
energy losses. Furthermcre, the low resistivity metal, such as
goid, silver and copper, can be applied using electroplating,

the thickness can be about 20 um.

Fig. 3 shows a top view 42 of the spiral structure 0f 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 o¢f Fig. 3. The
method used for the creation of the inductor 40 uses
conventicnal methods ¢©f metal, sugh as geld, copper and the

like, deposition by electroplating or metal sputter processes.
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which the three layers 42, 44 and 46 can be deposited,

as follows: - layer 18 of passivation between about
0.1 pmand 0.3 pm- layer 42 of conductive materi al
bet ween about 0.5 and 20 pm - |ayer 44 of dielectric

bet ween about 500 and 10,000 Angstrom and - |ayer 46

of conductive material between about 0.5 and 20 pm

The p&se- pés%hQ@ﬁ|intQ9%¥ﬂQﬂjQ@aﬁééPFéPrtﬁ%tWh%F%ﬁMwﬁPe inductor
in cross section in Fig. 6a has: reduced parasitic
tapabeeanter bee e tdteed dpani tthe andfene ofindes | g rate 10
silicon substrate 33 allowed for the use of a thick

lkay eheofddbntoct o Vel agpderdalof freedovhpoget he mes¢siahceOpenings
of the capacitor; this is particularly inportant for

wireelcees tapphn cadyonsi ald dvied fooagnlee iuoseabérial for the

hi gh-dielectric material such as Ti 02, Ta205 for the

diceloeetbi-e bet weenzg hecwpperyand a he Hepesipeatesiog
the capacitor, resulting in a higher capacitive val ue

onviche i6aRAChE QRod i@ Hhrishowsesa tthaeecdhnpasegpatimentalily
view of the solenoid structure of an inductor 19 that

has RegRear saliedhon the;sefaceq ofy the bayeial8yofiependent on
passi vation. Further highlighted in Fig. 6b are: -

%§F ﬁg%%itB@tﬁgﬁgrggfélﬁggﬁrhﬁ&“%ﬂé“ﬂﬂic&%&%% 8fF the layers that

for the 1 nterconnects of the

%ﬁ%ﬁ%s%%do%g%lbgﬁgrthée¥§£§oﬁggﬁg¥fﬂ @k etB81i NAUEHOEs 1ayer 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 slightly beyond these
boundaries to further improve shielding the surface of substrate

10 from the electromagnetic field of inductor 40.

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

44 that comprises either ferromagnetic or a good conductor,
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- 25, the bottomnetal of the inductor - 27, the top

metal for the inductor. Fig. 6¢c shows a three

di mensi onal view of an inductor that has been created

on the surface of a layer 18 of passivation by first
depositing a thick layer 29 of polynmer over which a

| ayer (not shown) of polyner is deposited, vias 23

are created in the thick layer 20 (Fig. 5a) of

polymer. In addition to the 34 previously highlighted

| ayers, Fig. 6¢c shows a layer 29 of polyimde. The

inductor 19 is created by creating the bottom netal

25 of Fitie Padsleews. I®r tieescop At alapitnf g Helmplified cross
i nductor and the vias 23 that are created in [ayer 20
GEcgicBapft biat sprefmrtablapdcbheal a¥ens pohyhearte Kixgateg on the
shows a top view of |ayer 20 on the surface of which
anrifadactor thassbeen adreeatned ras hpr pvpoassgs shibwhd nnvention,
Fig. 6c. Vias 23 are highlighted as are top netal
kiheesigdRlofhtde arexductiert ke babtvanhaet abrévimss 126 befen

the inductor 19 (hatched since they are not visible

qQaehhe rsuef ace of the layer 20). Further detailed are

vias 23 and 23 , the lower extremty of via 23 and

they glppgfe axtiiednt ¥u8k+¥h8e 23 are connected to
i nterconnect lines 31 and 33 (Fig. 6e) respectively,

t-heffs a 'l@y}%g:c%?nuﬁﬁglghgﬁﬁ%géh%%;@ h%rech\/id%%.ots €cd over the

connéct1 on r rther i Fconnect of the inductor

19. _Fig. 6e ws  a Q section of the structure of
Fig:.ﬂ1 C%W%i&%? Fﬁ?ggggggs section is taken along the
line 6e-6e' that is shown in Fig. 6d. Contact pads 16

ﬁav%4bé%h kﬂ?ﬁﬁQﬁ&?eGH %ﬁger 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 cof polymer, and
- 21, conductive plugs that have been provided through the layer

20 of polyimide,

The thick layer 20 of polymer can be coated 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 can be defined by conventional processes of
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surface of layer 18 of passivation, these contact pads
16 nmake contact with the vias 23, 23 and 23 for

i nt erconnection between the bottom netal 25 of

i nductor 19 and the upper netal 27 of the inductor

19. Interconnects to vias 23 and 23 are the 35 lines
31 and 33 which, as previously stated, connect the
bhdtof bthd@ramhs unr camdbreg ceketedi eaingi katnt rifgll)
conmponents. The creation of a toroidal inductor
aeehhyiogya | ayer of passivation has been shown in
Figs. 6f and 6g where toroidal coil 19 is created on
the surface of a |ayer 18 of passivation. Top |evel
netal 27 , bottom |l evel netal 25 and vias 23 that

I nter connaa rbertbanpkevebused ac2ds Wit thep teeelkequence of
metal 27 have been highlighted in Fig. 6f. Fig. 6g

showse fRELTHEthesne! @ idddsal isetriant @ Vigw ®4 lde been
toroidal 19 of Fig. 6f. The highlighted features of

EQ %t@ﬁgEBethQ@V§b&¥ﬁﬁ66H¥”édéE%%ld%&pbémﬁ@ﬂeﬁﬁﬂ such as an
therefore do not need to be further discussed at this

gn%ctgkg accélg‘z%\?t& L Q8 S 1REaHIKRN Whe ke, c§§at@dFd:1§l the surface

ftor 1s created on the surface of

E%b§%;% e2600f|§9%% d%%%ayer%%g%h%%tkqégl'éoﬁBQ@@ wch

owever of polyli mde has been

d the surf 1 ti.qn | cos
p 8Eﬁ§§oégéﬂsp§%ter%g%?é§% e éﬁﬁﬁ%%%EXQ h99, §Me£he cross

i'n order” to make

the cont act pads 16 accessi bl e t hqugh .t he th ayer
fﬁCt&Pnpggﬁt Fhed ?%I%klléiﬁg g%a QRQ rt o% i%g3gsyg since

nost of the capacitor,_that jis th plat i :
thﬁ§e&pﬁérlﬁlﬁtéaﬂﬁraﬂé I?Wﬁ?cﬁ%ﬁ?ﬁiﬁﬁ geférlfré§Lﬁﬁerthln which
surface of substrate 10 g

layer 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 formation of inductor 198.

It has been shown that a thick layer of gold increased the Q
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36 distance that is equal to the thickness of |ayer

20. It has previously been state that the range of
pol yi m de thickness can vary from2 pmto 150 pm and

i s dependent on electrical 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

di stance of 2 pm to 150 pm It is clear that this

| eads to a significant increase in distance between
the capacitor and the underlying silicon substrate,
tviaé upapésinductcapdd tfamee awiobk bhee eflorwt B for 2.4 GHz
significantly reduced. Fig. 8 shows a cross section of
applbstt ades 100t hepregehaceaos ighi Cicdrds gerpvement in the
deposited a |l ayer 18 of passivation, a resistor 48
lhaszheencergatettcon ltche surface of the |ayer 18 of
passivation. Aresistor, as is well known, is created
by connecting two points with a material that offers
el ectrical resistance to the passage of current

t hroughgt hea n@t&id & .crthe skweipal B Sa tddia @@ PatHatothas been
the resistance 48 that is shown in cross section in

Rir@at8dabs the sonad Jrads slesthathaye heefyecreatad

in or on the surface of the interconnect |ayer 14. By

CoRahbRYvh ayere AS RRIMeEN ddie Lo c6RPL AC o PadSs H@lheen

i nterconnects the two contact pads and that Is

depasihed, ofhd he, s age s%ﬁosQ%ﬁ%Engi. R iﬁg’%t]ﬁ’oﬁ

resi stor as been created in accordance w

f ' ion.. F ' 37- of
PegeTO R et ey S Rk o PR e B JF e 10

%%eE%Qgs have been created in layer 18 of passivation through

which the surface of contact pads 16 can be accessed,.

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

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

- 44 1s a conductive layer that forms the upper plate of the
capacitor

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

of the capacitor from the lower plate 42.
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silicon nitride, phosphosilicate glass (PSG, silicon
oxynitride, alum num alum num oxide (Al xOy),

tantalum nionbium or nolybdenum It is clear that

di mensi ons such as thickness, length and wi dth of
deposition of layer 48 of high resistivity materi al

are application dependent and can therefore not be

speki fiusd e PRESAt FREN Rhany oet &9CtiPRe thas| sBopliown 11
that is shown in cross sectionin Fig. 8 is, as are

Fhe . capathtorghofcarmicgdorehagngern ereated ¢t e surface of
post - passi vation process on the surface of |ayer 18 .
okypasiBvaf i wrssiFiagion,shdws raocesssofect¢aning e capacitor
substrate 10, an interconnect |ayer 14 has been
¢seahedebore hee Surfate cofast ke postibphpat eat Poh ayeycedBsing

of passivation has been deposited over the |ayer 14
ekguehekconnecs s ateiqlcoralittiicsls bayemaROrodlpotlyaimichen be used
has been deposited over the surface of the passivation
lfayerthd8cref 1851 ¢t anA& dmediaer crgaredidn 4heand 46 have
surface of the layer 20 of polyimde. The resistor 48

a3 rehegt Bde s OMNGELi N1 ddh v ceonicagte fpadsnd 6 wéthusther
thin high resistivity layer of netal. By increasing

ke ;dh shapncec et wegn, t he body of the resistor and the
surface of substrate (by the thickness of the poly

| ayer 20) the parasitic capacitance between the body
of the resistor and the substrate is reduced

resu'%Eggmana$?1£@£QX§qn?%§; tj%&eSQhQOUQQQSag thicknesses to

(reduced parasitic capacitive loss, inproved high

f f . . .
SSRHEDEY, DRLLETOERL. FUrd T PO L LTS plol e,
shoyn in Figs. 10 and 11, which concentrate on

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

- 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 um.

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

underlying silicon substrate
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maki ng ball contact points between contact pads 16 and

an overlying electric conponent, such as a discrete

i nductor. Proceeding fromthe surface of substrate 10

in an upward direction, nost of the |layers that are

shown in Fig. 10 have previously been identified and

are identified in Fig. 10 using the sane nunerals as

have previously been used for these | ayers. \Were

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

- 50, contact plugs that have been forned through the

thick layer 20 of polyner - 52, contact balls that

have: lheenl fformedeonsé¢ hef surflaicek dfavelreofconhdett preigeaterial,
50 using conventional nethods of selective solder
deposiddion tpkateagsoandal df nduntdapgcdnothetbisf dgepafticularly
pl ugs 50), the application of a flux on the deposited

sol dgfortand Fhewrngelbes sobslercdta dnar m t he cont act

ball's 52, and - 54, a cross section of a discrete

el egtyd el seenpaBente SHEM 89h- Bk iREYG0Ka®Er8al such as TiO,,
di screte capacitor or a resistor. Fig. 11 shows a

CrQﬁ%o§e§$£‘%héﬁa%%€§dtkggnbéﬂwééﬁa%ﬁé]&béék AH@?th€4lower plate

surfacé of which iscrete electrical ‘conponent

has_besn C%%S%QEBEEdr%QQDEﬁﬁé ?ﬁ%l%f %e%r%aB%SQtive value of

whereby t he“di'stance befween e substrate and the
eIeg&{hgal component 54 is of a significant val ue.
Contact“BAITS 4re inserted into the openi ngs that
have been created in the layer 18 of passivation
overlying the contact pads 16, the (relatively |large)

t act lls 56 t i gnifi t ti .
bt n PherSiP 2cEPEroSHOReP A 1O D Tne g SErereid

el ectrical conponent 54,
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 cof the upper and the lower
levels of metal of the inductor

- 25, the bottom metal of the inductor

- 27, the top metal for the inductor.

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

thick layer 20 (Fig. 5a) of polymer. In addition to the

34



The net hods that have been shown in Figs. 10 and 11

indicate that: - the passive conponent 54 is renoved
fromthe surface of substrate 10 by a significant
di stance, and - instead of nounting the passive,

di screte conponent 54 on the surface of a Printed

Circuit Board (PCB), the passive conponent 54 can bhe
rbantees iy gsam ltighd eseRpyenauct 68 - defi TeVs (f tifyer 22 of
present invention. Throughout the nmethods and

progedies te imelretseen 9 égpragaerd dboveramiify tihe botton
exanpl es that are shown in cross section in the ‘
actabpahydfgtdr dwicwys.ort e, f bheowbmgndiesl bekref ddiferigguctor
to: - the passive conponents have been further renoved
tnamidevisd |AT amasukata atreateteiebyayedu2d ngF the 5a) that
negative inpact that 40 is induced by the substrate
guerépaiel ecidanmgnetd pdiasses incurred in the

substrate the post-passivation process of the

invention allows for the selection of discrete

conponent design paraneters that result in reduced

resi stances@fsidies di st Lapacihoerand dhecih seretace of
i nductor, this is further clear fromthe follow ng

GRERAT LSO RSt vee Y Ie AldrRkRBesSeSraftdoh§By shown in Fig.
processes of the invention. Prior art requires for

khe ¢1eation, of bl AHGLOY as LBE USE RECLN iABLET of the
Whi ch™ 'nposes the Creation o wi de coils for an

E93H8£8£ fgftgéﬁgghlﬁktal lines 25 of the inductor 19 (hatched
since they are not visible on the surface of the layer 20) .
Further detailed are vias 23 and 23 , the lower extremity of
via 23 and the upper extremity of via 23 are connected to
interconnect lines 31 and 33 (Fig. 6e) respectively, theses

interconnect lines 31 and 33 provide the connection for further

interconnect of the inductor 19.

Fig. 6e shows a cross section cf 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 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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i ncreased surface area that is required for the

i nductor which in turn increases the parasitic

capaci tance of the inductor causing eddy current

| osses in the surface of the substrate. The present

i nvention by contrast: can use thick netal, since the

nmetal of the passive conponent is (by the thick |ayer

of polyner) renoved fromthe (thin netal)

i nterconnect |ayer 14, and (as a consequence) reduces

the surface area that is required for the inductor,

and 41 - reduces the resistivity of the inductor,

Lhepabyl i et bsivig chy hesQrvar uet oty tHe istiusoapect the

Al t hough the preferred enbodi nent of the present

indeateonld hes heawunkiost pacelr laml ¢hauiftgiymofagomponents.
been described in detail, it will be readily

understood by those skilled in the art that various

nodi ficati ons may be nade therein w thout departing

from thee spigdticof dfhe itoventiabniondudromdieer lstoge aoflayer of
t he appended clains. 42 Clains 1. An integrated

ehEELEt Chh pheOmprdrsishgwnaigi Figon &flibstd adce;whmilet itplreidal
sem conductor devices in or on said silicon

subst rat eis whesaidy @l dheultirphee sefli gonghuat Ars devipeesivation.
conprise a transistor in or on said silicon substrate;

@obl 18beBhatal ayer, Rcraldvsl| heoal sapstdral 8iias 23 that

interconnect bottom level metal 25 with top level metal 27

have been highlighted in Fig. &f.

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

further discussed at this time.

Fig. 7 shows a cross secticn where, as 1n Flg. 6a, a
capacitor is created on the surface of substrate 10. In the
cross section that is shown in Fig, 7 however a thick layer 20
of polyimide has been deposited over the surface of the
passivation layer 18 and has been patterned and etched in order
to make the contact pads 16 accessible though the thick layer 20
of poly. The thick layer 20 of polymer removes most of the
capacitor, that is the lower plate 42, the upper plate 44 and

the dielectric 46, from the surface of substrate 10 by a
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a second netal |ayer over said silicon substrate and

over said first netal layer; a dielectric |ayer

between said first and second netal I|ayers; a first

contact pad over said silicon substrate; a second

contact pad over said silicon substrate; a passivation

| ayer over said silicon substrate, over _said first
dadtaeepnthaetsl 9P Soardeo B CkATES BBl WNGY ¢V It has

| ayer, wherein said first contact pad conprises a _ . '
Piregtougbntkean puiaite tiddr thef Frage opb v hgy ih dRyjdiickness can
passivation layer and at a |ower end of said first .
openi Agonwhateitre s M isecond iscoapattepador ot loieiscag design
second contact point under a second opening in said
passivaneons | diiers arich tamemt] owerlendvalidafor Geewormpbss section
openi ng, and wherein said passivation |ayer conprises
ahbepnmost Figt ri dechayleryeofs sl dhientegaat edr ccanuitierefore be
chip; a first conductive structure connected to said
friehr®bedcontacthpoiut F4dy aughhBaicdater 30 opeai Abstance of 2 um
second conductive structure connected to said second

eentact pRoi Pt 1Hrouodr saibd secendcapenitsga ¥hghefNcant increase
said second conductive structure has a top surface

W%IBi@tEhéétbéﬁwﬁéH1tﬁﬁubéké%ﬁ&%&dahagkﬁe:uﬁdé£1§ing silicon
sol der contact on said first conductive structure,

whesel0rsai thiigsls $al derc £ontach S wg@NesLtedrb e Sgé d

first contact polnt through said first conductive

%ggﬁgﬁyggbt%%fgg&ﬁggéplder contact on said second

over said first region, wherein said
second sol der contact

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, 1s created by
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
creataed 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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I's connected to said second contact point through said

second conductive structure, and wherein said second

sol der contact 43 has a thickness greater than that

of said passivation layer and that of said second

contact pad; and a discrete passive conponent over

sai d passivation |layer and on said first and second

sol der contacts, wherein said discrete passive

conmponent has a |eft edge and a right edge opposite

to said left edge, wherein said discrete passive

conponent conprises a third contact point closer to

odi dayer t48 eddd Arhae 6 tdHi 8y r PR L tlgSadh P ea Y66y FHCh as Tal,
contact point closer to said right edge than to said .
séftcedge, nivherddn sapbamiad licsheact Ipepht i PSG),  silicon
connected to said first contact point through said
bixyatitsodeer contdctumand sdbdifim st worduct i(Pé«Oy),  tantalum,
structure, and said fourth contact point is connected

tdoaBi dnseeandic lgtrteatin. paint i hcdough shiad stooysions such as
sol der contact and said second conductive structure,
wheeehassai defibtst agal dedthcerft akipoiss thehween bsajak 48 of high
third contact point and said first conductive

SEEHEE Ut v aik Sl Al saconRgpsekdel os oM peiddést et veeen therefore
said fourth contact point and said second conductive

ShiUskUBecaRdcMhakeinia shakt est aRgrideeatal. dihst areestor that
between said first solder contact and said | eft edge

1S spBllernthalss that: het weerigai d {5 Sissptdefhe capacitors of
contact and said right edge, and a shortest

hariszontal . fh syance hetwean, sai d,seconds Sl 0&5n process on the
contact and said left edge is greater than that

g%xgssg sai o, second, sql der; .gent,act and said right

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

substrate is reduced resulting in an improved resistive
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2. The integrated circuit chip of Caim1 further
conprising a polyner |ayer between said passivation

| ayer and said discrete passive conponent. 3. The
integrated circuit chip of laim2, wherein said

pol ymer | ayer conprises polyimde. 4. The integrated
circuit chip of Claim?2, wherein said | ayer
CORBPRERE bBPFYRSE IRsHEREe I geB)aClBlV@theog Tt elgigiapd high
circuit chip of Caim2, wherein said polynmer |ayer

R&S ISRl cRPESRTHEIGen 2 and 150 micronmeters. 6. The
integrated circuit chip of CAaim1l further conprising

44 a polymer |ayer on said passivation |ayer, wherein
said first contact point is under a third opening in
sai d pokyner dmykicatiant sdi disepond- pans avdt poi pregessing of
under a fourth opening in said polyner |layer. 7. The
ithieegnatedich ratg tstodvirp iof #Glomi.miD, anwdet &i nwisaild concentrate on
di screte passive conponent conprises a capacitor. 8.
Th&ingt Bgh at echcadicypdictd pafwe@raicontacohesés nl sadmd an
di screte passive conponent conprises an inductor. 9.
Theriiptagr al edr £i ¢ cibrp@tdq: ,ofsudhaiam %, dikereta saddctor.
di screte passive conponent conprises a resistor. 10.
HheciBheghal £ehn CiKE Wir i of Urrithale Whergi Ansapward
passi vation |ayer further conprises an oxide. 11. An

lntegrabed ﬁbé@uéf S P CAMY 11 aredsBblthCOA Fig. 10 have

substrate’ mulfiple sem conductor devices in or on

%@%@1%5%&909een 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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substrate, wherein said nmultiple sem conductor devices
conprise a transistor in or on said silicon substrate;

a first nmetal |ayer over said silicon substrate; a

second netal |ayer over said silicon substrate and

over said first nmetal layer; a dielectric |ayer

between said first and second netal |ayers; a first

contact pad over said silicon substrate; a second

contact pad over said silicon substrate; a passivation

| ayer over said silicon substrate, over said first

and second netal |ayers and over said dielectrjc

payeEed wrerdiatta PRilASt S6perrngS et Wl Eyadioy diissance between
| ayer is over a first contact point of said first

tbat agespertand exgosds edarariFaktCUBNENt Bdi S, °&nd

a second opening in said passivation |layer is over a
segohflicont actlysoi fondkcsabdlsecore lnamittast pd@ ang orenings
exposes said second contact point, and wherein said .
passi haté dredraysreaceuprinséseal tppnokt ofi thasde Madyien oferlying
said integrated circuit chip; 45 a first conductive
sheuebntectonpsi d i ndte depflacivpdy ntgrgathermitecgaibdlls 56
first conductive structure is connected to said first
c@Bhaet a poidii tivoitgh cpaird thbhsbe opem Ngie aswsetand of substrate
conductive structure on said second contact point,
whekglincsai gh secand QenrduGiiavecshpogént €54 S connect ed

to said second contact point through said second

opening; a first solder contact on said first

conductive structure

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

in the present invention.

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

- the passive components have been further removed from the

silicon substrate, thereby reducing the negative impact that

40



and over said first contact point, wherein said first

sol der contact is connected to said first contact

poi nt through said first conductive structure; a

second sol der contact on said second conductive

structure and over said second contact point, wherein

said second solder contact is connected to said .
secbndireimegc by poensubhEsabh S &S edGd rORgnetigelosses
structure, and wherein said second sol der contact has

a tinoknesk igr éaeesubbanathat of sai d passivation

| ayer and that of said second contact pad; and a

di sget pagsiswe vaoapanepbcoyerosailte pasgntatdromllows for the
| ayer, on said first and second sol der contacts and

ovege Badtd I 103t diakdeseceBfp6ndhache 0i Mg raMeareaisn that result
said discrete passive conponent has a left edge and a

right edge LPRRsIike aheesadirdtnbellsedge serdivbisaind the
di screte passive conponent conprises a third contact

p0|@155%éﬁg5 id@csaid keht edge. iy to Sl derdil HHe following

edge and a fourth contact point closer to said right

edg§ %éﬁ?&éé%f%%é%ee%f%rﬁ@gear%h§£8&£b§%%‘%ﬁ&“ﬂﬂ% processes of

olnt 1s connected to saird first contact
p0|gﬁ throu h said first solder contact and said
first® conductive structure, and said fourth contact
point is connected to said second contact point
t hrough sai d second sol der contact and said second
conductive  structure, ein_sajd first sold
con 5£?r|%?3xﬁ3ﬂﬂ%¥§§aﬁﬁr %%Psfrgﬁ l?ﬂl?f Ton §#Ctor
points, and sai d second sol der contact is between

sai Bhaesvhe A irodat loontrden pBPAFES Hha SheGetor of

shortest horizontal distance between said first sol der
- 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 reguired for the inductox,

and
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contact and said left edge is smaller than that

between said first solder contact and said right

edge, and a shortest horizontal distance between said
second sol der contact and said left edge is greater
than that between said second solder contact and said
right edge. 46 12. The integrated circuit chip of
Claim1l further conprising a polyner |ayer between
sai d passivation |layer and said discrete passive
conponent. 13. The integrated circuit chip of Caim
12, wherein said polyner |ayer conprises polyimde.

14 rébhesdanteegr akedsciviuy tothile afdGeagiom 12hewhley eimcreasing
said polyner layer has a thickness between 2 and 150
m cirel efsSue 35. tHbeihddiegsmated circuit chip of Caim
11 further conprising a polyner |ayer on said

passi vation |layer, wherein said first contact point

is under a third opening in said polyner |ayer, and

sai d sgeeRGuSON ALt RAIHr eliS cHBHBE mant 04 tthOREAI NG Anvention
said polynmer layer. 16. The integrated circuit chip of

Gaai Bedd, s e el sal %mdltwtetfsrﬁaﬁgsV@e@@m&rﬂbed in
conprlses a capacitor. 17. The integrated circuit chip

obtGhai mi1l,;yh @'fga%q'g, u%'d%?%@%@dpﬁ?stl‘(@séoémquw in the

conprlses an |n ctor he I nt egra ed circuit Chlp

of Cglm %&rlmgffa&fﬁad di S&ggt Bepﬁégé V&gpmaﬁ%out

conprlses a resis he ntegrated circuit c

%8&6%?%8 %rom E%§H%n§%HQOfp%%%IV%%E%Qlogygr %fgﬁrgﬂé scope of

an oxi

the appended claims.
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20. An integrated circuit chip conprising: a silicon
substrate; nultiple sem conductor devices in or on
said silicon substrate, wherein said multiple
sem conductor devices conprise a transistor in or on
said silicon substrate; a first netal |ayer over said
silicon substrate; a second netal |ayer over said
silicon substrate and over said first netal |ayer; a
dielectric | ayer between said first and second net al
47 layers; a first contaet®Pad over said silicon
sugstrate; a second contact pad over said silicon
supstrate; a ssivation ] ayer over said silicon
1su%§t?%?%9r%9€ C%E?ﬂlgi?é% aﬁﬁmgé%%ﬁﬁghetal | ayers
and evetlsacd slilekechireec |ayer, wherein said first

CpntﬁﬁitgﬁgeCQQ@i&éS%u@tgkraéviSQQt?ﬁtoPobﬂtsHTQe%i§icon
first openrng I'n saird passivation |ayer and at a.
stbaerabagd ohesatd $pidtMBpEAPHE, SAREFERAVSEPY SE8¥OAES

cGptact pad-geopsisesia seconds6eat actipehnbulBderta;
second ,openlng in said paSS|vat|on(ha¥er ang %t a_.
| one? EHBESBITMSERY L8¥RENAVEPeAfng, SAhdCRHeFEPR &5 G

p?SSE\de@m hayel lcompr bses said epimstnnitrsdeat @aperd over
of .,said integrated circuit chip; a polyner |ayer on
S@éﬁd?bﬁgéiW8??gnfﬁg§5f, wherein said polyner |ayer

has a dhétkoessc betywee bt warh 50 driféreivebafdssegagd metal
l%kggggr than that of said passivation |ayer, and

erein a third opening in said poL{ner | ayer i s over
sai daf fisetceanbact pad over said silicon substrate;

a second contact pad over said silicon substrate;

a passivation layer over said silicon substrate, over
said first and second metal layers and over said dielectric
layer, wherein said first contact pad comprises a first
contact point under a first opening in said passivation layer
and at a lower end of said first opening, wherein said second
contact pad comprises a second contact point under a second
opening in said passivation layer and at a lower end of said
second opening, and wherein said passivation layer comprises
a topmost nitride layer of said integrated circuit chip;

a first conductive structure connected to said first
contact point through said first opening;

a second conductive structure connected to said second
contact point through said second cpening, wherein said second
conductive structure has a top surface with a first region
and a second region;

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

a second solder contact on said second region but not
over said first region, wherein said second solder contact
is connected to said second contact point through said second

conductive structure, and wherein said second solder contact
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point, and a fourth opening in said polymer |ayer is

over said second contact point; a first conductive
structure on said first contact point, wherein said

first conductive structure is connected to said first
contact point through said third opening;, a second
denductihieksesgcgureton Shird sSeebref conithe@sspoianion layer

whet el sald second conductl ve- Stgdct ungy i s connect ed

to sai d second contact point through said fourth
openi iy 918 EPEEPEHT et COBRCREL LorV ¥ard ifipagsivation layer
CONGUSE | 38 ST UG U] abQUBrsSaled fddnstacrent atlerein said

P S o e bR i e Bubhe bargre i F eage
cmmmiﬁa/etcstsm ureef t eedeeondhaot dersaiohtdicicontsapakssive
G0 S00 hoi nﬁ*b'r‘i%essé RUELUE 8ARGVSE; Said 86000 oaid tett

wherein said second sol der cont act

iR dhed o ssdidirsebbrrigomnace it cmﬁae@rpfs:an%l Sloser

9@&%@&9@?%%&& HHML LW 81 3Nk Mhegein wﬁ@kslﬁe@@m third
sol der confact, has a thlckness&%e ater than that

of
s%%ti‘)%‘%gi%ﬁttu oh CP&%}‘&FtEﬁidt%Fé‘ L Paf oPREC toP O LRF Fhrough
Sﬁ:ﬂﬂldlr(%@rﬁcal&ielpadntaﬂd sndlsacdetie frasshyeccompananicture,

over sai on said flrst and second
R
ccc)tmmctt pod it ts, tiwher@i nes&d ds et oo e&celqt@zsscm/retaal@ and said

sal d&&;erk;oﬁ@%cm £fd. gdge, and @?éwﬂ{ £dge pPposi {81 4O,

wherei n saj d screte passive

cwmmmtl%&ﬁﬁwese@'s sagld rﬁhﬂeﬁ%mrg@tctpm%ntc@d‘s%rsaﬂ& first
s@bheftvedgerddan-d 0 S dsaid second solder contact is

between said fourth contact point and said second conductive
structure, and wherein a shortest horizontal distance between
said first solder contact and said left edge is smaller than
that between said first solder contact and said right edge,
and a shortest horizontal distance between said second solder
contact and said left edge is greater than that between said

second solder contact and said right edge.
2. The integrated circuit chip of Claim 1 further comprising
a polymer layer between sald passivation layer and said

discrete passive component.

3. The integrated circuit chip of Claim 2, wherein said polymer

layer comprises polyimide.

4. The integrated circuit chipof Claim 2, wherein said polymer

layer comprises benzocyclobutene (BCB).

5. The integrated circuit chip of Claim 2, wherein said polymer

layer has a thickness between 2 and 150 micrometers.

6. The integrated circuit chip of Claim 1 further comprising
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right edge and a fourth contact point closer to said
right edge than to said |left edge, wherein said third
contact point is connected to said first contact
poi nt through said first solder contact and said
first conductive structure, and said fourth contact

a poilnindrs 1 s pANeDt c idopa ak dvaeéend bt arhiepgiing said first

c$#{989?xﬁ§hg1§e§9@Qr%PEg§&dC@ﬁéﬁ§ﬁgQﬁﬂsé@@dpéﬁ?ﬁ@ﬂ layer,

conduc structure, and wherein said first
it TS vEGH A S S TTE 010 GHFTAIT df CoRtACHPering in

spointsyyradd salersecond sol der contact is between
said second and fourth contact points. 21. The
integrated circuit chip of Caim20, wherein said
7d|3n@eiﬁt®@sstae cmnponénthcpnpflgb@la tesibeppin2gaid

QgréP%egéééfgeceéﬁgpﬁeﬁb'Boﬁ rELakm 20, ,uhegsi-n said

Scref e” passi ve conponent rises a capa0|tor 23.
The integrated circuit chip of Caim 20, wherein said

gdi L el g PRsStug 699@9B€nbh§§nBEI@@§lﬁn1|ndu@k@nn 24id
The integrated circuit chip a ein said

dpFyfe? P%?%FV%oﬁﬁ??@@@nBoFQFHFHEGg2%“ %ﬂggcﬁ?ggrated

circuit chlp of C aim 20, wherein said polyner |ayer

4o rise en ycl obut en B e
o TR BeEro bR F SR E e B P LR Buntdy BpEgeahedaia
dmutrepéepsealvendumponedevC@@Qrﬂﬁe@raoﬁe§aﬁ§0§|Ilcon
substrate, wherein said nultiple sem conductor devices
conprise a transistor in or on said_silicon substrate,
18- nBbal Enzasrahest FUEEUAE 6VEP S H181M don“bGhEirara d

p%%?i@éﬂléﬁ'ga?@kakhkﬁﬁbkoﬁo&bkuéb@rin@x@@@nected to
11. An integrated circuit chip comprising:

a silicon substrate;

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

a first metal layer over said silicon substrate;

a second metal layer over said silicon substrate and over
said first metal layer;

a dielectric layer between said first and second metal
layers;

a first contact pad over said silicon substrate;

a second contact pad over said silicon substrate;

a passivation layer over said silicon substrate, over
said first and second metal layers and over said dielectric
layer, wherein a first opening in said passivation layer is
over a first contact point of said first contact pad and exposes
said first contact point, and a second opening in said
passivation layer is over a second contact point of said second
contact pad and exposes said second contact point, and wherein
said passivation layer comprises a topmost nitride layer of

said integrated circuit chip;
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mul ti pl e sem conduct or devi ces, wherein said
nmetallization structure conprises a first netal |ayer
and a second nmetal |ayer over said first netal |ayer,
and wherein said 49 netallization structure conprises

el ectropl ated copper; a dielectric |ayer between said
first akdrsscomiwet aye stayersreLpassiviaoncpayart gwint,

siah&rsecand dretials ¢l aY8HucPYeE sS@M&tJ@é algl béﬁhb@ﬁed to said

structure and over said dielectric wherein a
fF15%C opemE FGt | ROLAT dtpaRe v at ¢t Pa’y%‘% PRERARY a

first @O:Eléca@rﬁd pobitiuof i sai gt secontk et adalayeecoatddeantact

sec ond i.ng _in._.sa d ssivatian | ve
SEEONG (BRENTspT AL RASINAL S BLBLABBYEL Bpnected
wher gi hd saqecdorp@scs@vfaw‘onponayethwm i s®5d as¢opndstpening;

m ri de diguers ofsAidniatearated € auELANER: v8 strycture

ayer aon said passivation layer, wherein sa
%ﬁﬁﬁﬂ1§9éﬂ FA%SH M ERPO IBELWIERT21gnga1g0tirst solder

n@:@xﬁ@éf@lt_ G_JSScoﬂﬁ@cﬁé@aﬁ@fsatlhiaﬁlkB@tccﬁftaScﬂi $oRAISEMALLGA said
hat.of said dielectric layer, and wherein

| d
a9¥ﬁ%?gg%% GV nSSRFEE D% yner | ayer is over said

first zosactdpedhiier andnaatoust hsabpeneogndncsafddctive

pQ£¥”@{u£§y§£d'§v8¥e§a '§%é€%é”%%&§?§é“§015¥”’Ehef%ln said

|rs conductive structure connect 0 "sal
contact poldtrthrbught shfdcehiedteperd ngzlia seeond contact

co @%t‘dﬁlﬁyﬁﬂf lé%hlx':f %e%%‘&e@BﬁQuEQ;L%@' gt 886PRde, CONt Afterein
poi nt throu said fourth openln%
said second solder contact has a hlckness greater than that

of said passivation layer and that of said second contact pad;
and

a discrete passive component over said passivation layer,
on said first and second solder contacts and over said first
and second contact points, wherein salid discrete passive
component has a left edge and a right edge opposite to said
left edge, wherein said discrete passive component comprises
a third contact point closer to said left edge than to said
right edge and a fourth contact peint closer to said right
edge than to said left edge, wherein said third contact point
is connected to said first contact point through said first
solder contact and said first conductive structure, and said
fourth contact point is connected to said second contact point
through said second solder contact and said second conductive
structure, wherein said first solder contact is between said
first and third contact points, and said second solder contact
is between said second and fourth contact points, and wherein
a shortest horizontal distance between said first sclder
contact and said left edge is smaller than that between said
first solder contact and said right edge, and a shortest
horizontal distance between said second soldexr contact and
said left edge is greater than that between said second solder

contact and said right edge.
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a discrete electrical conponent over said passivation
| ayer and over said polyner |ayer, wherein said

di screte electrical conponent conprises a third
contact point connected to said first contact point
through said first conductive structure, and a fourth
contact point connected to said second contact point

14 hﬁ%%gbnégggaésa%daﬁ%deﬁt%\& C§55H01tlu'f§rtggr Jheorising

Ihtegrated”circuit aim 2 wher ei n Salg
ap@tyn@¢r|h&éercbﬁﬁW?gésS®b¢yPﬁtaéva§80ﬂTE@Y?ﬁt@a aPaid
afkkpuit ShipioEk Ebappnepe. Wherein said discrete

el ectrical conmponent conprises a capacitor. 29. The

integrated circuit chip of Caim26, wherein said
18 sehet eneteettedakiconponentpcofiptigés ad,i mlaceon. sald

50 30. The Lnteg rated c ip of Caim 26,
p%ﬁ%@%tnlﬁﬁea EE%S?e %%Eg%%%§§F conmponent conprises
a resistor. 31. The integrated circuit chip of Caim

136’TMQe£§£Q sakdy 9&§Eﬁ§£ecﬁhgcéf'@@blﬁoqﬁonﬁﬁbreln said
onpri ses a passi ve devi ce The inte

t
p@wi@@rtl@mﬂp rots @ AhhFEBeEErthere & mpAns %a% %l%ﬁtra%‘fers
?pntact bgtmeen said third contact point and said
irst conductive structur n
1étQﬁ??ﬁ@ﬁ?gréaﬁgdnkﬁﬁut% g&ﬁne lFb salgrt e%gmprlSlng
qmogumn Ve yehr aotar el phlssaugh isai ﬁaserdetfh@mﬂla@taldsglmt

tegr | [ ]
R T T R e
anfds30d ﬁecp@ﬁep@ngact point is under a fourth opening in

said polymer layer.

16. The integrated circuit chip of Claim 11, wherein said

discrete passive component comprises a capacitor.

17. The integrated circuit chip of Claim 11, wherein said

discrete passive component comprises an inductor.

18. The integrated circuit chip of Claim 11, wherein said

discrete passive component comprises a resistor.

19. The integrated circuit chip of Claim 11, wherein said

passivation layer further comprises an oxide.

20. An integrated circuit chip comprising:

a silicon substrate;

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

a first metal layer over sald silicon substrate;

a second metal layer over said silicon substrate and over
said first metal layer;

a dielectric layer between said first and second metal
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34. An integrated circuit chip conprising: a silicon
substrate; nultiple sem conductor devices in or on
said silicon substrate, wherein said multiple

sem conductor devices conprise a transistor in or on
said silicon substrate; a netallization structure over
shirdes$ti con substrate, wherein said netallization

structyre; i-se C@@H@gégdpw é@éf_d s& td pl e-S€Nk GoRdESt OF
devi ces, wherein said netall |zat|on structure

conpr i 3e3°80R¢ r SPNHRE R PRAyRYCantP o setbhaonet gpstrate;
| ayer Qvesssalgt{onsiapet abvdayelic and et edubsatdte, over

e TR Y Byl TharvEaR SaATRF citfhtielectric
skzpnd, nebateihayeid; farpassovat¢conpddyeompresesag dfirst
“@69%&&1\?/\%‘51% ahh Sté”f%r%r%do%@{%gslar{ aq.ldeégggf_{rgtlon layer

rst openi I nN~sal sivatl on
|@Iy<éraﬁ g bv'e@raﬁrfqi ot Sééﬁt%@fs“tpémﬂnl@fgrsﬁhéreln said second

nebathizatd oGl Mcdl & aRdBxPesasasal Hofiht Shn@@PtAHecond
point, and a second opening. in said passivation |ayer

| PRERY a”’sé@dﬁjdPa@éﬁﬁé‘éﬂoﬁo#ﬁt’%fa%‘éﬁt ﬁetlgW@Fngiio?F said

Sié@@rﬁ@r@@fhdnﬁ%la@sieﬁh@ﬁeﬂn ﬁaczopdsmmaadbnpmpér @brises
mhereln sai d. tion rise t opnos o
oo fE 8 PEPAL APV PR REY S ia EPRuFFReT LRPAREL chip:
first @qnﬁM£anéa$@Kuonuwﬁut@ﬂMEﬁﬂ@dnszéawarﬁiwherein said
Condﬁﬁér @éﬂrtﬂgso%glihﬁ%'kgxefs'sr %Et@@ H' Qgéng ?@@%d:rometers

tive structure connect to sal secon
and greater than that of said passivation lavyer, and wherein

athirdcopening in saidpolymer laver is cver said first contact
point, and a fourth opening in said polymer layer is over said
second contact point;

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

a second cconductive structure on said second contact
point, wherein said second conductive structure is connected
to said second contact point through said fourth opening:

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

a second sclder 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
salid second solder contact has a thickness greater than that
of said passivation layer and greater than that of said second
contact pad; and

a discrete passive component over said polymer layer,
on said first and second solder contacts and over said first

and second contact points, wherein saild discrete passive
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contact point through said second opening; a first

sol der contact over said first conductive structure,

wherein said first solder contact is connected to said

first contact point through said first conductive

| ayer; a second sol der contact over said second
coopsuett Vieas st risdtturegigenhadenrsaht seégenebRes Hep to said

l%§¥n5%§]| %h qanect edy 4.0 Sald %%%%HQeC@B&§§ﬁe@@hiﬁmprlses
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i sofdacdcadd saigh ifd rf&trstccndmetltveosnﬁ:uthupeghaﬁ@l@ first
s%gﬁé%qFﬁﬁgbgggnﬁPlg&dcgfygﬁtfgbdﬁé{fﬁﬂ(éﬁy%EQQQecoahécéald

Sal d-sécond” $0 contact and sai d
fgecondworducppvetsty gennretegsio TR dj W%@P%F@@tact point

ﬁkf)ﬁ?htsapﬂi @e%fong ab 34 Jorther aﬁ@rmilcﬁls@:@on@ POhyEEE ive

between sai d passivati.on Iay%
SHPYCF BT e oheR(VHEHE R Grpndic 060 kg FRUGGRA b Petveen
sghﬁcﬂiis@héﬁ?ﬁﬁhildﬂdﬁﬁﬁhcﬂMpﬂﬂﬂU$ ,Saind spakblyrecohdysplder
r.ses po 7. The jintegra c i.t..C
CBF#EFEI&?3§et&ﬁ8PeFﬁ aFﬁcoﬁglﬁﬁgrfpgggP hgé%akt BbRnes.
t hi ckness between 2 and 150 microneters. 38. The

g”t$%rat89F§i%%%btcﬁQbBlecﬁhg' s34 whenei Nysairdin said
I SCr te el"éctrical onent conprises a CapaC|t0r
d39cr¥he pasegrat é@m@piﬂ@mct C@ﬁlpﬁléﬁsdaaufﬁus’&@ A%her ei n

said discrete electrical conponent conprises an

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

discrete passive component comprises a capacitor,

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

discrete passive component comprises an inductoer.

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

polymer layer comprises polyimide.

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

polymer layer comprises benzocyclobutene (BCB} .

26. 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 gubstrate;

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

layer over said first metal layer, and wherein said
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40. The integrated circuit chip of Caim 34, wherein
said discrete electrical conponent conprises a
resistor. 52 41. The integrated circuit chip of Caim
34, wherein said discrete electrical conponent
conprises a passive device. 42. The integrated
checaltichipoof sCrachuBd, coheresas saldctrost atopendpger ;

has g H&%ﬁ%‘é%ﬁ% gn%'&lsb%@w@%g\"‘%%@dof%%“&da%@i second metal

m croneters. I'ntegrated circuit chi
cOnper8ing: a silicon substrate; nultiple

Se”‘%Oﬁgg§§95tQ§M|Eé¥%ﬂ‘%nOEaQB éé%&héﬂdéﬂam71ayer, over said
substig wherei n said nulé e sem oaa%ﬁtor devi ces

CBRDT  SeZattPANSFEEOFUTFR dPY onvehi B°S cshbstrateet:
awihetal hizatioht sigaucitng anoweﬁdsgiadsswbmen sabstrat egver a

wbersi SRl LI AU ZaLLon SLuElnR I8 qanaect ¢al2 second
e sem conduc or eVI CQS I N Ssal
n@p@mimgatmOﬂalgtp@@$UVQtn©mp¢¢$%s Bs foret amptedondymmtact

aﬁ&ﬁ%@@%%@ﬁm hayer 1ougry sahd fidat: retal Jayelvation

erein sal neta I'i zati"on 'structure conprises
el 2¢¢¥ opPERBHS 2B pP et OPBO T S et iR 1%&%?‘%%t%ﬁ*ﬁ]%ﬂﬂ?ﬂrated
f¢1§&ugﬁdc§§§pnd netal | ayers; a passivation | ayer on
said sec nd me er saj i zati

(pte olljzation
etrudt BPAVERG G¥FTS é?déﬁ%él%ﬁ?%‘éa?h?/ L3y herdisrein said
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s@@@@dd@@h@gtrlpolﬁyer, and wherein a thlrd opening in said
polymer layer is over said first contact point, and a fourth

opening in said polymer layer is over said second contact
point;

a first conductive structure connected to said first
contact point through said third opening;

a second conductive structure connected to said second
contact point through said fourth opening; and

a discrete electrical component over said passivation
layer and over said polymer layer, wherein said discrete
electrical component comprises a third contact point
connected to said first contact point through said first
conductive structure, and a fourth contact point connected
to said second contact point through said second conductive

structure.

27. The integrated circuit chip of Claim 26, wherein said

polymer layer comprises polyimide.

28. The integrated circuit chip of Claim 26, wherein said

discrete electrical component comprises a capacitor.

29. The integrated circuit chip of Claim 26, wherein said

discreze electrical component comprises an inductor.
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under a second opening in said passivation |ayer and
at a lower end of said second opening, and wherein
said passivation |ayer conprises a topnost nitride
| ayer of said integrated circuit chip; a first
conductive structure over said first contact point,
wherein said first conductive structure is connected

3¢ 0 fﬁ%dln{éi§£t§@n$§§éup@'@ﬁ éhBPUQDa§ﬁ|ﬂ6f|W§éreln said

openi ng; econd conductive structure over Ssa
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structure is connected to said second contact point

t hr ough, sai d second f |
N e L e T
dteontact poveatriovhereimpsaedtfcosbrsotdes P53StvRat device.

is connected to said first contact point through said

first conductive structure; a second sol der contact on
33 aiTthes o badr sbaduritians. tsERUBtQT 61 2aRE DV 8 tE&E Il NI

aConiact @théctmﬁgfﬁé@nS@égdsﬁﬁQB@ sSehdgrt ﬁ@ﬂﬁ@CéndSSald
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t hrou
£ 5BebricPbifucts @érgﬁc&é@ur‘éﬁea‘ﬁanasad%i é%egfae%f?? Heat
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wher ej n sai.d d#acrete gle trical conponent conprises

tRIPHPRdSR ot 2L B6i HP"bRSai d first sol der cont act

and over said first contact point, and a fourth
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secon wherein said third ont%ct
Openmngléa@oﬁnééﬁédvﬁé5§aﬁémeﬂﬁﬁ§P éﬁﬁﬂﬁép Bomtarl

i bhrgilghegaid first solder contact and said

34. 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 metallization structure over said siliceon substrate,
wherein said metallization structure is connected to said
multiple semiconductor devices, wherein said metallization
structure comprises a first metal layer and a second metal
layer over said first metal layer, and wherein said
metallization structure comprises electroplated copper;

a dielectric layer between said first and second metal
layers;

a passivation layer over said metallization structure and
over said dielectric layer, wherein a first opening in said
passivation layer is over a first contact point of said
metallization structure and exposes said first contact point,
andeasecondopeninglesaidpassivationlayeriscmmn:asecond
contactpointofsaidnetallizationstructureandexposessaid
second contact point, and wherein said passivation layer

comprises a topmost nitride layer of said integrated circuit
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first conductive structure, and said fourth contact
point is connected to said second contact point

t hrough said second solder contact and said second
conductive structure, and wherein a vertical distance
bet ween said discrete electrical conponent and said
passprvation layer is greater than a thickness of said

passi, V%E'r%g 'c%%ﬁ%c%ﬁ‘_ge%%%&%rtﬁ%ﬁa%o nekbb 8k@85§;a% first

sai d secon rated Ci rcul
cheptatt Qpaint 4@hfw<ﬂ¥he$a:e@nﬁ;tr%t n@p@@lfb@! ymer | ayer

bet weensaid Q@%@b&%&b@nskéﬁ%%uéﬁdc%%h@ctd%§C%§E@ second
el ectrical conmponent. 45. The integrated circuit chip

of ORF &Fm ﬁﬁln%%}%‘?‘hg%a?%ild p%??/%ﬁi PRyt Conpri ses

pol yiand ges ¢ 461d&7he:dmtaegfca¢r@fi SeillldCﬂiisiﬁbbﬁdaﬁtﬁwalgﬂructure,
éherelre n %I tps ger ggchaﬁsao%%ECkn id first
bet ween Zsand 186 "n Cr oftet BF's E171 elr? ra et
céoruatt chopnof tiCtaign 433 i dhresh sanductiverbiger;
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|nte rate circuit ch Ip. O Clami4 erein sald
GPSEREEerel CebeF e E TOHHOTRFRNE OHF § ¥ AH- A GTduict giornected

4@@ Jared i S et Rt tGictC bt neht Brefigll ak i 43 coere@intiuctive
id 54 discrete electrical conponent conprises a

%Y%fbr N80, The integrated circuit chip of O aim 43,
V\,her el di sat et ¢ dilecretead| eshpocaht corposent fdomur aaéssecond

s<9f‘<§<§'£ Vceor?ceé’ét"se wi2he i ! %%EQE??FQ %f&é%rf@éf component
S Iple

ing: a silicon su . .
S@Pﬁll@bh%i@l@t ortideyd cesniacorronnsatdngetiednte said first

contact point through said first solder contact and said first
conductive structure, and a fourth contact peint connected
Lo said second contact point through said second solder

contact and said second conductive structure.
35. The integrated circuit chip of Claim 34 further comprising
a polymer layer between said passivation layer and said

discrete electrical component.

36. The integrated circuit chip of Claim 325, wherein said

polymer layer comprises polyimide.

37. The integrated circuit chip of Claim 35, wherein said

polymer layer has a thickness between 2 and 150 micrometers.

38. The integrated circuit chip of Claim 34, wherein said

discrete electrical component comprises a capacitor.

39, The integrated circuit chip of Claim 34, wherein said

discrete electrical component comprises an inductor.

40. The integrated circuit chip of Claim 34, wherein said

discrete electrical component comprises a resistor.
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substrate, wherein said multiple sem conductor devices
conprise a transistor in or on said silicon substrate;
a first dielectric layer over said silicon substrate;
a netallization structure over said first dielectric

| ayer, wherein said netallization structure is
connected to said nultiple sem conductor devices, and

4 efﬁén ?9%8fa9§éaél£5§£$oghfﬁrHPtéﬁglﬁoﬁpr'§§§r@1n said

rst ne and a second netal |ayer over
di$¢setﬁeeéectay@¢l OBRRLAYC dFSFRELPRE ?a@%?sb%?mé%ﬁlce
said first agd second netal |ayers; a paSS|vat|on
er on said second netal. | r, S
RolB TORET B SR UG QP oy 3l a e T Sy S8dd o™
oﬁéﬁiﬁ@tnag kayesssvahes el imsakdosebondeast &l 5| ayer 30
m%ﬁng a first contact point under a first opening

5335|vat|on | ayer and at a | ower end of said
first opening, and wherein said passivation |ayer

§onR£|§ﬁ§ﬁ?rSQQHD§PIBbEEIgﬁlbaﬁgﬁPQESlﬁéld i nt egrated

circui pol ymer | ayer on said passivation
Ia?eﬁthﬂﬂﬂﬂﬁﬂﬁﬁﬁﬁ%%md opening in said polyner |ayer

' Sn&\ie:rlpsi@ & il irein eRACtditidds i rMrar eim ssaidd silicon

ol | ayer has a |ck ss bet 2
E%Bﬁ%?er hﬁﬁalﬁréﬁfg ﬁp%ﬁgfg%ggggﬁgnggés93§€F83

cbﬁp@ﬁse thataatisabd ﬁnrst dnebeaﬁrﬁalﬁay@rSabétﬁﬁé@'
of sal g]a C'J.OZ%Iq:lO% egt\?\rhtéeu%é andy & capas] talh OMrate,

sai d p ereln sal capaci t or conpri ses
whelkower spnat B\E(Qﬁléalzdtp@pyﬁﬁﬁfulcéyléﬂe Lherenacdany to said

mh?%@ﬁl@lgéﬁlggﬂﬂﬁb§%§ aeli kst , conduet hveahayeethavipgtion
structure comprises a first metal layer and a second metal
layer over said first metal layer, and wherein said
metallization structure comprises electroplated copper;

a dielectric layer between said first and second metal
layers;

a passivation layer on said second metal layer, over said
metallization structure and over said dielectric layer,
wherein said second metal layer comprises a first contact
point under a first opening in said passivation layer and at
a lower end of said first opening, and a second contact point
under a second opening in said passivation layer and at a lower
endcﬁfsaidsecondopening,anduﬁereinsaidpassivationlayer
comprises a topmost nitride layer of said integrated circuit
chip:

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

a second conductive structure over 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
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t hi ckness between 0.5 and 20 microneters, and wherein

said lower plate is connected to said first contact

poi nt through said second opening, a third dielectric

| ayer on said lower plate, and an upper plate on said
third dielectric |ayer, 55 wherein said upper plate

conpt dsesl mcepoent edondetiidvéirayerontravii pgiat through said

tPi§§9e§§%Q§&M§9@ Qtﬁu@@g¥g0 m crometers. 52. The

integrated circuit c O aim51, wherein said

thir a S%@@?%épﬁfi@r|oay@@%%ﬁ|a§éissqw%r:9mﬂésmée Hgucture

Theqd Idaﬁeagéala%e@drwténggw pfirfd akAk8d i nWherekBcsabitolder
seco further coqﬁﬁgges a second cogtac

d
R o R o e Aot o FanpastivrifiiohnFayep said

andcatd acbodertieadsofusandet hand openi ng, wherein a

fourg qg%%g%?el%c%%&galdg%%£§£e$9¥%%x'ga?&%ﬂJxﬁ:?ndsecond

secon con sai d
c@@h@%r@pn@@%ﬁd whegerd centiadt spokhe elwmghabaaanponent

fourthi opsn %911r%4com?§ctn;§§&ﬁ@t&g Gl rdCQU:SEhé@l@ér contact
Claimbl, wherein said third dielectric |a

c%%%ﬁ?@@ésﬁéﬁt5+ﬁﬁ¥6%?6@“*5801?ﬁe PRE egLare hc??%ﬁ?@t point
cdsnm Ps®fd Gatond lso wWher ebdhsat€l 4 rélvedi £l ectdddodByRIntact

i ses an .oxi de. . I ntegrated clircuit cni of .
T S S A 6T 01 BTSSP ah i papgElel € saia
pbiyﬂncdmta&'t pdhet ithregruat edidifiowtt schiprafor@aaitnand said
5S4,  Wper YRREL. | ayen COomprds tact t
be%gocyéﬁggbtene<§ggg) 5§’ %ﬁe §ntegr§§§ﬁlgPPcaF point is
chPpRoFt € afb on AL VG &@ R Chassi Vattilorrudyeyaid second
fasiher SONMPLEBESNA@ANSHXH US=cond conductive structure, and
wherein a vertical distance between said discrete electrical
component and said passivation layer is greater than a
thickness of said passivation layer and greater than a

thickness of said second metal layer.
44, The integrated circuit chip of Claim 43 further comprising
a peolymer layer between said passivation layer and said

discrete electrical component.

45. The integrated circuit chip of Claim 44, wherein said

polymer layer comprises polyimide,

46. The integrated circuit c¢hip of Claim 44, wherein said

polymer layer has a thickness between 2 and 150 micrometers.

47. The integrated circuit chip of Claim 43, wherein said

discrete electrical component comprises a capacitor.

48. The integrated circuit chip of Claim 43, wherein said

discrete electrical component comprises an inductor.

49. The integrated circuit chip ¢f Claim 43, wherein said

54



59. The integrated circuit chip of Caim51, wherein
said polyner layer is further on said first contact
point. 60. The integrated circuit chip of Caimb51,
wherein said third dielectric layer has a thickness
bet ween 500 and 10,000 Angstrons. 61. An integrated
dTéccatd chéprcompl | sdmgenerat stdnpohsstibst Fad st &6.
mul ti pl e sem conductor devices in or on said silicon
substrate, wherein said nultiple sem conductor devices
5@onPré senbeg ramed stoFCR At ofn o @R L3R £on %u%§?+%t%ald

df‘séfééé diglectedc LayesnoNer csabhistbi gopasabstrateice.
a netallization structure over said first dielectric

| ayer, wherein said metallization structure is
5§onm@ciﬁﬂe@ga§@ddclﬂ@mitptEiﬁenbmpnﬂﬂtn@r devi ces, and
wher ei,n .sai al lization structure conprises a
fi st FSP Fgggr 8nd’a second netal |ayer over said
fi msfl tiptlal skayerpdacsecond vdicsisedty iog Pay &2 ietsideérron

ﬁgégrgféStwﬂgge§§CQ%9d HEE@hph@ygéﬁlc@n@§§§b¥aaé0mces

er on sal d secon nmet al ayer over
Cﬂ@Pé#ﬁ?zﬁtFéﬁn§%$E@¥u¥% ﬁﬁdOBVéPlQaPHlFFPgtSﬁﬁ8t§§58hd

di @l @GtaitC diayers riwhaneidr salcd secend imeican Isanyfsrtrate,

U DhSCR VTR 6 Oy GO AP 14 T bRGF Crd oo e e

ower “ern
wﬁéféﬁnopsmdngetamﬁlmae¢ennst$andupasssvapnonct§¢e¢O Sald

mgﬁfgaﬁgegﬁmbESHHDéEoﬁ'&%b%%ekayéado&he§@ id katggrated
metallization structure comprises a first metal layer and a
second metal layer over saild first metal layer;

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

a passivation layer on said second metal layer, over said
metallization structure and over said first and second
dielectric layers, wherein said second metal layer comprises
afirstcontactpointundereafirstopeningjj1saidpassivation
layer and at a lower end of said first opening, and wherein
said passivation layer comprises a topmost nitride layer of
said integrated circuit chip;

apolymerlayer<n1saidpassivationlayer,whereineasecond
openimginsaidpolymerlayeriscwersaidfirstcontactpoint,
wherein said polymer layer has a thickness between 2 and 150
micrometers and greater than that of said passivation layer,
that of said first dielectric layer and that of said second
dielectric layer; and

a capacitor on said polymer layer, wherein said capacitor
comprises a lower plate on said polymer layer, wherein said
lower plate comprises a first conductive layer having a
thickness between 0.5 and 20 micrometers, and wherein said
lower plate is connected to said first contact point through
said second opening, a third dielectric layer on said lower
plate, and an upper plate on said third dielectric layer,
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a polyner |ayer on said passivation |ayer, wherein a
second opening in said polynmer |ayer is over said

first contact point, wherein said polyner |ayer has a

t hi ckness between 2 and 150 mcroneters and greater

than that of said passivation |ayer, that of said
fwhstedn elaict nippelraybatantbrigratsef asaedosdcomtbuctive layer

dﬁ&leﬁ&\c\%%ﬁf‘é’}%ésénﬁe&é@ﬁi SLOT00 5@id POLYIEL o

| ayer, erein sald resistor is connected to said
first contact point through said second opening. 62.

The, inhlenrad @k €dd edi-bushigh 0f cEl@iambl) , wheneim said third
r53|§t0{ conpri ses al unmj num 63. The_lnt$%rated

cTTBUTt - Eht pt of S0 QMR 5415 € et BF 1t $Ri & fesi st or

conprises tantalum 64. The integrated circuit chip of

Qal mod, s pherein. sald.  second, peLal ol ayerofUrdhere:n qaig
conpri ses a secon COnt act poi under~a thir

operting net shild ysas suvabieon chayer sanda ate@hdwen tamd point
Ohn 88 ¢ LHErd QRSNG4 ST i & FOUNT, OREBLNGhd Bt 2 lower
said 57 polyner |ayer is ovéer salid second contact ‘
P AtOL difd diérigich oPeai 8 9r e¥h8ESA N & EORRER tGE R S aly said

SeeONte £antyant ipobhtr ddWOughrEal dcheucthpepsd] Ndhd Bherein
The. I nte ratgp circuit Ch%? q%ld au%gﬁl, wherein said |
POt YAerP &y e Totprs S8 Botyiti e, SBE SARE iy ed Poin®
Cilncangh céda jod of oGHat no®dnindnerei n said pol yner | ayer
conpri ses benzocycl obutene (BCB). 67. The integrated

circuit chip of Caim6l, wherein said
54. The integrated circuit chip of Claim 51, wherein said third

dielectric layer comprises tantalum oxide.

55. The integrated circuit chip of Claim 51, wherein said third

dielectric layer comprises an oxide.

56. The integrated circuit chip of Claim 51, wherein said

polymer layer comprises polyimide.

57. The integrated circuit chip of Claim 51, wherein said

polymer layer comprises benzocyclobutene (BCB).

58. The integrated circuit chip of Claim 51, wherein said

passivation layer further comprises an oxide.

59. The integrated circuit chip of Claim 51, wherein said

polymer layer is further on said first contact point.
60. The integrated circuit chip of Claim 51, wherein said third
dielectric layer has a thickness between 500 and 10,000

Angstroms,

61. An integrated circuit chip comprising:
a silicon substrate;
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passivation layer further conprises an oxide. 68. The
integrated circuit chip of Caim6l, wherein said

pol ymer layer is further on said first contact point.
69. An integrated circuit chip conprising: a silicon
substrate; multiple sem conductor devices in or on
saind 1siipileonengabsthater fRerees dai @rntht PpRe silicon

séﬁQ%PQP uchioL deyi e85y £QIMPLH3E SohiaBsHStOsri BeOicon
said silicon substrate; a netalli atlfn structu ver

CERPHLSF | T CORPBTbEtPaL ) ORMERePR Sat tLNEoRl FIZAFF RS

St UG W @&e@@&ﬂ@@beday@rsam@r waliti plié isen cobduoBde;
devi ces, erein s

CoﬁﬂF?E ]sfljazﬁtr]r%q SELPS| urg ovegsgléa% 104 3% eﬂ%Etﬂﬁﬁc layer,

&r- an secon
wheyeinOye[dsmedailrsatnenabtkayéﬂrealal@D@@Fﬁt@dléyeﬁald

WEEQ sald éh&ﬁ&tgPddé@EQQg ngﬁalwhéﬁ¥§ﬁssa§d
n

vatl on ayer on sal d seco nmet al aver r
msaaalln@taonu&@xm@#w@@rqmeﬁéS%ﬁdiéVéﬁtsgﬁ&aaugPé@Fr?ed a

sLaygh meWheEr eLpesabdesecand metak hayel magptlses a
Irst contact ~point upnder a first openin g
g gﬁf t an second

pa§sﬁ@§PP§ndP§}§Ft5ﬁ8 fYeg PEWEFeBNG2 Prst
m@@gmlmgyea@d a second contact point under a second

o?%ggﬁgségéghan gass&vat%%nctgxggnaq%a ggﬂgrov%stald

sFelf e i Vati on
mbayelizeonpni sesuattopnest nwﬁwldélﬁaﬁéﬁséfa§§léecond

gk Dt £QL QL £, £ éf@“tWhéﬁgﬂ% s%1BO£¥8@ﬁdhﬁM§ﬂ.Q&?%rsébﬂprlses
passivation ¥ , Wherein said

aflrstcontactp01ntunderaiflrstopenlngnjmSaldpa551vatlon
layer and at a lower end of said first opening, and wherein
said passivation layer comprises a topmost nitride layer of
said integrated circuit chip;

apolymerlayercnlsaidpassivationlayer,whereineasecond
openingjj1saidpolymerlayerj:soversaidfirstcontactpoint,
wherein said polymer layer has a thickness between 2 and 150
micrometers and greater than that of said passivation layer,
that of said first dielectric layer and that of said second
dielectric layer; and

a resistor on said polymer layer, wherein said resistor
is connected to said first contact point through said second

opening.

62. The integrated circuit chip of Claim 61, wherein said

resistor comprises aluminum,

63. The integrated circuit chip of Claim 61, wherein said

resistor comprises tantalum.

64. The integrated circuit chip of Claim 61, wherein said
second metal layer further comprises a second contact point
under a third opening in said passivation layer and at a lower

end of said third opening, wherein a fourth opening in said
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pol ynmer | ayer has a thickness between 2 and 150
mcronmeters and greater than that of said passivation

| ayer and that of said dielectric layer; a first

nmetal post in said polynmer |ayer, wherein said first

metal post is connected to said first contact point

t ho bughr lsaier flisr sveopeni dgye@rdl wherteict paidtfiamsd wherein

et al; Pgéisbéflfs %lﬁﬁécbg&g@ .Qggdasééiﬁé ééﬁ@§8€g§§int
er than ,

di nension sna sard first height; a secon
mehaPupbssain SapdtpobyeaRindayer, wherein said second
nmetal post is connected to said second contact point

t hrough sai d second openi ng, and wherein said second

n@%al hpost - Ak 5o ecbhd hei ghtPand al3ERonyr wherein said
tpangmMer Sea gdé Measheni sssapbeyihbhan. sai d second hei ght;

a first solder contact over said first netal post,

wherein said first solder contact is connected to

s@bd Thestncontacetd poratithebiughoSatdafmnrsl, nebarein said

B%g%?m@azggﬁgﬁ SOhGLl s EOMLAGL o OVEl o 5@t dn seend) met al

Q
rern sald second so?d%r contact is connected
to said second contact point through said second

et al Tpestnt ﬂa@e&i@Qf@&@teb@ﬁprbﬁ?tl@ﬂﬂp@ﬁ?”&h@ﬁ@in said
over said first and.second

said polyper [ayer _an

SEFEF Pt Act S hnB Bl RS aP DB SCF T B GFEREr1 onl
conmponent conprises a third contact point connected
té’esaiﬁﬁef'ifié% PQ%&C&?&E?{ &Ei;?“QP éf‘é?mf%ﬁtw}‘{@}g&n said
post, “and a BuF contact point connhected T0 said
seebvder chayatt ipofwrthar oughssaddf segondonesal postt .
wherein a vertical distance between said discrete
eégFt££Cfﬁtgggggggnéircuit 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;

a2 metallization structure over said silicon substrate,
wherein sald metallization structure is connected te said
multiple semiconductor devices, and wherein said
metallization structure comprises a first metal layer and a
second metal laver over said first metal laver;

a dielectric layer between said first and second metal
layers;

a passivation layer on said second metal layer, over said
metallization structure and over gaid dielectric layer,
wherein said second metal layer comprises a first contact
peoint under a first opening in said passivation layer and at
a lower end of said first opening, and a second contact point
under a second opening in said passivation layer and at a lower
end of said second opening, and wherein said passivation layer
comprises & topmost nitride layer of said integrated circuit
chip;

a polymer layer over sald passivation layer, wherein said
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and said passivation layer is greater than a thickness

of said passivation |ayer and a thickness of said

second netal layer. 70. The integrated circuit chip

of Claim69, wherein said polyner |ayer conprises

polyimde. 71. The integrated circuit chip of Claim
p&bymavheramiar daisda pbligimeskapetweshpsided 150 nicrometers

aﬁﬁn%ﬁﬁ%ﬁ%?Q9E§p%hgﬁcgk shdd EﬁgshﬂhﬁgbﬁtEQY@rr£hwtthat of

wherein said discrete electrical
S%b@p@h@h@“’e%ﬁ%rl@é%ra capacitor. 59 73. The integrated
Ci BC AstCREPa OfpSdtal MsEd pheyedn 19ged, wiaoriet eaid first

| ect I
oL CEMREnL ol s AL LB A TV
sdligcf £t et elwatirigalarcompenernin cenplr fsestarebsispost has a
fzgs%T$§léQ{e§£ t$dfff%§uﬁfa§9$@r§g &%ﬁ%ﬁ@ﬁg% Wher LA than

is over said first contact
spofinfizge. hdhghthtegrated circuit chip of daim 69,

Mh%r%bgoﬁa'Qe&bﬁsbosﬁeiﬁlSQQ@tpb§yﬂ¥Erl§@éﬂ fiistein said
contact polnt, an sal secC ost S 0OV
sg@PEd Jeeht ROHt act Cﬁ’éﬁ”r‘?t‘:tefg torfe ?gaPa?eaO%F?%u. point

tﬁbb@%ﬁf s&lai ﬂ@a@&ndm@émmgsaadd xplassemtwml ayeond metal

further conprises n0|de [ C
PRAFp B & 5:? ‘g hGohEh e A8 af dse%%g%ng%%%‘g%?g%o%ﬁ%ﬁglon
shaslart hhad hen.ghsegoedt beigh&n a thickness of said

pa%s#Y?gk%ﬂﬂx%%?Eﬁgggc@ &@éfK%ﬁ§§f9§s§%k§xi§%@@%d wherein

met a nt egr at circuit chip
S@@ﬁpﬂ%ﬂ]g‘fdd@rsFpﬁéé‘ﬁtsaﬁs‘t?‘?%lﬂ%@ed to said first contact

point through said first metal post;

a second solder contact over said second metal post,
wherein said second solder contact is connected to said second
contact point through said second metal post; and

a discrete electrical component over said polymer layer
and over said first and second sclder contacts, wherein said
discrete electrical component comprises a third contact point
connected to said first contact point through said first metal
post, and a fourth contact peoint connected to sald second
contact point through said second metal post, wherein a
vertical distance between said discrete electrical component
and said passivation layer is greater than a thickness of said

passivation layer and a thickness of said second metal layer.

70. The integrated circuit chip of Claim 69, wherein said

polymer layer comprises polyimide.

71. The integrated circuit chip of Claim 69, wherein said

polymer layer comprises benzocyclobutene (BCB).

72. The integrated circuit chip of Claim 69, wherein said

discrete electrical component comprises a capacitor.
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mul ti pl e 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 nmetallization structure over said silicon substrate,
wherein said netallization structure is connected to

sabd Thul tnpeersesd conduet orcldevi cesClavhrere? n wagdein said

n&i@é&égétéPQct§£§yfteéﬁ$&ﬁgp£ié@ﬁ%§%£é§85n a§u?£@y¢r

and a second over sal irst met ayer;
a dielectric |ayer betmeen said first and second netal

|ayer@heal@@§§i¥@éd°@lf@ﬂ§ﬁ onisabfl Segonds Bt @herein said
over

over_ saj d tallization structure and
s‘ﬂ%l%?%? eRt?Fert ‘iglrﬁ COMBRATRT n°SBP B 888 ohd fret B C -
| ayer conprises a first contact point under a first

openi |n sald ssivation |a e
ofSsard 1SR R RT LA M BT A B Pl B8 et
un@éalap@eton@ @p@num@ldnfsa$u QQESa@atp@nniayer and
at a lower end of said second opening, and wherein
sai d passivation |ayer conprises a topnost nitride
| &y err P6f xR ¢r 3 e ghaced tefh Buet Cknihooa hgimapap first

métapqmw@tl%dot;@rsgaﬂdfﬁhsét CcQjﬂtQaQit pelint, hheosghd second
sai erein said first netal post has

t
et Ll bRts ope g MR S e P ot u ey B

snaller than said first height; a second netal post

C’P*f‘”efdﬁgdlﬁw?e%?ég%&e&PP&f@”&ﬁf% 89'&? +hé§“%§§é9n said
secon n sard seton
passivation layer further comprises an ox1de

78. The integrated circuit chip of Claim 6%, wherein said
second solder contact has a third height greater than a
thickness of said passivation layer and a thickness cf said

second metal layer.

79. 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 metallization structure over said silicon substrate,
wherein said metallization structure is connected to saild
multiple semiconductor devices, wherein said metallization
structure comprises a first metal layer and a second metal
layer over said first metal laver;

a dielectric laver between said first and second metal
layers:;

a passivation layer on said second metal layer, over said
metallization structure and over said dielectric laver,
wherein said second metal layer comprises a first contact
point under a first opening in said passivation layer and at
a lower end of said first opening, and a second contact point
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has a second hei ght and a second transverse di nensi on

smal l er than said second height; a first sol der

contact over said first nmetal post, wherein said

first solder contact is connected to said first

contact point through said first netal post; a secand
ursdd der seomAcenver Saise iseedndl et apnposter aRdrtefntover

eS@ict SeEQNd $0l08ke £ONG A6 d ShEPENEE LM bassabdt seaantd/ex
contact point through Said second I t;

¢ netal , pos and a .
CRliEt R ®ltOPIEBEal L EBNPBNEN S ovedr S84 d“ﬁ‘é%%ﬁ%?‘? grrcutt
c%ﬁypr.and ovgr said first and second sol der contacts,

erein _sai iscrete electrjcal . i -
R e i SR S R
tipobugh thricugh rsai dodiisy, WWolmem eentlatirahdesaildpost has
aldf St 'ﬂ%g%]thtpgﬁh' 2 end- & fQurth GOt 8GhenBObRt smaller than
connecte 0 sald second contact point through said
saedohdrsbl dergkbht act and said second netal post, and

wher £ 0o @ el pakt distance-heloegendsaidbill seneket point
el ectrical conponent and sai d passivation |l a

t sal o} : 1) C ﬁgr Ie al post
yFeaglrsitarer RRhiCHERELY (ot ELiSH SV EEF BRI BT 6P R
h%@!&ﬁ@@%&goﬁeﬁ@lh‘d arseaonscomd &l r dreypery sesdildehibist smaller
ei ght , and sai ecopd, height. 80. The integrated

t%??cﬁ?fgcﬁ?ﬁogg éfé?ﬁEVQ further conprising ga pol yner

| ayefibet vedniesaidnpassi vee ¥ e ildaférs itk wal @ost, wherein
sGL3Ck£LE: At €ah.CRIPOREly, MOSLEHD, SAlid Eh kSt afdact

secon nmetal posts are in sard polyner [ayer. 81. The
pphtegtaredsti peaft LéREp BRTELaPR®80, wherein said

POl RRI- JrRY &0 1IGRIT SRS RO IidA deaidblsecond metal post,
wherein said second solder contact is connected to said second
contact point through said second metal post; and

a discrete electrical component over said passivation
layer and over said first and second solder contacts, wherein
said discrete electrical component comprises a third contact
point connected to said first contact point through said first
solder contact and said first metal post, and a fourth contact
point connected to said second contact point through saild
second solder contact and said second metal post, and wherein
a vertical distance between said discrete electrical
compenent and said passivation layer is greater than a
thickness of said passivation layer, a thickness of said

second metal layer, said first height and said second height.

80. The integrated circuit chip of Claim 79 further comprising
a polymer layer between said passivation layer and said
discrete electrical component, wherein said first and second

metal posts are in said polymer layer.

81. The integrated circuit chip of Claim 80, wherein said

polymer layer comprises polyimide.
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82. The integrated circuit chip of Caim80, wherein

said polyner |ayer conprises benzocycl obutene (BCB).

83. The integrated circuit chip of Caim80, wherein

said polyner layer has a thickness between 2 and 150

m cronmeters. 84. The integrated circuit chip of Caim
797 . wheeeintsardtedi scretet etlecprefallgompdpentherein said

SPIRLEES, el 0 L LPLEY, gl ol

conponent conprises an inductor. 86. The integrated
C?BC?TbeCBh@e§fa€%§LBlfgmiwhéﬁﬁbno§a¢ﬂ?iﬂ|§g[e®§%rein said
electric conponent conprises a resistor. he

i B?i&@%’fg]laabé% i% Achi P oreTH 2@%“@?” whapei %g@élildcmme‘cers :
first nmetal post is over said first contact point.

8 T, integrated.circuit, chip of Lm7 wher el n

514 e st R cel e b b TR Y T B P saia
poiatreande saftr segbndompetant postprsseved sapecsecond
contact point. 89. The integrated circuit chip of

Gaim79, wherein said passivation |layer further ,
C%ﬁpr?ggslgﬁegyﬁggq gbrcuit chip of Claim 7%, wherein said

discrete electrical component comprises an inductor.

86. The integrated circuit chip of Claim 79, wherein said

discrete electrical compeonent comprises a resistor.

87. The integrated circuit chip of Claim 79, wherein said first

metal post is over said first contact point.
88. The integrated circuit chip of Claim 7%, wherein said first
metal post is over said first contact point, and said second

metal post is cover said second contact point.

89. The integrated circuit chip of Claim 79, wherein said

passivation layer further comprises an oxide.
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