SEMICONDUCTOR DEVICE AND METHOD OF FORMING INTEGRATED
PASSIVE DEVICE MODULE Field of the Invention The present
invention relates in general to semiconductor devices and, more particularly,
to a method of fabricating a system in a package (Sip) having integrated
passive devices, surface mounted devices, and printed circuit board (PCB)
components. Background of the Invention Semiconductors, or

computer chifb%":dﬁ? YBHE&%W&H@%O@R/ MR B ot Mhufactured

. INTEGRATED. PASSTVE DEVICE MODULE.
today. Chips are used not only in very sophisticated industrial and
commercial electronic equipment, but also in many household and consumer
items such as televisions, clothes washers and dryers, radios, and
telephones. As products peea@ecsmetier birendsolunctional, there is a need
to include more chips in the smaller products to perform the functionality. The

reduction in size of cellylar telephones is opg.example of bow more and more

capabilities are incorporated into smaller and smaller electronic products.
S ABIEIBEHBAICPratiicts becdife ifcreashigly Mihtatutized: &t is desiftsle @6
feombine seyesalghipsintma singleksystenspackage.iBy combininag svhat
pWeLe previously. separate and distnct ehips, into a single PAckage. - oyt
manufacturing costs can be greatly reduced. Although preferable, the
biitegratiorPof ERPRFOPME: using thin film processing techniques on wafers
with other chips and packages can present many challenges. For example,

tOdaySth"Fﬁ"n'nanuggéﬂrggund of the Invention

Semiconductors, or computer chips, are found in
virtually every electrical product manufactured today. Chips
are used not only in very sophisticated industrial and
commercial electronic equipment, but also in many household and
consumer items such as televisions, clothes washers and dryers,
radios, and telephones. As products become smaller but more
functional, there is a need to include more chips in the smaller
products to perform the functionality. The reduction in size of
cellular telephones is one example of how more and more
capabilities are incorporated into smaller and smaller
electronic products.

As electronic products become increasingly
miniaturized, it is desirable to combine several chips into a
single system package. By combining what were previously
separate and distinct chips into a single package, manufacturing
costs can be greatly reduced. Although preferable, the
integration of chips formed using thin film processing
techniques on wafers with other chips and packages can present

many challenges. For example, today's thin-film manufacturing
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processes require the use of expensive, specialty substrate materials when
forming SiPs. Although a PCB may be used as a substrate, they are relatively
delicate and may be damaged by the high temperatures used during thin-film
processing. Also, in today's SiP devices, any connected IC chips are
generally limited to a 2D layout configuration. As a result, the number of IC
chips that can be coupled directly to a substrate is greatly limited in
Pagcortdnte with'the Bty oFthat Rtbstrate. Birafy2if conipoRents-6r
madditionas devicesarenmaourtedt0 a backsidghobasubstrate singed as a
sgnyentianal technologies, it may, be necessary touse through sybsirate;yjas

(TSVs) to electrically connect the attached components fo the internal
tafectrical Strlettre of the substrater T3V stare diffidiit Bhd Sdensive té15°-
ipradues; 'so thieir use greatly dngreasesdbescostofdthecompleteddendce.y
1 SHIA O S ANVERION. cop 1 qéh Deedexistefor 2 mathed dfferming.a,

system in a package having mtegratea thin film devices, surface mount
ofecHnalbgy Hevices, i pAntsd Bikedit Board deviéés. AnsadfifisAta rded
gexists formanudactusingdeshnigues farithersysteavas escsibechwhich
s[gdlice, process, steps, resylting,in shorter eycle time and lwer.gost, ..

In’one embodiment, the present invention is a method otamanufacturing a
megficendactor device eantprising theé 'stéps of providitg assubstraeé with an
tinsuhationy layer dispesedian adep siuface:of the-substate: feupingane vias
(piggrated passive circuif.over the op.surfage of fhie,substrate, removing, the

subst)rate, cFeposu Ing an i%su?arhng poFymer |Im?ayer over the insulation
1pyernandfoaning anlintercoanecestrbicture cvdrthednsulatingVpolater film
dleyefcult andln-apetherembedineat. dbe present invention;is-amethod of
.manufacturing a sengicondtLﬁ%tor devifetcoalngrising the steps of providing a
L80bSHafe with-arr isulation TayS diRposed on 4 top surface of the substrate,

forming an integrated passive circuit over the top surface of the substrate,
removing the substrate, aghep N o-aLriried Giicest board over the
insulation layer. The printed circuit board includes an insulating polymer film
layer and an interconnect structure deposited over the insulating polymer film
layer. A headothersembodimentetheopresent smventior issashethadof
cnanufaciying. g semiconductor device comppsingthe steps.etpraviding a
substrate having an insulation layer disposed on a top surface of the
LsaBstrate aritftorfiiig 4t thtBgratetpagsive tircbitoverthg sibstratt by
adeépositing a coneldictive dayerrovemthe:Sabstratengnd<depositing afdieledtric
s\pyerover the substrate, The;method further includes forming.a passiyation

ayer over the integrated passive circuit, etching a first opening in the
SBassivatichdager td'expbse Hifst stitfilce of the integrated passive circuit,
removing the substrateytetchingnha firshepenmgeintthennsuoiltation layes toethod
o8Xpase Asecond sutface, of thedntegrated passive gireuit, depesitingan. o ¢
insulating polymer film over the insulation layer, and forming a metal layer
PoYEL the' thsulatitng polifiel filh. ThelmetdiAayer coatacts theRetondsurtacer
satthe-integrated passive £ir€litforming 4hanotherembodiment ythecpresent
olvention is 3 methed of manufacturing.a semicongustar device comprising,
the steps of providing a substrate with an insulation layer deposited on a top
dgnracs Bithesubsirate HotthiRg laf te §rdR d Fassive ereuit By ermpelidp! o1
1sydace Hfdhe substratensurfase spaupting dC-dies uredisceatecampanents OAg
a first sur ace Oi]: the integrated passive circuit with flip-chip or wire bonding,

1 yis g : .
mﬁg%ﬁ the waterwith dielectric molding
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material, removing the substrate, depositing an insulating polymer film layer
over the insulation layer, and depositing an interconnect structure over the
insulating polymer film layer. Brief Description of the Drawings FIG. 1
illustrates an example semiconductor device; FIGs. 2a-2f illustrate a process
of forming a system in a package; FIG. 3 illustrates a system in a
package with attached discrete components; FIG. 4 illustrates a

system in a pacKage With ABRMES Ot ed itaR ifsTation 1458 oPthe water:;
nEtB o8 ilfstratesta systemdna package avithr armotding < ompeound depasited

s QUL e PRSSIYANOR Jayer apd the COMPORENLS:, ;5,1 4+ 1B 18 JUSUAIES & o

system in ‘a package without a final passivation layer formed over the watfer,
OR|@G. 7IRuSrAtER R sYStemiGn B PpaLkAGE wiftP afi 'dttacted Water eafter ant! Ve

circuit over the top surface of the substrate, removing the
substrate, and mounting a printed circuit board over the
insulation layer. The printed circuit board includes an
insulating polymer film layer and an interconnect structure
deposited over the insulating polymer film layer.

In another embodiment, the present invention is a
method of manufacturing a semiconductor device comprising the
steps of providing a substrate having an insulation layer
disposed on a top surface of the substrate, and forming an
integrated passive circuit over the substrate by depositing a
conductive layer over the substrate and depositing a dielectric
layer over the substrate. The method further includes forming a
passivation layer over the integrated passive circuit, etching a
first opening in the passivation layer to expose a first surface
of the integrated passive circuit, removing the substrate,
etching a first opening in the insulation layer to expose a
second surface of the integrated passive circuit, depositing an
insulating polymer film over the insulation layer, and forming a
metal layer over the insulating polymer film. The metal layer
contacts the second surface of the integrated passive circuit.

In another embodiment, the present invention is a
method of manufacturing a semiconductor device comprising the
steps of providing a substrate with an insulation layer
deposited on a top surface of the substrate, forming an
integrated passive circuit over the top surface of the
substrate, surface mounting IC dies or discrete components on a
first surface of the integrated passive circuit with flip-chip

or wire bonding, molding the wafer with dielectric molding
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FIG. 8 illustrates a system in a package with a heat spreader mounted over
the molding compound. Detailed Description of the Drawings The
present invention is described in one or more embodiments in the following
description with reference to the Figures, in which like numerals represent the
same or similar elements. While the invention is described in terms of the
best mode for achieving the invention's objectives, it will be appreciated by
MtHoge 8killed A THE it F%%ﬁ it IEOnteAdEd t6 Tavet altenatives Thodificktions,
pahgrequivalents agenay ke inchudedswithin the spirtandscopefshe ing an
1invention,as. defined hy the appended dlaims and their eguivalents as , ..
supported by the following disclosure and drawings. A systemin a
package having integrated passive devices, surface-mounted devices, and
PCB-based devicesrdat bpamanipadioncd fvitibh Iraeshigslleviate the cost
and difficulty associated with combining a plurality of devices into a single
package. Moreover, the system can be manufactured using less process
steps and cHeHper'materidi§ ivhich eBnfitites to SHOFETEYEE time antce
lower overalraast. 2a-2f Alm@inredsemiconductoadevieens shownrsiktem
iﬁl%. 1. (I%{evicee 10 involves mounting an active area 12 of die 14 face down
toward a C?'I?p carrier substrate or PCB 16. Active area 12 may contain active
and passive d&vices, cbHttictivedayers diidiclectticlayers acteérding to the
aelectrical dasignafdieds e elgctrical and mechanical interconnect
between die 14 and substrate or PCB 16 is achieved through a solder bum
structure 20 Ecl}cl)cr;n'pr?sirltjg{j) Izulszélatrégtneusm%e%ﬁr?&ivﬁ@ﬁja? c%%(gé%%%ewslo‘%ep LJCurcn}g;)esS
forballs 2. ahel s6ldetr biumps arefofrhethen bahsp pads or interconnect sites
24, which are tlispesed onactive-area 120fglieild. Bump.pads 24-gonnect to
thle active circuits (?f O?Iie 14 lgy onducti%g tracks f,ormte,d in ?ctive areg 12.
S OTde b AR 22 aré BISSttically Ahd meshanically Gonnectedto contact pads
comirtereorirect sites 26 on carrier substrate or PCB 16 by a solder reflow
process. The-semigonductor device pravidesna short glectrical cpndustion,
path from the active devices on die 14 to conduction tracks on carrier
LBt 5F PEB 46 ihSfder t878a0cR Signal srofagation, lower
capacitance fFand achieve everdlEbetiesgirtait perfernrardaige with Farning

10 Elge4a, adirst step innmanyfacturing a system in a package with integrated

thin film devices, surfacelz-mounted devices, and PCB-bas}t(ad device% is )
shown. Sech%%du%téll ustrates a system 1n a package with a heat

spreader mounted over the molding compound.
Detailed Description of the Drawings

The present invention is described in one or more
embodiments in the following description with reference to the
Figures, in which like numerals represent the same or similar
elements. While the invention is described in terms of the best
mode for achieving the invention’s objectives, it will be
appreciated by those skilled in the art that it is intended to

cover alternatives, modifications, and equivalents as may be
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wafer 28 has substrate 30, over which insulation layer 32 is disposed.

Substrate 30 generally includes a dummy wafer or substrate material such as

a sacrificial silicon (Si) wafer or any other suitable glass wafer. Accordingly,

substrate 30 uses cheaper materials than conventional substrates and can

therefore be sacrificed during manufacture. The insulation layer 32 is an
_optional layer. When present, it allows substrate 30 to be electrically isolated
oM el other ey erd of Wrafer 282 s 1iafiBh 18yel32 cHhValkb'adt &5 anetehe
bstopmlayerpAssuch; thuring rerovakaf-substtatel 30 tinsutatiamiayers3? canthe
£he 1%%%@150 detect @ghggd-aqlcgnggg%%ggqte 30 to prevent damage to the

components formed over substrate 30 and insulation layer 32. Insulation
layer 32 can’inéNidtleSahy SuftaBfehrsteriaPdna cai be$ohed iRFnaltipte
dlayers sk-os examplentiumay includedayersatisiticenigiexidedGiG2) silicon be
«Diirige (SI3N4). silicon oxynitride (SION), ot any gther material with.goed, . ,
seIchwty?or silicon etchant. The deposition of insulation layer 32 may
avfve physitat vaportepositich FPVD) lortehéthicHt Vapdt depositiorf {CYED.
pAgcengductivelayer34a-34g is depasitegdrand pasternedvesdnsulatignilayer
% gogdéjtcéivg Ig}{gr 34 forrgrs tﬁg@énallglog vavg'o.ucsninée%:at(leg lpcassi e devices
Pihe uging a cgpautor %fba)p resistor é4e ahd 4]f), and inductor ?3?49 In
shRefrfativerértbddiffe s dadditiohaPsgsten cepiponents or passive devices

such as transisterss €iedes ok other.dissipatie; and enesgywheutralrdevices

pa0 be faymed, Gonductive layer 34, can he made with,aluminum (A1),
aluminum aJlons, copper 1(](rfu)l, mickel (?\ﬁ ggld (ﬁuﬁ Silver (Ad), saﬁmdae,
dpolysilicor; draothei electrically conbdattve materidtsuitable fortdeposition o
népubstraienARYD: CYRy electralytic plating.<or electroless, plating-processs
o betused lto form conduc&i,ve Ia%/er gﬁ Relsist{ve, Iaglerd36 is 1‘ormfeddc)ver1 A
CONAGCIVE layer 34 and MsutAfion fayer 35 Reslstive'layer 36 can be'any *-
Tsgitableatrateral, imcludimghaicketEhiornmNIEF), metalsilitide stantakum
snitdde {TaN)-apdpalysilicon having high electrical tesistance, fhesdepesition
of resistive layer 36 may involve PVD or CVD. A dielectric layer 38 is
“Bafieived %hgqfo?m]e%lfgx?efl?é%k@ﬁvé)Fayjer%dj&ﬁ%?éctﬁ%ﬂ%%?éﬁoﬁ% Prts

bofhyarious ipassive’ gircuit efements mdluding a capaeitoedresistorrangads or
1 thductar, and suppeding, coptact pads.34a ands34h Dielectric.layer 38,¢an be

silicon nitride (SiN), tantalum oxide (Ta205), hafnium oxide (Hf02), or a

ddfelectric it material. i &P aREfative Efbdtimertt, fesistive fayer 361 **

bformediovel dielectricklay&rB88:d in active area 12. Solder bumps 22
are electrically and mechanically connected to contact pads or
interconnect sites 26 on carrier substrate or PCB 16 by a solder
reflow process. The semiconductor device provides a short
electrical conduction path from the active devices on die 14 to
conduction tracks on carrier substrate or PCB 16 in order to
reduce signal propagation, lower capacitance, and achieve
overall better circuit performance.

Turning to FIG. 2a, a first step in manufacturing a
system in a package with integrated thin film devices, surface-

mounted devices, and PCB-based devices is shown. Semiconductor
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Next, passivation layer 40 is deposited over insulation layer 32, conductive
layer 34, resistive layer 36, and dielectric layer 38. Passivation layer 40 can
be patterned to create various openings, thereby exposing one or more of the
lower layers of wafer 28. In FIG. 2a, passivation layer 40 is patterned and
etched to expose portions of conductive layer 34 and dielectric layer 38.
Passivation layer 40 can include any suitable insulation material such as
"BbRimide, enzotitiohitene (BEET - PBE fholybehzoka26les] YEpoxy baSed
dinstiating polyumer, rertethed insulatingpolymerunaterialsuRagsivation layer

s40slike all frther passivation layers, provides Q[gg&cﬂ SYpPosito and. . o,

electrical insulation between the layers of wafer 28. Conductive layer
217 i8 depositetovdpssiVation fayer 48 CCondtRavE layeras ke 30 uses
cteaduetive tayera34, mayrnclide-any suidable:matesatandre termed byany e

suitable.method. ,As shown on.FIG. 2a, by yjrtue of tq%gggtgrns farmed in

be " sacri, 1ﬁe dur Ing ganu T e insu laye is an
passivation layer 40, conductive layer 42 contacts portions of conductive

ORiyE? B4 anhd thilectiie Ay 1738 IhtalterhatiVe BfbddhneAts: HasSivaticit layer
e4e<e:a_mb_aﬂghed shuthad cenductive @yﬁﬂ&@ﬁ&@g@tﬁcﬁf@ﬁsﬁge layer 36.
Sonduetive layer 42.acts a5 a adhesion layer todaglltate deposition of,
conductive layer 44 onto wafer 28. Tn an alternafive emt o%lmeﬁt, a diffusion
spafrierimatedalrcary beldepositets between bondutivetager 42vard 32 can be
ueenduetive tayar 44 te eahancedthemhysicakand/or €lectrical GenpegtvRge to
etween the two layers. Conductive layer 44 is patterned and
e I e e ek AR
134uhfdy el dde anySuitable tnaterits aritbe Yofmbdcbyranysiitable preegse
£hr-Rpe embeadimept,for example, egnductive layeri42 ingludes titapium (I s
nd conductive layer 44 includes Cu, . Finally, passivation layer 46 is
Ofortied 69r LRALLIvA TAyAr 44 B S ToWeF fairs, 44 Shown BhFIC 28"
npPassiationilaiyer 46r likepasgivatior fayer40,wha incledesany stitabley for
smateral and:he formed, yusing,any suitable methed, Passivation layerds,
_provides structure support %nd can be patterned to expose one or more of
HRE 1olWePIRYarS ot water 28” Bt example! i H G‘?]’Za?%eaf%%ﬁf‘a]tiovna%%r 46 is
detched tooexpo8@ portions of conductive layer 42 and conductive layer 44.
Depe_nd'f!g %P%%@E@_@%atl%ék‘eﬁ%w%&a{%b%@@gﬁﬂ@n%%ﬁgﬁerned
combinations of metal, dielectric, insulator, and passivation layers. For
CERAMPIE S6me Appiications may fattife that dddifionalmetalEnd Widletiic
olayexs besforimed:gnavafer28; onthat some beinemoved.gAkso; @rrecor more
(@reynd planes gan pe formed onyafer 28 during,the fablication process.
Similarly, additional interconnection capability for the device may be achieved

by thaHddifior B pattethed metil ihteteonndeidn Tayergponents or passive

devices such as transistors, diodes or other dissipative and
energy-neutral devices can be formed. Conductive layer 34 can
be made with aluminum (Al), aluminum alloys, copper (Cu), nickel
(Ni), gold (Au), silver (Ag), salicide, polysilicon, or other
electrically conductive material suitable for deposition on a
substrate. A PVD, CVD, electrolytic plating, or electroless
plating process can be used to form conductive layer 34.

Resistive layer 36 is formed over conductive layer 34
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In alternative embodiments, capacitors can be formed in the device using a
metal-insulator-metal (MIM) configuration. In that case, two single metal
layers can be formed over substrate 30 having a dielectric layer disposed
between. Additional resistive layers can also be formed between the two
metal layers to alter the properties of the capacitors. In one example, plasma
deposited SiN, Ta203, or anodized aluminum oxide films are deposited
SBetwESH thé thétat Tayeérs and nfay gPéatly indéase the Cpdtitaiite Sithe?1e
meapacitors. includitg FHGc R4, thedntegratedipassivenrdevites inclatiesa

+Gapasiiar tormed;by Pf’%@i“,c“é(ﬁo{a%é%ﬁ%/éfflai%doﬁzhgi%'%&”i&' YeL 38, fesistye

layer 36, and conductive layer 34b. The integrated passive devices further
T ichidé atesistof fortied by dord G&tivie fayers Fel 18sistive 12§&r 38V ahde
peonductive layer 34f. The integrated passive devices further include an

inductor formed; by conductive layers, 44, 42, and.349.,The inductor can e

formed on wafer 28 as smgle-ieéyer or stackéd spiral inductor components.
re&eherally, stakRed Epiral irGdEors provielea highéritickarcelunit afealous
phewever @i single-layenspiral inductor providesa bettes:Q viadue sAspiralnd
.inductor can be formed jn as few as two metal gyers it AN in%Jlative ayer
e et L P oIB S e Ao i 0 it e e
Lan@rar’ hrigrpdrfioRidfitherspitaltis e dtPonitally Toupled 16 Hesetbnpdnetal
nkayer wsing aada fermed, thieugh dhe iasulative dayer.dpsuchsan inductor, the

etal layers canbbe formgd from .high-co ductivit¥6metal§ such as Cu, Ag, or
a (S atlve el dimen rgsistive ayer S . rmed over

U. One or more the m?egr‘atea passive devices can be intérconnected as a
dpassivercircuieaedording to the electrical function of the device.

Referring to kG 2bpadhesive; layer Hkis depasited pyer passivation layer
.46. A temporary wafer carrier 52 is then bonded to passivation layer 46 _using
AR ANE Thy P L0 Tohp oAl Ter CaTrGF 62 cdn begiass. Si, ceramias
anretal; potyrer compesite Sor offves vigid materiddyer 40 cFIRQ2rshorsthe

crempyvalk af substrate 30and,patterningfinsulationlayer 32, Substrate 3Q is:
removed by mechanical back grindinE%With an additional wet etching step.

LR atively Spfasmia etéhing and/or A themicaltiegndRical plandiization *°
PECMP)prdcess carrbedised. dnthegresent emsbodinenmtiaanajorityaafer 34

a%HbétIé%§Qﬂ§@iﬂék})éfe@@ye%ﬁ%@gv%@@&ﬁ QL@%PQ‘%?%%W?M%%%% any
Sgggroxmately 10-251= of substrate 30 remaining. The remaining substrate

)€ Pefmovetading s Wy dty BtSH: GSCRIP hrocess. ARBF removarst e e
(8abstrateBl0, msiation: tayer 32 is exposed. based ihnsulatiom{ayerl3zis,

ogtehadto ereate vas £xposing Poptians of eandugtive layar;3da and.34hin
one embodiment, insulation layer 32 is opened u5|_n§ea laser drill, together

Liith &rt bptiohal Gia fstfivdd fit i foloVGihg  proce¥sces physical support

to and electrical insulation between the layers of wafer 28.
Conductive layer 42 is deposited over passivation
layer 40. Conductive layer 42, like conductive layer 34, may
include any suitable material and be formed by any suitable
method. As shown on FIG. 2a, by virtue of the patterns formed
in passivation layer 40, conductive layer 42 contacts portions
of conductive layer 34 and dielectric layer 38. In alternative

embodiments, passivation layer 40 can be etched so that
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Referring to FIG. 2d, insulating polymer film 54 is applied to the backside of
wafer 28 over insulation layer 32. Polymer film 54 can be applied using any
suitable process such as lamination, printing, spray coating, or spin coating.
After it is applied, polymer film 54 is etched to expose portions of conductive
layer 34a and 34h. Polymer film 54 can be etched using photo-lithography or
a laser drilling system. When formed, polymer film 54 may be greater than
OB Hicrofs (aet)thick. HoWeler: if Soimé %T:Jb‘ﬁEéﬁSn%?%iS/rﬁ%rﬁlm 54 is
Cthickercthan 3@3¢m. 4n the tpresent emhodimient, pelymer film o inctudes a
abigh.resistivity:material baving, forexample, a resistance of greater than
IkQcm. Polymer film 54 may include polyimide, BCE, PBO, epoxy resin, or
WS R dieldctrie thaterials trofyifidéd matetials benetali? haveé A dietectrie
depnstant @rounda:3d andheesistivity argunrd 224E15Qemdbpoxydesiygenarallyo
{3 dileclric.consiant aroynd 4.4 and resistivity. ground. 4. 0R4SQE. e
WPR-dielectric materials generally have a dielectric constant around 3.6 and
ChesidtivifF dround 1.0E15Qcm. Metal layer 56 is deposited over
polymer film &hdn dhepresentembodiments metaklayet SerisrGuand is
typically. thicker than, 151am. However, in alternative embodiments, the
e e T s, 3 RO ATe ahie”
Spically 12tintlMetal 1ayei-56 ariBé T6imedIrembany stitablecietalsuch
588 A 1AJ pAb @lgminumalloys, GuoSnmenNi. Bepending upondheductive
application, it be preferable that metal layer, 56 _he routed so as to avoi
oSty REReSt CHo B hbrd of the i aled BasSUE ddobht (vl
Cformed within wafer 28. For example, with reference to FIG. 2d, metal layer
56 is depositedhsa a3, toaveid passing directly heneathdhgdadyctar because
meéal Ita%/er 516 and sig}nals dtra\/lellinlg through metal layer 56 can interfgre gvith
e Bperation of tHe inductor OF other passive devices. Metiayer 56 mag act
Pasalgrourmdplaner 46, 1iRgrning novetc FIG! 2esadéitionalimetallant: any
sinsulating pobuner filmlayers ¢anhesadded do he semicopductordeyice in a

similar manner to that used to form polymer film 54 and metal layer 56. The

P ettty poyRerfim b2l dépssitéd buer pofymar fifth 54 Afd hdtdiTayer

rB6tAnmetaltiayerbdds depositedrover metahlayer&6rand potymer filmiG2. 28.

riietallayer 64 farmsrind Uﬁ_‘?rsp%@_@ strp iiﬂﬁslha%}é@g Qﬁh% P@ﬁfgﬁ%@n&é
values. Over those layers, insulating polymer film 66 is deposited. Metal Ialglgr

89S UpUsited Vet paghiBrTim 861 The combitistior b idtal fayetd B6,
and 68, withirsulationdayers:54tandch66 ] constitute arhinterconrect structure
which elecirigally conpects with etal layets 34,42, and A4.19 provide a

_complete electrical interconnection for the integrated passive devices and

* Se&thicaHetidter die”fith the 88 AiicondG&tor Fkage. SO Metal
a@yﬂ@&@@msfom@ﬁepatategrqm m&ﬁndamtonrstamc_léordraﬁm%smmc
1lines-The insylating olymer, film layers,may ioglude a single polymer 5,

material such as polyimide or epoxy resin, or a polymer composite having an
c38ded fiffer nafetidl OritibEt Tatetial PFof ESCapplications, the Potymer filtk
flayers should havediigh resistivityand adawilossritangent wiheimexpesed to
Digh frequency elegttomagnetic radiation, 4 resistivity of lkQemand g loss
tangent of 0.01 would be satisfactory for most applications. In one
Pahfsodifteritofiel stiBSRARC ARERAPM SIEBE-67G(H) manufactured by
Hitachi can heusedeltrhas adosstangertek.0daat 26z, and a nesistivityef
. 1E15Qcm. The additional polymer. film Jayers are etch allow for .
oy bt be D Adaanal pa e, Tonio M Rararien.
mask 72 is formed over metal layer 6&and polymer film 66. Solder mask 72
is patterned to expose portions of metal layer 68. Depending upon
the final application, any combination of additional metal layers and additional
polymer film layers can be added to the semiconductor device. For example,
in some applications, a single metal layer and polymer film layer will be
sufficient to provide the necessary electrical interconnectivity between the
devices formed in wafer 28 and additional external components. In other



The addition of interconnect circuits facilitates electronic communication
between system components that are coupled to wafer 28 and system
components that are formed within or on wafer 28. The interconnections can
be formed in any suitable configuration depending upon the system
application. A ground plane is a metal layer that can provide an
electrical ground connection for passive devices formed on wafer 28. Ground
TBldrEs alsdsrovide ai 'oisticn dIgrdtint?dGie Giidh 16t disEréte coffiponents
sthattaretcoupled 4o wafer 28.<Generally, grounddjlanes ¢eduee wwise and
aGiessialk petween the passjve components, Andhetyeen the, passive. ...

components and other components of the semiconductor device.
i Ms&ion lihesortsthiplifes hieRide aShetdl materfalRaid Aot ds a 1 °ne
ettansmissipndne by ahsorbig and emiting electramagnetic radiatioim oxide
ehegordingly, stip lines facilitate signal matching, signal ransmission and,
further ensure radio requency FRF) signa |ntegri¥y of the system. Generally,
1E#iRTE anténfa® eoMPrisE aStrip ot rfieka ForMet -between two parallel
ground planes, A dielegtric materiat issdispeseddbativeeruthe geound plares a
and around the metal strip. The geametric properties of the metal strip, the
R B oS T Brag Diarics S the relM Dbttty
lat e dieledtitimbieitalldetermite the ¢haracteristicimpadance’sf thefhe
i trapgmissionding Alternativelys strip dines can-beds thefepnsefa misrastipoy
antenna. In such a canfiguration, strip lines comprise a metal strip separated
St el b el R R e
Sémbodifrentnpelymeretilne S4sane retal fayer’s6 dre formed ws> describdd ctor
rabeue. Bpweelyrather thandepositing additienal myetal tayers,and Rolymen
fim layers direclly gver polymer fim 54 and metal layer, 56, additional |, .,
BolyPhar filnt TaysrsAnd métal Fayets are st formed tsing adeparate
cepnvenrtional PEB fabricationsprodess. Orice forimed,thercombivatitn of
nadditional metal Jayers.and pelymer filna Jayers isaligned with,and then
_banded to polymer film 54 and metal layer 56. The prefabricated PCB
L ROHtINhgCAdditioRal Metal 5RE PolyMmerfilm tayérs Can bEBbivded 16" °°
fpotyederfilne 54famd asetal tayerts6 using anywsiditalle process such asithose
adescribed abaye. Altematively, they, cap he, bordeddy depgsiting-acq in tne
conformal metal layer over the PCB, wherein the conformal metal layer

ELofitadts St BORES 16 e il 14yer 56 FESléR4mpte, With TRféréhctto FIG. 2e,
efrstaklayer £8lis confoirrdl andtiscormeotedrto traétal dayer 56 inghis maaner.

AL banding. the additional metal layers and additional polymer, films arey,
laser drilled to open vias providing access to metal layer 56.

metal layers can be formed from high-conductivity metals such as
Cu, Ag, or Au. One or more the integrated passive devices can
be interconnected as a passive circuit according to the
electrical function of the device.

Referring to FIG. 2b, adhesive layer 50 is deposited
over passivation layer 46. A temporary wafer carrier 52 is then
bonded to passivation layer 46 using adhesive layer 50.

Temporary wafer carrier 52 can be glass, Si, ceramic, metal,

polymer composite, or other rigid material.
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In a further alternative embodiment, a separate PCB can be connected
directly to insulation layer 32. In that case, in accordance with methods
described above, vias can be opened in the PCB that expose insulation layer
32 and conductive layer 34. A conformal metal layer can then be deposited
over the PCB that connects to conductive layer 34 to further connect the PCB
to wafer 28. In the present embodiment, the additional PCB is
configured t& aboid foutity the BaditiHAl Metdl 187 difétly’Undétheath the
ppassiveideyvices farmed wrowafer 28, therebywavdidingstheohigh frequenay by
2103891 passiye components such AsJNAUGHOrS o a1 e TUMINGIOFIG 2f

final step in the fabrication of the semiconductor device is shown. First,
Atdrfipbrarywater SAFiRF S 2And Huhesive fhyet 50 afe fémoved By athermal
pOBHKFa ykﬂep&U\(@mare Process aagrcleaneddssing Bﬁ)l\fﬂm. mﬁéagtano!/or
-RisiEmA clzaning, Ones, elpan disrets comepnens of, semicandugipl die can
e coupled to conductive layer 44. The components can be coupled using
UaAYSLitabiE hrogess FEresamplé alith tefereneBRpFIE2 EBmigorent B8O £
088 @eaa@lisweﬁemsﬁb@devimee cmmmwé cashe ecdigital mtegratedd
uSireyt (1G). component 99 cap be.2 ragio frequency IG, and compangnt,
canbe a surfacg acougth wave filter. hgse components are connected to
sebAdGetive fayerds usiig-Bomips/82, 86, 92, a8 Using this method, any
combination of passivie devicgs: agtive devicesdiserelefassive devicasssing
other IC.chips, or discrete packages gan be copnected to wafer 28,
lo%umps §2, 6, ?ﬁ, and 98 form an electrical and mechanical interconnect”’
ipetnesn comparents?80,584r80cdnd D6 and corrrictivellayer 4498umps 82 h
a86092: 8R198 are formed bya reflowprosessappliedtossolder material
deposited upRonfthe exgosed ocgtions of ,conduc%ive la er 44 anolf the cggtact
pads of components 88, 84, B0°and 6. i At native smbodiments, bumps
agR186d92pand0®are fanmed frorm A, GCavstructuses of any dtnersuitable
rajedal such asdin/lead,(SniRh); LoRperiging(Eudn); o5 oppeialvert ucn
Cu%%)l solder each containing an optional flux material, Bumps 82, 86, 92,
23nd B8 Ban 18" eledtriCaiy EonnBERRY {6 ahy of th& paddive GeTicsormed °*
iwithin wafer 28, viaanysuitdblénnterconnectsrdctures kpascaltematives of
cgmﬁ%wtﬁ?@ﬁ'@@é conpangnts %%1%%(3%9 £ang 9@43%9%@'9&%\@@“
28 before the additional metal layers and additional polymer film layers.

UEBHpSRENS 80, "84956P4Md U6 Can BEEodpetita Cortdiiétie lay&t 44 using
fanradternativeprocéss such as SMVE, andaviee bonding..Optionabundérfil) 88

And,94 9%@&@;@?90%9@&E@%gﬁﬁ@@%%%?o?gﬂyﬁgr%gl% ko, pravide

mechanical support and to act as a heat brig%e or components 80, 84, 90,

LHA0'68 ahB3Wafet 8. UndeffiiFs®Ena o4 iiay MCIliae epdxy/t Potymetic™ >4
imateriak filmn Oylothes henicanductivesmiaderiakving, fiWith-atiached a

rEmponents 89, 84, 30,,and, 96, the,srmicenduygior dlﬁ\’i?ne ganihenbe  qe

connected to other components or systems using a flip-chip or wire-bonding
PRroCessIWitR rEferefide t6FPRS. 2 Wite-bohdpads shttleats76'arer +a1s -
reaRnected tometablayes68usingya suitable precesscthat combinestheatyund

sPEESe, apdlonyirasonic engray 1 fum 2 meghapical and, generally has
a dielectric constant around 4.4 and resistivity around
1.0E15Qcm. WPR-dielectric materials generally have a dielectric

constant around 3.6 and resistivity around 1.0E15Qcm.
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electrical bond between wire-bond pads and leads 76 and metal layer 68.
Depending upon the application, wire-bond pads and leads 76 can be
electrically connected to the passive devices formed on wafer 28 via a metal
interconnect network. The wire bonds and wire bond pads can be formed by
any suitable method or conductive material. Also shown on FIG. 2f are
bumps 74 that are connected to metal layer 68. Bumps 74 are coupled to
metal layer 68t5 facifitaté cofnettioffsttheSemiconductargévice's >4 In
tadditionat companentsessuch astaaPCB pememary circuitnBumps vidican be
fymeq usinga gl dronyey, stencll inting pracess, Bumps i capalsee

connected to the passive components formed on wafer 28 by a meta
tintekdoitiect hetork. TREGAL éo%@c@ﬁ@ﬁé@?ﬁuﬁ%?ﬁ%?ﬁéba@s%
2eampanents cayhe patternednn anesuitableymanner depending tpon theom
aISAUrements of the application. o, a4, THENING,tQ FIG, 3, digitalIC 400 is,,

connected to conductive layer 44 using’a wire-bonding process. Accordingly,
OWirds-102 eorrett EoRRLGt patfs fitRled Bhie BurfaesidigitaPie 1907e! ©
teanduective layer44.dn alternativeembodiments;amyusuitablercprmpoaent gan
bggecgtqplggl to conﬁgfe&ivg#a&r@ 44lfnl{seiagg gt\évge-bondin grocess. In the

Qr assiv evices formed
present em%odlment, mold compound or encaBsulsant 104 is also disposed

woiet Boffipotierts 80, P00, 00 EH¢ 96vHid: passRativptlayer 465 Erncapsitarnt!
1104 carsbe depgsited-aftessompanents 8 100, S0, and 96are,coupledito
onductive layer 44. In this embadiment, the step of praviding adhesive layer
g jeinanb S U bRl el RS e
thotchEs 120 ahd 2Y2arearerioved from ssuldtion |ayer 32eNptcives 210t&sd
1 242 can-haye anyesuitable ishapes,depending-upon theapplication. Having a
formed notches 110 and 112, during formation of polymer film 54 over
Ihratiistion "f‘eilfe‘r 32, polymer film 54 penetrates notches 110 and 112. By
entering notéhex1110 armi 112, pofmerfilmEiiisibeter porrded: tolinsulation
i lavier 32 Rrpviding{or arsystem having bettek physical integrity. QMR RISt or
process, the formation of adhesive layer 50 and temporary wafer carrier 52
I Be bYpassed Wit it Eempsu ﬁ)é‘aofr eficapsutant 104 Beisg disgosdl ~
apvempassivatipardayér 46Tdrd comperients 80184130, fandh 964nsteatkposited
olha f{sJEI'D éa_“ef@%%V% @"&%ﬂiﬂ&%{& nox 140 and 1d2.can Q?JPr@@diiE'
both Insulation layer 32 and passivation layer 40, thereby allowing polymer
it B b8 E o Both tay & furtterierédsing the phySicA intdgritg of tHE S~
6éonnection.nfhe tmotchesare formediduring thve etchingeof insuladionealayer 32
vysing.an infentiopal over-efching into. passivatio Jayer 405 There will be
undercut into passivation layer 40 with insulation layer 32 as the etchin
IRRgekt THe undEFéUt dIRNES foran entiancettancofing Bfregter film %16FIG.
Tbeoptiohahanderfillod8 mnick94 angeencapsulant 184dchae net beehnapplied on
1dydng fabriggtion of ths sermiconducior dedee. Insiead- molding. compond
114 is applied over passivation layer 46 and components 80, 84, 90, and 96.
SMStAmt e ot EE4 Tafthé dpplidd By Brihting ‘or omp?essivé melding.
pFot examplepmalding eompotinthcan he=X8310E3A tront Matsushitaregrated
pX892805 from gumitomo, or GEA00LEGG fram Nitto, gr.gther,malding
compound material with proper CTE, shrinkage rate, dielectric constant, loss
Stahgetitd FesistivifiE AP frechanical or thermal strength. The insulation layer
32 is etchedne rovideyaetcheschio anchnl 12 thateahanee tbhe gphyisica|
.cannection between palymer film. 54 and insulation layer 32, thereb
e or e D Ay S E sermorLCioF St o Limes
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In FIG. 6, components 80, 84, 90, and 96 are coupled to conductive layer 44

using a suitable SMT, or flip-chip process before substrate 30 is removed.

The additional underfill material is not formed between conductive layer 44

and components 80, 84, 90, and 96 to provide additional mechanical support.

Passivation layer 46 is bypassed. Instead, mold compound 116 is formed

over components 80, 84, 90, and 96, conductive layer 44, conductive layer
a2 aha assivation 155/et40. AnthePresent Bhbodintént: e tHGTntig
ppligcessidsed teconnect somparentsBQ, 84, r90,cand 96t conductivvenlayeted

440 combination "é!LthHBQ%@‘P&%%_WﬂOJPYiQ&&a%gﬁ‘Eea@P&D&”i%%'e
support to the components. Once again, insulation layer 32 is etched to

PRrotAaE rotéesd A1 and 1A that Bfthah & tHe phySital E8nABELGn betweeh®
tpelymer fithe 54eapnd sasulationlayer 32gtharebyqireviding fon graater system
-RAYsical Integgity, Finally. Jndhe resent embodiment, passivation layep 46;is
not applied as a fina passwalflon layer over wafer 28 during Thin-film
whHdcesEiIngat i sfactpyinifgto e PRP pefitiateht supporfing stbREAE 12D
taewaiekscater isaonnecteddo-mealdsoompounchlté dising @ layenofachi can

»adhesive 118. Permanent supporting substrate 120 can,inclyds glass, Si
ceramic, metal, polymer composﬁe, or other rlgldamaterlal. Turning
'RP GBI Bhedt dpreader 124 Remetfidd ovet nveldig Eofipdund 134sand ©
cembedded somporents 8%; 84 90, and 96wusing adhesive dayersit22deat
Spreader %%4 provides for improved thermal dissipation. Heat spreader 124
genera R/yincﬁjdes a metal material such as forged Cu. The
semiconductortieVices irtiievarioas embédinientseshowacdaiebel laver 68

amandactwedusing deols and equipment commoply kaewarinthe-ar-such as
wire,bonding,@gttae{ni{wﬁgtclgi g and similar equipment. The semiconductor

rtions o t . 5 . .
Pdevices serve to contintie fo advance technology for the integration of several

componentsiZreddced fabsicationa costawhilerésakingoin larger ovetalination
o%ﬂgggﬁpk%gg§nﬁétal layers and additional polymer film layers

can be added to the semiconductor device. For example, in some
applications, a single metal layer and polymer film layer will
be sufficient to provide the necessary electrical
interconnectivity between the devices formed in wafer 28 and
additional external components. In other embodiments, however,
several additional metal and polymer film layers are added to
the semiconductor device to provide a PCB interconnect
structure. In some embodiments, the additional metal layers can
form specific system components such as interconnect circuits,
ground planes, and strip lines.

The addition of interconnect circuits facilitates
electronic communication between system components that are
coupled to wafer 28 and system components that are formed within
or on wafer 28. The interconnections can be formed in any

suitable configuration depending upon the system application.
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While one or more embodiments of the present invention have been
illustrated in detail, the skilled artisan will appreciate that modifications and
adaptations to those embodiments may be made without departing from the
scope of the present invention as set forth in the following claims. Claims
What is claimed: 1.A method of manufacturing a semiconductor device,
comprising: providing a first temporary substrate with an insulation layer

disposed on t6i°5liftabe Btthé First temhporary Sifbstrate; €2 fBfming'an”
eintegratedlpassive circuitrover afirst surfacesof thelinsidation tayerdyyn wafer

28. Ground planes also provide an optional ground connection
for discrete components that are coupled to wafer 28.

Generally, ground planes reduce noise and cross-talk between the
passive components, and between the passive components and other
components of the semiconductor device.

Transmission lines or strip lines include a metal
material and act as a transmission line by absorbing and
emitting electromagnetic radiation. Accordingly, strip lines
facilitate signal matching, signal transmission and further
ensure radio frequency (RF) signal integrity of the system.
Generally, strip line antennas comprise a strip of metal formed
between two parallel ground planes. A dielectric material is
disposed between the ground planes and around the metal strip.
The geometric properties of the metal strip, the distance
between the strip and the ground planes and the relative
permittivity of the dielectric material determine the
characteristic impedance of the transmission line.
Alternatively, strip lines can be in the form of a microstrip
antenna. In such a configuration, strip lines comprise a metal
strip separated from a single ground plane by a dielectric
material.

In an alternative embodiment, polymer film 54 and
metal layer 56 are formed as described above. However, rather
than depositing additional metal layers and polymer film layers
directly over polymer film 54 and metal layer 56, additional
polymer film layers and metal layers are first formed using a
separate conventional PCB fabrication process. Once formed, the
combination of additional metal layers and polymer film layers
is aligned with and then bonded to polymer film 54 and metal

layer 56. The prefabricated PCB containing additional metal and
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(a) forming a first conductive layer over the first surface of the insulation
layer, (b) forming a dielectric layer over the first conductive layer,
and (c) forming a second conductive layer over the dielectric layer;
mounting a second temporary substrate over the integrated passive circuit;
removing the first temporary substrate; depositing an insulating polymer
film layer over a second surface of the insulation layer opposite the first

PSUMACE of the insuftidndayers Cofsithing aR tefeonhectstrictare dUer tHe
linstiating pelymerfiim dayerland removing the-seeand terypotanstbstiate.

above. Alternatively, they can be bonded by depositing a
conformal metal layer over the PCB, wherein the conformal metal
layer contacts and bonds to metal layer 56. For example, with
reference to FIG. 2e, metal layer 68 is conformal and is
connected to metal layer 56 in this manner. After bonding, the
additional metal layers and additional polymer films are laser
drilled to open vias providing access to metal layer 56.

In a further alternative embodiment, a separate PCB
can be connected directly to insulation layer 32. In that case,
in accordance with methods described above, vias can be opened
in the PCB that expose insulation layer 32 and conductive layer
34. A conformal metal layer can then be deposited over the PCB
that connects to conductive layer 34 to further connect the PCB
to wafer 28.

In the present embodiment, the additional PCB is
configured to avoid routing the additional metal layers directly
underneath the passive devices formed on wafer 28, thereby
avoiding the high frequency loss of passive components such as
inductors.

Turning to FIG. 2f a final step in the fabrication of
the semiconductor device is shown. First, temporary wafer
carrier 52 and adhesive layer 50 are removed by a thermal or
ultra violet (UV)-cure process and cleaned using solvent soaking
and/or plasma cleaning. Once clean, discrete components or
semiconductor die can be coupled to conductive layer 44. The
components can be coupled using any suitable process. For
example, with reference to FIG. 2f, component 80 can be a
discrete passive device, component 84 can be a digital
integrated circuit (IC), component 90 can be a radio frequency

IC, and component 96 can be a surface acoustic wave filter.
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2.The method of claim 1, including bonding a permanent support substrate to
the semiconductor device. 3.The method of claim 1, including electrically
connecting a semiconductor die to the integrated passive circuit. 4. The
method of claim 1, including: etching a notch into the insulation layer; and
depositing a portion of the insulating polymer film layer into the notch.
These components are connected to conductive layer 44 using
bumps 82, 86, 92, and 98. Using this method, any combination of
passive devices, active devices, discrete passive devices, other
IC chips, or discrete packages can be connected to wafer 28.

Bumps 82, 86, 92, and 98 form an electrical and
mechanical interconnect between components 80, 84, 90, and 96
and conductive layer 44. Bumps 82, 86, 92, and 98 are formed by
a reflow process applied to solder material deposited upon the
exposed portions of conductive layer 44 and the contact pads of
components 80, 84, 90, and 96. In alternative embodiments,
bumps 82, 86, 92, and 98 are formed from Au, or Cu structures or
any other suitable material such as tin/lead (Sn/Pb),
Copper/Zinc (CuZn), or Copper/Silver (CuAg) solder each
containing an optional flux material. Bumps 82, 86, 92, and 98
can be electrically connected to any of the passive devices
formed within wafer 28 wvia any suitable interconnect structure.
In an alternative embodiment, additional components 80, 84, 90,
and 96 are coupled to wafer 28 before the additional metal
layers and additional polymer film layers.

Components 80, 84, 90, and 96 can be coupled to
conductive layer 44 using an alternative process such as SMT,
and wire bonding. Optional underfill 88 and 94 can be deposited
under components 80, 84, 90, and 96 to provide mechanical
support and to act as a heat bridge for components 80, 84, 90,
and 96 and wafer 28. Underfill 88 and 94 may include epoxy,
polymeric material, film, or other non-conductive material.

With attached components 80, 84, 90, and 96, the
semiconductor device can then be connected to other components
or systems using a flip-chip or wire-bonding process. With
reference to FIG. 2f, wire-bond pads and leads 76 are connected
to metal layer 68 using a suitable process that combines heat,

pressure, and/or ultrasonic energy to form a mechanical and
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5. The method of claim 1, wherein removing the temporary substrate

includes: removing a first amount of the temporary substrate using a

grinding process; and removing a second amount of the temporary

substrate using a wet dry, dry etch, or chemical-mechanical planarization

process. 6A method of manufacturing a semiconductor device, comprising:

groviding a temporary substrate with an insulation Iag disposed on a top
e

GrtaEe Ot thBBrh Pt aly Slibstrate:°° 9 férningran intedfftetP passivedirtlit
laveradirst sudacedftheupsulation layet byfotming aicenductivedlayer and

1woundto exhibjt indygtiye praopetties gyer the,fitst surface af.the insulation,
layer; removing the temporary substrate; and

formed on wafer 28 via a metal interconnect network. The wire
bonds and wire bond pads can be formed by any suitable method or
conductive material. Also shown on FIG. 2f are bumps 74 that
are connected to metal layer 68. Bumps 74 are coupled to metal
layer 68 to facilitate connection of the semiconductor device to
additional components such as a PCB or memory circuit. Bumps 74
can be formed using a ball drop or stencil printing process.
Bumps 74 can also be connected to the passive components formed
on wafer 28 by a metal interconnect network. The interconnects
between bump 74 and the passive components can be patterned in
any suitable manner depending upon the requirements of the
application.

Turning to FIG. 3, digital IC 100 is connected to
conductive layer 44 using a wire-bonding process. Accordingly,
wires 102 connect contact pads formed on a surface of digital IC
100 to conductive layer 44. 1In alternative embodiments, any
suitable component can be coupled to conductive layer 44 using a
wire-bonding process. In the present embodiment, mold compound
or encapsulant 104 is also disposed over components 80, 100, 90,
and 96 and passivation layer 46. Encapsulant 104 can be
deposited after components 80, 100, 90, and 96 are coupled to
conductive layer 44. 1In this embodiment, the step of providing
adhesive layer 50 and temporary wafer carrier 52 is bypassed.

Turning to FIG. 4, notches 110 and 112 are removed
from insulation layer 32. Notches 110 and 112 can have any
suitable shapes depending upon the application. Having formed
notches 110 and 112, during formation of polymer film 54 over
insulation layer 32, polymer film 54 penetrates notches 110 and

112. By entering notches 110 and 112, polymer film 54 is better
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mounting a printed circuit board over a second surface of the insulation layer
opposite the first surface of the insulation layer, wherein the printed circuit
board includes: an insulating polymer film layer, and an interconnect
structure deposited over the insulating polymer film layer. 7.The method of
claim 6, including depositing a wafer carrier over the integrated passive
circuit. 8. The method of claim 6, including bonding a permanent support

Petifstiateto tHe' S8MIConddetor devids ° 8! Thedmethod of EFifT 6! fhctiding
belectricalhy eannecting @osemiconductondie to theintegratedypassive eircuiitn

of adhesive layer 50 and temporary wafer carrier 52 can be
bypassed with mold compound or encapsulant 104 being disposed
over passivation layer 46 and components 80, 84, 90, and 96
instead.

In a further alternative embodiment, notches 110 and
112 can be formed in both insulation layer 32 and passivation
layer 40, thereby allowing polymer film 54 to bond to both
layers further increasing the physical integrity of the
connection. The notches are formed during the etching of
insulation layer 32 using an intentional over-etching into
passivation layer 40. There will be undercut into passivation
layer 40 with insulation layer 32 as the etching mask. The
undercut allows for an enhanced anchoring effect.

In FIG. 5, optional underfill 88 and 94 and
encapsulant 104 have not been applied during fabrication of the
semiconductor device. Instead, molding compound 114 is applied
over passivation layer 46 and components 80, 84, 90, and 96.
Molding compound 114 can be applied by printing or compressive
molding. For example, molding compound can be X8710F3A from
Matsushita, X80280S from Sumitomo, or GE-100LFCG from Nitto, or
other molding compound material with proper CTE, shrinkage rate,
dielectric constant, loss tangent, resistivity, and mechanical
or thermal strength. The insulation layer 32 is etched to
provide notches 110 and 112 that enhance the physical connection
between polymer film 54 and insulation layer 32, thereby
providing for greater physical integrity of the semiconductor
device.

In FIG. 6, components 80, 84, 90, and 96 are coupled
to conductive layer 44 using a suitable SMT, or flip-chip

process before substrate 30 is removed. The additional

17



10. The method of claim 6, including: etching a notch into the insulation layer;
and depositing an insulating polymer film into the notch. 11. The method of
claim 6, wherein the step of removing the temporary substrate includes:
removing a first amount of the temporary substrate using a grinding process;
and removing a second amount of the temporary substrate using a wet
dry, dry etch, or chemical-mechanical planarization process. 12. A method of

u é&l]uﬁ??gtﬁ%icbﬁdrﬁﬁorfaém% ,Eﬁﬁﬁﬁ?nﬁpnduﬁa\\;ﬁjiﬁgﬁlﬁer 44 and
ctemporary=sultstrate, having aniinsulation tayercdisposed oma topestirface-af

SHE%§¥PP°”¥X§§¥¥§E¥85 layer 46 is bypassed. Instead, mold
compound 116 is formed over components 80, 84, 90, and 96,
conductive layer 44, conductive layer 42, and passivation layer
40. In the present embodiment, the mounting process used to
connect components 80, 84, 90, and 96 to conductive layer 44 in
combination with mold compound 116 provides adequate mechanical
support to the components. Once again, insulation layer 32 is
etched to provide notches 110 and 112 that enhance the physical
connection between polymer film 54 and insulation layer 32,
thereby providing for greater system physical integrity.
Finally, in the present embodiment, passivation layer 46 is not
applied as a final passivation layer over wafer 28 during thin-
film processing.

Turning to FIG. 7, a permanent supporting substrate
120 or wafer carrier is connected to mold compound 116 using a
layer of adhesive 118. Permanent supporting substrate 120 can
include glass, Si, ceramic, metal, polymer composite, or other
rigid material.

Turning to FIG. 8, a heat spreader 124 is mounted
over molding compound 114 and embedded components 80, 84, 90,
and 96 using adhesive layers 122. Heat spreader 124 provides
for improved thermal dissipation. Heat spreader 124 generally
includes a metal material such as forged Cu.

The semiconductor devices in the various embodiments
shown can be manufactured using tools and equipment commonly
known in the art, such as wire bonding, patterning, etching and
similar equipment. The semiconductor devices serve to continue
to advance technology for the integration of several components
at reduced fabrication cost, while resulting in larger overall

repeatable quality.
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forming an integrated passive circuit over a first surface of the insulation layer
by: depositing a conductive layer over the first surface of the
insulation layer, and depositing a dielectric layer over the conductive layer;
forming a passivation layer over the integrated passive circuit; etching a first
opening in the passivation layer to expose a first surface of the integrated

passive circuit; ,
While one or more embodiments of the present

invention have been illustrated in detail, the skilled artisan
will appreciate that modifications and adaptations to those
embodiments may be made without departing from the scope of the

present invention as set forth in the following claims.
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removing the temporary substrate; etching a first opening in the
insulation layer to expose a second surface of the integrated passive circulit;
depositing an insulating polymer film over a second surface of the insulation
layer opposite the first surface of the insulation layer; and forming a
conductive layer over the insulating polymer film, wherein the conductive
layer contacts the second surface of the integrated passive circuit. 13. The
method of claim 12, including electﬁéaﬁfgf“(?onnecting a semiconductor die to
the exposed first surface of the integrated passive circuit. 14. The method of
nggjivmijsz,c\ﬁlg%%ig removing the temporary s_ubstrate_ in_cludes: removing
a first amount of the temporary substrate using a grinding process; and
removing a second amount of the temporary substrate using a wet dry, dry
1etch, ar ehemicabmetchanicalplanatzatieafrocaess.ctor device,

comprising:
providing a first temporary substrate with an insulation
layer disposed on a top surface of the first temporary
substrate;
forming an integrated passive circuit over a first surface
of the insulation layer by,
(a) forming a first conductive layer over the first
surface of the insulation layer,
(b) forming a dielectric layer over the first
conductive layer, and
(c) forming a second conductive layer over the
dielectric layer;
mounting a second temporary substrate over the integrated
passive circuit;
removing the first temporary substrate;
depositing an insulating polymer film layer over a second
surface of the insulation layer opposite the first surface of
the insulation layer;
forming an interconnect structure over the insulating
polymer film layer; and

removing the second temporary substrate.

2. The method of claim 1, including bonding a permanent

support substrate to the semiconductor device.

3. The method of claim 1, including electrically connecting a

semiconductor die to the integrated passive circuit.
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15. The method of claim 12, including forming a solder mask over the
conductive layer. 16. The method of claim 12, including: etching a notch into
the insulation layer; and depositing a portion of the insulating polymer
film into the notch. 17. The method of claim 13, including depositing molding
material over the exposed first surface of the integrated passive circuit and
semiconductor die. 18. The method of claim 15, including forming a
conformal conductive layer underneath the solder mask, the conformal
4conduntiverlayen penetratingthe, insutating: polymer film. 19. A method of

manufaciyting a sepucandyctor device, COMPASING: . yer; and
depositing a portion of the insulating polymer film layer

into the notch.

5. The method of claim 1, wherein removing the temporary
substrate includes:

removing a first amount of the temporary substrate using a
grinding process; and

removing a second amount of the temporary substrate using
a wet dry, dry etch, or chemical-mechanical planarization

process.

6 A method of manufacturing a semiconductor device,
comprising:
providing a temporary substrate with an insulation layer
disposed on a top surface of the temporary substrate;
forming an integrated passive circuit over a first surface
of the insulation layer by forming a conductive layer wound to
exhibit inductive properties over the first surface of the
insulation layer;
removing the temporary substrate; and
mounting a printed circuit board over a second surface of
the insulation layer opposite the first surface of the
insulation layer, wherein the printed circuit board includes:
an insulating polymer film layer, and
an interconnect structure deposited over the

insulating polymer film layer.

7. The method of claim 6, including depositing a wafer

carrier over the integrated passive circuit.
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providing a temporary substrate with an insulation layer deposited on a top
surface of the temporary substrate; forming an integrated passive circuit
over a first surface of the insulation layer; removing the temporary substrate;
depositing an insulating polymer film layer over a second surface of the
insulation layer opposite the first surface of the insulation layer;
depositing an interconnect structure over the insulating polymer film layer;
and bonding a wafer carrier over the integrated passive circuit. 20. A
smethathef manufacturing aisericandulction devicencomprisingrmanpraviding

<3 dgmnorary, subsirate with an insylation Jaysr dgpgsited on a top surface of

the temporary substrate;

9. The method of claim 6, including electrically connecting a

semiconductor die to the integrated passive circuit.

10. The method of claim 6, including:
etching a notch into the insulation layer; and

depositing an insulating polymer film into the notch.

11. The method of claim 6, wherein the step of removing the

temporary substrate includes:

removing a first amount of the temporary substrate using a
grinding process; and

removing a second amount of the temporary substrate using
a wet dry, dry etch, or chemical-mechanical planarization

process.

12. A method of manufacturing a semiconductor device,
comprising:
providing a temporary substrate having an insulation layer
disposed on a top surface of the temporary substrate;
forming an integrated passive circuit over a first
surface of the insulation layer by:
depositing a conductive layer over the first surface
of the insulation layer, and
depositing a dielectric layer over the conductive
layer;
forming a passivation layer over the integrated passive
circuit;

etching a first opening in the passivation layer to expose
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forming an integrated passive circuit over a first surface of the insulation
layer; removing the temporary substrate; depositing an insulating polymer
film layer over a second surface of the insulation layer opposite the first
surface of the insulation layer; depositing an interconnect structure over
the insulating polymer film layer; and bonding a permanent support
substrate to the semiconductor device. 21. The method of claim 19, including

2efetitalfPESARECiig B Semidaifiudtor st e it ratet/passive circuit.

removing the temporary substrate;

etching a first opening in the insulation layer to expose
a second surface of the integrated passive circuit;

depositing an insulating polymer film over a second
surface of the insulation layer opposite the first surface of
the insulation layer; and

forming a conductive layer over the insulating polymer
film, wherein the conductive layer contacts the second surface

of the integrated passive circuit.

13. The method of claim 12, including electrically connecting
a semiconductor die to the exposed first surface of the

integrated passive circuit.

14. The method of claim 12, wherein removing the temporary
substrate includes:

removing a first amount of the temporary substrate using a
grinding process; and

removing a second amount of the temporary substrate using
a wet dry, dry etch, or chemical-mechanical planarization

process.

15. The method of claim 12, including forming a solder mask

over the conductive layer.

16. The method of claim 12, including:
etching a notch into the insulation layer; and
depositing a portion of the insulating polymer film into

the notch.
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22. A method of manufacturing a semiconductor device, comprising:
providing a temporary substrate with an insulation layer deposited on a top
surface of the temporary substrate; forming an integrated passive circuit
over a first surface of the insulation layer; removing the temporary substrate
by, (a) removing a first amount of the temporary substrate using a
grinding process; and (b) removing a second amount of the temporary
substrate using a wet dry, dry etch, or chemical-mechanical planarization
1processe metdepositing aniinsubatinghpolymenfike tayerccvey asecond
n4dage ofdveinsuationayenoppesiie e dustsudacs of fhedgsulation layer,

depositing an interconnect structure over the insulating polymer film
p&ﬁ@ﬁve circuit and semiconductor die.

18. The method of claim 15, including forming a conformal
conductive layer underneath the solder mask, the conformal

conductive layer penetrating the insulating polymer film.

19. A method of manufacturing a semiconductor device,
comprising:

providing a temporary substrate with an insulation layer
deposited on a top surface of the temporary substrate;

forming an integrated passive circuit over a first surface
of the insulation layer;

removing the temporary substrate;

depositing an insulating polymer film layer over a second
surface of the insulation layer opposite the first surface of
the insulation layer;

depositing an interconnect structure over the insulating
polymer film layer; and

bonding a wafer carrier over the integrated passive

circuit.

20. A method of manufacturing a semiconductor device,
comprising:

providing a temporary substrate with an insulation layer
deposited on a top surface of the temporary substrate;

forming an integrated passive circuit over a first surface
of the insulation layer;

removing the temporary substrate;

depositing an insulating polymer film layer over a second
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surface of the insulation layer opposite the first surface of
the insulation layer;

depositing an interconnect structure over the insulating
polymer film layer; and

bonding a permanent support substrate to the semiconductor

device.

21. The method of claim 19, including electrically connecting

a semiconductor die to the integrated passive circuit.

22. A method of manufacturing a semiconductor device,
comprising:

providing a temporary substrate with an insulation layer
deposited on a top surface of the temporary substrate;

forming an integrated passive circuit over a first surface
of the insulation layer;

removing the temporary substrate by,

(a) removing a first amount of the temporary substrate
using a grinding process; and

(b) removing a second amount of the temporary substrate
using a wet dry, dry etch, or chemical-mechanical planarization
process;

depositing an insulating polymer film layer over a second
surface of the insulation layer opposite the first surface of
the insulation layer; and

depositing an interconnect structure over the

insulating polymer film layer.
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