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 patrticularly, 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

chips, are {olviglomies Rﬂéﬁ%ﬁy&lﬁ%& Eﬁiﬁgf& RanfifattaN today.

. NT SIVE DEV. ODULE :
Chips are used noi[onﬁ/ In"very sop iSticated ndustial ahd commercial

electronic equipment, but also in many household and consumer items such
as televisions, clothes washers and dryers, radios, and telephones. As
products become smallerdagiaose tmestionabribess is a need to include
more chips in the smaller products to perform the functionality. The reduction

in size of cellylar telephgnes,is.one exampleof-hoy more and more

capabilities are incorporated into smaller and smaller ‘electronic products. As
SEIRCHUHIE produBESTme RcréasiRghA nhihfattifized; i3S desiabieto ©f
feombine seyesalghipsintmaasingle: system packagei By cambimingeahat
pwere previgusly, senarate and disfioctchipsiinto.a single packade.. s, e ¢

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,

today's thin-film manu@:éu@gg&hgroocieqﬁgg rﬁwé'rr@t@oenuse of expensive,

specialty substrate

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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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 accordance with the geometry of that substrate. Finally, if
PESpotients OF ddditiohal dedicBS fEPtUrited toP4 batksitie®dPs Sibistrate
maskgi eonrventionalotechnplogies, it mayHeegecessapy taysedhrough as a

sSHlsyate.vies, %Sé(ﬁl 1o Slegically cornect the 5‘&‘@%@% SAMpONENIs i, the

internal electrical structure of the substrate. TSVs are difficult and expensive
L prodiicd; S8 et Us8 Jreafly Mtteases e cost Bf Bi@eehipiBted devite:
ibummayy of the laventiers A aeed exisisfora method ©f fatmingasystam in

18,Package having infegrated thin film devices, %U rface moynt technology.
evices, and printed Circuit board devices. In a éltlon, a need exists for

Shanufabtdting techriigies forthe® S35termh as Bescibed Vikiehretiute srocess
gsteps) yesukingda shoder syelentimesand lewer goskhdrgne embediment, the

sRresentinvention is a method of @QQH%%C%‘{'% f@%‘%qué’gtvo-rcde%‘”%%e
comprising the steps %f pI‘OVIé}Ina a substrate W]t an insu atlt_)njlayer
ngisposdton a ot st eCdt theSsisstrates fomitg anINEYrafst passive
reikeuib 10varthe top suffage ofdbe subsirate, rerovingthensubsirateste vias
( 8822'“{‘9 %’Eté% ‘%'?EQ%PO'%V“%J%@ I8 Sra"%’Eré?%é“sc%'a“%’ﬁe'aé’s?rtgngge
orming an interconnec s\t’ruccfure over the msuafa Ing pof)ﬂ/%er ﬁ]Im Iayer.
internal electrical structure of the substrate. TSVs are

difficult and expensive to produce, so their use greatly

increases the cost of the completed device.
Summary of the Invention

A need exists for a method of forming a system in a
package having integrated thin film devices, surface mount
technology devices, and printed circuit board devices. 1In
addition, a need exists for manufacturing techniques for the
system as described which reduce process steps, resulting in
shorter cycle time and lower cost.

In one embodiment, the present invention is a method
of manufacturing a semiconductor device comprising the steps of
providing a substrate with an insulation layer disposed on a top
surface of the substrate, forming an integrated passive circuit
over the top surface of the substrate, removing the substrate,
depositing an insulating polymer film layer over the insulation
layer, and forming an interconnect structure 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 with
an insulation layer disposed on a top surface of the substrate, forming an
integrated passive 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 Struttale de fositet! BGEI the- s Utatig Polymér film ayer 1A
manothercembedirmeat, thenpresentinventioncisoa method of ananutacturingaa
Sepucandustor device comprising fhe. steps.of pioviding;a subsyiale having. oo

an insulation layer disposed on a top surface of the substrate, and forming
O8n2integratelpassiveé cirtitByettheSubstratd By depositingfa AEshdictise Ve
clayer ovesthe stbstrate and depestingra dielectic dayer oventhe.subskate.

The.method tysher nludes fomning. passivation layer over e ptegrated
passive circuit, etching a first opening in the passivation layer to expose a

Lfirst Stirfeite BTERE intebitatett passivecirctit reRtoviflg the Sifsstratg, etching

iadirstopeninginvtherinsulation layer 4 £xposena csecond surfacewofthes

integrated passive circuit, depositing an nsulating polymer film over the
insulation layer, and forming a mgta Tayer over the msﬂfatmg polymer film.
The metal layer SBHitaets ferseesitd surfaee oFthecntegraied pesivies citcuit.

nbtanather embedimentithe present iventianis acmetbod ofgnapufacturiag
Sgespeyic nductar device csorg§g§i§tg tqga steps of prOVidl{)‘ a suqrstrate with

an msff ati%ﬁol\éf/ceirm(?eﬁosﬁle ona ?op suﬁgl%ea& thIéSSuU aS I’la(?tré, gﬁﬁﬁg an

dimtegrtédpassiverireuitioves thé topsurfdes bhtlve Sulsstiatensoffage
1 MQUING-IC glies; o discrete, compRNeMsOna@pstrate 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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first surface of the integrated passive circuit with flip-chip or wire bonding,
molding the wafer with dielectric molding 3 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

Mi-§ Petkaget FIG il frafeda Syatém hea patkage with *attachéd Wscrete
poompanentsnFIG y4 illusteatesta system dn sopackage withhnotthess farmeddn

sApdpsulation layer of the water FIG, S illustrates a systen, in adackage with

a molding compound deposited over the passivation layer and the
components; FIG. 6 illustrates a system in a package without a final
passivation layer fermed awesdheprater; 6EGt HdllDiastasga system in a
package with an attached wafer carrier; and FIG. 8 illustrates a system in a
package with a heat spreader mounted over the molding compound.
Detailed Desctiptioh eftHeSDfawitigs The resent ivvertisiscdescritsed fie
one or more rembodiments in the fellowing description withoreference to then
iFigauresbLnawgich like numerals represent the same or similar elements.
hilé the invention is described in terms of the best mode for achieving the
invention's objectivest tlwillthe taspreciatedssy #iose BRifleadA thétdrt that it is
attended t@iscrete components;

FIG. 4 illustrates a system in a package with notches
formed in an insulation layer of the wafer;

FIG. 5 illustrates a system in a package with a
molding compound deposited over the passivation layer and the
components;

FIG. 6 illustrates a system in a package without a
final passivation layer formed over the wafer;

FIG. 7 illustrates a system in a package with an
attached wafer carrier; and

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 those skilled in the art that it is intended to

cover alternatives, modifications, and equivalents as may be
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cover alternatives, modifications, and equivalents as may be 4 included
within the spirit and scope of the invention as defined by the appended
claims and their equivalents as supported by the following disclosure and
drawings. A system in a package having integrated passive devices,
surface-mounted devices, and PCB-based devices can be manufactured
which serves to alleviate the cost and difficulty associated with combining a

IBRFARG ofdévicss ihfo aRingie PACkAGEPMSTEoVRF, thevsyktefican et ined
bmarufaetureddssing less processisieps and cheapers matesalg, avhieh by the

fBQ%LPlLH(?S hte) S%gggg _83’%'1‘*?@1“'@9@%% wer overall cost. A mounted

semiconductor device is shown in FIG. 1. Device 10 involves mounting an
active area ¥2 6¥ 8l T4¥4cé BSW%@V%%%W&EE%@%‘WSW&%S&W PCB
d26iActye areasl2 -mayraontai-active ananpassive sesice s|contiictiven be
nBYPES 04 dielatl lavers.aceorcing do e eletical design,of g 14, The
electrical and mechanical interconnect between die 14 and substrate or P(i(B
236§ Hehrevet HrotigiPa solderbimiprsttaciure F20Comphasing® larget nale
pAuRer of indhdduakgonductiesseldet sbumpsnanbabs 22 ddhessalggr bawsps
are formeq on bum %%gs or inteq:conn%é sitggizci, whic@rz%rgugiesgqgoed on

Pactive area 12 of die 14.88Oljenr1pm§a§§ 24 connect to the active circuits of die

sharpyTonductioniffacks forkeed in active areaEr -Solder bumps 22 are
electrically andnpeshanicallyconneciedtocontact padsswinterconnect sites

p2d.0n.cay ie{n%%glsééastem%ruﬁcﬁlea%}’ asplder reflow process, The,
semiconductor device provut:les% S Oﬁ ellec?rlcal conduction path ?‘rom fhe
dagtive devicesorldie 12408 condudtivhtrackeoniédtriep substraie or PCB 16
ni),0rderde; reduce signalpPrepagationalowetcapacitance. ard aghieve, and
dielectric layers according to the electrical design of die 14.
The electrical and mechanical interconnect between die 14 and
substrate or PCB 16 is achieved through a solder bump structure
20 comprising a large number of individual conductive solder
bumps or balls 22. The solder bumps are formed on bump pads or
interconnect sites 24, which are disposed on active area 12 of
die 14. Bump pads 24 connect to the active circuits of die 14
by conduction tracks formed 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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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
5 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.

YACRBrdifghA Substiate Btrusds NEdpemidteria than'convéntional® s
dsubstrates andicarnrtheseforegbecsacrificethduring snandfactyre«ailke or

s\nsulation layer 32 is an  aptignal layer. \hen present Eﬁ'%ﬁ?utﬁ_ﬁ?@}e 30
to be electrically isolated from the other layers of wafer 28. Insulation layer

a8 & afsocadta®an eithAstopaager. AS i disting rémbvar ef subStrafses
cBOainsulatiar layars32 can henised o detectiars endepeint ofl substrate 30tt6re

pRreventdamage 19, the companents formed over substrate. 30 and insuilation,
layer 32. Insulation layer 32 can include any suitable material and can be

oRJritedin iiple [a5RPS PEEERAMDIE tit Plaifclgde Tayers of SiliconPe
cdioxide ¢S1Q2), isilicon siride {Si3N4) c3ilieen Oxyepiride (SON), o8 any other
material with.goad selectivity for silicon etchant. The deposition of insylation
e Hny R etive DA Gt Sorsasitin 1PUD) S EneaIal o
sHeposHion(CVDI"AR\cohdiictivelayer Baaid4g is eleposited arid pattédnedn be
uevar insulation tayer 32Copduetive layass34 ferns tersinals Rinvareusge to
|ntegrated passive devices including a capacitor (34b), resistor (34e and
bRt S ol e g et e SRR
Teemponietits bryjsassive cdevicas sudh as irapsistors, divdésoraothepd can be

rdissipative adtiple layers. For example, it may include layers
of silicon dioxide (Si02), silicon nitride (Si3N4), silicon oxy-—
nitride (SiON), or any other material with good selectivity for
silicon etchant. The deposition of insulation layer 32 may
involve physical vapor deposition (PVD) or chemical vapor
deposition (CVD).

A conductive layer 34a-34g is deposited and patterned
over insulation layer 32. Conductive layer 34 forms terminals
of various integrated passive devices including a capacitor
(34b), resistor (34e and 34f), and inductor (34g). In
alternative embodiments, additional system components 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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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 I%ééier 36 is formed over conductive layer 34 6 and insulation Ia)a/e

ndu ayer

239 RYStRE Y et B6°Can be ahy Stitables matétal fhcidding® 2y suiltable
maickel-ehyomiwmudNiCy),metal siliciden tantajuntnitridedTaN)s antdqielysilicon
A elestical ggistance. Jhe, deposiion ol eelstive Vel 36 0,

involve FVD or CVD. A dielectric layer 38 is patterned and formed over
rfesistive fyer 36 DiETECHiLHAG8r 38 fofMSPartsS of YaFBUSC pASEIvECIFCHIE
pelementsvincluding a capacitor, resistor, and inductor, and supporting contact

pads 34a and 3dh. Rielectric, layer 38 can be §iéig9rqﬁrgtrgdned(§%\l L fantalum

la
d 1
oxide (Ta205), ﬁaefln?l(fmréﬁdea(%fOZ), or a dielectric film material. In an

rgitefidtie embdintent, Fesistire layer 36/ i formePeer RAglettRé |1aiper 38 s
phlexteassivation layeo s depositadayer nswdation lgyers32,seenductive
11ayersd reS‘r%‘ngaggf_»@?n and dielectric layer 38. Fassivation layer 49 can
be patter’ne% fo Créate various openmgﬁ thereby exposing one or more of
Laedower tayercoftwaleio?8 NhtFRGie2d Spalssivation dayer 26 isiepdtteriet) -
nand eighed taexpossxportionssoticenduetivie: layers34 and- diglectriclayer 38

-Eassivation ayer d0.con nolude any, sutable Isylation meleral such &
polyimide, benzocycjlcr)rbutene ?é ,EB a(1%oitybenzoxazojfese), epoxy based
dirstating poharier, 38 -

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. 1In 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 polyimide, benzocyclobutene
(BCB), PBO (polybenzoxazoles), epoxy based insulating polymer,
or other insulating polymer materials. Passivation layer 40,
like all further passivation layers, provides 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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or other insulating polymer materials. Fassivation layer 40, like all further
passivation layers, provides 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, b%/ virtue of the patterns formed in passivation layer 40,

CRBAHGELVE 1dyBr 42 COnts gottibAS t6f E6RdGEIVE 1ayBrS34 ahd dielectric
Clayen38i+ta alternative embodiments spassivation dayer 40 caanche etehed so
i congugtive vl A2 glsa gontadts resistive Jayer 38, Capdygive layer

42 acts as an adhesion layer to facilitate deposition of conductive layer 44
2oRtT Watér 28T an  AftBative’embodliffent2adifttsiontbarrier MaterRd can
dbeodepesited hetweetceonditative feypsd2andconcuctivedayer 44veor 44 to

fnhance the physical and/on slectrical connegtion between the, bwe layers,
Conductlve%ayer 44 is patterned an(f ?ormeél over conductive layer 42.
tEntictive layer 44, like conductive layer 34, may include any suitable
material anddeeformed bylanySuitable preeessnkuone @mbedivaent; dor
gxamele gonducive, Jayer 42 Includes ttapium (71) ang conductve fayer 44,
includes Cu: E?jneﬁly, passivation layer 4 i5 formed over conductive layer 44
Sandratlloweriagersiras SHoWR O FISt P&t aPassiationiayerdebiikeny
spassivatiopdayes40, may icludessyi suitablermaterahand be-tormed using
e T e R
Finally, passivation layer 46 is formed over
conductive layer 44 and all lower layers, as shown on FIG. 2a.
Passivation layer 46, like passivation layer 40, may include any
suitable material and be formed using any suitable method.
Passivation layer 46 provides structure support and can be
patterned to expose one or more of the lower layers of wafer 28.
For example, in FIG. 2a, passivation layer 46 is etched to
expose portions of conductive layer 42 and conductive layer 44.
Depending upon the application, the device can be

made using different combinations of metal, dielectric,
insulator, and passivation layers. For example, some
applications may require that additional metal and dielectric
layers be formed on wafer 28, or that some be removed. Also,
one or more ground planes can be formed on wafer 28 during the
fabrication process. Similarly, additional interconnection
capability for the device may be achieved by the addition of
patterned metal interconnection layers.

In alternative embodiments, capacitors can be formed

in the device using a metal-insulator-metal (MIM) configuration.
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For example, in FIG. 2a, passivation layer 46 is etched to expose portions of
conductive layer 42 and conductive layer 44. Depending upon the
application, the device can be made using different combinations of metal,
dielectric, insulator, and passivation layers. For example, some applications
may require that additional metal and dielectric layers be formed on wafer 28,
or that some be removed. Also, one or more ground planes can be formed

18nWafer 28 Quriht the Fabricatior prdcess” Siffifarky atfoftitivalove™
sintercorection capadpility doethe-devicelmayrbe achieved byithe«addition of

aRattemned metal intetconnection layers. Inaaltermnatiye, embodiments. e «yo

capacitors can be formed in the device using a metal-insulator-metal (MIM)
NESAfigdration” 8InthafEasEows shiglé thétat fayére camwbelformed over °ne
esdbstrate 304mving aodielectticdayer disposedoketween.z Additienalresisivede
RIS 80 Ao e farned between, (e o matal lavers (0 lte] e,y

properties o tﬁe capacitors. In one exampafe, plasma deposited SiN, Taﬁ]03,
18F andEzed alutiintfm oXide s afe B@pdsitédbetween the metal layers

and may greatlyrincrease the<apacitanse<of thescapacitssi beEl1Gn2anthe a

integr. ted Qassiv% dgvices i Iucde a ca acitor Qorm !Pé/ c%pdtictive Iaé/ers
“43anc 35 dielectric 3(af(af)rn§£§l,<:relesetivea a@%sr; 36, and conduciive Fa{:yterrl34b.

LTher intégratedpassive teliees furtiedinefudd atresistdricrined by  The
i6eBductive layers:3de gesistive layer 86 and-aenductive:layer o34k dhed by
s P o L e g o e Sy,
3dihgle-Tayerioi stacked s pird Indacttrveorponanits cGenetally. sstacked Spiiah
rihductors provid@ @ ive layers 44, 42, and 34g. The inductor can
be formed on wafer 28 as single-layer or stacked spiral inductor
components. Generally, stacked spiral inductors provide a
higher inductance/unit area, however a single-layer spiral
inductor provides a better Q value. A spiral inductor can be
formed in as few as two metal layers with an insulative layer
disposed in between. First, a spiral design is patterned in the
first metal layer and an inner portion of the spiral is
electronically coupled to the second metal layer using a via
formed through the insulative layer. In such an inductor, the
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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higher inductance/unit area, however a single-layer spiral inductor provides a
better Q value. A spiral inductor can be formed in as few as two metal layers
with an insulative layer disposed in between. First, a spiral design is
patterned in the first metal layer and an inner portion of the spiral is
electronically coupled to the second metal layer using a via formed through
the insulative layer. In such an inductor, the metal layers can be formed from

high-conductivity nfétaf'lich 5 CERy2or Al B bf Mére’thefiftegrated

ppassiveideyvices casu betintercoanected as & passiveceircuit ascordingdao the
nglaetticalunglian of ihe fdeiceRefering. (o E1G, 20, adbesieayer S0Js.
deposited over passivation layer 46. A temporary wafer carrier 521s then
AbbRYRE TS PassivatioT Ty et bgﬁwfaﬂﬁégi\% layet 507 ITarputany vvafer
peattieriy2 canrbe glass, &ipceramics imetal u polymer composite; eimather rigid

Maetal & FIG- g ows e removel of sustrate 30.and jaafieming of
Insulation layer 32. Substlfate 30 Is removed by mecrlzlanlca acli< grinding

Uiiithdart deffifortdl Wet 8ichitg Stépe AltePAdfivelJPPRSmMATEhing &nd/ora of
schemical-mechasical nplanarization-EMB) prgcess carvhe usedi én theoved

resent embodiment, a m 'qlrity of substrate 30 is init}'%agl removed sing a
“BAER G brocebs (] i AEbr AR 16 B b atE B0°
sremaifing. The rersaihfig SObsEERT 304s YFenfoRPassing a wet dry, dry etch,

or CMP processu After semevald.of 3substrate-g0ainsslation layeri3d isxposing
exposed. Insulation layer 32 is etc to cr vies exposing portions of
DG RaC eI Iyt S ht 4R e or At Eauton et AP
i@Béhééhﬂﬁné%V%@e?%rN?t@@@@@@v%ﬁiﬂg a laser drill, together with

an optional via formed in the following process.

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 0.5 microns (um)
thick. However, in some applications, polymer film 54 is
thicker than 50um. In the present embodiment, polymer film 54
includes a high resistivity material having, for example, a
resistance of greater than 1kQcm. Polymer film 54 may include
polyimide, BCB, PBO, epoxy resin, or WPR-dielectric materials.
Polyimide materials generally have a dielectric constant around
3.3 and resistivity around 2.4E15Qcm. Epoxy resin 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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an optional via formed in the following process. 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 8y5tem Wién “forfied Bulymer il 52 nigy B&-greater tham 0.5 ™
thicronssgpm) dhigki Heweyerndnsome gpplicatioascpobmer film Hdiisally
«fhicker, than. 30pmy, In the present embadiment, polymer. film 54 jacludes.a
high resistivity material having, for example, a resistance of greater than
CkEyEme Polyrhef fiim 54 av&y indudéY poRArafde, BE B BB O* epoX§ résinh, dt
2WiRRadielactricypaterials. Polyimidesmatenalggenerallyrhave adielectric om
afQnglant around. 3.3 and sesistivity arpund,2.4EISQem, Fpoxy Josin genetally
hds"a dielectric constant around 4.4 and resistivity around 1.0BISQcm.
oWPR-dieheatfie thateridls yeretalyhaves tidlectric tonstantamiiich3Band
tregistidtparaund 1. OEISQcr.ut Metal tayerdb G isdeppsked Qyed palyney
film 54. In_the present embodiment, metal layer 56 is Cu.and is typicall
e, Bont Honator 1 A At b gt e Shom s
wiietarlayet 56 miay rarje fronTapproxifiateRe8ase25ant anblis typiéallpetal
132pm.Metal layee6can be faemed frami any-siytabje metad sughsas fak Ag,
[, aluminum alloys, Cu, Sn, ar Ni. Depending . upon the application, it may
*BE rATAbIE (o ratel T 56 BEThLied S0 as 19 30 bAedng fectly
thenpeath baeor hayeof the dategrated passiveidévicas fornedtwithie ivafer

1 28uEekexamplenwithoreferencete, FiGs 2d, metal 1ayer 56 may act as a
ground plane.

Turning now to FIG. 2e, additional metal and
insulating polymer film layers can be added to the semiconductor
device in a similar manner to that used to form polymer film 54
and metal layer 56. The insulating polymer film 62 is deposited
over polymer film 54 and metal layer 56. A metal layer 64 is
deposited over metal layer 56 and polymer film 62. Metal layer
64 forms inductors and strip lines having other performance
values. Over those layers, insulating polymer film 66 is
deposited. Metal layer 68 is deposited over polymer film 66.
The combination of metal layers 56, 64, and 68, with insulation
layers 54 and 66, constitute an interconnect structure which
electrically connects with metal layers 34, 42, and 44 to
provide a complete electrical interconnection for the integrated
passive devices and other semiconductor die within the
semiconductor package.

Metal layer 68 can form separate ground planes,

inductors, and/or transmission lines. The insulating polymer
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layer 56 is deposited so as to avoid passing directly beneath the inductor
because metal layer 56 and signals traveling through metal layer 56 can
interfere with the operation of the inductor or other passive devices. Metal
layer 56 may act as a ground plane. Turning now to FIG. 2e, additional metal
and insulating polymer film layers can be added to the semiconductor
device in a similar manner to that used to form polymer film 54 and metal

Fiayer 567 e TSUIafiTg polymer A 62 ROAEPESitEd t6verpoiver filin 54
pahdimetal layerebbxA metdllayer 64 isodepesitedaves metat dayerdbe angdided
cholymerfilm 62, Metal jayer, 64 forms.inductors gnd strip lines having other.
performance values. Over those layers, insulating polymer film 66 is
PépBsited MetaPaye? 6878 Heposited Byar pbférfili 66. 2THeTormbinstioh
tahmetal layefs &6, 64 ANH68 ;i withdnsulation, layers:>4anghe6,iconstitute an

in ercﬁoponne'ct s}\r.ucture hichE elegtr'ﬁaglzl connopcats i"é'tshs m%tgl !ear}/terg t340 )

radla €S1stlvity m an F
anél 44 to provide a comprete ecfectrlca Interconnection for t%e Integrate

whasSivesdevitas arfeother semitontueier diedwithitcthe Serficeneftetsriment,
tpac&a@et_wleigl kayeéﬁsgqam@rmxse@mat@ gmﬁﬁ@m&%di@qﬁa&mﬂ/aan
ofapsmission ines, The insulating polvmer ;L fiim Jayess, may clude a

smg?e polymer material such as orfylm_lde or epoxy resin, or a polymer
rg6mpositetaviglan adered fillee niidtial or fibePpdaterial fFémmbsters are

capplications, thew pebrmen filkn dayers-shoulgyhave highhresistiviand & low

mlgtsgl tangent when exposed to high frequency electromagnetic radiation. A
resistivity of ﬁ(Qcm and a loss tangent of 0.01 would be satisfactory for most
applications Flhrgre emisedigsentnask 72 is formed over metal layer 68

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 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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the substrate material MSL-BE-67G(H) manufactured by Hitachi can be
used. It has a loss tangent of 0.01 at 2GHz, and a resistivity of IEISQcm. The
additional polymer film layers are etched to allow for interconnectivity
between the additional metal layers. Finally, solder mask 72 is formed over
metal layer 68 and polymer film 66. Solder mask 72 is patterned to expose

portions of metal layer 68. Depending upon the final application, any
combination”ofag4iidnat iétat fayerd i adadonat polymer filthA4yefs Tan
ebheaddeth 10 the semiconductor device. Pasexamplieyvincsemeo applications,far

2§ingle. metal layer, and polymet film Jayer wil, e sufficient fo provide.1he  ,

necessary electrical interconnectivity between the devices formed in wafer
F98 ahdf dddifionalrexethalcomponehts Anethet erfbdaitfientss however,

cseveral additienalinetal-ard pobimerefila 1ayersnarecaddedtaltheetween the

pSeTiGanduton device 1o provide. A BCB/eloannee! SUNCHIE, 19 S oener
odi |

em ments, the additional meta?ferllyers can form specific system
CeBRfpstErts Such as fftBréonretticircui®Y igdund planes, and strip lines.

The additionofdntercesnest cireuits facilitates electronic.eommaunication
maglueen system, components, hatare, soupled towalgr. 26, and system

components that are ormed within _or on wafer 28, The interconnections can
epe foimedinsaiy Stitakte tonfigdtaticn depehey dpoflthe systém Lines
rapplication 12 éground plang;is a metal layenthat sandprovide anr- eleatrical
eground cogngctrlon forE%asslﬁlgF evices formed on wafer SEhGeroSundtglanes

also provide an optional ground conrection for discréte components that are
Geoaplkedlto waferipgline 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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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
Pt Sydtet. Tararally? Sty line ditenhas Ronipiise ﬁlslﬁ‘ip5§ Aietalformed
1between twoiparallel graund planes: A dielestricimateriabise dispaseicbed
apgtueen the grupd planes and aroynd the, metal sfrip.; Ihe geqmetric
properties of the metal strip, the distance between the strip and the ground
Cﬁﬁ%e‘s”ﬁﬁdfﬂﬁé?élajtﬁliéebe?ﬁﬁﬁivweof%@di@ié%‘fﬁ&%éﬂé?ia?%?éﬁﬁ% fhetal
1ekaracteristic trapedancerafthedrarsmissian dines cAltemativehynginip linest h
3088 I the farm,of 3 nicrastip ANjeng,In sueh aconfquiation, strp lines
comprise a metal strip separated from a smgj[e groung prfane aby a dielectric
CRIFtEAAR I gh BREMathVE8MbUifTertRpslymerfiln 54%and "mietalriayer 56he
aars farmed ascdescribgg: abovad Howevars rathesothan: depositingadditionat
metal layers and polymer film layers directly over polymer film 54 and metal
e S ol SOty by i Taders ced ot Tays are Rt ermed
using a separaté dohvertional PCBFabieatith ptoBess. OnceSormets the B
ceamhbination &f elditionalspetaldayerssand polymes fibm layers is aligned-wish,

;4nd then bonded to polymer fim »4.andmetal, laver 96, The prefabricated
PCB con aining additional metal and 13 polymer ih layers can be boﬁaea%

ipolyrseFfiltn B4eangmhetet 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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layer 56 using any suitable process such as those described 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

T provitiAg Etcessto metanayer 56° IF A firHet HiterAkfive EmBaditAent,
bargeparate PCB ocan besconnectedidisecthyito mstiation tayerddzhidnthaton of

p§a%§ dn gegordance with, methods Qsescéi%gr%tﬁ%v%a‘éi@%&@%%%Pﬁ’ee&e%éﬂer

the PCB that expose insulation layer 32 and conductive layer 34.
TEofitorhtal et tayércan tretk be-deiositéd over e PCB® thatiddiineds to
conductive layetc34 s futher eanneatthisPECB rtoawaters28.dndthe present

«mbodiment, the additional RCB, s configured ta avaid royting,the agditignal
metarllayers irectly underneat the passive devices formed on Wafer 28,

afterepy aubiting the High requettytloss offfassive caftpoiertsSsUtdrasd by

alncictors. diBingstabiGi 2f adinal step-inthe dabecatien ©f ithed upon the
semic%nductgr devicefiscgl;ll%wn First, temporayy W%{e{ carrier 52

eXposed pPortions O uctive 'layer n h O ac%ngads of
adhesive layer 50°are removecclfby a ti%e?fmal or ultra woFet?UV)-cure process
cafavleanéd Hsing SolvEnt soakig -andfor plasezeéleanimFrOfeaTIESn,
pdigssetecomponents oxasemiconductionsie eaprbegpupled:to cenduetives or
LT Sompnets s besed st g pocess Fo
Cdevice/ eoniporerdt84 can berrdipital integrated ercai (B, component 90
ceanbsatgdiofregueney1 rfiux 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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IC, and component 96 can be a surface acoustic wave filter. 14 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

CL6RAGLHIE IRBI UL BURPS 82786°82%RAYB are' formied by® atrefiotr 4+

1 preeesssapplieg ¢o solde rupate rialedepositeth upon, thei exposed pertiensrof

169ndustive layer.44 and the cantact pads of gompanents 80, 84, 90, and 96.

In alternative embodiments, bumps 82, 86, 92, and 98 are formed from Au,
EBFEtfstrlicttRésor’ Any Gthér Bitable MateAarsGct adsiifaa (SifPb) e
oCeppestne {CuZinner apperbsilver (CiuAgHseldeseachu comtaiming ehod or
-BRana. lx material Bumps 82,96, 32.3nd 98 can beslgeieally, pa

connected to any of the passive devices formed within wafer 28 via any
aggitableinterednhectshrcturey Sh &R altefiaiive éMmBEdintent> sefditichaletal
1egmpanents 8 84, 90 rand Q6 are conpled towademn28hefore the additionalo
Jetal Jayers.and additional polymer fil. avers. Gomponents, 89. 84,99, and,,

can be coupled to conductive layer 44 using an alternative process such
cag SMTE cané wirke berdind 20 ptihaPuRdefitt8s ahd 94 taih e kieposited

sURder compoenents 80,84 90,and 86t pravide mechanicab stppost apdited

act as a heat bridge for companents 80, 84, 90, and 96 and wafer 28.
R B A S b o e nnece

brbresonhductive rhatedalt Witk attacte d-eamporients 80 84 908 itk 96Jthe
asiemicanduator device candben e coppectad-to-ether.GompeRests 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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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 15 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

PRRFEF28 Vid BemEralintertohfrect AeflBH FRE wifd ords &Rt Wit bhd
bpads:carhbe formedrinegny tspitabbe methodhars canduetive materfalrAdso on

ou;hg‘é’ﬁ‘e%'l@%g@fe%"gﬂé fAhat, ate conpected 1o metaklayer 68, Bumps

4 are coupled to metal layer 68 to facilitate connection of the semiconductor
PiBdicEtd AtditiGA ToRPBABAES Stk AR FEBDr memdty diftdit Biimps
ové4rcande formiec usinga ball drap epstencihprinting psacess., Bamaps 74

;¢an 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'€ahBe paterred iy campsotaBR frarierdésendiigand
1upondheyequirenentsrofidhen appiicatien ohurning:toFlGn3, digial kad.06nis

18029923?" t9, Sonductiye layer 440‘15%(%9 wire-bonding 5;%0&?59 Af?%oﬁding'y'
res 102 connect Lontact _pa(?s ormed on a surface of digital IC 10010
LegRaGctHve Ty 44.dnealfermativeembodireats: HiRpstitable cehfponent

ceande:-coupledrio-conductive layer 44-usingsarwirg-berding-procgsss In the
s pres eanct.embE)dimer(l)tj,?old. compound or encapsulant 104 is also disposed

10N aye engtion er—-—etcC 1NCO
over components 80,100, 9 and'96 and passivation layer 46.°Encapsulant

P04 icarbendeposited Gfter Gornporients 80, 100901 ANH IR are eduUpRed: f
1698duative; layeridddnthis,embgdiment, the step et providingask. 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
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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 16 bonded to
Uitstidtidr 188781532 providint for @ Systerm Halig better shysical mtegrify 279
cbBusing:this psocess) the formatione of adhesivellayet &0-and 4emporasy wafer

S§aulsr52 caaie ypassedyith mpld compaund or encagsulant 104 heing

Isposed over passivation layer 46 and components 80, 84, 90, an
figtead din'a furthef atBRatRIE EnfsBERTEHtt fotcheL 10 Hhd P2 ¢4n be

ctormed inybothinstilation tayernd2 and passivatan kayer4s shetehyvallowing
2Bolymer film 54 to hond to both _layers further in reagin&the Rhysical,integrity

e prese 1imenrdt ounty ce used
of the connedtion. The notches are formed I(\}urlng the etcﬁlng of Insulation

CRIyR? 32 Gsifrastentidnal dveP-2tcling iffo TPassivation idfer 40 SFhére 1n
cwibbedyidercut tHompassivatign dayen 40 with insuationdayear 32mas-thenical
Setchoirrlg rrgasl%. Tehe Oung)%rec%t allo rl1;oer an gnganced qrgcchloor}lnqgffggté? F.Igs.
g}ogptlonaﬁunaerfﬁl 88 and 94 an encap%ujfarit 104 have not been app ied
cHdfing faprieatsn Gt thetsémicdnductor deviceNasteadianefling Tompedhd L
cdhdds applied- over passivation layer 464and £omponents-80,184.90.3and 96.
olding compound 114 can be applied by printing.or compressive molding.
B e R TR e
FX802808 front Sumkite®o) or GECTO0ISRCG froas Niglop 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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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 suitabie SMT"6r fifp-BRiF proeass Betore Shbstrate 3698 témoved.
iTheradditionak 27 wnderfill material ¢sinot farmed betweenstanductiverlayes 44
w~and components 80, 84,90, and. 96 to provide additional mechanical . .

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

STRATEd BVEF cBRDSITe 30, "84, '90. fand 96" tdorductive fdyer #erdridfuctive

playes 2, ancpassivatiendayerr A Hnithetpresent embedimeant; 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
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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, efctit§aind similar equipment. The
semiconductor devices serve to continue to advance technology for the
yintegration of several components at reduced fabrication cost, while resulting
in larger overall repeatable quality. 18 While one or more embodiments of
the present invention have been illustrated in detail, the skilled artisan will
1appresiate tthat madificatians andiadaptationsdorihosec embadiments may be

-Made without departing from the scope of the present invention as set forth

in ﬁllélfgo]lfé%'\iin'g claims. 19 Claims What is claimed: 1. A method of
manuPXUriAg W seicdrdactor devide 2ompiising L providiryra StbRtate o
awithar insulation fayeredisposedanr ;a top surface of the substrate; forming
an int: grated 9passive circuit over the top surface .%f the subﬁ%rate' remoyj
%)rmln an i1ntedrate aSs1 Clrchit, over e Top surracte
the substrate; depositing an msulgtlng pcﬁymerci‘llllm layer over the
of the substrate;
removing the substrate;
depositing an insulating polymer film layer over the
insulation layer; and

forming an interconnect structure over the insulating

polymer film layer.

2. The method of claim 1, including bonding a wafer carrier

over the integrated passive circuit.

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

support substrate to the semiconductor device.

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

semiconductor die to the integrated passive circuit.

5. 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.

6. The method of claim 1, wherein removing the substrate

includes:
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insulation layer; and forming an interconnect structure over the insulating
polymer film layer. 2. The method of claim 1, including bonding a wafer
carrier over the integrated passive circuit. 3. The method of claim 1,
including bonding a permanent support substrate to the semiconductor
device. 4. The method of claim 1, including electrically connecting a
semiconductor die to the integrated passive circuit. 5. The method of claim 1,

includfitg - “etthihg amidteh iAtPtHE ifsulation fifettantd® depbsttiry 4pdttiond
pobthesisuating polymer film layer into the notch. 6. The method of claim 1,

wherein remayving the substrate includes:, 20 temoving a fifst amauntof e,

substrate using a grinding process; and removing a second amount of the
dgybstrate uSing™a Wetdry, Gy eiehC ot chetrical-riectdhiarpianarization

process. 7. A method of manufacturing a semiconductor device, comprising:

sproviding a substgate.with.an insulation Iayer, dispased.gn jtap surface of

the substrate; forming an integrated passive circuit over the top surface of
Cthe’substtdte; removing the substrate; and mounting a printed circuit board
over thednsdlationa layess whereinthe panted sircait boardapelidess gised on

NEYatng polymet film layer, and, .
forming an integrated passive circuit over the top surface
of the substrate;
removing the substrate; and
mounting a printed circuit board over 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.

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

carrier over the integrated passive circuit.

9. The method of claim 7, including bonding a permanent

support substrate to the semiconductor device.

10. The method of claim 7, including electrically connecting a

semiconductor die to the integrated passive circuit.

11. The method of claim 7, including:
etching a notch into the insulation layer; and

depositing an insulating polymer film into the notch.

12. The method of claim 7, wherein the step of removing the
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an interconnect structure deposited over the insulating polymer film layer. 8.
The method of claim 7, including depositing a wafer carrier over the
integrated passive circuit. 9. The method of claim 7, including bonding a
permanent support substrate to the semiconductor device. 10. The method
of claim 7, including electrically connecting a semiconductor die to the
integrated passive circuit. 11. The method of claim 7, including: etching a
SHBEH iit6 the fnsiuiation layer; and depositing an insulating polymer film into
the natehodiziaT ke Mmethodsafociaimof, whereinthesiep of sempvingthe 2ing
p%ggtg@t;e includes: r_emoving a first amount of the substrate gsing a grinding
process; and removing a second amount of the substrate using a wet dry,
dry etERT8Y tRenficaRAfEchaiTCA PlafarizafioR ProEEss c13 A HRethdtF bf 7Y/
dmanufastiurig arsemiconductondevies, COMpHSHY: Proaviciag assubstrate
having an insulation layer disposed on a top surface of the substrate;
forming an integrated passive circuit over the substrate by: depositing a
Léonddttivetager eber#ie Sapstrate Jarid SGEPGSItiAY % dieléétrieIayer over the
csubstrate;gforming a passivation layer over the integrated passive circulit;
etching 3 first gpening.in.he passivation layerto.exmese & fisurface ol the
integrated passive circult;
on a top surface of the substrate;

forming an integrated passive circuit over the substrate

by:
depositing a conductive layer over the substrate, and
depositing a dielectric layer over the substrate;
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,
wherein the metal layer contacts the second surface of the

integrated passive circuit.

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

integrated passive circuit.

15. The method of claim 14, including depositing molding
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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, wherein the metal layer contacts the second
surface of the integrated passive circuit. 14. The method of claim 13,
including electrically connecting a semiconductor die to the exposed first
M&fface bf tHe™ intdGrateaPassive tircuit 152 Thetheticd of chahf 14
pinciudiagddepositing molkding c22 dnatesial @ver the exposed first surface of the
integrated passive circuit and semiconductor die. 16. The method of claim
13, wherein removing the substrate includes: removing a first amount of the
L8ubstrdte dﬁﬁ&%ﬁgﬁ%dﬁbﬂd’i‘o&éss;@ﬁﬂ FemMOoVIAG & SEcond afbiiitefthe
isdbstiate: using a wet dry, dry etch, or chemical-mechanical planarization

process, 17, The methad of siaim-13incjuding,forming a.salder mask oyer,

the mgteéﬁ'\ﬁgg 18. The method of claim 17, including forminga conformal
PREtEFRAY et thderneath the solder mask, the conformal metal layer
penetrating theyinsulating palymer films 10nJ heumethad ©f ¢lainmy 13, ircluding;

etChIr%%}fli natch into th% {nsulation iIaé(ir; papéjn depositing a pp:%r(yggsqf the

d A
insulating polymer film into’ the notc arszatio

17. The method of claim 13, including forming a solder mask

over the metal layer.

18. The method of claim 17, including forming a conformal
metal layer underneath the solder mask, the conformal metal

layer penetrating the insulating polymer film.

19. The method of claim 13, including:
etching a notch into the insulation layer; and
depositing a portion of the insulating polymer film into

the notch.

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

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 material;
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20. A method of manufacturing a semiconductor device, comprising:
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 material; 23 removing the
substratBCyepssiting SMiidIatifig polymer film layer over the insulation
layer; anebdeposiingnan intereannectsttyetere tven the yiasulating polymer
iﬂlg@i@ﬁrogll;%er@egggd qf claim 20, including bon_ding a_wafer_ carrier over
the integrated passive circuit. 22. The method of claim 20, including bonding
a perManent tsuphaort stibstrate 1o e semicohtdtttor'dévica 23" Théthathod
poflgladm 2Q,1includiag electrically connecting a semiconductor die to the
integrated passive circuit. 24. The method of claim 20, wherein removing the
substrate includes: removing a first amount of the substrate using a grinding
2proces$§cahf reftbving @ sécord amaarteffie Sabsttate asifyta vetdryier
otinretaty, orrchemicatdneehanical planarization process. 24

22. The method of claim 20, including bonding a permanent

support substrate to the semiconductor device.

23. The method of claim 20, including electrically connecting

a semiconductor die to the integrated passive circuit.

24, The method of claim 20, wherein removing the substrate
includes:

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

removing a second amount of the substrate using a wet dry,

dry etch, or chemical-mechanical planarization process.
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