SYSTEM-IN-PACKAGE HAVING INTEGRATED PASSIVE DEVICES AND
METHOD THEREFOR Field of the Invention The present invention
relates in general to semiconductor devices and, more patrticularly, to an
apparatus and method of fabricating a system in a package (SiP) having
integrated passive devices (IPDs). Background of the Invention
Semiconductors, or computer chips, are found in virtual% every electrical

produtY Han tratturét SO IO SUSEGROT IR IF Ay dpRYstichted
industrial and commercial Ef%t WQ&UiEWFﬁ& also in many household
and consumer items such as televisions, clothes washers and dryers, radios,
and telephones. As prodiigsslisecoinskendikyenit heare functional, there is a
need to include more chips in the smaller products to perform the

functionality.THhe feduction insize, ef eellulan telephanesjisanesexample of
how more and more capabilities are incorporated into smaller and smaller

SEBREHBRIToductS Vi CeS 2hd elBEtiTaPdavicESs batoMe indredsinglyaratus

aminiaturized, iMtegeated circiuit {IG) manufactunng techmigues aieigsedhitoring

{Jprm radiignal elecical,ciguil compopents such as capaditors, resistors,
Inductors, filters, and interconnects directly upon a silicon or silicon-like
substrate. For example, many of the devices in today's portable wireless

products are passive g ita J¥ tieiniegraien s passive components
into a substrate can

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 electrical devices become increasingly
miniaturized, integrated circuit (IC) manufacturing
techniques are used to form traditional electrical circuit
components such as capacitors, resistors, inductors, filters,
and interconnects directly upon a silicon or silicon-like
substrate. For example, many of the devices in today's
portable wireless products are passive components, and the

integration of passive components into a substrate can



provide significant performance, cost, and size advantages. Similarly, the
integration of IC chips such as memory and logic devices into a substrate or
a connected device provides additional benefit as it too minimizes
manufacturing costs while increasing performance. Although
preferable, the integration of several passive devices formed on a wafer with
other chips and packages can present many challenges. Today's
Phfantfactdrifg pro Sreqhitetre e Fekpendiie, Spétiafty substrate -
smaterals ywhemtorming $iR ©eyicesthaving tRBs. Eurthes df thendevicend
1gombines semiconductor components manufactred using tINAIm 0. ;e
p%cesses and prlnrfea circtit boar r%lgc%]j componencfs, the manuFacEfunng
aprbicessmay bersubjectde significanttémperatsetiantations thanipcreases
wmgiffgqygy@&di%stﬁgﬁgqm%ggq Also, in today's SiP devices, any

connected IC chips are generally limited to a 2D layout configuration. As a

result, the ndmbEPBLIC BRDSTRaLEEn belupléd dirattypto asubstratetis

pgkeaflydimited eacqardanee withethe-geometry 1of dheysubstrates Ifand
components or additional devices are mounted to a backside of a Eubstrat,e

Pasing EonventioRaltaehnolbyies, it inay Beirécessay to use Trotigh=" 1= +79
psulstrate vias (IS VYs) tohelectrically cornpeotthescompenéntstto thelinteraale

G IESrica) strygtiire of the sybstyate, J3Vs.arg diffigult and expepsiyea . ¢

produce, so their use greatly increases the cost of the completed device.
CRmall§ YWREN COMBIRMY & SBATCORNICIOF STSStRABSTl® alPCB L sighificant

udifficylties can arise glueto-differing gogfficients of thermal expansion(SHE)
between the components. Summary of the Invention A need exists

PO SEMIcondtR or feVide Ay iRtegratetiadiive Hevices Wit aditional
sl chipsccoupled iptheadeviee 1imadditionna nekdtexists fermantifacturing

qEeePnIques for the system, s descrbed which r% Uee priorQeé%c%e $and;
material costs, resulting in shorter cycle time and lower overall cost.

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 the substrate. If
components or additional devices are mounted to a backside of
a substrate using conventional technologies, it may be
necessary to use through substrate vias (TSVs) to
electrically connect the components to the internal
electrical structure of the substrate. TSVs are difficult
and expensive to produce, so their use greatly increases the
cost of the completed device. Finally, when combining a
semiconductor substrate with a PCB, significant difficulties
can arise due to differing coefficients of thermal expansion

(CTE) between the components.



In one embodiment, the present invention is a method of manufacturing a
semiconductor device comprising the steps of providing a substrate, forming
a first passivation layer over the substrate, and forming an integrated passive
circuit over the first passivation layer by depositing a first conductive layer
over the first passivation layer, depositing a resistive layer over the first
conductive layer, depositing a dielectric layer over the first conductive layer,
and depositing a secondtCBMRERLOE 155 FRYSRE YRSlectric layer. The
method further includes the steps of forming a second passivation layer over
the integrateg passive dircuit, mounting a plurality of system components,
over the second passwaﬁon 7ayer in‘electrical" contact wﬂﬁl?he second
iodrductivedayers semovilgy thessubstidte aetehinigpan bpéfinghintthedivsip Led
cBassjuation layer, and, depgsiting,solder humps in the.opening af the first s g
passivation layer in electrical contact with the first conductive layer.
CRrancthier entsodimant, the Présént invertiorria Methbd ST THARUfRERFRTSa
ssemicancuctordavice cemprising-theusteps ©f provding-a substrate, farmingnad
.2 passivationlI%yer over the substrate, forming an integrated passive circuit
8\V/V$rrth%vpearsa5|vatf6?1slgyer, mounting a plurality of system components over
the integrate@rpassivescircuiti ard eledtticalyresrmrectingthetsystems a

nEQMRANERLs 1o the Iniegrated passiye ciewl, Lemioving, the. subsirate 5 eiehing,

an opening in the passivation layer, and depositing solder bumps in the
speringofRhe padsivation Iayettin El€etriEarr8oritactwith Tié imegrtEat1ion

1PgsSiVe GlieUithe substhR anethergmbediment, the prasent INeNtionds ave
methaod of manufacturing a semiconductor device comprising the steps of

Cprovidifig & Sibstrite forfing AR INtEYrdfRY pasiive BfcdifBysrthend @
fsulstratepmounting a plusality of system Components over thenintegrated
4Ragsiye cireuit and eleetiically connecing the system companentsitgthe -
in](t)egrateél %assive circuit, remO\}]ing the substrate, and forming an Yery
diererebhheet stractareintalectricay esntace withithefinteyrateenshssive gircuit.

1Byet-Desgriptien,ofthe; Rrawings K&, 1dllusirates.an exgople;ver the
d?%qg%¥¥?gngiﬁ¥P6;The method further includes the steps of
forming a second passivation layer over the integrated
passive circuit, mounting a plurality of system components
over the second passivation layer in electrical contact with
the second conductive layer, removing the substrate, etching
an opening in the first passivation layer, and depositing
solder bumps in the opening of the first passivation layer in
electrical contact with the first conductive layer.

In another embodiment, the present invention is a
method of manufacturing a semiconductor device comprising the
steps of providing a substrate, forming a passivation layer

over the substrate, forming an integrated passive circuit

over the passivation layer, mounting a plurality of system
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FIGs. 2a-2d illustrate a process of forming a semiconductor device with
integrated passive devices; FIG. 3 illustrates a semiconductor device
with integrated passive devices and an additional metal layer; FIG. 4
illustrates a semiconductor device with integrated passive devices and
interconnections, a ground plane, and a passivation layer; FIG. 5
illustrates a semiconductor device with integrated passive devices and
CeBhTEted Wik’ BondEe 1NteIESS iRGstratss Cemitbndektor device with
eindegrated passive devicesnand ap etgh stop layesanthts to tidG. 7
llustrates %semiconductor dev.i%? with inteq{atetqlgassive devices ar]Cd n

infegrat SS.lve Cclrcul removzy substrate, etchin
Sddiionarconductive Tayer: d ’ g
an opening in the passivation layer, and depositing solder

bumps in the opening of the passivation layer in electrical
contact with 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, forming an integrated passive
circuit over the substrate, mounting a plurality of system
components over the integrated passive circuit and
electrically connecting the system components to the
integrated passive circuit, removing the substrate, and
forming an interconnect structure in electrical contact with

the integrated passive circuit.
Brief Description of the Drawings

FIG. 1 illustrates an example semiconductor device;

FIGs. 2a-2d illustrate a process of forming a
semiconductor device with integrated passive devices;

FIG. 3 illustrates a semiconductor device with
integrated passive devices and an additional metal layer;

FIG. 4 illustrates a semiconductor device with
integrated passive devices and interconnections, a ground
plane, and a passivation layer;

FIG. 5 illustrates a semiconductor device with
integrated passive devices and connected wire bonds;

FIG. 6 illustrates a semiconductor device with

integrated passive devices and an etch stop layer; and
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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 infcfitted’ withi thersifitand SEBpé of e irventicn Hsdéfirdd by
ithe-appenrdedelaims anddherequivalents asigupperted by dhe doltowiag
disclosure and drawings. A semiconductor device having integrated
65%% devices and connected integrated circuit (IC) chips can be
manufactured. Moreover, the semiconductor device can be manufactured
using a shorter PLRCASS. 4SHULIESS SOSHY Naatepils WDQ)M%”WIG to
shorter manufacturing time and lower overall cost. In one embodiment,
passive devices can be combined with flash memory ICs and surface
acoustic wave (SAWS TRl chipsofonh a Systerfin'@ packagE s vafieBror
ctliffere rgpassivie.camponentisyactive cosponentis and iegrated sitedit t o
cffgviges can be intercounected, however. fo.suita partioylar application, .
mouinted Sémiconductor device is shown in FIG. L. The semiconductor
sdevite involees nicuntingran actives atear $2 tofodie 11 facecdover doward-arms
oghipigaryiersubsirate or printed cireuit boaed (RCB) 16, Activeread2may ;¢
contain active and passive devices, conductive layers, and dielectric layers
Wadcorbfhgrforthecelecricaliesigh Tt thé tie 4. The etectfical dhdmechahfcal
i tercopneetbeyeen dieck4-and subsirate-an PCB: 16 ds achieved through a
solder bump structure 20 comprisi large number of individual conductive
S G Sl e e
thnterconaectisites:24 dwhicheareldispbsedipnactive aréa iRsofadie 12h Jhe
-BuTp-nats 24 onogpiv e Astlyedicuits of i 14 by condution tgagks
formed in active area 12. The solder bumps 22 are électrically and
drreéhadically connected to contact pads or Interconnect sites 26 on carrier

substrate or PGR A6d»nhaselder reflowquogess.nthe semigonducteydevice

provides a short electrical conduction path from the active devices on die 14
o doiduction (ralkE G Bdrridt Subsirats of PCB' 16 in order toMeduca bigial
mpropagationelbwencapacitance tard achieveraveralbbetierdiseuitan be

mB%GQQE%W%%d using a shorter process, using less costly
materials which contribute to shorter manufacturing time and
lower overall cost. In one embodiment, passive devices can
be combined with flash memory ICs and surface acoustic wave
(SAW) filter chips to form a system in a package. A variety
of different passive components, active components, and
integrated circuit devices can be interconnected, however, to
suit a particular application.

A mounted semiconductor device is shown in FIG. 1.

The semiconductor device involves mounting an active area 12



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 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
oforviéhtiohaf 8GBstFAER drit'éan tierefbord e &adrficet it g rfantfacture.
pThe irsulation layer 32-isaneptional dayera ¥her peasent,1it allows sthstate
30 1o be relzg?ctrica”%/ isolgted from the (r)lté}er layers of Warfer 28.nlé1$3latifn fr
2fayar 32%AN K136 Het as an atch ctop TAyelS A ‘such UGfing refovat of SCtr*¢
lsyisstrate B; Masulatio layer 321cart bé useddedetectcdn ehd-pbirt 3f4. The

<Suhstrate 30 topreyent, damage tothe components formed oyer substate 30

and insulation layer 32. Insulation layer 32 can include any suitable material

saRd tan e formedFinifultiple YRy Sortdentple, # may fclude ’yers of
ssificon diaxide (Si0Zprsiicanynitride (SiSNAnsilicon oxyritride(SION),
polyimide, benzocyclobutene (BCE), polybenzoxazoles (PEO), or any other
R i G0N0 o LHRS (6 STt Stckant. T d33n Bt ReulAten
fl@yﬁeggwaymlmghysicahmmprm@R%B)',Zﬂwemmab\hamre .
qdgpasition (GVI), O, SPin.Coating. . ¢ ;o %@P”df'ﬁgv%%r[&a“&'%q IS
deposited and patterned over insulation layer 32. Conductive layer 34 forms

CrRRmTAls of vaRBUS HitbHrated assive @dviees includiiy Pespudito? 134BRCk s

reesistar (3deand 34f); apd inductory34g). I altemative embadiments,
additional system components or_passive devices such as transistors, diodes

4P 6thet SstFate afd EaPdy:ReuiFaldoVIceS Sdn be formedC Edilietve
ilayer 34roasche siadeswith aluminum i(Atl), alumsinuat alloys, woppeé (Cu),a
sickel. (i), old (au), silver (Ag), salicide, Bolysilican. grother electijcally, .
con(%uctlve materipa swtaglé for deposition on a substrate. A P\ﬁ), CVD,
seleetroBaie Platheg, loraslactioless platig process idan e tsed téforares on

agenductive layet34cion trdrgsistive layer 364s formed gver eondudiives in
ayer 34 and insulation layer 32. Resistive layer 36 can be any suitable

I , /
ORfREAICINcRTtAG nfckEl-thréhithf IRICH “met&" Sificiodd tantaiint fitride <
acaM); @anchpolysilicere havingdiigh electriealfesistance. The deposition of

resistive Iay%u%ﬁnrinr?g iggo%/?GFfVIQaO’I’ %VPirst step in manufacturing a
system in a package with integrated thin film devices,
surface—-mounted devices, and PCB-based devices is shown.
Semiconductor 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
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A dielectric or insulating layer 38 is patterned and formed over resistive layer
36. Dielectric layer 38 forms parts of various passive circuit elements
including a capacitor, resistor, and Inductor, and supporting contact pads 34a
and 34h. Dielectric layer 38 can be silicon nitride (SIN), tantalum oxide
(Ta205), hafnium oxide (Hf02), or a dielectric film material. In an alternative
embodiment, resistive layer 36 is formed over dielectric layer 38.
SNext pas3ivationIgyerAdtis depoditetl GVerShsdiatien fayer 32 ohdtittive
Tlayer 34, resistive-layer 36 sand digleciric layera38.cRassivation Byee 40 cans
be patterned to create various openjngs, thereby exposing.one or more of the
SHehbr 13JRrb6h ATy 8. IV FIG 03 Baksivation [ayer 40 16 pauciied and o=
betcheddotexpdseqiortiens efidopductivedayer 84 andtdie Eetriclayes 38nt
aBassivation layer 40.can, include: any, suitable insylation patexigl sugh as
polyimide, benzocyclobutene (BCE), PBC) (polybenzoxazoles), epoxy based

1m3bistingPolymet forether Tistidtitig polyhTeiHhatetiats Padsh/atith RYEr
s40likerall further passivationdayers, pravides physicatsypporttg;and.  ror
electrical insulation between the layers of wafer 28. .. %on&jucg\ég layer
#5048 podited"dVer pasivation yer 40T CondLEtVe thyes 425 ket V2 /
s¢anductiveilayerds4, hayNAclude anycsuitabte meteriaband bedsimed by any
pEuiARle methpd, A oNLED KIC. Eacby Vit obthe pateimsdomeddy, o

passivation layer 40, conductive layer 42 contacts portions of conductive
apyeP Basand diefectAe |1ayer 387 PR alfsthative Bribodiments, pessivatibAhant -

Tlayep 40 sanhe gtched: se thaticonductive Jayer 42:31se contacts gesistive 1
layer 36. Conductive I@/er 42 acts as an adhesion layer to facilitate

VAERGsitiGN OF tonddctive Ay er 44°0HE Wafdr B8~ IrF &R Afefmative C VD) - OF

sembodiment;@.diffusion barrier material can be deposited between

conductive Ia}yecrodhz dagq g\ggdgaﬁtiveerlag/gg 44 4tg einshagé:é oth tpeha/s(iacaél and/or
electrical connection between the two layers. onductive aner 44 is
Ppatternedcany formetbovertéonduktive Tayet -42. Condctivedayers4, ke

reenductive|ayen 34.Jpaydnclyde anysuitable matedaliand be-formaed by any
_suitable process. In one embodiment, for example, conductive layer 42

hichitfes ftaiurA Ty andFcontitictive Tayer 4 chutiés eac 245) / and

inductor (34qg). 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 and insulation layer 32. Resistive layer 36 can be any

suitable material, including nickel-chromium (NiCr), metal
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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
Sednductive 159824 5™ N1t iSEhendiNg updRthBApphicaticiy thedevice Eaf™
cbhe made usingdifferent eombinations pbaetal, dielectrie sinsulater, Bnger 36
mgassi\rll%t(i) Q/Ieayg{/% Fore ple, some applications may require that
additionar metal and dielectric layers be formed on wafer 28, or that some be
removed. Algo,drelectnore ground plaresican be ferméd onswaker 28rderihg
athe fabrication process Similady,additional intescannedtion capahility far the
device may be achieved by the addition of patterned metal interconnection
fryffs. parts ofp afterativeretiBoditéhits Cedpadito?d eah el formedinthe
cegwee tising adnetat-isulatosmefal(MBV) cenfigwalipninithat case. wo
sin%Ie metal layers can be f%rmed over substr tg 30 haying al?i,electric quer

Piidpoded betwesn. Additionalfestistive 1ayérs can SR b fotmed Bétvikerr ~2©
(tha\two metaldayersatoialter thie 2poperties of the: capaditorsifivdne examyple,

aRiasma deposited, Si, 192403, or anodized alumipum oxide films e, . |
deposited between the metal layers and may greatly increase the

regpacitaree lohiRe devices formed|pERS. 24 thedhiehtatedlassive devices
include a capagitor formed byconductive fayers A4 anpg 42; dieledrie layer

.38, resistive layer 36, and conductive layer 34b. The integrated passive
LH8ViceS TitneritiEiudd s réSiSor foréd by Eohduiictive fayers 348, resisive’®-
alayed 36] and conduetive |a3/@r 34PaEhe indegrated passiveddeviceoturther
include an inductor formed_by. conductive.layers 44, 42 and 34q. The
USkey thr be Farad on aler 36 e St ayer of St Al Pfitior™
negmpohentss Gengrally,astacked Spivalfinduetdrs piavide a-higher
piductancedunit area, hoyveverassipgleslayer spiralindugtor prevides a better
Q value. A spiral inductor can be formed in as few as two metal layers with
PER sUlStive 1ayer diposed inbetvedn. Bifst, Alspifat design'id¥Hitetfied in
pthesfirst mietal laygeand @ndanen poertiofneofzthe spirat isoekectricaly coupted to
the second metal layer ysing a.via formed through the insulative la In
T B Gy e s o b Tt P Ml o crty
(metakbsuch:@zClc Al; or A Drieemote the iritegeated passive deviegser
16an bey @%C%ﬁ%gg d%-2 PAsslye circyly &CE%CH@_Q 0 I@?@Lecﬂcb?w funetion 1
of the device. _ The etched portions of passivation layer 46 allow for
L 3ddiishaPsyste i dorpon @At s conmett i Rafelys8. e SHHIBRAI SystéRf
eCemponents carnshecoupledbtorwater 28 usingaityssuitable meurting
mechanism %u%hdas surfac? mo%nt4t§chnoli%g¥ or f ip-ghi cg{nnection y
methods. For%xalrhcptfé,vv?/ith feference to FIG 21, diScrete %asgi%gsdle\’/?cel%,
lpase bafd ICHB2dadivifrequener|CIRFIGKSS and BAWL filterléd are édchmay
1cenAnegted o condugtivie layer 44.via bumps,50,£54,,60Q; and 66 respectivaly.

Using this method, any combination of passive devices, active devices,
ngiserste passive’@evices: defficorductey die, Other ) chipR, Br Histréte
rpagkagescyybe connested towafer 8. conductive layer 42 contacts

portions of conductive layer 34 and dielectric layer 38. 1In
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Bumps 50, 54, 60, and 66 form an electrical and mechanical interconnect
between components 48, 52, 58, and 64 and wafer 28 and, specifically,
between components 48, 52, 58, and 64 and conductive layer 44. Bumps 50,
54, 60, and 66 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 48, 52, 58, and 64. In alternative embodiments, bumps
56 52960, Ghd* B Atd Tormied froR® ALY BF EWsttdetlifes’Sr Ay oftfersuftabte
shaterda sushas-tindead (Sr/Pb)2Capper/Zined(CuZn)res CoppedSilveer 36 .
c{GuAq) soldes, sach gontsining an optiongl flyx maleril, BUMPS 0,594,680,
and 66 can be eYec]irlcaIIy Connécted to any of the pasglve deviéés formed
dejthinithecge micondudtor devicel vigeanyisuitable intefconnett strdctuze. In

a@@%%@q}l@e&ﬁb%ﬂ%em@p@%@P?&Q?B&U@é} {ayersgan e added tp.

conductive layer 44 proximate to the openings formed in passivation layer 46

derreilita’ iRstalaton oPPURTIsSE, 5460, ahd 66-9Te UBM taysrs e 44
ttormeckby-any syitghlesprosess.riaghyding ficst etching aperdien f copdustive,
'ﬁ‘ er 44 alnd then applying one or more metal layers to conductive layer 44
g m&wa?va&i]uenﬁsdEposition by evaporation or sputtering process or a
chemical plafingqurocess: TheydBM fayess maayt nchede any stitabledmaterial

Syeh,as Tl nickel vanadate (NJV), of GiLhaving thigknesses of approxjmately
1000A, 3250A, and 8000A, respectively. For topper, the etchant can be A70

LaitAabotit 1215 %itiecacia TMNDI) aid 8. 3% detie acid fChacoord by
afltemnatively, the etchant canhie A4S withhahoukA. /% phospharia acid
(H3PO4) and 7.35% acetic acid (CH3COOH). The etchant for titanium_can be

P75 hyFodeh fidoride With 18756 Fl)jl&l%r@je)ﬁnbe(l%;(i)dea% FEMgiNig Water.

1hyam afternativeuerabodiment, the UBM layers can be electroless plated

nickel-gold (NVAW). . - AdAlional stability oan be prayided to, .,
components 48, 52, %8, gné 64 by providing an optional undertill material 56
cand 62t Uirletily AratérialBBland b2Lndg Inélade epoxys pslypericomateial,

2film, arptherpen-conductive material Underfilt materal 56,and 62)is applied
_after bumps 50, 54, 60, and 66 are formed between components 48, 52, 58,
Lahid 6Aeantd ¥oriddctive By BREE o bptioRdl DBM PRRTE. GEhBFaIR  tinderfi
sinatendldanand 62 .Inchigesiars electricallydnsulatipg adhesivesmatertalre
Underfjcll rga&erg:al 56band 6 tprovid s.mechanical sup ort to compgrflentf§652,

“ahd %]é and alsé %umepsp 5. , and 60. B%d%ﬁlor%%teona 56 and 62 can §Iso act
layarhdattwridgetbetwaerrwafer 28 and esmpohents B2faHd-58.2

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

9



In alternative embodiments, a different combination of passive devices and
IC chips can be coupled to wafer 28. For example, some applications may
require that one or more discrete packages be coupled to wafer 28. The
discrete packages can be coupled to wafer 28 using a flip-chip connection
mechanism. Additional support can be provided to the discrete packages by
_providing an underfill material that is formed between the discrete package
LRhGWater 28 S deseried AbbVe foT the EiEy beSsHiws fife additioN of aPY
tmolding compowtd puencapsidaniss (o waferr2® and semaval ef substrate
30. Encapsu nnt 618trgaxain(il\gdeea mgla&ti% er?l%tgrialcguchcgﬁ epoxy a[relsi]ir)lébased
molding matéerial’ or ofherthlgﬁ-ressﬁvﬁy polymer material that iS applied over
fpassivation ldyer d6y components 48162338, iar164 apwd-optional utMagfill
-Material, 56 and 62. 1, apjalternative embodiment encapsylapt 68.cankbe 1.

formed with a polymer matrix compaosite material with a high resistivity.

f ERESFsHHERE6S IaPPREE uSMgFTIRHG 6r COrMpRESREMOIdRG ocessas

peenecally, engapsulant 68 hasiits coefficient of thermal expansiondGlk)
badjusted to match that of com onents 48, ?2, 58 %nd 64, optional underfil|
maf&iTal 56'and 62, BRti%any 6thet matlriat Cortabtdd By 8Reapsiantss. “ive

r k]
&Siitad
cef&coftencapsulantG8cax berddjustetiausing adilles stieh asial poRaee fibery

aRLEIPM.3ddifivE A\ Shitable; encangilant material is Qgﬁekaélymfé‘eaﬁla%ﬁ%izﬁgtal

by low shrinkage, high resistivity, low dielectric constant, and low loss
Learrent SBefore Bngapsiant 68 apphied the Gvafef €habecdieéd Bychalf
geutting along a plurality of saw streets formed in a surface of the wafer. This

optional step_of dicing the wafer can reduce warpage, of the wafer and

overall residddl Sttdss. 227 FPESUBSFH3G TS RGeS uShy s Shitabigt vde
aprogessiEorexampie] supstratel30cancbd graored by-mechanicalilkack-tric

1gtjadingith an additional wet etching step. Alternatively, plasma etghing 1y,
a%&/%r a chemica -mec?‘nanl al planarization (CMP) process can be used. In
1thecpreseat eATbdBiMent eV megeTity of sbstrarc30 i intialyrentoved asingd

@ bagk grindiprocessdhat leaves approximately 10:255am of subsyate 30 ve
remaining. Then, the remaining substrate 30 is removed using a wet dry, dr

. | ! et dry, dry
L8MAC of EMP prBEeds! AtErTERToVAT OF SUBSEEE S Dassivation 1a)erssss an
iexpeset: \Withsabstsate-30 demoved, the/keight af wafer 2&:troputhe battem

1 9hpassivation layer 32,to the top of encapsulant 68 is ageroximately 420114
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 electrically 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
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Turning to FIG. 2d, portions of passivation layer 32 are removed thereby
creating openings that expose parts of conductive layer 34. Optional UBM
layers 70 can be formed on conductive layer 34 at the openings in
passivation layer 32. The UBM layers 70 may Include any suitable material
as described above. Additional components such as memory IC 76 are
electrically and mechanically coupled to conductive layer 34 via bumps 74
MQ&ifig d SoltBF FEHGY Prodesss Blfnp'S 74 CREWETEr, PRay CoRTpTRR Ay €4 2s
asuitahle vaateriatand becapplieousing any-suiteble processamdesaibestt the
above. In this manner, any combination of passive devices and/or IC die can
be tonnected to the backside of wafer 28. Note that using this method, IC die
and passive Hevicesdarrbe cotpledstothedzacksidetdfowafer 28 difécthyl 1 ow
snderneath other nassive devices Ad.IC die maunted;tothe frant sidg of 1
wafer 28. For example, in FIG. 2d, memory IC 76 is mounted directly below
apd<e baRa1CHyE et aramighy thé tufieht ffetRsdiBHstor 3pimbunting oFR9
ap@ssive devicesmanchiG die. BUrmps 74nmay alsabe sepfigueedntosglectrically
connect to passivg devices formed withip wafer 28. An op%onal underfill
EHAtERAICP Y c &% be tohned Heneath idmaR 1t 78°8F any otfer€iiians -
winounted devicee Undeffilcmatérial Fizsisgereratys apphediafter mehiorydCs 26
piGPUpled to condyctive layer 34 yia bUMBS 4. s anq BUNPS 7208 6.
coupled to conductive layer 34 to facilitate connection of the semiconductor
ageviee ¥ agleitiotal eBniporertsisrthe systerrsuchtay PEB 78R as Showrton
661G a3k Bamps £2£anche forned ysingp ball dref on stencil pfintiBgbi nation
process. The passive devices electrically connect to contact pads 34a and
°34RBAMPS f?fé{ﬁ&?fslvla‘fc? CSfstittte & frtePddiiect Sthdtiie for devices:
seonnegctingdherpasisive camponentsioiexiernat devicesete packiugring o
+E1G. 3,8 gg%%n(% gmwbotdeirpegg3 gf the semiconductor device is shown. Bumps
72 are e?ectrlcal y anél mechanically coupled to PCB 78. Bumps 72 are
coupled to PBB?8 byla solber t€flow proééss. M6 3¢ 4R Bptibpal nitdl

nleyeL 80ds deppsited YpRD ancapsylant 684sing &€ YD EVR O platinthng 64
process. Metal layer 80 provides electroma%netic and physical shieldin%é?r

atHe Sérhicondictot tevide: Métaf faybY 80Pa58 Sicts S8 BPREA ik fdirer
5abserhing and elischatgingtheat eneygy generatedryysthessemicondagtosnd 66
a9gvice and.can be patteyned for specific design (eUIrements: naterial
deposited upon the exposed portions of conductive layer 44
and the contact pads of components 48, 52, 58, and 64. 1In
alternative embodiments, bumps 50, 54, 60, and 66 are formed
from Au, or Cu structures or any other suitable material such
as tin/lead (Sn/Pb), Copper/Zinc (CuZn), or Copper/Silver
(CuhAg) solder, each containing an optional flux material.
Bumps 50, 54, 60, and 66 can be electrically connected to any
of the passive devices formed within the semiconductor device

via any suitable interconnect structure.

In one embodiment, under bump metallization (UBM)
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FIG. 4 depicts a third embodiment of the semiconductor device having
interconnections 83, ground plane 84, strip line 85, and passivation layer 82.
These additional layers are depicted in FIG. 4 and can be added to wafer 28
during fabrication. For example, after forming passivation layer 32 over
substrate 30, interconnections 83, ground plane 84, and strip line 85 can be
formed as a single patterned and etched metal layer that is deposited over
Lgassivatich dyer 3295 hehCpassidaion 1y et B Cart Be Hofied dver tatte
opmetaldayer: Rassivationdayeri§2 ts then paiterned ang etehedite Lxpose
.portions of intercannections 83, grqund plane 84, and strip line 85
e REHEne B3 STl el & Mot iny oy that Fm s AU ="
beorfmettion between bumps ¥ op7dcartd compoheats fprimedswitkinobafey a
po8interconnections 83 canhe formed in any switable copfiguration o more

depending upon the system application. For example, in some embodiments,
MixtSrtohABEHGNS 83 TRAY BAlyfaRilitatéeledtforie TatmunatibhR bEtweshtion
LB CB,48 angktherpassiva.compeneaptsfosnedvithinwaiee 28 i alternative

embodiments, interconnections 83 can also provide connectivity between
PHiHET Ednnectéd compondits sdtivas ifemory 76 Ahd the padsive ™ -2+
scompanefits, formekadithvianwafer 28(N1V) , oGroundh planedsB4 isiaimetakes

laver, apd provides an glectrical ground connegfiansfor passive.deyiges g,

oformed within wafer 28. Ground plane 84 can also provide an optional ground
cepmeectionor eistrepassivé detiée 48 HaseIrarid IG 520 radié Fegrieneyd

(K (R IG)a8 surtace-acausticwave (AVOdilter 64, andmemory 16,76 he
Ground plane 84 reduces noise and cross-talk between the passive

cE5MpBhefits! and Betwelhthe Pagsive'compoRBREPANT ofhet Tonpdhiaris bf

athe SerBiconduetardevicel (CH3COTrHansmiBsorelinganstripoline- 85 dmcludes

a metal material an ts as-a transmission; ling %\ggb orbing and_emittin
“e ec%(é;‘mafgéneﬁc A Fa%%%%cc%?dﬁﬁgﬁ, sttln% ine’ 85 faéﬁ]tcgfé% s%%n%?rgm ©
apvatelsing Lsignal trafsmissidmand fartherensures ratieociiégeerioy (RE) UBM

1signakintegrity of the system Stripiline-85 canhe created inany syitable
configuration. Generally, strip line_antennas comprise a strip of metal formed
between twoAﬁﬁJaﬁéP&r%hnﬁEﬂQﬁéétﬁ( didlBetric Matefiaf i'disposegronents
dbetwieen the, groundaalabes and-arating the mngtal stiigpl Thedqgeametric
properties pof the metal strip, the distance hetween the strip, apd the groun
P e it pertith iy o i B Cs et e e aie g uce
eplvaractaristicimpedanee of the trahsiission linehAlenvativedy) Sudp line 85

nE@R e the form pf amicrostup anterpa.Jnsuch a configuration, strip ine
85 comprises a metal strip separated from a single ground plane by a
PHBRSEE matrial 0 and PAssivaton Tyt 82 prtvides hIBARAILAT sdBport
sto, thesdifferentdayersdn svafen 28 i Passivatien leyes 82ipelusiesianyssuitable
18@%?%?“0%£¥%?Q35%§d%%ﬂg¥¥¥??°%%terial 56 and 62 includes an
electrically-insulating adhesive material. Underfill
material 56 and 62 provides mechanical support to components
52, and 58, and also bumps 54, and 60. Underfill material 56
and 62 can also act as a heat bridge between wafer 28 and

components 52 and 58.
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FIG. 5 depicts a fourth embodiment of the semiconductor device. After
substrate 30 is removed from FIG. 2d and portions of passivation layer 32 are
removed to create openings that expose parts of conductive layer 34. UBM
layers 70 are formed on conductive layer 34 at the openings in passivation
layer 32. The UBM layers 70 include any suitable material and can be
deposited using any suitable process as described above. The
semiconductbt devicerisdivertet4Ra EHEapshant 68 hoGhtedio"PEBarE,on
oforexample hy-an adbesive material. pyirehonsk(WE) pads 86-aresmerinted
Ft(g)ro%tiorgnal erEMSIg%ee:rSJO E?in[g a gHi;[ablae W]efldiné;.l rocesstAgerenati]\C/eIIXéygE
pads 86 ¢an be coupledp direct ytto condtictivé ?a%/er 4. WE padls 86 aré
déeupletdo iEMdayersoE0 asimgla processthat c@thbineshkeat] pressure,
pandior ultrasgnic energy fo-form.a mechanical and glectrical bond hetween
WE pads 86 and UEM layers 70. WE pads 86 may include Au, Al, or Cu
CRTaEFA L Thecdmsinafion of LBAdGCHRE ayBH BROHsistive [a§eP36VaRAGT to
eielectde layes 3&facHitate the qorpling 0 YVEPads@6 1o UEMdayersa0 byat
,profviding(? harden IayerH Thg,harden I%er i}g Iocateddundefrnea wire
L BoAGnG Padd AR presets an snnancediiwive Bondity Process Windaiw. WE
dleads 88dreatlectrically and mechanically coupled to WE pads 88.

FIG. 6 depicts, fift eraagiment of he pemisonducior, deviee DUting uea. o

manufacture of the semiconductor device, etch stop layer 90 is deposite

cnper substratec30 befofefsassivativndayer3y ahdthefétipiesides Bétween
rsWbsirate 30 and passivatien layer32, Ruing-etehing-and removakef cpoxy
substrate 30, etch stop layer 90 facilitates detection of the end-pqint of

r§&k}§ir‘£8%‘?f APGteCting dBRUTEve layat 32T Eich Stof ayer 66 cahtbe a
psihglectayes of maderialsuchias SigN4 cor mayinglade avmultdayerapateried ,
uch as one with layers of Si3N i02. . urning ta F1G. 7, a sixth
L A e st Soviice Riaa L, fue S,
Sémbiodirhént, passivatiohiayersde isenstpredencon wafer28sPassivatién can

player AgLan.githerbe rameved rds not applied duking fabrication,ot wafer
28. Conductive layer 92 is deposited upon conductive layer 44. Conductive
h%%%ré?ﬁéﬁ%ﬁ%h%%t Encapsulant 68 is applied using printing

or compressive molding processes. Generally, encapsulant 68
has its coefficient of thermal expansion (CTE) adjusted to
match that of components 48, 52, 58, and 64, optional
underfill material 56 and 62, and any other material
contacted by encapsulant 68. The CTE of encapsulant 68 can
be adjusted using a filler such as a powder, fiber, or cloth
additive. A suitable encapsulant material is generally
characterized by low shrinkage, high resistivity, low
dielectric constant, and low loss tangent. Before
encapsulant 68 is applied, the wafer can be diced by half
cutting along a plurality of saw streets formed in a surface

of the wafer. This optional step of dicing the wafer can
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to further define solder bump connection locations formed in conductive layer
44 and to facilitate formation of bumps 50, 54, 60, and 66 for connecting
conductive layer 44 to components 48, 52, 58, and 64. In FIG. 7, conductive
layer 92 is patterned and deposited to define a perimeter of the solder bump
connection locations for bumps 50, 54, 60, and 66. Although not depicted,
conductive layer 92 can also be used to further define solder bump

L EOMTSCETBGIATs O the'BatRSaE of the WATER for égampiPdver UBRFlayers
70 (as shown @kl 20)30 is reberudconducter devcas upthe yarouss s .
embodiments shown can be gl@ngga}lctgreed u%lngetgo S andeg%glﬁr%%q b

Fggm?ﬁ(oaﬁfg %bw%%ﬁ%é%trﬁ suchas wire b%end?ng, pa férrrrﬁng, etching an%ck

gsimitairwuipmwa@aﬁi@nduo@l devicestservedo @pﬁﬁpuem ‘aelvaaceve ly,
piegrated passive deyice techpplagy atreduced fabrication.cost, while ,

resulting in larger overall repeatable quality. While one or more
(eMbbdiRERRSST tha preSertiventidi halle BeenSfasrarlqA tetaik thé

nskilled aftisan wilkappreeiate thatynedifieations apdradaptationsto thoseck
§rlnr? c_JirJrgents ma be_made without dre Xa,lr}rilnc%élrlom %%%o%e o% the present
IitBRLBA A8 FOHA In theoTOWIRG BIAIMES "Cratns 8 SainfetP At
3Mmetkod bf Mmanufadtoeing asysterminia pagkage (SRYte 30 is removed
using a wet dry, dry etch, or CMP process. After removal of
substrate 30, passivation layer 32 is exposed. With
substrate 30 removed, the height of wafer 28 from the bottom
of passivation layer 32 to the top of encapsulant 68 is
approximately 420um.

Turning to FIG. 2d, portions of passivation layer
32 are removed thereby creating openings that expose parts of
conductive layer 34. Optional UBM layers 70 can be formed on
conductive layer 34 at the openings in passivation layer 32.
The UBM layers 70 may include any suitable material as
described above. Additional components such as memory IC 76
are electrically and mechanically coupled to conductive layer
34 via bumps 74 using a solder reflow process. Bumps 74,
however, may comprise any suitable material and be applied
using any suitable process as described above. 1In this
manner, any combination of passive devices and/or IC die can
be connected to the backside of wafer 28. Note that using
this method, IC die and passive devices can be coupled to the
backside of wafer 28 directly underneath other passive
devices and IC die mounted to the front side of wafer 28.

For example, in FIG. 2d, memory IC 76 is mounted directly
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type semiconductor device, comprising: providing a sacrificial silicon
substrate; forming an insulation layer over the sacrificial silicon substrate;
forming a first passivation layer over the insulation layer and sacrificial silicon

substrate; forming an integrated passive circuit over the first passivation

layer by, depositing a first conductive layer over the first passivation

layer, depositing a resistive layer over the first conductive layer,
below base band IC 52. Accordingly, the current method

allows for 3D mounting of passive devices and IC die. Bumps
74 may also be configured to electrically connect to passive
devices formed within wafer 28. An optional underfill
material 77 can be formed beneath memory IC 76, or any other
similarly mounted device. Underfill material 77 is generally
applied after memory IC 76 is coupled to conductive layer 34
via bumps 74.

Bumps 72 are coupled to conductive layer 34 to
facilitate connection of the semiconductor device to
additional components of the system such as PCB 78 (as shown
on FIG. 3). Bumps 72 can be formed using a ball drop or
stencil printing process. The passive devices electrically
connect to contact pads 34a and 34h. Bumps 72 and UBM 70
constitute an interconnect structure for connecting the
passive components to external devices.

Turning to FIG. 3, a second embodiment of the
semiconductor device 1is shown. Bumps 72 are electrically and
mechanically coupled to PCB 78. Bumps 72 are coupled to PCB
78 by a solder reflow process. In FIG. 3, an optional metal
layer 80 is deposited upon encapsulant 68 using a CVD, PVD or
plating process. Metal layer 80 provides electromagnetic and
physical shielding for the semiconductor device. Metal layer
80 also acts as a heat sink layer by absorbing and
discharging heat energy generated by the semiconductor device
and can be patterned for specific design requirements.

FIG. 4 depicts a third embodiment of the
semiconductor device having interconnections 83, ground plane
84, strip line 85, and passivation layer 82. These

additional layers are depicted in FIG. 4 and can be added to
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depositing a dielectric layer over the first conductive layer, and

depositing a second conductive layer over the dielectric layer; forming a
second passivation layer over the integrated passive circuit; mounting a
plurality of system components over the second passivation layer in electrical
contact with the second conductive layer; depositing an encapsulant over
the second passivation layer and system components, the encagsulant

YR&GRgZ coHicient b Herhfll EXPansion(CCPEYMatching aSETEGFthEY
pSysiereeamponents: 32 erpevisgdbesacdficia) silicen substiate-ands 83,

g¥§85$98f2X2“84, and strip line 85 can be formed as a single
patterned and etched metal layer that is deposited over
passivation layer 32. Then, passivation layer 82 can be
formed over that metal layer. Passivation layer 82 is then
patterned and etched to expose portions of interconnections
83, ground plane 84, and strip line 85.

Interconnections 83 generally include a metal layer
that forms an electrical connection between bumps 72, or 74
and components formed within wafer 28. Interconnections 83
can be formed in any suitable configuration depending upon
the system application. For example, in some embodiments,
interconnections 83 may only facilitate electronic
communication between PCB 78 and the passive components
formed within wafer 28. In alternative embodiments,
interconnections 83 can also provide connectivity between
other connected components such as memory IC 76 and the
passive components formed within wafer 28.

Ground plane 84 is a metal layer and provides an
electrical ground connection for passive devices formed
within wafer 28. Ground plane 84 can also provide an
optional ground connection for discrete passive device 48,
base band IC 52, radio frequency IC (RFIC) 58, surface
acoustic wave (SAW) filter 64, and memory IC 76. Ground
plane 84 reduces noise and cross—-talk between the passive
components, and between the passive components and other
components of the semiconductor device.

Transmission line or strip line 85 includes a metal

material and acts as a transmission line by absorbing and

16



etching an opening in the first passivation layer; and depositing bumps in the
opening of the first passivation layer in electrical contact with the first
conductive layer. 2. The method of claim 1, further including forming a metal
layer over the encapsulant for shielding. 3. The method of claim 1, further
including depositing underfill material between the system components and
the second conductive layer. 4. The method of claim 1, wherein the

Sihtédratet passive S fidtd&s andhdaetor, @a‘b’a&ﬁ%%r&lﬁé&s‘f&rr ® THeS

smethed of elaiasl, whergin ﬁ&iﬁ@wD@dhe§ﬂ§ﬂﬁ@la’c8l£ﬁ@ﬁ1§slb$'&5at%m|udes
rem%vmg a first amoun ftge sacrificial SI (én substr te, usm%ﬁﬁ:gg]\lén Arflg fhe

process; an ureSl‘e}I;T'TALOVII’lg a se %en%lc Ofsﬁ;l% sachf|C|a?

ssslystrate L%mganleitoleoﬁala;rmrlz}a@onrm@cgsis.m any suitable

configuration. 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 line 85 can be in
the form of a microstrip antenna. In such a configuration,
strip line 85 comprises a metal strip separated from a single
ground plane by a dielectric material.

Passivation layer 82 provides mechanical support to
the different layers in wafer 28. Passivation layer 82
includes any suitable passivation material as described
above.

FIG. 5 depicts a fourth embodiment of the
semiconductor device. After substrate 30 is removed from
FIG. 2d and portions of passivation layer 32 are removed to
create openings that expose parts of conductive layer 34.

UBM layers 70 are formed on conductive layer 34 at the
openings in passivation layer 32. The UBM layers 70 include
any suitable material and can be deposited using any suitable
process as described above.

The semiconductor device is inverted and
encapsulant 68 is mounted to PCB 78, for example by an

adhesive material. Wire bond (WB) pads 86 are mounted to
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6. A method of manufacturing a system in a package (SIP) type
semiconductor device, comprising: providing a sacrificial silicon substrate;

forming an insulation layer over the sacrificial glass substrate; forming a
first passivation layer over the sacrificial glass substrate; forming an
integrated passive circuit over the first passivation layer; forming a

second Eassivation layer over the integrated passive circulit;
optional UBM layers 70 using a suitable welding process.

Alternatively, WB pads 86 can be coupled directly to
conductive layer 34. WB pads 86 are coupled to UBM layers 70
using a process that combines heat, pressure, and/or
ultrasonic energy to form a mechanical and electrical bond
between WB pads 86 and UBM layers 70. WB pads 86 may include
Au, Al, or Cu material. The combination of conductive layer
34, resistive layer 36, and dielectric layer 38 facilitate
the coupling of WB pads 86 to UBM layers 70 by providing a
harden layer. The harden layer is located underneath wire
bonding pads and presents an enhanced wire bonding process
window. WB leads 88 are electrically and mechanically
coupled to WB pads 88.

FIG. 6 depicts a fifth embodiment of the
semiconductor device. During manufacture of the
semiconductor device, etch stop layer 90 is deposited upon
substrate 30 before passivation layer 32 and thereby resides
between substrate 30 and passivation layer 32. During
etching and removal of substrate 30, etch stop layer 90
facilitates detection of the end-point of substrate 30,
protecting conductive layer 34. Etch stop layer 90 can be a
single layer of material such as Si3N4, or may include a
multilayer material such as one with layers of Si3N4 and
S1i02.

Turning to FIG. 7, a sixth embodiment of the
semiconductor device is depicted. 1In the present embodiment,
passivation layer 46 is not present on wafer 28. Passivation
layer 46 can either be removed, or is not applied during
fabrication of wafer 28. Conductive layer 92 is deposited

upon conductive layer 44. Conductive layer 92 is patterned
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mounting a plurality of system components over the integrated passive circuit

and second passivation layer electrically connecting the system components

to the integrated passive circuit; depositing an encapsulant over the

second passivation layer and system components, the encapsulant having a

coefficient of thermal expansion (CTE) matching a CTE of the system

components; removing the sacrificial glass substrate and insulation layer;
Cetchitid- 4R opéning i theftst paS&atich ek and +°C Heposting Buinps 1A
cthedepening of dke first passivationdayenineleetricaleentashwith themps 50,
5i te%rgte%Bgs%ige ircuit. 7. The. method af clgim 6, I%rtréer imluding

épositing underfil Pateiial betwaan the %ygt%rﬁ \égmpo’ﬁernts ana?ntegrated

cpassivecieuit.s 8. The rﬁéthoﬁr_@f ¢ldim 6,Ifurf_ﬁéi"_-indludmglfmmmigfa metatr
ol2yeL oxer the second passiyaion layer forshielding, perimeter of the

solder bump connection locations for bumps 50, 54, 60, and
66. Although not depicted, conductive layer 92 can also be
used to further define solder bump connection points on the
backside of the wafer, for example over UBM layers 70 (as
shown on FIG. 2d).

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. Semiconductor devices serve to
continue to advance integrated passive device technology at
reduced fabrication cost, while resulting in larger overall
repeatable quality.

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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9. The method of claim 6, wherein forming an integrated passive circuit over
the sacrificial glass substrate includes: depositing a first conductive layer
over the first passivation layer; depositing a resistive layer over the first
conductive layer; depositing a dielectric layer over the first conductive
layer; and depositing a second conductive layer over the dielectric layer.
10. The method of claim 6, further including forming a metal layer over the
encapsulant for shielding. 11. The T&HB8 of claim 6, wherein the integrated
passive circuit includes an inductor, capacitor, or resistor.

What is claimed:

1. A method of manufacturing a system in a package (SIP)
type semiconductor device, comprising:
providing a sacrificial silicon substrate;
forming an insulation layer over the sacrificial silicon
substrate;
forming a first passivation layer over the insulation
layer and sacrificial silicon substrate;
forming an integrated passive circuit over the first
passivation layer by,
depositing a first conductive layer over the first
passivation layer,
depositing a resistive layer over the first
conductive layer,
depositing a dielectric layer over the first
conductive layer, and
depositing a second conductive layer over the
dielectric layer;
forming a second passivation layer over the integrated
passive circuit;
mounting a plurality of system components over the
second passivation layer in electrical contact with the
second conductive layer;
depositing an encapsulant over the second passivation
layer and system components, the encapsulant having a
coefficient of thermal expansion (CTE) matching a CTE of the

system components;

20



12. The method of claim 6, further including mounting a system component to
the first passivation layer and electrically connecting the system component

to the integrated passive circuit. 13. A method of manufacturing a system in

a package (SIP) type semiconductor device, comprising: providing a
sacrificial glass substrate; forming an integrated passive circuit over the
sacrificial glass substrate; ~ mounting a plurality of system components
over thefrteratetFassive eirctit ahdPélettifcalf cotinettingthe systedrtion

1e98ponents to the integrated passive circuit; removing the sacrificial glass

substrage' and formin9 an interc‘}?nngct structure in electricaf contact wit
. F Chﬁ%ﬁ an.qgen ng 1n the first passivation layer; an
the integrated passive CirCuit.

depositing bumps in the opening of the first passivation

layer in electrical contact with the first conductive layer.

2. The method of claim 1, further including forming a metal

layer over the encapsulant for shielding.

3. The method of claim 1, further including depositing
underfill material between the system components and the

second conductive layer.

4. The method of claim 1, wherein the integrated passive

circuit includes an inductor, capacitor, or resistor.

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

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

removing a second amount of the sacrificial silicon

substrate using an etch or planarization process.

6. A method of manufacturing a system in a package (SIP)
type semiconductor device, comprising:

providing a sacrificial silicon substrate;

forming an insulation layer over the sacrificial glass
substrate;

forming a first passivation layer over the sacrificial

glass substrate;
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14. The method of claim 13, further including forming a molding compound
over the system components, the molding compound having a coefficient of
thermal expansion substantially equal to a coefficient of thermal expansion of
the system components. 15. The method of claim 14, further including
forming a metal layer over the molding compound for shielding. 16. The
method of claim 13, further including forming a passivation layer over the
sacrificRli Gass Substrdte 997t TheRnethotFofrdiam 16, fftferinlubing ©
pfosmirRg airetal dgyer over the passivation layer for shielding. 18. The
methad of claim, 16, further including mounting a system companent fo the
passivation Pz%/er and ePectﬁcalfy connectingthe sys?em compone%f?o the
Pintegretedigassive circuit. 19. The method of claim 16, further including

providing adqrinted cireyit board mauntedtethe passivatien layery 20,dhe
.method of claim 13, wherein forming an integrated passive circuit over the

GG Yads STBSiFatE inGltdes 2P S°Cond passivation layer

electrically connecting the system components to the
integrated passive circuit;

depositing an encapsulant over the second passivation
layer and system components, the encapsulant having a
coefficient of thermal expansion (CTE) matching a CTE of the
system components;

removing the sacrificial glass substrate and insulation
layer;

etching an opening in the first passivation layer; and

depositing bumps in the opening of the first passivation
layer in electrical contact with the integrated passive

circuit.

7. The method of claim 6, further including depositing
underfill material between the system components and

integrated passive circuit.

8. The method of claim 6, further including forming a metal

layer over the second passivation layer for shielding.

9. The method of claim 6, wherein forming an integrated
passive circuit over the sacrificial glass substrate includes:
depositing a first conductive layer over the first

passivation layer;
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depositing a first conductive layer over the sacrificial glass substrate;
depositing a resistive layer over the first conductive layer; depositing a
dielectric layer over the first conductive layer; and depositing a second
conductive layer over the dielectric layer. 21. The method of claim 13,
wherein the integrated passive circuit includes an inductor, capacitor, or

resistor. o o . .
depositing a resistive layer over the first conductive

layer;

depositing a dielectric layer over the first conductive
layer; and

depositing a second conductive layer over the dielectric

layer.

10. The method of claim 6, further including forming a metal

layer over the encapsulant for shielding.

11. The method of claim 6, wherein the integrated passive

circuit includes an inductor, capacitor, or resistor.

12. The method of claim 6, further including mounting a
system component to the first passivation layer and
electrically connecting the system component to the

integrated passive circuit.

13. A method of manufacturing a system in a package (SIP)
type semiconductor device, comprising:

providing a sacrificial glass substrate;

forming an integrated passive circuit over the
sacrificial glass substrate;

mounting a plurality of system components over the
integrated passive circuit and electrically connecting the
system components to the integrated passive circuit;

removing the sacrificial glass substrate; and

forming an interconnect structure in electrical contact

with the integrated passive circuit.
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22. The method of claim 13, wherein removing the sacrificial glass substrate
includes: removing a first amount of the sacrificial glass substrate using a
grinding process; and removing a second amount of the sacrificial glass
substrate using an etch or planarization process.

14. The method of claim 13, further including forming a
molding compound over the system components, the molding
compound having a coefficient of thermal expansion
substantially equal to a coefficient of thermal expansion of

the system components.

15. The method of claim 14, further including forming a

metal layer over the molding compound for shielding.

16. The method of claim 13, further including forming a

passivation layer over the sacrificial glass substrate.

17. The method of claim 16, further including forming a

metal layer over the passivation layer for shielding.

18. The method of claim 16, further including mounting a
system component to the passivation layer and electrically
connecting the system component to the integrated passive

circuit.

19. The method of claim 16, further including providing a

printed circuit board mounted to the passivation layer.

20. The method of claim 13, wherein forming an integrated
passive circuit over the sacrificial glass substrate includes:
depositing a first conductive layer over the sacrificial
glass substrate;
depositing a resistive layer over the first conductive
layer;

depositing a dielectric layer over the first conductive
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layer; and
depositing a second conductive layer over the dielectric

layer.

21. The method of claim 13, wherein the integrated passive

circuit includes an inductor, capacitor, or resistor.

22. The method of claim 13, wherein removing the sacrificial
glass substrate includes:

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

removing a second amount of the sacrificial glass

substrate using an etch or planarization process.
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