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 asswe devices (IPDs Back round of the Invention
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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

Field of the Invention

The present invention relates in general to
semiconductor devices and, more particularly, 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
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

minigiyia ShbSrate CEPprovide Sighificant performfamicel eost and gizeschniaues

are adwantages Similady.dhe integnationefdCichips sueh-as Merayanrthiogicsuch
devices into a substrate or a connected device provides additional benefit as

a5 CREGS mimihiizes Mahifatdiing G684 WS indréasing Terfifhahi& ST connects

direAlthguglppreferablel the integraiion of severak passive tevices formed eranple,

wa%:‘r ith other chigs and packages can tpr%i[(ent man;ichallen es. Today's
many Ohubatturitiy’ processes redlire theRide ot expelisiv e Spacialty Sibstraté - ©
pas sthateriatspdearfomingrsiPwdeyvicesthaiag IRDSs.dfurthes sif the devicenent s

e cCMBMES semiconduetor components manufactured uing tig-fim o - ong
processes an& prinﬁlad &ircuit board J(IgE:h compon%nfs, e manufaccfurlng

sizeprodess Eyele subjeot tbesignificamde mpecatuee imitatidns that nigpeaseich as
the diffi uﬁg §rild cost of mgnufatcture. Als& n today grS|g dewces_c an

memor arn . vVice 1 . 4. S S Oonne device
cgnnecte CﬁIpS are genera Iyﬂlmltedlto a lf)t]ayout con?lguratlon. Sa

provigsalt, thedivmberdf IB:ctps that cahtbe-coupled directhstora sulistrateig ng
cost@reatly fimited in accordance with the geometry of the substrate. If

components or additional devices are mounted to a backside of a substrate
using cof\EmivHAD teashmbiagies) ¢ mah delndcegsatyitoruselthesugtral

passIHRStLe yias{ISVshioeleetrically.cannect the componentsia the intemal , ge s

electrical structure of the substrate. ISVs are difficult and expensive to
can proeiees tsa i @é@éﬁe%ﬁ]l?%eag@ﬁfé'éoéﬁ@ﬁﬂ‘f@%ﬁﬁk@éﬁ Beweesses

requifinally.nuhen compining asemicondyctor; substratewith 8 RCBosignifigant when
difficulties can arise due to differing coefficients of thermal expansion (CIE)
formgasyeehfthe Contisonents ‘StmmaR? of theihveRtion 1T theadfeedExists

combfoh @ssespigonduciardevice bavingdptegrateshnassiverdeyicas wish edditionah
IC chips coupled to the device. In addition, a need exists for manufacturing

ProcegffiguelfoPthtdyRter HsdestriBed Whidi fFetuce Proeass Steps Hha
manufateriat cogtsprestdting msharter syeledime apd dawer evieralh €0Stemperature

limitations that increase the difficulty and cost of
manufacture. 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
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



In one embodiment, the present invention is a semiconductor wafer
comprising a substrate and first insulating layer formed over the substrate. An
IPD is formed over the first insulating layer. The IPD Includes a first
conductive layer formed over the first insulating layer, dielectric layer formed
over the first conductive layer, and second conductive layer formed over the
subs §ipfdctriciayer. A Se€ondFindtitating dayerds fdrrfed ovei the DA piGrafie tO
dif reffirstielestrical caraperents is mounied exelstheiseeond imsulatingvlayar. Ak
encapsulant is deposited over the second insulating layer and first electrical
COMPEGRBbents. The encapsulant has a CIE matching a CIE of the first electrical
components. In another embodiment, the present invention is a
semiconductor device g%grnngrising affir{__sllt.lins Iatingtlayer and IPD formed over
the first insulating layer. Secondinisy aﬁng ?%/%r i$ f5Tmed over the IPD. A
first electrical component is mounted over the second insulating layer. An
encapsukanrt1 is ge%c})(slii;setd over thg31 secoqdc@s%{%i{lg Ia3éeer anéjeﬁrg:[51 glegtrical
component. The encapsdﬁant has'a CIE matc ng a CIEOf thé first electrical
intecompenemassive {reanother embodadent; thenpresgft inveptiorisigpled to
tne §EYiCODCUctpY, deiee comprising a fistinsulging Javer and JERgmmied over
the first insulating layer. A second insulating layer is formed over t e IPD. A
techfirstiskestrical compongnttistmeuntéd ovet tredsedondhinseldting layepcAn s
stepEncapsulantds degosited quer the secqnd,insylating,laver ang first elegtrical,
component. In"another embodiment, the present invention is a
Lowegemicondlidtordevice comprising an IPD and insulating layer formed over the
IPD. A first electrical,component iscmoupted.over the insulating layer, An
encapsulant is deposited over the insulating layer and first electrical
semi@gﬂggﬁgq;BﬂéfgésgﬂﬁRﬁﬁﬁqﬁg[ﬁaﬁmﬁﬁirate and first insulating

layer formed over the substrate. An IPD is formed over the
first insulating layer. The IPD includes a first conductive
layer formed over the first insulating layer, dielectric layer
formed over the first conductive layer, and second conductive
layer formed over the dielectric layer. A second insulating
layer is formed over the IPD. A plurality of first electrical
components is mounted over the second insulating layer. An
encapsulant is deposited over the second insulating layer and
first electrical components. The encapsulant has a CTE matching
a CTE of the first electrical components.

In another embodiment, the present invention is a
semiconductor device comprising a first insulating layer and IPD
formed over the first insulating layer. A second insulating
layer is formed over the IPD. A first electrical component is
mounted over the second insulating layer. An encapsulant is
deposited over the second insulating layer and first electrical

component. The encapsulant has a CTE matching a CTE of the



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,

£irsg grodid prane lan@apdsiation layer; FIG. 5 illustrates a
semiconducter devise withointegrated, passive-devdees ane cenneciad vyrey
bonds; FIG. 6 illustrates, a semiconductor device with integrated

Semiﬁ%&?\?&&&ﬂc%Eih&%nc&@ﬁ%%ospl%%ﬁ ant St InSYRt fudirates a2nd TP
formgemisesductos device withintagratethpassiver-devicessand an adgitionat 1 ng

laye%oquqygﬁgggwbver the IPD. A first electrical component is
mounted over the second insulating layer. An encapsulant is
deposited over the second insulating layer and first electrical
component.

In another embodiment, the present invention is a
semiconductor device comprising an IPD and insulating layer
formed over the IPD. A first electrical component is mounted
over the insulating layer. An encapsulant is deposited over the

insulating layer and first electrical component.
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

FIG. 7 illustrates a semiconductor device with

integrated passive devices and an additional conductive layer.



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 iﬁﬁfﬁfd]eﬁqoté%?/‘éf aR&hetveE hB&DHBMS Gfd equivalents
as may be included within the spirit and scope of the invention as defined by
the appengdedctaimsnand therequivalertsasssuppestediby thefollewingre
disclosure and drawings. , A semiconductor device having integrated
SMPOGIIENE Gevited Bfid %%91918&’%8%%@?&561%%8& () higsdat bgce to the
F igumasufacturedi Moreaver, therseraicondugioe device €as heamanutactined 1 ar

using a sharter process, using less cqstly materiagls which contribute to
elem nt%. ﬁ%&#é)%%e lnvegaion gsxhe crl g in tﬁ{%ﬁ of, the best
shorter manufacturing time and Tower overall Cost. In one embodiment,

modepdssivexdevieed ogn bieccoimbined with flaskiocnemoty ¢Ss and suifate be

appr 2EAUSHC ave (SAW) fi'é%riﬁf*ﬂ%%t%‘“@h% SX%tE”HE‘a%pi‘%kalgse- An\é%%e%%&f to
different passive components, active components, an integrateé] Circul
covedevdescar bevatercommected; iowaver, terstiteppartiellan apphcatioay be

inc1§Jagunied Slexmi%%%d“%%% vice s shown.in Eg,%%f The semicanducton . ¢ o4
evice Involves mounti g an active area ?5 O? ie 14 face down toward a Chlp
by téarriepsebsieate ©f printecheiccuitisoard¢PCTB) b Active areapRondyed by the

fol l%gmﬁ'g‘; active la&gﬁ%s_sg%d%\gg% r%)leuctive layers, and dielectric layers

according to the electrical design of the die 14. The electrical and mechanical
interconfectBeiwean dic- P4 afd subsStravVeérnRPC B grahis eeRthfduth a

deviSQlderbumpstructure 420 cemprising.a large- pumber of individual.condyctive
solder bumps or balls 22. The solder bumps are formed on bump pads or
manufrpsreBRRect sitdS 20 Viich &feCdispaSEtPHA AEtive afc/1Z Bf 8R4 The

nanuPW@Ppads 2d6epnect Lo, the-active circuifs of die; 14, by conduetion tracks
formed in active area 12. The solder bumps 22 are electrically and
matemeRhanita ontrettéd B Eontaet FARS 6FitERBHAER Sites 28 ori Barriahd

1owesUbsHate or P& 16 bymasolder teflowapiReass. Thes semiconductos deviee pe
provides a short electrical conduction path from the active devices on die 14

combeEshditibn iraeRE ofi CaTier sUbatsloP PEBES it 6t td fed(REsigna™
filtpropagatien,dewes eapacitapeeand achieye ovetall bettergiretlibty of

. __performance. . , ,
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 of
die 14 face down toward a chip carrier substrate or printed
circuit board (PCB) 16. Active area 12 may contain active and
passive devices, conductive layers, and dielectric layers
according to the electrical design of the die 14. The

electrical and mechanical interconnect between die 14 and

substrate or PCB 16 is achieved through a solder bump structure



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

20 ceffitible §RSsvafer Fedordingly, Sbstrte BoEel Goaper materias tist
bumpeoenganalssubstratesand eaa dherpforp bessacrificechduring mampfagiiee or
, The insulation layer 32 is an optional layer. When present, it allows substrate
Intez6e8'BE Sreciriddlly isGlatdt o tAE DtherTBY SR of Wardr 58 Vinsaibtion tayer
die 32 canmiso achas ametchosiop dayescAs suchnduring-removal of subsirale die
30, insulation Iaéler 32 can be used. to detect an enéjépoint of substrate 3 éoﬁr
S

14 BErevRRfHaMAGE th e EompOhEES foFmEd byvdFsiBstratd 30 and iRsilat
bumplayep 32 rlasulation tdyer BRycamkhcludeany suifable materal tand can bentact

formed in multiple layers. For e le, it may. Include layers, of silicon dioxide
P20 0o Sion NTGE (SN <hboR ORMAUE (SION. papImde, o 10 by
a soberzocyelbbatener(@CBy polybenzoxaziales (RBC)H ordmyicthepmaterids a

shor it good selecfivity for sllcon etohant. Fhe deppsiion of insulaion layer.32 5, o

may Involve pﬁysmal vapor deposition ( VDY, chemical vapor deeposmon

14 tCvyD)drspirpcodtimgeks on  @acondiictivelimyer 34a-34g is@epbsited apndder

to rRaieroed oyer h”;HL%BQd%WQ?f% Gonductive layer 34 forms terminals of,
various integrated passive devices including a capacitor (34b), resistor (34e

overgnd 3BHLard irductori(B4gE mialterpativie- embodiments, additional system

componenfs,of passiyegdeyices such gs;transisiors, diodes.or ¢ther yring a
dissipative and energy-neutral devices can be formed. Conductive layer 33

SyStean be riadk@RAtA Ui (ADE arAfiRdnlioyst éeppelChy efickel (Rface-
moun@@d (AW),;silver (Ag)qsalicide, nalysilicon; e gthes electrically conductiveiyctor

material suitable for deposition on a substrate. A PVD, CVD, electrolytic

wafep|atifg herelELRSIEES bfating procass ¢ahb& used d fdriPEordduttive Tyers

disp%%ed. Substrate 30 generally includes a dummy wafer or
substrate material such as a sacrificial silicon (Si) wafer or
any other suitable glass wafer. Accordingly, substrate 30 uses
cheaper materials than conventional substrates and can therefore
be sacrificed during manufacture. The insulation layer 32 is an
optional layer. When present, it allows substrate 30 to be
electrically isolated from the other layers of wafer 28.
Insulation layer 32 can also act as an etch stop layer. As
such, during removal of substrate 30, insulation layer 32 can be
used to detect an end-point of substrate 30 to prevent damage to
the components formed over substrate 30 and insulation layer 32.
Insulation layer 32 can include any suitable material and can be
formed in multiple layers. For example, it may include layers
of silicon dioxide (Si0O2), silicon nitride (Si3N4), silicon oxy-

nitride (SiON), polyimide, benzocyclobutene (BCB),



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 silicide, tantalum nitride (TaN), and polysilicon having high
electrical resistance. The deposition of resistive layer 36 may involve PVD or
CvVD. A dielectric or insulating layer 38 is patterned and formed over

PO lyReidingddyer36. Bidletniclayéras firiipatts6fviatibudiddssiereuit

seleclements incliding aicapackersresistor, andkindugtos,ianthsupREOrting ¢0RtACHn
pads 34a and 34h, Dielectric layer 38 can be silicon njtride Sil;lq? tantalum

Layegyidé (12205) Kamiim xide- (F102), B A diefeetit i Maten: Jin gemical

vapoaltersptive emboediment) resistivedayer-36 tsifegmed over dielectric layer 38.

Next, passivation layer 40 js deposjted qver Insulation layer 32, conductive

Jayer 34 yeSISH08 TayaF 36, Aa diclatiic 1ayer 36 Pagshvanon yerd carr "=
overbe patterneddto cregtervatious apenings; thereby exposing omenar metevdfrihe s
of V%\owgr Iay%st%f vgfgr 58. !—Q Eslle 2a ggsgi(\e/gtion !%}/e&.dfo is gattglrngd.atnodr

sichad To expoge por ions ot conguglveﬁayer 34'and d%éigctrlc?a)?er%%.
(34bPassieationtlayer(4@ eanndclidé any suitablednsulation Bvagerial stch as
-1cPlYimide, benzocyloputene (BAB), FRQ (aolvhenzoxszoles). aroxy based. ;.

insulating polinymer, or other insulating polymeyr materials. Passivation ay%r
devi4@dikewabfugther passivatiorriayersi prevides phydical stippeftite ahde and
enexgipctiicat nsulation between g lavpes glwaler 28yq,.c. 1 vEOMIYEive Ve ,

is deposited over passivation layer 40. Conductive layer 42, like

be megitduetive |@/eisynwiny (éludesanyrsuitable mbeerial apeidrefortied)by adyrkel

(i) Suitable methqd. As shown pRFIG. 22 by vifiwe of fhe paftemns formed Ry o
passivation layer 40, conductive I'ayer 42 contacts portions of conductive

eleclayérsd bndtheIBEriElEFerss: 97 Bhermafive BmsodifentepRssivaten fiyer
subs#Q £aa be efched) so thas canductive, layer 42,a1sq copfacts,resistive layer 36.
plating process can be used to form conductive layer 34.

Resistive layer 36 1s formed over conductive layer 34
and insulation layer 32. Resistive layer 36 can be any suitable
material, including nickel-chromium (NiCr), metal silicide,
tantalum nitride (TaN), and polysilicon having high electrical
resistance. The deposition of resistive layer 36 may involve
PVD or CVD.

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.

Next, passivation layer 40 is deposited over



Conductive layer 42 acts as an adhesion layer to facilitate deposition of
conductive layer 44 onto wafer 28. In an alternative embodiment, a diffusion
barrier material can be deposited between conductive layer 42 and
conductive layer 44 to enhance the physical and/or electrical connection
, between the two layers. Conductive layer 44 is patterned and formed
NS UGGer CYndbREVeE layer 49 °E0RAGCHR 1a§et44, Tike condbEiive’ ayer 38 mag -
and Hichide-any: suitable material angdee {ermesby agy suitable progassptere ned
embodiment, for example, conductive layer 42 includes titanium (Ti) and
Lo CEbidutive Tayet A43RERURE u. t 1T SPYRRERY PHsdivation Pyt detisOf the
loweformede«aver eonductive lager 44 and adl Jower, layekss asshowm A be. 28 is
Passivation layer 46, like passivation layer 40, may_include any.suitaple
PatteriSih ANd b%%?r%%d%%ir?ﬁﬁf%u%ﬁ% hiétho .fpgs?&\% %%H%?e ager >4
and provideststiucturestippdet.andbears bhe paiternedhtpeexpbseane dmmorelef any
.. the lower layers of wafer 28. For example, in FIG. 2a, .passivation layer 486 is
R 1 B DA e o LTINS Ryer i 4l R Gy 44 Pt ene
(BCBDependingrupbniihe applicatioss the devisg caadmimade wsingi differentymer,
mbinations of metal, dielectric, insulator,.and passivation layers, For
o o At e it s S ine e A0
likelagérs Beforhred o wafers28, o thatsonse berembved. Alspsone br mgreort
to agreundplanes.can be formed on wafer 28 during the fabication process, o
Similarly, additional interconnection capability for the device may be achieved
by the addition of paterhedaneth? intércdnnesticreldyerser passjyation

1ayediterpative-gmbodiments; capacitoss can pe fg%ﬁ%&Wed%Vé%%ESiﬁg & may

metal-insulator-metal (MIM) configuration. In that case, two single metal

incliggersdah B idrmmddoverkibsirate?30 hagingos Bifedtic RiyEr dishbabd e

me t hBgWeeRs Additionalresistive layerscanglsq he fermed, hetwaenthg wWe, rmeq
metal layers to alter the properties of the capacitors. In one example, plasma

in PaEsISiREISIN, 12203, 6lancized aluiriRurhoside filtns are:aspcsiterr & 1ons

of chetweenithe metaklayers and mayeareatly increasetheseapacitance ektheat ive
device. In FIG. 2a, the integrated passive devices include a capacitor

embOb Ay cottitictive ayers 43 %d 42) didlBetrit 18y 58! réSistvefayer 36,
condana eonductivedayer 3dhs J hedntegrated-passiveidevicesfirthesinclude a

cOndﬁgig;%f"?Q?g Dy fonductive lavers 34e.JepoIve Jayer 3¢, apd copgucive
deposition of conductive layer 44 onto wafer 28. 1In an
alternative embodiment, a diffusion barrier material can be
deposited between conductive layer 42 and conductive layer 44 to
enhance the physical and/or electrical connection between the
two layers.

Conductive layer 44 is patterned and formed over
conductive layer 42. Conductive layer 44, like conductive layer
34, may include any suitable material and be formed by any
suitable process. In one embodiment, for example, conductive

layer 42 includes titanium (Ti) and conductive layer 44 includes

Cu.



34f. The Integrated passive devices further Include an Inductor formed by
conductive 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 aStW6 Metal RYyerRth Sninsddtive Myer dishosBETh BEtween. First,
conda Spirakdesigi is patterpgd in theifirst metal Jayer, andsar inher pertianrof thes
spiral is electrically coupled to the second metal layer using a via formed
PassihfaigiPthelindaiative tayet \n Stehsan’ mdtetor, héGhetal tayBfy can peude any
suitigsmedrieam high-cenductivity mietals suchras GuyAguarAb.1Gne et mere the
o Integfrrated assive gc%vices ca% be Interconnected as a passive circuit
2553 UBrdiRgG D THE Blectricdl FURCHdR of the devics. SUPPOT The'deHet péttions
pat tefrpassivationstayeredtakovws fomadditianal syisteiroegempongrts 40 connedtdso 28 .
For Ble1,28, The addional system, camponents can be gaupled to wafer 28,
using-any sultable mountirig fechanism Such 8¢ Strface mount techno ogy
expoekrflipahip cosnecifionandthodsvEor examplé? withdeferencectol FEGS . 12lyer 44.
discrete passive device 48, b band.IC 52, radio frequency IC (RFIC)
and AV Tie) B4 e Shch conpediot 16 Canduitive yer I U burage B, "=
us ing4 B a8, respectivelyl Usingthisnietiod, dnylcontiination obpassive

and P8UC8S, ACHyG deyices, discrete pé?é%!%%f’&)’icgém%e@%ﬁ?%%@ﬁQi% ey

0
C chips, or discreteé packages can be connected to wafer 28. Bumps

requig 54,160, apdbbfonncan eletiicarand Mechanical intdepanectisetiveened on

wafefORONeNts 48, 52,38 and.64 andyafer 28 and, spacifically,between, ,nq
components 48, 52, 58, and 64 and conductive layer 44. Bumps 50, 54, 60,

planggd 68ar€forhted by adefliwiftcess applietto doferahateriardepodiedcess -

simidRen the exposedportions eteonductive 1%@%&%9%@9@3%@ Rags Qfevice

odi

components 48, 52, 58, and 64. In alternative em ments, bumps 50, 54,

may g6, ai66 &Fé fotinedh Porm sl forCu Sudtare<Saray Ber Suitable

inteaterial sueh as tidlead (Sn/Pb), Copper/Zinc (CuZn), or Copper/Silver
(CuAg) solder, each containing an optional flux material. Bumps 50, 54, 60,

and 66 cah @éér@&%&ﬁy CoRAEGETE Bhy of B AESE Belie8s Rt med
in twihiddhe semieandyciondavice viaAany-sitable-intarconnest steletguration.

In one embodiment, under bumg metallization (UBM) layers can be added to
I CEGHUCRTE 1ayef A4TproRinTatdtt e OPERMTs fofmetFin pastivationTayer 46
substorfacHitate installatipn-ofdiumps:-50,1%4, 160, @andbits JheddBhetayeesncan be

.formed_by any. suitable process, including first etching a poytion of conductive
B B ARG BBV 61 of Ford Widiaray SPE TR KRGS Tay el B4 E o
met alsihg gevacuum dépesitiamby evaperatibn Or sputterng precessara.  In one

chemical plating process, The I ay Include any suitable material .
e e Sl B ARSIV or T g ICHHE o2 o Sopom ety L
£11m0604&, 3R504; andBOSORy sespestivelye Fol copperr theaetdhantycayrbe AD
. with about 11.15% nitric acid 3) and 6.3% acetic acid (CH3COOH).
mcrﬁﬁé’%ag{}/{gly?t eae%érlggr%%c%ano(ki’\k%g v(\;%ﬁvallggdt 75.7% phosphoric acid

(H3PO4)Yand ¥35% acetib acid(CHB3GOOH )P T he Etchakt Yorctitaniunt danibea
capa’-P7% hydrogen fluoride yith 1.67% hydrogen peraxide and remajning water.

In an alternative embodiment, the UBM layers can be electroless plated
layeﬁmﬁghg@§§mgAyye layer 36, and conductive layer 34b. The

integrated passive devices further include a resistor formed by

conductive layers 34e, resistive layer 36, and conductive layer



Additional stability can be provided to components 48, 52, 58, and 64 by
providing an optional underfill material 56 and 62. Underfill material 56 and
62 may Include epoxy, polymeric material, film, or other non-conductive
material. Underfill material 56 and 62 is applied after bumps 50, 54, 60, and

66 are formed between components 48, 52, 58, and 64 and conductive layer
34T - 44 BPBpliohAUBNMAdy &3S BEherdllyY dhgerfil rateRial 56'and 62 icludas antor

f ormelectsically-insutating-adhegitesmateriad. U nderdill maaferiahbtand 824revidesn
mechanical support to components 52, and 58, and also bumps 54, and 60.

be LORBEHiIRatATiarE6 aRdB2 cH'dIS6 abP 4§ dat Brigs BenwBe Wafdr 28! Ctor

compan@ cemponesischz ang p8st ackedInsalieraative,embodinentsoa tifferent
combination of gggsive devices and IC chips can pbe oupied to wafer 28, For
a

Do mplel SoMe Spplications may reqUite tatone didnore diderete Patkages
indube coupledita avafen2®ctheedisprete packages ean be roipleddoavafen28be

usjng a fli -cfi connection mechanjsm. Additional support can be provjded
o 8 o n g by N4 SRS b e R et ==
dispbetakenrthbaliscrete.padkagetandawafer 28] as desgnbedabeve.erned in the
. _FIG, Zé:sih ws the addition of a maldin ompountd enca suI@t 68 to
£

£ iafl 28 and femoval of sbst/ale 30. Encapeuiant 68 may mclude 4 plastic
e lectmaterial Suchk asrepeny tresintizasedanoldingetmateriad yerrother higharesistivity

form%‘&'y@‘f?{%ﬁ”%‘ﬁ@%ﬁﬁ%&@?&é’eﬁ Rgssivation, layar 46, COMRONRNIS 48, . 1,

2, 58, and ™64 and optional underfill material 56 and 62. In an alternative
me t agmbeilpentCencayssufantre8 et be forrtEt-with Qustlymer atsx edmpositd as

cu, materal with a highresistiyity. Encapsulant 68 1s appliedusiog pgniag oL can
_compressive molding processes. Generally, encapsulant 68 has its
be lgderhicienterthefmalexparsoni(CIET abfistdd Rrmatchithat 6Pcérmponents

e 1e 8,132 D8 and:bh, ppHenalmderiill material 56 and 62, and any other
material contacted by encapsulant 68. The CIE of encapsulant 68 can be

adjustediiinG AFEF sBET &< apoviderPfiserl B Ebti additive. Asuitable” for
addiencapsulant matgriabl®ponents to connect to wafer 28. The

additional system components can be coupled to wafer 28 using
any suitable mounting mechanism such as surface mount technology
or flip-chip connection methods. For example, with reference to
FIG. 2b, discrete passive device 48, base band IC 52, radio
frequency IC (RFIC) 58 and SAW filter 64 are each connected to
conductive layer 44 via bumps 50, 54, 60, and 66, respectively.
Using this method, any combination of passive devices, active
devices, discrete passive devices, semiconductor die, other IC
chips, or discrete packages can be connected to wafer 28.

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
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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 reduce

warpage of the wafer and overall residual stress. Substrate 30 is
UPOTY drhiGy tFRARG S SiitablePproceSs ForeXample, substraté 033 gd'e contact
padsresgoveashby mechanical back grimding mithean additionakwetetehing step.

Alternatively, plasma etching and/or a chemical-mechanical planarization
embo(@ﬂ%?b?oae@%%ﬁ b usedIn e pfeként nibodihent" aCméafority 6+ °F ©u
st rusihstade 30 is tiallynemayvediising arhack grind proeessthat leavesad

. /a%groximatel%/ 10-25pm %f substrate 30 remaining._Then, the remaininf\(tg

(Sn/EfBstrate 3058 témBied SR d wet diy Ry Slch oF BMP précHss® Afdr T -
eachremomal of sSubsteate GO, passivatian:bayes 8219 exposexlifith s0bsteate 300,

removed, the height of wafer 28 from the bottom of passjvation layer 32 to

SR e RN R e LR S

devizdspartionsdf passivationlayer3? arerremaoved thevelnecreating openingsable
in teth(% expose parts 8£lcloréd.uctive layer 34. thior_lal UBM Iayers 70 can be

ormeIa on conduciive 'Tayer 34 at the openings in passivation layer 32. The

UBM layérs 70 enayipeilidecanty, suitatbie niatenalrestddstribed aboveé UBM)
1ay<£4diliggal components SUER s memowy I, 78 arq elegiicallyand o che

mechanically coupled to conductive layer 34 via bumps 74 using a solder
openigfiow procassl Bumps 741 Hewever, heaiecorprise ahy suitalsle raterial and
1nst08 applied, Usipgany suitable process as described abgye . this manner, ., e

any combination of passive devices and/or IC die can be connected to the
formggciaidedrwater 280 Not@ izt 3y thiscrhethot] 1€ die hngpaksne 2
portd@vicescan he coupled tothe bagkside of wafer %%Qilr?@ underngath gther

passive devices and IC die mounted to the front side of wafer 28. For
metadydper th FG.J THéhoKFIC- 78 7 mbtintet- ditectly beloW basesanttecon by

evapoZAacrdinglys the eurrentyngihodallowsfor 3Bnmpuating gl Bassive process.
devices and IC die. Bumps 74 may also be configured to electrically connect

The {R5hdfEEdeViBEY fotmetiWithif WaréH28 A Bplisra utierfFmatetial 77
nickean befeunedberaath memory:1G Z6. elyamn othen skriaslyonodpieddemce:e 1y
Underfill material 77 is generally applied after memory IC 76 is coupled to

10008undlictiVe 1aydt 34 BumpgsS7h S Ct Ve lBumps 95 4refdidtpredds Stchant
can tendurtive layer 3ddatfacilitate sonnection efdhe seANCoNductar device tocetic

. additignal components of the system such as PCB 78 (as shown on FIG. 3).
e e R GG SRl H15D & SERA g Bohads i
aboupassivel deyibes plectrically connectip@dHntact pads Bda anck34h. Bunmgs 72

(cu3EbYEM 70 Ceonésﬁtéﬁ%@ Interconnedt structure fqrcopneging the passive

components to external devices.
fluoride with 1.67% hydrogen peroxide and remaining water. In
an alternative embodiment, the UBM layers can be electroless
plated nickel-gold (Ni/Au).

Additional stability can be provided to components 48,

52, 58, and 64 by providing an optional underfill material 56
and 62. Underfill material 56 and 62 may include epoxy,

polymeric material, film, or other non-conductive material.
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Turning to FIG. 3, a second embodiment of the semiconductor device is
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
Undegtiéitiing"for e sémicoritftictdt devivel Mickafidy 86 alst &S aéé' heat: ©0-
and sipk dayer byrahsorkingpaddischasginghieat epergypgengratechby the and
semiconductor device and can be patterned_for specific design requirements.
condgfed 4 fepitt"a third EmbSHInEHt bf theSemiconttictor felice™aving
undeintarconaeations 86, grounciplane 84 strip=line85 canctpassivatioplayern82.t ing

These additional | depicted in FIG. dded to wafer 28
cahegiig IYERDON. For Wb, anSHBRA D baeNAon 1ayat 4 A0er

me chsuisteate S0piperconpectionsdB3; greurtd planedB4, @andsstrip line 85wandse 54,
ana [ymed a2 siple patterned andstched mejal layer that s deposited gver,,
passiva |onelayer Tfhen, passivation layer 82 Canbe formed over tha
bridoetdldayercPagsivatior? yen82 iothernpattesnéd aad@télied to expose
portions pf interconnegtions &3, graund plane &t andstigline 8ot jon o
Interconnections gfgenerally include a metal layer that forms an eFectncaJ[
pas sgormnettivn between bl pstiZ, or Jarantbcormporents formed withiBwaferor
exam%%‘el ptegg%%n%%@y% ?s'agtc‘i%t%e Ifr%r@%ie' L@ﬂyeSUdt&QJCe _%erg'gc%atrl%}e .discrete
depending upon the system application. For example, in some embodiments,
packintsreonsections 183 mag omyf facilitdte elddtroric sommimicationelsstveean be
coupEB 18,and the pagsive components formed within wafer 28..la altefnative
“embodiments, interconnections 83 can also provide connectivity between
Addigthepreénre@BaEbnipnehts Suchvas Atenterylte7 6lang fed pagsiveages by

provéempenentsformed withingwater 281 tnat Gfound plane4 isa metale
layer and provides an electrical ground connection for passive devices

discppimedRAitHin fafér28. "Gridtihdslané 84tandise provicke R optional ground
connectipndor discrete passive devige4d, base banddChz Jadienfrrauencyr
IC (RFIC) 58, surface acoustic wave (SAW) filter 64, and memory IC 76.

enCaBTO R Hlahd S40reUREEE nofe i CHRSHAM baeoRARL TASENAD -

Encag@npenents sand betweene passiveseanpenenis aad qthenhcemperents of
the semiconductor device. Transmission line or strip line 85 includes
resipmhaarmatitial ahd dbtd &3 atransilissibhfine by abgoring and emitity Y+

mat eelegtromtagnetic ragiatiorne Acscoedingly s sttipdinesdb fegilitates jgnabmponents

tching, signal fransmission and further ensures radio frequency (RF)

18, B oG of the R AN B A bt AT ay SOIRBIS 62

In acorfigisaticnt Genesalby dtripling antenwas comprised stip afemetat fiosmedi th

= pofigheen o Rarallelaround planes. A dislectic matarial s dispased,
Ppetween the grounc?p anes and around the metal satrip. he geometric v

Encapropesdties ofthé smetapstiipdthesdistance between the stripraresthevgroundding

procIB0ES and i relative pemitivity of Ihe disteqtiic majerial dejerming be o

characteristic impe ande of the transmission line.
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
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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
genegaicts Livtitembodifertof iy sémiconttetor deviee. Afer Shbstrdts 3ot o
dielisdemaveddrom e, 2d andipostionssef passivation layerraZ-aresieragvaditon
_create openings that expose parts of conductive layer 34. UBM layers_70 are
°8 IforAida oreonddttve 3474t thE opehfriysiy padsivafiot faye? 331 PRE 2
plurtBM layers #@includeany saitablednaterial and-canr bedeposied ysivg.anyrhis
.Suitaple process a ,de,scribegl abov%. The semiconductor de icehis
Pt i3 hed AP etapSUINAT6S 1S mEtHiEd 6 BCETH Tor SRAMBiEy an - °°
waf eadhesiveraterial. Wareiband (WB) pads 86 are mounted to optional UBM

layers 7Q using a suitable welding process. Alternatively ads 86 can be
B 1 Eortciie I4JLh SHCW bade B o U BLOBNE «  For

coupled direct fﬁl) co
examiayers Ahbsinga protess dmatlsomiines hdat) pressune,randidr klrasonicinding
., . energ form. a mechanical and electrical bo%il etween \WB.pads %6 and
h . !
Ry SR o el b i e
et chgorabimationof gondectivedayercdh yegistive falendsiand distectitRlyepB8cess

can BEIIALE he coppling oL WB,pads 86,ta YBM layers 70y proyi "&gé‘%@%}ate

layer. The harden layer'is located underneath wire bonding pads an
30 ipresentsiad érhaseetv®wite bohdingeproeess windoly.\WBJdeads BBalre Leaves

approlgehically and m icatly coupled toWBpads 88. s ng.  Frifa6 denicts

a fifth embodiment of the semiconductor device. During manufacture of the
remagandnauEdr device tchSteFRyEPO0US HepositétPipot Substfate Boch, or

cvp Pefore passivatianlayer 32 and therebyyesides between substiate 30and: yer
passivation layer 32. During etching and removal of substrate 30, etch stop

32 1Ryerde taditatdbidete it 6 theentPp SRt 6 Sithstriate 3DCpratéeting Water

28 reenductive layer 34. Eichstopilayeridhcan be.a singledayerofipatesial such
as Si3N4, or may include a multilayer material such as one with layers of

encagmniAahd $f021S APPT P fRmGToFIGZ 9] sixth embodiment of the
semiconduetor dgviee ig depicted. Ipdie:prasenbembodiment: passivatien: 32
layer 46 is not present on wafer 28. Passivation layer 46 can either be

ATe fSHVE of R RGtApplied®uting faBficatichof water 28PE5RdleheSagér 92

condisdepasited wpon Tonductivei kyean 44pRondyctive layerisipatesaecttd on

O1furtther detTﬂne sold Elburtnpt%onnection locatipns formed in condetive Iayg

CORYL and o tacifitate formation of Bﬁ?nrb?&f 547 6823fd %%%P (r:lonnaéé%ﬁg )

The tanuctiye tayetGdntaycommpdneiis 48y52,58, antkb4udn &4Ga?, eandiuctive ibed
la efine a erimeteng %e solder bump

aboveyerg <|jsi ?Ltcg%m?dgnnq %erpeogjged 10 as rcrf o) re

Sonnection Locations For%umps §O,Sé14c, 0, an eé%.,rbéfthough no?depicted,
electanductive layet 9Recarnalso belysettodlgbetdefimensoldérive 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. In 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
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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

undefpédihtedpassive devidd tedtnblogy attBdudéd fhbticaRan EGst, Wwhilghe front

siderestltingrstarger oversdl repeatabie, quality.1c. 24, Whi@eng oranare is
embodiments of the present invention have been illustrated in detail, the

mounggfie artiah Wil Appratidtd Hatibdifittiors and GH8pEHBAS Yo tHoke

currembogdimenis nay be smade-wiboudidepartiag frﬁnpthesag:@@edﬁxth@@éem IC
invention a et forth |58 the foIIowm claims. Clalmlehat is clﬁned 1. A

Ser%%%au r Waler: toMpPRing”” fgured to electrica Conhect 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 is 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
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a substrate; a first insulating layer formed over the substrate; an
integrated passive device (IPD) formed over the first insulating layer, the IPD
including, a first conductive layer formed over the first insulating
layer, a dielectric layer formed over the first conductive Layer, and a second

_conductive layer formed over the dielectric ,
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 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. 1In
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
emitting electromagnetic radiation. Accordingly, strip line 85

facilitates signal matching, signal transmission and further
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Layer; a second insulating layer formed over the IPD; a plurality of first
electrical components mounted over the second insulating layer; and an
encapsulant deposited over the second insulating layer and first electrical
components, the encapsulant having a coefficient of thermal expansion (CIE)
matching a CIE of the first electrical components. 2. The semiconductor

ensugaferof Lfim T, SRR theTrdt Sléifical coMpErRerts afd selettett fthe
strigroupreonsistingof gediserete passive devyiceudisgliete sepugonguctor device,
radio frequency integrated circuit, baseband integrated circuit, and

Genegahicondittor Bie’ 13T SEMDNGRIBr Waltér 6f G&im R, Whefit e Formed
bet wsldsttaie ioeraaves and aaaterconmnest. stracturesisdermed ovartheial 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 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
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first insulating layer and electrically connected to the TPD through openings
formed through the first insulating layer. 4. The semiconductor wafer of claim
1, wherein the substrate is removed and a second electrical component is
mounted over the first insulating layer and electrically connected to the TPD

through the openings formed throu%w the first insulating layer. 5. The
e lecsgmicdhdle? watérsrdailit 1 PRitthef fhchiting’ BShistding Jayét foriEd Pads

86 maverithe engapswant 16. Bie semiconductor wafemef claimblnthen of
including a heat sink formed over the encapsulant. 7. A semiconductor

condy&fidd Tompiiding:  first sUlatng 1985 T 28n imtBgrated passive devitgs™ 38
faci@RR)fermed avenihe fitgt msulaingdayersé 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 Si02.

Turning to FIG. 7, a sixth embodiment of the
semiconductor device is depicted. In 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 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
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a second insulating layer formed over the TPD; a first electrical
component mounted over the second insulating layer; and an
encapsulant deposited over the second insulating layer and first electrical
component, the encapsulant having a coefficient of thermal expansion (CIE)
matching a CIE of the first electrical component. 8. The semiconductor

bumpy&ree 8FERT 7 WHersinthe TED hitidesde 4 fikdtonabetive hyer example
overformedioves the first insuladingul-ayer; a third ingylating layer formed over the

first conductive , , . .
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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Layer; and a second conductive layer formed over the third insulating
Layer. 9. The semiconductor device of claim 7, wherein the IPD includes an
inductor, capacitor, or resistor. 10. The semiconductor device of claim 7,
wherein the first electrical component is selected from the group consisting of
a discrete passive device, discrete semjconductor device, radio frequency
integrated circuit, baseband integrdté@tiR&uit, and semiconductor die. 11.
The semiconductor device of claim 7, further including a second electrical
component mounted to the first insulating layer and electrically connected to
Whatinbs PR thtBgh openings formed through the first insulating layer. 12. The
semiconductor device of claim 7, further including a metal layer formed over
the encagsulant. 13. The gemiconducto,r device of claim 7, further including a

Lo condiichive TS Foifed Buér the FrSEhs AL layer.

a substrate;
a first insulating layer formed over the substrate;
an integrated passive device (IPD) formed over the first
insulating layer, the IPD including,
a first conductive layer formed over the first
insulating layer,
a dielectric layer formed over the first conductive
layer, and
a second conductive layer formed over the dielectric
layer;
a second insulating layer formed over the IPD;
a plurality of first electrical components mounted over the
second insulating layer; and
an encapsulant deposited over the second insulating layer
and first electrical components, the encapsulant having a
coefficient of thermal expansion (CTE) matching a CTE of the

first electrical components.

2. The semiconductor wafer of claim 1, wherein the first

electrical components are selected from the group consisting of
a discrete passive device, discrete semiconductor device, radio
frequency integrated circuit, baseband integrated circuit, and

semiconductor die.

3. The semiconductor wafer of claim 1, wherein the substrate

is removed and an interconnect structure is formed over the
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14. A semiconductor device, comprising: a first insulating layer; an
integrated passive device (IPD) formed over the first insulating layer; a
second insulating layer formed over the IPD; a first electrical component
mounted over the second insulating layer; and an encapsulant

~deposited over the second insulating layer and first electrical component.
first insulating layer and electrically connected to the IPD

through openings formed through the first insulating layer.

4. The semiconductor wafer of claim 1, wherein the substrate
is removed and a second electrical component is mounted over the
first insulating layer and electrically connected to the IPD

through the openings formed through the first insulating layer.

5. The semiconductor wafer of claim 1, further including a

shielding layer formed over the encapsulant.

6. The semiconductor wafer of claim 1, further including a

heat sink formed over the encapsulant.

7. A semiconductor device, comprising:

a first insulating layer;

an integrated passive device (IPD) formed over the first
insulating layer;

a second insulating layer formed over the IPD;

a first electrical component mounted over the second
insulating layer; and

an encapsulant deposited over the second insulating layer
and first electrical component, the encapsulant having a
coefficient of thermal expansion (CTE) matching a CTE of the

first electrical component.

8. The semiconductor device of claim 7, wherein the IPD
includes:

a first conductive layer formed over the first insulating
layer;

a third insulating layer formed over the first conductive
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15. The semiconductor device of claim 14, wherein the encapsulant has a
coefficient of thermal expansion (CIE) matching a CIE of the first electrical
component. 16. The semiconductor device of claim 14, wherein the first
electrical component is selected from the group consisting of a discrete
passive device, discrete semiconductor device, radio frequency integrated
Layegioit Baseband integrated circuit, and semiconductor die. 17. The

semicopduetor deMige of ehaimald wheseinsthe kR includes,ar inducteri at ing
capacitor, or resistor. 18. The semiconductor device of claim 14, further

layeijﬁcluding a second electrical component mounted to the first insulating layer
and electrically connected to the TPD through openings formed through the
first insulating layer. 19. The semiconductor. de\gce of claim 14, further
incltiding ™ © 3 PrntEd sirii bSard av?ﬁga &ohtact panhetdi the °

incledeapsautant isimounted tostheqarinded ciseuit bedrsl and a bond wire
electrically connected between the TPD and contact pad of the printed circuit
board.

10. The semiconductor device of claim 7, wherein the first

electrical component is selected from the group consisting of a
discrete passive device, discrete semiconductor device, radio
frequency integrated circuit, baseband integrated circuit, and

semiconductor die.

11. The semiconductor device of claim 7, further including a
second electrical component mounted to the first insulating
layer and electrically connected to the IPD through openings

formed through the first insulating layer.

12. The semiconductor device of claim 7, further including a

metal layer formed over the encapsulant.

13. The semiconductor device of claim 7, further including a

conductive layer formed over the first insulating layer.

14. A semiconductor device, comprising:

a first insulating layer;

an integrated passive device (IPD) formed over the first
insulating layer;

a second insulating layer formed over the IPD;

a first electrical component mounted over the second

insulating layer; and
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20. A semiconductor device, comprising: an integrated passive device (TPD);
an insulating layer formed over the TPD; a first electrical component mounted
over the insulating Layer; and an encapsulant deposited over the
insulating layer and first electrical component. 21. The semiconductor device
of claim 20, wherein the encapsulant has a coefficient of thermal expansion

(CIE) TR4IERING L EIE OFfeSirsEeletifital EoMpsRem 22t Thelating layer

and samiconducter devige of slaimnG,twherein the TPD includes an inductor,
capacitor, or resistor. 23. The semiconductor device of claim 20, further
including a second electrical component mounted to a surface of the

15. semicopdcion deviee opposite the tinst etegtrical compoaeat, the second

erlcaelecqical c%mgonent be'r%% el,ectricall¥ connecteg to the TPD.
psulant has a coe cient o thermal expansion (CTE)

matching a CTE of the first electrical component.

16. The semiconductor device of claim 14, wherein the first
electrical component is selected from the group consisting of a
discrete passive device, discrete semiconductor device, radio
frequency integrated circuit, baseband integrated circuit, and

semiconductor die.

17. The semiconductor device of claim 14, wherein the IPD

includes an inductor, capacitor, or resistor.

18. The semiconductor device of claim 14, further including a
second electrical component mounted to the first insulating
layer and electrically connected to the IPD through openings

formed through the first insulating layer.

19. The semiconductor device of claim 14, further including:
a printed circuit board having a contact pad, wherein the
encapsulant is mounted to the printed circuit board; and
a bond wire electrically connected between the IPD and

contact pad of the printed circuit board.

20. A semiconductor device, comprising:
an integrated passive device (IPD);
an insulating layer formed over the IPD;

a first electrical component mounted over the insulating
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24. The semiconductor device of claim 20, further including a metal layer
formed over the encapsulant. 25. The semiconductor device of claim 20,
further including an interconnect structure formed over a surface of the
semiconductor device opposite the first electrical component, the

interconnect structure being electrically connected to the TPD.
layer; and

an encapsulant deposited over the insulating layer and

first electrical component.

21. The semiconductor device of claim 20, wherein the
encapsulant has a coefficient of thermal expansion (CTE)

matching a CTE of the first electrical component.

22. The semiconductor device of claim 20, wherein the IPD

includes an inductor, capacitor, or resistor.

23. The semiconductor device of claim 20, further including a
second electrical component mounted to a surface of the
semiconductor device opposite the first electrical component,
the second electrical component being electrically connected to

the IPD.

24. The semiconductor device of claim 20, further including a

metal layer formed over the encapsulant.

25. The semiconductor device of claim 20, further including an
interconnect structure formed over a surface of the
semiconductor device opposite the first electrical component,
the interconnect structure being electrically connected to the

IPD.
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