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 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 groduct manufactured

today® ERRHL ZHE TR AP i SRR TSt Ay ICES
commercial electronic equﬁﬁ]ﬁeﬁﬁﬁﬁ Bis qﬁq’ﬁgﬁﬁhousehold and consumer
items such as televisions, clothes washers and dryers, radios, and
telephones. As productsBieebthecSniclier Innensreounctional, there is a need
to include more chips in the smaller products to perform the functionality.

The reductiamin size £f cellulardelepbanes issene example of how sore and
more capabilities are incorporated into smaller, and smaller electronic

S BrtiRts e Blectifcal Webictdbedbmé imGBAding i/ Mikiatlfiz&d iRtgPaRE"S

aciicuitf©y anarfufaeturinga techniques arecusec ta farariraditional electrical ng

i%i{%%}} acgéndo%nesn§§ such as.ca Saci(ti)f,% Src)ag,isto.rs, 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 thepitgatenHf PaSelE agipraAREBLs iNto a substrate can
1 provide significant performance, cost, and size advantages.

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



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
manufacturing processes require the use of expensive, specialty substrate

Phfatefials tveh-forAftRg @&b%%“ﬁﬁvinﬁ?lﬁﬁs. EORNER 3 the'Bavicades -

seambines,semiconduectorcompoenents manufagtired cusing thisnfdm, and

| Processes an sprlnt%g circuit boa:E% 1SPCE}) comgggen%sé éhe manufacturin

d
process may be subjectto séjikdﬁﬁlcan?teompgra?ure ffitafions that in r]éggg des

athél difficalty ard €bst obmanufdctareniAlsoiindedays SiRcdevices, anpts
wgqq@ecitggngacgq%%a?eeg@ggﬂlw@ited to a 2D layout configuration. As a
f

result, the number of 1C chips that can be coupled directly to a substrate is

greatly limitéd fitaccdrdaneé Wittt gédmetr) ctthe sibstrate. feveral
peeMpesents Ql-additionalde\ices aremounted to adiackside: ofs assubstrate

usi}rg conventional techgologies, itrm? be necessary to use thro%%h ,
PS8 Vigd (FETESTy- efédtricail coriiett the componhentd 8 the nteral
relectricat strueturé of thésubstratef TS\sarel difficultoandaaxpensivestorate

mg@%‘fgi S0 fhelf uss, greatly increases e, cost ofthe,completed device, ;¢

Finally, when combining a “semiconductor substrate"with a PCE, significant
CHiFficiifies Tapcarse dhe 16 BHEIHG COcTiciepRP o tiekmal 8RpansibHr (CTE)

vhetweamthe eampopentSe2ses and printed circuit board (PCB)
components, the manufacturing process may be subject to
significant temperature 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 substrate with a PCB, significant difficulties
can arise due to differing coefficients of thermal expansion

(CTE) between the components.



Summary of the Invention A need exists for a semiconductor device having
integrated passive devices with additional IC chips coupled to the device. In
addition, a need exists for manufacturing techniques for the system as
described which reduce process steps and material costs, resulting in
shorter cycle time and lower overall cost. In one embodiment, the present

invention is a method of manufacturirr;_%a semiconductor device comprising
the steps of providing & $UB&F e fornfifig PHREbLSBivation layer over the

substrate, and forming an integrated passive circuit over the first passivation
layer by depg&ggg é:l first ctosndyctlve Ia?yer.over ﬁshe flrsrt pgs&tlvgetloga!%%%

. X1S r SmM1cONAUCLT O (S -
depositing a resistive ?ayer over ?he ﬁI‘S con(ciuc ve Fayer, depositing a

idiewndgdayavmeim ﬂﬁst_ic«aﬁdgmi\tél Iaﬁ@d,@hd@po@ﬁin@érsecondpled
rgonductiye Jayer over the diglectrc layer. Ihedmethod fugthep inglydes the;

steps of forming a second passivation layer over the integrated passive
CEIFEUIE TG ENthi a PhGrafiliSorsy stémCotipoREntsY By erthecsbtghdPr ocess
skagsivation layes in etechical contactwith the second coaduetive layeime and

removing the substrate, etching an opening in the first passivation layer, and
lagﬁgsiﬁnﬁr&)llclielgﬁﬁ%ps in the opening of the first passivation layer in

electrical cortacbwith¢hé didgstrconductiie layer s imanadthves embodiment, the

nREESENt Invention is & method of manufacturing a SSQ@&%%&%%@%% the

comprising the steps of providing a substrate, forming a passivation layer
spg@cthelsutistrate formmgtam witegFaed jpasBivescirculit: BYEr Bies pagsivation
1l3yer. ounting a pluklity 9t sySteAH 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. 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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3 components over the integrated passive circuit and electrically connecting
the system components to the integrated passive circuit, removing the
substrate, etching 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
CRIRAIRG Esibstrate MoriitG ah I raRdpassive et Gt the
eSubsirate s Mopntingrae plurality of system cgorapepentsraver the tntegrated
ign%sswe glrgwt and, electrl%aégictpnnectlgg the sgﬁtgm cgmé)onents teot 'g}leing

&grated paS§ive circult, removing the substrate, and” forming an

amt_@r@enmeqt s%muctbﬁe 'maelet_tr'mai Qontb@_tfvmth tnelintegrated passive loireuit.
bﬁﬁ!ﬁ%D?ﬁ%ﬂ@%g%ﬁ%@%"%‘“@ﬁﬂﬁa dollystrates anexample c1ectrical

semiconductor device; FIGs. 2a-2d illustrate a process of forming a
cedrmicondittdr dévice WithdhtegratetPpassive BévieesEFIG. 3 illustrates a

semiconductor, devisenwith dintegratechpassivie devicesand an agditional s 2

metal Jayer; FIG. 4 illustrates a semiconductor devige with integrated assiv%a‘1
"§EViRes and TRISIESTTECtoNS, 3 gioling Cpfate’ 8hd EPasSivaiON fayar F1G.©
sb dliustrate » asemitopdactonidevicetwith fintegratechpassive gewices grakssive
cqannated yite baads;, b1 - 8 lustiales, asamicopduetor eyicsanlh o o

Integrated passive devices and an etch stop layer; an
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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4 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 skilfetfin theldrt it itis Shtendsd ts eoverditgdfivese with
imoglificationspanrd iequivalents-as may be included wvithin e spisit and
,S¢ope of the invention as defined by the appended claims and their
eﬁuivalents as supported by the following disclosure and drawings. A
semiconductor device having integrated passive devices and connected

integrated circu |G, sigssapda srapufastiree MorsQysly the

semiconductor device can be manufactured using a shorterprocess, using

less costly materials which contribute to shorter manufacturing time and
lower overal"&EstPInEGIE EmiBotiment passiEd&vices Can b8 eoniBinda - ©
ewibdlasbrioemoty tGs ansliSwiace;acrusiiciwave o SAW) filkerekips de farn

system in a package. A variety of different passive components, active
B DAGhEs At MGG tod Ereurt Hhvicas ton B T RBILoECtar: Foviiver.
stonshitra pagicatarapplicatids. Almoumedrsenviconductos devieeds Shongrins

oEIGnL Jhesemigondyctor deviceinyolves moyning ap activg areadz. s i+
will be appreciated by those skilled in the art that it is
intended to cover alternatives, modifications, and
equivalents as may be included within the spirit and scope of
the invention as defined by the appended claims and their
equivalents as supported by the following disclosure and
drawings.

A semiconductor device having integrated passive
devices and connected integrated circuit (IC) chips can be
manufactured. Moreover, the semiconductor device can be
manufactured 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



5 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 20

comprising a large number of individual conductive solder bumps or balls 22.
oFhé soldet biithifis A& fohMEash Bump'pads or intércdRREEE Sites 24, which

pahen thspased-on active area 22mf die 14. Abe bnp pads 24 wonpnecttosthe

-aeilve circults of die 14 by conduction tracks formed in active area 12, The . .
Soldér bumpsp 22 are electricaﬁy and meghanlcally &dnnected 16 contact pads

l@n/émer@mmmsi‘ges 26 Meaﬁfi@&csubsq_aie OePGB 161‘-byt@escdder rleﬂ.ow The
cRrocess . Lhe semiganductor devicg nrovides a. short electrical conduction

path from the active devices on die 14 to conduction tracks on carrier

SEStFate DrPCBID it otdertoredliee sidhal [opagatiorti sewermP
s€apagitance, and oaghieve oyerall better citcuitperdarmarnce; luraing to FIG.
2a, a first step in manufacturing a system jn a package with integrated thin
ARHBHELS, MHAEE ARG deuitad rif PCh Bass Habioed E Rhodit
fSemuconductonwaferd28 has substraten3@,cdver vilish 2ibsuldtiontayer3?2 is
adisposed: 3ybsitate 20 generafly INludes g dummy walgr,gr substrate
material such as a sacrificial silicon (Si) wafer or any other suitable glass
cRAfErC AceBrdingly 2 sliBstrate 130rusés chéaperrmateriils BRa wonventibralck s

reuhstrates and-cantherefore be sagificedi1der bumps 22 are
electrically and mechanically connected to contact pads or
interconnect sites 26 on carrier substrate or PCB 16 by a
solder reflow process. The semiconductor device provides a
short electrical conduction path from the active devices on
die 14 to conduction tracks on carrier substrate or PCB 16 in
order to reduce signal propagation, lower capacitance, and
achieve overall better circuit performance.

Turning to FIG. 2a, a first step in manufacturing a
system in a package with integrated thin film devices,
surface—-mounted devices, and PCB-based devices is shown.
Semiconductor 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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during manufacture. The insulation layer 32 is an optional layer. When
present, it allows substrate 30 to be 6 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

Sihefildel any Stitabhe Afateridlrai Eaf befofmeddn rdltiple 49ERE Fof -

1example; dnmayiaclude layersof sficontdiexide(SiQ2), silican nikHde- .  As
&Si{gN% silicon ox -nitrige (?iON%}, Eolﬂmic&eo benzocxclobuten BCE 5

spg ybenlzlg%élz%lés? BO)J, or asﬁlfl othier matéril WltSEO%B%%TeC v t)e/]?or can

bsilicer eétchante Thetdepositich pbinsulationshaper 82 treays ihvolveophysioal

quarQsdeposition (Y R),chemical yapor deposition, (CYD) 0k spip,goating. A

conductive layer 34a-34g is deposited and patterned over insulation layer

13 utBhdaetverlayer 34 - forrisStetminals of vaABUS ntégratéd paddea Ny

sdeviges dneluging a capagiten (34, resisten (34 and S4Hi andainduetor ror
6%34(5;%. In alternative emhodiments, additional ,iystem cqmgonenté Qr passive
Vi i

: r
8UIR&S suth ditandiStors. dicHes’dr Gthef dissipativa aid-efergy-néuttal

sdévices canthet dernmied.3Bénductiveilayer 34 camibe msde(WwithMluminum

oA, ; gluminum.alloys, copper (Gu), pickel (NI, gold (Au), silver (AQlogo) | or

salicide, polysilicon, or other electrically conductive material suitable for
AgEPESItieA onca Stbstratél RPYEL C VD L eféctiolytic prifingl of Eletrolessnt -
TRIAtINGR¥eERSHEAR PEinsulation layer 32 may involve physical

vapor deposition (PVD), chemical wvapor deposition (CVD), or
spin coating.

A conductive layer 34a-34g is deposited and
patterned over insulation layer 32. Conductive layer 34
forms terminals of various integrated passive devices
including a capacitor (34b), resistor (34e and 34f), and
inductor (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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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 7 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
Stayef 38Sforhfs parts df Various'paddivl tircat Glémentsiinefiffingaving high
cCapAGItoF aresister, andchinductornand sgppetdinghcetaet padsidd4a ang34hze
Dielectricllz\;}yer %%bcan bg %ilicon nitride (SiN), tantalum oxide (Ta205),
"Rafniumoxide (H 23,ror a dielectric film material. In an alternative
embodiment? reésistiee tayer 36-isiformédovey dielgetriclayers3®aNexty ned

-passisalipnilayer 405 deposiied oygL.Insylatio Jayel 42 congugtve layer
34, resistive layer 36, and dielectric layer 38. Passivation layer 40 can be
L pafermedtbreate vanols openings Sthieté by ekp 6t UHe o Mrdre af thed
clover layers ofavafer @8, ILkG 12au passiyation layasdd-isipajterpad and
etched to expose portions of conductive layer 34 and djelectric layer 38. .
PBA8sivAfion T8yer 40 car NI BAY SURKER itAUaRBn - harerdl SUbh 4L ™ e
(p@NDm@@abEaiocydab@ten@(BﬁE)) PB@f@DWrbempd(az@lIéSQ'QQp_oxg'rbased
ainsyilating;polymer, qr.ather ipsulating polymer materials. Bassivation layer
40, like all further passivation layers, provides physical support to and
rgletfrical hstaation Bétweerf tieayery6rwafgtxgtric layer 38.

Next, passivation layer 40 is deposited over
insulation layer 32, conductive layer 34, resistive layer 36,
and dielectric layer 38. Passivation layer 40 can be
patterned to create various openings, thereby exposing one or
more of the lower layers of wafer 28. 1In FIG. 2a,
passivation layer 40 is patterned and etched to expose
portions of conductive layer 34 and dielectric layer 38.
Passivation layer 40 can include any suitable insulation
material such as polyimide, benzocyclobutene (BCB), PRO
(polybenzoxazoles), epoxy based insulating polymer, or other
insulating polymer materials. Passivation layer 40, like all
further passivation layers, provides physical support to and
electrical insulation between the layers of wafer 28.

Conductive layer 42 is deposited over passivation
layer 40. Conductive layer 42, like conductive layer 34, may
include any suitable material and be formed by any suitable
method. As shown on FIG. 2a, by virtue of the patterns
formed in passivation layer 40, conductive layer 42 contacts

portions of conductive layer 34 and dielectric layer 38. 1In
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Conductive layer 42 is deposited over passivation layer 40. Conductive layer

42, like conductive layer 34, may include any suitable material and be

formed by any suitable method. As shown on FIG. 2a, by virtue of the

patterns formed in passivation layer 40, conductive layer 42 contacts

portions of conductive layer 34 and dielectric layer 38. In 8 alternative

embodiments, passivation layer 40 can be etched so that conductive layer
243 HSH ESrfact eisti@Nayer 365 Coftiuttile tay&i4 2 4ctss &R athesih
slayen to facilitate- depesition-ef conductve dayer A4 entoswatet 23 In@per 36 .

alternative embodiment, a djffusion barrier material can be depgsite .
CBnductlve %ﬁer a& S %s an, a heTlOH ‘f¥er ?P a%ﬁ ltate
etween conductive layer 4Z and conductive Tayer 0 enhance the

dpnyﬁctali_and/ofekew:nﬁhattbmaed;@maébeﬂmemtthemelayér%, Cohdugtive
layer 44.s patterned,apd formed gver condyctive jayer 42, Gonductive layer

44, like conductive layer 34, may include any suitable material and be

dffrmiettsy dify LifitdblE PROCESS it ohe bddinteid, forekanipige laver 44
teoRGuctivedayerd 2 inaudes titanium(THrand eanductiven fayer Adninskigesen
Cu. Finall¥, 9assivation layer 46 is formed over conductive layer 44 and all
t%?/vetrvfgyer%, &5 Shown on FIG. 2a. Passivation layer 46, like passivation
layer 40, magoindludeiary $aitable Matesiabanddefoimediusingraeny over

Syitaple method, Pasgiyatiop layer 46 provides. structure support and cag be
patterned to expose one or more of the lower layers of wafer 28. For
lexamphet in @, 28C Padsivaltivn 1ayérds & eehed e expodepriiors e by

any suitable process. In one embodiment, for example,
conductive layer 42 includes titanium (Ti) and conductive
layer 44 includes Cu.

Finally, passivation layer 46 is formed over
conductive layer 44 and all lower layers, as shown on FIG.
2a. Passivation layer 46, like passivation layer 40, may
include any suitable material and be formed using any
suitable method. Passivation layer 46 provides structure
support and can be patterned to expose one or more of the
lower layers of wafer 28. For example, in FIG. 2a,
passivation layer 46 is etched to expose portions of
conductive layer 42 and conductive layer 44.

Depending upon the application, the device can be
made using different combinations of metal, dielectric,
insulator, and passivation layers. For example, some
applications may require that additional metal and dielectric
layers be formed on wafer 28, or that some be removed. Also,
one or more ground planes can be formed on wafer 28 during

the fabrication process. Similarly, additional
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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
LintErcoRRBESH RAp AR/ ot the/ dgﬁ?i]&e%ﬁy Bevactieled by StheCaddition oY
t patternedunetal iftepconnactien layers: In akermnativeemboediments, s .
capacitors cqn bel ormedcin the dea/ice usin? a metal-insulator-metalb(eMIM)

configuration.rfn that case; two s?rrlng 8drrlur=:ntea]il asi/erg 28R De Forméed bver

feubstrater8(-havifdgaidielectic tayerdisposeth between.-AdditiondlMBsistive
clayers;gan alsa e farmed, hetween the hwometal layers 1o ait%(/é'}es can be

properties of the capacitors. In one example, plasma deposited SiN, Ta203,
Lo b dPrEtr alkitfinGrPogde tilka are deposited Hetween the Phetal Jayerad

pane&aay, greatlyiineraase thecapacitance pbthe davice. 4a RiG. 2arthes
binte rated Qassive devicels include a capalcitor for}rlned by conductive I%ye}rls
G e a2 Heleftid Taykr 38 Y8&iEtVE 146 36, and conductive Tayet'346:©
ciﬁhecintggrated passive defai;raslfarthp& Hmhasdeiapfesigtcwcfoﬁmd By203, or
fonductive layers 3de. Jesistive Jayer |3a6f ang.eonductiye, layer éﬁ”-tﬁgée metal

integrated passive devices further include an inductor formed by conductive
Lryers 44042 and 3462 FRE INATERT TANTHE forARadt oh Weter 28 ddhe
asipgleslayer or stacked

In FIG. 2a, the integrated passive devices include
a capacitor formed by conductive layers 44 and 42, dielectric
layer 38, resistive 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 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 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

10



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
Mipstildtive et Incdiith &7 fifthitior e RrctalrRyeRScan bei6rNBE “frEh 25

ahighsconductivity metalscsidchuas €U AG 1ox ALQne 06d0 maretheon of the

dierkt]e::L%rated passive devices can be interconnected as a passive circuit
accor%ll'ng to the electrical function of the device. The etched portions of
passivation lajer 46 allew forradditionalsyster icontpoments Ye coAnfeetltbow

eWafel#8: (e, additional system cpmponents can be coupled 1o wafep28 1y, o
using any suitable mounting mechanism such as surface mount technology
agfflipictip tohheEfidh ATEtREES 6T Ekdmpre, ARitR tefréRced' i FIG 28pnsing

adisCrate passiverdeyiee 48, hase abaneh |G 5y radio frequencyr G(RFIC) 58
.an SAlW filter 64f are eagh connected to condutcﬁiv IayerF 44 via bumPs 50,
54,60, afd 68, rédpéctivaly. USiRG s MBtHBd RY tombinatish “Brpassive
wdevices, factivecdevices; Idiscrete pdssive devigess ssemiconductor 4ie, dther
bifs Ghins, op discrefe packages,can be cannected to waler3, BUmps 50, 24,
60, and 66 form an electrical and™ mechanical interconnect between
AEEMPBRENECAS S BB, Eh o4 At water 28 aAd A dpétificalibetwéen S 4/
660MpRAeRts, 48, dectively. 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 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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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 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 (CuAg) solder, each
Legttating anBptistat luk materiar cBuHps 50,954, 60, RintF66'@4R be® the
oplegtricadly tonnegtethtosanys iofdhe passive-devices tormes withintthe

.semiconductor device via apy suitable interconnect structur one
BTG Lnior U Al 7aton (IBRN T tayer ki bl audda s =2
beorqu@iwé I_Elyetathéz_pm)iitrwl@% thve wpenings: formEdin gassiatiornclayep46
pinfaciitate; installation;ofbumps 50, 54,60, and 66, The UBM layers.cap he.
formed by any suitable process, including first etching a portion of o
nesrductvedayerr£4 andtRen-applying Dhe'dr mdré metal daers tgeposition

peoRauGtyedayend4 tskigha vacudm depesitien by avapeiation rispatering
rocess or a %hemical lating process. ThedUBM layers ma linclude any .

PEGEABIE matenial Etieh a8 T hidkeY vaRSAERSINIY, i e havind thicknedtes

sofapproximatetyi t860Ay3250ALand IBOVDA, cespactivelyl fpr ttoppers thee s

o§tchapt 6an be A70 withahoutsLls 13% ifric @6@0&“NQQZ_?QQtGI@‘Z‘igC.e“%or
acid (CH3000H). Alternatively, the etchant can be A75 with about 75.7%
cpRESphorid&cifl (FH3PD4) cand 75359 acetietaciee PCH30DOH) 3TRe efdttarit T6F

(koM aean besk, 64% hydrogendlugrigecwif 1L.67%:hvdragen pergxidenand
IETpaInIng Watey. I A0 At e, e S ¢ acid (H3PO4)
and 7.35% acetic acid (CH3COOH). The etchant for titanium
can be 1.67% hydrogen 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. 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 44 or optional UBM
layers. Generally, underfill material 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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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. 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 44 or optional UBM
layers. Genelally: UrftfetfilF m4te f3156'aRE 62SincRidés f rent combination
o€legtricallydnsulating adhesiveomaterial. Uadedill materalb6 andbH2=r 28.
Fpg{ovides mlechanicrgl sug rt to com onn?nts r52, anlg 5%,hand also bL]me s]§4,
and 607 Underfil’ mater: Gnd 62 Can also act'as a heaattbrf():fé]% bétween”
dwafers28apd céempenentscs2ahd b 8. d 2iiafateriétive Ehtbotliments; @
pdifferent compingtion ot passive devices and 1G chips cap he, caypled to

wafer28. For example, some applications may require that one or more
CHIErEtE PaEkAGES becBupled 16 Water28. Thé BRsCrete® PabRagestan e o

teeuURled 4o avafep 28 wising adlip-chip; cONRgCon mechanism. Addidional that
.support can be provided to the discrete packages by providing an underfill
i BN RAP T ISR BE0UG e BioErs T UCkARS alerArer s, 38

and wafer
ddesurilieetaboverd=IG. 2¢ shows the addition of a molding compound or

encapsulant S840 wafeg @@w%ln%%hmgé{%'ﬂfi%@%@% e 1%%%‘?3&5%%%%@1 or

may include a plastic material such as epoxy resin-based molding material,

eFathEr high-résistrity” poRmetmatetial IHaria aphlied Gver paisgivation

Eﬁwgﬁ§ﬁlant 68 may include a plastic material such as epoxy
resin-based molding material, or other high-resistivity
polymer material that is applied over passivation layer 46,
components 48, 52, 58, and 64 and optional underfill material
56 and 62. In an alternative embodiment, encapsulant 68 can
be formed with a polymer matrix composite material with a
high resistivity. 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

13



components 48, 52, 58, and 64 and optional underfill material 56 and 62. In
an alternative embodiment, encapsulant 68 can be formed with a polymer
matrix composite material with a high resistivity. 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

T 5hy otherthatestal dortattetity encaps 68, THE ETE 61 efiédpstiant 68
can be adjustgdsusing @ filler ssichasoa powder nfiper, on cloib1additive.dA s .

r3utable enpapsulant materialjs generally characterized by low Sirinkage,
ﬁlgh resi |vﬁy, Idw” dielectric constant, and Tow 16Ss %gen%. efore

gencapsuantiéd isapplisd the wafemean bedidced by thedf. cuttingealoagavely,

PRI Of sawSiregls farmed in, g sutiace, Of the, water dg his,gptional step of

dicing the wafer can 13 reduce warpage of the wafer and overall residual

(§ff&ds PSOBSTAte"30 iPFerHE¥Ed usifiy & RBitableIBEeSS v S pled
mSyfstiate 30rcan bedenmavedoby mechanical back cgrnding vythan adgitional
wet etching step. A}!tern%tive\lly, plasma etchin%f\nd/lor 6%5 frat
TSI MrEHanicAl plaanzation {ENPY broceds tan belis&d. 1RthE tate

3present emibodimenbean majosity efstibstrate Boistiniiady 3émovedarsing d

<836k, aindprogegs thategues, approximately J0:gapm ol AUSTAIG.HL, o
remaining. Then, the remaining substrate 30 is removed using a wet dry, dry

sgieht B EMP brobess iattdriremoval oF stbstrate3PCpassivaticrt ayer 32 is

sexpesed: With subsirate 30-remonedyithe height of wafer 28 rorathe bottosn

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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of passivation layer 32 to the top of encapsulant 68 is approximately 420pm.
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

Petbetticaily aroPréchanicaty capRa b contuctive 14yer S vid Buiips 74

alsing s solder reflow pracesso Busaps 74 howemes smaycomprse anyBumps

;uitable material.and be applied using,any suitanle process as described | .
above. IN RIS manner, a y combination of passive devices and/or I& Gie"can
dbe toanetteditothe bdcksideadewatet 28. Noterhausing uthis misthad, IC

ndie.and passive devicesqcan, be coupled to the, hackside of wafer 28 direcly .
underneath other passive devices and IC die mounted to the front side of
Swater28- ot exaniple i E RS -2d, HeRTory 1€ 76sShoanted ditectgergrally
abelovebase bandrerkz-yAccordinglys the epirent methodqallows forider 34
mounting ofpfssive devices and IC die. Bumps 74 may also be configured
Vo eleefiically tonnect to passive devices formed within wafer 28. An optional
underfill materieb 77 Carabe farowed beneathcmednary €7 6,a0rcany3dther

sSimilarly mounted deyice, Updedill material 77 43 él_‘éé‘g rally,, applied after

memory IC 76 Is coupled to conductive layer 34 via bumps 74. Bumps 72

agfElEoupled 16 CBRAnEINE |ayer Ba%toSTatHRBRteSEernection eT thé (as shown
osemigondvictor deVigat072 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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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

"ihiethahitally cotipledttorPEB 28 BUMPS 7 2 EA"EdGpled 16 PCB 78 by %

pseldet reflow pregess. ¥e Fise3, anpptionakmetsgl layee 8Ods tleposised upsn

encap ulﬁnt 68 glzing agV[%, F?VDlor %)Iaﬁtigg procgss.erer%aelola}é%r 80

als

ingl
gﬁrool%/l ed elae%?romdgnae?lc and lp%ysﬁ:n mloﬁﬁﬁ for the sémiconductor 2~

deWjee nka_ftétaldely@rt 80<alsoactslas ayhaeat@m laiyer @gmbsbt_bi@gcamt
pdischarging heat epergy,generled by the §€Q’d§%@ld%9§%fege‘é'§e and gan be

patterned for specific design requirements. FIG. 4 depicts a third embodiment

forthed seifficondiittor@édice Havfty intéredRngeficid 83 2gdtntiplafe t84

pstFipding-85.cand passivatien layes 82- These additional layers-arendepictads

8i FIG. 4 and can be glded to 15 wafer128 dur'n59 fabrication. For example,

frePformiitg Frassivation I)er 35 oVRr suBStraté 30, interconnections 83,

ground pland 84¢and strirline 85 ¢ah befermeéd asansihgle: patterned ahayer

cgiched metal layer that is.deposited over ;passivatipn. laygr e, Then, . 74
passivation layer 82 can be formed over that metal layer. Passivation layer

agd i€ tgre prittefné® BRaeteRed i eXpose périons ofiftereameection’s 883

cground plapg 4, andssttipdned®le 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
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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

afdrios IR HieraRRIemboaiments? fhtttconAEEEI8S tdn afdd providere
seommectivity between gather eonpecteg, campanents:suckhas Briemonnle 76

and the passive components formed withipn wafer 28. Ground plane 84 is
Ay BN Brovas n SIS AT bron conHation Iy theekie dévieas
sfortred. within waferi2@. Grourihplame84 ear dlsoprovides anteptienal
<graund connegtion for discrate passive; devieg 48, hase band I¢; 52, radio

frequency IC (RFIC) 58, surface acoustic wave (SAW) filter 64, and memory

SfC 8. Brolifid 2lahe BacfedereeY Hofise HAdRIGSS- AR between thd passive »

deempenents, arddhetweendhe passieicoppopentstard gtharneompaneptsand
of thedsetmicondgc or dtevice. Tr%ﬂsmission line or stri Iinet 85 incl%de% a
B materifFand aflsada transmigsidRdine by BhSSibing aRd X6 &Mitting
nelegiroataghnetictradiationt Accerdirglyestriptline 85cfacilitates signajround
oTaiENINg, SopLIraRsISAN gad.frthey ensurss o Feaueney (RF)
signal integrity of the system. Strip line 85 can be created in any suitable
madrefgutatien teeRerdlyt &ipiTe arternas compiseaastip ofimett formed

thbetweenstwo panallel ground-plangsiAe1y, 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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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

oFfotiePdiaHE by & didiEctric matetal. P asshraivrtlayer 82 foditesess -
Armeshanical supportto dhediffererd tayers do wafern28.iPassivation layer 82

includes.any suitable passivation material as described abov G, 5
CHSBRIE A U ERibolmert o T e BRAudisr Bovite ANLY SbeHaRoad
uisiremevead-froms £1Gh2d andnponiens!of passivationlayer 32 dreremoved to

u§ieale opepingsthat expose, parts of CORGHEHVE layey 34; LBM layers, /Q are

formed on conductive layer 34 at the openings in passivation layer 32. The
PEBRE Ay I8 TRAREILER any StRdbiiRFeTial lnd d8h BeUepbsitBa Usiigangte
asyitable processastdasciibed abayve: Jheisermicondyetor slevicerisaveried r
FhatE A e Bord (NE) pAde B8 18 6B o 17 Spiciol UBM Ay &re-70
tsingausuitatye afeldihgoprosess. Adtevimativiedy, WE pad$86 wambel cogpled
ndigey to, copductye layer 34, WE pads 86 are counled tg UBM. layers; 70

using a process that combines heat, pressure, and/or
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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ultrasonic energy to form a mechanical and electrical bond between WE
pads 86 and UBM layers 70. WE 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 WE 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. WE leads 88 are

Celettiddy arftPrhetRaficafiy Tcdipied 16 WE Patiiiss: F6: 6 depitera fith 12
cembegiment obiher semiconductorrdevice tRueNng snanufacture oftheps 50,
Siem%c(ﬁ)ndg%or ev%ce, etch sto Ilal%/er 90 ia 1gﬂe‘Positeq upon lefbsctgate 30

béfore 'passwa%on é)fer%pilgﬁ her%bg/orIéQ es’ between substrate 30 and

Cpa@SivatdWI_a_ﬂy&r 322 Duﬁ:i&_?\g etching and@nﬂ:&@l of subgmaitecsa\eétc_h Kytcen
ol2yeL 90, facilitates detgction of the.and-poitof, substrate. 30, AIOtECHNG), o
conductive layer 34. Etch stop layer 90 can be a single layer of material such

583 SFINAUBPayIReItiHe ! mMaltifye? Miatefial SUER as the with 1&fers Hfd
65i3N4 and o Si2. dbningdodtl&s 7, acsixifcembedimeat-ofthecan also be
semicondyctorhdevi%ei .depicted. In trﬁ)e Rresent embadiment,, assivatig?1
ISR 48 i$ Wot Présett o \WWafst 28 PadsiVation” Iayer 48 car aitisr 58 “he
brarReved; arfis ot applied dufing fabrication of svafeP28.1€padactive leyer
<92 Is deposited _u%)p.conductive layer 44. Condu_ctive layer 9_2 is pattern_ed
18 to further define solder bump connection locations formed in conductive
layer 44 andi6Tacifiteie Foreiatitiy 6FBemps 501 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 gquality.

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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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 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 showrf¢&tB8& manufactured using tools and
equipment commonly known in the art, such as wire bonding, patterning,

W%tcpinlgs acnfaslirrrpilcgj\[ equipment. Semiconductor devices serve to continue to
advance i egra?ed passive device technology at reduced fabrication cost,
while resulting in larger overall repeatable quality. While one or more

1embogdiments of the present, ventigy haveheen illystaed indetall, the
skilled artisan will appreciate that modifications and adaptations to those
Cembotiimedts may be made without departing from the scope of the present

inventien asset forth suthecfollewing claims. 19 Claims What is claimed: 1.
A metPog ()f‘nmgnufgc_}tfuan gserrgjgcgq%%ct?g dgvicg{/ cgm%rising: prog/gdigg a
substrateforing & S passivaioh1ay8r ovdfthe dibstrats; TorRTihgan
integratednpassive cirotit gover the first sive 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;
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.

2. The method of claim 1, further including forming a
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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
TRHAtRE SEEBHIEOh R eTaFers Yerovir i i Bstrate Fétehityldn "9
coperingdnthe first passiationdayer; and dppeositingsolderdawnps in the
opening,of the first passivation layer in electrical contact with the first .
DR hger T thatiod SF a1 ity inCRKARG forAAG 898 ©F
timolding tompoungboeertthe system components, the molding compound
having a coefficient of thermal expansion substantially equal to a coefficient
of thermal expansion of the system components. 3. The method of claim 2,

SfurtheF irfcl GG IBrrAihgca Aidtal 1ayetdvet the mdidig Corhpsltind o2 metal
1sKiglding<4. THhe methed of cladmcb further inchudiag gepgsiting  underfill

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

second conductive layer.

5. The method of claim 1, further including forming an etch

stop layer over the substrate.

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

circuit includes an inductor, capacitor, or resistor.

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

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

removing a second amount of the substrate using an etch

or planarization process.

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

providing a substrate;

forming a passivation layer over the substrate;

forming an integrated passive circuit over the
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second conductive layer. 5. The method of claim 1, further including forming
an etch stop layer over the substrate. 6. The method of claim 1, wherein the
integrated passive circuit includes an inductor, capacitor, or resistor. 7. The
method of claim 1, wherein removing the substrate includes: removing a first
amount of the substrate using a grinding process; and removing a second
amount of the substrate using an etch or planarization process. 8. A method
Pfmantfactiiring BSSemiconductor device, comprising: providing a substrate;

formingapassiyatiop layernawsr tbe ssipstrate; ctorping apdntegsateghpassive
.circuit over the 21 passivation layer; mounting a plurality of system
S BERGRS 57 T rTagate pALSVE Srout Hre Gbclr Al condcitig
sthet systermeonpurents ta-tie integrated pdssive Tireaitc removing the

Substg_aggnbe,@jq@gt@% OQSBLQQHQGQ? passivation layer; and depositing solder
bumps in the opening of the passivation layer in electrical contact with the

integratedl bassie GRIUILDIThE rhBMORGICIRRY BOfUrifaraRciuaigy

depositing dinderfill natedal betweenithersysterpaomponantsiand integrated
passive circulit. , , . .
passivation layer 1in electrical contact with the integrated

passive circuit.

9. The method of claim 8, further including depositing
underfill material between the system components and

integrated passive circuit.

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

layer over the passivation layer for shielding.

11. The method of claim 8, wherein forming an integrated
passive circuit over the substrate includes:

depositing a first conductive layer over the 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.

12. The method of claim 8, further including forming a

molding compound over the system components, the molding
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10. The method of claim 8, further including forming a metal layer over the
passivation layer for shielding. 11. The method of claim 8, wherein forming an
integrated passive circuit over the substrate includes: depositing a first
conductive layer over the 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
CHBRSEAE 18§E- 2. Thenbths- 6 Clafh 85 RertHErineiIrY fothing a
smedding compaundaver the systerarcompenentssthenmelding 22 sopipauns

. avi%gsacc%efggign(t) r% thcermal expansion substantially equal to a coefficient
of thefma expanﬁon of the system components. 13. The method of claim

12, further including forming a metal layer over the molding compound for

18hielding. 14, ihemethed of glaim 8, whargin the integraled passive Lircuit
includes an inductor, capacitor, or resistor. 15. The method of claim 8, further

Mipefuding Hsuritifya MiAstEMIChimBorefttethe pasivation Idyédand
electrically connecting the system component to the integrated passive

circuit. 16. A method of manufacturing a semiconductor device, comprising:
lémwkﬁﬁiaﬂﬁﬁﬁﬁ%ugg claim 8§, wherein the integrated passiv

circuit includes an inductor, capacitor, or resistor.

15. The method of claim 8, further including mounting a
system component to the passivation layer and electrically
connecting the system component to the integrated passive

circuit.

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

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.

17. The method of claim 16, further including forming a
molding compound over the system components, the molding

compound having a coefficient of thermal expansion
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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. 17. The method of claim 16,
further including forming a molding compound over the system components,
StHeSoTting [dompBUAd haviry & Lobffictertof tRérmaréxfansisir2ssion of
tsubsiaptially egualdasneaefficient of thermal expansion of the system
components. 18. The method of claim 17, further including forming a metal
layer over the molding compound for shielding. 19. The method of claim 16,
lturthef irecluding ddrminged apassivationiayerovemntheusubsirater20.1ither

mfiethod of claing 19, f'r!ﬂ@%%‘f!ﬁ@l@? forming,a; metal layer oyepthe

passivation layer for shielding. 21. The method of claim 19, further including

mounting a system component to the passivation layer and electrically
16Qnnectiagribersystesn compaenen o the integrated passive eisedit.r22.ahe

method of cIaiT 19, further incLudin%}grovidin a printed circuit board
PROtYET 15 The PESSVAION 1ay8F. 23°FheHhethod of claim 16, wherein

forming an integrated passive circuit over the substrate includes: depositing

ZQTHSFﬁQQdM8GW%5n6¥(%@QH%E?g?s¥%¥ﬁher including forming a

metal layer over the passivation layer for shielding.

21. The method of claim 19, further including mounting a
system component to the passivation layer and electrically
connecting the system component to the integrated passive

circuit.

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

printed circuit board mounted to the passivation layer.

23. The method of claim 16, wherein forming an integrated
passive circuit over the substrate includes:

depositing a first conductive layer over the 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.
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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. 24 24. The method of claim 16,
wherein the integrated passive circuit includes an inductor, capacitor, or
resistor. 25. The method of claim 16, wherein removing the substrate
includes: removing a first amount of the substrate using a grinding process;

24nd rmdviig A secortd ahioldht bt th&SGbstrate iising AnceteRt6F Passive
c@B@@ﬂZaH@@DﬂM&§Saﬁ5inductor, capacitor, or resistor.

25. The method of claim 16, wherein removing the substrate
includes:

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

removing a second amount of the substrate using an etch

or planarization process.

25



