SEMICONDUCTOR PACKAGE AND METHOD OF REDUCING
ELECTROMAGNETIC INTERFERENCE BETWEEN DEVICES Field of the
Invention The present invention relates in general to semiconductor
packaging and, more patrticularly, to a semiconductor package which
reduces electromagnetic interference between semiconductor devices.
Background of the;imeiiginSRIRIGEUER! Seyicasrasp fegnd in many
products used in modern socie ¥] Semiconductors find aﬁ‘%ications in

I .
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computers, cellular phones, two-way pagers, laptop computers, personal
digital assistants (PDAS), p{¢h dndgiceplayers<hthgnindustrial or commercial
market, semiconductors are found in military, aviation, automotive, industrial
controllers, and office equipment. The manufacture of semiconductor devices
involves Tormatien<ofta wafenr hiaving alpluralitynobdiesEdch die contains
hundreds s theusapds of fransistors and other-active.and passive devices
performing a variety of electrical functions. For a given wafer, each die from
the® Wafet typically paifoans He'same dibghical fancioh Fontcend
manifactiairg genetally refersntodormiationrofi¢liégemiconductor devices on
the wafer. The finished wafer has an active side containing the transistors
and other active and Rass iv_er compaonents. BIack-ggg manufacturing refers
to cutting or singulating e fini

L —+

shed Wafer into” the individual die and then
packaging the die for structural support and/or environmental isolation. 1

Semiconductor devices are found in many products used
in modern society. Semiconductors find applications in
consumer items such as entertainment, communications,
networks, computers, cellular phones, two-way pagers,
laptop computers, personal digital assistants (PDAs), and
music players. In the industrial or commercial market,
semiconductors are found in military, aviation, automotive,
industrial controllers, and office equipment.

The manufacture of semiconductor devices involves
formation of a wafer having a plurality of die. Each die
contains hundreds or thousands of transistors and other
active and passive devices performing a variety of
electrical functions. For a given wafer, each die from the
wafer typically performs the same electrical function.
Front-end manufacturing generally refers to formation of
the semiconductor devices on the wafer. The finished wafer
has an active side containing the transistors and other
active and passive components. Back-end manufacturing
refers to cutting or singulating the finished wafer into
the individual die and then packaging the die for

structural support and/or environmental isolation.



Some integrated circuit packages are hybrids containing radio frequency
(RF) circuits and baseband circuits in a single package. Certain RF
components, such as inductors, operate at very high frequencies and emit
electromagnetic energy that can interfere with the operation of the baseband
circuits, as well as other RF devices. To block or isolate the electromagnetic

interferenge, (EMI), dhe semicondyctor packages found,in the; prior art have
used shielding or insulating film in leaded or ball grid array (BGA) packages,
SUCKASFIUHFIT B8 DdtEniE 8835748 Wﬁ%ff&,tﬁnﬁnﬁéﬁbe@aﬂéjwever,
theser prigrsari designs dypicalylprovide 6aht partidtshielding e wilichshmits

the,effegtiveness of any-EMI isplatian, Futherporewiththe growing.demand
for higher circuit integration, the space efficiencies and electrical and

thetmal Perormants of Wafer 16VaF padRage5TWEPY ahd ip hip packages
makestireseopackages everahore popular.t Yetabevalseaof thelreunigue

layout andsstrueture; there,.aredfew: practical EM! salutions forhybrid WLP or
fIip,chigrPacka es. A need exists for an effective EMI solution for WLP_and

flip"Ghip packagEs contdining RF and BASEFARE dttifty “Sunary of the®
Invention hronksemboditent thelprasent inventiohiisca (afer levepaded
ser@}ﬁcgjaqgcuf?fmmcqmbipg&%@araé%@mdaﬁ lﬁf&xm@wi@% Iayelrf
applied to a first surfac e substrate. F module is moynted to a first
aré4 on a sséggﬁ%jj é%ffaez:?e%ﬁﬁlé sﬁﬁgtrf%ﬁ)%i{%oSiteHﬁ\%eﬁ rst ’sut#laecsee with a
pluraliyrofssldés biempst Arbasebandrnvddde i3 ivobatéd 46 ssbécdnderea

on#he secong surface offthe-+iveness of any EMI isolation.

Furthermore, with the growing demand for higher
circuit integration, the space efficiencies and electrical
and thermal performance of wafer level packages (WLP) and
flip chip packages make these packages ever more popular.
Yet, because of their unique layout and structure, there
are few practical EMI solutions for hybrid WLP or flip chip
packages.

A need exists for an effective EMI solution for WLP

and flip chip packages containing RF and baseband circuits.
Summary of the Invention

In one embodiment, the present invention is a wafer
level semiconductor package comprising a substrate and a
first shielding layer applied to a first surface of the
substrate. An RF module is mounted to a first area on a
second surface of the substrate opposite the first surface
with a plurality of solder bumps. A baseband module is
mounted to a second area on the second surface of the

substrate with a plurality of solder bumps. A second



substrate with a plurality of solder bumps. A second 2 shielding layer covers
the second surface of the substrate and RF module and baseband module.
The first and second shielding layers substantially cover the wafer level
semiconductor package to isolate the baseband module from
electromagnetic interference generated by the RF module. In another

e”@%@%’ﬂgﬁ%%?s%@@@ﬂﬂ%‘ is. semicondectar package Gorprising a
substrate. A first electronic module is mounted on a first surface of the

subSffafd. ALRLORERBHIE PREURE IS MountB8 dritive first stirfatdof the
substratel A dirdesiietdingdayentdovers theviirst Surface’ ef thesabstrate and

fir%&%&m%‘%%&&%%&@%%@ %Bi%QSdﬂgéﬁea%@d_ to a
sec%nd tsurface of the substrgte which is oegosne thetfgst 1§,lFJrfac§. il'he first
and Second efididing 1ayErs SR SEN ATy CoVer thelséficdhd0Eio Package
to isolate thesetbad eleetrdime modtlesfront efettramagmetien interference

generated by, the firstelectronic mpedyle, dnangther embodiment, the present

invention is a semicondu,ctorgacka e comprising a substrate. A first
e%ectronla Podule 1% 8 unt ?n a, £irsg,, surf c% of E@e
electroniC module Is mounted on afirst surface of the substrate. A Second

elettforic Mmedulatissemourted ot thenfist setface ofthesabstrata. Ahe

shiglding layer -substantially Govers the substeatesand first and secand
electronic m%dulfe, . In another em?odLment, therpresent invention is
t 1 of t bstrat %

method of making a°semiconductor package comprsing hglgtsetpsarol?forming
a stigstrates hrolimting anmRPdodule’orsacfirst surfade bithé sudbstiigte,
mapinga haseband Madule-race of the substrate which is

opposite the first surface. The first and second shielding
layers substantially cover the semiconductor package to
isolate the second electronic module from electromagnetic
interference generated by the first electronic module.

In another embodiment, the present invention is a
semiconductor package comprising a substrate. A first
electronic module is mounted on a first surface of the
substrate. A second electronic module is mounted on the
first surface of the substrate. A shielding layer
substantially covers the substrate and first and second
electronic modules.

In another embodiment, the present invention is a
method of making a semiconductor package comprising the
steps of forming a substrate, mounting an RF module on a
first surface of the substrate, mounting a baseband module
on the first surface of the substrate, and forming a first
shielding layer covering the first surface of the substrate
and RF module and baseband module to isolate the baseband
module from electromagnetic interference generated by the

RF module.



on the first surface of the substrate, and forming a first shielding layer
covering the first surface of the substrate and RF module and baseband
module to isolate the baseband module from electromagnetic interference
generated by the RF module. 3 Brief Description of the Drawings FIGs. la-Id
illustrate initial stages of formation of a WLP; FIGs. 2a-2c illustrate later
stages of formation of the WLP with EMI shielding; FIGs. 3a-3c illustrate
later stages of formation_of the WLP with a photoresist layer on the contact

pads; FIG. 4 illustratés fuRREF LRSI 8F s3fu s SuRE ¥t idfire of the shielded
WLP; FIG. 5 illustrates a wire bond embodiment for the shielded WLP; FIG.

6 illustratesdhe WLR package-withEMI ; shielding.on allsides. excepiback

side; aﬂlpd.FIG. 7 illustrates a stacked semiconductor package with EMI
shiaélé\llng’on all sides of the WLP. Detailed Description of the Drawings The
present inventicrtissdesgeriBed i lore of trore tembetdiments in flefelicwing

deseriptienwyith feferenae ton the figyres, in which like numerals represent
the same or similar elements. While the invention is described in terms of

the best mode for athieving the invehtioh's “shjettives 2t wifl be appredidted
by tioséskilled ini the aantltharitds intentiecteto eovehaltepnativas pads;
modifications, angequivalents:as raay he-included withino s solder bump
structure of the shielded WLP;
FIG. 5 illustrates a wire bond embodiment for
the shielded WLP;
FIG. 6 illustrates the WLP package with EMI
shielding on all sides except back side; and
FIG. 7 illustrates a stacked semiconductor

package with EMI shielding on all sides of the WLP.
Detailed Description of the Drawings

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

The manufacture of semiconductor devices involves

formation of a wafer having a plurality of die. Each die



the spirit and scope of the invention as defined by the appended claims and
their equivalents as supported by the following disclosure and drawings. The
manufacture of semiconductor devices involves formation of a wafer having
a plurality of die. Each die 4 contains hundreds or thousands of transistors
and other active and passive devices performing one or more electrical

functions; fora given wafer ceach dig from the, wafer typically parferms the
same electrical function. Front-end manufacturing generally refers to

forffatiorr of "theP§&midsnaidtor deviced S tHE walter. °Fh& finfshed wafer
has &eractive sidecontaiming thetransistors arsd ethere adtiveéiand passive

companents,, 5@&51%”%@@89&%‘3@%% seferstoqutting-orssingulating the
finished wafer into the individual die and then Eacka ingfthe die for

stri &l SUBpBR AR or BnvitoinantarisBIatiorn ‘A semiconitictorwater
gehéeralheinchedes arcactive ifrent side-sarfagédravingisericorrductor devices

disposegd, therean, anda backside;skface fermed;withhulk ,gemiganductor

material, e.g., silicon. The active front side surface contains a plurality of
activ chfas ve _Ccom one?ts.. ?ack—gq? manufactyring

semiconductor die.” "The active surface is formed by a variety o

semicenduttorcprdcesses; inchuging tayeringcpattersingd dopirg, andheat

treatmaentdnthe.layering precess, semiconductor yuatedals.are grown or
deposited on Hhe substrate by techniques invr(])TI:\ngithe mal oxidation,

nitridation cherical Vapor depdsition. eVaporation, and splittering.

Patterning invohesdse of photbfithotraphy tbymesklaress of thetsuiface and

etch-away-undesied spatefial t0fokdhi conductor devices disposed
thereon, and a backside surface formed with bulk
semiconductor material, e.g., silicon. The active front
side surface contains a plurality of semiconductor die.
The active surface is formed by a variety of semiconductor
processes, including layering, patterning, doping, and heat
treatment. In the layering process, semiconductor
materials are grown or deposited on the substrate by
techniques involving thermal oxidation, nitridation,
chemical vapor deposition, evaporation, and sputtering.
Patterning involves use of photolithography to mask areas
of the surface and etch away undesired material to form
specific structures. The doping process injects
concentrations of dopant material by thermal diffusion or
ion implantation. The active surface is substantially
planar and uniform with electrical interconnects.

Some semiconductor packages contain baseband circuits
for baseband signal processing. Examples of a baseband
circuit includes a microprocessor, analog to digital
converter, digital to analog converter, memory, control

logic, and analog amplifier. Other semiconductor packages



specific structures. The doping process injects concentrations of dopant
material by thermal diffusion or ion implantation. The active surface is
substantially planar and uniform with electrical interconnects. Some
semiconductor packages contain baseband circuits for baseband signal
processing. Examples of a baseband circuit includes a microprocessor,

analog 1o digital ; coryererdigitakiq analog convertersMemary, control

logic, and analog amplifier. Other semiconductor packages 5 contain radio

freBHBRES TRE) cirdiits for RE“Signal "Brocedshigi®TRE RE @FéuitfssFinclude
an REa@amplifien lstage, niedwiatdr demodutatoscand oseillatoEninrone

embadimens, the RE signal processing circuityeceives RF signalss rr
downconverts, and demodulates the signals to basgban,d Si Pals. The
baSéﬁﬁﬁ(]iSSigﬁSWB%)cnéfsesriﬁé PEFOrMS Smplification’ Signal conversion,
storageband contrellef. thélradeland sigralsnil sonwe applicationsf suoh as

celidar phonesiand wirglass computer hHetwarking, both-BFCireuits and

baseband circuits are required to perform all necessary electrical functions.
t he aseb%f? 31?nal%u . . . .
Due to demand for integration, the RF circuits and baseband circuits are

sometimés: containeddhiz sirigles hybridrsemiconductor padckage. However, it
is necessary taoiselate the baseband ciseuit framthe REGircuits becaysgqthe
RF (Evices em]ift ela_gctrolrr]ga netic intre ferrenclel(Ean or erlectr mag(qeti(i
waves (EMW): Whichcan advers8ly affétt the” dperation of the baseband
ciréuin.cAipopular Sericonderctordpackage stylesisithe wafer féveligackage
(WLR) or-flipchip package.sThe WERandflip contained in a single
hybrid semiconductor package. However, it is necessary to
isolate the baseband circuit from the RF circuits because
the RF devices emit electromagnetic interference (EMI) or
electromagnetic waves (EMW), which can adversely affect the
operation of the baseband circuit.

A popular semiconductor package style is the wafer
level package (WLP) or flip chip package. The WLP and flip
chip packages are commonly used with integrated circuits
(ICs) demanding high speed, high density, and greater pin
count. The WLP involves mounting an active area of a die
face down toward a chip carrier substrate or printed
circuit board (PCB). The active area contains active and
passive devices, conductive layers, and dielectric layers
according to the electrical design of the die. In one die,
the active and passive devices are designated for RF signal
processing. In another die, the active and passive devices
are designated for baseband signal processing. The
electrical and mechanical interconnect is achieved through
a solder bump structure comprising a large number of

individual conductive solder bumps or balls.



chip packages are commonly used with integrated circuits (ICs) demanding
high speed, high density, and greater pin count. The WLP involves mounting
an active area of a die face down toward a chip carrier substrate or printed
circuit board (PCB). The active area contains active and passive devices,
conductive layers, and dielectric layers according to the electrical design of

th%@i{f‘eﬂﬂéﬂ%gﬁ, tQ%@QW@e@{%@mV%%VB‘@%QB% d#%@%@f RF
S|g§al processing. In another die, the active and passive devices are
de

it d fof baseBAM signal procéssing” THe Setufcdi®ift RMedhdical
interctnnectds achieved throuytvra sotderchamp straeturelbemprisingadiarge
numberol: individual conductive-solder bumps.er.balls, 6 Alterpatively, the

interconnect can be made with copper bumps or gold bumps. The solder

T t t i heg .spld . 1 ] 11
bufips-&re f&red on Bantis Spadd WhitR &g didpdsaddn the Hetive ared.
Thedsurmptpads cconneercto threlactive Birkeuitstyy eoneluetionatracky irk the
active area of the,digr dhessolderhumpsare.glectrically, connegted tocoptact
pads on the carrier substrate by a solder reflow process, The fllkp chip .

ﬁfov%&es a shﬂgt electrical ﬁ$n?uTtlona?ath from the a thﬁ1
semiconductor package provides a short efectrical conduction path from the
activey idevices driithel die to comdictioretratks orsthe cahdercasubstrate in
orderdorreduce signal propagation. lower capacitanee.-and achigve overall
betéer cgggltnggrformd?:nacc : FGI\(fBes 1ae-1a [ Iustrtg%% lgrgssr-csuecyonal views of the
initiatormation 6f WP Package 10; 1A FIG. T4 Metal ‘cohtact pads 14 are
forpved enmsilicen wafer substrate 12. Contact pad 14 is made of aluminum,
copper, f1gs. la-1d illustrate cross-sectional views of the
initial formation of WLP package 10. 1In FIG. la, metal
contact pads 14 are formed on silicon wafer substrate 12.
Contact pad 14 is made of aluminum, copper, or
aluminum/copper alloys. Contact pad 14 is electrically
connected to conduction tracks or layers formed on
substrate 12. Substrate 12 may also include active
devices, passive devices, and redistribution lines. A
solder bump or wire bond will later be formed on the metal
contact pad. Backgrind tape 16 is attached to the contact
pad side of substrate 12.
In FIG. 1lb, the backside of substrate 12, opposite
the contact pad side, undergoes a backgrinding process to
remove excess bulk semiconductor material and reduce the
substrate to a desired thickness. In one embodiment,
substrate 12 is made to have a thickness of 50-750 microns
(pm) . A metal shielding layer 18 is deposited on the
backside of substrate 12 by electrolytic plating or
electroless plating. Shielding layer 18 is made from
copper, gold, nickel, aluminum, or other conductive

material having EMI shielding properties. Alternatively,



aluminum/copper alloys. Contact pad 14 is electrically connected to
conduction tracks or layers formed on substrate 12. Substrate 12 may also
include active devices, passive devices, and redistribution lines. A solder
bump or wire bond will later be formed on the metal contact pad.
Background tape 16 is attached to the contact pad side of substrate 12. In

FIGy I, thebackside of substrate 12,QpRosite sthe,contact nad side; with
undergoes a backgrinding process to remove excess bulk semiconductor

mat8riaf ARd réaute’ e ‘SUbstiatBYo s tSirel tidkiéss n'one
embodifrenty substrates124s rmade tochavela thickness0f1504750 maierons
(prB)- Agpetal shielding layer 18 is deposited on the backside of substrate 12
by electrol¥tic Platin% or electroless plating. Shielding layer 18 is made from

copper, gold. nickel Aluffintin, ‘6P ofhier CordUaive matefidfh&FRG ER

shiefdingproperties 2 Alterhativelyd Festieidingvayer 18a¢am beia raétaldoil or
filmapplied with,apadhesivelaysr to the hackside of substrate k2.t ape,

Shieldin%garyer 18 can.also be made from conductive resin or e&)é% In FIG.
[ a

1c Wafer'fig 2FisTatach8a 16 e hackside “of Blibsfratd 12 With 3k Adhedive

layertWafey jigh20 cah becatade frohd glass, silicon, ceramic, heat resistant

tape, or ethermmatetial having-a coefficient of thernal expapsian gyatching
that of substrate 12. In FIG. Id, ba ksgtrind ta;lgg 16 is removed to expose the

the contac d side of -s o .. .
contict pad Side BF SuBSfiate 12° The WP 1G'is inverted in FIGs. 2a-2¢ such
thatthe The WLP 10 is inverted in FIGs. 2a-2c such that the

contact pad side of substrate 12 is facing up. In FIG. 2a,
notch 22 is formed along scribe lines by sawing or etching
substrate 12. RF modules or die 24 are attached to a first
area of substrate 12 with a plurality of solder balls or
bumps 25, e.g., using a flip chip interconnect reflow
process. The interconnect can also be made with copper
bumps or gold bumps. Similarly, baseband modules or die 26
are attached to a second area of substrate 12 with a
plurality of solder balls or bumps 25. Underfill material
28 is disposed under RF modules 24 and baseband modules 26.
The underfill material 28 can be made with epoxy, polymeric
material, film, or other non-conductive material.

In FIG. 2b, a platinum (Pt) seed layer is plated on
substrate 12, including notch 22, and further on the
backside of RF modules 24 and baseband modules 26, i.e.,
opposite the solder bump side which attaches to substrate
12. A shielding layer 30 is deposited on the seed layer by
electrolytic plating or electroless plating. Shielding
layer 30 is made from copper, gold, nickel, aluminum, or
other conductive material having EMI shielding properties.

Shielding layer 30 can also be made from conductive resin



contact pad side of substrate 12 is facing up. In FIG. 2a, notch 22 is formed
along scribe lines by sawing or etching substrate 12. RF modules or die 24
are attached to a first area of substrate 12 with a plurality of solder balls or
bumps 25, e.g., using a flip chip interconnect reflow process. The
interconnect can also be made with copper bumps or gold bumps. Similarly,

basebapd.modules or die 26, aye.attached toasecend area.of substrate 12

with a plurality of solder balls or bumps 25. Underfill material 28 is disposed
und8PRF Midddies 54 dhefBaS8band Makities 26. *Fe UHdarl mitsiiass
cani hbe niade with epoxyppelymericantatenafidim, rortother rorscondective

matgHal.1n FIG. 20,3 platinum. (R seed layer is plated on, subsyate 42,
including notch 22, and further on the backside of RF modules 24 and
paSEh ARG RO es 261 & bpHbSHE tH sORIE bt SdB WhIGH ARAchEs to
substrates <1 21LR shielding layer36 tis depositedRéntheésieed Fyerany
electrolyic plating, ot gleetrolesssplating= Shiglding 1 layer 30 is made from
copper, gIoIanié:kelz aluminum, or lolther cokr)wductivgzmaterial havigg EMI
shielding Broperties” Shiglding 187 30°¢an 3% be mate fr8r"gonalictive
resin8-orepoxys Shieldifid ¢ayer:30 fokowsnheledrtdurofr substrate 12 R
moges 24, wﬁh%&rﬂl@mwam &w?fmg@@%h*%@vggstégamgng
pattern does not cqver contact pads 14, leaving these areas exposed.
S et 0 Mol bt B At S B s T8 3 o2ty
encloseWIP 1Ol ks, stbstraté 123 RRmodalesr24cant bakebantdimbbules

26 slessceptact pads 14 siELGr2cs solderiballs oy bumps 32:ake fermed pn
layer 18 to isolate baseband module 26 from the EMI effects
from RF module 24. The shielding layers absorb and reflect
incident EMI generated by RF module 24. The shielding
layers 18 and 30 also function as a heat sink to dissipate
heat from RF module 24 and baseband module 26 to improve
the thermal performance of WLP 10.

An alternate embodiment of masking contact pads 14
is shown in FIGs. 3a-3c. An initial formation of WLP 40
follows the steps described in FIGs. la-1d, providing
substrate 12, contact pads 14, shielding layer 18, and
wafer jig 20. Again, the contact pad side of substrate 12
is facing up. In FIG. 3a, notch 22 is formed along scribe
lines by sawing or etching substrate 12. RF modules or die
24 are attached to a first area of substrate 12 with a
plurality of solder balls or bumps 25, e.g., using a flip
chip interconnect reflow process. Similarly, baseband
modules or die 26 are attached to a second area of
substrate 12 with a plurality of solder balls or bumps 25.
Underfill material 28 is disposed under RF modules 24 and

baseband modules 26. The underfill material 28 can be made



contact pads 14. The wafer is singulated by removing wafer jig 20. WLP 34
contains one RF module 24 and baseband module 26, while WLP 36
contains another RF module 24 and baseband module 26. WLPs 34 and 36
are each substantially surrounded on all sides by shielding layer 30 and
shielding layer 18 to isolate baseband module 26 from the EMI effects from

RF,mad L!J%c%?y ,T'ﬂ)% ﬂ}‘rix%'gir@g layers;ahsorp;apd reflegt /ipcident EMI
generated by RF module 24. The shielding layers 18 and 30 also function as
a HeAt Bk 18 Yi¥Gipate *leat from RF module 24 and baseband module 26 to

improve IheXheérmabpesfarimance of WLPa1GrAAZalterndte @mbediment of
ma&ﬂ%%&@%ﬁz@@dé%d\%@h&{& n FIGs. %@Sté%%}%d‘%@@é'%a@fs
W';_CP 40 fgllowsbthe steps d%scrlbed in FIGs. Ia—Ig, prO\gdllng substrate 12,
contadt patis T4 8RETING [RYer 18, shd Waker jig 205 Kgain the tontact pad
sidecoflsgbstrates 1Bs s facindg up. InBIGIi3a, notchn224s fermetualongrseribe

lines, by sawingsar stchingsubsteate; 12 R modulesordie, 24-are; attached
to a first area of substrate 12 with a plurality of solder balls or bumps 25,

i.e.. OEQFSLtﬁ.th? solder .ball side Whl%? aft?c es to
e.g., us(ng Ip Chip Interconnect retlow process. Similarly, base and
moditesortdiel26 are attachiedtoa sacoricared afr sgbstrate T2ewitheal

plurality-of-seldes balls-or,bumps 25: ;WUpderfll matgrial 28;isdisposed under
RF modules 24 and baseband modules 216 The nderfilégnatergall 28 cancpe
T e i

titani tungste TiwW). A.S in ayer oslte
made 9" With epoxy; polymenc material: fiim, orothef hon: condUctve

materiahdnFI&. b yaphotoresist layert4Z i depositedrartd patterrrsd over
coptact pads 141odselatg the.,contagt padsade from copper, gold,

nickel, aluminum, or other conductive material having EMI
shielding properties. Shielding layer 30 can also be made
from conductive resin or epoxy. Shielding layer 30 follows
the contour of substrate 12, RF modules 24, notch 22, and
baseband modules 26. Photoresist layer 42 is removed to
expose contact pads 14. Shielding layer 30 is formed to
join with shielding layer 18 to substantially enclose WLP
10, i.e., substrate 12, RF modules 24, and baseband modules
26, less contact pads 14.

In FIG. 3c, solder balls or bumps 32 are formed on
contact pads 14. The wafer is singulated by removing wafer
jig 20. WLP 48 contains one RF module 24 and baseband
module 26, while WLP 50 contains another RF module 24 and
baseband module 26. WLPs 48 and 50 are each substantially
surrounded on all sides by shielding layer 30 and shielding
layer 18 to isolate baseband module 26 from the EMI effects
from RF module 24. The shielding layers absorb and reflect
incident EMI generated by RF module 24. The shielding
layers 18 and 30 also function as a heat sink to dissipate

heat from RF module 24 and baseband module 26 to improve

10



from the subsequent shielding layer. A seed layer is applied on substrate 12,
including notch 22, and further on the backside of RF modules 24 and
baseband modules 26, i.e., opposite the solder ball side which attaches to
substrate 12, by plating or sputtering process. The seed layer can be made
with Pt, titanium/copper (Ti/Cu), or titanium tungsten (TiW). A shielding layer

30.s depositedh an-the sgedlaysk byrglegolytic plating or electroless
plating. Shielding layer 30 is made from copper, gold, nickel, aluminum, or

other cordiictve mateAar havif EMI Shdidifg B?gpgrﬂtie?%l‘ﬁ%ﬁﬁﬁ layer 30
camatso be madesfrom conductive resiesrépoxyt Shieldary layers30 follows

the:coptouref substrate 12; RF modules24,.notch 22, and.bgseband

modules 26. Photoresist layer 42 is re?mved to expose contact pads 14.
h

Shieldihg EYer 361 forntéd 16 bR Wil SRisiainy 16t 18 1 3ubstantdlly
enélbses\WAIR c10 iice  substratect2dRFomothies 2 rand baksebamddmodules

26 less.eontact pads; 14. lFlGe 3¢ solder balls-geburnps 34 are fermed on

contact ga,ds 14. The wafer is singulated by removing wafer jig 20, WLP 48
contaiis Bne RFTodlie 24 ant baSeband Hidddié 26, While WLE 5O 2"
contzing another R arodelies24 and- dvdsetzahd fmoddles26 PWiiPg 48sand 50
are-eaeh substantially ssugounded-qn allsidesdy shielding layer 3¢ and
shitequi(r)l kIlayer %gg iseolaé% baésse}padndfrinno%ulg 2(:?1 frr?m t@chI;/II _effecgg from
RF mod%ﬁe 74 PG Shididing Thyers absdrt and Tefledt incident EMI
geheratediay R atodulel24eThesshieldihg TeafErsviig anei30 atso fanctios as
a heahsink 4o dissipate Jheatrom R medule24 and haseband masiwe 26 to
”n%g%§a%9de, benzocyclobutene (BCB), PolyBenzoxazole (PBO),
or other insulating material. An under bump metallization
(UBM) layer 54 is formed over passivation layer 52 and
contact pad 14. ©UBM layer 54 can be made with a titanium
(Ti) adhesion layer, nickel (Ni) or nickel vanadium (NiV)
barrier layer, and copper (Cu) wetting layer. UBM layer 54
acts as an intermediate conductive layer formed between
metal contact pad 14 and solder bump 32.
As an alternate interconnect, metal contact pad 14
and wire bond 58 are shown in FIG. 5. Metal contact pad 14
is formed on substrate 12. Contact pad 14 is made of
aluminum, copper, or aluminum/copper alloys. Contact pad
14 is electrically connected to conduction tracks, and
active and passive devices if any, formed on substrate 12.
A passivation layer 60 is formed over substrate 12 with an
opening to expose metal contact pad 14. The opening is
realized by removing a portion of passivation layer 60
through a photoresist mask defined etching process. The
passivation layer 60 can be made with SiN, Si0O2, SiON,

polyimide, BCB, PBO, or other insulating material. A wire
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the thermal performance of WLP 40. Further detail of metal contact pad 14
and solder bump 32 are shown in FIG. 4. Metal contact pad 14 is formed on
substrate 12. Contact pad 14 is made of aluminum, copper, or
aluminum/copper alloys. Contact pad 14 is electrically connected to
conduction tracks, and active and passive devices if any, formed on

subgtrate 12. A passivationlayere2 is farmed.over substraten12 yith an

opening to expose metal contact pad 14. The opening is realized bgé
k

rerfigVirtf & poitioh’of pAssivatidhiay@dy 82 thrdiigh BpHbtbredist
definedzetching procesds.rEhéciiist passivdtior tayerss2 canibé snade iwith

silicon piride, £ Sil.silicon.dioxide. (Si02),.slicon oxynitride, (SION) anq
polyimide, benzocyclobuteneéBCB), POI%{IBenzoxazole PBO) o%other
institdting PhSterial. ARUKAE bEintp mystalation (UB Igf/)élfi 54%¢ formed
over passivation layen5Rrand scoifact pad thoUBMeaayer &4 candeimade
with-g titanigm ki) adhesion layer, nickel(Ni) ok nickel vanadiunk{NiV)

barrier Ia¥e5,4and copper (K%I;I) wetting layer. UBM Iag/er 54 acts as an

int&finadiaté condictve ByaF tolined befivaen Smatal Bontadt pad 14" d

solder BumpB2.9As arraltéhateniptercormedtemetal Eentact ipad ddo angbwire
bond 58 aresshewi kLFlGons Melad contaatpad 14, Js forped o substrate
121%9nt§ct pagilﬁi ,madF of ralij i{]rlljrr%,lcop er, or %I mi_num/rgzo e
alloys. Contact pa dsﬂl is e?é’cetrlcaﬁr;/ conne%te% t ccoanduﬁlocno?ra%gs,e and”
activeamd passiveidevicksdfahyr fothséd orsabstraterd 27 2A passivation
|ay§1ﬁk§&i$%@nﬁdh9ﬂ§r§é{ﬂ§gﬁt%alﬁméti‘l ap openmng e expose melakyt
l(;)yqet?ac taio%4'f<1-r eb%g%lgggdlsmgggqéquy removing a portion of passivation
Another embodiment of the shielded WLP is shown in
FIG. 7. WLP 80 includes RF module 82 and baseband module
84. WLP 80 is isolated from EMI by shielding layer 86 in
the process described for FIGs. 1-3 above. WLP 80 is
secured to substrate 90 with a conductive adhesive layer
91. The conductive property of layer 91 can be used to
ground shielding layer 86 to enhance the EMI isolation for
baseband module 84. Conductive layer 91 eliminates the
need for dedicated ground solder bumps or bond wires. WLP
80 electrically connects to contact pads 88 on substrate 90
via bond wires 92. Substrate 90 electrically connects to
other platforms, e.g., chip carrier substrate or printed
circuit board, via solder bumps 94. WLP 80 is integrated
with circuit module 96 in package 98. In one embodiment,
circuit module 96 is a memory module. Circuit module 96 is
attached to WLP 80 in package 98 and electrically connects
to contact pads 88 on substrate 90 via bond wires 100.

While one or more embodiments of the present

invention have been illustrated in detail, the skilled
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through a photoresist mask defined etching process. The passivation layer
60 can be made with SiN, Si02, SiON, polyimide, BCB, PBO, or other
insulating material. A wire 11 bond layer 62 is formed over passivation layer
60 and contact pad 14. Wire bond layer 62 can be made with Al, Au, Ag, or
Pt. Wire bond layer 62 acts as an intermediate conductive layer formed

between metal coniaet pad-14 and, wire bond-28. Bond.wire.64 connegts to
wire bond 58. FIG. 6 illustrates WLP 70 without backside shieldin %alayer 18.
€

Shigldirity iy er™50 SoVars Subktiate 12 RF " mdtiile S ARG b
module26;fas showre ske absesicel of shielekrig fayaerhl8 simmiplifies the
magyifagturing pragess. FIG. 6 also shows that shielding layer 30, and
likewise shielding layer 18 in FIG. 2c, can be connected to ground potential
through redistribution line 72 in substrate 12 and solder ball 32 to further
enhance the EMI isolation for baseband module 26. Another embodiment of
the shielded WLP is shown in FIG. 7. WLP 80 includes RF module 82 and
baseband module 84. WLP 80 is isolated from EMI by shielding layer 86 in
the process described for FIGs. 1-3 above. WLP 80 is secured to substrate
90 with a conductive adhesive layer 91. The conductive property of layer 91
can be used to ground shielding layer 86 to enhance the EMI isolation for
baseband module 84. Conductive layer 91 eliminates the need for dedicated
ground solder bumps or bond wires. WLP 80 electrically connects to contact
pads 88 on substrate 90 via bond wires 92. Substrate 90 electrically
connects to other platforms, e.g., chip carrier substrate or printed

13



circuit board, via solder bumps 94. WLP 80 is integrated with circuit module
96 in package 98. In one embodiment, circuit module 96 is a memory
module. Circuit module 96 is attached to WLP 80 in package 98 and
electrically connects to contact pads 88 on substrate 90 via bond wires 100.
While one or more embodiments of the present invention have been
illustrated in detail, the skilled 12 artisan will appreciate that modifications
and adaptations to those embodiments may be made without departing from
the scope of the present invention 55%8%3orth in the following claims. 13
Claims What is claimed is: 1. A wafer level semiconductor package,
comprising: & substrate;.a first shielding layer applied to a first surface of the
substrate; an RF module mounted to a first area on a second surface of the
substrate opposite the first surface with a plurality of solder bumps; a
bageband medale droumtedania sedondoarez ohdhe, secopdisurface of the
substrate withya pluyrality of solder bumps; and a second shielding layer
covering the second surface of the substrate and RF module and baseband
module, Wheréin- the frstahd sscond SRielding laYets substafitially Sovar the
waférelevebsemiconductor package to isolate the baseband module from
electromagnetic ipterferensegenerated first area on a second

surface of the substrate opposite the first surface with a
plurality of solder bumps;

a baseband module mounted to a second area on the
second surface of the substrate with a plurality of solder
bumps; and

a second shielding layer covering the second surface
of the substrate and RF module and baseband module, wherein
the first and second shielding layers substantially cover
the wafer level semiconductor package to isolate the
baseband module from electromagnetic interference generated

by the RF module.

2. The wafer level semiconductor package of claim 1,
wherein the first and second shielding layers are made with
a material selected from the group consisting of copper,
gold, nickel, aluminum, conductive resin, and conductive

epoxy.
3. The wafer level semiconductor package of claim 1,

wherein the first and second shielding layers are deposited

by electrolytic plating or electroless plating.
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by the RF module. 2. The wafer level semiconductor package of claim 1,
wherein the first and second shielding layers are made with a material
selected from the group consisting of copper, gold, nickel, aluminum,
conductive resin, and conductive epoxy. 3. The wafer level semiconductor
package of claim 1, wherein the first and second shielding layers are

deposited Ry glecirolytic plating Qrelectroless.plating. 14 4-Thewafer level
semiconductor package of claim 1, further including an underfill material
dispEseRfindEf s RE modifie dnd basBBaRt Mbdue 5> PHe tdfer 1608
serlicondudtor patkage bbotaimpdy farther including a seed layer deposited
on the substrate prior to the second shielding layer. 6. The wafer level

semiconductorgackage of claim 1, wherein the first and second shielding

lay@ts aré SleticAlly e8hnettdt SRY GrotRd&d thdtighthe sabStrate. 7.

Théwaferdevetsemicondustordpadckage dfretaint 4¢ fontherdneludingcontact

pads farmed on the subsiratg; which aredevoid of the second shielding layer.
8. A semiconductor package, comprising: a substrate; a first electronic

module mounted on a first surface of the substrate; a second electronic
mddule nibantetfen the'irst ssurface &f the sulsstikates acfirst Shielding layer

coverng thefirst surface 0fs the substrateand firstiand second electronic

modules; and
é&ectr%cally connected and grounded through the substrate.

7. The wafer level semiconductor package of claim 1,
further including contact pads formed on the substrate

which are devoid of the second shielding layer.

8. A semiconductor package, comprising:

a substrate;

a first electronic module mounted on a first surface
of the substrate;

a second electronic module mounted on the first
surface of the substrate;

a first shielding layer covering the first surface of
the substrate and first and second electronic modules; and

a second shielding layer applied to a second surface
of the substrate which is opposite the first surface,
wherein the first and second shielding layers substantially
cover the semiconductor package to isolate the second
electronic module from electromagnetic interference

generated by the first electronic module.

9. The semiconductor package of claim 8, wherein the

first shielding layer is made with a material selected from
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a second shielding layer applied to a second surface of the substrate which is
opposite the first surface, wherein the first and second shielding layers
substantially cover the semiconductor package to isolate the second
electronic module from electromagnetic interference generated by the first
electronic module. 9. The semiconductor package of claim 8, wherein the

first,shielding layerissmade witha material selected fram 13 the graup
consisting of copper, gold, nickel, aluminum, conductive resin, and

colAtEtve BhoxyS 107 TIE SeffitoRaLEIS FaCkAge of claim 8, wherein the

first shielding layer is deposited by plating. 11. The semiconductor package
of elgim &nuherginthe, firstelectronic medule is;an RF medule,apdthe
secand electronic module is a baseband module. 12. The semiconductor

patkags ot ti&im g further“incfuding’s Seed Ry eP tipdiited on the substrate

prior to the first shielding layer. 13. The wafer level semiconductor package
of glaim &nwhergin the firstshigldingJayst is-graunded fhrough the o
substrate. 14. The wafer level semiconductor package of claim 8, further
including Contact pads farmed onthe stibstiafe’ Which are devoid 8 the first
shieldingdayer. 15dAlsemiconductebpatkagedy tomprising: a substrate; a first
electronic module mounted on a first surface of the substrate; a second

electronic module mounted on the first
1&. Tgé semiconéhctor package of claim 8, further

including a seed layer deposited on the substrate prior to

the first shielding layer.

13. The wafer level semiconductor package of claim 8,
wherein the first shielding layer is grounded through the

substrate.

14. The wafer level semiconductor package of claim 8,
further including contact pads formed on the substrate

which are devoid of the first shielding layer.

15. A semiconductor package, comprising:

a substrate;

a first electronic module mounted on a first surface
of the substrate;

a second electronic module mounted on the first
surface of the substrate; and

a shielding layer substantially covering the

substrate and first and second electronic modules.

16. The semiconductor package of claim 15, further

including a second shielding layer applied to a second
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surface of the substrate; and a shielding layer substantially covering the
substrate and first and second electronic modules. 16. The semiconductor
package of claim 15, further including a second shielding layer applied to a
second 16 surface of the substrate which is opposite the first surface. 17.
The semiconductor package of claim 15, wherein the first shielding layer is

magle-with.a mpaterial selected frof sthe group,consisting,of egpper, gold,
nickel, aluminum, conductive resin, and conductive epoxy. 18. The
sefmicdhidGctor package of claim 15, wherein the first shielding layer is
deposited by plating. 19. The semiconductor package of claim 15, wherein

the first eigctronic module-is-anp R medule and thesgcongd .electronic
module is a baseband module. 20. A method of making a semiconductor
palkag§s, Tomprising: 1oiming & 365t aie: mdufithg an RE MGEGiE oA S first
sutfaeeofthe sabstrate nmovntimpadraselvaid moduikelonaherfirstsurface of

the-substrate;cand forming a first.shislding laysg.covering the first surface of
the substrate and RF module and baseband module to isolate the baseband

module from electromagnetic interference generated by the RF module. 21.
Thédmethdek of elainr20y furthe pinctadingeformingra 1secorid shieldigelayer
applied to &, secand surface of theeposited by plating.

19. The semiconductor package of claim 15, wherein the
first electronic module is an RF module and the second

electronic module is a baseband module.

20. A method of making a semiconductor package,
comprising:

forming a substrate;

mounting an RF module on a first surface of the
substrate;

mounting a baseband module on the first surface of
the substrate; and

forming a first shielding layer covering the first
surface of the substrate and RF module and baseband module
to isolate the baseband module from electromagnetic

interference generated by the RF module.

21. The method of claim 20, further including forming a

second shielding layer applied to a second surface of the
substrate which is opposite the first surface, wherein the
first and second shielding layers substantially cover the

semiconductor package.
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substrate which is opposite the first surface, wherein the first and second
shielding layers substantially cover the semiconductor package. 17 22. The
method of claim 20, wherein the first shielding layer is made with a material
selected from the group consisting of copper, gold, nickel, aluminum,
conductive resin, and conductive epoxy. 23. The method of claim 20,

whegein thedfirst shielding layerisdeppsited:by plating..24. Thedngthed of
claim 20, further including disposing an underfill material under the RF

nuﬁﬁﬂS%uﬁfbﬁ%%%a%%F?nSdﬁﬁﬁ%ﬁfal selected from the group

consisting of copper, gold, nickel, aluminum, conductive

resin, and conductive epoxy.

23. The method of claim 20, wherein the first shielding

layer is deposited by plating.
24. The method of claim 20, further including disposing

an underfill material under the RF module and baseband

module.
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