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 particularly, to a semiconductor package which reduces
electromagnetic interference between semiconductor devices. Background of

the Invention emiesREustIRISRIEREGH Caligy Ne: B BFProducts used in
modern societ%gSemiconductors find z%fflications in consumer items such as

entertaMTMEnt, CoMMUNICATONS, NEtWOTKS, COMPUTErS, CaTtTar PRONES,

two-way pagers, laptop computers, personal digital assistants (PDAs), and

music players. In the indugirial Prazormaersidlmarkgt, semiconductors are
found in military, aviation, automotive, industrial controllers, and office

equipment. The manufacture of semiconductor devices involves
formationfokamwaferiaving<a piuralite of tdfes. Eachliecontams hundreds or

thausands,ef trapsistors agd-ether active-and passive gdemjces pesforming a
variety of electrical functions. For a given wafer, each die from the wafer
typ?géél/fycﬁg%?rtr%rtﬁ)eaggﬁ%e eldtificar fintiioh. Frontedd Misdfacturing
generallyf refers to fetrmation withecsemicondyetor devices on the wafer. The
finished wafer has an active side containing the transistors and other active
and passive components. Eack-e d ma ufa(iturinlgtr_efers to cutting or
singulating the finishe wa 8ff’n‘f8%h?a |n%'\ﬁdu3?'8|e and then packaging the
die for structural support and/or environmental isolation.

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 interference

(EMI), the semicopduciorpackages foundinbe prier afhave used shielding
or insulating film in leaded or ball grid array (EGA) packages, such as found

in G'patehte 5838748 T7TIE8744Y ahidf 7187660 Hovider; 1688 tior art
designstypically provide lonlyssartiat shielding; whigh limitsdhereffoctiveriess

O_f %@Y;%&@@EQ“opergwt@%%@y \Miigﬁh%]&f&&\éﬂgi@“éﬂg for higher
CIrCLiIt integration, the space efflgletnmes andtelectrlcal artug1 thermal
peftormance shRater Vel Packibes LR aid fify chiy patRages make
theseepatkages everanbee popudar Yet; because oktheir sinigietaydut and

stryeture thererare, feywpracticab EMlseltionsfor hybrich WLR or flip chip
packages. A need exists for an effective EMI solution for WLP and fli

chib“ﬁaél?aeééeé%%n{%?ﬁg F&?%n%eﬁég%%ﬁ8téi‘%-”aﬁf‘s‘?1§?r%?n£€yu8fjthle“ the
Invention artimene embodimentdthe peesansintention iSid wafer leyeled
semiconpductor packags, copmrisipg & sybstrate andia first.shieldingslayer

applied t0 8 st syyface ph e substiate, AR RE madule Js mounted fo a firs
area on a second surface of the’substrate opposite ETirSt surfacé with a

pluraligrofssldés biempst Arbasebandrnovddte S momrrtetiola Secokiiaka

onthe secong surfage efithe-substrateswith aplukality of soldechumps. A
second shieldipegflagler covers the second surfgce of thﬁe su strﬁte and RF
Furt

module and basebahd’madu e.tFﬁe?ﬁgtw and second s ijeﬁdlnlglg aeyrers

sulsstaritiailyicoverthelwaferclevet Bepticohtiueienpackage dossslate the L
basebanddredule from electremagnetic intedesenge gengrategiby) thenRE

n“%%ﬁ%'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
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In another embodiment, the present invention is 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 first shielding layer covers the first surface of the substrate
and first and second electronic modules. A second shielding layer is applied

to a;secand suiface of the-substrateswhich is opposite Jhedirst syrface, (the
first and second shielding layers substantially cover the semiconductor

paRagEoTE6TatE thBSEeHhd Bkttt Hiodufe fromt eféctibhaiistic’
intetference geheyated bylthedfirst eléctronicemodute wvatfen anotier

er@&@mﬁ{&u_m%prgé%@gw%i%&1%@@%&9@%@59@%@991@@9%ng a
subsltrate. A first electronic n%odule is mounted on g flrsktlsulngace of tlhe

substrate. ALeLohtlelcetianic madhIe i rotntad oh e first S9F4EE of the
substratel A shigidig kayersubstantialy covess tite substiaterand first and

secend electrenicrmodulese cokpanother emhediment. the present invention
is a method of makingea semiconductor pacl%a%%tcom rfising tohe steéos of

forming & SUBStFALS ‘mounting 4R RE Mddhlé on°A firsf $Giace of the

sulsstrate; aheuntihgsa basebakrtmodule orrthe €irstssindace of the dulsstrate,

and fouming, a-first shielding layer-covering the first surface of thesuhstrate
and RF module gnd baseb%nd mogulehto is%ate the basgbgnd module from
h 1 T

electromagnetic inferference generated by the RE module.” Brief Déscription

of thecDrawiRgs t ronf G ldsiustrateinitidl stabesléhforhration of a WLP;
FIGsp2a=2c Hlustratedater stagesef formation of the WEPwithEM shielding;

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.



FIGs. 3a-3c illustrate later stages of formation of the WLP with a photoresist
layer on the contact pads; FIG. 4 illustrates further detail of 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 Descrigtion_ of the Drawin The present invention

is described in one®FFbrBEifboRMRS ngglﬁ?\ﬁﬁfbgﬁescription with

reference to the Figures, in which like numerals represent the same or similar

elementsgY¥hile the inventiqn is described; it teyms, of the best mede for £
achieving the invention's objectives, it will be appreciated by those skilled in
the®aftthat it is intended to cover alternatives, modifications, and equivalents
as may be includeeswithin e spiritsamd 'seopetef thes rentioh asmdefined:by

the,appgndgdclaims ang their equivalents as supported by the following
disclosure and %I‘IangiPQBSé—3c illustrate later stages of formation
of the WLP with a photoresist layer on the contact pads;

FIG. 4 illustrates further detail of 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 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 one or more
electrical functions. For a given wafer, each die from the wafer typically
performs the same electrical function. Front-end manufacturing generally

refers, ta formation.of thesemicanductor devices, onthe wafer; The finished
wafer has an active side containing the transistors and other active and

padSive ComPorHis Backend MiaRGfactaring Teféfs F cliting or singulating
thesfirishetbwafénmto thesndiiduakbdieland thehgpackagihgthe diecforthe

strycteral syppoghandiar.envirenmentalisolation.. » ; A semicandyctor wafer
general%/ includes an active front side surface having semiconductor devices

dispodad tHETeBAT ahd 4 BadkSids Rotface fored Wit bafik 88mic8nddctor
materak egc ositicon oThe<attivesfront side safface cAhtaids aipluedlityedfer

semicondugtor die. Theactive surface isformed.by & vadenaf ocner
semiconductor processes, includinrg layerin ,1Patternin , doping, and heat
activ an%§F551ve components;:. B d: —end mta ytact rlngv
treatment. I ayering process, semiconductor materials are grown or
depesited drethristbstrate byitechhigues invelving: thémdalexigationt o
nitridationa¢hemical varor depesition, Lyaparation, angs sputtering. Patterning
involves use of photolitho%r;lacppg/ to mask areas o{ the surface and etch away

tructural s ort . environmen solation. ..
undEsired materialto form Spedific strictures The doping process injects

concentratiors of doparitmaterialby thermal diffusidn & dortimptantation.
The.agtivessudage-is substantially plananand uniforme with electdgakeq

intetilceornnoencts.a g Sokgggksselrgié:ondrufcggr pggkgggswcioq}agb E)gseband circuits
for baseband signal processing. xampﬁes of ' badeband circuit includes a

micropreeesser, analetrtotdigitad ednvertel digital t6 ehalegconvierter;

mesneky, £entkellogic and analeg anaplifier. Qthersemicanduston packages
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



contain radio frequency (RF) circuits for RF signal processing. The RF circuit
may include an RF amplifier stage, modulator, demodulator, and oscillator. In
one embodiment, the RF signal processing circuit receives RF signals,
downconverts, and demodulates the signals to baseband signals. The
baseband signal processing performs amplification, signal conversion,

Stoéé%a@H%%Qﬂ!l%%%@?e!%%el@@m signals. s f'@rs‘?@“es%ﬂl!ﬁaﬁons’ such
as cellular phones and wireless computer networking, both RF circuits and

ba8&65haTifits AR réquifed 18 gerforn HifnEcsssan/Eledtiicaltinttions.
Duettosde nmant: fortinte grétion] thetRE, cirguitoandBasetyand Tircoits are
somgtimessontained kr-asingle hybrid semiconductar package., Elowever, it
IS necessary to isolate the baseband circuit from the RF circuits because the
RGeS et SIeetroragnefi8 interfsianca (EMN 6r Slcttfornaghetic
wavessEMW s Wwhichscan Sdvepselaffacisthmeperationr of the haselband
cirgyit1 i £ iAQRWAr semiconductar-package:styleis, the.walerlevel package
(WL_PQ or fli bchig packa%e. The WLP and flip chip packages are commonly
us&d with fntegrated &itéuits (1ICs) demanding high speed, high density, and
greater pimceant Fire WEPCihvolves ntdunting @hlaétive rireassf adie face
down-toward achipcarrigr skbsirate orgyintegkcirguit hoatd {REB): sE¥ina
active area contains actjve g\nd passive devigs, conductive I%erts, an
dieledtric 1ayers according fo the Biectical desigh of the dre.Gn one dié, the
active antbpassivevdevieesarerde sighated $or RFE signdlprotEssingruat s
angtherndies the active-and passive devices-are designatediforbaseband

si na}IDErgcessing. T(ye glectrica[kand meghanical int.etrconnect is achievted
throﬁg *a sorder Bﬂmupcstorﬁcﬁ?r% ggr%brisw?éq %Vl%rrgelnurﬁﬁe?%(felﬁaﬁlﬁualo
conduétive sbiderrbanips or ballsu iAltérmratively, thie interconedtcaribe

made-with eeppetbusmps of gald bumpseThe solder hurapsaresfarmeson
bump pads which are dispose the active area. The bu pads connect
ppiidiar it ret sy M e el e g
solele? Umps a@re éleethicaliPesAnettsd id eontact pads on the carrier
substratenby acsalder seflowcpracess: The fligehip semicgnduetarqrackage
pravides a short electrical conduction path from the active devices on the die
B o et 10 e e 1158
propagatio T Nevrs caFacitaes land aehieve bveralk petier tircticuits
perfosvpngenand flG % 1grid dhustiate, crpssisestional views;of the initiah
formatiocn of LPM;%?ckagfe 0. In FIG. la, metal contact pads 14 are gprmed

cQunt. he involLve mountih n ac ve rea of a le
on silicon wafer substrate 12. fontact paaglﬁ is made ofaalumlnum, copper,
or ARfAirftATcoppEralicysCBntactpad 1231ikleehfcdlly esrnéeted to
conduction trackssor fayers fotmedsen subsitaie Lansubstate 4 2vmaynalso
include active deviges. passive devices, and redistribution ines. A solder
bump or wire bond will later be Iformeoi’;1 8(1 the metal contact pad. Bgcekg'rind
tapE- 2618 ditactied {6 tive eohtacrpad sideof Substmate 2.  INPRGINS the
backsideafisubstrate-12 s oppositeithescentach pathsigdes undergressa gnal
bac%g@ng’iggn%roc%ls to removye excescshbulk §emicon uctor mate@al and

. r le, e adacltlve an Passive vices

reduce the substrate to a desire tﬁlcklness. In one em oglment, substrate 12
is Matie’ P have £ thiERAeSs BT BT 50 HiIcrong (i} SA Hetal SHielding layer
184s deposited andhediackside of isuhstratent?2 byielectiolyie platng ogh
electroless plating, Shislding laver, 18 is made from copper, gold, nickel,
aluminum, or other conductive material having EMI shielding properties.
AHéﬁ;ﬁé’Lﬁ}é}]y?l conductive solder bumps or balls.
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shielding layer 18 can be a metal foil or film applied with an adhesive layer to
the backside of substrate 12. Shielding layer 18 can also be made from
conductive resin or epoxy. In FIG. Ic, wafer jig 20 is attached to the
backside of substrate 12 with an adhesive layer. Wafer jig 20 can be made
from glass, silicon, ceramic, heat resistant tape, or other material having a

cogfficient-efithermaligxpansiop matching that of syhstrate d2.cop o FIG. Id,
backgrind tape 16 is removed to expose the contact pad side of substrate 12.

TheWRP 10 i€nTetBERR FICS 282 SR RRE 7 Gontadtphad Side 8F
subpsiiate'i 248 facigupris EGo2a; oteh 22 s forered aldrg 'seribedides by

sawing, or etehing,substrate. 12; R, madyles ordie-24 arerattaghed o, first
area of substrate 1fZ wkilth %Plurali% of so{der b%IIs or bumps 25, e.g., tﬂsing a
flip°Hip iRtérconnect réflo process THe fMtercORRSctEan alss befrade with
coppenbahses or gotd turnpsaSimilarlyhbasebahermodedées ordie26 are

attached.to.a second.-yeaqf subsgtrate 12 with.a plurality. of solderaalis, ge
bumrps 25. Underﬂll material 28 is dis(pos&ad under RF Igng_cdules 24 and .

baS&hEAd MoauTes 26, THe lhderill hraterial 28"cai b made With 856%yC
polyeverie materidlsfiin ok otlvermdonicomductae materighe calprERG. 2b, a

platingin LPt-seed Jayer-is-plated.on substrate 1.2, jacluding, noteh <2, and
further on the backsi%e é)thF modules ?411 abned baseband modules 26, i.e.,

opposite the Soldef Burp side WHich atiaches to substrate 12. A shielding

layer 30risrdepesited on the seed layer by electrolytic plating or electroless
plating. Shielding Jayer 3@ is shadedromeapper: ld - nickelAlusringm, or
o g Tl oy £ sheiis pppates. Sheking fver 2
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,



or epoxy. Shielding layer 30 follows the contour of substrate 12, RF modules
24, notch 22, and baseband modules 26. However, the plating pattern does
not cover contact pads 14, leaving these areas exposed. 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
14shie i ENG. 22, splder balls or bumps 32 are forned:an, coptactpads 44
The wafer is singulated by removing wafer jig 20. WLP 34 contains one RF

; er |

mctuIB X Bhdhage5and mbBEIS 26  tfife WL 38 EbAtEinS Another RF
maotule 24 andsasebard raodales 260¥WhP€S<34 ard 86 atecdcts substantially
sureupded on all sides by shielding layer 30 and shielding layer 18 to isolate
baseband module %6 fromfthe EMI effects from RF moduleh24. The shielding
layers absBrb and reflectinEldent ENMT gehetaléd By REModuIE 22 THE
shiefdingdayess 4 8land Bhakso aictiorvas &heat sirfefedissigateheatfrom
RA-magile 24 ghdfpaseband medyle 26t /mprove-the-thermal perfappance
of WLP 10. An alternate embodiment of masking contact pads 14 s
shOWn h FIGE=3573E AR itiBP fomTation of WLP 40 followdthe dteps™ "
deserilvedin FIGs. lafdidspkovidirig stibstrate 12, contact pads 14, shielding

layer 18, and-wafer jig 20, Again, the gontaet pad.side-pfsubstate 2 is
facm% up. In FIG.p%%, %%Eﬁ;h 22 is f%rsrged anQg scribe lines by sawing or

etching SUbstrate modulES OF dié 24 afe attached to a first area of

substrateTh2 With alpluralityrofesdiger ballsiéisbuAtps’25sedd:, sirtg Bffip chip

intergonnactgefiow procass pigrilarty hasaehand madulgs.or die 26Are o,
attacheg tg a sec:?nd aréeaa%f substrate 12 with a Blurali;tyiof solder b%lls or
5. eria

burrﬁoptsC EJnldSer it ma oi?issafsboeseldlﬂﬁ er RFE Moddles 24 and 7

basebahdahedutes 2B Treduhderfilk nthiterial 28rcar beariade Witk eposs/
polyraerie matesialfilna, orothemnangonductive nateyialaer M FHG.3b, a
photoresist layer 42 is deposited and patterned over contact sl4to
iso%ilt%pt?mg ééntea'c?.I b’adlssflrré% ?h(z:-f %h%s%%lu%n]t% eléfl%l?rrfé] ?gg%er%%,g %géd layer is
appliedresubstrate 12e isclodi iy netch 22 ankkEfuriser o the dsatkside of
RAomesiules 24andhagehand medules,26baseband 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
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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 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.shiglding layer 39, canalsg.he made from
conductive resin or epoxy. Shielding layer 30 follows the contour of substrate
12 5B hddiies 24, FiotfR™22 25nd baskibat ffodaRs 26 5BRotsrelistiager
42 3% renioved to- exposerderitact padst b4 nShieldinglayer 3 issformed to join
withshielding layer 18 tosubstantially snclosg WLE, 10; hensubsiates32, RF
modules 24, and baseband modules 26, less contact pads 14. In FIG. 3c,
soltier BAIEEr bamiss 32°4re formed Oh " Contatt pads 14. THEWARS iR Y
singutdteskeby r8midving \wafergigp20r WeP143 containgudre RE meddle 24 and

bagghand mogduig, 265 while WLR 20.containsanother RF module 24 and
baseband module 26. WLPs 48 and 50 are each substantially surrounded on

all sides By shieldin§ laysr 36 andf shiglding TaR? 18 t6' soldte B&SeBand
modulée 26- fromi thé EM| Bffects from RF rhodule 49 Thie shieddineclayefsr
abseth apd reflest incident EMLgenerated:By RE madule; 24, Jhe.shielding
Iayersé}jgearzlg 30 also function as a heat sink to d|SS|Eatenga!‘L fr?ﬂ RF

moiiE 74 ARt Baseband modufe 2615 improve the thefhal performanice of
WtR 2Rand medkeér detail ofhietal éomtactpad 1 andrsolder bump 82 dre
shewn:in itz 4 oMelah cantact pad ddiisfermed apsubsirated 2nContacly
pad 14 is made of alumijnum, copper, or aluminum/copper allgys. Contact
Pad i/ is aloctiicaly SBAREEIS 15 oriiation GAcke And Kotkiband pacive
deviees iRanyforired ‘On stibstrale 4. 1 passimatiortkager s 2 iforeidd over
substrate-12 with ap-epening to exposesmetal cantactpadsi4e Thengpening is
realized by removin rtion of passivation layer 52 through a.photoresist
mask a5fnad eXahing pracese s Tirek asavaion I5Uar 52 can be fiade
withesificén viitritie (SN SilicorraibXidé 13202) Msiflicen 3y nitidenfSION),
polyimide,.ckenzogyslebutene éBGE)yRolyBenzoxazole (PBC)), or other
insulating material. An under bump metallization.(UBM) layer 54 is formed
over passtn I8y 655 ST Eart ped T UGN 1 & oo B riade
withsa sitgrmium {ThHadhesiandayer Aricke - (Np orfriekeFanadiumi(RNivy barrier
layes, apd Lappers(Culwetting layer. LB layerib4 agfs psan intesmediate
condutive Javer formed betwoen mefal ontact pad $4,and splderbump 32
As‘an alternate interconnect, metal cohtact pad 14

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



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 ngtal contaet pad;14..Lhe opening.is fealized y.remoying a portion
of passivation layer 60 through a photoresist mask defined etching process.
The PEEEvATENn T8VEF 66 can be made with SiN, 5i02, SION, polyimide, BCE,
PBC, or ather insuldtingematetiak &% wite loonrd ldyeri62 dspormeddverd
passivaliondayst 60 and contactpad14. Wire;bondJaygr 62.¢an be made

wit? Al, Al%l, Ag, or Pt. Wire b}(la,nd Ia%/er 62 acts asAan intgrmediate, conductive
layet 0rmed BetwSSH Pstal tortact fad B4 and wird¥5oha B8 Borid wire 64
conpedts=td wireshbndBs8.e 1 2FGne ilhgstnatesoWALP 70 withd uf badksiden

shiglding-laysr 48. Shigldingdayek 30.coverssubsirate kdqRFmadule 24,

and baseband m(%dulte 26, aﬁg,hov%nﬂhe absence gf s@itelding Iaé/er 18
simplffigs & Riandractaning process. = SHIG. B'akd Sidwsthat sRielding
layer!30; arict likéwise shielding layersk8 it F G 2o carelse corfiected4d

ground potentialthraugh.redistribution:ing /2 /in-skestrate; 12.and selder ball
32 totfurther enhance the TEM isolgtio:;lforlgaseb nd module 26d Ar%%ger
embodiment ofthe siidlded W p is Shownin e 7 WL sthinciidss

modulé82 apgchasesanédmedeale-84L WILP 80 i isulated frony EMIEbYS

shigldinglayer 86:iumthe grocess-described for HGsy 1-3ahave. QAP 80 is
securq(d tlo suE)strate 90 with a conductige adhesive Ia¥er ],éTh,e conductive
nicke alu at 1la 8

property of Iayer”@f%%’n be uostehaefo (é?cr)luﬁccits Ygld?ng ayer 13 'érthance the

Emihiselaticreforioaseband modle 841 Conductive fayer 9k efiminates e
need Jar deglicated. graund solderhigmps oshonddawirgs: WP 80 eteatrically
connects to contact pads 88 on substrate 90 via bond wires 92. Substrate 90
ele%:[%relceflfi1 ESHﬁe?:#s 6Jq8ﬁ1§§ra%l%t o%nsﬁ,‘}t e.Iﬁ?,d&ﬁ%scgr%brns%%%ra%’oraf)ﬁnted
cirégit doaird, VirdsoRkier BumpsSigsonaP 80 istintegraded withewceit rrodule
96 dn packagem98cIin paeembodiment; aireyit Mmodules H61is aBrRPAry o
module. Circuit module 96 is attached to WLP 80 in.package 98 and
clobtiCaly SonECtS b oA s o o QLA 00 Y18 ot ArSe1 00,
WHife ohefor moteerbbelimént&ofthe present, 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
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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. Claims What is claimed is: 1. A wafer level semiconductor package,
comprising: a substrate; a first shielding layer applied to a first surface of

ﬂ“%ﬁgb§“@y%al 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 substrate 12.
A passivation layer 52 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 52
through a photoresist mask defined etching process. The
first passivation layer 52 can be made with silicon nitride
(SiN), silicon dioxide (Si0O2), silicon oxynitride (SiON),
polyimide, 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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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 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 firstand seegndcshigldingayers substantially. cover.the wafer
level semiconductor package to isolate the baseband module from

eleCHmagneiic inferferbhice GERErdRY By the RE miGdliRs 2" The Wafer level
semicoAductor gackage. of claindl L wdrereqt the fissteand seconek skielding

layers aremade.with.a material selected frem.the.greup copsisting of.gopper,
gold, nickel, aluminum, conductive resin, and conductive epoxy. 3. The wafer

lev&l 52nmicBRduttor PaBKagd ot dlaint & Witerein thé first 8Rdsedond
shieldingHagersarid depositedshyslectfolytichplatingorkeledtrotess pleting. 4.
Thewaterilgvel semicandyctor,package of claim 1y furtherincludigg an
underfill material disposed under the RE module and baseband module.
module 24, and baseband module 26, as shown. The absence
of shielding layer 18 simplifies the manufacturing process.
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
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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5. The wafer level semiconductor package of claim 1, further including a seed
layer deposited on the substrate prior to the second shielding layer. 6. The
wafer level semiconductor package of claim 1, wherein the first and second
shielding layers are electrically connected and grounded through the
substrate. 7. The wafer level semiconductor package of claim 1, further

including.contact pads-formed oprhe substrate,which aredevoid:ofithen s

second shieldin%la rer. 8. A semiconductor package, comprising: a
subSrat s SARPSTEIRRIOIE EGuE HouRtEd oI a1kt sttfate o the e
Subsstrate;of taseeponscelectonic modulesmountédonmn the firsiesurface of the

Su@%ﬂ@@%ing claims.
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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 glggifgaic module. 9. The semiconductor
package of claim 8, wherein the first shielding layer is made with a material
selected from the group consisting of copper, gold, nickel, aluminum,
comdactive resimiagd cenductive epoxy. 10. The semiconductor package of
claim 8, wherein the first shielding layer is deposited by plating. 11. The
semiconductor package of claim 8, wherein the first electronic module is an

RF modufe %hid-the §86ond BlecrBAi id e & ¥ BaseBaRt Modtie.

a 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 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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12. The semiconductor 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

deyoid ofthe first shielding @@hc%ﬁdﬁc%‘%mi%@%‘étg package, comprising:
a substrate; a first electronic module mounted on a first surface of the

SUbSEARS™ 15 5BEONE EfeCHIITE Midduleriduritéd B g st &itacé bt the

sub&tratelule and baseband module.

5. The wafer level semiconductor package of claim 1,
further including a seed layer deposited on the substrate

prior to the second shielding layer.

6. The wafer level semiconductor package of claim 1,
wherein the first and second shielding layers are

electrically 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 shielding layer substantially covering 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
shielding layer is deposited by plating. 16. The semiconductor package of
claim 15, wherein the first shielding layer is made with a material selected

fropy, the, group consisting of coppsr,gold, pickel and,aluminym,; 1.4, The
semiconductor package of claim 15, wherein the first electronic module is an

RESHEHLTE afid 1T S8cont eleRBOMTE hEdaR € baseband module. 18. A

method of making a semiconductor package, comprising:

10. The semiconductor package of claim 8, wherein the

first shielding layer is deposited by plating.

11. The semiconductor package of claim 8, wherein the
first electronic module is an RF module and the second

electronic module is a baseband module.

12. The semiconductor 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;

a shielding layer substantially covering 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 shielding layer is deposited by plating.
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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; 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; and
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

layets subStaritfliy COVEr g sBrtit6Aautiorpackade. 19 FHe héthod of
clafi=8, whereinithe firstsshigidingdayeriissmadewithia material selecteth

frop, the, graup consisting, of coppes, geld.pickel, @luminuny, condietivenresin,
and conductive epoxy. 20. The method of claim 18, wherein the first
shielding layer is deposited by plating.

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

electronic module is a baseband module.

18. 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;

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; and

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.

19. The method of claim 18, 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.

20. The method of claim 18, wherein the first shielding

layer is deposited by plating.
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21. The method of claim 18, further including disposing an underfill material
under the RF module and baseband module.

21. The method of claim 18, further including disposing
an underfill material under the RF module and baseband

module.
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