SEMICONDUCTOR DEVICE AND METHOD OF FORMING CAVITY IN PCB CONTAINING
ENCAPSULANT OR DUMMY DIE HAVING CTE SIMILAR TO CTE OF LARGE ARRAY WLCSP Field of
the Invention The present invention relates in general to semiconductor devices and, more
particularly, to a semiconductor device and method of forming a cavity in a printed circuit board or
substrate containing an encapsulant or dummy die having a CTE similar to the CTE of a large array

WLCSP. Backgttttd SFHECTHOBNRGY ICE AN MiDHAHCOF (EOREEEE EBMHTonIy YodtfcPin modern
electronic products. Senf O ARV AnBEMYYd BERs RAY S Ectrical components.
Discrete semiconductor degﬁs%@%% aoht ﬂ%n@tyb@%?%lm B ent, e.g., light emitting

diode (LED), small signal transistor, resistor, capacitor, inductor, and power metal oxide semiconductor
field effect transistor (MOSFET). Integr teq ‘iergng'c r}fiucﬁr devices typically contain hundreds to millions
grated s

i 1 e ention” . .
of electrical components. Examples o iffe Aficonductor devices include microcontrollers,

microprocessors, charged-coupled devices (CODs), solar cells, and digital micro-mirror devices (DMDs).
The present invention relates in general to
semiconductor devices and, more particularly, to a semiconductor
device and method of forming a cavity in a printed circuit board
or substrate containing an encapsulant or dummy die having a CTE

similar to the CTE of a large array WLCSP.
Background of the Invention

Semiconductor devices are commonly found in modern
electronic products. Semiconductor devices vary in the number
and density of electrical components. Discrete semiconductor
devices generally contain one type of electrical component,
e.g., light emitting diode (LED), small signal transistor,
resistor, capacitor, inductor, and power metal oxide
semiconductor field effect transistor (MOSFET). Integrated
semiconductor devices typically contain hundreds to millions of
electrical components. Examples of integrated semiconductor
devices include microcontrollers, microprocessors, charged-
coupled devices (CCDs), solar cells, and digital micro-mirror
devices (DMDs) .

Semiconductor devices perform a wide range of
functions such as high-speed calculations, transmitting and
receiving electromagnetic signals, controlling electronic
devices, transforming sunlight to electricity, and creating

visual projections for television displays. Semiconductor



Semiconductor devices perform a wide range of functions such as high-speed calculations, transmitting
and receiving electromagnetic signals, controlling electronic devices, transforming sunlight to electricity,
and creating visual projections for television displays. Semiconductor devices are found in the fields of
entertainment, communications, power conversion, networks, computers, and consumer products.
Semiconductor devices are also found in military applications, aviation, automotive, industrial controllers,

and officE 8Ybipfterfr e £oun8enficdritfeciordelicesexpiditthe eiBRRRAY properties of semiconductor
materialse Jheatemic: steHa|recef.semicenduston maferal allowsdts eleatpcalcondugtivity to be
manipulated by the application of an electric field or base current or through the process of doping.
Doping irftfBYUEBE imBuAfeSinto the*S8micoRdHEr matENAIT5 ?ngﬁiﬁu%feg 3nd CoRtolthe conductivity of
the semigonductordevigel i cat i ofsSemicondiielor devicenconiaias active:and passive electrical
structures. Active_structures, including bipolar and field effect transistors, control the flow of electrical
current. Iﬁ? {}5@%];1%5&‘3 o‘%%p? and aﬁﬁﬁéﬁ%ﬁ%‘ an electric field or base current, the transistor either
promotes or restricts trie=flow ofi @lectrical carrént Passivestructireseihelding-eesistors, capacitors, and
inductors, create a.relatiggshi betwegn vgltage a}[jd curr]Ient negessar to [i)%rf%rtm a vtarieéy 8ffelectrical

functionsﬁ.) lfﬁg%%séi% and active structures aré electrica If/ ‘connected 13 form Circtits, whiclt enable the
semicondustorcdevice tooperferne highlspeletbeal culatord and other lusefuldundtionsty to be
manipulated by the application of an electric field or base
current or through the process of doping. Doping introduces
impurities into the semiconductor material to manipulate and
control the conductivity of the semiconductor device.

A semiconductor device contains active and passive
electrical structures. Active structures, including bipolar and
field effect transistors, control the flow of electrical
current. By varying levels of doping and application of an
electric field or base current, the transistor either promotes
or restricts the flow of electrical current. Passive
structures, including resistors, capacitors, and inductors,
create a relationship between voltage and current necessary to
perform a variety of electrical functions. The passive and
active structures are electrically connected to form circuits,
which enable the semiconductor device to perform high-speed
calculations and other useful functions.

Semiconductor devices are generally manufactured using
two complex manufacturing processes, i.e., front-end
manufacturing, and back-end manufacturing, each involving
potentially hundreds of steps. Front-end manufacturing involves
the formation of a plurality of die on the surface of a

semiconductor wafer. FEach die is typically identical and

contains circuits formed by electrically connecting active and



Semiconductor devices are generally manufactured using two complex manufacturing processes, i.e.,
front-end manufacturing, and back-end manufacturing, each involving potentially hundreds of steps.
Front-end manufacturing involves the formation of a plurality of die on the surface of a semiconductor
wafer. Each die is typically identical and contains circuits formed by electrically connecting active and
passive components. Back-end manufacturing involves singulating individual die from the finished wafer

and packagitity'the diete pr&Ade struardt stpPoRamd & iirohmEhtalgoatias. S+nIvIGhe Ydal of
semicondugiarmanufacturingris de preduce; simakersemicendugtar devices; iSrgakiercddeyicesttypically
consume less power, have higher performance, and can be produced more efficiently. In addition, smaller
semicondUctSr G&vices HaTE A 3mallRP RSSthrift Which is dEiabie’for SifalieF &Rd products. A smaller die
size may be achieved by émpvements #rnthedrentensk-progess resultingiq die with srpallerchigher
density active and passiye components, Back-end processes may result in semiconductor device
packayed Wth L&A S OAE by mSFovenr s i Bl TRa SR A A bickaging materials
In wafer levekchip stalegpackages (WAGSP)iand:fanceutiwates teve) chipscalenpackagesdEO=WLCSP),
semiconduictor die are stacked and,yertically interconnected within the package, As the need for signal
processing capacity increasey, ‘large arrays of stacked Semiconductor die are commonfy fASused within
the WLCBRvanthFO=WL TSP .fThe large array WICSRA-QIICSP are Mmountedchtola PCBidHowever, the

large array WICSP/FO-WICSP-can cause failures and reduce board level reliability, particularly during
. ik .

tem perag }:eocczlf/lc(fiﬁé test%llgs, %e%;re] ]E)a(#lt% s%lezsg w?&ﬁ]ce%ebyg%llslr%gt%ﬁeg ih tlhnép&:oéé?é)ggﬁ%gf thermal

expansiohl{€|EybetweantheRCB anddageldrray WICSPIEOWWMEC SPnSuhamaryhefthe invention

A need exists for large array WIGSPIEQIWIC 3P an BCRs withaut adversely effecting hogrd level
reliability. Accordingly, in one embodiment, the present invention Is a
result in semiconductor device packages with a smaller footprint

by improvements in electrical interconnection and packaging
materials.

In wafer level chip scale packages
(WLCSP) and fan-out wafer level chip scale packages (FO-WLCSP),
semiconductor die are stacked and vertically interconnected
within the package. As the need for signal processing capacity
increases, large arrays of stacked semiconductor die are
commonly housed within the WLCSP and FO-WLCSP. The large array
WLCSP/FO-WLCSP are mounted to a PCB. However, the large array
WLCSP/FO-WLCSP can cause failures and reduce board level
reliability, particularly during temperature cycling testing,
due in part to stress induced by mismatches in the coefficient
of thermal expansion (CTE) between the PCB and large array

WLCSP/FO-WLCSP.

Summary of the Invention
A need exists for large array WLCSP/FO-WLCSP on PCBs
without adversely effecting board level reliability.

Accordingly, in one embodiment, the present invention is a



method of making a semiconductor device comprising the steps of providing a substrate, forming a cavity
in a first surface of the substrate, depositing an encapsulant having a CIE in the cavity, forming an
insulating layer over the substrate and encapsulant, removing a portion of the insulating layer to expose
the encapsulant, forming a first conductive layer over the encapsulant, and mounting a semiconductor
package having a CIE over the cavity. The semiconductor package is ele(;tricallé connected to the first

conductiEiayer The BN theertdPSaRME RSEECtEd Sinfar o the EIE thé Semiéatitiuetor package
to reduce-stressihetyegndhe semicenductonpackage @ndisupstrate, rirst IR@nothes esbodiment, the
present invention is a method of making a semiconductor device comprising the steps of providing a
substrate’ f6rmiG A cavity in AFRECSUrAEE GHihé RGBEFARL Hountig A%stfess domperidiiing structure
having a &kin the eavityi foyming andosulatingslayey evernthersubistrate:and stress gampensating
structure, removing a portion of the insulating layer to ex pse the st ess,comgensatin structure, forming
a conductile ?&féﬁo@& therﬁ?é)s‘élél&nfi‘eﬁsoa%i bosrfru%fur%, and I'rlﬁ('illirl‘:l‘i%iijnaqs micohductor package
having a €&lbaver the:cavityap be semicorductampackageds electically tconaedteddo the€onductive
layer. Th%(l“élE or11‘ ége gtr?s% comgrel%?%t(i)%%tr%ctuge igesH?Iec(;[%% slzmi(ljarr to tl’(l:? gl% qg ghe %emgconductor
package to reduce stress between thée semiconductor pa%:ﬁage 4RaStbsate?d Vin'dnéther
embodime&nt, thegresent imvention is aThethednofanaking acsepieokdyction devite comprisingythe steps of

providing a g%%sctrtat , @5mjtr}gea j%\r/i%\(ainc% HE&E gjﬁlrif\a}ge 9(1:1 theersubsltt@te,chp%stin%ﬁ\estress compensating
structure%avmg a CIE in the cavity, forming a conductive Féyer' over the stress compensating structure,
and mourtingasehsioonductercgackage havingla CIEoventhe gavityt Thessessivdnduciocpackage is

electrically connected to the. conductive layar. The G1& plthe sitess campensating siiycturg is selected

similar to the CIE of the semiconductor package to reduce stress between the semiconductor package
and substaestrate. |n another embodiment, the present invention is a semiconductor device

comprising a substratehaving, a,cavity. fermed,in, a first gurface. of.the sybstrate. 4, stress,compensating

structure having a CIE is disposed in the cavity. A conductive layer is formed over the stress
compensafifg Strueturdak seehicorfRitter PHERaHe hadig & €1 E M Rioupte o érthe cality Ofthe

semicongycior package is glectrically coppegteddo the conductive layer; The GlEofthe syess
compensating structure is selected similar to the CIE of the semiconductor package to reduce stress
between Hé&sémitontiatfor paekadge AAd 3ubsir&tes BrielBeEhpticofthe Prawmfgdaving a

CTE in the cavity, forming an insulating layer over the
substrate and stress compensating structure, removing a portion
of the insulating layer to expose the stress compensating
structure, forming a conductive layer over the stress
compensating structure, and mounting a semiconductor package
having a CTE over the cavity. The semiconductor package is
electrically connected to the conductive layer. The CTE of the
stress compensating structure is selected similar to the CTE of
the semiconductor package to reduce stress between the
semiconductor package and substrate.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a substrate, forming a cavity in a first surface of
the substrate, disposing a stress compensating structure having

a CTE in the cavity, forming a conductive layer over the stress



FIG. 1 illustrates a PCB with different types of packages mounted to its surface; FIGs. 2a-2c
illustrate further detail of the representative semiconductor packages mounted to the PCB; FIGs.
3a-3d illustrate a process of forming a cavity in a PCB filled with encapsulant having a CIE matching that
of a FO-WLCSP mounted over the cavity; and FIG. 4 illustrates a PCB having a cavity containing
a dummy die having CIE matching that of the FO-WLCSP mounted over the cavity. Detailed Description
of the DraRIHGE" S 2t - NIT e preSEHE Mve Afich TRMEYcHBEd in BRE-UT GPeEriBodifferts f the following

descriptionwith geterence totbe figuses 4 whijch likenaumerals sepresentthesamerer sisilar elements.
While the invention is_described in terms of the best mode for achieving the invention's objectives, it will
be appreGinted by toseYsKiBH R ThE Grithal it fs MTeNEd b Cove? BfttmativB§, mbbificktidhE and
equivalenis asgnay bepeclvded mithit thesspiritcandseepe-efitbe irventivarasdefines hyrthesappended
claims and their equivalents as su aported by the following disclosure and drawinges.

the semiconductor g)ckage to reduce stress between th

semiconductor package and substrate.

In another embodiment, the present invention is a

semiconductor device comprising a substrate having a cavity

formed in a first surface of the substrate. A stress

compensating structure having a CTE is disposed in the cavity.

A conductive layer is formed over the stress compensating

structure. A semiconductor package having a CTE is mounted over

the cavity. The semiconductor package is electrically connected

to the conductive layer. The CTE of the stress compensating

structure is selected similar to the CTE of the semiconductor

package to reduce stress between the semiconductor package and

substrate.
Brief Description of the Drawings

FIG. 1 illustrates a PCB with different types of
packages mounted to its surface;

FIGs. 2a-2c illustrate further detail of the
representative semiconductor packages mounted to the PCB;

FIGs. 3a-3d illustrate a process of forming a cavity
in a PCB filled with encapsulant having a CTE matching that of a
FO-WLCSP mounted over the cavity; and

FIG. 4 illustrates a PCB having a cavity containing a
dummy die having CTE matching that of the FO-WLCSP mounted over

the cavity.



Semiconductor devices are generally manufactured using two complex manufacturing processes:
front-end manufacturing and back-end manufacturing. Front-end manufacturing involves the formation of
a plurality of die on the surface of a semiconductor wafer. Each die on the wafer contains active and
passive electrical components, which are electrically connected to form functional electrical circuits.
Active electrical components, such as transistors and diodes, have the ability to control the flow of

electrical current. Passive eIé’cﬁﬁé‘&l%%ﬂwﬂﬁ%ﬁf&%ﬁtﬁ%s%%p%ﬁo%?ﬁﬁfbﬁs, resistors, and

transformers, create a relationship between voltage and current necessary to perform electrical circuit

functions. Passive apdactive components:aresfosmedoves the sudace ofthesemiconductor
wafer by a series of process steps including doping, deposition, photolithography, etching, and
planarizaBBR BBy iRtroRueemgriigd 1S 16 SERESndUitorthateral by Kefmidubs <lich as ion
implantatioryor-theymahdiffusion. The dopingeprotess smdifiesthetalectdaalcandustivityl efrsemiconductor
material in activetdeviceﬁh .trlans&rmin%the semicondugtor mar%rigl into an insulat%r,ggnd ct0£, or
dynamicaﬁl%/eé?'u%%glsn'g the Sermiconductor material c%)ﬁdugtlsvci@lin ?esplor}]seet]é%sn electricField 8r base
current. Tradsistors centair regions bevanyingtypes and defrees okdoping awrahfjed<as necessary to
enable thae trarnescis:.LtoEtGOdprigmo%tﬁ or eress%igtltfg dﬂoiv\I/1 ofcglgctaricgl ¢ rr%nti olnsthlenatpé)ligg%oncgf the electric
field or base carrent. Y Active an passive components are formed by layers of materials with
different electricab propentas e, layerdicandese formed ynd varetyvef ldeposition teelynigaes determined

in part by.tItJ t f mat ri%l ' pasited, For example %hi fim.de\pog'tion may in og/e mical
vapor deﬁosgltlléﬁ%gvm[])z?tghlysi%zllllr\é/gaggrl elécos?t?on gpc\?%l)ge ectr't:)}ﬂ%[iclﬂatelngljt,laon% e)éct(%leég% ating
processesy Eabk |aer isidenerally pattemed tolfeim pomtionsdicactive Tonmporients, gaskivetdomponents,

or electrigal fpg@gg@oqﬁg%qvgggﬁgn%@qﬂ%w ings. The layers can be patterned using

photolithography, which involves the deposition of light sensitive material, e.g., photoresist, over the layer
to be patterned. A patte€RTisIrANSIeT ST fréfva phetotnaskoohe phbtoresist hsiaguighe THelpertion of

the photargsjst.pattern,subigcted tq light,is, removed using arselyent. £Xpasing POiqns:ofdhg wnderlying
layer to be patterned. The remainder of the photoresist is removed, leaving behind a patterned layer.

Alternativedy sorieltypes bf FratehakGre pattefied by diteeif depositmpthevaterad intd the areas or
voids formgdhy:a previgus,depasition/etehgirogess ¥sing techiigues-suchras electroless and electrolytic

plating. semiconductor wafer. Each die on the wafer contains active and
passive electrical components, which are electrically connected
to form functional electrical circuits. Active electrical
components, such as transistors and diodes, have the ability to
control the flow of electrical current. Passive electrical
components, such as capacitors, inductors, resistors, and
transformers, create a relationship between voltage and current
necessary to perform electrical circuit functions.

Passive and active components are formed over the
surface of the semiconductor wafer by a series of process steps
including doping, deposition, photolithography, etching, and
planarization. Doping introduces impurities into the
semiconductor material by techniques such as ion implantation or

thermal diffusion. The doping process modifies the electrical

conductivity of semiconductor material in active devices,



Depositing a thin film of material over an existing pattern can exaggerate the underlying pattern and
create a non-uniformly flat surface. A uniformly flat surface is required to produce smaller and more
densely packed active and passive components. Planarization can be used to remove material from the
surface of the wafer and produce a uniformly flat surface. Planarization involves polishing the surface of
the wafer with a polishing pad. An abrasive material and corrosive chemical are added to the surface of
the wafer-didriitf PERSHYG. e CHHIBIRER THENHNICH BefidR bf tHe QbraRBive s édrrdsive action of the
chemicaldemoyes @y isegulan tapogsaphy, Fasting i a weifeunly et sudacs: mater iBack-end
manufacturing refers to cutting or singulating the finished wafer into the individual die and then packaging
the die for SHURErANSUppor ard ERAFsHMEtafRofatichi “T ¢ Singlifate the die e WakérS8 Scored and
broken albhgmonsfumetionalregions of dhewaferTalled samystreeis or sarbes giheswater is singulated
using a laser cutting tool or saw blade. After singulation, the indjvidual die are mounted to a package
substrate that el e%aﬁ?ﬁs? %r eontact S&&sa fof iﬁt%rceorh%% forr With GtR&S ﬁs&gﬁﬁ cto%ggnoé?w%.econtact
pads formed owerthecsemicenductior die aredhemn connected te contach pads withirptheqaackage. The
electricalOcpngﬁgtiorlsec%% be n%a%el\é/itg rsoﬁ)d‘_jer bumJ)sf stucd bumps, conductive paste, or wirebonds. An

encapsulant or Sther mo iﬁﬁ material iS depo%ﬁe& over trﬁe'package to provide physical support and

electrical isolation. TheAfirtisved packagesisithien iserteddntosars ekectricahsyistemn arg thesfunCtionality of

the semicontdeuctor dev‘iﬂcletiﬁ rga(%xaf availatblt-:é%oetchce otheﬁls stem cocmg%nent EIG. 1 illustrates

electronic device %]Oshavmg a cjhlp carrier su strat]élocrapnn ed circuit board (E’I&GB)]'aﬁZyv%ﬁﬁ acpallr}rality of

sem@condiuctématﬁ@g@s mourﬂed@hyitsa@rm?Eié:ctmmictéeﬂdoé5@@a¢ha§eeloheeylpetof o
Sem'con%%q}%f RAckage. ‘Bd(jg‘é”tglﬂe hpes,af semiconducior packaggs, depending, on he gppjigation. The

different types of semiconductor packages are shown in FIG. 1 for purposes of illustration.
Electronié dévicésoomal bena Seindialdneé sy stene thiat ubed #ne setaoneluttor packddes to perform one

or more ejectrical fungtions, Alternatively, elegtianic device 50 may be a,suhcomponent of a larger

system. For example, electronic device 50 may be a graphics card, network Interface card, or other signal
processirfy &rethatesn beé disettePints & ToRfpute THe semiesndiict8fpadkabeYcan Include

microprogessors. Bgmogies -application specifie Integrated ClicUitHARIC). logicGirguits, analog circuits,
RF circuits, discrete devices, or other semiconductor die or electrical components.
components, or electrical connections between components.
The layers can be patterned using photolithography,
which involves the deposition of light sensitive material, e.g.,
photoresist, over the layer to be patterned. A pattern is
transferred from a photomask to the photoresist using light.
The portion of the photoresist pattern subjected to light is
removed using a solvent, exposing portions of the underlying
layer to be patterned. The remainder of the photoresist is
removed, leaving behind a patterned layer. Alternatively, some
types of materials are patterned by directly depositing the
material into the areas or voids formed by a previous
deposition/etch process using techniques such as electroless and
electrolytic plating.
Depositing a thin film of material over an existing
pattern can exaggerate the underlying pattern and create a non-

uniformly flat surface. A uniformly flat surface is required to



In FIG. 1, PCB 52 provides a general substrate for structural support and electrical Interconnect of the
semiconductor packages mounted on the PCB. Conductive signal traces 54 are formed over a surface or
within layers of PCB 52 using evaporation, electrolytic plating, electroless plating, screen printing, or other
suitable metal deposition process. Signal traces 54 provide for electrical communication between each of
the semiconductor palckaﬁ;;;&,1 mounted components, and other external system components. Traces 54

also proviICpoWwer SAG YrGtndPEShiketiEns t8'85dty oP e SémitBhdiGtor PackaEs: Ve In some

embodimesits enseraiconduaten deviea hasiweackagingdaevels. Fisstdevelpackagiag is adgchnique for
mechanically and electrically attachin%ethe semiconductor die to an intermediate carrier. Second level

packaging'lfivaéd Afeehahically aka eféctACAyPRBEhiTy thelifterieliate taftteriB e BTB. In other

embodiments, arsemicopductor deviee npayl osly hayedhe fisstdevel packaging wherethe dignisa
mechanicallgl d.electrically mounted directly to the PCB. For the purpose of illr]:Jstration, several

a .
types of St leval Packaging, indluding %\ﬁr"e"égﬁkf‘ﬁg&%a%?e 56'And Hiig &fip 58, APETRGRN GH-PCB 52.
Additionallydseveral types sfisecand levekpackaging; including bad grigharray. (BGAX60, bump chip

carrier (BCC) 62, dual in-E‘ne ackage %DIP 64, land grid array, (LGA) 66, multi-chip mod IeéMOM) 68,
ot T LREER (N ] T, ZA i 15t B o, 18 ShGhC dodod P 3.
Depending upbre thensystemlregairtements; myy iconsgination obsemicentuctor packagesy configured with
any combination oféfirs n secor%d level packaging styles, as well as other electronic components, can
be conne%?el(%%)rﬁ] B éZ%In some gr%%bdiments, electronic device 50 includes a single attached

semic_o_nductor packagéawhﬂ@@dwem@mlﬁ@dimelni@galr&)f_ﬂfmtiple intet¢onrected packages. By
combining,Qne& QrMore, semicopdyetor backages ovela single sybsiraley manyfacturers Garuipcorporate

pre-made componentsinto electronic devices and systems. Because the semiconductor packages
include sbphisticated flibctiohafityL electrbniccdevices carrbe prariufactared-usingeheaper components

and a streaplined manufaciudag process. The rasulting deviges ate less kel falhand essexpensive

to manufacture resulting in a lower cost for consumers. S. 2a-2c show exemplary
semiconducteipackagesFIG. ZrillustPateS srtivdr detsil BRDRT 64aaGsteddn PEBSZ Sethiconductor

die 74 includes,an active Legign containing analog aicdigital circyits jmplemented as actjve dsyices,
passive devices, conductive layers, and dielectric layers formed within the die and are electrically

interconngtted acctdingté the efectitat designrof thE did For eXambléltfie U AEy iReIute one or
more transisiors, dipdes, INAUCLArs, eaRacitors; Tesistors.:and other sikeuit-elepens foymed within the
active region of semiconductor die 74. Contact pads 76 are one or more

interconnection with other system components. Contact pads

formed over the semiconductor die are then connected to contact

pads within the package. The electrical connections can be made

with solder bumps, stud bumps, conductive paste, or wirebonds.

An encapsulant or other molding material is deposited over the

package to provide physical support and electrical isolation.

The finished package is then inserted into an electrical system

and the functionality of the semiconductor device is made

available to the other system components.

FIG. 1 illustrates electronic device 50 having a chip
carrier substrate or printed circuit board (PCB) 52 with a
plurality of semiconductor packages mounted on its surface.

Electronic device 50 may have one type of semiconductor package,

or multiple types of semiconductor packages, depending on the



layers of conductive material, such as aluminum (A1), copper (Cu), tin (Sn), nickel (Ni), gold (Au), or silver
(Ag), and are electrically connected to the circuit elements formed within semiconductor die 74. During
assembly of DIP 64, semiconductor die 74 is mounted to an intermediate carrier 78 using a gold-silicon
eutectic layer or adhesive material such as thermal epoxy. The package body Includes an insulative
packaging material such as polymer or ceramic. Conductor leads 80 and wire bonds 82 provide electrical
interconn%%?ﬂaéﬁ\?eteho%micghﬁu&bf 8RFEA Bnd S 521 ERGHPSIAANSA Rid&itsitéd Dverfife package
for enviraswaentak protectionibyrpreventing mwistyre and paticiasifsem entering the package and
contaminating die 74 or wire bonds 82. FIG. 2b illustrates further detail of BCC 62 mounted on
PCB 52. Semiconduct&r&i& 888 Todti8d over BaffieY 98UsThg &R UAaRiiIGT ep6xyS8sin'ihesive
material 92.d¥/irethonesid-providecfirst lexekpagcking terconneet hetween caatact pads 96 and 98.
Molding compound or, encapsulant 100 isfegosited over semiconductor, died88 and V\gre bonds 94 to
provide phySicar Suibort Bhd Slecical iSblddor Yor e devics (CONTEt padS 50 &e formtbover a
surface db®CB 5Rusingpasaitable imetal depesiticy praeess stich as:ele¢tielyticplating o etectroless
plating to erevent 'datgon.kgiontact Ipadg.loz argr%ectrrlig?lvly %%nnect%d %é)ne or more é:ronductive signal
traces 54'in PCB 52 uans To4 are formed betweeh contact pad% ré% of BCC 62°and contact pads 102
of PCB 52ther si{mREIG.o) sersdorguctordlie b8ts nsourited facesddwn to mternaediate carrier 106
W_ith a fI@pC%QA _lls%yler first%%vel ggrglﬁ%%ingué%t(ijvre reg(i:q(nalgs gfa gemrilcopgggtor die 58 con'gains a_nalog or
digital circuit mpﬁementedeas active devices, pzfsswe (?ewces, conductive layers, and dielectric layers
formed actording ¢o theselestricabtesigr of therdiel For examples thd circuinfaytindlade one or more

transistors, diades. inductors, capagitors, tesistors, and,other circuit slements within,actiye region 108.
Semiconductor die 58 is electrically' and mechanically connected to carrier 106 through bumps 110.
BGA 60 id edectrcallycendi grehanical bennectad  POB-52 withi® BGA styfecsacomlievel packaging
using burggﬁr;gge%g}jconductor die 58 is electrically connected to conductive signal traces 54 in PCB
52 through bumps 110, signal lines 114, and bumps 112. A molding compound or encapsulant 116 is
deposited over semicohtBuétoF diel58 BRE cafrié o6 rovidePRistchl SUpFert ahd efédtrical isolation

for the device, dheflip chip-sespiconductor device providgs ashortelectrigal gapduction path from the
active devices on semiconductor die 58 to conduction tracks on PCB 52 in order to reduce signal

propagatittidisinte ClowerRaphéitihcemana hprave dvetal effcuit PEFOIHTANCES 1P aRBther

embodiment,dhe semigonductandie 58can be mechanically apdelactrigally.cannegtest-direcily to PCB 52

using flip chip style first level packaging without intermediate carrier 106. .
using evaporation, electrolytic plating, electroless plating,

screen printing, or other suitable metal deposition process.
Signal traces 54 provide for electrical communication between
each of the semiconductor packages, mounted components, and
other external system components. Traces 54 also provide power
and ground connections to each of the semiconductor packages.

In some embodiments, a semiconductor device has two
packaging levels. First level packaging is a technique for
mechanically and electrically attaching the semiconductor die to
an intermediate carrier. Second level packaging involves
mechanically and electrically attaching the intermediate carrier
to the PCB. 1In other embodiments, a semiconductor device may
only have the first level packaging where the die is

mechanically and electrically mounted directly to the PCB.



FIGs. 3a-3d illustrate, in relation to FIGs. 1 and 2a-2c, a process of forming a cavity in a PCB or substrate
filled with an encapsulant having a CIE substantially similar to or matching that of a WLCSP or
FO-WLCSP mounted over the cavity. In FIG. 3a, PCB or substrate 120 is a mechanical support structure
for electronic components with point-to-point electrical interconnect according to the design of the PCB.
PCB 120 has one or more conductive layers 122 laminated with a nonconductive or dielectric substrate.

The substrate can be drieFordre lEminatedaydrs ot PohtetraffuordBiffyféhe précRirédnated (prepreg)

with a compinationsefphenslic £gttan papas BROXY oresin: Waoyenglass kaagite giassnpolyester, and other
reinforcement fibers or fabrics. PCB 120 has a high dielectric constant, low loss tangent, and density of

about 2.15°gRn% Cotdftcive 18P 125 Can e ond 8P mot8 1ayety of AF 6T, %n, WiPAT, 8§, or other

suitable eleetsinallyl earductize aaterial, foimed dyielectrelytic ptating or elgetrobess)plating fameectrical

interconnect. The layout of PCB 120 and conductive Jayer 122 typically uses silk screen printing,

photoengraviRgC I%f?él filling: erdet o%éssdﬁl%rﬂinj,no_r éggtrgpﬁéﬁ%ggﬁo{:%egg. Péé’l fﬁ%yqrfajv a plurality

of vias cutmvithydrilt. bits oclkasemdrilting.cBapducitve layeni2?) exdtends;fram topasurfane-T2dtdehottom

surface 126 9(1‘ PCB éﬁo A cﬁgvitg&@tj fgrmed 5@ surfagf 124 having an area a,[pgéoximately the
tor p

size as semiconduc I\gl)Ckgé)é 128 Tateér mountés o@grcth%gc%vity.’cg5i?y 128 ¢an be'formed %? laser,

drilling, r&ter, skiving)ewescoring. laene émbodinserinfar REB 120daving a thickressiofat00s800

micrometefs (pp), s2lty, 128, formed fo.2 depthf F0:600 g, o, JFEG 3620 engapsulant or
molding compoun(ff epoﬁted in cavity 128 usﬁ‘ng a paste printing, compressive molding, transfer
molding, figuigiterrcapsakant mbldiny evacerupk Egningtiornt, ySiphs coatingyof bthker suitable applicator.

Encapsulant 130 6an be pglymer composite material, such as epoxy resia with filer, epoxy acrylate with

filler, or polymer with proper filler. In one embodiment, encapsulant 130 is dispensed into cavity 128 by a
jetting dispepee precdss usder precisivn isime<control tocdispensetheiproper avoupheflencapsulant to

fil cavity 128 The dispensed encapsulant 130 is molded f0,a level.ca-planar with top surfage 124 of PCB

120, as shown in FIG. 3b. In FIG. 3c, an optional insulating or passivation layer 132 is formed over PCB
120 and eR¢EIsErataA80e Thedrddamty lay8l 132BaADHEGhEBENFe Ri/ers BEPRGIORENSIHGE insulation

polymer material.-the,insulating lavarel 32 isfermed usinglamination. punting, spin.coaling, QL spray
coating. A portion of insulating layer 132 is removed by an etching process or laser drilling to expose
conductivF RyBFE22 antirteapsilanfigo electronic devices and systems.

Because the semiconductor packages include sophisticated
functionality, electronic devices can be manufactured using
cheaper components and a streamlined manufacturing process. The
resulting devices are less likely to fail and less expensive to
manufacture resulting in a lower cost for consumers.

FIGs. 2a-2c show exemplary semiconductor packages.
FIG. 2a illustrates further detail of DIP 64 mounted on PCB 52.
Semiconductor die 74 includes an active region containing analog
or digital circuits implemented as active devices, passive
devices, conductive layers, and dielectric layers formed within
the die and are electrically interconnected according to the
electrical design of the die. For example, the circuit may
include one or more transistors, diodes, inductors, capacitors,
resistors, and other circuit elements formed within the active

region of semiconductor die 74. Contact pads 76 are one or more
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An electrically conductive layer 134 is formed over conductive layer 122, encapsulant 130, and insulating
layer 132 using a patterning and metal deposition process such as PVD, CVD, sputtering, electrolytic
plating, and electroless plating process. Conductive layer 134 can be one or more layers of Al, Cu, Sn, Ni,
Au, Ag, or other suitable electrically conductive material. One portion of conductive layer 134 is

electrically connected to conductive layer 122. Other portions of conductive layer 134 can be electrically

common b7 &fdctri iy TR Ed defSe it o e dESigh 1 RnBoi Bfth& skimic6RERGST device.
A solder maskingtlayer (536 is feirard ovenPCB 420 withrapenings toiaxpose condyictiveilayer 134 for
next level interconnect. The opening in solder masking layer 136 may not precisely gverlap the opening in
insulatingyeF 13521 1Y CORR R icdily dondutive BipThaferal & depdiited BvePbbttom surface
126 of PGBnl28cantl:elestrically coanected t0 sgnducivedayerck22using an exapocation; etegtrolytic
lating, electroless.plating, ball drop, or screen printjng process. The b material can_be Al, Sn, Ni, Au,
hg, o, B0 ot AT RGOS et A A o gt o LGN Fore iiie, the bump
material ean he @uteaticc<Sn/Pb, highdead soldét carilead+firee=saldear. Fherbunp materallis bonded to

conductive layer 122 using a Euitabl% agachmg% r bondingnpsrgfescs. In one q(rgbodiment, the bump

material is'refldvied Ifﬁw a%ﬁg?ﬁee material'above |%Sm%f%ing point ojfgfem%%ﬁengérb%lls or bumps 138.
In some appleatiens,hurhps: $38 atgreflowed aseeond timeCtorithprove eleetrital 80ntactito conductive
layer 122. The qouona%ssc%r} also be %mgi%ss%onig%qd%dntcoeconductiv% Ieg/eer 122. Bumps 138 represent

wlre TOV1 rconnec Tweeh
Onetype(ﬁ?ﬁ&ﬂconneCtSU§%UNet at can be formed over con ucheIayerf%%.TheInuﬂconnect

structure caniatsn dse bond wires/ $tuthblumgBmicie b@mmmmﬁem@leét‘#icabln@@poﬁmom either the
top surfage, of bottam syrface of PGB 1,20, 1o e n NLF1G, 30, é@@%%”%&?t%&%%%&%%é component 140

is mounted over cavity 128 containing encapsulant 130 with contact pads 142 oriented toward PCB 120.
Semicontd@éter packagedl 4G istd WISGS Por-G-WEC SPIcdmainics ffge andy of stacked

contaminating die 74 or wire bonds 82.

FIG. 2b illustrates further detail of BCC 62 mounted
on PCB 52. Semiconductor die 88 is mounted over carrier 90
using an underfill or epoxy-resin adhesive material 92. Wire
bonds 94 provide first level packing interconnect between
contact pads 96 and 98. Molding compound or encapsulant 100 is
deposited over semiconductor die 88 and wire bonds 94 to provide
physical support and electrical isolation for the device.
Contact pads 102 are formed over a surface of PCB 52 using a
suitable metal deposition process such as electrolytic plating
or electroless plating to prevent oxidation. Contact pads 102
are electrically connected to one or more conductive signal
traces 54 in PCB 52. Bumps 104 are formed between contact pads
98 of BCC 62 and contact pads 102 of PCB 52.

In FIG. 2c, semiconductor die 58 is mounted face down
to intermediate carrier 106 with a flip chip style first level
packaging. Active region 108 of semiconductor die 58 contains
analog or digital circuits implemented as active devices,

passive devices, conductive layers, and dielectric layers formed
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semiconductor die. Each semiconductor die contains analog or digital circuits Implemented as active
devices, passive devices, conductive layers, and dielectric layers formed within the die and electrically
Interconnected according to the electrical design and function of the die. For example, the circuit may
Include one or more transistors, diodes, and other circuit elements formed within the active surface of the
die to Implement analog circuits or digital circuits, such as digital signal processor (DSP), ASIC, memory,
or other SGraPto88ssiy Eruit Senvitdnddcetdrpackagei 40 may diso cEMairtstiech d<iRductors,
capacitors; ang resisters, facREsigral Progessing: A typical RfFosystemreguises midtipie 429 in one or
more semiconductor packages to perform the necessary electrical functions. Bumps 146 electrically
connect CoMAG Pats 147 fodoductive Tfer 184 BummpsCiascar 5EAT “Sn "Ni- AL ARCPLYB1, Cu,
solder, and gombinai®ns theredt clirielestronaicsystem 448 hastseimisonguciarpackage 140 mounted
over cavié/ 128 in PCPB 120, as descriged in FIGs.,3a—3§. ?e icondqgtcgapacka%i 40 is a WLCSP or
FO-WLCEBCHHtaiRTHYd 1arg8 Aray Bt stackedderficondlctoraid4dr adiffibRal’sigrial processing
capability. Semiconducterpackage HiG-has adaseymatetiahsuctnas sticar, germanitradgaltium
arsenide, indium phosphide, or silicon carbide, for structural support. Encapsulant 130 is ess
compencanio ThLtane sEeres (T & CIL STy S AT 18 br Jating (S CIE I the base
material Sksenicondudtor packadesl4G; exd ¢ siticorn havinge Che of 24100 1026/00c Theaeliability of
electronic system 148 is enhanced ounting semiconductor package 140 oyver cavit 8, filled with
encapsulzsiﬁ 13 bjgggﬁseestr%fcfélo%%% egnacatbqslal%% ?lsr;be g&gd?g & simflar: ti(; t?‘ula%?lg (])JTzltﬁé base
material efitelpackage.lAny eRparnsion by contractiomtofsensicordusidepackaye 140 due to temperature
variation is transitted shrquah. condystive laver 134 and compensated py gncapsulant, 130 baving a
similar thermal expansion property. The substantially similar CIE of semiconductor package 140 and
encapsulahy $30 adduceristielssard sseeiatad failukes) barticularhpdurify tefapérature cleling testing.
FIG. 4 shews a dymmy. digsmounted:in the cayity. ot the RGB.or substrate. The dummay die has a CIE
substantially similar to or matching the CIE of the WLCSP or FO-WLCSP mounted over the cavity. PCB
or substr&REBT provid e chaniBalSip pofistiiR it o £ e cRBNREDhISEIEHES WithPdinto®-point

electricaldpterconnect accordingtotheg design of the PCB REB150-bas ene 9f mpre conductive layers
152 laminated with a nonconductive or dielectric substrate. The substrate can be one or more laminated

layers of pbREStFE UGty R T 8-impréfifated ithid 2arBination of PheRtic E3®EIT paper, epoxy,

resin, woyen -glass.Juatte ghasscpolyester..and ather Leipforcemant fikers of dahricsn &R 450 has a high
dielectric constant, low loss tanqent, and density of about 2.15 g/cm3. Conductive layer 152 can be one

or more 18yérs ¥ A2EuPSNRE RN A bt Biiist SuitaBletélecfically CoORdLRtive atsHa fottied by
electrolyticoplating op elestrolessplatinghfos elagfrical fateseonnect iTheslayaytiof PGB R .and conductive
layer 152 typically uses silk screen printing, photoengraving, PCB milling, electroless plating, or
electroplatiig process B CB 50 may hale a plurality of vias cut with drill bits or laser drilling. Conductive
layer 152 extends fronrtopssurfaceskb4itolhottom surface 156 i PCBI180. F1Gs. 1 and 2a-

2c, a process of forming a cavity in a PCB or substrate filled
with an encapsulant having a CTE substantially similar to or
matching that of a WLCSP or FO-WLCSP mounted over the cavity.

In FIG. 3a, PCB or substrate 120 is a mechanical support
structure for electronic components with point-to-point
electrical interconnect according to the design of the PCB. PCB
120 has one or more conductive layers 122 laminated with a non-
conductive or dielectric substrate. The substrate can be one or
more laminated layers of polytetrafluoroethylene pre-impregnated

(prepreg) with a combination of phenolic cotton paper, epoxy,
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A cavity 158 is formed in surface 154 having an area approximately the size as a semiconductor die later
mounted over the cavity. Cavity 158 can be formed by laser, drilling, router, skiving, or scoring. In one
embodiment, for PCB 150 having a thickness of 100-800 pm, cavity 158 is formed to a depth of 50-600
pm. A dummy die 160 is mounted in cavity 158 with die attach adhesive 162. Dummy die 160
may have an active surface or no active surface. For example, the dummy die can have only the Inductor

on the surfage An"EpiiBRalercipsuliht b nfblding conoliiitis depdsite®arsiind dummy die 160 using
a paste priating cceiBpressiveimelding transfer neldings iiguidencapsulant molding cvactithm lamination,
spin coating, or other suitable applicator. The encapsulant can be polymer composite material, such as
epoxy reSitiitiffiller, &58%y &cHy1até Withtier, B poliRerwith progetdiiier. Thetop/ Stifface of dummy
die 160 is eoplanarwth topesurfare 5 be ondrvinswlatiag D& passivation layecd 64 s formed over
PCB 150 and dummy die 160. The insulatin E. er 164 can be one or more layers of%)hoto ensitive
insulation pelyiiter materal THeIRGuIGHHY FyGF 16475 foriettUsing FitAiRaion cpMthg: Sih coating, or
spray coatinguddpantion of instidtingilayer 264 isoremovetkly: an etehing peacess of daser drilling to
expose con%(;ctive IaXer. 1%2 gnd dumr?y dieI 60. at %r%e ricﬂlx cgggu%tévrgdlgggri%g is formed

over congucetlverléf/:éar 152, deurr?r%?réileec 60, anaein%ﬁPé?ing layer 164 using a patterning and metal

depositiohgyrecess2auctyas. P¥DI, YC VIS esputterings electrolytic phatingy andredecirolgssplatiog process.
Conducti Iy 100590 2 JUESCIIGE s LA . S A9 g sl clecialy
PCB 120 may have a plurality of wvias cut with drill bits or
laser drilling. Conductive layer 122 extends from top surface
124 to bottom surface 126 of PCB 120.

A cavity 128 is formed in surface 124 having an area
approximately the size as semiconductor package 140 later
mounted over the cavity. Cavity 128 can be formed by laser,
drilling, router, skiving, or scoring. In one embodiment, for
PCB 120 having a thickness of 100-800 micrometers (pm), cavity
128 is formed to a depth of 50-600 um.

In FIG. 3c, an encapsulant or molding compound 130 is
deposited in cavity 128 using a paste printing, compressive
molding, transfer molding, liquid encapsulant molding, wvacuum
lamination, spin coating, or other suitable applicator.
Encapsulant 130 can be polymer composite material, such as epoxy
resin with filler, epoxy acrylate with filler, or polymer with
proper filler. 1In one embodiment, encapsulant 130 is dispensed
into cavity 128 by a jetting dispense process under precision
volume control to dispense the proper amount of encapsulant to
fill cavity 128. The dispensed encapsulant 130 is molded to a
level co-planar with top surface 124 of PCB 120, as shown in
FIG. 3b.

In FIG. 3c, an optional insulating or passivation
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connected to conductive layer 152. Other portions of conductive layer 166 can be electrically common or
electrically isolated depending on the design and function of the semiconductor device. A solder
masking layer 168 is formed over PCB 160 with openings to expose conductive layer 166 for next level
interconnect. The opening in solder masking layer 168 may not precisely overlap the opening in insulating
layer 164. An electrically conductive bump material is deposited over bottom surface 156 of PCB
150 and éfe¥fiically onfectedts CoRdGctiveityerts 2 asing drfépbration: electrolytie plating,
electroless\plating.ibajl drope or sareeppiintag precess. hbedbumpy sraterd GandaeAk i NivAu, Ag, Pb,
Bi, Cu, salder, and combinations thereof, with an optional flux solution. For example, the bump material
can be edtaetid ik KGHISKT s&ﬂéﬁ%??&ad-frf@%ofdé?%ﬁé bUfhp Materiat i borded i EShductive
layer 152.4sing aisuitablerattaghmentrar hondingprocess.dnone embedimant cthediump material is
reflowed by heating the materjal above jts melti ojnt to form spherical balls or bumps 170. In some
applicatiohg. bhbe 170 B2 TENbWed & S2&nd e 15 IMBRSVE Heficarcamatt BEohatcHlayer 152,
The bumps caasdso be coinpression bapded tacondudtivedayeryka?. Bumpshdi7@ nepresentzone type of
Interconcriheﬁ:[j structure that can be formed over conductive layer 122. The Interconnect structure can also
use bond wires, stud bump, micro bump, or other electrical Interconnect. A semiconductor
package or componen®&i72 issmountedlover cawity ¢ 58 conlainiag dusdmy dig 260 avithcosntact pads 174
oriented loward ACH 150, Semicopductor package 17243 & WLCSP aLEP-WLESR gontaining a plurality
of stacked semiconductor die. Each semiconductor die contains ana]ﬂog or dlglta?cwcﬁ/its Implemented as
active devicesgpassivd tievices,conddctive bayerspaisd tietectrie tayess farmad withif\the die and

e'eCtrica'B‘v'BFer%%[&Qet%?q989°r9'1%9c_t9rt8?yeé"i‘?§”§%'a }9%‘ ang functionaf ihe die. For exgmple, the

circuit may Include one or more transistors, diodes, and other circuit elements formed withinthe active
surface offieediesto Intpierdeatanaod eireditsl sidigial dircuits esich & DSPL ASICS nidméry; or other

signal presessing ciiet. Semisandustorackage /2 ey also.cantai PR, sughasdadydors,

capacitors, and resistors, for RFsignal processing. A typical RF system requires multiple IPDs in one or
more serflicbfddctdr patieR)e31d performithediedessaryeldciieal fhadtions. BUAPs 178 éfettrically

connect coriaeipads 174 toepnductive layey 1663 Bampsclig.can,be Al iR, Nis Aty Aga Ebs Bd, Cu,

solder, and combinations thereof. . The electronic system 180 has semiconductor package 172
mounted tVEF Eavify 158 h PEBSIST SerfitdhdudtioRpackaye FAZ k& WASESP of FO-IWEESP containing
a large agay of gtacked sepreonductoydie for additional signal precessingcapability,xSemiconductor
package 172 has a base material such as silicon, germanium, gallium arsenide, indium phosphide, or
silicon cathide for structural support. Dummy die 160, with optional encapsulant, is a stress

compensating structurg selectrd-tarhavei a &IE spbstantially sinilarde @r sratehingrhe CIEof the base
material of semiconductor package 172, e.qg., silicon having a CIE of 2-10 x 1076/00. The reliability of

electroniCBySteRFE80 & t?ﬁ?%%%dcbml(ﬁ G semicondlctor Patkage 172 BVEr cavity 158 containing

dummy die 160 because the CHe obhendurgmyrdie ds selectedstio heysimilae to thesChiz of thedbase

material of the se iconducttir aclﬁ?ge. Any expansion or ¢ ngactioqof semicggductor package 172 due
m% a ayer 1

to tempepa]iﬁr%l\?aeridio%‘fse ranSmitted t?‘ﬁgudhn or%&lucjti%iiilfayer and %ompenéated by dummy die 160

having a similar thermalrexpaasionipraperty.cthelsubistartialyrsimiar E1E of semicomdustot package 172
?ens?i.?g.m My die 160 1educes siress qnd agsoqigted fallures, partigilady dufing temperature cycling
conductive layer 122 using an evaporation, electrolytic plating,
electroless plating, ball drop, or screen printing process. The
bump material can be Al, Sn, Ni, Au, Ag, Pb, Bi, Cu, solder, and
combinations thereof, with an optional flux solution. For
example, the bump material can be eutectic Sn/Pb, high-lead

solder, or lead-free solder. The bump material is bonded to

conductive layer 122 using a suitable attachment or bonding
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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. Claims What is claimed: 1. A
method of making a semiconductor device, comprising: providing a substrate; forming a cavity in a first

surface of the substrate; depositinqoan encapsulant in the cavity;  forming an insulatin%layer over the
subsﬂa&ﬂ&%f@ﬁéapsuEﬁnone embodiment, the bump material is reflowed Dby

heating the material above its melting point to form spherical
balls or bumps 138. In some applications, bumps 138 are
reflowed a second time to improve electrical contact to
conductive layer 122. The bumps can also be compression bonded
to conductive layer 122. Bumps 138 represent one type of
interconnect structure that can be formed over conductive layer
122. The interconnect structure can also use bond wires, stud
bump, micro bump, or other electrical interconnect on either the
top surface or bottom surface of PCB 120.

In FIG. 3d, semiconductor package or component 140 is
mounted over cavity 128 containing encapsulant 130 with contact
pads 142 oriented toward PCB 120. Semiconductor package 140 is
a WLCSP or FO-WLCSP containing a large array of stacked
semiconductor die. Each semiconductor die contains analog or
digital circuits implemented as active devices, passive devices,
conductive layers, and dielectric layers formed within the die
and electrically interconnected according to the electrical
design and function of the die. For example, the circuit may
include one or more transistors, diodes, and other circuit
elements formed within the active surface of the die to
implement analog circuits or digital circuits, such as digital
signal processor (DSP), ASIC, memory, or other signal processing
circuit. Semiconductor package 140 may also contain IPD, such
as inductors, capacitors, and resistors, for RF signal
processing. A typical RF system requires multiple IPDs in one
or more semiconductor packages to perform the necessary
electrical functions. Bumps 146 electrically connect contact
pads 142 to conductive layer 134. Bumps 146 can be Al, Sn, Ni,
Au, Ag, Pb, Bi, Cu, solder, and combinations thereof.

The electronic system 148 has semiconductor package
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removing a portion of the insulating layer to expose the encapsulant; forming a first conductive layer over
the encapsulant; and mounting a semiconductor package over the cavity, the semiconductor package
being electrically connected to the first conductive layer, wherein the encapsulant has a coefficient of
thermal expansion (CIE) selected similar to the CIE of the semiconductor package to reduce stress
between the semiconductor package and substrate. 2. The method of claim 1, further including forming a

solder masking et 8VePiferfirseioridictivé IayerE 88 Thé tethdd it TRiMPE YurtheFihERiding forming
bumps between the semieonduciorpagkage-and firshcanductive dayero4. The methed of claim 1, further

including: forming a second conductive layer in the substrate; and ,

containing a large array of stacked semiconductor die for
additional signal processing capability. Semiconductor package
140 has a base material such as silicon, germanium, gallium
arsenide, indium phosphide, or silicon carbide, for structural
support. Encapsulant 130 is a stress compensating structure
selected to have a CTE substantially similar to or matching the
CTE of the base material of semiconductor package 140, e.g.,
silicon having a CTE of 2-10 x 10°%/°C. The reliability of
electronic system 148 is enhanced by mounting semiconductor
package 140 over cavity 128 filled with encapsulant 130 because
the CTE of the encapsulant is selected to be similar to the CTE
of the base material of the package. Any expansion or
contraction of semiconductor package 140 due to temperature
variation is transmitted through conductive layer 134 and
compensated by encapsulant 130 having a similar thermal
expansion property. The substantially similar CTE of
semiconductor package 140 and encapsulant 130 reduces stress and
associated failures, particularly during temperature cycling
testing.

FIG. 4 shows a dummy die mounted in the cavity of the
PCB or substrate. The dummy die has a CTE substantially similar
to or matching the CTE of the WLCSP or FO-WLCSP mounted over the
cavity. PCB or substrate 150 provides mechanical support
structure for electronic components with point-to-point
electrical interconnect according to the design of the PCB. PCB
150 has one or more conductive layers 152 laminated with a non-
conductive or dielectric substrate. The substrate can be one or
more laminated layers of polytetrafluoroethylene pre-impregnated

with a combination of phenolic cotton paper, epoxy, resin, woven
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forming bumps on a second surface of the substrate opposite the first surface of the substrate, the
second conductive layer being electrically connected to the bumps. 5. The method of claim 1, further
including: depositing the encapsulant with a jetting dispense process; and molding the encapsulant
co-planar with the first surface of the substrate. 6. The method of claim 1, wherein the semiconductor

package is a large array wafer level chip scale package. , ,
glass, matte glass, polyester, and other reinforcement fibers or

fabrics. PCB 150 has a high dielectric constant, low loss
tangent, and density of about 2.15 g/cm3. Conductive layer 152
can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other
suitable electrically conductive material formed by electrolytic
plating or electroless plating for electrical interconnect. The
layout of PCB 150 and conductive layer 152 typically uses silk
screen printing, photoengraving, PCB milling, electroless
plating, or electroplating process. PCB 150 may have a
plurality of vias cut with drill bits or laser drilling.
Conductive layer 152 extends from top surface 154 to bottom
surface 156 of PCB 150.

A cavity 158 is formed in surface 154 having an area
approximately the size as a semiconductor die later mounted over
the cavity. Cavity 158 can be formed by laser, drilling,
router, skiving, or scoring. In one embodiment, for PCB 150
having a thickness of 100-800 um, cavity 158 is formed to a
depth of 50-600 um.

A dummy die 160 is mounted in cavity 158 with die

attach adhesive 162. Dummy die 160 may have an active surface
or no active surface. For example, the dummy die can have only
the inductor on the surface. An optional encapsulant or molding

compound 1s deposited around dummy die 160 using a paste
printing, compressive molding, transfer molding, liquid
encapsulant molding, vacuum lamination, spin coating, or other
suitable applicator. The encapsulant can be polymer composite
material, such as epoxy resin with filler, epoxy acrylate with
filler, or polymer with proper filler. The top surface of dummy
die 160 is co-planar with top surface 154.

An insulating or passivation layer 164 is formed over

PCB 150 and dummy die 160. The insulating layer 164 can be one
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7. A method of making a semiconductor device, comprising: providing a substrate; forming a cavity in a
first surface of the substrate; mounting a stress compensating structure in the cavity; forming an insulating
layer over the substrate and stress compensating structure; removing a portion of the insulating layer
to expose the stress compensating structure; forming a conductive layer over the stress
compensating structure; and mounting a semiconductor package over the cavity, the semiconductor

package PEIN EIBCHHREMF Eotfedtdd & e Sorduttive Tayet Avhereir the/ Stres<édifiperisating structure
has a coeffieienhefthermabexpansion (CGIE) selestedsimilad tythestik ot thenserpieonductgr package to

reduce stress between the semiconductor package and substrate. , ,
spin coating, or spray coating. A portion of insulating layer
164 is removed by an etching process or laser drilling to expose
conductive layer 152 and dummy die 160.

An electrically conductive layer 166 is formed over
conductive layer 152, dummy die 160, and insulating layer 164
using a patterning and metal deposition process such as PVD,
CVD, sputtering, electrolytic plating, and electroless plating
process. Conductive layer 166 can be one or more layers of Al,
Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive
material. One portion of conductive layer 166 is electrically
connected to conductive layer 152. Other portions of conductive
layer 166 can be electrically common or electrically isolated
depending on the design and function of the semiconductor
device.

A solder masking layer 168 is formed over PCB 160 with
openings to expose conductive layer 166 for next level
interconnect. The opening in solder masking layer 168 may not
precisely overlap the opening in insulating layer 164.

An electrically conductive bump material is deposited
over bottom surface 156 of PCB 150 and electrically connected to
conductive layer 152 using an evaporation, electrolytic plating,
electroless plating, ball drop, or screen printing process. The
bump material can be Al, Sn, Ni, Au, Ag, Pb, Bi, Cu, solder, and
combinations thereof, with an optional flux solution. For
example, the bump material can be eutectic Sn/Pb, high-lead
solder, or lead-free solder. The bump material is bonded to
conductive layer 152 using a suitable attachment or bonding
process. In one embodiment, the bump material is reflowed by

heating the material above its melting point to form spherical
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8. The method of claim 7, wherein the stress compensating structure includes an encapsulant. 9. The
method of claim 7, wherein the stress compensating structure includes a dummy die. 10. The method of
claim 9, further including depositing an encapsulant over the dummy die. 11. The method of claim 7,
further including forming a solder masking layer over the conductive layer. 12. The method of claim 7,
further including forming an inductor on a surface of the dummy die. 13. The method of claim 7, wherein

the semicShduetstpackage is-d targe Hiray Wafet i et Chip'State patkae. 1 /0 are

reflowed a second time to improve electrical contact to
conductive layer 152. The bumps can also be compression bonded
to conductive layer 152. Bumps 170 represent one type of
interconnect structure that can be formed over conductive layer
122. The interconnect structure can also use bond wires, stud
bump, micro bump, or other electrical interconnect.

A semiconductor package or component 172 is mounted
over cavity 158 containing dummy die 160 with contact pads 174
oriented toward PCB 150. Semiconductor package 172 is a WLCSP
or FO-WLCSP containing a plurality of stacked semiconductor die.
Each semiconductor die contains analog or digital circuits
implemented as active devices, passive devices, conductive
layers, and dielectric layers formed within the die and
electrically interconnected according to the electrical design
and function of the die. For example, the circuit may include
one or more transistors, diodes, and other circuit elements
formed within the active surface of the die to implement analog
circuits or digital circuits, such as DSP, ASIC, memory, oOr
other signal processing circuit. Semiconductor package 172 may
also contain IPD, such as inductors, capacitors, and resistors,
for RF signal processing. A typical RF system requires multiple
IPDs in one or more semiconductor packages to perform the
necessary electrical functions. Bumps 178 electrically connect
contact pads 174 to conductive layer 166. Bumps 178 can be Al,
Sn, Ni, Au, Ag, Pb, Bi, Cu, solder, and combinations thereof.

The electronic system 180 has semiconductor package
172 mounted over cavity 158 in PCB 150. Semiconductor package
172 is a WLCSP or FO-WLCSP containing a large array of stacked
semiconductor die for additional signal processing capability.

Semiconductor package 172 has a base material such as silicon,
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14. A method of making a semiconductor device, comprising: providing a substrate; forming a cavity in a
first surface of the substrate; disposing a stress compensating structure in the cavity; forming a
conductive layer over the stress compensating structure; and mounting a semiconductor package
over the cavity, the semiconductor package being electrically connected to the conductive layer, wherein
the stress compensating structure has a coefficient of thermal expansion (CIE) selected similar to the CIE
of the seffCIMULEIST pagRage W retute stiss betie s thd Semitohductor patkag@and substrate 15.
The methagd-oficlaim 4 fusthenineluding:supderming aninsylating layes oven the siastrate and stress

compensating structure; and removing a portion of the insulating layer to_expose the stress

compené%ﬂﬁ@%ﬁﬂ&ﬁﬁé! is a stress compensating strucfure selected to have
a CTE substantially similar to or matching the CTE of the base
material of semiconductor package 172, e.g., silicon having a
CTE of 2-10 x 107°/°C. The reliability of electronic system 180
is enhanced by mounting semiconductor package 172 over cavity
158 containing dummy die 160 because the CTE of the dummy die is
selected to be similar to the CTE of the base material of the
semiconductor package. Any expansion or contraction of
semiconductor package 172 due to temperature variation is
transmitted through conductive layer 134 and compensated by
dummy die 160 having a similar thermal expansion property. The
substantially similar CTE of semiconductor package 172 and dummy
die 160 reduces stress and associated failures, particularly
during temperature cycling testing.

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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16. The method of claim 14, wherein the stress compensating structure includes an encapsulant. 17. The
method of claim 16, further including: depositing the encapsulant with a jetting dispense process; and
molding the encapsulant co-planar with the first surface of the substrate. 18. The method of claim 14,
wherein the stress compensating structure includes a dummy die. 19. The method of claim 14, further

including forming a solder masking layer over the conductive layer.
Claims

What is claimed:

1. A method of making a semiconductor device, comprising:

providing a substrate;

forming a cavity in a first surface of the substrate;

depositing an encapsulant in the cavity;

forming an insulating layer over the substrate and
encapsulant;

removing a portion of the insulating layer to expose the
encapsulant;

forming a first conductive layer over the encapsulant; and

mounting a semiconductor package over the cavity, the
semiconductor package being electrically connected to the first
conductive layer, wherein the encapsulant has a coefficient of
thermal expansion (CTE) selected similar to the CTE of the
semiconductor package to reduce stress between the semiconductor

package and substrate.

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

masking layer over the first conductive layer.

3. The method of claim 1, further including forming bumps

between the semiconductor package and first conductive layer.

4. The method of claim 1, further including:
forming a second conductive layer in the substrate; and
forming bumps on a second surface of the substrate opposite
the first surface of the substrate, the second conductive layer

being electrically connected to the bumps.
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20. The method of claim 14, further including forming bumps between the semiconductor package and
conductive layer. 21. A semiconductor device, comprising: a substrate having a cavity formed in a
first surface of the substrate; a stress compensating structure disposed in the cavity; a conductive layer
formed over the stress compensating structure; and a semiconductor package mounted over the
cavity, the semiconductor package being electrically connected to the conductive layer, wherein the
stress compensating structure has a coefficient of thermal expansion (CIE) selected similar to the CIE of

the semigpnductarspagkage do seduce-stress, betweendhe samicandugtor package and substrate. 22. The
semiconductor device of ¢laim 21, wherein the stress compensating, structure includes an encapsulant.
depositing the encapsulant with a jetting dispense process;
and
molding the encapsulant co-planar with the first surface of

the substrate.

6. The method of claim 1, wherein the semiconductor package is

a large array wafer level chip scale package.

7. A method of making a semiconductor device, comprising:

providing a substrate;

forming a cavity in a first surface of the substrate;

mounting a stress compensating structure in the cavity;

forming an insulating layer over the substrate and stress
compensating structure;

removing a portion of the insulating layer to expose the
stress compensating structure;

forming a conductive layer over the stress compensating
structure; and

mounting a semiconductor package over the cavity, the
semiconductor package being electrically connected to the
conductive layer, wherein the stress compensating structure has
a coefficient of thermal expansion (CTE) selected similar to the
CTE of the semiconductor package to reduce stress between the

semiconductor package and substrate.

8. The method of claim 7, wherein the stress compensating

structure includes an encapsulant.
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23. The semiconductor device of claim 21, wherein the stress compensating structure includes a dummy
die with inductor on its top surface. 24. The semiconductor device of claim 21, further including bumps
formed between the semiconductor package and conductive Layer. 25. The semiconductor device of
claim 21, wherein the semiconductor package is a large array wafer level chip scale package.

9. The method of claim 7, wherein the stress compensating

structure includes a dummy die.

10. The method of claim 9, further including depositing an

encapsulant over the dummy die.

11. The method of claim 7, further including forming a solder

masking layer over the conductive layer.

12. The method of claim 7, further including forming an

inductor on a surface of the dummy die.

13. The method of claim 7, wherein the semiconductor package is

a large array wafer level chip scale package.

14. A method of making a semiconductor device, comprising:

providing a substrate;

forming a cavity in a first surface of the substrate;

disposing a stress compensating structure in the cavity;

forming a conductive layer over the stress compensating
structure; and

mounting a semiconductor package over the cavity, the
semiconductor package being electrically connected to the
conductive layer, wherein the stress compensating structure has
a coefficient of thermal expansion (CTE) selected similar to the
CTE of the semiconductor package to reduce stress between the

semiconductor package and substrate
15. The method of claim 14, further including:

forming an insulating layer over the substrate and stress

compensating structure; and
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removing a portion of the insulating layer to expose the

stress compensating structure.

16. The method of claim 14, wherein the stress compensating

structure includes an encapsulant.

17. The method of claim 16, further including:

depositing the encapsulant with a jetting dispense process;
and

molding the encapsulant co-planar with the first surface of

the substrate.

18. The method of claim 14, wherein the stress compensating

structure includes a dummy die.

19. The method of claim 14, further including forming a solder

masking layer over the conductive layer.

20. The method of claim 14, further including forming bumps

between the semiconductor package and conductive layer.

21. A semiconductor device, comprising:

a substrate having a cavity formed in a first surface of
the substrate;

a stress compensating structure disposed in the cavity;

a conductive layer formed over the stress compensating
structure; and

a semiconductor package mounted over the cavity, the
semiconductor package being electrically connected to the
conductive layer, wherein the stress compensating structure has

a coefficient of thermal expansion (CTE) selected similar to the
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CTE of the semiconductor package to reduce stress between the

semiconductor package and substrate.

22. The semiconductor device of claim 21, wherein

compensating structure includes an encapsulant.

23. The semiconductor device of claim 21, wherein

the stress

the stress

compensating structure includes a dummy die with inductor on its

top surface.

24. The semiconductor device of claim 21, further
bumps formed between the semiconductor package and
layer.

25. The semiconductor device of claim 21, wherein

semiconductor package is a large array wafer level

package.
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