SEMICONDUCTOR DEVICE AND METHOD OF FORMING COMPLIANT
STRESS RELIEF BUFFER AROUND 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 compliant stress relief buffer around a large array WLCSP and
FO-WLCSP. Background of the Invention Semiconductor devices are
commonly found in modern electronic products. Semiconductor devices
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integrated semiconductor devices include microcontrollers,
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aroufk@nsfaraiag sunlight wielectrieity, arcd-neating visual projections for
television displays. Semiconductor devices are found in the fields of
entertainment, communications, power conversion, networks, computers,
and -1 consumer prédasigr Sendcofdddier doviert Bea also found in
military applications, aviation, automotive, industrial

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
devices are found in the fields of entertainment,

communications, power conversion, networks, computers, and



controllers, and office equipment. Semiconductor devices exploit the
electrical properties of semiconductor materials. The atomic structure of
semiconductor material allows its electrical conductivity 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
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between voltage and current necessary to perform a variety of electrical
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Back-end manufacturing involves singulating individual die from'the
electinishrel Waler ahdsackaghiy- thesdigltsugtures, 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. 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 packaging the die to



provide structural support and environmental isolation. One goal of
semiconductor manufacturing is to produce smaller semiconductor
devices. Smaller devices typically consume less power, have higher
performance, and can be produced more efficiently. In addition, smaller
semiconductor devices have a smaller footprint, which is desirable for
smaller end products. A smaller die size may be achieved by
improvements in the front-end process resulting in die with smaller,
provhighert densityractive.and passive componaisnBack-esd precesses may
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re”e‘c'3WLCSP and FO-WLCSP often contain large array

produce

semiconductor die that redistribute signal paths from fine pitch
bonding pads of the die to the periphery fan-out area for higher
functional integration to external devices. The large array
WLCSP are known to experience reliability problems, in
particular with solder joint failures during temperature cycling
and drop impact testing. In addition, the large array WLCSPs

tend to have a warpage issue due to the large die size.

Summary of the Invention

A need exists to reduce solder joint failure in large
array WLCSP and FO-WLCSP. Accordingly, in one embodiment, the
present invention is a method of making a semiconductor device
comprising the steps of forming a stress relief buffer,
providing a temporary substrate, mounting a semiconductor die to
the temporary substrate, mounting the stress relief buffer to
the temporary substrate around the semiconductor die, depositing

an encapsulant between the semiconductor die and stress relief



buffer, removing the temporary substrate, and forming an interconnect
structure over the semiconductor die, encapsulant, and stress relief
buffer. The interconnect structure is electrically connected to the
semiconductor die. In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a temporary substrate, mounting a semiconductor die or
component to the temporary substrate, forming a stress relief layer over
buf f i€ teraporaly gubskates mlepositingsameneapsylanth avebthei sitessrelief

. buffer and semiconductor die or comé)on.ent, rgm(%ving he temgorar
interc nFec saructure ove{ the %m%co? uctorsdie, e c%? %lant,
substrate, and forming an interconnect structure over the sémiconductor
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and SF£e8WoNeN.o# layer. The interconnect structure is
electrically connected to the semiconductor die.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a temporary substrate, mounting a semiconductor die or
component to the temporary substrate, mounting a stress relief
buffer to the temporary substrate, and depositing an encapsulant
between the stress relief buffer and semiconductor die or
component.

In another embodiment, the present invention is a
semiconductor device comprising a semiconductor die or component
and stress relief buffer disposed around the semiconductor die
or component. An encapsulant is deposited between the stress
relief buffer and semiconductor die or component. An
interconnect structure is formed over the semiconductor die or
component and stress relief buffer. The interconnect structure

is electrically connected to the semiconductor die or component.



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-3f illustrate a process of forming a compliant stress relief
buffer around a semiconductor die; FIG. 4 illustrates a FO-WLCSP with
the stress relief buffer around the semiconductor die; FIGs. Sa-5b
illustrate the stress relief buffer extending partially or completely along a
side of the FO-Wt 8P DEXa rhit istintes atheltibagene@yaposite stress
relief buffer; FIG. 7 illustrates a stiffener mounted over the stress relief
buffer and semiconductor die; FIG. 8 illustrates a circuit layer formed in
the stréssdeliéf buffers FIGs c8a-Qbrillbstratera stifférerdotmedover af

packggggsrﬁgl@lq{@égfe{éhgtt@ tt;@p@g%&n the semiconductor die; FIGs.
| 4

a-10c illustrate a process of forming a compliant stress relief layer
around Bsemicéadudctot die: ainee FRGE U-THs 1lludtrate the FO-WALCSP
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Description of the Drawings The present invention is described in one or
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buffer around the semiconductor die;

FIGs. 5a-5b illustrate the stress relief buffer
extending partially or completely along a side of the FO-WLCSP;

FIG. 6 illustrates a multi-layer composite stress
relief buffer;

FIG. 7 illustrates a stiffener mounted over the stress
relief buffer and semiconductor die;

FIG. 8 illustrates a circuit layer formed in the
stress relief buffer;

FIGs. 9a-9b illustrate a stiffener formed over a
stress relief buffer that is thinner than the semiconductor die;

FIGs. 10a-10c illustrate a process of forming a
compliant stress relief layer around a semiconductor die; and

FIGs. 1la-11b illustrate the FO-WLCSP with the stress

relief layer around the semiconductor die.

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



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.
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
mode pluralityof idie bndhersurface<efta semiconductot water. Bachidie apcthe

wafer contains active and _passive electrical components, which are
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the semiconductor wafer by a series of process steps including dopin
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efectrical coné:ué%lvﬁy%f semiconductor material in active devices,
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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,
transforming the semiconductor material into an insulator,
conductor, or dynamically changing the semiconductor material
conductivity in response to an electric field or base current.
Transistors contain regions of varying types and degrees of
doping arranged as necessary to enable the transistor to promote

or restrict the flow of electrical current upon the application



-6 of the electric field or base current. Active and passive components are
formed by layers of materials with different electrical properties. The
layers can be formed by a variety of deposition techniques determined in
part by the type of material being deposited. For example, thin film
deposition may involve chemical vapor deposition (CVD), physical vapor
deposition (PVD), electrolytic plating, and electroless plating processes.
Each layer is generally patterned to form portions of active components,
of tlpassiveceemponests] o electideal connections between components. The
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uniformly f?at surface. Planarization involves polishing the surface of the
whickhygfarv@ities 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
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 during polishing. The



polishing pad. An abrasive material and corrosive chemical are added to
the surface of the wafer during polishing. The -7 combined mechanical
action of the abrasive and corrosive action of the chemical removes any
irregular topography, resulting in a uniformly flat surface. Back-end
manufacturing refers to cutting or singulating the finished wafer into the
individual die and then packaging the die for structural support and
environmental isolation. To singulate the die, the wafer is scored and
comb briekenmnadorg hoafuactianal regionsof e suafercalled saw streetsorbction
ot +5EIDES, The waleris sinaulated using & laser auting lolor sawfiade,,
\Tter smgu?atlonﬁﬁe individUal die"are mounted to” a ﬁa@k’age substrate
unifdratlipclides ping ércentact pads for interconnection with other system

components, Gonfagt pags, Jormed PVEL e seqiconductor dig are then

~connected to contact pads within the package. The electrical connections
singehathemades with sotdechumpsT studtisurhps, donbikictive phste, orand then

packWirehondse An eneapsulanter-other moldingmatssial is,depesiteshover
_ the package to provide physical support and electrical isolation. The
501 gihished pd%a@éﬁ%ﬁé’ﬁﬁs%d%?a affedtica’systericangthend broken
alondunciionalitycefithe senisgnductos device isatade ayvailablestowthetather s or

. ggstem %%mpon nts. FIG. 1 illuitr%teg electronic d(fvice 50 h%%ing a %higl
SCT ¥ rier substrate of pﬁrswtesdl&%lwtabc?ardu(?ﬂ(f@) 52 with'a pﬁﬁra ify gf ~v+ °F
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_ semiconductor packages, depending on the application. The different
intepgseyieldemitordbbto? Packages ard SHHWPRPRIG. -1 forpurpeseofs

formgwsg@QQnthe 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
application. The different types of semiconductor packages are
shown in FIG. 1 for purposes of illustration.

Electronic device 50 may be a stand-alone system that
uses the semiconductor packages to perform one or more
electrical functions. Alternatively, electronic device 50 may

be a subcomponent of a larger system. For example, electronic



Electronic device 50 may be a stand-alone system that uses the
semiconductor packages to perform one or more electrical functions.
Alternatively, electronic device 50 may be a subcomponent of a larger
system. For example, electronic -8 device 50 may be a graphics card,
network interface card, or other signal processing card that can be
inserted into a computer. The semiconductor package can include
microprocessors, memories, application specific integrated circuits
devi¢ASHD), tegicicicHitsranalog eiredits] Rhetreuits, disceetedayices;@F or
othe QST semiconductor di or elecirical components, In. £IG, f PGB 52
prowaes a éjeneraﬁsﬁbﬁracfe]for structura suppor?ané eTectrical
compiriterconrnéct of thel semicortducterpackagessmountedidr the PCB.
i cx GANLELNE Slona) tiages.vd ag farmed uer 3 surface or wilin Jayers o
CB 52 using evaporation, electrolytic plating, electroless plating, screen
circptiniingA6r6ther SaRableherdl Heposition ecess: CSignad traltes Hacuits,
discPEevde dor electrical cammunication Betyeen, eagh.ofshe semicondugtor
packages, mounted components, and other external system components.
compaR50ds’54 also provide power and ground connections to each of the
semiconductapackagess |1t somecsmbedinenisna semiconductar deyice
has two packaging levels. First level packaging is a techni for
StruCEIET S oAt CaS Butathig (b SErRaHAGEOF did B an
seni ntermediate cariergSecond tenatl packagiaghavolves andchanicallysapdal

tracS&ecé@c%'b/ea%%%%F%%@e@‘%g:i?&%%%”iﬂ @ﬁtpﬁi%C%a%?tpegf PCB 52

~embodiments, a semiconductor device may only have the first level
usingaekagingavhere the ldie is meEchanitalirand electicaliyrhoa At diFddtly,

scre %t@%Eggﬁng, 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. In other embodiments, a semiconductor device may
only have the first level packaging where the die 1is
mechanically and electrically mounted directly to the PCB.

For the purpose of illustration, several types of
first level packaging, including wire bond package 56 and flip
chip 58, are shown on PCB 52. Additionally, several types of
second level packaging, including ball grid array (BGA) 60, bump
chip carrier (BCC) 62, dual in-line package (DIP) 64, land grid
array (LGA) 66, multi-chip module (MCM) 68, quad flat non-leaded



For the purpose of illustration, several types of first level packaging,
including wire bond package 56 and flip chip 58, are shown on PCB 52.
Additionally, several types of second level packaging, including ball grid
array (EGA) 60, bump chip carrier (BCC) 62, dual in-line package (DIP)
64, land grid array (LGA) 66, multi-chip module (MCM) 68, quad flat
non-leaded -9 package (QFN) 70, and quad flat package 72, are shown
mounted on PCB 52. Depending upon the system requirements, any
pack &gabination of searicorducior packages; egefigaredawith e@hywn mounted on
mbination af, first and second level packaging styles, as well as other .
PCB g coniE SBBAREES Banibe SamtSied 15 PO 2 I soffdy Combination
of sembodithentselectrirsigelevicecs inpludes a sirfgleatachedination of
rir s Seicondyctorpackage. while other, embodiments calLfoy multiple,, .
interconnected packages. By combining one or more semiconductor
elechaerages 6Vera sirigie stbstrar, aranFatriersccaifmcorporater some

embo®ienade campopentsi inte glectroniydeyices and systems.Because-they
semiconductor packages include sophisticated functionality, electronic

semi iites@in be mdiitactited tsmg” cheSPerrEompbhéntsdnd 40r multiple
inte stteandiveddngaufagiwring pweessmbhe itesubiing deviers areslessdikelyuctor
kto fail and less expenffive tob rr%anucfacture re 'ti@%'rn a lower cost for .
Packednsumers. FIGs. 23a-2c Show exemplaly semiconductor packages.” FiG. °°©
pre—@@d&us;catesmemher d_@tafd oém@tﬁmﬂ@rwwmnd%car@: SSem_cmductor
Beca&’éee7%}&%‘3'%*%%%8‘8&%‘&’(‘?5?_9@&%8@'rl%%'&& 8%8!959&9‘5%%%
implemented as active devices, passive devices, conductive layers, and
funcyiglectticisyers forrhed Withiflthedié apararece|Berieamr interdnneeed
cheaﬁ@@o%ﬂ%&g}ﬁc £lectrical design qf the-dienFon example.dhegirguit y8ay  the

include one or more transistors, diodes, inductors, capacitors, ,
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
layers of conductive material, such as aluminum (Al), 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
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resistors, and other circuit elements formed within the active region of
semiconductor die 74. Contact pads 76 are one or more layers of
conductive material, such as aluminum (Al), 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 -10
epox€POXyhEhe package body includesian insulative: packaging axiaterial guch

et £5ROVIIEY O ceramic, Conductor leads 80 aod wire bonds 82 proyide
elec ricéJI interco neéﬂﬁe}fween semiconductor die 92 an ﬁé 52.
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and contaminating die 74 or wire bonds 82. FIG. 2b illustrates further
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Wire bonds 94 provide first level packing interconnect between contact

cont amieas Add 98=Molding cotSodtt 6P efidapsulant 100 is deposited over
semicomduciordiei88 asd mire=bords 9440 previde 1 physisalcsuppaticand ed

on pEiPaical isolalion foy fhe device, Gontact pads 102 are formed.over &,
surface of using a suitablé métal eposition process such as
usinelectrolyticcplating orelectralessqpatngtthprevent oxidation LCbatactWire

pona P393 102, are elactiically,connecied [o gre of more onductive sianal

traces 54 in PCE 52. Bumps 104 are formed between contact pads 98 of
cont BECwand eontadt Pads 102 I PCE B2 FIG. 2¢, seyfrderdbetr di@0 1s

depo§§ﬂé&ngwg§d§@%%QQM@hctor 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
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 within active
region 108. Semiconductor die 58 is electrically and
mechanically connected to carrier 106 through bumps 110.

BGA 60 is electrically and mechanically connected to
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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 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 within

active region 108. Semiconductor die 58 is electrically and mechanically
PCB &pnnecteddomarrier 106 thredghdunps 110aEcfy6a4s electricadiyrand 112 .
sen: JiechancAll sonnegted o ;11 BOE 52 with 8 EGA style sccond fevel

packaging using bumps 17 °Sehic8nducts die s & electrlcaﬂy
signgbnheeteestoconductv@ signaltraces 5HImMPEE 52 throughddunipsd40]14,

and SIgRAL lines 114, andibumps 112, A.melding compound or engapsulant
116'is deposited over semiconductor die 58 and carrier 106 to provide
depo physitaPsGppcrtand @lectficaliselation forthe devied SThe Ghip ehipprovide

phys §§Q_1Lic<¥%$f§é%d%¥i§e @I%‘é@?%@asl_hoi%%@&&f&h mwﬁen@@&w@m the,e
~active devices on semiconductor die 58 to conduction tracks on PCE 52

FLip i ¢BiderithedtesSigral (topagatisn aistaice, lowerEdpaditaince! aRd

condirBprave ovarall reitcuitperferatance. de anetherembedimentdthe: or die 58

semiconductor a('1§i:§<58 canFt%%mjechanicall and electricall connec?d

ko C%I?re%ﬁy 10’ PCE 5si(r)16f|p chlpzstyl/fé firs %{/ef’ﬁaa?agulﬁg Without

propagermediate sarier<l06l W@s. 3a§i dmm,,inaelatibmgocﬁt@soieamﬂ 1
circdft 26:8 progess af forming campliant stress; relief butferaround &, ., o or

semiconductor die. In FIG. 3a, a substrate or carrier 120 contains

die ¥emperaryoreaehificiarbase ndteriglsichras silitdn C polyaréee polimert 1y
to PERMPOSite; metal ceramic, glass; g1assefoXyYevel packaging without
intermediate carrier 106.

FIGs. 3a-3f illustrate, in relation to FIGs. 1 and 2a-
2c, a process of forming compliant stress relief buffer around a
semiconductor die. In FIG. 3a, a substrate or carrier 120
contains temporary or sacrificial base material such as silicon,
polymer, polymer composite, metal, ceramic, glass, glass epoxy,
beryllium oxide, or other suitable low-cost, rigid material or
bulk semiconductor material for structural support. An optional
interface layer 122 can be formed over carrier 120 as a
temporary adhesive bonding film or etch-stop layer.

Semiconductor die or components 124 are mounted to
interface layer 122 with contact pads 126 on active surface 128
oriented downward toward carrier 120. Active surface 128
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,
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beryllium oxide, or other suitable low-cost, rigid material or bulk

semiconductor material for structural support. An optional interface layer

122 can be formed over carrier 120 as a temporary adhesive bonding film

or etch-stop layer. Semiconductor die or components 124 are mounted to

interface layer 122 with contact pads 126 on active surface 128 oriented

downward toward carrier 120. Active surface 128 contains analog or

digital circuits implemented as active devices, passive devices,
diodeenduetivelalyers, ancedieteciieayers fornedqvithin tewdiecande surface
126 Elecirically interconnaeted _according to the electripal design and function,

: ple; the circuit may include one of more trahsistors,

di gi*_eﬁz dizoidysahnldroih_erseimuit(@l@h?entsmemwhhryagm Slm@ce d2@tel
procdiplement.analog circditg or digital circuits; sueh as, digitad signal, ., - ;

processor (DSP), ASIC, memory, or other signal processing circuit.
TPDs getHiebnddctoRdicc 24 ayrakRecomtain, IPDS, sivhias Mouictdrer RE
sign&apgeitrssanddesistors, for RF signal processing. In FIG. 3b, a

compliant stress relief buffer or block structure 130 is pre-formed as

circular BF sgbfre phtchs P rechgulir<tiss G8ihg moidin§Tproteds-ock
stru&iress refief buffer 4306 conkaing sosipliant matetials sueh @aspolynes, or

epoxy, polymeric material, epoxy resin with filler, or epoxy acrylate . with
rect G o atEy, SFL refol Bfie) T30 63 B polytat SRTbETEne
buf f pre-impregnated fprepreg)lwith @ cetwination etyheralicceotiorepapenpoxy,

polyfROXY tesL Waven glass, matle glass, golyester, and other .. acryiate

~ reinforcement fibers or fabrics, PCB board material with core layer, or
with offidridampintyl hrateral Stress réfiefisufferci3eis muhnrd thiAtetfatede

polytetrafluoroethylene pre—-impregnated (prepreg) with a
combination of phenolic cotton paper, epoxy, resin, woven glass,
matte glass, polyester, and other reinforcement fibers or
fabrics, PCB board material with core layer, or other damping
material. Stress relief buffer 130 is mounted to interface
layer 122 in locations 132 designated for bump formation, i.e.,
at the edges or corners of the completed FO-WLCSP.

In FIG. 3c, an encapsulant or molding compound 136 is
deposited between stress relief buffer 130 and semiconductor die
124 and over the semiconductor die to a level even with the
stress relief buffer using a paste printing, compressive
molding, transfer molding, liquid encapsulant molding, vacuum
lamination, spin coating, or other suitable applicator. Stress
relief buffer 130 can be thicker than semiconductor die 124 so
encapsulant 136 covers back surface 138 of the die. Encapsulant
136 can be polymer composite material, such as epoxy resin with
filler, epoxy acrylate with filler, or polymer with proper
filler. Encapsulant 136 is non-conductive and environmentally

protects the semiconductor device from external elements and
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layer 122 in locations 132 designated for bump formation, i.e., atthe
edges or corners of the completed FO-WLCSP. In FIG. 3c, an
encapsulant or molding compound 136 is deposited between stress relief
buffer 130 and semiconductor die 124 and over the semiconductor die to
a level even with the stress relief buffer using a paste printing,
compressive molding, transfer molding, liquid encapsulant molding,
vacuum lamination, spin coating, or other suitable applicator. Stress
cont &eliefdutfer 130 can be thicker than semiconductor die 124 so
encaps ?Et 1%% covers backcsurface 138 Pf the ](_jie. Enncapsgla#t 1]:36
can be polymer co?nﬁgsslteama?éjriaY,ls?dvchoas %p%xf? Fésin‘with- fifler, epoxy
semi@endatetwith diller, b2 polymeewithpropert fitler fencapstlamd@6ascapsulant

136 H9pzeonductive apdenvirgnmentally, ;orotedts te, semiconaucior device .

from external elements and -13 contaminants. FIG. 3d shows a top view
Locat angrolpmglsisotin séfficdrituctordie 1Pan atréss reliefbifferd30S apdd
corn&psapsulant 136 energarrier 120. Stress relief buffer 130 is mounted to

locations 132 designated for bump formation at the edges and corners of

the FO-WLESP: |7 BIG F88RehijorafPEartier 120Gt Optiital “herface
intelayefd 2Pgrerremaoved-by cbemical atghingcmechanicat peel-ofinEMRBNical
mechanical grinding, thermal bake, |aser scanning, or wet stripping. A
oo ot Sl nUeE TG Hatt S ture IO e EH ovb oo
scansémiconducterdieti2fstress reliebbuffemi30dandentapsulanni@s.chmemect

st ruQUlgp, inferconnect suglyce 1%84@%'89839@&9%‘9@”9?5,93@?1}’ lgn

~layer 142 containing one or more layers of silicon dioxide (SiO2), silicon
relieqftriie {SBN4)3 Silicon dxgnrAde (SioN),136.  The build-up

interconnect structure 140 includes an insulating or passivation
layer 142 containing one or more layers of silicon dioxide
(5i02), silicon nitride (Si3N4), silicon oxynitride (SiON),
tantalum pentoxide (Ta205), aluminum oxide (A1l203), low
temperature (£250°C) cured polymer photoresist, such as
benzocyclobutene (BCB), polybenzoxazoles (PBO), epoxy based
photosensitive polymer dielectric, or other material having
similar insulating and structural properties. The insulating
layer 142 is formed using PVD, CVD, printing, spin coating,
spray coating, sintering or thermal oxidation. A portion of
insulating layer 142 is removed by an etching process to expose
contact pads 126 of semiconductor die 124.

An electrically conductive layer 144 is formed over
insulating layer 142 and contact pads 126 using a patterning and
metal deposition process such as PVD, CVD, sputtering,
electrolytic plating, and electroless plating. Conductive layer
144 can be one or more layers of Al, Cu, Ti, Tiw, Sn, Ni, Au,

Ag, or other suitable electrically conductive material.
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tantalum pentoxide (Ta205), aluminum oxide (A1203), low temperature
(<250C) cured polymer photoresist, such as benzocyclobutene (BCE),
polybenzoxazoles (PBO), epoxy based photosensitive polymer dielectric,
or other material having similar insulating and structural properties. The
insulating layer 142 is formed using PVD, CVD, printing, spin coating,
spray coating, sintering or thermal oxidation. A portion of insulating layer
142 is removed by an etching process to expose contact pads 126 of

condsenlieenduster-diedP 4 A elestrically congtictive layet 144 is fowaed ryer .
insulating layer 142 and.contact pad 6 using a patterning and meta

Ome o Ain pobEs Sum 8 P CEvH! bobteige e oo SRgeTed £

contand electsolé8$ pietingeConduttive dayetid44 ¢an beoohe or mareiayersot

cond QLA G E(J'P’Vl My '%ialﬁubé“%’l%rc%@frcglﬂiﬁb'%&l\%‘éﬁc%'b’ %‘Ii%dc‘{‘:}ii’gally

material. -14 Conductive layer 144 operates as a redistribution layer

isolaRpd) denfgénrivn et domiuetve tayer1d4fisetédtricalyf céisected to

semi CORtaCt pads JL26;efsemiconductor die 124. Other portions of conductive
layer 144 can be electrically common or electrically isolated depending on
the desiyh anitPiurttion of the PSetiicdRbLETdr tRYide. M’ﬁnéﬁlaﬁﬂﬁrﬁ over

insupassivation Jayer 146 isfarmed ovet iifisulating tayer 4 42samd; congyictiveD,
layer 144 usm%1 PVD, CVD, erlntlncgo, Spin coating, sgra%gcogtrln%hsmterlfg

PEN o eyl BxidRiion. Prie faUTating fRyer 146 Tah e dne of moreTayers

oxidaf 5i@2, SiBNA, SION| aa205, AAvO38, lovs terapetaturen(b250C)oceretayer s
of sPc?#V m%&gﬁ‘q%tor%si‘%tm?ucﬁ%ﬁcz% 5;530 ' Of £Poxy based .€P8t°§<?£‘§b“é’8)

polymer dielectric, or oth&f matefia aving similar ﬁ]suﬁcﬁlng an
curedstroofurakproperties: #spertionsafch as BCB, PBO, or epoxy based
photosensitive polymer dielectric, or other material having
similar insulating and structural properties. A portion of
insulating layer 146 is removed by an etching process to expose
conductive layer 144.

An electrically conductive bump material is deposited
over build-up interconnect structure 140 and electrically
connected to conductive layer 144 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 144 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 balls or bumps 148. 1In some applications, bumps 148
are reflowed a second time to improve electrical contact to

conductive layer 144. The bumps can also be compression bonded
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insulating layer 146 is removed by an etching process to expose

conductive layer 144. An electrically conductive bump material is

deposited over build-up interconnect structure 140 and electrically

connected to conductive layer 144 using an evaporation, electrolytic

plating, electroless plating, ball drop, or screen printing process. The

bump material can be Al, In, Ni, Au, Ag, Pb, Bi, Cu, solder, and

combinations thereof, with an optional flux solution. For example, the
to cbumpmaterialsasrbe eutecteumpiPh,48ghdead selder corleadfeee £
e S e LIRS e
144 . matedaliist reflowved:by heating the materiakbdlboverits meltiog point $0 forond

bump SPREACA Ballgor bymps 148. In some applicafiens. hymps 148 are

reflowed a second time to improve electrical contact to conductive layer
144. ThEBumps cah @fso Be eampréssiofbohdes s itdTonbuEfive layer

semidédaBumps 148 represent one type of dxteronnect strycture thatcanbe 1ant
formed over conductive layer 144. The interconnect structure can also

136 ywibIhariefwites, StadSbdmp, Fliefo-bdmpl oY offiretedtRcalbiftertBRTect 8
throld@. 3bshows atopndgw:of mgrouping of four semiconductor die 124,
stress r%ief bﬁ"fner#?’o and eng‘%gsulant 136 with c.ont%ct Cp.ads 126

electrically connetled 10 bURps 148" thigigh oHductive Tayeri44. The

semi cﬁnaﬁserntoor@uetdr%ckageamhﬂdmg semiconddctos @Iig $24ess relief
buf £ EPCERgUIant gompound 136, ?’J e§?i]¥%'&ee‘u98ﬁ%r4%§o’ -mm%mgesat along

~structure 140, is singulated along lines 149 with saw blade or laser cutting
linegebitd ¥5¢ih FrEs. B dmdosf intoSipdivididl semieendecor 8evieesIRG - 3¢

and #ShAWs$FOsdividual semiconductor devices. FIG. 4 shows FO-
WLCSP 151 after singulation. Semiconductor die 124 is
electrically connected to bottom-side build-up interconnect
structure 140 and bumps 148. The pre-formed compliant stress
relief buffer 130 is disposed around edges, corners, and other
package integrity critical regions of FO-WLCSP 151 to prevent
failure of bumps 148 during temperature cycling testing and
other mechanical shock or impact of a reliability or drop test
by absorbing thermo-mechanical stress. Stress relief buffer 130
has a low Young’s modulus, i.e., less than encapsulant 136, good
elasticity and resiliency characteristics, and coefficient of
thermal expansion (CTE) similar to or slightly less than the
encapsulant. Stress relief buffer 130 also serves to reduce die
shifting during the encapsulation process.

FIGs. 5a and 5b show a cross—-sectional and top view of
pre-formed compliant stress relief buffer 130 extending
partially or completely along a side of FO-WLCSP 152.

FIG. 6 shows an embodiment of FO-WLCSP 154, similar to

the structure described in FIGs. 3a-3f, with pre-formed
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WLCSP 151 after singulation. Semiconductor die 124 is electrically
connected to bottom-side build-up interconnect structure 140 and bumps
148. The pre-formed compliant stress relief buffer 130 is disposed around
edges, corners, and other package integrity critical regions of FO-WLCSP
151 to prevent failure of bumps 148 during temperature cycling testing
and other mechanical shock or impact of a reliability or drop test by
absorbing thermo-mechanical stress. Stress relief buffer 130 has a low
comp YOung'smodutus; ¢ i, dess tharencapsulanithk36; gegdnelastieity andyers .
1n ofgSilisney. characteristics, and goefficient of thermal expansion (CIE).
SimiTar 1o or sﬁlgﬁﬂy TS8P han the encapsuﬁant. ress refief bu erhl
comp hisonserves <o reduderdier shifting dutingthe eagapsulation processnFlGsnt

matetadNg §§e§!‘°i"é g crossrsectional ang fop view of  prezformed gompliant
stress relief buffer 130 extending partially or completely along a side of
strefFO-YRLEsP BTG, B$haws afismbddinient bt FOWWEE SR I3 A imilar oF

si1id@dhestucturedescribeddn FiGs: 3a:3f, withpredoraed - 16 composite £
stress relief buffer 156 containing multiple layers. In one embodiment,

DUt EhmpYsite SRS Tellef Bttt 156 has Ut compliant matariditaysriiss, varrage

and citicondayerstbq; anskegmpliants oxatenaldayears18.Alternatvelyethejoint
Iaryers of com Of,ite stress religfpuffer 156 are metagc%@gliant

falllﬁne?térigﬁr%%%a flofa Iéh?éo%?@ourﬁpllan mferiallsimcdn omposﬁgné rce(%gducwr

die. relief buffer 156 reduces warpage in FO-WLCSP 154. By reducing
warpage.;and ¢ Thsinduced Séﬁédf%}r(ﬁ%? 4,has redyced %‘?J@‘%ﬁar to

joint failure, particularly around the periphery of the semiconductor die.
the FGU7Showsas embsdiment b EO-WIECSP 162 similgttel stiffener or

layer 164 mounted over stress relief buffer 130 and encapsulant
136. An adhesive layer is deposited over stress relief buffer
130 to secure stiffener 164. Stiffener 164 reduces warpage in
FO-WLCSP 162. Stiffener 164 can be used as a heat sink with an
optional thermal interface material (TIM) 166 for heat
dissipation from semiconductor die 124. As a heat sink,
stiffener 164 can be Al, Cu, or another material with high
thermal conductivity. TIM 166 aids in the distribution and
dissipation of heat generated by semiconductor die 124.
Stiffener 164 can also operate as an electromagnetic
interference (EMI) or radio frequency interference (RFI)
shielding layer. As an EMI or RFI shielding layer, stiffener
164 can be Cu, Al, ferrite or carbonyl iron, stainless steel,
nickel silver, low-carbon steel, silicon-iron steel, foil,
epoxy, conductive resin, and other metals and composites capable
of blocking or absorbing EMI, RFI, and other inter-device
interference. The shielding layer can also be a non-metal
material such as carbon-black or aluminum flake to reduce the

effects of EMI and RFI. Stiffener 164 can be grounded to divert
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the structure described in FIGs. 3a-3f, with metal stiffener or layer 164
mounted over stress relief buffer 130 and encapsulant 136. An adhesive
layer is deposited over stress relief buffer 130 to secure stiffener 164.
Stiffener 164 reduces warpage in FO-WLCSP 162. Stiffener 164 can be
used as a heat sink with an optional thermal interface material (TIM) 166
for heat dissipation from semiconductor die 124. As a heat sink, stiffener
164 can be Al, Cu, or another material with high thermal conductivity. TIM
the Hi66 aids ikthe distribution and dissipation of heat generated by

semico tor die 124. Stiffener 164 can als erat .
electror%g[lgiiet?c ?r%i%%%r@nncee@ﬂ]glo%?%ﬁiooﬁzgﬁér%aﬁeﬁg}ghces J(ﬁH)ar ko
the shieldingdayere AsrarbEMIior REGshielding layer,istiffepree -84 vanl betCe;s s

relify: i5irieQr casbonyl jron, ﬁﬁia'e%%rs&%‘i't nickel sliver, JowsGaIbon SeQL: 1 s

silicon-iron steel, foil, epoxy, conductive resin, and other metals and
comp gppigosites capabfel bf bldtkiey oPabsorbing EMICRFY, diidetiferl 76 may

cont MMRr-gRYicsyinterferaences The shielding layen ecan alsobe a nen-metal
material such as carbon-black or aluminum flake to reduce the effects of

devi ey akd RELVStiffener=féa c& b groutited 3¢ eivert ARHEENME ahtRFI
layeSinNads:nH6. Bishows an:ermbodialient Of fQ-WLESP1TQ, similar to the

structur scribed.in FIGs. 3a-3f, with pre-for stress, relief buffer 17
containisnédgc'lrc%lat I%@r@ﬁf@e%%%%\%ég%ﬁ in Pg%?n)ﬁwgr%tss%reqs%soréligfl e far
to tieatetiahT7BrCircuitlayersd76 may Gontdia-ahalog or digitat egcuitse Lief

put s IPPIEMERed as.agtive deviges, nassive devices, conductivg layers, and, |
dielectric layers formed within stress relief material 178. FIG. 9a shows
stif farembedinentsf FGAVEESPE80esinfiigpr stress relief buffer 130

prior to depositing encapsulant 136. An adhesive layer is
deposited over stress relief buffer 184 to secure stiffener 182.
Stiffener 182 can be formed as a window completely around
semiconductor die 124, as shown in FIG. 9b. Stiffener 182
reduces warpage in FO-WLCSP 180.

FIGs. 10a-10c illustrate, in relation to FIGs. 1 and
2a-2c, a process of forming a compliant stress relief layer
around semiconductor die. Continuing with the structure
described in FIG. 3a, a compliant stress relief layer 190 is
formed over interface layer 122 around semiconductor die 124
using spray coating or screen printing. Stress relief layer 190
can be deposited prior to mounting semiconductor die 124. There
may be a gap or there may be no gap between stress relief layer
190 and semiconductor die 124. 1In the case of a gap, an
underfill material, such as epoxy or polymeric material, is
applied over die edge to cover the gap to prevent die shifting
during encapsulation. Stress relief layer 190 can be a
compliant material, such as polymer, epoxy, polymeric material,

epoxy resin with filler, epoxy acrylate with filler, photo-
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to the structure described in FIGs. 3a-3f, with stress relief buffer 184
made thinner than semiconductor die 124. A metal stiffener or layer 182
is mounted over stress relief buffer 130 prior to depositing encapsulant
136. An adhesive layer is deposited over stress relief buffer 184 to secure
stiffener 182. Stiffener 182 can be formed as a window completely around
semiconductor die 124, as shown in FIG. 9b. Stiffener 182 reduces
warpage in FO-WLCSP 180. FIGs. |Oa-10c illustrate, in relation to FIGs. 1
sens ahdvar2es asprocess of fermingacaompliantstiressaelietlayer atagnd
se |cond ctor die. Continuing with he st c described in FIG. a, a
%mlp iaht sﬁess ralefTayeral%% io ormec o%gmter?’raceclayer Wf groun
stresemiednductérdierl 24 Wsirg sprayrcoatmgiorosareer printing s8tress s
poly GiRIVEIR0 canhe depasiied pdat g meuntng semicondyelqr die

There may be a gap or there may be no gap between stress relief

mate¥d}ﬁ9¥ 190 ahdssehicofdicto? dRP124 Cinthe lcase)ofad gap Can Miastiekils

(20ompateral, sugh ps epaxy-arspelymetie matesial,iis pcapplied Qver die edge 19
cover the gap to prevent die shifting during encapsulation. Stress relief

miCr pRArrY daiithe W coiSiiant fitaterial, such as polymer, epoxy, polymeric
material; nepaxy. I‘eB‘lTbWItb]rfl||§fl,<ﬁﬁ_t€Bﬁyl@fy|&t& Vwmlfdlﬁﬁ,gphﬁiﬁpiﬁnd 192 is
ensitive resist, or other cam mater avm high . elongation, low

depOSlQ lﬁ%ugvanrd Baféncedr(#églén oné’embodlmen? stgén§sCPerifg é%y%]? f&l)be 124

usings anprsulatimy maternal, sucmasepsolyimider PEQ,ssilicorebase elastdméng,

liquPl d&%%@&!%ﬁ’éak%'f‘& V%{'&h ajow, GLE(2QPRIVG O 1e$9) anaLlow. ; 1y, oy

lus (200MPa or less). Stress relief layer 190 is typically 15-100
otheﬁuéﬂﬁﬁ@@#§(@@Ph@gmquss_Encapsulant 192 can be polymer

composite material, such as epoxy resin with filler, epoxy

elon%

acrylate with filler, or polymer with proper filler.
Encapsulant 192 is non-conductive and environmentally protects
the semiconductor device from external elements and
contaminants.

In FIG. 10c, temporary carrier 120 and optional
interface layer 122 are removed by chemical etching, mechanical
peel-off, CMP, mechanical grinding, thermal bake, laser
scanning, or wet stripping. A bottom-side build-up interconnect
structure 194 is formed over semiconductor die 124 and stress
relief layer 190. The build-up interconnect structure 194
includes an insulating or passivation layer 196 containing one
or more layers of Si02, Si3N4, SiON, Ta205, Al203, or other
material having similar insulating and structural properties.
The insulating layer 196 is formed using PVD, CVD, printing,
spin coating, spray coating, sintering or thermal oxidation. A
portion of insulating layer 196 is removed by an etching process
to expose contact pads 126 of semiconductor die 124.

An electrically conductive layer 198 is formed over
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In FIG. 10b, an encapsulant or molding compound 192 is deposited over

stress relief layer 190 and semiconductor die 124 using a paste printing,

compressive molding, transfer molding, liquid encapsulant molding,

vacuum lamination, spin coating, or other suitable applicator. Encapsulant

192 can be polymer composite material, such as epoxy resin with filler,

epoxy acrylate with filler, or polymer with proper filler. Encapsulant 192 is

non-conductive and environmentally protects the semiconductor device

insu from exteragkelements andccontasinantss In. BEG ukQe,dempesanycartiat; and

20 and optjonal interface la e[hlzé aggng_em&y&d bsy chemical etching,

meta#necer‘f)a%?cla 158 ESH TP, Mechahical grinding, thefmal Hake, Hser

elecscafrings opwet strippirg.dA dbtom-sibdedsuilolap interconhect stiuctgrelayer

198 424 iglormed gyer semiconguctor gie 124 and stiess elietigyern]90. The
build-up interconnect structare 194 includes an insulating or passivation

othe gyt TOBEENtaMITY BhE 20r Mote Tayers bY SiO2t SI3NG, -SiCM TPaZi5, Ve

layeﬁlﬁg@’ %Qy]ﬁfeglaé%ri%lrhwg Sir@i}?er iB%lillétj'agl a@@ %w‘&r@‘t ive layer
properties. The insulating layer 196 is formed using PVD, CVD, printing,

198 §pirfeGating: Spay cOafRY: Siterihg of thémral dxadatiort. A Yortion of

semi insiatinglayer 4964 removed byt etching processdio-expeselegniact. 98
gadsllzq:of.se iconductor die 124 Antelectriﬁll\!y con uctivg Ig}éer 1%8 is

°2n fotmed over -19 sIatig Iayef 16 And contact pads 126 Uding &~ -7 °”

the gattépringahdf metalidepasitidrh processcuctivas: BY DG Desputtering,
electrolyic plating 304 'e&%'f%%sés&léﬁ9%90@9?%@%'%9Eslgﬁo%%{éﬁeover
one or more layers of Al Cu, In, Ni, Au, Ag, or other suitable electrically

insutphdoctivemratenddCondueveluctive layer 198 using PVD, CVD,

printing, spin coating, spray coating, sintering or thermal
oxidation. The insulating layer 200 can be one or more layers
of 5i02, Si3N4, SiON, Ta205, Al1203, or other material having
similar insulating and structural properties. A portion of
insulating layer 200 is removed by an etching process to expose
conductive layer 198.

An electrically conductive bump material is deposited
over build-up interconnect structure 194 and electrically
connected to conductive layer 198 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 198 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 balls or bumps 202. In some applications, bumps 202

are reflowed a second time to improve electrical contact to
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layer 198 operates as an RDL. One portion of conductive layer 198 is
electrically connected to contact pads 126 of semiconductor die 124.
Other portions of conductive layer 198 can be electrically common or
electrically isolated depending on the design and function of the
semiconductor device. An insulating or passivation layer 200 is formed
over insulating layer 196 and conductive layer 198 using PVD, CVD,
printing, spin coating, spray coating, sintering or thermal oxidation. The
condinsudating kayer 200xan heenearpBorealayenss ©f 5402 0Bi3NA SiON, bonded
Ta205, A1203, or other material having similar insulating and structural
o o A RN an b oG Tayes 200 R AGGhed By an i
inteprocessto exposet corductive layer 298 fAnredectneally comductivébrimpyer

195. MatgLalisdeposited CQV%rt‘%LEé@'E YR nteLgonnect siugtue 194,800 - st uq

electrically connected to conductive layer 198 using an evaporation,
bump g|@:tralyticOprERng C&leetrbiiss platitg, vz dropt 6F Sereenc printing
processsJheump materiak can pe Al I, Nin i Age Py iBin Ch 50ldR e or

and combinations thereof, with an optional flux solution. For example, the
Lasepymiy ateridcan e %Qlfiedtf‘&tgn}lﬂﬁi,lﬁ’léﬂﬂé‘&d $BItier Corieatfregievices -
FIG. soldershbe Humpmateriale ischendad toi eandictivelayerstod osingra er
suitable atta ent.or. bonding process. In one embodiment, the bum .
TREABTS Terived b nEAAG tHe FERGAE AL 08 TG BEHE TS
124 sphesdcaldsadlsmerlounps 202r InlSOmeiapplicativas; tbumps 2026are
eLec{gloned 3 seqanddimg tq Improye.elegtical £auiact (0, 20 canductivg e,

ayer 198. The bumps can also be compression bonded to conductive
198. |aydre 98 BuPES 202 epresent bhe type veinte?Conifecd stpeffe thaprund

seni8RdeformediQuer condyclive |ayer failure of bumps 202 during

temperature cycling testing and other mechanical shock or impact

sing

of a reliability or drop test by absorbing thermo-mechanical
stress. Stress relief layer 190 has a low Young'’s modulus,
i.e., less than encapsulant 192, good elasticity and resiliency
characteristics, and CTE similar to or slightly less than the
encapsulant. Stress relief layer 190 also serves to reduce die
shifting during the encapsulation process.

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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198. The interconnect structure can also use bond wires, stud bump,
micro bump, or other electrical interconnect. Semiconductor die 124 are
singulated with saw blade or laser cutting device 204 into individual
semiconductor devices. FIG. lla shows a cross-sectional view of
FO-WLCSP 206 after singulation. FIG. 11b shows a bottom view of
semiconductor die 124 and stress relief layer 190 with contact pads 126
electrically connected to bumps 202 through conductive layer 198. The
compliant stress relief layer 190 ictlisp@sed around semiconductor die
124 to prevent failure of bumps 202 during temperature cycling testing
and other mechanical shock or impact of a reliability or drop test by

What absorbiag tizermo-mechanical stress. Stress relief layer 190 has a low
Young's modulus, i.e., less than encapsulant 192, good elasticity and
resiliency characteristics, and CTE similar to or slightly less than the

1. ehcapsiiaft. Strasdvelief Ryef100wIsk séfesto tedace e Bhifiga

deripg the encapsulation Proeess. While-one or more embodiments of the
present invention have been illustrated in detail, the skilled artisan will

APPracidte that iRty aitPadastafions to those embodiments may
bedsnade vythou depading treprtheiscope afiibet present investipptasase!;
forth ir]ctlhne foyg\évinag:claims. -21.Cl imsf\%\/ehrat is clta}ijrgeg: 1. A method of

maun ress, relief bu ot mpora
making a Semiconductor device, comprising: Formlng a stress refief buffer;

subs previdingra terdpotary :samtr_atmmmnimgi& _semiconductor die to the
tefopoary Subsyate; \mountng the stress tglieh,pufier 1o e I8MMPREAY; ¢ ang

stress relief buffer;

removing the temporary substrate; and

forming an interconnect structure over the semiconductor
die, encapsulant, and stress relief buffer, the interconnect

structure being electrically connected to the semiconductor die.

2. The method of claim 1, further including forming the stress

relief buffer in a location designated for bump formation.

3. The method of claim 1, wherein the stress relief buffer
includes a multi-layer composite material and structure with

damping properties.

4. The method of claim 1, wherein forming the stress relief
buffer includes:

forming a first compliant layer;

forming a silicon layer over the first compliant layer; and

forming a second compliant layer over the silicon layer.
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substrate around the semiconductor die; depositing an encapsulant
between the semiconductor die and stress relief buffer; removing the
temporary substrate; and forming an interconnect structure over the
semiconductor die, encapsulant, and stress relief buffer, the interconnect
structure being electrically connected to the semiconductor die. 2. The
method of claim 1, further including forming the stress relief buffer in a
location designated for bump formation. 3. The method of claim 1, wherein
5. thestress relief btiffel dneludes aumtitelayen eompasite rvateriayand

. Structure with damping properties. 4. The method of claim_ 1, wherein
5t {5 (RS SroCk PRIGT Bulef P ESL thift & St SOMETARCIRJA=""

forming a silicon layer over the first compliant layer; and forming a second

6. cempligntiayer overthe silicon layer, 122 8, Jhe method ohdlaim d ey 55
~ further including forming a_stiffener layer over the stress relief buffer and
thinppEapsalanthe. TREhEthed B elaifii® -wherein the stress relief buffer is
thinner than the semiconductor die. 7. The method of claim 1, further

including forming a circuit within the stress relief buffer. 8. A method of _
7+ nfAGng aEilicohdGétot Bevicet Compising: prividiAg Btefptary c+rcutt
with Stbstiates mewing.a semicarrdusctqr die or component to the temporary
substrate; forming a stress relief layer over the temporary substrate;
depositing an encapsulant over the stress relief buffer and
8. A method of making a semiconductor device, comprising:

providing a temporary substrate;

mounting a semiconductor die or component to the temporary
substrate;

forming a stress relief layer over the temporary substrate;

depositing an encapsulant over the stress relief buffer and
semiconductor die or component;

removing the temporary substrate; and

forming an interconnect structure over the semiconductor
die or component and stress relief layer, the interconnect

structure being electrically connected to the semiconductor die.

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

stiffener layer over the stress relief buffer and encapsulant.

10. The method of claim 8, wherein the stress relief layer is

thinner than the semiconductor die or component.

11. The method of claim 8, further including forming a circuit

layer within the stress relief buffer.
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semiconductor die or component; removing the temporary substrate; and
forming an interconnect structure over the semiconductor die or
component and stress relief layer, the interconnect structure being
electrically connected to the semiconductor die. 9. The method of claim 8,
further including forming a stiffener layer over the stress relief buffer and
encapsulant. 10. The method of claim 8, wherein the stress relief layer is
thinner than the semiconductor die or component. 11. The method of
12. claimedHugher inclading farmisgaceirelit tayeramithindhe stress reliefq :
buffer. .-53 12. A @ethod of maki%%g setmig:onductor device, comprising:
pl?(li\%ﬁ\glarl1 ?eﬁ%poreanﬁﬁ%ﬁ%%atse? modfnatlneg’a semiconductor die or
componeny te threetemporduy tsubstrate ;anountipg asstiessaetieebuffentorary
Subs{l}%{:eé'rljporary substrate; and depositing an encapsulant between the
stress relief buffer and semiconductor die or component. 13. The method
ofelahiT farthér mefuding: 1 rEmbvihgthe temporarycsubsaete: andpstrate;
and forming an interconnect structure over the semiconductor die and stress
relief buffer, the interconnect structure being electrically connected to the

SERfCsdUCIEr die GHESHREONER: T THRFMethGd 5f Sl 128 frtterout fer

and #eludingdamming theestsess ealieh beffer in a location designated for bump
formation. 15. The method of claim 12, wherein the stress relief buffer
includes a multi-layer composite material.

13. The method of claim 12, further including:

removing the temporary substrate; and
forming an interconnect structure over the semiconductor
die and stress relief buffer, the interconnect structure being

electrically connected to the semiconductor die or component.

14. The method of claim 12, further including forming the
stress relief buffer in a location designated for bump

formation.

15. The method of claim 12, wherein the stress relief buffer

includes a multi-layer composite material.

16. The method of claim 12, wherein forming the stress relief
buffer includes:

forming a first compliant layer;

forming a stiff layer over the first compliant layer; and

forming a second compliant layer over the stiff layer.

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

stiffener layer over the stress relief buffer and encapsulant.
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16. The method of claim 12, wherein forming the stress relief buffer
includes: forming a first compliant layer; forming a stiff layer over the first
compliant layer; and forming a second compliant layer over the stiff layer.
17. The method of claim 12, further including forming a stiffener layer
over the stress relief buffer and encapsulant. -24 18. The method of claim
12, wherein the stress relief buffer is thinner than the semiconductor die
or component. 19. The method of claim 12, further including forming a
18. Ccirauitrayeowitbin thesstressaeliehbuffam 20nA semicopdueldr deviceffer is

. compr'hsing: a semicondu%or ie or comBonent' a stress relief buffer
thinner 't %n the ?ﬁmlcon uc OE d%F r _coml onePt.
disposed around the semiconductor die or comp%nen ; an encapsulant

deposited between the stress relief buffer and semiconductor die or

19. CPMPoREntand,anntergonnect siructure formead, 8¥%5th€o§”%mi§:<§) NAUES it

die or component and stress relief buffer, the interconnect structure
Layepeing Bleetricatly Tonnectetbtbithé demi€enductor die or component. 21.

The semiconductor device of claim 20, wherein the stress relief buffer is

disposed in a location designated for bump formation. 22. The

20 SBMiEIHARIOMEEREe OF Clifr 20 WReref- tHe' stress  relief buffer

inclydes adndltidayer campesite saateriakh 23. The semiconductor device

ol caim 20, futhecioodng a sUiensrlaverformedgver g stess el
die or component;

an encapsulant deposited between the stress relief buffer
and semiconductor die or component; and

an interconnect structure formed over the semiconductor die
or component and stress relief buffer, the interconnect

structure being electrically connected to the semiconductor die

or component.

21. The semiconductor device of claim 20, wherein the stress
relief buffer is disposed in a location designated for bump

formation.

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

relief buffer includes a multi-layer composite material.

23. The semiconductor device of claim 20, further including a
stiffener layer formed over the stress relief buffer and

encapsulant.
24. The semiconductor device of claim 20, wherein the stress
relief buffer is thinner than the semiconductor die or

component.
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24. The semiconductor device of claim 20, wherein the stress relief buffer
is thinner than the semiconductor die or component. -25 25. The
semiconductor device of claim 20, further including a circuit layer within

the stress relief buffer. -26

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

circuit layer within the stress relief buffer.
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