SEMICONDUCTOR DEVICE AND METHOD OF PROVIDING
Z-INTERCONNECT CONDUCTIVE PILLARS WITH INNER POLYMER
CORE Field of the Invention The present invention relates in general to
semiconductor devices and, more particularly, to a semiconductor device
having conductive pillars formed with an inner§oI§mer core for providin

SEAHERPRECER BRGHH AP METHRD K CpAcROIbERG T
Invention SENRYAEGYEr BEVRRB & ESHTONE R FFHMBd lectronic

products. Semiconductor devices vary in the number and density of electrical
components. Discrete semiconductor . devices generally contain one type of
electrical component, e.g-cl t%%niﬁ#ﬁ cﬁ&&?%  transistor, resistor,
capacitor, inductor, and power metal oxide semiconductor field effect
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and creating visual projections for television displays. Semiconductor

devices are found in the fields of entertainment, communications, power

generation, networknggmﬂg%rﬁdagz}_ LRONEHRE Py agucts. Semiconductor

devices are also found in electronic products including military, aviation,
automotive, industrial controllers, and office equipment.

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), 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 generation, networks, computers, and



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
through the process of doping. Doping introduces impurities into the
semiconductor material to manipulate and control the conductivity of the,
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levels of doping and application of an electric field, the
transistor either promotes or restricts the flow of electrical
current. Passive structures, including resistors, diodes, 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
passive components. Back-end manufacturing involves singulating
individual die from the finished wafer and packaging the die to

provide structural support and environmental isolation.



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, higher density active and passive components. Back-end processes
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devices on multiple levels (3-D device integration) and external
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devices can be accomplished with conductive through silicon vias
(TSV), through hole vias (THV), or Cu-plated conductive pillars.
In most TSVs and THVs, the sidewalls and bottom-side of the via
are conformally plated with conductive materials to enhance
adhesion. The TSVs and THVs are then filled with another
conductive material, for example, by copper deposition through
an electroplating process. Voids may be formed within the vias,
which causes defects and reduces reliability of the device. TSV
and THV can be a slow and costly approach to make vertical
electrical interconnections in semiconductor packages. The
plated metal pillars are typically very stiff which causes high
stress at the interconnect joints, particularly for high aspect
ratio interconnects. The high joint stress leads to high

contact resistance and potential joint failure.



Accordingly, in one embodiment, the present invention is a method of
making a semiconductor device comprising the steps of providing a
sacrificial substrate, depositing an interface layer over the sacrificial
substrate, forming a first conductive layer over the interface layer, forming a
first polymer pillar over_the first conductive layer, forming a second
conductive layer over BHEREZoRMer Iiaf 3 8REAER first conductive pillar
with inner polymer core, mounting a semiconductor die or component over
the sacrificial substrate, depositing an encapsulant over the semiconductor
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The method further includes the step of forming a second interconnect
compepgitreover the sacrificial substrate, depositing an
encapsulant over the semiconductor die or component and around
the first conductive pillar, and forming a first interconnect
structure over a first side of the encapsulant. The first
interconnect structure is electrically connected to the first
conductive pillar. The method further includes the steps of
removing the sacrificial substrate and interface layer, and
forming a second interconnect structure over a second side of
the encapsulant opposite the first interconnect structure. The
second interconnect structure is electrically connected to the
first conductive pillar.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a substrate, forming a first conductive layer over the
substrate, forming a first conductive pillar with inner stress-
relief core, mounting a semiconductor die or component over the
substrate, depositing an encapsulant over the semiconductor die

or component and around the first conductive pillar, and forming



over a second side of the encapsulant opposite the first interconnect
structure. The second interconnect structure is electrically connected to the
first conductive pillar. In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of providing
a substrate, forming a first conductive pillar with inner stress-relief core,
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FIG. 1 illustrates a printed circuit board (PCB) with different types of

comppackages FRouIited t6 it surfate; FIG 2ai2d ildstatefurhesdétailof dwer the
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pillar, and forming a first interconnect structure over a first
side of the encapsulant. The first interconnect structure is
electrically connected to the first conductive pillar.

In another embodiment, the present invention is a
semiconductor device comprising a first conductive layer. A
first conductive pillar with inner stress-relief core is formed
over the first conductive layer. A semiconductor die or
component is mounted over the first conductive layer. An
encapsulant is deposited over the semiconductor die and around
the first conductive pillar. A first interconnect structure is
formed over a first side of the encapsulant. The first
interconnect structure is electrically connected to the first
conductive pillar. A second interconnect structure is formed
over a second side of the encapsulant opposite the first
interconnect structure. The second interconnect structure is

electrically connected to the first conductive pillar.



FIGs. 3a-3f illustrate a process of forming a z interconnect conductive pillar
with an inner polymer core; FIG. 4 illustrates the FO-WLCSP with
z-interconnect conductive pillars having an inner polymer core; FIG. 5
illustrates stacked FO-WLCSPs electrically connected through conductive
pillars having an inner polymer core; FIG. 6 illustrates the FO-WLCSP with
conductive pillars P& T pRinefcdrdRirBstistASide IPD formed
prior to die attach and encapsulation; FIG. 7 illustrates the FO-WLCSP with
conductive pillars having an inner polymer core and bottom-side_ IPD formed
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illustrates the FO-WLCSP with conductive pillars having an inner polymer
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claims and their equivalents as supported by the
connected through conductive pillars having an inner polymer

core;

FIG. 6 illustrates the FO-WLCSP with conductive
pillars having an inner polymer core and bottom-side IPD formed
prior to die attach and encapsulation;

FIG. 7 illustrates the FO-WLCSP with conductive
pillars having an inner polymer core and bottom-side IPD formed
after to die attach and encapsulation;

FIG. 8 illustrates the FO-WLCSP with conductive
pillars having an inner polymer core and topside IPD;

FIG. 9 illustrates the FO-WLCSP with conductive
pillars having an inner polymer core formed over contact pads of
die; and

FIG. 10 illustrates the FO-WLCSP with z-interconnect

conductive—-coated polymer balls.

Detailed Description of the Drawings

The present invention is described in one or more

embodiments in the following description with reference to 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 plurality of die on the surface of a semiconductor
warfer. Each die on the wafer contains active and passive electrical
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passive electrical components, which are electrically connected
to form functional electrical circuits. Active electrical
components, such as transistors, 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,
transforming the semiconductor material into a permanent
insulator, permanent conductor, or changing the semiconductor

material conductivity in response to an electric field.

Transistors contain regions of varying types and degrees of



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,
passive components, or electrical connections between components. The
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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
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



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 broken
along non-functional regions of the wafer called saw streets or scribes. The
wafer is singulated using a laser cutting device or saw blade. After
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a graphics card, network interface card, or other signal processing card that
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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 10 having a chip
carrier substrate or printed circuit board (PCB) 12 with a
plurality of semiconductor packages mounted on its surface.
Electronic device 10 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 10 may be a stand-alone system that

uses the semiconductor packages to perform an electrical



The semiconductor package can include microprocessors, memories,
application specific integrated circuits (ASICs), logic circuits, analog circuits,
RF circuits, discrete devices, or other semiconductor die or electrical
components. In FIG. 1, PCB 12 provides a general substrate for structural
support and electrical interconnect of the semiconductor packages mounted
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us iné8quaddatinan;leaded package(QRN)30, and quad flat package 82, arg,
shown mounted on
screen printing, PVD, or other suitable metal deposition

process. Signal traces 14 provide for electrical communication
between each of the semiconductor packages, mounted components,
and other external system components. Traces 14 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
a carrier. Second level packaging involves mechanically and
electrically attaching the 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.

For the purpose of illustration, several types of
first level packaging, including wire bond package 16 and flip
chip 18, are shown on PCB 12. Additionally, several types of
second level packaging, including ball grid array (BGA) 20, bump
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PCB 12. Depending upon the system requirements, any combination of
semiconductor packages, configured with any combination of first and
second level packaging styles, as well as other electronic components, can
be connected to PCB 12. In some embodiments, electronic device 10
includes a smgle attached semiconductor package, while other embodiments
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.and glel ctric IaX%rs forme%\/\ﬁthl %mlcond%cté)r die %4 an lectric II
1
Selml|(F’1(tj(-%-qrconnecte8 accor%lng {0 the electrical c?eS|gn of the di ﬁexgﬁlpe thép ©
intecircuitmay éiclpde bag ®©F morBitransigtors] rdiodes; nquucn@rlse capagitopsductor

pack[‘ﬁféséo@vg‘gd other %ffé"ts%'SQ)cePé%éom}é?&‘{‘,{%@@éﬁ?@fgv%5%9'%%9%%%1:e

Contact pads 36 are’made with a conductive material, such as aluminum

pre-(pylcoppar(@Wtin (Sn);nicket (N ogdld (Aay, orsiivem{Agy, aharde

Beca%'@@”'&ﬁ@y connecied o the circuitelements, formed within;die 34, Coptact
pads 36 are formed by PVD, CVD, -1 electrolytlc plating, or electroless

funcglafing prdcesse b@ﬁh@oéés{erﬁﬁyb?@w%} sefidsHuuttstdie 34 igsing
cheaPOHNER I0OREANIEr ang a streamlined manufacturing process. The

resulting devices are less likely to fail and less expensive to
manufacture resulting in lower costs for consumers.

FIG. 2a illustrates further detail of DIP 24 mounted
on PCB 12. DIP 24 includes semiconductor die 34 having contact
pads 36. Semiconductor die 34 includes an active region
containing analog or digital circuits implemented as active
devices, passive devices, conductive layers, and dielectric
layers formed within semiconductor die 34 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 die 34. Contact
pads 36 are made with a 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 die 34. Contact pads 36 are formed by PVD, CVD,
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38 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 40 are connected to carrier 38 and wire
bonds 42 are formed between leads 40 and contact pads 36 of die 34 as a
first level packaging. Encapsulant 44 is deposited over the package for

elecémarornéntal protétion By Frevehfing fioistire*and paktichss™ Hom ehiteringd

a s sethelRackage andeontaminating die 84r centactipadss 3B Qhwirg hands 42 rrier
DIP 24 is connected to PCB 12 by inserting leads 40 into holes formed

38 UG PEB 12580146 matahial 46 fs AGWed afburfifieads %0 ditltifto'the Such

as thelesdq physically andelectiralheconnect DIR P4dde PGB 12n Selderi ve
material 46 can,be any metal or electrically conductive material, e.g., Sn,

PACkRANBLT AT A, liXECfrch f‘fn)?%ié’rﬁﬁfﬁirﬁﬂ‘é (Bi), %Iﬂﬁca1loy§?ﬁléjr%gﬁ UWith &7 S

40 aaptianab flax tmaterial. dzarexample, thedsolderenateriakcare be ewitetticme d

becw 2D tidlulead: or lead:fiee, FIG, 2bllustrates futher detall of BCE22 1
mounted on PCBLS. Semiconductor die 47 is connected o a Carrier by wire
packboridhstyle first lgvehpackagiig. BCG2is meunteddo PCEB: khwith @eBECr

env: JY5 8000 I9vel packaging, Semicondycior dis 47 baving contact pads 48
IS mounted over a carrier usm§]a unaertiil or epoxy-resin adhesive materia

froms_@._rS@m_iicmdu_m@rp@ie]ﬂagiﬂclﬂdés_ a@mmmegibng:omair_ﬂh@,amgggt pads
36, digital; circyits implementedsas agtive.devices, passive deviges, conductive

layers, and dielectric layers formed within semiconductor die 47 and are
inseglectricaly fercépnected hedsrdingaonthe eldutict leBigh dfdhe dfe Ik

ma t <AYMPIEs thes cireui may.ipglude one-ermere UARSISiors, g&ﬂ%e%éﬂ%%t%@’

-12 capacitors, resistors, and other circuit elements formed within
physically and electrically connect DIP 24 to PCB 12. Solder

material 46 can be any metal or electrically conductive
material, e.g., Sn, lead (Pb), Au, Ag, Cu, zinc (Zn),
bismuthinite (Bi), and alloys thereof, with an optional flux
material. For example, the solder material can be eutectic
Sn/Pb, high-lead, or lead-free.

FIG. 2b illustrates further detail of BCC 22 mounted
on PCB 12. Semiconductor die 47 is connected to a carrier by
wire bond style first level packaging. BCC 22 is mounted to PCB
12 with a BCC style second level packaging. Semiconductor die
47 having contact pads 48 is mounted over a carrier using an
underfill or epoxy-resin adhesive material 50. Semiconductor
die 47 includes an active region containing analog or digital
circuits implemented as active devices, passive devices,
conductive layers, and dielectric layers formed within
semiconductor die 47 and are electrically interconnected
according to the electrical design of the die. For example, the

circuit may include one or more transistors, diodes, inductors,
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the active region of die 47. Contact pads 48 are made with a conductive
material, such as Al, Cu, Sn, Ni, Au, or Ag, and are electrically connected to
the circuit elements formed within die 47. Contact pads 48 are formed by
PVD, CVD, electrolytic plating, or electroless plating process. Wire bonds 54
and bond pads 56 and 58 electrically connect contact pads 48 of

capagahitoRductor did-47 fo cOMAcPpads 52 bf BE 22 16fiNG thé AfrSerdvEr thin

the Packaging:daldingsgorpeund;or encapsuant84s depositedv@e with a
semiconductor die 47, wire bonds 54, contact pads_48, and contact pads 52

p
condp St hVidd By Eicat SupFott And SeletrricalisoftionNor tHedevide. Conta8d are
elecpads64 aye formes-over a sutface of PEB 12 ¢ising-emaporation electrolytic die
47 platin ,elgctrol SS gl??ting, screen ir1§ng I\:;\D/D, o\r]other suitable metal
- HESOST pREOSs A UrE opIAIN plstbd 6 prouant oR TR et
platpads 64 electrically connechtoaanien @rprarecconductive sighahtiacesil4.nd bond
Solder material is deposited between contact pads 52 of BCC 22 and
P25t B 64 O 19 he SO ThaeRar & SHBE 13 ortt burmps

semi@6nwhich dorml asmédhamical @ndeelectpigdlscdrihectioBbetweerf BOTI 22 ame:

. _PCB 12.1In FIG, 2¢,.semicopductor die 18 is mounted face down. to carrier .
o e aris S rot ot Lackas DA 3 & SRACh e A7 =
depowith edBGhcstylesseconddenve] packaging./Activerregiom?e cobntairing ahatogeads
15, Ydoital, cireuits jmplemented a3 active deyices, passive devices, g

conductive layers, and dielectric layers formed within semiconductor die 18
elecigralectiicalycihtereonndcted Bcordingites the Eleetrival desigh of therdre. Formed

over&@NIRIEs he.circuitpgy sinclude one.ormaore rapsistors, dipdes, jpductors,

capacitors, resistors, and other circuit elements formed within active -13
plating, electroless plating, screen printing, PVD, or other
suitable metal deposition process and are typically plated to
prevent oxidation. Contact pads 64 electrically connect to one
or more conductive signal traces 14. Solder material is
deposited between contact pads 52 of BCC 22 and contact pads 64
of PCB 12. The solder material is reflowed to form bumps 66
which form a mechanical and electrical connection between BCC 22
and PCB 12.

In FIG. 2c, semiconductor die 18 is mounted face down
to carrier 76 with a flip chip style first level packaging. BGA
20 is attached to PCB 12 with a BGA style second level
packaging. Active region 70 containing analog or digital
circuits implemented as active devices, passive devices,
conductive layers, and dielectric layers formed within
semiconductor die 18 is 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 active

-13-



region 70 of semiconductor die 18. Semiconductor die 18 is electrically and
mechanically attached to carrier 76 through a large number of individual
conductive solder bumps or balls 78. Solder bumps 78 are formed over
bump pads or interconnect sites 80, which are disposed on active region 70.
Bump pads 80 are made with a conductive material, such as Al, Cu, Sn, Ni,

regigg, dl Ayl ahare @ettiically cohnetfed tothB LRttt Bfemeénts forhed s

elecattivearegiona 4@ Burmp padsB0areforned by RVD - GVD celegolytie ough a
plating, or electroless plating process. Solder bumps 78 are electrically and

) p
Lar g BHARTAIY Eontmttdd 10  Thntt PAds b nteRorfecPsitBs s 2bn st 78 -
Sol1dée byasolder refiew pracess. BGA-20 isneleptiically andmechamicallyt sites
attached to PCB 12 b%/ large number of individu&l conductive so derSI%um S
80/ BPB&ils 86 SriieSHIass Eﬁjr%s A& tof e Vet bump pads®F iREEfEornect - ©
madesitest84.al heohdmptpads 84 akerelectrically-lconneated tountesegnnect sites or
82 rgtrjgh Q?Qg%ctlve Iinles 90 routed tgrqcught%aerrier. 76. C%ntgﬁt %ad 88

Adr SfEfofmed over a” dliface of PEB T GSing ‘@vaporation; electrolytic plating,

formeléctroless platmgy sgreen printingBRVD, mx dthet uitablef oretaldépositian,

cvp, POFEss and fre plally;plated o prgvent, gxidation, Gontagt ads 86
electrlcaﬁy cgnnect]%o one of more conductive &gnﬁ tracesql ﬁ_ e so?der
Soldpamps@ésaréekectrically ahd imedhanically conpeetedte lcontactpaestord to

contBAdIng pads 88,00 PCB 12 by.a salderreflow process. Molding gompound

or encapsulant 92 is deposited over semiconductor die 18 and carfier 76 to
ref lgmvideop®yssical support and electrical isolation for the device. The flip chip

semicongugtos glevice provides.a short eleetrical conduction path from the «

active devices on semlconductorl dieI18l to conduction trag:ks on PCB 12 in
PCB drdebYo Pecﬂtﬁé%@g@&W@Ea@aiioﬁ“ﬁ*ét‘éh@é?lbm@ndUCt ive solder bumps

or balls 86. The solder bumps are formed over bump pads or
interconnect sites 84. The bump pads 84 are electrically
connected to interconnect sites 82 through conductive lines 90
routed through carrier 76. Contact pads 88 are formed over a
surface of PCB 12 using evaporation, electrolytic plating,
electroless plating, screen printing, PVD, or other suitable
metal deposition process and are typically plated to prevent
oxidation. Contact pads 88 electrically connect to one or more
conductive signal traces 14. The solder bumps 86 are
electrically and mechanically connected to contact pads or
bonding pads 88 on PCB 12 by a solder reflow process. Molding
compound or encapsulant 92 is deposited over semiconductor die
18 and carrier 76 to provide physical support and electrical
isolation for the device. The flip chip semiconductor device
provides a short electrical conduction path from the active
devices on semiconductor die 18 to conduction tracks on PCB 12

in order to reduce signal propagation distance, lower
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-14 capacitance, and improve overall circuit performance. In another
embodiment, the semiconductor die 18 can be mechanically and electrically
attached directly to PCB 12 using flip chip style first level packaging without
carrier 76. FIGs. 3a-3f illustrate a process of forming a vertical (z)
interconnect structure for a fan-out wafer level chip scale package

CaPaEGICESPINM FIEPBAY S sabfficialwafer fort stbistraté'rcarrier 160

anoteRMansKhummy of sacHficigkhase, matetiaksuch-as glicen (S peRehically
polymer ,comglosite, metal, ceramic, glass, glass epoxy, beryllium_oxide, or

and Giher ultabie owAEd< Chgid rﬂéﬁéﬁﬁg&ryb&lﬁ seficdriduttor iiatetiab 161 1P
stylstrycturat suppert. A doxblessided atdhesive dayer 162 i3capplied to substrate
100. Alternatively, an interface layer can be apcplied to substrate 100. A
%%Zl g gf)s

conductivé fayer formet? & 2ohtact A4S R A tpsids Bf Adhésive ™ tical
(z) layert@2usingta depasition and patterrfiag erocess eonductive layer d04dsle

formed ysir 51 , CVD, s ring, electrolytic plating, electroless plating
P2 CORU O B il OLE depboition BIo-Ees ALt pads 103 ear
subshe ahe cvmaredayers af X1, Cun®naiNE Alyrigy opothercsuitable electrically
matecolrédluctil\ﬁglgn%[grigli In ane elz%k)%()5dimeggtI conducti\(ﬁ Ia}[}/er 104 is a_salid film

mer,. er CO oslte
or conducting current for later-formed conductivé pi fars. Conductive ayer

metal@4 inchadesc a platedseedllayer amburderdsump metalliatiors (UBM) paldsr

suitS@ining multinle layers gf selectvely plated Nidu, Tyeu, IWICH, aterial
TI/Cu/NiV/Cu, or their combination. The UBM pads provide bondable pads

for forbentingawitls solder bumps, dadiday fudssh mabideidbarkiry ¢ saldér 1s

applqi%HSiE’Q and-seed layen {5 solder.wetability. I, FIG,3b, A siressarelietlayer -4

is deposited over
be applied to substrate 100.

A conductive layer 104 is formed as contact pads on a
topside of adhesive layer 102 using a deposition and patterning
process. Conductive layer 104 is formed using PVD, CVD,
sputtering, electrolytic plating, electroless plating process,
or other suitable metal deposition process. Contact pads 104
can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other
suitable electrically conductive material. In one embodiment,
conductive layer 104 is a solid film for conducting current for
later—-formed conductive pillars. Conductive layer 104 includes
a plated seed layer and under bump metallization (UBM) pads
containing multiple layers of selectively plated Ni/Au, Ti/Cu,
TiW/Cu, Ti/Cu/NiV/Cu, or their combination. The UBM pads
provide bondable pads for bonding with solder bumps, and may
further provide a barrier to solder diffusion and seed layer for
solder wettability.

In FIG. 3b, a stress-relief layer is deposited over

substrate 100 by spin coating. The stress relief layer is
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substrate 100 by spin coating. The stress relief layer is -15 characterized by
a high tensile strength capable of enduring significant stress without failure.
The stress-relief material typically contains long or cross-linked atomic
chains. In one embodiment, the stress-relief layer can be polyimide with high
coefficient of thermal expansion (CTE), golynorbornene having low stiffness,

char g bl poRNTSF MateHal Afetthing protesdis” uSEd i fémove &l PoRioHS

sign@fthepolymer-layer exceptover conduetive fayer 404 deaving POYMeEReStS a1
_or pillars 106 for providing stress-relief. In FIG. 3c, an electrically conductive

EYPIagd Y08 R forhied Gverartf afoundHolymer billdrs To6 using A deposttibrP €
embodnchpatierntng prcess.sConduciive layerr1Q8is foemed usingi Y0y iG¥Dhigh

uttering, electrolytic pjating, electroless plating process, or other suitable
con TR on TR b, DS Ryeriion EiThe Sha HoR Rgdnrst
low AL Gi61Srs Ni, A, Aghaungstary (W), araother suitable electrigally gopductives 1s

material. Conducltii/e Fpads.104 anc%c%rﬁductin I%eg 08 enclose otlymer
n

used to r ve, d rtions 0 e.po.L. er. exc over
plﬁars 106’10 form z-ntérconnéct conductive pﬁ1ars 1 @%avmg aninner

condpalyines corey thelpalymee gorienof conguetiverpiliars 109 redlices pnclion for

stress Whéq:helsss p%ret%JIGafly useful for high aspect ratio conductive pillars,

d . ? . .
prové.ginlc}{S %spect ratio based on 4 micrometers (pm) base and 20 pm height

with 8 prﬁrpiﬂF:IﬁGS_el?mx_;orﬂmmﬂred_i@lloﬂéﬂimédmévsubgwae 1008 and
£ ormEWeeD condy CH‘E%BH'Q%%%%UM’&P gc_&’{‘ﬁ%? Pads 12, orignted toward ; . ; .,

adhesive layer 102. Semiconductor die 110 each include a substrate with an
and petivesregiorocantainifgsanaleg ot udigitalcircaits implefnered asrertve s ing

PVD, d%ﬁ}ﬁe,sﬁ %ﬁwgﬁ%&ese condugtive layers, and-dielectriclayersdomed o ¢ s ng
pro;gg;?tog giher suitable metal deposition process. Conductive
layer 108 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag,
tungsten (W), or other suitable electrically conductive
material. Conductive pads 104 and conductive layer 108 enclose
polymer pillars 106 to form z-interconnect conductive pillars
109 having an inner polymer core. The polymer core of
conductive pillars 109 reduces junction stress, which is
particularly useful for high aspect ratio conductive pillars,
e.g., 1.5 aspect ratio based on 4 micrometers (um) base and 20
pm height with 8 pm pitch.

Semiconductor die 110 are disposed over substrate 100
and between conductive pillars 109 with contact pads 112
oriented toward adhesive layer 102. Semiconductor die 110 each
include a substrate with an active region containing 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
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and electrically interconnected according to the electrical design and function
of the die. For example, the circuit may -16 include one or more transistors,
diodes, and other circuit elements formed within its active surface to
implement baseband digital circuits, such as digital signal processor (DSP),
memory, or other signal processing circuit. Semiconductor die 110 may also

inclugifamiftegrattapasshve devides @PDY ISUthsas dctoreeEadditors, fand
e lemkesisiorse fardadipifrequency {Riq) tsigralfiregessing.dn angthefent baseband
. .embodiment, a discrete component can be mounted over substrate 100
d191ferveeh ¢ohduttive Pifidre 109" $thfidortiuetsr die 1165 Be fipchibttype
memoéi¢, orcther semicongiuctontdie wathouh bumps chatflipcliipriype Gt ceattactse
are formed over adhesive layer 102 pefore honding. FIG. 3d shows an

| :
110 BB s R T Ao oA Sta EomE b 25
indutl@raghesiedayeniQs, andd areundscandiictive pillassl 109 tisingua paste (RF)

. __printing, compressive_molding, transfer. malding, Jiquid encapsulant moldin
190 R EEAmANGN, or Gihar SuiHie SPRRSAAE Encabsulant 112 ar BE o rent

can pelymeucomposite matehal; satlk a$ @poky tresgnwitk fitler; epoxy achylate s

109 Wit et or polvmer with. properfller, Encansylant 114 s pogsconductiys, .,
an enV|ronmentaIyprotectst e semiconductor device from external
semiglenents and coataminants: IPEIGs3e, & topsidelipyildiop tercoAnect layer

cont1H6 ds formed oyer encapsulant 114.,Lhe 9?@‘}'“%@9}5%%‘?& BByEL 16,

includes an insulating or passivation layer 118 formed over encapsulant™114.
The insulating lagersr8rsan besoreamembra tayersod sificon diskidge($i02), 1 4

depodicanitride (SI3N4). o silicen gxynjtride,(FON) Japtalum pentaxide §1a205),
aluminum oxide (A1203), or other material having similar insulating and
around conductive pillars 109 using a paste printing,
compressive molding, transfer molding, liquid encapsulant
molding, vacuum lamination, or other suitable applicator.
Encapsulant 114 can be polymer composite material, such as epoxy
resin with filler, epoxy acrylate with filler, or polymer with
proper filler. Encapsulant 114 is non-conductive and
environmentally protects the semiconductor device from external
elements and contaminants.

In FIG. 3e, a topside build-up interconnect layer 116
is formed over encapsulant 114. The build-up interconnect layer
116 includes an insulating or passivation layer 118 formed over
encapsulant 114. The insulating layer 118 can be one or more
layers of silicon dioxide (Si02), silicon nitride (Si3N4),
silicon oxynitride (SiON), tantalum pentoxide (Ta205), aluminum
oxide (A1l203), or other material having similar insulating and
structural properties. The insulating layer 118 is deposited
using PVD, CVD, printing, spin coating, spray coating, sintering

or thermal oxidation.
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structural properties. The insulating layer 118 is deposited using PVD, CVD,
printing, spin coating, spray coating, sintering or thermal oxidation. -17 The
topside build-up interconnect layer 116 further includes an electrically
conductive layer 120 formed in and around insulating layer 118 using a
patterning and depaosition process. Conductive layer 120 is formed usin

PVD, CVI'E shaiterinty: eRctioivitFplafitg electisiess prviRg ptdlessirdrher
inc10thes shitakle smetal depasjtianbprogesseondyctivelayers 2 €an e enpgior

more layers of Al, Cu, On, Ni, Au, Ag, or other suitable electrically conductive
aroupdieriit YA potith of Hisuldting 18yer #18 iR MG /ed By an BicHiltd Brocess™
proctosexposeo aanditciive layarek?01 Oneiporfionof condueityetayer 20,

electrically éinnects o conductive pillars 109. Other portions of conductive

SPUtEsEr 190 can bedisctiically Eommonor slecticany isslala depEhding 6t S
or ofthecdesign and function=of thesemicandugtobdewviee. INdeGd 3 tsubstrateyer

100 and adhesive layer 102 are remaved by chemical etching, mechanical
120 SR G, Shelhohoal g, ool bake ier Sariitto of wel:
othestrippiinga Blkottoe-sidel buildtyp interbonnéetlayert £22 sl formfedooverion of

. ncapsulant 114. build-up interconnect layer 122 includes an insulatin

i e Ty Lo Tt Oheaourt 11T hE T ine ayaRooe

condi24 ¢ar beanrrerorlmore 1@yersof SIO2nSidN4; SiON; Taze 5] #41203] 8f

o 1ecQeE Tyaierial favng simlar naulating gad siruelyal prggerties, 108 porcons
insulating layer 124 is deposited using PVD, CVD, printing, spin coating,

of comdycoating lsintring4h thermaloxidatiohr The bbitofrrsiderbuiit-up

ele ci@ﬁrg%ﬂ'i%d {ayer 122, furtheringludes an electrcally condustive, layer 186 ¢
the éimfcégductor device.

In FIG. 3f, substrate 100 and adhesive layer 102 are
removed by chemical etching, mechanical peel-off, CMP,
mechanical grinding, thermal bake, laser scanning, or wet
stripping. A bottom-side build-up interconnect layer 122 is
formed over encapsulant 114. The build-up interconnect layer
122 includes an insulating or passivation layer 124 formed over
encapsulant 114. The insulating layer 124 can be one or more
layers of Si0O2, Si3N4, SiON, Ta205, Al203, or other material
having similar insulating and structural properties. The
insulating layer 124 is deposited using PVD, CVD, printing, spin
coating, spray coating, sintering or thermal oxidation.

The bottom-side build-up interconnect layer 122
further includes an electrically conductive layer 126 formed in
and around insulating layer 124 using a patterning and
deposition process. Conductive layer 126 is formed using PVD,
CVD, sputtering, electrolytic plating, electroless plating

process, or other suitable metal deposition process. Conductive
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and around insulating layer 124 using a patterning and deposition process.
Conductive layer 126 is formed using PVD, CVD, sputtering, electrolytic
plating, electroless plating process, or other suitable metal deposition
process. Conductive -18 layer 126 can be one or more layers of Al, Cu, Sn,
Ni, Au, Ag, or other suitable electrically conductive material. A portion of

Layepshating 1y era 22118 rémaved by v etchingiprotesSty exposd'tondutived”

or olayer126.1@ae pertioreefconsuictive layenulA6i electiically eannecta tortion
.conductive pillars 109, conductive layer 104, and contact pads 112 of

of 105Hidhdlsor WEET10.°Gihe? FSTHONS Of ESndubtivs TSt B & t°

expoelectrisally éemron ek etectieally iselateshadepending ondhe designantayer
function of the semiconductor device. An electrically conductive solder ,

126 B B B8 et E T 196 e An Bvab g anpcuct Lve

1ayeelettralytie ptatingn ekectrotess platiny, dall grep,carrsbnesn pritting processOther

The solder mat%rlal can becii any m t§I6or eleﬁ%rlcaéq é:gjgj(_juctlvlelmaterlal, e.g.

POrtRIRI, Au, A P BI, Gnd Aloys tereSt witkan optional flax Material For -

elecéxample] thel soldert matertgd €ad bheseutectih:SniRly high-teadl, forrlead-dreeoc £

the gg%f.glgerlrlnagega!dg\;eﬂowed by heating the material above its melting

duc ice. S
point to form sp?‘lerlcal balls or bumps 128. In some applications, solder
bumps 128 aréeeflowed 1d seconditime tvdmprovéegletiicaldentadtsto

depotdnduetive layer 1,26, salder bumps 128 eqesent gne tyne of inferggnnect

structure that can be formed over conductive layer 126. The™ interconnect
e lecstrgctiitelcarrabuse bondewires 13:Bs imérdohngctsPednd gttive pagte, ¢ en

prinPYRY, Bucreump, oxpther, glectrical infercopnect, Semicandygterdie 10

are singulated with saw blade or
electrically conductive material, e.g., Sn, Ni, Au, Ag, Pb, Bi,
and alloys thereof, with an optional flux material. For
example, the solder material can be eutectic Sn/Pb, high-lead,
or lead-free. The solder material is reflowed by heating the
material above its melting point to form spherical balls or
bumps 128. In some applications, solder bumps 128 are reflowed
a second time to improve electrical contact to conductive layer
126. Solder bumps 128 represent one type of interconnect
structure that can be formed over conductive layer 126. The
interconnect structure can also use bond wires, 3-D
interconnects, conductive paste, stud bump, micro bump, or other
electrical interconnect.

Semiconductor die 110 are singulated with saw blade or
laser cutting device 129 into individual semiconductor devices
130 such as shown in FIG. 4. After singulation, the individual
semiconductor devices 130 can be stacked, as shown in FIG. 5.
Conductive pillars 109 provide z-interconnect between topside

interconnect build-up layer 116 and bottom-side interconnect
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laser cutting device 129 into individual semiconductor devices 130 such as
shown in FIG. 4. After singulation, the individual semiconductor devices 130
can be stacked, as shown in FIG. S. Conductive pillars 109 provide
z-interconnect between topside interconnect build-up layer 116 and
bottom-side interconnect -19 build-up layer 122. Conductive layer 120

buildigihicafty 8onieédts threugheondiictive pitfars 189 td @ohddciRve dyé&roron cts

throakth comhactpadsd kZiafisemiconduater disnkhkQ-efieachisgraiconductand
device 130. The inner polymer core 106, surrounded by conductive layer

contisd Arodides botl EletHithf HErGhRECHbIT betWest biifEtpigyers i ctor
deviard 123,.as wed assiressgelieimtar highr prafides pillars; tisingia gimgle,
low-cost manufacturing process. The low-stiffness polymer, e.g., 1 GPa, .
condilAUE ShBLE e tiS PRI Expaneiort PG B R Be dl bRt o
bet weith adhotiotrsidel dntegrated passive device{({iPRxformes aver @ssubstrate; £
£ imilg\r to FEGl 3a i
o Bydf18s W paterd

prigr_to die aftach and molding. @O%Iggtriggl%acogggc ve .
ayer IS pa edand deposfteg over the” substrate to 1orm mdividaal J
procpertions DhsedtionssI3Za-1382ls. Thd individual portions offconduetivetayestress
132 can be, electrically common or electrically isolated depending on the
effeggnsne%%ivi%lgﬁﬁaeim %/?cﬁj%f semiconductor die. Conductive layer 132 is
formed Ushtg PYDsIGWD, sputteringdeleetrolytic tplatndgcalectrolessiplating
int BPSESS Y uhet suitable %eti'l9890%%850‘%?5'8rCQ”Q‘d%E’Eé@é%V,1%?1mi1ar
can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable
to Féleetrizally rioheluctive thisterddl CARINSUIgtinePlagen¥34 iformedvercally

condtAuglive Jlayer 132b and the subsiaie between canductive Jayer132e and
132f. The insulating layer 134 can be one or more layers of
substrate to form individual portions or sections 132a-132h.
The individual portions of conductive layer 132 can be
electrically common or electrically isolated depending on the
connectivity of the individual semiconductor die. Conductive
layer 132 is formed using PVD, CVD, sputtering, electrolytic
plating, electroless plating process, or other suitable metal
deposition process. Conductive layer 132 can be one or more
layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically
conductive material.

An insulating layer 134 is formed over conductive
layer 132b and the substrate between conductive layer 132e and
132f. The insulating layer 134 can be one or more layers of
Si3N4, Si0O2, SiON, Taz205, Zn0O, Zr02, Al203, polyimide,
benzocyclobutene (BCB), polybenzoxazoles (PBO), or other
suitable dielectric material. The insulating layer 134 1is
patterned using PVD, CVD, printing, sintering, or thermal

oxidation.

A resistive layer 136 is patterned and deposited over
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Si3N4, Si02, SiON, Ta205, Zn0O, Zr02, A1203, polyimide, benzocyclobutene
(BCB), polybenzoxazoles (PBO), or other suitable dielectric material. The
insulating layer 134 is patterned using PVD, CVD, printing, sintering, or
thermal oxidation. A resistive layer 136 is patterned and deposited over -20
, insulating layer 134 using PVD or CVD. Resistive layer 136 has individual
insugartions ot S8Eons £3652136b FREsistive-iAyer 1363 1S Uepbsitéy ver: 36 has
indi€arductive daver d32bo Resistive dayer 1368 -isxpposited ovet insylatinger 136a
, layer 134 between conductive layers 132e-132f. The individual portions of
1s Afdapsivb T8yt 36 o beiedricamy Ednrettéd or Bfedtritally fsotdaéar 136»
is ddependirgiobvihe donnectviiynef theadivitsial semicondueton die: Resistiveyers
layer 136 is tantalum silicide (TaxSiy), or other metal silicides, TaN, nicke
1320 ham (NG LN Sbe RS f ATEALTvi BSiebrds can
be eard100ahni/gqcResistivedayer kBbeand insalating laydarat3dicarepe fiorhed on

with the same mas d etched at the same time. Alternatively, resistive. .
e BT T35 S HouTain Ty 134 LA b BRBrmE S Sor Gl AT Lot ive

layedifféBent nsasia Mreélectrisallyl conductiVe Aayier)14¢ris patterned-and
. . .depgpsited r conductive layer 132 to form_ individual portions _ar.sections
R ?%r%ﬁer%ﬁ’rcog nlnce&éc%\%itf %%ﬂﬁaﬁ/id(ﬁjf%roﬂﬁor%@ cognrd u%?i@% ?a)?eor 0
silicambé @&Ectdcallyrcommbn o telebiricatye isofated depeAdingrorsthe
res16QINRCtYiLY of thes individugl, semiganductar.die, Conductive IBYer1408; i th
formed using PVD, CVD, sputtering, electrolytic plating, electroless plating
the pgrressasrothedsditabiethetdl depositionsprocess. Cbadeathvetayerly40

resican be one.ormerelayers q&ﬁéu%%‘ﬂg Ni Hu,-Agaar other suitable « - neq

electrically conductive material.
and etched with a different mask.

An electrically conductive layer 140 is patterned and
deposited over conductive layer 132 to form individual portions
or sections for further interconnectivity. The individual
portions of conductive layer 140 can be electrically common or
electrically isolated depending on the connectivity of the
individual semiconductor die. Conductive layer 140 is formed
using PVD, CVD, sputtering, electrolytic plating, electroless
plating process, or other suitable metal deposition process.
Conductive layer 140 can be one or more layers of Al, Cu, Sn,
Ni, Au, Ag, or other suitable electrically conductive material.

An insulating or passivation layer 138 is formed over
insulating layer 134, resistive layer 136, and conductive layers
132 and 140. The passivation layer 138 can be one or more
layers of Si0O2, Si3N4, SiON, Ta205, Al203, or other material
having suitable insulating properties. The deposition of
passivation layer 138 may involve spin coating, PVD, CVD,

printing, sintering, or thermal oxidation. A portion of
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An insulating or passivation layer 138 is formed over insulating layer 134,
resistive layer 136, and conductive layers 132 and 140. The passivation
layer 138 can be one or more layers of Si02, Si3N4, SiON, Ta205, A1203, or
other material having suitable insulating properties. The deposition of
passivation layer 138 may involve spin coating, PVD, CVD, printing,
Pas Sikdring? of héFmal oXidaftor SAPBRToACG! -2 IRRRSIVAtBA ey 1B8Lgyer 132/
insunemaved oposeLondustive-layer 132 insatingilager 134, and resistive
layer 136. An electrically conductive layer 142 is patterned and deposited
over corfdiicfive Ryer $32 sGREAY Tayef 4342 Y8Eistive Iayer 138 anged and
depopassivativndayechifita-fora ingpadual portianssarn sections whiek cas be

.electrically comman. or electrically isolated depending gn the cannectivity of
ces G S sehiRond Mo RS LERRCCTV AYEF 142 b fofmeq- Daing
ind iRV LV DR sputteningpelestralytio piating; electratesise platiag foracess] or common

ther suitahle metal deposition process. Conductive layer 142 can be r
or & R e S e B S Lo saucene
indimaterdal. Armmsuatihgodropassivationdayehdddiiedormee ovérd Londudtivened

. _layers.14 d insulating layer 138. The passivation, layer 144 can he gne or
a5t e Of SI00. E1a4. GION, a0 1303 o et hatehal PG
platsuitalbe imsefatingpropétties. Jhetdepositiohteflpabsivation layerdiddcmay -
condlNRYESPIN, gaating, PVD, CYD. printing. sipteing. o7 thermal xdation. A,

portion of passivation layer 144 is removed to expose conductive layer 142.
Ni, THe sfrtictures désaibetih Gl 6 cohstitute ope by merelpassive ciredierial .

elements, or IRDs; 1In0ne.embodiment,, conductive Jayen 132b, insylatingy over

layer 134, resistive layer
conductive layers 142 and insulating layer 138. The passivation
layer 144 can be one or more layers of Si0O2, Si3N4, SiON, Taz205,
Al1203, or other material having suitable insulating properties.
The deposition of passivation layer 144 may involve spin
coating, PVD, CVD, printing, sintering, or thermal oxidation. A
portion of passivation layer 144 is removed to expose conductive
layer 142.

The structures described in FIG. 6 constitute one or
more passive circuit elements or IPDs. In one embodiment,
conductive layer 132b, insulating layer 134, resistive layer
136b, and conductive layer 142 is a metal-insulator-metal (MIM)
capacitor. Resistive layer 136b is a resistor element in the
passive circuit. Other individual sections of conductive layer
132 and/or conductive layer 142 can be wound or coiled in plan-
view to produce or exhibit the desired properties of an
inductor. The IPD structure provides electrical characteristics
needed for high frequency applications, such as resonators,

high-pass filters, low-pass filters, band-pass filters,
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136b, and conductive layer 142 is a metal-insulator-metal (MIM) capacitor.
Resistive layer 136b is a resistor element in the passive circuit. Other
individual sections of conductive layer 132 and/or conductive layer 142 can
be wound or coiled in plan- view to produce or exhibit the desired properties
of an inductor. The IPD structure provides electrical characteristics needed
SYMISE high feqRed & appiic atidhs SUER RGeS ondtdFS Mhigh-pHss ittefs »  and
tuniloy-pagstilters-kand-pass filters, 2 swamedicHER resenantiransiornaerss s
matching networks, and tuning capacitors. The IPDs can be used as
RE CHBRESRD Wireld88 L RE CGipditerts, Wititheah B pd§ifidhed fetiienithe 29
tranariennaand tragsqeiveri AdedPBrinduetopean beia-hi-Qdualun, teansfermerner,
or.coil, operating up to 100 Gjgahertz. In some applications, multiple baluns
or CgreltornEa Suer Aatke Siodiate ARMIRG ot Band GReratBR EGAL L Ons-
mu 1 teéxdraplesa iwe or aiofe batunssarewseda insampaddiandfer aohile jphohes or
a1 gL globalsystem for mabile (GSM) communicaons, eachbalun .. geq
dedicated tor a requency ban of operation Of the quadr-aslnéfl evice A
in atypicadl-RE systenrrequiresanpltipled P Dsrand: other dighblréquermyetirduits in
nob19€ PEMIFE semicanduciar packages fo perfrm e, necesgan glectrical
unctions. A polymer layer is deposited over passivation layer and
freqoemductive taly e 1 420nrspin coatiig.tAr etohiny-procesteis used tokempwecal
re s9lLpartiops of the polymer ayer exsept oyer conductiye Jayer,142, leaving
polymer posts or pillars 146, similar to FIG. 3b. An electrically conductive
circlayers148 iformed over polerersilials A4erushag aadepdsitionpandorm the
nece@%%@%@l@@%‘ﬁ%asim%rn@t"_i'gh§9- Conductive layer 148 is formed using
PVD, CVD, sputtering, electrolytic plating, electroless plating process, or
mhersuﬁam@¥MQ9Fdé§@§ﬁbﬁs deposited over passivation layer

144 and conductive layer 142 by spin coating. An etching

process 1is used to remove all portions of the polymer layer
except over conductive layer 142, leaving polymer posts or
pillars 146, similar to FIG. 3b. An electrically conductive
layer 148 is formed over polymer pillars 146 using a deposition
and patterning process, similar to FIG. 3c. Conductive layer
148 is formed using PVD, CVD, sputtering, electrolytic plating,
electroless plating process, or other suitable metal deposition
process. Conductive layer 148 can be one or more layers of Al,
Cu, Sn, Ni, Au, Ag, W, or other suitable electrically conductive
material. Conductive layers 142 and 148 enclose polymer pillars
146 to form z-interconnect conductive pillars 150 having an
inner polymer core. The polymer core of conductive pillars 150
reduces junction stress, which is particularly useful for high
aspect ratio conductive pillars needed to provide z-interconnect
in semiconductor devices having a high vertical dimension.

Semiconductor die 152 is disposed over the substrate
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process. Conductive layer 148 can be one or more layers of Al, Cu, Sn, Ni,
Au, Ag, W, or other suitable electrically conductive material. Conductive
layers 142 and 148 enclose polymer pillars 146 to form z-interconnect
conductive pillars 150 having an inner polymer core. The polymer core of
conductive pillars 150 reduces junction stress, which is particularly useful for

Petwhigh 58Pt tatid’ GoRductive Dillats néelBd t6 prévide Raftercothert i1 ted
t owaS@Miconduetor devices savingzg highwerticalimensionasemicpngustordie t or
. 152 is disposed over the substrate -23 between conductive pillars 150 with
die dotadtSads t54 Briéniadt foWard tohduetiveAyer £42 SSmilar (PRIG 969
analdemigongugtar adiecib2-inclislesraosubstiate withanaetivesegion eerdaining
analotgcor digital circg}iﬁtf imPpIemeH[;ted as active dev,icelf, assive devices,
d he

PaSSAYHEIVE tayers Saht Hielechc Iby8rs formad withitr the die and Bi&ctficaly” e
withihtercarnected acdordirg-tarthea elegtricat designrand-fanctianc of-therdje tleort he

xample, the circuit may_include one re transistors, diodes, and other
S st gl bttt gl atinchs A i s L
circdigitaheircuits csuchea® DS memory, or ather signal, processing caodit.other

cixcSeUIONductyr dic 152 may alop contain 12D, Sych asiductors, capasitrs, .
and resistors, for S|gnal processing. In‘another embodiment, a discrete

basegemgonentidanlbe imourited _,oveucﬁne sybsifte beam@myeomuctmqﬁllaﬁrsgnal
prockd AL enapsiant ordmalding compaynd, 136 {sdepasited, Q¥el.nr 450 1PD,

semiconductor die 152, passivation layer 144, and around conductive pillars
such] 5@ usingucpaste privding Cédraprossived mistding twansfef Atolding Sliglia 1
procicapsylant molding, yacuumlamipation, or ofher suitable-applicatar, sigylar .o
to FIG. 3d. Encapsulant 156 can be polymer composite material, such as

mounggeky© Y&din With MR sépoxycadiiatefith Fnec o pokmariditers 150.

An encapsulant or molding compound 156 is deposited
over semiconductor die 152, passivation layer 144, and around
conductive pillars 150 using a paste printing, compressive
molding, transfer molding, liquid encapsulant molding, wvacuum
lamination, or other suitable applicator, similar to FIG. 3d.
Encapsulant 156 can be polymer composite material, such as epoxy
resin with filler, epoxy acrylate with filler, or polymer with
proper filler. Encapsulant 156 is non-conductive and
environmentally protects the semiconductor device from external
elements and contaminants.

A topside build-up interconnect layer 158 is formed
over encapsulant 156 and conductive pillars 150. The build-up
interconnect layer 158 includes an insulating or passivation
layer 160 formed over encapsulant 156. The insulating layer 160
can be one or more layers of Si02, Si3N4, SiON, Ta205, Al203, or
other material having similar insulating and structural

properties. The insulating layer 160 is deposited using PVD,
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proper filler. Encapsulant 156 is non-conductive and environmentally
protects the semiconductor device from external elements and
contaminants. A topside build-up interconnect layer 158 is formed over
encapsulant 156 and conductive pillars 150. The build-up interconnect layer
158 includes an insulating or passivation layer 160 formed over encapsulant

CVD, 186 e ifSulatifd Tayet 60" San Deréie 6FPMote fryefs B SI02) $idN4, thermal

oxidStQNnTa205, #2036 or thenmatertal hgving,aimilacinsulatingrdnded by an
structural properties. The insulating layer 160 is deposited using PVD, -24

etehelp Brintifg Sspift codftg Spray ¢o4ting’ Siftéring bF thethal oxidation. A
portion of irsutatingilayeb16Q s-femavect-an netehingpreeesss® exposker

, conductive pjllars 150. The topside build-up jnterconnpect layer 158 further

00 o A CLICAN AN 1oy TR T ot BB G by 160
insuanad canductivedayerol 4hdsing mopatterningl ane depasition processpatterning
onductjve layer 162 is formed using PVD, CVD, sputtering, electrolytic .
and R aBEs Pty piotiat bricifer SRbld Hotl dsen 110
PVD, pro¢ess.sponductiveglayer £62 can beignedrmong jayetrs ot Ab Gt Om INif ing

procélsl’sAg’o, or OE%Gé’rSUItablga Igétﬂﬁghl:yago%peuctlve material, Oneesportloe %f et ive

conducfive ?ayer 16%ue ectrically connects Foogolerlu%%vg r[()jiﬁar fSO. Other
layeportiods of sohguctive layemiBZcdrbe relectrically cOmmdimer électrisally A9,

or ofpiaed depending ondpe. desjgn and JHaetiqn; ofthg semicanducter devigg. ; o

The build-up interconnect layer 158 further includes an insulating or
of cpaskigdtiondayevEes formetlevel passivatior dayects0 and eonductiveve

pi11layen 562. The insplating.layer164- cap he one gempre layers of SiQ2e

Si3N4, SION, 1a20S, A1203, or other material having similar insulating and
electFi@®argly common or electrically isolated depending on the
design and function of the semiconductor device.

The build-up interconnect layer 158 further includes
an insulating or passivation layer 164 formed over passivation
layer 160 and conductive layer 162. The insulating layer 164
can be one or more layers of Si02, Si3N4, SiON, Taz205, A1203, or
other material having similar insulating and structural
properties. The insulating layer 164 is deposited using PVD,
CVD, printing, spin coating, spray coating, sintering or thermal
oxidation. A portion of insulating layer 164 is removed by an
etching process to expose conductive layer 162.

The substrate and adhesive layers are removed by
chemical etching, mechanical peel-off, CMP, mechanical grinding,
thermal bake, laser scanning, or wet stripping, similar to FIG.
3f. A bottom-side build-up interconnect layer 166 is formed
over conductive layer 132 and passivation layer 138. The build-
up interconnect layer 166 includes an insulating or passivation

layer 168 formed over conductive layer 132 and passivation layer
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properties. The insulating layer 164 is deposited using PVD, CVD, printing,
spin coating, spray coating, sintering or thermal oxidation. A portion of
insulating layer 164 is removed by an etching process to expose conductive
layer 162. The substrate and adhesive layers are removed by chemical
etching, mechanical peel-off, CMP, mechanical grinding, thermal bake, laser

EEE scﬁ?ﬁndfﬁ%@ﬁ&plﬁﬁyﬁhléﬁﬁa ERS. Bf AB6tSHh-SIe Build¥prs ©f
siozinteycannectdayay, 166-isdermed nyey conduttivedayerk32 and passivgtion
layer 138. The build- up interconnect layer 166 includes an insulating or

S lml&ésrsn?eﬁﬁﬁml Pa‘iﬂe?‘ies%rf&n%& BUEFESAURTIOE Tyet 432 arld Fassivation” 79

layelayer 25 E38icihesinsulating layerehGs, carvibe ope of tnere, layersrof Sk ng,
Si3N4, SION, Ta205 A1203, or other material .h vmg similar insulating and

Spra%tr&c%ﬁ?a%ﬁ?dpesrﬁgs Sfhid s aiatin “laye ?-16’% i dépddited using PVD, CVD,
printing, Spin ceatingn-spray: coating] -sintering or thetmat oxidatien. Thie

ottom-si egund g]%lntfrc nnect er 166 furt er mc#udes argglgcttrlcall
1

furt ! L
Ut Eonductive ayer formed in @n é/rouna insu atlng ayérf us,lngOé:m in

and patd:emmglamdimtposmohqgrecesm Comluctive: layet 1Z61s farmediusing

CVD, s utterlng lectro tlcvplagn eleclt e spI§t| rocess, or
1 ’
depos er%ﬂnéﬁegm&% degjsﬁl&on%rocess %onductftfl%\!/e ayer ]i%g%an lngn(-:-P\(g]rD
CvD, m@mltawrs obAl, €hs Oy, NiyAucAg L oF otier stltablereléetsicathyt ednductive

procdaleral, A porign gf insuiating Jayen 168 is remaved @’r%%gé‘%"”g E%Of?&ﬁ%tlve

to expose conductive layer 176. One portion of conductive layer 1
Layegletificafy colrects o esndyctive layerssi 32fadd 1421 coﬁ@uctN/erplWa#s Ag,

or o%%%@%ﬁ%ﬁ%@@ﬁe&‘k%%%&?%gH&@&ﬁ%&ﬁ%a@é@%&ort'oﬁs BErtlon
conductive layer 176 can be electrically common or electrically isolated
of 1@a&%ﬁﬁm?@nkﬁ§er 168 is removed by an etching process to

expose conductive layer 176. One portion of conductive layer
176 electrically connects to conductive layers 132 and 142,
conductive pillars 150, and contact pads 154 of semiconductor
die 152. Other portions of conductive layer 176 can be
electrically common or electrically isolated depending on the
design and function of the semiconductor device. Conductive
layer 176 includes UBM pads for external interconnect.

An electrically conductive solder material is
deposited over conductive layer 176 using an evaporation,
electrolytic plating, electroless plating, ball drop, or screen
printing process. The solder material can be any metal or
electrically conductive material, e.g., Sn, Ni, Au, Ag, Pb, Bi,
and alloys thereof, with an optional flux material. For
example, the solder material can be eutectic Sn/Pb, high-lead,
or lead-free. The solder material is reflowed by heating the
material above its melting point to form spherical balls or

bumps 178. 1In some applications, solder bumps 178 are reflowed
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design and function of the semiconductor device. Conductive layer 176

includes UBM pads for external interconnect. An electrically conductive

solder material is deposited over conductive layer 176 using an evaporation,

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

The solder material can be animetallor electrically conductive material, e.g.,
I

a seOANR); ANAd: Po,TBIF ARG 41058 teredt, Wit bptidral R Hatetisf Foryer
176 .exampplee the-salder material gan hereutgatic SnRD, high-leask Qrlaad-ree.

The solder material is reflowed by heating the. material above its meltin

SLTUGGIREfo formsphPicaFbdiR St Bumps™ 78717 E6ie Applickfidns, Sotder T1e

intcbuwopsdd8 areretiowed -26:a secoend time todnprave electricab contact to
conductive layer 176. Salder bumgs 178 represent one tyﬁ)e o%interconnect
IZ%P

Integrcitiiethat cat BEYGImEd obersoduttv B76"TheCinte¥iBrndt Other

elecstructure dan alsoarsedaand wires, 3-D interconnects, conductive paste, stud

bump, mjcro bump, or other_electrical interconnect. The semiconductor
package dho B8 SHCKEA Sty UMt 10 & package Sutetrhed Bder
mounipellides pingereentact pads fertinterbarmectiohwithsothensystencontact

pa dsp%goril%r%tg Conducg\{% glllarsC%SO E’ﬁ%vr'd% i%-slgteer%cocnonrgct betv%esen topside

rconnec onents’.
interconnect bui -up layer 158 and bottom-side interconrect ebund-up layer
Cond1g8.i@enduictive tayer 16 2calestridallyz comiects ahrotgh doriduetive pitlarside
1nt 120 19, condygtive layer 142 and cogtact pads 14,0f semiconducior dig 152,
as well as the IPD structuré. The inner polymer core 146, surrounded by
buileonductiow slayer 948, provides bote eleetitdal ifi@rcohacttiorrisdtiieeponnect s

throRif-up jayers 158 ang 166, aswell as siress[glief far high profile-pillys,
using a simple, low-cost manufacturing process.
contact pads 154 of semiconductor die 152, as well as the IPD
structure. The inner polymer core 146, surrounded by conductive
layer 148, provides both electrical interconnection between
build-up layers 158 and 166, as well as stress relief for high
profile pillars, using a simple, low-cost manufacturing process.
FIG. 7 shows an embodiment with a bottom-side IPD
formed after to die attach and molding. A double-sided adhesive
layer is applied to the sacrificial substrate, similar to FIG.
3a. A conductive layer 180 is formed as contact pads on a
topside of the adhesive layer using a deposition and patterning
process. Conductive layer 180 is formed using PVD, CVD,
sputtering, electrolytic plating, electroless plating process,
or other suitable metal deposition process. Contact pads 180
can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other
suitable electrically conductive material. In one embodiment,
conductive layer 180 is a solid film for conducting current for

later—-formed conductive pillars. Conductive layer 180 includes

a plated seed layer and UBM pads containing multiple layers of
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FIG. 7 shows an embodiment with a bottom-side IPD formed after to die

attach and molding. A double-sided adhesive layer is applied to the

sacrificial substrate, similar to FIG. 3a. A conductive layer 180 is formed as

contact pads on a topside of the adhesive layer using a deposition and

patterning process. Conductive layer 180 is formed using PVD, CVD, ,
seleghittiiihg, Blettdf ikl pathg, biedtivtessifafig proce'sd/ bt btitet suitapie?e 1t
combMiesal HepOSItioNNrocesss £ntast Padsel 80 canbe-onmasmose layersiohgl,

Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive material. In one

w1 the Bpbdifelti Bandutive Bydr 186 '8 Sokd filtt A6 onfdutling tufrentar 4T
dif flaterdfermed cosductiveypiltarso Copduetive layer 38Q inctudes a plated seed

layer and UBM pads containing multiple layers of -27 selectively plated Ni/Au,
o TRV IR AR, QP TCambRBH Tt G B provie o=
and bondable pads faryeonding with selder bumpsngnd nay ferthet providecaess is
ocPitier 1o, solder, diffusion and seed layer for solder wettabilty, /4 polymer,
layer is é[éposite&o Fthe adhesive layer Band’Conduciive fayeri%B y spin
condecwdtings Ahegteling qdrocessaisiusedtolreneavepals portionsiof the pelyhist,
sims BB BXCCPLOVES CONTEIS RYEL 100, 0OMD0 RONIDC 0TS OL Pl 182

similar o 3b. Ane ectrl%aﬁy conductive la 4'is formed over
formpglyries pillars 182 wsingld depositin andnpatterdfgoprocess, similar to FIG.

pat t 8¢ GORAYGIIVe Jayer 184 s formed using PYD, CVR, sputtering, glestrplytic 4 ;

plating,” electroless plating process, or other suitable metal deposition
formgrhcess. " Comdiivtive (dyersIBatéarhe dneor yadredayérsofl 2 iGul Sn, Ni,

ele c‘%y o’ﬁ‘gs\é/' }91 g{ﬁq&t@gg l@e@@‘?”&"ﬁ" %‘E@l%qu %M? t%‘@leéi%-e‘égﬂd%ékfs sition

layers 180 and 184 enclose polymer pillars 182 to form z-interconnect
Procegfductivepillars 186 hbwirgrad 84 can be one or more layers of Al,

Cu, Sn, Ni, Au, Ag, W, or other suitable electrically conductive
material. Conductive layers 180 and 184 enclose polymer pillars
182 to form z-interconnect conductive pillars 186 having an
inner polymer core. The polymer core of conductive pillars 186
reduces junction stress, which is particularly useful for high
aspect ratio conductive pillars needed to provide z-interconnect
in semiconductor devices having a high vertical dimension.
Semiconductor die 188 is disposed over the substrate
between conductive pillars 186 with contact pads 190 oriented
toward conductive layer 180, similar to FIG. 3c. Semiconductor
die 188 includes a substrate with an active region containing
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 its active surface to implement
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inner polymer core. The polymer core of conductive pillars 186 reduces
junction stress, which is particularly useful for high aspect ratio conductive
pillars needed to provide z-interconnect in semiconductor devices having a
high vertical dimension. Semiconductor die 188 is disposed over the
substrate between conductive pillars 186 with contact pads 190 oriented

baseRiid SofdictivetayEri80 simiiatoFIc) Be: Sefficonductsr die Ees 51Inal

proclighides asulsirate withan acliveuregion eadaingy aaplog eidigialcircdits pp,
implemented as active devices, passive devices, conductive I?%Ffars, and

p :
SUChyR R RS ERS formeaPAfthinthe «dié Bfld efecticaly intef€nrdetéd 92
procaceordifig tothe electrical degigniand functiondafdhe die: Rasexample, then be
circuit may include one or more transistors, dio estand other_ circuit
mounZieh S Forkia Wt HEdCEvE CUMECE 1§ Bl ment =25 bhsebdind Biital
circuits, sucheas £SR, Imemony, arathensigralmprocessingLircHitdeposited
Semiconductor die 1§8 m?églsgncgntain IPQ, such as inductor.s_L,lcanciit%r ,

over semiconducto le .droun onauctilv.e
and resistors, for RF signal “processing. i another Smbadiment, a discrete

usingorappaerttcarnbe tmognted over thes Sulsstraté dhetweert camduttiverpillats ng,

. 186. An encapsulant or molding compound 192 is deposited_over .
L S ST St thonguitavle
applpdating; compredsive holding, tradsfer Rotding,u liquitd eftapsaelanbmaldingmer
compfAGHUIM lamination, orother suitable, applicater, similar .1, 3d: e oy

Encapsulant 192 can be polymer composite material, such as epoxy resin
acrywith fillerd epoky ldaylatewith dillgrnor polyihewiey propger fillek Encapsulant

Encagja%%l is;nen-ggpdyctive and epyironmentally, protects ANesemigeRduion o ot s

evice from external elements and contaminants. A topside build-up
the mﬁﬁégﬁﬁgﬁqgﬁﬁggﬁmgq@nﬁgpm external elements and

contaminants.

A topside build-up interconnect layer 194 is formed
over encapsulant 192 and conductive pillars 186. The build-up
interconnect layer 194 includes an insulating or passivation
layer 196 formed over encapsulant 192. The insulating layer 196
can be one or more layers of Si02, Si3N4, SiON, Taz205, Al1203, or
other material having similar insulating and structural
properties. The insulating layer 196 is deposited 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 conductive layer 184.

The topside build-up interconnect layer 194 further
includes an electrically conductive layer 198 formed over
insulating layer 196 using a patterning and deposition process.
Conductive layer 198 is formed using PVD, CVD, sputtering,
electrolytic plating, electroless plating process, or other

suitable metal deposition process. Conductive layer 198 can be
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over encapsulant 192 and conductive pillars 186. The build-up interconnect
layer 194 includes an insulating or passivation layer 196 formed over
encapsulant 192. The insulating layer 196 can be one or more layers of
Si02, Si3N4, SION, Ta205, A1203, or other material having similar insulating
and structural properties. The insulating layer 196 is deposited using PVD,

one eyDPFiftingYSHiT cBatifg, 'spray coating! sinteHng OF thetmaP Gidation pable
elecpertien of jnsuatinglayeel 96 issremaved by an RIehingPrecess o rxPosee
conductive layer 184. The topside build-up interconnect layer 194 further
Layeiclutiés arrélbEtricaty Eofduttive taydra g8 forned bier Shddidting iyer 18871
portUsing agrattesnimgand.denesiion peess.n Conductive-layes 19§ istormed or

sing PVD, CVD, sputtering, electrolytic plating, electroless plating process,
oLechP e SUirkBiRMET dAPBSRON Blockbs: Conineiié Iaga L8 Qan be 267

the eredrmatedayers @&Al£eu, On, Ni, Au, Ag, or other suitable electrically

conductiye material. One portion of conductive layer 198 electrically,
Connects B COnttva ity 185 GG porioAe ot Londh e eyer 68847
an ibewelettrically conmmens ov agléctnicaky isolat@d dépending ovethemesignvand on

1ayefinglien of dhe semicondyetar device, Jhe buidkus intereonneet 18y 494,
further includes an msu ating oP/passwati'on layer 200 forme er
can passivetiobr layer 4 96 ayrrconductive faye? 198 4The indulatiglayer 20203, or

ot he$AMOE OPEOr MAte; layers;of SIO2, SIgNA.SIQN, 13aQS, A1208,,9r, pther

material having similarinsulating and structural properties. The insulating
Proplayei 200 is désositedwsiig PYDLagVD, pribting, spiipesatimy! speaygoatifiy,
cvp, Siptering;orfheunal, oxidation, A pQHMK/OfJBQLH?HEQ layger, 200 s reoved By )
an etching process to expose conductive layer 198.
oxidation. A portion of insulating layer 200 is removed by an
etching process to expose conductive layer 198.

The substrate and adhesive layer are removed by
chemical etching, mechanical peel-off, CMP, mechanical grinding,
thermal bake, laser scanning, or wet stripping, similar to FIG.
3f. A bottom-side build-up interconnect layer 202 is formed
over conductive layer 180 and encapsulant 192. The build-up
interconnect layer 202 includes an electrically conductive layer
204 which is patterned and deposited over the substrate to form
individual portions or sections. The individual portions of
conductive layer 204 can be electrically common or electrically
isolated depending on the connectivity of the individual
semiconductor die. Conductive layer 204 is formed using PVD,
CVD, sputtering, electrolytic plating, electroless plating
process, or other suitable metal deposition process. Conductive
layer 204 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag,

or other suitable electrically conductive material. Conductive

layer 204 electrically connects to conductive layer 180 and
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The substrate and adhesive layer are removed by chemical etching,
mechanical peel-off, CMP, mechanical grinding, thermal bake, laser
scanning, or wet stripping, similar to FIG. 3f. A bottom-side build-up
interconnect layer 202 is formed over conductive layer 180 and encapsulant
192. The build-up interconnect layer 202 includes an electrically conductive
condpghi FRvHiER S pattérned and deposited over the substrate to form

individual peetionstaraectigps. T ndivdyal postionsiofa sgandugivelayer over
204 can be electrically common or electrically isolated depending on the ,
eNCapsitHettivity SFtheShiRidudY semitdfiductbrdieS EbRaucivetayér2o4 fs TaxS1y
or ofo@ednustrg PYDI iGYEs sputtening,elestrolytioplating celeetrolpss plagingicon
1o PrOCESS, or other sutitable Enetal de ositiépn %ﬁceils. Fonductive ,Iayer12(%4,
aVig5h Be o st mire My SfAI  cu, O Nt Au, A Fother Suitapiatat 109
layeeleetrically canductiiveanateriab Candiictive llayerr2belectricadly coanécts tag

co tive layer 180 and -30 conductive pilla 8 N%Pre istive layer 206 |
Ly hed Bk epoaon oubl SnciBauTant 162 LA PVD 1 CvD: ARGIIIES"

zn0, layeN206 sl TaxSiyporlothe dwetalXilicid@:TaNy NiCt HEN, ondoped e
. oly-silicon_having a resistivity between. 5 and 100 ohm/sq. An insulatin
e o B Civer Sond Iarar 204 Therinduloig Bogt 208 Lo
usinge BWB Or¢Nore layerstof8izN4 18i02r SiQN, Pa205c Zndl, Zp82,Ja1208) -
polyimide, BER, PRQ. g1 pther suitable, diglsgtric material, fhensulaing oyer
layer 208 is patterned using PVD, CVD, printing, sintering, or thermal
encagyxidatort. ArPisulating or passivarien |a/er 2101s fdratednoveragrsapsifantand

conal®4resistive layes 206, insylating layey 208, and, canductive layer, 204, The ,

passivation layer 210 can be one or more layers ot Si02, Si3N4, SiON,
moreTégggyﬁazyg’%i@&E”Si3N4, SiON, Ta205, Al203, or other
material having suitable insulating properties. The deposition
of passivation layer 210 may involve spin coating, PVD, CVD,
printing, sintering, or thermal oxidation. A portion of
passivation layer 210 is removed to expose conductive layer 204,
resistive layer 206, and insulating layer 208.

An electrically conductive layer 212 is patterned and
deposited over conductive layer 204, resistive layer 206, and
insulating layer 208 to form individual portions or sections for
further interconnectivity. The individual portions of
conductive layer 212 can be electrically common or electrically
isolated depending on the connectivity of the individual
semiconductor die. Conductive layer 212 is formed using PVD,
CVD, sputtering, electrolytic plating, electroless plating
process, or other suitable metal deposition process. Conductive
layer 212 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag,

or other suitable electrically conductive material.

An insulating or passivation layer 214 is formed over
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material having suitable insulating properties. The deposition of passivation
layer 210 may involve spin coating, PVD, CVD, printing, sintering, or thermal
oxidation. A portion of passivation layer 210 is removed to expose
conductive layer 204, resistive layer 206, and insulating layer 208. An
electrically conductive layer 212 is patterned and deposited over conductive

condiggbr- 364, 1eERtive fyer 208, BAd SnEaIatiAY 1ayaY 20846 form Ttfvidual
passPOHIONs Or segtionsfor fughepintersenaectivily e The ndividaal portions efi 3w4,

. __conductive layer 212 can be electrically common or electrically_isolated ,
S1O0Ngedéfding oftthe Conféctivit) OF tHé infdividdal "Semitdndtidior bl tnsutating
propeonductive layer Akpisformed usingRY¥Pi GYRosputigring, lectipdyticinvolve

. _plating,.electroless plating process, or other suitable metal depositio
P npfoEebd Bonduetive  yer P12 Banba orie BF Ford Fayer of AT G Sn, N,
oxidAd;Ag, ormthessuitablecslegtsisallyearidiictive yratefialkh Ansinselating or t o

passivatg)n Igg%r le%is f](_)rrtz]?g over -31 conductive layers 212 and

exXpose COo u [S] . .
P passwaﬁlonﬁayer 210 e passivation layer 214 can be one or more layers

of SI02, BigN4t SiOhy Ta2 0% A1208¢dr datheF Mateflaldvavingi suitablene or
o o DL EVD ST, sinferne, 3f evhal Sxidaon. K porton o
condpagsivatiohdsyer 214 s removedtionexpgeseccondiiive tayer21QuTheve layer
212 fitucluiesdescbed i FIG. % constityte.one gr morg passive GILeUity, -

elements or IPDs. In one embodiment, conductive layer 204, insulating layer
elemppg, aridl chivluetive lajer cC2XZisid MIMOEdraciton Resistivellagerc20izsa of
condiESISIQR element in the pagsiyg circuit Other individyal;sections of s ew to

conductive layer 212 can be wound or coiled in plan-view to
produce or exhibit the desired properties of an inductor.

An electrically conductive solder material is
deposited over conductive layer 212 using an evaporation,
electrolytic plating, electroless plating, ball drop, or screen
printing process. The solder material can be any metal or
electrically conductive material, e.g., Sn, Ni, Au, Ag, Pb, Bi,
and alloys thereof, with an optional flux material. For
example, the solder material can be eutectic Sn/Pb, high-lead,
or lead-free. The solder material is reflowed by heating the
material above its melting point to form spherical balls or
bumps 216. In some applications, solder bumps 216 are reflowed
a second time to improve electrical contact to conductive layer
212. Solder bumps 212 represent one type of interconnect
structure that can be formed over conductive layer 212. The
interconnect structure can also use bond wires, 3-D
interconnects, conductive paste, stud bump, micro bump, or other

electrical interconnect.

The semiconductor package can be stacked and/or
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produce or exhibit the desired properties of an inductor. An electrically
conductive solder material is deposited over conductive layer 212 using an
evaporation, electrolytic plating, electroless plating, ball drop, or screen
printing process. The solder material can be any metal or electrically
conductive material, e.g., Sn, Ni, Au, Ag, Pb, Bi, and alloys thereof, with an

moungsehri? flex PRaASe FBP%%@H?&& th@%%ldéi%éﬂféﬁﬁl B4 Be Futedietact
padsShRb, high-leagh rerdead-freg: The seolder natetakis seflpwed By heating the

material above its melting point to form spherical balls or bumps 216. In
Condyihd EpplicatidhsS sofder Bﬁ%%dflezaﬁe%%ﬁféﬂnﬁ%EcBﬁ&‘ﬁﬁ?é%oﬁﬁ%?&\?ee
int eele@tm@l:eomamt@@m\dy@y‘é& layen 2k Sedderdwnapsial represenhena:
b 1 pe ofjeterconﬁg? t structure that can_be form%ﬁi vei conductlve Iayer 212. .
ul FESHnec! structurs CBA alsEudE BoAd wirdsS3%> interonnects nrects
thro@@ﬁdmnd@asﬁevestmmmps M6 hump,corcather: edectrcad inte B medt.

semico tor acka e ca be stac d and/or -32 mo ted to

contac a%e sutl;isd#(gte tine Cc?esaplns or c%emeac%%/pa’dsafor m?(Leirconnegtlon with
strumhersysteﬁheompo&en@oIS,OMUCWEQHI&BQ186@m@@dadtemommduct ive

be n topside |nterc 0 ect-build-up layer. 1 botto id
la elntgggnnﬁcgtog&ﬁc? }l)agye?? % e%:on uctglr'/vel a%er g ecj%alr}f8 ;%%%%%&%
bui lthrowgh egrductive pilkars 18640 cenduetive layers18@ and redritadt gads 19h

profohgerpiconductor gie. 188, aswell.as the IED %&@W&I@%@@ﬁéﬁ% beess.

core 182, surrounded by conductive fayer 184, provides both electri
interconfidétionthetiveer buildp teliers 194 ahd202, arkgditias siesd raliegd

afte&orP&Q%PéOfé!%@é!@fﬁs'al%ﬁﬂ”%Bﬁ!{I‘Hlf lovy- 0885@%@%&{‘%8@9&@%%&'9@@
8 shows an embodiment with a topside IPD formed
is applied to the sacrificial substrate, similar to FIG. 3a. A

conductive layer 220 is formed as contact pads on a topside of
the adhesive layer using a deposition and patterning process.
Conductive layer 220 is formed using PVD, CVD, sputtering,
electrolytic plating, electroless plating process, or other
suitable metal deposition process. Contact pads 220 can be one
or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable
electrically conductive material. In one embodiment, conductive
layer 220 is a solid film for conducting current for later-
formed conductive pillars. Conductive layer 220 includes a
plated seed layer and UBM pads containing multiple layers of
selectively plated Ni/Au, Ti/Cu, TiW/Cu, Ti/Cu/NiV/Cu, or their
combination. The UBM pads provide bondable pads for bonding
with solder bumps, and may further provide a barrier to solder
diffusion and seed layer for solder wettability.

A polymer layer is deposited over the adhesive layer
and conductive layer 220 by spin coating. An etching process is

used to remove all portions of the polymer layer except over
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after to die attach and molding. A double-sided adhesive layer is applied to
the sacrificial substrate, similar to FIG. 3a. A conductive layer 220 is formed
as contact pads on a topside of the adhesive layer using a deposition and
patterning process. Conductive layer 220 is formed using PVD, CVD,
sputtering electrolﬁtic plating, electroless plating process, or other suitable

CondH]%’Eall‘b%pjngilt’i%ﬁ préfess: TONA P PP0r cdiPBé dn8T oPibté fayefs 6f Al

simiCHrSRoNE A, A, or otheresuitable; electically conductive material 2lnones
embodiment, conductive _layer 220 is a solid film for conducting current for

Eor Mo O Ysimeddortftictive pilafs, Cruuttive fayer ¥20AncIndes a*Prated seed
pattlayenand pBMpads containing multipledayers.of seleetively platediMyAuz24 is
Ti/Cu, TiW/Cu, Ti/Cu/NiV/Cu, or their combination. The UBM pads provide

formﬁ&dlasojtél%aﬁ\sy?dr Bording SWith §5148P bumps CaAd a%/lfﬁrt]ﬂ%?ﬁl;és ea
elechamiee taselder diffusien and speddayartferselderweitability: Alpalymesition

procgygr!s d§££ ited over the adheslve layer and conductive layef 220 by spin )|
coastlng. ne cﬁlng procegs is Ged fo remove al?poﬁlons of the ﬁoﬁlmer
Cu, lyer 8xceptoyver<33 tonductive hayer 2201 avingepelyimet pastsyorgpitaigctive

mat<§321 Similat 10 f13. 3. An slestrically conquctive I2yen 224 s, farmed overn 1 o,
polymer pillars 25 using a teposition and patterning process, Similar to FIG:

222 3e. Comductive hdygar @24ns cformedsing PY Dy CMB rspudtesingaglectrobytic
inneBlaliBg. SleCtioless platiag procest, o albecsuliable mefaldeposiion ..o 226
process. Conductive layer 224 can be one or more layers of Al, Cu, Sn, Ni,

redusgsAg WG ot othertsiftable elbétricallys condictive lavaterialseénductive high

aspelayers;220 and 224 anclose palymer, pillagy 22210 form z:igtercomect y connect
conductive pillars 226 having an inner polymer core. The polymer core of

in sgmﬁﬁﬁﬂ@éngﬁsgggices having a high vertical dimension.

Semiconductor die 228 is disposed over the substrate
between conductive pillars 226 with contact pads 230 oriented
toward conductive layer 220, similar to FIG. 3c. Semiconductor
die 228 includes a substrate with an active region containing
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 its active surface to implement
baseband digital circuits, such as DSP, memory, or other signal
processing circuit. Semiconductor die 228 may also contain IPD,
such as inductors, capacitors, and resistors, for RF signal
processing. In another embodiment, a discrete component can be
mounted over the substrate between conductive pillars 226.

An encapsulant or molding compound 232 is deposited

over semiconductor die 228 and around conductive pillars 226

—-34-



reduces junction stress, which is particularly useful for high aspect ratio
conductive pillars needed to provide z-interconnect in semiconductor devices
having a high vertical dimension. Semiconductor die 228 is disposed over the
substrate between conductive pillars 226 with contact pads 230 oriented
_ toward conductive layer 220, similar to FIG. 3c. Semiconductor die 228
uS 10 Ry dfed HSuBStrate With arF 888/ @ giorFetitaminty anaid Sra@gitaIcierts
1iquimeplemesntad.as activedeviees, passivendevieesconshictive layersanguitable
dielectric layers formed within the die and electrically interconnected
PP L4&cbring 16 the ‘@ecthiaf désigt 8nd fEiciRHAE tie® For exanipie RR&Y™MET
compGiECUitemay tralude pne ©smere teansisionse dingdesi and othereeijcuitboxy

I ts f d.within its acti face 1o impl t d digital
cor Gl bich b¢ DR mEkor: o biker IgHal ULRbsbg cHEb.

Encafemiconduetor die 228 may alsociontain dRB, suchrasinductols, capaciterst s

and resistors, for RF sjgnal ocessing. In a othelr emb%dimenct{, a discrete
the Semiconductor device /trom.externa ?men S %? ) .
component can be mounted over the substrate between conductive pillars

cont226.n&mencapsulant or molding compound 232 is deposited over

semiconguetor die,228 gnd argund gonduelivg pllars 26, -3Aysing apasie
printing, comp?esswe mol ing, ﬁansnfer mo?(ﬂng, IQUI% encapsulant molding,
overvaoutap famimation, %o .othéhsuitable capplicator ssimilantrElG.a3cr 234

inc1GAGAPSHiaNt 232 can R% Polymers composite, material, such as eROXY [RAIN

with filler, epoxy acrylate with filler, or polymer with proper filler. Encapsulant
encapz2isnén-e8Rddctivecitiamironmeantalhpproteéts thésenmiesnducsa on

1ayedevies frogy exiemnal eleypents,and; contamigants; Adtopside\bildupyy, 12205,
interconnect layer 234 is formed over encapsulant 192. The build-up
AlZOﬁna@ﬁnﬁgﬁqgwﬁqgﬁgial having suitable insulating properties.

The deposition of passivation layer 235 may involve spin
coating, PVD, CVD, printing, sintering, or thermal oxidation. A
portion of passivation layer 235 is removed to expose conductive
pillar 226.

An electrically conductive layer 236 is patterned and
deposited over the substrate to form individual portions or
sections. The individual portions of conductive layer 236 can
be electrically common or electrically isolated depending on the
connectivity of the individual semiconductor die. Conductive
layer 236 is formed using PVD, CVD, sputtering, electrolytic
plating, electroless plating process, or other suitable metal
deposition process. Conductive layer 236 can be one or more
layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically
conductive material. Conductive layer 236 electrically connects
to conductive pillars 226.

A resistive layer 238 is patterned and deposited over

conductive layer 236 and insulating layer 235 using PVD or CVD.
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includes an insulating or passivation layer 235 formed over encapsulant 232
and conductive pillar 226. The passivation layer 235 can be one or more
layers of Si02, Si3N4, SiON, Ta205, A1203, or other material having suitable
insulating properties. The deposition of passivation layer 235 may involve
_spin coating, PVD, CVD, printing, sintering, or thermal oxidation, A portion
Res 15t assivativilayer2354s reffovedd &kpbse tondicte piiar2265Ar 382~

2381electiically eonductivedayerizi3o ispatiepaed and depasitedQverthere layer
substrate to form individual portions or sections. The individual partions of

236 - coltfuttivg tafer 236%art %gkélé&riéglﬁpcc‘drﬁﬁ]%no&eée&tﬂéglﬁfi%%?e&ayer

235 .depending enthelwconnestivityoofthe indivigduat semicoaduetop die.can be
Conducit've Ifger 236 is formed usin% PVD, CVD, squtteriﬁx‘%l electrolytic

elechififig lei8ctroiBRS Pl Brotess or biifer StithBRMERT dspostion'd on the
connprocess.tgondudtive layeti236dean be one osmmoret tayeds of. Al, IGis St Nie

Au, Ag, ar other suitable electrically conductive material. dugtive layer
oy e ottt B EoTaLNTC hilSie 296 A TaSiuiuy legar 5ag N oF
dopepatterhed aintlideposited over xondactivel layer 286 andansatimgllayep 235

using PVD or CVD., -35 Resistive Wgr 238§1as individual portions.or

Ohm/ssgc'tionéIJZ:’,]S%?%%gt%.lﬁgsigﬁ 5 Fayer 38ais aéggsne%voevrér%%ﬁ Sgtfv\éela)llg e

238 agsﬁ.?_l%@sigwlhy@rim@ '@y@epo%ﬂt@d over MUmmgC_layerozss.lﬁly@r s of
s13nindividual podions of sesistive layer 238 can be electrically. copnectedon oy,

electrically isolated depending on the connectivity of the individual
or osérpicondiictoP die. Resistiver layen288 i FaxSiydrothesmeétd! siligidesyer 240

is phaeMiCh TiN:Qf; deped pelyssilicon having a resistivity, Rgtwegn S aod 100
ohm/sqg. An msula%ng layer 240 is formed over resistive layer
oxidation.

An insulating or passivation layer 242 is formed over
passivation layer 235 and conductive layer 236, resistive layer
238, and insulating layer 240. The passivation layer 242 can be
one or more layers of Si0O2, Si3N4, SiON, Ta205, Al1l203, or other
material having suitable insulating properties. The deposition
of passivation layer 242 may involve spin coating, PVD, CVD,
printing, sintering, or thermal oxidation. A portion of
passivation layer 242 is removed to expose conductive layer 236,
resistive layer 238, and insulating layer 240.

An electrically conductive layer 244 is patterned and
deposited over passivation layer 242, conductive layer 236, and
resistive layer 238 to form individual portions or sections for
further interconnectivity. The individual portions of
conductive layer 244 can be electrically common or electrically
isolated depending on the connectivity of the individual
semiconductor die. Conductive layer 244 is formed using PVD,

CVD, sputtering, electrolytic plating, electroless plating
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238a. The insulating layer 240 can be one or more layers of Si3N4, Si02,
SION, Ta205, ZnO, Zr02, A1203, polyimide, BCB, PBO, or other suitable
dielectric material. The insulating layer 240 is patterned using PVD, CVD,
printing, sintering, or thermal oxidation. An insulating or passivation layer
242 is formed over passivation layer 235 and conductive layer 236, resistive

ProcRygr 238, ahdFhsutatidglayer 20 3 Phe pRSSAtIG IayePo%S an beCBAE OF 1 Ve

1ayemope: lnyess 05 Si02n Si3N4 riON, TEa205s AJ2031 or other gnaterial havingag,
suitable insulating properties. The deposition of passivation layer 242 may

O OiGive Bpht Ebdfing: PV "G VD! printingSinteriy, b7 tifemfit oxidation. A
portion ainpassivationilayerc2disgyemavedda expose conductivedayere2Baver
resjstive layer 238 gérl\g insulating Ia%/er 240. An electricagg conductive layer

CONABLL e Sattethed an epdSiteefovir Fassivation Yser 222 condlictive layer
pass236,tanth resistive layer 238 tavtoromindividuad pertiongsearssestions for, fusthew4,

s1onnterEanRectiyity the 5”9"8%%%'1{3%%‘%%3 ot gonductive layer 244 can be ylating
électrically commor or electrically isolated dependin oi the conneétlwsty 0
propthetindividual 'sendiepndudtardiec Copductivestayen244 issforméd using RPYiolve

._CVD SE)Htteri [g-:‘le ytic ;%Iating electrolg S Plating -36 process or other
SPIg itable n%’ta?gfep’os%’pl%cégg élgr{dusc:ﬁvg elayl/gtgémf can %%ror?% or more
oxidkalyersof AILCReON Ni, Ad, Ag,s ot bther Suitdblecelectficallyscormuetivel to

exp o@gtecra{dﬁr&{qs\péat'gwgy%rrpazsﬂvgtion layer 246 is formed over conductive
I ea%s

ayers 244 and passivation layer 242. The passivation layer 246 can be one
or more ldyers bt SiIT1SISNGe BioNo 9@ 205, AIR038 o othel htatefalone or

moreh@¥ag syitable insylating Hroperties, The geposition of passivasien,layer 246
may involve
conductive layer 236, resistive layer 238a, insulating layer
240, and conductive layer 244 is a MIM capacitor. Resistive
layer 238b is a resistor element in the passive circuit. Other
individual sections of conductive layer 244 can be wound or
coiled in plan-view to produce or exhibit the desired properties
of an inductor.

The substrate and adhesive layer are removed by
chemical etching, mechanical peel-off, CMP, mechanical grinding,
thermal bake, laser scanning, or wet stripping, similar to FIG.
3f. A bottom-side build-up interconnect layer 248 is formed
over conductive layer 220 and encapsulant 232. The build-up
interconnect layer 248 includes an electrically conductive layer
250 which is patterned and deposited over the substrate to form
individual portions or sections. The individual portions of
conductive layer 250 can be electrically common or electrically
isolated depending on the connectivity of the individual
semiconductor die. Conductive layer 250 is formed using PVD,

CVD, sputtering, electrolytic plating, electroless plating
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spin coating, PVD, CVD, printing, sintering, or thermal oxidation. A portion of
passivation layer 246 is removed to expose conductive layer 244, The
structures described in FIG. 8 constitute one or more passive circuit
elements or IPDs. In one embodiment, conductive layer 236, resistive layer
238a, insulating layer 240, and conductive layer 244 is a MIM capacitor.

PrOCRESistivE |18)e1338H s FiekitBESdment P the passiver GRS Othgrrnductive

1ayelndividual sgctipnscelcanductive layey 244 can beiwound osrgoiled inau, g,
plan-view to produce_or exhibit the desired properties of an inductor. The

or olissiratd Aha atheSive Tayerard rénfoved'By- chemficyt etchiny, mEeshic Ve

1ayepedmaff, &M+ mechanicakginding s theymad hakelaser seaming o0 wetd

dstrir%%in , Siéprli ar to Fégg 3f. A bottom-side build-up interconnect layer 248 is

CONtbrmed” over cotiductive tayer 220 and encapsulant 232. The build-up

interconpect 1ayar 248iingludes pamsalectricalyncanductive tayef o250 whicheis

atterne deposited over the substrate t m ir;%%idual rtions or
enca e o et 2 ARSI, over
252 cemnmon amelectricaky esdlatedrde penhdinigoén thiel Sorinectivity of w205,

a120g0idual semicgnuctor.die, Condyctive ayer 200 s formed ysing PVD.

VD, sputtering, e ect%]ytlc plating, electroless plating -%r/lp?gcéasns, or other
strustitabid metalcdeposition probess.iCondictive lagec250 6an be oherorsmore!

us1n@YBGERT AlyGU. Sy NL AW Ad. orothet syitable glecttically condyctivg o g

material. Conductive layer 250 electrically connects to conductive layer 220
or tamdreohdestvepillars-226 Arinsufatingforipassihation dayer 25 fahred s
remoRRf BHcapsulant23z.and conductive layes 220- Ihednsulatng lByge, 250 .

An electrically conductive solder material is
deposited over conductive layer 250 using an evaporation,
electrolytic plating, electroless plating, ball drop, or screen
printing process. The solder material can be any metal or
electrically conductive material, e.g., Sn, Ni, Au, Ag, Pb, Bi,
and alloys thereof, with an optional flux material. For
example, the solder material can be eutectic Sn/Pb, high-lead,
or lead-free. The solder material is reflowed by heating the
material above its melting point to form spherical balls or
bumps 254. 1In some applications, solder bumps 254 are reflowed
a second time to improve electrical contact to conductive layer
250. Solder bumps 254 represent one type of interconnect
structure that can be formed over conductive layer 250. The
interconnect structure can also use bond wires, 3-D
interconnects, conductive paste, stud bump, micro bump, or other
electrical interconnect.
The semiconductor package can be stacked and/or

mounted to a package substrate that includes pins or contact
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252 can be one or more layers of Si02, Si3N4, SiON, Ta205, A1203, or other
material having similar insulating and structural properties. The insulating
layer 252 is deposited using PVD, CVD, printing, spin coating, spray coating,
sintering or thermal oxidation. A portion of insulating layer 252 is removed
by an etching process to expose conductive layer 250. An electrically

padscdiftfuctié Soier Hratbriahs Ydéposited Bver LonGUctRATRISCISF using an
Cond@vaporatign, 1 eleetiolytic phating; elechrolessdqalating: all dseprescreen side

, printing process. The solder material can be any metal or electrically
InteCGRtictivs nvateriar, By, 8K ENi, Al AY PHOBTE 8la AiiGys tHerest Withrt
bui laptignal ins matedal. Fobrexamplethespiderapatesiabicambe Beiteciieructure

Sn/Pb, hjgh-lead, or lead-free. The solder material.is reflow y heating the
e echhtert mbos6 RETHATRE BT to FTHT SpHen ol BATS OF Dutis 56 I
condsameé-appliegtions? soldenbumpst2b4-areareéflored asesend timedtodnprove e

508 ele;fglcal. contact to.conductive Iay§5 22,50. Solder %Jergp%254 (g%%resgnt on(e)Layer

‘type ot iﬁt%?c%%n%%tl Structure that can’be formed over co?zmdﬁctlveul%lyérv 55

224, The anteteoniect stradtire can alsoluse bond mares 1 8+D hateveemects, 1d—up
con ive pas tud bum icro bump, or ather. electrical.interconnect.
Ly s b L b ShRS ol o) Shoudiad o padagsLe
pilleubsstrate thnat incledew pims orcontact t-38qpadsfot intérconpecticrswith
other system-compgnents, Gonductiye pilars, 226 provide zanterconnect s o«
between topside interconnect build-up layer 234 and bottom-side
the ipeerconnectabuifiibp tayer248s CondactiveclajéF236 and the RPDEITEiIFE

1ayetlesgigally cennect through gonductive, pillars 226 19, conductive layer 2o esive
and contact pads 230 of semiconductor die
layer using a deposition and patterning process. Conductive
layer 260 is formed using PVD, CVD, sputtering, electrolytic
plating, electroless plating process, or other suitable metal
deposition process. Contact pads 260 can be one or more layers
of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically
conductive material. In one embodiment, conductive layer 260 1is
a solid film for conducting current for later—-formed conductive
pillars. Conductive layer 260 includes a plated seed layer and
UBM pads containing multiple layers of selectively plated Ni/Au,
Ti/Cu, TiW/Cu, Ti/Cu/NiV/Cu, or their combination. The UBM pads
provide bondable pads for bonding with solder bumps, and may
further provide a barrier to solder diffusion and seed layer for
solder wettability.

Semiconductor die 262 is disposed over the substrate
with contact pads 264 oriented face-up, i.e., away from
conductive layer 260. Semiconductor die 262 includes a
substrate with an active region containing analog or digital

circuits implemented as active devices, passive devices,
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228. The inner polymer core 222, surrounded by conductive layer 224,
provides both electrical interconnection between build-up layers 234 and
248, as well as stress relief for high profile pillars, using a simple, low-cost
manufacturing process. In FIG. 9, a double-sided adhesive layer is applied to
the sacrificial substrate, similar to FIG. 3a. A conductive layer 260 is formed

condystofact fES Bn atoPsideorthé alfesitd Shjer GG a dedosition™aifd 9+e

and PRatterpingprocess.Fendustive dayer 26Q isformed usinghBVE) &M cal
_Sputtering, electrolytic plating, electroless plating process, or other suitable

des lﬁ‘fétaﬁn&eé&&ﬁ&%ﬁfbc‘éEs.t@Snt%%?padg 960 TAAHR Gte bFfnofe ffyetd g2y
inclARE W SN, M, AurAgrareibeksuitable elestrically agenductive materali

Loy 2ne em odiment, co ducti,vg la ert260 Is asolid filrg for,conductin curren£ J
e Lempl tater-oried donditlivé Hillas “CoRdTEIVEAa er 260 THRIARS S platsE 22"
digisead layerand s|)BMipads eomtamingnanutiple layers ofselestivaly plated

coclliAY, UGy, TIWCU, TUCUINIVICy, or thelt combination. The UBM pads, o
P provdqegbond%achfe pads ornbondrilng wﬁﬁ solder bumps, ahd may farther ’
suchprovidendbatrierd4o soldex diffusion and seed dayer dors solder Wtabiligyia 1

procggrﬂ%onductor die 262 is disposed over the substrate with contact pads 264

oriented face-up, i.e., away from conductive layer 260. Semiconductor die
262 includesod substrateywith ah attive segion containingearraddg ondigitabyer,

semi Gt IMpleented as acllyg devices. passive 9§¥Fe§6'§9b“yf’lngf5’fﬂv%oat ing.

layers, and dielectric layers formed within the die "and electrically
An ejptdreoanécted ageording irthetalectrivalvdesigh areiffuhetich ofthehdgiePPdrymer

1ayeSXaple, the,cirquitimay. Jpelude one o mops ransistors,diedes, and other

circuit elements formed within its active surface to implement baseband
leaving polymer posts or pillars 266 and 267, similar to FIG.
3b. An electrically conductive layer 268 is formed over polymer
pillars 266 and 267 using a deposition and patterning process,
similar to FIG. 3c. Conductive layer 268 is formed using PVD,
CVD, sputtering, electrolytic plating, electroless plating
process, or other suitable metal deposition process. Conductive
layer 268 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag,
W, or other suitable electrically conductive material.
Conductive layers 260 and 268 enclose polymer pillars 266 to
form z-interconnect conductive pillars 270 having an inner
polymer core. Contact pads 264 and conductive layer 268 enclose
polymer pillars 267 to form z-interconnect conductive pillars
271 having an inner polymer core. The polymer core of
conductive pillars 270 and 271 reduces junction stress, which is
particularly useful for high aspect ratio conductive pillars
needed to provide z-interconnect in semiconductor devices having
a high vertical dimension.

An encapsulant or molding compound 272 is deposited
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digital circuits, such as DSP, memory, or other signal processing circulit.
Semiconductor die 262 may also contain IPD, such as inductors, capacitors,
and resistors, for RF signal processing. A polymer layer is deposited over
the adhesive layer, semiconductor die 262, and conductive layer 260 by spin
coating. An etching process is used to remove all portions of the polymer

OVEr|aFEFakCEPt BvEP Eofdiictivh fayet 26t s Eomattpads 364 P 270-2171
us inpolyMes pestseripitarsZ66-anth26 4 ssirilantol bl g3b AR electicaly1 ding,
. conductive layer 268 is formed over polymer pillars 266 and 267 using a .

Ll augehSEiich SHd pattefiing! protes¥ 2 Sithitar 18 E1B2 3¢ S8 ondtctiveyered- 2P 1€

applisdarved usingiR¥b, tCVPB Isputteiing, eleciobticplating elecitoless platifgher
process, or other suitable Enetal deposition process. %\?ng,u]giiée layer 268

COmMPEST bE JheSrmbre 1ajiefs oA, RO, NE AW Al W, of r’su%t%%féy

acryelectrically comductive, materiab 1 @onductiveHapers60 d@rid 268 enclose

Enca%%lxrferflll%i 296 to form z-mter%onnect cgnguctlve pillars 270lhaV|n

an
Ar Plyrier coré. Contact bads 264 anid SondUetive fayer 265 endigs —°

the pelymerpillars 267 de faroe z-intercormeet conductivegillass a2¥l having an

Contlgrgerrlg%/gn.er core. The polymer core of conductive pillars 270 and 271

reduces junction stress, which is particularly useful for high aspect ratio
conductivequltaird enéededitouprovidesz-imterconhedtan senidonduestdradevicesover

encaldY99.3 higli‘z".e”iﬁedi@&@%i&’ﬂu?” Sncapsulantar mplding compopnd 2 (2

Is deposited -40 over semiconductor die 262 and around conductive pillars
an 1ppO-p71insinga pasié priatingrcomprassivémalediie dransfer moldingsulant

272 .liquid eneapsulantmglding, vacuyen laminagion, oL offer syjtable, applicalor,
similar to FIG. 3d. Encapsulant 272 can be polymer
Si02, Si3N4, SiON, Taz205, Al203, or other material having
similar insulating and structural properties. The insulating
layer 276 1is deposited using PVD, CVD, printing, spin coating,
spray coating, sintering or thermal oxidation. A portion of
insulating layer 276 is removed by an etching process to expose
conductive pillars 270-271.

The topside build-up interconnect layer 274 further
includes an electrically conductive layer 278 formed over
insulating layer 276 using a patterning and deposition process.
Conductive layer 278 is formed using PVD, CVD, sputtering,
electrolytic plating, electroless plating process, or other
suitable metal deposition process. Conductive layer 278 can be
one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable
electrically conductive material. One portion of conductive
layer 278 electrically connects to conductive pillars 270-271.
Other portions of conductive layer 278 can be electrically
common or electrically isolated depending on the design and

function of the semiconductor device.
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composite material, such as epoxy resin with filler, epoxy acrylate with filler,
or polymer with proper filler. Encapsulant 272 is non-conductive and
environmentally protects the semiconductor device from external elements
and contaminants. A topside build-up interconnect layer 274 is formed over
encapsulant 272. The build-up interconnect layer 274 includes an insulatin

or passivationIydr 2 P for MeB Vet BRCApSARAE 272 *THETridtf&ting1aysres

an iA68:CaR bepne-opners layeisal 3K02:Si3NG, SKaNeFa20erAPAR30Fat ion
other material having similar insulating7 and structural properties. The

Layeisalbiing RyerP2 78 i déisosited Usirfy PvD, TVD  printing" $pih conifg, <8¢

can Sprayceatingnsinteringyosterral oxidatiopi Anportien of insuwatitg layep2z6 or
is removed b ﬁn etching process to expase conductive pillars 270-271. The

otheg e Bdiftitup ierkdnneltiager 274 Hitthet Acibids Bh'dledtnea

propeanductive layes 278faimed oyen dpsitatraplayer 2é6 aisingeal patiermingsng

cvp, 98Ragitian, process,, Conductive layer 278 is farmed using PYDLGVB. ¢y ermal
’sﬁﬁtﬁering, élect?&ytic plaaﬁng,gélect?olegs p?a‘ztling p%cess, or other suitafb}fe

ox idanetal depositionprocesse Conasictive: layer 228 candi&0 ohe oramoredldyérs ain
Al, Cu, On, Ni, Au, Ag, or ather suitable .electrically cagnductive material. One

etChﬁgr%oﬁ%? %%ﬁ ucgt?vegi%%?%7%%?&?{%?51?9%0%%%%%5 I%n]%o'nductive pillars
270-271T®thenpettions ©f eoddactivesayer 278 ean be<electricalld comnmon

cnen@lcglecttically jsolatad depending onthe desion apgd fupction gtithe, o 1qing,

semiconductor device. -41 The build-up interconnect layer 274 further
theripeludeskan insutatingserapassivationlayer 280 forimed yer pasgsivationt dayerG -

3£. 216 ppdconductive layen 278, The insulatingdayeri280er 252 is formed

over conductive layer 260, encapsulant 272, and semiconductor
die 262. The build-up interconnect layer 282 includes an
electrically conductive layer 288 formed over encapsulant 272
using a patterning and deposition process. Conductive layer 288
is formed using PVD, CVD, sputtering, electrolytic plating,
electroless plating process, or other suitable metal deposition
process. Conductive layer 288 can be one or more layers of Al,
Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive
material. One portion of conductive layer 288 electrically
connects to conductive layer 260 and conductive pillars 270.
Other portions of conductive layer 288 can be electrically
common or electrically isolated depending on the design and
function of the semiconductor device.

An insulating or passivation layer 284 is formed over
encapsulant 272 and conductive layer 288. The insulating layer
284 can be one or more layers of Si0O2, Si3N4, SiON, Ta205,
Al1203, or other material having similar insulating and

structural properties. The insulating layer 284 is deposited
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can be one or more layers of 502, Si3N4, SiON, 1a20S, A1203, or other
material having similar insulating and structural properties. The insulating
layer 280 is deposited using PVD, CVD, printing, spin coating, spray coating,
sintering or thermal oxidation. A portion of insulating layer 280 is removed by

_an etchinal rocess to expose conductive layer 278. The substrate and. ,
usingdhesive ‘{Fr)Br akRe réhhdvistt by ReHenfieaitetBhing SRiethanical pédl-off ENMPL 119

or tmeehanicakgrinding:nthermabbake Jaserrscanging ©f et BiiRping, ssimilar
to FIG. 3f. A bottom-side build-up interconnect layer 282 is formed over

LMoY S HUIRivE Tayer 2607 8nBasstiat 272, ahlXemiCoRGUttor Bie 263 SFhe' 88 -
build-up mteecbapeetilayen 282 heludesiare eleatteallyeconductve fayer 288
J forme§ over encapsulant 272 usin%g agg}itjernin%and deposition process.
CPOGhAGCtiETayS288 S tofmetdsing VDI spitteniiy fetroRitic
elecplating;t etectrolessrplating process cerothensditaple metal depgsijtiotr screen

. _process. Conductive layer 288 can be one .orfnore Ia%ers of Al, Cu, On, Ni,
prlnﬁlng proc%ss. . %% Fo deﬁ mat%rla caq e %ﬂ%ame al 3dr
u, Ag, or other suitable electrically conductive material. portion o

elecconductive layer@88teleetrivaltye coanects tg confuctivéilayén26@gndPb, Bi,

ana §Adustive pilars 270, Other portions of conduve layer, 288 can b

electrically common or electrically isolated depending on the design and

examfyhetion b thecdehnicondtetot dévicenAhdnsulating-orcpassiveitiontaper- 2844,

or 1184qmeed over gncapsylant 272 and condyctive layer 288..The insulating, v,
layer 284 can be one or more layers of SiO2, Si3N4, SION, Ta205, A1203,

mategrigthep hraterial thravirgyLSimildr insuldtingcarfdo strugriralpropérties ] The or
pumpl9S8BENg layer 284-s deposited 142,using PN, CYD, puntng, spin.coating,,eq
spray coating, sintering or thermal oxidation. A portion of insulating layer 284
a segond time to improve electrical contact to conductive layer
288. Solder bumps 286 represent one type of interconnect
structure that can be formed over conductive layer 288. The
interconnect structure can also use bond wires, 3-D
interconnects, conductive paste, stud bump, micro bump, or other
electrical interconnect.

The semiconductor package can be stacked and/or
mounted to a package substrate that includes pins or contact
pads for interconnection with other system components.
Conductive pillars 270 provide z-interconnect between topside
interconnect build-up layer 274 and bottom-side interconnect
build-up layer 282. Conductive pillars 271 provide z-
interconnect between topside interconnect build-up layer 274 and
contact pads 264 of semiconductor die 262. Conductive layer 278
and contact pads 264 of semiconductor die 262 electrically
connect through conductive pillars 270-271 to conductive layer
288. The inner polymer cores 266-267, surrounded by conductive

layer 268, provides both electrical interconnection between
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removed by an etching process to expose conductive layer 288. An
electrically conductive solder material is deposited over conductive layer 288
using an evaporation, electrolytic plating, electroless plating, ball drop, or
screen printing process. The solder material can be any metal or electrically
__conductive material, e.g., Sn, Ni, Au, Ag, Pb, Bi, and alloys thereof, with an
bullgstighat fitig hratéridl. £BF eséfplé SthESSblder matetiaPcart Bé eetedticr 1ol
prof3MPhy highslead, «arilead-free: hpe spldeswmatepal isdallowed by hegtipgdhe ss .
material above its melting point to form spherical balls or bumps 286. In _
some applicdiidhs, S8idet bUMPRISBE AESEA13WRE5 4 S8 cdAd ime'td ifprdve
to teleckigaleantactio canduetive layer 12881 Soldey bunaps 286 representions ive
1 E%/p 9OF£ interconnect. structure thattcan l:()je formed qver conductive Ia%er (2]1%8 ,
2Ye¥hé intetConiadt Stutturé @8R Ao 888 Bofid wires 8D Thtetdonnects 1S Ve
1 ayeeondiictiye paste, stuid-bumpa microdiitmap,rarrathet etectrkcal interconmecttze
Th miconductor package c e ked and/or mounted.to a package
SO Lo R bk
platsysfemedomyponeris.s Cohdtctive pillarssZ#0 provide-rdénternonnelt betweeal

topside interconnect build-up layer 274 ottom-side interconnect
d & qyer 244 andp 1
epo&ﬁf&-% Ifyré?%%i Con%ﬁgﬁvaecpnl fs 271 provfc?enz-qﬁte?ggnnoerct%%%v?eenayerS

of Atbpsiderintercontiect build-tp,layer 1hand scortadtpads264-ofically
conaRIPICORANCIOL flie,262. Gondyctive |ayer /8, and contact pads 264,01, 590 55

semiconductor die 262 electrically connect through conductive pillars
a so27@L271 ke conductivedagérl 288CThe smierfpolymeitesre§ @eBeg ronductive

pi118rounded by, conductive, layer 368,;proyides both glectrical HB@@ODQ%%@O%M
between -43 build-up layers 274 and 282, as well as stress relief for hig

UBM pads containing multiple layers of selectively plated Ni/Au,

Ti/Cu, TiW/Cu, Ti/Cu/NiV/Cu, or their combination. The UBM pads

provide bondable pads for bonding with solder bumps, and may

further provide a barrier to solder diffusion and seed layer for

solder wettability.

Semiconductor die 292 is disposed over the substrate
with contact pads 294 oriented toward and electrically
contacting conductive layer 290, similar to FIG. 3c.
Semiconductor die 292 includes a substrate with an active region
containing 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 its active
surface to implement baseband digital circuits, such as DSP,
memory, or other signal processing circuit. Semiconductor die

292 may also contain IPD, such as inductors, capacitors, and
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profile pillars, using a simple, low-cost manufacturing process. In FIG. 10, a
double-sided adhesive layer is applied to the sacrificial substrate, similar to
FIG. 3a. A conductive layer 290 is formed as contact pads on a topside of
the adhesive layer using a deposition and patterning process. Conductive
layer 290 is formed using PVD, CVD, sputtering, electrolytic plating,
resigkersless Pratiy progess: drioté sitaBle metal deposition process.

Contact pads gR0 cante-are pemore layers of AleCupSnclj, AU, O1 -
other suitable electricallé/ conductive material. In one embodiment,

coatEshdifetive Tyer2bb is °S solfd fift st ContGEtig BAERt OF 1atérdformed” -

The eeRAUCtYe apibarspConductiveslayep 280 inctudesea plated seed layer andr core
U pads containing multiple Jayers of selectively plated Ni/Au, Ti/Cu,

oo L L P I o BiAEon ZEie BT BalE ioeccre

redubendaple pads forshanding with isatder buraps, andimay yfutther ploviderahigh

aspelmier o solder difusion and seed laver for_solder wetlabilly. . ;. o cponect
PESemiconductor die 262 1S d%pose& over the substrate With contact | pacfs 294’
in serenteddowardance electricatly vaorgaetingiconduetive daa/er 290¢ sigiilam to
FIG. 3c. .gemjsondugior dhe 292 jnclurles a supsiaieavithan aetiyeedion
containing anglog or digital circuits |mp]ler%enteop as active devices, passive
overdevives; condactive layers; andadieleetriculayersforhedagitisin tive digrand balls
206 Seeligally pueiconedied; aceordingipdue electieal desin and.funetion of
the die. For example, the circuit may include one or more transistors,
mo 1 ddindes larihothe? eirewis eleréntd fdrdietbwithindts activensodaceto or other

suitimplemepthasehand digitlicircpits, sychas RSP, memark. argihersignal, pe
processing circuit. Semiconductor die 292 may also contain IPD, such as
polym@gcgpﬁggﬁ%@ﬁogggﬁg144, such as epoxy resin with filler,

epoxy acrylate with filler, or polymer with proper filler.
Encapsulant 302 is non-conductive and environmentally protects
the semiconductor device from external elements and
contaminants.

A topside build-up interconnect layer 304 is formed
over encapsulant 302 and semiconductor die 292. The build-up
interconnect layer 304 includes an insulating or passivation
layer 306 formed over encapsulant 302 and semiconductor die 292.
The insulating layer 306 can be one or more layers of Si0O2,
Si3N4, SiON, Ta205, Al203, or other material having similar
insulating and structural properties. The insulating layer 306
is deposited using PVD, CVD, printing, spin coating, spray
coating, sintering or thermal oxidation. A portion of
insulating layer 306 1is removed by an etching process to expose
metal-coated polymer balls 296.

The topside build-up interconnect layer 304 further

includes an electrically conductive layer 308 formed over
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resistors, for RF signal processing. In applications requiring a wider pitch, a
metal- coated polymer ball 296 is formed over conductive layer 290. The
metal-coated polymer ball 296 includes an inner polymer core ball 298 and
outer conductive layer 300. The polymer core reduces junction stress, which
is particularly useful for high aspect ratio conductive pillars needed to

InSudRiddz HtEfRdonneét 1P seicondatior teires vl Ayhetticar ocess -
conadistension. Arencapsulant o5 meldingcompouns, 30%/is, depasited ravey,

semiconductor die 292 and around metal-coated polymer balls 296 using a

e lechaqdrihting EdmpressReSHblig Trand et ofifg Affitd enCapstdit
suitameldingeracuunelasynation osothers suitalle apptcatos similartoFle. Sgn be
Enca sulag%302 can be polymer composite material, such as epoxy resin

I
O [ith fiflér, epoXxy dcryl téﬁvﬂh?ﬁér,%ﬁl polymer With ProperfilleH "Ehcapsuadt’©
elec3@2 isananrcenductiveiand envirantantalloprotects tthersenticanddtiorn i ve

devjce from external elements and contaminants. A topside bujld-u
ey i (oA S BncAota T aP R S O, b1
296 .die@92: T hedotilteuys intercomméct layee 304 yrctuddsSan insutatinglerctrically

Commgassivatie()fela%/er 306 formed over %ncz‘%)su!laﬂ 302 and emi%onductor dig

92.°The insu zllrtjl’ncga a%r 306 can be one or mo?gla%/%rgof& %S léqi%Ni,

funcsion, EéZOBl,GAl%ﬁ@;l@Dommateﬁam&s&ng §imi|ar i_nsulating and
structura} properties, The insulaing layer.306. is.depgsited psing PVD, OV,

printing, spin coating, spray coating, sintering or thermal oxidation. A portion
an ipfsiHsuilating layer306 isvremcvedlsyyan etching proeeds ey expdssulating

1ayePetdfcoated polymer alls 296, The fepside byild-updntereannect layer 394
further includes an electrically conductive layer 308 formed over
can be one or more layers of Si02, Si3N4, SiON, Taz205, Al1203, or
other material having similar insulating and structural
properties. The insulating layer 310 is deposited using PVD,
CVD, printing, spin coating, spray coating, sintering or thermal
oxidation. A portion of insulating layer 310 is removed by an
etching process to expose conductive layer 308.

The substrate and adhesive layers are removed by
chemical etching, mechanical peel-off, CMP, mechanical grinding,
thermal bake, laser scanning, or wet stripping, similar to FIG.
3f. A bottom-side build-up interconnect layer 312 is formed
over conductive layer 290 and encapsulant 302. The build-up
interconnect layer 312 includes an electrically conductive layer
314 formed over encapsulant 302 using a patterning and
deposition process. Conductive layer 314 is formed using PVD,
CVD, sputtering, electrolytic plating, electroless plating
process, or other suitable metal deposition process. Conductive
layer 314 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag,

or other suitable electrically conductive material. The
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-45 insulating layer 306 using a patterning and deposition process.

Conductive layer 308 is formed using PVD, CVD, sputtering, electrolytic

plating, electroless plating process, or other suitable metal deposition

process. Conductive layer 308 can be one or more layers of Al, Cu, On, Ni,

Au, Ag, or other suitable electrically conductive material. One portion of
POrtisituctioa Jager 368 sRttically toRRBcte %o Métaktoatad polyrherHals T
elec296.Qthey porionswefcondpetive: layeb 308 kan hesalgetrically £oATAQB O of

electrically isolated depending on the design and function of the
the S&MiconateGr ABvice VHHE build-up interconnect layer 304 further includes

an insulatingierpasstvatigndayes3oi fosmedovesinstlaing layer 30hamdover

conductive layer 308. The insulating layer 31Q can be one or maqre layers_of
e A N A0S ST of S5 cHhdgrial TG SHAIAF MaGIatPge
316 amchstsactoral propedties. Thednsulating layey 3310 3stdepasitad, usiag ®V,D,
a1205/D, printin, spin coaling, spray coating, sintering or. tharmal, oxidation. A

paértion of msufatlng layer 310 is rentoved by an éTcﬁ’lng procgss {0 expose
st ruconductive fayer308e Fhe stbstratesanchadhesive layers afe remolsgeblsyi ted

. _chemical ing, mechanical peel-off, CMP, mechanical grinding, thermal

05 o COaRing, 5t M1 StpDing: SAnA b FIRE 5. Aot S
or thgildrap imaichnnectlayeA31R isformedfoverssohatctice layee 290 Bndi s
remoAcARSYIaNt 302, Thg bulldip, inferconnect layer 312 ncludes an.slectrically

conductive layer 314 formed over encapsulant 302 using a patterning and

depositidiprokess réondudiivedayardliqvis fomee usingRVYDa CVB,
depoShutteting, electrolylic Alating, electioless:plating, pragess, o otharssuitable

metal deposition process. Conductive layer 314 can be one or more layers of
elecAr ot NilALLAg; electroless plating, ball drop, or screen

ering

printing process. The solder material can be any metal or
electrically conductive material, e.g., Sn, Ni, Au, Ag, Pb, Bi,
and alloys thereof, with an optional flux material. For
example, the solder material can be eutectic Sn/Pb, high-lead,
or lead-free. The solder material is reflowed by heating the
material above its melting point to form spherical balls or
bumps 318. In some applications, solder bumps 318 are reflowed
a second time to improve electrical contact to conductive layer
314. Solder bumps 318 represent one type of interconnect
structure that can be formed over conductive layer 314. The
interconnect structure can also use bond wires, 3-D
interconnects, conductive paste, stud bump, micro bump, or other
electrical interconnect.

The semiconductor package can be stacked and/or
mounted to a package substrate that includes pins or contact
pads for interconnection with other system components. The

metal-coated polymer balls 296 provide z-interconnect between
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or other suitable electrically conductive material. The -46 portions conductive
layer 314 can be electrically common or electrically isolated depending on
the design and function of the semiconductor device. An insulating or
passivation layer 316 is formed over encapsulant 302 and conductive layer
314. The insulating layer 316 can be one or more layers of Si02, Si3N4,
COPSSRIN ITASHE WIFOZT of Bthet miatetiabRaving Sinilt imsthatiiy and'e
int eStrdGtUad properties.uihel insulating fayer3dhds eepositad usingg BYD, CVD,
printing, spin coating, spray coating, sintering or thermal oxidation. A portion
elechfinsdiatifg ‘Fé&}?s?%i%sis ehiREY ByaA etchiy prbcess ¥8'ekpode 15 276 to
condcendugtive dayer 3144 Aarelecttaaleeonductve solder maigrialds ddepasitedie
over conductive layer 314 using a aporation, electrolytic plating, . .
292, CloLhB1e b8 Rtiep BT Glos O Sohelir pTHRG BHSCEbsC The SONIG: Hiaieribr YT
300, canrbe afy metat br «€lectredlly=donthuctive material i e:g. cemn,wdic AupAg] @byup

Bi d, alloys thereof, with an_optional flux material. For_example, the solder
ey e Beche ST Mgt 1 150 25, The <) eienal &
pilleefloweddiynbeatingitiiel matéral-above itsanelfiag tpointrig femoe splerical

balls or ymps 346, In someapplieaions, solder bumps 316 are reflowed. & 5 o,

second time to improve electrical contact to conductive aygr 14. Solder
havebimps 318lrepresentdne typeebhihiercomsect ksthuctdreathat cam be fdrmed
apprAVergonductive jayet 314, The jatergonnect struetyire caq also use bond

wires, 3-D Interconnects, conductive paste, stud bump, micro bump, or other
emboglgBgichkintercoRredtaThe Serticordudtarasdckage canmbetstackabradef the

presBgunted to.a package substrate that includes pigsQ5 eoMAG ) 45 s .
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pads for interconnection with other system components. The metal-coated
polymer balls 296 provide z-interconnect between -47 topside interconnect
build-up layer 304 and bottom-side interconnect build-up layer 312.
Conductive layer 308 electrically connects through metal-coated polymer
balls 296 to conductive layer 314 and contact pads 294 of semiconductor die
292. The inner polymer core 298, sahdtfed by conductive layer 300,
provides both electrical interconnection between build-up layers 304 and
312, as well as stress relief for high profile pillars, using a simple, low-cost
What L ufactdhilig process. While one or more embodiments of the present
invention have been illustrated in detail, the skilled artisan will appreciate
N that mo«i{ic tions and adaptations to those embodiments may be made
withBt dEparting fiafthe stope bf the Present invention as?é/‘é’ﬂ-of]éhﬁjiﬁl?he
follewingidlaims -48 cHaifris Whatssletaimede 1. A method of making a
semiconductor device, gomprising; providing.a sacrificial substrate;
depc?smng an itertace ayer over tjheysacriﬂmaf substrafe; ]formlng a first
subsctarduetive layer over the interface layer; forming a first polymer pillar over

thersticonductive Jayels frming a.secong conguetive laver ouerthedigt, o
polymer &Ilar to create a first conductive pillar with inner polymer core;
mbonting a senficosdugtor diecor qopgenentover thee sadrnificial subdtratet ve

layer;

forming a second conductive layer over the first polymer
pillar to create a first conductive pillar with inner polymer
core;

mounting a semiconductor die or component over the
sacrificial substrate;

depositing an encapsulant over the semiconductor die or
component and around the first conductive pillar;

forming a first interconnect structure over a first side of
the encapsulant, the first interconnect structure being
electrically connected to the first conductive pillar;

removing the sacrificial substrate and interface layer; and

forming a second interconnect structure over a second side
of the encapsulant opposite the first interconnect structure,
the second interconnect structure being electrically connected

to the first conductive pillar.

2. The method of claim 1, wherein the first interconnect

structure includes an integrated passive device.
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depositing an encapsulant over the semiconductor die or component and
around the first conductive pillar; forming a first interconnect structure over a
first side of the encapsulant, the first interconnect structure being electrically
connected to the first conductive pillar; removing the sacrificial substrate and
interface layer; and forming a second interconnect structure over a second
side of the encapsulant opposite the first interconnect structure, the second

3. intereonkecisirusture being electricaliy eennecied dtorthe first conductive
pillar. 2, The method of claim 1, wherein the first interconnect structure

mERHBé%% Atetrar paand tevied: 14873, THemathod i £ fufther

semiinshugling: dernaing a seeond polymer pillar over a contact pad of the
semiconductor die; and f rming the second conductive Ia)é% over the eco

L LIAG FESR"S s&? Eondiietive Pifar WitHHinheF pSigmer Ccdid: ymer

pillérThe methed of elain dofurthesrncludihgestackingra plutality oher polymer
semlconductor devices; and electrically connecting the semiconductor
" “devices through the first and second interconnect structures and first
conductive pillar. 5. The method of claim 1, wherein forming the first

4 m%%rconn ect structIure includels f%rmlgg a flrst |nfu§t|n% layer over the

) encapsu?ant ?ormlng a third conductive Iayer over the first insulating layer,

thetthird coadactiverlagéribaing electricallyrcbimieete dl ¢ threefirst eonductive

pillar; andfarming a.second insylating layer over Ne-third ondugctive 1 oy gn
the first and second interconnect structures and first

conductive pillar.

5. The method of claim 1, wherein forming the first
interconnect structure includes:

forming a first insulating layer over the encapsulant;

forming a third conductive layer over the first insulating
layer, the third conductive layer being electrically connected
to the first conductive pillar; and

forming a second insulating layer over the third conductive

layer.

6. A method of making a semiconductor device, comprising:
providing a substrate;
forming a first conductive layer over the substrate;
forming a first conductive pillar with inner stress-relief
core;
mounting a semiconductor die or component over the

substrate;
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layer. 6. A method of making a semiconductor device, comprising: providing
a substrate; forming a first conductive layer over the substrate; forming a first
conductive pillar with inner stress-relief core; mounting a semiconductor die
or component over the substrate; -50 depositing an encapsulant over the
semiconductor die or component and around the first conductive pillar;
foPfiTtSa fitstIntefe et strdétlife 6V&Ta firtt sRFBICHESCapsufart, the

compl¥ist Hergpaneetsiructurdeng sledseallyceannected tosthg first conductive
pillar; and forming a second interconnect structure over a second side of the
e

ACAPstIht Dppositd the first iterdbhihectstitichite® the Secand t-st side of

the BterepBRactstructie beingselectiically caneeated ttoitbe dirst condugtive
illar. 7, The method of claim 6, wherein the first interconnect _structure
elecE iRl hh AT Isshe d5ice 8 THEmatod SFoi&im T WheriTthe
infegratethpassive: clevicerineludes awapasitat; cesistor cardnductor Gordies ide

ethod of clai{n 6, wherein f(%rmirtu% theff.irst condl,éctive gillar jcncISL]{rdes

of t o(?mlenngcgl?ﬁé%aﬁgécat%%péjr%ﬁnﬁ a poﬁymé? lg'o}';‘lll.l STiie method © El%l?nt] ,e’

the whered thensteesssreliet coret includesspalyimey nwaterdlr 1&aThe methoe of ed

to t%lgln%§rf%théaéﬂ%lé(%lri\gefor%rqlmé;lrsecond conductlve plllar_W|th inner
stress-relief core over a contact pad of the semiconductor die. 12. The
method of claim 6, further including: stacking a plurality of semiconductor

7. d%ﬂge%éﬁﬁkd of claim 6, wherein the first interconnect

structure includes an integrated passive device.

8. The method of claim 7, wherein the integrated passive

device includes a capacitor, resistor, or inductor.

9. The method of claim 6, wherein forming the first conductive

pillar includes forming a metal coating around a polymer ball.

10. The method of claim 6, wherein the stress-relief core

includes polymer material.

11. The method of claim 6, further including forming a second
conductive pillar with inner stress-relief core over a contact

pad of the semiconductor die.

12. The method of claim 6, further including:
stacking a plurality of semiconductor devices; and
electrically connecting the semiconductor devices through
the first and second interconnect structures and first

conductive pillar.
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electrically connecting the semiconductor devices through the first and
second interconnect structures and first conductive pillar. -51 13. The
method of claim 6, wherein forming the first interconnect structure includes:
forming a first insulating layer over the encapsulant; forming a second
conductive layer over the first insulating layer, the second conductive layer
being electrically connected to the first conductive pillar; and forming a
13. seganddasulating fayer pyver the secondi gomductivedayele 1414 gnethod of
, making a semiconductor device, comprising: providing a substrate; forming a
Integep BORdICtvE Pifar With iMREr 8FESs-relief core; mounting a semiconductor
diecamecompenent oyer thes substiate; degesiting an encapsulaaieverdhe ;
semiconductor die or component and around the first conductive pillar; and = .
fohiPiY Rt IMERCOHhec SRt Gvear st ST of e adapsufdit Thet 179
1ayefirst irterconnectstructitredieing electecalyedannesied-tarthefirdtyconshuctive ed
fo t%illarf 1]§.S‘tl'hg @I%thgg .ofézlaimljl4dljgrtger including forming a second
interconnect structure over a second side of the encapsulant opposite the
firsbimtenconpectestructurenthelsecond  iNdgreonneetrstiucturedssimgl
Condelegtlri&gllyigorelr%ected to the first conductive pillar. 16. The method of claim
féf Wherein the first interconnect structure includes an integrated passive
device. -52

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

providing a substrate;

forming a first conductive pillar with inner stress-relief
core;

mounting a semiconductor die or component over the
substrate;

depositing an encapsulant over the semiconductor die or
component and around the first conductive pillar; and

forming a first interconnect structure over a first side of
the encapsulant, the first interconnect structure being

electrically connected to the first conductive pillar.

15. The method of claim 14, further including forming a second
interconnect structure over a second side of the encapsulant
opposite the first interconnect structure, the second
interconnect structure being electrically connected to the first

conductive pillar.

16. The method of claim 14, wherein the first interconnect

structure includes an integrated passive device.
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17. The method of claim 14, wherein forming the first conductive pillar
includes forming a metal coating around a polymer ball. 18. The method of
claim 14, wherein the stress-relief core includes polymer material. 19. The
method of claim 14, further including forming a second conductive pillar with
inner stress-relief core over a contact pad of the semiconductor die. 20. The

17 mBbod'6f-aaih 24, fuktherincludiig- S StaRinga Brirdlity B séiicdnductor
conddevieess and) electrically coapecingithessemieonductordeviges Hreugh the
first and second interconnect structures and first conductive pillar. 21. A
polygighidddictor device, comprising: a first conductive layer; a first conductive
pillar with inner stress-relief core formed over the first conductive layer; a
semiconductor die_or component mounted over the first conductive layer; an
18 ARGt G5t BI8Y tha saRER Lo Gie Srick rothie he st ™=
incloonrductive pilkar; afirst inteiconnect structure formed over a first side of the
encapsulant, the first interconnect structure being electrically connected to
the first conductive pillar; and a second interconnect structure formed over a
19. sédondwsidécaf thé entapsuladt, ogpositedhe first inteéiconnect structuee, s&&3ond

condfSe9ong inteleonnet styature being elestically.connected 1o the st ..
conductive pillar. 22. The semiconductor device of claim 21, wherein the first
pad infercbrnectstruenste dicludesian integrated passive device.

20. The method of claim 14, further including:
stacking a plurality of semiconductor devices; and
electrically connecting the semiconductor devices through
the first and second interconnect structures and first

conductive pillar.

21. A semiconductor device, comprising:

a first conductive layer;

a first conductive pillar with inner stress-relief core
formed over the first conductive layer;

a semiconductor die or component mounted over the first
conductive layer;

an encapsulant deposited over the semiconductor die and
around the first conductive pillar;

a first interconnect structure formed over a first side of
the encapsulant, the first interconnect structure being
electrically connected to the first conductive pillar; and

a second interconnect structure formed over a second side

of the encapsulant opposite the first interconnect structure,
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23. The semiconductor device of claim 21, wherein the stress- relief core
includes polymer material. 24. The semiconductor device of claim 21, further
including a second conductive pillar with inner stress-relief core formed over
a contact pad of the semiconductor die. 25. The semiconductor device of
claim 21, wherein the first interconnect structure includes; a first insulating

the Ryerfimedisier the BRtapsulaitt d'sechiid 8nddétivenagér ibrmea sverted

to tthe firstipsulagingulayer éhe segend conductive layer being electrically
connected to the first conductive pillar; and a second insulating layer formed
over the second conductive layer. -54

22. The semiconductor device of claim 21, wherein the first

interconnect structure includes an integrated passive device.

23. The semiconductor device of claim 21, wherein the stress-

relief core includes polymer material.

24. The semiconductor device of claim 21, further including a
second conductive pillar with inner stress-relief core formed

over a contact pad of the semiconductor die.

25. The semiconductor device of claim 21, wherein the first
interconnect structure includes:

a first insulating layer formed over the encapsulant;

a second conductive layer formed over the first insulating
layer, the second conductive layer being electrically connected
to the first conductive pillar; and

a second insulating layer formed over the second conductive

layer.
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