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SEMICONDUCTOR DEVICE AND METHOD OF ADAPTIVE PATTERNING
FOR PANELIZED PACKAGING

TECHNICAL FIELD
{8001} The disclosure relates in general to semiconductor devices and, more particularly, o
adaptive patterning in the field of panclized packaging for the formation of fan-out wafer level

packaging (FOWLP).

BACKGROUND

{0082} Semiconductor devices are comunonly found in modern electronic products.,
Sermconductor devices vary in the number and density of elecirical coraponents, Discrete
senuconductor devices generally contain one type of electrical component, for example, light
emitting diode (LED), small signal transistor, resistor, capacitor, inductor, and power metal
oxide semiconductor field effect transistor (MOSFET). Integrated semiconductor devices
typically contain hundreds to millions of electrical components. Examples of integrated
senuconductor devices include microcontrollers, microprocessors, charged-coupled devices
(CCDs), solar cells, and digital micro-mirror devices (DMDs),

{0083] Semiconductor devices perform a wide range of functions such as signal processing,
high-speed caleunlations, transmutting and receiving electromagnetic signals, controlling
electronic devices, transforming sunlight to electricity, and creating visual projections for
televiston displays. Semiconductor devices are found in the ficlds of entertainment,
commnunications, poOWer conversion, networks, computers, and consumer products.
Semiconductor devices are alse found in military applications, aviation, automotive, industrial
controllers, and office equipment.

{8084} Semiconductor devices exploit the clectrical properties of semiconductor materials. The
atomic structure of semiconductor material aliows its electrical conductivity to be manipulated
by the application of an electric ficld or base current or through the process of doping. Doping
mtroduces impuritics into the semiconductor material to manipulate and control the conductivity
of the semiconductor device.

{8005] A semiconductor device contains active and passive electrical structures. Active

structures, including bipolar and field effect transistors, control the flow of electrical current. By
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varving levels of doping and application of an clectric ficld or base current, the transistor either
promotes or restricts the flow of electrical current. Passive structures, including resistors,
capacitors, and inductors, create a relationship between voltage and current necessary to perform
a variety of electrical functions. The passive and active structures are clectrically connected to
form circuits, which enable the semiconducior device to perform high-speed calcunlations and
other useful functions,

{0086} Scmiconductor devices are generally manufactured using two complex manufacturing
processes, that is, front-ond manufacturing, and back-end manufacturing, cach involving
potentially hundreds of steps. Front-end manufacturing invelves the formation of a plurality of
semiconductor die on the surface of a semiconductor wafer, Each semiconductor die is typically
identical and contaims circuits formed by electrically connecting active and passive coraponents.
Back-~end manufacturing involves singulating individual semiconductor die from the fimshed
wafer and packaging the die to provide structural support and environmental isolation. The term
“semiconductor die” as used herein refers to both the singular and plural form of the words, and
accordingly can refer to both a single semuconductor device and multiple semconductor devices,
{8887] One goal of semiconductor manufacturing is to produce smaller semiconductor devices,
Smaller devices typically consume less power, have higher performance, and can be produced
more efficiently. In addition, smaller semiconductor devices have a smaller footprint, which is
desirable for smaller end products. A smaller semiconductor die size can be achieved by
improvements in the front-end process resulting in semiconductor die with smaller, higher
density active and passive components. Back-end processes may result in semiconductor device
packages with a smaller footprint by improvements in clectrical interconnection and packaging
materials.

{83888} Onc approach to back-cnd processing that more efficiently produces packaged
semiconductor devices is the use of panclized packaging, in which a number of semiconductor
die are formed into a panel and processed simultancously at a fevel of a reconstituted wafer or
panch. One form of panclized packaging used to package semiconductor dic is FOWLP.
FOWLP involves placing multiple semiconductor die “face down” or with an active surface of
the semiconductor dic oriented toward a toemporary carricr or substrate, such as a temporary tape
carrier. The semiconductor dic and substrate or carrier is overmolded with an encapsulant, such

as an epoxy molding compound, using, for example, a compression molding process. After
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molding, the carrier tape is removed o expose the active surface of the multiple semiconductor
die formed together as a reconstituted wafer. Subsequently, a wafer level chip scale package
(WLCSP) build-up interconnect structure is formed on top of the reconstituted wafer.
Conductive bumps are then formed over the build-up interconnect structure as a ball grid array
(BGA), which is attached to the reconstituted wafer. After formation of the BGA, the
reconstituted wafer is singulated to form individual semiconductor devices or packages.
Sometimes, semiconductor die are displaced in the process of being mounted to the substrate and
are also displaced during the overmolding processes, Displacement of the semiconductor dic,
including rotation of the semiconductor die, can result in defective semiconductor packages that

decrease package guality and rehability and further mmcrease package yield loss.

SUMMARY

[0089] The foregoing and other aspects, features, and advauntages will be apparent to those
artisans of ordinary skill in the art from the DESCRIPTION and DRAWINGS, and from the
CLAIMS,

[8018] Accordingly, in one aspect, the present invention 1s a method of making a semiconductor
device that can comprise providing a plurality of semiconductor die comprising a copper column
disposed over the active surface of each of the semiconductor die, forming an embedded die
panel by disposing an encapsulant around each of the semiconductor die, measuring a trae
position of each semiconductor die within the embedded die panel, and forming a unit-specific
pattern to align with the true position of each semiconductor dic in the embedded die panel.
{8811} The method of making the semiconductor device can further comprise forming the
embedded die panel by providing a carrier, mounting the plurality of semiconductor die face
down on the carrier, and disposing the encapsulant around each of the plurality of semiconductor
die and around cach copper column. The method can further comprise forming the embedded
die panel by providing a carrier, mounting the plurality of semiconductor die face up on the
carricr, and disposing the encapsulant around each of the plurality of semiconductor die and
arcund cach copper column. The method can further comprise removing the carrier 0 expose a
backside of cach semiconductor die. The method can further comprise forming a fan-in
redistribution layer (RDL) extending over the active surface of cach semiconductor die, and

forming the copper columns over the fan-in RDL. The method can further comprise forming the
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unit-specific pattern as a fan-out structure disposed over the phwrality of semiconductor die, over
the encapsulant, and coupled to the copper colummns. The method can further comprise forming
the unit-specific pattern as a conductive layer directly on the encapsulant and coupled to the
copper columns,

{0012} In another aspect, the present invention is 8 method of making a semiconductor device
that can comprise providing a plurality of semiconductor die comprising an interconnect
structure disposed over the active surface of cach semiconductor die, forming an embedded dic
panci by disposing an encapsulant around cach of the plurality of semiconductor dic, measuring
a true position of cach semiconductor dic within the embedded die pancl, and forming a unit-
specific pattern to align with the true position of each semiconductor die in the embedded die
paneh,

{8813] The method of making the sermiconductor device can further comprise providing the
interconnect structures by forming the mterconnect structures as copper colunmns, The method
can further comprise forming bumps over cach copper coluron such that the bumps align with a
respective outhine of each semiconductor device. The method can further comprise forming cach
of the semiconductor die comprising a contact pad, and forming the copper columns over the
contact pads of each of the respective semiconductor die. The method can further comprise
forming a backside coating over a backside of cach of the plurality of semiconductor dic before
forming the encapsulant around the semiconductor die. The method can further comprise
disposing a backside coating over a backside of each of the plurality of semicondactor die and
over a surface of the encapsulant disposed aronnd the plurality of semiconductor die. The
mcthod can further comprise measuring the true position of cach semiconductor dic with respect
to a global fiducial,

{8814} In another aspect, the present invention is a method of making a semiconductor device
that can comprise providing a dic panel comprising a phurality of semiconductor die comprising
interconnect structures and embedded in an encapsulant, measuring a truc position of cach
semiconductor dic within the dic panel, and forming a unit-specific pattern aligned with the trae
position of each interconnect structure,

{8615] The method of making the semiconductor device can further comprise forming the
encapsulant around the semiconductor dic without forming the encapsulant over backsides of the

semiconductor dic such that the backsides of the semiconductor dic are exposed with respect to
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the encapsulant. The method can further comprise forming the unit-specific patterns to align
with the true position of cach semiconductor dic in the die pancl by selecting from a number of
pre-determined unit-specific patiern designs a unit-specific pattern with a best fit for the truc
position of each of the plurality of semiconductor die. The method can forther comprise forming
bumps over cach unit-specific pattern such that the bumps align with a respective outline of each
semiconductor device. The method can further comprise providing the interconnect structures
by forming the interconnect structures as copper columns. The method can further comprise
forming the unit-specific pattern as a conductive layer, forming an insulating layer of
polvbenzoxazoles, polvimide, or epoxy solder mask over the umit-specific pattern, forming
openings in the insulating layer over the unit-specific paticrn to define land grid array pads, and

forming low profile bumps over the land grid arvay pads.

BRIEF DESCRIPTION OF THE DRAWINGS

18816} FIG. 1A illustrates a top view of a reconstituted wafer in accordance with an
embodiment.

{0017} FIGs, IB-1D illustrate a top view of a plurality of packages or modules arranged ina
reconstituted wafer in accordance with embodiments of the disclosure.

{8018} FIG. 2A illustrates a top view of a FOWLP in accordance with an embodiment of the
disclosure.

{8019} FIG. 2B illustrates a cross-sectional side view of a FOWLP in accordance with an
embodiment of the disclosure.

{0020} FIG. 3A illustrates a top view of the actual position of a package die having a dufferent x-
y position than that of the nominal, reference position in accordance with an embodiment of the
disclosure.

{0821] FIG. 38 illustrates a top view of the actual position of a package die having a different
oricutation than that of the nomunal, reference orientation in accordance with an embodiment of
the disclosure.

{8022} FIG. 4 illustrates an RDL patiern in accordance with an ernbodiment of the disclosure.
{3823} FIG. SA illustrates a portion of panel design in accordance with an embodiment of the

disclosure.
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18024} FIG. 5B illustrates a musaligned die unit in accordance with an embodiment of the
disclosure.

{0025} FIG. 6 illustrates a discrete plurality of different design options in accordance with an
embodiment of the disclosure.

{0026} FIG. 7 illustrates an adaptive patterning system in accordance with an embodiment of the
disclosure.

{8027} FIG. 8 illustrates a method diagram of an embodiment of an adaptive patterning method.
{0028} F1G. ¢ illustrates a method diagram of an embodiment of an adaptive patterning method.
{0029} FIGs, 10A-10C illustrate a plurality of semiconductor die for usc in a FOWLP in
accordance with an ernbodiment of the disclosure.

{8038} FIGs. HA-T1H illustrate cross-sectional side views in a method of forming a FOWLP in
accordance with an ernbodiment of the disclosure.

{0031} FIGs. 12A-12C illustrate a plurality of semiconductor die for use in a FOWLP i
accordance with an ernbodiment of the disclosure.

[8032] FIGs. 13A-13H illustrate cross-sectional side views in a method for forming a FOWLP in
accordance with an ernbodiment of the disclosure.

18433] FIG. 14 illustrates an embodiment of a FOWLP in accordance with an embodiment of the
disclosure.

{8034] FIG. 15 illustrates an embodiment of a FOWLP in accordance with an embodiment of the
disclosure.

18435] FIG. 16 illustrates an embodiment of a FOWLP in accordance with an embodiment of the
disclosure.

[0036] FIG. 17 illustrates an embodiment of a FOWLP in accordance with an embodiment of the
disclosure.

[8037] FIG. 18 illustrates an embodiment of a FOWLP in accordance with an embodiment of the
disclosure.

[0038] FIG. 19 illustrates an embodiment of a FOWLP in accordance with an embodiment of the
disclosure.

{6039 FIG. 20 illustrates an embodiment of a FOWLP in accordance with an embodiment of the

disclosure.
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18040} FIG. 21 illustrates an embodiment of a FOWLP in accordance with an embodiment of the
disclosure.
{8441} FIG. 22 illustrates an embodiment of a FOWLP in accordance with an embodiment of the

disclosure.

DETAHLED DESCRIPTION

{0042} Embodiments of the disclosure disclose methods and systems to improve panclized
packaging. In accordance with embodiments of the disclosure, misalignment for individual
device units in a panel or reticulated wafer may be adjusted for by measuring the misalignment
for each individual device unit and adjusting the position or design of a feature 1o the build-up
laver for each respective device unit utithzing a mask-less patterning technigoe.

{0843} In the following description, numerous specific details ave set forth, such as specific
configurations, compositions, and processes, etc,, in order to provide a thorough understanding
of the disclosure. In other instances, well-known processes and manufacturing techniques have
not been described in particular detail in order to not vnnecessarily obscure the disclosure.
Forthermore, the various embodimnents shown in the FIGs. are illustrative representations and are
not necessarily drawn to scale.

{8344} The terms “over,” “between,” and “on” as used herein refer to a relative position of one
layer with respect to other layers. Oue layer deposited or disposed above or under another layer
may be directly in contact with the other layer or may have one or more intervening layers. One
layer deposited or disposed between lavers may be directly in contact with the iayers or may
have one or more intervening layers. In contrast, a first layer “on” a second layer is in contact
with that second layer.

{8045} In accordance with embodiments of the disclosure, a plurality of device units may be
assembled and molded to create a panel, or reticulated wafer. Device units may be active device
units such as dies, and may also be passive device units such as an integrated passive network, or
a discrete passive device unit such as a capacitor, resistor, or inductor. The device units may be
pre-packaged, though pre-packaging is not reguired. In accordance with embodiments of the
disclosure, the pre-packages may contain single or a plurality of device units and other
components, The pancl is inspected o measure the true position for cach device unit in the

pancl. For example, the measured position may include an x-y position and/or oricntation of at
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least one feature from each device unit with respect to a global fiducial(s) on the panel. A unit-
specitic pattern for each individual device unit 1s then created based upon the measured position
for each respective individual device unit, and provided to a laser, direct write imaging system or
other mask-less patterning system. The unit-specific patterns are then formed over cach of the
plurality of device units so that cach unit-specific patiern is aligned with the respective device
umit,

[8046] In an embodiment, creating the patiern relates to adjusting the position or design of a unit
detail pattern in a chip scale package (CSP) build-up structure to align with the measured
posttion of cach device unit in the pancl. In an embodiment, the unit detail pattern is a first via
patiern, a capture pad, or an interconnecting trace pattern which may or may not be associated
with an RDL. For exarople, the position of a first via pattern can be adjusted so that it is formed
m alignment with the measured position of each device unit in the panel. Also, an RDL laver,
ncluding at least a capture pad for the first via may be adjusted or designed to maintain
alignioent with the true position of each device unit in the panel. The final under bump
metallurgy (UBM) and BGA ball may be formed without aligning with respect to the measured
position of the device umit. As such, the UBM pad and BGA ball may be aligned consistently
with respect to the package outline for cach device unit, maintaining conformance to the package
outline.

{0847} Adaptive patterning may also be utilized to create a pharality of module-specific patterns
across the panel. In accordance with embodiments of the disclosure, a plurality of device umts
and optionally other components may be assembled and molded to create a panel, or reticulated
wafer. The other components may be optical clements, connectors (for example to connect o
the outside of the module} and other electronic components, which may also be pre-packaged. In
an embodiment, a module includes a plurality of device units. A module may also inchide at
icast one device unit and another component. A panel inchuding a plurality of arrangements of a
phurality of device units, or at least one device unit and at least one additional component is
mspected to measure the true position for cach device unit and optional other component in the
panel. For exampie, the measured position may include an x-v position and/or orientation of at
icast one feature from cach device unit and optional other component within a module with
respect to a global fiducial(s} on the pancl. A module-specific pattern for cach module 13 then

created based upon the measured position for cach respective individual device unit and optional
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other component within the respective module, and provided to a laser, direct write imaging
system or other mask-less patterning system. The module-specific patterns are then formed over
cach of the plurality of device units and optional other components so that cach module-specific
pattern is aligned with the respective module device units and optional other components.

{0048} Creating the module-specific pattorn may relate to adjusting the position or design of a
unit or component detail patiern in a CSP build-up structure to align with the measured position
of cach device unit or component in the panel as previously described with regard to the single
device unit package embodiment. Where multiple devices and optional other components exist,
device mnterconnect traces which may or may not be associated with a RDL may exist, A multi-
iayver build-up structure can also be utihized for both modules as well as single device packages.
{0049} Referring to FIG. 1A, 10 an erbodiment, the process begins with a panel 102 meluding a
plurality of device units 104 overmolded with an encapsulating material 106 sach as an epoxy
resin. While FIG. 1A illustrates a civcular panel 102, alternative panel formats such as
rectangular or square may be utilized. As ithustrated i FIG. 1A, the active surfaces of the
plurality of device units 104 are substantially flush with the encapsulating material 106, Inan
embodiment, panel 102 may be what is known n the art as a reconstituted water forraed in a
WLP technique where the phirality of device units are placed face down on a temporary tape
carrier, followed by overmolding with epoxy molding compound using a compression molding
process, followed by removal of the temporary tape carrier leaving the active surfaces of the
phurality of dic units exposed.

{86530 Subsequently, a butld-up structare may be formed on top of the structure illostrated m
FIG. 1 A and the device units are singulated to form packages or modules. For example, as
illustrated in FIG. 1B, the pancl may be singulated into a plurality of single-die packages 150,
cach package inclnding a single semiconductor die unit 152, Referring to FIG. 1€, a plurality of
dic units 152, 154 may be mounted within the molded panel and singulated to form multi-die
packages or modules 150. Referring to FIG. 1D, a single dic unit 152 or a plurality of dic units
152, 154 may be mounted within the molded panel with the addition of a passive device{s) 156
{(such as capacitor, inductor or resistor) and/or other component{(s} 15¥ (such as an optical
clement, connector or other electronic component) and singulated to form a packages or modules
150 which include both an active device(s) and a passive device(s} and/or other components. A

varicty of combinations of active and passive devices and optionally other components within
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packages or modules are envisioned in accordance with embodiments of the disclosure.
Accordingly, the particular configurations illustrated in FiGs. 1B-1D arc meant to be iilustrated
rather than limiting.

{8051} In the following discussion, certain embodiments are described with regard to the
formation of a single die FOWLP, though embodiments of the disclosure are not limited to such.
Embodiments of the disclosure may be used in any panclized packaging application including
single-die applications, multi-dic modules, some combination of a die(s) and a passive
component{s} within a module, or some combination of a device unit(s) and another
component{s) within a moduie. In one aspect, embodiments of the disclosure may eliminate or
reduce package or module assembly vield loss caused by misalignment of the device unit or
other component during panclization. In another aspect, embodiments of the disclosure moay
maintain compliance to the package or module outhine and vot require changes to the position of
UBM pads or BGA balls. Maintaming compliance with the package or module outline can be
consistently achieved in the final product, for exarople as end-product package, test socket, eic.
In another aspect, embodiments of the disclosure may allow for a smualler bond pad opening on
the device onits.

{0852 Referring now to FIGs. 2A-2B, ball grid array (BGA) balls 108 are attached and the
panel is saw singulated to form individual packages. The CSP build-up structure 110 may be
formed over the active surface of each mdividual die unit before singolation. While build-up
structure 1O i FIGs. 2B is ilhostrated as including a single dielectric layer 115, it is understood
that multiple layers may be used to form build-up structure 110, Build-up structure 110 may be
formed from a diclectric material 115 within which is incladed a first via 112 which is in
electrical contact with a bond pad 105 of the die unit152. An RDL 114 is formed which may
span under the bond pad 105, first vial 12, and over a UBM via 116, UBM pad 119, and BGA
ball 108, BGA ball 108 1s illustrated in FIGs. 2B as a solder ball, though is not limited to such.
In other embodiments, multiple dielectric lavers and device interconnect traces, which may or
may not be associated with the RDL, are formed in accordance with the principles described
hercin. Such mmlti-layer build-up stractures can be utilized in both single-die package
applications as well as multi-device modules,

{0053} It has been observed that die unit placement and overmolding may cause displacement

and/or rotation of the oricntation of any of the plurality of die units 152 on the temporary tape
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carrier. This may be attributed to the dic units not being rigidly attached to the temporary tape
carricr as well as shrinkage of the molding compound during curing of the molding compound.
As a result, the plurality of dic units 152 on panel 102 may not lic in their nominal, reference
positions after compression molding. As tilustrated in FIG. 3A, the actual position of a die unut
152 may have a different x-vy position than that of the nominal, reference positionl52” of the dic
unit. As illustrated in FIG. 3B, the actual position of the die unit 152 may be rotated such that it
has a different orientation © than that of the nominal, reference orientation 8° of the nominal,
reference position 1527, While the difference in x-y position and orientation is illustrated in
FiGs. 3A-38 with respect to the nominal, reference positions of the die urut within an individual
singulated package outline, it 1s understood that the difference in x-y posttion and orientation
may be actually measured with regard to a global fiducial{s) within the panel or reticulate

wafer,

{8054} Misalignment of the individual die units may cause some of the packages which are
subsequently singuolated from the panel to be defective. Conventional methods for forming a
CSP build~up structure on a panel utilize mask-based paticrning technologics to expose a pattern
on nultiple die units of the panel at the same time. The masks include fixed patterns for die pad
to UBM interconnect and, therefore, lack the ability to adjust for the movement of each die
within a panelized format. The umpact of the conventional methods is either yield loss due to
snisalignment of first vias to the bond pads or the addition of some intermediate form of die pad
re-routing tn native wafer form {prior to panclization) to make larger die pads as targets to ensure
the first vias make connection despite die movement. As a result, conventional processing
technology requires that bond pads on the die units be larger than necessary to avoid vield loss
from the pancl, thereby reducing the application space for WLP technology.

18055} In accordance with embodiments of the disclosure, misalignment of the individual dic
units is adjusted for by utilizing an adaptive patterning technique which additionally implements
mask-less lithography to pattern features of the build-up structure 110, Lascer ablation and direct
write exposure are examples of suitable mask-less patterning technigues in accordance with
embodiments of the disclosure.

{0656} In an cmbodiment, a panel including a plurality of dic units is provided as iHlustrated in
FIG. 1A, A true position is measured for cach of the plurality of die units 152 of the panel. The

measurement may be of a specific feature formed on cach of the dic units of the panel. For
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example, the position of at least one bond pad 105 on cach of the plurality of dic units on the
panct can be measured. The specific position can be a varicty of positions, such as a corner of
the bond pad 1035, a center of the bond pad, an outline of the bond pad, ¢tc. Included in the
position measurement may be the x-y position and/or orientation with respect to a global
fiducial{s) on the panel. Any suitable inspection tool may be utilized to measure the truc first
position, such as an optical inspection tool, In an embodiment, s single feature is measured to
obtain an x-y position of a dic unit. In an embodiment, a plurality of features are measured to
obtain an orientation of a die unit.

{00571 A build-up structure 110 is formed over the panel including the plurality of die units,
Reterring agam to FIG, 2B, a singulated package s illastrated with a completed build-up
stracture 10, While the build-up structure 110 15 illustrated as being formed over a single
package in FIG. 2B, i is understood that build-up stracture 110 1s formed prior to singulation,
and that a ploarality of build-up structures 110 are formed across the panel 102 and over each of
the respective plurality of die units 152 on the panel 102 illustrated in FIG. 1A,

{8038} v an embodiment, the build-op structare 110 is formed from a dielectric material 115,
from which features are patterned. Build-up structure 110 may inchude a plurality of layers, For
example, a separate diclectric layer may be formed tn which the first vial 12, RDL pattern 114,
and UBM via 116, and/or UBM pad 119 are separately formed. In an embodiment, there may be
multiple via and RDL patterned layers. Dielectric material 115 may be opague or translucent,
and different materials can be utilized for the separate dielectric layers. Where the diclectric
material 115 is opague, optical measurements of a feature may be measured prior to forming the
dielectric material 115 over the underlying feature. Where the dielectric material 115 1s
translucent it 1S possible to measure the position of a feature below the dielectric material
115before or after forming the diclectric material over the panel.

{08659 Based upon the true measured position for each of the respective die units, a specific
pattern is created for cach of the plurality of die units. The pattern is unit-specific for each of the
respective dic units, and therefore the unit-specific patterns may be different (for example x-y
position, orientation, design) for cach respective dic unit so that cach unit-specific pattern is
aligned with each respective dic unit, thereby compensating for misalignment of the individual

die units. Each unit-specific pattern may be a common pattern aligned with the respective dic
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unif, Each unit-specific pattern may alse be uniquely created for each die unit in accordance
with embodiments of the disclosure.

{8068} The pattern is then formed over cach of the plurality of dic units. In an embodiment, the
pattern 18 a unit detail patiern formed in a build-up structure 110 such as the first via 112 which
connects the bond pad 105 to the RDL pattern 114, the RDL pattern 114, or the UBM pad pattern
119.As tllustrated in FIG, 4, the RDL pattern 114 of FIG, 2B may include a first via capture pad
118 aligned with the first via 112, a UBM via capture pad 120 aligned with the UBM via 116,
and a trace portion 122 connecting the capture pads 121, 120, The patterned features in the
build-up structure 110 may be formed utilizing a mask-less patterning system. For example, a
first via 112 or RDL patiern 114 may be created through exposure of a photoimagable polymer
or photoresist through a divect writing, First via 112 or RDL pattern 114 may also be created
through laser ablation of dieleciric material 115,

{00611 A number of methods are envisioned for creating a patiern for cach of the phuality of die
urits based upon the measured position for each of the respective die units, In an embodiment,
this may be accomplished by comparing the measured position of each of the plurality of dic
units to a number of defined nominal, reference positions. For exarople, a nominal, reference
position of at least one feature on each of the phurality of die units can be defined with respect to
a global fiducial{s) on the panel 102. The specific nominal, reference position can be a variety of
positions, such as a corner of the bond pad 105, a center of the bond pad, an outhine of the bond
pad, an alignment feature, ete. The specific nominal, reference position can also be the package
outhine, within which the die units will be packaged. Multiple features for each vnit may be used
in order to determine the orientation of the die within the unit. Included in the nominal, reference
position may be the x-v position and/or orientation with respect to a global fiducial(s) on the
panel. In an embodiment, defining a nominal, reference position includes generating an
clectronic panel map. For example, the nominal, reference position (X-y position and/or
orientation} of cach die unit in the panel can be defined in an clectronic panel map. Though
embodiments do not require a panci map, and the nominal, reference positions can be provided
elsewhere.

{0062} In an cmbodiment, the position or design of the pattern is adjusted for cach die unit to
align with the measured position of the respective die unit in the pancl. Design software can

create a pattern design for cach of the plurality of dic units based upon the measured position of
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cach of the dic units in the panel. This pattern design may then be stored in a panel design file,
in which the x-y position and/or orientation of the pattern is adjusted. The pattern may also be
changed to optimize the pattern design for cach dic unit. The panel design file may be
transferred to a mask-less patterning system to form at least the unit-specific pattern,

{0063} FIG. 5A illustrates a portion of a panel design in accordance with an emnbodiment of the
disclosure. The illustration provided in FIG. SA is meant to be exemplary of a panel design in
accordance with an embodiment of the disclosure and is not meant to be limiting. As illastrated,
an upper left-hand comner of an individual package outline 1s shown, however it 1s understood
that the panel design may inchude additional or less information for the individual dic package,
and that the panel design may nchide similar information for each of the plurality of die units of
the panel.

{0064 As illostrated in FIG. SA, the panel design may define nomunal, reference positions for
each dic within the panel, as well as nominal, reference positions for vet to be formed features.
In an embodiment, the nomimnal, reference positions for the die 1527 and bond pad 105 are
defined. Features which have not yet been formed over the panel may inchide nominal,
reference posifions for the first via 112°, die via captore pad TR, UBM via 116°, UBM via
capture pad 1207, RDL pattern trace 1227, UBM pad 119, and package outline 130” of a package
to be singulated from the panel.

{8065] F1G. 5B illustrates a misaligned die unit in accordance with an embodiment of the
disclosure. As illustrated, die unit 152 15 illustrated as being musaligned with respect to the
nominal, reference die unit position 1527 or global fiducial(s} on the panel (not illustrated).
Likewise, the already formed dic pad 105 is illustrated as being misaligned with respect to the
nominal, reference die unit position 105 or global fiducial(s} on the pancl (not tllustrated).
18066} In an embodiment, a nominal, reference position of at least one feature on cach of the
plurality of die units is defined. For example, the nominal, reference position may be die pad
105", The true position of the dic bond pad 105 is measured for cach of the plurality of dic units
on the panel. In accordance with embodiments of the disclosure, misalignment of the individual
die units is determined when the measured position of the dic bond pad 105 has a different x-y
position or orientation than that of the reference position of the die bond pad 105°.

{8067} In an embodiment, the position of the patterned feature (for exarple first via 112, dic via

capture pad 118, UBM via 116, UBM via capture pad 120, RDL patiern trace 122} formed in the
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CSP build-up structure 110 has a different x-y position or orientation than the nominal, reference
position of the feature for at least one of the plurality of die units. In an embodiment, the formed
first via 112 has a different x-y position as compared to the refercnce position of the first via
112 for at lcast onc of the plurality of die units. In an embodiment, the formed RDL pattern 114
has a different x-y position as compared to the reference position of the RDL pattern 1147 for at
icast one of the plurality of dic units. In an embodiment, the formed RDL pattern 114 has a
differcnt x-y position and orientation as corapared to the reference position of the RDL pattern
114” for at lcast onc of the plurality of dic units.

{0068} In an embodiment, the amount of misalignment of the dic unit in the x-y direction and/or
orientation 1 measured by the inspection tool, and a delta-value between the nonunal, reference
posttion and measured position of the dic unit is calculated for at least one of the plurality of die
urits, Based upon the delta-value, the pattern to be formed is created by adjusting the pattern
from its reference position by the same delta-value. It is contemplated, however, that the
patierned feature may not necessarily have to be formed with the same delta-valoe in accordance
with embodiments of the disclosure.

{8869] Other embodiments of the disclosure may maintain the relative alignument of certain
features within the end package. In the embodiment illustrated in FIG. 5B, it is shown that the
relative alignment between the first via 112, and the boud pad 105 and die unit 152 is the same as
the relative alignment llustrated in FIG. SA between the nominal, reference positions 1127, 1057,
152", In an embodiment, any of the portions 118, 122, 120 of the RDL pattern 114, or the entire
RDL pattern 114 may be shifted in FIG. 3B by the same delta~-vahie between the true first
position of the bond pad 105 and the reference bond pad position 1057,

{8670} In an cmbodiment, an additional feature may be formed over cach of the plurality of die
units without regard to the measured position of cach of the respective phurality of die units. In
accordance with embodiments of the disclosure UBM pad 119 is formed at the nominal,
reference position 119" without regard to the measured position of cach of the respective
plurality of die units. In the embodiment iilustrated in FIG. 5B, position of the actual positions
of the UBM pad 119 and package cutline 130 are the same as the corresponding nominal,
reference positions 1087, 1307, As ilustrated, the actual position UBM via 116 may also be in

the position as the nominal, reference position 116°,
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{8871} Adjusting the position of a unit detail pattern formed in the CSP build-up structure ©©
align with the measured position of cach dic in the panel may also inchude changing the RDL
pattern design. In an embodiment, changing the RDL pattern design includes selecting a best-fit
RDL pattern design from a discrete plurality of different design options, An illustration of a
discrete plurality of different design options is provided in FIG. 6. For example, cach guadrant I-
IX represents a range of delta-values between the measured position of the bond pad 105 and the
reference bond pad position 1057, By way of example, if the delta-value corresponds to point
240 1n FIG. 6, then the RDL pattern design for quadrant V1 is selected. If the delta-value
corresponds to point 142 in FIG. 6, then the RDLU pattern for quadrant IX is selected. In this
manner the design tool can automatically generate a given best-fit pattern for cach individual die
based upon the corresponding delta-value for that specific die. For example each of the different
design patterns associated with the guadrants can have different sizes, shapes, and/or orientations
for the RDL pattern. While FIG. 6 illustrates a nine different design options, it is to be onderstood
that any discrete number of different design options may be used.

{0672} In an embodiment, adjusting the position of a unit detail pattern formed 1o the CSP build-
up structure to align with the measured position of each die in the panel includes changing the
RDL pattern design with a dynamic design approach. For example, a customized RDL pattern
may be dynamically generated for each specific die unit based upon the corresponding delta-
values for each specific die unit.

{88731 In application, several variations are envisioned in accordance with embodiments of the
disclosure. For example, the manner of adjusting a unit detail pattern formed tn the CSP build-
up structure may depend upon the amount of adjustment required to align the unit detail pattern
with the respective dic in the panel. In a first level operation, where the delta-value is minimal, #t
is contempiated that adjustment of the first via 112 position may be sufficient to compensate for
misalignment of the die 152, In a first variation, if the reference first via capture pad 118’ no
longer sufficiently overlaps the adjusted first via 112 position, then all or a portion of the RDL
pattern 114 position may need o be adjusted by the same delta-value by which the first via 112
position was adjusted. In a second variation, where adjustiment of the RDL pattern 114 position
is not adequate, the design of the RDL pattern 114 may be changed so that the first via capture
pad 118 is aligned to the first via 112, and the UBM via capture pad 120 is aligned with the

UBM via 116, This may he accomplished by selecting a best-fit design of the RDL pattern 114

16



WO 2014/071312 PCT/US2013/068330

for each of the respective die units based upon the position of the delta-value in the guadrants
illustrated in FIG. 6, or dynamically designing a customized RDL pattern 114 for cach die ynit.
{0074} As described above, an adaptive patterning technique in accordance with emnbodiments of
the disclosure may be utilized to pattern features within a butld-up structure 100, such as a first
via 112 and RDL pattern 114, In an embodiment, an adaptive patterning technique may be
utitized for any structure within the build-up structure, For example, butld-up structure may
contain multiple layers, vias, and RDL patterns. In an embodiment, an adaptive patterning
technique may inchide measurcment of a first true position followed by adaptive patterning of a
first via and RDL-1, then measurement of a second true position followed by adaptive patterning
of a via-2 and RDL-2, then measurement of true position ‘v’ followed by adaptive patterning of a
via-n and RDL-n.
{8875} In accordance with embodiments of the disclosure, a lot of die packages may be
singulated from a panel or reticulated wafer, The lot may be characterized by a unigue statistical
range of relative orientations. In conventional processes, where a plorality of die are misaligne
across the panel, the statistical average across the lot for the musaligrunent of the fivst via 112
relative to the respective die 152 outline for the lot is divectly proportional to the statistical
average of the misalignment of the dic 152 relative to the package outline 130, These
relationships can be represented as follows:
A(avg, fot) (] ]2, 152} = A(avg, fot) (i 52, 13())
{88376} In accordance with embodiments of the disclosure, the first via 112 may be adjusted for
each individual die to compensate for misalignment of the respective die 152, Therefore, the
statistical average across the lot for the misalignment of the first via 112 relative to the respective
die 152 outline is considerably less than the statistical average of the misalignment of the die 152
relative to the package outline 138, These relationships can be represented as follows:
Agavp o0 {112, 1521 << Aggug 1on (152, 130}
in an embodiment, the statistical average across the lot for the misalignment of the first via 112
relative to the respective die 152 outline is nill.
Agavg 1on (112, 152y =0
16677} Certain embodiments may be implemented as a computer program product that may
melude mstructions stored on a non-transitory machine-recadable medium. These instructions

may be used to program a general-purpose or special-purpose processor o perform the described
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operations. A machine-readable medium includes any mechanism for storing or transmitting
mformation in a form {for example, software, processing application} readable by a machine {for
example, a computer). The machine-readable medivm may include, but is not limited to,
magnetic storage medium (for example, floppy disketic); optical storage medium {(for example,
CD-ROM); magneto-optical storage medium; read-only memory (ROM); randont-access
memory {(RAMY; erasable programmable memory (for example, EPROM and EEPROMY); flash
memory; or another type of medium suitable for storing electronic instructions,

{0078] Additionally, some embodiments may be practiced in distributed computing
environments where the machine-readable medium is stored on and/or exccuted by more than
one comnputer system, In addition, the information transterred between computer systems may
either be pulled or pushed across the conymunication medium connecting the computer systems,
{8879 The digital processing devices deseribed herein may mclude one or more general-purpose
processing devices such as a microprocessor or central processing unit, a controller, or the like.
Alternatively, the digital processing device may melude one or more special-purpose processing
devices such as a digital sigonal processor {DSP), an application specific integrated circuit
{ASIC), a ficld programmable gate array (FPGA), or the like., In an alicrnative embodiment, for
example, the digital processing device may be a network processor having multiple processors
including a core unit and multiple microengines. Additionally, the digital processing device may
inchude any combination of general-purpose processing devices and special-purpose processing
devices.

{0080] Embodiments of the disclosure may be performed with an adaptive patterning system 160
as ittustrated in FIG. 7. Operations may be performed by hardware components, software,
firmware, or a combination thereof. Any of the signals provided over various buscs 162
described herein may be time multipiexed with other signals and provided over one or more
common buses. As illustrated, a panel or reticulated wafer 164 may be supplied to an mspection
tool 166 which measures a position of a plurality of device units on the panel and creates a file
16% containing the measured position of each of the phlurality of device units. Design software
stored on server 176 then creates a pattern design file 170 for cach of the plurality of device units
based upon the measured position of cach of the plurality of device units. A patierning machine

172 imports the pattern design and creates a patterned feature over each of the plurality of device
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units. The panel or reticulated water is provided to the patterning machine 172 from the
mspection tool 166, A patterned pancl 174 may be output from the patterning machine 172,
{8081} In an embodiment, the design software further creates a new drawing for at least one
iaver of design, which is adjusted such that the first via and/or RDL paticrn is aligned to the
measured position of cach of the plurality of device units. In an embodiment, the software
mcludes an algorithm for adaptive patterning. For example, the algorithm may adjust the x-y
position or orientation of a feature based upon a delta-value. In an embodiment, the algorithm
may sclect a feature pattern from a discrete mumber of design options based upon a delta-value,
In an embodiment, the algorithm may dynamically design a feature based upon a delta-value.
{8882] The schematic tlhustration provided m FIG. 7 is indicative of the order of a process 1o
accordance with embodiments of the disclosure, however, it is not necessary that the actual
equipment be arranged as tlustrated. As llustrated, the design software is stored on a separate
server 176, which can also store a panel map which mcludes nominal, reference positions of the
plurality of device units on the panel. It is not reguired that the design software be stored on a
separate server 176, For example, design software could be stored on the inspection tool 166 or
patterning moachine 172, 1t is possible to have all components integrated into a single system,
{B8083] Server 176 can be utilized to control any part of or the entire adaptive patterning system
160. In an embodiment, server 176 includes memory 179 having instructions stored thereon,
which when executed by a processor 178, cause the processor to instruct the inspection ool 166
to measure a position of each of a phurality of device units of a panel, create a unit-specific
pattern for each of the respective plurality of device units based upon the measured position for
cach of the respective device units, and instruct the patterning tool 172 to form the unit-specific
patterns over cach of the plurality of device units, wherein each unit-specific pattern is aligned
with the respective device unit. In an embodiment, creating a unit-specific pattern for cach of the
respective plurality of device units based upon the measured position for cach of the respective
device units may include adjusting an x-y position and/or orientation of at least one unit-specific
pattern, selecting from a discrete number of design options, or dynamically generating the unit-
specific pattern,

{0084} The method diagram provided in FIG. 8 illustrates a particular embodiment of an
adaptive patterning method 180 comprising measuring a position of cach of a plurality of device

units of a pancl (Step 182}, defining a reference position of at least onc feature on cach of the
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plurality of device units, wherein the measured position has a different x-y position or orientation
as compared to the reference position for the at least one of the plurality of device units (Step
186}, creating, by a processor, a unit-spectfic pattern comprising at least one of a via pattern, a
capture pad, and an interconnecting trace pattern, for cach of the respective plurality of device
units based upon the measured position for cach of the respective device units (Step 188) by
calculating a delta-value between the measured position and the reference position for each of
the respective plurality of device units and adjusting a position of the unit-specific pattern by the
same delta-value from the reference position of the unit-specific pattern for at least one of the
plurality of device units, defining a position of the unit-specific pattern over each the respective
device units, wherein the unit-specific pattern created has a different x-y position or orientation
as compared to the reference position for each of the respective device units (Step 190), and
forming the unit-specific patterns over each of the respective device units, wherein cach unit-
specific pattern is aligned with the respective device unit (Step 192). Tn particular
implementations, creating the unit-specific pattern for cach of the respective device units
comprises creating a module-specific pattern for each of the respective plarality of device uits
based upon the measured position for each of the respective device units, and forming the unit-
specitic patterns over each of the phwality of device units comprises forming the module-specific
patterns over each of the plurality of device units, wherein each module-specific pattern is
aligned with the respective at least two device units within the respective module. In particular
implementations, the method may optionally comprise measuring a position of each of a plurality
of other components of the pancl, the other components selected from the group consisting of
optical clements, connectors and electronic components (Step 184). Methods may be
implemented as non-transitory computer-readable storage medium having instructions stored
thercon, which, when executed by a processor, cause the processor to perform an adaptive
patterning method operation.

{8085} The method diagram provided in FIG. 9 illustrates a particular embodiment of an
adaptive patterning method 200, comprising generating a nominal semiconductor dic panel
design for formation of FOWLPs {step 201}, fabricating an embedded semiconductor dic panel
with exposed semiconductor die contact pads (step 202), measuring the true position and
orientation of cach semiconductor die within the embedded semiconductor die panel (step 204),

importing semiconductor die position data imto an adaptive pattern auto-router (step 206),
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creating an adaptive via and/or RDL pattern for cach semiconductor die on the embedded
semiconductor dic panel (step 208), exporting a panel design comprising each adaptive via
and/or RDL pattern (step 210), and applying the adaptive via and/or RDL patterns to the
embedded semiconductor die panel (step 212). Methods may be implemented as non-transitory
computer-readable storage medium having instructions stored thereon, which, when executed by
a processor, cause the processor to perform an adaptive patterning method operation,

{8086} FIG. 10A shows a semiconductor wafer 220 with a base substrate material 222, such as,
without limutation, silicon, germanium, gallinm arsenide, indium phosphide, or silicon carbide,
for structural support. A plurality of semiconductor dic or components 224 is formed on wafer
220 separated by a non-active, inter-die wafer area or saw street 226 as described above., Saw
street 226 provides cutting arcas to singulate semiconductor water 220 into individual
sernconductor die 224,

{8087} FIG. 108 shows a cross-sectional view of a portion of semiconductor water 220. Each
semiconductor die 224 has a backside or back surface 228 and active surface 230 opposite the
backside. Active surface 230 contains analog or digital circuits implemented as active devices,
passive devices, conductive layers, and dielectric tayers formed within the die and electrically
mterconnected according to the clectrical design and function of the die. For example, the circuit
may nchide one or more transistors, diodes, and other circuit elements formed within active
surface 230 to implement analog circuits or digital circuits, such as DSP, ASIC, memory, or
other signal processing circuit. Semiconductor die 224 may also contain integrated passive
devices (IPDs}, such as inductors, capacitors, and resistors, for RF signal processing. Inan
embodiment, semiconductor dic 224 is a tlipchip type device,

{0088] An clectrically conductive laver 232 is formed over active surface 230 using PVD, CVD,

electrolytic plating, electroless plating process, or other suitable metal deposition process.

g
Conductive layer 232 can be one or more lavers of Al, Cu, Sn, Ni, Au, Ag, or other suitable
electrically conductive material. Conductive layer 232 operates as contact pads or bond pads
electrically connected to the circuits on active surface 230. Conductive layer 232 can be formed
as contact pads disposed side-by-side a first distance from the cdge of semiconductor die 224, as

shown in FIG. 10B. Alternatively, conductive layer 232 can be formed as contact pads that are

offset n multiple rows such that a first row of contact pads is disposed a first distance from the
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edge of the dic, and a second row of contact pads alternating with the first row is disposed a
second distance from the edge of the die.

{0089} In FIG. 10C, semiconductor water 220 undergoes an optional grinding operation with
grinder 234 to planarize the surface and reduce thickness of the semiconductor wafer, A
chemical ctch can also be used to remove and planarize semiconductor wafer 220,
Semntconductor wafer 220 is singulated through saw street 226 using a saw blade or laser cutting
tool 236 into individual semiconductor die 224.

{0090} F1G. 11 A shows a carricr or substrate 240 containing temporary or sacrificial base
material such as silicon, polymer, bervllinm oxide, or other suitable low-cost, rigid material for
structoral support. An optional interface layver or double-sided tape 242 is formed over carrier
240 as a teraporary adhesive bonding film or etch-stop layer. In an embodiment, interface layer
247 18 permanently atfixed to sermiconductor dic 224 and forms a part of a final FOWLP as
described in greater detail in US Pub. No. 2011/0198762, the disclosare of which s hereby
meorporated herein by reference. A number of fiducial alignment marks 243 are positioned over
or attached to substrate 240 or interface layver 242, Aliernatively a portion of substrate 240 or
mterface layer 242 is removed or warked to form fiducial 243, Fiducial 243 allows for
orientation and handling of substrate 240 with respect to the subsequent mounting of
semiconductor die 224,

{8091} FIG. 11 A further shows semiconductor die 224 from FIG. 10C mounted to carrier 240
and interface layer 242 with active surface 230 oriented towards the substrate. Semiconductor
dic 224 are positioned with respect to fiducial 243 according 10 a nominal or predetermined
position and spacing for the semiconductor die. The nominal positions sclected for each of
semiconductor dic 224 are determined as part of a nominal or predetermined panel design that
facilitates the formation of FOWLPs for cach semiconductor die 224, The nominal panel design
provides adequate space for the formation of fan-out build-up interconnect structures for cach
semiconductor dic 224 and singulation among the final FOWLPs, Accordingly, FIG. 11A shows
a first semiconductor dic 224 is mounted or disposed over substrate 240 at a point of reference
R1, as measured from fiducial 243, that corresponds to the location of the first semiconductor dic
within the nominal pancl design. Similarly, a seccond semiconductor dic 224 is mounted or

disposed over substrate 240 at a point of reference R2, as measured from one or more fiducials
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243, that corresponds to the focation of the second semiconductor die within the nominal pancl
design.

{0092} Semiconductor dic 224 are separated by space or gap 244 when mounted over substrate
240. Gap 244 provides an arca for a subsequently formed fan-out interconnect structure, A size
of gap 244 is determined according to the nominal panel design and provides sufficient space for
FOWLPs to be formed around cach semiconductor dic 224, Gap 244 is also includes sufficient
arca for optionally mounting scmiconductor devices or components 246, Semiconductor devices
246 are mounted to interface layer 242 and carrier 240 between semiconductor dic 224, and arc
posttioned within gap 244 in such a way as to provide adeguate space for the subsequent
singulation of serniconductor 224 from a reconstituted wafer, Semiconductor devices 246
include discrete devices, distributed components, or passive devices simtlar to passive devices
156 shown in FIG. 1D including inductors, capacitors, and resistors.

{8093} FIG. 118 shows an encapsulant 250 is depostied using a paste printing, compressive
molding, transfer molding, guid encapsulant molding, vacuoam lamination, spin coating, or
other suitable applicator. Specifically, FIG. 11B shows a mold 252 with a plurality of inlets 254
and 256 brought together with carrier 240 and interface layer 242 to enclose senmuconductor die
224 within the mold for subsegnent encapsulation. Mold 252 is bronght together by moving
mold 252 around semiconductor die 224, or alternatively, by moving the semiconductor die into
the mold. Mold 252 includes only a first or top portion that is brought together with carrier 240
and interface layer 242 without a second or bottom mold portion. Carrier 240 and interface layer
242 serve as the bottom mold portion for the subsequent encapsulation process. Alternatively,
semiconductor dic 224, carrier 240, and interface layer 242 may be disposed within a mold
including multiple portions, such as top and bottom portions.

18094} FIG. 118 further shows mold 252 encloses semiconductor dic 224 with a cavity or open
space 258. Cavity 258 extends between mold 252 to semiconductor dic 224 and interface layer
242, A volume of encapsulant 250 is injected from dispenser 260 under an elevated temperature
and pressure through inlet 254 into cavity 25¥ and over semiconductor die 224 and carrier 240,
Inlet 256 can be an exhaust port with optional vacuum assist 262 for excess encapsulant 250,
Encapsulant 250 can be a polymer composite material, such as epoxy resin with filler, epoxy
acrylate with filler, or polymer with proper filler. The volume of encapsulant 250 is measured

3
1
¥

according to the space reguirements of cavity 258 less the arca occupied by semiconductor die
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224 and semiconductor devices 246, Encapsulant 250 is evenly dispersed and uniformly
distributed under an clevated temperature within cavity 258 arcund semiconductor die 224. A
viscosity of encapsulant 250 is selected for uniform coverage, for example, a lower viscosity
mereases the flow of the encapsulant for molding, paste printing, and spin coating.
Semiconductor die 224 arc embedded together in encapsulant 250 which s non-conductive and
environmentally protects the semiconductor device from external clements and contaminants,
18495} In FIG. 11, senuconductor dic 224 are removed from mold 252, Carrier 240 and
mterface layer 242 are removed by chemical ciching, mechanical peching, CMP, mechanical
grinding, thermal bake, UV light, laser scanning, or wet stripping to cxpose surface 266 of
encapsulant 250 opposite surface 268, Surface 266 of encapsulant 258 15 substantially coplanar
with active surface 230 and contact pads 232 of semiconductor die 224, cach of which 1s exposed
by the removal of carvier 240 and interface layer 242, Thus, the process described above with
respect to FIGs, 10A-10C and F1Gs. 11 A-11C provides additional detail for process step 202
shown in FIG. 9. After removal of carrier 240 and interface layer 242, FIG. HC shows
encapsulant 250 disposed around semiconductor die 224 to form embedded dic panet 270, Panel
270 meludes a footprint or form factor of any shape and size that allows for, and facilitates, the
sitbsequent processing required to form FOWLPs as described in greater detad below. o an
embodiment, panel 270 includes a form factor similar to the form factor of a 300 millimeters
{mm} semiconductor water and includes a circular footprint having a diameter of 300 mm.
{3896} FIG. 11C further shows scanner 274 inspecting pancl 270 to determine a trie or actual
position of semiconductor die 224 within panel 270, Scanner 274 uses optical imaging, acoustic
imaging, magnetic imaging, radiofrequencies, infrared, or other suitable process to determine a
trae or actual position of semiconductor dic 224, or a true or actual position of other object
including optional semiconductor devices 246 within panel 270, The true position and rotation
of cach semiconductor die 224 or other object is determined with respect to a global point of
reference R3 on pancl 270, Point of reference R3 includes a number of fiducials 243 transferred
from substrate 240 with the formation of encapsulant 250 and the removal of substrate 240 and
interface layer 242. Point of reference R3 further includes a number of noew fiducial alignment
marks that are positioned over or attached to panel 270, or arc formed by marking or removing a

portion of encapsulant 250, Alternatively, point of reference R3 is not physically identified as
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part of panci 270, but instead is associated with a portion of scanner 274 or an attachment point
to scanner 274.

{8097} Scanner 274 inspects features on cach semiconductor die 224 to determine actual position
and rotation of every senuconductor die in panel 270 with respect to point of reference R3. The

3
1
¥

features identified by scanner 274 on cach semiconductor die 224 include a location of an edge
or corner of the semiconductor die, a position of contact pad 232 including a comner, center, or
outhine of the contact pad, or any other feature on or associated with the semiconductor die. The
actual or measured position of semiconductor dic 224 includes an x-y position that accounts for a
lateral or translational shift in one or more directions of the semiconductor die with respect to a
point of reference R3 within panel 270, Similarly, the actual or measored position of
senuconductor die 224 also includes an orientation or angular rotation with respect to point of
reference R3.

18098} As illustrated i FIG. HC, first semiconductor die 224 is encapsulated within panel 270
and is located at point of reference R4, which is measured with respect to pomnt of reference R3.
Sunilarly, second semiconductor die 224 is encapsulated within panel 270 at a point of reference
RS, which is measured with respect to point or reference R3. When senuconductor die 224 are
precisely and accurately placed at points of reference R and R2, and the semiconductor die do
not andergo any movement or shifting during encapsulation, R1 and R2 are equal to R4 and RS,
respectively. However, movement of semiconductor die 124 from the nominal position of the
predetermined panel design results in points of reference R4 and RS being different from points
of reference R1 and R2, respectively. Movement of semiconductor die 224 away from their
nominal positions and point of reference R3 results from inaccuracies in mounting the
semiconductor dic over substrate 240, Additionally, movement of semiconductor die 124 also
results from shifts in the position of the semiconductor die which occur during encapsulation.
For cxample, a force resulting from encapsulant 250 contacting semiconductor die 224 can cause
semiconductor dic 224 to shift with respect to point of reference R3 and shift with respect to the
nominal position of the semiconductor dic within the predetermined panel design, that is, points
ot reference R1 and RZ. Thus, the process described above with respect to FIG. 11C provides
additional detail for process step 204 shown in FIG. 9.

{8099} As mdicated in step 206 in FIG. 9, after the true position and orientation of cach

semiconductor dic 224 within panel 270 is determined by scanner 274, the truc posttions of the
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semiconductor die, for cxample, R4 and RS, are compared to the nominal positions of the
semiconductor dic within the nominal panel design, sce for example R1 and RZ and step 201 in
FIG. 9, to determine the change of position or shift of cach semiconductor dic 224 that occurred
during processing. By ascertaining the difference in position between the nominal or original
design position of semiconductor dic 224 and the actual position of the semiconductor die,
potential problems with the subscquent formation of a fan-out build-up interconmect structure
over the semiconductor can be identified and averted. A potential problem exists if a true
position of a semiconductor die 224, for example, R4 and RS, has shifted such that the truc
posttion of a contact pad 232 on the semiconductor dic will no longer align or provide a good
electrical connection with the subsequently formed fan-out buaild-up interconnect structure. The
fan-out build-up interconnect strocture as originally designed for panel 270 will not align with
some senuconductor die 224 becanse the build-up interconnect structure as originally designed is
based on the nominal positions of the semiconductor die within the pauvel design, for example,
R1and R2, and not the actual or true position of the semiconductor die 224 afier having been
formed as part of panel 270, for example, R4 and RS, Accordingly, at least a portion of the
original design of the fan-out build-up interconnect structure 1s modified before being applied to
panei 270 to avoid the problems of misalignment and inadequate electrical connections between
the inferconnect structure and semiconductor die 224, In an embodiment, position data for
semiconductor die 224 is imported into an adaptive pattern auto-router, which is shown as part of
adaptive patterming system 160 in step 166 of FIG. 7. Thus, adaptive patterning system 160
accounts for the true or measured positions of semiconductor dic 224 and produces a new design
that adjusts or selects new focations for at least a portion of the fan-out build-up interconnect
structure, for example, vias, RDLs, pads, and traces, to connect to contact pads 232 of
semiconductor dic 224, See also step 208 in FIG. 9 and steps 168 and 170 in FIG. 7. Individual
package designs are combined to form a drawing of the full panel for cach of the layers that need
to be adjusted. See, for example, step 210 in FIG. 9. The difference in shift from nominal to
true positions dictates how the individunal package designs are combined to form the full panel
design. In an embodiment, design files for each panel are imported to a lithography machine that
uses the design data to dynamically apply a custom, adaptive pattern to cach panel. Sce, for

example, step 212 n FIG. 9.
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18010¢] Inn FIG. 11D, a first portion of a fan-out build-up interconnect structure is formed
over panel 270 by the deposition and patterning of insulation or passivation laver 280,

T

Alternatively, as indicated above, interface layer 242 remains attached to panel 270 afier the
removal of substrate 240 to serve as the first portion of the fan-out butld-up interconnect
structure and become part of the final FOWLP. Insulating layer 280 is conformally applied to,
and has a first surface that follows the contours of, encapsulant 250 and semiconductor die 224,
Insulating layer 280 has a sccond planar surface opposite the first surface. Insulating layer 280
contains one of more layers of photosensitive low curing temperature dielectric resist,
photosensitive composite resist, laminate compound film, insulation paste with filler, solder
mask resist film, iquid molding compound, silicon dioxide (S102), silicon nuride (S13N4),
sthicon oxynitride (SION), ahuminom oxide {A1203), or other matenial having similar insulating
and structural propertics. Insulating laver 280 is deposited using printing, spin coating, spray
coating, lamination, or other suitable process, Insulating layer 280 is subseguently patierned and
optionally cured.

100101} A portion of insulating laver 280 is removed by ctching, laser dritling, mechanical
drithing, or other suitable process to form openings 282, Openings 282 extend completely
throngh insulating layer 280 and expose contact pads 232 of semiconductor dic 224. When
changes in the positions of semiconductor die 224 are small with respect to point of reference
R3, no adjustments to the positions of openings 282 may be required to properly align the
openings with contact pads 232. Thus, the adaptive patterning for packaging semiconductor die
224 includes measuring the troe position of semiconductor die 224, and determining whether the
shifts or movement of the semiconductor die require changes to the positions of openings 282, If
the changes in position of contact pads 232 are such that the nominal position of openings 282 do
not provide sufficient contact with the contact pads, then adjustments to the position of openings
282 will be made.

{80102} Adaptive patterning can adjust the position of cach opening 282 individually, or
adjust positions of a number of openings 282 simultancously. For example, a number of
openings 282 form a unit pattern that relates to a single semiconductor dic 224 within pancl 270,
which arc adjusted together as a unit, The positions of openings 282 arc adjusted, cither
mdividually or in groups, by an x-y translation or by rotation of an angle 8 with respect to pomt

of reference R3 on panel 270. For example, a first portion of openings 282, designated as
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openings 2&2a in FIG. 11D, is adjusted by an x-vy transiation or by rotation of an angle 6
according to the true position of semiconductor die 224a within panel 270 as measured with
respect to point of reference R3. Similarly, a sccond portion of openings 282, designated as
openings 282b in FIG. 11D, 1s adjusted by an x-y translation or by rotation of an anglc 9
according to the true position of semiconductor die 224b within panel 270 as measured with
respect to point of reference R3, The adaptive patterning of openings 282 occurs, as needed, for
cach semiconductor dic 224 within panel 270, In an embodiment, openings 282 are formed
using a proprictary design tool that modifies or adjusts the fan-out unit design for cach package
on the panel so that conductive vias subsequently formed in openings 282 are properly aligned to
contact pads 232, When changes in the positions of openings 282 are small with respect to pont
of reference R3, no additional adjustments o the build-up interconnect structure may be
required. Alternatively, the nominal posttions of other portions of the build-up interconnect
layer are changed m addition to changing a position of openings 282, as described in greater
detail below.

(60103} In FIG. 11E, an electrically conductive layer is deposited in openings 282 asing
PVD, CVD, clectrolytic plating, electroless plating, or other suitable process to form conductive
vias 288. Conductive vias 288 can be one or more lavers of Al Cu, Sn, Ni, Au, Ag, titanium
(T1), tungsten (W), poly-silicon, or other suitable electrically conductive material. Conductive
vias 288 form part of the build-up interconnect structure and provides vertical electrical
connection with contact pads 232,

[60104] FIG. 11E also shows an electrically conductive layver 290 is patterned and
deposited over insulating layer 280 and conductive laver 288, Conductive layer 290 can be one
or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable clectrically conductive material. The
deposition of conductive layer 290 uses PVD, CVD, electrolytic plating, clectroless plating, or
other suitable process. In an embodiment, conductive layer 290 is formed together with
conductive layer 288 at a same time. Alternatively, conductive layers 288 and 290 are formed as
part of separate processes and at different times. Conductive layer 290 can be formed in a
manner similar to RDE 114 shown in FIG. 2B and FIG. 4. FIG. T1IF is a plan view of a portion
of conductive layer 290 that includes a first via capture pad 292, a trace 294, and a second via
capture pad 296. The first via capture pad 292, 1s similar to first via capture pad 118, and is

disposed over insulating layer 280 and conductive via 288, Conductive layer 290 also includes
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trace 294, similar to trace portion 122, that is formed over insulating layer 280 and extends from
first via capture pad 292 to sccond via capture pad 296, which is similar to UBM via capture pad
120. Sccond via capture pad 296 contacts trace portion 294 of conductive layer 290 and 15
opposite first via capture pad 292, In an embodiment, trace 294 includes a width less than a
width of the first and second via capture pads 292 and 296, respectively,

[00105] As indicated above, when changes in the positions of semiconductor dic 224,
openings 282, and conductive vias 288 are small with respect to point of reference R3, no
additional adjustments to the build-up interconnect structure, including to conductive layer 290,
may be required. Thus, the adaptive patterning for the packaging of semiconductor die 224
formoed 1o panel 270 includes measuring the true position of semiconductor die 224, determuning
that the shifts or movement of the semiconductor die do not requure changes to the patiern or
design of conductive layer 290, and forming conductive layer 290 at a location previously
determined with respect to panel 270 and point of reference R3, that s, without making
adjostments for changes 1o position of semiconductor die 224 with respect to point of reference
R3. Alternatively, if the changes in position of operungs 282 are such that the nominal position
of first via capture pad 292 does not provide sufficient contact with conductive via 288, then
adjustments to conductive layer 290 will be made.

{33106} In a particular embodiment, an arca or footprint of first via capture pads 292 is
enlarged such that they are disposed over conductive vias 288, thereby accomimodating shifts in
the position of conductive vias 288 with respect to a static RDL pattern. In other words, the
position of conductive layer 290 is formed according to the nominal or planned position with
respect to point of reference R3 without making translational or rotational shifts to the pattern or
iay out of conductive laver 290, Adjusting for the true position of conductive vias 288 by
increasing an arca of first via capture pad 292 means a position of a geometric center 298 of first
via capture pad 292 is formed with respect to a point of reference R3 and is not dependent upon
the measured location of conductive vias 288 or a geometric center 300 of conductive vias 288,
Accordingly, in some cases center 298 of first via capture pad 292 will be offset from ceonter 300
of vias 288. However, the increased size of first via capture pads 292 provide sufficient area to
contact an entirety of a surface of conductive via 288 and provide a good clectrical connection
between the conductive via and first via capture pad. The approach of increasing a size or area

of capture pad 292 is usetul in applications using larger pad pitches, Larger pad pitch
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applications have sufficient space between adjacent via capture pads 292 such that after the
increase in arca of the first via capture pads, an adequate space or gap ¢xists between the
enlarged pads to prevent contact, bridging, or short circuiting among the pads, Enlarging an arca
of first via capturc pads 292 without adjusting the location of the centers 298 of the pads is not
suttable for applications with fine pad pitch that would result in contact, bridging, or short
circuiting among the first via pads.

{00107} In another embodiment, adaptive patterning of conductive layer 290 does not
require mereasing a size of first and sccond via capture pads 292 and 296. Instead, the size,
spacing, and design of conductive layer 290, mcluding the size of first and second contact pads
297 and 296, remains constant and 1s formed according to the original or nomimal design of
conductive layer 290, which was determined before measuring the shift of semiconductor die
224, The size, spacing, and design of conductive layer 290 is adaptively patterned for each true
posttion of sermiconductor die 224 by shifting an entivety of conductive layer 290 associated with
cach semiconductor die 224 by an x-v translation or a rotation of an angle 8§ with respect to point
of reference R3 to adjust for the true position of semiconductor die 224, The adaptive patierning
of conductive layer 290 oceurs together with conductive via 288 for each semiconduoctor die 224,
as needed within panel 270. For example, a first portion of conductive layer 290, designated as
conductive layer 290a in FIG. 11E, is adpusted by an x-y translation or a rotation of an angle 6
according to the true position of semiconductor die 224a within panel 270 as measured with
respect to point of reference R3. Similarly, a second portion of conductive layer 290, designated
as conductive laver 290b in FIG. 11E, is adjusted by an x-y translation or a rotation of an angle 8
according to the truc position of semiconductor dic 224b within panel 270 as measured with
respect to point of reference R3. Thus, by adjusting the position of the conductive layer 290 for
cach semiconductor dic 224, conductive layer 290 aligns with the true or actual position of
semiconductor dic 224 within panel 270. Furthermore, a good connection between contact pad
232, conductive via 28¥, and conductive layer 290 is provided for without increasing an arca of
via capture pads, and as such is suitable for fine pitch applications.

100108} As a resuit of shifting the orientation or location of conductive layer 290 for each
semiconductor dic 224, the offsct created by the differences between the nominal and true
postitions of semiconductor die 224 with respect to an outer edge of a completed FOWLP 5

transferred or shified to an interface or interconnection between second via capture pad 296 and
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a subsequently formed nterconnect such as a second via, a UBM, or another suitable
mterconnect structure. Desirably, the position of the UBM pattern or other suitable interconnect
structure is held constant and docs not shift with respect to the edge of the package. Therefore, if
the entire RDL pattern or conductive layer 290 shifts with respect to the fixed UBM or
mterconnect structure pattern, the shift of conductive layer 290 can be accommodated either by
mereasing the size of the underlying capture pad on the RDL layer or by reducing the diameter
of the via connecting the UBM to the RDL layer. However, shifting the orientation or location
of conductive layer 290 for cach semiconductor die 224 is not well suited for multichip modules
in which multiple semiconductor dic or components shift with respect to each other within the
sarne unit desigo and include different rotations and/or X~y translations with respect to panel 270
and pomnt of reference R3. For a FOWLP that has only a single RBL, fan-in, or fan-out routing
iaver, the overlay problem and aligrument of layers within the build-up interconnect siructure is
moved to the next via layer underlying the UBM. Advantageously, build-up mnterconmect
structores with multiple RDLs can shift the overlay problem to additional RDL layers or arcas
within the package having larger piiches and less stringent spacing requirements, thereby more
casily adapting to shifis in the positions of semiconductor die 224,

{60109 As discussed above, different approaches for adjusting a position of conductive
layer 290 to align with the true or actual position of semiconductor die 224 within panel 270 can
be used. In a preferred embodiment, each unit-specific pattern of conductive layer 290
associated with each semiconductor die 224 can be uniguely and individually designed based on
the locations of semiconductor die 224 and based on the locations of a final interconnect
structure for cach FOWLP, such as a location of conductive bumps. Increased flexibility for
matching a position of conductive layer 290 to cach semiconductor die 224 and to a location of
the final interconnect structure can be achieved by calculating a unigue or complete custom REL
pattern for conductive layer 290 and for cach semiconductor die 224 within panclt 270, This
method has the potential to address both the connection between semiconductor dic 224,
conductive layer 290, and a subsequently formed final interconnect structure or UBM without
compromising on overlay design rules. When creating a complete custom RDL layer or design
for the location of conductive layer 290, algorithius used to determine s full design for cach
semiconductor die 224 within panel 270 can become complex and may increase a difficulty of

reliably replicating conductive layer 290, Complexity of conductive layer 290 is mcreased with
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the formation of complete custom RDL patterns and by patterns comprising features such as
imductors, large power planes, and large ground planes.

{00119} Another approach for adjusting a position of conductive layer 290 m order to
align with the true or actual position of semiconductor dic 224 within panel 270 inclades
generating a discrete mumber of fixed generic patterns during the initial design process. Each
generic pattern is applicable to a subsct of the possibic dic shifts defined by the process
capability of the panclization process. Accordingly, based on the true or measured position for
cach of semiconductor dic 224 within panel 270, a “best fit” pattern can be selected from the
discrete nurmber of fixed generic patterns and matched to a particular semiconductor die within
the panel. See for example FIG. 6 and related text. In this manner, best-fit patieros for cach
senuconductor die 224 within panel 270 can be based upon the measured rotation and/or -y
translation (the delta-value) for cach semiconductor die 224 without calculating a unigue or
customn RDL pattern for cach semiconductor die.

{8611} FIG. 11 G, continuing from FIGs. [HE and 11F, shows a cross sectional view of an
insulating or passivation layer 304 that 1s conformally applied to, and has a first surface that
follows the contours of, msulating layer 280 and conductive layer 290, Tnsulating layer 304 has
a second planar surface opposite the first surface. Insulating laver 304 contains one or more
layers of photosensitive low curing temperature dielectric resist, photosensitive compostte resist,
laminate compound film, insulation paste with filler, solder mask resist film, hquid molding
compound, Si02, Si13N4, SION, Al203, or other material having similar insulating and structural
properties. Insulating layer 304 is deposited using printing, spin coating, spray coating,
lamination, or other suitabic process. Insulating layer 304 is subsequently patierned and
optionally cured.

{80112} A portion of insulating laver 304 is removed by ctching, laser drilling, mechanical
dritling, or other suitable process to form openings that extend completely through insulating
layer 304 and cxpose a portion of conductive layer 290, such as second via capture pad 296, An
electrically conductive layer is deposited in the openings in insulating laver 304 using PVD,
CVD, electrolytic plating, clectroless plating, or other suitable process to form conductive vias
306. Conductive vias 306 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, Ti, W, poly-

stlicon, or other suitable clectrically conductive material. Conductive vias 306 form part of a
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build-up interconnect structure and provide vertical electrical connection with respect to contact
pads 232, conductive vias 288, and conductive layer 290,

106113} I an embodiment, a position of conductive via 306 is formed at its nominal
position with respect to point of reference R3 and pancl 270 and aligns with second via capture
pads 296. Conductive vias 306 can align with second via capture pads 296 becausc the shift in
semiconductor dic 224 and conductive layer 290 is small with respect to point of reference R3
and panel 270 or because although conductive fayer 290 shifts to match semiconductor dic 224,
via capture pad 296 is enlarged so that conductive vias 306 make good clectrical contact with
sccond via capture pad 296. Alternatively, the position of conductive vias 306 can be adaptively
adjusted from its nomunal location to maich a new or true position of conductive layer 290 and
second via capture pad 296, Adaptive paticroing of conductive vias 306 can also inchude
adjusting or reducing a diameter of the condactive via, thereby ensuring a good and complete
connection between conductive via 306 to conductive layer 290 and to a subsequently formed
UBM layer or interconnect structure. A reduced diameter of conductive via 306 allows for more
movernent of a position of conductive layer 290 and second via capture pad 296 while ensuring a
footprint of conductive via 306 is completely within a footpring of conductive layver 290 or
second via capture pad 296.

183114} FIG. T1H shows UBMs 310, similar to UBM pads 119 in FIG. 2B, formed over
conductive vias 306 and msulating layer 304, UBMSs 310 can be muitiple metal stacks including
adhesion, barrier, sced, and wetting layers, Layers of UBM 310 can be Ty, titantum mitride
(TiN}, TiW, Al, Cy, chrompim {Cr}, chromium copper (CrCul, Ni, nickel vanadivm (NiV), Pd,
platinum (Pt), Ay, and Ag. 1n an embodiment, UBMs 310 comprise a TiW seed laver, a Cu Seed
iaver, and a Cu UBM layer. The TiW seed layer is conformally applied over insulating laver 304
and conductive vias 306. The Cu sced laver is conformally applied over the TiW sced laver.

The Cu UBM laver is conformally applied over the TiW sced layer and the Cu seced layer.

UBMs 319 act as an intermediate conductive layer between conductive vias 306 and
subsequently formed solder bumps or other /O interconnect structures. UBMs 310 can provide
a low resistive interconnect to conductive vias 306, a barrier to solder diffusion, and an increase
i solder wettability,

{00115} An electrically conductive bump material is deposited over UBMs 310 and

conductive vias 306 using an cvaporation, clectrolytic plating, electroless plating, ball drop, or
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screen printing process. The bump material can be Al Sn, Ni, Au, Ag, Pb, 81, Cu, solder, and
combinations thereof, with an optional flux solution. For cxample, the bump material can be
eutectic S1/Ph, high-lead solder, or lead-free solder. The bump material is bonded to UBMs 310
using a suitable attachment or bonding process, In an embodiment, the bump material is
reflowed by heating the material above its melting point to form spherical balls or bumps 312, In
somge applications, bumps 312 are reflowed a second time to iraprove clectrical contact to UBMs
310. The bumps can also be compression bonded to UBMs 310. Bumps 312 represent one type
of interconnect structure that can be formed over UBMs 310, The interconnect structure can also
use conductive paste, stud bump, nucro burnp, or other electrical interconnect.

180116} FIG. 11H also shows that afier the formation of bumps 312, panel or reconstitute
wafer 270 is singulated using a saw blade or laser cutting tool 316 to form mdividoaal FOWLPs
318, Because bumps 312 are not adaptively adjusted for movement of semiconductor dic 224
within panel 270 and are formed in accordance with their nominal design positions {see, for
example, step 201 in FIG. 9), bumps 312 are aligned with a periphery or an outer package profile
of FOWLPs 318,

180117} Accordingly, FIGs. 1TA-11H show a method of malang FOWLPs 31§, wherein
the first via layer and at least a portion of the RDL routing layer is shifted from its nominal
position on the wafer to align with the true position of each semiconductor die. By so doing, at
least the package /O interconmects maintain alignment with the edge of the finished package to
comply with a package outline drawing, facilitate package testing, and eliminate yield loss
caused by misalignment of semiconductor die during panelization. Irplementation of adaptive
patterning can use programmable direct write exposure and laser ablation methods to allow for
the adjustment of the position and orientation of vias and RDL layers to align with cach
individual semiconductor die within panel 270, In addition to increasing vyield, the proposed
process corrects for movement of die during cure and therefore enables smaller die bond pad
geometry and increased densities.

{60118} FIG. 12 A shows a cross-sectional view of a portion of semiconductor wafer 330
similar to semiconductor water 220 from FIG. 11A. Semiconductor wafer 330 imcludes a base
substrate material 332, such as silicon, germanium, galliom arsenide, indium phosphide, or
stlicon carbide, for structural support. A plurality of semiconductor dic or components 334 is

formed on wafer 330 separated by a non-active, inter-die wafer arca or saw strect 336 as
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described above, Saw strect 336 provides cutting areas to singulate semiconductor wafer 330
imto individual semiconductor dic 334, Semiconductor dic 334 are disposed across
sermiconductor wafer 330 similar to semiconductor die 224 shown in FIG, [0A and similar to
device units 104 shown in FIG, [A.

180119} FIG. 12A further shows each semiconductor die 334 has a backside or hack
surface 338 and an active surface 340 opposite the backside. Active surface 340 contains analog
or digital circuits implemented as active devices, passive devices, conductive layers, and
diclectric layers formed within the dic and electrically interconnected according to the clectrical
design and function of the dic. For example, the circuit may include one or more transistors,
diodes, and other cirenit elements formed within active surface 340 to iroplement analog circuits
or digital circuits, such as DSP, ASIC, memory, or other signal processing circuit,
Sermconductor die 334 may also contain IPDs such as inductors, capacitors, and resistors, for RF
signal processing.

{00120} Axn electrically conductive layer 342 is formed over active surface 340 using
PVD, CVD, electrolytic plating, electroless plating process, or other suitable oetal deposition
process. Conductive layer 342 can be one or more layers of Al Cu, Sn, Ni, Au, Ag, or other
suitable electrically conductive material. Conductive layer 342 operates as contact pads or bond
pads electrically connected to the circuits on active surface 340. Conductive layer 342 can be
formed as contact pads disposed side-by-side a first distance from the edge of semiconductor die
334, as shown in FIG. 12A. Alternatively, conductive layer 342 can be formed as contact pads
that are offset in multiple rows such that a first row of contact pads is disposed a first distance
from the edge of the dic, and a second row of contact pads alternating with the first row is
disposed a second distance from the edge of the die.

183121} Semiconductor water 330 can alse undergo an optional grinding operation to
planarize the backside surface and reduce a thickness of the semiconductor wafer. Simifarly, an
optional chemical etch can also be used to remove and planarize semiconductor wafer 330. With
wafer 330 comprising a desired thickness, an optional backside coating 344 is formed over
backside 338 of semiconductor dic 334, Backside coating 344 is a polymer layer, dielectric film,
epoxy film, or other suitable material having similar insulating and structural propertics that can
contain onc or more layers of 8102, Si3N4, SiON, tantalum pentoxide (Ta205), Al203,

polyimide, benzocyclobutene (BCB), and polybenzoxazoles (PBO). Backside coating 344 can
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be formed by a lamination process, molding process, or other suitable process. Alternatively,
optional backside coating 344 is omitted such that backside 338 remains exposed as part of a
tinal package or remains exposed for subseguent encapsuiation. In another embodiment,
backside coating 344 1s one or more layers of a thermally conductive matenial such as Al, Cu, Ni,
Cu and Ni, or other suitable material with high thermal conductivity that is formed by a process
such as printing, PVD, CVD, sputtering, clectrolytic plating, clectroless plating, metal
evaporation, metal sputtering, or other suitable process, Thermally conductive backside coating
344 forms a thermally conductive path that aids with distribution and dissipation of heat
generated by semiconductor die 332 and increases the thermal performance of the subsequently
forroed FOWLP., While backside coating 344 15 shown i FIG. 12A as being formed on backside
338 of semiconductor wafer 330 before the wafer is singulated into individual semiconductor

die, backside coating 344 can also be formed on individual semiconductor die 334 after

singulation,
{00123} FIG. 12B shows semiconductor wafer 330 without optional backside coating 344,

although the processes and structures shown m subsequent FIGs, can also be performed with
backside coating 344 being present. FIG. 12B also shows an insulating or passivation layer 346
conformally applied over active surface 340 and over conductive laver 342, Insulating layer 346
includes one or more layers that are applied using PVD, CVD, screen printing, spin coating,
spray coating, sintering, or thermal oxidation. Insulating layer 346 contains one or more layers
of S102, Si3N4, S1ON, TaZ05, AIRO3, polyimide, BCB, PBO or other material having simular
msulating and structural properties. In an embodiment, passivation layer 346 includes a
passivation layer formed over active surface 340 and an optional polymer laver formed over the
passivation laver and over conductive layer 342. Openings are formed completely through
insulating layer 346 to expose at least a portion of conductive layer 342 for subsequent clectrical
connection, Alternatively, because insulating layer 346 is optional, conductive layer 342 is
exposed for subsequent clectrical interconnection in the absence of forming the insulating layer.
{60123} Electrical interconnects or copper posts, pillars, or columns 348 are formed over,
and connected to, conductive laver 342, Interconnects 348 can be formed directly on conductive
iaver 342 using patierning and metal deposition processes such as printing, PVD, CVD,
sputtering, clectrolytic plating, clectroless plating, metal evaporation, metal sputiering, or other

suitable metal deposition process. Electrical interconnects 348 can be one or more layers of Al
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Cu, Sn, Ni, An, Ag, paliadinm (Pd), or other suitabic electrically conductive material and can
include one or more UBM layers. In an embodiment, a photoresist layer is deposited over
sermiconductor die 334 and conductive layer 342, A portion of the photoresist layer is exposed
and removed by an etching development process. Electrical interconnects 348 are formed as
copper pillars, posts, or columns in the removed portion of the photoresist and over conductive
iaver 342 using a selective plating process. The photoresist layer is removed leaving
mterconnects 348 that provide for subsequent clectrical interconnection and a standoff with
respect to active surface 340 and msulating layer 346, if present. Preferably, interconnects 348
melude a height HE in a range of 10-40 micrometers (pm). More preferably, interconnects 348
melude a height in a range of 15-25 um. Most preferably, interconnects 348 mclude a height of
about 20 pm.

{80124} After the formation of interconnects 348, semiconductor wafer 330 s singulated
through saw street 336 using a saw blade or laser cutting tool 350 into individual semiconductor
die 334.

{60125} FIG. 12C shows sermiconductor wafer 330 without optional backside coating 344,
and with optional 1nsulating or passivation layer 346, similar to FIG. 12B. FIG. 12C differs from
FIG. 12B by the addition of conductive layer 354, Electrically conductive layer or RDL 354 is
formed over insulating layer 346 and conductive layer 342 using a patterning and metal
deposition process such as printing, PVD, CVD, sputtering, electrolytic plating, electroless
plating, metal evaporation, metal sputtering, or other suitable metal deposition process.
Conductive layer 354 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable
electrically conductive material. In an embodiment, conductive layer 354 is an REL comprising
a titanium tungsten {T1W) seed layer, a Cu seed layer, and Cu layer formed over the TiW seed
layer and the Cu seed layer. Conductive layer 354 follows the contours of conductive layer 342
and insulating layer 346 or semiconductor die 334. Conductive layer 354 provides clectrical
paths between portions of conductive layer 342 and electrical interconnects or copper posts,
pilfars, or columns 356. Portions of conductive layer 354 can be electrically common or
electrically isolated depending on the design and function of the later mounted semiconductor
die. Conductive layer 354 operates as a fan-in RDL that provides additional flexibility in

determining a position of clectrical interconnects 356.

37



WO 2014/071312 PCT/US2013/068330

188126} FIG. 12C also shows electrical interconmnects or copper pillars, posts, or columns
356, which are similar to interconnects 34& described above in relation to FIG. 12B.
Interconnects 356 differ from interconnects 348 by being formed over, and directly connected to,
conductive layer 354 rather than conductive layer 342, After the formation of interconnects 356,
sermiconductor wafer 330 is singulated through saw strect 336 using a saw blade or laser cutting
tool 358 into individual semiconductor die 334,

100127} FIG. 13A shows a carrier or substrate 360 containing temporary or sacrificial base
material such as silicon, polymer, beryllium oxide, or other suitable low-cost, rigid material for
structural support. An optional interface layer or double-sided tape 362 is formed over carrier
360 as a temporary adhesive bonding film or etch-stop layer. A number of fiducial alignment
marks 364 are positioned over or atiached to carrier 360 or interface layer 362, Alternatively a
portion of carrier 360 or interface layer 362 is removed or moarked to form fiducial 364, Fiducial
364 allows for orientation and handling of carrier 360 with respect to the subsequent mounting of
sernconductor die 334,

[60128] FIG, 13A further shows semiconductor die 334 from FIG. 120 mounted face
down to carrier 360 and interface layer 362 with active surface 340 oriented towards the
substrate. Alternatively, semiconductor die 334 from FIG. 128 can also be mounted face down
to carrier 360 and mterface layer 362 and undergo the processing described with respect to FIGs.
13A to 13H. Semiconductor die 334 are positioned with respect to fiducial 364 according to a
nominal or predetermined position and spacing for the semiconductor die. The nominal
positions selected for each of semiconductor die 334 are determined as part of a nominal or
predetermined panel design that facilitates the formation of FOWLPs for cach semiconductor die
334. The nominal pancl design provides adequate space for the formation of fan-cut build-up

1
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interconnect structures for cach semiconductor die 334 and singulation among the final
FOWLPs. Accordingly, FIG. 13A shows a first semiconductor die 334 is mounted or disposed
over carricr 36( at a point of reference R6, as measured from fiducial 364, that corresponds to
the location of the first semiconductor dic within the nominal panel design. Similarly, a seccond
semiconductor dic 334 is mounted or disposed over carrier 360 at a point of reference R7, as
measured from one or more fiducials 364, that corresponds to the location of the sccond
semiconductor die within the nominal pancl design. Semiconductor die 334 are separated by a

space or gap when mounted over carrier 360 that provides an arca for a subsequently formed fan-
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out interconnect structure. A size of the gap mcludes sufficient arca for optionally mounting
semiconductor devices or components within the subsequently formed FOWLPs, as shown in
FIG. 1A,

[00129] FIG. 13A also shows an encapsulant 366 is deposited using a paste printing,
compressive molding, transfer molding, liguid encapsulant molding, vacuum lanunation, spin
coating, or other suttable applicator. Specifically, FIG. 13A shows a mold 368 with a plurality of
inlets 370 and 372 brought together with carrier 360 and interface layer 362 to enclose
semiconductor dic 334 within the mold for subscquent cncapsulation. Mold 368 is brought
together by moving mold 368 around semiconductor die 334, or alternatively, by moving the
semiconductor die into the mold. Mold 368 can include only a {irst or top portion that is brought
together with carrier 360 and interface layer 362 without a second or bottom mold portion. In an
embodiment, carrier 360 and interface layer 362 serve as the bottorn mold portion for the
subsequent encapsulation process. Alternatively, semiconductor die 334, carrier 360, and
mterface layer 362 may be disposed within a mold including multiple portions, such as top and
bottom portions.

I 3ad
A A

{80136} FIG. 13A further shows mold 368 encloses semiconductor die 334 with a cavity
or open space 374, Cavity 374 extends between mold 368 to semiconductor die 334 and
interface layer 362, A volume of encapsulant 366 is mjected from dispenser 376 under an
elevated temperature and pressure through inlet 370 iuto cavity 374 and over semiconductor die
334 and carrier 360. Inlet 372 can be an exhaust port with optional vacuum assist 378 for excess
encapsuiant 366. Encapsulant 366 can be a polymer composite material, such as epoxy resin
with filler, epoxy acrylate with filier, or polymer with proper filler. The volume of encapsulant
366 is measured according to the space requirements of cavity 374 less the arca occupied by
semiconductor die 334 and any additional semiconductor devices that might be present.
Encapsulant 366 is evenly dispersed and uniformly distributed under an elevated temperature
within cavity 374 around semiconductor dic 334, A viscosity of encapsulant 366 is selected for
uniform coverage, for example, a lower viscosity increases the flow of the encapsulant for
molding, paste printing, and spin coating. Semiconductor die 334 arc embedded together in
encapsuiant 366 which is non-conductive and environmentally protects the semiconductor device

from external clements and contaminants,
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{80131} In FIG. 138, an cncapsulation process similar to the process described in relation
to FIG. 13A 1s shown. FIG. 13B differs from FIG. 13A by the orientation of semiconductor dic
334 relative to carrier 360 and interface layer 362, Instead of mounting semiconductor dic 334
face down with active surface 340 oriented toward carrier 360 as shown in FIG. 13A, FIG. i13B
shows an embodiment in which semiconductor dic 334 are mounted face up with backsides 338
oricnted toward carricr 360, Furthermore, while the processing subsequently discussed with
respect to the packaging of semiconducior die 334 is shown with respect to the embodiment
illustrated in FIG. 13B, the subseguent processing is likewise applicable to the embodiment
shown i FIG, 13A.

{80132} In FIG. 13C, semiconductor die 334 are removed from mold 368. Carrier 360 and
interface layer 362 are removed by chemucal etching, mechanical pecling, CMP, mechanical
grinding, thermal bake, UV light, laser scanning, or wet siripping to expose encapsulant 366, A
surface of encapsulant 366 can be substantially coplanar with backside 338, which 1s exposed by
the removal of carrier 360 and interface layver 362, Thus, the process described above with
respect to FIGs, 12A-12C and F1Gs. 13A-13C provide detail for a process similar to the process
shown in FIG. 9. After removal of carrier 360 and interface layer 362, FIG. 13C shows
encapsuiant 366 disposed around semiconductor die 334 to form an embedded dic panel 380,
Panel 380 includes a footprint or form factor of any shape and size that allows for, and
factlitates, the subsequent processing required to form FOWLPs as described in greater detail
below. In an embodiment, panel 380 includes a form factor similar to the form factor of a 3060
mm semiconductor water and includes a circular footprint having a diameter of 300 mm.
{80133} FIG. 13C alsc shows panel 380 undergoes an optional grinding operation with
grinder 382 to planarize the surface and reduce a thickness of the panel. A chemical etch can
alse be used to remove and planarize a portion of encapsulant 366 in panel 380, Thus, a surface
of interconnects 356 is exposed with respect to encapsulant 366 at a periphery of panel 380 to
electrically connect semiconductor die 334 to a subsequently formed fan-out interconnect
structure.

188134} Inn FIG. 13C, an optional backside coating 384, similar to backside coating 344 in
FIG. 124, is formed over backside 338 of semiconductor die 334 and over a surface of
encapsulant 366 that is substantially coplanar with backside 338, Backside coating 384 is s

polymer layer, diclectric film, epoxy film, or other suitable material having similar insulating and
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structural properties that can contain one or more layers of 8102, Si3N4, SiON, Ta2035, AlZ03,
polyimide, BCB, and PBO. Backside coating 384 can be formed by a lamination process,
molding process, or other suitable process. In an embodiment, backside coating 384 is an
optically transparent material that facilitates optical scanning of objects within panel 380, such as
semiconductor die 334, interconnects 356, and fiducials 364, In another embodiment, backside
coating 384 15 one or more fayers of a thermally conductive material such as Al Cu, Ni, Cu and
Ni, or other suitable material with high thermal conductivity that is formed by a process such as
printing, PVD, CVD, sputtering, electrolytic plating, electroless plating, metal evaporation, metal
sputtering, or other suttable process. Thermally conductive backside coating 384 forms a
thermally conductive path that aids with distribution and dissipation of heat generated by
senuconductor die 334 and increases the thermal performance of the subsequently formed
FOWLPs, Alfernatively, optional backside coating 384 15 onutied such that backside 338
rerpains exposed as part of a final package. Backside coating 384 can be formed on panel 380
betore or after a portion of encapsulant 366 1s removed from the panel,

{60135} FIG. 13D shows scanner 386 inspecting panel 380 to determine a frue or actual
position of semiconductor die 334 within panel 383, Scanner 386 uses optical imaging, acoustic
imaging, magnetic imaging, radiofrequencies, infrared, or other sutable process to determine a
true or actual position of semiconductor dic 334, or other object including optional
semiconductor devices, similar to semiconductor device 246 in FIG. 11 A, within panel 380, The
true position and rotation of cach semiconductor die 334 or other object s determined with
respect to a global point of reference R on panel 380, Point of reference RE can include a
number of fiducials 364 transferred from carrier 360 with the formation of encapsulant 366 and
the removal of carrier 360 and interface layer 362, Point of reference R8 further includes a
number of new fiducial alignment marks that are positioned over or attached to panel 380, or are
formed by marking or removing a portion of panel 380, Alternatively, point of reference R¥ is
not physically identified as part of panel 380, but instead is associated with a portion of scanner
3&6 or an attachment point between panel 380 and scanner 386.

188136} Scanner 386 inspects features on cach semiconductor die 334 to determine actual
position and rotation of every semiconductor die 334 on pancl 380 with respect to point of
reference RS, The features identified by scanner 386 on each semiconductor die 334 include a

iocation of an cdge or corner of the semiconductor die, a position of interconnect 356 meluding a
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corner, center, or outline of the interconnect, or any other feature on or associated with the
semiconductor die. The actual or measured position of semiconductor die 334 includes an x-v
posttion that accounts for a lateral or translational shift in one or more directions of the
semiconductor dic with respect to point of reference R® within panel 380, Similarly, the actual
or measured position of semiconductor die 334 also includes an orientation or angular rotation
with respect to point of reference RE.

186137} As itlustrated 1n FIG. 13D, first semiconductor die 334 is encapsulated within
pancl 380 and s located at point of reference RY, which is measured with respect to point of
reference RS, Similarly, second semiconductor die 334 is encapsulated within panel 380 ata
point of reference R1§, which is measured with respect to point or reference RE, When
senuconductor die 334 are precisely and accurately placed at points of reference R6 and R7, and
the sermniconductor die do not undergo any movement or shifting during encapsulation, R6 and
R7 are equal to R9 and R10, respectively. However, movement of semiconductor die 334 from
the nominal position of the predetermined panel design resulis 1n points of reference R9 and R10
being different from points of reference R6 and R7, respectively, Movement of semiconductor
die 334 away from their nominal positions and point of reference RE results from maccuracies in
mounting the semiconductor dic over carrier 360, Additionally, movement of semiconductor die
334 also resuits from shifts in the position of the sermconductor die, which occur doring
encapsulation. For example, a force resulting from encapsulant 366 contacting semicondunctor
die 334 can cause semiconductor die 334 and interconnects 356 to shift with respect to point of
reference RE and shift with respect to the nominal posttion of the semiconductor die within the
predetermined panel design, that is, points of reference R6 and R7.

{60138] After the true position and oricntation of each semiconductor die 334 and
interconnect 356 within pancl 380 is determined by scanner 386, the true positions of the
semiconductor die, for example R9 and R10, are compared to the nominal positions of the
semiconductor dic within the nominal panel design, for example R6 and R7, to determine the
change of position or shift of cach semiconductor dic 334 and interconnect 356 that occurred
during processing. By ascertaining the difference in position between the nominal or original
design position of semiconductor dic 334 and the actual position of the semiconductor dic and
mterconnects, potential problems with the subscquent formation of a fan-out build-up

mterconnect structure over the semiconductor can be wdentified and averted. A potential problem
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exists if a true position of a semiconductor die 334, for example, R9 and R10, has shifted such
that the true position of an interconnect 356 will no longer align or provide a good electrical
connection with the subscguently formed fan-out build-up interconnect structure. The fan-out
build-up interconnect structure as originally designed for panel 380 will not align with some
semiconductor die 334 or mterconnects 356 because the build-up interconnect structure as
originally designed is based on the nominal positions of the semiconductor die within the pancl
design, for example R6 and R7, and not the actual or truc position of semiconductor die 334 and
mterconnects 356 after having been formed as part of panel 380, for cxample RY and R10,
Accordingly, at least a portion of the original design of the fan-out build-up interconnect
structure s modified before being applied to panel 380 to avoid the problems of misalignment
and inadequate elecirical connections between the interconnect structure and semicondactor die
334, In an embodiment, position data for semiconductor die 334 and interconnects 356 are
imaported nto an adaptive patiern auvto-router, which accounts for the true or measored positions
of sermiconductor die 334 and produces a new design that adjusts or selects new locations for at
least a portion of the fan-out build-up interconnect structure, for example, vias, RDLs, pads, and
traces, to connect to interconnects 356 of senmucondactor die 334, Individual package designs are
combined to form a drawing of the full panel for each of the lavers that need to be adjusted. The
difference in shift from nominal to true positions dictates how the individual package designs are
combined to form the full panel design. In an embodiment, design files for each panel are
imported to a lithography machine that nses the design data to dynamically apply a custom,
adaptive pattern to cach panel.

[B0139] FIG. 13E shows an insulating or passivation laver 388 conformally applied over
panct 380 and interconnects 356, Insulating laver 388 includes one or more lavers that are
applied using PVD, CVD, screen printing, spin coating, spray coating, sinfering, or thermal
oxidation, Insulating layer 38% contains one or more layers of Si02, Si3N4, SiON, Ta205,
Al203, polyimide, BCB, PBO or other material having sinular insulating and structural
properties. In an embodiment, passivation layer 388 is an optional polymer layer. Openings are
formed complctely through insulating laver 388 to expose at least a portion of conductive layer
342 for subscquent clectrical connection. Alternatively, because insulating layer 388 is optional,
conductive layer 342 is exposed for subsequent clectrical interconnection in the absence of

forming the msulating layer,
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183 148] Inn FIG. 13E, a portion of insulating layer 388 is removed by etching, laser
drithing, mechanical drilling, or other suitable process to form openings completely through
msulating layver 388 to expose imterconnects 356, When changes in the positions of
semiconductor dic 334 and interconnects 356 are small with respect to point of reference R8, no
adjustments to the positions of the openings in insulating layer 388 may be required to properly
align the openings with interconnects 356, Thus, the adaptive patterning for packaging
sermiconductor die 334 includes measuring the true position of semiconductor die 334 or
mterconnects 356, and determining whether the shifts or movement of the semiconductor die
require changes to the predeternincd positions of openings in insulating layer 388, If the
changes 1o position of interconnects 356 are such that the nominal position of openings
insulating laver 388 do vot provide adequate exposure of the interconnects, then adjustments to
the position of openings in the insulating layer will be made.

100141} Adaptive patterning can adjust the position of each opening in insulating layver
388 mdividually, or can adjust positions of a mumber of openings sitouliancously, For example,
a number of operungs form a unit pattern that relates to intercounects 356 for a single
semiconductor die 334 within panel 380, which are adjusted together as a unut. The positions of
openings o insnlating layer 388 are adjnsted, either individually or in groups, as described above
with respect to openings 282 shown in FIG.HID. For example, openings in insulating layer 388
are adjusted by an x-y translation or by rotation of an angle & with respect to point of reference
RE on panel 380,

{60142} FIG. 13E also shows an electrically conductive layer or RDL 390 is patterned and
deposited over insulating layer 388 and interconnects 356 as a fan-out REDL. Conductive layer
390 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable clectrically conductive
material. The deposition of conductive layer 390 uses PVD, CVD, electrolytic plating,
electroless plating, or other suitable process. In an embodiment, conductive layer 390 is an RDL
comprising a TiW sced layer, a Cu sced laver, and Cu layer formed over the TiW seed laver and
the Cu seed layer. Conductive layer 390 provides electrical interconnection between electrical
interconnects 356 and subsequently formed bumps or package interconnects that provide for the
transmission of electrical signals between semiconductor die 334 and points external to the
FOWLP. When changes in the position of a semiconductor dic 334 and interconnects 356 are

small with respect to point of reference RS, forming conductive layer 390 according to a nominal
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or original design may be sufficient for providing electrical connection between interconnects
356 and subsegquently formed bumps or package interconnects without additional adjustments or
adaptive patterning. Conversely, when the measured position of a semiconductor dic 334 and
mterconnects 356 vary from nominal positions sufficiently that formation of conductive layer
390 according to iis nominal design counld lead to poor clectrical connections between
mterconnects 356 and subseguently formed burmps or package interconnects, additional
adjustment or adaptive patterning of conductive layer 390 is desirable.

{00143} Different approaches for adjusting a position of conductive layer 390 to align with
the true or actual position of semiconductor die 334 within panel 380 can be used. First, cach
unit-specific pattern of conductive layver 390 associated with each semiconductor die 334 can be
unigquely and individually designed based on the locations of semiconductor die 334 and based
on the locations of a final interconnect structure for each FOWLP, such as a location of
conductive bumps. Increased flexibility for matching a position of conductive layer 390 to each
semiconductor die 334 and to a location of the final interconuect structure can be achieved by
calculating a unique or complete custorn RDL patiern for each semiconductor die 334 within
pauel 380,

{60144 A second approach for adjusting a position of conductive layer 390 to align with
the true or actual position of semiconductor die 334 within panel 380 includes associating each
unit-specific pattern of conductive layer 390 with each semiconductor die 334 by forming the
conductive layer with a first fixed portion and second adaptable portion. The first portion of the
conductive layer, also referred to as a fixed partial pattern or prestratum, s fixed with respect to
an outline of cach FOWLP and BGA array. The first portion of conductive layer 390 can inchude
capture pads for subsequent pattern layers such as UBM structures. The second portion of
conductive layer 390 is formed after the first portion is formed and after measuring an actual
posttion and orientation of semiconductor dic 334 or interconnects 356, for example by
measuring points of reference R9 and R10. The second portion of conductive layer 390 is
formed so as to complete the connection between the first portion of the conductive fayer to
interconnects 356 and to the location where conductive layer 390 connects to the package or
final interconnect structure such as solder bumps. In an embodiment, the second portion of
conductive layer 390 is smaller than the first portion of the conductive layer. Preferably, the

second portion of conductive layer 390 or the adaptive region in which conductive layer 390 is

45



WO 2014/071312 PCT/US2013/068330

dynamically changed to accommodate changes between the nominal and actual positions of
semiconductor dic 334 is typically on the order of 100um to 200um.

{00145} A third approach for adjusting a position of conductive layer 390 to align with the
true or actual position of semiconductor dic 334 within panel 380 includes gencrating a discrete
number of fixed generie patterns for conductive layer 390 during the mitial design process. Each
generic pattern is applicable to a subsct of the possibic dic shifts defined by the process
capability of the panclization process. Accordingly, based on the true or measured position for
cach of semiconductor die 334 and interconnects 356 within panel 380, a “best fit” pattern can be
sclected from the discrete number of fixed generic patterns and matched to a particular
semiconductor die within the panel.

{60146} FIG. 13F shows an msulating or passivation layer 392 conformally applied over
panel 380 and conductive layer 390, Insulating layer 392 includes one or more layers that are
apphed using PVD, CVD, screen printing, spin coating, spray coating, sinfering, or thermal
oxidation. Insulating layer 392 contains one or more layers of Si02, Si3N4, 510N, Ta2035,
ARRO3, polyvimide, BCRB, PBO or other material having simular insulating and stroctural
propertics. In an embodiment, passivation layer 392 is a polymer layer,

{60147} In FIG. 13E, a portion of insulating layer 392 is removed by etching, laser
drifling, mechanical drilling, or other suitable process to form openings completely through
insulating laver 392 and to expose at least a portion of conductive layer 390 for subseqguent
electrical interconmection. Locations for the openings in insulating layver 392 are formed at
nominal focations with respect to an outer profile or package edge. The openings formed in
insulting fayer 392 are not part of the adaptive patterning employed in adjusting locations of
openings inn insulating layer 3¥¥ or adjusting a location of conductive laver 390, By not
adjusting a location of the openings in insulating layer 392 based on measured positions of
semiconductor dic 334 and interconnects 356, a location of package interconnects, such a solder
bumps, remains fixed with respect to an outer edge or profile of the FOWLPs and does not vary
with movement or shifting of semiconductor dic 334.

B3 148] FIG. 13F is a plan view of a portion embedded die pancl 380 from FIG. 13E
before the formation of insulating layer 392, FIG. 13F shows sermuiconductor die 334 and
mterconnects 356 cmbedded within encapsulant 366, Insulating layer 388 is optionally formed

over semiconductor die 334 and encapsulant 366 with openings formed over interconnects 356
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for subscquent mechanical and electrical interconnection according to the design and function of
semiconductor dic 334, As discussed above in relation to FIG. 13E, conductive layer 390 can be
formed in one or more portions at one or more times. FIG. 13F shows an embodiment in which
a first portion or prestratum 390a of conductive layer 390 is shown disposed over semiconductor
die 334, encapsulant 366, and insulating layer 388, First portion 390a of conductive layer 390
can be formed as a fan-out RDL layer, and is formed according to nominal positions of
semiconductor die 334, such as point of reference R6 or R7. In an emnbodiment, first portion
390a is created in a traditional layout tool, such as Cadence. An optimum design including a
iocation and spacing of various parts of first portion 390a ensures interconnects 356 can be
sabsequently conmnected to first portion 390a with sufficient space and acceptable pitch without
causing problems such as electrical short-curcuiting. o an embodiment, determiming an ophimum
design for first portion 390a uses a Monte Carlo analysis to consider the routability of the design.
Routability of the design can be considered for all possibie semiconductor die shifts or for an
expected range of die shifts resolting from the panclization process. In an embodiment,
senuconductor die shifts in x and v divections of up to +/- 80um and rotation up to +/- 0.5
degrees are considered. Accordingly, design rule violations or routing errors that may have
occurred can be characterized quickly in the design environment and corrected by adjusting the
prestratom design prior to prototyping.

[06149] FIG. 13G, continuing from FIG. 13F, shows a second portion 390b of conductive
layer 390 disposed over semiconductor die 334, interconnect 356, encapsulant 366, and
msulating laver 388, Second portion 390b of conductive layer 390 is formed according to actual
positions of semiconductor dic 334 and interconnects 356, using for example measured points of
reference B9 and R10, and also connects to first portion 3902 of conductive layer 390. Inan
embodiment, second portion 390b is formed after the formation of first portion 390a.
Alternatively, portions 390 and 390b arc formed simultancously. Thus, taken together, first
portion 390a and second portion 390b form a complete RDL design wherein the prestratum
pattern 1s connected to interconnects 356 and semiconductor die 334, While a design or pattern
of first portion 390a romains constant, adapting a pattern or design of second portion 390b
ensures contact is made with interconnect 356 notwithstanding changes or shifts in position of

semiconductor die 334,
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18015¢] FiIG. 13H shows UBMs 394 formed over conductive layer 390 and insulating
iaver 392, UBMs 394 can be multiple metal stacks including adhesion, barrier, sced, and wetting
layers. Layers of UBM 394 can be Ti, TiN, TiW, Al, Cu, Cr, CrCu, Ni, NiV, Pd, Pt, Au, and Ag.
In an embodiment, UBMs 394 comprise a TiW sced layer, a Cu Seed layer, and a Cu UBM
layer. The TiW sced layer is conformally applied over insulating layer 392 and extends into the
openings formed in msulating layer 392 and is conformally applied over a portion of conductive
layer 390, The Cu sced layer is conformally applied over the TiW sced layer. The Cu UBM
iaver 1s conformally applied over the TiW seed layer and the Cu sced layer, UBMs 394 act as an
intermediate conductive layer between conductive layver 390 and subsequently formed solder
bumps or other VO mtercomnect stractures. UBMs 394 can provide a low resistive interconnect
to conductive layer 390, a barrier to solder diffusion, and an increase in solder wetiability,
{80151} Axn electrically conductive burnp material is deposited over UBMs 394 and
conductive layer 390 using an evaporation, electrolytic plating, electroless plating, ball drop, or
screen printing process. The bump material can be Al, Sn, Ni, Au, Ag, Pb, Bi, Cu, solder, and
combinations thercof, with an optional flux solation. For example, the bump material can be
eutectic Su/Pb, hugh-lead solder, or lead-free solder. The bump material 1s bounded to UBMs 394
using a suttable attachment or bonding process. In an embodiment, the bump material is
reflowed by heating the matenial above its melting point to form spherical balls or bumps 396, In
some applications, bomps 396 are reflowed a second time to improve electrical contact to UBMs
394. The bumps can also be compression bonded to UBMs 394, Bumps 396 represent one type
of interconnect structure that can be formed over UBMs 394, The interconnect structure can also
usc conductive paste, stud bump, micro bump, or other electrical interconnect.

{60152} After the formation of bumps 396, panel 380 is singulated between semiconductor
die 334 using a saw blade or laser cutting toof 398 into individual FOWLPs 400.

{60153} FIG. 14, continuing from FIG. 13H, shows a completed FOWLP 400, FOWLP
400 includes semiconductor dic 334 with optional insulating layer 346, such as polymer,
disposed over active surface 340 of the semiconductor die. Conductive layer 354 is formed as a
fan-in interconnect structure that connects to contact pads 342 and interconnects or copper pillars
356. Because conductive layer 354 and interconnect structures or copper pillars 356 are formed
at the wafer level before singulation of sermiconductor die 334, the conductive layer and

mterconnect structures or copper pillars are formed without adaptive patterning becaunse no
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shifting has occurred during formation of a reconstituted water or embedded dic panel.
Semiconductor die 334, conductive layer or fan-in RDL 354, and imterconnect structures 356 are
encapsulated with encapsulant 366. Backside coating 384 is disposed over and contacts backside
338 of the semiconductor dic 334 and encapsulant 366 formed around a periphery of
sermiconductor die 334, Backside coating 384 includes a footprint or area cqual to a footprint or
area of FOWLP 400, Insulating layer 388 is formed over FOWLP 400 opposite backside coating
384, Conductive layer 390 is formed as a fan-out RDL that exiends outward from a center of
FOWLP 400, and is further formed as a unit-specific pattern that aligns with the truc position of
cach semiconductor dic 334 or interconnect structure 356, Insulating layer 392 is formed over
conductive layer 390 and insulating layer 388, Openings in insulating layer 392 are formed over
a portion of conductive layer 390, UBMs 394 are conformally formed over insulating layer 392
and portions of conductive layer 390, One or more UBMs 394 can be partially or completely
within a footprint of sermiconductor die 334, Alternatively, one or more UBMs 394 can be
formed completely outside a footprint of semiconductor die 334, Buomps 396 are formed over
UBMs 394 to provide package input/output {I/0) interconnects for FOWLP 400, Tn an
embodiment, a plurality of bumps 396 form an array of bumps or land grid array (LGA) aligned
with a periphery or outer profile of FOWLP 400,

183134} FIG. 15 shows a FOWLP 404 similar to FOWLP 400 from FIG. 14, FOWLP 404
differs from FOWLP 400 by the inclusion of backside coating 344 from FIG. 12A rather than
backside coating 384, By forming backside coating 344 over backside 338 of semiconductor die
334 betore the formation of encapsulant 366, surface 406 of encapsulant 366 is formed oppostie
insulating layer 388 and is substantially coplanar with surface 408 of backside coating 344
formed over semiconductor die 334, Additionally, cncapsulant 366 contacts side surfaces 410 of
backside coating 344 between backside 338 and surface 408, which differs from similar side
surfaces of backside coating 384 in FOWLP 400 that arc left exposed with respect to encapsulant
366 in FOWLP 400,

{84155] FIG. 16 shows FOWLP 414 similar to FOWLP 400 from FIG. 14, FOWLP 414
differs from FOWLP 400 by the omission of backside coating 384 and by the formation of
encapsulant 366, Encapsulant 366 in FIG. 16 is disposed over backside 338 of semiconductor

die 334, and encapsulation of the semiconductor can by accomplished by mounting
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semiconductor dic 334 face down during encapsulation as described above with respect to FIG.
13A.

180156] FIG. 17 shows FOWLP 418 similar to FOWLP 414 from FIG. 16, FOWLP 418
differs from FOWLP 414 by the omission of insulating layer 388 and by the formation of
conductive layer 420 as a fan-out RDL directly on encapsulant 366, Conductive layer 420, like
conductive layer 390, can be one or more layers of AL Cu, Sn, Ni, Au, Ag, or other suitable
electrically conductive material. The deposition of conductive layer 420 uses PVD, CVD,
clectrolytic plating, clectroless plating, or other suitable process. In an embodiment, conductive
layer 420 is an RDL comprising a TIW seed layer, a Cu sced layer, and Cu layer formed over the
TiW seed layer and the Cu seed layer. Conductive layer 420 provides electrical interconnection
between electrical interconmects 356 and UBMs 394 and bumps 396, Different approaches for
adjusting a position of conductive layer 420 to align with the true or actual position of
senuconductor die 334 can be used as discussed above, for exarple, with respect to conduactive
faver 390 in FIG. 13E. Encapsulant 366 in FIG. 16 is disposed over backside 338 of
senuconductor die 334, and encapsulation of the semiconductor die can by accomplished by
mounting semiconductor die 334 face down during encapsulation as described above with
respect to FIG. 13A.

{83157} FIG. 18 shows FOWLP 424, which is similar to FOWLP 414 from FIG. 6.
FOWLP 424 differs from FOWLP 414 by the omission of conductive layer 354, Furthermore,
instead of forming imterconnect structures 356 on a fan-in RDL as shown in FIG. 16, in FIG. 18
mterconnect stractures or copper pillars 348 are formed directly on contact pads 342, As shown
in FIG. 12B, mterconnect structures 348 are preferably formed at the water level before
singulation of semiconductor wafer 330 such that adaptive patterning is not required for the
formation of the interconnect structures, Instead, adaptive patterning is used in the formation of
a unit-specific pattern or the placement of conductive layer 390 that aligns with interconnects
structures 348,

{84158] FIG. 19 shows FOWLP 428, which is similar to FOWLP 400 from FIG. 14
FOWLP 428 differs from FOWLP 400 by the omission of conductive layer 354, Furthermore,
mstead of forming mterconnect structures 356 on a fan-in RDL as shown in FIG. 14, in FIG. 19
mterconmect structures or copper pillars 348 are formed directly on contact pads 342, As shown

m F1G. 128, imterconnect structures 348 are preferably formed at the wafer level before
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singulation of semiconductor wafer 330 such that adaptive patterning is not required for the
formation of the interconnect structures. Instead, adaptive patterning is used in the formation of
a unit-specific pattern or the placement of conductive layer 390 that aligns with interconnects
structures 348,

180159] FIG. 20 shows FOWLP 432, which is similar to FOWLP 404 from FIG. 5.
FOWLP 432 differs from FOWLP 404 by the omission of conductive layer 354, Furthermore,
instead of forming interconnect structures 336 on a fan-in RDLU as shown in FIG. 15, in FIG. 20
miterconnect structures or copper pillars 348 are formed directly on contact pads 342, As shown
in FIG. 128, mterconnect structures 348 are preferably formed at the wafer level before
singulation of semiconductor wafer 330 such that adaptive patterning is not required for the
formation of the interconnect structures. Instead, adaptive patteroing is used in the formation of
a unit-specific patiern or the placement of conductive layer 390 that aligns with interconnects
structures 348,

[80160] FIG. 21 shows FOWLP 436, which is similar to FOWLP 418 from FIG. 17.
FOWLP 436 differs from FOWLP 418 by the omission of conductive layer 354, Furthermore,
mstead of formung mterconnect structures 356 on a fan-in RDL as shown in FIG. 17, in FIG. 21
mterconnect stractures or copper pillars 348 are formed directly on contact pads 342, As shown
in FIG. 12B, mterconnect structures 348 are preferably formed at the water level before
singulation of semiconductor wafer 330 such that adaptive patterning is not reguired for the
formation of the interconnect structures. Instead, adaptive patterning is used in the formation of
a unit-specific pattern or the placement of conductive layer 440 that aligns with interconnect
structures 348, Conductive laver 440 is similar to conductive layer 420 from FIG, 17, and is
formed directly on encapsulant 366 instead of on an additional insulating layer such as insulating
layer 388.

{80161} FIG. 22 shows FOWLP 444, which is similar to FOWLP 436 from FIG. 21.
FOWLP 444 differs from FOWLP 436 by the omission of UBMs 394 and the formation of low
profile bumps 446 directly on conductive laver 440, In an embodiment, a plurality of low profile
bumps 446 forms an array of bumps or LGA aligned with a periphery or outer profile of FOWLP
444. Preferably, a height H2 of low profile bumps 446 is in a range of 20 pm to 125 ym,
{00162} In the foregoing specification, various embodiments of the disclosure have been

described. It will, however, be cvident that various modifications and changes may be made
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thereto without departing from the broader spirit and scope of the inventions as sct forth in the
appended claims. The specification and drawings are, accordingly, to be regarded in an

illastrative sense rather than a restrictive sense.
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CLAIMS
What is claimed is:
1. A method of making a semiconductor device, comprising:
providing a plurality of semiconductor die comprising a copper column disposed over the
active surface of each of the semiconductor die;
formung an embedded die pancl by disposing an encapsulant around cach of the
semiconductor die;
measuring a truc position of cach semiconductor die within the embedded die pancl; and
forming a unit-specific pattern to align with the true position of cach semiconductor die

i the embedded dic panel.

o

The method of claim 1, further comprising forming the embedded die panel by:
providing a carrier,

mounting the plurality of semiconductor die face down on the carrier; and

disposing the encapsulant around each of the plurality of semiconductor die and around

cach copper colurmmn,

3. The method of claim 1, further comprising forming the embedded die panel by:
providing a carrier;

mounting the plurality of semiconductor die face up on the carrier; and

disposing the encapsuiant around cach of the plurality of semiconductor die and around

cach copper column.

4. The method of claim 3, further comprising removing the carrier to expose a backside of

cach semiconductor die.

5. The method of claim 1, further comprising:
forming a fan-in redistribution layer {(REL) extending over the active surface of cach
semiconductor die; and

forming the copper columns over the fan-in RDL.
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6. The method of claim 1, further comprising forming the unit-specific pattern as a fan-out
structure disposed over the plurality of semiconductor die, over the encapsulant, and coupled to

the copper columns.

7. The method of claim 1, further comprising forming the unit-specific pattern as a

conductive layer directly on the encapsulant and coupled to the copper colunmns.

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

providing a plurality of semiconductor dic comprising an interconnect structure disposed
over the active surface of cach semiconductor die;

torming an embedded die panel by disposing an encapsulant around cach of the plorality
of semiconductor die;

measuring a trae position of cach semiconductor die within the embedded die panel; and

formung a unit-specific pattern to align with the true position of each semuconductor die

in the embedded die panel.

9. The method of claim 8, wherein providing the interconnect structures further comprises

forming the interconnect structures as copper columns.,

16, The method of claim 9, further comprising forming bumps over each copper column such
> 0 &

that the bumps align with a respective outline of each semiconductor device.

1. The method of claim 9, further comprising:
forming cach of the semiconductor dic comprising a contact pad; and
forming the copper columns over the contact pads of cach of the respective

semiconductor die.
12 The method of claim &, further comprising forming a backside coating over a backside of

cach of the plurality of semiconductor dic before forming the encapsulant around the

semiconducior die.
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13 The method of claim &, further comprising disposing a backside coating over a backside
of cach of the plurality of semiconductor die and over a surface of the encapsulant disposed

arcund the plurality of semiconductor die.

14, The method of claim 8, further comprising measuring the true position of cach

semiconductor dic with respect to a global fiducial,

15, A method of making a semiconductor device, comprising:
providing a dic panel comprising a plurality of semiconductor die comprising
mierconnect structures and embedded in an encapsulant;
measuring a true position of cach sermiconduoctor die within the die panel; and
formung a unit-specific pattern aligned with the true position of each interconnect

structure,

16. The method of claim 15, further comprising forming the encapsulant around the
semiconductor die without formung the encapsulant over backsides of the semiconductor die such

that the backsides of the semiconductor die are exposed with respect to the encapsulant,

17.  The method of claim 1§, further comprising forming the unit-specific patterns to align
with the true position of cach semiconductor die in the die panel by selecting from a sumber of
pre-determined unit-specific patiern designs a unit-specific pattern with a best fit for the true

position of each of the phurality of semiconductor die.

i8. The method of claim 15, further comprising forming bumps over cach unit-specific

pattern such that the bumps align with a respective outline of cach semiconductor device.

19 The method of claim 15, wherein providing the interconnect structures further comprises

forming the interconnect structures as copper columns.,

20. The method of claim 19, further comprising:

formung the unit-specific pattern as a conductive layer;
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forming an insulating layer of polybenzoxazoles, polyimide, or epoxy solder mask over
the unit-specific pattern;

forming openings in the insulating layer over the unit-specific pattern to define land grid
array pads; and

forming low profile bumps over the land grid array pads.
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