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SELECTIVE METALLIZATION OF AN INTEGRATED CIRCUIT (C}
SUBSTRATE

Field
Embodiments of the present disclosure generally relate {0 the field of
integrated circuit (IC) assemblies, and more particularly, to selective metallization

of an 1C substrats.

Background

Electroless copper deposition generally ulilizes a catalyst to initiate &
copper deposition process. For example, in conventional techniques, a dislectric
material may be roughened and exposed {0 the catalyst in ionic or colicidal
solutions. The catalyst molecules may complex with the disleclric material and an
activation step (e.g., application of a reducing chemisiry such as dimethylamine
borane (DMAR)Y) may be used to bring the catalyst (0 an ideal oxidation slate to
promote deposition aclivity. The activated substrate may then be exposed ic a
solution of the desired metal and reducing agent, resulting in deposition in areas
with the catalyst. Techniques o deposit copper features in closer proximity to
other copper features may be desirable as dimensions of circuitry on substrates
continue to shrink,

The background description provided herein is for the purpose of generally
prasenting the context of the disclosure. Unless otherwise indicated herein, the
materials described in this section are not prior art to the claims in this application

and are not admitied to be prior art by inclusion in this section.

Brief Description of the Drawings

Embodiments will be readily understood by the following detailed
descriplion in conjunction with the accompanying drawings. To facilitate this
description, like reference numerals designate like structural elementis.
Embodiments are iliustrated by way of example and not by way of limitation in the
figures of the accompanying drawings.

FIG. 1 schematically illusirates a cross-section side view of an example
integrated circuit (IC) assembly, in accordance with some embodiments.

1
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FiG. 2 schematically illustrates a cross-section side view of seleclive
plactroless deposition of a metal on an IC substrate, in accordance with some
ambaodimenis.

FIG. 3 schematically illustrates a cross-section side view of selective
electroless deposition of 3 metal on an IC substrate having a profective layer, in
accordance with some embodiments.

FiG. 4 schematically illustrates a cross-seclion side view of seleclive
slectroless deposition of a metal on an IC substrate having an underiyving
intermediate layer, in accordance with some embodiments.

FIG. 5 schematically illustrates a flow diagram for a method of seleclive
glectroless deposition of a metal on an IC subsirate, in accordance with some
ambodimenis.

FIG. 6 schematically illustrates a computing device that includes an IC

substrate as described herein, in accordance with some embodiments.

Detailed Description

Embodiments of the present disclosure describe sslective metallization of
an IC substrate. In the following description, various aspects of the illustrative
implementations will be described using terms commonly employed by those
skilled in the art {o convey the substance of their work o others skilled in the art.
However, it will be apparent to those skilled in the art that embodiments of the
present disclosure may be practiced with only some of the described aspecits. For
purposes of explanation, specific numbers, materials, and configurations are set
forth in order to provide a thorough understanding of the illustrative
implementations. However, it will be apparent to one skilled in the art that
ambodiments of the present disclosure may be practiced without the specific
details. In other instancss, well-known features are omitled or simplified in order
not to obscure the Hiustrative implementations.

in the following detailed description, reference is made o the
accompanying drawings that form a part hereof, wherein ike numerals designate
like parts throughout, and in which is shown by way of Hllustration embodiments in
which the subject matter of the present disclosure may be practiced. ltisto be

understood that other embodiments may be ulilized and structural or logical
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changes may be made without departing from the scope of the present disclosure.
Therefore, the following detailed description is not to be taken in a limiting sense,
and the scope of embodiments is defined by the appended claims and their
equivalents.

For the purposes of the present disclosure, the phrase "A and/or B means
{A), (B), or (A and B). For the purposes of the present disclosure, the phrase “A,
B, andfor C” means (A), (B),(C}, {Aand B}, (Aand C), B and C), or (A, B, and C}.

The description may use perspeciive-based descriptions such as
top/botiom, infout, over/under, and the like. Such descriptions are merely used to
facilitate the discussion and are not intended to restrict the application of
embodiments describad hersin to any particular orientation.

The description may use the phrases “in an embodiment,” or “in
embodiments,” which may each refer {0 one or more of the same or different
embodiments. Furthermore, the terms “comprising,” “including,” “having,” and the
like, as used with respect to embodiments of the present disclosure, are
SYNonymous.

The term “coupled with,” along with its derivatives, may be used herein.
“‘Coupled” may mean one or more of the following. “Coupled” may mean that two
or more elements are in direct physical or electrical contact. However, "coupled”
may also mean that two or more elements indirectly contact each other, but yet
stilt cooperate or interact with each other, and may mean that one or more other
slemenis are coupled or connected between the elements that are said to be
coupied with each other.

in various embodiments, the phrase “s first feature formed, deposited, or
otherwise disposed on a second feature” may mean that the first feature is
formed, deposited, or disposed over the second feature, and at least a part of the
first feature may be in direct contact {(e.g., direct physical and/or electrical contact)
or indirect contact (.9., having one or more other features between the first
feature and the second feature) with at least a part of the second feature.

As used herein, the term “module” may refer to, be part of, or include an
Application Specific Integrated Circuit (ASBIC), an electronic circuit, a system-on-
chip (SoC), a processor (shared, dedicated, or group), and/or memory (shared,

dedicated, or group) that execute one of more software or firmware programs, a

(e
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combinational logic circuit, and/or other suitable components that provide the
described funclionality.

FIG. 1 schematically illustrates a cross-section side view of an example
integrated circuit {1C) assembily 100, in accordance with some embodiments. In
some embodiments, the IC assembly 100 may include one or more dies
{hereinafier “die 1027} electrically and/or physically coupled with an IC substrate
121 (sometimes referred to as a "package substrale”). In some embodiments, the
IC substrate 121 may be electrically coupled with a circuit board 122, as can be
seen.

The die 102 may represent a discrete product made from a semiconducior
material {e.g., silicon) using semiconductor fabrication techniques such as thin film
deposition, lithography, eiching, and the like used in connection with forming
complementary metal-oxide-semiconductor {CMOS) devices. in some
embodiments, the die 102 may be, include, or be a part of a radio frequency (RF}
die. In other embodiments, the die may be, include, or be a part of a processor,
memory, Sol, or ASIC.

in some embodiments, an underfill material 108 (sometimes referred {0 as
an “encapsulant’) may be disposed between the die 102 and the IC substrate 121
to promote adhesion and/or protact features of the die 102 and IC substrate 121.
The underfill material 108 may be composed of an electrically insulative material
and may encapsulate at least a portion of the die 102 and/or die-level interconnect
structures 108, as can be seen. In some embodiments, the underfill material 108
is in direct contact with the die-level interconnect structures 106.

The die 102 can be attached to the IC substrate 121 according to a wide
variety of suitable configurations including, for example, being direclly coupled
with the IC substrate 121 in a flip-chip configuration, as depicted. in the flip-chip
configuration, an active side, 81, of the die 102 including active circuitry is
altached (o a surface of the IC substrate 121 using die-level interconnect
structures 106 such as bumps, pillars, or other suitable structures that may also
slectrically couple the die 102 with the IC substrate 121, The active side &1 of the
die 102 may include transistor devices, and an inactive side, 82, may be disposed

opposite 1o the active side 81, as can be seen.
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The die 102 may generally include a semiconducior substrate 1023, one or
more device layers (hereinafier "device layer 10207}, and one or more
interconnect layers (hereinafter “interconnect layer 102¢"). The semiconductor
substrate 102a may be substantially composed of a bulk semiconductor material
such as, for example, silicon, in some embodiments. The device layer 102b may
represent a region where active devices such as transistor devices are formed on
the semiconducior subsirate 102a. The device layer 102b may include, for
example, structures such as channel bodies and/or source/drain regions of
fransistor devices. The interconnect layer 102¢ may include interconnect
structures that are configured to route electrical signals {o or from the active
devices in the device layer 102b. For example, the interconnect layer 102¢ may
include trenches and/or vias 1o provide electrical routing and/or contacts.

in some embodiments, the die-level interconnect structures 106 may be
configured o roule electrical signals between the die 102 and other eleclrical
devices. The eleclrical signals may include, for example, inpulfoutput (/O) signals
and/or powar/ground signals that are used in connectlion with operation of the die
102.

The IC substrate 121 may include electrical routing features (not shown in
Fi5. 1) such as, for example, fraces, pads, through-holes, vias, or lines configured
to route electrical signals 1o or from the die 102, For example, the IC substrate
121 may be configured to route electrical signals between the die 102 and the
circuit board 122, or between the die 102 and another electrical component {e.g.,
anather die, interposer, intarface, component for wireless communication, elc.)
coupled with the IC substrate 121, In some smbodiments, the IC substrats 121
may comport with embodiments described herein for selective metallization. For
example, the IC substrate 121 may be composad of a dielectric material having
catalyst particles dispersed therein {o facilitate formation of electrical routing
fealures by electroless deposition. In some embodiments, the IC substrate 121
may be compoesed of build-up laminate layers of epoxy resin and the eleclrical
routing features may be composed of copper. The 10 substrate 121 andfor
electrical routing features may be composed of other suitable materials in other

embodiments.
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The circuit board 122 may be a printed circuit board (PCB) composed of an
slectrically insulative material such as an epoxy laminate. For example, the circuit
board 122 may include electrically insulating layers composed of materials such
as, for example, polytetrafluorosthylene, phenolic cotlon paper materials such as
Flame Retardant 4 (FR-4}, FR-1, cotion paper, and epoxy materials such as CEM-
1 or CEM-3, or woven glass malerials that are laminated together using an epoxy
resin pre-preg material, interconnect structures (not shown) such as traces,
frenches or vias may be formed through the electrically insulating layers {0 route
the electrical signals of the die 102 through the circuit board 122, The circuit
board 122 may be composed of other suitable materials in other embodiments. in
some embodiments, the circuit board 122 is a motherboard {e.g., motherboard
602 of FIG. 8). The circuit board 122 may include metallization selectively
deposited according to technigues and configurations described hergin. That is,
in some embodiments, the circuit board 122 may be referred to as an {C
substrate.

Fackage-level interconnects such as, for example, solder balls 112 may be
coupled with the IC substrate 121 and/or the circuit board 122 to form
corresponding solder joinis that are configured to further route the slectrical
signals betwean the i€ substrate 121 and the circuit board 122, Other suitable
technigques o physically and/or slectrically couple the IC substrate 121 with the
circuit board 122 may be used in other embodiments.

The IC assembly 100 may include a wide variety of other suitable
configurations in other embodiments including, for example, suitable combinations
of flip-chip and/or wire-bonding configurations, interposers, muilli-chip package
configurations including system-in-package (8iP) and/or package-on-package
{Fob) configurations. Other suitable fechniques {o route electrical signals
between the dig 102 and other components of the IC assembly 100 may be used
in some embodiments.

FiG. 2 schematically illustrates a cross-section side view of seleclive
slactroless deposition of a metal on an IC substrate, in accordance with some
embodiments. According o various embodiments, catalytic particles 202 may be
used to facilifate, promote or allow seleclive electroless deposition of a metal on

the 10 substrate. For example, in some embodiments, the catalytic particles 202



WO 2016/144320 PCT/US2015/019524

may include metal crystals. In other embodiments, the catalvlic particles 202 may
include a filler material, which may be a filler dielectric material in some
embodiments.

in an embodiment where the catalytic particles 202 represent metal
crystals, the catalytic particles 202 may represent cubic-shaped nanocrystais.
Subject matter is not limited in this regard and the metal crystals may have a wide
variety of other suitable poiyhedral shapes in other embodiments including, for
example, spheres, quasi-spheras, plates, oclahadrons, and the like. Different
shapes may expose different facets of the crystal, which may result in the crystal
being more or less catalytically active for various reactions. Cubic nanocrystals
may be rich with planar (100) facet density, which may provide a highly
catalytically active facet for electroless depaosition of copper.

in some embodiments, the metal crystals may includs, for sxampis,
palladium {Pd}, silver (Ag), gold {(Au) and/or copper (Cu). In one embodiment, the
metal crystals are Pd nanocubes. In some emboediments, the metal crystals may
have a thickness ranging from 5 nanometers {(nm} to 100 nm. The thickness may
represent an average thickness of the metal crystals, in some embodiments. The
metal crysials may include other suitable metals or combinations of metals andfor
other thicknesses in other embodiments.

According to various embodiments, the metal crystals may be synthesized
in a batch reaction. The metal crystals may be mixed with a dislectric material
204 of an IC substrate 221A. For example, in some embodiments, the metal
crystals may be mixed with epoxy material {e.qg., resin) used in dielectric buiid-up
layers and cured to create an {C substrate 221A with embedded metal crystals. In
some embodiments, the melal crystals may be randomiy andfor homogenously
dispersed in the dielectric material 204. The dielectric material 204 may include
other suitable materials in other embodiments.

The metal crysials may be bonded with a ligand, in some embodiments.
The ligand may be bound {o the surface of the metal crystals, in an embodiment,
to maintain a shape of the metal crystals. In some embodiments, the ligand is
formulated to ablate when exposed to laser light such that the metal crystals
having the ablated ligand are activated to provide a catalyst for selective

glectroless deposition of a metal on the IC substrate 221A. The ligand may be
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compoesed of a small molecule (50 daitons 1o 400 daltons) or polyrmer such as, for
example, alkyl-based guarternary ammaonium cations {such as
hexadecyltrimethylammonium or cetylpyridinium ion), alkanethiols (such as
octanethiol, aminchexanethiol or benzenesthiol) and/or polyvinylpyrrolidone and
may be detectable by spectroscopy such as, for exampie, Raman specitroscopy.
in some embodiments, the metal crystals may be detectable by scanning and/or
transmission electron microscopy.

The IC substrate 221A having the metal crystals dispersed in the dislectric
material 204 may be exposed to {aser light {o simultaneocusly form a recess such
as a trench 206 and to ablate the ligand, thus exposing the metal crystals for
catalytic action, as depicted in IC subsirate 221B. Removing the ligand may
activate the exposed metal crystals o provide a catalyst for eleciroless depaosition
of a metal where the exposed catalyst is disposed. The activated catalytic
particles 202A may be disposed al an inferface of the dielectric material 204 and 3
location where a metal layer 208 is {o be formed. Prior {o laser exposure, the
catalytic particles 202 may be in an inactive state.

The IC substrate 2218 may be immersed in an electroless solution
resulting in selective deposition at locations where the exposed metal crystals are
disposed (8.g., areas that have been patterned by iaser ablation) {0 provide the iC
substrate 221C. Thatis, a metal layer 208 such as, for sxample, a copper layer
may only be deposited or may be much more Tavorably deposited where the
exposed metal crystals {e.q., activated catalytic particles 202A) are disposed {8.qg.,
in the french 206). The exposed metal crystals may have a higher reaction rate.
Exposed metal crystals may catalyze the deposition of the metal layer 208 from
solution onto the IC subsirale 221C, resulting in selective palterning that may be
bound by the precision of the ablating laser. The metal layer 208 may be
disposed on a surfacs of the IC substrate 221C. Atleast one or more of the
exposed metal crystals may be disposed at an interface between the dielectric
material 204 and the metal layer 208 and may be debonded from the ligand by the
laser light that formed the trench 206, In some embodiments, the metal crystals
may be catalytically active when embedded in the dielectric material 204 of the IC
substrate 221A. For example, in some embodiments, the metal cryslals may not

be strongly bonded with a ligand or may not be bonded with a ligand at all.
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in some embodiments, the catalvlic particles 202 may represent filler
material. The filler material may include, for example, aluminum nitride (AN},
alumina {(Al:Os), strontium titanate {(SrTi0s), lead-titanium zirconate (PbTh.2r0s),
siticon carbide (SIC) or silver nitrate (AgNQ;), where x is a value ranging from 0 to
1. in some embodiments, the filler material may have a thicknessfrom 2 nmto 2
microns. in one embodiment where fine filler size is desirable, the filler material
may have a thickness from 2 nm o 20 nm. The thickness may represent an
average thickness of particles of the filler material in some embodiments. The
filler material may include other suitable materials and/or thicknesses in other
embodiments. Prior o laser exposure, the catalylic particles 202 may be in an
inactive state.

The filler material may be mixed into dislectric material 204 {o provide an iC
substrate 221A in a similar manner as described for the metal crystals. The filler
malerial may be a pholo-activated catalyst for eleciroless melal deposition (e.g.,
copper deposition). In some embodiments, the filler material (2.q., AlLOs, SrTiO;,
PbTi.LrOn, or SiC) may be aclivated by formation of charged latlice vacancies
{(F-centers} upon exposure o laser light {e.g., ullraviolet laser). Such colour
centers may serve as electron donors in a catalytic oxidation of formaldehyde in
electroless deposition. In some embodiments, the filler material (s.g., AgNQG3)
may be photo-activated as a catalyst by photo-induced reduction of silver nitrate
to elermnental silver (AQ). In some embodiments, the filler material may be
catalytically activated by exposure 1o laser ight that forms a recess such as a
french 206 in the 1C substrate 2218, For example, the activated catalytic particles
202A may represent filler material that is exposed o laser light. Immersion in
electroless solution may result in selective deposition of metal of the melal layer
208 {(e.qg., copper layer) in laser ablated areas such as trench 206.

in some embodiments, a Cosfficient of Thermal Expansion (CTE) of the
filler material may be selected or luned to provide a dielectric material 204 that
more closely matches a CTE of a die that is to be mounted on the IC subsirate
221C. In some embodiments, the filler material {e.g., Al G5, SrTiC;, PbTi,Ln0s)
may also serve as a high-K material to increase a dielectric constant of the
diglectric material 204, e.q., for the intention of making areas with increased

capacitance. In some embodiments, the filler material may be deteciable using

i}
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spectroscopy such as, for example, X-ray photoslectron spectroscopy (XPS),
Energy-dispersive X-ray spectroscopy (EDBS) or Raman spectroscopy o detect
heavy metals of the filler material.

FIG. 3 schematically illustrates a cross-section side view of selective
slectroless deposition of a metal (e.g., metal layer 308) on an 1T substrate {e.g.,
IC substrate 3210} having a protective layer 310, in accordance with some
embodiments. According to various embodiments, an 1C substrate 321A may
include a dielectric material such as an epoxy material doped with catalytic
particles (hereinafter “doped dislectric 3047). The doped dislectric 304 may
include catalytic particles 202 as described in connection with FIG. 2 in some
embodiments. For example, in some embodiments, the doped dielectric 304 may
include a filler material having a maximum filler size less than 1 micron and/or an
average filler size less than 0.3 microns.,

in some embodiments, the protective layer 310 may be deposited on the
doped dielectric 304 {o facilitate masked selective patterning of a metal layer
through slectroless deposition. For example, the protective layer 310 may be
disposed on the doped dislectric 304 {0 prevent elsctroless deposition of metal on
the doped dielectric 304 when depositing the metal layer 308. The protective
layer 310 may be a permanent feature of the IC substrate 321D in some
embodiments.

in some embodiments, the protective layer 310 may be robust enough to
withstand harsh chemical environments such as those associated with a desmear
process, which may have a highly alkaline and strongly oxidative snvironment.
For example, in some embodiments, the protective layer 310 may be composed of
an epoxy-phenol or epoxy-imide blend with an esler-cyanate or ester-phenci
based curing process. The protective layer 310 may be composed of other
suitable materials in other embodiments.

According to various embodimenis, the protective layer 310 may be free of
filler material or may have fine filler sizes (e.g., maximum filler size being less than
100 nm) to avoid any potential side reactions with the electroless process. The
protective layer 310 may have a thicknass from 1 micron {0 5 microns in some
embodiments. The relatively small thickness of the protective layer 310 may help

mitigate any CTE mismatch with adjacent layers or materials.

10



WO 2016/144320 PCT/US2015/019524

The protective layer 310 may be deposited using any suitable process. In
some embaodiments, deposition of the profective layer 310 may be accomplished
by spin/shit coating, film lamination, or a bottom-up deposition technigus.

Laser ablation may form a recess such as trench 306 through the
protective layer 310 and the doped dislectric 304 {o form {C substrate 3218, In
embodiments where the doped diglectric 304 includes catalylic particles that are
activated by laser light {e.qg., a photo-activated filler malerial), the laser ablation
may also simultansously activate the catalytic particles at an interface of the
doped dislectric 304 and the trench 306.

The IC substrate 3218 may be immersed in an activation solution
formulated to bring the calalytic particles in the doped dielectric 304 to an ideal
oxidation state for maximum catalylic activity (2.g., activated layer 3044 of iC
substrate 321C). The IC substraie 321C may be immersed in an eleclroless
solution such as, for example, copper salt, reducing agent and pH mediator in
agqueous media to allow seleclive metal deposition of a metal layer 308 {e.g.,
copper layer} on the aclivated layer 304A within the trench 306 of the IC substrate
3210,

The proteciive layer 310 in a final product including the IC subsirate 321C
may be defected using any suitable technique. For example, in some
embodiments, the protactive layer 210 may be detected by scanning and/or
transmission electron microscopy. Catalylic particles in the doped dislectric 304
may be detected by an ion analysis method such as ion chromatography or ion
scattering spectroscopy (e.g., Rutherford backscatiering, low energy ion
scatiering, and the like). Size of the catalytic particies or filler may be detected by
scanning electron microscope {(SEM) or transmission electron microscope (TEM).

FIG. 4 schematically illustrates a cross-section side view of selectlive
electroless deposition of a metal (e.g., metal layer 308) on an IC substrate (e.q.,
IC substrate 421C) having an underlying intermediate layer (hereinafler
“intermediate layer 4047, in accordance with some embodiments.

According to various embodiments, an inlermediate layer 404 may be
disposed between doped dislectric 304 layers, as can be seen in the IC substrate
421A. A proteclive layer 310 may be formed on the doped dislectric 304 and the
intermediate layer 404 may include metal interconnect structures 408 {e.g.,

11
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copper routing) embedded therein. The intermediate layer 404 may be formulated
to maintain a viscosity to provide a more seamiess interface between the metal
inferconnect structures 408 and the doped dielectric 304 disposed below the
metal interconnect structures 408. In some embodiments, the intermediate layer
404 may be used fogether with doped dielectric 304 that is doped with fine filier
material.

in some embodiments, the inlermediale layer 404 may have a same or
similar polymer composition as that of the doped diglectric 304, In some
embodiments, the intermediate layer 404 does not include catalytic particies (e.qg.,
dielectric filler material). The intermediate layer 404 may have an average filler
{e.g., silicon filler) size that is greater than an average filler size of the doped
dislectric 304 in order 10 lower the viscosily of the intermediate layer 404 to a
value that allows planarity and seamiess malching between the lavers 304, 404,
Viscosity may vary depending on aspect ratio of embedded interconnects and a
thickness of build-up layers, which may vary from product to product. The
viscosity may be tuned o balance the unwanted creation of voids at higher
viscosity with unwanted creation of surface roughness at lower viscosity. For
example, the intermediate layer 404 may include a filler having a greater average
size than the metal crystals or filler material of the doped dislectric 304, Different
filler sizes and an interface between the intermediate layer 404 and the doped
dielectric 304 may be detected by SEM.

Fatterning by laser light may be performed to form one or more recesses
{e.g., rench 306} as depicted for IC substrate 4218 and a metal layer 308 may be
formed in the ong or more recesses as depicted for IC substrate 421C. The
patterning and deposition of the metal layer 308 may be performed according to
technigues described in connection with FIG. 3 in some embodiments.

FIG. 8 schematically illustrates a flow diagram for a method 500 of
selective electroless deposition of a metal (s.q., copper) on an IC substrate, in
accordance with some embodiments. The method 500 may comport with
technigues described in connaction with FIGS. 1-4 and vice versa.

AL 502, the method 500 may include providing a substrats (e.q., IC
substrate 2214 of FIG. 2) including a digleciric material {e.g., dielectric maierial

204 of FIG. 2 and having catalylic particles (8.g., cataiytic particles 202 of FIG, 2}

12
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dispersed in the dielectric material. The catalytic particles may include, for
example, metal crysials or filler material as described herein. In some
ambodiments, a protective laver (e.g., protective layer 310 of FIG. 3) may be
formed on the substrate {o facilitate selective electroless deposition of the metlal in
accordance with principles described in connaction with FIG. 3. Insome
embodiments, the substrate may include an intermediate layer {e.q., intermediale
laver 404 of FIG. 4) and associated struclures described in connection with FIG.
4,

AL 504, the method 500 may include exposing the dislectric material and
the catalytic particles to laser light to simultaneously form a recess (g.g., french
206 of FIG. 2} in the dislectric material and aclivate catalytic action of the catalytic
particies, For example, in some embodiments, the cataiytic parlicles may include
metal crystals bonded with a ligand that is ablated when exposed {o the laser such
that the metal crysials are aciivated to provide the catalytic action for selective
deposition of the metal. in other embodiments, the catalylic particles may include
filler material that is photo-activated when exposed to the laser. Exposing the
dielectric material and the catlalytic particies to laser light may form a trench in the
dislectric material in some embodiments.

At 508, the method 500 may include selectively depositing a metal (e.g.,
metal layer 208 of FIG. 2 or metal layer 308 of FIGE. 3-4) in the recess by an
slectroless process that uses the catalytic aclion of the catalylic particles. For
example, copper may be selactively deposited on areas (e.g., the trench) of the
substrate to form a copper layer where the catalytic particies have been activated
by exposure {0 the laser light. in embodiments where a protective layer is formed
on the dislectric material prior {0 exposing with laser light, the protective layer may
inhibit deposition of the metal on the dislectric material when selectively
depositing the metal. Various operations are described as multiple discrete
operations in Wwrn, in a manner that is most helpful in understanding the claimed
subject matier. Howsever, the order of description should not be construed as o
imply that these operations are necessarily order dependent.

Embodiments of the present disclosure may be implemented into a system
using any suitable hardware and/or software to configure as desired. FiG. §

schematically illustrates a computing device 800 that includes an IC substrale
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{(.q., IC substrate 121 of FIG. 1, 221C of FIG. 2, 321D of FIG. 3, or 421C of FIG.
4} as described herein, in accordance with some embodiments. The computing
device 600 may house a board such as motherboard 602 {e.g., in housing 808).
The motherboard 602 may include a number of components, including butnot
limited 1o a processor 804 and at least one communication chip 806, The
processor 604 may be physically and elecirically coupled to the motherboard 602,
in some implementations, the at least one communication chip 806 may also be
physically and slectrically coupled o the motherboard 6802, In further
implementations, the communication chip 808 may be part of the processor 604,

Depending on its applications, computing device 800 may include other
components that may or may not be physically and electrically coupled to the
motherboard 602. These other components may include, but are not imited {o,
volatile memory (e.g., DRAM), non-volatile memaory {e.g., ROM), flash memory, a
graphics processor, a digital signal processor, a crypto processor, a chipset, an
antenna, a display, a touchscreen display, a touchscreen confrolier, a batlery, an
audio codec, a video codec, a power amplifier, a global positioning system (GPS)
device, a compass, a Geiger counter, an accelerometer, a Qyroscopse, a speaker,
a camera, and a mass slorage device (such as hard disk drive, compact disk
{CD), digital versatile disk (BVD), and so forth).

The communication chip 606 may enable wireless communications for the
transfer of data lo and from the compuling device 600. The term "wirgless” and iis
derivalives may be used to describe circuils, devices, systems, methods,
technigues, communications channels, stc., that may communicate data through
the use of modulated electromagnetic radiation through a non-solid medium. The
term does not imply that the associated devices do not contain any wires,
although in some embodiments they might not. The communication chip 808 may
implement any of a number of wireless standards or protocols, including but not
limited to Institute for Electrical and Elecironic Engineers {IEEE) slandards
including WiGig, Wi-Fi (IEEE 802.11 family), IEEE 802.16 standards (e.g., IEEE
802.16-2005 Amendment), Long-Term Evolution (LTE) project along with any
amendments, updates, and/or revisions {e.q., advanced LTE project, ultra mobile
broadband (UMB) project {also referred to as "3GPP2"), etc.). IEEE 802.16

compatible broadband wireless access (BWA) networks are generally referred {o
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as WiMAX networks, an acronym that stands for Worldwide interoperability for
Microwave Access, which is a certification mark for products that pass conformity
and interoperability tests for the IEEE 802.16 standards. The communication chip
606 may operate in accordance with a Global System for Mobile Communication
{56}, General Packet Radio Service (GPRS), Universal Mobile
Telecommunications System (UMTS), High Speed Packet Access (HSPA),
Evolved HSPA (E-HSPA), or LTE network., The communication chip 606 may
operate in accordance with Enhanced Data for GSM Evolution (EDGE), GSM
EDGE Radio Access Network (GERAN), Universal Terrastrial Radio Access
Network (UTRAN), or Evolved UTRAN (E-UTRAN). The communication chip 606
may operate in accordance with Code Division Multiple Access (COMA), Time
Division Multiple Access (TDMA), Digital Enhanced Cordless Telecommunications
(DECT), Evolution-Data Optimized (EV-DO), derivatives thereot, as well as any
other wireless protocols that are designated as 3G, 46, 56, and beyond. The
communication chip 806 may operate in accordance with other wireless protocols
in other embodiments.

The computing device 600 may include a plurality of communication chips
606. Forinstance, a first communication chip 8608 may be dedicated to shorter
range wireless communications such as WiGig, Wi-Fi and Bluetooth and a second
communication chip 8086 may be dedicated to longer range wireless
communications such as GPS, EDGE, GPRS, CDMA, WIMAX, LTE, EV-DO, and
others.

The processor 604 of the computing device 600 may be coupled with an IC
substrate {(e.g., IC substrate 121 of FIG. 1, 221C of FiG. 2, 321D of FIG. 3, or
421C of FIG. 4) as described herein. For example, the circuit board 122 of FIG. 1
may be a motherboard 602 and the processor 804 may be a die 102 mounted on
IC substrate 121 of FIG. 1. The IC substrate 121 and the motherboard 602 may
be coupled together using package-level interconnects such as solder balls 112.
Other suitable configurations may be implemented in accordance with
embodiments described herein. The term “processor” may refer 10 any device or
portion of a device that processes slectronic data from registers and/or memory o
transform that electronic data into other electronic data that may be stored in

registers and/or memory.
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The communication chip 806 may also include a die (g.g., RF dig) that may
be coupled with an iC substrate (8.q., IC substrate 121 of FIG. 1, 221C of FIG. 2,
3210 of FIG. 3, or 421C of FIG. 4) as described herein. In further
implementations, another component {e.g., memory device or other integrated
circuit device) housed within the computing device 600 may include a die that may
be coupled with an IC substrate {e.q., IC substrate 121 of FIG. 1, 221C of FIG. 2,
3210 of FIG. 3, or 421C of FIG. 4) as described herein.

in various implementations, the computing device 800 may be a laptop, a
netbook, a notebook, an ultrabook, a smariphone, a tablet, a personal digital
assistant (PDA)Y, an ultra mobile PC, a mobile phone, a deskiop computer, a
server, a printer, a scanner, a monitor, a sei-top box, an entertainment control
unit, a digital camera, a portable music player, or a digital video recorder. The
computing device 600 may be a mobile computing device in some embodiments.
in further implementations, the computing device 600 may be any other electronic
device that processes data.

EXAMPLES

According to various embodiments, the present disclosure describes an
apparatus. Exampie 1 of an inlegrated circuit (IC) substrate may inciude a
dislectric material and metal crystals having a polyhedral shape dispersed in the
dielectric material and bonded with a ligand that is to ablate when exposed to
laser light such that the metal crystals having the ablated ligand are activated to
provide a catalyst for selective eleciroless deposition of a metal. Example 2 may
include the IC substrate of Example 1, wherein the melal is copper, the IC
substrate further comprising a copper layer disposed on a surface of the dielectric
material, wherein al least one or more metal crystals having a polyhedral shape
and disposed at an interface between the dielectric material and the copper iayer
are debonded from the ligand. Example 3 may include the IC substrate of
Exampile 2, wherein the copper layer is disposed in a trench formed in the
dielectric material. Example 4 may include the IC substrate of Example 3, further
comprising a protective layer disposed on the dislectric material to prevent
electroless deposition of copper on the dielectric material when depositing the
copper layer. Example 5 may include the IC substrate of any of Examples 1-4,

wherein the dislectric material comprises an epoxy resin. Example 6 may include
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the IC substrate of any of Examples 1-4, wherein the metal crystals include
paliadium {Pd), silver (Ag), gold {Au} or copper (Cu). Example 7 may include the
IC substrate of Example 1, wherein the metal crystals have a thickness ranging
from & nanometers (nm) {o 100 nm. Example 8 may include the IC substrale of
any of Examples 1-4, wherein the polyhedral shape includes a cubic or oclahedral
shape. Example 89 may include the IC subsirate of any of Examples 1-4, wherein
the ligand is a small molecule or polymer. Example 10 may include the IC
substrate of any of Examples 1-4, wherein the dielectric material is part of a first
dielectric layer disposed on a second diglectric layer, the second dielectric layer
has a same polymer composition as the first dielectric layer, the second dielectric
layer includes metal interconnect structures embedded in the second dielectric
layer, the second dislectric layer does not include the metal crystals, and the
second dielectric laver includes a filler having a greater average size than the
metal crystals.

According to various embodiments, the present disclosure describes
ancther apparatus. bxample 11 of an integrated circuit (IC) substrate may include
a dielectric material and a filler material dispersed in the dielectric material,
wherein the filler material is 1o activaie as a catalyst for selective electroless
deposition of a metal when the filler material is exposed to laser light. Example 12
may include the 1C substrate of Example 11, wherein the metal is copper, the IC
substrate further comprising a copper laver disposed on a surface of the dieleclric
material, wherein at least soms of the filler material disposed at an interface
between the dielectric material and the copper layer has been aclivated as a
catalyst for selective slectroless deposition of copper. Example 13 may include
the IC subsirale of Example 12, wherein the copper laver is disposed in a trench
formed in the dielectric material. Example 14 may inciude the IC substrate of
Example 13, further comprising a protective layer disposed on the dislectric
malerial to prevent eleclroless deposition of copper on the dislectric material when
depositing the copper layer. Example 15 may include the 1C substrate of any of
Exampies 11-14, wherein the dielectnic material comprises an epoxy resin.
Example 16 may include the IC substrate of any of Examples 11-14, wherein the
filler malerial includes aluminum nitride (AIN}, alumina (AL Os), strontium titanate

{SrTi0s), lead-titanium zirconate (PbTh.Zn03), silicon carbide (SiC) or silver
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nitrate (AgNGs;), where xis a value ranging from 0 to 1. Example 17 may include
the IC substrate of any of Examples 11-14, wherein the filler material has a
thickness ranging from 2 nanometers {nm) to 2 microns. Example 18 may include
the IC subsirate of any of Examples 11-14, wherein the dislectric material is part
of a first diglectric iayer disposed on a second disleclric fayer, the second
dielectric layer has a same polymer compaosition as the first dielectric layer, the
second diglectric laver includes melal interconnect structures embedded in the
second dielectric laver, the second dielectric layer does not include the filler
material, and the second dislectric layer includes a filler having a greater average
size than the filler material.

According to various embodiments, the present disclosure describes a
method. Example 19 of a method may include providing a substrate including a
dielectric material and having catalylic particles dispersed in the dislectric
material, exposing the dielectric malerial and the catalylic particles to laser light to
activate catalytic action of the catalytic particles, and selectively depositing copper
by an electroless process that uses the catalvtic action of the catalylic pariicles,
wherein the copper is selectively deposited on areas of the substrate to form a
copper layer where the calalytic particles have been activated by exposure {0 the
laser light. Example 20 may include the method of Example 18, wherein exposing
the dielectric material and the catalytic particles {o laser light simultanecusly forms
a trench in the dieleciric material and seleclively depositing the copper includes
selactively depositing the copper layer in the trench. Example 21 may include the
method of Example 19, wherein the catalytic particles are metal crystals having a
polyhadral shape dispersed in the dielectric material and bonded with a ligand that
is ablated when exposed to the laser light such that the metal cryslals having the
ablated ligand are aclivated to provide the catalytic action for selectively
depositing the copper. Example 22 may include the method of Example 21,
wherein the melal crystals include pailadium (Pd), silver {Ag), gold (Au) or copper
(Cu). Example 23 may include the method of Exampie 18, wherein the calalytic
particies are a filler material including aluminum nitride (AIN), alumina (Al(Os),
strontium titanate (&SrTi0Qs), lead-titanium zirconate (PbTi..ZrQOs), silicon carbide
(SiC) or silver nilrale (AgNQGs;), where xis a value ranging from 0 io 1. Example

24 may include the method of any of Examples 19-23, further comprising forming
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a protective layer on the diglectric material prior 10 exposing the dielectric material
and the catalvlic particles to the laser light to inhibit deposition of copper on the
diglectric material when selectively depositing the copper.

Various embodiments may include any suitable combination of the above-
described embodiments including alternative {or) embodiments of embodiments
that are described in conjunciive form (and) above (s.g., the "and” may be
‘and/or”™). Furthermore, some embodiments may include one or more articles of
manufacture (2.g., non-transitory computer-readable media) having instructions,
stored therson, that when executed result in actions of any of the above-described
embodiments. Moreover, some embodiments may include apparatuses or
systems having any suitable means for carrying out the various operations of the
above-described embodiments.

The above description of illustrated implementations, including what is
described in the Abstrach, is not inlended to be exhaustive or to limit the
embodiments of the present disclosure to the precise forms disclosed. While
spacific implementations and examples are described hersin for illustrative
pUrposes, varous equivalent modifications are possible within the scope of the
present disclosure, as those skilied in the relevant art will recognize.

These modifications may be made 1o embodiments of the present
disclosure in light of the above detailed description. The terms used in the
following claims should not be conslrued fo limit various embodiments of the
present disclosure 1o the specific implementations disclosed in the spacification
and the claims. Rather, the scope is 10 be determined entirely by the following
claims, which are to be construed in accordance with established doctrines of

claim interpretation.
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Claims

What is claimed is:

1. An integrated circuit (IC) substrate comprising:
a dielectric material; and
metal crystals having a polyhedral shape dispersed in the dislectric
malerial and bonded with a ligand that is to ablate when exposed to laser light
such that the metal crystals having the ablated ligand are activated to provide a

catalyst for selective electrolass deposition of a metal.

2. The IC substrate of ¢laim 1, wherein the metal is copper, the IC
substrate further comprising:
a copper layer disposed on a surface of the dislectric material,
wherein at least one or more metal crystals having a polyhedral shape and
disposed at an interface between the dielectric material and the copper layer are

debonded from the ligand.

3. The IC substrate of claim 2, wherein the copper layer is disposed in

a trench formed in the dislectric material.

4. The IC substrate of claim 3, further comprising a protective layer
disposed on the dislectric material to prevent electroless deposition of copper on
the dielectric material when depositing the copper layer.

5. The IC substrate of any of claims 1-4, wherein the dielectric material

COMprises an epoxy resin.

8. The IC substrate of any of claims 1-4, wherein the metal crystals

include pailadium (Pd), silver {Ag), gold {Au)} or copper (Cu).

7. The IC substrate of claim 1, whersin the metal crystals have a

thickness ranging from 5 nanometers {nm) to 100 nm.
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8. The IC substrate of any of claims 1-4, wherein the polyhedral shape

includes a cubic or octahedral shaps,

9. The IC substrate of any of claims 1-4, wherein the ligand is a small

molecule or polymer.

10.  The IC substrate of any of claims 1-4, wherein:

the dielectric material is part of g first diglectric layer disposed on a
second dielectric layer;

the second dielectric layer has a same polymer composition as the
first dielectric layer;

the second dielectric laver includes metal interconnect structures
embedded in the second dielectric layer;

the second diglectric layer does not include the melal orystals; and

the second dielectric layer includes a filler having a greater average

size than the metal crystals.

1. Anintegrated circuit (IC) substrate comprising:
a diglectric material; and
a filler material dispersed in the dielectric matarial, whersin the filler
malerial is to aclivale as a catalyst for seleclive slectroless deposilion of a metal

when the filler material is exposed o laser light.

12. The IC substrate of claim 11, wherein the metal is coppesr, the IC
substrate further comprising:
& copper layer disposed on a surface of the dislectric material,
wherein at least some of the filler material disposed at an interface between the
dielectric material and the copper layer has been activated as a catalyst for

selactive electroless deposition of copper.

13.  The IC substrate of claim 12, wherein the copper layer is disposed in

a trench formed in the dielectric material.
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14, The IC substrate of claim 13, further comprising a protective layer
disposed on the dislectric material o prevent electroless deposition of copper on

the dielectric material when depaositing the copper layer.

15. The IC substrate of any of claims 11-14, wherein the dielectric

material comprises an epoxy resin.

16.  The IC substrate of any of claims 11-14, wherein the filler material
includes aluminum nifride (AIN), alumina (AlOs), strontium titanate (5rTi0;), lead-
titanium zirconate (PbTi..Zn(a), silicon carbide (SIC) or silver nitrate (AgNQ3),

where x is a value ranging from 0 to 1.

17.  The IC substrate of any of claims 11-14, wherein the filler material

has a thickness ranging from 2 nanometers (nm) to 2 microns.

18. The IC substrate of any of claims 11-14, wherein:

the dielectric material is part of a first dielectric layer disposed on a
second dielectric layer;

the second dielectric layer has a same polymer composition as the
first dielectric layer;

the second digleclric layer includes metal interconnect structures
embedded in the second dislectric layer;

the second dislectric layer does not include the filler material; and

the second dielectric layer includes a filler having a greater average

size than the filler material.

19. A method comprising:
providing a substrate including a dielectric malerial and having
catalytic particles dispersed in the dislectric material;
exposing the dielectric material and the catalylic particles {o laser
light to activate catalytic action of the catalytic pariicles; and
selectively depositing copper by an eleclroless process that uses the

catalytic action of the catalytic particies, wherein the copper is seleclively
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deposited on areas of the substrate to form a copper layer where the catalytic

particles have been activated by exposure 1o the laser light.

20.  The method of claim 19, wherein:
exposing the dielectric material and the catalytic particles to laser
light simultaneously forms a rench in the dielectric material; and
selectively depositing the copper includes selectively deposiling the

copper layer in the french.

21, The method of claim 18, wherein the catalytic particles are metal
crystals having a polyhedral shape dispersed in the dielectric material and bonded
with & ligand that is ablated when exposed o the laser light such that the metal
crystals having the ablated ligand are activated {o provide the catalytic action for

selectively depositing the copper.

22.  The method of claim 21, wherein the metal crystals include

palladium {Pd}, silver {(Ag), gold (Au) or copper (Cu).

23, The method of claim 18, wherein the catalytic particles are a filler
material including aluminum nitride (AN}, alumina (AlL03), strontium titanate
(SrTiQs), lead-titanium zirconate (PbTi,An4), silicon carbide (SiC) or silver

nitrate (AgNGs;), where x is a value ranging from 0 to 1.

24.  The method of any of claims 18-23, further comprising:
forming a proteclive laver on the dislectric material prior lo exposing
the dielectric material and the catalytic particles to the laser light to inhibit
deposition of copper on the dislectric material when selectively depaositing the

copper.
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