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MULTILAYER COATINGS ON SUBSTRATES

BACKGROUND
{00017  Coalings for decorative and functional purposes are commonly used {o
modify substrate surfaces. Two modern methods for producing coatings include
alectrophorstic deposition and physical vapor deposition. These processes are capable
of producing relatively thin coatings that may have desirable properties. Physical vapor
deposition, in paricuiar, can be used {o create metallic coalings with high luster and
strong wear characteristics. These characteristics may be imporlant in various
application, including for proteciive and funclional surfaces in electronic devices and

computing hardware.

Brier DESCRIPTION OF THE DRAWINGS

[0002]  The following detailed description references the drawings, wherein:

[0003] FIG. 1A s 3 flowchart of an example method for depositing a mullilayer

coating on a substrate;

[0004] FIG. 1B is a flowchart of an example method for depositing a multilayer
coating on a subsirate including pretreatling the subsirate and depositing a funclional

coating;

[0005]  FIG. 2 is a cross-section diagram of an example multilayer coaling deposited

on a subsirale;

[0008] FIG. 3 is a block diagram of an example compuling device having a casing

with a muitifayer coating deposited on the substrale of the casing;

DETAILED DESCRIPTION
[0007]  Thin films and coatings are becoming increasingly significant in various
industries, including applications in  microelectronics, optics, nano-technology,
magnetics, eleciro-optics, and electrochemisiry. Coating processes and technologies

allow for the manipulation of physical properties of materials by altering the surface
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properties of the materials. In particular, physical vapor deposition (PVD) is a well-

known process for providing thin metallic coatings with high luster and superior wear.

[00081 However, the properties of some PVD coalings may be affected by the
characteristics of the substrate onto which the PVD coaling is applied. Generally,
because PVD coatings are thin, they are influenced by undesirable surface properties
of the substrate. For exampie, a PVD coating applied to a rough surface with high
porosity may appear dull because the PVD coating conforms o the surface on which it
is applied. Additionally, cerlain substrates, such as some magnesium alloys, have
highly reactive surfaces that tend to be oxidized. For these reasons, effort has been
spent to develop methods for preparing surfaces 1o be beller suiied for PVD and other
coating methods. Some examples include painting methods and plating methods.
However, substrate preparation processes are offen time consuming and expensive

and may not be suitable for many applications.

{00081 Examples disclosed herein provide for depositing multilayer coatlings on
subsirales. In example implementations, a first laver of a first malerial is
slecirophoretically deposited (ED) on the surface of the substrale. A second layer of a
second material, which fypically provides the desired characteristics of the coating, is
deposited on the first layer by PVD. A third layer of a third material is then
electrophoretically deposited on the second layer. The first layer may level the surface
of the substrate and provide a surface betler suited for PVD lavers. In this manner,
preparing the substrate by first electrophorstically depositing a first layer may allow
PVD lavers io be effectively deposited on the exterior of subsirates, including
substrates that traditionally perform poorly for PVD, Additionally, a third ED layer may
profect the PVD layer and provide an additional surface for further layers, such as

function coatings.

[00101  Referring now to the drawings, FIG. 1A depicts a flowchart of an example
method 100 for depositing a multilayer coating on a substrate, which may include block
110 for providing a substrate with an electrically conducting surface, block 115 for
slecirophoretically deposiling a first layer on the slectrically conduching surface of the
substrate, block 120 for depositing a second layer on the first layer using PVD, and

block 130 for electrophoretically depositing a third layer on the second layer.
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{00111 Method 100 may begin in biock 105 and proceed o block 110, where a
substirate with an electrically conducting surface may be provided. A substrate may be
a material on which method 100 and example processes described herein are
conducted. Various substrates with electrically conducting surfaces may be suitable for
use in conjunction with method 100. For example, the subsirate may be a metal or
metal alloy. In such exampies, the subsirate may be inherently conductive and no
further processing of the substrale may be required before moving to block 1156, In
some examples, the substrate may have an alloy of aluminum, magnesium, lithium,
zing, titanium, nicbium, nickel, chromium, copper, or combinations thereof, Some
substrates may contain metais that are highly reactive, such as alloys that tend fo be
oxidized or reducsd when exposed 1o the aimosphere. In example implementations,
magnesiumdithium {(Mg-Li) alloys are used as the substrale for implementation of

methods described herein.

{00121 In some other examples, the subsirate may include a malerial that is
inherently nonconductive. For example, the substrate may be a composite material
having a nonconductive material and a conducling material forming the surface. Typical
composite malerials may have a polymer core and metal surfaces. The substrale may
contain multiple layers, where some layers may confain conducting materiais such as
metal alloys and where some layers may contain non-conducting materials such as
polvimers, fibers, or hybrid materiais. In other instances, the substrale may not contain
any inherently conducting materials. In such instances, the subsirate may be
pratreated, which is described in detail in relation to block 165 of method 150 shown in
FIG. 1B.

[0013]  After providing a substrate, method 100 may proceed fo block 115, where a
first layer of a first material is electrophoretically deposited on at least a portion of the
electrically conducting surface of the substrate provided in block 110. Electrophoretic
deposition is an industrial process where colioidal particles suspended in a liquid
medium migrate under the influence of an electric field and are deposited onto a
conducting surface immersed in the medium, such as the elechically conducting
surface of the subsirate. Various ED processes may be used for the exacution of block
115, including electrocoaling, e-coating, cathodic eleclroposition, and  anodic
slecirodeposition. ED may be a relatively quick process that produces coatings of

uniform thickness.
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[0014]  Suitable first materiais for the first layer may include a variety of malerials,
depending on the application. For example, the first material may have at least one of
metal, a polymer, a ceramic, and pigments and dies. In some implementations, a
thermoplastic polymer may be used. Examples polymers for the first material include
acrylics, polyurethanes, epoxies, and combinations thereof. A polymeric material as the
first laver provides leveling properties along with the abilily to control thickness, which
may eliminate or reduce the need for abrasive buffing or other treatments. In one
example, block 115 may involve providing a bath cell containing a colleidal suspension
of an acrvlic material, immersing a portion of the subsirate infe the bath o expose
desired paris of the electrically conducting surface of the substrate io the suspension,
and providing an electric charge to the bath cell. The subsirate, when immersed in the
suspension under charge, may serve as an anode or cathode, atfraciing the
suspended materials. The thickness of the resulling coating on the substrate may vary
depending upon the charge, the length of time during which the subsirate is immersed,
the type of material used in the suspension, and other factors. Furthermore, in some
examples, the first layer may be polymerized after coating the electrically conducting

surface of the subsirats.

(00151 Deposition of the first layer may provide beneficial sffects 1o the slectrically
conducting surface of the subsirate. In implemeniations where the subsirate surface is
reactive, the first layer may stabilize the reactive surface. A first layer with a polymeric
material may be particularly effective in stabilizing metallic surfaces that tend o be
oxidized or reduced by shielding the surface from exposure to the environment
Alternatively or in addition, the subsirate may contain pores, cavilies, bumps, or other
surface imperfections. The first laver may fill porous cavities as well as mend other
imperfections, providing an even surface for the next staps of the processes described

herein.

[00167  In some examples, the first layer may be elecirophoretically deposited onfo a
portion of the electrically conducting surface of the substrate. in other examples, the
first laver may be deposiled onto entire surfaces of the substrate. Because the first
fayer may serve the dusl purpose of proteciing the substrate and providing a suitable
surface for PVD on fop of the first layer, the portion of the slecirically conducting
surface that may be coated by the first layer may depend on the intended application.

Because only the portions of the electrically conducling surface that is immersed in an
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electrophorstic cell will be coated during the ED process, the extent of deposition of the
first layer on the electrically conducting surface of the substrate may be effectively

controlled.

(00171  After electrophoretically depositing the first layer, method 100 may proceed
to block 120, where a second layer of a second material, which is electrically
conducting, is deposited on at least a portion of the first layer using physical vapor
deposition. PVD generally describes a vacuum deposition method used o deposit thin
fims by condensation of a vaporized form of a desired material onfo a target surface.
Various PVD processes may be used for the execution of block 120, including lon-
beam sputlering, reaclive sputlering, lon-assisted deposition, high-target-utilization
spuftering, high-power impulse magneiron spultering, gas flow sputlering, and

chemical vapor deposition.

[0018]  Suilable second materials for the sscond layer may include a variety of
materials, depending on the application. Because a third layer may be
electrophoretically deposited on top of the second layer, the second material may
generally be electrically conducting. Example suitable metallic materiale for the second
laver include fitanium, chromium, nickel, zing, zirconium, manganess, copper,
aluminum, tin, molybdenum, tanialum, tungsten, hafium, gold, vanadium, silver,
platinum, and alloy combinations thereof. Generally, the second layer provides many of
the desired physical properties for the multilayer coating. For example, the sscond
tayer may provide a metallic lusier appearance for the multilayer coating. In another
example, a specific second material may provide a desired resistivity to the multilayer

coating.

00191 In some examples, the second layer may be deposited onto a portion of the
first layer. In other examples, the second layer may be deposited onio the entirety of
the first layer. Because the second layer may serve the dual purpose of providing
desired physical appearance and properties and of providing a suilable surface for
electrophorstically depositing the third layer, the portion of the first laver that may be
coatad by the second laver may depend on the intended application. The extent of
deposition of the second layer on the first layer may be effectively conirolied by setling

appropriate parameters for the PVD process.
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{00207  Afer depositing the second layer, method 100 may proceed o block 125,
where a third layer of a third material is electrophoretically deposited on at least a
portion of the second layer. The third layer may provide additional benefits, particular to
the second layer, including enhancing corrosion resistance, improving chemical
resistance, adding color to the mullilayer costing, or funclioning as an electrical
insulator. The third layer may be deposited by the various ED processes described in
relation {o block 115 or other processes. Furthermore, the third malerial may be any
number of suitable mailerials, including metals, polymers, and ceramics. The third layer
may stabilize the surface of the second layer and may coat a part of or the entirety of

the second layer, depending on application and as controlled by the ED process.

(00211 After slscirophoretically depositing the third layer, method 100 may proceed
to block 130, where method 100 may stop. The multilaver coating provided by method
100 may provide advaniages fo the substrate. For example, corrosion and chemnical
resisiance may be improved. The addition of the first layer may also improve adhesion
of the second layer because metal coatings tend to form sirong adhesion with
polymeric coatings. Furthermore, a polymeric third layer may enhance the appearance
of the second layer, such as by increasing gloss, and may protect the second laverin a

similar manner as the first layer protects the subslirate,

(00227 FiG. 1B depicts a flowchart of an example methed 150 for depositing a
muitifayer coating on a subsirate including pretreating the subsirate and deposiiing a
functional coating, which may include block 160 for providing a substrate, block 165 for
prefreating a surface of the substrate, block 170 for electrophoretically depositing a first
layer on the pretrealed surface of the substrate, block 175 for deposiling a second layer
on the first layer using PVD, block 180 for electrophoretically depositing a third layer on

the second layer, and block 185 for depositing a functional coating on the third layer.

[00231 Method 150 may start in block 155 and procesd o block 160, where a
subsirate may be provided. As described in relation to block 110 of example method
100, the subsirate may have a variely of materials. For example, the subsirate may be
a metal or metal alloy. In some other examples, the substrate may include a malerial
that is inherently nonconductive. For example, the substrate may be a composite
material having a nonconductive material and a conducting material forming the

surface. Typical composite materials may have a polymer core and metal surfaces.
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The substrate may contain multiple layers, where some layers may confain conducting
materials such as metal alloys and where some layers may contain non-conducting
material such as polymers. In other instances, the subsirate may not coniain any

inherently conducting materials.

(00247  After providing the substrate, method 150 may procesd fo block 165, where
a surface of the substrate is pretreated. The surface of the substrate may be pretreated
for various purposes, including preparing the surface for the subsequent blocks of
method 150. For exampie, in instances where the subsirate provided in block 160 lacks
an elecirically conducting surface onio which a muitifayer coating is to be deposited, an
slecirically conducting material may be coated onto the surface of the substrate to
provide a surface for electrophoretically depositing the first laver. In other examples,
where the substrate has a metallic surface, a polishing or cleaning process may be
performed to finish the metallic surface prior {o procesding in method 150, In particular,
the subsirale may be cleaned o remove residues, oils, and other confaminants that

may affect adhesion and uniformity of the multilayer coating.

[00257  Afer prefreating the substrate, method 150 may proceed to blocks 170, 175,
and 180, where a first layer of a first material is slectrophoretically deposited on at lsast
a portion of the pretreated surface of the substrate, a second layer of a second
material, which is electrically conducting, is deposited on at least a portion of the first
layer using physical vapor deposition, and a third layer of a third material is
slecirophorstically deposited on at lsast a portion of the second layer. Various
processes and materials may be utilized in the execution of blocks 170, 175, and 180,
details of which are describad in relation o blocks 115, 120, and 125 of msthod 100,

respectively.

(00267  After slectrophoretically depositing the third layer, method 150 may proceed
to block 185, where a functional coaling is deposited on al least a portion of the third
fayer. A functional coating may be applied 1o influsnce the surface properties of the
multilayer coating, such as adhesion, wellabilily, corrosion resistance, wear resistance,
and touch. Specific examples may include antifingerprint, soft touch, anti-bacterial, or
anti-smudge coatings. Functional coatings may be particularly advantageous in

application involving exposure o physical or chemical contact. For example, soft touch
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may be widely applicable in mobile device applications. Functional coatings may be

deposited onto a portion or the entirety of the third laver, depending on the application.

[002717  FiG. 2 depicts a cross-section diagram of an example mullilayer coating 200,
which may include a substrate 210, a first laver 220 of a first material, a second layer
230 of a second material, a third layer 240 of a third material, and a functional coating
250, First laver 220 may be elscirophoretically deposited on substrate 210, sscond
fayer 230 may be deposited on first layer 220 using physical vapor deposition, and third
tayer 240 may be electrophoretically deposited on second layer 230. Although in this
example, multilaver coating 200 is described as manufaciured using example method
150 of FIG. 1B, it should be noled that other processes may be suitable for

manufacturing multilayer 200, including method 100 of FIG. 1A,

[0028] Substraie 210 may be a material onfo which multilayer coating 200 may be
applied. Substrate 210 may have an elecirically conducting surface, such as a metal or
metal alloy. Alternatively, an elecirically conducting surface may be provided onto
subsirale by pretreatment, such as described In relation t© block 168 of method 150. In
soma sxamples, substrate 210 may have a reaclive metal surface, such as one of a
magnesium alioy. In addition or in other examples, substrate 210 may contain surface
cavities, pits, pores, bumps, or other surface imperfections represented in FIG. 2 as
215, In some examples, the substrale may be a composite material having a
nonconductive material and a conducting material. Typical composite materials may
have a polymer core and metal surfaces. The subsirate may contain multiple layers,
where some layers may conlain conducting materials such as metal alloys and where
some layers may contain non-conducting material such as polymaers, fibers, or hybrid

materials.

[0029]  First layer 220 may contain a first material and may be eleclrophoretically
deposited on g portion or the entirely of the elecirically conducting surface of substrate
210, First layer 220 may be deposited using a variely of ED processes and may have a
variety of materials, including polymers such as acrylics, polyurethanes, and epoxies.
First laver 220 may provide a number of benefils {o subsirate 210, including providing a
level surface and stabilizing reactive surfaces. As shown in FIG. 2, first layer 220 may
also fill surface cavities 215 on substrate 210, resuiting in a smocther surface that may

be betler suiled for further coaling or have a beller appearancs.
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[0030]  Second layer 230 may confain a second material and may be deposited on a
portion or the entity of first layer 220. Second layer 230 may be deposited using a
variety of PVD processes. The second material may include a variety of materials,
depending on the appilication. Because third layer 240 may be slectrophoretically
deposited on top of second layer 230, the second material may generally be electrically
conducting. Example suilable metallic materials for the second layer include titanium,
chromium, nickel, zinc, zirconiurm, manganese, copper, aluminum, fin, molvbdanum,
tantaium, tungsten, hafnium, gold, vanadium, sitver, platinum, and alloy combinations
thereof. Generally, second layer 230 provides many of the desired physical properties

for the muitilayer coating.

[0031]  Third layer 240 may contain a third material and may be slectrophoretically
deposited on a portion or the entirety of second layer 230, Third lfayer 240 may be
deposited using a variety of ED processes and may have a variely of materials,
including polymers such as acrylics, polyurethanes, and epoxies. Third layer 240 may
provide addifional benefils, particular fo second layer 230, including enhancing
corrosion resistance, improving chemical resisiance, adding color fo multilayer coating
200, or functioning as an electrical insulator. Furthermore, third laver 240 may stabilize

the surface of the second layer.

(00327  Functional coating 250 may be deposited on a portion or the entirety of third
layer 240 and may influence the surface properties of multilayer coating 200. For
example, functional coating 250 may affect the adhesion, wettability, corrosion
resistance, wear resistance, and fouch of multilaver coating 200. Specific examples of
functional coating 250 may include anti-fingerprint, soft louch, anti-bacterial, or anti-
smudge coats. Functional coatings may be particularly advantageous in application
involving exposure to physical or chemical contaclt. For example, soft fouch may be

widely applicable in mobile device applications.

[0033]  FIG. 3 depicts a block diagram of an example compuiing device 300 having
a casing 330 with a multilayer coating deposited on the substrate 332 of the casing.
Computing device 300 may be, for example, a notebook or deskiop computer, a
maobile device such as a mobile phone or tablet, a local area network (LAN) server, a

web sarver, a cloud-hosted server, or any other slectronic devics that has a casing.
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in the implementation of FIG. 3, computing device 300 includes a processor 310 and

a display 320.

[0034]  Processor 310 may be oneg or more ceniral processing unils (CPUs),
semiconductor-based microprocessors, and/or other hardware devices suilable for
retrieval and exscution of instructions sfored in a memory device such as random
access merory, machine-readable siorage medium, or another form of computer dala
storage. Display 320 may be an elecironic visual display for presentation of computing
output, typically through a graphic user interface. For example, display 320 may be a
monitor for displaying the screen of a computer or mobile device. In some examples,
display 320 may have an input fealure in addition to oulput, such as in touchscreen

applications.

[0035]  Casing 330 may be a physical structure that may enclose components of 3
computing device. In some implementations, casing 300 may protect the interior
components of a device, such as a mobile phone, that is frequently exposed to contact.
In such instances, casing 300 may sometimes be referred to ask a cover, case, base,
or chassis. In some insiances, casing 330 may be in the interior of ancther cover or
casing. For example, a computing device with an exerior case may confain various

componenis that may themselves be prolected by a casing, such as casing 330.

[0038]  Casing 330 may include substrate 332, first layer 334, second layer 336, and
third layer 338. Substraie 332 may have a variety of malerials as described herein. In
mobile applications, size and weight of computing device 300 may need t© be
minimized. Certain light but reactive alloys, such as magnesium-lithium alloys are
desirable as casings for mobile devices. In such cases, an electrophorstically deposited
first layer 334 of a first material such as an acrylic polymer may stabilize the surface of
substrate 332. Second layer 336 of a second malerial may be deposited on first layer
334 using physical vapor deposiling. Second layer 336 may provide desired
characteristics, such as metallic luster. Third layer 338 of a third material may be
slecirophorstically deposited on second layer 336 o protect second layer 336, provide
an exterior appearance, and/or modify the surface properties of mullifaver coating 330.
Furthermore, in some examples, a functional coating may be applied on top of third

layer 338 to turther modify the surface of mullilaver coating 300,
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CLAIMS
What is claimed is:
1. A method of manufacturing a multilayer coating, comprising:

providing a subsirate with an electrically conducting surface;

elecirophoretically depositing a first layer of a first material on at least 3
portion of the electrically conducting surface of the subsirate;

deposiling, using physical vapor deposition, & second layer of a second
material on al least a portion of the first layer, wherein the second material is
slectrically conducting; and

electrophoretically depositing a third layer of a third material on at lgast a

portion of the second layer.

2. The method of claim 1, wherein the elscirically conducting surface comprises

a meial alloy.

3. The method of claim 2, wherein the eleclrically conducting surface of the
subsirate comprises a reactive metal and whersin electrophoretically depositing the

first layer stabilizes the reactive metal.

4, The method of claim 2, wherein the subsirate comprises an alloy of at least

one of aluminum, magnesium, lithium, zing, titanium, niobium, and copper.

5. The method of claim 1, wherein elecirophoretically depositing the first layer

fills porous cavities on the surface of the substrate.

8. The method of claim 1, wherein the first material and the third material each

comprises al least one of a metal, a polymer, a ceramic, pigments, and dyes.

7. The method of claim 1, wherein depositing the second layer is performed
using at least ons of ion-beamn spullering, reactive sputtering, lon-assisied

deposition, high-target-utilization sputtering, high-power impulse magneiron
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sputiering, gas flow sputtering, and chemical vapor deposition.

8. The method of claim 1, whersin the subslrate comprises a composite, the

compaosite comprising a metal and a polymer.

8. The method of claim 1, further comprising pretrealing the surface of the

substraie,

10, The method of claim 1, further comprising depositing a functional coating on

at least a portion of the third laver.

1. A coated substrate, comprising:

a first layer of a first material electrophoretically deposited on a metallic
surface of a subsirats;

a second layer of a second malerial deposited, using physical vapor
deposition, on at least a portion of the first layer, wherein the second material is
electrically conducting;

a third laver of a third malerial electrophoretically deposited on at least a
portion of the second layer; and

a functional coating deposited on at least a portion of the third fayer.

12. The coated surface of claim 11, wherein the meiallic surface of the subsirate
is reactive, and wherein the metallic surface is siabilized by the first layer

slectrophoretically deposited on the metailic surface.
13. The coaled surface of claim 11, whersin the metallic surface of the substrals
comprises porous cavities that are filled by the first layer electrophorefically

deposited on the melallic surface.

14.  The coated surface of claim 11, wherein the metallic surface of the substrate

comprises a magnesium atloy.

15. A computing device, comprising:
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a processor;

a display; and

a casing that comprises a substrale with a metallic surface, a first layer of a
first material electrophoretically deposited on the metallic surface, a second layer of
a second material that is electrically conducting deposited on the first layer using

physical vapor deposition, and a third layer of a third material elecirophoretically
deposited on the second laver.
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