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Title: COVERS FOR ELECTRONIC DEVICES
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FIG. 4

(57) Abstract: The present disclosure is drawn to covers for electronic devices,
methods of making the covers, and electronic devices. In one example, a cov-
er for an 10 electronic device comprising: a metal cover substrate; a micro-arc
oxidation layer or a non-transparent passivation treatment layer on a surface of
the metal cover substrate; an outmold decoration layer on the micro-arc oxida-
tion layer or the non-transparent passivation treatment layer; a chamfered edge
including a chamfer at an edge of the metal cover substrate, wherein the chamfer
cuts 15 through the micro-arc oxidation layer or the non-transparent passivation
treatment layer and the outmold decoration layer to expose the metal cover sub-
strate at the chamfered edge; a transparent passivation layer on the chamfered
edge where the metal cover substrate is exposed; and a protective coating on the
transparent passivation layer.
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5 COVERS FOR ELECTRONIC DEVICES
BACKGROUND
U [0001] The use of personal elecironic devices ¢of all types continues {o

increase. Cellular phones, including smartphones, have become nearly
ubiguitous. Tablet computers have also become widely used in recent vears,
Portable laptop computers continue {o be used by many for personal,
entertainment, and business purposes. For portable slectronic devices in

15 particular, much effort has been expended to make these devices more useful
and more powerful while at the same {ime making the devices smaller, lighter,
and maore durable, The gesthelic design of personal slectronic devices is also of
concern in this competitive market.

BRIEF DESCRIPTION OF THE DRAWING

[OO02IFIG. 1 is 8 cross-sectional view llusirating an example cover for

an electronic device in accordance with examples of the present disclosure;

T
e

[OBO3IFIG. 2 is a cross-sectional view iflustrating another example cover
for an electronic device in accordance with examples of the present disclosure,;

[0004]FIG. 3 is a flowchart Hlustrating an example method of making a
cover for an electronic device in accordance with examples of the present
disclosure; and
36 [00O5]FIG. 4 is a flowchart ilustrating another example method of
making a cover for an electronic device in accordance with examples of the
present disclosure.
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DETAILED DESCRIPTION

[0D08] The present disclosure is drawn {0 covers for electronic devices,

Yo

mathods of making the covers, and electronic devices.
{60071 In some examples, described herein is a cover for an electionic
device comprsing: & metal cover subsirate; a micro-are oxidation laysr or a non-
transparent passivation treatment layer on a surface of the metal cover
substrate; an outmold decoration fayer on the micro-are oxidation layer or the
10 non-transpareni passivation treatment layer; a chamfered edge including a
chamfer at an edge of the metal cover substrate, wherein the chamier cuts
through the micro-arc oxidation layer or the non-transparent passivation
treatment layer and the outmold decoration fayer {0 expose the metal cover
subsirate at the chamfered edge; a transparent passivation layer on the

15 chamfered edge where the metal cover substrate is exposed; and a protective
coating on the transparent passivation layer.

[D008] In some examples, the metal cover subsirate comprises
aluminum, magnesium, lithium, ttanium, zing, nioblum, stainless steel, or an
alioy thereof.

20 [0003] In some examples, the micro-arc oxidation layer is formed by
plasma slecirolytic oxidation of the surface of the metal cover subsirate.

{0010} In some examples, the non-transparent passivation treatment
layer having a thickness of from about 1 {o about 5 gm, and the non-transparent
passivation treatment layer comprises molybdates, vanadates, phosphates,
chromates, stannates, manganese salts, or combinations thereof.

T
e

[0011}in some examples, the protective coating is a paint coating
comprising a colorant and a polymeric binder.
[0012] In some examples, the proteclive coating is an electrophorstic
depaosition coating comprising a polymer binder, a pigment, and a dispersant.
36 [0013}In some examples, the transparent passivation layer comprises a
chelating agent and a metal ion, a chelated melal complex of the chelating
agent and the metal ion, an oxide of the metal fon, or a combination thereof,
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whergin the metal jonis an aluminum ion, an indium lon, a nickel ion, a
chromium ion, a tin lon, or 8 zing ion.

[0014] In some sxamples, the oulmold decoration layer comprises
polyester, polyvinyl chioride, polyacrylic, polyurethane, silicone rubber, or
combinations thereof.

Vo

[0018] In some examples, disclosed herain is an slectronic davice
comprising the cover described above.
[0016}In some examples, described herein {8 a cover for an electronic
device comprising: a metal cover substrate; a micro-arc oxidation layer or a non-
10 transparent passivation treatment layer on a surface of the metal cover
substrate; a primer coating layer on the micro-arc oxidation layer or an the non-
transparent passivation treatment layer, an outmeld decoration layer on the
primer coating laver; a chamfered edge including a chamfer at an edge of the
metal cover subsirate, wherein the chamfer cuts through the micro-arc oxidation
15 layer or the non-fransparent passivation treatment layer, the primer coating
layer, and the cutmold decoration layer 10 expose the metal cover subsirate at
the chamfered edge; a transparent passivation igyer on the chamfered edge
where the metal cover substirate is exposed; and a protective coating on the
{ransparent passivation layer.
20 [00171In some examples, described herain is an slechronic device
comprising: an electronic component; and the cover described above.
[0018}In some examples, the electronic device is & fapiop, tablet
computer, smartphone, an e-reader, or a music plaver.

[0019]In soms examples, the chamfered edge is located at an edge of a

T
e

touchpad, an edge of a ingemrint scanner, an outer edge of the cover, an edge
of a sidewsll, or an edge of a logo.

[0020] In some examples, the cover comprises multiple chamfered edges
with muitiple protective coatings at different chamfered edges.

[0021}in some examples, described hereain is a method of making a
i cover for an electronic device comprising: forming a micro-arc oxidation laver or
a non-transparent passivation treatment layer on a swrface of a metal cover
substrate; applying an outmold decoration {ayer on the micro-arc oxidation layer
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or an the non-transparent passivation treatment layer; forming a chamfered
adge at an edge of the metal cover subsirate by the chamfer cutting through the
micro-arc oxidation layer or the non-transparent passivation treatment layer and
the cutmold decoration layer to expose the metal cover substrate at the

s chamfered edge; forming a transparent passivation layer on the chamfered
edge where the melal cover substrale s exposed; and applying & protective
coating on the transparent passivation layer.

[0022] iIn some examples, the metal cover substrate comprises
aluminum, magnesium, lithium, titanium, zinc, niobium, stainless steel, oran
10 alloy thersof,

Covers for Elecironic Devices
[0023] The present disclosure describes covers for electronic devices that
15 can be strong and lightweight and have a decorative appearance. in some
cases, light metal materials can be used to make covers for electronic devices,
Generally, light metals can include aluminum, magnesium, fitanium, lithium,
robium, zing, and alloys thersol, Covers can also be made fram stainless steel
in some cases. These malerials can have useful properties, such as low
20 weight, high strength, and an appealing appearance. However, some of these
metals can be easily oxidized at the surface, and may be vulnerable fo corrosion
ot othet chemical reactions al the surface. For exaraple, magnesium or
magnesium alloys in particular can be used to form covers for electronic devices

because of the low weight and high strength of magnesium. Magnesium can

T
e

have g somewhat porous surface that can be vulnerabie {0 chemical reactions
and corrosion at the surface. In some examples, magnesium or magnesium
alloy can be treated by micro-arc oxidation 1o form a layer of protective oxide at
the surface. This protective oxide layer can increase the chemical resistance,
hardness, and durability of the magnesium or magnesium alloy. However,

i micro-are oxidation can also create a dull appearance instead of the original
fuster of the metal.
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[0024] The present disclosure describes covers Tor eleclronic devices that
can utilize the above metals for thelr favorable properties and at the same time
the metals can be protected from corrosion. Furthermore, the covers can have
an attractive appearance. in some cases, it can be desirable to chamfer cerlain

Vo

edges of the cover for ergonomics and/or to enhance the appearance of the
caver. Some examples of edges that may be chamferad can include an edge
surrounding a track pad on a lap top, an edge swirounding a fingerprint scanner,
an outer edge of a smariphone housing, and so on.
[0025]FIG. 1 shows an exampie cover 100 for an electronic device. The
10 cover 100 comprises a metal cover substrate 102; a micro-arc oxidation layer or
a non-transparent passivation treatment layer 106 on a surface of the metal
cover substrate 102; an outmold decoration fayver 104 on the micro-arc oxidation
layer or the non-transparent passivation reatment layer 108; a chamfered edge
including a chamfer at an edge of the metal cover substrate, wherein the
15 chamfer cuts through the micro-arc oxidation layer or the non-transparent
passivation treatment layer and the ouimold decoration layer 10 expose the
metal cover substrate at the chamfered edge; a transparent passivation layer
108 on the chamfered edge where the metal cover substrate {s exposed,; and &
protective coating 110 on the transparent passivation layer.
20 [0028]F1G. 2 shows an example cover 200 for an electronic device. The
cover 200 comprises a metal cover substrate 102, a micro-arc oxidation layer or
a non-tranaparent passivation treatment layer 106 on a surface of the metal
cover substrate; a primer cogling layer 112 on the micro-are oxidation layer or

on the non-transparent passivation treatment layer; an outmold decoration layer

T
e

104 onthe primercoaling layer, g chamiered edge including & chamifer at an
edge of the metal cover substrate, wherein the chamfer cuts through the micro-
arc oxidation layer or the non-transparent passivation treatment layer, the
primer coating layer, and the outmold decoration layer {0 expose the metal
cover substrate at the chamfered edge; a transparent passivation fayer 108 on
s the chamfered edge where the metal cover substrafe is exposed; and a
protective coating 110 on the transparent passivation layey.
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[00271As shown in FIGS. 1 and 2, in these examples edges of the covers
are chamfered by cufting away material along a 80° angled edge at 3 45° angle
$¢ that the 80" edge is replaced by a sloped surface at 45°. Accordingly, as
ugsed hersin, “chamfer” refers to the action of culting away an edge where two

Vo

faces meet to form a sloping face transitioning between the two original faces.
in some cases, the term “chamfered edge” can refer to the entire transition area
hetween the original faces that metal at the edge before chamfering together
with the sioped face craated by the chamfering. In other cases, the term
“‘chamfered edge” may refer specifically to the sloped face created by the
10 chamfering. In many cases, the oniginal edge ¢an be a 90° angle edge. and the
chamfer can create a sloping face at a 45° angle. However, in some examples
the original edge can have a different angle and the chamfer can create a
stoping surface with a different angle. In further examples, chamfering can be
performed using a milling machine with a culting bit oriented to cut away the
15 edge and create the sloped surface of the chamfered edge. In other examples,
the chamier can be performed by laser cutting, water jet cutling, sanding, or any
other suitable method.
[0028] Depending on the shape and design of a cover for an electronic
device, the cover may have many different edges. Any of these edges canbe
20 chamfered depending on the desired final appearance of the cover. Mors
particudarly, in some examples the metal cover substrate (including either the
entire substrate, a portion of the substrate, or mulliples portiong of the substrate)
can be coated with a transparent passivation layer and/or a protective coating.

Then any edge or multiple edges can be chamfered such that the chamfer cuts

T
e

through the transparent passivation layer andior the protective cosating and
exposes the metal cover substrate. In some examples, the chamfered edges
can be freated with a passivation treatment to form a transparent passivation
layer at the exposed metal cover subsirate.

[0029] As used herein, “cover” refers {0 the exterior shell of an slectronic
30 device. in other words, the cover containg the intemal slectronic components of
the electronic device. The cover is an integral par of the electronic device. The
term “cover” is not meant to refer to the type of removable protective cases that
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are often purchased separately for an electronic device {especially smariphones
and tablels) and placed around the exierior of the electronic device. Covers as
described herein can be used on a vanely of electronic devices. Forexample,
{aptop computers, smariphones, tablet computers, and other electronic devices

Vo

can include the covers described herein. In various examples, the metal cover

substrates for these covers can be formed by molding, casting, machining,

hending, working, stamping, or ancther process. In one example, a metal cover

substrate can be milled from a single block of metal. in other examples, the

cover can be made from multiple panels. For exampie, laptop covers

10 sometimes include four separate cover pieces forming the compiete cover of the
{aptop. The four separate pieces of the lapiop cover are often designated as
cover A {(back cover of the monitor portion of the laptop), cover B {front cover of
the monitor portion), sover © {{op cover of the keyboard portion) and cover D
{bottom cover of the keyboard portion). Covers can also be made for

15 smartphones and tablet computers with a single metal piece or multiple metal
panels.

[D030] As used hersin, a layer that is referred {0 as being “on” a lowsr
tayer can be directly applied to the lower layer, or an inlervening layer or
mudtiple intervening lavers can be located between the layer and the lower layer.

20 Generally, the covers described herein can include a metal cover substrate and
a micro-arc oxidation layer or a non-transparent passivation reatment layeron a
surface of the'mslal cover substrate. Accordingly, a laver thatis “on” a lowsr
tayer can be located further from the metal cover substrate. However, in some

examples there may be other intervening layers such as a pomer coating layer

T
e

underneath the micrg-are oxidation laver or the non-transparent passivation
treatment layer. Thus, g “higher” laver applied “on” a Slower” layer may be
located farther from the metal cover substrale and closer {0 a viewsr viewing the
cover from the outside.

[0031] !t is noted that when discussing covers for electronic devices, the
36 electronic devices themselves, or methods of making covers for slechronic
devices, such discussions can be considered applicable 1o one ancther whether
or not they are explicitly discussed in the context of that example. Thus, for
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example, when discussing the metals used in the metal cover substrate in the
context of one of the example covers, such disclosure is also relevant to and
directly supported in the context of the slectronic devices andfor methods, and
vice versa. It is also undersiood that terms used herein will take on their

s ordinary meaning in the relevant technical fisld unless specified otherwise. In
some nstances, there are terms definsd more specifically throughout or
included at the end of the present disclosure, and thus, these terms are
supplementead as having a meaning described herein.

10

Electronic Devices

[0032] A variety of electronic devices can be made with the covers
described herein, in various examples, such slechronic devices can include
various eleclronic components enclosed by the cover. As used herein,

15 “encloses” or "enclosed” when used with respect fo the covers enclosing
glectronic components can include covers completely enclosing the slectronic
compansnts or partially enclosing the slectronic componenis. Many electronic
devices include openings for charging ports, inputioutput ports, headphone
ports, and soon. Accordingly, in some examples the cover can include

0 openings for these purposes. Certain electronic components may be designed
to be exposed through an opening in the cover, such as display screens,
kevboard keys, buttons, frack pads, fingerprint scanners, cameras, and so on.
Accardingly, the covers described herein can include openings for these

compaonents. Other elsctronic components may be designed 1o be complelely

T
e

snclosed, such as motherboards, balleries, simycards, wireless transcelvers,
memaory storage drives, and so on. Additionally, in some examples a cover can
he made up of two or more cover sections, and the cover sections can be
assembled together with the electronic components to enclose the electronic
components. As used herein, the term “cover” can refer {0 an individual cover
i section or panel, or collectively to the cover sections or paneis that can be
assembled together with electronic components {0 make the complete electronic
device.
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{00331 in some examples, the electronic devices can be personal
computers, laptops, tablet computers, e-readers, music players, smariphones,
mouse, keyboards, or g variely of other types of electronic devices. In certain
axamples, the chamfered edge or edges can be localed in decorative focations

Vo

on the cover. Some examples include chamfered edges around track pads,
around fingerprint scanners, at outer edges of the cover, at anedge of a

sidewall, at an edge of a logo, and so on.

{0 Methods of Making Covers for Electronic Devices
{0034} In some examples, the covers described herein can be made by
first forming the metal cover substrate. This can be accomplished using a
variety of processes, including molding, forging, casting, machining, stamping,
bending, working, and so on. The metal cover substrate can be made from a
15 variety of metals. In certain examples, the metal cover subsirate can include
aluminum, magnesium, lithium, titanium, zinc, niobium, stainless steel, or an
alloy thersof, As mentioned above, in some examples the metlal cover substrate
can be g single pisce while in other examples the metal cover subslrate can
include multiple pieces that each make up a portion of the cover. Additionally, in
20 some examples the metal cover subsirate can be a composite made up of
multiple metals combined, such as having layers of multiple different melals or
paneis or other portions of the medal cover subsirale being different metals.
[0035] A micro-are oxidation laver or a non-transparent passivation

ireatment layer can be applied io any surface of the metal cover substrate,

T
e

including fully or partigily covering g single surface, fully or partially covering
mutltiple surfaces, or fully or partially covering the metal cover substrate as a
whole. The micro-arc oxidation layer or the non-transparent passivation
treatment {ayer can be applied by any suitable application method.

[00386] In some examples, an optional primer coating layer can be applied
i on the micro-are oxidation layer or on the non-transparent passivation freatment
fayer. An outmold decoration layer can be applied on the optional primer
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coating layer or an the micro-arc oxidation layer or the non-transparent
passivation treatment layer.

cover substrate coated with the above-described lavers. {n various examples,

Vo

chamfered edges can be formed at any edge or combination of edges on the
caver. The chamfered edge can vary in depth. The term "depth” of chamfered
adges refers {o the amount of the edge that is cut away by the chamfering
process. The depth of the chamfer can be stated in terms of the distance from
the original edge of the cover to the edge of the sloped surface created by the
10 chamfering. In various examples, the chamier can be from about 0.1 mm {o
about 1 cm deep. in other examples, the chamfer can be from about 0.2 mm {o
about 5 mm deep. As stated above, in some examples the chamfer can be
symmetrical so that the same amount of materal is removed on both faces of
the cover that mest al the chamfered edge. In a symmetrical chamfering of a
13 90° edge, the new sloped surface created by the chamfering is at a 45° angle
with respect to the original faces of the cover. However, in other examples, the
chamfer can be gsymmetrical g0 that the angle of the sloped surface is different
with respect to each of the original faces of the cover. The examples of the
depth of the chamfer described above can refer to either side of the chamfer in
20 the case of an agsymmetrical chamfer.
that can remaove material at the edge of the cover and produce a sloped surface
in place of the original edge. In some exampies, the chamfer can be formed

using & CNC machine such as a miling machine, a rouler, a laser cutler, 8

T
e

waler jel cutter, a sander, a file, or other methods.

[0038] A fransparent passivation can be formed on the exposed metal
cover substraie after chamfering the edge. In some examples, this can be
accomplished using a passivation {reatment. Some passivation freatments may
include immersing the cover in a passivation treatment bath, so that all surfaces
s of the cover are contacied by reagents for the passivation treatment. However,
in some examples the passivation treatment may affect the exposed metal
cover substrate while having no effect on the surfaces that are coated with the
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protective coating. Transparent passivation trealmenis can include treatments
involving a chelating agent and a metal ion or a chelated metal complex, as
described in more detail below. In some examples, a protective coating can be
applied on the transparent passivation layer.

Vo

[004Q1FIG. 3 is a flowchart iHlustrating an example method 300 of making
a cover for an electronic device. The method comprises forming a micro-are
oxidation layer or a non-transparent passivation treatment layer on a swiface of
a metal cover substrate (310); applying an outmold decoration layer on the
micro-arc oxidation layer or on the non-transparent passivation freatment layer
10 (320); forming a chamfered edge at an edge of the metal cover substrate by the
chamfer cutling through the micro-arc oxidation layer or the non-transparent
passivation treatment layer and the oulmold decoration layer {o expose the
metal cover substrale at the chamfered edge (330); forming a transparent
passivation layer on the chamfered edge where the metal cover subsirate is
15 exposed (340); and applying a protective coating on the transparent passivation
layer {350).
[D04TIFIG. 4 is a flowchar illustrating an example method 400 of making
a cover for an electronic device. The methad comprises forming 8 micro-are
oxidation layer or a non-ransparent passivation treatment layer on a surface of
20 ametal cover substrate {410); applving a primer coating layer on the micro-arc
axidation layer or on the non-fransparent passivation treatment layer {(420);
applying an cutmold decoration layer on the primer coatling layer (430); forming
g chamfered edge at an edge of the metal cover substrate by the chamfer

cutling through the micro-arc oxidation layer or the non-transparent passivation

T
e

freatment layer, the primer cogting laver, and the outmold decorghion laver. (o
expose the metal cover substrate at the chamfered edge (440); forming a
transparent passivation laver on the chamfered edge where the metal cover
substrate is exposed (450); applying a protective coating on the ransparent
passivation layer (460}

3t
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Metal Cover Subsirate

[0042] In some examples, the metal cover substrate comprises
aluminum, magnesium, lithium, itanium, zinc, niobium, stainless steel, or an
alloy thersof,

5 [0043] The metal cover substrate can be made from a single metal, a
metallic alloy, a combination of sections mads from mulliple mstalz, ora
cambination of metal and other materials. In some examples, the metal cover
substrate can include a light metal, i certain examples, the metal cover
substrate can include aluminum, magnesium, lithium, fitanium, zinc, niobium,

10 stainless steel, or an alioy thereof. in further particular exampies, the metal
cover substrate can include atuminum, an aluminum alloy, magnesium, or a
magnesium alloy. Non-limiting examples of elements that can be included in
aluminum or magnesium alloys can include aluminum, magnesium, titanium,
lithium, niobium, zinc, bismuth, copper, cadmium, iron, thorium, strontium,

13 zirconium, manganese, nickel, lead, silver, chromium, silicon, tin, gadolinium,
yitrium, calcium, antimony, cerium, lanthanum, or others,

[0044] In some examples, the metal cover subsirate can include an
aluminum magnesium alloys made up of about 0.5% to about 13% magnesium
by weight and 87% to 88.5% aluminum by weight. Examples of specific

20 aluminum magnesium alloys can include 1050, 1060, 1188, 2014, 2024, 2218,

3004, 4041, 5005, 50140, 5018, 5024, 5026, 5050, 5052, 5056, 5059, 5083,

50886, 5154, 5182, 5252, 5254, 5356, 5454, 5456, 5457, 5557, 5652, 5857,

5754, 8005, 60054, 8060, 8061, 6063, 6068, 8070, 60B2, 6105, 6162, 6282

8351, 8483, 7005, 7022, 7068, 7072, 7075 7079, 7116, 7129, and 7178,

[0048] In further examples, the melal coversubstrate can include

T
e

magnesium metal, a magnesium atlloy that is 89% or more magnesium by
weight, or a magnesium alloy that is from about 50% to about 99% magnesium
by weight. in a particular example, the metal cover substrate can include an
alfloy including magnesium and aluminum. Examples of magnesium-gluminum

s alloys can include slloys made up of from about 81% fo about 88% magnesium
by weight and from about 1% to about 8% aluminum by weight, and alloys made
up of about 0.5% to about 13% magnesium by weight and 87% to 99.5%
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aluminum by weight. Specific examples of magnesium-aluminum alloys can
include AZE63, AZBY, AZ91, AMS0, AMEO, AZ31, AZ81, AZ80, AE44, AJBZA,
ALZ391, AMCa802, L£91, and Magnox.

{0048} The metal cover subsirate can be shaped to it any type of

Vo

electronic device, including the specific types of electronic devices described

herein. In some examples, the metal cover substrate can have any thickness

suitable for a particular type of electronic device. The thickness of the metal in
the metal cover subsirate can be selected {o provide a desired level of strength
and weight for the cover of the electronic device. In some examples, the metal

160 cover substrate can have a thickness from about 0.3 mm to abowt 2 em, or from
about 0.5 mm {o about 1.5 cm, or from about 1 mm to about 1.5 cm, or from
about 1.5 mm to about 1.5 ¢m, or from about 2 mm to about 1 cm, or from about
3 mm to about 1 em, or from gbout 4 nn o about 1 om, or from about 1 mm to
about 5 mm, though thicknesses outside of these ranges can be used.

15 [0047]In still further examples, the metal cover substrate can include a
metal having a micro-are oxidation layer on a surface thereof. Micro-arc
oxidation, also known as plasma electrolytic oxidation, is an electrochemical
process whers the surface of a melal is oxidized using micro-discharges of
compounds on the surface of the substrate when immersed in a chemical or

20 elechrolvtic bath, for example. The slectrolytic bath may include predominantly

water with about 1 wi% to about 5 wi% elecirolytic compound(s), e.q., alkali

metal silicates, alkali melal hydroxide, alkali metal fluorides, alkall metal
phosphates, alkali metal aluminates, the ke, and combinations thereof. The

slectrolylic compounds may likewise be included at from about 1.5 wi¥% 1o about

T
e

3.5 wi%, or from about 2 wi% o about 3 wit%, though these ranges are not
considered limiting. In one example, 8 high-vollage alternating current can be
applied to the subsirate 1o create plasma on the surface of the substrate. in this
process, the substrate can act as one glectrode immersed in the electrolyte
sofution, and the counter electrode can be any other slectrode that is also in

s contact with the electrolyte. In some examples, the counter slectrode can be an
inert metal such as stainless steel. In certain examples, the bath holding the
glectrolyte solution can be conductive and the bath Hself can be used as the
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counter electrode. A high direct current or alternating voltage can be applied fo
the substrate and the counter glectrode. In some examples, the voliage can be
about 200 V or higher, such as about 200 V o about 600 V, about 250 V o
about 800 V, about 250 V to about 500 V, or about 200 V o about 300 V.

s Temperatures can be from about 20 °C to about 40 °C, or from about 25°C to
about 35 °C, for exampie, though temperatures outside of these ranges can be
used, This process can oxidize the surface o form an oxide layer from the
substrate matenial. Various metal or metal alloy subsirates can be used,
including aluminium, tifanium, lithium, magnesium, and/or alloys thereof, for

10 example. The oxidation can extend below the surface to form thick {ayers, as
thick as 30 um or more.

{00481 In some examples the oxide layer can have a thickness from

about 1 ym to about 25 ym, from about 1 um to about 22 ym, or from about 2
pm to about 20 pm. Thickness can likewise be from about 2 um to about 15

15 pm, or from about 3 pm to about 10 pm, or from about 4 ym o about 7 ym. The
oxide layer can, in some instances, enhance the mechanical, wear, thermal,
dielectric, and corrosion properiies of the substrate. The electrolyte solulion can
include a vanety of electralytes, such as a solution of potassium hydroxide. in
some examples, the metal cover substrate can include a micro-arc oxidation

20 layer on one side, or on both sides.

Micro-arc Oxidation Layer

[00491 In some examples, the micro-arc oxidation laysr is formed by

T
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plasma electrolvtic oxidation of the surface of the metal cover substrate.

[0050] In still further examples, the rigid substrate can include a metal
having a micro-arc oxidation layer on a swrface thereof. Micro-are oxidation,
aiso known as plasma electrolytic oxidation, is an electrochemical process
where the strface of a metal is oxidized using micro-discharges of compounds
s on the surface of the substrate when immersed in a chemical or electrolytic
bath, for example. The electrolytic bath may include predominantly water with
about 1 wi% to about 5 wit% electrobytic compound(s), e.g., alkali metal silicates,



WO 2020/197557 PCT/US2019/024526

15

atkall metal hydroxide, alkall metal fluorides, alkalli metal phosphates, alkali
metal aluminates, the like, and combinations thereol. The electrolytic
compounds may likewise be included at from about 1.5 wit% to about 3.5 wid%,
or fram about 2 wi% to about 3 wi%, though these ranges are not considered

Vo

fimiting. In one example, a high-voltage alternating current can be applied {o
the subsirate to create plasma on the surface of the substrate. in this process,
the subsirate can act as one electrode immersed in the eleclrolyte solution, and
the counter electrode can be any other elecirode that is also in contact with the
slecirolyte. In some examples, the counter electrode can be an inert metal such
10 8% stainless steel. In certain examples, the bath holding the electrolyte solution
can be conductive and the bath iself can be used as the counter electrode. A
high direct current or gltermnating voltage can be applied {0 the substrate and the
counter electrode. In some examples, the voltage can be 200 V or higher, such
as about 200 V o gbout 800 V, about 250 V fo abowt 800 V, abott 250 V io
15 about 500V, or about 200 V to about 300 V. Temperatures can be from about
20 °C to about 40 °C, or from about 25 °C to about 35 °C, for example, though
temperatures outside of these ranges can be used,
{00581} The above process can midize the surface to form an oxide layer
from the substrate material. Various metal or metal afloy substrates can be
20 used, including aluminium, fitanwm, fithium, magnesium, and/or alloys thereof,
for example. The oxidation can extend below the surface o form thick layers,
as thick as 30 wm or more,
[0052] In some examples the oxide layer can have a thickness from

about 1 um to about 25 pm, from about 1 um to about 22 um, or from about 2
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wimn to about 20 um. Thickness can likewise be from about 2 pmto abowt 18
wm, or from about 3 um to about 10 pm, or from about 4 pm to about 7 ym.

[00583] The oxide layer can, in some instances, enhance the mechanical,
wear, thermal, dielectric, and corrosion properties of the substrate. The
electrolyte solution can include a varniety of electrolytes, such as a solution of
i potassium hydroxide. In some examples, the rigid substrate can include a
micro-arc oxidation laver on one side, or on both sides.
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Non-ransparent Passivalion Treatment Layer
[0054] In some examples, the non-transparent passivation treatment
{aver having a thickness of from about 1 to about 5 ym, and the non-transparent

Vo

passivation treatment layer comprises molybdates, vanadates, phosphates,
chromates, stannates, manganese salls, or combinations thersof.

[00565} In some examples, a magnesium alloy metal cover substrate can
be protected from corrosion by applying & passivation layer at a thickness from
about 1 um 1o about 5 um to the magnesium alloy substrate, wherein the
10 passivation layer includes a molybdate, a vanadate, a phosphate, a chromate, a

stannate, or a manganese sall.

[0056] As used herein, "non-transparent” means opague or substantially
opague of a layer or coating through which light is unable to pass through
freely. The “non-fransparent” passivation treatment layer described herein is g

15 layer that is opague or substantially opaque.

[00571A magnesium alloy substrate may be treated with a non-
transparent passivation layer {o protest magnesium alioy from corrosion. The
non-fransparent passivation layer can include, for example, various passivation
compounds, such a chromate, a phosphale, a molybdate, a vanadate, a

20 stannate, a manganese salt, or a combination thereof. In some examples, a
passivation treatment process (o generale a non-transparent passivation layer
can include dissolving ot dispersing a passivating compound, such as one of
the passivating compounds, in a solution and immersing the substrate in the

solution to form a layer of the passivaling compound on the subsirate. The
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soiution or dispersion of the passivaling compound can include the passivaling
compound, for example, at from about 1 with to about 10 wit%, from about 1.5
wi% 1o abouf 7.5 wi%, or from about 2 wi% to about 5 witl%. Examples of
passivation treatment processes that generate conversion coatings by this or
other similar processes can include processes that generate a chromate

i conversion coating, a phosphate conversion coating, a molybdate conversion
coating, & vanadate conversion coating, & stannate conversion coating,
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manganese salt conversion coating, ete. I some examples, the substrate can
be passivated on one side, or on bhoth sides.

[D058] In some examples, the passivation layer can have a thickness
from about 1 ym to about 5 ym, or from about 2 um to about 4 um, or about 3

Vo

um. The non-transparent passivation layer can, in some instances, improve the
mechanical, wear, thermal, dislecinc, and corrosion properties of the substrate.

Primer Coating Layer

10 {00591 A primer layer can be added {o the surface of the rigid subsirate
before adhering the outmold decoration layver. The substrate primer layer can
increase adhesion of the outmold decoration layer to the substrate. Ina
particular example, & primer coating layer can be applied over a micro-arc
axidation layer or a non-transparent passivation treatment layer on a metal

15 substrate to increase the adhesion between the outmold decoration laver and
the micro-arc oxidation layer or the non-transparent passivation treatment layer,
In another example, a primer coating layer can be applied over a micro-are
oxidation layer or a non-transparent passivation treatment layer.

{0060} In some examples, the primer coating layer can increase adhesion

20 and also fill in any gaps or uneven surfaces. In some examples, the primer
coating layer can include a polyursethane or polyurethane copolymer. In ceriain
examples, the polyurethane or polyurethane copolymer can be formed by
polymerizing & polyisocyanate and a polyol. Non-limiting examples of

polyisocyanates that can be used include toluens dilsocyanate, methylene
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diphenyt diisocvanate, 1,.6-hexamethylens dilsocyanate, isophorone
diisooyanate, 4,4 -diisocyanato dicyciohexyimethane, frimethylhexamethylene
diisocyanate, and others. The polyol can, in some examples, be a polyether
polycl or a polyester polyol having a weight average molecular weight from
about 100 to about 10,600 or from about 200 {o about 5,000, In certain

i examples, the polyol can be a diol that includes two hydroxyl groups.
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[0061] In further examples, the primer coating laver can have a thickness
from about 1 gm fo about 50 ym, or from about 2 ym {o sbout 25 ym, or from
about § um 1o about 15 pm.

{00621 In certain examples, the primer costing layer can include s

s moisture-cured polyurethane. Moisture-cured polyurethanes can include
isotyanate-terminated prepolymers that can be cured with ambient water. Inan
example, the primer can include Airethane™ 1204 polyursthane or other
Alrethane™ 1000 series polyurethanes (Fairmont Industries).

in other examples, the primer coating layer can include an alkyd resin. Alkyd

10 resins are thermoplastic resins made from polyhydric alcchols and polybasic
acids or their anhydrides. In some examples, altkyd resins can be made by a
polycondensation reaction of a polyol with a dicarboxylic acid or its anhydride.
Non-limiting examples of other polybasic acids that can be used in alkyd resing
include phthalic anhydride, isophthalic anhydride, maleic anhydride, fumaric

13 acid, and others. Non-limiting examples of polyols that can be used in atkyd
resins include glycerol, trimsthylolethane, irimethylolpropane, pentaerythritol,
sthylens glycal, and neopentyl giyeol. In some examples, a monobasic acid can
also be included in the reaction to maodify the alkyd resin. In specific examples,
the primer can include a resin from the DOMALKYD ™ line of resing, such as

20 DOMALKYD™ 4161 (Hslios).

Quimoid Decoralion Layer

[0083] In some examples, the cutmold decoration layer comprses

T
e

polyester, polyviny chioride, polyacnylic, polyurethane, silicone rubber, o
combinations thereof.

[0064] The outmold decoration layers described herein can be adhered to
the micro-arc oxidation tayer or the non-transparent passivation treatment layey
to give the covers of electronic devices a particular decorative appearance
s and/or tactile texture. in some exampies, the cutmold decoration layers can be
designed to have a sparkling or metallic appearance. In various examples the
appearance can be partially oblained by using sparkling pigments, metal
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powders, non-conductive vacuum metaliization, or other such materials in the
decorative films. Addifionally, the outmold decoration layers ¢an include g clear
top coat layer with a molded three dimensional pattern on the top surface. The
molded three dimensional pattem can provide a specific tadlile texturs {o the

Vo

film and can also contribute to the decorative appearance of the film. In some
examplas, the three dimensional pattern can be designed to utifize the reflection
and refraction of light by the clear top coat to contribute to the sparkling or
metatlic appearance of the film. For example, the three dimensional pattem can
include multiple facets oriented at different angles fo reflect and refract light to
10 oreate a specific desired appearance.

{0065} In further examples, the oulmold decoration layers can provide a
desired appearance to a cover for an electronic device without interfering with
radio wave fransmission 1o or from the slectionic device, Many electronic
devices include transceivers for sending and receiving radio waves 1o cellular

15 networks, Wi-Fi routers, wireless acceassaories, and so on. Some materials can
block or inferfere with these radio waves. In particular, metal enclosures can
often block incoming and outgoing radio waves. The outmold decoration layers
described herein can provide a desired appearance, including a metallic
appearance, without blocking radio waves. In some examples, the cutmold

20 decoration layers can include a non-conductive vacuum metallized layer that

has a metallic appearance, but which does not block the radio waves.

[0086] The owdmold decoration layers described herein can be produced
by efficient manufacturing processes such as roll-to-roll process, out molding
process, or combinations thereof. in cerlain examples, a roll-to-roll process can
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be used {oadd the various lavers of materials torthe film. The three dimensional
molded pattern can be molded into the clear top coat layer by a pattered roller,
for example.

[0067] In some examples, the culmold decoration layers can have a
thickness of from about 1 ym to about 25 um, or from about 5 wn o about 20
i um, or from about 10 um to about 15 um, or less than about 30 um, or less than
about 25 pm, or less than about 20 ym, or less than about 15 gm.
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Transparent Passivation Layers
{0068} In some examples, the transparent passivation layer comprises a
chedating agent and a metal ion, a chelaled metlal complex of the chelaling

Vo

agent and the metal ion, an oxide of the metal ion, or a combination thereof,
wherein the metal ion is an aluminum jon, an indium fon, a nicks} ion, 8
chromium ion, g tin ion, or 8 zing fon.
[00639] in some examples, a passivation treatment can be used to form a
transparent passivation layer at the metal cover substrate exposed at the
10 chamfered edge. tis noled that the ransparent passivation layer is described
as a layer for convenience, and thus, can be i the form of a {ayer. However,
the term “passivation layer” also includes metal surface treatment of the
exposed metal subsirate. In some sense, it may not be g discretle layer thatis
apphed similarly to that of a coating or a paint, for example, but can become
15 infused or otherwise become part of the metal substrate at or near a surface of
the chamiered edge. In some examples, the transparent passivation layer ¢an
inciude a chelating agent and a metal ion or a chelated metlal complex thereof,
wharein the mets! lon s an aluminum on, an indium ion, a nickel ion, &
chromium ion, a tin ion, or a zinc ion. In cerain examples, passivation treatment
20 can be applied at a pH from about 2 {0 about 5. In a particular example, the pH
can be about 2.5 to about 3.5,
{0070} In further examples, the transparent passivation layer can include
an oxide of one of these metals. in somie cases, various contaminants can be

present on the surface of the metal cover substrate. The chelating agent can
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chelate such contaminants and prevent the contaminants from allaching to the
surface of the metal cover substrate. Non-limiting examples of chelating agents
can include sthylenediaminetetraacstic acid, ethylenediamine, nitrilotriacstic
acid, disthylenetriaminepentalmethylenephosphonic acid),
nitritotris{methylenephosphonic acid} and 1-hydroxyethane-1,1-disphosphonic
s acid. At the same fime, a passivating metal oxide layer may form on the surface
of the metal cover subsirate.
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[0071]in some examples, the fransparent passivation layer can have g
thickness from about 10 nm to about 3 ym, or from about 50 nm to about 1 ym,
or from about 100 rym to about 1000 nm, or from about 200 nm to about 800 m,
or from about 300 nm to about 800 nm, or from about 400 nm to about 700 nm.

Vo

[0072] In certain examples, the transparent passivation can be added fo
the pre-existing surface of the metal cover substrate, such that the transparent
passivation layer includes additional material added onto the surface of the
metal cover substrate. In other examples, the passivation {ayer can involve
converting the existing surface of the metal cover substrate into a passive layer
10 $0 that no net addition of material {o the pre-existing surface ocours.

Protective Coalings
[0073] In some examples, the protective coating is a paint coating
15 comprising a colorant and a polymeric binder. In some examples, the protective
coating is an slectrophoretic deposition coating comprising a polymer binder, 8
pigment, and a dispersant,
{0074} In some sxamples, 8 proteclive coating layer can be applied aver
the metal cover substrate. In-a certain example, the protective coating laver can
20 include a polymer resin. In certain examples, the polymer resin can be
transparent and the protective coating layer can be a clear coat layer that allows
the color of the underlying malerials to show through. in further examples, the
profective coating may be colored. In a particular example, the protective

coating can include a layer of colored coating and 8 layer of ¢lear coating on the
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codored coating. I same examples, the polymer resin of the clear coat laver
can be clear poly{methiacrylic, clear polyurethane, clear urethane
{methjacrylate, clear {(methlacrylic (meth)acrylate, or clear epoxy {methjacrylate
coating.

[0075] In further examples, the protective coaling can include fillers such
36 as pigment dispersed in an organic polymer resin. Non-limiting examples of
pigments used in the protective coating layer can include carbon black, titanium
dioxide, clay, mica, tale, barium suilfate, calcium carbonate, synthetic pigment,



WO 2020/197557 PCT/US2019/024526

22

metallic powder, aluminum oxide, graphene, pear pigment, or a combination
thereof. The pigment can be present in the protective coating layer in an
amount from about 0.5 wi% {o about 30 wi% with respect to dry compuonents of
the protective coating layer, in some examples. in other examples, the amount
s of pigment can be from about 1 wi% o about 25 wi%% or from about 2 wt% to
about 15 wit¥% with respect {o dry components of the protective coating layer.
[0Q78] The polymer resin included in the protective coating layer with the
pigment can include polyester, poly{meth)acrylic, polyurethane, epoxy, urethane
{meth)acrylic, {meth)acrylic {imeth)acrylate, epoxy (methjacrylate, or a
10 combination thereof. As used herein, a “combination” of multiple different
polymers can refer to a blend of homopolymers, a copolymer made up of the
different polymers or manomaers thereof, or adjacent layers of the different
polymers. In certain examples, the polymer resin of the protective coating layer
can have a weight-average molecular weight from about 100 g/mol {o about
15 6,000 g/mol.
[0077] The thickness of the protective coating layer can be from about 5
m to about 100 um in some examples. In further examples, the thickness can
be from about 10 pm to about 25 pm, or less than about 100 pm, or less than
about 80 um, or less than about 80 pm, or less than about 70 pm, or less than
20 about 80 ym, or less than about 50 pm, or less than about 40 ym, or less than
about 30 um, or less than about 20 um, or less than about 15 um, or less than
about 10 um.
[0078}In cerlain examples, the protective coating laver can include a

base coat that is colored and & fop coat that s clear. Thus, the colored layer
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and the clear cost layer described above can be used together in certain
examples. The overall thickness of the base coat with the top coat can be from
about 2 um to about 100 ym, or from about 5 ym to about 60 pm, or from about
10 um to about 40 um, in some examples.

[0079]In further examples, the colored protective coating fayer, the {op
36 clear coatl layer, or both, can be radiation curable. The polymer resin used in
these layers can be curable using heat andfor radiation. For example, a heat
curing polymer resin can be used and then cured in an oven for a sufficient
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curing time. A radiation cuning polymer resin can be exposed fo sufficient
radiation energy to cure the polymer resin. The protective coating laver can be
cured after applying the layer to the cover. in cerlain examples, curing can
include heating the protective coating layer at a temperature from about 50 °C
to about 80°C, or from about 50 °C to about 60 °C, or from about 60 °C {o about
80 “C. The layer can be heated for g curing time from about 5 minutes to about

Vo

40 minutes, or from about 5 minudes to about 10 minutes, or from about 20
minutes to about 40 minutes. In other exampies, curing can inciude exposing
the layer to radiation energy at an intensity from about 500 mJdfem? to about

1o 2,000 mdiem? or from about 700 mdicm? to abowt 1,300 mdiom®. The layer can
be exposed to the radiation energy for a curing time from about 5 seconds to
about 30 seconds, or from about 10 seconds to-about 30 secands.

{0080} In other examples the protective coating can be an electrophoretic

coating. The electrophoretic coating can include a polymeric binder, a pigment,

15 and a dispersant. The electrophoretlic coaling process can sometimes be
referred o as “electropainting” or "electrocoating”™ because of the use of electric
current in the process. To deposit an slectrophoretic coating on the cover of the
glectronic device, the metal cover subslrate can be placed it a coatling bath.
The coating bath can include a suspension of particles including the polymeric

20 binder, pigment, and dispersant. In cerdain examples, the solids content of the
coating bath can be from about 3 wi% 1o about 30 wit% or from abouwt 5 wi% fo
about 15 wi%. The melal cover subsirate can be elecirically connected to an
glactric power source. The metal cover substrate can act as one glectrode and

the power sowrce can glso be aftached fo a second electrode that is also in
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cortact with the Coating bath. An electric current ¢an be run between the metal
cover substrate and the second elactrode. In cartain examples, the electiic
current can be applied at a voltage from about 30 V to about 150 V. The
glectric current can cause the particies suspended in the coating bath {0 migrate
to the surface of the metal cover substrate and coat the surface. Aflerthis

i deposition process, additional processing may be performed such as rinsing the
metal cover substrate, baking the coated subsirate to harden the coating, or
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exposing the coated substrate o radiation to cure radistion curable polymeric
binders.

{0081} In some examples, electrophoretic coatings can include the same
pigments and polymeric binders or resing described above in the paint-type
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protective coating.  The thickness of the coating can also be in the same ranges
described above.

Definitions

10 {00821 1 is noted that, as used in this specification and the appended
claims, the singular forms "a," “an,” and "the" include plural referents unless the
content clearly dictates otherwise.

[0083] The term "gbowt” as used herein, when refering {0 a8 numerical
value or range, allows for a degree of variability in the value or range, for

15 example, within 5% or other reasonable added range breadth of a stated value
or of a stated limif of a range. The term “about” when modifying a numerical
range is also understood to include the exact numerical value indicated, e.q.,
the range of about 1 wi% o about 5 wib% includes 1 wi% to Bwil% as an
explicitly supported sub-range.

20 [0084] As used herein, "liquid vehicle” or "ink vehicle” refers to a liguid
fluid in an ink. A wide variely of ink vehicles may be used with the systems and
methods of the present disclosure. Such ink vehicles may include a mixture of a
variety of different agents, including, surfactants, solvents, co-solvents, anti-

kogation agents, buffers, biocides, sequestering agents, viscosity modifiers,
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suirface- active agents, water, eic
[00856] As used herein, *colorant’ can include dyes and/or pigments.
[0086] As used herein, "dye” refers to compounds or molecules that
absorb electromagnetic radiation or centain waveiengths thereof. Dyes can
impart a visible color to an ink if the dyes absorb wavelengths in the visible
s spectrum.
[0087]As used herein, “pigment” generally includes pigment colorants,
magnetic particles, aluminas, silicas, and/or other ceramics, organo-metallics or
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other opaque particles, whether or not such particulates impart color. Thus,
though the present description primarily exemplifies the use of pigment
colorants, the term "pigment” can be used more generally to describe pigment
colorants and other pigments such as arganometallics, ferrites, ceramics, eic. In

Vo

one specific example, however, the pigment is a pigment colorant
[0088] As used herein, a plurality of Hems, structural elements,
compositional elements, andior materials may be presented in a common list for
convenience. However, these lists should be construed as though the individual
members of the list are individually identified as a separate and unique member.
16 Thus, no individual member of such list should be construed as a de facto
gquivalent of any other member of the same list solely based on their
presentation in a commaon group without indications fo the contrary.
[0088] Concentrations, dimensions, amounts, and other numerical data
may be presented herein in a range format. it is {o be understood that such
15 range format is used merely for convenience and brevity and should be
interpreted flexibly to include the numencal values explicitly recited as the limits
of the range, and also {0 include all the individual numaerical values or sub-
ranges encompassed within that range as if individual numerical values and
sub-ranges are explicitly recited. For example, a {ayer thickness from about 0.1
20 um to about 0.5 um should be interpreted to include the explicitly recited limits
of 0.1 um o 0.5 um, and 1o include thicknesses such as about 0.1 ym and
about 0.5 um, as well as subranges such as about 0.2 ym to about 0.4 pm,
about 0.2 um o about 0.5 pm, about 0.1 pm o about 0.4 pm elc.

[0080] The following lustrates an example of the present disclosurs.
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However, it is 10 he understood that the following is illustrative of the application
of the principles of the present disclosure. Numerous modifications and
alternative compositions, methods, and systems may be devised withowt
departing from the spirit and scope of the present disclosure. The appended
claims are intended to cover such modifications and arrangements.

3t
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CLAIMS

What is claimed is;

Vo

1. A cover for an electronic device comprising:

a metal cover substrate;

a micro-are oxidation laysr or a non-transparent passivation treatment
layer on a surface of the metal cover substrate;

an cutmold decoration layer on the micro-arc oxidation layer or the non-
10 transparent passivation treatment laver;

a chamfered edge including a chamfer at an edge of the metal cover
substrate, wherein the chamfer cuts through the micra-are oxidation layer or the
non-transparent passivation treatment layer and the outmold decorstion layer to
expose the metal cover substrate at the chamierad edge;

15 a transparent passivation layer on the chamfered edge where the metal
cover substrate is exposed; and
a protective coating on the transparent passivation layer.

2. The cover of claim 1, wherein the metal cover subsirate comprises
20 aluminum, magnesium, lithium, Htanium, zine, niobium, stainless steel, or an

alloy thereof.

3. The cover of claim 2, wherein:

the micro-arc oxidation layer is formed by plasma electrolytic oxidation of
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the surface of the metal cover substirate; or

the non-fransparent passivation treatment layer having a thickness of
from about 1 to about 5 um, and the non-transparent passivation treatment layer
comprises molybdates, vanadates, phosphates, chromales, stannates,
manganese salts, or combinations thereof.
30

4. The cover of claim 1, wherein the profective coating is a paint coating
comprising a colorant and a polymeric binder.
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5. The cover of claim 1, wherein the prolective coating is an
slectrophoretic deposition coating comprising a polymer binder, a pigment, and
a dispersant.

8. The cover of claim 1, wherein the transparent passivation layer
comprises a chelating agent and a metal ion, a chelated metal complex of the
chelating agent and the metal ion, an oxide of the metal ion, or a combination
thereof, wherein the metal ion is an aluminum ion, an indium ion, a nickel ion, a

16 chromium ion, a tin ion, of 8 Zinc jon,

7. The cover of claim 1, wherein the outmold decoration layer comprises
polyester, polyvinyl chionde, polyacrylic, polyurethane, silicone rubber, or
combinations thereof,

8. An electronic device comprising the cover of ¢laim 1.

9. A cover for an electronic device comprising:
a-metal cover substrate;
20 a micro-are oxidation layer or a nontransparent passivation freatment
layer on a surface of the metal cover substrate;
& primer coaling lgyer on the micro-arg-oxidation laver or ony the non-
transparent passivation treatment layer,

an outmold decoration layer on the primer coating layer;

25 a chamfersed edge including a chamfer at an edge of the metal cover
substrate, wherein the chamfer cuts through the micro-are oxidation layer or the
non-transparent passivation {reatment layer, the primer coating layer, and the
autmold decoration layer 1o expose the metal cover substrate at the chamfered
edge;

36 a transparent passivation layer on the chamfered edge where the metal

gcover substrate is exposed; and
a protective coating on the transparent passivation {ayer.
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10. An electronic device comprising: an electronic component; and the
cover of claim 1.

5 11. The electronic device of claim 10, wherein the elechionic device s g
laptop, tablet computer, smartphone, an e-reader, or a music player.

12. The electronic device of claim 10, wherein the chamfered edge is
located af an edge of a touchpad, an edgs of a fingerprint scanner, an outer
10 sdge of the cover, an edge of g sidewall, or an edge of a logo.

13. The electronic device of claim 10, wherein the cover comprises
muiltiple chamfered edges with multiple protective coatings at different
chamfered edges.

14. A method of making a cover for an electronic device comprising:

forming 8 micro-are oxidation laver or a8 non-fransparent passivation
treatment layer on a surface of a metal cover substrate;

applving an cutmold decoration layer on the micro-arc oxidation layer or

20 on the non-fransparent passivation freatment layer;

forming a chamfered edge at an edge of the metal cover substrate by the
chamfer cutling through the micro-are oxidation layer or the non-fransparent
passivation treatment layer and the outmold decoration layer to expose the

metal cover substrate at the chamfered edge;

T
e

forming a transparent passivation laver o the chamfersd edge where the
metal cover substrate is exposed; and

applying a protective coaling on the transparent passivation layer.

1§, The method of claim 14, wherein the melal cover substrate comprises
3 aluminum, magnesium, lithium, titanium, zinc, niobium, stainless steel, or an
alloy thereof,
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Forming a micro-arc oxidation layer or a
non-transparent passivation treatment layer L2310
on a surface of a metal cover substrate

'

Applying an outmold decoration layer on
the micro-arc oxidation layer or on the L1320
non-fransparent passivation treatment layer

'

Forming a chamfered edge at an edge of the
matal cover substrate by the chamfer cutling
through the micro-arc oxidation layer or the ,
non-transparent passivation treatment layerand | 330
the outmold decoration layer to expose the metal
cover substrate at the chamfered edge

'

Forming a transparent passivation layer
on the chamfered edge where the metal 340
cover substrate is exposed

!

Applying a protective coating on
the transparent passivation layer

FIG. 3

350
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X

Forming a micro-are oxidation layer or a
non-transparent passivation freatment layer 410
on a surface of a metal cover substrale

'

Applying a primer coating layer on the micro-arc
oxidation layer or on the non-fransparent 420
passivation treaiment layer

'

Applying an outmold decoration

layer on the primer coating layer 430
Forming a chamfered edge at an edge of the metal
| cover substrate by the chamfer cutting through the
| micro-arc oxidation layer or the non-transparent | 440

passivation treatment layer, the primer coating layer,
- and the outmold decoration layer, to expose the
metal cover substrate at the chamfered edge

!

Forming a transparent passivation layer
on the chamfered edge where the metal 450
cover substrate is exposed

eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee —

Applying a protective coating on
the transparent passivation layer

FIG. 4

460
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