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(57) ABSTRACT 

A housing for an electronic device, including an aluminum 
layer enclosing a Volume that includes a radio-frequency (RF) 
antenna is provided. The housing includes a window aligned 
with the RF antenna; the window including a non-conductive 
material filling a cavity in the aluminum layer, and a thin 
aluminum oxide layer adjacent to the aluminum layer and to 
the non-conductive material; wherein the non-conductive 
material and the thin aluminum oxide layer form an RF 
transparent path through the window. A housing for an elec 
tronic device including an integrated RF-antenna is also pro 
vided. A method of manufacturing a housing for an electronic 
device as described above is provided. 
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ANTENNA WINDOW AND ANTENNA 
PATTERN FOR ELECTRONIC DEVICES AND 
METHODS OF MANUFACTURING THE 

SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application claims the benefit under 35 
U.S.C. 119(e) of U.S. Prov. Pat. Appl. No. 61/832,760, 
entitled ANTENNAWINDOWAND ANTENNA PATTERN 
FOR ELECTRONIC DEVICES AND METHODS OF 
MANUFACTURING THE SAME, by Colin M. ELY, et al. 
filed on Jun. 7, 2013, the contents of which are incorporated 
herein by reference, in their entirety, for all purposes. 

FIELD OF THE DESCRIBED EMBODIMENTS 

0002 The described embodiments relate generally to 
housings for electronic devices adapted to include radio 
frequency (RF) antennas. More particularly, embodiments 
disclosed herein relate to metallic housings for portable elec 
tronic devices adapted to include radio-frequency antennas. 

BACKGROUND 

0003 Antenna architecture is an integral part of a con 
Sumer electronics product. Housings and structural compo 
nents are often made from conductive metal, which can serve 
as a ground for an antenna. However, antennas require non 
conductive regions or other isolation to provide a good radia 
tion pattern and signal strength. To solve this problem con 
ventional designs include a plastic antenna window or a 
plastic split in a housing to separate the conductive metal. 
However, this approach breaks the consistent visual profile of 
the device, deteriorating the cosmetic appeal of the metal 
Surface. Also, replacing metallic portions of the housing with 
softer materials weakens the underlying metal and uses 
device Volume to fasten the parts together. 
0004. Therefore, what is desired is a housing for an elec 
tronic device that integrates antenna designs in a manner that 
is visually consistent with the cosmetic appeal of the device 
and that provides structural support for the device and func 
tional Support for the antenna. 

SUMMARY OF THE DESCRIBED 
EMBODIMENTS 

0005. In a first embodiment, a housing for an electronic 
device is provided. The housing may include an aluminum 
layer enclosing a Volume that includes a radio-frequency (RF) 
antenna, the aluminum layer having a window aligned with 
the RF antenna. The window includes a non-conductive mate 
rial filling a gap in the aluminum layer and a thin aluminum 
oxide layer adjacent to the aluminum layer and to the non 
conductive material. The non-conductive material and the 
thin aluminum oxide layer form an RF-transparent path to 
allow transmission of substantially all RF radiation through 
the window. 
0006. In a second embodiment, a housing for an electronic 
device is provided. The housing may include an aluminum 
layer enclosing a number of electronic circuits. The housing 
also may also include an oxide layer on an exterior Surface of 
the aluminum layer. The housing may additionally include 
one or more radio-frequency (RF) antennas. The one or more 
RF antennas includes an electrically conductive path includ 
ing a first segment and a second segment. The one or more RF 
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antennas also includes a non-conductive material adjacent to 
the conductive path, the non-conductive material electrically 
insulating the first segment of the electrically conductive path 
from the second segment of the electrically conductive path. 
The one or more RF antenna additionally includes an RF 
transparent material layer adjacent to the hard material layer 
and to the electrically conductive path. At least one of the first 
segment and the second segment is part of the aluminum 
layer. 
0007. In a third embodiment, a method of manufacturing a 
housing for an electronic device is provided. The method may 
include converting an aluminum layer in the housing to an 
exterior aluminum oxide layer. The method may also include 
removing the aluminum layer adjacent to the aluminum oxide 
layer to form a gap in a window portion of the housing. The 
method may additionally include filling the gap in the win 
dow portion with a non-conductive material. Accordingly, the 
gap allows transmission of Substantially all RF radiation 
through the window portion. 
0008. In yet another embodiment, a method of forming a 
radio-frequency (RF) transparent window in an aluminum 
housing for an electronic device is provided. The method may 
include inserting an RF transparent material into a window 
opening in the aluminum housing. The method may also 
include forming a thin aluminum layer on an exterior Surface 
of the aluminum housing and the RF transparent material. 
The method may further include anodizing the thin aluminum 
layer to form an aluminum oxide layer so that the aluminum 
oxide layer is adjacent to the RF transparent material in the 
window opening, allowing transmission of Substantially all 
RF radiation through the window. 
0009. Other aspects and advantages of the invention will 
become apparent from the following detailed description 
taken in conjunction with the accompanying drawings which 
illustrate, by way of example, the principles of the described 
embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010. The described embodiments may be better under 
stood by reference to the following description and the 
accompanying drawings. Additionally, advantages of the 
described embodiments may be better understood by refer 
ence to the following description and accompanying draw 
ings. These drawings do not limit any changes in form and 
detail that may be made to the described embodiments. Any 
Such changes do not depart from the spirit and scope of the 
described embodiments. 
(0011 FIGS. 1A-1C illustrate a portable electronic device, 
according to some embodiments. 
0012 FIGS. 2A-2C illustrate steps in a method of forming 
a housing for an electronic device including a Radio-Fre 
quency (RF) antenna, according to some embodiments. 
0013 FIGS. 3A-3C illustrate steps in a method of forming 
a housing for an electronic device including an RF antenna, 
according to some embodiments. 
0014 FIG. 4A illustrates a partial plan view of a housing 
for an electronic device including an RF antenna, according 
to some embodiments. 
0015 FIGS. 4B-4D illustrate steps in a method of forming 
a housing for an electronic device including an RF antenna, 
according to some embodiments. 
(0016 FIGS.5A-5B illustrate steps in a method of forming 
a housing for an electronic device including an RF antenna, 
according to some embodiments. 
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0017 FIGS. 6A-6C illustrate a portable electronic device, 
according to some embodiments. 
0018 FIGS. 7A-7D illustrate steps in a method of forming 
a housing for an electronic device including an RF antenna, 
according to some embodiments. 
0019 FIGS. 8A-8G illustrate steps in a method of forming 
a housing for an electronic device including an RF antenna, 
according to some embodiments. 
0020 FIG. 9 illustrates a cross-sectional view of a housing 
for an electronic device including an RF antenna, according 
to Some embodiments. 
0021 FIG. 10 illustrates a cross-sectional view of a hous 
ing for an electronic device including an RF antenna, accord 
ing to Some embodiments. 
0022 FIGS. 11A-11B illustrate steps in a method of form 
ing a housing for an electronic device including an RF 
antenna, according to Some embodiments. 
0023 FIG. 12 illustrates a flow chart with steps in a 
method of forming a housing for an electronic device includ 
ing an RF antenna, according to some embodiments. 
0024 FIG. 13 illustrates a flow chart with steps in a 
method of forming a housing for an electronic device includ 
ing an RF antenna, according to some embodiments. 
0025 FIG. 14 illustrates a flow chart with steps in a 
method of forming a housing for an electronic device includ 
ing an RF antenna, according to some embodiments. 
0026. In the figures, elements referred to with the same or 
similar reference numerals include the same or similar struc 
ture, use, or procedure, as described in the first instance of 
occurrence of the reference numeral. 

DETAILED DESCRIPTION OF SELECTED 
EMBODIMENTS 

0027 Representative applications of methods and appara 
tus according to the present application are described in this 
section. These examples are being provided solely to add 
contextandaid in the understanding of the described embodi 
ments. It will thus be apparent to one skilled in the art that the 
described embodiments may be practiced without some or all 
of these specific details. In other instances, well known pro 
cess steps have not been described in detail in order to avoid 
unnecessarily obscuring the described embodiments. Other 
applications are possible. Such that the following examples 
should not be taken as limiting. 
0028. In the following detailed description, references are 
made to the accompanying drawings, which form a part of the 
description and in which are shown, by way of illustration, 
specific embodiments in accordance with the described 
embodiments. Although these embodiments are described in 
sufficient detail to enable one skilled in the art to practice the 
described embodiments, it is understood that these examples 
are not limiting; such that other embodiments may be used, 
and changes may be made without departing from the spirit 
and scope of the described embodiments. 
0029. The various aspects, embodiments, implementa 
tions or features of the described embodiments can be used 
separately or in any combination. Various aspects of the 
described embodiments can be implemented by software, 
hardware or a combination of hardware and software. The 
described embodiments can also be embodied as computer 
readable code on a computer readable medium for controlling 
manufacturing operations or as computer readable code on a 
computer readable medium for controlling a manufacturing 
line. The computer readable medium is any data storage 
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device that can store data, which can thereafter be read by a 
computer system. Examples of the computer readable 
medium include read-only memory, random-access memory, 
CD-ROMs, HDDs, DVDs, magnetic tape, and optical data 
storage devices. The computer readable medium can also be 
distributed over network-coupled computer systems so that 
the computer readable code is stored and executed in a dis 
tributed fashion. 

0030 Electronic device housings consistent with the 
present disclosure include a hard, cosmetic anodized Surface 
of aluminum. The anodized Surface is nonconductive and thus 
is transparent to radio-frequency (RF) electronic radiation. In 
Some embodiments, the anodized Surface may have a thick 
ness on the order of 10 microns (1 micron=1 um=10 m). By 
adjusting the anodization parameters the anodization depth 
can be made to have a thickness of over 100 microns. A 
number of design techniques (outlined in the attachment) can 
be used to create a continuous, anodized, cosmetic aluminum 
Surface that is selectively conductive in certain portions and 
non-conductive in other portions. This allows an antenna 
window or even an antenna to be patterned directly into the 
housing. Such electronic device housing improves product 
cosmetics, and reduces the size of the device. 
0031 Antenna windows in aluminum enclosures are chal 
lenging. Prior Solutions include splits in housings and plastic 
covered antenna windows. Our proposed solution is to use 
aluminum oxide as the antenna window. Aluminum oxide is 
non-conductive and transparent to RF. Aluminum oxide is 
created during the process of anodization. The thickness can 
be nominally up to 100 um thick or higher by careful adjust 
ment of the anodization parameters. The process, as outlined 
in the attached, includes anodization of the exterior housing 
and then etching away on the interior of the housing antenna 
windows at desired locations for antenna windows, followed 
by filling in the etched portions with plastic, paint, or other 
Suitable material to maintain structural integrity. The alumi 
num oxide can be substantially clear or transparent, allowing 
the filling material to show through. The resulting housing is 
cosmetically pleasing and without cracks or apparent plastic 
portions. 
0032. Accordingly, embodiments consistent with the 
present disclosure provide a housing for an electronic device 
integrating antenna designs in a manner that is visually con 
sistent with the cosmetic appeal of the device. In some 
embodiments, an electronic device housing provides struc 
tural support for the device and functional support for the 
antenna integrated in the device. In some embodiments, a 
housing for an electronic device includes a window for an 
antenna, the window providing RF-transparency for the 
antenna signals while maintaining a consistent visual appeal 
for the device. Also, the RF-transparent window maintains a 
structural Support for the housing. 
0033 FIG. 1A illustrates a plan view of a front face in a 
portable electronic device 10, according to some embodi 
ments. Portable electronic device 10 includes a housing 150 
holding a display cover 20 and having a sensor aperture 30. 
Sensor aperture 30 may Portable electronic device 10 also 
includes at least an RF antenna 50 which may be integrated 
into housing 150. In some embodiments RF antenna 50 may 
be in the interior side of housing 150. In that regard, portable 
electronic device 10 may include multiple RF antennas, some 
of which may be integrated into housing 150, and others may 
be included in the interior side of housing 150. While RF 
antenna 50 in FIG. 1A is shown as a coil wrapping around 
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display cover 20, other configurations are possible. Housing 
150 may include an RF-transparent layer 100 over a hard 
material substrate 110. In some embodiments, RF-transpar 
ent layer 100 may be an oxide layer formed from hard mate 
rial substrate 110. For example, hard material layer 110 may 
include an aluminum layer and RF-transparent layer 100 may 
be aluminum oxide formed from converting a portion of the 
aluminum layer. Accordingly, RF-transparent layer may be 
an exterior layer of housing 150, and hard material layer 110 
may be an interior layer of housing 150. 
0034 FIG. 1B illustrates a cross-sectional view of por 
table electronic device 10, according to some embodiments. 
The cross-section in FIG. 1B is taken along segment A-A (cf. 
FIG. 1A). FIG. 1B illustrates a configuration where RF 
antenna 50 is integrated into housing 150. While RF antenna 
50 includes a conductive portion, the antenna is configured to 
include portions of RF-transparent layer 120 separating dif 
ferent segments of RF antenna 50. As mentioned above, in 
some embodiments hard material substrate 110 includes a 
metal. Thus, hard material layer 110 provides structural Sup 
port to the electronic device, and also a ground connection for 
RF antenna 50, in some embodiments. RF-transparent layer 
100 may include an electrically resistive material (e.g., alu 
minum oxide) effectively isolating segments of RF antenna 
50 from each other and from other conductive portions of 
housing 150 (e.g., aluminum layer 110). FIG.1C illustrates a 
plan view of a back face in portable electronic device 10, 
according to Some embodiments. Accordingly, in some 
embodiments a cross section of housing 150 as shown in FIG. 
1B may include no conductive material. Such as aluminum 
(e.g., layer 110) in certain portions of housing 150 (e.g., 
layers 120). Such embodiments enable antenna 50 to be inte 
grated within housing 150 as the non-conductive material in 
layer 120 is adjacent to the conductive pathin antenna 50. The 
non-conductive material in layer 120 electrically insulates a 
first segment in antenna 50 from a second segment in the 
conductive path of antenna 50. FIG. 1C illustrates a sensor 
aperture 40 which may be configured to allow a camera to 
receive visible light from outside of housing 150. In some 
embodiments aperture 40 may be configured to allow an 
audio device to transmit or receive acoustic signals to and 
from outside housing 150. 
0035 FIGS. 2A-2C illustrate steps in a method of forming 
housing 150 for electronic device 10 including Radio-Fre 
quency (RF) antenna 50, according to some embodiments. 
FIG. 2A illustrates a step of placing a non-conductive mate 
rial 211 in a hard material layer 201 forming housing 150. 
Hard material layer 201 may include an electrically conduc 
tive material Such as a metal (e.g., aluminum). Non-conduc 
tive material 211 may be a plastic, a ceramic material, or 
glass. In some embodiments, non-conductive material 211 
may include a thermosetting polymer, an epoxy, or some 
other glue including a curable resin. The step illustrated in 
FIG. 2A may include forming a gap inhard material layer 201 
and molding plastic material 211 inside the gap. Accordingly, 
the gap may have the profile of an antenna window, and be 
formed in a portion of housing 150 proximate or adjacent to 
RF antenna 50. FIG. 2B illustrates a step of coating a thin 
layer of hard material 205 on a side of housing 150 overlap 
ping layers 201 and non-conductive material 211. Layer 205 
may include the same material as layer 201. For example, if 
layer 201 is aluminum, layer 205 may beformed by coating a 
thin aluminum layer on the side of housing 150, as illustrated 
in FIG. 2B. The step in FIG. 2B may include Physical Vapor 
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Deposition (PVD) of a metal to form layer 205. Examples of 
PVD may include sputtering and other procedures known in 
the art. Accordingly, the step in FIG. 2B may include metal 
lization of a ceramics Substrate by steps including ion vapor 
deposition, chemical vapor deposition (CVD), cathodic arc 
deposition, plasma spray, and others known in the art. FIG. 
2C illustrates a step of oxidizing the thin layer of hard mate 
rial 205 to form a thin RF-transparent layer 221. In some 
embodiments, thin RF-transparent layer 211 includes an alu 
minum oxide layer formed by anodization of thin aluminum 
layer 205. RF-transparent layer 211 can include metal, just 
not solid bulk metal or alloy that will block RF transmission. 
As a result of the steps illustrates in FIGS. 2A-2C, a portion of 
housing 150 has a cross-section Such that an RF-transparent 
path is formed from an exterior side of housing 150 to an 
interior side of housing 150. 
0036 FIGS. 3A-3C illustrate steps in a method of forming 
housing 150 for electronic device 10 including antenna 50, 
according to some embodiments. FIG. 3A illustrates a step 
providing a layer of hard material 201 (cf. FIGS. 2A-2C, 
above). FIG. 3B illustrates a step of forming RF-transparent 
layer 221 adjacent to layer 201 (cf. FIG.2C). Accordingly, the 
step in FIG. 3B may include anodizing an aluminum layer 
201 to form aluminum oxide layer 221 with a pre-selected 
thickness. In some embodiments, the thickness of aluminum 
oxide layer 221 may be about 12 Lum. Such an aluminum 
oxide layer may result from consuming an approximately 5 
um to 6 um aluminum layer through anodization. FIG. 3C 
illustrates a step of forming a non-conductive layer 231 in a 
portion of hard material layer 201. The step in FIG. 3C may 
include a hard anodization process to formathickaluminum 
oxide layer 231 having a similar thickness as hard material 
layer 201. For example, in embodiments where hard material 
layer 201 includes aluminum, the step in FIG.3C may include 
using Plasma Electrolytic Oxidation (PEO) to produce a thick 
layer of alumina (aluminum oxide in crystalline form), also 
known as Sapphire, as non-conductive layer 231. In some 
embodiments, the step in FIG. 3C may include use of a mask 
overlapping portions of hard material layer 201 so that layer 
231 separates portions of hard material layer 201, prior to 
anodizing layer 201. Accordingly, layer 231 may be thicker 
than layer 221. In some embodiments, layer 231 may be up to 
50 Lum thick, or even more. Some embodiments consistent 
with the present disclosure may form a thinner aluminum 
oxide layer 221 on the exterior portion of housing 150, and a 
thicker aluminum oxide layer 231 on the interior portion of 
housing 150. Thus, a thinner aluminum oxide layer 221 may 
be as layer 100 covering all or almost all of the exterior side of 
housing 150, and a thicker aluminum oxide layer 231 may 
cover selected portions of the interior side of housing 150 
(e.g., layer 120, cf. FIGS. 1A-1C). 
0037 FIG. 4A illustrates a partial plan view of a housing 
450 for electronic device 10 including RF antenna 50, accord 
ing to Some embodiments. Housing 450 may include a hon 
eycomb configuration where islands 451 made of hard mate 
rial 201 are isolated from one another by channels 421. 
Islands 451 may include a conductive material Such as alu 
minum, and channels 421 may include a non-conductive 
material (e.g., non-conductive material 211, cf. FIG. 2C). 
FIG. 4A illustrates a honeycomb structure having similar 
hexagonally shaped islands 451 adjacent to one another. The 
honeycomb structure can provide stiffness to RF antenna 50 
and can provide areas that are sufficiently thin so as to be fully 
anodized to RF transparent material. While this is an exem 
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plary embodiment, one of ordinary skill would recognize that 
islands 451 may have any shape. Furthermore, islands 451 
may have different shape and size from one another. 
0038 FIGS. 4B-D illustrate steps in a method of forming 
housing 450 for electronic device 10 including RF antenna 
50, according to some embodiments. FIG. 4B illustrates a 
step of forming micro perforations 420 in a hard material 
layer 201 (cf. FIGS. 2A-2C and FIGS. 3A-3C). Micro perfo 
rations 420 can be used to reduce the thickness of hard mate 
rial layer 201 in areas of micro perforations 420 while main 
taining its stiffness. In embodiments where hard material 
layer 201 includes aluminum, the micro perforations 420 
goes through the aluminum and through an aluminum oxide 
layer adjacent to the aluminum. Micro perforations 420 may 
be formed by laser machining of aluminum in hard material 
layer 201. FIG. 4C illustrates a step of forming non-conduc 
tive layer 231 from portions of hard material layer 201. 
Accordingly, the step in FIG. 4C may include selectively 
anodizing the aluminum in hard material layer 201 to form 
areas of aluminum oxide, which are RF transparent. In some 
embodiments, anodizing forms an aluminum oxide layer hav 
ing a thickness of between about 5 to 300 microns. In par 
ticular, aluminum oxide can be formed at micro perforations 
420 where the aluminum is verythin. Since the aluminum is 
thin at micro perforations 420, these regions can have cross 
sections that are fully anodized to aluminum oxide, thereby 
creating areas within RF antenna 50 that are RF transparent. 
The step in FIG. 4C may include using a mask to cover a 
portion 461 of hard material 201. Portion 461 may form an 
island of aluminum, a metal, or some other conducting mate 
rial surrounded by non-conductive layer 231. FIG. 4D illus 
trates a step of forming a Support layer 471 on a side of 
housing 150. Support layer 471 provides structural integrity 
and stiffness to housing 150. In some embodiments, support 
layer 471 may include a fiberglass coating, or a thin layer of 
glass or plastic. It is desirable that support layer 471 be made 
of a non-conducting material so as not to compromise the 
operation of an RF antenna integrated in housing 150. FIG. 
4D also illustrates portions 421 and 451 of housing 450 (cf. 
FIG. 4A). 
0039 FIGS.5A-5B illustrate steps in a method of forming 
housing 450 for electronic device 10 including RF antenna 
50, according to some embodiments. FIG. 5A illustrates a 
step similar to the step illustrated in FIG. 4B. FIG. 5B illus 
trates a step of forming a non-conductive layer 231 from 
portions of hard material layer 201, and forming an RF 
transparent layer 221 on a side of housing 150, overlapping 
non-conductive layer 231 and portion 461. 
0040 FIGS. 6A-6C illustrate a portable electronic device 
10 including an antenna window 60, according to some 
embodiments. FIG. 6A illustrates a plan view of a front face 
in portable electronic device 10 including antenna window 
60, according to some embodiments. FIG. 6A includes dis 
play cover 20 and sensor aperture 30, as described in detail 
above (cf. FIG.1A). FIG. 6B illustrates a cross-sectional view 
of portable electronic device 10 including antenna window 
60, according to some embodiments. Antenna window 60 is 
placed in apportion of housing 150 proximal to RF antenna 
50. In some embodiments antenna window 60 may be adja 
cent to RF antenna 50. FIG. 6C illustrates a plan view of a 
back face in portable electronic device 10 including antenna 
window 60, according to some embodiments. FIG. 6C also 
includes sensor aperture 40, as described in detail above (cf. 
FIG. 1C). As mentioned above in reference to FIGS. 1A-1C, 
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embodiments consistent with the present disclosure may 
include multiple RF antennas located in different areas in 
portable electronic device 10. For example, an RF antenna 
may be integrated in housing 150 (cf. FIG. 1A), and another 
RF-antenna may be in the interior side of housing 150, adja 
cent to antenna window 60 (cf. FIG. 6B). 
004.1 FIGS. 7A-7D illustrate steps in a method of forming 
housing 150 for electronic device 10 including RF antenna 
50, according to some embodiments. FIG. 7A illustrates a 
step of forming an RF-transparent layer 221 adjacent to a hard 
material layer 201. The geometry of the cavity can be in the 
form of a pocket, trench, or any suitable shape that does not 
break the plane of layer 221. FIG. 7B illustrates a step of 
forming a cavity in hard material layer 201. The step in FIG. 
7B may include machining the cavity, or etching away a 
portion of material in layer 201 to form the cavity. FIG. 7C 
illustrates a step of removing a thin residual of material in 
layer 201 adjacent to layer 221 in the cavity. The cavity can be 
formed by laser ablation, chemical etch, or other suitable 
technique as recognized by a person of skill in the art. FIG. 7D 
illustrates a step of filling the cavity in layer 201 with non 
conductive material 211. 

0042 FIGS. 8A-8G illustrate steps in a method of forming 
housing 150 for electronic device 10 including RF antenna 
60, according to some embodiments. FIG. 8A illustrates a 
step similar to the step illustrated in FIG. 7A. FIG. 8B illus 
trates a step similar to step 7B illustrated in FIG.7B. FIG. 8C 
illustrates a step of forming a masking layer 801 around layers 
201 and 221, including the cavity formed in the step illus 
trated in FIG. 8B. FIG. 8D illustrates a step of selectively 
removing masking layer 801 in an area overlapping a residual 
thickness of material 201 adjacent to layer 221 in the cavity 
formed in the step illustrated in FIG. 8B. The step illustrated 
in FIG. 8D may include etching away masking layer 801 in 
the selected portion. FIG. 8E illustrates a step of removing the 
hard material 201 left unmasked in step 8D. FIG. 8F illus 
trates a step of removing residual masking layer 801. FIG.8G 
illustrates a step of filling the cavity with non-conductive 
material 211. 

0043. Accordingly, in embodiments of housing 150 for 
electronic device 10 where the hard material layer 110 form 
ing the housing is aluminum, Some embodiments of an RF 
antenna window may include removing all aluminum mate 
rial in the window area (cf. FIGS. 7D and 8E). Such 
configuration enhances the RF-transparency of the window, 
as aluminum layers of even a few nm thick have a non-zero 
absorbance in the RF frequency spectrum. 
0044 FIG. 9 illustrates a cross-sectional view of housing 
150 for electronic device 10 including RF antenna 50, accord 
ing to some embodiments. Accordingly, FIG. 9 illustrates 
hard material layer 201, RF-transparent layer 221, and non 
conductive layer 211 in a gap of layer 201. Non-conductive 
layer 211 includes RF antenna 50. In some embodiments, RF 
antenna 50 includes a strip of conductive material (e.g., alu 
minum) adjacent to RF-transparent layer 221. 
0045 FIG. 10 illustrates a cross-sectional view of housing 
150 for electronic device 10 including RF antenna 50, accord 
ing to some embodiments. Accordingly, FIG. 10 illustrates 
hard material layer 201, RF-transparent layer 221, and non 
conductive layer 211 in a gap of layer 201. Non-conductive 
layer 211 includes RF antenna 50. In some embodiments, RF 
antenna 50 includes a strip of conductive material (e.g., alu 
minum) embedded within non-conductive layer 211. 
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0046 FIGS. 11A-11B illustrate steps in a method of form 
ing housing 150 for electronic device 10 including RF 
antenna 50, according to some embodiments. FIG. 11A illus 
trates a step of forming a gap in a hard material layer 201. The 
step in FIG. 11A also includes placing a block including 
RF-transparent layer 221 adjacent to non-conductive layer 
211 in the gap formed in layer 201. FIG. 11B illustrates a step 
of extending RF-transparent layer 221 across the gap, over 
lapping hard material layer 201. 
0047 FIG. 12 illustrates a flow chart with steps in a 
method 1200 of forming housing 150 for electronic device 10 
including RF antenna 50, according to Some embodiments. 
Step 1210 includes forming a gap on the housing. The hous 
ing may include a hard material layer made of aluminum 
(e.g., layer 110, cf. FIG. 1B). Accordingly, step 1210 may be 
as described in detail in relation to FIG. 2A. Step 1220 
includes filling the gap with a non-conductive material. 
Accordingly, steps 1210 and 1220 may be included in the 
steps illustrated in detail in relation to FIG. 2A. Step 1230 
includes forming a thin material layer over the gap (cf. FIG. 
2B). And step 1240 includes oxidizing the thin material layer 
(cf. FIG.2C). Accordingly, step 1240 may include forming an 
RF-transparent layer adjacent to a portion of the hard material 
layer and the non-conductive material filling the gap in the 
hard material layer. 
0048 FIG. 13 illustrates a flow chart with steps in a 
method 1300 of forming housing 150 for electronic device 10 
including RF antenna 50, according to Some embodiments. 
Step 1310 includes forming a first oxidized layer on a first 
side of a hard material layer. In some embodiments, step 1310 
may include anodizing an aluminum layer to form a thin 
RF-transparent layer on one side (e.g., layer 221, cf. FIG.3B). 
Step 1320 includes forming a second oxidized layer on a 
second side of the hard material layer (e.g., layer 231, cf. FIG. 
3C). 
0049 FIG. 14 illustrates a flow chart with steps in a 
method 1400 of forming housing 150 for electronic device 10 
including RF antenna 50, according to Some embodiments. 
Step 1410 includes forming an oxidized layer on a hard mate 
rial layer. In some embodiments, step 1410 may include 
anodizing an aluminum layer to form a thin RF-transparent 
layer (e.g., layer 221, cf. FIGS. 7A and 8A). Step 1420 
includes forming a gap on the hard material layer on a side 
opposite to the oxidized layer (cf. FIGS. 7B and 8B). Step 
1430 includes removing residual material from the hard 
material layer adjacent to the oxidized layer in the gap (cf. 
FIGS. 7C and 8C-F). Step 1440 includes filling the gap with 
a non-conductive material (cf. FIGS. 7D and 8G). 
0050 Embodiments of antenna windows and methods of 
manufacturing the same as disclosed herein may also be 
implemented with other sensors included in electronic device 
10. For example, in some embodiments patch 60 may include 
a touch sensitive pad configured to receive a touch from the 
user. The touch sensitive pad may be capacitively coupled to 
an electronic circuit configured to determine touch position 
and gesture interpretation. 
0051. The foregoing description, for purposes of explana 

tion, used specific nomenclature to provide a thorough under 
standing of the described embodiments. However, it will be 
apparent to one skilled in the art that the specific details are 
not required in order to practice the described embodiments. 
Thus, the foregoing descriptions of specific embodiments are 
presented for purposes of illustration and description. They 
are not intended to be exhaustive or to limit the described 
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embodiments to the precise forms disclosed. It will be appar 
ent to one of ordinary skill in the art that many modifications 
and variations are possible in view of the above teachings. 
What is claimed is: 
1. A housing for an electronic device, comprising: 
an aluminum layer enclosing a Volume that includes a 

radio-frequency (RF) antenna, the aluminum layer hav 
ing a window aligned with the RF antenna; the window 
comprising: 
a non-conductive material filling a gap in the aluminum 

layer, and 
a thin aluminum oxide layer adjacent to the aluminum 

layer and to the non-conductive material; wherein 
the non-conductive material and the thin aluminum 

oxide layer forman RF-transparent or a conductive 
aluminum-free path to allow transmission of Sub 
stantially all RF radiation through the window. 

2. The housing of claim 1 wherein the non-conductive 
material comprises aluminum oxide. 

3. The housing of claim 1 wherein the non-conductive 
material comprises one of the group consisting of a plastic, a 
thermosetting polymer, a ceramic material, and a glass. 

4. A housing for an electronic device, comprising: 
an aluminum layer enclosing a plurality of electronic cir 

cuits; 
an oxide layer on an exterior Surface of the aluminum layer; 

and 
one or more radio-frequency (RF) antennas, wherein each 

of the one or more RF antennas comprises: 
an electrically conductive path including a first segment 

and a second segment; 
a non-conductive material adjacent to the conductive 

path, the non-conductive material electrically insulat 
ing the first segment of the electrically conductive 
path from the second segment of the electrically con 
ductive path; and 

an RF-transparent material layer adjacent to the hard 
material layer and to the electrically conductive path; 
wherein 

at least one of the first segment and the second segment is 
part of the aluminum layer. 

5. The housing of claim 4 wherein the electrically insulat 
ing material forms a honeycomb structure that is sufficiently 
thin so as to be RF transparent yet provides stiffness to the one 
or more RF antennas. 

6. The housing of claim 5 wherein the first segment and the 
second segment form islands in the honeycomb structure and 
the nonconductive material comprises micro perforations in 
an oxidized portion of the aluminum layer. 

7. A method of manufacturing a housing for an electronic 
device, the method comprising: 

converting an aluminum layer in the housing to form an 
exterior aluminum oxide layer, 

removing the aluminum layer adjacent to the aluminum 
oxide layer to form a cavity in a window portion of the 
housing; and 

filling the cavity in the window portion with a non-conduc 
tive material, wherein 
the cavity allows transmission of substantially all radio 

frequency (RF) radiation through the window portion. 
8. The method of claim 7 wherein removing the aluminum 

layer and filling the cavity with a non-conductive material 
comprise performing a second anodization to forman alumi 
num oxide layer filling the cavity. 
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9. The method of claim 8 wherein performing the second 
anodization comprises masking a portion of an interior Sur 
face of the aluminum layer in the housing, the masked portion 
not including the window portion; and 

forming an aluminum oxide layer thicker than about 50 
lm. 

10. The method of claim 7 wherein removing the alumi 
num layer and filling the cavity comprises forming a Sapphire 
layer. 

11. The method of claim 10 wherein forming a sapphire 
layer comprises masking a portion of an interior Surface of the 
aluminum layer, the masked portion not including the win 
dow portion; and 

performing a Plasma Electrolytic Oxidation (PEO) on the 
interior Surface of the aluminum layer. 

12. The method of claim 7 wherein filling the cavity with a 
non-conductive material comprises filling the gap with Sup 
porting material selected from the group consisting of a plas 
tic, a thermosetting polymer, and a resin. 

13. The method of claim 7 wherein removing the alumi 
num layer includes one of the group consisting of machining 
the aluminum layer and/or etching away the aluminum layer. 

14. The method of claim 7 wherein removing the alumi 
num layer comprises forming micro-perforations in an inte 
rior side of the aluminum layer to establish thin wall sections 
that allow substantially all of the aluminum at the thin wall 
sections to be anodized. 

15. The method of claim 7 further comprising forming an 
electrically conducting path configured as one or more a 
radio-frequency (RF) antenna in the aluminum layer. 
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16. The method of claim 15 wherein removing the alumi 
num layer comprises separating a first segment and a second 
segment of the electrically conducting path configured as one 
or more an RF antenna. 

17. The method of claim 7 further comprising depositing 
the aluminum layer on a side of the housing by performing a 
step selected from the group consisting of physical vapor 
deposition, chemical vapor deposition, ion vapor deposition, 
cathodic arc deposition, and plasma spray deposition. 

18. A method of forming a radio-frequency (RF) transpar 
ent window in an aluminum housing for an electronic device, 
the method comprising: 

inserting an RF transparent material into a window opening 
in the aluminum housing: 

forming a thin aluminum layer on an exterior Surface of the 
aluminum housing and the RF transparent material; and 

anodizing the thin aluminum layer to form an aluminum 
oxide layer so that the aluminum oxide layer is adjacent 
to the RF transparent material in the window opening, 
allowing transmission of substantially all RF radiation 
through the window. 

19. The method of claim 18 further comprising forming an 
interior Support layer on an inside Surface of the aluminum 
housing. 

20. The method of claim 19 wherein forming an interior 
Support layer comprises forming a layer of a material selected 
from the group consisting of fiberglass, glass, ceramics, and 
plastics. 
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