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RADIO-FREQUENCY TRANSPARENT 
WINDOW 

FIELD OF THE DESCRIBED EMBODIMENTS 

0001. 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 

0002 Antenna architecture is an integral part of portable 
electronic devices. Housings and structural components are 
often made from conductive metal, which can serve as a 
ground for an antenna. However, typical antenna designs use 
nonconductive regions that are transparent to radio-frequency 
(RF) radiation to provide a good radiation pattern and signal 
strength. Conventionally, antenna windows in portable elec 
tronic devices include a plastic antenna window or a plastic 
split in a housing forming a gap in the conductive metal. 
However, this approach breaks the consistent visual profile of 
the device. Such as a cosmetic metal Surface. Also, gaps in the 
device housing weaken the underlying metal and using prod 
uct Volume to fasten the parts together. 
0003. Therefore, what is desired is an RF transparent win 
dow that provides good signal quality to an antenna inside the 
housing of a portable electronic device while also providing 
structural Support and visual consistency to the housing. 

SUMMARY OF THE DESCRIBED 
EMBODIMENTS 

0004. In a first embodiment, a patch for a device in an 
electronic housing may include an aluminum layer having a 
threshold thickness to provide a selected radio-frequency 
(RF) transmissivity and structural Support for the housing. 
The patch further includes a non-conductive layer on a first 
side of the aluminum layer, and an RF transparent layer on a 
second side of the aluminum layer. 
0005. In a second embodiment, a method for manufactur 
ing an antenna window is provided. The method may include 
coating an aluminum layer on a Substrate and anodizing the 
aluminum layer. Also, the method may include determining a 
thickness of the aluminum layer adjacent to the anodized 
aluminum layer, and stopping the anodizing the aluminum 
layer when the thickness of the aluminum layer adjacent to 
the anodized aluminum layer is determined to be no greater 
thana threshold thickness. In some embodiments the method 
includes determining the threshold thickness to provide a 
selected radio-frequency (RF) transmissivity and structural 
Support for the housing. 
0006. In another embodiment, a method for manufactur 
ing an antenna window is provided. The method may include 
coating an aluminum layer having a threshold thickness on a 
radio-frequency (RF) transparent layer to forman RF trans 
parent laminate. Further, the method includes adhesively 
attaching the RF transparent laminate to a non-conductive 
window patch substrate. 
0007. In yet another embodiment a method for manufac 
turing an antenna window is provided, including the steps of 
removing a thickness of aluminum in an electronic device 
housing to a first thickness to form a gap, and anodizing an 
aluminum Surface of the electronic device housing. The 
method further includes removing residual aluminum to 
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obtain an aluminum layer of a threshold thickness inside the 
gap and backfilling the gap with a Supporting material. The 
threshold thickness may be selected to provide a desired RF 
transparence and structural Support for the window. 
0008. In yet another embodiment, a method for manufac 
turing an antenna window includes disposing a mask on a first 
side of an aluminum Substrate and anodizing a second side of 
the aluminum Substrate to a second side thickness. The 
method further includes removing the mask from the first side 
of the aluminum Substrate and anodizing a selected portion of 
the first side of the aluminum substrate to a first side thick 
ness. Accordingly, the selected portion includes a radio-fre 
quency (RF) transparent patch. In some embodiments the 
method includes selecting the first side thickness and the 
second side thickness so that the RF-transparent patch 
includes an aluminum Substrate providing a selected RF 
transmissivity and structural Support for the antenna window. 
0009. In yet another embodiment. A method of forming a 
thin Substrate layer having a selected thickness, the method 
including forming a resistive layer within a conductive Sub 
strate, the resistive layer having a depth. The method may also 
include disposing anodization electrodes on points of the 
conductive Substrate separated by the resistive layer, and 
anodizing the conductive Substrate until anodization current 
stops. Accordingly, the selected thickness may be substan 
tially equal to the depth of the resistive layer. 
0010. 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 

0011. 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. 
(0012 FIGS. 1A-1B illustrate a portable electronic device 
including a patch for an antenna window, according to some 
embodiments. 
0013 FIG. 2 illustrates multiple curves for transmissivity 
as a function of frequency for electromagnetic signals 
through aluminum layers having different thicknesses, 
according to some embodiments. 
0014 FIGS. 3A-3C illustrate steps in a method for manu 
facturing an antenna window, according to some embodi 
mentS. 

0015 FIGS. 4A-4E illustrate steps in a method for manu 
facturing an antenna window including a stop layer, accord 
ing to Some embodiments. 
0016 FIGS.5A-5B illustrate an antenna window having a 
micro-perforated layer, according to some embodiments. 
0017 FIGS. 6A-6C illustrate steps in a method for manu 
facturing an antenna window including an ink layer, accord 
ing to Some embodiments. 
0018 FIG. 7 illustrates a flow chart including steps in a 
method for manufacturing an antenna window including an 
oxidized layer, according to Some embodiments. 
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0019 FIGS. 8A-8D illustrate steps in a method for manu 
facturing an antenna window including an adhesively attach 
able anodized layer, according to Some embodiments. 
0020 FIG. 9 illustrates a flow chart including steps in a 
method for manufacturing an antenna window including an 
adhesively attachable anodized layer, according to some 
embodiments. 
0021 FIGS. 10A-10E illustrate steps in a method for 
manufacturing an antenna window including a machined alu 
minum layer, according to Some embodiments. 
0022 FIG. 11 illustrates a flow chart including steps in a 
method for manufacturing an antenna window including a 
machined aluminum layer, according to Some embodiments. 
0023 FIGS. 12A-12E illustrate steps in a method for 
manufacturing an antenna window including a masking step, 
according to some embodiments. 
0024 FIG. 13 illustrates a flow chart including steps in a 
method for manufacturing an antenna window including a 
masking step, according to Some embodiments. 
0025 FIGS. 14A-14B illustrate steps in a method of form 
ing a thin Substrate layer having a selected thickness adjacent 
to an RF-transparent layer, 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 
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 
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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 Embodiments disclosed hereinafter include antenna 
windows having a thin anodized layer of aluminum that may 
be transparent to electromagnetic radiation in the radio-fre 
quency (RF) spectral range. Accordingly, antenna window 
patches as disclosed herein are visually consistent with a 
portable housing and thus cosmetically appealing for the 
consumer. Also, embodiments as disclosed herein provide 
adequate transmission of RF radiation for an antenna located 
inside the device. Accordingly, embodiments of antenna win 
dows as disclosed herein have the visual appearance of alu 
minum while being RF-transparent. 
0031 FIG. 1A illustrates a partial plan view of a portable 
electronic device 10 including a patch 60 for an antenna 
window, according to Some embodiments. Portable elec 
tronic device 10 may be a laptop, a notepad, a tablet, or any 
other type of hand-held electronic device Such as a Smart 
phone. Portable electronic device 10 may include a housing 
150. In some embodiments, housing 150 may be formed of a 
hard material providing structural Support and thermal flow to 
the electronic circuitry inside electronic device 10. Accord 
ingly, housing 150 may include a metallic material Such as 
aluminum. In some embodiments, antenna window 60 
includes apertures 20, 30, and 40. Apertures 20, 30, and 40 
may be adapted to allow sensors such as a camera, a photo 
detector, a proximity sensor, oran audio device to receive and 
send a signal through antenna window 60. 
0032 FIG. 1B illustrates a partial cross-sectional view of 
portable electronic device 10 along line AA'. FIG. 1B illus 
trates housing 150 and patch 60 with antenna 50 in an interior 
portion of housing 150. Accordingly, antenna 50 is located 
proximal to patch 60, which acts as an RF transparent window 
to allow RF radiation flow into and out of antenna 50. 

0033 FIG. 2 illustrates multiple curves 210-1 through 
210-7 for transmissivity as a function of frequency for elec 
tromagnetic signals through aluminum layers having differ 
ent thicknesses, according to some embodiments. The 
abscissa in FIG. 2 indicates the frequency (in Hz) of an 
electro-magnetic radiation, and the ordinate indicates a trans 
parency (in percent). Transparency in the ordinate in FIG.2 
may also be referred to hereinafter as transmissivity. The 
chart in FIG. 2 indicates also two spectral regions: an RF 
spectrum (from about 1 GHz-10 Hz- to about 10 GHz), and 
a visible spectrum in the 10" HZ region. Accordingly, 
embodiments of antenna windows as disclosed herein desir 
ably have a high transmissivity in the RF-spectrum. The RF 
spectrum depicted in FIG.2 may include different frequency 
bands used for electronic appliances Such as Wi-Fi (e.g., 
802.11g at 2.4 GHz, and 802.11a at 5 GHz), Blue-tooth, 
cellular phone networks, and others well known in the art 
(e.g., North America 4G LTE at 700 MHz). In that regard, 
embodiments of the present disclosure may include multiple 
antenna windows configured to operate with antennas in dif 
ferent RF spectral bands, as described above. In fact, a por 
table electronic device may include one or more of each of a 
Wi-Fi antenna, a Bluetooth antenna, and a cellular phone 
network antenna. 

0034 Curves 210-1 through 210-7 (collectively referred 
hereinafter as curves 210) correspond to the electro-magnetic 
transmissivity spectrum (in percent) of an aluminum layer 
having varying thickness. Curve 210-1 corresponds to a 5 
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microns thick aluminum layer (1 micron =1 um=10 m). 
Curve 210-2 corresponds to a 1 um thick aluminum layer. 
Curve 210-3 corresponds to a 500 nanometer thick aluminum 
layer (1 nanometer=1 nm=10 m). Curve 210-4 corresponds 
to a 100 nm thick aluminum layer. Curve 210-5 corresponds 
to a 50 nm thick aluminum layer. Curve 210-6 corresponds to 
a 10 nm thick aluminum layer. And curve 210-7 corresponds 
to a 1 nm thick aluminum layer. Accordingly, curves 210-2. 
210-3, 210-5, and 210-6 show good transmission of electro 
magnetic radiation in the RF spectrum, while being Substan 
tially opaque in the visible spectrum (with transmission well 
below 10%). 
0035. According to well-established electromagnetic 
theory, the amplitude Eofapropagating electric field having 
amplitude Eo on one side of a material layer having thick 
ness 'd' is given on the other side of the slab as: 

0036 Where d is the material layer thickness, and 8 is a 
skin depth which is dependent on material properties as 

2 8 = i t . 
(t 

0037. Where p is the resistivity of the material, () is the 
frequency of the electromagnetic radiation (abscissa in FIG. 
2) and L is the magnetic permeability of the material. As FIG. 
2 indicates, antenna windows as disclosed herein include 
aluminum layers having a substantially reduced thickness. 
Notably, as FIG. 2 illustrates, aluminum layers of only a few 
nm thickness are optically opaque. In fact, embodiments pro 
viding an RF-transmissivity of more than 60% include alu 
minum layers having a thickness of approximately 500 nm or 
even less. Accordingly, methods for manufacturing antenna 
windows including aluminum layers having Such thickness 
will be disclosed in relation to FIGS. 3A-3C through 14A 
14B, described in detail below. 
0038 FIGS. 3A-3C illustrate steps in a method for manu 
facturing an antenna window, according to Some embodi 
ments. FIG.3A shows a step of forming a transparent layer of 
material 300, according to some embodiments. Transparent 
layer 300 is transparent at least in the visible spectrum. Trans 
parent layer 300 may include a hard material Such as glass, to 
provide structural integrity to the antenna window. FIG. 3B 
shows a step of coating a conductive material on transparent 
layer 300 to form hard material layer 310. Hard material layer 
310 may include a hard material Such as a metal. In some 
embodiments the hard material may be aluminum, and hard 
material layer 310 may be about 5um thick. Accordingly, the 
step in FIG. 3B may include metallization of a ceramics 
Substrate by steps including ion vapor deposition, chemical 
vapor deposition (CVD), cathodic arc deposition, plasma 
spray deposition, and others known in the art. 
0039 FIG. 3C includes forming an RF-transparent layer 
320 on top of hard material layer 310. In some embodiments, 
RF-transparent layer 320 may be formed by oxidizing layer 
310. For example, RF-transparent layer 320 may be an alu 
mina layer formed by anodizing a layer 310 made of alumi 
num. Accordingly, RF-transparent layer 320 may be non 
conductive. In some embodiments RF-transparent layer 320 
is transparent also to visible radiation. After anodizing hard 
material layer 310 to form RF-transparent layer 320, hard 
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material layer 310 may be thinned down to a few tens of nm, 
Such as 100 nm, or less. In some embodiments, the residual 
thickness of hard material layer 310 may be a few 100's of 
nm, and less than or about 500 nm. Thus, the RF transmissiv 
ity of hard material layer 310 may be 90% or more when the 
hard material layer includes an aluminum layer (e.g., curve 
210-4, cf. FIG. 2). In some embodiments, the RF transmis 
sivity of hard material layer 310 may be 60% or more, when 
the hard substrate layer includes a 500 nm thick aluminum 
layer, or thinner (e.g., curve 210-3 through 210-7, cf. FIG. 2). 
0040. In embodiments where hard material layer 310 
includes an aluminum layer, anodization in FIG. 3C creates 
an alumina layer thicker than the consumed aluminum layer. 
Accordingly, an alumina layer of about twice the thickness of 
the consumed aluminum layer is produced in the oxidation 
step of FIG.3C. The thickness of an aluminum layer resulting 
from oxidation step 720 may be a few nm (e.g., 10 nm), a few 
100's of nm, a micron, or even more, such as a few microns or 
up to 5 um or even 10 Lum. Likewise, the thickness of RF 
transparent layer 320 (alumina) may be from a few microns 
up to about 10 um, 20 Lum, or even more, Such as 100 um. 
0041 FIGS. 4A-4E illustrate steps in a method for manu 
facturing an antenna window including a stop layer, accord 
ing to some embodiments. FIG. 4A illustrates a step of form 
ing transparent layer 300 of material. In that regard, the step 
in FIG. 4A may be similar to the step illustrated in FIG. 3A, 
above. FIG. 4B illustrates a step of coating a conductive 
material on transparent layer 300 to form conductive layer 
310. In that regard, the step in FIG. 4B may be similar to the 
step illustrated in FIG.3B, above. FIG. 4C illustrates a step of 
forming a transparent layer 401 on top of conductive layer 
310. In some embodiments, transparent layer 401 may also be 
electrically conductive. Accordingly, in Some embodiments 
the step illustrated in FIG. 4C includes depositing a layer of 
Indium Tin Oxide (ITO) over conductive layer 410. ITO is an 
electrically conductive material that is also transparent in the 
visible spectral region. 
0042 FIG. 4D illustrates a step of depositing hard material 
layer 310 over transparent layer 401. In that regard, the step in 
FIG. 4D may be similar to the step illustrated in FIGS. 3B and 
4B. FIG. 4E illustrates a step of forming an RF-transparent 
layer 320 from hard material layer 310. Accordingly, RF 
transparent layer 320 may be formed by anodization of top 
conductive layer 310 (cf. FIG.3C). In that regard, transparent 
layer 401 serves two purposes. In one hand transparent layer 
401 forms a stop barrier for the anodization step forming 
RF-transparent layer 320. On the other hand, its electrical 
conductivity allows transparent layer 401 to form an elec 
trode in the anodization process of top conductive layer 310. 
0043. A convenient feature of an antenna window manu 
factured as in FIGS. 4A-4E is that RF-transparent layer 320, 
being an anodized alumina layer, forms a seamless profile 
within device housing 150. Moreover, in some embodiments 
device housing 150 may have a specific color, Such as black, 
which may be provided to the antenna window by dying the 
anodized alumina layer (i.e., RF-transparent layer 320). Fur 
thermore, the profile of the antenna window according to 
FIGS. 4A-E is also seamless in texture, relative to device 
housing 150. 
0044 FIGS.5A-5B illustrate an antenna window having a 
micro-perforated layer, according to some embodiments. 
FIG. 5A is a plan view of the antenna window including a 
patch 60 having apertures 20, 30, and 40 for accessing sensor 
and other accessory devices inside the electronic device. FIG. 
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5A also illustrates in higher detail a portion of patch 60 
including micro-perforations 501 in a matrix 502. FIG. 5B 
illustrates a side view of patch 60 in the antenna window. 
Accordingly, patch 60 includes a microperf layer 500 adja 
cent to transparent layer 300. Microperf layer 500 includes 
micro-perforations traversing matrix 502 from one side to the 
opposite side of the matrix. In some embodiments, matrix 502 
may be formed of a conductive material Such as aluminum. 
0045 Micro-perforations 501 (microperf) allow RF radia 
tion to pass through but are not visible to the eye. Micro 
perforations 501 may be performed by laser machining of an 
aluminum Surface. In some embodiments, micro-perfora 
tions 501 go through the aluminum layer and through an 
adjacent alumina layer. Microperf layer 500 may include 
perforations through the material and isolated islands of 
material separated by moats or channels. In that regard, the 
moats or channels forming the material islands may be 
formed by laser machining or chemical etching of the mate 
rial. 

0046 FIGS. 6A-6C illustrate steps in a method for manu 
facturing an antenna window including an ink layer, accord 
ing to some embodiments. FIG. 6A illustrates a step of form 
ing a transparent layer 300 of material. Accordingly, the step 
in FIG. 6A may be as the step in FIG. 3A, above. FIG. 6B 
illustrates a step of depositing a conductive layer 310 on one 
side of transparent layer 300. In that regard, the step in FIG. 
6B may be similar to the step in FIGS. 3B and 4B described 
in detail above. FIG. 6C illustrates a step of printing an ink 
layer 601 on a surface of conductive layer 310. In that regard, 
ink layer 601 may provide a cosmetically pleasing and con 
sistent visual effect to the surface of housing 150. Thus, 
consumers may be attracted to acquire and use an electronic 
device consistent with the qualities described in the present 
disclosure. 

0047 FIG. 7 illustrates a flow chart including steps in a 
method 700 for manufacturing an antenna window including 
an oxidized layer, according to some embodiments. Step 710 
includes coating a transparent Substrate with a conductive 
material. A transparent substrate in step 710 may be a non 
conductive Substrate such as glass, which is transparent in the 
visible spectrum. Accordingly, step 710 may include forming 
hard material layer 310 adjacent to transparent layer as 
described in FIGS. 3B, 4B, and 6B. Step 720 includes oxi 
dizing the conductive material coated in step 710 to a selected 
thickness. Accordingly, step 720 may include anodizing a 
conductive layer, Such as an aluminum layer (e.g., hard mate 
rial layer 310, cf. FIG. 3B). Step 730 includes determining 
that a pre-selected thickness of hard material layer 310 has 
been achieved. Further, step 730 includes stopping oxidation 
of the conductive material once the conductive material forms 
a hard material layer 310 of the pre-selected thickness. In 
Some embodiments step 710 may include selecting a curve in 
a transmissivity spectrum according to a target RF transmis 
sivity in the RF spectrum (e.g., curves 210, cf. FIG. 2). 
0048 FIGS. 8A-8D illustrate steps in a method for manu 
facturing an antenna window including an adhesively attach 
able anodized layer, according to some embodiments. FIG. 
8A illustrates a step forming an RF-transparent layer 320. 
RF-transparent layer 320 may be an oxidized layer, such as an 
aluminum oxide layer resulting from anodization step of an 
aluminum layer. In some embodiments it is desirable that 
RF-transparent layer 320 be thin, so as to be flexible. Accord 
ingly, some embodiments include RF-transparent layer 320 
made of glass and having a thickness of between about 25 to 
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about 100 Lum. FIG. 8B illustrates a step of depositing con 
ductive layer 310 adjacent to RF-transparent layer 320. FIG. 
8C illustrates a step of attaching the laminate formed by 
layers 310 and 320 onto transparent layer 300. Transparent 
layer 300 in FIG. 8C may be a hard transparent layer includ 
ing a glass or a plastic. A hard transparent layer 300 is trans 
parent in the visible spectrum and provides structural Support 
for the antenna window. FIG. 8D illustrates a step of cutting 
a profile for an antenna window from a laminate including 
layers 300, 310, and 320. In some embodiments, the profile 
illustrated in FIG. 8D may be obtained by laser cutting the 
laminate formed in the steps illustrated in FIGS. 8A-8C. 
Accordingly, the profile in the cutting step in FIG. 8D may 
include apertures for sensors in the electronic device (e.g., 
apertures 20, 30, and 40, cf. FIG. 1A). 
0049 FIG. 9 illustrates a flow chart including steps in a 
method 900 for manufacturing an antenna window including 
an adhesively attachable anodized layer, according to some 
embodiments. Step 910 includes forming an RF-transparent 
membrane. For example, step 910 may include anodizing an 
aluminum layer to form an alumina layer having a thickness 
and a porosity of a membrane. The porous alumina layer is 
also an RF-transparent material. Step 920 includes laminat 
ing a hard material layer having a first thickness on a first side 
of the RF-transparent membrane. For example, step 920 may 
include depositing an aluminum layer on the alumina mem 
brane of step 910. Step 930 includes attaching the laminated 
hard material and RF-transparent membrane to a transparent 
substrate. Step 930 may include disposing an adhesive on a 
side of the hard material layer and pressing the laminate onto 
a surface of a glass layer (e.g., transparent layer 300, cf. FIG. 
8C). Step 940 includes forming a patch of RF-transparent 
laminate from the composite of laminated hard material and 
RF-transparent membrane adhered to the transparent sub 
strate resulting in step 930. Accordingly, in some embodi 
ments step 940 may include cutting a profile for an antenna 
window from the laminate resulting in step 930 (cf. FIG.8D). 
0050 FIGS. 10A-10E illustrate steps in a method for 
manufacturing an antenna window including a machined alu 
minum layer, according to some embodiments. FIG. 10A 
illustrates a step of forming a hard material layer 310. FIG. 
10B illustrates a step of forming a gap 1001 on a portion of 
hard material layer 310. The step illustrated in FIG. 10B may 
include machining hard material layer 310 to form hard layer 
1010 having gap 1001. Gap 1001 may form the profile of a 
patch including a portion of a housing adjacent to an antenna 
(e.g., patch 60 and housing 150 for antenna 50, cf. FIGS. 1A 
and 1B). FIG. 10C illustrates a step of forming an RF-trans 
parent layer on the surface of hard layer 1010, resulting in 
layer 1020. For example, FIG. 10C may include a step of 
anodizing an aluminum layer to form a thin alumina layer on 
the surface of layer 1010. In some embodiments a step to form 
layer 1020 may include dipping a portion or the entirety of 
layer 1010 in an anodizing solution. FIG. 10D illustrates a 
step of increasing the depth of gap 1001 to form a layer 1030. 
Accordingly, step 10D results in a thin layer of hard material 
on a side of gap 1001. For example, a thin aluminum layer 
may remain on a side of a patch adjacent to the antenna to 
form the antenna window. The thin aluminum wall in gap 
1001 thus provides structural support and continuity to layer 
1030. The thickness of the thin aluminum wall in gap 1001 
may be selected from a transmissivity spectrum such that RF 
radiation may be transmitted freely between the antenna and 
the exterior of the electronic device (e.g., curves 210, cf. FIG. 
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2). FIG. 10E illustrates a step of filling gap 1001 with an 
RF-transparent material 1011 to strengthen lay FIG. 10E 
illustrates a step of filling gap 1001 with an RF-transparent 
material 1011 to strengthen layer 1030. RF-transparent mate 
rial 1011 may be a curable adhesive such as a thermosetting 
polymer. 
0051 FIG. 11 illustrates a flow chart including steps in a 
method 1100 for manufacturing an antenna window includ 
ing a gap in housing 150, according to some embodiments. 
Step 1110 includes removing substrate material in an elec 
tronic device housing to a first thickness, forming a gap. Step 
1120 includes oxidizing a surface of the device housing. Step 
1130 includes removing residual material to obtain a thresh 
old thickness of the hard material layer in the gap. Accord 
ingly, step 1130 may include etching the hard material portion 
of the device housing down to the threshold thickness. Step 
1140 includes backfilling the gap with a thermosetting poly 
C 

0052 FIGS. 12A-12E illustrate steps in a method for 
manufacturing an antenna window including a masking step, 
according to Some embodiments. FIG. 12A illustrates a step 
of forming a hard material layer 310. FIG.12B illustrates the 
step of placing an oxidation mask 1201 adjacent to hard 
material layer 310. FIG. 12C illustrates the step of forming 
RF-transparent layer 320 on a side of the hard material layer 
opposite the mask. FIG. 12D illustrates a step of removing the 
mask. And FIG. 12E illustrates a step of forming a thin RF 
transparent layer 321 adjacent to hard material layer 310, 
opposite to RF-transparent layer 320. 
0053 FIG. 13 illustrates a flow chart including steps in a 
method 1300 for manufacturing an antenna window includ 
ing a masking step, according to Some embodiments. Step 
1310 includes disposing an oxidation mask on a first side of a 
substrate. The substrate may include a hard material layer 
(e.g., hard material layer 310 and mask 1201, cf. FIG. 12B). 
Accordingly, the hard material layer may include a metal, 
Such as aluminum. 

0054 Step 1320 includes oxidizing a second side of the 
substrate to a thickness. In some embodiments, step 1320 
may include anodizing an aluminum layer to a thickness, 
forming an RF-transparent layer (e.g., RF-transparent layer 
320, cf. FIG. 12C). Step 1330 includes removing the oxida 
tion mask from the first side of the substrate (cf. FIG. 12C). 
Accordingly, step 1330 may include selecting an RF-trans 
parent patch in the substrate where the oxidation mask is to be 
removed. In some embodiments, the RF-transparent patch 
may include an RF antenna window for the electronic device 
(e.g., patch 60, cf. FIGS. 1 and 6). Step 1340 may include 
oxidizing the first side of the Substrate in a portion including 
the RF-transparent patch to form a hard material layer in the 
Substrate having a second thickness. Thus, Step 1340 may 
include forming a thin RF transparent layer adjacent to the 
hard material layer (e.g., thin RF-transparent layer 321 and 
hard material layer 310, cf. FIG. 12E). Furthermore, step 
1340 may include forming a thin hard material layer having a 
desired RF-transmissivity. 
0055 Step 1350 includes determining whether or not the 
second thickness is lower than a selected threshold. Accord 
ingly, step 1350 may include selecting a threshold from a 
transmissivity spectrum curve (e.g., curves 210, cf. FIG. 2). 
For example, a threshold for a second thickness may be 10 nm 
for a hard Substrate including aluminum. Accordingly, the 
RF-transmissivity of the resulting antenna window may be 
higher than about 99% (cf. curve 210-6 in FIG. 2). Step 1340 
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is continued until the second thickness is reduced below the 
selected threshold, according to step 1350. Step 1350 may 
include using electronic circuitry to measure an electric cur 
rent in an anodization step included in step 1340. The inten 
sity of the electric current in the anodization step is an indi 
cation of the thickness of an aluminum layer being anodized. 
Accordingly, the intensity of the anodization current is 
reduced as the thickness of the aluminum layer is reduced. In 
Some embodiments, the reduction in anodization current may 
be proportional to the reduction in aluminum layer thickness. 
Thus, step 1350 may also include using a lookup table listing 
aluminum layer thicknesses corresponding to determined 
anodization currents. Thus, step 1350 may include measuring 
the anodization current and correlating the anodization cur 
rent to an aluminum layer thickness to find the second thick 
ness of the hard material layer in the substrate. Step 1360 
includes filling the porous layer left as a result of the oxidation 
step 1340 with a thermosetting polymer when the second 
thickness is below the selected threshold, according to step 
1350. 

0056 FIGS. 14A-14B illustrate steps in a method of form 
ing a thin substrate layer 1415 having a selected thickness 
1402 adjacent to an RF-transparent layer 320, according to 
some embodiments. FIG. 14A illustrates the step of forming 
a resistive layer 1401 within a hard material layer 1410. 
Accordingly, hard material layer 1410 in FIG. 14A may 
include a conductive material. Such as a metal. For example, 
hard material layer 1410 may include aluminum. Resistive 
layer 1401 separates a portion of thickness 1402 within hard 
material layer 1410. Accordingly, the step illustrated in FIG. 
14A may include selecting thickness 1402 to obtain a desired 
RF-transmissivity in the resulting thin substrate layer. For 
example, when hard material layer 1410 includes aluminum, 
thickness 1402 may be selected from a transmissivity spec 
trum curve (e.g., curves 210, cf. FIG. 2). Step 14B includes 
anodizing hard material layer 1410 to form thin substrate 
layer 1415. Accordingly, step 14B may include placing anod 
ization electrodes A and B in contact with hard material layer 
1415 at points separated by resistive layer 1401. As a result, 
RF-transparent layer 320 having thickness 1422 is formed 
adjacent to thin substrate layer 1415. Thus, during anodiza 
tion, a current flow through hard material layer 1410 from 
electrode A to electrode B ceases at a point where the oxide 
layer (e.g., RF-transparent layer 320) makes contact with 
resistive layer 1401. The anodization process stops when the 
current flow ceases. 

0057 The method illustrated in FIGS. 14A-14B provides 
thin substrate layer 1415 with a highly accurate thickness 
1402. Thickness 1402 may be accurately determined to as low 
as a few nm by controlled formation of resistive layer 1401 
within hard material layer 1410. In that regard, resistive layer 
1401 may be simply a resistive channel inside hard material 
layer 1410, the channel having depth 1402. In such configu 
ration, resistive layer 1401 may form an indentation inside 
hard material layer 1410. 
0.058 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. Patch 60 may thus be configured to be a window or a 
platform for a sensing element in an interior portion of elec 
tronic device housing 150. In some embodiments, the sensing 
element may include a capacitively coupled electrical circuit. 
For example, in Some embodiments patch 60 may include a 
touch sensitive pad, or a track pad configured to receive, 
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process, and measure a touch from the user. The touch sensi 
tive pad may be capacitively coupled to an electronic circuit 
configured to determine touch position and gesture interpre 
tation. 
0059. 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 
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 patch for a device in an electronic housing, the patch 

comprising: 
an aluminum layer having a threshold thickness to provide 

a pre-selected radio-frequency (RF) transmissivity and 
structural Support for the housing: 

a non-conductive layer on a first side of the aluminum 
layer; and 

an RF transparent layer on a second side of the aluminum 
layer. 

2. The patch of claim 1 wherein the threshold thickness is 
selected to provide a desired RF-transmissivity. 

3. The patch of claim 2 wherein the selected RF-transmis 
sivity is at least 60%. 

4. The patch of claim 1 configured to be an RF-transparent 
window for an antenna in an interior portion of the electronic 
housing. 

5. The patch of claim 4 configured to be a window for a 
sensing element, the sensing element in an interiorportion of 
the electronic housing. 

6. The patch of claim 5 wherein the sensing element com 
prises a capacitively coupled electrical circuit; and 

the patch is configured as a touch sensitive pad. 
7. The patch of claim 1 including an RF-transparent mem 

brane adhesively coupled to a substrate. 
8. The patch of claim 7 wherein the RF-transparent mem 

brane comprises a thin aluminum layer deposited on a side of 
an alumina layer. 

9. The patch of claim 1 wherein the aluminum layer com 
prises a plurality of micro-perforations, the plurality of 
micro-perforations operable to increase the RF transmissivity 
of the aluminum layer. 

10. A method for manufacturing an antenna window, the 
method comprising: 

coating an aluminum layer on a Substrate; 
anodizing the aluminum layer, 
determining a thickness of the aluminum layer adjacent to 

the anodized aluminum layer, 
stopping the anodizing the aluminum layer when the thick 

ness of the aluminum layer adjacent to the anodized 
aluminum layer is determined to be no greater than a 
threshold thickness; and 

determining the threshold thickness to provide a selected 
radio-frequency (RF) transmissivity and structural Sup 
port for the housing. 

11. The method of claim 10 wherein the substrate is an 
optically transparent Substrate and coating the optically trans 
parent Substrate comprises depositing the electrically con 
ductive material on a surface of the transparent Substrate 
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using one of the group consisting of Physical Vapor Deposi 
tion (PVD), sputtering, Chemical Vapor Deposition (CVD), 
ion vapor deposition, cathodic arc deposition, and plasma 
spray deposition. 

12. The method of claim 10 wherein determining the thick 
ness of the aluminum layer adjacent to the anodized alumi 
num layer comprises measuring an anodization current; 

and further comprising: 
correlating the anodization current to an aluminum thick 

ness in a lookup table. 
13. A method for manufacturing an antenna window, the 

method comprising: 
coating an aluminum layer having a threshold thickness on 

a radio-frequency (RF) transparent layer to forman RF 
transparent laminate; and 

adhesively attaching the RF transparent laminate to a non 
conductive window patch Substrate. 

14. The method of claim 13 further comprising forming the 
RF transparent layer from a step selected from the group 
consisting of forming an alumina layer from aluminum anod 
ization, and forming a thin glass layer. 

15. A method for manufacturing an antenna window, the 
method comprising: 

removing a thickness of aluminum in an electronic device 
housing to a first thickness to form a gap: 

anodizing an aluminum Surface of the electronic device 
housing: 

removing residual aluminum to obtain an aluminum layer 
of a threshold thickness inside the gap, the threshold 
thickness selected to provide a radio-frequency (RF) 
transmissivity and structural Support for the window; 
and 

backfilling the gap with a Supporting material. 
16. The method of claim 15 wherein backfilling the gap 

with a Supporting material comprises filling the gap with a 
thermosetting polymer. 

17. The method of claim 15 wherein removing a thickness 
of aluminum comprises one of the group consisting of 
machining the electronic device housing and etching the elec 
tronic device housing. 

18. A method for manufacturing an antenna window, the 
method comprising: 

disposing a mask on a first side of an aluminum Substrate; 
anodizing a second side of the aluminum Substrate to a 

second side thickness; 
removing the mask from the first side of the aluminum 

Substrate; 
anodizing a selected portion of the first side of the alumi 
num Substrate to a first side thickness, the selected por 
tion comprising a radio-frequency (RF) transparent 
patch; and 

selecting the first side thickness and the second side thick 
ness So that the RF-transparent patch includes an alumi 
num Substrate providing a selected RF transmissivity 
and structural Support for the antenna window. 

19. The method of claim 18 further comprising filling a 
porous layer resulting from anodizing the selected portion of 
the first side of the aluminum substrate with a thermosetting 
polymer. 

20. A method of forming a thin substrate layer having a 
selected thickness, the method comprising: 

forming a resistive layer within a conductive Substrate, the 
resistive layer having a depth; and 
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disposing anodization electrodes on points of the conduc 
tive substrate separated by the resistive layer; 

anodizing the conductive substrate until an anodization 
current stops; wherein 
the selected thickness is substantially equal to the depth 

of the resistive layer. 
21. The method of claim 20 further comprising selecting 

depth of the resistive layer that an RF-transparent patch 
includes a conductive Substrate having a threshold thickness. 

k k k k k 
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