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THERMAL ISOLATION IN PRINTED CIRCUIT BOARD ASSEMBLIES

BACKGROUND

Priority Claim

[0001] The present Application for Patent claims priority to Non-Provisional
Application No. 13/792,092 entitled “Thermal Isolation in Printed Circuit Board
Assemblies” filed March 10, 2013, and assigned to the assignee hereof and hereby
expressly incorporated by reference herein as if fully set forth below in its entirety and

for all applicable purposes.

Field
[0002] Aspects of the present disclosure relate generally to printed circuit board
assemblies, and more particularly, to thermally isolating heat generated from

circuitry located on a printed circuit board within a printed circuit board assembly.

Background

[0003] Printed circuit boards include multiple conductive layers interleaved with
multiple dielectric layers. Each conductive layer is typically formed into one or
more pathways (known as traces) to provide a path for an electric current.
Electronic components are attached to the printed circuit board and electrically
connected to the traces forming a printed circuit board assembly.

[0004] Printed circuit board assemblies are utilized in a wide range of electrical
and electronic equipment including both handheld and non-handheld devices.
These devices have been utilized to monitor and/or measure a variety of
parameters for physiological, subjective, and environmental conditions. The
devices can be configured to store data related to the parameters and/or transmit,
either wired or wirelessly, the data to another device.

[0005] In one example, a handheld device can be used to measure the blood
glucose level of an individual. The handheld device can include a module that
measures the blood glucose along with circuitry that facilitates wireless data

communications. However, the heat generated from the circuitry can cause a
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temperature elevation in the blood glucose measurement. Any temperature
elevation in the blood glucose measurement from the ambient temperature will
cause inaccurate readings in the blood glucose measurements, which could have
adverse effects on the individuals. Thus, there is a need for isolating the heat

generated by circuitry on a printed circuit board.
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SUMMARY

[0006] The following presents a simplified summary of one or more aspects of the
present disclosure, in order to provide a basic understanding of such aspects. This
summary is not an extensive overview of all contemplated features of the
disclosure, and is intended neither to identify key or critical elements of all aspects
of the disclosure nor to delineate the scope of any or all aspect of the disclosure.
Its sole purpose is to present some concepts of one or more aspects of the
disclosure in a simplified form as a prelude to the more detailed description that is
presented later.

[0007] In one aspect, the disclosure provides a printed circuit board assembly for
reducing the impact of heat generated from circuitry within a handheld or non-
handheld device. The printed circuit board assembly can include a printed circuit
board having a plurality of conductive layers; and a plurality of dielectric layers,
where each dielectric layer of the plurality of dielectric layers is disposed between
a pair of conductive layers in the plurality of conductive layers and each conductive
layer in the plurality of conductive layers includes a first portion and a second
portion separated by a gap. The gaps in alternating conductive layers are
misaligned. In one example, the misaligned gaps form a curvature pattern. In
another example, the misaligned gaps form a pattern of integrally connected
straight segments.

[0008] The first portion of a conductive layer may be substantially thermally
isolated from the second portion of the conductive layer. Furthermore, the first
portion of a conductive layer may be shorter than the second portion of the
conductive layer and at least some first portions of the plurality of conductive
layers are of the same length.

[0009] The printed circuit board assembly may further include a wireless
communication module, integrally connected to and in communication with the
printed circuit board, adapted to establish a wireless communication link with an
external device and a data collection module integrally connected to and in
communication with the printed circuit board.

[0010] A ground plane may be formed upon a layer of the printed circuit board and
one or more RF capacitors may be connected to the ground plane allowing signals

at RF frequencies to pass through the one or more RF capacitors maintaining
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continuity of the ground plane. A metal trace may be connected to the ground
plane creating a DC connection.

[0011] In another aspect, the disclosure provides a method of manufacturing a
printed circuit board assembly. The method includes providing a printed circuit
board; providing a plurality of conductive layers on the printed circuit board, each
conductive layer having a first portion and a second portion separated by a gap
where gaps in alternating conductive layers are misaligned; and providing a
plurality of dielectric layers on the printed circuit board, each dielectric layer of the
plurality of dielectric layers disposed between a pair of conductive layers in the
plurality of conductive layers.

[0012] The method may further include providing a wireless communication
module, integrally connected to and in communication with the printed circuit
board, adapted to establish a wireless communication link with an external device
and providing a data collection module integrally connected to and in
communication with the printed circuit board.

[0013] The method may also include providing one or more RF capacitors
connected to a ground plane allowing signals at RF frequencies to pass through the
one or more RF capacitors maintaining continuity of the ground plane. A metal
trace may be provided and connected to the ground plane creating a DC
connection.

[0014] In another aspect, the disclosure provides a printed circuit board assembly.
The printed circuit board assembly comprises a printed circuit board which
includes a plurality of conductive means; and a plurality of dielectric means, each
dielectric means of the plurality of dielectric means disposed between a pair of
conductive means in the plurality of conductive means. Each conductive means in
the plurality of conductive means includes a first portion and a second portion
separated by a gap; and gaps in alternating conductive means are misaligned.

[0015] The printed circuit board may further include a wireless communication
means, integrally connected to and in communication with the printed circuit
board, adapted to establish a wireless communication link with an external device
and a data collection means integrally connected to and in communication with the

printed circuit board.



WO 2014/164215 PCT/US2014/021293

[0016] A ground plane may be formed upon a layer of the printed circuit board and
one or more RF capacitors may be connected to the ground plane allowing signals
at RF frequencies to pass through the one or more RF capacitors maintaining
continuity of the ground plane. A metal trace may be connected to the ground

plane creating a DC connection.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG. 1 illustrates a top view of a typical printed circuit board assembly.

[0018] FIG. 2 illustrates a cross-sectional view of a typical printed circuit board
assembly.

[0019] FIG. 3 illustrates a cross-sectional view a printed circuit board assembly for

reducing the impact of heat generated from the circuitry located on a printed
circuit board, according to one example.

[0020] FIG. 4 illustrates a cross-sectional view a printed circuit board assembly for
reducing the impact of heat generated from the circuitry located on a printed
circuit board, according to one example.

[0021] FIG. 5 illustrates a top view of a printed circuit board assembly showing a
plurality of misaligned gaps forming a curvature pattern.

[0022] FIG. 6 illustrates a top view of a printed circuit board assembly showing a
plurality of misaligned gaps forming a pattern of integrally connected straight
segments, according to one example.

[0023] FIG. 7 illustrates a top view of a printed circuit board assembly showing a
plurality of misaligned gaps forming a pattern of integrally connected straight
segments, according to one example.

[0024] FIG. 8 illustrates a top view of a printed circuit board assembly having an
antenna assembly, according to one example.

[0025] FIG. 9 illustrates a flow diagram for manufacturing a printed circuit board
assembly having gaps in conductive layers for reducing the impact of heat
generated from the circuitry located on a printed circuit board, according to one

example.
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DETAILED DESCRIPTION

[0026] The detailed description set forth below in connection with the appended
drawings is intended as a description of various configurations and is not intended
to represent the only configurations in which the concepts described herein may
be practiced. The detailed description includes specific details for the purpose of
providing a thorough understanding of various concepts. However, it will be
apparent to those skilled in the art that these concepts may be practiced without
these specific details. In some instances, well known structures and components
are shown in block diagram form in order to avoid obscuring such concepts.

[0027] The term “handheld device” may refer to a wireless device, a mobile device,
a mobile phone, a mobile communication device, a user communication device,
personal digital assistant, mobile palm-held computer, a laptop computer, remote
control and/or other types of mobile devices typically carried by individuals
and/or having some form of communication capabilities (e.g., wireless, infrared,
short-range radio, etc.). The term “non-handheld device” may refer to any device
or piece of equipment containing a printed circuit board.

[0028] While the present disclosure is described primarily with respect to isolating
heat generated from circuit in one functional area of a printed circuit board from
other functional areas in the printed circuit board, this is by way of example only.
The present disclosure may be applied and adapted to various types of handheld
and non-handheld devices having one or more printed circuit boards.

[0029] In one example, the present disclosure is described with respect to isolating
heat generated from wireless circuitry in a printed circuit board from data
collection modules for collecting or measuring data, such as blood glucose
modules, on the printed circuit board located within a handheld device. The
present disclosure may be applied to any type of data collection module for
collecting or measuring data in which the data will be affected by temperature
elevation due to heat generated from the circuitry, such as a wireless
communication module, in the handheld. The data can include, but is not limited to,
a variety of parameters for physiological, subjective, and environmental
conditions. Also, a variety of other embodiments are contemplated having different
combinations of the below described features of the present disclosure, having

features other than those described herein, or even lacking one or more of those
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features. As such, it is understood that the disclosure can be carried out in various
other suitable modes.

[0030] The present disclosure may also be applied and adapted to various non-
handheld devices or equipment for heat mitigation or isolation between one or
more portions of a printed circuit board within the non-handheld devices or
equipment. For example, a central processing unit (CPU) in a computer may be
isolated from other electronics that are temperature sensitive as the CPU is
typically a large source of heat.

[0031] According to one aspect, a printed circuit board assembly for reducing the
impact of heat generated from circuitry within a handheld or non-handheld device
is provided. The printed circuit board assembly may include a printed circuit
board comprising a plurality of conductive layers and a plurality of dielectric layers
where each dielectric layer is disposed between a pair of conductive layers. Each
conductive layer may include a first portion and a second portion separated by a
gap where the gaps in the alternating conductive layers are misaligned. The first
portion of each conductive layer may be substantially thermally isolated from the

second portion of each conductive layer.

[0032] FIG. 1 illustrates a top view of a typical printed circuit board assembly. As
shown, the printed circuit board assembly 100 includes a data collection module
102, such as a blood glucose module, located on top of and next to circuitry 104,
such as wireless communication circuitry. The blood glucose module 102 may be
utilized for performing a blood glucose measuring function and the circuitry 104,
i.e. a wireless communication module, may be adapted for establishing a wireless
communication link with an external device and exchanging information with the
external device via the wireless communication link. The blood glucose module
102 and the wireless communication module 104 are physically-separate units
electrically connected in order to allow for an exchange of electrical signals
corresponding to information to be transmitted by the wireless communication
module and/or information received by the wireless communication module 104.

[0033] FIG. 2 illustrates a cross-sectional view a typical printed circuit board
assembly 200 having a blood glucose module 202 located on top of a printed
circuit board 204. The printed circuit board 204 includes a plurality of conductive
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layers 206 and a plurality of dielectric layers 208. Each dielectric layer 208 is
interposed between adjacent conductive layers 206 to form a body 210 of
alternate conductive layers 206 and dielectric layers 208. A wireless
communication module 214, or other electrical circuitry, is attached to the printed
circuit board 304. During operation, the wireless communication module 214
generates heat which is then propagated along the conductive layers 206 to the
data collection module 202. The elevation in temperature can cause inaccurate
readings or measurement in data collected by the data collection module 202.

[0034] FIG. 3 illustrates a cross-sectional view a printed circuit board assembly for
reducing the impact of heat generated from circuitry located on a printed circuit
board, according to one example. The printed circuit board assembly 300 may
include a data collection module 302 located on top of a printed circuit board 304.
The printed circuit board 304 may include a plurality of conductive layers 306 and
a plurality of dielectric layers 308. Each dielectric layer 308 may be interposed
between adjacent conductive layers 306 to form a body 310 of alternate
conductive layers 306 and dielectric layers 308. The conductive layers 306 may
comprise any conductive material such as metal, for example copper. The
conductive layers may be etched or otherwise formed into conductive pathways,
known as traces.

[0035] In one aspect, a wireless communication module 316, or other electrical
circuitry, may be attached to one or both sides of the printed circuit board 304.
During operation, the wireless communication module 310 may generate heat
which is then propagated along the conductive layers 306. To reduce the effects of
heat generated from the wireless communication module or other circuitry, the
conductive layers 306 may be separated into two (2) separate functional areas
306a and 306b. By creating two separate functional areas 306a and 306b in the
printed circuit board, thermal isolation may be achieved by having a slot or gap
320 in the conductive layers 306 so that the heat 314 from the second functional
area 306b does not propagate to the first functional area 306a and as a result the
data collection module 302. In other words, heat may not propagate freely along
the conductive layers.

[0036] However, as the conductive layers in the print circuit board are separated in

the same area as shown in FIG. 3, the mechanical strength of the printed circuit
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board may be compromised. As such, the printed circuit board assembly 300 may
break in half along the area or gap 312 where there is no conductive material.

[0037] FIG. 4 illustrates a cross-sectional view a printed circuit board assembly for
reducing the impact of heat generated from the circuitry located on a printed
circuit board, according to one example. The printed circuit board assembly 400
may include a data collection module 402 located on top of a printed circuit board
404. The printed circuit board 404 may include a plurality of conductive layers
406a-406f and a plurality of dielectric layers 408. Each dielectric layer 408 may be
interposed between adjacent conductive layers 406 to form a body 410 of
alternate conductive layers 406 and dielectric layers 408. The conductive layers
406 may comprise any conductive material such as metal, such as copper. The
conductive layers may be etched or otherwise formed into conductive pathways,
known as traces.

[0038] In one aspect, a wireless communication module 410, or other electrical
circuitry, may be attached to one or both sides of the printed circuit board 404.
During operation, the wireless communication module 410 may generate heat
which is then propagated along the conductive layers 406. To reduce the effects of
heat generated from the wireless communication module or other circuitry, each of
the conductive layers 406 may include a first portion 406a and a second portion
406b separated by a gap 412. According to one aspect, the first portion 406a may
have a first length and the second portion 406b may have a second length and the
second length may be longer than the first length. The first portion 406a of each
conductive layer may be substantially thermally isolated from the second portion
406b of each conductive layer. In one aspect, the lengths of the first portions of
some, but not all of the conductive layers, are the same.

[0039] In one aspect, the lengths of the first portions 406a of the conductive layers
may vary from layer to layer. As shown in FIG. 4, the printed circuit board may
include six (6) conductive layers 406a-406f, a first conductive layer 406a, a second
conductive layer 406b, a third conductive layer 406c, a fourth conductive layer
406d, a fifth conductive layer 406e and a sixth conductive layer 406f. In one
aspect, the first portions of the first conductive layer 406a, the third conductive

layer 406¢ and the fifth conductive layer 406e may be of the same length and the
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second portions of the first conductive layer 406a, the third conductive layer 406c
and the fifth conductive layer 406e may be of the same length.

[0040] In one aspect, the length of the first portion of the conductive layer directly
connected to the data collection module 402 may be different than the lengths of
the first portions of the other conductive layers.

[0041] The alternating misaligned gaps in the conductive layers of a printed circuit
board, as described above, may be formed in various patterns in addition to a
linear pattern. In one example, a plurality of misaligned gaps 502 may form a
curvature pattern as shown in a top view of a printed circuit board assembly 500
in FIG. 5. In other example, a plurality of misaligned gaps 602 may form a pattern
of integrally connected straight segments as shown in a top view of a printed
circuit board assembly 600 in FIG. 6. FIG. 7 illustrates a top view of a printed
circuit board assembly 700 showing another example of a plurality of misaligned
gaps forming a pattern of integrally connected straight segments 702, according to
one example.

[0042] FIG. 8 illustrates a top view of a printed circuit board assembly 800 having
an antenna assembly, according to one example. The printed circuit board
assembly 800 may include a first functional area 802 and a second functional area
804 connected to a ground plane 806. According to one aspect, the first functional
area 802 may comprise a data collection module and the second functional area
804 may comprise a wireless communication module. The wireless communication
module may include an antenna for transmitting and/or receiving data.
Maintaining continuity of the ground plane 806 may provide for optimal
functionality of the antenna in the wireless communication module 802. In one
aspect, RF capacitors 808 may be connected to the ground plane 806 allowing
signals at RF frequencies to pass through the RF capacitors 806 freely so that the
ground plane 808 and RF signals are continuous. For continuity at low or DC
frequencies, a thin metal trace 810 may be added to creating a DC connection. In
one aspect, the thin metal trace 810 may be formed of copper.

[0043] FIG. 9 illustrates a flow diagram for manufacturing a printed circuit board
assembly having gaps in conductive layers for reducing the impact of heat
generated from the circuitry located on a printed circuit board, according to one

example. In manufacturing the printed circuit board assembly, the process may
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start by providing a printed circuit board 902. A plurality of conductive layers may
be provided on the printed circuit board where each conductive layer has a first
portion and a second portion separated by a gap where gaps in the alternating
conductive layers are misaligned 904. According to one aspect, the first portion of
each conductive layer may have a first length and the second portion of each
conductive layer may have a second length where the second length is longer than
the first length. The first portion of each conductive layer may be substantially
thermally isolated from the second portion of each conductive layer.

[0044] Next, a plurality of dielectric layers may be provided on the printed circuit
board where each dielectric layer of the plurality of dielectric layers is disposed
between a pair of conductive layers in the plurality of conductive layers 906.
Circuitry, such as a wireless communication module, may then be provided on the
printed circuit board 908 for transmitting and receiving data over a wireless
communication link. In one aspect, a data collection module may be provided on

the printed circuit board 910 for monitoring, measuring or collecting data.

[0045] The previous description is provided to enable any person skilled in the art
to practice the various aspects described herein. Various modifications to these
aspects will be readily apparent to those skilled in the art, and the generic
principles defined herein may be applied to other aspects. Thus, the claims are not
intended to be limited to the aspects shown herein, but is to be accorded the full
scope consistent with the language of the claims, wherein reference to an element
in the singular is not intended to mean “one and only one” unless specifically so
stated, but rather “one or more.” Unless specifically stated otherwise, the term
“some” refers to one or more. A phrase referring to “at least one of” a list of items
refers to any combination of those items, including single members. As an example,
“at least one of: a, b, or ¢” is intended to cover: a; b; ¢; aand b; aand ¢; b and ¢; and
a, b and c. All structural and functional equivalents to the elements of the various
aspects described throughout this disclosure that are known or later come to be
known to those of ordinary skill in the art are expressly incorporated herein by
reference and are intended to be encompassed by the claims. Moreover, nothing
disclosed herein is intended to be dedicated to the public regardless of whether

such disclosure is explicitly recited in the claims. No claim element is to be
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construed under the provisions of 35 U.S.C. §112, sixth paragraph, unless the
element is expressly recited using the phrase “means for” or, in the case of a
method claim, the element is recited using the phrase “step for.”

[0046] The various features of the invention described herein can be implemented
in different systems without departing from the disclosure. It should be noted that
the foregoing embodiments are merely examples and are not to be construed as
limiting the invention. The description of the embodiments is intended to be
illustrative, and not to limit the scope of the claims. As such, the present teachings
can be readily applied to other types of apparatuses and many alternatives,

modifications, and variations will be apparent to those skilled in the art.
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CLAIMS
1. A printed circuit board assembly comprising:
a printed circuit board, the printed circuit board comprising:
a plurality of conductive layers; and

a plurality of dielectric layers, each dielectric layer of the plurality
of dielectric layers disposed between a pair of conductive

layers in the plurality of conductive layers; and

wherein each conductive layer in the plurality of conductive layers includes

a first portion and a second portion separated by a gap; and

wherein gaps in alternating conductive layers are misaligned.

2. The printed circuit board assembly of claim 1, wherein the first portion is

shorter than the second portion.

3. The printed circuit board assembly of claim 1, wherein the first portion is

substantially thermally isolated from the second portion.

4. The printed circuit board assembly of claim 1, wherein lengths of at least

some first portions of the plurality of conductive layers are the same.

5. The printed circuit board assembly of claim 1, further comprising a wireless
communication module, integrally connected to and in communication with the
printed circuit board, adapted to establish a wireless communication link with an

external device.

6. The printed circuit board assembly of claim 5, further comprising a data
collection module integrally connected to and in communication with the printed

circuit board.
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7. The printed circuit board assembly of claim 6, wherein the data collection

module is a blood glucose module configured to measure a blood glucose level.

8. The printed circuit board assembly of claim 1, wherein a ground plane is

formed upon a layer of the printed circuit board.

9. The printed circuit board assembly of claim 8, further comprising one or
more RF capacitors connected to the ground plane allowing signals at RF
frequencies to pass through the one or more RF capacitors maintaining continuity

of the ground plane.

10.  The printed circuit board assembly of claim 8, further comprising a metal

trace connected to the ground plane creating a DC connection.

11.  The printed circuit board assembly of claim 1, wherein the misaligned gaps

form a curvature pattern.

12.  The printed circuit board assembly of claim 1, wherein the misaligned gaps

form a pattern of integrally connected straight segments.

13. A method of manufacturing a printed circuit board assembly, comprising:
providing a printed circuit board;

providing a plurality of conductive layers on the printed circuit board, each
conductive layer having a first portion and a second portion separated by a gap

where gaps in alternating conductive layers are misaligned; and

providing a plurality of dielectric layers on the printed circuit board, each
dielectric layer of the plurality of dielectric layers disposed between a pair of

conductive layers in the plurality of conductive layers.

14. The method of claim 13, wherein the first portion is shorter than the second

portion.
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15.  The method of claim 13, wherein the first portion is substantially thermally

isolated from the second portion.

16.  The method of claim 13, wherein lengths of at least some first portions of

the plurality of conductive layers are the same.

17.  The method of claim 13, further comprising providing a wireless
communication module, integrally connected to and in communication with the
printed circuit board, adapted to establish a wireless communication link with an

external device.

18.  The method of claim 17, further comprising providing a data collection
module integrally connected to and in communication with the printed circuit

board.

19. The method of claim 18, wherein the data collection module is a blood

glucose module configured to measure a blood glucose level.

20.  The method of claim 13, wherein a ground plane is formed upon a layer of

the printed circuit board.

21.  The method of claim 20, further comprising providing one or more RF
capacitors connected to the ground plane allowing signals at RF frequencies to
pass through the one or more RF capacitors maintaining continuity of the ground

plane.

22.  The method of claim 20, further comprising providing a metal trace

connected to the ground plane creating a DC connection.
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23.  The method of claim 13, wherein the misaligned gaps form a curvature

pattern.

24.  The method of claim 13, wherein the misaligned gaps form a pattern of

integrally connected straight segments.

25.  Aprinted circuit board assembly comprising:
a printed circuit board, the printed circuit board comprising:
a plurality of conductive means; and

a plurality of dielectric means, each dielectric means of the plurality
of dielectric means disposed between a pair of conductive

means in the plurality of conductive means; and
wherein each conductive means in the plurality of conductive means

includes a first portion and a second portion separated by a gap; and

wherein gaps in alternating conductive means are misaligned.

26.  The printed circuit board assembly of claim 25, wherein the first portion is

shorter than the second portion.

27.  The printed circuit board assembly of claim 25, wherein the first portion is

substantially thermally isolated from the second portion.

28.  The printed circuit board assembly of claim 25, lengths of at least some first

portions of the plurality of conductive layers are the same.

29.  The printed circuit board assembly of claim 25, further a wireless means
communication, integrally connected to and in communication with the printed
circuit board, adapted to establish a wireless communication link with an external

device.
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30.  The printed circuit board assembly of claim 29, further comprising a data
collection means integrally connected to and in communication with the printed

circuit board.

31.  The printed circuit board assembly of claim 30, wherein the data collection

means is a blood glucose module configured to measure a blood glucose level.

32.  The printed circuit board assembly of claim 25, wherein a ground plane is

formed upon a layer of the printed circuit board.

33.  The printed circuit board assembly of claim 32, further comprising one or
more RF capacitors connected to the ground plane allowing signals at RF
frequencies to pass through the one or more RF capacitors maintaining continuity

of the ground plane.

34.  The printed circuit board assembly of claim 32, further comprising a metal

trace connected to the ground plane creating a DC connection.

35.  The printed circuit board assembly of claim 25, wherein the misaligned

gaps form a curvature pattern.

36.  The printed circuit board assembly of claim 25, wherein the misaligned

gaps form a pattern of integrally connected straight segments.



PCT/US2014/021293

WO 2014/164215

1/8
130712WO0

} Ol4

AIn2J1H uonesIuNWWo)
SSO[RIIM

aINpojy
U01}93][0D) Eleq

poL/

001




PCT/US2014/021293

WO 2014/164215

2/8
130712WO0

ax
qo0¢ ¥ B90¢E
905 —F A
P: 2 0L€
80¢ s
% 2 2 R
\0}¢ vom.\ cle \.20¢
00s—"
¢ Ol
A%
& r__r, 702
902 %
80Z-—"F 4
% %
912 \-202



PCT/US2014/021293

WO 2014/164215

3/8
130712WO0

q90¥

v "OI4

90—k

80y —F

70y "

~20v



WO 2014/164215 PCT/US2014/021293

4/8
130712WO0

500
f‘

»— 902

FIG. 5




WO 2014/164215 PCT/US2014/021293

5/8
130712WO0

v 600

y— 602

FIG. 6




WO 2014/164215 PCT/US2014/021293

6/8
130712WO0

r?OO

w102

FIG. 7




PCT/US2014/021293

WO 2014/164215

7/8
130712WO0

808
o:w\
808
Ealy ealy
[euonoun4 puodss \m ) [euonound 1sii4
808
\m )
808
)
wow\m
8/ a08” 2087

008




WO 2014/164215 PCT/US2014/021293

8/8
130712WO
Provide a printed circuit board. 902
Provide a plurality of conductive layers,
each conductive layer having a first 904

portion and a second portion separated
by a gap, where gaps in alternating
conductive layers are misaligned.

|

Provide a plurality of dielectric layers on| _ ggg
the printed circuit board, each dielectric é
layer of the plurality of dielectric layers
disposed between a pair of conductive
layers in the plurality of layers.

|

Provide wireless communication module - 908
on printed circuit board.

|

Provide data collection module on - 910
printed circuit board.

FIG. 9
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