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(54) Antenna sub- �assembly for electronic device

(57) A portable electronic device (100) having an an-
tenna sub-�assembly (204) including a conductor with a
first portion (216) along a first surface of a circuit board,
a second portion (218) connected to the first portion along

an edge of the circuit board, and a third portion (220)
connected to the second portion. The third portion is
along a second surface of the circuit board. A feed leg
(222) couples to the conductor to radio circuitry.
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Description

FIELD OF THE DISCLOSURE

�[0001] The present disclosure relates generally to
electronic devices and more specifically to antenna sub-
assemblies for electronic device and combinations there-
of.

BACKGROUND

�[0002] Portable electronic devices having radio recep-
tion or radio communication capabilities typically include
one or more antenna sub- �assemblies. Examples of such
devices include, but are not limited to, mobile phones,
pagers, radio sets, Personal Digital Assistant (PDA) and
gaming devices capable of radio communications, sat-
ellite navigation devices and television receivers. Anten-
nas subassemblies suitable for these portable device ap-
plications include, but are not limited to, Folded Inverted
Conformal Antenna (FICA) sub-�assemblies, Planar In-
verted-�F Antenna (PIFA) sub-�assemblies, an Inverted-�F
Antenna (IFA) sub-�assemblies, a Folded- �J Antenna
(FJA) sub- �assemblies, a monopole antenna sub-�assem-
blies, and a loop antenna sub- �assemblies.
�[0003] The size of the antenna sub-�assembly in port-
able electronic device, for example, in a mobile phone,
constrains the overall size of the device. For example, a
FJA sub-�assembly used in a candy bar mobile phone
and a clam shell mobile phone requires around 13 mil-
limeters (mm) of ground- �keep- �out area. Similarly, a FICA
sub-�assembly for some cellular mobile phone applica-
tions requires two elongated U-�shaped conductors,
around 15-20 mm long, depending on the operating fre-
quency. Moreover, some FICA sub-�assemblies require
clearance distance from certain metallic components, for
example, the battery and keypad, to avoid interference.
It is challenging to reduce antenna size without sacrificing
antenna performance.
�[0004] The various aspects, features and advantages
of the disclosure will become more fully apparent to those
having ordinary skill in the art upon careful consideration
of the following Detailed Description and the accompa-
nying drawings described below. The drawings may have
been simplified for clarity and are not necessarily drawn
to scale.

BRIEF DESCRIPTION OF THE FIGURES

�[0005]

FIG. 1 illustrates an electronic device.

FIG. 2 is a partial view of an electronic device.

FIG. 3 illustrates a sectional side-�view of an elec-
tronic device.

FIG. 4 illustrates a front-�end view of an electronic
device.

FIG. 5 illustrates a partial top-�view of an electronic
device.

FIG. 6 illustrates a partial bottom- �view of an elec-
tronic device.

FIG. 7 illustrates an experimental first return loss plot
for an antenna sub-�assembly.

FIG. 8 illustrates an experimental second return loss
plot for the antenna sub- �assembly in accordance
with an embodiment.

DETAILED DESCRIPTION

�[0006] Various embodiments of the present disclosure
provide an electronic device having an antenna sub- �as-
sembly. The antenna sub- �assembly includes at least one
conductor and a feed leg. The at least one conductor has
a first portion along a first side of a surface. In one appli-
cation, the surface corresponds to a printed circuit board.
The at least one conductor also includes a second portion
connected to the first portion. The second portion is along
an edge of the surface. Further, the at least one conductor
has a third portion connected to the second portion. The
third portion is along a second side of the surface. The
at least one conductor is coupled to the feed leg of the
antenna sub-�assembly.
�[0007] One embodiment provides a portable electronic
device. The device includes a circuit board and an an-
tenna sub-�assembly. The circuit board has a first surface,
a second surface, and at least one edge. The second
surface is substantially parallel to the first surface and
the at least one edge extends between the first and sec-
ond surfaces. The antenna sub-�assembly, coupled to the
circuit board, includes at least one conductor. The at least
one conductor has a first portion along the first surface
and a second portion connected to the first portion. The
second portion is along the at least one edge. The at
least one conductor also has a third portion connected
to the second portion. The third portion is along the sec-
ond surface.
�[0008] Another embodiment provides an electronic de-
vice having a Folded Inverted Conformal Antenna (FICA)
sub-�assembly. The FICA sub-�assembly includes at least
one conductor and a feed leg. The at least one conductor
includes a first portion along a first side of a surface. The
surface corresponds to a circuit board that provides cir-
cuitry for the electronic device. The at least one conductor
has a second portion. The second portion is connected
to the first portion. The second portion is along an edge
of the surface and is substantially perpendicular to the
first portion. The at least one conductor also has a third
portion connected to the second portion. The third portion
is along a second side of the surface, and is substantially
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parallel to the first portion. The feed leg of the FICA sub-
assembly is coupled to the at least one conductor. The
feed leg is used to activate the FICA sub- �assembly.
�[0009] FIG. 1 illustrates a portable electronic device
100 embodied as a candy bar mobile phone. In other
embodiments, the electronic device 100 may be embod-
ied in a housing having a sliding element, or a clamshell
housing, or a housing having a rotating element. Exam-
ples of portable electronic devices include, but are not
limited to, mobile cellular or satellite phones, pagers, ra-
dio communication devices, including Personal Digital
Assistant (PDA) and gaming devices, satellite-�based
navigation devices and media signal receiving devices,
for example, devices having an FM or XM radio or DVB-
H receiver. The electronic device 100 includes a housing
102 that envelops other components of the electronic
device 100 such as an antenna sub- �assembly, a battery
and a circuitry, for example, a radio receiver or transmit-
ter, not shown but well known to those of ordinary skill in
the art.
�[0010] FIG. 2 illustrates a partial view of an electronic
device 100 including a circuit board 202, an antenna sub-
assembly 204, a battery 206, and a support 208. The
circuit board 202 has two surfaces on opposite sides, a
first surface 210 and a second surface 212. Typically,
the first surface 210 is a top surface of the circuit board
202 and the second surface 212 is the bottom surface of
the circuit board 202, but the first surface could be bottom
and the second could be the top.
�[0011] The second surface 212 is substantially parallel
to the first surface 210. The circuit board 202 has an edge
214 associated with the first surface 210 and the second
surface 212. The edge 214 extends between the first and
second opposite sides of surfaces of the circuit board. In
FIG. 2, the edge 214 defines the perimeter of the circuit
board 202 comprising opposite ends and opposite sides.
In FIGS. 2 and 3, the antenna sub-�assembly 204 is dis-
posed proximate an end of the circuit board.
�[0012] The circuit board 202 provides circuitry for the
electronic device and supports a plurality of components
including radio circuitry 104. The radio circuitry may in-
clude, but is not limited to, a receiver and/or transmitter
used for voice and/or data communications or for receiv-
ing satellite navigation signals. The circuit board typically
includes other circuitry, for example, a controller 106 in
the form of a DSP and/or a processor, memory, user
interface circuits and devices some of which are not il-
lustrated. The particular circuits and other elements of
the circuit board are generally dependent on the type of
portable electronic device with which the circuit board is
associated, as is known generally by those of ordinary
skill in the art.
�[0013] In FIG. 2, the electronic device 100 includes the
antenna sub-�assembly 204. Examples of the antenna
sub-�assembly 204 include, but are not limited to, a Folded
Inverted Conformal Antenna (FICA) sub-�assembly, a
Planar inverted-�F Antenna (PIFA) sub-�assembly, an In-
verted- �F Antenna (IFA) sub- �assembly, a Folded- �J An-

tenna (FJA) sub-�assembly, a monopole antenna sub-�as-
sembly, and a loop antenna sub-�assembly.
�[0014] In FIG. 2, the antenna sub- �assembly 204 in-
cludes at least one conductor and a feed leg (not shown
in FIG. 2). The at least one conductor includes a first
portion 216, a second portion 218, and a third portion
220. In an embodiment, the first portion 216 is along a
first side of the surface. The first portion 216 has a ser-
pentine pattern. The first portion 216 is disposed along
the top surface of the circuit board 202. The first portion
216 of the antenna is also separated from the circuit
board 202 by a distance, although a portion of the anten-
na may be electrically coupled to the circuit board as
discussed further below.
�[0015] In FIG. 1, the first portion 216 is connected to
the second portion 218. The second portion 218 extends
along the edge between the first and second surfaces of
the circuit board. The second portion of the antenna is
spaced apart from the edge of the circuit board or at least
does not contact a conductive portion of the circuit board.
In FIG. 1, the second portion 218 of the antenna includes
portions extending from opposite ends of the first portion
216 of the antenna. The second portions 218 are also
spaced apart from the edge 214 of the circuit board.
�[0016] The second portion 218 of the antenna is con-
nected to the third portion 220. The third portion 220 is
disposed along a second side of the circuit board, oppo-
site the first side of the circuit board on which the first
portion 216 of the antenna is located. In FIG. 1, the third
portion 220 includes corresponding portions extending
from the corresponding second portion 218. The third
portions 220 also have a serpentine shape, which in-
creases the electrical length thereof. The third portion
220 is along the bottom surface of the circuit board 202.
In one embodiment, the second portions 218 are sub-
stantially perpendicular to the first portion 216. In FIG. 2,
the third portions 220 of the antenna are substantially
parallel to the first portion 216 thereof. Thus configured,
the antenna sub-�assembly 204 reduces the space re-
quired by wrapping the at least one conductor about a
portion of the circuit board. In FIG. 3, the first portion 216
is shown to be substantially parallel to the first surface
210, the second portion 218 is shown to be along the at
least one edge 214, and the third portion 220 is shown
to be substantially parallel to the second surface 212.
�[0017] In one embodiment, the at least one conductor
has a slot. In FIG. 2, the at least one conductor is shown
to have a single slot 226. In other embodiments, the at
least one conductor can have multiple slots. The slot 226
extends through a substantial portion of the at least one
conductor, for example, through one or more of the first,
second and third portions of the at least one conductor,
as discussed further below in conjunction with FIGS. 5
and 6. Typically, for a FICA sub- �assembly, the width of
the slot is less than 5 millimeters (mm). In implementa-
tion, the slot has a constant width, though it may have a
variable width in other embodiments.
�[0018] In FIG. 3, the circuit board 202 includes multiple
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layers. Typically, a ground surface 302 is included as a
single layer from amongst the plurality of layers of the
circuit board 202. In FIG. 3, the ground surface 302 is
planar, but in other embodiments it may have a non-�pla-
nar configuration. In yet another embodiment, the ground
surface 302 includes several connected layers of the plu-
rality of layers of the circuit board 202. In one embodi-
ment, the antenna is grounded to the ground surface 302.
In FIG. 3, a ground leg 224 electrically couples the at
least one conductor, and particularly the first portion 216
thereof, to the ground surface 302. in other embodiments,
other portions of the antenna may be coupled to the
ground surface 302.
�[0019] FIG. 3 illustrates a sectional side- �view of the
electronic device 100 having a ground surface 302, a first
dielectric 304, a second dielectric 306, and other com-
ponents shown and described in FIG. 2. The dielectrics
generally insulate the antenna from conductive ele-
ments, and in some embodiments, the dielectrics provide
structural support. In FIG. 3, for example, the first dielec-
tric 304 insulates the first portion 216 of the antenna from
the circuit board. The second dielectric 306 insulates the
second portion 218 of the antenna. The shapes of the
first and second dielectrics are dependent generally on
the shapes of the corresponding first and second portions
of the antenna and the proximity of other elements from
which the antenna portions are insulated. In embodi-
ments in which the one or more dielectrics provide sup-
port for the antenna, the feed leg and/or the ground leg,
the shape or configuration of the dielectric may be dic-
tated by the support requirement.
�[0020] In FIGS. 2 and 3, the electronic device 100 in-
cludes a battery 206 coupled to the circuit board 202.
The battery 206 provides electric power for the function-
ing of the electronic device 100. In some embodiments,
the battery 206 is supported by a support member on the
circuit board, for example, support 208 in FIGS. 2 and 3.
The antenna sub-�assembly 204 is typically separated
from the battery 206 and circuit board by a finite distance
to reduce interference. In FIG. 3, the first portion 216 of
the antenna is separated from the first surface 210 by a
second finite distance, the second portion 218 is sepa-
rated from the at least one edge 214 by a third finite dis-
tance, and the third portion 220 is separated from the
second surface 212 by a fourth finite distance. The an-
tenna sub-�assembly 204 is also separated from the bat-
tery 206.
�[0021] An antenna feed leg electrically connects the
at least one conductor to the circuit board. The feed leg
is used to activate or drive the antenna sub- �assembly
204. In FIGS. 2 and 3, one or more feed legs 224 connect
the first portion 216 of the antenna to a conductor on the
circuit board. In some embodiments, the antenna sub-
assembly 204 also includes a ground leg, not shown in
FIG. 2. The ground leg is coupled to the at least one
conductor and provides a conductive path for grounding.
�[0022] FIG. 4 illustrates the locations of the feed leg
222 and the ground leg 224. The ground leg 224 is shown

to be connected to the ground surface 302. In some em-
bodiments, the feed leg 222 and the ground leg 224 are
located symmetrically with respect to the first portion 216.
In other embodiments, the feed and ground legs are lo-
cated asymmetrically with respect to the first portion 216.
Also, the distance between the feed and ground legs may
be adjusted to match impedance. As the feed leg and
the ground leg are brought closer, the bandwidth of the
operating band of the antenna sub-�assembly 204 de-
creases. Increasing the distance between the feed leg
222 and the ground leg 224 increases the impedance of
the antenna sub-�assembly 204.
�[0023] FIG. 5 illustrates a partial top- �view of the anten-
na sub-�assembly 204. The sectional top- �view of the elec-
tronic device 100 shows, the circuit board 202, the first
portion 216, the third portion 220, the slot 226, and an
plane of symmetry 502 of the at least one conductor that
divides the at least one conductor into two substantially
symmetrical parts.
�[0024] The illustrated antenna sub-�assembly is capa-
ble of operating in a common electromagnetic mode, a
differential electromagnetic mode, and a slot electromag-
netic mode. In the common electromagnetic mode, the
electric field vectors extend between the at least one con-
ductor and the ground surface. In this mode, the electric
field is substantially symmetric about the plane of sym-
metry 502, illustrated in FIG. 5. In the common electro-
magnetic mode, the electric field vectors between differ-
ent parts of the at least one conductor and the ground
surface point in the same direction at any given instance
of time. The same direction can be either toward the
ground surface 302 or away from the ground surface. In
common electromagnetic mode, the electric field vectors
corresponding to the current flowing in the ground sur-
face are oriented parallel to the plane of symmetry.
�[0025] In the differential electromagnetic mode, the
electric field is substantially anti-�symmetric about the
plane of symmetry 502, illustrated in FIG. 5. For example,
at an instance of time, the electric field points toward the
ground surface 302 on a first side of the plane of sym-
metry 502, and towards the at least one conductor on
the second side of the plane of symmetry 502. In some
embodiment, the at least one conductor may not exhibit
bilateral symmetry. In this embodiment, when operating
in the differential electromagnetic mode, there is a first
point along the length of the first portion 216, and a sec-
ond point along the length of the third portion 220. In this
embodiment, on one side of the first point and the second
point, the electric field points in one direction. For exam-
ple, towards the at least one conductor from the ground
surface 302. On an opposite side of the first point and
the second point, the electric field points in the opposite
direction. For example, towards the ground surface 302
from the at least one conductor. The antenna sub-�as-
sembly 204, as illustrated in FIG. 5, has the first point
and the second point coincident with or close to the points
at which the plane of symmetry 502 crosses the first por-
tion 216 and the third portion 220.
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�[0026] In the slot electromagnetic mode, a strong elec-
tric field crosses the slot 226, and the electric field is
substantially symmetric about the plane of symmetry
502.
�[0027] Typically, the common electromagnetic mode,
the differential electromagnetic mode, and the slot elec-
tromagnetic mode correspond to three frequency bands
that can support communication at different communica-
tion channels. Each of the communication channels may
use a different communication protocol. Examples of the
protocol include Global System for Mobile Communica-
tions (GSM)-�900, GSM-�1800, GSM-�1900, Advanced Mo-
bile Phone System (AMPS), Universal Mobile Telecom-
munications System (UMTS) and the like. Typically,
transmitters and receivers of the electronic device 100
operate at frequencies in bands associated with each of
the three modes.
�[0028] Typically, the slot 226 runs through the length
of the at least one conductor. In one embodiment, the
slot 226 follows a path characterized by a length that
exceeds the length of the at least one conductor. In Fig.
5, the slot 226 corresponding to the first portion 216 is
shown to be taking six right angle turns along the length
of the first portion 216.
�[0029] FIG. 6 illustrates a sectional bottom-�view of the
electronic device 100 in accordance with an embodiment.
The sectional bottom-�view of the electronic device 100
shows, the circuit board 202, the first portion 216, the
third portion 220, and the slot 226 corresponding to the
third portion 220. The least one slot 226 corresponding
to the third portion 220 is shown to be taking six right
angle turns along the length of the third portion 220.
�[0030] FIG. 7 illustrates an experimental first return
loss plot 700 for the antenna sub- �assembly 204, in ac-
cordance with one implementation. Return-�loss is the
power returned from an antenna sub- �assembly. Typical-
ly, for a good antenna sub-�assembly, the return loss is
reduced.� The X-�axis shows the variation of the frequency
(in Gigahertz (GHz)) and Y- �axis shows the variation of
power (in Decibel (Db)).
�[0031] The first return loss plot shows the return loss
of the antenna sub-�assembly, determined over a fre-
quency range of 800 Megahertz (MHz) to 1000 MHz. The
first return loss plot shows a first operating band 702,
extending from 878 MHz to 958 MHz, having a resonance
frequency, centered approximately at 940 MHz. This first
operating band 702 corresponds to the common electro-
magnetic mode. The first operating band 702 can, for
example be used for GSM in the 900 MHz band.
�[0032] FIG. 8 illustrates an experimental second return
loss plot 800 for the antenna sub- �assembly 204, in ac-
cordance with an embodiment. The X-�axis shows the var-
iation of the frequency (in GHz) and Y- �axis shows the
variation of power (in Db). The second return loss plot
shows the return loss of the antenna sub-�assembly, de-
termined over a frequency range of 1600 MHz to 2300
MHz.
�[0033] The experimental second return loss plot 800

shows a second operating band 802, extending from
1690 MHz to 2150 MHz, having two resonance frequen-
cies, centered approximately at 1800 MHz and 2100
MHz. The resonance frequency, centered approximately
at 1800 MHz corresponds to the differential electromag-
netic mode. The resonance frequency, centered approx-
imately at 2100 MHz corresponds to the slot electromag-
netic mode. The second operating band can be used for
GSM, and UMTS communication. Hence, a multi- �band
performance is observed from the antenna sub- �assem-
bly 204, as shown in FIG. 7 and FIG. 8.
�[0034] Various embodiments of the disclosure provide
a compact antenna sub-�assembly for an electronic de-
vice. The antenna sub- �assembly reduces the space re-
quired by wrapping the at least one conductor around
the circuit board of the electronic device. Moreover, the
performance of the antenna sub-�assembly remains ap-
proximately same. This enables the electronic device to
have a compact size as well.
�[0035] It is expected that one of ordinary skill, notwith-
standing possibly significant effort and many design
choices motivated by, for example,� available time, cur-
rent technology, and economic considerations, when
guided by the concepts and principles disclosed herein
will be readily capable of generating such software in-
structions and programs and ICs with minimal experi-
mentation.
�[0036] While the present disclosure and the best
modes thereof have been described in a manner estab-
lishing possession and enabling those of ordinary skill to
make and use the same, it will be understood and ap-
preciated that there are equivalents to the exemplary em-
bodiments disclosed herein and that modifications and
variations may be made thereto without departing from
the scope and spirit of the inventions, which are to be
limited not by the exemplary embodiments but by the
appended claims.

Claims

1. A portable electronic device comprising:�

radio circuitry disposed on a circuit board, the
circuit board having first and second surface on
opposite sides of the circuit board and an edge
extending between the first and second surfac-
es;
an antenna sub-�assembly including a conductor
coupled to the radio circuitry by a feed leg cou-
pled,
the conductor including a first portion disposed
along the first surface of the circuit board, a third
portion disposed along the second surface of
the circuit board, and a second portion disposed
along the edge of the circuit board, wherein the
second portion interconnects the first and sec-
ond portions.
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2. The device of Claim 1,
the first portion includes opposite ends, �
the second portion includes first and second portions
extending from the opposite ends of the first portion
and disposed along the edge of the circuit board,�
the third portion includes first and second portions
coupled to a corresponding one of the first and sec-
ond portions extending from the opposite ends of the
first portion.

3. The device of Claim 2, the first and third portions
have a serpentine shape.

4. The device of Claim 1, wherein the second portion
is substantially perpendicular to the first portion.

5. The device of Claim 1, wherein the third portion is
substantially parallel to the first portion.

6. The device of Claim 1 further comprising a ground
leg grounding the conductor to a ground on the circuit
board.

7. The device of Claim 1, the antenna sub-�assembly is
selected from a group comprising: a Folded Inverted
Conformal Antenna (FICA) sub-�assembly; a Planar
Inverted-�F Antenna (PIFA) sub-�assembly; � an Invert-
ed-�F Antenna (IFA) sub-�assembly; a Folded-�J An-
tenna (FJA) sub-�assembly; a monopole antenna
sub-�assembly; and a loop antenna sub- �assembly.

8. The device of Claim 1, the conductor including a slot
through a portion thereof.

9. An electronic device comprising: �

a circuit board comprising a first surface, a sec-
ond surface, and at least one edge, the second
surface is substantially parallel to the first sur-
face, the at least one edge extending between
the first surface and the second surface; and
an antenna sub-�assembly electrically coupled
to the circuit board, the antenna sub-�assembly
comprising a radiating conductor element
wrapped about the first and second surfaces of
the circuit board.

10. The device of Claim 9, the radiating conductor ele-
ment including a first portion adjacent the first sur-
face of the circuit board and a third portion adjacent
the second surface of the circuit board, the first and
third portions are substantially parallel.

11. The device of Claim 10, the first and second portions
have a serpentine shape.

12. The device of Claim 9, the radiating conductor ele-
ment including a second portion interconnecting the

first and third portions, the second portion substan-
tially perpendicular to the first and third portions.

13. The device of Claim 9, the radiating conductor ele-
ment including comprises at least one slot through
a portion thereof.

14. The device of Claim 9 further comprising a feed leg
connecting the radiating conductor element to the
circuit board.

15. The device of Claim 9 further comprising a ground
leg connected to the at least one conductor, wherein
the ground leg provides a conductive path for
grounding the at least one conductor.

16. The device of Claim 9, the antenna sub-�assembly is
selected from a group comprising: a Folded Inverted
Conformal Antenna (FICA) sub- �assembly; a Planar
Inverted-�F Antenna (PIFA) sub- �assembly; an Invert-
ed-�F Antenna (IFA) sub-�assembly; a Folded- �J An-
tenna (FJA) sub-�assembly; a monopole antenna
sub-�assembly; and a loop antenna sub- �assembly.

17. A Folded Inverted Conformal Antenna sub- �assem-
bly, comprising: �

a first conductor portion having opposite ends;
a second conductor portion having two parts, a
first part of the second conductor portion extend-
ing from a first end of the first conductor portion,
a second part of the second conductor portion
extending from a second end of the first conduc-
tor portion, the two parts of the second conductor
portions arranged substantially perpendicular to
the opposite ends of the first conductor portion;
a third conductor portion having two parts, a first
part of the third conductor portion extending from
the first part of the second conductor portion, a
second part of the third conductor portion ex-
tending from the second part of the second con-
ductor portion.

18. The sub- �assembly of Claim 17, a slot disposed in
any one of the first, second and third conductors.

19. The sub- �assembly of Claim 17, the first and second
parts of the second conductor portion extending in
a common direction.

20. The sub-�assembly of Claim 17, any one of the first
and third conductor portions having a serpentine
shape.
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