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ABSTRACT

A portable electronic device for reducing specific absorption rate (SAR) is provided.
The portable electronic device comprises a processor, at least one antenna, and a
sensor enabled to detect when the portable electronic device is being held by a
complementary holder, the processor enabled to: determine that the sensor has
detected the holder; and, responsively, switch the at least one antenna from an
omnidirectional mode to a directional mode such that energy is radiated from a given

side of the portable electronic device.
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A Portable Electronic Device for Reducing Specific Absorption Rate

FIELD

[0001] The specification relates generally to portable electronic devices, and specitically

to a portable electronic device for reducing specific absorption rate and method therefor.

BACKGROUND
[0002] When a portable electronic device is placed in a holder, for example a holster
sitting on a person's hip, the radio in the portable electronic device 1s still transmitting,

and receiving, power from all directions.

SUMMARY

[0003] An aspect of the specification provides a portable electronic device comprising: a
processor, at least one antenna, and a sensor enabled to detect when the portable
electronic device is being held by a complementary holder, the processor enabled to:
determine that the sensor has detected the holder; and, responsively, switch the at least
one antenna from an omnidirectional mode to a directional mode such that energy is

radiated from a given side of the portable electronic device.

[0004] The portable electronic can further comprise a motion sensor, wherein the
processor 1s further enabled to: responsively switch the at least one antenna from the
omnidirectional mode to the directional mode when the sensor has detected the holder
and the motion detector has detected motion. The motion sensor can comprise one or
more of an accelerometer, a geomagnetic sensor, a magnetometer, a Global Positioning
System (GPS)-based motion sensor, and a vibration sensor. The processor can be further
enabled to determine a direction of movement of the portable electronic device via the
motion sensor and responsively select the given side as a side of the portable electronic

device facing the direction of movement.

[0005] The processor can be further enabled to select the given side as a side facing

outwards from the holder.
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[0006) The sensor can comprise one or more of a magnetic sensor, a Hall effect sensor, a
magnetometer, a proximity sensor, and an RFID (radio frequency identification) sensor,

and a near field communication sensor.

[0007] The sensor can be enabled to detect the holder by interacting with a

complimentary device at the holder.

[0008] The at least one antenna can comprise an omnidirectional antenna and a
directional antenna such that: in the omnidirectional mode, the omnidirectional antenna
radiates the energy and the directional antenna is off; and in the directional mode, the
directional antenna radiates the energy from the given side and the omnidirectional

antenna 1s off.

[0009] The at least one antenna can comprise a segmented antenna such that: in the
omnidirectional mode, all segments of the segmented antenna radiate the energy; and, in
the directional mode, a given subset of the segments of the segmented antenna radiates

the energy from the given side and a remaining subset of the segments 1s off.

[0010] The at least one antenna can comprise an omnidirectional antenna that can be
switched between the omnidirectional mode and the directional mode. The
omnidirectional antenna can be switched between the omnidirectional mode and the
directional mode by transmitting antenna signals in a same phase 1n the directional mode
and transmitting the antenna signals in different phases in the omnidirectional mode. The

at least one antenna can comprise an antenna array.

[0011] The processor can be further enabled to periodically and temporarily switch to the
omnidirectional mode to compare a signal strength of the directional mode with a signal
strength of the omnidirectional mode, and when the highest signal strength 1s not received
in the directional mode, thereafter cause the at least one antennas to operate in the

omnidirectional mode.

[0012] The holder can comprise a holster. The holder can comprise a device enabled to
be worn by a user and can be further enabled to hold the portable electronic device. The
holder can comprise one or more of a hook, a clip, and an accessory enabled to be worn

by a user.
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[0013] The portable electronic can further comprise at least one of a mobile electronic
device, a portable communication device, a cell phone, a personal digital assistant, and a

smart phone.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Implementations are described with reference to the following figures, in which:
[0015] Fig. 1 depicts a portable electronic device that is being held by a complementary
holder clipped to a belt of a user, according to the prior art.

[0016] Fig. 2 depicts a portable electronic device for reducing specific absorption rate,
according to non-limiting implementations.

[0017] Fig. 3 depicts a method for reducing specific absorption rate, according to non-
limiting implementations.

[0018] Figs. 4A and 4B depict front and side views, respectively, a portable electronic
device that is being placed in a complementary holder, according to non-limiting
implementations.

[0019] Fig. 5 depicts a portable electronic device that is being held by a complementary
holder clipped to a belt of a user, according to non-limiting implementations.

[0020] Figs. 6 and 7 depict a portable electronic device for reducing specific absorption
rate, according to non-limiting implementations.

[0021] Fig. 8 depicts a portable electronic device that is being held by a complementary
holder clipped to a belt of a user, according to non-limiting implementations.

[0022] Fig. 9 depicts a portable electronic device for reducing specific absorption rate,

according to non-limiting implementations.
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DETAILED DESCRIPTION

[0023] Prior to discussing present implementations, attention is directed to Fig. 1, which
depicts a portable electronic device 10 that is being held by a complementary holder 11
clipped to a belt 13 of a user 15, according to the prior art. It is appreciated that Fig. 1 1s
drawn in schematic with proportions that are not to scale: for example holder 11 and
portable electronic device 10 are depicted as being larger in scale to user 15 than would
generally actually occur. In any event, it is appreciated that, in the prior art, portable
electronic device 10 comprises an antenna (not depicted) with a generally
omnidirectional radiation pattern 20. Radiation pattern 20 is depicted with broken lines
for clarity only. It 1s appreciated that radiation pattern 20 can be emitting transmission
signals and detecting access points such as cell towers and the like by receiving signals
therefrom.

[0024] In other words, it 1s appreciated that portable electronic device 10 radiates energy
in all directions, such that when portable electronic device 10 i1s placed in holder 11,
energy radiated towards user 15 is largely absorbed by user 15. This leads to high specific
absorption rates (SAR) for user 15. In general 1t 1s appreciated that the lower the SAR
from a portable electronic device, the lower the exposure to electromagnetic radiation
which has been linked to potential health risks. Furthermore, energy absorbed by user 13
1s appreciated to be wasted, which leads to reduced battery life of portable electronic
device 10.

[0025]) Attention is next directed to Fig. 2, which depicts a schematic of a portable
electronic device 100 according to present implementations. Portable electronic device
100 will also be referred to hereafter as device 100. Device 100 comprises a processor
120, a memory 122, a communication interface 124, an input device 126, and a display
128. It i1s further appreciated that, while not depicted, device 100 comprises a power
source including but not limited to a battery, solar panels and the like.

[0026] Device 100 further comprises at least one antenna 130-1, 130-2 for radiating and
receiving energy in communications with access points, such as cell towers, WiF1 access
points and the like. At least one antenna 130-1, 130-2 will also be referred to generically

hereafter as antenna 130, and collectively as antennas 130. In depicted implementations,

antenna 130-1 comprises an omnidirectional antenna and antenna 130-2 comprises a
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directional antenna. Furthermore, processor 120 1s enabled to switch between antennas
130 (1.e. independently turn each of antennas 130 on and off) by processing an
application 136 stored at memory 122, as described below.

[0027] Device 100 further comprises a sensor 140 enabled to detect when device 100 is
being held by a complementary holder, such as holder 11, as will be described below.
[0028] Devices 100 can comprise any suitable portable electronic device, mobiie
electronic device, portable communication device, cell phone, personal digital assistant,
smart phone, and the like. In general, 1t 1s appreciated that device 100 1s enabled to be
worn by a user when device 100 1s being held by a complementary holder, such as holder
11, that 1s 1n turn wearable by a user. For example, holder 11 can comprise a holster
enabled to be worn on a belt of a user, and device 100 can be placed therein. Many well
known portable electronic devices, or variants thereof, are suitable for present
implementations.

[0029] It 1s appreciated that holder 11 can comprise any suitable holder for holding
device 100, including but not limited to a holster, a hook, a clip, an accessory that can be
worn on the person of a user, an accessory that can be placed close to the body of a user,
and the like. In any event, it is appreciated that holder 11 is enabled to be worn by a user,
and 1s further enabled to hold device 100.

[0030] Processor 120 comprises any suitable processor, or combination of processors,
including but not limited to a microprocessor, a central processing unit (CPU) and the
like. Other suitable processing units are within the scope of present implementations.

[0031] Processor 120 1s enabled to receive input from input device 126 and communicate

with memory 122, which can comprise one or more of a non-volatile storage unit (e.g.
Erasable Electronic Programmable Read Only Memory (“EEPROM™), Flash Memory)
and a volatile storage unit (e.g. random access memory (“RAM”)). Programming
instructions that implement the functional teachings of device 100 as described herein are
typically maintained, persistently, in the non-volatile storage unit and used by processor
120 which makes appropriate utilization of the volatile storage unit during the execution
of such programming instructions. Those skilled in the art will recognize that memory

122 1s an example of non-transitory computer readable media that can store programming
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instructions executable on processor 120. It 1s further appreciated that memory 122 1s also
an example of memory units and/or memory modules.

[0032] Memory 122 can comprise any suitable memory device, including but not limited
to any suitable one of, or combination of, volatile memory, non-volatile memory,
random access memory (RAM), read-only memory (ROM), hard drive, optical drive,
flash memory, magnetic computer storage devices (e.g. hard disks, floppy disks, and
magnetic tape), optical discs, and the like. Other suitable memory devices are within the
scope of present implementations. In particular, memory 122 is enabled to store
apphcation 136, for switching between antennas 130, for processing by processor 120.
Those skilled in the art will now recognize that memory 122 is an example of a computer
readable media that can store programming instructions executable on the processors of
cach server.

[0033] Communication interface 124 comprises any suitable communication interface, or
combination of communication interfaces. In particular interface 124 is enabled to
wirelessly communicate with access points to a communication network (not depicted)
via antennas 130. Accordingly, interface 124 is enabled to communicate according to any
suitable wireless protocol including but not limited to cell-phone protocols, wireless data
protocols, Internet protocols, packet-based protocols, analog protocols, PSTN (public
switched telephone network) protocols, WiFi protocols, WiMax protocols and/or a
combination, or the like. In general, it will be understood that interface 124 is configured
to correspond with a network architecture that is used to communicate with access points

to a communication network. (In other implementations a plurality different access

points with different protocols can be employed to communicate with a communication
network and thus a plurality of interfaces can be provided to support each protocol).
[0034] Input device 126 is generally enabled to receive input data, and can comprise any
suitable combination of input devices, including but not limited to a keyboard, a keypad,
a pointing device, a mouse, a track wheel, a trackball, a touchpad, a touch screen and the
like. Other suitable input devices are within the scope of present implementations.

[0035] Display 128 comprises any suitable one of or combination of CRT (cathode ray
tube) and/or flat panel displays (e.g. LCD (liquid crystal display), plasma, OLED

(organic light emitting diode), capacitive or resistive touchscreens, and the like).
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[0036] Antenna 130-1 comprises any suitable omnidirectional antenna which radiates
power/energy generally uniformly in all directions. Antenna 130-1 can include, but 1s not
limited to, whip antennas, "Rubber Ducky" antennas, ground plane antennas, vertically
oriented dipole antennas, discone antennas, mast radiatosr, horizontal loop antennas, and
halo antennas, though any suitable omnidirectional antenna which can be integrated into
device 100 1s within the scope of present implementations.

[0037] Antenna 130-2 comprises any suitable directional antenna which radiates greater
power in one or more directions. Antennas 130-2 can include, but is not limited to, sector
antennas, yagl antennas, log-periodic antennas, corner reflector antennas, and parabolic
antennas, though any suitable directional antenna which can be integrated into device 100
1s within the scope of present implementations.

[0038] It 1s further appreciated that when antenna 130-2 1s on, device 100 radiates energy
from a given side, for example a front side of device 100 or a back side of device 100. It
1s further appreciated that a direction of radiation of antenna 130-2 can be complimentary
to a device/holder configuration: 1n other words, when device 100 is enabled to be held
by a holder such that a given side of device 100 1s facing outwards when device 100 is
being held by the holder, then antenna 130-2 can be enabled to radiate energy from that
given side. It 1s appreciated that antenna 130-2 radiates energy from a side of device 100
that 1s facing away from a user when device 100 1s being held by a holder being worn by
a user, as will be explained in further detail below.

[0039] Sensor 126 comprises any suitable sensor for detecting a holder. It 1s appreciated

that sensing of the holder occurs only when sensor 126 1s proximal to the holder. In other

words, sensing of the holder does not occur over a substantial distance, otherwise device
100 would enter a holder mode erratically. Rather, it 1s appreciated that device 100 is to
enter a holder mode only when device 100 1s proximal to and/or being held by a holder.
For example, sensor 126 can include, but is not limited to, any suitable combination of a
magnetic sensor, a Hall Effect sensor, a magnetometer, a proximity sensor, a light
detector, and an RFID (radio frequency i1dentification) sensor, and a near field
communication (NFC) sensor. In some of these implementations, sensor 126 is enabled to
detect a holder by interacting with a complimentary device at the holder. For example,

when sensor 126 comprises a magnetic sensor, a Hall effect sensor, and/or a
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magnetometer, the holder comprises a magnet and/or a magnetic device which can be
detected by the magnetic sensor, the Hall effect sensor, and/or the magnetometer.
Similarly, when sensor 126 comprises an RFID sensor, the holder comprises an RFID
device detectable by the RFID sensor; and when sensor comprises an NFC sensor, holder
comprises an NFC device detectable by the NFC sensor. When sensor 126 comprises a
light detector, the holder can comprise a suitable light (e.g. a light emitting diode (LED)),
which can be enabled to turn on for detection by sensor 126 (persistently, periodically,
and/or for a given period of time), when device 100 is being held by the holder; these
implementations presume that the holder is powered, for example, by a battery. However,
it 1s appreciated that holders with and without batteries and/or battery powered devices
are within the scope of present implementations.

[0040] Attention 1s now directed to Fig. 3 which depicts a method 300 for reducing SAR,
according to non-limiting implementations. In order to assist in the explanation of
method 300, 1t will be assumed that method 300 is performed using device 100 For
example; method 300 can be implemented at processor 120 when processing application
136. Furthermore, the following discussion of method 300 will lead to a further
understanding of device 100 and its various components. However, it is to be understood
that device 100 and/or method 300 can be varied, and need not work exactly as discussed
herein 1n conjunction with each other, and that such variations are within the scope of
present implementations. '

[0041] In the discussion of method 300, it is presumed that device 100 is initially not

being held by a holder, and that antennas 130 are operating in an omnidirectional mode:

in other words, omnidirectional antenna 130-1 is initially on and radiating energy
substantially 1n all directions, while directional antennas 130-2 is off.

[0042] At block 301, processor 120 determines that sensor 126 has detected a holder. In
other words, device 100 is being held by a holder and sensor 126 detects the holder as

described above.

|[0043] At block 303, responsive to processor 120 determining that sensor 126 has
detected a holder, processor 120 switches at least one antenna 130 from an
omnidirectional mode to a directional mode such that energy is radiated from a given side

of device 100. Hence, antennas 130 are switched to a directional mode wherein
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directional antenna 130-2 radiates the energy from a given side and omnidirectional
antenna 130-1 1s off.

[0044] It is furthermore appreciated that, in some implementations, device 100 operates
at a lower power 1n the directional mode than 1in the omnidirectional mode. Alternatively,
device 100 can operate at a same or higher power in directional mode, with all energy
radiated from the given side of device 100 rather than omnidirectionally, thereby
increasing the range of device 100 in the direction of the given side. Indeed, even when
operating at the same energy in the directional mode as in the omnidirectional mode, the
range of device 100 increases as all the energy is then focussed in a direction of the given
side.

[0045] To 1illustrate method 300, attention is directed to Figs. 4A and 4B which depict
front and side views, respectively, of device 100 and a holder 211, with arrow 213
representing device 100 being placed into holder 211. In Fig. 4B 1t 1s appreciated that a
front side 215 of device 100 is facing to the right, and that holder 211 comprises a clip
217 for attaching holder 211 to clothing of user 15, such as belt 13. It 1s further
appreciated that in the top portion of each of Figs. 4A and 4B, device 100 is outside of
holder 211, and in the bottom portion of each of Fig. 4A and 4B, device 100 has been
placed 1n holder 211. It is further appreciated that when device 100 is out of holder 211,
device 100 1s in an ommdirectional mode; hence, when out of holder 211, device 100 has
a generally omnidirectional radiation pattern 220 as omnidirectional antenna 130-1 is on
and generally radiating energy in all directions, while directional antenna 130-2 is off.
[0046] In contrast to this, when device 100 has been placed in holder 211, method 300
executes: when sensor 126 detects holder 211, device 100 switches to a directional mode,
wherein device 100 has a generally directional radiation pattern 230 as directional
antenna 130-2 is turned on and generally radiating energy towards a given side of device
100, while omnidirectional antenna 130-2 is turned off.

[0047] To further illustrate this, attention is now directed to Fig. 5 which is similar to Fig.
1, with like elements having like numbers, however in these implementations, user 15 1s
wearing holder 211 and has placed device 100 therein ,such that holder 211 has been

detected by sensor 126. In response, device 100 has switched to a directional mode and
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hence has radiation pattern 230. As radiation 1s directed away from user 15, as compared
to Fig. 1, SAR 1s reduced.

[0048] With reference to both Figs. 4B and 5, it is appreciated that, in these
implementations, directional antenna radiation pattern 230 is directed towards front side
215 of device 100 and that device 100 and holder 211 are configured so that device 100 is
to be placed 1n holder 211 with front side 211 facing towards a front side of holder 211,
opposite clip 217. In other words, i1t 1s appreciated that holder 211 i1s enabled to be
clipped to belt 13, and that device 100 is to be placed into holder 211 with front side 215
facing away from clip 217, and hence facing away from user 15 such that radiation
pattern 230 1s also directed away from user 15. In other implementations, device 100 can
be configured such that front face 215 faces towards user 15 when in holder 211, and
directional antenna 130-2 can be accordingly enabled to radiate energy towards a back
side of device 100, which will be facing towards a front of holder 211 and hence away
from user 15, such that SAR 1s reduced.

[0049] In some of these implementations, device 100 can be placed in a holder and
placed on surface, counter, desktop or the like, in any orientation (facing up, facing
down, facing sideways, etc.) but not worn, causing antennas 130 at device 100 to enter
the directional mode when the directional mode may not be desired. Hence, in some of
these implementations, processor 120 can be further enabled to periodically temporarily
switch to the omnidirectional mode to compare a signal strength of the directional mode
with a signal strength of the omnidirectional mode, and when the highest signal strength

1s not received in the directional mode, thereafter cause the at least one antennas to

operate 1n the omnidirectional mode. For example, when in the directional mode,
processor 120 1s enabled to periodically turn on omnidirectional antenna 130-1 to receive
signals, and compare a signal strength received at omnidirectional antenna 130-1 with a
signal strength received from directional antenna 130-2. When there is no substantial
difference or when the signal strength from omnidirectional antenna 130-1 is lower,
device 100 returns to the directional mode; when the signal strength from omnidirectional
antenna 130-1 1s higher, device 100 switches back to the omnidirectional mode. It is
appreciated that, when the signal strength from omnidirectional antenna 130-1 is higher,

energy emitted from directional antenna 130-2 is either being absorbed, for example

10
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when device 100 1s face down on a counter, or no substantial absorbers are behind device
100, for example when device 100 is not being worn.

[0050] Attention is next directed to Fig. 6, which depicts a schematic diagram of a device
100a, which is substantially similar to Fig. 2, with like elements having like numbers,
however with an “a” appended thereto. However, device 100a comprises three antennas
130a; an omnidirectional antenna 130a-1, and two directional antennas 130a-2, 130a-3.
Omnidirectional antenna 130a-1 1s similar to omnidirectional antenna 130-1, and
directional antenna 130a-2 1s similar to directional antenna 130-2, such that directional
antennas 130a-2 is enabled to radiate energy towards a front side of device 100a.
Directional antenna 130a-3, however, 1s enabled to radiate energy towards a back side of
device 100a, and 1s otherwise similar to directional antenna 130-2. Sensor 126a is similar
to sensor 126, however sensor 126a 1s further enabled to sense an orientation of device
100a when device 100a 1s being held by a holder, such as holder 211: for example, sensor
126a 1s enabled to sense whether device 100a 1s oriented facing towards a front side of a
holder (away from a user) or oriented facing towards a back side of a holder (towards a
user). Hence, processor 120a 1s turther enabled to determine an orientation of device
100a 1n a holder via sensor 126a, and responsively switch antenna 130a from an
omnidirectional mode to a directional mode such that energy is radiated from a given side
device 100a that is facing outwards from the holder and hence away from a user. In other
words, when processor 120a determines an orientation of device 100a when being held
by a holder, processor 120a causes omnidirectional antenna 130a-1 to be turned off, and a

given one of directional antennas 130a-2, 130a-3 to be turned on, such that energy is

radiated away from a user. For example, when device 100a is facing forwards in the
holder, directional antenna 130a-2 is turned on, and directional antenna 130a-3 remains
off; and when device 100a is facing backwards in the holder, directional antenna 130a-3
1S turned on, and directional antenna 130a-2 remains off.

[0051] In some implementations, sensor 126a determines an orientation of device 100a in
a holder by interacting with a complimentary device at the holder. For example, sensor
126a can comprise an RFID detector and the holder can comprise respective RFID tags
on the front and back sides of the holder, each respective RFID tag storing data indicative

of 1ts respective side, which is read by the RFID detector. The data which is read is

11
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received and processed by processor 120a to determine the orientation. However, any
suitable combination of software and hardware for determining an orientation of device
100a 1n a holder i1s within the scope of present implementations, including but not limited
to light detectors, magnetic detectors, NFC detectors and the like, each of which can
detect complimentary devices on the front and rear of a holder.

[0052] Attention 1s next directed to Fig. 7, which depicts a schematic diagram of a device
100b, and which 1s substantially similar to Fig. 2, with like elements having like numbers,
however with a “b” appended thereto. However, device 100b further comprises a motion
sensor 726 for detecting motion of device 100b. Motion sensor 726 can include, but is not
limited to, one or more of an accelerometer, a geomagnetic sensor, a magnetometer, a
Global Positioning System (GPS)-based motion sensor, and a vibration sensor. In these
implementations, processor 120b is enabled to responsively switch at least one antenna
130b from an omnidirectional mode to a directional mode when sensor 126b has detected
a holder and motion detector 726 has detected motion. Hence, as depicted in Fig 8, for
example, when device 100b is in a holder 211b, and holder 211b is attached to a moving
object (e.g. when as clipped to a belt 13 of user 15, via clip 217b) device 100b is
switched to a directional mode. A direction of movement of user 15 in Fig. 8 is indicated
by arrow 810, and intended to indicate that user 15 is moving forward. Hence,
omnidirectional antenna 130b-1 is turned off and directional antenna 130b-2 is turned on
so that device 100b has a radiation pattern 230b directed towards a given face 215b of
device 100b, and hence away from a user 15 thereby reducing SAR. It is appreciated that,
In these 1mplementations, when device 100b is being held by holder 211b but not
moving, omnidirectional antenna 130b-1 is turned on and directional antenna 130b-2 is
turned off, so that device 100b has a radiation pattern similar to radiation patterns 20,
220. This prevents device 100b and antennas 130b from entering a directional mode
when device 100b is placed in holder 211b and then placed on a surface, counter,
desktop, or the like, but not worn.

[0033] In some implementations, device 100b comprises two directional antennas similar
to directional antennas 130a-2, 130a-3, and motion sensor 726 is further enabled to sense

a direction of motion of device 100b; in these implementations, processor 120b is further

enabled to determine a direction of movement of device 100b via motion sensor 726 and

12
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responsively select a given side of device 100 as a side facing the direction of movement.
In other words, processor 120 responsively selects a respective directional antenna to turn
on such that the directional radiation pattern of device 100b is towards the direction of
movement, and hence away from a user, thereby reducing SAR.

[0054] Attention 1s now directed to Fig. 9, which depicts a schematic diagram of a device
100c, and which 1s substantially similar to Fig. 2, with like elements having like numbers,
however with a “c” appended thereto. However, device 100c comprises a segmented
antenna 130c, comprising a plurality of segments 901-1 to 901-8, each segment 901
enabled to radiate energy in a respective direction. It is appreciated that segments 901 can
be controlled by processor 120c¢ to turn on or turn off. It is further appreciated that while
eight segments arranged in a circle are depicted in Fig. 9, segmented antenna 130c can
comprise any suitable number of segments 901, in any suitable arrangement.

[0055] It 1s turther appreciated that while segments 901 are depicted as touching in Fig.
8, 1n other implementations, segments 901 may not be touching. For example, in some
implementations, segmented antenna 130c¢ can comprise a first segment facing
substantially forward (1.e. towards a front side of device 100c¢) and a second segment
facing substantially backward (i.e. towards a back side of device 100c), with respective
radiation patterns overlapping at the sides, but with no segments directed towards the
sides, much like the combination of directional antennas 130a-2, 130a-3 of Fig. 6. In any
event, 1t 1s appreciated that when all segments 901 are on, segmented antenna 130c is
enabled as an omnidirectional antenna; and when only a subset of segments 901 are on,
for example, one to seven contiguous segments 901 (i.e. at least one segment 901 is off),
segmented antenna 130c 1s enabled as a directional antenna.

[0056] It 1s further appreciated any other process for changing a directional antenna into
an omnidirectional antenna i1s within the scope of present implementations, including but
not limited to transmitting directional antenna signals in the same phase. It is furthermore
appreciate that some implementations an array of antennas that can be switched between
a direction mode and an omnidirectional mode by not changing the phase of signals
received by the array such that the array enters an omnidirectional mode; when the phase

1s changed to the same phase, the array can be switched to a directional mode.

13
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[0057) Method 300 can hence be implemented in device 100c, however in the
omnidirectional mode, all segments 901 of segmented antenna 130c radiate energy; and,
in the directional mode, a given subset of the segments 901 of segmented antenna 130c
radiates the energy from a given side of device 100c and a remaining subset of segments
901 are off. For example, in the directional mode, only segments 901-1 and 901-38, which
together can face substantially towards a front face of device 100c, radiate energy and
thereby comprise a radiation pattern similar to radiation pattern 230.

[0058] It is appreciated that in other implementations, processor 120c¢ can be enabled to
determine one or more of an orientation of device 100c¢ in a holder and a direction of
motion of device 100c, and control segmented antenna 130c accordingly. For example,
when device 100c is facing a rear of a holder, processor 120c¢ can control segments 901-4
and 901-5 to turn on, facing a rear of device 100c such that a corresponding radiation
pattern is facing away from a user, similar to device 100a. When processor 120c
determines that device 100c is in a holder (e.g via sensor 126c), and further determines
that device 100c is moving (e.g. via a motion sensor, not depicted, similar to motion
sensor 726), processor 120c can control respective segments 901 to radiate energy in a
direction of motion, similar to device 100b.

[0059] It is yet further appreciated that each of devices 100-100c described herein can
comprise any suitable combination of sensors for detecting a holder (similar to sensors
126-126¢), motion sensors, omnidirectional antennas, directional antennas and segmented
antennas, with respective processors 120-120c¢ enabled to process data from respective
sensors and/or respective motion sensors to control omnidirectional antennas, directional
antennas and segmented antennas to radiate energy away from a user to reduce SAR.
Furthermore, by radiating energy towards a direction where it will not be absorbed,
device 100-100c can operate more efficiently.

[0060] Those skilled in the art will appreciate that in some implementations, the
functionality of devices 100, 100a, 100b, 100c can be implemented using pre-
programmed hardware or firmware elements (e.g., application specific integrated circuits
(ASICs), electrically erasable programmable read-only memories (EEPROMs), etc.), or
other related components. In other implementations, the functionality of devices 100,

100a, 100b, 100c can be achieved using a computing apparatus that has access to a code
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memory (not shown) which stores computer-readable program code for operation of the
computing apparatus. The computer-readable program code could be stored on a
computer readable storage medium which 1s fixed, tangible and readable directly by these
components, (e.g., removable diskette, CD-ROM, ROM, fixed disk, USB drive).
Alternatively, the computer-readable program code could be stored remotely but
transmittable to these components via a modem or other interface device connected to a
network (including, without limitation, the Internet) over a transmission medium. The
transmission medium can be either a non-wireless medium (e.g., optical and/or digital
and/or analog communications lines) or a wireless medium (e.g., microwave, infrared,
free-space optical or other transmission schemes) or a combination thereof.

[0061] A portion of the disclosure of this patent document contains material which is
subject to copyright protection. The copyright owner has no objection to the facsimile
reproduction by any one of the patent document or patent disclosure, as it appears in the
Patent and Trademark Office patent file or records, but otherwise reserves all copyrights
whatsoever.

[0062] Persons skilled in the art will appreciate that there are yet more alternative
implementations and modifications possible for implementing the implementations, and
that the above implementations and examples are only illustrations of one or more
implementations. The scope, therefore, is only to be limited by the claims appended

hereto.
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What is claimed is:

1. A portable electronic device comprising:
a processor, at least one antenna, and a sensor enabled to detect. when the portable
electronic device 1s being held by a complementary holder, the processor enabled to:
determine that the sensor has detected the complementary holdér;,
responsively switch the at least one antenna from an omnidirectional mode to
a directional mode such that energy is radiated from a given side of the portable
electronic device;
when the at least one antenna has been switched to the directional mode after
detection of the complementary holder, periodically and iemporarily switch to the
omnidirectional mode to compare a signal strength of the directional mode with a signal

strength of the omnidirectional mode;

when the highest signal strength is not received in the directional mode,
thereafter cause the least one antennas to operate in the omnidirectional mode; and
when there is not substantial difference between the signal strength of the

directional mode and the signal strength in the omnidirectional mode, or when the signal
strength in the omnidirectional mode is lower than the signal strength in the direction

mode, return the least one antennas to the directional mode.

2. The portable electronic device of claim 1, further comprising a motion sensor,

wherein the processor 1s further enabled to:

responsively switch the at least one antenna from the omnidirectional mode to the

directional mode when the sensor has detected the complementary holder and the

motion detector has detected motion.

3. The portable electronic device of claim 2, wherein the motion sensor comprises one
or more of an accelerometer, a geomagnetic sensor, a magnetometer, a Global

Positioning System (GPS)-based motion sensor, and a vibration sensor.

4. The portable electronic device of claim 2, wherein the processor is further enabled to

determine a direction of movement of the portable electronic device via the motion
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sensor and responsively select the given side as a side of the portable electronic

device facing the direction of movement.

The portable electronic device of claim 1, where the processor 1s further enabled to

select the given side as a side facing outwards from the complementary holder.

The portable electronic device of claim 1, wherein the sensor comprises one or more
of a magnetic sensor, a Hall effect sensor, a magnetometer, a proximity sensor, and an

RFID (radio frequency identification) sensor, and a near field communication sensor.

The portable electronic device of claim 1, wherein the sensor 1s enabled to detect the

complementary holder by interacting with a complimentary device at the holder.

The portable electronic device of claim 1, wherein the at least one antenna comprises

an omnidirectional antenna and a directional antenna such that;:

in the omnidirectional mode, the omnidirectional antenna radiates the energy and

the directional antenna 1s off; and

in the directional mode, the directional antenna radiates the energy from the given

side and the omnidirectional antenna is off.

9. The portable electronic device of claim 1, wherein the at least one antenna comprises

a segmented antenna such that:

in the omnidirectional mode, all segments of the segmented antenna radiate the

energy; and,

in the directional mode, a given subset of the segments of the segmented antenna

radiates the energy from the given side and a remaining subset of the segments are off.

10. The portable electronic device of claim 1, wherein the at least one antenna comprises

an omnpildirectional antenna that can be switched between the omnidirectional mode

and the directional mode.
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The portable electronic device of claim 10, wherein the omnidirectional antenna that

can be switched between the omntdirectional mode and the directional mode by
transmitting antenna signals in a same phase in the directional mode and transmitting
the antenna signals in different phases in the omnidirectional mode..

The portable electronic device of claim 11, wherein the at least one antenna

comprises an antenna array.

The portable electronic device of claim 1, wherein the complementary holder
comprises one or more of a holster, a device enabled to be worn by a user and further
enabled to hold the portable electronic device, a hook, a ¢lip, and an accessory

enabled to be worn by the user.
The portable electronic device of claim 1, further comprising at least one of a mobile

electronic device, a portable communication device, a cell phone, a personal digital

assistant, and a smart phone.
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