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LOW ANGLE RADIATING SHORTED HALF element to a corresponding edge of the grounding element is 

PATCH ANTENNA greater than or equal to approximately one half of the 
wavelength . 

FIELD Another aspect of the present disclosure involves an 
5 apparatus for wireless communications . The apparatus 

Aspects of the present disclosure relate generally to patch includes a grounding element , a radiating element above the 
antenna circuits for communications devices , and more grounding element and having opposing front and rear 
particularly , to shorted half patch antenna designs for edges , means for coupling the grounding element to a 
enhanced low angle radiation performance . portion of the radiating element adjacent to the rear edge of 

10 the radiating element , and means for feeding the radiating 
BACKGROUND element . In the apparatus , a length of the radiating element 

from the front edge to the rear edge is equal to approxi 
Communications using the 60 GHz band are of particular mately one quarter of a wavelength for a frequency within 

interest for providing short - range , high throughput data links a radio band for operating the apparatus , a lateral distance 
for electronic consumer devices . To support such commu - 15 from the front edge of the radiating element to a correspond 
nications in many types of electronic consumer devices , low ing edge of the grounding element are less than or equal to 
profile and low area antennas are required that can radiate is approximately one half of the wavelength , and a lateral 
all possible directions , including forward or low angle distance from the rear edge of the radiating element to a 
directions . One method for providing antennas in consumer corresponding edge of the grounding element is greater than 
devices to support low angle radiation is using a printed 20 or equal to approximately one half of the wavelength . 
dipole antenna on the edge of a printed circuit board ( PCB ) . Another aspect of the present disclosure involves a 
This method creates radiation that is polarized parallel to the method of manufacturing an apparatus for wireless commu 
PCB it is printed on . However , this approach has drawbacks nication . The method includes providing a substrate , form 
due to the nature of dipole antennas . In particular , a dipole ing a grounding element on the substrate , forming a radiat 
antenna behaves like a resonant circuit that has a series 25 ing element above the grounding element with opposing 
inductor and shunt capacitor . Therefore , if there are too front and rear edges , and coupling the grounding element to 
many other conductive elements on the PCB in the vicinity a portion of the radiating element adjacent to the rear edge 
of the dipole , the capacitance may become too large and the of the radiating element via at least one shorting element . In 
bandwidth of the antenna can suffer . Moreover , reducing the the method , a length of the radiating element from the front 
number of such other conductive elements in the vicinity of 30 edge to the rear edge is selected to be equal to approximately 
the dipole antenna is difficult , as modern PCB designs one quarter of a wavelength for a frequency within a radio 
typically require a high circuit density for costs and / or size band for operating the apparatus , a lateral distance from the 
purposes . Therefore , keeping the necessary clearances for front edge of the radiating element to a corresponding edge 
the dipole antenna to work properly is difficult . Another of the grounding element is selected to be less than or equal 
method for providing low angle radiation antennas in PCBs 35 to approximately one half of the wavelength , and a lateral 
are closed cavity backed slot antennas . However , while distance from the rear edge of the radiating element to a 
closed cavity backed slot antennas are less sensitive to corresponding edge of the grounding element is selected to 
proximity issues than dipole antennas , the presence of the be greater than or equal to approximately one half of the 
cavity makes closed cavity backed slot antennas more wavelength . 
difficult to tune over the bandwidth required for 60 GHZ 40 Another aspect of the present disclosure involves a wire 
( 14 % ) . less station . The wireless station includes at least one 

antenna having a grounding element , a radiating element 
SUMMARY above the grounding element and having opposing front and 

rear edges , and at least one shorting element coupling the 
The following presents a simplified summary of one or 45 grounding element to a portion of the radiating element 

more embodiments in order to provide a basic understanding adjacent to the rear edge of the radiating element . The 
of such embodiments . This summary is not an extensive wireless station also includes a receiver configured to 
overview of all contemplated embodiments , and is intended receive , via the at least one antenna , signals transmitted in a 
to neither identify key or critical elements of all embodi - network and a processing system configured to determine , 
ments nor delineate the scope of any or all embodiments . Its 50 based on the signals , information transmitted in the network . 
sole purpose is to present some concepts of one or more In the wireless station , a length of the radiating element from 
embodiments in a simplified form as a prelude to the more the front edge to the rear edge is equal to approximately one 
detailed description that is presented later . quarter of a wavelength for a frequency within a radio band 

An aspect of the present disclosure involves an apparatus for operating the apparatus , a lateral distance from the front 
for wireless communications . The apparatus includes a 55 edge of the radiating element to a corresponding edge of the 
grounding element , a radiating element above the grounding grounding element are less than or equal to approximately 
element and having opposing front and rear edges , and at one half of the wavelength , and a lateral distance from the 
least one shorting element coupling the grounding element rear edge of the radiating element to a corresponding edge 
to a portion of the radiating element adjacent to the rear edge of the grounding element is greater than or equal to approxi 
of the radiating element . In the apparatus , a length of the 60 mately one half of the wavelength . 
radiating element from the front edge to the rear edge is Another aspect of the present disclosure involves an 
equal to approximately one quarter of a wavelength for a access point . The access point includes at least one antenna 
frequency within a radio band for operating the apparatus , a having a grounding element , a radiating element above the 
lateral distance from the front edge of the radiating element grounding element and having opposing front and rear 
to a corresponding edge of the grounding element are less 65 edges , and at least one shorting element coupling the 
than or equal to approximately one half of the wavelength , grounding element to a portion of the radiating element 
and a lateral distance from the rear edge of the radiating adjacent to the rear edge of the radiating element . The access 
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point also includes a processing system configured to gen appreciate that the scope of the disclosure is intended to 
erate signals corresponding to information for transmission cover any aspect of the disclosure disclosed herein , whether 
in a network and a transmitter configured to transmit , via the implemented independently of or combined with any other 
at least one antenna , the signals for transmission in the aspect of the disclosure . For example , an apparatus may be 
network . In the access point , a length of the radiating 5 implemented or a method may be practiced using any 
element from the front edge to the rear edge is equal to number of the aspects set forth herein . In addition , the scope 
approximately one quarter of a wavelength for a frequency of the disclosure is intended to cover such an apparatus or 
within a radio band for operating the apparatus , a lateral method which is practiced using other structure , function 
distance from the front edge of the radiating element to a ality , or structure and functionality in addition to or other 
corresponding edge of the grounding element are less than 10 than the various aspects of the disclosure set forth herein . It 
or equal to approximately one half of the wavelength , and a should be understood that any aspect of the disclosure 
lateral distance from the rear edge of the radiating element disclosed herein may be embodied by one or more elements 
to a corresponding edge of the grounding element is greater ge of the grounding element is greater of a claim . of a claim . 
than or equal to approximately one half of the wavelength . The present disclosure is related to an antenna array 

To the accomplishment of the foregoing and related ends , 15 design for Access Point ( AP ) devices and other similar 
the one or more embodiments comprise the features here devices , as shown below . For convenience , this improved 
inafter fully described and particularly pointed out in the patch antenna design will be described in the context of an 
claims . The following description and the annexed drawings AP device implementation of this antenna design . However , 
set forth in detail certain illustrative aspects of the one or it is understood that techniques described herein may have 
more embodiments . These aspects are indicative , however , 20 other applications , as will be explained further below . 
of but a few of the various ways in which the principles of Although particular aspects are described herein , many 
various embodiments may be employed and the described variations and permutations of these aspects fall within the 
embodiments are intended to include all such aspects and scope of the disclosure . Although some benefits and advan 
their equivalents . tages of the preferred aspects are mentioned , the scope of the 

25 disclosure is not intended to be limited to particular benefits , 
BRIEF DESCRIPTION OF THE DRAWINGS uses , or objectives . Rather , aspects of the disclosure are 

intended to be broadly applicable to different wireless tech 
FIG . 1 illustrates a diagram of an example wireless nologies , system configurations , networks , and transmission 

communications network , in accordance with certain aspects protocols , some of which are illustrated by way of example 
of the present disclosure . 30 in the figures and in the following description of the pre 

FIG . 2 illustrates a block diagram of an example access ferred aspects . The detailed description and drawings are 
point and user terminals , in accordance with certain aspects merely illustrative of the disclosure rather than limiting and 
of the present disclosure . the scope of the disclosure is being defined by the appended 

FIG . 3 illustrates a block diagram of an example wireless claims and equivalents thereof . 
device , in accordance with certain aspects of the present 35 The teachings herein may be incorporated into ( e . g . , 
disclosure . implemented within or performed by ) a variety of wired or 
FIGS . 4A and 4B shows top and cross - section side views , wireless apparatuses ( e . g . , nodes ) . In some aspects , a wire 

respectively , of a PCB including patch antenna according to less node implemented in accordance with the teachings 
an aspect of the present disclosure . herein may comprise an access point or an access terminal . 

FIG . 5 shows a PCB including a patch antenna configured 40 A wireless node may provide , for example , connectivity for 
according to a first alternative aspect of the present disclo or to a network ( e . g . , a wide area network such as the 
sure . Internet or a cellular network ) via a wired or wireless 

FIG . 6 shows a PCB including a patch antenna configured communication link . 
according to a first alternative aspect of the present disclo - An access point ( " AP ” ) may comprise , be implemented 
sure . 45 as , or known as a Node B , Radio Network Controller 

FIG . 7 shows a PCB including a patch antenna configured ( “ RNC ” ) , evolved Node B ( INB ) , Base Station Controller 
according to a first alternative aspect of the present disclo - ( " BSC " ) , Base Transceiver Station ( “ BTS ” ) , Base Station 
sure . ( “ BS ” ) , Transceiver Function ( “ TF ” ) , Radio Router , Radio 

FIG . 8 shows a PCB including an array of patch antennas Transceiver , Basic Service Set ( “ BSS ” ) , Extended Service 
configured according to an aspect of the present disclosure . 50 Set ( “ ESS ” ) , Radio Base Station ( “ RBS ” ) , or some other 

FIG . 9 shows an X - Y plot of return loss over a 60 GHz terminology . 
band for a patch antenna according to an aspect of the An access terminal ( “ AT ” ) may comprise , be imple 
present disclosure . mented as , or known as a subscriber station , a subscriber 

FIG . 10 shows a radiation pattern for a patch antenna unit , a mobile station ( MS ) , a remote station , a remote 
according to an aspect of the present disclosure . 55 terminal , a user terminal ( UT ) , a user agent , a user device , 

user equipment ( UE ) , a user station , or some other termi 
DETAILED DESCRIPTION nology . In some implementations , an access terminal may 

comprise a cellular telephone , a cordless telephone , a Ses 
Various aspects of the disclosure are described more fully sion Initiation Protocol ( " SIP ” ) phone , a wireless local loop 

hereinafter with reference to the accompanying drawings . 60 ( “ WLL ” ) station , a personal digital assistant ( " PDA ” ) , a 
This disclosure may , however , be embodied in many differ - handheld device having wireless connection capability , a 
ent forms and should not be construed as limited to any Station ( “ STA ” ) , or some other suitable processing device 
specific structure or function presented throughout this dis - coupled to a wireless modem . Accordingly , one or more 
closure . Rather , these aspects are provided so that this aspects taught herein may be incorporated into a phone ( e . g . , 
disclosure will be thorough and complete , and will fully 65 a cellular phone or smart phone ) , a computer ( e . g . , a laptop ) , 
convey the scope of the disclosure to those skilled in the art . a tablet , a portable communication device , a portable com 
Based on the teachings herein one skilled in the art should puting device ( e . g . , a personal data assistant ) , an entertain 
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ment device ( e . g . , a music or video device , or a satellite puting device ( e . g . , a personal data assistant ) , an entertain 
radio ) , a global positioning system ( GPS ) device , or any ment device ( e . g . , a music or video device , or a satellite 
other suitable device that is configured to communicate via radio ) , a global positioning system ( GPS ) device , or any 
a wireless or wired medium . other suitable device that is configured to communicate via 

5 a wireless or wired medium . 
An Example Wireless Communication System FIG . 1 illustrates an example wireless communication 

system in which aspects of the present disclosure may be 
The techniques described herein may be used for various practiced . For example , AP 110 may be configured to broadband wireless communication systems , including com generate and transmit a frame having one or more bits that munication systems that are based on an orthogonal multi - 10 indicate both minimum and maximum bandwidths for com plexing scheme . Examples of such communication systems municating in a network . UT 120 may be configured to include Spatial Division Multiple Access ( SDMA ) system , 

Time Division Multiple Access ( TDMA ) system , Orthogo obtain ( e . g . , receive ) the frame and determine , based on the 
one or more bits in the frame , both the minimum and nal Frequency Division Multiple Access ( OFDMA ) system 

and Single - Carrier Frequency Division Multiple Access 15 ma is maximum bandwidths for communicating in the network . 
( SC - FDMA ) systems . An SDMA system may utilize suffi FIG . 1 illustrates a multiple - access multiple - input mul 
ciently different directions to simultaneously transmit data tiple - output ( MIMO ) system 100 with access points and user 
belonging to multiple user terminals . A TDMA system may terminals . For simplicity , only one access point 110 is shown 
allow multiple user terminals to share the same frequency in FIG . 1 . An access point is generally a fixed station that 
channel by dividing the transmission signal into different 20 communicates with the user terminals and may also be 
time slots , each time slot being assigned to different user referred to as a base station or some other terminology . A 
terminal . An OFDMA system utilizes orthogonal frequency user terminal may be fixed or mobile and may also be 
division multiplexing ( OFDM ) , which is a modulation tech referred to as a mobile station , a wireless device , a user 
nique that partitions the overall system bandwidth into equipment , or some other terminology . Access point 110 
multiple orthogonal sub - carriers . These sub - carriers may 25 may communicate with one or more user terminals 120 at 
also be called tones , bins , etc . With OFDM , each sub - carrier any given moment on the downlink and uplink . The down 
may be independently modulated with data . An SC - FDMA link ( i . e . , forward link ) is the communication link from the 
system may utilize interleaved FDMA ( IFDMA ) to transmit access point to the user terminals , and the uplink ( i . e . , 
on sub - carriers that are distributed across the system band reverse link ) is the communication link from the user 
width , localized FDMA ( LFDMA ) to transmit on a block of 30 terminals to the access point . A user terminal may also 
adjacent sub - carriers , or enhanced FDMA ( EFDMA ) to communicate peer - to - peer with another user terminal . 
transmit on multiple blocks of adjacent sub - carriers . In A system controller 130 may provide coordination and 
general , modulation symbols are sent in the frequency control for these APs and / or other systems . The APs may be 
domain with OFDM and in the time domain with SC - managed by the system controller 130 , for example , which 
FDMA . 35 may handle adjustments to radio frequency power , channels , 

The teachings herein may be incorporated into ( e . g . , authentication , and security . The system controller 130 may 
implemented within or performed by ) a variety of wired or communicate with the APs via a backhaul . The APs may also 
wireless apparatuses ( e . g . , nodes ) . In some aspects , a wire - communicate with one another , e . g . , directly or indirectly 
less node implemented in accordance with the teachings via a wireless or wireline backhaul . 
herein may comprise an access point or an access terminal . 40 While portions of the following disclosure will describe 
A wireless node may provide , for example , connectivity for user terminals 120 capable of communicating via Spatial 
or to a network ( e . g . , a wide area network such as the Division Multiple Access ( SDMA ) , for certain aspects , the 
Internet or a cellular network ) via a wired or wireless user terminals 120 may also include some user terminals that 
communication link . do not support SDMA . Thus , for such aspects , an AP 110 

An access point ( “ AP ” ) may comprise , be implemented 45 may be configured to communicate with both SDMA and 
as , or known as a Node B , Radio Network Controller non - SDMA user terminals . This approach may conveniently 
( “ RNC ” ) , evolved Node B ( NB ) , Base Station Controller allow older versions of user terminals ( “ legacy ” stations ) to 
( " BSC " ) , Base Transceiver Station ( “ BTS ” ) , Base Station remain deployed in an enterprise , extending their useful 
( “ BS ” ) , Transceiver Function ( “ TF ” ) , Radio Router , Radio lifetime , while allowing newer SDMA user terminals to be 
Transceiver , Basic Service Set ( “ BSS ” ) , Extended Service 50 introduced as deemed appropriate . 
Set ( “ ESS ” ) , Radio Base Station ( “ RBS ” ) , or some other The system 100 employs multiple transmit and multiple 
terminology . receive antennas for data transmission on the downlink and 

An access terminal ( “ AT ” ) may comprise , be imple - uplink . The access point 110 is equipped with N , antennas 
mented as , or known as a subscriber station , a subscriber and represents the multiple - input ( MI ) for downlink trans 
unit , a mobile station ( MS ) , a remote station , a remote 55 missions and the multiple - output ( MO ) for uplink transmis 
terminal , a user terminal ( UT ) , a user agent , a user device , sions . A set of K selected user terminals 120 collectively 
user equipment ( UE ) , a user station , or some other termi - represents the multiple - output for downlink transmissions 
nology . In some implementations , an access terminal may and the multiple - input for uplink transmissions . For pure 
comprise a cellular telephone , a cordless telephone , a Ses - SDMA , it is desired to have N K21 if the data symbol 
sion Initiation Protocol ( “ SIP ” ) phone , a wireless local loop 60 streams for the K user terminals are not multiplexed in code , 
( “ WLL ” ) station , a personal digital assistant ( “ PDA " ) , a frequency or time by some means . K may be greater than 
handheld device having wireless connection capability , a N . , if the data symbol streams can be multiplexed using 
Station ( “ STA ” ) , or some other suitable processing device TDMA technique , different code channels with CDMA , 
coupled to a wireless modem . Accordingly , one or more disjoint sets of subbands with OFDM , and so on . Each 
aspects taught herein may be incorporated into a phone ( e . g . , 65 selected user terminal transmits user - specific data to and / or 
a cellular phone or smart phone ) , a computer ( e . g . , a laptop ) , receives user - specific data from the access point . In general , 
a tablet , a portable communication device , a portable com each selected user terminal may be equipped with one or 
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multiple antennas ( i . e . , N , 21 ) . The K selected user termi - performs spatial processing on its data symbol stream and 
nals can have the same or different number of antennas . transmits its set of transmit symbol streams on the uplink to 

The SDMA system may be a time division duplex ( TDD ) the access point . 
system or a frequency division duplex ( FDD ) system . For a At access point 110 , Nap antennas 224a through 224ap 
TDD system , the downlink and uplink share the same 5 receive the uplink signals from all Ny user terminals trans 
frequency band . For an FDD system , the downlink and mitting on the uplink . Each antenna 224 provides a received 
uplink use different frequency bands . MIMO system 100 signal to a respective receiver unit ( RCVR ) 222 . Each 
may also utilize a single carrier or multiple carriers for receiver unit 222 performs processing complementary to 
transmission . Each user terminal may be equipped with a that performed by transmitter unit 254 and provides a 
single antenna ( e . g . , in order to keep costs down ) or multiple 10 received symbol stream . An RX spatial processor 240 per 
antennas ( e . g . , where the additional cost can be supported ) . forms receiver spatial processing on the Nan received sym 
The system 100 may also be a TDMA system if the user bol streams from No , receiver units 222 and provides N , 
terminals 120 share the same frequency channel by dividing recovered uplink data symbol streams . The receiver spatial 
transmission / reception into different time slots , each time processing is performed in accordance with the channel 
slot being assigned to different user terminal 120 . 15 correlation matrix inversion ( CCMI ) , minimum mean square 

FIG . 2 illustrates example components of the AP 110 and error ( MMSE ) , soft interference cancellation ( SIC ) , or some 
UT 120 illustrated in FIG . 1 , which may be used to imple - other technique . Each recovered uplink data symbol stream 
ment aspects of the present disclosure . One or more com is an estimate of a data symbol stream transmitted by a 
ponents of the AP 110 and UT 120 may be used to practice respective user terminal . An RX data processor 242 pro 
aspects of the present disclosure . For example , antenna 224 , 20 cesses ( e . g . , demodulates , deinterleaves , and decodes ) each 
Tx / Rx 222 , processors 210 , 220 , 240 , 242 , and / or controller recovered uplink data symbol stream in accordance with the 
230 may be used to perform the operations described herein . rate used for that stream to obtain decoded data . The 
Similarly , antenna 252 , Tx / Rx 254 , processors 260 , 270 , decoded data for each user terminal may be provided to a 
288 , and 290 , and / or controller 280 may be used to perform data sink 244 for storage and / or a controller 230 for further 
the operations described herein . 25 processing . The controller 230 may be coupled with a 

FIG . 2 illustrates a block diagram of access point 110 and memory 232 . 
two user terminals 120m and 120x in MIMO system 100 . On the downlink , at access point 110 , a TX data processor 
The access point 110 is equipped with N , antennas 224a 210 receives traffic data from a data source 208 for N . , user 
through 224ap . User terminal 120m is equipped with Num terminals scheduled for downlink transmission , control data 
antennas 252ma through 252mu , and user terminal 120x is 30 from a controller 230 , and possibly other data from a 
equipped with Nutr antennas 252 . xa through 252xu . The scheduler 234 . The various types of data may be sent on 
access point 110 is a transmitting entity for the downlink and different transport channels . TX data processor 210 pro 
a receiving entity for the uplink . Each user terminal 120 is cesses ( e . g . , encodes , interleaves , and modulates ) the traffic 
a transmitting entity for the uplink and a receiving entity for data for each user terminal based on the rate selected for that 
the downlink . As used herein , a " transmitting entity ” is an 35 user terminal . TX data processor 210 provides N . , downlink 
independently operated apparatus or device capable of trans - data symbol streams for the Non user terminals . A TX spatial 
mitting data via a wireless channel , and a “ receiving entity ” processor 220 performs spatial processing ( such as a pre 
is an independently operated apparatus or device capable of coding or beamforming , as described in the present disclo 
receiving data via a wireless channel . In the following sure ) on the Ndn downlink data symbol streams , and pro 
description , the subscript " dn ” denotes the downlink , the 40 vides Nap transmit symbol streams for the Nap antennas . 
subscript “ up ” denotes the uplink , N . , user terminals are Each transmitter unit 222 receives and processes a respec 
selected for simultaneous transmission on the uplink , Nin tive transmit symbol stream to generate a downlink signal . 
user terminals are selected for simultaneous transmission on Na transmitter units 222 providing Nan downlink signals for 
the downlink , Nup may or may not be equal to N dn , and Nup transmission from Nap antennas 224 to the user terminals . 
and Nin may be static values or can change for each 45 At each user terminal 120 , Nitm antennas 252 receive the 
scheduling interval . The beam - steering or some other spatial N , downlink signals from access point 110 . Each receiver 
processing technique may be used at the access point and unit 254 processes a received signal from an associated 
user terminal . antenna 252 and provides a received symbol stream . An RX 
On the uplink , at each user terminal 120 selected for spatial processor 260 performs receiver spatial processing 

uplink transmission , a transmit ( TX ) data processor 288 50 on Nutm received symbol streams from Nut , m receiver units 
receives traffic data from a data source 286 and control data 254 and provides a recovered downlink data symbol stream 
from a controller 280 . The controller 280 may be coupled for the user terminal . The receiver spatial processing is 
with a memory 282 . TX data processor 288 processes ( e . g . , performed in accordance with the CCMI , MMSE or some 
encodes , interleaves , and modulates ) the traffic data for the other technique . An RX data processor 270 processes ( e . g . , 
user terminal based on the coding and modulation schemes 55 demodulates , deinterleaves and decodes ) the recovered 
associated with the rate selected for the user terminal and downlink data symbol stream to obtain decoded data for the 
provides a data symbol stream . A TX spatial processor 290 user terminal . The decoded data for each user terminal may 
performs spatial processing on the data symbol stream and be provided to a data sink 272 for storage and / or a controller 
provides Nutm transmit symbol streams for the Nuum anten - 280 for further processing . 
nas . Each transmitter unit ( TMTR ) 254 receives and pro - 60 At each user terminal 120 , a channel estimator 278 
cesses ( e . g . , converts to analog , amplifies , filters , and fre - estimates the downlink channel response and provides 
quency upconverts ) a respective transmit symbol stream to downlink channel estimates , which may include channel 
generate an uplink signal . Nutm transmitter units 254 provide gain estimates , SNR estimates , noise variance and so on . 
Nyt m uplink signals for transmission from Nyt m antennas Similarly , at access point 110 , a channel estimator 228 
252 to the access point . 65 estimates the uplink channel response and provides uplink 
Ny user terminals may be scheduled for simultaneous channel estimates . Controller 280 for each user terminal 

transmission on the uplink . Each of these user terminals typically derives the spatial filter matrix for the user terminal 
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based on the downlink channel response matrix Hdn . m for supporting a shorted half patch antenna according to an 
that user terminal . Controller 230 derives the spatial filter aspect of the present disclosure . As shown in FIGS . 4A and 
matrix for the access point based on the effective uplink 4B , the PCB 400 includes a radiating element 402 with a 
channel response matrix H ot Controller 280 for each user front edge or end 402a and a rear end or edge 402b , a 
terminal may send feedback information ( e . g . , the downlink 5 grounding element 404 coupled to a ground connection 406 . 
and / or uplink eigenvectors , eigenvalues , SNR estimates , and The PCB 400 also includes at least one shorting element 408 
so on ) to the access point . Controllers 230 and 280 also for coupling a portion of the radiating element 404 adjacent 
control the operation of various processing units at access to the rear edge 402b of the radiating element 402 to the 
point 110 and user terminal 120 , respectively . grounding element 404 . For example , in some aspects , the at 

FIG . 3 illustrates example components that may be uti - 10 least one shorting element 408 can be a plurality of vias 410 
lized in the AP 110 and / or UT 120 to implement aspects of formed in the PCB 400 from conductive materials and 
the present disclosure . For example , the transmitter 310 , extending vertically from the grounding element 404 up to 
antenna ( s ) 316 , processor 304 and / or the DSP 320 may be the radiating element 402 through a dielectric material of the 
used to practice aspects of the present disclosure imple PCB . Further , the front edge 402a of the radiating element 
mented by the AP . Further , the receiver 312 , antenna ( s ) 316 , 15 402 is positioned close to an edge of the grounding element 
processor 304 and / or the DSP 320 may be used to practice 404 but far from other edges of the grounding element 404 , 
aspects of the present disclosure implemented by the UT . as discussed in further detail below . 

FIG . 3 illustrates various components that may be utilized The PCB 400 further includes feed structure for coupling 
in a wireless device 302 that may be employed within the the radiating element 402 to a processing system or other 
MIMO system 100 . The wireless device 302 is an example 20 component . In particular , the feed structure includes at least 
of a device that may be configured to implement the various one feed line 412 and a feed via 414 , where the feed line 412 
methods described herein . The wireless device 302 may be is coupled to the radiating element 402 using the feed via 
an access point 110 or a user terminal 120 . 414 . For example , in some aspects , the feed line 412 may 

The wireless device 302 may include a processor 304 include at least one microstrip line in the PCB 400 and , if 
which controls operation of the wireless device 302 . The 25 needed , one or more vias formed in the PCB 400 to 
processor 304 may also be referred to as a central processing electrically couple the feed via 414 to the processing system 
unit ( CPU ) . Memory 306 , which may include both read - only via the various layers of the PCB 400 . The feed via 414 can 
memory ( ROM ) and random access memory ( RAM ) , pro - also be a via formed in the PCB 400 and may be configured 
vides instructions and data to the processor 304 . A portion of to extend vertically between the radiating element 404 and 
the memory 306 may also include non - volatile random 30 the feed line 412 . 
access memory ( NVRAM ) . The processor 304 typically The elements 402 , 404 , 406 , 408 , 410 , 412 , and 414 can 
performs logical and arithmetic operations based on pro be formed in a PCB using any techniques for forming vias , 
gram instructions stored within the memory 306 . The lines , traces , etc . in a PCB technology . However , the present 
instructions in the memory 306 may be executable to disclosure contemplates the use of non - PCB technologies . In 
implement the methods described herein . 35 the case of non - PCB technologies , such features can be 

The wireless device 302 may also include a housing 308 formed using corresponding techniques . 
that may include a transmitter 310 and a receiver 312 to In PCB 400 , the arrangement of the radiating element 
allow transmission and reception of data between the wire - 402 , the at least one shorting element 408 , and the grounding 
less device 302 and a remote node . The transmitter 310 and element 404 are configured to provide a shorted half patch 
receiver 312 may be combined into a transceiver 314 . A 40 antenna . A patch antenna configuration has the advantage of 
single or a plurality of transmit antennas 316 may be being able to be deployed in various types of PCBs and 
attached to the housing 308 and electrically coupled to the similar technologies , such as integrated circuit packages , 
transceiver 314 . The wireless device 302 may also include while the dipole antennas would require special clearance 
( not shown ) multiple transmitters , multiple receivers , and requirements . For example , patch antennas can be placed 
multiple transceivers . 45 directly over metal layers , solder balls or other features of 

The wireless device 302 may also include a signal detec - the PCB . Second , a patch antenna configuration also sup 
tor 318 that may be used in an effort to detect and quantify ports offers polarization diversity , which is important for the 
the level of signals received by the transceiver 314 . The 60 GHz band , since the antennas used for 60 GHz typically 
signal detector 318 may detect such signals as total energy , have low cross polarization and the mobile side of a con 
energy per subcarrier per symbol , power spectral density and 50 nection can have a random orientation . Thus , patch antennas 
other signals . The wireless device 302 may also include a can be deployed in different parts of the package to provide 
digital signal processor ( DSP ) 320 for use in processing polarization diversity . 
signals . In a standard patch antenna , an antenna is configured to 

The various components of the wireless device 302 may have a radiating element coupled to a feed line and placed 
be coupled together by a bus system 322 , which may include 55 parallel to a grounding element . In this configuration , the 
a power bus , a control signal bus , and a status signal bus in standard patch antenna behaves like two slot antennas that 
addition to a data bus . are approximately a half wave apart . However , this also 

creates a two element array that has a peak gain orthogonal 
Antenna Design to the plane of the patch ( i . e . , at higher angles ) and lower 

60 gain at the low angles , where the two slots destructively 
To provide a better foundation for understanding the interfere . Additionally , the presence of a ground plane 

various aspects of the present disclosure , reference is now surrounding the patch further limits the radiation at low 
made to FIGS . 4A and 4B which illustrate an implementa angles . In contrast , a shorted half patch antenna is config 
tion of a patch antenna according to an aspect of the present ured to have a radiating element coupled not only to the feed 
disclosure . 65 line , but also to the ground plane , which causes the half 

FIGS . 4A and 4B , show top and cross - section side views , patch antenna to have only one slot . This removes the 
respectively , of a PCB 400 that provides a substrate for destructive interference typically encountered in a standard 
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patch antenna at low angles . Thus , this also improves to a corresponding edge of the grounding element 404 is 
support for polarization diversity at low angles . greater than or equal to one half of the wavelength ( N2 ) for 

A shorted half patch antenna design is characterized in the center frequency for the radio band of operation . Simi 
that a rear edge or end of the radiating element is coupled to larly , the radiating element 402 is positioned relative to the 
a grounding element and that a length of a radiating element 5 grounding element 404 so that a lateral distances d , and dy 
is selected to be one quarter of a wavelength within the from side edges 402c and 402d , respectively , of the radiating 
dielectric medium for a center frequency of operation . In element 402 to the corresponding edges of the grounding 
PCB 400 , a shorted half wave patch antenna configuration is element 404 are each greater than or equal to one half of the 
provided by configuring the radiating element 402 to have wavelength ( N2 ) for the center frequency of operation . Such 
the rear edge 402b coupled to the grounding element 404 10 a configuration for edges 402b , 402c , and 402d thus reduces 
using the at least one shorting element 408 . The shorting the amount of attenuation for signals radiated in other 
element 408 can be formed using a plurality of vias 410 directions due to the increased ground plane area for these 
contacting a . Further , the length L of radiating element 402 edges versus the front edge 402a , thus favoring forward ( i . e . , 
is selected to be one quarter of a wavelength ( N4 ) for the low angle ) performance . 
dielectric material constituting PCB 400 for the center 15 The configuration of FIGS . 4A and 4B can be modified in 
frequency for a radio band of operation ( e . g . , 60 GHz radio a variety of ways to further improve performance . One such 
band ) . The radiating element 402 is also selected to have a modification is illustrated in FIG . 5 , which shows a PCB 500 
width W . The width W and the placement of feed via 414 are including a shorted half patch antenna configured according 
selected so as to provide the impedance and tuning needed to a first alternative aspect of the present disclosure . As 
for a particular application . 20 noted above , one possible implementation is to arrange the 

Although radiating element 402 and grounding element radiating element 402 and the grounding element 404 so that 
404 are illustrated herein as having rectangular shapes , this dp = 0 and so that de PCB = 0 . Such a configuration is illus 
is only for ease of illustration . The present disclosure trated by PCB 500 in FIG . 5 . As discussed above , this 
contemplates that the techniques described herein can be configuration results in an overall reduction of attenuation of 
utilized with elements of different shapes . 25 forward ( i . e . , low angle ) signals radiating from the radiating 

Further , although vias 410 , 414 , and others discussed element 402 . 
above and below are shown as single cylindrical vias , this is Another potential modification is illustrated in FIG . 6 , 
solely for ease of illustration . The present disclosure con - which shows a PCB 600 including a patch antenna config 
templates that vias of any shape or dimensions can be used ured according to a second alternative aspect of the present 
to form the half shorted patch antennas described herein . For 30 disclosure . As shown in FIG . 6 , PCB 600 is configured 
example , the shorted wall 408 can be formed using one or substantially the same as PCB 400 in FIGS . 4A and 4B . 
two wide via structures instead of the series of vias 410 However , in addition to the features described above with 
illustrated in FIGS . 4A and 4B . Thus , the only requirement respect to PCB 400 , PCB 600 includes a second radiating 
for the at least one shorting element 408 is that the shorting element 602 positioned above the radiating element 402 and 
elements , whether vias 410 or other elements , extend along 35 coupled to a front end 402a of radiating element 402 using 
a substantial portion of the rear edge 402b . For example , at a coupling structure . For example , as shown in FIG . 6 , one 
least 40 % . or more vias 604 formed in the PCB 600 can provide such 

The present disclosure contemplates that an improvement a coupling structure . The second radiating element 602 can 
on standard shorted half patch antennas by careful selection be dimensioned substantially the same as radiating element 
of the position of the edges of the radiating element relative 40 402 . Further , the second radiating element 602 can be 
to the edges of the ground elements . This improvement positioned so that second radiating element 602 and the 
results in enhanced forward or low angle radiation , as radiating element 402 are substantially in complete overlap 
discussed below . with each other . This configuration results in an additional 
As noted above , one aspect of the shorted half patch resonator being provided for the antenna . Such a configu 

antenna formed in PCB 400 is that the front edge 402a of the 45 ration can be utilized to improve impedance bandwidth 
radiating element 402 is positioned close to an edge of the performance of the resulting shorted half patch antenna . In 
grounding element 404 . In particular , the radiating element particular , this configuration can be utilized to provide a 
402 is positioned relative to the grounding element so that a wider bandwidth . 
lateral distance d , from the front edge 402a to a correspond - Another modification is illustrated in FIG . 7 , which shows 
ing edge of the grounding element 404 is less than or equal 50 a PCB 700 including a patch antenna configured according 
to one half of the wavelength ( N2 ) for the center frequency to a third alternative aspect of the present disclosure . As 
for the radio band of operation . In particular implementa - shown in FIG . 7 , PCB 700 is configured substantially the 
tions , this distance can be zero ( de = 0 ) . Placing the radiating same as PCB 400 in FIGS . 4A and 4B . However , in addition 
element 402 with respect to the grounding element 404 in to the features described above with respect to PCB 400 , 
this manner thus reduces that the amount of ground plane 55 PCB 700 also includes additional grounding elements 704 , 
that would attenuate the forward direction , low angle radi 7042 , 7043 coupled to grounding element 404 and each other 
ated signals . In some implementations , this effect can be using a coupling structure . For example as shown in FIG . 7 , 
further improved by placing the forward edge 102a as close a coupling structure may be provided in PCB 700 by vias 
as possible to an outer edge of the PCB 400 itself , i . e . , reduce 706 , , 706 , , and 706z . 
de PCR as much as possible . In particular implementations , 60 This results in a larger ground plane that can reduce 
this distance can be zero ( dF PCB = 0 ) . electrical noise and interference through ground loops and to 
As further noted above , one aspect of the shorted half prevent crosstalk between adjacent circuit traces . In particu 

patch antenna formed in PCB 400 is that the other edges of lar , when large current pulses occur in response to switching 
the radiating element 402 are positioned to be far from the of states in a circuit and the power supply and ground traces 
edges of the grounding element 404 . In particular , the 65 have significant impedances , the voltage drop across these 
radiating element 402 is positioned relative to the grounding traces can create noise voltage pulses . However , by provid 
element so that a lateral distance dx from the rear edge 402b ing a large conducting area , and thus lower impedances , the 
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amount of noise due to current pulses can be substantially in patch antennas is reduced or eliminated in the new shorted 
reduced in PCB 700 . Moreover , in a high density PCB , the half patch antenna design described above . 
antenna layers will usually need to be located above other The various operations of methods described above may 
routing and other supply layers . Accordingly , the multiple be performed by any suitable means capable of performing 
grounding elements for FIG . 7 permit the antenna elements 5 the corresponding functions . The means may include 
to be better isolated from such layers , thus ensuring more various hardware and / or software component ( s ) and / or 
reliable operation of the antenna . module ( s ) , including , but not limited to a circuit , an appli 

It should be noted that although the modifications of cation specific integrated circuit ( ASIC ) , or processor . Gen 

FIGS . 5 - 7 are illustrated in isolation , this is solely for ease erally , where there are operations illustrated in figures , those 
of illustration . Rather , the present disclosure contemplates 10 operations may have corresponding counterpart means - plus 

function components with similar numbering . that modifications discussed above can be used in any 
combination with each other . Means for generating may include a processing system , 

which may include one or more processors , such as the Further , although the foregoing discussion has been pri processors 210 , 242 , and / or the controller 230 of the access marily directed to a description of the configuration of single 15 point 110 illustrated in FIG 2 or the processor 304 and / or the 
shorted half plane antennas , the present disclosure contem DSP 320 portrayed in FIG . 3 . The means for outputting ( e . g . , 
plates using multiple instances of such antennas in unison . transmitting ) may comprise a transmitter ( e . g . , the transmit 
For example , in the case of 60 GHz band communications , ter unit 222 ) and / or an antenna ( s ) 224 of the access point 110 
it is desirable to utilize a plurality of antennas , combined illustrated in FIG . 2 or the transmitter 310 and / or antenna ( s ) 
with amplitude and phase control signals being fed therein , 20 316 depicted in FIG . 3 . 
to provide a beamformer for focusing and directing signals Means for obtaining ( e . g . , receiving ) may comprise a 
in a desired direction . One such implementation is illustrated receiver ( e . g . , the receiver unit 254 ) and / or an antenna ( s ) 
in FIG . 8 , which shows an array of shorted half plane 252 of the UT 120 illustrated in FIG . 2 or the receiver 312 
antennas in accordance with an aspect of the present dis and / or antenna ( s ) 316 depicted in FIG . 3 . Means for deter 
closure . As shown in FIG . 8 , a PCB 800 is provided showing 25 mining may include a processing system , which may include 
an array 801 of antennas 802 , 802 , 802 , and 802 . Each one or more processors such as processors 260 , 270 , 288 , 
of antennas 802i can be configured , for example , in accor - and 290 and / or the controller 280 of the UT 120 or the 
dance with any of FIGS . 4A - 7 , or any variations or combi - processor 304 and / or the DSP 320 portrayed in FIG . 3 . 
nations thereof . In operation , the signals at each of feed lines Means for feeding may comprise the feed structure for 
804 , , 804 , 804 , and 804 , can be adjusted in phase and / or 30 coupling the radiating element 402 to a processing system or 
amplitude via a control circuit ( not shown ) for all or each of other component , as discussed above with respect to FIG . 4 . 
the feed lines 804 , 804 ) , 804 , and 804g . As a result , the In particular , means for feeding may comprise at least one 
array 801 operates a beam former to direct signals in a feed line 412 and a feed via 414 as discussed above with 
particular direction . Further , as each of antennas has respect to FIG . 4 . Means for coupling the grounding element 
improved forward ( i . e . , low angle ) performance , the cover - 35 404 to the radiating element 402 may comprise vias 410 in 
age provided by array 801 is significantly wider than pos - FIG . 4 or any combination of vias and microstrip lines in 
sible using standard patch antennas or even existing shorted PCB 400 for coupling the grounding element 404 to the 
half wave antennas . radiating element 402 . Means for coupling the second radi 

Turning now to FIGS . 9 and 10 , the performance of ating element 602 to the first radiating element 404 may 
shorted half patch antennas according to aspects of the 40 comprise vias 604 , as shown in FIG . 6 , or any combination 
present disclosure is presented . For each of FIGS . 9 and 10 , of vias and microstrip lines in PCB 600 . Means for coupling 
the operation in free space for a patch antenna combining the grounding element 404 and the at least one second 
aspects of the shorted half patch antennas of FIGS . 6 and 7 grounding element 706i may comprise vias 704i , as shown 
was simulated . That is , a shorted half patch antenna , as in FIG . 7 , or any combination of vias and microstrip lines in 
described in FIGS . 4A and 4B , but with the addition of a 45 PCB 700 . 
second radiating element , as described with respect to FIG . According to certain aspects , such means may be imple 
6 , and the addition of additional grounding elements 7041 , mented by processing systems configured to perform the 
7042 , 7043 , as described with respect to FIG . 7 . corresponding functions by implementing various algo 

FIG . 9 shows an X - Y plot of return loss as a function of rithms ( e . g . , in hardware or by executing software instruc 
frequency over a 60 GHz band ( 57 . 5 GHz to 66 . 25 GHz ) for 50 tions ) described above . 
the above - described shorted half patch antenna . As shown in As used herein , the term " determining ” encompasses a 
FIG . 9 , the return loss throughout the range is between - 10 wide variety of actions . For example , " determining ” may 
dB and - 14 . 5 dB , meaning that less than 1 / 10th of the RF include calculating , computing , processing , deriving , inves 
energy is being reflected . Typically , a return loss of - 10 dB tigating , looking up ( e . g . , looking up in a table , a database 
or less is typically considered good when the devices under 55 or another data structure ) , ascertaining and the like . Also , 
test are considered to be tuned and have a reasonably good “ determining " may include receiving ( e . g . , receiving infor 
impedance matching . Thus , FIG . 9 illustrates that the mation ) , accessing ( e . g . , accessing data in a memory ) and 
shorted half patch antenna of the present disclosure provides the like . Furthermore , “ determining ” may include resolving , 
acceptable return loss . selecting , choosing , establishing and the like . 

FIG . 10 shows a radiation pattern for this same shorted 60 As used herein , the term " outputting ” may involve actual 
half patch antenna mounted on a package . As can be transmission or output of a structure from one entity ( e . g . , a 
observed from FIG . 10 , the new shorted half patch antenna processing system ) to another entity ( e . g . , an RF front end 
design results in substantially a same radiation pattern for or modem ) for transmission . As used herein , the term 
high angles ( + Z direction ) as for low angles ( + X direction ) . " obtaining " may involve actual receiving of a structure 
Some attenuation is observed for some high angles ( - Z 65 transmitted over the air or obtaining the structure by one 
direction ) , but this is due to the package . However , FIG . 10 entity ( e . g . , a processing system ) from another entity ( e . g . , 
does show that attenuation typically observed for low angles an RF front end or modem ) . 
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As used herein , a phrase referring to at least one of " a list tors , power management circuits , and the like , which are 

of items refers to any combination of those items , including well known in the art , and therefore , will not be described 
single members . As an example , " at least one of : a , b , or c " any further . 
is intended to cover a , b , c , a - b , a - c , b - c , and a - b - c , as well The processor may be responsible for managing the bus 
as any combination with multiples of the same element ( e . g . , 5 and general processing , including the execution of software 
a - a , a - a - a , a - a - b , a - a - c , a - b - b , a - c - c , b - b , b - b - b , b - b - c , c - c , stored on the machine - readable media . The processor may 
and c - c - c or any other ordering of a , b , and c ) . be implemented with one or more general - purpose and / or 

The various illustrative logical blocks , modules and cir special - purpose processors . Examples include microproces 
cuits described in connection with the present disclosure sors , microcontrollers , DSP processors , and other circuitry 

10 that can execute software . Software shall be construed may be implemented or performed with a general purpose broadly to mean instructions , data , or any combination processor , a digital signal processor ( DSP ) , an application thereof , whether referred to as software , firmware , middle specific integrated circuit ( ASIC ) , a field programmable gate ware , microcode , hardware description language , or other array ( FPGA ) or other programmable logic device ( PLD ) , wise . Machine - readable media may include , by way of discrete gate or transistor logic , discrete hardware compo 15 example , RAM ( Random Access Memory ) , flash memory , 
nents , or any combination thereof designed to perform the ROM ( Read Only Memory ) . PROM ( Programmable Read 
functions described herein . A general - purpose processor Only Memory ) , EPROM ( Erasable Programmable Read 
may be a microprocessor , but in the alternative , the proces - Only Memory ) , EEPROM ( Electrically Erasable Program 
sor may be any commercially available processor , controller , mable Read - Only Memory ) , registers , magnetic disks , 
microcontroller , or state machine . A processor may also be 20 optical disks , hard drives , or any other suitable storage 
implemented as a combination of computing devices , e . g . , a medium , or any combination thereof . The machine - readable 
combination of a DSP and a microprocessor , a plurality of media may comprise a computer - readable medium having 
microprocessors , one or more microprocessors in conjunc instructions stored ( and / or encoded ) thereon , the instructions 
tion with a DSP core , or any other such configuration . being executable by one or more processors to perform the 

The steps of a method or algorithm described in connec - 25 operations described herein and be embodied in a computer 
tion with the present disclosure may be embodied directly in program product . The computer - program product may com 
hardware , in a software module executed by a processor , or prise packaging materials to advertise the computer - readable 
in a combination of the two . A software module may reside medium therein for purchase by consumers . 
in any form of storage medium that is known in the art . In a hardware implementation , the machine - readable 

Some examples of storage media that may be used includes nclude 30 media may be part of the processing system separate from 
the processor . However , as those skilled in the art will random access memory ( RAM ) , read only memory ( ROM ) , 

flash memory , EPROM memory , EEPROM memory , regis readily appreciate , the machine - readable media , or any 
portion thereof , may be external to the processing system . 

ters , a hard disk , a removable disk , a CD - ROM and so forth . By way of example , the machine - readable media may A software module may comprise a single instruction , or 25 35 include a transmission line , a carrier wave modulated by 
many instructions , and may be distributed over several data , and / or a computer readable storage medium with 
different code segments , among different programs , and instructions stored thereon separate from the wireless node , across multiple storage media . A storage medium may be all of which may be accessed by the processor through the 
coupled to a processor such that the processor can read bus interface . Alternatively , or in addition , the machine 
information from , and write information to , the storage 40 readable media , or any portion thereof , may be integrated 
medium . In the alternative , the storage medium may be into the processor , such as the case may be with cache and / or 
integral to the processor . general register files . 

The methods disclosed herein comprise one or more steps The processing system may be configured as a general 
or actions for achieving the described method . The method purpose processing system with one or more microproces 
steps and / or actions may be interchanged with one another 45 sors providing the processor functionality and external 
without departing from the scope of the claims . In other memory providing at least a portion of the machine - readable 
words , unless a specific order of steps or actions is specified , media , all linked together with other supporting circuitry 
the order and / or use of specific steps and / or actions may be through an external bus architecture . Alternatively , the pro 
modified without departing from the scope of the claims . cessing system may be implemented with an ASIC ( Appli 

The functions described may be implemented in hard - 50 cation Specific Integrated Circuit ) with the processor , the 
ware , software , firmware , or any combination thereof . If bus interface , the user interface in the case of an access 
implemented in hardware , an example hardware configura terminal ) , supporting circuitry , and at least a portion of the 
tion may comprise a processing system in a wireless node . machine - readable media integrated into a single chip , or 
The processing system may be implemented with a bus with one or more FPGAs ( Field Programmable Gate 
architecture . The bus may include any number of intercon - 55 Arrays ) , PLDs ( Programmable Logic Devices ) , controllers , 
necting buses and bridges depending on the specific appli state machines , gated logic , discrete hardware components , 
cation of the processing system and the overall design or any other suitable circuitry , or any combination of circuits 
constraints . The bus may link together various circuits that can perform the various functionality described 
including a processor , machine - readable media , and a bus throughout this disclosure . Those skilled in the art will 
interface . The bus interface may be used to couple a network 60 recognize how best to implement the described functionality 
adapter , among other things , to the processing system via the for the processing system depending on the particular appli 
bus . The network adapter may be used to implement the cation and the overall design constraints imposed on the 
signal processing functions of the Physical ( PHY ) layer . In overall system . 
the case of a user terminal 120 ( see FIG . 1 ) , a user interface The machine - readable media may comprise a number of 
( e . g . , keypad , display , mouse , joystick , etc . ) may also be 65 software modules . The software modules include instruc 
coupled to the bus . The bus may also link various other tions that , when executed by an apparatus such as a proces 
circuits such as timing sources , peripherals , voltage regula sor , cause the processing system to perform various func 
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tions . The software modules may include a transmission What is claimed is : 
module and a receiving module . Each software module may 1 . An apparatus for wireless communications comprising : 
reside in a single storage device or be distributed across a grounding element ; 
multiple storage devices . By way of example , a software a first radiating element above the grounding element and 
module may be loaded into RAM from a hard drive when a 5 having opposing front and rear edges ; 
triggering event occurs . During execution of the software a second radiating element positioned substantially par 
module , the processor may load some of the instructions into allel to and above the first radiating element ; cache to increase access speed . One or more cache lines may at least one coupling element coupling the front edge of then be loaded into a general register file for execution by the first radiating element to the second radiating the processor . When referring to the functionality of a 10 
software module below , it will be understood that such element ; and 

at least one shorting element coupling the grounding functionality is implemented by the processor when execut element to a portion of the first radiating element ing instructions from that software module . adjacent to the rear edge of the first radiating element , If implemented in software , the functions may be stored wherein a length of the first radiating element from the or transmitted over as one or more instructions or code on a 15 
computer - readable medium . Computer - readable media front edge to the rear edge is equal to approximately 
include both computer storage media and communication one quarter of a wavelength for a frequency within a 
media including any medium that facilitates transfer of a radio band for operating the apparatus , 
computer program from one place to another . A storage wherein a lateral distance from the front edge of the first 
medium may be any available medium that can be accessed 20 radiating element to a corresponding edge of the 
by a computer . By way of example , and not limitation , such grounding element is less than or equal to approxi 
computer - readable media can comprise RAM , ROM , mately one half of the wavelength , 
EEPROM , CD - ROM or other optical disk storage , magnetic wherein a lateral distance from the rear edge of the first 
disk storage or other magnetic storage devices , or any other radiating element to a corresponding edge of the 
medium that can be used to carry or store desired program 25 grounding element is greater than or equal to approxi 
code in the form of instructions or data structures and that mately one half of the wavelength , and 
can be accessed by a computer . Also , any connection is wherein the at least one coupling element is disposed 
properly termed a computer - readable medium . For example , between the second radiating element and a portion of 
if the software is transmitted from a website , server , or other the first radiating element adjacent to the front edge of 
remote source using a coaxial cable , fiber optic cable , 30 the first radiating element . twisted pair , digital subscriber line ( DSL ) , or wireless tech 2 . The apparatus of claim 1 , wherein the first radiating nologies such as infrared ( IR ) , radio , and microwave , then element further having opposing side edges , and wherein a the coaxial cable , fiber optic cable , twisted pair , DSL , or 
wireless technologies such as infrared , radio , and microwave lateral distance from the each of the side edges of the first 

radiating element to a corresponding edge of the grounding are included in the definition of medium . Disk and disc , as 35 
used herein , include compact disc ( CD ) , laser disc , optical element is greater than or equal to approximately one half of 
disc , digital versatile disc ( DVD ) , floppy disk , and Blu - ray® the wavelength . 

3 . The wireless apparatus of claim 1 , wherein the lateral disc where disks usually reproduce data magnetically , while distance from the front edge of the first radiating element to discs reproduce data optically with lasers . Thus , in some 
aspects computer - readable media may comprise non - transi - 40 the corresponding edge the grounding element is approxi 
tory computer - readable media ( e . g . , tangible media ) . In mately zero . 
addition , for other aspects computer - readable media may 4 . The apparatus of claim 1 , further comprising : 
comprise transitory computer - readable media ( e . g . , a sig at least one second grounding element positioned sub 
nal ) . Combinations of the above should also be included stantially parallel to and below the grounding element ; 

and within the scope of computer - readable media . 
Further , it should be appreciated that modules and / or at least one coupling element coupling the grounding 

other appropriate means for performing the methods and element and the at least one second grounding element . 
5 . The apparatus of claim 1 , wherein the at least one techniques described herein can be downloaded and / or oth 

erwise obtained by a user terminal and / or base station as shorting element comprises a plurality of vias contacting a 
applicable . For example , such a device can be coupled to a 50 S 5 substantial portion of the first radiating element along the 
server to facilitate the transfer of means for performing the rear edge . 
methods described herein . Alternatively , various methods 6 . The apparatus of claim 1 , further comprising a substrate 
described herein can be provided via storage means ( e . g . , configured to support the radiating element and the ground 

RAM , ROM , a physical storage medium such as a compact ing element , and wherein a lateral distance from the front 
disc ( CD ) or floppy disk , etc . ) , such that a user terminal 55 s edge of the first radiating element to a corresponding edge a 
and / or base station can obtain the various methods upon of the grounding element and a lateral distance from the 

front edge of the first radiating element to a corresponding coupling or providing the storage means to the device . 
Moreover , any other suitable technique for providing the edge of the substrate are approximately the same . 

7 . The apparatus of claim methods and techniques described herein to a device can be 1 , wherein the at least one 
utilized . 60 coupling element comprises at least one via . 

8 . The apparatus of claim 1 , wherein the front edge of the It is to be understood that the claims are not limited to the first radiating element is aligned with a corresponding front precise configuration and components illustrated above . 
Various modifications , changes and variations may be made edge of the second radiating element , and wherein the rear 
in the arrangement , operation and details of the methods and edge edge of the first radiating element is aligned with a corre 
apparatus described above without departing from the scope 65 sponding rear edge of the second radiating element . 
of the claims . * * * * * 


