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Description
FIELD OF THE DISCLOSURE

[0001] The present patent disclosure generally relates
to antennas. More particularly, and not by way of any
limitation, the present patent disclosure is directed to a
Multiple Input Multiple Output (MIMO) antenna assembly
and associated method.

BACKGROUND

[0002] Recently, there has been an increasing thrust
in the application of internal antennas in wireless com-
munications devices. The concept of an internal antenna
stems from the avoidance of using an external radiating
element through the integration of the antenna into the
communications device itself. Internal antennas have
several advantageous features such as being less prone
to external damage, areductionin overall size of the com-
munications device with optimization, and easy portabil-
ity. In most internal antennas, the printed circuit board of
the communications device serves as the ground plane
of the internal antenna.

[0003] Current antenna solutions for Multiple Input
Multiple Output (MIMO) applications require multiple an-
tennas. While multiple antennas provide numerous ben-
efits, they present numerous design challenges, as well.
One such challenge is mutual coupling between the an-
tennas, which can result in wasted power when transmit-
ting and a lower received power from incoming signals.
In MIMO technologies such as Long Term Evolution
(LTE), where two receive antennas are required, cross-
coupling effects can be highly undesirable since effective
MIMO performance requires relatively low correlation be-
tween each of the received signals of the multiple anten-
nas. When multiple antennas are used within a mobile
handheld device, the signals received by each of the an-
tennas may be undesirably correlated, due to the tight
confines typical of the compact devices that are favored
by consumers. This can considerably affect MIMO per-
formance. Accordingly, minimal coupling between anten-
nas in MIMO antenna arrays is preferred to increase sys-
tem efficiency and battery life, and thereby improve re-
ceived signal quality. In order to optimize the character-
istics of MIMO antenna arrays, a significant level of test-
ing is generally required.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] A more complete understanding of the embod-
iments of the present patent disclosure may be had by
reference to the following Detailed Description when tak-
en in conjunction with the accompanying drawings
wherein:

[0005] FIG. 1 depicts a functional block diagram of an
example wireless user equipment (UE) device suitable
for use with a multiple input multiple output (MIMO) an-
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tenna module of the present patent application;

[0006] FIG. 2 depicts a MIMO antenna testing module
in a schematic representation;

[0007] FIG. 3 depicts one example embodiment of a
MIMO antenna module in a frontal view representation;
[0008] FIG. 4 depicts a second example embodiment
of a MIMO antenna module in a frontal view representa-
tion;

[0009] FIG. 5 depicts a third example embodiment of
a MIMO antenna module in a frontal view representation;
[0010] FIG. 6depicts aflowchart showing certain steps
performed in the process of testinga MIMO antenna mod-
ule;

[0011] FIGS. 7A-7C depict E-theta and E-phi patterns
for the antenna of FIG. 3 in a first configuration;

[0012] FIGS. 8A-8C depict E-theta and E-phi patterns
for the antenna of FIG. 3 in a second configuration;
[0013] FIGS. 9A-9C depict E-theta and E-phi patterns
for the antenna of FIG. 3 in a third configuration; and
[0014] FIGS. 10A-10C depict E-theta and E-phi pat-
terns for the antenna of FIG. 3 in a fourth configuration.

DETAILED DESCRIPTION OF THE DRAWINGS

[0015] The present patent disclosure is broadly direct-
ed to various embodiments of a highly optimizable mul-
tiple input multiple output (MIMO) antenna module for
multiple applications. The MIMO antenna module is par-
ticularly well-adapted to efficiently testing a variety of an-
tenna designs in a short period of time, but the teachings
herein may be employed within a variety of contexts.
[0016] In one aspect, an embodiment of a MIMO an-
tenna module is disclosed which comprises a first signal
feed port, coupled to a first antenna element on an an-
tenna array board; a second signal feed port, coupled to
a second antenna element, disposed on the antenna ar-
ray board; and a transceiver operable to be selectively
coupled to either or both of the first and second signal
feed ports.

[0017] In another aspect, a MIMO antenna module of
the present disclosure comprises afirstantenna element,
having a feed port, disposed on a peripheral region of a
planar surface; a second antenna element disposed on
the peripheral region of the planar surface, having a feed
port, disposed on the planar surface; a first transceiver
operable to be selectively coupled to either or both of the
first and second antenna elements; and a second trans-
ceiver operable to be selectively coupled to either or both
of the first and second antenna elements.

[0018] Embodiments of apparatus and associated
method relating to a MIMO module or assembly thereof
of the present patent disclosure will now be described
with reference to various examples of how the embodi-
ments can best be made and used. Like reference nu-
merals are used throughout the description and several
views of the drawings to indicate like or corresponding
parts to the extent feasible, wherein the various elements
may not necessarily be drawn to scale.
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[0019] As noted, the MIMO antenna modules of the
present disclosure are designed to be used with wireless
user equipment (UE) devices. Referring now to the draw-
ings, and more particularly to FIG. 1, depicted therein is
a functional block diagram of an example wireless UE
device 100 suitable for use with the MIMO antenna mod-
ules and methods referenced herein. Without any limita-
tion, UE 100 may comprise any mobile communications
device that is capable of conducting wireless communi-
cations.

[0020] UE 100 may be operable with any frequency
range or ranges of a wide area cellular network (WACN)
technology such as, e.g., a General Packet Radio Serv-
ice (GPRS) network, an Enhanced Data Rates for Global
System for Mobile Communications (GSM) Evolution
(EDGE) network, a 3rd or 4th Generation network, an
Integrated Digital Enhanced Network (IDEN), a Code Di-
vision Multiple Access (CDMA) network, a Universal Mo-
bile Telecommunications System (UMTS) network, a
Universal Terrestrial Radio Access Network (UTRAN),
or any Long-Term Evolution (LTE) network. In addition,
UE 100 may also effectuate wireless communications in
afrequency range or ranges according to such standards
as, e.g., the well-known Institute of Electrical and Elec-
tronics Engineers (IEEE) standards, like |EEE
802.11a/b/g/n standards or other related standards such
as HiperLan standard, HiperLan Il standard, Wi-Max
standard, OpenAir standard, and Bluetooth standard.
[0021] A microprocessor 102 providing for the overall
control of UE 100 is operably coupled to a communication
subsystem 104, which includes appropriate receivers
108 and transmitters 114 as well as associated compo-
nents such as antenna elements 106, 116 that can be
representative or illustrative of a MIMO antenna module
embodiment described hereinbelow. It will be recognized
that appropriate GPS receiver circuitry may also be pro-
vided as part of the communication subsystem.

[0022] Communication subsystem 104 may include
one or more local oscillator (LO) modules 110 and
processing modules such as digital signal processors
(DSP) 112, for operating with multiple access technolo-
gies in differentbands. As will be apparent to those skilled
in the field of communications, the particular design of
the communication module 104 may be dependent upon
the communications network(s) with which the device is
intended to operate, e.g., as exemplified by infrastructure
elements 160 and 162.

[0023] Microprocessor 102 also interfaces with further
device subsystems such as auxiliary input/output (I/O)
118, serial port 120, display 122, keyboard 124, speaker
126, microphone 128, random access memory (RAM)
130, other communications facilities 132, which may in-
clude for example a short-range communications sub-
system, and any other device subsystems generally la-
beled as reference numeral 134. To support access as
well as authentication and key generation, a SIM/RUIM
interface 136 is also provided in communication with the
microprocessor 102.
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[0024] Operating system software and other system
software may be embodied in a persistent storage mod-
ule 138 (i.e., non-volatile storage) which may be imple-
mented using Flash memory or another appropriate
memory. In one implementation, persistent storage mod-
ule 138 may be segregated into different areas, e.g.,
transport stack 142, storage area for computer programs
144, as well as data storage regions such as device state
146, address book 148, other personal information man-
ager (PIM) data 150, and other data storage areas gen-
erally labeled as reference numeral 152. Additionally, the
persistent memory may include appropriate software/
firmware necessary to effectuate communicationsin con-
junction with one or more subsystems set forth herein
under control of the microprocessor 102.

[0025] FIG. 2 is a schematic diagram illustrating the
general concept for a testing apparatus incorporating the
MIMO antenna structures of the present disclosure. A
generally-rectangular printed circuit board 200 compris-
es a central region 202 surrounded by a peripheral region
204. According to the teachings set forth in the present
disclosure, peripheral region 204 is employed for the
placement of multiple antenna elements, while central
region 202 may be reserved for other functions. The an-
tenna elements may be disposed within the front plane
of the printed circuit board 200, within the edge planes
normal to the front plane of the printed circuit board, or
both.

[0026] The testing apparatus set forth in FIG. 2 incor-
porates a set of transceivers 208, 210, 212 operably con-
nected to a radio-frequency multiplexer (RF MUX) 214.
Using RF MUX 214, any one of transceivers 208, 210,
212 may be operably connected to any one or more of
the radiating elements disposed on printed circuit board
200. Transceivers 208, 210, 212 may incorporate circuit-
ry enabling them to generate signals corresponding to
the signals required by the application for which the an-
tenna is being employed. Such circuitry may include, but
is not limited to, Bluetooth-compatible transceiver circuit-
ry adapted to operate in a2.4GHz band, WiFi- compatible
transceiver circuitry adapted to operate in the 2.4GHz
band and wide area cellular network (WACN)-compatible
transceiver circuitry adapted to operate in a GPS fre-
quency range.

[0027] Certainteachings of the presentdisclosure may
be particularly useful in the course of the product devel-
opment process. Using the apparatus of FIG. 2, varying
combinations of radiating elements disposed on printed
circuit board 200 may be efficiently tested within a short
time frame. In the course of development of an antenna
design, it is common practice to develop a theoretical
antenna design first, and then proceed to fabricate a pro-
totype and test the prototype under different conditions.
Based on the performance of the prototype, the design
may be further refined, and one or more subsequent pro-
totypes may be fabricated and tested. The fabrication of
multiple rounds of antenna prototypes can add signifi-
cantly to the antenna design cycle. In order to shorten
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the antenna design cycle, the present disclosure may be
employed to quickly and efficiently test a wide variety of
antenna design and configuration options in short order,
as set forth in further detail below.

[0028] Whilethe presentdisclosure is particularly well-
adapted to testing and development, those of skill in the
art will recognize that the teachings of the present dis-
closure are adaptable to a variety of useful purposes.
When incorporated into a mobile communication device
such as UE 100 of FIG. 1, certain of the present teachings
may be employed to optimize wireless communication
characteristics of the UE 100 and thereby optimize per-
formance.

[0029] FIG.3isafrontal view of anantennaarray board
300 incorporating a set of slot elements in its peripheral
region. Antenna array board 300 comprises a conductive
layer 302 disposed on a non-conductive layer 304. In
certain embodiments, the conductive layer 302 may be
copper and the non-conductive layer 304 may be a glass-
fiber reinforced polymer, although other materials may
be used. Antenna array board 300 comprises a first
straight slot element 306, a second straight slot element
308, a third straight slot element 310 and a fourth straight
slotelement 312, each disposed in one of the four corners
of the generally-rectangular antenna array board 300.
Straight slot elements 306 and 310 are substantially
aligned to the left and right edges of antenna array board
300, while straight slot elements 308 and 312 are sub-
stantially- aligned to the top and bottom edges of antenna
array board 300. Each of the slot elements comprises an
extended linear aperture from the front of antenna array
board 300 through the conductive layer 302 to the non-
conductive layer 304. In certain embodiments, straight
slot elements 306, 308, 310, 312 may extend into the
non-conductive layer 304, as well.

[0030] Straight slot element 306 comprises a straight
slot 314 running parallel to the left edge of antenna array
board 300 from the top edge of antenna array board 300
toward the center thereof. Straight slot 314 is bounded
by a conductive strip 316 disposed between the straight
slot 314 and the left edge of antenna array board 300.
The width of the conducting strip 316 may be adjusted
to optimize antenna resonance frequency and band-
width. Straight slot element 306 is fed by signal feed port
318 disposed near the end of straight slot 314 furthest
from the upper edge of antenna array board 300. Signal
feed port 318 comprises a pair of contacts on the con-
ductive layer 302 on opposite sides of straight slot 314.
[0031] Straight slot element 308 comprises a straight
slot 320 running parallel to the top edge of antenna array
board 300 from the right edge of antenna array board
300 toward the center thereof. Straight slot 320 is bound-
ed by a conductive strip 322 disposed between the
straight slot 320 and the upper edge of antenna array
board 300. Straight slot element 308 is fed by a signal
feed port 324 disposed near the end of straight slot 320
furthest from the right edge of antenna array board 300.
[0032] Straight slot element 310 comprises a straight
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slot 330 running parallel to the right edge of antenna array
board 300 from the bottom edge of antenna array board
300 toward the center thereof. Straight slot 330 is bound-
ed by a conductive strip 332 disposed between the
straight slot 330 and the right edge of antenna array board
300. Straight slot element 310 is fed by a signal feed port
334 disposed near the end of straight slot 330 furthest
from the bottom edge of antenna array board 300.
[0033] Straight slot element 312 comprises a straight
slot 340 running parallel to the bottom edge of antenna
array board 300 from the left edge of antenna array board
300 toward the center thereof. Straight slot 340 is bound-
ed by a conductive strip 342 disposed between the
straight slot 340 and the bottom edge of antenna array
board 300. Straight slot element 312 is fed by a signal
feed port 344 disposed near the end of straight slot 340
furthest from the left edge of antenna array board 300.
[0034] As will be appreciated by those of skill in the
art, the length, width and other characteristics of the slot
elements described herein, as well as the optimal place-
ment of the signal feed ports, will be determined accord-
ing to the design criteria for the antenna array board 300.
The dimensions of the slot elements, their shape and
their location with respect to the any edge of the antenna
array board 300 can be adjusted to optimize the reso-
nance frequency, bandwidth, impedance matching, di-
rectivity, and other antenna performance parameters.
The length of the slot elements will generally be approx-
imately a quarter of a wavelength of the principal oper-
ating frequency for signal for which the element is de-
signed, but may vary according to the particular applica-
tion. In certain embodiments, corresponding elements
may have identical shapes and dimensions, but certain
other embodiments may not employ corresponding ele-
ments having identical shapes or dimensions. As noted
above in connection with FIG. 2, alternate embodiments
may include additional elements, either within the front
plane of antenna array board 300, within the edge planes
normal to the front plane of the printed circuit board, or
both. All of these variations are well-known to those of
skill in the art of antenna design.

[0035] According to the teachings of the present dis-
closure, one or more of straight slot elements 306, 308,
310, 312 may be selectively coupled to one or more trans-
ceivers at a given time, thereby enabling the wireless
characteristics of a mobile communication device or oth-
er communications apparatus to be varied and optimized
according to conditions. This selective coupling may be
accomplished by means of diode switches or other tech-
nology well-known to those of skill in the art. Those of
skill in the art will recognize that there is nothing whatso-
ever in the spirit and scope of the present disclosure lim-
iting it to use with slot elements, and the teachings of the
present disclosure may be employed in connection with
a wide variety of antenna element types.

[0036] FIG.4isafrontalviewofanantennaarrayboard
400 incorporating a pair of L-slot elements. Antennaarray
board 400 comprises a conductive layer 402 disposed
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on a non-conductive layer 404. In certain embodiments,
the conductive layer 402 may be copper and the non-
conductive layer 404 may be a glass-fiber reinforced pol-
ymer, although other materials may be used. Antenna
array board 400 comprises a first L-slot element 406 and
a second L-slot element 408. The longer internal leg of
each of L-slot elements 406 and 408 is substantially
aligned to the parallel left and right edges of antenna
array board 300, while the shorter outer legs run perpen-
dicular thereto. Each of the slot elements comprises an
extended L-shaped aperture from the front of antenna
array board 400 through the conductive layer 402 to the
non-conductive layer 404. In certain embodiments, the
slot elements may extend into the non-conductive layer
404, as well.

[0037] L-slotelement406 comprisesanL-slot414 hav-
ing a shorter outer segment and a longer inner segment.
The outer segment of L-slot 414 runs from, and perpen-
dicularto, the left edge of antenna array board 400 toward
the center thereof. The inner segment of L-slot 414 runs
perpendicular to the outer segment and parallel to the
left edge of antenna array board 400. L-slot 414 is bound-
ed by a conductive strip 416 disposed between the L-slot
414 and the left edge of antenna array board 400. L-slot
element 406 is fed by signal feed port 418 disposed near
the interior end of L-slot 414.

[0038] L-slotelement408 comprisesanL-slot420 hav-
ing a shorter outer segment and a longer inner segment.
The outer segment of L-slot 420 runs from, and perpen-
dicular to, the right edge of antenna array board 400 to-
ward the center thereof. The inner segment of L-slot 420
runs perpendicular to the outer segment and parallel to
the right edge of antenna array board 400. L-slot 420 is
bounded by a conductive strip 422 disposed between the
L-slot 420 and the right edge of antenna array board 400.
L-slot element 408 is fed by signal feed port 424 disposed
near the interior end of L-slot 414.

[0039] As noted above with respect to antenna array
panel 300, either or both of L-slot elements 406, 408 may
be selectively coupled to one or more transceivers 104
at a given time, thereby enabling the wireless character-
istics of a mobile communication device such as UE 100
or other communications apparatus to be varied and op-
timized according to conditions. As noted above in con-
nection with FIG. 3, those of skill in the art will recognize
that there is nothing whatsoever within the spirit and
scope of the present disclosure limiting it to use with slot
elements, and the teachings of the present disclosure
may be employed in connection with a wide variety of
antenna element types. As noted above in connection
with FIGS. 2 and 3, alternate embodiments may include
additional elements, either within the front plane of an-
tenna array board 400, within the edge planes normal to
the front plane of the printed circuit board, or both.
[0040] FIG.5isafrontalview ofanantennaarray board
500 operable to be employed in the apparatus set forth
in FIG. 2. Antenna array board 500 comprises a conduc-
tive layer 502 disposed on a non-conductive layer 504.

10

15

20

25

30

35

40

45

50

55

In certain embodiments, the conductive layer 502 may
be copper and the non-conductive layer 504 may be a
glass-fiber reinforced polymer, although other materials
may be used. Antenna array board 500 comprises a wide
variety of elements, as set forth in detail below. The el-
ements comprise a variety of shaped apertures extend-
ing from the front of antenna array board 500 through the
conductive layer 502 to the non-conductive layer 504. In
certain embodiments, the shaped apertures may extend
into the non-conductive layer 504, as well. The rectan-
gular geometry of the antenna array board 500 is sub-
stantially defined by peripheral edges YL, YR, XB and
XT. Peripheral edges YL and YR run parallel to centerline
axis Y, which runs down the center of the antenna array
board 500 along its major axis. Peripheral edges XB and
XT run parallel to centerline axis X, which runs down the
center of the antenna array board 500 along its minor
axis and orthogonal to centerline axis Y.

[0041] As noted, antenna array board 500 incorpo-
rates a wide variety of elements of varying types, and
thus is operable to be employed in a wide variety of ap-
plications. The elements include straight slots 510, 512,
T-slot elements 514, 516, 532, 540, L-slots 518, 520,
534, 538, T-and-slot element 526, Y-slot element 524
and slot element 536.

[0042] The upper portion of antenna array board 500
houses two straight slots 510, 512 separated by a T-slot
element 514. Straight slot 510 runs parallel to the upper
edge of antenna array board 500 from the left edge of
antenna array board 500 toward the center thereof.
Straight slot 510 is bounded by a conductive strip 574
disposed between the straight slot 510 and the upper
edge of antenna array board 500. Straight slot 510 is fed
by a signal feed port 576 disposed near the inboard end
of straight slot 510 furthest from the left edge of antenna
array board 500.

[0043] Straight slot 512 runs parallel to the upper edge
of antenna array board 500 from the right edge of antenna
array board 500 toward the center thereof. Straight slot
512 is bounded by a conductive strip 542 disposed be-
tween the straight slot 512 and the upper edge of antenna
array board 500. Straight slot 512 is fed by a signal feed
port 544 disposed near the inboard end of straight slot
512 furthest from the right edge of antenna array board
500.

[0044] T-slot element 514 is interposed between
straight slot 510 and straight slot 512 along the upper
edge of antenna array board 500. T-slot element 514
extends from the upper edge of antenna array board 500
to a point below straight slots 510, 512. T-slot element
514 is narrower in the region immediately between
straight slots 510, 512 and wider in the region below
straight slots 510, 512.

[0045] A pair of L-slots 518, 520 and a pair of T-slot
elements 516, 522 are disposed along the right edge of
antenna array board 500. L-slot 518 incorporates a short-
er outer segment and a longer inner segment. The outer
segment of L-slot 518 runs from the right edge of antenna
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array board 500 toward the center thereof. The inner seg-
ment of L-slot 518 runs perpendicular to the outer seg-
ment and parallel to the right edge of antenna array board
500. L-slot 518 is bounded by a conductive strip 546 dis-
posed between the L-slot 518 and the right edge of an-
tenna array board 500. L-slot 518 is fed by a signal feed
port 548 disposed near the upper end of L-slot 518.
[0046] Similarly to L-slot 518, L-slot 520 also incorpo-
rates a shorter outer segment and a longer inner seg-
ment. The outer segment of L-slot 520 runs from the right
edge of antenna array board 500 toward the center there-
of. The inner segment of L-slot 520 runs perpendicular
to the outer segment and parallel to the right edge of
antenna array board 500. L-slot 520 is bounded by a
conductive strip 550 disposed between the L-slot 520
and the right edge of antenna array board 500. L-slot 520
is fed by a signal feed port 552 disposed near the lower
end of L-slot 520.

[0047] T-slotelement516isinterposed between L-slot
518 and straight slot 512 along the right edge of antenna
array board 500. T-slot element 514 extends from the
right edge of antenna array board 500 to a point inside
of the innermost extents of L-slots 518, 520. T-slot ele-
ment 516 is narrower in the region adjacent to L-slot 518
and wider in the region inside of the inward extent of L-
slot 518.

[0048] T-slotelement522is interposed between L-slot
520 and Y-slot element 524 along the right edge of an-
tenna array board 500. T-slot element 514 extends from
theright edge of antenna array board 500 to a pointinside
of the innermost extents of L-slots 518, 520. T-slot ele-
ment 522 is narrower in the region adjacent to L-slot 520
and wider in the region inside of the inward extent of L-
slot 520. Those of skill in the art will note that T-slot ele-
ment 522 incorporates a signal feed port 554 adjacent
to the lower end of the aperture.

[0049] A pair of L-slots 534, 538, a pair of T-slot ele-
ments 532, 540 and a straight slot element 536 are dis-
posed along the left edge of antenna array board 500. L-
slot 534 incorporates a shorter outer segment and a long-
er inner segment. The outer segment of L-slot 534 runs
from the left edge of antenna array board 500 toward the
center thereof. The inner segment of L-slot 534 runs per-
pendicular to the outer segment and parallel to the left
edge of antenna array board 500. L-slot 534 is bounded
by a conductive strip 566 disposed between the L-slot
534 and the left edge of antenna array board 500. L-slot
534 is fed by a signal feed port 568 disposed near the
lower end of L-slot 534.

[0050] L-slot538incorporatesashorterouter segment
and a longer inner segment. The outer segment of L-slot
538 runs from the left edge of antenna array board 500
toward the center thereof. The inner segment of L-slot
538 runs perpendicular to the outer segment and parallel
to the left edge of antenna array board 500. L-slot 538 is
bounded by a conductive strip 570 disposed between the
L-slot 538 and the left edge of antenna array board 500.
L-slot 538 is fed by a signal feed port 572 disposed near
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the lower end of L-slot 538.

[0051] T-slotelement532isinterposed between L-slot
534 and Y-slot element 528 along the left edge of antenna
array board 500. T-slot element 532 extends from the left
edge of antenna array board 500 to a point inside of the
innermost extents of L-slots 534, 538. T-slot element 532
is narrower in the region adjacent to L-slot 534 and wider
in the region inside of the inward extent of L-slot 534.
[0052] T-slotelement540 isinterposed between L-slot
538 and straight slot 510 along the left edge of antenna
array board 500. T-slot element 540 extends from the left
edge of antenna array board 500 to a point inside of the
innermost extents of L-slots 534, 538. T-slot element 540
is narrower in the region adjacent to L-slot 538 and wider
in the region inside of the inward extent of L-slot 538.
[0053] Straight slotelement 536 is interposed between
L-slots 534, 538. Straight slot element 536 extends per-
pendicularly inward from the left edge of antenna array
board 500 toward the center thereof. In the embodiment
shown in Figure 5, straight slot element 536 extends into
antenna array panel 500 approximately the same dis-
tance as T-slot elements 532, 540 extend into antenna
array panel 500.

[0054] A pair of Y-shaped elements 528, 530 and T-
and-slot element 526 are disposed along the lower edge
of antenna array board 500. Y-shaped element 524 com-
prises vertical segment 584 and horizontal segment 580.
Vertical segment 584 extends up perpendicularly from
the bottom edge of antenna array board 500, parallel to
the right edge of antenna array board 500. Vertical seg-
ment 584 is separated from the right edge of the antenna
array board 500 by conductive strip 578. Horizontal seg-
ment 580 extends inward from the vertical segment 584
and parallel to the lower edge of antenna array board
500. Horizontal segment 580 is separated from the lower
edge of antenna array board 500 by conductive strip 582.
[0055] Y-shaped element 528 comprises vertical seg-
ment 530 and horizontal segment 586. Vertical segment
530 extends up perpendicularly from the bottom edge of
antenna array board 500, parallel to the left edge of an-
tennaarray board 500. Vertical segment530is separated
from the left edge of the antenna array board 500 by
conductive strip 562. Signal feed port 564 is disposed at
the upper end of vertical segment 530. Horizontal seg-
ment 586 extends inward from vertical segment 530 and
parallel to the lower edge of antenna array board 500.
Horizontal segment 586 is separated from the lower edge
of antenna array board 500 by conductive strip 558. Sig-
nal feed port 560 is disposed at the inboard end of hori-
zontal segment 586.

[0056] Those of skill in the art will appreciate that the
particular elements depicted in FIG. 5 have similar ge-
ometry, and thus are likely designed for use with similar
frequency ranges. Of course, those of skill in the art will
also recognize that there is nothing within the spirit and
scope of the present disclosure necessitating such ge-
ometry. Alternate embodiments may employ a variety of
antenna elements having geometry optimized for a cor-
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responding variety of frequency ranges. Those of skill in
the art will appreciate that antenna elements placed in
close proximity and sharing common polarity may inter-
fere with antenna performance. In order to minimize or
eliminate interference between similar elements, anten-
na array board 500 makes use of design features pro-
viding various types of diversity, including spatial diver-
sity and polarization diversity to enhance antenna per-
formance. Spatial diversity may be achieved by placing
similar elements on opposite edges of antenna array
board 500. Polarization diversity may be achieved by
aligning the polarization of the elements with the edges
along which they run. Using these three design strategies
in concert with others known to those of skill in the art,
an optimal antenna design may be achieved.

[0057] Theantennaelements describedabove are dis-
posed within the front plane of the antenna array board
500, butthose of skill in the art will recognize that antenna
elements may be disposed within the edge planes normal
to the front plane of the printed circuit board, as well. As
noted above in connection with FIGS. 3 and 4, those of
skill in the art will recognize that there is nothing whatso-
ever within the spirit and scope of the present disclosure
limiting it to use with any particular style or type of antenna
elements, and the teachings of the present disclosure
may be employed in connection with a wide variety of
antenna elementtypes. As above with respectto antenna
array panels 300, 400, at least certain of the elements
disposed on antenna array panel 500 may be selectively
coupled to one or more transceivers 104 at a given time,
thereby enabling the wireless characteristics of a mobile
communication device such as UE 100 or other commu-
nications apparatus employing antenna array board 500
to be widely varied and optimized according to condi-
tions. In certain embodiments, this coupling may be ef-
fectuated on both the transmit and receive sides.
[0058] FIG. 6 is a flowchart of an example method 600
of the present patent application with respect to testing
a MIMO module in one embodiment. First, a set of an-
tenna elements is selected (block 602). After the set of
antenna elements is selected, signal parameters are se-
lected (block 604). The signal parameters may include,
but are not limited to, frequency, amplitude and phase.
After the antenna elements and signal parameters are
selected, a signal having the selected signal parameters
is transmitted via the selected antenna elements (block
606). Various antenna characteristics are then recorded
according to the observed performance of the selected
antenna elements under the selected conditions (block
608).

[0059] The general method set forth in FIG. 6 may be
employed to efficiently generate substantial amounts of
measurement data in a short period of time. FIGS. 7A-
10C depict measured radiation patterns associated with
the four slot elements 306, 308, 310, 312 of antenna array
board 300 depicted in FIG. 3. These patterns are intend-
ed to represent the types of data which can be generated
via the use of the teachings of the present disclosure.
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The convention employed in the following patterns is as
identified by the coordinate datum of FIG. 3. The X-axis
is aligned to the top and bottom edges of antenna array
board 300, the Y-axis is aligned to the right and left edges
of antenna array board 300, and the Z-axis extends or-
thogonal to the front surface of antenna array board 300.
The same convention is used for each of FIGS. 7A-10C.
[0060] FIGS. 7A-7C depict two-dimensional E-theta
and E-phi patterns for straight slot element 306 of FIG.
3 under certain conditions. FIG. 7A depicts a chart show-
ing two-dimensional E-theta and E-phi patterns for
straight slot element 306 of FIG. 3 under certain condi-
tions in the XY plane (theta = 90 degrees). In the graph
shown, the outer extent of the graph represents a signal
level of 0dB, while the first and second reference dotted
lines represent signal levels of -10dB and -20 dB, respec-
tively. The same convention is used in each of FIGS. 7A-
10C. It can be seen in FIG. 7A that the E-theta pattern
is relatively attenuated, while the E-phi pattern is rela-
tively strong, with multiple prominent lobes. FIG. 7B de-
picts a chart showing two-dimensional E-theta and E-phi
patterns for straight slot element 306 of FIG. 3 under
certain conditions in the XZ plane (phi = 0 degrees). FIG.
7C depicts a chart showing two-dimensional E-theta and
E-phi patterns for straight slot element 306 of FIG. 3 un-
der certain conditions in the YZ plane (phi =90 degrees) .
[0061] The presentdisclosure maybe employed totest
straight slot element 308 independently of straight slot
306. FIGS. 8A-8C depict two-dimensional E-theta and
E-phi patterns for straight slot element 308 of FIG. 3 un-
der certain conditions. FIG. 8A depicts a chart showing
two-dimensional E-theta and E-phi patterns for straight
slot element 306 of FIG. 3 under certain conditions in the
XY plane. FIG. 8B depicts a chart showing two-dimen-
sional E-theta and E-phi patterns for straight slot element
306 of FIG. 3 under certain conditions in the XZ plane.
FIG. 8C depicts a chart showing two-dimensional E-theta
and E-phi patterns for straight slot element 306 of FIG.
3 under certain conditions in the YZ plane.

[0062] The presentdisclosure may be employed totest
straight slot element 310 independently of straight slots
306, 308. FIGS. 9A-9C depict two-dimensional E-theta
and E-phi patterns for straight slot element 310 of FIG.
3 under certain conditions. FIG. 9A depicts a chart show-
ing two-dimensional E-theta and E-phi patterns for
straight slot element 306 of FIG. 3 under certain condi-
tions in the XY plane. FIG. 9B depicts a chart showing
two-dimensional E-theta and E-phi patterns for straight
slot element 306 of FIG. 3 under certain conditions in the
XZ plane. FIG. 9C depicts a chart showing two-dimen-
sional E-theta and E-phi patterns for straight slot element
306 of FIG. 3 under certain conditions in the YZ plane.
[0063] The presentdisclosure may be employed totest
straight slot element 312 independently of straight slots
306, 308, 310. FIGS. 10A-10C depict two-dimensional
E-theta and E-phi patterns for straight slot element 312
of FIG. 3. FIG. 10A depicts a chart showing two-dimen-
sional E-theta and E-phi patterns for straight slot element
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306 of FIG. 3 under certain conditions in the XY plane.
FIG. 10B depicts a chart showing two-dimensional E-
theta and E-phi patterns for straight slot element 306 of
FIG. 3 under certain conditions in the XZ plane. FIG. 10C
depicts a chart showing two-dimensional E-theta and E-
phi patterns for straight slot element 306 of FIG. 3 under
certain conditions in the YZ plane.

[0064] It should be recognized that at least some of
the various arrangements set forth in the Figures of the
present application may comprise a number of variations
and modifications, in hardware, software, firmware, or in
any combination, usually in association with a processing
system where needed, as components configured to per-
form specific functions. Accordingly, the arrangements
of the Figures should be taken as illustrative rather than
limiting with respect to the embodiments of the present
patent application.

[0065] Itis believed thatthe operation and construction
of the embodiments of the present patent application will
be apparent from the Detailed Description set forth
above. While the exemplary embodiments shown and
described may have been characterized as being pre-
ferred, it should be readily understood that various
changes and modifications could be made therein with-
out departing from the scope of the present disclosure
as set forth in the following claims.

Claims

1. A multiple input multiple output (MIMO) antenna
module, comprising:

a first signal feed port (318), coupled to a first
antenna element (314) having a first polarity on
a first edge of an antenna array board (300);

a second signal feed port (324), coupled to a
second antenna element (320), disposed on the
antenna array board (300); and

a transceiver (208) operable to be selectively
coupled to either or both of the first and second
signal feed ports (318, 324).

2. The MIMO antenna module of claim 1, wherein the
second antenna element (320) is disposed along the
first edge of the antenna array board (300).

3. The MIMO antenna module of claim 2, wherein the
second antenna element (320) is disposed along a
second edge of the antenna array board (300) adja-
cent to the first edge.

4. The MIMO antenna module of claim 1, wherein the
second antenna element (320) is disposed along a
second edge of the antenna array board (300) op-
posite the first edge.

5. The MIMO antenna module of claim 1, wherein the
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10.

11.

12.

13.

14.

second antenna element (320) has the first polarity.

The MIMO antenna module of claim 1, wherein the
second antenna element (320) has a second polarity
orthogonal to the first polarity.

A multiple input multiple output (MIMO) antenna
module, comprising:

a first antenna element (314), having a feed port
and a first polarity, disposed on a peripheral re-
gion of a planar surface along a first edge of an
antenna array board (300);

a second antenna element (320) disposed on
the peripheral region of the planar surface, hav-
ing a feed port, disposed on the planar surface
of the antenna array board (300);
afirsttransceiver operable to be selectively cou-
pled to either or both of the first and second an-
tenna elements (314, 320); and

a second transceiver operable to be selectively
coupled to either or both of the first and second
antenna elements (314, 320).

The MIMO antenna module of claim 7, wherein the
second antenna element (320) is disposed along the
first edge of the antenna array board (300).

The MIMO antenna module of claim 7, wherein the
second antenna element (320) is disposed along a
second edge of the antenna array board (300) adja-
cent to the first edge.

The MIMO antenna module of claim 7, wherein the
second antenna element (320) is disposed along a
second edge of the antenna array board (300) op-
posite the first edge.

The MIMO antenna module of claim 7, wherein the
second antenna element (320) has the first polarity.

The MIMO antenna module of claim 7, wherein the
second antenna element (320) has a second polarity
orthogonal to the first polarity.

The MIMO antenna module of claim 7, wherein at
least one of the first and second antenna elements
(314, 320) is a straight slot element.

The MIMO antenna module of claim 7, wherein at
least one of the first and second antenna elements
(314, 320) is an L-shaped slot element comprising
a short segment and a long segment.
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Amended claims in accordance with Rule 137(2)
EPC.

riphery of a planar surface, the method comprising:

1. A multiple input multiple output (MIMO) antenna
module, comprising:

a first signal feed port (318), coupled to a first
antenna element (314) having a first polarity on
a first edge of an antenna array board (300);

a second signal feed port (324), coupled to a
second antenna element (320) having a second
polarity, disposed on the antenna array board
(300); and

one or more transceivers (208) operable to be
selectively coupled to either or both of the first
and second signal feed ports (318, 324).

2. The MIMO antenna module of claim 1, wherein
the second antenna element (320) is disposed along
the first edge of the antenna array board (300).

3. The MIMO antenna module of claim 1, wherein
the second antenna element (320) is disposed along
a second edge of the antenna array board (300) ad-
jacent to the first edge.

4. The MIMO antenna module of claim 1, wherein
the second antenna element (320) is disposed along
a second edge of the antenna array board (300) op-
posite the first edge.

5. The MIMO antenna module of claim 1, wherein
the second antenna element (320) has a second po-
larity orthogonal to the first polarity.

6. The MIMO antenna module of claim 1, wherein at
least one of the first and second antenna elements
(314, 320) is a straight slot element.

7. The MIMO antenna module of claim 1, wherein at
least one of the first and second antenna elements
(314, 320) is an L-shaped slot element comprising
a short segment and a long segment.

8. The MIMO antenna module of claim 1 wherein the
first antenna element (314) comprises a pair of slot
antennas (520, 524) having a T-shaped slot element
(522) disposed therebetween.

9. The MIMO antenna module of claim 8 wherein the
T-shaped slot element (522) incorporates a signal
feed port (554) adjacent thereto.

10. A method for testing a multiple input multiple out-
put (MIMO) antenna module comprising an array of
antenna elements comprising at least first antenna
element having a first polarity and second antenna
element having a second polarity disposed on a pe-
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selecting, from the array of antenna elements,
a set of antenna elements for testing;

selecting a set of signal parameters; and
transmitting a signal meeting the signal param-
eters via the selected set of antenna elements.

11. The method of claim 10, wherein the firstantenna
element is disposed along a first edge of the planar
surface.

12. The method of claim 10, wherein the second an-
tenna element is disposed along the first edge of the
planar surface.

13. The method of claim 10, wherein the second an-
tenna element is disposed along a second edge of
the planar surface adjacent to the first edge.

14. The method of claim 10, wherein the second an-
tenna element is disposed along a second edge of
the planar surface opposite the first edge.
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