US 20070182644A1

United States

(19)
a2y Patent Application Publication (o) Pub. No.: US 2007/0182644 A1l
Li et al. 43) Pub. Date: Aug. 9, 2007
(54) DUAL BAND WLAN ANTENNA Related U.S. Application Data
(75) Inventors: James Li, Santa Clara, CA (US); Jing (63) Continuation of application No. 11/519,979, filed on
Jiang, San Jose, CA (US) Sep. 12, 2006.
(60) Provisional application No. 60/771,634, filed on Feb.
Correspondence Address: 9. 2006.
HARNESS, DICKEY & PIERCE P.I.C. Publication Classification
5445 CORPORATE DRIVE
SUITE 200 (51) Int.CL
TROY, MI 48098 (US) H0IQ 124 (2006.01)
. . (52) US.CL e 343/702; 343/700 MS
(73) Assignee: Marvell International Ltd., Hamilton
HM (BM) 57 ABSTRACT
An antenna system comprises first, second, and third anten-
(21) Appl. No.: 11/581,286 nas that are arranged on a printed circuit board (PCB) and
that include an inner ring and an outer ring that is concentric
(22) Filed: Oct. 16, 2006 to said inner ring.

155

[151

153-5

152-3
153-1
155-3
183-5
152-1
1531

* _/—153-4

[ 155-1
102-7

155.5 __J \/- 108-4

\_/" 108-4

108-4



Patent Application Publication Aug. 9,2007 Sheet 1 of 38 US 2007/0182644 A1

/-10-1 rm-z

Client Station |- »{ Client Station

A3 K4
\‘! '0',

l~‘.‘ ‘.'0’

I“. '.‘0

~, 10-N
.,
‘-_‘. y .'o'

p Client Station p

FIG. 1A

Prior Art



//,-30

Internet

<

///— 26

sz

Client Station P

Network

Patent Application Publication Aug. 9,2007 Sheet 2 of 38

A

v r24

Access Point |y

Client Station

EIG. 1B

Prior Art

20-2

Y

US 2007/0182644 A1
/r 28
Server
/-ZO-M

Al Client Station




Patent Application Publication Aug. 9,2007 Sheet 3 of 38

49

US 2007/0182644 Al

AP/Client Station

Processor And Other
Components

— 42

R

i

44

MAC
Buffer

~

_— 46

BBP

<

i

48

RF Transceiver

n

FIG. 1C

Prior Art



Patent Application Publication Aug. 9,2007 Sheet 4 of 38 US 2007/0182644 A1

[100

102-2 L

104-3

108-3 108-3 108-3

FIG. 2A



Patent Application Publication Aug. 9,2007 Sheet S of 38 US 2007/0182644 A1

I 104

108-2




Patent Application Publication Aug. 9,2007 Sheet 6 of 38 US 2007/0182644 A1

102-5 102-3

102

_S‘ [ 1021

102-2

» >
» >

102-6

102-7

FiIG. 2C



Patent Application Publication Aug. 9,2007 Sheet 7 of 38 US 2007/0182644 A1

102-4 102-5

FIG. 2D

102-7

102-5

vv
&5
el
bobod
prate!
LS
55
%

5
X8
X
5
oo,
&
&
>
%
)
%
&
X
26
20

50

)
¢}
%
0o
X

&
&

102-6

0
0

e

>

TRK

%
S
o3}
0ol
&%
&
&
&
25
%
X

%
K
2
‘0
KD
S
%

.
%
%
%
2%
2%
B
3
%
B
R




Patent Application Publication Aug. 9,2007 Sheet 8 of 38 US 2007/0182644 A1

[101

102-5

102-2 102-1
) s~ 110-2
110-3
£ 102-4
102-4 ]
\_ 108-3 108-3 . 102-7
108-3

FIG. 3A



Patent Application Publication Aug. 9,2007 Sheet 9 of 38 US 2007/0182644 A1

[110

108\

I 108-3

FIG. 3B



Patent Application Publication Aug. 9, 2007 Sheet 10 of 38 US 2007/0182644 A1

106

[104

106-1

108-2

FIG. 3C




Patent Application Publication Aug. 9,2007 Sheet 11 of 38 US 2007/0182644 A1

[112

118-2 ‘\s [ 116-2
114
f f- 116

118

;

11841 v

114-1

114-2

FiG. 3D



Patent Application Publication Aug. 9,2007 Sheet 12 of 38 US 2007/0182644 A1

J 120

[116

FIG. 3E




Patent Application Publication Aug. 9, 2007 Sheet 13 of 38 US 2007/0182644 A1

[ 150

FIG. 4A



Patent Application Publication Aug. 9,2007 Sheet 14 of 38 US 2007/0182644 A1

w
n
-—

[152

FIG. 4B




US 2007/0182644 Al

16€=0 _

1
(6L5-'2687)

ove=1

v "OId

gZL=J .,,,..A..m.o.e

1 0J=SSauNAIY] [}
Iw 3un

964

YS=M —» [— %

Patent Application Publication Aug. 9,2007 Sheet 15 of 38



Patent Application Publication Aug. 9, 2007 Sheet 16 of 38 US 2007/0182644 A1

158

j— 152-2
156

FIG. 4D

o
)
0
w



Patent Application Publication Aug. 9, 2007 Sheet 17 of 38 US 2007/0182644 A1

156

158
153-1

‘/’ 152-1

>

FIG. 4E




Patent Application Publication Aug. 9, 2007 Sheet 18 of 38 US 2007/0182644 A1

£
+——F—
' - :
S ] — |
£ '
— 5!
N~ 1

~

504 mil ————»

660 mil

FiG. 4F

——
]
[l

‘o
<

60 mil —»; &



Patent Application Publication Aug. 9, 2007 Sheet 19 of 38 US 2007/0182644 A1

[158

153-4

‘/‘ 152

—» | 54mi
FIG. 4G

156



Patent Application Publication Aug. 9, 2007 Sheet 20 of 38 US 2007/0182644 A1

]
Ni
D
B m
5
@ o
- L

166

153-4
(
154 \J



Patent Application Publication Aug. 9,2007 Sheet 21 of 38 US 2007/0182644 A1

1545 154-3

154

™~ 154-1

L/)
» >
» 3>

154-2

/‘ 154-6

I 154-7

FIG. 4]



Patent Application Publication Aug. 9,2007 Sheet 22 of 38 US 2007/0182644 A1

154-4 154-5

RSP L ELCLCECLLE SOV CL O LS CA SO OO OGSO OO0 0.0 00 060000004003 00.0.0.0.0.0.0.0.0.0.

154-6

FIG. 4J

102-7

154-4

154-5

XXX

25
5054
o
]
&
]

XL
250

<030
25
0o
]
ol
%05
!
o
g

o
X

X
K2

154-6

58
K
oS
K

X
0.9,

&

.

RRXRR
KRS
0.0: Q..’
o
5
XK

2

3%

0.9,
0.:’0
250

5

3
Petele!
Sdeteloded

%
!
R
botade
35
PRI

K X KK
pSatels)
KKK

el

%5

2

%,
5%

’0

X >
(>

e
X
o

*e%

55
&
¢
.
%
X
oY
2

.,
2
%
&

A
A

.
.
.
.
.

S

FIG. 4K



US 2007/0182644 Al

Patent Application Publication Aug. 9,2007 Sheet 23 of 38

S Old
. [zH9] baid
002 009 006 00t 00°¢ 002
—00'0¢-
BULIIIYY
Byrdgen |
® 1461y _
(Pajulld) / 00°02-
rwr. HOMY
2IPRUN =] SS07
w\f ) winjey
PAERVERN

= \ / 0001

N\ )

AREEN MEAN
/ N
g NS / /
1 NI _—
/// \
000



US 2007/0182644 Al

Patent Application Publication Aug. 9,2007 Sheet 24 of 38




Patent Application Publication Aug. 9, 2007 Sheet 25 of 38 US 2007/0182644 A1

20

20.0
FIG. 6B

20



Patent Application Publication Aug. 9, 2007 Sheet 26 of 38 US 2007/0182644 A1




US 2007/0182644 Al

Patent Application Publication Aug. 9,2007 Sheet 27 of 38

v. "Old




Patent Application Publication Aug. 9, 2007 Sheet 28 of 38 US 2007/0182644 A1

FIG. 7B




Patent Application Publication Aug. 9, 2007 Sheet 29 of 38 US 2007/0182644 A1

FIG. 7C




Patent Application Publication Aug. 9, 2007 Sheet 30 of 38 US 2007/0182644 A1

/ 151

153-5 152-3
155
153-1
155-3
/ 163-5
1521

&7 ek
7 .:§§j153—4

[ 1551
j’ 102-7

108-4 k/— 108-4 108-4

155-5

FIG. 8A



US 2007/0182644 Al

Aug. 9,2007 Sheet 31 of 38

Patent Application Publication

1556-3

4

€. ddéi&&ddddﬁf!ﬂ!ﬁﬁﬂ
0000 ERIRIINNRN
0RO
ZRIURRIIRDNEIN &
D R R AR
LR R HALLLRHIRHAXL AL
o R KKRIAINS
25585 oSt attetele et etatotele!
R IR IERLIIILLRLHI
0000OLROULRIBILIELINIRIKKNS
G20 HREIRLLIRRINIER
R S
o
QIRELIIAKANER LRRKLLE
deSolotodatoletetotoleds
Dereleretegatode,
K0S

X

(
QR
e}
s
0%

.‘."‘. K
edese

RCRKH

%% %

)
5
%4

b
‘0

X
X
oot
(K%
.

L
3o

{2

RS
b
%
0%

%%

. 0‘0
.

D

GOV D 0000
02

5
X
&
ot
ol
&
3
&
&
9o;
ol

2

X2
%
K
A7

o2
g
o

3

3

5
SR
bl

o

>
%

XD

0%
SO
e
K
KL
XX

oy

&
0a%a%a%s!

5
s
K
o Se e %%

RIS
000090089
9.9.0.8.90.0.0.0.9
0.0 0.0.0.0.0.0.4.4.0
LREKRREKK,
LK ICHK KK
S 00000000 ¢ 0
Sotatetetotatetotitetetet
”00"0‘0’0“0”"’0’0.

o
(>
o,
>
(>
0
‘0
(>
(o
XK
Fago%e!
3
.0

5

(XK KX

O
¢

Yol

!
%
%
&
2
()
()
Ko
2
X
ot

.
:
L2
3
0.0
oS
2
:
0‘:
¥
K2
L

S5
&
&
s
b5
&
&
&
3
X
3

202
%

.‘
20

2555
riele’
&
o
3
oy
%2
25
&
2505
Jotets

%!

¥
KK

.
X2
KK

R

o

Potetotatetalels!
XK
LRRAL
ootototetel

2
250K ol oele!
."’.“.".Q."“’...’.‘.. (> “ “
%
%

X
o
e %% %
LA
)
K 0K
bo®
QKL

ot
SRS
K>
%
5

KR

K
.

IR HH
X2

000,900,

X
e
2
SR
>
o
&
%
ool

®,
>
Q2
¢
KL
.
I

(X0
0%2%%% %

(XKL

“000."" “0000
”ﬂ’
<2

X
K>

2%
aSe%,
&
Jotes
&
QK
dosers

ateledete!
RS
900955
Ootatode!
ol

Z

o
%
Jos}
%

%

(2
00

CURRKRL
>

Eatetatole
0000000
aresetotetere

e

5

(>

%

RS
33
ol
&K
bote!
ol
ol
25

0
%g
(>

R
o
oS
2
o

(X0

ot
&
o
0%
R

o)
5

'......’.0'...’. KKK
03,
2RI

R

2558

35
555

2555
dedelodet

905865

%

%

%
258
%L
3

%
bodadel
XX
%5
Sevees
250
24
&%
3K
3%
2
bodets
%
&
&
>
53
%
%

s
K

X
0.0

X XS5 RL

O
0000, 0,5, 9.%
XX XN

&
258
%3

b
XS
&
%
%
oS
.’.
X%
28

atetetots!

S

‘.‘.’

K X
&
&
%5
%
35
&
%
&%
&%
et
K

K

9

25
3

K X AXKIEARAIE?
F0 0% %%

.
o’

2
s
Q
2
X2

>
o
o,
)

%
o
s
..
o

o)
%

o
‘....
RN

0%

(>

XD
0,
X2

o
Ve
>
e
>
X2

el
posesosete’el
3L
ot
ot
&

o

ol
(XK
K

)

¥,
0.0

K25

Q

XL

G

)
<5

>
>
{0
%

%
K
)
%
0,
%
CH
%
.
K
)
%
K
K2
X
.
0%
3%

(>
..'
%o

‘.

%
R
&

%
o

o

®,
0
2
52
o,
K2

KD
XA

X

o

-

9.

0255

&
o
&
eded
X
ot
ot
ot
2
ol

0
KK

K

s
oo,
ages

2

Podadeletalele

>
Q
O
ol

0.

&
S
?vo
453
%e%e%

%
25
tSeletetete O e et ta st atetoetetatototes 4
Polatatotetotatetototetorotototerstetareteisrororoiersatotetaeretotararotsretoessiotatoretotototos
RLLLRRRL R IR RIERIEIIILHHNS %
I ENL AKX 00585 ot st Tate totateteteteteteld! bele!
SRR IR RLHRHLLHRRHRIHIRIRIELHS &5 ol
SRR KUK LUK AILELLLKLE
e e e e o te ettt ta et et tetu oot et ateteteteds!
SIRSLRKRRERARLRA ¢ JOSKRIRAKIEAEEINNRAS
oSttt oo tetatetotetedateds Saatetedetetotatetatetotutetated e tatetoletols
oto et tetatetatitotetotatetoteln aletetetatetoatetatetotatotetetotetots!
IR RLENRBILUIIALELL %
O o gy L e e e et o e e tatedateteSe e totetete!
O R R KKK X RIRRAAAK
R BRI R IR AIIRAKRIIAKRS
%
&

o,
o
2
o
o
&
5
5
o
>
ot
od

',

{52
XK

S

L
45

%

"ods

$HICCC)
QR
(XK NXL 0%
X AR AE AKX KK
XA Kt K 2828 40 X
STalel s,

e

ooty

Q50958

>

o
XK

%%
e
(>
e

%5
255
ot
%
e}
2
%
o)
%
b
%
%
b
o
ot
o
509
RS
oo

ot
%3
ot
ot
ol
o,
ot
X
%
&%
&
&
5%
o
%
5%

R
o200
'

o
%
R
xS
<
%
o3

SRR 25 !
0SSR 0000 2 25
0

s 3%
ot et etat oot etatetatetotetotatetole!
RIS
e st ta ot tatets
SRR ote ot toreteteteteteledetotolel

%
0’0
R
%>

5

ol
%
X

K

2

O
3R

&
ot
&
%
ot
%

&
58

(X
K
25
P

X
*
R
X

X

X8

%

3

39
&

X2
>

>
’00
K

K55

X
0%
%
oS
ot
ot
&
%
ags,
9%}
%
9%
oS
&
&
350365
&

&
X0
&
&
0!
CH
&
S5
&
o%e}
o
R
oo
25
&
3%
0%es
ool
55
&
<
%
2
55
ol
0!
%5
o
&%
%5
!
o
e!
&
ot
<
RS

K

555

T
e,
X3
‘0
5%
&
toseds
%
355
S
905
%
%
%
%
%
%
%
&%
%
%
255

5

o
’0
5
%
..0 <
K
X
K >
e}
&
&
oo
&
ot
L%
X
5

>

XX
X
&

9%
o)
%2
K>
X
X

35

>

XS

()

>

o

2

o,

ol

o

ot

%%

.
KK
K

%
%5
%
&
2
5
3
&
55
)
%2
%
&
o
o
ol
3965095
X
258
3%
ode!
53588

Q
o,

>,
¢
>

e e ot et et o ta o tetetetatotetotatetolatodess!
e e e e e e e ot e e e e ta ot tatedetotatotodetodetoted
Bt ettt o et et o e et atetotetedetetaledoetotatons
S IR ILIIKES
ettt o te e tolatetetetetetotetedotetotatotetetotatetetotetels
o e e e e et et e et a e et datedetetetets
2SRRI e oo te et e e ot e e tonsetetodedele
eI R AL LRI HARR LR
edotetetetetotetetatetotetoletele!
aSeTotitedesetelst ol
SeSete ittt o%!
2255

LIRS oesetels!
o ettt ote tetate et e tetetetete! 25255
Jodetelatetotetetetetatetetatetatetototede batedetele!
oot t et te T tet et tote oot teletede! oot
SRR BRI
IR
oottt e s ettt tetu g o te el
S00SIELONKELH ALK,
ot totate ot toratetatetotatetetety!
% botedatelolelols!

0 00000 KP
000" 0000”0

CCRR
(XD

&2
o

5

&

Q)
.
R X IO K KX X
et oot ede et edeteteteteds
oSt sesestssteseretetetel
’00"0‘000‘.0000000000.0’000’00000 K X
O 0.0 $.0.8.0.0.0.0.0.0.0.0.00¢0
0. 0.0 000 .00.’00.0000’. oo
00.000‘"“““""0’000
()
G0 000000 )
L

29,

oS!
ot

X
o200

o
K858

e
%
$RHRRAK
%
2%
bogel
&%
%
o
S
5%

2
e oo’

252

250K

o

0% %

K
35
%
¥4
X
%
15
0
JoSelel

)
3%

%
5
O,
bods

4

0,
o
¥
..
%,
.
O
.
o2
X
&
O
%
o
5
e
255
2R
2L
oy

R

e
X
asets

Q
o
K>
2
K>
(>

Peteleteteteletedel

%
ot

.
o
2
>
%
9,
K2
*

>
oS
K2
X5
&
&
o!
%
%
&S
25
R
55

XD
000

>
2
K
X2

.0

K

ool
0.0,
X

e
K

2%
K2
KO
X
-

LR
.’.
3

s

%

s

R

0.‘

boge!
dole!
R

¥
0%
o
0.’ LKL
RS
)
o
%
”Q
bote!
0'0

S
2

RR
%

o
X XKEXRAKL

K>

TS

o
%
K
X

)
CRRKL
% Ko
o0
QR

2585
etotele!
OIS
’0’0‘0 K>
SR
LR
eleledesel
dooresoeselele:
2
&
ol
%
A5
ot
X2
ol

Cotetedotelelel

%
S 0.9.0.0.0.0
)
SERRRKK
R
.’000".0.0.0
ot
SR
35
e

OO0 0 0000
>

X

o

%%

Q2

Doerede,
K
oot

25
%
x5
%
%
b
X >
2
K
XK
K >
ot
%
&
%
5
ot
ose,
&K
S
K
32505
o
&
&
5
..
%5
'S
f»
o
%
&
&
&
5
ool
X
o
.
%
2%
"o}
&
3
3
X%
ol
3>
!

25038

Fo%tetetele! %5
SRIRHRHIEKS
Sseteteseteterotatetetatetetetototetes ]
oQQKWQp%:?&?l??3*?#???&?????9?3??3&&?&2¥i????k
&%
%

'}
<
(>
o0,
>
>

EITTRRICK >
3R
0'0.0 D

2%

%

S

X X AR
.

K
S
2%
0006900
o
25

>

o

ootstates
deteteleetele!
& ‘Q’.' ‘.. .""‘. 2
asesosatetototetetotetersioleselsiotetotoleteselets
e et e et et et et datetetetetatotatetedetedetotets!
LI RLEIIIIUAILIELN

o et a et et tel et e tedetatotedots!
IR
Jotetutaledetotetotetelotolel @ edeteteteteteterele:
LSRRI ALK
A RRIITRLUERRKERIK
RO 50R0URILIRIRIRELHRIRIS
0IIRELIRILIRRIIEIRNKS

{RRRARRRHRILRRALELHKS
o detetodedetedetedeteletoless

QO0RRIRERIILASEIEHES,

QR RRRRERIERERL
O e e et tata e e tatetesetedatetes!
age e e ta et etaeteteteteteteletoteteteletelete!

oo et et e e te et date et e e tetetadetede!
SRR 258
LIRRHIIRLRRIRIRRERRIRUS

oot e et ta st et et e totetedetetotaletelatoletelels
2532509050586 SOLOHHRLKARKLAKKEL

SRHRKS %%
Fodesels %

&
5

%,
¢
bo¥e

',

L ARXKK
Q

&
*,
@
9,
9:8
a%al
1909,

%
5
o,
%

K

ol
&3
2
2
b
%

Ve
%
X
)
Q2
A
o,

>
25
KR

L%
Posels
otate!

dotes
MM&Mvawéwa??
00000 000 (XX NKS

(R

K>
X

2 K

%!
3
52
Jotes;
%
.0
%

%
%

%
o5
&
ot
5,
%
%
X
59,
%
X
!
%5
K

08

e

s
5
XD
P

%

%
L3
%

et
5
ot
K
o,
ot

K

55

600 %% %
o
&

0,
%
22

752
ot
3
938,
&
55
K
5%
SIS
X
3556
%
5%
%S
e
3%
8

X
o
X

Jaded
o
e
%5

X
o
o

X2
508

<,

L
K

K
K
2
Lo
b
%
SRR
dedets
13009,
2%
9
ol
%5
XX

%
’:
oo,
'0
ol

ot
%5
.

K
5
K>
.:.

XX
XX
>
K>

&
K

>
K

)
O

&
2

&
D

K
e

K
>

K>
K2

&
>

K
X >

KD
KD

%%
K2
X

KX

%
55
XS
%
%
&
2
o
0
e,
:0
XX
3K
&
ode!

o
K
o

5
0.:
e

oy
L
%

s
%%

&
55

R
K
’0

25

&
&
ot

%

“

255

e
K
252
o
K
o

L

otadetetatatetetetatetotatatoretatel
(XK ICI D $ 000000
$.0.0.0.0.0.6.0.0.0.0.0.000004¢
oSetetotetele!
atotetetetateioleleleteletototalel
oo

ot
e tote!

o
¥
o,
CE

X

2
dore!
&
(O
%
K
dogs
255
K
%
>
&%
K>
%
oot
bote!
2ot

S
0':.0
-
e
>

9 0.0
2%
a0
0505

o,
o

R
L

XS
IR
SRS
bose
i
bo%o;
%
Jooe:
2
%
e
53
o
25
K

oo%
S
%%
0.0
X A2
K
o
X
XD
O
X
>
X
X
e
o,
2
(>
XX
>
e
K
K>
e
:’
Q0

K2

K>
K>

o,
&
%5
S
5
ot
&
o
&
2

X X
ot
%
ot
.
RS
2505
3
5%
ot
%
&

(AR

&
&
ol
39
2
&
&%
tt
X
&
%
&
o
&
&
&
5%

o
%%

K
X

SR
XK
o
%
&
K>
%
%

%
%5

Vol

K
RIS

R

2
25
K
55
oS
otete:
S0
3
58
o
2
%
X
3%

>
2
o
o,
Q

%
%
.0,
o
3%
X
X
K
X
X
X
o)
X
X
K2
K
X >
%,
X
o
X
K>
X
X
X2
K
¥
%
X
K
2
o
X
X
Y
%
¥
X
K
X
(R
(O
)
o
K
v,
(D
K
.
X
X
oo
X

2305
250
e
355
SRS
o,
2%

o
0‘0

0.
X
°,
K>
X

!
3 3
2505255 &

otatetetedels!
otetetetetotetatetetetedots!
Sotetetetodatetatetotateds!
oSttt atetetatetotetelatotels!
R R R RRRRAKK

0,000 O.0.8.0.0.0.0.0.0.0.0
K)

K
e

35
el
%
o
&
bedels

>

)
K
X
eto%e!
K
X )
X
%
K

2oy
%
&
%5
5%
o}
%%
X )
2
‘0
ol
oo
&
f.
<X
55
5
35
&
b
&
cio
ots;
53
XX
9%,
>
.
S
X >
5%
o
3
3

>

(RS
e

SR
ot
R
0%,
&%
AP
&
XS
osooe,
2
bote!
(X
bote!
2%
bo%e!
o34,
ot
LB
2
2
oo,
2
3o
3o,
XS
ote%e!
&
Pededs
S8
5%
SKK
258
258

o
odes
%
&
X
35
939,
o,
o)
%
X
Jose!
2

2

XS

XX

(5
25
.00

50
%%
o
K

X
X268

2
S
3%
:y
00
550
5%,
S
%
&
oles
&
2508
ot

%
550
RRKBIRR
oretatetetels;
&

o,
K>
o

%
regatetetetetels
Q’"‘“‘ ‘"..."‘.‘..'. 25
.
tudetetatotateleds!
SLHLRLHLRAS
SLHILKHILRLAELKKS
LaaseteteTererstalatesss

X
ot
K2

X
KD

ol
o5

25
5%

2

K
X >
.
35
2
boress
>

e

25
25
0303
o,
0,
K
X
o
e
5
S
KD
o
K2
oo}
2
X
o
e
o
K
XD
8
beooe!
SRRRK
b

.000

<)
o

XK
(X
.
ol
’
(K2

% XX K
2005052052565 2290582565
“’“‘"‘"’"’“’"‘.’"‘”’"’"‘"’"’“’”’ "’"’ X
K 48P E IR A I I XK XX

R R IERHLLRS]
e et e e a et tete e teatedetetetalonetedatodetoled
0000‘0‘.000000000.‘0000.000’00; J

9
%
o%4
S

XL
>
>
X
AR
D

2

:0
LK
oo

(XX
L

25050585
besristeletototel

C
e
So;
%,
30
&S
ol
%

%%
P

LR
ot
ot
o
s
&

K
K

&
ot
&
R
&S
3RS
2
&

9%

(>

o
35

%
%!

25

X
SRS

255

b

%

%

b

%

ol

%

ool

4R
0%
ﬁ»

35
%

%S
5
%

o2,

%S

&

25

ot
LIRS
3R R RN AR AR @ Lot ste e tatetetatate e totntetetoteded

S R O e R L R R XA

LLEOLLLLELEELLLGIILLEELEOLL L EEELILEI IO OGO GOS0

.6

3
{
%

1o

o
K XK SHR

X
()
Yavalel

3

&

155-2

102-7

FIG. 8B



Patent Application Publication Aug. 9, 2007 Sheet 32 of 38 US 2007/0182644 A1

165-5

/" 155-4

165-5

X ¥

K X
9,
R

T T e

ol
]

&S
30K
]

XK
000.
(2

=8
500
S
$RRRHK
SRR
K&
]
]

>

XD
0..0

X 2
0.0

1556

%
9,
0%

%

&

.
9,

(X2
‘0

250
X%

>

b2’

o
o
0.0

00,



Patent Application Publication Aug. 9, 2007 Sheet 33 of 38 US 2007/0182644 A1

[ 160

161-3 \ 161-5
1m1-2 161 111-1
106-1 \ [_ f r Ve
5:5:!“.‘. 2 i /‘ 108

153-5

152-1

163-1

1534

151-1

102-7

108-4 \/ L 1614 \/‘ 108-4

108-3 108-3

FIG. 9A



Patent Application Publication Aug. 9, 2007 Sheet 34 of 38 US 2007/0182644 A1

[ 161-3

[‘ 161-5

[- 161-6

161-2

161-1

102-7

FIG. 9B



Patent Application Publication Aug. 9,2007 Sheet 35 of 38

US 2007/0182644 Al

161-4 161-5

102-7

KX KKK XA
IXXXXA]
D 0.0’0‘0‘0‘

%
)
R
5

A
A

FIG. 9D



US 2007/0182644 Al

Patent Application Publication Aug. 9,2007 Sheet 36 of 38

I NAY

VOl "Old

b—

I\‘ [OUOD

: Jo/pue

' Scy feidsig Buissasoig

' ﬂv [eubis ALAH

: NYIM e

m 62h —/ abelo)g

m Eleq
>_Qa3w 8cr =N );_OE@S_ Ssep
lamod

uoIsiAs|a L uoniuyaq ybiH



US 2007/0182644 Al

g0l 9Oid

o0l OId

Patent Application Publication Aug. 9,2007 Sheet 37 of 38

{ 2oy 3ndul asn w b by
n *tl:. " "
. 01JU0D 10 I : "
09 7IA‘I>m_am_o \uc_m mc_meoo_ d i .- 0SY i | (shindinp waysAg |103u0) \in
" o oipn ! ; : 321y 10 m
mwmv INO oipny |eubig :  [(s)ostos [QIUSA JBUI0 ;
t 96t O m h \ ; m
: A% A A ./f \S¥ L gey vy m
m NV M Y __ \zoy . "
: 89V — 7 { |feas| ; | (hindino | wasAs jonuon |
: ejleq ; " :
: a9y N Kowspy sse|y N vov  [(S)iosuss ulBILaMOd m
; Jomod m ; A.% H m
auoyd [129 % NYIM sbeio)g |
R : P e S eleg | i
' vy N Aowas ssew :
" ory S

aloyaA



US 2007/0182644 Al

Aug. 9,2007 Sheet 38 of 38

Patent Application Publication

401 "Old

80§
1 L0S
60S

Aeidsig
ndinQ olpny

|0Jjuon 1o
/pue Buissasoig
[eubis

*..- 00§

v

e

e

% 016 NYIM abeloig v0s
) eleq — 0LS
: vl Kowapy ssep ~=
€18 J/\ A|ddng :
18Mod ;
: Jofe|d eipaiy :
feidsig |« » [04UCH
i JO/pUE - »  soinog
H Buissaoold | : ”
agy __J 7 leubls [N vey
m X i
” N 41214
abeio)g
eieq ssey [ 06V
€8y |/\ Kiddng
Jamod
xog do) 195 i




US 2007/0182644 Al

DUAL BAND WLAN ANTENNA

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation of U.S. patent
application Ser. No. 11/519,979 filed on Sep. 12, 2006 which
claims the benefit of U.S. Provisional Application Ser. No.
60/771,634, filed on Feb. 9, 2006. The disclosures of the
above applications are incorporated herein by reference in
their entirety.

FIELD

[0002] The present disclosure relates to wireless commu-
nication systems, and more particularly to antennas for
wireless network devices.

BACKGROUND

[0003] The background description provided herein is for
the purpose of generally presenting the context of the
disclosure. Work of the presently named inventors, to the
extent it is described in this background section, as well as
aspects of the description which may not otherwise qualify
as prior art at the time of filing, are neither expressly nor
impliedly admitted as prior art against the present disclo-
sure.

[0004] The I.E.E.E. standards 802.11a, 802.11b, 802.11g,
802.11n, and 802.16, which are incorporated herein by
reference in their entirety, define ways for configuring
wireless networks and wireless devices such as client sta-
tions and access points. Referring now to FIGS. 1A-1B, a
wireless network device may operate in either an ad-hoc
mode or an infrastructure mode. In the ad-hoc mode, which
is shown in FIG. 1A, each client station 10-1, 10-2, . . ., and
10-N (collectively client stations 10) communicates directly
with other client stations.

[0005] In the infrastructure mode, which is shown in FIG.
1B, each client station 20-1, 20-2, . . . , and 20-M (collec-
tively client stations 20) communicates with other client
stations through an access point (AP) 24. The AP 24 may
provide a connection to a network 26, a server 28, and the
Internet 30.

[0006] Referring now to FIG. 1C, client stations and APs
generally include a processor 42, a medium access controller
(MAC) device 44, a baseband processor (BBP) 46, and a
radio frequency (RF) transceiver 48. The RF transceiver 48
transmits and receives signals through the antenna 49.

[0007] Range and throughput (i.e., data rate) of wireless
devices may vary depending on environmental conditions.
For example, the throughput may decrease as distance and
obstructions between a client station and an AP increase.
Range and throughput may be increased by using multiple
antennas for data transmission and reception.

[0008] Some wireless devices use multiple antennas in
diversity configurations. In diversity configurations, how-
ever, only one antenna is utilized at a time for communica-
tion. Consequently, only one set of circuits comprising a RF
transceiver, a BBP, etc., is generally used for signal pro-
cessing. Thus, effective increase in throughput may be
marginal.
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[0009] Alternatively, more than one antenna can be uti-
lized when multiple antennas are used in multiple-input
multiple-output (MIMO) configurations. That is, multiple
antennas can be utilized simultaneously in MIMO configu-
rations. Specifically, data streams can be transmitted and
received through multiple antennas simultaneously. A sepa-
rate circuit comprising one RF transceiver, one BBP, etc.,
may be used to process each data stream. That is, an
independent set of RF transceivers, BBP, etc., may be used
to process data streams associated with each antenna. Thus,
antennas may yield higher throughputs in MIMO configu-
rations than in diversity configurations.

[0010] MIMO configurations are generally expressed as
TxR, where T and R denote number of transmit and receive
antennas, respectively. Data streams may be affected by
relative locations of transmitting and receiving antennas. By
aligning transmitting and receiving antennas relative to one
another, a receiver can identify transmissions of each trans-
mitting antenna of a transmitter.

[0011] Wireless devices may use different types of anten-
nas. For example, 802.11a-compliant wireless devices use
single band antennas of 2.4 GHz bandwidth. 802.11g-
compliant wireless devices may use single band antennas of
5 GHz bandwidth. Additionally, 802.11g-compliant wireless
devices may use dual band antennas that enable communi-
cation in 2.4 GHz and 5 GHz frequency bands since
802.11g-compliant devices are 802.11a-compatible. Simi-
larly, 802.11n-compliant wireless devices may use dual band
antennas that enable the wireless devices to communicate in
2.4 GHz and 5 GHz frequency bands.

SUMMARY

[0012] An antenna system comprises first, second, and
third antennas that are arranged on a printed circuit board
(PCB) and that include an arc-shaped element having a
concave side and a convex side and a conducting element
that extends substantially radially from a center of the
concave side.

[0013] In another feature, the convex side radiates elec-
tromagnetic radiation.

[0014] In another feature, the first, second, and third
antennas communicate in a single frequency band in a 3x3
multiple input multiple output (MIMO) configuration.

[0015] In another feature, the first, second, and third
antennas communicate in a 2.4 GHz frequency band in a 3x3
multiple input multiple output (MIMO) configuration.

[0016] In another feature, the first, second, and third
antennas are printed on the PCB.

[0017] In another feature, the convex side of the first
antenna is adjacent to a first edge of the PCB. The convex
side of the second antenna is adjacent to a second edge of the
PCB, wherein the second edge is opposite and substantially
parallel to the first edge, and wherein tangents drawn at
centers of the convex sides of the first and second antennas
are substantially parallel to each other. The convex side of
the third antenna is adjacent to a third edge of the PCB,
wherein a tangent drawn at a center of the convex side of the
third antenna is substantially perpendicular to the tangents
and the first and second edges.
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[0018] In another feature, the conducting elements of the
first and second antennas are substantially collinear and
extend towards each other. The conducting element of the
third antenna extends substantially perpendicularly towards
a line joining the conducting elements of the first and second
antennas.

[0019] In another feature, the concave sides of the first and
second antennas face each other. The conducting elements of
the first and second antennas are substantially collinear and
extend towards each other. The concave side of the third
antenna faces a line joining the conducting elements of the
first and second antennas. The conducting element of the
third antenna extends substantially perpendicularly towards
the line.

[0020] In another feature, the conducting elements of the
first, second, and third antennas communicate with respec-
tive radio frequency (RF) transceivers.

[0021] In another feature, each of the first, second, and
third antennas further includes a U-shaped element having a
base portion with a center that communicates with the
conducting element and two side portions that extend from
ends of the base portion towards the concave side.

[0022] In another feature, the two side portions and the
conducting element are substantially parallel to each other
and substantially perpendicular to the base portion.

[0023] In another feature, the convex side of the arc-
shaped element radiates electromagnetic radiation and the
U-shaped element directs the electromagnetic radiation.

[0024] In another feature, the first, second, and third
antennas communicate in a dual frequency band in a 3x3
multiple input multiple output (MIMO) configuration.

[0025] In another feature, the first, second, and third
antennas communicate in 2.4 GHz and 5 GHz frequency
bands in a 3x3 multiple input multiple output (MIMO)
configuration.

[0026] In another feature, the arc-shaped element commu-
nicates in a 2.4 GHz frequency band and the U-shaped
element communicates in a 5 GHz frequency band.

[0027] In another feature, the PCB comprises a first elec-
trically conducting layer that is adjacent to a first surface of
the PCB and a second electrically conducting layer that is
adjacent to a second surface of the PCB, and wherein the
first surface is opposite to the second surface.

[0028] In another feature, the first electrically conducting
layer and the first, second, and third antennas are printed on
the first surface, and wherein the first electrically conducting
layer is not joined to the first, second, and third antennas.

[0029] In another feature, the first electrically conducting
layer communicates with the second electrically conducting
layer via through-holes.

[0030] In another feature, the first and second electrically
conducting layers include copper.

[0031] In another feature, a wireless network device com-
prises the antenna system.

[0032] In another feature, a device comprises the antenna
system wherein the device is compliant with Worldwide
Interoperability for Microwave Access (WiMAX) standard.
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[0033] In another feature, a wireless network device com-
prises the antenna system wherein the wireless network
device operates in a wireless fidelity local area network and
complies with at least one of IEEE 802.11a, 802.11b,
802.11g, 802.11n, and 802.16 standards.

[0034] In another feature, a cellular phone comprises the
antenna system.

[0035] In still other features, a method comprises arrang-
ing an arc-shaped element of each of first, second, and third
antennas on a printed circuit board (PCB), wherein the
arc-shaped element has a concave side and a convex side.
The method further comprises extending a conducting ele-
ment of each of the first, second, and third antennas sub-
stantially radially from a center of the concave side of the
arc-shaped element of each of the first, second, and third
antennas on the PCB, respectively.

[0036] In another feature, the method further comprises
radiating electromagnetic radiation from the convex side of
the arc-shaped element of at least one of the first, second,
and third antennas.

[0037] In another feature, the method further comprises
configuring the first, second, and third antennas in a 3x3
multiple input multiple output (MIMO) configuration and
communicating in a single frequency band.

[0038] In another feature, the method further comprises
configuring the first, second, and third antennas in a 3x3
multiple input multiple output (MIMO) configuration and
communicating in a 2.4 GHz frequency band.

[0039] In another feature, the method further comprises
printing the first, second, and third antennas on the PCB.

[0040] In another feature, the method further comprises
arranging the convex side of the first antenna adjacent to a
first edge of the PCB. The method further comprises arrang-
ing the convex side of the second antenna adjacent to a
second edge of the PCB, wherein tangents drawn at centers
of the convex sides of the first and second antennas are
substantially parallel to each other. The method further
comprises arranging the first and second edges substantially
parallel and opposite to each other. The method further
comprise arranging the convex side of the third antenna
adjacent to a third edge of the PCB, wherein a tangent drawn
at a center of the convex side of the third antenna is
substantially perpendicular to the tangents and said first and
second edges.

[0041] In another feature, the method further comprises
extending the conducting elements of the first and second
antennas towards each other, arranging the conducting ele-
ments of the first and second antennas substantially collinear
with each other, and extending the conducting element of the
third antenna substantially perpendicularly towards a line
joining the conducting elements of the first and second
antennas.

[0042] In another feature, the method further comprises
arranging the concave sides of the first and second antennas
facing towards each other. The method further comprises
extending the conducting elements of the first and second
antennas towards each other. The method further comprises
arranging the conducting elements of the first and second
antennas substantially collinear with each other. The method
further comprises arranging the concave side of the third
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antenna facing towards a line joining the conducting ele-
ments of the first and second antennas. The method further
comprises extending the conducting element of the third
antenna substantially perpendicularly towards the line.

[0043] In another feature, the method further comprises
communicating between the conducting elements of the
first, second, and third antennas and respective radio fre-
quency (RF) transceivers.

[0044] In another feature, the method further comprises
arranging a base portion of a U-shaped element of each of
the first, second, and third antennas on the PCB, communi-
cating between a center of the base portion and the con-
ducting element, and extending two side portions of the
U-shaped element from ends of the base portion towards the
concave side.

[0045] In another feature, the method further comprises
arranging the two side portions and the conducting element
substantially parallel to each other and substantially perpen-
dicular to the base portion on the PCB.

[0046] In another feature, the method further comprises
radiating electromagnetic radiation from the convex side of
the arc-shaped element and directing the electromagnetic
radiation with the U-shaped element.

[0047] In another feature, the method further comprises
configuring the first, second, and third antennas in a 3x3
multiple input multiple output (MIMO) configuration and
communicating in a dual frequency band.

[0048] In another feature, the method further comprises
configuring the first, second, and third antennas in a 3x3
multiple input multiple output (MIMO) configuration and
communicating in 2.4 GHz and 5 GHz frequency bands.

[0049] In another feature, the method further comprises
communicating in a 2.4 GHz frequency band with the
arc-shaped element and communicating in a 5 GHz fre-
quency band with the U-shaped element.

[0050] In another feature, the method further comprises
arranging a first electrically conducting layer adjacent to a
first surface of the PCB, arranging a second surface of the
PCB opposite to the first surface, and arranging a second
electrically conducting layer adjacent to a second surface of
the PCB.

[0051] In another feature, the method further comprises
printing the first electrically conducting layer and the first,
second, and third antennas on the first surface, and not
joining the first electrically conducting layer to the first,
second, and third antennas.

[0052] In another feature, the method further comprises
communicating between the first and second electrically
conducting layers.

[0053] In another feature, the method further comprises
providing copper in the first and second electrically con-
ducting layers.

[0054] Instill other features, an antenna system comprises
first, second, and third antenna means for communicating
radio frequency (RF) signals, wherein each of the first,
second, and third antenna means is arranged on a printed
circuit board (PCB) and includes arc-shaped means for
communicating the RF signals, wherein the arc-shaped
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means has a concave side and a convex side. Each of the
first, second, and third antenna means includes conducting
means for communicating with the arc-shaped means,
wherein the conducting means extends substantially radially
from a center of the concave side.

[0055] In another feature, the convex side radiates elec-
tromagnetic radiation.

[0056] In another feature, the first, second, and third
antenna means communicate in a single frequency band in
a 3x3 multiple input multiple output (MIMO) configuration.

[0057] In another feature, the first, second, and third
antenna means communicate in a 2.4 GHz frequency band
in a 3x3 multiple input multiple output (MIMO) configura-
tion.

[0058] In another feature, the first, second, and third
antenna means are printed on the PCB.

[0059] In another feature, the convex side of the first
antenna means is adjacent to a first edge of the PCB. The
convex side of the second antenna means is adjacent to a
second edge of the PCB, wherein the second edge is
opposite and substantially parallel to the first edge, and
wherein tangents drawn at centers of the convex sides of the
first and second antenna means are substantially parallel to
each other. The convex side of the third antenna means is
adjacent to a third edge of the PCB, wherein a tangent drawn
at a center of the convex side of the third antenna means is
substantially perpendicular to the tangents and the first and
second edges.

[0060] In another feature, the conducting means of the first
and second antenna means are substantially collinear and
extend towards each other. The conducting means of the
third antenna means extends substantially perpendicularly
towards a line joining the conducting means of the first and
second antenna means.

[0061] In another feature, the concave sides of the first and
second antenna means face each other. The conducting
means of the first and second antenna means are substan-
tially collinear and extend towards each other. The concave
side of the third antenna means faces a line joining the
conducting means of the first and second antenna means.
The conducting means of the third antenna means extends
substantially perpendicularly towards the line.

[0062] In another feature, the conducting means of the
first, second, and third antenna means communicate with
respective radio frequency (RF) transceivers.

[0063] In another feature, each of the first, second, and
third antenna means further includes U-shaped means for
communicating the RF signals, wherein the U-shaped means
has a base portion with a center that communicates with the
conducting means and two side portions that extend from
ends of the base portion towards the concave side.

[0064] In another feature, the two side portions and the
conducting means are substantially parallel to each other and
substantially perpendicular to the base portion.

[0065] In another feature, the convex side of the arc-
shaped means radiates electromagnetic radiation and the
U-shaped means directs the electromagnetic radiation.
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[0066] In another feature, the first, second, and third
antenna means communicate in a dual frequency band in a
3x3 multiple input multiple output (MIMO) configuration.

[0067] In another feature, the first, second, and third
antenna means communicate in 2.4 GHz and 5 GHz fre-
quency bands in a 3x3 multiple input multiple output
(MIMO) configuration.

[0068] In another feature, the arc-shaped means commu-
nicates in a 2.4 GHz frequency band and the U-shaped
means communicates in a 5 GHz frequency band.

[0069] In another feature, the PCB comprises first and
second layers of electrically conducting means for commu-
nicating with the first, second, and third antenna means, and
wherein the first layer is adjacent to a first surface of the PCB
and the second layer is adjacent to a second surface of the
PCB, and wherein the first surface is opposite to the second
surface.

[0070] In another feature, the first layer and the first,
second, and third antenna means are printed on the first
surface, and wherein the first layer is not joined to the first,
second, and third antenna means.

[0071] In another feature, the antenna system further com-
prises through-hole means for communicating between the
first and second layers.

[0072] In another feature, the electrically conducting
means includes copper.

[0073] In another feature, a wireless network device com-
prises the antenna system.

[0074] In another feature, a device comprises the antenna
system wherein the device is compliant with Worldwide
Interoperability for Microwave Access (WiMAX) standard.

[0075] In another feature, a wireless network device com-
prises the antenna system wherein the wireless network
device operates in a wireless fidelity local area network and
complies with at least one of IEEE 802.11a, 802.11b,
802.11g, 802.11n, and 802.16 standards.

[0076] In another feature, a cellular phone comprises the
antenna system.
[0077] Instill other features, an antenna system comprises

first, second, and third antennas that are arranged on a
printed circuit board (PCB) and that include an arc-shaped
element having a concave side and a convex side and a
conducting element that extends substantially radially from
a center of the concave side. The first, second, and third
antennas include a U-shaped element having a base portion
with a center that communicates with the conducting ele-
ment and two side portions that extend from ends of the base
portion towards the concave side.

[0078] In another feature, the two side portions and the
conducting element are substantially parallel to each other
and substantially perpendicular to the base portion.

[0079] In another feature, the convex side of the arc-
shaped element radiates electromagnetic radiation and the
U-shaped element directs the electromagnetic radiation.

[0080] In another feature, the first, second, and third
antennas communicate in a dual frequency band in a 3x3
multiple input multiple output (MIMO) configuration.
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[0081] In another feature, the first, second, and third
antennas communicate in 2.4 GHz and 5 GHz frequency
bands in a 3x3 multiple input multiple output (MIMO)
configuration.

[0082] In another feature, the arc-shaped element commu-
nicates in a 2.4 GHz frequency band and the U-shaped
element communicates in a 5 GHz frequency band.

[0083] In another feature, the first, second, and third
antennas are printed on the PCB.

[0084] In another feature, the convex side of the first
antenna is adjacent to a first edge of the PCB. The convex
side of the second antenna is adjacent to a second edge of the
PCB, wherein the second edge is opposite and substantially
parallel to the first edge, and wherein tangents drawn at
centers of the convex sides of the first and second antennas
are substantially parallel to each other. The convex side of
the third antenna is adjacent to a third edge of the PCB,
wherein a tangent drawn at a center of the convex side of the
third antenna is substantially perpendicular to the tangents
and the first and second edges.

[0085] In another feature, the conducting elements of the
first and second antennas are substantially collinear and
extend towards each other. The conducting element of the
third antenna extends substantially perpendicularly towards
a line joining the conducting elements of the first and second
antennas.

[0086] In another feature, the concave sides of the first and
second antennas face each other. The conducting elements of
the first and second antennas are substantially collinear and
extend towards each other. The concave side of the third
antenna faces a line joining the conducting elements of the
first and second antennas. The conducting element of the
third antenna extends substantially perpendicularly towards
the line.

[0087] In another feature, the conducting elements of the
first, second, and third antennas communicate with respec-
tive radio frequency (RF) transceivers.

[0088] In another feature, the PCB comprises a first elec-
trically conducting layer that is adjacent to a first surface of
the PCB and a second electrically conducting layer that is
adjacent to a conducting surface of the PCB, and wherein the
first surface is opposite to the conducting surface.

[0089] In another feature, the first electrically conducting
layer and the first, second, and third antennas are printed on
the first surface, and wherein the first electrically conducting
layer is not joined to the first, second, and third antennas.

[0090] In another feature, the first electrically conducting
layer communicates with the second electrically conducting
layer via through-holes.

[0091] In another feature, the first and second electrically
conducting layers include copper.

[0092] In another feature, a wireless network device com-
prises the antenna system.

[0093] In another feature, a device comprises the antenna
system wherein the device is compliant with Worldwide
Interoperability for Microwave Access (WiMAX) standard.

[0094] In another feature, a wireless network device com-
prises the antenna system wherein the wireless network
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device operates in a wireless fidelity local area network and
complies with at least one of IEEE 802.11a, 802.11b,
802.11g, 802.11n, and 802.16 standards.

[0095] In another feature, a cellular phone comprises the
antenna system.
[0096] Instill other features, a method comprises arranging

an arc-shaped element of each of first, second, and third
antennas on a printed circuit board (PCB), wherein the
arc-shaped element has a concave side and a convex side.
The method further comprises extending a conducting ele-
ment of each of the first, second, and third antennas sub-
stantially radially from a center of the concave side of the
arc-shaped element of each of the first, second, and third
antennas on the PCB, respectively. The method further
comprises arranging a base portion of a U-shaped element of
each one the first, second, and third antennas on the PCB.
The method further comprises communicating between a
center of the base portion and the conducting element. The
method further comprises extending two side portions of the
U-shaped element from ends of the base portion towards the
concave side on the PCB.

[0097] In another feature, the method further comprises
arranging the two side portions and the conducting element
substantially parallel to each other and substantially perpen-
dicular to the base portion on the PCB.

[0098] In another feature, the method further comprises
radiating electromagnetic radiation from the convex side of
the arc-shaped element and directing the electromagnetic
radiation with the U-shaped element.

[0099] In another feature, the method further comprises
configuring the first, second, and third antennas in a 3x3
multiple input multiple output (MIMO) configuration and
communicating in a dual frequency band.

[0100] In another feature, the method further comprises
configuring the first, second, and third antennas in a 3x3
multiple input multiple output (MIMO) configuration and
communicating in 2.4 GHz and 5 GHz frequency bands.

[0101] In another feature, the method further comprises
communicating in a 2.4 GHz frequency band with the
arc-shaped element and communicating in a 5 GHz fre-
quency band with the U-shaped element.

[0102] In another feature, the method further comprises
printing the first, second, and third antennas on the PCB.

[0103] In another feature, the method further comprises
arranging the convex side of the first antenna adjacent to a
first edge of the PCB and arranging the convex side of the
second antenna adjacent to a second edge of the PCB,
wherein tangents drawn at centers of the convex sides of the
first and second antennas are substantially parallel to each
other. The method further comprises arranging the first and
second edges substantially parallel and opposite to each
other. The method further comprises arranging the convex
side of the third antenna adjacent to a third edge of the PCB,
wherein a tangent drawn at a center of the convex side of the
third antenna is substantially perpendicular to the tangents
and said first and second edges.

[0104] In another feature, the method further comprises
extending the conducting elements of the first and second
antennas towards each other, arranging the conducting ele-
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ments of the first and second antennas substantially collinear
with each other, and extending the conducting element of the
third antenna substantially perpendicularly towards a line
joining the conducting elements of the first and second
antennas.

[0105] In another feature, the method further comprises
arranging the concave sides of the first and second antennas
facing towards each other, and extending the conducting
elements of the first and second antennas towards each other.
The method further comprises arranging the conducting
elements of the first and second antennas substantially
collinear with each other. The method further comprises
arranging the concave side of the third antenna facing
towards a line joining the conducting elements of the first
and second antennas. The method further comprises extend-
ing the conducting element of the third antenna substantially
perpendicularly towards the line.

[0106] In another feature, the method further comprises
communicating between the conducting elements of the
first, second, and third antennas and respective radio fre-
quency (RF) transceivers.

[0107] In another feature, the method further comprises
arranging a first electrically conducting layer adjacent to a
first surface of the PCB, arranging a second surface of the
PCB opposite to the first surface, and arranging a second
electrically conducting layer adjacent to a second surface of
the PCB.

[0108] In another feature, the method further comprises
printing the first electrically conducting layer and the first,
second, and third antennas on the first surface, and not
joining the first electrically conducting layer to the first,
second, and third antennas.

[0109] In another feature, the method further comprises
communicating between the first and second electrically
conducting layers.

[0110] In another feature, the method further comprises
providing copper in the first and second electrically con-
ducting layers.

[0111] In still other features, an antenna system comprises
first, second, and third antenna means for communicating
radio frequency (RF) signals, wherein each of the first,
second, and third antenna means is arranged on a printed
circuit board (PCB) and includes arc-shaped means for
communicating the RF signals, wherein the arc-shaped
means has a concave side and a convex side. Each of the
first, second, and third antenna means includes conducting
means for communicating with the arc-shaped means,
wherein the conducting means extends substantially radially
from a center of the concave side. Each of the first, second,
and third antenna means includes U-shaped means for
communicating the RF signals, wherein the U-shaped means
has a base portion with a center that communicates with the
conducting means and two side portions that extend from
ends of the base portion towards the concave side.

[0112] In another feature, the two side portions and the
conducting means are substantially parallel to each other and
substantially perpendicular to the base portion.

[0113] In another feature, the convex side of the arc-
shaped means radiates electromagnetic radiation and the
U-shaped means directs the electromagnetic radiation.
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[0114] In another feature, the first, second, and third
antenna means communicates in a dual frequency band in a
3x3 multiple input multiple output (MIMO) configuration.

[0115] In another feature, the first, second, and third
antenna means communicate in 2.4 GHz and 5 GHz fre-
quency bands in a 3x3 multiple input multiple output
(MIMO) configuration.

[0116] In another feature, the arc-shaped means commu-
nicates in a 2.4 GHz frequency band and the U-shaped
means communicates in a 5 GHz frequency band.

[0117] In another feature, the first, second, and third
antenna means are printed on the PCB.

[0118] In another feature, the convex side of the first
antenna means is adjacent to a first edge of the PCB. The
convex side of the second antenna means is adjacent to a
second edge of the PCB, wherein the second edge is
opposite and substantially parallel to the first edge, and
wherein tangents drawn at centers of the convex sides of the
first and second antenna means are substantially parallel to
each other. The convex side of the third antenna means is
adjacent to a third edge of the PCB, wherein a tangent drawn
at a center of the convex side of the third antenna is
substantially perpendicular to the tangents and the first and
second edges.

[0119] Inanother feature, the conducting means of the first
and second antenna means are substantially collinear and
extend towards each other. The conducting means of the
third antenna means extends substantially perpendicularly
towards a line joining the conducting means of the first and
second antenna means.

[0120] In another feature, the concave sides of the first and
second antenna means face each other. The conducting
means of the first and second antenna means are substan-
tially collinear and extend towards each other. The concave
side of the third antenna means faces a line joining the
conducting means of the first and second antenna means.
The conducting means of the third antenna means extends
substantially perpendicularly towards the line.

[0121] In another feature, the conducting means of each of
the first, second, and third antenna means communicates
with respective radio frequency (RF) transceivers.

[0122] In another feature, the PCB comprises first and
second layers of electrically conducting means for commu-
nicating with the first, second, and third antenna means, and
wherein the first layer is adjacent to a first surface of the PCB
and the second layer is adjacent to a second surface of the
PCB, and wherein the first surface is opposite to the second
surface.

[0123] In another feature, the first layer and the first,
second, and third antenna means are printed on the first
surface, and wherein the first layer is not joined to the first,
second, and third antenna means.

[0124] In another feature, the antenna system further com-
prises through-hole means for communicating between the
first and second layers.

[0125] In another feature, the electrically conducting
means includes copper.
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[0126] In another feature, a wireless network device com-
prises the antenna system.

[0127] In another feature, a device comprises the antenna
system wherein the device is compliant with Worldwide
Interoperability for Microwave Access (WiMAX) standard.

[0128] In another feature, a wireless network device com-
prises the antenna system of wherein the wireless network
device operates in a wireless fidelity local area network and
complies with at least one of IEEE 802.11a, 802.11b,
802.11g, 802.11n, and 802.16 standards.

[0129] In another feature, a cellular phone comprises the
antenna system.

[0130] Instill other features, an antenna system comprises
a first antenna that is arranged on a printed circuit board
(PCB) and that includes an arc-shaped element having a
concave side and a convex side and a conducting element
that extends substantially radially from a center of the
concave side. The first antenna includes a U-shaped element
having a base portion with a center that communicates with
the conducting element and two side portions that extend
from ends of the base portion towards the concave side. The
antenna system further includes second and third antennas
that are arranged on the PCB and that include an inner ring
and an outer ring that is concentric to the inner ring.

[0131] In another feature, the two side portions and the
conducting element are substantially parallel to each other
and substantially perpendicular to the base portion.

[0132] In another feature, the inner ring has a greater ring
width than the outer ring, and wherein the ring width is a
radial distance between an inner circumference and an outer
circumference of each of the inner ring and the outer ring.

[0133] In another feature, the inner ring communicates
with the outer ring.

[0134] In another feature, the concave side faces the
second and third antennas. The center of the concave side
and centers of the inner and outer rings of the second and
third antennas constitute vertices of a triangle. The conduct-
ing element is substantially perpendicular to a line joining
the centers. The conducting element extends towards a
mid-point of the line.

[0135] In another feature, the triangle is one of an isos-
celes triangle and an equilateral triangle.

[0136] In another feature, the convex side radiates elec-
tromagnetic radiation and the U-shaped element directs the
electromagnetic radiation.

[0137] In another feature, the first, second, and third
antennas communicate in a dual frequency band in a 3x3
multiple input multiple output (MIMO) configuration.

[0138] In another feature, the first, second, and third
antennas communicate in 2.4 GHz and 5 GHz frequency
bands in a 3x3 multiple input multiple output (MIMO)
configuration.

[0139] In another feature, the arc-shaped element commu-
nicates in a 2.4 GHz frequency band and the U-shaped
element communicates in a 5 GHz frequency band.

[0140] In another feature, the inner ring communicates in
a 5 GHz frequency band and the outer ring communicates in
a 2.4 GHz frequency band.
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[0141] Inanother feature, the first antenna is printed on the
PCB. The second and third antennas are mounted on the
PCB.

[0142] In another feature, the conducting element of the
first antenna communicates with a radio frequency (RF)
transceiver. The second and third antennas communicate
with respective radio frequency (RF) transceivers.

[0143] In another feature, the PCB comprises a first elec-
trically conducting layer that is adjacent to a first surface of
the PCB and a second electrically conducting layer that is
adjacent to a second surface of the PCB, and wherein the
first surface is opposite to the second surface.

[0144] In another feature, the first electrically conducting
layer and the first antenna are printed on the first surface, and
wherein the first electrically conducting layer is not joined to
the first antenna.

[0145] In another feature, the second and third antennas
are mounted on the first electrically conducting layer, and
wherein the inner rings of the second and third antennas
communicate with the first electrically conducting layer.

[0146] In another feature, the first electrically conducting
layer communicates with the second electrically conducting
layer via through-holes.

[0147] In another feature, the first and second electrically
conducting layers include copper.

[0148] In another feature, a wireless network device com-
prises the antenna system.

[0149] In another feature, a device comprises the antenna
system wherein the device is compliant with Worldwide
Interoperability for Microwave Access (WiMAX) standard.

[0150] In another feature, a wireless network device com-
prises the antenna system wherein the wireless network
device operates in a wireless fidelity local area network and
complies with at least one of IEEE 802.11a, 802.11b,
802.11g, 802.11n, and 802.16 standards.

[0151] In another feature, a cellular phone comprises the
antenna system.
[0152] In still other features, a method comprises arrang-

ing an arc-shaped element of a first antenna on a printed
circuit board (PCB), wherein the arc-shaped element has a
concave side and a convex side, and extending a conducting
element of the first antenna substantially radially from a
center of the concave side on the PCB. The method further
comprises arranging a base portion of a U-shaped element of
the first antenna on the PCB, communicating between a
center of the base portion and the conducting element, and
extending two side portions of the U-shaped element from
ends of the base portion towards the concave side. The
method further comprises arranging an inner ring of each of
second and third antennas concentrically with an outer ring
of each of the second and third antennas on the PCB,
respectively.

[0153] In another feature, the method further comprises
arranging the two side portions and the conducting element
substantially perpendicular to the base portion on the PCB.

[0154] In another feature, the method further comprises
communicating between the inner and outer rings, wherein
the inner ring has a greater ring width than the outer ring,
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and wherein the ring width is a radial distance between an
inner circumference and an outer circumference of each of
the inner ring and the outer ring.

[0155] In another feature, the method further comprises
arranging the concave side facing the second and third
antennas. The method further comprises arranging the center
of the concave side and centers of the inner and outer rings
of the second and third antennas at vertices of a triangle,
wherein the triangle is one of an isosceles triangle and an
equilateral triangle. The method further comprises arranging
the conducting element substantially perpendicular to a line
joining the centers. The method further comprises extending
the conducting element towards a mid-point of the line.

[0156] In another feature, the method further comprises
radiating electromagnetic radiation from the convex side of
the arc-shaped element and directing the electromagnetic
radiation with the U-shaped element.

[0157] In another feature, the method further comprises
configuring the first, second, and third antennas in a 3x3
multiple input multiple output (MIMO) configuration and
communicating in a dual frequency band.

[0158] In another feature, the method further comprises
configuring the first, second, and third antennas in a 3x3
multiple input multiple output (MIMO) configuration and
communicating in 2.4 GHz and 5 GHz frequency bands.

[0159] In another feature, the method further comprises
communicating in a 2.4 GHz frequency band with the
arc-shaped element and communicating in a 5 GHz fre-
quency band with the U-shaped element.

[0160] In another feature, the method further comprises
communicating in a 2.4 GHz frequency band with the outer
ring and communicating in a 5 GHz frequency band with the
inner ring.

[0161] In another feature, the method further comprises
printing the first antenna on the PCB. The method further
comprises mounting the second and third antennas on the
PCB.

[0162] In another feature, the method further comprises
communicating between the conducting element of the first
antenna and a radio frequency (RF) transceivers. The
method further comprises communicating between the sec-
ond and third antennas and respective radio frequency (RF)
transceivers.

[0163] In another feature, the method further comprises
arranging a first electrically conducting layer adjacent to a
first surface of the PCB, arranging a second surface of the
PCB opposite to the first surface, and arranging a second
electrically conducting layer adjacent to a second surface of
the PCB.

[0164] In another feature, the method further comprises
printing the first electrically conducting layer and the first
antenna on the first surface, and not joining the first elec-
trically conducting layer to the first antenna.

[0165] In another feature, the method further comprises
mounting the second and third antennas on the first electri-
cally conducting layer, and communicating between the first
electrically conducting layer and the inner rings of the
second and third antennas.
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[0166] In another feature, the method further comprises
communicating between the first and second electrically
conducting layers.

[0167] In another feature, the method further comprises
providing copper in the first and second electrically con-
ducting layers.

[0168] Instill other features, an antenna system comprises
first antenna means for communicating radio frequency (RF)
signals, wherein the first antenna means is arranged on a
printed circuit board (PCB). The first antenna means
includes arc-shaped means for communicating the RF sig-
nals, wherein the arc-shaped means has a concave side and
a convex side and conducting means for communicating
with the arc-shaped means, wherein the conducting means
extends substantially radially from a center of the concave
side. The first antenna means includes and U-shaped means
for communicating the RF signals, wherein the U-shaped
means has a base portion with a center that communicates
with the conducting means and two side portions that extend
from ends of the base portion towards the concave side. The
antenna system further comprises second and third antenna
means for communicating the RF signals, wherein each of
the second and third antenna means is arranged on the PCB
and includes inner ring means for communicating the RF
signals and outer ring means for communicating the RF
signals, and wherein the inner and outer ring means are
concentric.

[0169] In another feature, the two side portions and the
conducting means are substantially parallel to each other and
substantially perpendicular to the base portion.

[0170] In another feature, the inner ring means has a
greater ring width than the outer ring means, and wherein the
ring width is a radial distance between an inner circumfer-
ence and an outer circumference of each of the inner and
outer ring means.

[0171] In another feature, the inner ring means commu-
nicates with the outer ring means.

[0172] In another feature, the concave side faces the
second and third antenna means. The center of the concave
side and centers of the inner and outer rings of the second
and third antenna means constitute vertices of a triangle. The
conducting means is substantially perpendicular to a line
joining the centers. The conducting means extends towards
a mid-point of the line.

[0173] In another feature, the triangle is one of an isos-
celes triangle and an equilateral triangle.

[0174] In another feature, the convex side radiates elec-
tromagnetic radiation and the U-shaped means directs the
electromagnetic radiation.

[0175] In another feature, the first, second, and third
antenna means communicate in a dual frequency band in a
3x3 multiple input multiple output (MIMO) configuration.

[0176] In another feature, the first, second, and third
antenna means communicate in 2.4 GHz and 5 GHz fre-
quency bands in a 3x3 multiple input multiple output
(MIMO) configuration.

[0177] In another feature, the arc-shaped means commu-
nicates in a 2.4 GHz frequency band and the U-shaped
means communicates in a 5 GHz frequency band.

Aug. 9, 2007

[0178] In another feature, the inner ring means commu-
nicates in a 5 GHz frequency band and the outer ring means
communicates in a 2.4 GHz frequency band.

[0179] In another feature, the first antenna means is
printed on the PCB. The second and third antenna means are
mounted on the PCB.

[0180] In another feature, the conducting means of the first
antenna means communicates with a radio frequency (RF)
transceiver. The second and third antenna means communi-
cate with respective radio frequency (RF) transceivers.

[0181] In another feature, the PCB comprises first and
second layers of electrically conducting means for commu-
nicating with the first, second, and third antenna means, and
wherein the first layer is adjacent to a first surface of the PCB
and the second layer is adjacent to a second surface of the
PCB, and wherein the first surface is opposite to the second
surface.

[0182] In another feature, the first layer and the first
antenna means are printed on the first surface, and wherein
the first layer is not joined to the first antenna means.

[0183] In another feature, the second and third antenna
means are mounted on the first layer, and wherein the inner
ring means of the second and third antenna means commu-
nicate with the first layer.

[0184] In another feature, the antenna system further com-
prises through-hole means for communicating between the
first and second layers.

[0185] In another feature, the electrically conducting
means includes copper.

[0186] In another feature, a wireless network device com-
prises the antenna system.

[0187] In another feature, a device comprises the antenna
system wherein the device is compliant with Worldwide
Interoperability for Microwave Access (WiMAX) standard.

[0188] In another feature, a wireless network device com-
prises the antenna system wherein the wireless network
device operates in a wireless fidelity local area network and
complies with at least one of IEEE 802.11a, 802.11b,
802.11g, 802.11n, and 802.16 standards.

[0189] In another feature, a cellular phone comprises the
antenna system.
[0190] In still other features, an antenna system comprises

first, second, and third antennas that are arranged on a
printed circuit board (PCB) and that include an inner ring
and an outer ring that is concentric to the inner ring.

[0191] In another feature, centers of the inner and outer
rings of the first, second, and third antennas constitute
vertices of a triangle. The triangle is one of an isosceles
triangle and an equilateral triangle.

[0192] In another feature, the inner ring has a greater ring
width than the outer ring, and wherein the ring width is a
radial distance between an inner circumference and an outer
circumference of each of the inner ring and the outer ring.
The inner ring communicates with the outer ring.

[0193] In another feature, the first, second, and third
antennas communicate in a dual frequency band in a 3x3
multiple input multiple output (MIMO) configuration.
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[0194] In another feature, the first, second, and third
antennas communicate in 2.4 GHz and 5 GHz frequency
bands in a 3x3 multiple input multiple output (MIMO)
configuration.

[0195] In another feature, the inner ring communicates in
a 5 GHz frequency band and the outer ring communicates in
a 2.4 GHz frequency band.

[0196] In another feature, the first, second, and third
antennas are mounted on the PCB.

[0197] In another feature, the first, second, and third
antennas communicate with a respective radio frequency
(RF) transceiver.

[0198] In another feature, the PCB comprises a first elec-
trically conducting layer that is adjacent to a first surface of
the PCB and a second electrically conducting layer that is
adjacent to a second surface of the PCB, and wherein the
first surface is opposite to the second surface.

[0199] In another feature, the first, second, and third
antennas are mounted on the first electrically conducting
layer, and wherein the inner rings of the first, second, and
third antennas communicate with the first electrically con-
ducting layer.

[0200] In another feature, the first electrically conducting
layer communicates with the second electrically conducting
layer via through-holes.

[0201] In another feature, the first and second electrically
conducting layers include copper.

[0202] In another feature, a wireless network device com-
prises the antenna system.

[0203] In another feature, a device comprises the antenna
system wherein the device is compliant with Worldwide
Interoperability for Microwave Access (WiMAX) standard.

[0204] In another feature, a wireless network device com-
prises the antenna system wherein the wireless network
device operates in a wireless fidelity local area network and
complies with at least one of IEEE 802.11a, 802.11b,
802.11g, 802.11n, and 802.16 standards.

[0205] In another feature, a cellular phone comprises the
antenna system.
[0206] In still other features, a method comprises arrang-

ing an inner ring of each of first, second, and third antennas
on a printed circuit board (PCB), and arranging an outer ring
of'each of'the first, second, and third antennas concentrically
with the inner ring of the first, second, and third antennas on
the PCB, respectively.

[0207] In another feature, centers of the inner and outer
rings of the first, second, and third antennas constitute
vertices of a triangle.

[0208] In another feature, the method further comprises
arranging the centers on vertices of one of an isosceles
triangle and an equilateral triangle.

[0209] In another feature, the method further comprises
communicating between the inner and outer rings, wherein
the inner ring has a greater ring width than the outer ring,
and wherein the ring width is a radial distance between an
inner circumference and an outer circumference of each of
the inner ring and the outer ring.
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[0210] In another feature, the method further comprises
configuring the first, second, and third antennas in a 3x3
multiple input multiple output (MIMO) configuration and
communicating in a dual frequency band.

[0211] In another feature, the method further comprises
configuring the first, second, and third antennas in a 3x3
multiple input multiple output (MIMO) configuration and
communicating in 2.4 GHz and 5 GHz frequency bands.

[0212] In another feature, the method further comprises
communicating in a 2.4 GHz frequency band with the outer
ring and communicating in a 5 GHz frequency band with the
inner ring.

[0213] In another feature, the method further comprises
mounting the first, second, and third antennas on the PCB.

[0214] In another feature, the method further comprises
communicating between the first, second, and third antennas
and respective radio frequency (RF) transceivers.

[0215] In another feature, the method further comprises
arranging a first electrically conducting layer adjacent to a
first surface of the PCB, arranging a second surface of the
PCB opposite to the first surface, and arranging a second
electrically conducting layer adjacent to said second surface
of the PCB.

[0216] In another feature, the method further comprises
mounting the first, second, and third antennas on the first
electrically conducting layer, and communicating between
the first electrically conducting layer and the inner rings of
the first, second, and third antennas.

[0217] In another feature, the method further comprises
communicating between the first and second electrically
conducting layers.

[0218] In another feature, the method further comprises
providing copper in the first and second electrically con-
ducting layers.

[0219] Instill other features, an antenna system comprises
first, second, and third antenna means for communicating
radio frequency (RF) signals, wherein each of the first,
second, and third antenna means is arranged on a printed
circuit board (PCB) and includes inner ring means for
communicating the RF signals and outer ring means for
communicating the RF signals, wherein the inner and outer
ring means are concentric.

[0220] In another feature, centers of the inner and outer
ring means of the first, second, and third antenna means
constitute vertices of a triangle. The triangle is one of an
isosceles triangle and an equilateral triangle.

[0221] In another feature, the inner ring means has a
greater ring width than the outer ring means, and wherein the
ring width is a radial distance between an inner circumfer-
ence and an outer circumference of each of the inner and
outer ring means. The inner ring means communicates with
the outer ring means.

[0222] In another feature, the first, second, and third
antenna means communicate in a dual frequency band in a
3x3 multiple input multiple output (MIMO) configuration.

[0223] In another feature, the first, second, and third
antenna means communicate in 2.4 GHz and 5 GHz fre-
quency bands in a 3x3 multiple input multiple output
(MIMO) configuration.
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[0224] In another feature, the inner ring means commu-
nicates in a 5 GHz frequency band and the outer ring means
communicates in a 2.4 GHz frequency band.

[0225] In another feature, the first, second, and third
antenna means are mounted on the PCB.

[0226] In another feature, the first, second, and third
antenna means communicate with a respective radio fre-
quency (RF) transceiver.

[0227] In another feature, the PCB comprises first and
second layers of electrically conducting means for commu-
nicating with the first, second, and third antenna means, and
wherein the first layer is adjacent to a first surface of the PCB
and the second layer is adjacent to a second surface of the
PCB, and wherein the first surface is opposite to the second
surface.

[0228] In another feature, the first, second, and third
antenna means are mounted on the first layer, and wherein
the inner ring means of each of the first, second, and third
antenna means communicates with the first layer.

[0229] In another feature, the antenna system further com-
prises through-hole means for communicating between the
first and second layers.

[0230] In another feature, the electrically conducting
means includes copper.

[0231] In another feature, a wireless network device com-
prises the antenna system.

[0232] In another feature, a device comprises the antenna
system wherein the device is compliant with Worldwide
Interoperability for Microwave Access (WiMAX) standard.

[0233] In another feature, a wireless network device com-
prises the antenna system wherein the wireless network
device operates in a wireless fidelity local area network and
complies with at least one of IEEE 802.11a, 802.11b,
802.11g, 802.11n, and 802.16 standards.

[0234] In another feature, a cellular phone comprises the
antenna system.
[0235] Instill other features, an antenna system comprises

first and second antennas that are arranged on a printed
circuit board (PCB) and that include an arc-shaped element
having a concave side and a convex side and a conducting
element that extends substantially radially from a center of
the concave side. The first and second antennas include a
U-shaped element having a base portion with a center that
communicates with the conducting element and two side
portions that extend from ends of the base portion towards
the concave side. The antenna system further comprises
third and fourth antennas that are arranged on the PCB and
that include an inner ring and an outer ring that is concentric
to the inner ring.

[0236] In another feature, the two side portions and the
conducting element are substantially parallel to each other
and substantially perpendicular to the base portion.

[0237] In another feature, the inner ring has a greater ring
width than the outer ring, and wherein the ring width is a
radial distance between an inner circumference and an outer
circumference of each of the inner ring and the outer ring.
The inner ring communicates with the outer ring.
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[0238] In another feature, the concave sides of the arc-
shaped elements of the first and second antennas face the
third and fourth antennas. A first line joining the centers of
the concave sides is substantially parallel to a second line
joining centers of the inner and outer rings of the third and
fourth antennas. The conducting elements of the first and
second antennas are substantially perpendicular to the first
and second lines.

[0239] In another feature, the centers of the concave sides
of the first and second antennas and centers of the inner and
outer rings of the third and fourth antennas constitute
vertices of a rectangle.

[0240] In another feature, the convex side of the arc-
shaped element radiates electromagnetic radiation and the
U-shaped element directs the electromagnetic radiation.

[0241] In another feature, the first, second, third, and
fourth antennas communicate in a dual frequency band in a
4x4 multiple input multiple output (MIMO) configuration.

[0242] In another feature, the first, second, third, and
fourth antennas communicate in 2.4 GHz and 5 GHz fre-
quency bands in a 4x4 multiple input multiple output
(MIMO) configuration.

[0243] In another feature, the arc-shaped element commu-
nicates in a 2.4 GHz frequency band and the U-shaped
element communicates in a 5 GHz frequency band.

[0244] In another feature, the inner ring communicates in
a 5 GHz frequency band and the outer ring communicates in
a 2.4 GHz frequency band.

[0245] In another feature, the first and second antennas are
printed on the PCB. The third and fourth antennas are
mounted on the PCB.

[0246] In another feature, the conducting elements of the
first and second antennas communicate with respective radio
frequency (RF) transceivers. The third and fourth antennas
communicate with respective radio frequency (RF) trans-
ceivers.

[0247] In another feature, the PCB comprises a first elec-
trically conducting layer that is adjacent to a first surface of
the PCB and a second electrically conducting layer that is
adjacent to a second surface of the PCB, and wherein the
first surface is opposite to the second surface.

[0248] In another feature, the first electrically conducting
layer and the first and second antennas are printed on the first
surface, and wherein the first electrically conducting layer is
not joined to the first and second antennas.

[0249] In another feature, the third and fourth antennas are
mounted on the first electrically conducting layer, and
wherein the inner rings of the third and fourth antennas
communicate with the first electrically conducting layer.

[0250] In another feature, the first electrically conducting
layer communicates with the second electrically conducting
layer via through-holes.

[0251] In another feature, the first and second electrically
conducting layers include copper.

[0252] In another feature, a wireless network device com-
prises the antenna system.
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[0253] In another feature, a device comprises the antenna
system wherein the device is compliant with Worldwide
Interoperability for Microwave Access (WiMAX) standard.

[0254] In another feature, a wireless network device com-
prises the antenna system wherein the wireless network
device operates in a wireless fidelity local area network and
complies with at least one of IEEE 802.11a, 802.11b,
802.11g, 802.11n, and 802.16 standards.

[0255] In another feature, a cellular phone comprises the
antenna system.
[0256] In still other features, a method comprises arrang-

ing an arc-shaped element of each of first and second
antennas on a printed circuit board (PCB), wherein the
arc-shaped element has a concave side and a convex side,
and extending a conducting element of each of the first and
second antennas substantially radially from a center of the
concave side of the arc-shaped element of each of the first
and second antennas on the PCB, respectively. The method
further comprises arranging a base portion of a U-shaped
element of each of the first and second antennas on the PCB,
communicating between a center of the base portion and the
conducting element, and extending two side portions of the
U-shaped element from ends of the base portion towards the
concave side on the PCB. The method further comprises
arranging an inner ring of each one third and fourth antennas
concentrically with an outer ring of each of the third and
fourth antennas on the PCB, respectively.

[0257] In another feature, the method further comprises
arranging the two side portions and the conducting element
substantially parallel to each other and substantially perpen-
dicular to the base portion on the PCB.

[0258] In another feature, the method further comprises
communicating between the inner and outer rings, wherein
the inner ring has a greater ring width than the outer ring,
and wherein the ring width is a radial distance between an
inner circumference and an outer circumference of each of
the inner ring and the outer ring.

[0259] In another feature, the method further comprises
arranging the conducting element of the first antenna sub-
stantially perpendicular to a line joining centers of the inner
and outer rings of the third and fourth antennas, arranging
the conducting element of the second antenna substantially
perpendicular to the line, and extending the conducting
elements of the first and second antennas towards the line.

[0260] In another feature, the method further comprises
arranging the centers of the concave sides of the first and
second antennas and center of the inner and outer rings of
the third and fourth antennas on vertices of a rectangle.

[0261] In another feature, the method further comprises
radiating electromagnetic radiation from the convex side of
the arc-shaped element and directing the electromagnetic
radiation with the U-shaped element.

[0262] In another feature, the method further comprises
configuring the first, second, third, and fourth antennas in a
4x4 multiple input multiple output (MIMO) configuration
and communicating in a dual frequency band.

[0263] In another feature, the method further comprises
communicating in a 2.4 GHz frequency band with the
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arc-shaped element and communicating in a 5 GHz fre-
quency band with the U-shaped element.

[0264] In another feature, the method further comprises
communicating in a 2.4 GHz frequency band with the outer
ring and communicating in a 5 GHz frequency band with the
inner ring.

[0265] In another feature, the method further comprises
printing the first and second antennas on the PCB. The
method further comprises mounting the third and fourth
antennas on the PCB.

[0266] In another feature, the method further comprises
communicating between each of the conducting elements of
the first and second antennas and respective radio frequency
(RF) transceivers.

[0267] In another feature, the method further comprises
communicating between each of the third and fourth anten-
nas and respective radio frequency (RF) transceivers.

[0268] In another feature, the method further comprises
arranging a first electrically conducting layer adjacent to a
first surface of the PCB and a second electrically conducting
layer adjacent to a second surface of the PCB, wherein the
first surface is opposite to the second surface.

[0269] In another feature, the method further comprises
printing the first electrically conducting layer and the first
and second antennas on the first surface, and not joining the
first electrically conducting layer to the first and second
antennas.

[0270] In another feature, the method further comprises
mounting the third and fourth antennas on the first electri-
cally conducting layer, and communicating between the first
electrically conducting layer and the inner rings of the third
and fourth antennas.

[0271] In another feature, the method further comprises
communicating between the first and second electrically
conducting layers.

[0272] In another feature, the method further comprises
providing copper in the first and second electrically con-
ducting layers.

[0273] Instill other features, an antenna system comprises
first and second antenna means for communicating radio
frequency (RF) signals, wherein each of the first and second
antenna means is arranged on a printed circuit board (PCB).
Each of the first and second antenna means includes arc-
shaped means for radiating the RF signals, wherein the
arc-shaped means has a concave side and a convex side and
conducting means for communicating with the arc-shaped
means, wherein the conducting means extends substantially
radially from a center of the concave side. Each of the first
and second antenna means includes U-shaped means for
communicating the RF signals, wherein the U-shaped means
has a base portion with a center that communicates with the
conducting means and two side portions that extend from
ends of the base portion towards the concave side. The
antenna system further comprises third and fourth antenna
means for communicating the RF signals, wherein each of
the third and fourth antenna means is arranged on the PCB
and includes inner ring means for communicating the RF
signals and outer ring means for communicating the RF
signals, and wherein the inner and outer ring means are
concentric.
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[0274] In another feature, the two side portions and the
conducting element are substantially parallel to each other
and substantially perpendicular to the base portion.

[0275] In another feature, the inner ring means has a
greater ring width than the outer ring means, and wherein the
ring width is a radial distance between an inner circumfer-
ence and an outer circumference of each of the inner ring
means and outer ring means. The inner ring means commu-
nicates with the outer ring means.

[0276] In another feature, the concave sides of the arc-
shaped means of the first and second antenna means face the
third and fourth antenna means. A first line joining the
centers of the concave sides is substantially parallel to a
second line joining centers of the inner and outer ring means
of the third and fourth antenna means. The conducting
means of the first and second antenna means are substan-
tially perpendicular to the first and second lines.

[0277] In another feature, the centers of the concave sides
of the first and second antenna means and the centers of the
inner and outer ring means of the third and fourth antenna
means constitute vertices of a rectangle.

[0278] In another feature, the convex side of the arc-
shaped means radiates electromagnetic radiation and the
U-shaped means directs the electromagnetic radiation.

[0279] In another feature, the first, second, third, and
fourth antenna means communicate in a dual frequency band
in a 4x4 multiple input multiple output (MIMO) configura-
tion.

[0280] In another feature, the first, second, third, and
fourth antenna means communicate in 2.4 GHz and 5 GHz
frequency bands in a 4x4 multiple input multiple output
(MIMO) configuration.

[0281] In another feature, the arc-shaped means commu-
nicates in a 2.4 GHz frequency band and the U-shaped
means communicates in a 5 GHz frequency band.

[0282] In another feature, the inner ring means commu-
nicates in a 5 GHz frequency band and the outer ring means
communicates in a 2.4 GHz frequency band.

[0283] In another feature, the first and second antenna
means are printed on the PCB. The third and fourth antenna
means are mounted on the PCB.

[0284] In another feature, the conducting means of the first
and second antenna means communicate with respective
radio frequency (RF) transceivers. The third and fourth
antenna means communicate with respective radio fre-
quency (RF) transceivers.

[0285] In another feature, the PCB comprises first and
second layers of electrically conducting means for commu-
nicating with the first, second, third, and fourth antenna
means, and wherein the first layer is adjacent to a first
surface of the PCB and the second layer is adjacent to a
second surface of the PCB, and wherein the first surface is
opposite to the second surface.

[0286] In another feature, the first layer and the first and
second antenna means are printed on the first surface, and
wherein the first layer is not joined to the first and second
antenna means.
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[0287] In another feature, the third and fourth antenna
means are mounted on the first layer, and wherein the inner
ring means of the third and fourth antenna means commu-
nicate with the first layer.

[0288] In another feature, the antenna system further com-
prises through-hole means for communicating between the
first and second layers.

[0289] In another feature, the electrically conducting
means includes copper.

[0290] In another feature, a wireless network device com-
prises the antenna system.

[0291] In another feature, a device comprises the antenna
system wherein the device is compliant with Worldwide
Interoperability for Microwave Access (WiMAX) standard.

[0292] In another feature, a wireless network device com-
prises the antenna system wherein the wireless network
device operates in a wireless fidelity local area network and
complies with at least one of IEEE 802.11a, 802.11b,
802.11g, 802.11n, and 802.16 standards.

[0293] In another feature, a cellular phone comprises the
antenna system.

[0294] Further areas of applicability of the present disclo-
sure will become apparent from the detailed description
provided hereinafter. It should be understood that the
detailed description and specific examples, while indicating
the preferred embodiment of the disclosure, are intended for
purposes of illustration only and are not intended to limit the
scope of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0295] The present disclosure will become more fully
understood from the detailed description and the accompa-
nying drawings, wherein:

[0296] FIG. 1A is a block diagram of an exemplary
wireless network operating in an ad-hoc mode according to
the prior art;

[0297] FIG. 1B is a block diagram of an exemplary

wireless network operating in an infrastructure mode
according to the prior art;

[0298] FIG. 1C is an exemplary block diagram of a
wireless network device according to the prior art;

[0299] FIG. 2A shows a 3x3 single band antenna system
printed on a printed circuit board (PCB) according to the
present disclosure;

[0300] FIG. 2B shows a single band antenna used in the
antenna system of FIG. 2A according to the present disclo-
sure;

[0301] FIG. 2C shows an inner ground layer in the PCB of
FIG. 2A;

[0302] FIG. 2D is a cross-sectional view of the PCB of
FIG. 2A showing different layers of the PCB;

[0303] FIG. 2E is a cross-sectional view of a via-hole (i.e.,
a through-hole) in the PCB of FIG. 2A;

[0304] FIG. 3A shows a 3x3 dual band antenna system
printed on a printed circuit board (PCB) according to the
present disclosure;
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[0305] FIG. 3B shows a dual band antenna used in the
antenna system of FIG. 3A according to the present disclo-
sure;

[0306] FIG. 3C shows a single band antenna used as an
element of the dual band antenna of FIG. 3B according to the
present disclosure;

[0307] FIG.3D shows an element of the dual band antenna
of FIG. 3B according to the present disclosure;

[0308] FIG. 3E shows exemplary triangular shapes etched
on a dual band antenna of FIG. 3B when the dual band
antenna is printed on a PCB according to the present
disclosure;

[0309] FIG. 4A shows an antenna system comprising a
dual band antenna of FIG. 3B printed on a PCB and two ring
antennas mounted on the PCB according to the present
disclosure;

[0310] FIG. 4B shows geometry of a ring antenna used in
the antenna system of FIG. 4A according to the present
disclosure;

[0311] FIG. 4C is a mechanical drawing showing exem-
plary physical specifications of the two ring antennas used in
the antenna system of FIG. 4A according to the present
disclosure;

[0312] FIG. 4D is a mechanical drawing showing top view
and exemplary physical specifications of a left ring antenna
used in the antenna system of FIG. 4A according to the
present disclosure;

[0313] FIG. 4E is a mechanical drawing showing top view
of'a right ring antenna used in the antenna system of FIG. 4A
according to the present disclosure;

[0314] FIG. 4F is a mechanical drawing showing right
side view and exemplary physical specifications of the ring
antennas used in the antenna system of FIG. 4A according
to the present disclosure;

[0315] FIG. 4G is a mechanical drawing showing front
side view and exemplary physical specifications of the ring
antennas used in the antenna system of FIG. 4A according
to the present disclosure;

[0316] FIG. 4H is a mechanical drawing showing a front
side view of the ring antennas mounted on a PCB in the
antenna system of FIG. 4A according to the present disclo-
sure;

[0317] FIG. 41 shows an inner ground layer in the PCB of
FIG. 4A;

[0318] FIG. 4] is a cross-sectional view of the PCB of
FIG. 4A showing different layers of the PCB;

[0319] FIG. 4K is a cross-sectional view of a via-hole (i.e.,
a through-hole) in the PCB of FIG. 4A;

[0320] FIG. 51is a graph of return loss versus frequency for
the antennas in the antenna system of FIG. 4A according to
the present disclosure;

[0321] FIG. 6A shows a radiation pattern of the printed
dual band antenna when communicating in 2.4 GHz fre-
quency band in the antenna system of FIG. 4A according to
the present disclosure;
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[0322] FIG. 6B shows a radiation pattern of the right ring
antenna when communicating in 2.4 GHz frequency band in
the antenna system of FIG. 4A according to the present
disclosure;

[0323] FIG. 6C shows a radiation pattern of the left ring
antenna when communicating in 2.4 GHz frequency band in
the antenna system of FIG. 4A according to the present
disclosure;

[0324] FIG. 7A shows a radiation pattern of the printed
dual band antenna when communicating in 5 GHz frequency
band in the antenna system of FIG. 4A according to the
present disclosure;

[0325] FIG. 7B shows a radiation pattern of the right ring
antenna when communicating in 5 GHz frequency band in
the antenna system of FIG. 4A according to the present
disclosure;

[0326] FIG. 7C shows a radiation pattern of the left ring
antenna when communicating in 5 GHz frequency band in
the antenna system of FIG. 4A according to the present
disclosure;

[0327] FIG. 8A shows an antenna system comprising three
ring antennas mounted on a PCB according to the present
disclosure;

[0328] FIG. 8B shows an inner ground layer in the PCB of
FIG. 8A;

[0329] FIG. 8C is a cross-sectional view of the PCB of
FIG. 8A showing different layers of the PCB;

[0330] FIG. 8D is a cross-sectional view of a via-hole (i.e.,
a through-hole) in the PCB of FIG. 8A;

[0331] FIG. 9A shows an antenna system comprising two
dual band antennas printed on a PCB and two ring antennas
mounted on the PCB according to the present disclosure;

[0332] FIG. 9B shows an inner ground layer in the PCB of
FIG. 9A;

[0333] FIG. 9C is a cross-sectional view of the PCB of
FIG. 9A showing different layers of the PCB;

[0334] FIG. 9D is a cross-sectional view of a via-hole (i.e.,
a through-hole) in the PCB of FIG. 9A;

[0335] FIG. 10A is a functional block diagram of a high
definition television;

[0336] FIG. 10B is a functional block diagram of a vehicle
control system;

[0337] FIG. 10C is a functional block diagram of a cellular
phone;

[0338] FIG. 10D is a functional block diagram of a set top
box; and

[0339] FIG. 10E is a functional block diagram of a media
player.

DETAILED DESCRIPTION

[0340] The following description is merely exemplary in
nature and is in no way intended to limit the present
disclosure, its application, or uses. For purposes of clarity,
the same reference numbers will be used in the drawings to
identify similar elements. As used herein, the term module,
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circuit and/or device refers to an Application Specific Inte-
grated Circuit (ASIC), an electronic circuit, a processor
(shared, dedicated, or group) and memory that execute one
or more software or firmware programs, a combinational
logic circuit, and/or other suitable components that provide
the described functionality. As used herein, the phrase at
least one of A, B, and C should be construed to mean a
logical (A or B or C), using a non-exclusive logical or. It
should be understood that steps within a method may be
executed in different order without altering the principles of
the present disclosure.

[0341] Physical dimensions of a wireless device generally
limit the number of antennas that can be installed in a
multi-input multi-output (MIMO) configuration. Some
antennas can be implemented by printing (i.e., etching) the
antennas on printed circuit boards (PCBs). Antennas that
cannot be implemented in the PCBs may be mounted on the
PCBs. Whether antennas are implemented by printing on
PCBs, mounting on PCBs, or by a combination of both,
geometry and alignment of one antenna relative to another
may determine isolation among antennas. High isolation
among antennas may improve throughput rates of wireless
devices.

[0342] Referring now to FIGS. 2A-2E, a 3x3 single band
antenna system 100 comprising three single band antennas
is printed on a PCB 102. A first single band antenna 104-1,
a second single band antenna 104-2, and a third single band
antenna 104-3 (collectively single band antennas 104) are
arranged in a 3x3 MIMO configuration on the PCB 102 as
shown in FIG. 2A. The single band antennas 104 commu-
nicate in a 2.4 GHz frequency band.

[0343] Each of the single band antennas 104 comprises
two elements as shown in FIG. 2B. A first element 106 is
arc-shaped. The first element 106 has a convex side 106-1
and a concave side 106-2. The first element 106 radiates
electromagnetic radiation from the convex side 106-1. A
conducting element 108 extends radially from a center of the
concave side 106-2 and is perpendicular to a tangent 106-3
drawn at a center of the convex side 106-1.

[0344] The conducting element 108 has a first end 108-1
and a second end 108-2. The first end 108-1 is joined to the
center of the concave side 106-2 of the first element 106. The
conducting element 108 is perpendicular to the tangent
106-3. The second end 108-2 is connected to a radio
frequency (RF) transceiver (not shown) by an electrical
connection 108-3. The electrical connection 108-3 is etched
on the PCB 102.

[0345] The single band antennas 104 are located on the
PCB 102 as follows. The conducting elements 108 of the
single band antennas 104-2 and 104-3 are collinear. The
second end 108-2 of the conducting element 108 of the
single band antenna 104-2 forms a first vertex of a triangle.
The second end 108-2 of the conducting element 108 of the
single band antenna 104-3 forms a second vertex of the
triangle. A line joining the first vertex and the second vertex
forms a base of the triangle. The triangle may be an isosceles
or an equilateral triangle.

[0346] The convex sides 106-1 of the first elements 106 of
the single band antennas 104-2 and 104-3 are opposite and
face away from each other. Specifically, the convex side
106-1 of the first element 106 of the single band antenna
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104-2 is adjacent to a first edge 102-1 of the PCB 102. The
convex side 106-1 of the first element 106 of the single band
antenna 104-3 is adjacent to a second edge 102-2 of the PCB
102. The first edge 102-1 is opposite and parallel to the
second edge 102-2.

[0347] A tangent 106-3 drawn at the center of the convex
side 106-1 of the first element 106 of the single band antenna
104-2 is parallel to a tangent 106-3 drawn at the center of the
convex side 106-1 of the first element 106 of the single band
antenna 104-3. The first vertex, the second vertex, the center
of the concave side 106-2 of the single band antenna 104-2,
and the center of the concave side 106-2 of the single band
antenna 104-3 are collinear.

[0348] The conducting element 108 of the single band
antenna 104-1 is perpendicular to the conducting elements
108 of the single band antennas 104-2 and 104-3. The
second end 108-2 of the conducting element 108 of the
single band antenna 104-1 forms a third vertex of the
triangle. The first element 106 of the single band antenna
104-1 is adjacent to a third edge 102-3 of the PCB 102. A
tangent 106-3 drawn at the center of the convex side 106-1
of the first element 106 of the single band antenna 104-1 is
parallel to the base of the triangle and perpendicular to the
tangents 106-3 drawn at centers of convex sides 106-1 of the
first elements 106 of the single band antennas 104-2 and
104-3.

[0349] The single band antennas 104 are printed on a top
surface 102-5 of the PCB 102 as shown in FIG. 2A. A layer
of copper adjacent to the top surface 102-5 forms a top or an
outer ground layer 102-4. Additionally, a layer of copper
adjacent to a surface that is opposite to the top surface 102-5
forms a bottom or an inner ground layer 102-6 as shown in
FIG. 2C. The top surface 102-5 separates and insulates the
top ground layer 102-4 from the bottom ground layer 102-6
as shown in FIG. 2D. The top and bottom ground layers are
connected by via-holes or through holes 102-7 as shown in
FIG. 2E. Although copper is shown as an example, other
electrically conducting materials may be used.

[0350] Referring now to FIGS. 3A-3E, a 3x3 dual band
antenna system 101 comprising three dual band antennas is
printed on the PCB 102. A first dual band antenna 110-1, a
second dual band antenna 110-2, and a third dual band
antenna 110-3 (collectively dual band antennas 110) are
arranged in a 3x3 MIMO configuration on the PCB 102 as
shown in FIG. 3A. The dual band antennas 110 communi-
cate in 2.4 GHz and 5 GHz frequency bands.

[0351] Each of the dual band antennas 110 comprises one
of the single band antennas 104 of the 3x3 single band
antenna system 100 and a third element 112 as shown in
FIGS. 3B-3D. Thus, each of the dual band antennas 110
comprises the first element 106, the conducting element 108,
and the third element 112.

[0352] In each of the dual band antennas 110, the first
element 106 communicates in the 2.4 GHz frequency band.
The third element 112 communicates in the 5 GHz band. The
first element 106 radiates electromagnetic radiation from the
convex side 106-1. The third element 112 directs the elec-
tromagnetic radiation radiated by the convex side 106-1.

[0353] The conducting element 108 is connected to the
first element 106 and to a RF transceiver (not shown) in the
same manner as in the single band antennas 104 of the
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antenna system 100. The first elements 106 and the con-
ducting elements 108 of the dual band antennas 110 are
printed on the PCB 102 in the same manner as in the antenna
system 100.

[0354] Additionally, the third elements 112 of the dual
band antennas 110 are located and printed on the PCB 102
as follows. The third element 112 comprises three compo-
nents as shown in FIG. 3D. Each of the three components
has two ends. A first component 114 is perpendicular to the
conducting element 108. A center of the first component 114
is joined to the conducting element 108 at a right angle near
the second end 108-2. A second component 116 and a third
component 118 are parallel to the conducting element 108.
A length of the second component 116 is equal to a length
of the third component 118 and is less than a length of the
first component 114.

[0355] A first end 114-1 of the first component 114 is
joined to a first end 116-1 of the second component 116 at
a right angle. A second end 114-2 of the first component 114
is joined to a first end 118-1 of the third component 118 at
a right angle. A second end 116-2 of the second component
116 and a second end 118-2 of the third component 118 point
towards the concave side 106-2 of the first element 106. That
is, a second end 116-2 of the second component 116 and a
second end 118-2 of the third component 118 point away
from the second end 108-2 of the conducting element 108.
Thus, the third element 112 may be referred to as a U-shaped
element comprising a base portion 114 and two side portions
116 and 118.

[0356] The third element 112 and the conducting element
108 comprise areas 120 that may be etched on the PCB 102
as shown in FIG. 3E. The shape of the areas 120 can be that
of a triangle as shown or any other shape such as a square,
a rectangle, a circle, a hexagon, etc. The areas 120 may
increase gain of the dual band antennas 110. The areas 120
may be arranged adjacent to one another along the lengths
of the conducting elements 108 and the three components of
the third elements 112 of the dual band antennas 110.

[0357] The dual band antennas 110 are printed on a top
surface 102-5 of the PCB 102 as shown in FIG. 3A. A layer
of copper adjacent to the top surface 102-5 forms a top or an
outer ground layer 102-4. Additionally, a layer of copper
adjacent to a surface that is opposite to the top surface 102-5
forms a bottom or an inner ground layer 102-6 as shown in
FIG. 2C. The top surface 102-5 separates and insulates the
top ground layer 102-4 from the bottom ground layer 102-6
as shown in FIG. 2D. The top and bottom ground layers are
connected by via-holes or through holes 102-7 as shown in
FIG. 2E. Although copper is shown as an example, other
electrically conducting materials may be used.

[0358] Referring now to FIGS. 4A-4K, a 3x3 dual band
antenna system 150 comprising ring antennas includes a
dual band antenna 110-1, a first ring antenna 152-1, and a
second ring antenna 152-2. The first ring antenna 152-1 and
the second ring antenna 152-2 (collectively ring antennas
152) are also dual band antennas. The dual band antenna
110-1 and the ring antennas 152 are arranged in a 3x3
MIMO configuration on a PCB 154 as shown in FIG. 4A.
The dual band antenna 110-1 is printed on the PCB 154. The
ring antennas 152 are not printed on the PCB 154. Instead,
the ring antennas 152 are mounted on the PCB 154. Printing
and mounting is shown by two different shading patterns.
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[0359] The dual band antenna 110-1 communicates in 2.4
GHz and 5 GHz frequency bands. The elements and com-
ponents of the dual band antenna 110-1 are identical to the
elements and components of the dual band antenna 110-1 in
the 3x3 dual band antenna system 101. The dual band
antenna 110-1 is located adjacent to an edge 154-3 of the
PCB 154 in the same manner as the dual band antenna 110-1
is located adjacent to the edge 102-3 of the PCB 102 in the
3x3 dual band antenna system 101. The dual band antenna
110-1 is connected to a RF transceiver (not shown) by an
electrical connection 108-3. The electrical connection 108-3
is etched on the PCB 154.

[0360] The ring antennas 152 communicate in 2.4 GHz
and 5 GHz frequency bands. The ring antennas 152 are
connected to respective RF transceivers (not shown) by
electrical connections 108-4. The electrical connections
108-4 are connected to the ring antennas 152 at locations
identified by numbers 153-4. The electrical connections
108-4 may or may not be etched on the PCB 154. The
electrical connections 108-4 may comprise insulated con-
ductors.

[0361] Each of the ring antennas 152 comprises two
concentric rings as shown in FIG. 4B. An inner ring 156
communicates in the 5 GHz frequency band. An outer ring
158 communicates in the 2.4 GHz frequency band. The inner
ring 156 is wider than the outer ring 158. That is, a ring
width R1 of the inner ring 156 is greater than the ring width
R2 of the outer ring 158, where a ring width is a radial
distance between an inner circumference and an outer cir-
cumference of a ring.

[0362] Inthe first ring antenna 152-1, the inner ring 156 is
joined to the outer ring 158 at a location identified by the
number 153-1. In the second ring antenna 152-2, the inner
ring 156 is joined to the outer ring 158 at a location identified
by the number 153-2. Detailed mechanical specifications
and views of the ring antennas 152 are shown in FIGS.
4C-4H.

[0363] The ring antennas 152 are located on the PCB 154
as follows. A center of the first ring antenna 152-1 forms a
first vertex of a triangle. A center of the second ring antenna
152-2 forms a second vertex of the triangle. A line joining
the first vertex and the second vertex forms a base of the
triangle. The second end 108-2 of the conducting element
108 of the dual band antenna 110-1 forms a third vertex of
the triangle. The conducting element 108 is perpendicular to
the base of the triangle. The triangle may be an isosceles or
an equilateral triangle.

[0364] The ring antennas 152 are located on opposite sides
of the conducting element 108 of the dual band antenna
110-1. The outer ring 158 of the first ring antenna 152-1 is
adjacent to a first edge 154-1 of the PCB 154. The outer ring
158 of the second ring antenna 152-2 is adjacent to a second
edge 154-2 of the PCB 154. The first edge 154-1 is opposite
and parallel to the second edge 154-2. FIG. 4H shows the
ring antennas 152 as viewed along the edge 154-3 of the
PCB 154.

[0365] The dual band antenna 110-1 is printed on a top
surface 154-5 of the PCB 154 as shown in FIG. 4A. The ring
antennas 152 are mounted on the top surface 154-5. A layer
of copper adjacent to the top surface 154-5 forms a top or an
outer ground layer 154-4. Additionally, a layer of copper
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adjacent to a surface that is opposite to the top surface 154-5
forms a bottom or an inner ground layer 154-6 as shown in
FIG. 41. The top surface 154-5 separates and insulates the
top ground layer 154-4 from the bottom ground layer 154-6
as shown in FIG. 4J. The top and bottom ground layers are
connected by via-holes or through-holes 102-7 as shown in
FIG. 4K. Although copper is shown as an example, other
electrically conducting materials may be used. The inner
ring 156 of each ring antenna 152 is connected to the top
ground layer at locations identified by numbers 153-5 in
FIG. 4A.

[0366] FIG. 5 shows return losses of the dual band antenna
110-1, the first ring antenna 152-1, and the second ring
antenna 152-2 when communicating in the antenna system
150. FIGS. 6 A-6C show radiation patterns of the dual band
antenna 110-1, the first ring antenna 152-1, and the second
ring antenna 152-2, respectively, when communicating in
the 2.4 GHz frequency band. FIGS. 7A-7C show radiation
patterns of the dual band antenna 110-1, the first ring
antenna 152-1, and the second ring antenna 152-2, respec-
tively, when communicating in the 5 GHz frequency band.

[0367] Referring now to FIGS. 8A-8D, a 3x3 dual band
antenna system 151 comprising ring antennas includes a first
ring antenna 152-1, a second ring antenna 152-2, and a third
ring antenna 152-3 (collectively ring antennas 152). The ring
antennas 152 are dual band antennas and are arranged in a
3x3 MIMO configuration on a PCB 155 as shown in FIG.
8A. The ring antennas 152 are identical. The ring antennas
152 are identical to the ring antennas 152 in the 3x3 dual
band antenna system 150.

[0368] The ring antennas 152 are not printed on the PCB
155. Instead, the ring antennas 152 are mounted on the PCB
155. The ring antennas 152 communicate in 2.4 GHz and 5
GHz frequency bands. The ring antennas 152 are connected
to respective RF transceivers (not shown) by electrical
connections 108-4. The electrical connections 108-4 are
connected to the ring antennas 152 at locations identified by
numbers 153-4. The electrical connections 108-4 may or
may not be etched on the PCB 155. The electrical connec-
tions 108-4 may comprise insulated conductors.

[0369] The ring antennas 152 are located on the PCB 155
as follows. Centers of the ring antennas 152 form vertices of
a triangle. The triangle may be an isosceles or an equilateral
triangle. The first ring antenna 152-1 is located adjacent to
an edge 155-1 of the PCB 155. The second ring antenna
152-2 is located adjacent to an edge 155-2 of the PCB 155.
The edge 155-1 is parallel to the edge 155-2.

[0370] The third ring antenna 152-3 is identical to the ring
antennas 152-1 and 152-2. The third ring antenna 152-3 is
located adjacent to a third edge 155-3 of the PCB 155. A
tangent drawn (not shown) to the edge 155-3 is perpendicu-
lar to edges 155-1 and 155-2. The tangent is parallel to a line
joining the center of the first ring antenna 152-1 and the
center of the second ring antenna 152-2.

[0371] Thering antennas 152 are mounted on a top surface
155-5 of the PCB 155 as shown in FIG. 8A. A layer of
copper adjacent to the top surface 155-5 forms a top or an
outer ground layer 155-4. Additionally, a layer of copper
adjacent to a surface that is opposite to the top surface 155-5
forms a bottom or an inner ground layer 155-6 as shown in
FIG. 8B. The top surface 155-5 separates and insulates the

Aug. 9, 2007

top ground layer 155-4 from the bottom ground layer 155-6
as shown in FIG. 8C. The top and bottom ground layers are
connected by via-holes or through-holes 102-7 as shown in
FIG. 8D. Although copper is shown as an example, other
electrically conducting materials may be used. The inner
ring 156 of each ring antenna 152 is connected to the top
ground layer at locations identified by numbers 153-5 in
FIG. 8A.

[0372] Referring now to FIGS. 9A-9D, a 4x4 dual band
antenna system 160 comprising two ring antennas is shown.
The antenna system 160 includes a first dual band antenna
111-1 and a second dual band antenna 111-2 (collectively
dual band antennas 111). Additionally, the antenna system
160 includes a first ring antenna 152-1 and a second ring
antenna 152-2 (collectively ring antennas 152). The ring
antennas 152 are also dual band antennas.

[0373] The dual band antennas 111 and the ring antennas
152 are arranged in a 4x4 MIMO configuration on a PCB
161. The dual band antennas 111 are printed on the PCB 161.
The ring antennas 152 are not printed on the PCB 161.
Instead, the ring antennas 152 are mounted on the PCB 161.
Printing and mounting is indicated by two different shading
patterns.

[0374] The dual band antennas 111 are identical and
communicate in 2.4 GHz and 5 GHz frequency bands. The
elements and components of the dual band antennas 111 are
identical to the elements and components of the dual band
antenna 110-1 in the 3x3 dual band antenna system 101. The
dual band antennas 111 are connected to respective RF
transceivers (not shown) by electrical connections 108-3.
The electrical connections 108-3 are etched on the PCB 161.

[0375] The ring antennas 152 are identical and commu-
nicate in 2.4 GHz and 5 GHz frequency bands. The ring
antennas 152 are identical to the ring antennas 152 in the
3x3 dual band antenna system 150. The ring antennas 152
are connected to respective RF transceivers (not shown) by
electrical connections 108-4. The electrical connections
108-4 are connected to the ring antennas 152 at locations
identified by numbers 153-4. The electrical connections
108-4 may or may not be etched on the PCB 161. The
electrical connections 108-4 may comprise insulated con-
ductors.

[0376] The dual band antennas 111 are located on the PCB
161 as follows. The convex sides 106-1 of the dual band
antennas 111 are adjacent to an edge 161-3 of the PCB 161.
The conducting elements 108 of the dual band antennas 111
are parallel.

[0377] The ring antennas 152 are located on the PCB 161
as follows. The first ring antenna 152-1 is adjacent to edge
161-1 of the PCB 161. The second ring antenna 152-2 is
adjacent to edge 161-2 of the PCB 161. Edges 161-1 and
161-2 are parallel. Edge 161-3 is perpendicular to edges
161-1 and 161-2.

[0378] A line joining centers of the ring antennas 152 is
perpendicular to the conducting elements 108 of the dual
band antennas 111 and parallel to tangents drawn (not
shown) at centers of the convex sides 106-1 of the dual band
antennas 111. A line joining the center of the convex side
106-1 of the first dual band antenna 111-1 and the center of
the first ring antenna 152-1 is parallel to a line joining the
center of the convex side 106-1 of the second dual band
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antenna 111-2 and the center of the second ring antenna
152-2. Centers of the convex sides 106-1 (or concave sides
106-2) and centers of the ring antennas 152 form a rectangle
when joined by straight lines (not shown).

[0379] The dual band antennas 111 are printed on a top
surface 161-5 of the PCB 161 as shown in FIG. 9A. The ring
antennas 152 are mounted on the top surface 161-5. A layer
of copper on the top surface 161-5 forms a top or an outer
ground layer 161-4. Additionally, a layer of copper adjacent
to a surface that is opposite to the top surface 161-5 forms
a bottom or an inner ground layer 161-6 as shown in FIG.
9B. The top surface 161-5 separates and insulates the top
ground layer 161-4 from the bottom ground layer 161-6 as
shown in FIG. 9C. The top and bottom ground layers are
connected by via-holes or through-holes 102-7 as shown in
FIG. 9D. Although copper is shown as an example, other
electrically conducting materials may be used. The inner
ring 156 of each ring antenna 152 is connected to the top
ground layer at locations identified by numbers 153-5 in
FIG. 9A.

[0380] The dual band antenna systems 101, 150, 151, and
160 (hereinafter dual band antenna systems) may be imple-
mented on PCBs of client cards of network devices. Spe-
cifically, the dual band antenna systems may be imple-
mented on PCBs used in access points and client stations.

[0381] The dual band antenna systems may be imple-
mented in devices that are compliant with the Worldwide
Interoperability for Microwave Access (WiMAX) standard.
The WiMAX standard, as set forth in “Stage 2 Verification
And Validation Draft” dated Apr. 24, 2006, is incorporated
herein by reference in its entirety. Additionally, the dual
band antenna systems may be implemented in devices that
operate in wireless fidelity networks and in cellular phones.

[0382] Referring now to FIGS. 10A-10E, various exem-
plary implementations of the dual band antenna systems are
shown. Referring now to FIG. 10A, the dual band antenna
systems can be implemented in a WL AN interface 429 in a
high definition television (HDTV) 420. The HDTV 420
receives HDTV input signals in either a wired or wireless
format and generates HDTV output signals for a display
426. In some implementations, signal processing circuit
and/or control circuit 422 and/or other circuits (not shown)
of the HDTV 420 may process data, perform coding and/or
encryption, perform calculations, format data and/or per-
form any other type of HDTV processing that may be
required.

[0383] The HDTV 420 may communicate with mass data
storage 427 that stores data in a nonvolatile manner such as
optical and/or magnetic storage devices including hard disk
drives (HDDs) and digital versatile disk (DVD) drives. The
HDD may be a mini HDD that includes one or more platters
having a diameter that is smaller than approximately 1.8".
The HDTV 420 may be connected to memory 428 such as
RAM, ROM, low latency nonvolatile memory such as flash
memory and/or other suitable electronic data storage. The
HDTYV 420 also may support connections with a WLAN via
the WLAN interface 429.

[0384] Referring now to FIG. 10B, the dual band antenna
systems may be implemented in a WLAN interface 448 in
a control system of a vehicle 430. In some implementations,
a powertrain control system 432 receives inputs from one or
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more sensors such as temperature sensors, pressure sensors,
rotational sensors, airflow sensors and/or any other suitable
sensors and/or generates one or more output control signals
such as engine operating parameters, transmission operating
parameters, and/or other control signals.

[0385] The control system 440 may likewise receive sig-
nals from input sensors 442 and/or output control signals to
one or more output devices 444. In some implementations,
the control system 440 may be part of an anti-lock braking
system (ABS), a navigation system, a telematics system, a
vehicle telematics system, a lane departure system, an
adaptive cruise control system, a vehicle entertainment
system such as a stereo, DVD, compact disc and the like.
Still other implementations are contemplated.

[0386] The powertrain control system 432 may commu-
nicate with mass data storage 446 that stores data in a
nonvolatile manner. The mass data storage 446 may include
optical and/or magnetic storage devices such as hard disk
drives (HDDs) and/or DVD drives. The HDD may be a mini
HDD that includes one or more platters having a diameter
that is smaller than approximately 1.8". The powertrain
control system 432 may be connected to memory 447 such
as RAM, ROM, low latency nonvolatile memory such as
flash memory and/or other suitable electronic data storage.
The powertrain control system 432 also may support con-
nections with a WLAN via the WLAN interface 448. The
control system 440 may also include mass data storage,
memory and/or a WLAN interface (all not shown).

[0387] Referring now to FIG. 10C, the dual band antenna
systems can be implemented in a WLAN interface 468 of a
cellular phone 450 that may include a cellular antenna 451.
In some implementations, the cellular phone 450 includes a
microphone 456, an audio output 458 such as a speaker
and/or audio output jack, a display 460 and/or an input
device 462 such as a keypad, pointing device, voice actua-
tion and/or other input device. The signal processing and/or
control circuits 452 and/or other circuits (not shown) in the
cellular phone 450 may process data, perform coding and/or
encryption, perform calculations, format data and/or per-
form other cellular phone functions.

[0388] The cellular phone 450 may communicate with
mass data storage 464 that stores data in a nonvolatile
manner such as optical and/or magnetic storage devices such
as hard disk drives (HDDs) and/or DVD drives. The HDD
may be a mini HDD that includes one or more platters
having a diameter that is smaller than approximately 1.8".
The cellular phone 450 may be connected to memory 466
such as RAM, ROM, low latency nonvolatile memory such
as flash memory and/or other suitable electronic data stor-
age. The cellular phone 450 also may support connections
with a WLAN via the WLAN interface 468.

[0389] Referring now to FIG. 10D, the dual band antenna
systems can be implemented in a WLAN interface 496 of a
set top box 480. The set top box 480 receives signals from
a source such as a broadband source and outputs standard
and/or high definition audio/video signals suitable for a
display 488 such as a television and/or a monitor and/or
other video and/or audio output devices. The signal process-
ing and/or control circuits 484 and/or other circuits (not
shown) of the set top box 480 may process data, perform
coding and/or encryption, perform calculations, format data
and/or perform any other set top box function.
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[0390] The set top box 480 may communicate with mass
data storage 490 that stores data in a nonvolatile manner. The
mass data storage 490 may include optical and/or magnetic
storage devices such as hard disk drives (HDDs) and/or
DVD drives. The HDD may be a mini HDD that includes
one or more platters having a diameter that is smaller than
approximately 1.8". The set top box 480 may be connected
to memory 494 such as RAM, ROM, low latency nonvola-
tile memory such as flash memory and/or other suitable
electronic data storage. The set top box 480 also may support
connections with a WLAN via the WLAN interface 496.

[0391] Referring now to FIG. 10E, the dual band antenna
systems can be implemented in a WLAN interface 516 of a
media player 500. In some implementations, the media
player 500 includes a display 507 and/or a user input 508
such as a keypad, touchpad and the like. In some imple-
mentations, the media player 500 may employ a graphical
user interface (GUI) that typically employs menus, drop
down menus, icons and/or a point-and-click interface via the
display 507 and/or user input 508. The media player 500
further includes an audio output 509 such as a speaker and/or
audio output jack. The signal processing and/or control
circuits 504 and/or other circuits (not shown) of the media
player 500 may process data, perform coding and/or encryp-
tion, perform calculations, format data and/or perform any
other media player function.

[0392] The media player 500 may communicate with mass
data storage 510 that stores data such as compressed audio
and/or video content in a nonvolatile manner. In some
implementations, the compressed audio files include files
that are compliant with MP3 format or other suitable com-
pressed audio and/or video formats. The mass data storage
may include optical and/or magnetic storage devices such as
hard disk drives (HDDs) and/or DVD drives. The HDD may
be a mini HDD that includes one or more platters having a
diameter that is smaller than approximately 1.8". The media
player 500 may be connected to memory 514 such as RAM,
ROM, low latency nonvolatile memory such as flash
memory and/or other suitable electronic data storage. The
media player 500 also may support connections with a
WLAN via the WLAN interface 516. Still other implemen-
tations in addition to those described above are contem-
plated.

[0393] Those skilled in the art can now appreciate from
the foregoing description that the broad teachings of the
disclosure can be implemented in a variety of forms. There-
fore, while this disclosure includes particular examples, the
true scope of the disclosure should not be so limited since
other modifications will become apparent to the skilled
practitioner upon a study of the drawings, the specification
and the following claims.

What is claimed is:
1. An antenna system, comprising:

first, second, and third antennas that are arranged on a
printed circuit board (PCB) and that include:

an inner ring; and

an outer ring that is concentric to said inner ring.

2. The antenna system of claim 1 wherein centers of said
inner and outer rings of said first, second, and third antennas
constitute vertices of a triangle.
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3. The antenna system of claim 2 wherein said triangle is
one of an isosceles triangle and an equilateral triangle.

4. The antenna system of claim 1 wherein said inner ring
has a greater ring width than said outer ring, and wherein
said ring width is a radial distance between an inner cir-
cumference and an outer circumference of each of said inner
ring and said outer ring.

5. The antenna system of claim 1 wherein said inner ring
communicates with said outer ring.

6. The antenna system of claim 1 wherein said first,
second, and third antennas communicate in a dual frequency
band in a 3x3 multiple input multiple output (MIMO)
configuration.

7. The antenna system of claim 1 wherein said first,
second, and third antennas communicate in 2.4 GHz and 5
GHz frequency bands in a 3x3 multiple input multiple
output (MIMO) configuration.

8. The antenna system of claim 1 wherein said inner ring
communicates in a 5 GHz frequency band and said outer
ring communicates in a 2.4 GHz frequency band.

9. The antenna system of claim 1 wherein said first,
second, and third antennas are mounted on said PCB.

10. The antenna system of claim 1 wherein said first,
second, and third antennas communicate with a respective
radio frequency (RF) transceiver.

11. The antenna system of claim 1 wherein said PCB
comprises a first electrically conducting layer that is adja-
cent to a first surface of said PCB and a second electrically
conducting layer that is adjacent to a second surface of said
PCB, and wherein said first surface is opposite to said
second surface.

12. The antenna system of claim 11 wherein said first,
second, and third antennas are mounted on said first elec-
trically conducting layer, and wherein said inner rings of
said first, second, and third antennas communicate with said
first electrically conducting layer.

13. The antenna system of claim 11 wherein said first
electrically conducting layer communicates with said sec-
ond electrically conducting layer via through-holes.

14. The antenna system of claim 11 wherein said first and
second electrically conducting layers include copper.

15. A wireless network device comprising the antenna
system of claim 1.

16. A device comprising the antenna system of claim 1
wherein the device is compliant with Worldwide Interoper-
ability for Microwave Access (WiMAX) standard.

17. A wireless network device comprising the antenna
system of claim 1 wherein the wireless network device
operates in a wireless fidelity local area network and com-
plies with at least one of IEEE 802.11a, 802.11b, 802.11g,
802.11n, and 802.16 standards.

18. A cellular phone comprising the antenna system of
claim 1.

19. A method, comprising:

arranging an inner ring of each of first, second, and third
antennas on a printed circuit board (PCB); and

arranging an outer ring of each of said first, second, and
third antennas concentrically with said inner ring of
said first, second, and third antennas on said PCB,
respectively.
20. The method of claim 19 wherein centers of said inner
and outer rings of said first, second, and third antennas
constitute vertices of a triangle.
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21. The method of claim 20 further comprising arranging
said centers on vertices of one of an isosceles triangle and an
equilateral triangle.

22. The method of claim 19 further comprising commu-
nicating between said inner and outer rings, wherein said
inner ring has a greater ring width than said outer ring, and
wherein said ring width is a radial distance between an inner
circumference and an outer circumference of each of said
inner ring and said outer ring.

23. The method of claim 19 further comprising config-
uring said first, second, and third antennas in a 3x3 multiple
input multiple output (MIMO) configuration and communi-
cating in a dual frequency band.

24. The method of claim 19 further comprising config-
uring said first, second, and third antennas in a 3x3 multiple
input multiple output (MIMO) configuration and communi-
cating in 2.4 GHz and 5 GHz frequency bands.

25. The method of claim 19 further comprising commu-
nicating in a 2.4 GHz frequency band with said outer ring
and communicating in a 5 GHz frequency band with said
inner ring.

26. The method of claim 19 further comprising mounting
said first, second, and third antennas on said PCB.
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27. The method of claim 19 further comprising commu-
nicating between said first, second, and third antennas and
respective radio frequency (RF) transceivers.

28. The method of claim 19 further comprising:

arranging a first electrically conducting layer adjacent to
a first surface of said PCB;

arranging a second surface of said PCB opposite to said
first surface; and

arranging a second electrically conducting layer adjacent

to said second surface of said PCB.

29. The method of claim 28 further comprising mounting
said first, second, and third antennas on said first electrically
conducting layer, and communicating between said first
electrically conducting layer and said inner rings of said
first, second, and third antennas.

30. The method of claim 28 further comprising commu-
nicating between said first and second electrically conduct-
ing layers.

31. The method of claim 28 further comprising providing
copper in said first and second electrically conducting lay-
ers.



