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INTEGRATED TRI-BAND ANTENNA FOR LAPTOP 
APPLICATIONS 

TECHNICAL FIELD 

0001. The present invention relates generally to antennas 
for use with portable devices. More specifically, the inven 
tion relates to integrated (embedded) tri-band antennas for 
use with portable computers (laptops). 

BACKGROUND 

0002 To provide wireless connectivity between a por 
table processing device (e.g., laptop computer) and other 
computers (laptops, Servers, etc.), peripherals (e.g., printers, 
mouse, keyboard, etc.) or communication devices (modem, 
Smart phones, etc.) it is necessary to equip the portable 
device with an antenna. For example, with portable laptop 
computers, an antenna may be located either external to the 
device or integrated (embedded) within the device (e.g., 
embedded in the display unit). 
0.003 For example, FIG. 1 is a diagram illustrating 
various embodiments for providing external antennas for a 
laptop computer. For instance, an antenna (1) can be located 
at the top of a display unit (10) of the laptop. Alternatively, 
an antenna (2) can be located on a PC card (12). The laptop 
computer will provide optimum wireleSS connection perfor 
mance when the antenna is mounted on the top of the display 
due to the very good RF (radio frequency) clearance. There 
are disadvantages, however, associated with laptop designs 
with external antennas including, for example, high manu 
facture costs, possible reduction of the Strength of the 
antenna (e.g., for a PC card antenna (2)), Susceptibility of 
damage, and the effects on the appearance of the laptop due 
to the antenna. 

0004) Other conventional laptop antenna designs include 
embedded designs wherein one or more antennas are inte 
grally built (embedded antenna) within a laptop. For 
example, FIG. 2 illustrates conventional embedded antenna 
implementations, wherein one or more antennas (3, 4, 5) 
(e.g., whip-like or slot embedded antenna) are embedded in 
a laptop display (11). In one conventional embodiment, two 
antennas are typically used (although applications imple 
menting one antenna are possible). In particular, two embed 
ded antennas (3, 4) can be placed on the left and right edges 
of the display (11). The use of two antennas (as opposed to 
one antenna) will reduce the blockage caused by the display 
in Some directions and provide Space diversity to the wire 
leSS communication System. 
0005. In another conventional configuration, one antenna 
(3 or 4) is disposed on one side of the display (11) and a 
Second antenna (5) is disposed in an upper portion of the 
display (11). This antenna configuration may also provide 
antenna polarization diversity depending on the antenna 
design used. 
0006 Although embedded antenna designs can overcome 
Some of the above-mentioned disadvantages associated with 
external antenna designs (e.g., less Susceptible to damage), 
embedded antenna designs typically do not perform as well 
as external antennas. To improve the performance of an 
embedded antenna, the antenna is preferably disposed at a 
certain distance from any metal component of a laptop. For 
example, depending on the laptop design and the antenna 
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type used, the distance between the antenna and any metal 
component should be at least 10 mm. Another disadvantage 
asSociated with embedded antenna designs is that the size of 
the laptop must be increased to accommodate antenna 
placement, especially when two or more antennas are used 
(as shown in FIG. 2). 
0007 U.S. Pat. No. 6,339,400, issued to Flint et al. on 
Jan. 15, 2002, entitled “Integrated Antenna For Laptop 
Applications', which is commonly assigned and incorpo 
rated herein by reference, discloses various embedded 
antenna designs, which provide improvements over conven 
tional embedded antenna designs. More Specifically, the 
patent describes various embodiments wherein embedded 
antennas are (i) disposed on edges of the laptop display 
wherein a metal frame of the display unit is used as a ground 
plane for the antennas, and/or (ii) formed on a conductive 
RF shielding foil disposed on the back of the display, 
wherein coaxial transmission lines are used to feed the 
antennas (e.g., the center conductors are coupled to the 
radiating element of the antenna and the outer (ground 
connector) is coupled to the metal rim of the display unit). 
Advantageously, these integrated designs Support many 
antenna types, Such as slot antennas, inverted-F antenna and 
notch antennas, and provide many advantages Such as 
Smaller antenna Size, low manufacturing costs, compatibility 
with Standard industrial laptop/display architectures, and 
reliable performance. 
0008 Continuing advances in wireless communications 
technology has lead to Significant interest in development 
and implementation of wireless computer applications. For 
instance, Spontaneous (ad hoc) wireless network connectiv 
ity can be implemented using the currently emerging "Blue 
tooth” networking protocol. Briefly, Bluetooth is a protocol 
for providing short-range wireleSS radio links between Blue 
tooth-enabled devices (such as Smartphones, cellular phone, 
pagers, PDAS, laptop computers, mobile units, etc.). Blue 
tooth enabled devices comprise a Small, high performance, 
low-power, integrated radio transceiver chip comprising a 
baseband controller for processing input/output baseband 
Signals using a frequency-hop spread-spectrum System, as 
well as a modulator/demodulator for modulating/demodu 
lating a carrier frequency in the ISM (industrial-scientific 
medical) band at 2.4 GHz. 
0009 Currently, the 2.4 GHz ISM band is widely used in 
wireleSS network connectivity. By way of example, many 
laptop computers incorporate Bluetooth technology as a 
cable replacement between portable and/or fixed electronic 
devices and IEEE 802.11b technology for WLAN (wireless 
local area network). If an 802.11b device is used, the 2.4 
GHz band can provide up to 11 Mbps data rate. For much 
higher data rates, the 5 GHZ U-NII (unlicensed national 
information infrastructure) can be used. U-NII devices oper 
ating on the 5.15-5.35 GHz frequency range can provide 
data rates up to 54 Mbps. 
0010 U.S. Patent Application Ser. No. 09/866,974, filed 
on May 29, 2001, entitled “An Integrated Antenna for 
Laptop Applications”, which is commonly assigned and 
incorporated herein by reference, discloses various inte 
grated dual-band antenna designs that may be used for 
portable processing devices (e.g., laptop computers). The 
integrated dual-band antennas described in the above-incor 
porated U.S. Ser. No. 09/866,974 provide operation in the 
2.4 GHz ISM band and the 5 GHZ U-NII band, for example. 
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0.011) To provide an even higher data rate and provide 
compatibility with worldwide wireless communication 
applications and environments, it is desirable to provide 
antennas that operate in the 2.4-2.5 GHZ, 5.15-5.35 GHz and 
5.47-5.825 GHz bands. Accordingly, there is a need for 
integrated tri-band antennas for portable devices that can 
efficiently and reliably operate in each of the above fre 
quency bands. 

SUMMARY OF THE INVENTION 

0012. The present invention is directed to tri-band anten 
nas that are embedded within portable devices Such as laptop 
computers. In one aspect of the invention, a tri-band antenna 
for a portable device (e.g., laptop computer) comprises a first 
element having a resonant frequency in a first frequency 
band, a Second element having a resonant frequency in a 
Second frequency band, and a third element having a reso 
nant frequency in a third frequency band, wherein the first 
element is connected to a signal feed, wherein the Second 
and third elements are grounded, and wherein the first, 
Second and third elements are integrally formed within the 
portable device. 
0013 Preferably, the integrated tri-band antenna operates 
in a first frequency band of about 2.4 GHz to about 2.5 GHZ, 
a second frequency band of about 5.15 GHz to about 5.35 
GHz and a third frequency band of about 5.47 GHz to about 
5.825 GHZ. 

0.014. In another aspect, the first and second elements 
comprise metal Strips formed on a first Side of dual-sided 
PCB (printed circuit board) Substrate, and wherein the third 
element comprises a metal Strip formed on Second Side of the 
PCB substrate. The PCB is preferably mounted to a metal 
Support frame of the display unit of the portable device. 
0.015. In yet another aspect of the invention, the first and 
Second elements (and possibly the third element) are inte 
grally formed with a metallic cover of the display unit of the 
portable device. 
0016. In another aspect of the invention, the first and 
Second elements are integrally formed with an RF shielding 
foil of the display unit of the portable device. 
0.017. These and other aspects, objects, features and 
advantages of the present invention will be described or 
become apparent from the following detailed description of 
preferred embodiments, which is to be read in connection 
with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.018 FIG. 1 is a diagram illustrating various conven 
tional embodiments of external antennas for a laptop com 
puter. 

0.019 FIG. 2 is a diagram illustrating various conven 
tional embodiments of embedded (integrated) antennas for a 
laptop computer. 

0020 FIGS. 3a and 3b are diagrams illustrating conven 
tional tri-band antennas. 

0021 FIG. 3c is a diagram illustrating a tri-band antenna 
according to an embodiment of the invention. 
0022 FIGS. 4(a) and 4(b) are schematic diagrams illus 
trating a tri-band antenna according to an embodiment of the 
invention. 
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0023 FIGS. 5(a)-(i) illustrate various antenna elements 
that may be used for constructing a tri-band antenna accord 
ing to the invention. 

0024 FIGS. 6(a) and 6(b) are schematic diagrams illus 
trating various orientations for mounting tri-band antennas 
on a laptop display unit according to the invention. 

0025 FIGS. 7(a) and 7(b) are diagrams illustrating an 
actual tri-band antenna implementation according to an 
embodiment of the invention based on the antenna frame 
work shown in FIG. 4. 

0026 FIG. 8 illustrates structural dimensions of the 
tri-band antenna of FIG. 7 according to an embodiment of 
the invention. 

0027 FIG. 9 illustrates the measured SWR (standing 
wave ratio) of the tri-band antenna of FIG. 7 (as mounted in 
a laptop display) as a function of frequency in one frequency 
band. 

0028 FIG. 10 illustrates the measured SWR (standing 
wave ratio) of the tri-band antenna of FIG. 7 (as mounted in 
a laptop display) as a function of frequency in another 
frequency band. 

0029 FIG. 11 is a graphical diagram illustrating the 
measured radiation pattern of the tri-band antenna of FIG. 
7 (as mounted in a laptop display) at frequencies of 2.4, 2.45 
and 2.5 GHZ. 

0030 FIG. 12 is a graphical diagram illustrating the 
measured radiation pattern of the tri-band antenna of FIG. 
7 (as mounted in a laptop display) at frequencies of 5.15, 
5.25, and 5.35 GHz. 

0031 FIG. 13 is a graphical diagram illustrating the 
measured radiation pattern of the tri-band antenna of FIG. 
7 (as mounted in a laptop display) at frequencies of 5.45, 5.6, 
and 5.75 GHZ. 

0032 FIG. 14 is a graphical diagram illustrating the 
measured radiation pattern of the tri-band antenna of FIG. 
7 (as mounted in a laptop display) at frequencies of 5.7, 5.8, 
and 5.85 GHZ. 

0033 FIG. 15 are top perspective views of various 
orientations of the laptop (base and display) during the 
radiation measurements of FIGS. 11-14. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0034. The present invention is directed to integrated 
tri-band antennas that may be used with portable devices 
Such as laptop computers. In a preferred embodiment, the 
present invention is an extension of the dual-band integrated 
antenna designs for laptop applications as disclosed in the 
above incorporated U.S. patent application Ser. No. 09/866, 
974. More specifically, a tri-band antenna design according 
to an embodiment of the invention comprises an additional 
radiating element that is electromagnetically coupled to a 
dual-band antenna to achieve tri-band performance, while 
providing Space efficiency. Advantageously, the size and 
manufacturing costs of a tri-band antenna according to the 
invention is Similar to that of a dual-band antenna as 
disclosed in U.S. patent application Ser. No. 09/866,974. 
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0035 FIGS.3a and 3b illustrate various embodiments of 
a conventional tri-band antenna. In particular, FIG. 3(a) 
illustrates a sleeve or closely coupled tri-band antenna (20) 
comprising three elements R1,R2 and R3. The element R1 
is the longest element and resonates at the lowest frequency 
F1. The element R1 is connected to signal feed (e.g., center 
conductor of coaxial transmission line). The element R1 is 
approximately one-quarter wavelength in length at the fre 
quency F1. Essentially, the tri-band antenna (20) behaves as 
a quarter wavelength monopole at the low band. Further, 
elements R2 and R3 (wherein R3 is shorter than R2) 
resonate at frequencies F2 and F3 (F1<F2<F3) respectively, 
and are grounded. The element R2 (east) and the element R3 
(west) are disposed on opposite sides of the element R1 in 
FIG.3(a), but other orientations are possible. For example, 
element R2 could be disposed (north of R1) such that 
R2-R1-R3 forms a 90 degree angle. The input impedance for 
the antenna (20) is about 36 Ohms at the center of each band. 
0036 FIG. 3(b) illustrates a tri-band antenna (25) com 
prising three radiating elements R1,R2 and R3. The antenna 
(25) is similar to the antenna (20) of FIG.3a, except that all 
elements are grounded. This design enables improved 
impedance matching to 50 Ohms, which is a Standard 
industry impedance value, depending on the connection 
location of the feed to element R1. The tri-band antennas of 
FIGS. 3(a) and 3(b) are not suitable for integration within a 
portable device (Such as a laptop) because Such designs take 
up a significant amount of Space. 

0037 FIG. 3(c) is a conceptual diagram of a tri-band 
antenna architecture according to an embodiment of the 
invention. The tri-band antenna (30) is similar to the antenna 
(25) of FIG.3(b) with respect to feeding and grounding the 
different elements, except that the antenna elements R1 and 
R2 are bent (to reduce antenna height) and the element R3 
is located behind elements R1 and R2. The architecture of 
the tri-band antenna (30) is advantageously adapted for use 
with portable devices Such as laptops due to the Small, 
compact design of the antenna, as well as the reliability of 
operation. It is to be understood that depending on the 
application (e.g., operating frequencies) the elements R1,R2 
and R3 of antennas (20, 25 and 30) may comprise thin metal 
wires or planar metal Strips. Various embodiments for imple 
menting a tri-band antenna based on the framework of FIG. 
3(c) will be described in detail below. 
0.038. It is to be appreciated that in each of the antenna 
frameworks shown in FIGS. 3(a)-(c), the locations of ele 
ments R2 and R3 can be switched without affecting antenna 
performance. It is to be further appreciated that tri-band 
antennas according to the invention use a single feed, which 
provides advantages over multi-feed antennas for cellular 
and WLAN applications Such as cost reductions in using 
expensive RF connectors. In addition, tri-band antenna 
designs according to the invention can be used for WLAN 
band applications and can be extended for use in dual-band 
or tri-band cellular applications. 

0.039 FIG. 4 illustrates a tri-band antenna according to 
one embodiment of the invention. More specifically, FIG. 4 
illustrates a tri-band antenna framework of FIG. 3(c), 
wherein the antenna elements comprise metallic Strips 
formed on a Substrate (e.g. copper Strips formed on a 
double-sided PCB (printed circuit board)). FIG. 4a illus 
trates a front side of a PCB wherein elements R1 and R2 are 
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formed on one side of a substrate (40) and FIG. 4b illustrates 
the backside of the PCB wherein element R3 is formed on 

the other side of the substrate (40). The antenna elements 
R1, R2, and R3 are sized, shaped and positioned relative to 
each other, in Such a manner that provides reliable tri-band 
operation, for example. 

0040. Each side of the PCB substrate (40) comprises a 
ground strip (41). The ground Strips (41) are connected via 
a plurality of plated through holes (42) that are formed 
through the Substrate (40). The antenna is fed by, e.g., a 
coaxial cable 43, wherein a center conductor (44) is elec 
trically connected to element R1 via a Solder connection 
(45). In addition, the outer conductor (ground) of the coaxial 
cable (43) is electrically connected to the ground strip (41) 
via a Solder connection (46). 
0041. In one embodiment, elements R1 and R2 formed 
on the front side of the tri-band antenna (FIG. 4a) are 
configured to operate, respectively, in a low frequency band 
(e.g., 2.4 GHZ-2.5 GHz) and a middle frequency band (e.g., 
5.15 GHZ-5.35 GHz). In the illustrative embodiment of FIG. 
4(a), the elements R1 and R2 comprise an inverted-F 
dual-band antenna, although it is to be appreciated that 
elements R1 and R2 may comprise any dual-band antenna 
framework Such as disclosed in the above-incorporated U.S. 
Ser. No. 09/866,974. The element R3 formed on the back 
side of the PCB substrate (40) (FIG. 4b) is configured to 
operate in the high frequency band (e.g., 5.47 GHZ-5.825 
GHz). 
0042. In the exemplary embodiment of FIG. 4, for ele 
ment R1, the resonant frequency of the low frequency band 
is determined primarily by the total length of about L1--H1. 
The bandwidth of the tri-band antenna at the lower band can 
be widened by increasing H1 and the width of the metal 
strips that form element R1 (i.e., the horizontal and vertical 
Sections). The impedance of the antenna can be changed by 
moving the feed point (FP). More specifically, moving the 
FP to the left (open) side will increase the impedance and 
moving the FP to the right (grounded) side will reduce the 
impedance. The FP location will have some effect on the 
resonating frequency. With the antenna framework of FIG. 
4, the middle and high band elements (R2, R3) have negli 
gible effect on the lower band (R1). 
0043. For element R2, the middle band frequency is 
determined by the total length of about H2+L2. The imped 
ance in the middle band is primarily determined by the 
coupling distances D12, S2 and S2-FP between elements R1 
and R2. In general, reducing D12 and S2 will increase the 
coupling and, consequently, increase the impedance in the 
corresponding band. Widening the width of element R2 will 
broaden the impedance bandwidth. Further, it has been 
determined that tapering the inner corner of element R2 as 
shown in FIG. 4(a), for example, provides improvement in 
the bandwidth. In addition, adjusting S2-FP also changes the 
matching and frequency. 

0044) For element R3, the high band is determined by the 
distances H3, S3 and W3. The distance H3 is a primary 
factor for adjusting the resonating frequency. The distance 
S3 changes the coupling between the high band and the 
lower band. The coupling of the high band (element R3) is 
further determined by parameterS Such as the thickness and 
dielectric constant of the PCB substrate (40). Further, 
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experiments have indicated that a sloped top edge of element 
R3 improves impedance matching and widens the band 
width. 

0.045. As mentioned above, the middle and high bands 
can be exchanged. For instance, element R2 can be sized and 
shaped to provide a resonant frequency in a high band and 
element R3 can be sized and shaped to provide a resonant 
frequency in the middle band. Those of ordinary skill in the 
art will readily appreciate that the size, shape, and/or posi 
tioning of the various elements R1,R2 and R3 of a tri-band 
antenna according to the invention will vary depending on 
factorS Such as the antenna environment, the available Space 
for the antenna, and the relative frequency bands when used 
for different applications. 

0046. As noted above, FIG. 4 is one embodiment of a 
tri-band antenna framework as shown in FIG.3(c), wherein 
the tri-band antenna (30) is formed from a dual-sided PCB 
(printed circuit board) having elements R1, R2 and R3 
printed on opposite sides of the PCB substrate. It is to be 
understood, however, that the tri-band antenna (30) can be 
built using other methods. For instance, the tri-band antenna 
(30) may be formed from stamped sheet metal, wherein the 
front-Side and back-Side elements and grounding Strip are 
Stamped from a planar Sheet of metal and wherein the 
resulting Structure is then folded along a folding line in the 
ground Strip Such that element R3 is disposed next to 
elements R1 and R2, with an air space in between. In 
addition, for laptops with displayS having metallic covers, 
the elements R1, R2 and R3 can be formed as part of the 
metallic cover or elements R1 and R2 can be formed as part 
of the metallic cover, with element R3 being separately 
formed and positioned appropriately in relation to elements 
R1 and R2. In another embodiment, for laptops comprising 
displays having RF shielding foil, the elements R1 and R2 
may be formed on the foil with element R3 being separately 
formed and positioned appropriately in relation to elements 
R1 and R2. Based on the teachings herein, those of ordinary 
skill in the art can readily envision other methods for 
constructing a tri-band antenna according to the invention. 

0047. It is to be appreciated that a tri-band antenna 
according to the invention can be designed to operate in 
various frequency bands. Further, although the antenna of 
FIG. 4 is preferably used for tri-band applications, the 
antenna design can be used for dual-band applications where 
the high band has a wide frequency span (See, e.g., FIG. 10 
below). 
0.048 FIG. 5 illustrates various antenna elements that 
may be used in the tri-band antenna of FIG. 4. For instance, 
depending on the application, elements R2 and R3 shown in 
FIG. 4 may be any of the structures shown in FIGS. 
5(a)-5(i) (wherein element (50) denotes a ground strip). 
Further, element R1 may be any of the structures shown in 
FIG. 5(g)-(i). More specifically, elements (51), (52) and (53) 
may be used as element R3 as shown in FIG. 4(b) (or 
element R2 depending on the design). The element (59) 
shown in FIG. 5(i) comprises a slot antenna. In environ 
ments where space is limited, elements (57) and (58) (shown 
in FIGS. 5(g) and 5(h)) can be used alternative to elements 
(55) and (56) (shown in FIG.5(e) and 5(f)). Indeed, the bend 
on the open end of the elements (57) and (58) provides 
increased capacitive coupling to ground (50), and conse 
quently, the horizontal length of the elements (57) and (58) 
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can be shorter than the horizontal length of elements (55) 
and (56). In addition, element (54) in FIG. 5(d) can be used 
as an alternative to element (51) in FIG. 5(a) to reduce the 
height of the element (51). 
0049 FIGS. 6(a) and 6(b) are schematic diagrams illus 
trating various orientations for mounting tri-band antennas 
on a laptop display unit according to the invention. For 
instance, FIG. 6(a) illustrates two tri-band antennas (61, 62) 
mounted to a metallic Support frame (63) of the laptop 
display unit having a plastic cover (66), wherein the plane of 
each tri-band antenna (61, 62) is substantially parallel to the 
plane of the display frame (63). FIG. 6(b) illustrates two 
tri-band antennas (64, 65) mounted to the display frame (63) 
wherein the plane of each tri-band antenna (64, 65) is 
Substantially perpendicular to the plane of the display frame 
(63). In FIGS. 6(a) and 6(b), the tri-band antennas (62) and 
(65) can be positioned on the left side of the display frame 
(63)(as opposed to the right Side of the frame as shown) and 
the tri-band antennas (61) and (64) can be located on the 
right Side of the upper portion of the frame (63) (as opposed 
to the left side of the upper portion of the frame as shown). 
In the exemplary embodiments, the tri-band antennas are 
connected to the display frame (63) of the laptop display to 
ground the tri-band antennas. The metal Support frame 
and/or RF shielding foil on the back of the display unit can 
be part of the tri-band antenna as discussed above. The 
parallel antennas (FIG. 6(a)) or perpendicular antennas 
(FIG. 6(b)) may be implemented depending on the indus 
trial design needs and both implementations provide Similar 
performances. Further, the various antennas may be imple 
mented together, for example, using the different Structures 
shown in FIG. 5. For example, a parallel inverted-F antenna 
and a perpendicular slot antenna may be mounted on the 
Same device. 

0050 FIGS. 7(a) and 7(b) are diagrams illustrating an 
actual tri-band antenna implementation according to an 
embodiment of the invention based on the antenna frame 
work shown in FIG. 4. The tri-band antenna is fabricated on 
a 0.014" thick GETEKPCB. The GETEKPCB Substrate has 
3.98 dielectric constant and 0.014 loss tangent measured 
from 0.3 GHz to 6 GHz. The prototype tri-band antenna 
shown in FIG. 7 was built for use with an IBM ThinkPad 
laptop computer having a metallic display cover. 

0051 FIG. 7(a) is similar to FIG. 4(a) and illustrates a 
front view of the tri-band antenna comprising low band and 
middle band elements R1 and R2. FIG. 7(b) is similar to 
FIG. 4(b) and illustrates a back view of the tri-band antenna 
comprising high band element R3. Element (71) is part of 
the grounding Strip (41) and in the particular application 
where the display cover is metal (no metal RF foil for RF 
Shielding), element (71) provides a large contact Surface for 
contacting the metal cover to provide Sufficient grounding. 
0052. In FIG. 7, the ground strips on both sides of the 
PCB are connected by copper tape 41a (as opposed to plated 
through holes shown in FIG. 4). One or more mounting 
holes (70) are used for mounting the antenna to a laptop 
display frame with a metal Screw (which grounds the 
antenna). In the implementation, both ground plane Surfaces 
are in good contact with the display metal frame and hinge 
Support. 

0.053 FIG. 8 illustrates structural dimensions (in milli 
meters) of the tri-band antenna of FIG. 7 (and FIG. 4) 
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according to an embodiment of the invention. For instance, 
based on the parameters shown in FIG. 4, L1 is about 24 
mm, H1 is about 6 mm, L2 is about 9.1 mm, S2 is about 3.5 
mm, D12 is about 0.8 mm, H2 is about 1.1 mm, S3 is about 
4 mm, W3 is about 5.4 mm, and H3 is about 3.4 mm (at the 
high end, but about 3 mm at the lower sloped end). 
0054. It is to be understood that the dimensions shown in 
FIG. 8 are just one exemplary embodiment of a tri-band 
antenna according to the invention and that the antenna 
dimensions are application dependent. Indeed, the dimen 
Sions of the antenna will vary depending on factorS Such as 
the dielectric constant and thickness of the PCB material, the 
type of material that covers the antenna and the mounting 
environment. For instance, if the display provides a large 
ground Surface area or plane, the antenna ground elements 
can be very Small. Further, the antenna dimensions will vary 
depending on the dielectric constant of a plastic display 
cover. One of ordinary skill in the art would be able to 
readily envision Such variations based on the teachings 
herein. 

0055 SWR (standing wave ratio) and radiation measure 
ments were performed using a tri-band antenna having the 
structure and dimensions of FIGS. 7 and 8 as mounted 
inside a prototype IBM ThinkPad laptop. In particular, such 
measurements were taken using a single tri-band antenna 
mounted perpendicular to the ThinkPad display (see, e.g., 
FIG. 6(b)) on the upper left side of the display frame, with 
the tri-band antenna being connected to the display frame 
via one or more mounting Screws. The results of Such 
measurements are shown in FIG. 9-14. 

0056. In particular, FIGS. 9 and 10 show the measured 
SWR of the tri-band antenna at the 2.4 GHZ, and 5 GHZ 
bands, respectively. More specifically, as shown in FIG. 9, 
for the low band, the antenna provides sufficient SWR 
bandwidth (2:1) in the entire band from 2.4 GHz to 2.5 GHz. 
Further, as shown in FIG. 11, for the middle and high bands, 
the antenna provides sufficient SWR bandwidth (2:1) in the 
entire band from 5.15 GHZ to 5.825 GHZ. 

0057 FIGS. 11, 12, 13 and 14 are graphical diagrams 
illustrating the measured radiation patterns at different fre 
quencies at the 2.4 GHz and 5 GHz bands for orientations of 
the laptop as shown in FIG. 15. In particular, FIG. 15 
illustrates a top view of the laptop orientation during each 
radiation measurement when the laptop was open and the 
angle between the display (D) and the base (B) was about 90 
degrees. The receiver (R) was positioned as shown at a 
certain distance from the laptop as the laptop was rotated 
360 degrees, with the tri-band antenna transmitting a signal 
at each of the frequencies in FIGS. 11-14. 

0058. In particular, FIG. 11 illustrates the measured 
radiation patterns at frequencies of 2.4, 2.45 and 2.5 GHz. 
FIG. 12 illustrates the measured radiation patterns at fre 
quencies of 5.15, 5.25 and 5.35 GHz. FIG. 13 illustrates the 
measured radiation patterns at frequencies of 5.45, 5.6 and 
5.75 GHz. FIG. 14 illustrates the measured radiation pat 
terns at frequencies of 5.7, 5.8 and 5.85 GHz. Due to the 
laptop Structure, the maximum radiation is about 10 degrees 
above the horizontal plane. AS Such, the results presented in 
FIGS. 11-14 are for the radiation patterns as measured for 
the azimuth plane 10 degrees above the horizontal plane. 
The legends show the average/peak gain values at the 
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different frequencies. AS shown, the gain values do not 
change much acroSS the bands. The average gain is about 0 
dBi. 

0059 Although illustrative embodiments have been 
described herein with reference to the accompanying draw 
ings, it is to be understood that the present invention is not 
limited to those precise embodiments, and that various other 
changes and modifications may be affected therein by one 
skilled in the art without departing from the Scope of the 
invention. 

What is claimed is: 
1. A tri-band antenna for a portable device, comprising: 
a first element having a resonant frequency in a first 

frequency band; 
a Second element having a resonant frequency in a Second 

frequency band; and 
a third element having a resonant frequency in a third 

frequency band; 

wherein the first element is connected to a signal feed, 
wherein the Second and third elements are grounded, 
and wherein the tri-band antenna is integrated within 
the portable device. 

2. The antenna of claim 1, wherein the first frequency 
band is about 2.4 GHz to about 2.5 GHZ, wherein the second 
frequency band is about 5.15 GHz to about 5.35 GHz and 
wherein the third frequency band is about 5.47 GHz to about 
5.825 GHZ. 

3. The antenna of claim 1, wherein the first element is 
connected to ground. 

4. The antenna of claim 1, wherein the portable device 
comprises a laptop computer comprising a display unit 
having a metal Support frame, and wherein the antenna is 
connected to the metal Support frame of the display unit for 
grounding the antenna. 

5. The antenna of FIG. 4, wherein the first, second and 
third elements are connected to the metal Support frame. 

6. The antenna of claim 1, wherein the first element is one 
of an inverted-F antenna and a slot antenna. 

7. The antenna of claim 1, wherein the second element is 
one of an inverted-L antenna and a slot antenna. 

8. The antenna of claim 1, wherein the signal feed 
comprises a coaxial transmission line having a center con 
ductor connected to the first element. 

9. The antenna of claim 1, wherein the first and second 
elements comprise metal Strips formed on a first Side of a 
PCB (printed circuit board) Substrate, and wherein the third 
element comprises a metal Strip formed on Second Side of the 
PCB Substrate. 

10. The antenna of claim 9, wherein the portable device 
comprises a portable computer comprising a display unit 
with a metal support frame, and wherein the PCB is mounted 
to the metal Support frame of the display unit. 

11. The antenna of claim 10, wherein a plane of the 
antenna is disposed Substantially parallel to a plane of the 
metal Support frame. 

12. The antenna of claim 10, wherein a plane of the 
antenna is disposed Substantially perpendicular to a plane of 
the metal Support frame. 

13. The antenna of claim 1, wherein the portable device 
comprises a portable computer comprising a display unit 
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with a metallic cover, and wherein the first and Second 
elements are integrally formed with the metallic cover. 

14. The antenna of claim 13, wherein the third element is 
integrally formed with the metallic cover. 

15. The antenna of claim 1, wherein the portable device 
comprises a portable computer comprising a display unit 
having a RF shielding foil, and wherein the first and Second 
elements are integrally formed with the RF shielding foil. 

16. A tri-band antenna for a portable device, wherein the 
portable device comprises a signal feed and a display unit 
having a metallic Support frame, the tri-band antenna com 
prising: 

a first element having a resonant frequency in a first 
frequency band; 

a Second element having a resonant frequency in a Second 
frequency band; 

a third element having a resonant frequency in a third 
frequency band; and 

a ground element for grounding one of the first element, 
the Second element, the third element and any combi 
nation thereof, 

wherein the first, Second and third elements and ground 
element comprise metallic elements formed on a PCB 
(printed circuit board), wherein the first element is 
connected to the signal feed, and wherein the PCB is 
mounted to the metallic Support frame of the display 
unit. 

17. The antenna of claim 16, wherein the portable device 
is a portable computer. 

18. The antenna of claim 16, wherein the first frequency 
band is about 2.4 GHz to about 2.5 GHZ, wherein the second 
frequency band is about 5.15 GHZ to about 5.35 GHz and 
wherein the third frequency band is about 5.47 GHz to about 
5.825 GHZ. 

19. The antenna of claim 16, wherein the first element is 
one of an inverted-F antenna and a slot antenna. 

20. The antenna of claim 16, wherein the second element 
is one of an inverted-L antenna and a slot antenna. 

21. The antenna of claim 16, wherein the third element is 
tab-shaped. 

22. The antenna of claim 21, wherein the third element 
has a sloped edge. 

23. The antenna of claim 16, wherein the first and second 
elements are formed on a first side of the PCB and wherein 
the third element is formed on a second side of the PCB. 
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24. The antenna of claim 16, wherein the signal feed 
comprises a coaxial transmission line having a center con 
ductor connected to the first element and an outer conductor 
connected to the ground element. 

25. The antenna of claim 16, wherein a plane of the PCB 
is disposed Substantially parallel to a plane of the metallic 
Support frame. 

26. The antenna of claim 16, wherein a plane of the PCB 
is disposed Substantially perpendicular to a plane of the 
metallic Support frame. 

27. A tri-band antenna for a portable computer having a 
display unit, the tri-band antenna comprising: 

a first element having a resonant frequency in a first 
frequency band; 

a Second element having a resonant frequency in a Second 
frequency band; 

a third element having a resonant frequency in a third 
frequency band; and 

a ground element for grounding one of the first element, 
the Second element, the third element and any combi 
nation thereof, 

wherein the first, Second, and third elements comprise 
planar metal Strips, and wherein the third element is 
oriented in a first plane that is adjacent to, and Separated 
by a predetermined coupling distance from, a Second 
plane comprising the first and Second elements, and 
wherein the first, Second and third elements are inte 
grally formed within the display unit of the portable 
computer. 

28. The antenna of claim 27, wherein the first and second 
elements are formed on a first side of a dual-sided PCB 
(printed circuit board) and wherein the third element is 
formed on a second side of the dual-sided PCB. 

29. The antenna of claim 27, wherein the first, second and 
third elements are integrally formed from a Stamped portion 
of a metal sheet. 

30. The antenna of claim 27, wherein the first and second 
elements are formed on a RF shielding foil of the display 
unit. 

31. The antenna of claim 27, wherein the first and second 
elements are integrally formed with a metallic cover of the 
display unit. 

32. The antenna of claim 31, wherein the third element is 
integrally formed with the metallic cover. 
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