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A communications card having an antenna assembly providing polarization diversity for use with a portable computer is provided.
The antenna assembly comprises two folded antennas, which may be dipoles or slot radiators, that are disposed orthogonally to one another
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POLARIZATION DIVERSE ANTENNA FOR PORTABLE
COMMUNICATION DEVICES

FIELD OF THE INVENTION

This invention relates generally to an antenna assembly and, more specifically,
it relates to a polarization diverse antenna assembly for use with small communication

devices such as laptop computers.

BACKGROUND OF THE INVENTION

The development of wireless local area networks (“WLAN”) for computers
has facilitated the use of portable devices such as laptop computers for network com-
munication. Such computers are small by design and, thus, present space constraints
for communication units associated with them. For example, laptop computers are
provided with slots in which accessory cards can be inserted. These slots and the as-
sociated circuitry generally have a prescribed standard configuration such as the
PCMCIA standard. A communication device used with such a computer must con-

form to this standard.

Typically, a PCMCIA card used for wireless communications has been fitted
with a transceiver and an antenna for communication by the computer. However,
these cards have not been completely effective because portable computers are often
used in complex radio frequency (“RF”) environments such as office buildings and
the like, where WLAN’s are usually installed. These environments include physical
barriers which give rise to multiple reflections of the signals transmitted or received
by the computer. The signals travel over multiple paths, resulting in interference pat-
terns and thus “dead spots”. The radio frequency environment is further complicated
by movement of persons or equipment within the environment. Additionally, the
portable computers will be moved from location to location, thus changing the radio

frequency environments in which they are to be operated.
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It has been proposed to address these problems by using a tethered antenna
which can be moved by the user to a position where signal strength is sufficient. Such
tethered designs, however, present an inconvenience in that the tether requires the user
to continually set up the antenna when moving the portable device to a different loca-
tion. They can also give rise to mechanical stress, and resulting failure, of the wires

used in the tether.

Another proposed solution is the use of multiple antennas to provide spatial
diversity, so that if one of the antennas is in a dead spot, the other one is likely to en-
counter a usable signal. However, spatial diversity has not provided sufficient im-

munity to fading and, thus, such solutions have not been effective.

There remains a need for a low cost, more reliable antenna assembly which
conforms to the available space in a portable communication device, the antenna of
which allows maximum signal propagation while experiencing minimal fading in a

dynamic RF environment.

SUMMARY OF THE INVENTION

The antenna assembly embodying the present invention includes a polarization
diverse antenna incorporating two half-wavelength antennas encased in a plastic
housing. The housing readily conforms to a communications card for use with a port-
able laptop computer. Specifically, one embodiment of the antenna assembly is de-
signed for use with a transceiver incorporated into a PCMCIA communications card

that fits within the appropriate card slot in a portable computer.

In its preferred form, the antenna assembly is configured to provide a pair of
slot radiators. These antennas are preferably disposed at right angles to one another
such that radiation by the respective antennas is orthogonally polarized. The slot ra-
diators are folded so as to be compatible with the dimensions of a PCMCIA card. The
card carries the appropriate electronics for the transceiver, i.e. the receiver and

transmitter electronics.
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Each antenna is coupled to the transceiver electronics by way of a microstrip
feed line. More specifically, one portion of the microstrip line is passed across the
slot at a selected feed point off the center of that slot. The other end of the microstrip
line is connected from the slot radiator to the transceiver electronics by a flexible co-

5 axial cable.

In operation, if a signal is of a polarization such that it is cross-polarized with
one of the slot radiators, it will not be cross-polarized with respect to the other slot
radiator because of the polarization diversity of the antennas. Thus, at least one of the
slot radiators will typically carry a usable signal. Moreover, the user can adjust the

10  orientation of the antenna by rotating the antenna assembly about a hinge that con-

nects the assembly to the communications card.

Preferably, a switch automatically controls the selection of the antenna to be
used, depending upon the signal received from each. As will be understood by those
skilled in the art, the signal will be chosen based upon a predetermined parameter

15 such as signal-to-noise ratio.

The antenna assembly provides a low cost, simply made antenna for use in a

complex RF environment.

BRIEF DESCRIPTION OF THE DRAWINGS
20 The invention description below refers to the accompanying drawings, of
which:
Fig. 1 is an isometric view of an antenna assembly embodying the invention
with the antenna attached to a communications card.
Fig. 2 is an isometric view of the antenna assembly of Fig. 1 with two, or-
25 thogonally placed slot radiators with microstrip feed lines depicted in phantom.

Fig. 3 is a cross section of the antenna assembly taken along line A-A of Fig.
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Fig. 4 is a schematic illustration of the ground plane conductor of the antenna
assembly of the present invention, and depicting the microstrip feed lines associated

with each slot.

DETAILED DESCRIPTION OF AN ILLUSTRATIVE EMBODIMENT

As shown in Fig. 1, an antenna housing 10, which includes an antenna assem-
bly 11 (Fig. 2) embodying the invention, is incorporated into a communications card
12 used with a portable laptop computer (not shown). The card 12 is constructed in
such a manner as to conform to the PCMCIA standard. It includes a digital electron-
ics portion 14 which is connected to a bus in the computer. The card 12 also includes
an RF electronics section 16 containing a suitable transceiver (not shown). The user
may be a member of a local area network, which is a collection of computers that use
a consistent protocol to communicate with one another. By means of the transceiver
and the antenna assembly 11, the user can communicate as a node on the network, ei-
ther directly with another laptop computer which has wireless capability, or by way of

a common access point to the network, even if the user is not in a fixed location.

The antenna housing 10 is physically joined to RF electronics section 16 by
means of a hinge 20. The hinge allows for rotation of the antenna housing 10 about
the horizontal. This facilitates orientation adjustment of the antenna assembly, in
addition to the polarization diversity described herein. In operation, the antenna
housing 10 is placed nominally to a vertical position and, thereafter, is rotated to pro-
vide an adjustment, as needed, in the particular RF environment. Suitable lights, such
as LED’s 15, can be provided to indicate that a usable signal has been obtained.
When not in use, antenna housing 10 can be folded flat against the card body 12 for

storage.

Referring to Figures 2 and 3, the antenna assembly 11 is configured according
to typical printed circuit board techniques in which two copper sheets, which are ad-
hered to either side of a plastic substrate 17, are etched to provide the desired conduc-

tor configurations. Thus, in the antenna assembly 11, the upper metal sheet has been
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etched to form two microstrip feedlines 28 and 30. The lower copper sheet has been
etched to provide a ground plane conductor 22 containing two apertures which form
folded antennas. Specifically, the conductor 22 includes a slot radiator 24 and an or-
thogonally-disposed slot radiator 26. The polarization of the slot radiator 24 is thus
orthogonal to that of the slot radiator 26. The slot radiators 24 and 26 are preferably
configured in a folded arrangement to be compatible with the PCMCIA card dimen-

sions as discussed herein.

As shown in Figs. 2 and 3, the feed line 28 passes across the slot radiator 24
and is connected by plated through-hole 25 to the conductor 22 at the edge of the ra-
diator. The feed line 30 passes across radiator 26 and is connected to the conductor

22, at the edge of the plated through-hole 29.

The feed lines 28 and 30, in turn, are connected to the RF section 16 (Fig. 1)
with two flexible coaxial cables 32 and 38, respectively. More specifically, the coax-
ial cable 32 has a center conductor 33 which is soldered to the microstrip feed line 28
at a pad 34. The cable 32 also has an outer conductor 35 which is soldered to a
ground pad 36, as shown in Figure 2. The ground pad 36 is connected through to

conductor 22 to complete the circuit for the slot radiator 24.

Similarly, the coaxial cable 38 has a center conductor 39 connected to the
microstrip feed line 30 at a pad 40. The outer conductor 41 is connected to a ground

pad 42 which connects to conductor 22 to complete the circuit for the slot radiator 26.

The entire antenna assembly 11 is encapsulated within a plastic casing. In the
encapsulation step, the antenna assembly 11 is made to conform to a curvature in the
antenna housing 10 (Fig. 1). The coaxial cables 32 and 38 pass through the hinge 20
(Fig. 1),which connects antenna housing 10 to card 12 for convenience and protection

of the cables.

A signal which is received or transmitted by the slot radiator 24 will be carried
by the microstrip feed line 28 and cable 32 to the transceiver portion 80 of RF section
16. Similarly, a signal transmitted or received by the slot radiator 26 will be carried

by the microstrip feed line 30 and cable 38 to transceiver portion 80. The switch 82 is
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contained within the transceiver portion 80, which is coupled with each of the mi-
crostrip feed lines 28 and 30. The switch 82 includes conventional electronics for
comparing the signal-to-noise ratio of the signal received by each slot radiator and for
selecting the antenna providing the better quality. The selected antenna is then used

for both transmission and reception.

Referring to Fig. 4, each of the radiators 24 and 26 has an electrical length of
one-half wave-length. The physical dimensions of the slot radiators are selected based

upon the materials utilized.

In a typical embodiment of the invention for operation in the frequency range
of 2.40 to 2.48 GHz, the ground plane conductor 22 has one side 60 (Fig. 4) with a
length of 1.950 inches and a second side 61 with a length of 1.2 inches. The slot ra-
diator 24 has a longer dimension indicated by reference character 62 of 1.0 inch, and a
shorter dimension 66 of 0.435 inches. The width of the radiator 24, which is indicated
by the dimension 68, in Fig. 4 is 0.100 inches. The slot radiator 26 has the same di-

mensions as the slot radiator 24.

Ordinarily, a half wave antenna is fed at the center; however, in order to match
the impedance of the coaxial cables 32 and 38, the microstrip feed line 28 is offset
from the center of the slot radiator 24 by an amount that provides the desired imped-
ance match for the antenna. In the example, the distance from the end of slot radiator
24 (72) in Fig. 4 will be 0.185 inches. The microstrip feed line 28 has an overall
length of 0.75 inches. The microstrip feed line 30 is similarly offset from the center
of the slot radiator 26. The distance from the end of the slot radiator 26 (76) in Fig. 4
will be 0.090 inches. Microstrip feed line 30 has an overall length of one inch. It is
formed along the conductor 22 such that the arc of angle B shown in Fig. 4 is 30°.
The feed line is constructed to have a characteristic impedance that matches that of the
coaxial cable. In this embodiment, the physical dimensions set forth above provide an
acceptable impedance match over an operating frequency range of about 2.40 to 2.48

gigahertz (GHz) for each of the antennas 24 and 26.
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A test performed on this embodiment showed a low input return loss for each
of the two slot radiators 24 and 26. In addition, measured results showed that the an-
tennas achieyed better than a 2:1 VSWR (voltage standing wave ratio) and more than
20 dB isolation between the radiators over the operating frequency range of 2.40 to
2.48 GHz. Measurements of the antenna radiation pattern for each slot were also con-
ducted. The antenna pattern exhibits the classic dipole antenna pattern, but with a null
axis orthogonal to the length of the slot. Some skewing of the radiation pattern was

attributed to curvature in the plastic housing in which the antenna is embedded.

In operation, the user will typically set the antenna housing 10 to a vertical
position. If an acceptable signal is not obtained, the antenna housing 10 can be ro-
tated until an indicator light 15 (Fig. 1) shows that a signal of sufficient quality is ob-

tained.

It should be understood that an antenna assembly embodying the invention can

include dipoles instead of slot radiators, if desired in a particular application.

The antenna assembly provides a low-cost, polarization diverse antenna as-
sembly which maintains WLAN system performance in complex electromagnetic en-
vironments such as office buildings. The assembly is adapted to be an integral feature
of a WLAN card which maintains portability and compatibility with the PCMCIA
standard. The hinged arrangement provides additional adjustment capability for the
antenna assembly.

The terms and expressions employed herein are used as terms of description
and not of limitation and there is no intention in the use of such terms and expres-
sions, of excluding any equivalents or the features shown and described or portions
thereof, but it is recognized that various modifications are possible within the scope of

the invention claimed.
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CLAIMS

1. A communications card for transmission and reception of microwave signals
with an associated portable computer, the communications card comprising:

(A)  atransceiver portion including receiver and transmitter electronics for
communication of said signals to and from said computer;

(B)  apolarization diverse antenna assembly having a first antenna and an
orthogonally-disposed second antenna; and

(C)  coupling means disposed between said transceiver portion and said
antenna assembly for communicating signals between said transceiver portion and

said antenna assembly.

2. The communications card of claim 1 wherein
said polarization diverse antenna assembly includes a metal sheet, comprising
a ground plane conductor, and said first antenna is a first slot radiator and said second

antenna is a second slot radiator formed in said metal sheet.

3. The communications card of claim 1 wherein

said first and second antennas are a first and second dipole, respectively.

4. The communications card of claim 1 wherein
said transceiver portion includes a switch for selecting between signals re-
ceived from said first antenna and said second antenna based upon the signal-to-noise

ratio of the signal so produced by each of said first and second antennas.

5. The communications card of claim 2 wherein

said coupling means includes a first microstrip feed line coupled at one end to
said transceiver portion and connected at an other end across said first slot radiator,
and a second microstrip feed line coupled at one end to said transceiver portion and

connected at an other end across said second slot radiator.
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6. The communications card of claim 5 wherein
said first and said second microstrip feed lines are offset from a center of each
of said first and second slot radiators, respectively, by a predetermined amount to set

the impedance characteristic of said antenna assembly.

7. The communications card of claim 5 wherein
said coupling means includes a first and second coaxial cable connected from
said first and second microstrip feed lines, respectively, of said antenna assembly, to

said transceiver portion.

8. The communications card of claim 7 wherein:

said first coaxial cable has an outer conductor connected to a first ground pad
disposed on said ground plane conductor, and a center conductor connected to said
one end of said first microstrip feed line, and said second coaxial cable has an outer
conductor connected to a second ground pad disposed on said ground plane conduc-
tor, and a center conductor connected to said one end of said second microstrip feed

line.

9. The communications card of claim 8 further comprising:
a card body sized for insertion into a card slot in said portable computer, said
card body having an RF section including said transceiver portion, and a digital elec-

tronics portion which provides a connection to said associated computer.

10.  The communications card of claim 9 wherein

said antenna assembly is encapsulated in a plastic housing, said plastic hous-
ing being attached to said RF section of said card body in a hinge arrangement, in
such a manner that the spatial direction of said antenna assembly is adjustable for ob-
taining maximum signal quality, by rotation of said antenna assembly about a hinge of

said hinge arrangement.
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11. The communications card of claim 10 wherein

said first and second coaxial cables are housed within said hinge arrangement.

12.  The communications card of claim 10 wherein
said plastic housing is sized to conform to said card body in such a manner

that it can be folded flush against said card body for storage when not in use.

13.  The communications card of claim 12 wherein
said ground plane conductor is sized to fit within said plastic housing and said
first and second slot radiators are C-shaped, folded slot radiators dimensioned to con-

form to said ground plane conductor.

14. The communications card of claim 13 wherein

said computer is a PCMCIA portable computer and said card body is dimen-

sioned to conform to said card slot associated with said portable computer.
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