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(54) RANGE EXTENSION

(57) The present invention relates to an apparatus (10, 10’, 10") for increasing a communication range of a wireless
device (18) having an internal antenna (16), comprising: a non-conductive, flat carrier (12) for coupling to the wireless
device in an area of the internal antenna; and a plurality of conductive elements (14) arranged on the carrier in parallel
to one another and to the carrier, and spaced apart from one another, wherein the lengths (1) of the conductive elements
and the distances (d) between the conductive elements are chosen based on a radio frequency of the wireless device
so that the conductive elements work together as at least one reflector element (14b) and at least one director element
(14a) of a Yagi antenna; and the carrier is configured to be coupled to the wireless device in a position at which the
internal antenna is parallel and centered with the conductive elements for driving the conductive elements. The present
invention further relates to a method for increasing a communication range of a wireless device (18) having an internal
antenna (16) and to a wireless device having an internal antenna (16).
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Description

[0001] The present invention relates to an apparatus
for increasing a communication range of a wireless de-
vice having an internal antenna as well as to a corre-
sponding method and a wireless device.

[0002] Wireless devices (also referred to as mobile de-
vices) such as laptop computers, mobile phones, tablets
etc. have a wireless communication module for commu-
nicating with other devices and/or access points. Usually,
such devices at least make use of an IEEE 802.11 stand-
ard-conform communication interface for connecting to
and communicating through a wireless local area net-
work (WLAN). As used herein, a wireless device refers
to a device including a wireless communication interface,
in particular a WLAN interface.

[0003] For connecting to a network, most wireless de-
vices make use of an internal antenna that is integrated
into the housing of the device. Usually, microstrip- or
patch antennas are used that are arranged within the
housing of the wireless device in a position where the
wireless signal is disturbed by other parts or by the hous-
ing itself as little as possible. Alternatively, in some cases
an interface for connecting an external antenna is fore-
seen. Such an interface allows that different antennas
can be connected whereinitis usually possible to connect
different antennas with different characteristics as long
as all official regulations are complied with.

[0004] In most areas worldwide, the use of wireless
communication systems is strictly regulated. Usually,
open frequency ranges are assigned and the transmis-
sion power (radiated power) that a wireless system may
provide is limited. Forinstance, for WLAN devices in Ger-
many the maximum transmission power must not exceed
100 mW or 20 dBm EIRP (equivalent isotropically radi-
ated power) in the 2.4 GHz range (2.400 GHz - 2.4835
GHz), 200 mW in the 5.2 GHz range (5.150 GHz - 5.350
GHz) and 1000 mW EIRP at 5.6 GHz (5.470 GHz - 5.725
GHz), respectively. Thereby, the total transmission pow-
er of a WLAN device has to be calculated by taking into
account the losses in the connecting cables and the gain
ofthe antennain addition to the originally generated pow-
er.

[0005] Priorto using a wireless device, it is required to
obtain an approval of the responsible regulation authority
confirming that the device meets the regulations, in par-
ticular with respect to the radiated power. Once the de-
vice is certified, it is usually not allowed to change its
setup or modify its antenna without reiterating the certi-
fication procedure. Such a certification can be obtained
for the entire device or only for the wireless module alone.
Since mobile devices usually have an integrated internal
antenna, these devices are usually certified as a whole
product without separately considering the wireless com-
munication module.

[0006] Oftentimes, however, users of wireless devices
experience situations in which the communication range
of their device is not sufficient, e.g. due to inadequate
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positioning of the access point or simply because of a
large distance. Communicating near the maximum com-
munication range can lead to a decreasing data transfer
rate and, ultimately, to a loss of connection. One ap-
proach to cope with this is to modify an external antenna
of the access point to obtain a higher gain. If an existing
antenna configuration is modified, however, this may re-
sult in that it is also required to reduce the generated
power in order to stay under the regulated limit for the
total radiated power. Also, it is often not possible to ac-
cess and modify the access point, e.g. in the case of a
public access point. On the other side, modifications of
the antenna of the mobile device are usually not feasible
due to the internal antenna being integrated in the hous-
ing of the device.

[0007] In view of this, the present invention aims at
increasing a communication range of a wireless device.
In particular, the transmission and reception of a wireless
communication device shall be improved without violat-
ing the regulations relating to the maximum radiated pow-
er.

[0008] In a first aspect of the present invention, an ap-
paratus for improving a transmission and reception pow-
er of a wireless device having an internal antenna is pre-
sented. The apparatus comprises a non-conductive, flat
carrier for coupling to the wireless device in an area of
the internal antenna; and a plurality of conductive ele-
ments arranged on the carrier in parallel to one another
and to the carrier, and spaced apart from one another,
wherein the lengths of the conductive elements and the
distances between the conductive elements are chosen
based on a radio frequency of the wireless device so that
the conductive elements work together as at least one
reflector element and at least one director element of a
Yagi antenna; and the carrier is configured to be coupled
to the wireless device in a position at which the internal
antenna is parallel and centered with the conductive el-
ements for driving the conductive elements.

[0009] In another aspect, a method for improving a
transmission and reception power of a wireless device
having an internal antenna is presented. The method
comprises the steps of coupling an apparatus as defined
above to the wireless device in the area of the internal
antenna; and aligning the apparatus in the direction of a
wireless network access point for increasing the commu-
nication range of the wireless device.

[0010] In yet another aspect, the present invention re-
lates to a wireless device, in particular a laptop, having
an internal antenna and including an apparatus as de-
fined above being attached to the wireless device in the
area of the internal antenna.

[0011] Preferred embodiments of the invention are de-
fined in the dependent claims. It shall be understood that
the claimed method and wireless device have similar
and/or identical preferred embodiments as the claimed
apparatus, in particular as defined in the dependent
claims and as disclosed herein.

[0012] The present invention is based on the idea of
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improving the transmission and reception power of an
existing wireless device, in particular a WLAN device, by
means of a passive, non-powered apparatus functioning
together with the internal antenna as a Yagi antenna.
[0013] On aflat carrier, i.e. a carrier having a thickness
thatis smallin comparison toits length and width, multiple
(electrically) conductive elements are arranged. The con-
ductive elements are spaced apart and electrically iso-
lated from one another, i.e. not connected. The lengths
of and the distances between the conductive elements
are chosen based on the radio frequency of the wireless
device. Usually, the distances between the conductive
elements need to be on the order of a quarter of the wave-
length.

[0014] If the carrier and the conductive elements are
situated in the vicinity of the internal antenna, it becomes
possible that the conductive elements on the carrier are
excited by the internal antenna, which is preferably a di-
pole antenna.

[0015] Thereby, the positioning of the carrier and the
conductive elements with respect to the internal antenna
is important. One the one hand, the internal antenna
should be parallel and centered with the conductive ele-
ments. The internal antenna is aligned with the conduc-
tive elements on the carrier. On the other hand, the dis-
tance between the internal antenna and the conductive
elements should be small.

[0016] In this position, the internal antenna represents
the driven element of a Yagi antenna. The conductive
elements on the flat carrier are the parasitic elements of
the Yagi antenna. In particular, at least one of the con-
ductive elements is arranged on one side of the internal
antenna, when the flat carrier is coupled to the wireless
device and functions as a reflector. On the other side of
the internal antenna, preferably multiple conductive ele-
ments function as directors of the Yagi antenna.

[0017] Thus, by attaching the apparatus of the present
invention to the wireless device in the area of the internal
antenna a Yagi antenna setup is generated. By means
of this setup, a high antenna gain can be obtained to
improve a transmission and reception power of the wire-
less device and thereby increase the communication
range. Depending on the setup, it becomes possible to
obtain a gain of up to 10 dBm. By directing the carrier
and the thereon arranged conductive elements in the di-
rection of the access point, the possible communication
range of the wireless device can be increased significant-
ly.

[0018] One advantage of the apparatus of the present
inventionis thatthe certified and regulation-conform wire-
less device with its internal antenna is not modified. A
completely passive apparatus is positioned next to an
existing antenna. The antenna and the certified wireless
device are not reconfigured. Therefore, it is not required
to reiterate the certification procedure. Also, the access
point does not need to be modified.

[0019] In a preferred embodiment, the lengths of the
conductive elements and the distances between the con-
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ductive elements are chosen so that the conductive ele-
ments work together as at least one reflector element
and at least one director element of a Yagi antenna being
adapted for a radio frequency of 2.4 GHz, 5.2 GHz or 5.6
GHz. In particular, the setup of the present invention is
suitable for improving IEEE 802.11 standard-conform
communication in a wireless LAN network. Frequencies
of 2.4, 5.2 and 5.6 GHz allow constructing an apparatus
as defined above having a size of a couple of centimeters.
For instance, for a frequency of 2.4 GHz it is possible to
construct a suitable apparatus with a carrier having a
length of about 15 cm and a width of about 8 cm. Such
a size results in an apparatus providing a comfortable
handling. In addition, most wireless devices communi-
cate in the above-mentioned frequency ranges and it is
particularly useful to improve the communication range
of a standard-conform device.

[0020] In a further preferred embodiment, the carrier
includes a plastic and/or a cardboard material and pref-
erably has a rectangular shape. Preferably, the carrier is
made from a plastic and/or cardboard material and ac-
commodates the multiple conductive elements on a min-
imum-possible sized rectangular area. These materials
and this arrangement allow a cost-efficient manufactur-
ing and provide a sufficiently robust basis for attaching
thereto the conductive elements.

[0021] Preferably, the conductive elements are printed
on the carrier in a metal printing process; and/or attached
to the carrier with a hydrophobic glue. It is possible to
make use of a metal printing process in which metal paths
are deposited on a suitable carrier substance. Thereby,
a cost-efficient manufacturing can be realized. Alterna-
tively, or in combination, it is also possible to attach sep-
arate conductive elements, for instance copper ele-
ments, by means of glue. In this respect, it is useful to
make use of a hydrophobic glue to avoid a damping of
the radio waves.

[0022] In a further preferred embodiment, the carrier
includes a coupling portion for coupling the carrier to an
upper outer area of a laptop display, preferably by clamp-
ing, sticking or pinning. The coupling portion is an area
on the carrier which is designed for coupling to the wire-
less device. For instance, the coupling portion may be
implemented by depositing an adhesion layer with an
adhesive substance to a part of the carrier. The coupling
portion thereby has the advantage that no further means
for coupling the apparatus to the wireless device, repre-
sented by the laptop, is required. A laptop usually has
multiple WLAN antennas in an upper and outer area of
its display. Thus, the apparatus needs to be coupled to
this area so that a Yagi antenna is formed.

[0023] Preferably, the carrier includes a pivot element
for varying the orientation of the Yagi antenna formed by
the conductive elements with respect to the wireless de-
vice. Thereby, the pivot element can, e.g., be implement-
ed in the form of an articulated joint or hinge or also in
the form of a flexible area in the carrier. By means of the
pivot element, it is possible to direct the Yagi antenna
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into a desired direction without moving the wireless de-
vice. The orientation of the conductive elements with re-
spect to the wireless device is changed without changing
the orientation of the wireless device itself. By directing
the Yagi antenna into the direction of the access point,
the maximum gain of the antenna can be exploited to
obtain an optimal connection. The comfortability for the
user of the apparatus is increased.

[0024] In a preferred embodiment, the conductive el-
ements predominantly have lengths that are different
from one another, preferably between 48 mm and 60
mm; and/or are arranged on the carrier centered with
respecttoone another. The indicated lengths are suitable
for a 2.4 GHz Yagi antenna. By arranging the conductive
elements centered with respect to one another the gain
is maximized. In addition, the indicated lengths and dis-
tances allow using a carrier with a size that is suitable
for a mobile use.

[0025] In another preferred embodiment, the appara-
tus comprises a plurality of conductive elements having
six conductive elements, wherein one conductive ele-
ment functions as areflector element and five conductive
elements function as director elements, and/or the dis-
tances of the conductive elements from one another are
34 mm, 31 mm, 26 mm, 22 mm and 34 mm. The use of
one reflector and five directors in combination with the
indicated distances is suitable for a 2.4 GHz Yagi anten-
na. The size of the apparatus is suitable (small enough)
for mobile application with a mobile wireless device. In
this embodiment, the one reflector element is arranged
on one side of the internal antenna and the five director
elements are arranged on the other side of the internal
antenna when the apparatus is coupled to the wireless
device. The obtained Yagi antenna is directed in a direc-
tion orthogonally to the director elements.

[0026] In another preferred embodiment, the appara-
tus comprises a second plurality of conductive elements
arranged on the carrier in parallel to one another and
spaced apart from one another, wherein the lengths of
the conductive elements of the second plurality of con-
ductive elements and the distances between the conduc-
tive elements of the second plurality of conductive ele-
ments are chosen based on an alternative radio frequen-
cy of the wireless device so that the conductive elements
of the second plurality of conductive elements work to-
gether as at least one second reflector element and at
least one second director element of a second Yagi an-
tenna. It is possible to make use of two Yagi antennas
for two different frequency bands on the same carrier.
One set of conductive elements forms a Yagi antenna
being suitable for communication in a first band and the
other set of conductive elements forms a second Yagi
antenna being suitable for communication in another fre-
quency band. Since the distances between the conduc-
tive elements and the lengths of the conductive elements
are different between the first plurality and the second
plurality, the two Yagi antennas do not interfere with one
another and do not disturb one another. Usually, wireless
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devices make use of a combined antenna for both fre-
quency bands. By making use of two different pluralities
of conductive elements, it becomes possible to construct
an apparatus that is suitable for wireless communication
in two different frequency bands.

[0027] Preferably, the conductive elements of the sec-
ond plurality of conductive elements are arranged on the
carrier centered with respect to one another. In other
words, the conductive elements are aligned so that the
maximum possible improvement of the reception and
transmission power is obtained.

[0028] In an embodiment, the plurality of conductive
elements is arranged on a first side of the carrier and the
second plurality of conductive elements is arranged on
a second side of the carrier. By arranging the two plural-
ities of conductive elements on the two sides of the flat
carrier a cost-efficient manufacturing becomes possible
since only one carrier is required. The first plurality is
arranged on an upper side and the second plurality is
arranged on a lower side of the carrier. Since the carrier
is thin, it is usually not required to turn the carrier from
one side to another in order to use the other frequency
range.

[0029] In yet another preferred embodiment, the con-
ductive elements of the first plurality of conductive ele-
ments and/or the conductive elements of the second plu-
rality of conductive elements are straight. Generally, the
conductive elements may be straight or curved to a cer-
tain degree. Straight conductive elements can be pro-
duced more easily and at lower costs. With respect to
the effect and the obtained gain it is usually not a big
difference whether the elements are straight or curved.
[0030] In an embodiment of the wireless device, the
wireless device has an internal dipole antenna for com-
municating according to the IEEE 802.11 standard. An
internal dipole antenna is an optimal driving element for
driving the conductive elements of the apparatus of the
present invention in order to form a Yagi antenna with
the internal antenna functioning as a drive element.
[0031] As used herein, the communication range of a
wireless device refers to the distance over which the wire-
less device can communicate with other wireless devices
or with anaccess point. Aninternal antennais an antenna
inside a housing of a wireless device. In particular, the
apparatus of the present invention can be used with a
dipole antenna. Anon-conductive material refersto ama-
terial that electrically isolates one conductor from anoth-
er. A plurality can refer to any number greater than one.
A Yagi antenna can also be referred to as a Yagi-Una
antenna. A radio frequency of a wireless device may refer
to a frequency band for which the wireless device is op-
timized.

[0032] These and other aspects of the invention will be
apparent from and elucidated with reference to the em-
bodiment(s) described hereinafter. In the following draw-
ings

Figure 1 schematically illustrates an apparatus for in-
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creasing a communication range of a wire-
less device according to an aspect of the
present invention;
Figure 2  schematically illustrates a wireless device
having attached thereto an apparatus for in-
creasing a communication range;
Figure 3  schematically illustrates the dimensions of
an embodiment of the present invention;
Figure 4  shows a perspective illustration of an appa-
ratus of the present invention;
Figure 5 shows a perspective illustration of another
embodiment; and
Figure 6 shows an illustration of an apparatus includ-
ing a pivot element.

[0033] In Figure 1, an apparatus 10 for increasing a
communication range of a wireless device is schemati-
callyillustratedin atop view. The apparatus 10 comprises
a non-conductive flat carrier 12 upon which a plurality of
conductive elements 14 is arranged. The carrier 12 is
suitable for being coupled to a wireless device in a posi-
tion at which an internal antenna of the wireless device
is in aspecific orientation versus the conductive elements
14. In Figure 1, the respective position of the internal
antenna 16 when the apparatus is coupled to a wireless
device (not illustrated) is indicated by a dashed line. The
internal antenna is not part of the apparatus 10 but be-
longs to the wireless device to which the apparatus 10
is attached.

[0034] The apparatus 10 of the present invention is
based on the idea of amplifying the transmission and
reception power of a wireless device by directing the sig-
nal generated by the internal antenna of the wireless de-
vice into a specific direction. To obtain this effect, the
internal antenna 16 is parasitically used as a driving el-
ement to drive the conductive elements 14. The conduc-
tive elements 14 and the internal antenna 16 function
together as a Yagi antenna. In the illustrated example, a
subset of five conductive elements 14 is arranged on the
carrier 12 so that they function as director elements 14a
of the Yagi antenna. Another one of the conductive ele-
ments 14 functions as a reflector element 14b of the Yagi
antenna.

[0035] In order to function as a Yagi antenna, the
lengths of the conductive elements and the distances
between the conductive elements 14 have to be chosen
in accordance with the radio frequency of the wireless
device. A higher frequency corresponding to a smaller
wavelength results in shorter conductive elements with
smaller distances in between one another.

[0036] The mainradiation direction ofthe Yagiantenna
is a direction parallel to the carrier and orthogonal to the
direction ofthe conductive elements. In Figure 1, the main
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radiation direction is indicated by an arrow. This main
radiation direction is sometimes also referred to as boom.
On the other side, the electromagnetic field in the direc-
tion of the reflector 14b is damped. In order to obtain a
maximum possible gain, which is usually on the order of
10 dBm, a very accurate positioning of the carrier 10 with
respect to the internal antenna 16 is required. In partic-
ular, the internal antenna 16 is to be arranged in parallel
to the conductive elements 14 and between the director
elements 14a and the reflector element 14b.

[0037] The carrier 12 is usually manufactured from
cardboard or plastic and has a thickness that provides a
sufficient stability depending on the size of the carrier.
For instance, the thickness of the carrier may be 1 mm
or less for an apparatus 10 being suitable for a frequency
range of 2.4, 5.2 or 5.6 GHz. The carrier 12 can particu-
larly correspond to a plastic or cardboard card.

[0038] The conductive elements 14 are usually metal-
lic. Preferably, copperis used. Itis possible tofix separate
single elements to the carrier or to make use of a metal
printing process to deploy metal paths on the carrier 12.
Also, other approaches can be used.

[0039] Preferably, the apparatus of the present inven-
tion can be used for laptops (representing wireless de-
vices) communicating according to the WLAN standard
(IEEE 802.11). However, it is also possible to construct
an apparatus 10 of the present invention for being used
for LTE communication or also for other standards mak-
ing use of different frequencies. It is to be understood
that the apparatus of the present invention can also be
used with other devices such as tablets or mobile phones
etc. having an internal antenna.

[0040] These devices usually have an internal dipole
antenna. The apparatus 10 can particularly be used in
conjunction with a dipole antenna. However, it is also
possible that other antennas are accommodated.
[0041] InFigure 2, alaptop representing a wireless de-
vice 18 is schematically illustrated. Attached to the wire-
less device 18 is an apparatus 10. For coupling or at-
taching the apparatus 10 to the wireless device 18, usu-
ally a coupling method that allows fast and easy coupling
and decoupling, i.e. a reversible approach, is issued.
[0042] In the illustrated example, the apparatus 10 is
attached to an upper and outer area of the display of the
laptop. In this area, usually the internal antenna of the
laptop is integrated into the housing of the laptop. Often-
times, a laptop has two different antennas on both sides
of the display 20. In order to obtain the desired improve-
ment of the communication range, it may be required to
move the apparatus 10 from one position at the display
20 to another and to manually identify the optimal position
of the apparatus 10 since the position of the internal an-
tenna 16 differs from one wireless device to another one.
[0043] Figure 3 schematically illustrates an example
for the lengths | of the different conductive elements as
well as the distances d between the different conductive
elements 14. The lengths | and the distances d are cho-
sen depending on the radio frequency of the wireless
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device. Usually, the individual lengths | of the conductive
elements 14 are slightly different from one another. The
same holds for the distances d. The indicated figures are
suitable for a 2.4 GHz device.

[0044] Usually, the lengths | are on the order of A/4
with A representing the wavelength of the respective fre-
quency via which the wireless device communicates. For
instance, a frequency of 2.4 GHz results in a A/4 of about
3 cm. As illustrated, the distances d are on the order of
3 cm. Suitable distances d and lengths could be deter-
mined by means of a simulation. Different distances and
lengths result in different characteristics with respect to
the obtained gain.

[0045] Figure 4 shows a perspective illustration of the
apparatus 10 of the present invention. In order to attach
or couple the apparatus 10 to the wireless device, the
carrier usually has a coupling portion 22 which is suitable
for fixing the apparatus in a specific position at the wire-
less device.

[0046] In the illustrated embodiment, the coupling por-
tion 22 is a portion of the carrier 12 having an adhesive
layer for sticking to a laptop display. Since the apparatus
10 can be designed lightweight, it is possible to make
use of a layer of adhesive material to stick the apparatus
10 to the wireless device 18 whenever the user requires
arange extension. This adhesive layer allows positioning
and repositioning the apparatus 10 in order to find the
optimal position with respect to the internal antenna of
the laptop.

[0047] In Figure 5, another embodiment of an appara-
tus 10’ is illustrated. The apparatus 10’ has a first plurality
of conductive elements 14. In addition, another plurality
of conductive elements 24 is arranged on the carrier.
Thereby, itis possible that the two pluralities are arranged
on the two sides of the carrier 12 as illustrated in the
example of Figure 5 by the dashed lines indicating that
the respective conductive elements 24 are on the lower
side of the flat carrier 12.

[0048] In the illustrated example the first plurality of
conductive elements 14 consists of longer conductive
elements with bigger distances in between one another
in comparison to the second plurality of conductive ele-
ments 24. In terms of frequency, the frequency accom-
modated by the first plurality of conductive elements 14
is thus smaller (i.e. has a larger wavelength) than the
frequency of the second plurality of conductive elements
24. By arranging the two different sets of conductive el-
ements 14, 24 on the same carrier, it thereby becomes
possible thatthe same apparatus 10’ accommodates two
different frequency ranges. Since the wavelengths are
different from one another, no disturbances occur.
[0049] Thereby, itis, e.g., possible to design an appa-
ratus that is suitable for a 2.4 GHz WLAN and a 5.2 GHz
WLAN at the same time. Since usually the same antenna
is used for both frequency ranges, it becomes possible
to use a single apparatus for increasing the communica-
tion range in two different WLAN standards.

[0050] Itis also possible that further pluralities of con-
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ductive elements are placed on the same carrier to ac-
commodate further frequency ranges.

[0051] In Figure 6, yet another embodiment of an ap-
paratus 10" is schematically illustrated. The apparatus
10" has a pivot element 26 for pivoting the apparatus
10" with respect to the wireless device when being at-
tached to the wireless device. By making use of such a
pivoting function, it is possible to direct the apparatus 10"
in the direction of another wireless device or an access
point with which it is desired to communicate. The appa-
ratus 10" can be directed in a specific direction without
moving the wireless device by simply reorienting the ap-
paratus 10" at the pivot element 26.

[0052] In the illustrated example, the pivot element 26
is implemented in the form of a movable bar being at-
tached to an outer portion of the carrier 12. By moving
the bar along a length axis of the carrier 12 it is possible
to adjust the angle between the apparatus 10" and the
wireless device. However, it is to be understood that also
other implementations of the pivot element can be used.
For instance, a flexible area in the carrier 12 or a hinge
may be used.

[0053] The foregoing discussion discloses and de-
scribes merely exemplary embodiments of the present
disclosure. As will be understood by those skilled in the
art, the present disclosure may be embodied in other
specific forms without departing from the spirit or essen-
tial characteristics thereof. Accordingly, the above de-
scription is intended to be illustrative, but not limiting the
scope of the disclosure, as well as other claims. The dis-
closure, including any readily discernible variants of the
teachings herein, defines, in part, the scope of the fore-
going claim terminology such that no inventive subject-
matter is dedicated to the public.

[0054] In the claims, the words "comprising" and "in-
cluding" do not exclude other elements or steps, and the
indefinite article "a" or "an" does not exclude a plurality.
A single element or other unit may fulfill the functions of
several items recited in the claims. The mere fact that
certain measures are recited in mutually different de-
pendent claims does not indicate that a combination of
these measures cannot be used to advantage.

Claims

1. Apparatus (10, 10’, 10") for increasing a communi-
cation range of a wireless device (18) having an in-
ternal antenna (16), comprising:

a non-conductive, flat carrier (12) for coupling
to the wireless device in an area of the internal
antenna; and

a plurality of conductive elements (14) arranged
on the carrier in parallel to one another and to
the carrier, and spaced apart from one another,
wherein

the lengths (l) of the conductive elements and
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the distances (d) between the conductive ele-
ments are chosen based on a radio frequency
of the wireless device so that the conductive el-
ements work together as at least one reflector
element (14b) and at least one director element
(14a) of a Yagi antenna; and

the carrier is configured to be coupled to the
wireless device in a position at which the internal
antenna is parallel and centered with the con-
ductive elements for driving the conductive ele-
ments.

Apparatus (10, 10’, 10") according to claim 1, where-
in the lengths (1) of the conductive elements (14) and
the distances (d) between the conductive elements
are chosen so that the conductive elements work
together as atleastonereflector element and atleast
one director element of a Yagi antenna being adapt-
ed for a radio frequency of 2.4 GHz, 5.2 GHz or 5.6
GHz.

Apparatus (10, 10°, 10") according to any one of the
preceding claims, wherein the carrier (12) includes
a plastic and/or a cardboard material and preferably
has a rectangular shape.

Apparatus (10, 10°, 10") according to any one of the
preceding claims wherein the conductive elements
(14) are

printed on the carrier (12) in a metal printing process;
and/or.

attached to the carrier with a hydrophobic glue.

Apparatus (10, 10’, 10") according to any one of the
preceding claims, wherein the carrier (12) includes
a coupling portion (22) for coupling the carrier to an
upper outer area of a laptop display, preferably by
clamping, sticking or pinning.

Apparatus (10, 10’, 10") according to any one of the
preceding claims, wherein the carrier (12) includes
a pivot element (26) for varying the orientation of the
Yagi antenna formed by the conductive elements
(14) with respect to the wireless device (18).

Apparatus (10, 10°, 10") according to any one of the
preceding claims, wherein die conductive elements
(14)

predominantly have lengths (1) that are different from
one another, preferably between 48 mm and 60 mm;
and/or

are arranged on the carrier (12) centered with re-
spect to one another.

Apparatus (10, 10°, 10") according to any one of the
preceding claims, comprising a plurality of conduc-
tive elements (14) having six conductive elements,
wherein

10

15

20

25

30

35

40

45

50

55

10.

1.

12.

13.

14.

15.

one conductive element functions as a reflector el-
ement (14b) and five conductive elements function
as director elements (14a), and/or

the distances (d) of the conductive elements from
one another are 34 mm, 31 mm, 26 mm, 22 mm und
34 mm.

Apparatus (10, 10’, 10") according to any one of the
preceding claims, comprising a second plurality of
conductive elements (24) arranged on the carrier
(12) in parallel to one another and spaced apart from
one another, wherein

the lengths of the conductive elements of the second
plurality of conductive elements and the distances
between the conductive elements of the second plu-
rality of conductive elements are chosen based on
an alternative radio frequency of the wireless device
(18) so that the conductive elements of the second
plurality of conductive elements work together as at
least one second reflector element and at least one
second director element of a second Yagi antenna.

Apparatus (10, 10’, 10") according to claim 9, where-
in the conductive elements of the second plurality of
conductive elements (24) are arranged on the carrier
(12) centered with respect to one another.

Apparatus (10, 10°, 10") according to any one of
claims 9 or 10, wherein the plurality of conductive
elements (14) is arranged on afirst side of the carrier
(12) and the second plurality of conductive elements
(24) is arranged on a second side of the carrier.

Apparatus (10, 10’, 10") according to any one of the
preceding claims, wherein the conductive elements
of the first plurality of conductive elements (14)
and/or the conductive elements of the second plu-
rality of conductive elements (24) are straight.

Method for increasing a communication range of a
wireless device (18) having an internal antenna (16),
comprising the steps:

coupling an apparatus (10, 10’, 10") according
toany one of the preceding claims to the wireless
device in the area of the internal antenna; and
aligning the apparatus in the direction of a wire-
less network access point for increasing the
communication range of the wireless device.

Wireless device (18), in particular laptop, having an
internal antenna (16) and including an apparatus ac-
cording to any one of claims 1 to 12 being attached
to the wireless device in the area of the internal an-
tenna.

Wireless device (18) as claimed in claim 14 having
an internal dipole antenna for communicating ac-
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cording to the IEEE 802.11 standard.
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