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(57) ABSTRACT

The present mvention discloses a wireless device, which
includes a substrate and an antenna. The antenna 1ncludes a
printed antenna element and a 3-dimensional antenna ele-
ment. The printed antenna element 1s printed on the sub-
strate, while the 3-dimensional antenna element 1s disposed
on the substrate and coupled to the printed antenna element.
The printed antenna element and the 3-dimensional antenna
clement jointly have a physical length of a desired fre-
quency.
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1
WIRELESS DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a Continuation-In-Part application of
U.S. application Ser. No. 15/202,587, which 1s a divisional

application of U.S. application Ser. No. 12/959,373 filed on
Dec. 3, 2010, which claims the benefit of U.S. Provisional
Application No. 61/290,177, filed on Dec. 25, 2009 and
entitled “WIRELESS DEVICE”, the contents of which are
incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a wireless device, and
more particularly, to a removable wireless device with a
compact antenna design and improved thermal dissipation
characteristic.

2. Description of the Prior Art

A removable wireless device, such as USB (Universal
Serial Bus) device, 1s useful to expand or upgrade portable
equipment with functionality that the portable equipment
does not have. For example, a Wi-F1 USB dongle can help
a notebook access to wireless local area network (WLAN);
while a BT (Bluetooth) USB dongle can help the notebook
connect with other peripheral devices. In another example,
if the notebook 1s originally equipped with a legacy WLAN
device, such as those compatible with IEEE802.11a/b/g,
using an IEEE 802.11n USB dongle can easily upgrade the
wireless connection capability of the notebook.

However, the removable wireless device often extrudes
from the portable equipment and interferes with the user
when using the portable equipment. A common method to
reduce the size of the removable wireless device 1s to change
the design of the antenna. FIG. 1 to FIG. 3 illustrates
different type of antennas used ina WLAN USB dongle. The
antenna 102 1 FIG. 1 1s a printed antenna laid on the
substrate 103 and coupled to the ground plane 101. The
printed antenna 102 has to be thin and meandered so as to
achieve a required physical length such as quarter wave-
length of a desired frequency band, for example. However,
this high density layout may cause large impedance and
make time-variable currents thereon be eliminated with each
other. Besides, the large area that the printed antenna occu-
pies 1s another concern.

The antenna 202 in FIG. 2 1s a metal folded 3-dimensional
antenna set up on the substrate 203. The disadvantage of the
antenna 202 1s that precision of manufacturing such kind of
antenna 1s low. Using this kind of antenna also increases the
size of the wireless device since the antenna has to be
expanded 1n the three dimensional space to reach the desired
physical length.

FIG. 3 illustrates a conventional chip antenna 302. The
chip antenna 302 1s disposed on the substrate 303, and
coupled to the ground plane 301. The chip antenna 302
reduces the size of the antenna, but increases the cost of the
antenna and has low antenna efliciency and low peak gain 1n
a small ground plane.

Theretore, 1t 1s still difticult for those skilled 1n the art to
have an antenna design with high efliciency, compact size
and low cost 1n a removable wireless device.

In addition, when the size of the wireless device 1s
reduced, there’s less area to dissipate heat. Moreover, a
dense arrangement of the chips and components also
increase the amount of heat generated inside the wireless
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device. Therefore, there’s also a need to provide a compact
wireless device with an improved thermal dissipation char-
acteristic.

SUMMARY OF THE INVENTION

It 1s therefore an objective of the claimed invention to
provide a compact wireless device with improved thermal
dissipation characteristic.

The present invention discloses a wireless device, which
includes a substrate, a first chip, a second chip and a housing.
The substrate comprises a first side and a second side
opposite to the first side. The first chip 1s disposed on the first
side of the substrate. The second chip 1s disposed on the
second side of the substrate. The housing encapsulates the
substrate, the first chip and the second chip, and 1s thermally
coupled to the first chip, and 1s utilized for dissipating heat
of the first chip, wherein the first chip 1s in direct contact
with the housing and the housing 1s made by a metal, and
wherein the housing further has an opening, and the opening
facilitates to dissipate heat of the first chip and heat of the
second chip to the outside of the wireless device by heat
convection.

The present invention further discloses a wireless device,
which includes a substrate, a first chip, and a housing. The
substrate comprises a first side and a second side opposite to
the first side. The first chip 1s disposed on the first side of the
substrate. The housing accommodates the substrate and the
first chip, and 1s thermally coupled to the first chip, for
dissipating heat of the first chip, wherein portions of the
housing are on the first side and the second side of the
substrate, and wherein the first chip 1s in direct contact with
the housing and the housing 1s made by a metal, and wherein

the housing further has an opening, and the opening facili-
tates to dissipate heat of the first chip to the outside of the

wireless device by heat convection.

These and other objectives of the present invention will
no doubt become obvious to those of ordinary skill 1n the art
after reading the following detailed description of the pre-
ferred embodiment that 1s 1llustrated 1n the various figures
and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1illustrates a conventional antenna design in a
removable wireless device.

FIG. 2 illustrates another conventional antenna design in
a removable wireless device.

FIG. 3 1llustrates yet another conventional antenna design
in a removable wireless device.

FIG. 4 illustrates a top view of an antenna according to an
embodiment of the present invention.

FIG. 5 illustrates a front view of an antenna according to
an embodiment of the present invention.

FIG. 6 1llustrates a whole antenna structure 1n a removable

wireless device according to an embodiment of the present
invention.

FIG. 7 illustrates a wireless device according to another
embodiment of the present invention.

FIG. 8 illustrates a wireless device according to yet
another embodiment of the present invention.

FIG. 9 illustrates a cross-section view of the wireless
device in FIG. 8.
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DETAILED DESCRIPTION

Antenna Design:

Please refer to FIG. 4 to FIG. 6, which illustrates a
wireless device 400 according to an embodiment of the
present ivention. The wireless device 400 includes a sub-
strate 403, a printed antenna element 402 shown 1n FIG. 4,
and a 3-dimensional antenna element 405 shown 1n FIG. 5.
The printed antenna element 402 1s printed on the substrate
403, while the 3-dimensional antenna element 405 1s set up
on the substrate 403 with an end coupled to the printed
antenna element 402. The printed antenna element 402 and
the 3-dimensional antenna element 405 constitute an
antenna of the wireless device 400, and jointly have a
physical length of a desired frequency band such as 2.4 GHZ
of IEEE 802.11n, for example.

In addition, the antenna of the wireless device 400 further
includes a ground plane 401, a short port 406 and a feed-in
port 404. The ground plane 401 1s formed 1n a layer of the
substrate 403. The feed-1n port 404 and the short port 406 are
also printed on the substrate 403. The short port 406 couples
the printed antenna element 402 with the ground plane 401.
The feed-1n port 404 and the short port 406 are both located
on one side of the substrate 403. Thus, the printed antenna
clement 402 can extend from one side of the substrate 403
to the other side of the substrate 403. Take FIG. 4 for
example, the printed antenna element 402 extends from the
lett side of the substrate 403 to the right side of the substrate
403. However, the printed antenna element 402 can extend
to any direction and 1s not limited to the embodiment shown
in FIG. 4. Since the printed antenna element 402 1s a straight
trace, there’s no reverse time-variable current in this surface
to reduce the radiated magnetic field. But the size of the
printed antenna element 402 1s limited to the size of the
substrate 403 and can not reach the physical length of
optimum radiation 1n 2.4 GHz.

Therefore, the 3-dimensional antenna 405 shown 1n FIG.
5 1s coupled to the printed antenna 402 to increase the
physical length. By using the substrate surface and the
3-dimensional space 1nside the housing (not shown) of the
wireless device 400, the printed antenna element 402 and the
3-dimensional antenna element 405 can jointly reach the
optimum length of the desired frequency band. If the length
1s not enough, a meander design as shown in FIG. § can be
used to reach the desired length. Besides, since the 3-di-
mensional antenna 405 1s substantially perpendicular to the
printed antenna 402, the vertical current 1n the antenna 405
would not eliminate the horizontal current in the printed
antenna 402. Therefore, a better radiation efliciency and gain
can be achieved. The whole antenna structure of the wireless
device 400 can be seen 1n FIG. 6.

It 1s worth noting that this antenna design can be 1mple-
mented 1n any compact wireless device, such a Wi-F1 USB
dongle or a Bluetooth (BT) USB dongle, for example, and
that modifications made by those skilled in the art according
to practical requirements still belong to the scope of the
present invention, as long as the trace and the sheet metals
are used to make up the antenna of the wireless device.
Heat Dissipation:

Regarding the heat dissipation 1ssue, the present invention
provides a wireless device 600 with a structure shown in
FIG. 7 to solve the problem. As shown 1n FIG. 7, the wireless
device 600 includes a substrate 602, a housing 604 and chips
601 and 603. The chips 601 and 603, configured on each side
of the substrate 602, are for i1llustration only. The number of
chips on the substrate 602 can be any number, and 1s not
limited to these. The housing 604 1s utilized for encapsu-
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lating the substrate 602 and the chips 601, 603. Since the
chips 601 and 603 are main heating elements of the wireless
device 600, such as a low dropout liner regulator (LDO) or
the main baseband/MAC IC, and the housing 604 1s usually
manufactured by a conductive material, such as metal, the
housing 604 1s configured to thermally couple to the chips
601 and 603, so that the housing 604 can help dissipating
heat generated by the chips 601 and 603 by heat conduction.

Besides, since the chips 601 and 603 are located at
different sides of the substrate 602, the heat generated by
these two chips can be dissipated from the top and bottom
of the housing 604. Moreover, as shown in FIG. 7, the
housing 604 can further include an opening 606 when
configured to thermally couple to the chip 601, such that the
opening 606 can also help dissipating the heat from the
inside of the housing 604 to the outside by heat convection.
Please note that, in another embodiment of the present
invention, the housing does not have to be in direct contact
with the chips, any thermal conductor can be placed between
the chips and the housing for heat dissipation.

Therefore, by the chip arrangement and the housing
design, the housing can help dissipate the heat generated by
the main heating elements by the heat conduction and the
heat convection, such that the operating temperature of the
wireless device can be reduced.

Please refer to FIG. 8, which 1llustrates a wireless device
700 according to another embodiment of the present inven-
tion. As shown 1n FIG. 8, the wireless device 700 includes
a substrate 708, a chip 701 and connection pins 702, 703,
704 and 705. The chip 701 1s a main heating element of the
wireless device 700, such as a low dropout liner regulator
(LDO) or the main baseband/MAC IC, and 1s configured on
the top side of the substrate 708. The connection pins 702,
703, 704 and 705 are laid on the top side of the substrate 708,
and are used to connect the wireless device 700 to portable
equipment (not shown). The connection pins 702, 703, 704
and 705 can be arranged according to the USB standard, but
are not limited thereto. Since the chip 701 has a pin 706 for
receiving power while the connection pin 705 1s used to
provide voltage to drive the chip 701, the connection pin 705
1s coupled to the pin 706 of the chip 701 on the same layer
of the substrate 708.

Therefore, the heat generated by the chip 701 can be
dissipated from the pin 706 to the pin 705 and then to the
portable equipment when the wireless device 1s plugged 1nto
the portable equipment. Moreover, to make the heat con-
duction more efliciently, a wide power trace layout 707 can
be used to connect the pin 705 and pin 706, so as to form a
more eflicient heat dissipation path.

By the heat dissipation method mentioned above, the

present mnvention provides a compact wireless device,
such as a Wi-F1 USB dongle, a BT USB dongle or a

High Defimition Multimedia Interface (HDMI) dongle,
with improved thermal dissipation characteristic.

For example, high definition multimedia interface
(HDMI) may be an all-digital video and audio trans-
mission interface that can transmit uncompressed audio
and video signals. HDMI can be used 1n set-top boxes,
DVD players, personal computers, video games, inte-
grated amplifiers, digital audio, or televisions. HDMI
can transmit audio and video signals at the same time
so that the installation of system lines can be reduced.
The above 1s just an exemplary HDMI, and 1s not
intended to limit the mvention.

In addition, the present invention provides another

method to dissipate the heat generated by the chips by
arranging all the trace on the surface of the substrate. Please
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refer to FIG. 9, which shows a cross-section view of the
wireless device 700. As shown 1n FIG. 9, the wireless device
700 further includes a chip 703, configured on the bottom
side of the substrate 708. Since all traces and chips are
arranged on both sides of the substrate 708, the substrate 708
can then have complete conductive layer acting as a ground
plane of the wireless device inside the substrate 708, such as
a second layer .2 and a third layer L3 of the substrate 708
shown 1 FIG. 9. Since the traces or the chips on the
substrate 708 are coupled to the ground planes L2 and L3
though via holes, the heat generated by the chips can be
conducted to the wide ground planes, so as to improve the
heat dissipation.

Therefore, by appropriately designing the layout, the heat
generated by the chips can be dissipated by the wide power
trace layout and the complete conductive layers inside the
substrate, such that the operating temperature of the compact
s1ze wireless device can be reduced.

Please note that the above-described embodiments of the
present invention are imntended to be illustrative only. Numer-
ous alternative embodiments may be devised by persons
skilled 1n the art without departing from the spirits and scope
of the present invention. For example, 1n another embodi-
ment of the present invention, combinations of the above
heat dissipation methods can be made to achieve an opti-
mum thermal dissipation characteristic of a compact wire-
less device.

In summary, by the antenna design and the heat dissipa-
tion methods mentioned above, the present invention pro-
vides the compact wireless device, such as a Wi-F1 USB
dongle, a BT USB dongle or a HDMI dongle, with high
antenna efliciency and improved thermal dissipation char-
acteristic.

Those skilled 1n the art will readily observe that numerous
modifications and alterations of the device and method may
be made while retaining the teachings of the invention.
Accordingly, the above disclosure should be construed as
limited only by the metes and bounds of the appended
claims.

What 1s claimed 1s:

1. A wireless device, comprising:

a substrate, comprising a first side and a second side

opposite to the first side;

a first chip, disposed on the first side of the substrate;
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a second chip, disposed on the second side of the sub-
strate; and

a housing, encapsulating the substrate, the first chip and
the second chip, thermally coupled to the first chip, for
dissipating heat of the first chip;

wherein the first chip 1s 1n direct contact with the housing
and the housing 1s made by a metal, and wherein the
housing further has an opening, and the opening facili-
tates to dissipate heat of the first chip and heat of the
second chip to the outside of the wireless device by heat
convection.

2. The wireless device of claim 1, wherein the first chip
1s a heating element of the wireless device.

3. The wireless device of claim 1, wherein the second chip
1s a heating element of the wireless device.

4. The wireless device of claim 1, wherein the wireless
device 1s a HDMI dongle.

5. The wireless device of claim 1, wherein the second chip
1s 1n direct contact with the housing.

6. A wireless device, comprising:

a substrate, comprising a first side and a second side
opposite to the first side;

a first chip, disposed on the first side of the substrate; and

a housing, accommodating the substrate and the first chip,
and thermally coupled to the first chip, for dissipating
heat of the first chip, wherein portions of the housing
are on the first side and the second side of the substrate;

wherein the first chip 1s 1n direct contact with the housing
and the housing 1s made by a metal, and wherein the
housing further has an opening, and the opening facili-
tates to dissipate heat of the first chip to the outside of
the wireless device by heat convection.

7. The wireless device of claim 6, further comprising:

a second chip, disposed on the second side of the sub-
strate, having a surface thermally coupled to the hous-
ng.

8. The wireless device of claim 6, wherein the second chip

1s 1n direct contact with the housing.

9. The wireless device of claim 6, wherein the wireless
device 1s a HDMI dongle.
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