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(57) ABSTRACT

The present invention provides a substrate-embedded
antenna and an antenna array constituted by said antennas. An
antenna of the present invention comprises a plurality of
substrates, a metal fill and a feed line. Each of the substrates
has at least one through-hole. The metal fill is placed within
each through-hole, and each metal fill placed therein connects
one another to form a columnar metal conductor which acts as
a radiating body of the antenna. The feed line is electrically
coupled to the metal conductor to input and output electrical
signals. A plurality of said antennas may constitute an
antenna array.

12 Claims, 10 Drawing Sheets

Direction
of
Radiation




U.S. Patent Oct. 13, 2015 Sheet 1 of 10 US 9,160,065 B2




U.S. Patent Oct. 13, 2015 Sheet 2 of 10 US 9,160,065 B2

25

///12

iy

LLL,

W

N

//fll

Fig. 2

Direction
of
Radiation



U.S. Patent Oct. 13, 2015 Sheet 3 of 10 US 9,160,065 B2

L
Fig. 3

12~



U.S. Patent Oct. 13, 2015 Sheet 4 of 10 US 9,160,065 B2

Fig. 4




U.S. Patent Oct. 13, 2015 Sheet 5 of 10 US 9,160,065 B2

ey

i

Fig. b

Frequency(GHz)

£
&%
s

2 P
%

(gp) S|



U.S. Patent Oct. 13, 2015 Sheet 6 of 10 US 9,160,065 B2

iz Y -plane Cross—po
——YZ-plane Co-po (a)

210

——XY-plane Co-po
210 —o—XY-plane Crosspo <b>

Fig. 6



US 9,160,065 B2

Sheet 7 of 10

Oct. 13, 2015

U.S. Patent

B, 81




U.S. Patent Oct. 13, 2015 Sheet 8 of 10 US 9,160,065 B2

;\ i
~ N
8 T
SRR
N &‘35—4
o 5\
T =
N —
—) fa!
h—
o
[
T
|
el

n\\
27
26\,4

27~



U.S. Patent Oct. 13, 2015 Sheet 9 of 10 US 9,160,065 B2

23\ s
26— | 9
11 27| 21
\ 26— LM/ZG
26— | tw/%
96— 26
26\{ 96
26\L %
27~ —

Fig. 8



U.S. Patent Oct. 13, 2015 Sheet 10 of 10 US 9,160,065 B2

\\ -11
\
\ /

26

23

23




US 9,160,065 B2

1
SUBSTRATE EMBEDDED ANTENNA AND
ANTENNA ARRAY CONSTITUTED THEREBY

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an antenna, and more par-
ticularly, to a substrate-embedded antenna.

2. Description of the Prior Art

Using Internet to exchange information and communicate
is very common in modern days, and recently, using radio
communication systems to exchange different types of data,
such as voice or text messages, media files, etc., has become
one of the most popular ways of communication. As antennas
receive and transmit radio waves, the need for smaller anten-
nas providing high-speed communications is increasing
when mobile devices become even more popular. Smaller
antennas can be integrated into handheld systems or portable
communications devices more favorably.

A conventional antenna used within a portable communi-
cations device is generally a patch antenna or dipole antenna
printed on the surface of a multi-layer substrate. A patch
antenna can provide broadside radiation which is perpendicu-
lar to the orientation of the substrate’s surface. A dipole
antenna can provide end-fire radiation which is either perpen-
dicular or parallel to the substrate’s surface. However, these
two types of antenna both occupy much surface area of a
substrate, and may thus have less surface area for a chip or
other components to use.

SUMMARY OF THE INVENTION

In view of the above, the present invention aims to propose
an antenna that improves the drawbacks of a conventional
antenna. A substrate-embedded antenna is proposed that can
increase the surface area of a substrate for chips or other
components, provides end-fire radiation, and can be applied
to short-range millimeter-wave communications in the field
of high-speed wireless data communications.

According to the concept of the present invention, an
antenna is provided which comprises: a plurality of sub-
strates, each of the substrates having at least one through-
hole; a metal fill placed within each of the plurality of
through-holes, the metal fill within each through-hole con-
necting one another to form a columnar metal conductor
which acts as a radiating body of the antenna, wherein the
columnar metal conductor forms a U-shaped folded mono-
pole antenna, or two columnar metal conductors form a
reverse V-shaped antenna, or the columnar metal conductor
forms an annular antenna, or the columnar metal conductor
forms a dipole antenna; and a feed line electrically coupled to
the radiating body to input and output electrical signals.

Based on the above concept, the antenna further comprises
a metal reflector placed at a direction opposite to a desired
radiation direction of the radiating body to concentrate its
radiation in a desired direction.

Based on the above concept, the antenna further comprises
a ground plane within the plurality of substrates, each ground
plane having a ground contact.

Based on the above concept, the plurality of substrates are
made of or constituted by one of the following: fiberglass
substrates, plastic, ceramic, low temperature co-fired ceram-
ics (LTCC) and printed circuit boards (PCB).

Based on the above concept, the metal fill can be selected
from silver or copper.

Based on the above concept, the ground plane of the
antenna is perpendicular to the radiating body.
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Based on the above concept, the ground plane of the mono-
pole antenna is parallel to the radiating body.

Based on the above concept, the length of the longer side of
the monopole antenna is approximately ¥4 wavelength of the
antenna’s minimum operating frequency.

Based on the above concept, electromagnetic radiation of
the monopole antenna has a frequency of 60 GHz.

According to another concept of the present invention,
there is provided an antenna array which is constituted by a
plurality of the foregoing antennas arranged side by side.
Preferably, the antenna array comprises a metal reflector
placed at a direction opposite to a desired radiation direction
of' the radiating body to concentrate its radiation in a desired
direction. Preferably, the metal reflector contains at least one
isolation spacing to avoid interference among the plurality of
radiating bodies.

The present invention provides an antenna embedded
within substrates, and therefore, the surface area in need is
substantially reduced. Moreover, an antenna of the present
invention can provide end-fire radiation, and can form an
antenna array easily. Because of the above features, an
antenna of the present invention is suitable for use with por-
table systems and suitable for short-range millimeter-wave
communications in the field of high-speed wireless data com-
munications.

These and other features, aspects, and advantages of the
invention will be described in more detail below hereinafter
with reference to the accompanying drawings, in which pre-
ferred embodiments of the invention are shown. It is to be
understood that all kinds of alterations and changes can be
made by those skilled in the art without deviating from the
spirit and the scope of the invention. This description is not to
be taken in a limiting sense, but is made merely for the
purpose of illustrating the general principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is the exploded view of the stacked substrates;

FIG. 2 shows a side cross section view of a monopole
antenna according to a first embodiment of the present inven-
tion;

FIG. 3 shows a 3-D perspective view of the monopole
antenna according to the first embodiment of the present
invention;

FIG. 4 is a schematic view showing an antenna array con-
stitution of the monopole antennas according to the first
embodiment of the present invention;

FIG. 5 shows a diagram illustrating return losses for the
monopole antenna according to the first embodiment of the
present invention;

FIG. 6a is the radiation pattern on the YZ plane of the
monopole antenna according to the first embodiment of the
present invention;

FIG. 6b is the radiation pattern on the XY plane of the
monopole antenna according to the first embodiment of the
present invention;

FIG. 7a is a schematic view showing a reverse V-shaped
antenna according to a second embodiment of the present
invention;

FIG. 7b is a schematic view showing another reverse
V-shaped antenna according to the second embodiment of the
present invention;

FIG. 8 is a schematic view showing an annular antenna
according to a third embodiment of the present invention;

FIG. 9a is a schematic view showing a dipole antenna
according to a fourth embodiment of the present invention;
and
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FIG. 96 is a schematic view showing another dipole
antenna according to the fourth embodiment of the present
invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The present invention now will be described more fully
hereinafter with reference to the accompanying drawings, in
which preferred embodiments of the invention are shown.

First Embodiment

FIG. 1 is a schematic view showing the stacked substrates
according to a first embodiment of the present invention. As
FIG. 1 shows, each of'the plurality of substrates 21 has one or
more through-holes 21, while the plurality of through-holes
21 interconnect with one another vertically. A metal fill 22 is
filled in each through-hole 21, and then the plurality of sub-
strates 21 are stacked together so that the metal fills 22 form
a columnar metal conductor (as shown in FIG. 2), which acts
as aradiating body of the antenna. The through-holes 21 may
have equal or unequal diameters at each layer. A typical
material for the metal fill 22 is silver or copper. The plurality
of substrates 2 can be made of or constituted by one of the
following but not limited to: fiberglass substrates, plastic,
ceramic, low temperature co-fired ceramics (LTCC) and
printed circuit boards (PCB). When the substrate 2 is a printed
circuit board, the through-hole 21 preferably has the metal fill
22 on its inner wall and air in the center.

FIG. 2 shows a side cross section view of the first embodi-
ment. As FIG. 2 shows, the radiating body 11 in this embodi-
ment has a folded reverse U-shape and forms a monopole
antenna embedded in substrates. To assure a proper imped-
ance matching to about 50 ohms, the length of'the longer side
of the radiating body is approximately 3% wavelength of the
antenna’s minimum operating frequency but is not limited
thereto. Preferably, a metal reflector 12 is placed at a direction
opposite to a desired radiation direction of the radiating body
to concentrate its radiation in a desired direction. The antenna
of the present invention comprises a feed line 23 electrically
coupled to the radiating body 11 for inputting and outputting
electrical signals. In this embodiment, one end of the feed line
23 is connected to a CMOS amplifier 3. The antenna further
comprises a ground plane 25 within the plurality of substrates
2, and the ground plane has a ground contact.

FIG. 3 shows a 3-D perspective view of the antenna accord-
ing to the first embodiment of the present invention. As shown
in FIG. 3, the radiating body 11 is embedded in the substrates
2. To obtain a desired radiation direction of the antenna, a
metal reflector 12 is preferably placed at an opposite direction
of the antenna’s desired radiation direction so as to concen-
trate its radiation in a desired direction. Also, a ground plane
25 is provided within the substrates 2.

FIG. 4 is a schematic view showing an antenna array con-
stituted by the monopole antennas of the first embodiment.
When the antennas of the present invention are arranged side
by side, they can form an antenna array with enhanced radia-
tion and beam steering capabilities. To reduce interference
caused by the mutual coupling between monopole antennas 1,
as shown in FIG. 4, an isolation spacing 121 is preferably (but
is not limited hereto) provided between the metal reflectors
12. One end of each feed line 23 is connected to a CMOS
amplifier 3 for inputting and outputting electrical signals to
each monopole antenna 1. The antenna array is embedded in
the substrates 2. In this embodiment, the antenna array is
constituted by monopole antennas but is not limited hereto;

w

10

15

20

25

30

35

40

45

50

55

60

4

the antenna array of the present invention may be constituted
by any other antennas embedded in substrates.

FIG. 5 shows a diagram illustrating return losses for the
antenna according to the first embodiment of the present
invention. Curve A is the return loss curve for the monopole
antenna of the present invention, where the antenna is com-
posed of stacked vias. Curve B is the return loss curve for a
conventional columnar monopole antenna realized by a
single metal conductor cylinder of the same length. It is seen
from this figure that for wireless communications operating
in the 60 GHz millimeter-wave band, the monopole antenna
of'the present invention can have a satisfying operating band-
width for application needs. Moreover, the present invention
shows similar return loss characteristics as compared with a
conventional columnar monopole antenna which is realized
by a single metal cylinder.

FIGS. 6a and 65 show the radiation pattern of the antenna
according to the first embodiment. It is seen from FIG. 64 that
the antenna structure of this invention has a wide beam width
in the co-polarization direction of the horizontal plane, and is
therefore suitable for acting as a radiating unit of an antenna
array. It is seen from FIG. 65 that the antenna has a wide beam
width in the vertical direction (the XY-plane) and radiates in
both upward and downward directions. Therefore, the
antenna of the present invention can provide good end-fire
radiation.

Second Embodiment

FIG. 7a is a schematic view showing a reverse V-shaped
antenna according to a second embodiment of the present
invention. As FIG. 7a shows, metal fills are filled into the
through-holes to form metal vias 26. The location of metal via
26 and metal sheet 27 are offset at each layer to form a
slanting columnar conductor in a reverse V-shape. This
reverse V-shaped columnar conductor acts as a radiating body
11 of the antenna. The reverse V-shaped antenna comprises
two feed lines 23. FIG. 7b shows that within the reverse
V-shaped antenna, the embedded through-holes and the metal
sheets 27 may have un-equal sizes. For example, the sizes of
the embedded through-holes and the metal sheets 27 may
increase along the downward direction.

Third Embodiment

FIG. 8 is a schematic view showing an annular antenna
according to a third embodiment of the present invention. As
FIG. 8 shows, metal vias 26 and metal sheets 27 form an
annular shape conductor, which acts as a radiating body 11 of
the antenna. The annular antenna comprises two feed lines 23.
Moreover, within the substrates of the annular antenna, the
embedded through-holes and the metal sheets 27 may have
un-equal sizes.

Fourth Embodiment

FIG. 9a is a schematic view showing a dipole antenna
according to a fourth embodiment of the present invention. As
FIG. 94 shows, the through-holes and metal sheets 27 stacked
to form two columnar metal conductors which are arranged
symmetrically; the columnar metal conductors, together with
two feed lines 23, form a dipole antenna. FIG. 95 shows that
within the substrates of the dipole antenna, the embedded
through-holes and the metal sheets 27 may have un-equal
sizes. For example, the sizes of the metal sheets 27 may
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increase in both upward and downward directions, so that
radiating body 11 appears bigger in both upward and down-
ward directions.

The monopole antenna in the embodiments of the present
invention is used for receiving and transmitting electromag-
netic signals. It can be applied to smart phones or high-speed
wireless data communication systems, and is particularly
suitable for wireless HDMI (High-Definition Multimedia
Interface) transmission. The monopole antenna in the pre-
ferred embodiments of the present invention radiates electro-
magnetic waves at a frequency of 60 GHz but the frequency is
not limited hereto.

While this invention has been described by way of
examples and in terms of preferred embodiments, it is to be
understood that this invention is not limited hereto, and that
various changes and modifications can be made by those
skilled in the art without departing from the spirit and scope of
this invention. It is intended that the scope of the invention be
defined by the claims appended hereto.

What is claimed is:

1. An antenna, comprising:

a plurality of substrates, each of the substrates having at

least one through-hole;

a metal fill placed within each of the plurality of through-
holes, the metal fill within each through-hole connecting
one another to form a columnar metal conductor which
acts as a radiating body of the antenna;

a metal reflector placed at a direction opposite to a desired
radiation direction of the radiating body to concentrate
its radiation in a desired direction; and

a feed line electrically coupled to the radiating body to
input and output electrical signals.
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2. The antenna according to claim 1, further comprising a
ground plane within the plurality of substrates, each ground
plane having a ground contact.

3. The antenna according to claim 1, wherein the metal fill
is selected from silver or copper.

4. The antenna according to claim 1, wherein the plurality
of substrates are made of or constituted by one of the follow-
ing: fiberglass substrates, plastic, ceramic, low temperature
co-fired ceramics (LTCC) and printed circuit boards (PCB).

5. The antenna according to claim 1, wherein the radiating
body is a U-shaped folded monopole antenna.

6. The monopole antenna according to claim 5, wherein the
length of the longer side of the monopole antenna is approxi-
mately ¥ wavelength of the antenna’s minimum operating
frequency.

7. The monopole antenna according to claim 5, wherein the
monopole antenna radiates electromagnetic waves at a fre-
quency of 60 GHz.

8. The antenna according to claim 1, wherein the antenna
has two feed lines and the radiating body is in a reverse
V-shape.

9. The antenna according to claim 1, wherein the antenna
has two feed lines and the radiating body has an annular
shape.

10. The antenna according to claim 1, wherein the antenna
is a dipole antenna.

11. An antenna array, constituted by a plurality of antennas
according to claim 1 being arranged side by side.

12. The antenna array according to claim 11, wherein the
metal reflector contains at least one isolation spacing.
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