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A Miniaturized Radio Frequency Identification Tag (RFIT) and a
Microstrip Patch Antenna Thereof

FIELD OF THE INVENTION

[001] The present invention relates to a miniaturized radio frequency identification tag
(RFIT) and an antenna thereof, and more specifically to an RFIT and an h antenna thereof

that can be used on metal surface.

BACKGROUND OF THE INVENTION

[002] Radio Frequency Identification, which is a non-contact automatic identification
technology, identifies target objects and obtains related data automatically through RF
signals, featuring that the identification can be conducted in various harsh environments
without the necessity of manual intervention. The RFID is a wireless systemn which comprises
an interrogator (or a Reader) and many transponders (or Tags). When the antenna used on the
tag is attached to the surface of metal materials, the identification rate of common tags is
unstable at different positions. Furthermore, different metal environments have to be taken

into consideration.

[003] What is different from the Reader of the passive radio frequency identification is that
the RFIT is used by attaching it to objects of various materials and in different shapes, so the
use of the existing RFIT has limit of use in a metal environment, while the characteristic of

stable identification is often the basic design requirement of the tag antenna.

[004] In the radio frequency identification technology, to maximize the function of the
reading range, the proper design of the RFIT antenna is especially important. Therefore, the
transmission of maximum electric power to the tag chip without loss is required, to the fullest

extent possible. For this purpose, the RFIT antenna shall be well matched with the tag chip
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while having good radiation characteristic. Usually, the RFIT chip has the function of

recording various information and reading the information saved.

[005] When the RFIT antenna is attached to a metal body, the return loss and radiation
pattern characteristics of the antenna are sensitively affected. Therefore, attention shall be
paid to this fact in the antenna design. Generally, a dipole antenna brought near a metal body
cannot radiate electromagnetic waves, while, according to the reflected wave on the metal
surface, the electric power required by the driving of RFIT chip cannot be ensured. In
addition, as the components of the parasitic capacitance between the metal surface and the
antenna change, the characteristics, such as the resonance frequency, antenna, impedance and

radiation efficiency, will also change.

[006] Therefore, as for the existing identification tag used before, the tag antenna is made
by inserting various materials between the metal body and the tag antenna to keep a certain
spacing between the radio frequency identification tag and the metal. However, the
application of tag antennas made in this way in practical commonly-used products brings
some inconvenience. In different environments, such as different metal bodies and different
shapes, there are different requirements for such tag antennas, which is not advantageous for
mass production. Furthermore, the use environments may cause damage to tags, especially

when increasing of the thickness and size, which is not advantageous for miniaturization.

[007] Therefore, an antenna using a metal body as its ground shall be considered to be a

metal-body-attaching tag antenna.

[008] The well-known typical antennae of such category are just microstrip patch antennae

and planar inverted-F antennae (PIFA).

[009] Usually, although the manufacturing of the microstrip patch antenna is relatively easy,
the tag antenna made seems a little bigger due to the half-wave design on resonant frequency,

which becomes the disadvantage. Compared to the microstrip patch antenna, the quarter-
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wave design of the PIFA antenna on resonant frequency makes miniaturization possible, but
the consequent problem is that manufacturing becomes complex. Furthermore, when the
antenna is attached to a metal body, the resonance characteristic will have some changes as

materials and shapes of metal surfaces vary.

[0010] In view of this, provision of an RFIT and an antenna thereof to solve the problem

above has become a technical problem in need of urgent solution in the field.

BRIEF SUMMARY OF THE INVENTION

[0011] To solve the problem above, the aim of the present invention is to provide a
miniaturized RFIT antenna, wherein when the miniaturized RFIT of the microstrip patch
antenna using a metal body as the ground of the antenna is attached to the metal body, the
performance of the antenna will not be lowered, the identification rates in different positions

will be stable, and an RFIT making use of the said antenna.

[0012] Furthermore, the aim of the present invention is to provide a miniaturized RFIT
antenna, wherein the power supply part is designed to be microstrip and connected directly
with a radiation part; for the connection with the radio frequency chip, the position of the
power supply part is design to be in any position, the top, bottom or side of the dielectric
medium, where connection can be conducted easily, and an RFIT making used of the said

antenna.

[0013] Moreover, the aim of the present invention is to provide a microminiaturized RFIT
antenna, wherein under the situation that the attachment space of the RFIT is very narrow, the
radiation part, having a “spread-eagle” slit, can make the electrical half-wave length of the
radio frequency identification frequency band designed to be the same length, even in an area

that Jess than the normal A/2 resonant length, and an RFIT making use of the said antenna.

[0014] Furthermore, the aim of the present invention is to provide a microminiaturized metal-



10

15

20

25

attaching type RFIT antenna, wherein the manufacturing process of the antenna is
comparatively simple, manufacturing cost is relatively low and various frequency bands can

be produced with simple methods, and an RFIT making use of the said antenna.

[0G15] The aim of the present invention is also to provide a miniaturized RFIT antenna,
wherein the substrate is designed to be a ceramic with inherent current in order to realize the

microminiaturized RFIT antenna, and an RFIT making use of the said antenna.

[0016] Based on the aims above, the present invention provides a microstrip patch antenna in
the miniaturized RFIT, including a power supply part and a radiation part connected with

each other, wherein the two sides of the radiation part are provided with at least one slit.

[0017] Wherein the RFIT also includes a chip, at least, which is connected with the power
supply part through a microstrip line.

[0018] In the embodiments, the slit can be circular, oval or polygonal. The size of the slif is
adjustable. There is spacing between the two sides of the power supply part and the radiation

part. The radiation part can be circular, oval or polygonal.

[0019] In addition, the microstrip patch antenna in the miniaturized RFIT also includes a
metal ground, wherein the metal ground, radiation part and power supply part above are made

of silver.

[0020] A miniaturized RFIT provided comprises: a chip, a substrate and a microstrip patch
antenna, wherein the microstrip patch antenna and the ground are attached to the surface of
the substrate; the microstrip patch antenna comprises a power supply part and a radiation part
connected with each other; the power supply part is connected with the chip through a

microstrip line.
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[0021] In the embodiments, around the chip, a protective coating, which can be ceramic,
rubber or other material, is provided according to the height of the chip. The substrate is
ceramic. The microstrip patch antenna also comprises a ground with a connection part,
wherein the power supply part and the radiation part are set on the surface opposite to the
ground, and the power supply part and the connection part connect the chip on the same
surface as the microstrip patch antenna or the ground to be, or a side surface where the
microstrip patch antenna is connected to the ground. There is spacing between the two sides
of the power supply part and the radiation part. The radiation part can be circular, oval or

polygonal. The microstrip patch antenna and ground are made of silver.

[0022] The two sides of the radiation part have at least one slit which can be circular, oval or

polygonal. The size of the slit is adjustable.

[0023] According to the miniaturized RFIT antenna based on the present invention above, the
length and width based on the radiation part or bottom surface, the length and width of the slit
formed on the radiation part, have the advantage of easy impedance matching with the
matching of the ideal resonant frequency and various tag chips as the purpose; furthermore,
on the power supply mode, micropstrips are used so that the power supply part can be set in
any position, the top, bottom or side face, according to the application environment;
furthermore, the embedded chip is not “protruding”, so that it is not easily damaged by the
external environment. Due to these advantages, the antenna can be formed in a simple Print
form, thus realizing such advantages as mass production, low production cost and use in the

miniaturized metal-attaching application field.

[0024] The miniaturized RFIT antenna based on the present invention, as the tag product
attached to metals, of which the performance will not be lowered and identification rate will
keep stable even attached to metals of various forms; due to simple production method,
various forms can be realized, so that the antenna has the advantage of being easily applicable

to wide application fields.
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BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS

[0025] FIG. 1 is a perspective view of the UHF band RFIT antenna that can be attached to

metals based on an embodiment of the present invention;

[0026] FIG 2 is a side view of FIG. 1;

[0027] FIG. 3 is a detail of the power supply part and radiation part of the microstrip patch

antenna according to the present invention in FIG. 1,

[0028] FIG. 4 is a measurement graph of the centre frequency of the present invention based
on FIG. 1;

[0029] FIG. 5 is a measurement graph of the return loss of the present invention based on
FIG. I;

[0030] FIG. 6 is a graph of the measurement result of the reading range according to the

present invention based on FIG. 1.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0031] The present invention will be further illustrated hereinafter in conjunction with the
specific embodiments. The technicians in the field can easily understand other advantages
and functions of the present invention according to the contents disclosed by the description.
The present invention can also be implemented or applied through other different
embodiments. Various modifications or changes can be made to the details of the description
without deviation from the aims of the present invention according to different views and

applications.
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[0032] Radio frequency identification technology is a technology wherein objects are
identified by attaching an eleciric tag onto various objects and identifying the inherent ID of
the objects through wireless means. The radio frequency identification system applies to
various bands in the range from the 125kkHz frequency band to 5.8GHz microstrip according
to the applicable fields.

[0033] Recently, in fields, including logistics circulation field, with the increasing
requirements for long-range identification, the operating frequency of the radio frequency
system has been increased to be higher than that of ultra-high frequency band. With the
increase of the frequency, the design of the RFIT antenna becomes a very important factor in

maximizing the reading range of the system performance.

[0034] Especially for the passive RFIT antennae which has no extra battery and obtains an
operating power supply by rectifying the electromagnetic wave signals output by the reader,
the electric power shall be transmitted to the tag chip, with the electric power loss controlled
at as maximum a degree as possible. For this purpose, the RFIT antenna shall constitute
complete impedance integration with a tag chip accompanied with good radiation

characteristics.

[0035] The miniaturized RFIT antenna of the present invention, which constitutes complete
impedance integration with the tag chip, comprises a power supply part and a radiation part

from the overall viewpoint.

{0036] The said power supply part obtains an operating power supply by rectifying the
electromagnetic waves output by the reader and supplies the operating power supply to the
radiation part. The power supply part above is formed by a quadrangle space connecting the
RFIT chip.

[0037] At this time, the chip of the passive RFIT is set in the said quadrangle space.
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[0038] The said radiation part and power supply part are connected together through a

microstrip line, having an electrical length of about half of the ideal wave length.

[0039] The said radiation part finishes the radiation of electromagnetic waves by obtaining
the electromagnetic waves output by the reader and obtaining the operating power supply
from the said power supply part, having a length of the electrical half-wave of the radio

frequency identification frequency band used.

[0040] The embodiment of the present invention will be further illustrated hereinafter by
referring to the drawings attached. During the illustration of the present invention, to avoid
the ambiguousness and unclearness of the aim of the present invention, detailed descriptions

related to published functions or the composition will be omitted.

[0041] FIG. 1 shows a perspective view of the UHF band RFIT antenna that can be attached
to metals based on an embodiment of the present invention. As shown in FIG. 1, the
miniaturized RFIT (100) of the present invention comprises: a ground (10), a ceramic
substrate (20) on the ground (10), a radiation part (30) on the ceramic substrate (20) and a
microstrip power supply part (31) connected with the said radiation part (30). To supply
power to the chip (33) on the side surface, the microstrip power supply part (31) is
electrically connected to the side surface with the connection part 11 of the ground 10 in a 90-
degree bending shape. Of course, in other embodiments, the chip can also be set on the top or
bottom surface of the dielectric medium (20), namely on the same flat surface with the power

supply part (31) or the ground (10).

[0042] Specifically, the radiation part (30) has a patch antenna of A/2 resonant length
basically, wherein at least one slit (32) is formed on the radiation part (30) and /2 resonant
length can be kept in spite of its smaller area, thus significantly reducing the size of the
miniaturized RFIT (100); the shape of the slit (32) can be varied, such as circles, ovals and

polygons.
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[0043] The resonant frequency of the tag antenna (100) can be adjusted by adjusting the
width and length of the said slit (32); that is to say, in the use of the tag products, in case of
different areas or different standard requirements, the slit can be adjusted and there is no need
for replacing the products or the antenna, which is advantageous to mass production of the
products; in the embodiment, the length of a slit is one third the width of the radiation part
(30) above and the width of a slit does not exceed 0.5mm. As an ideal embodiment, the

miniaturized RFIT (100) produces A/2 resonance.

[0044] Furthermore, on the side surface of the terminal of the microstrip power supply part
(31) connected with the radiation part (30), there is a passive radio frequency identification
chip, named IC Chip (33).

[0045] FIG. 2 shows a side view of FIG. 1. As shown in FIG. 2, a ground (10}, which is one
component part of the tag antenna, wherein the top of the ground (10) forms a ceramic
dielectric medium (20), the top of the said ceramic dielectric medium (20) forms the radiation
part (30) and the microstrip power supply part (31) connected with the said radiation part
(30), and the said microstrip power supply part (31) is electrically connected to the side

surface in a 90-degree bending shape so as to realize the power supply to the side surface.

[0046] Specifically, the said miniaturized RFIT (100) is formed by a microstrip patch antenna
making use of A/2 resonance, wherein a maximum point and a minimum point are generated
in the radiation part (30) simultancously, so the tag can be used without changing the
performance of the tag antenna no matter which surface of the metal the miniaturized RFIT
(100) is attached to.

[0047] The ceramic dielectric medium (20) is formed by ceramic materials with inherent
current; while in other embodiments, a protective coating can be set around the said chip (33}
according to the height of the chip such as a ceramic layer and rubber layer to protect the

chip.



10

15

20

25

30

10

[0048] In the meantime, as an ideal embodiment, the overall length of the said miniaturized
RFIT (100) is 12~25mm, the width is 10mm and the thickness is within 1.5~3mm, making

subminiaturization possible.

[0049] Please refer to FIG. 3, which is a detail of the power supply part and radiation part of
the microstrip patch antenna of the present invention. As shown in FIG. 3, in the microstrip
patch antenna of the present invention, the said radiation part (30) is connected with the said
power supply part (31) of the microstrip; to realize the power supply to the side surface, the
power supply part (31) of the said microstrip connects the chip to the side surface in 90-
degree bending shape; the chip on the terminal of the microstrip power supply part (31)
connected to the said side surface is a passive radio frequency identification IC Chip (33).
There is spacing [D] between the two sides of the said power supply part and the said
radiation part.

[0050] Specifically, the overall size of the miniaturized RFIT (100) which forms slits is of 13
mmx9mmx3mm, and in order to obtain high conductivity, the radiation part (30), the power

supply part (31) of the microstrip and the ground are made of silver (Ag).

[0051] Especially, according to the variations in distance [D] between the length [L], width
[W] of the said microstrip power supply part (31) and the radiation part, the imaginary
impedance and the real impedance of the miniaturized RFIT (100) can be adjusted.

[0052] In the embodiment, while the area of the radiation part is maximized, the length {L],
the width [W] and the distance [D] with the radiation part of the microstrip power supply part
(31) can be adjusted to be within 10mm, within 3mm and within 1mm, respectively, to realize

impedance matching,

[0053] FIG. 4 shows a measurement graph of the centre frequency of the present invention
based on FIG. 1. It is the measurement result of the frequency variations according to the size

of the metal surface that the miniaturized RFIT (100) attached to.
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[0054] Specifically, the variations in the size of the miniaturized RFIT (100) attached to the
metal surface are provided. According to the size of the material attached to the metal
surface, the variation amount of the resonant frequency of the miniaturized RFIT (100) of the

present invention is SMHz.

[0055] FIG. 5 shows a measurement graph of the return loss of the present invention based
on FIG. 1. It is the measurement result of the return loss variations according to the size of

the miniaturized RFIT (100) attached to the metal surface.

[0056] Specifically, the variations in the size of the miniaturized RFIT (100) attached to the
metal surface are provided. According to the size of the material attached to the metal
surface, the maximum variation amount of the return loss of the miniaturized RFIT (100) of

the present invention is 2dB.

[0057] It is therefore clear that with regard to the aspect of slow variation of the centre
frequency and return loss, there is no relation between the miniaturized RFIT (100) and the

size of the material attached to the metal surface.

[0058] FIG. 6 shows a graph of the measurement result of the reading range of the present
invention based on FIG. 1, which is the result of the measurement conducted by making use

of the handheld reader antenna of a circularly polarized antenna with an output of 28dBm.

[0059] Specifically, the maximum reading range measured when the miniaturized RFIT (100)
is not attached to the metal surface is 8 cm, while the size of the metal material attached to
the metal is 20x20mm, the maximum is 49cm, and the maximum reading range is 56 cm

when it is 60x60mm.

[0060] Tt is therefore clear that when the miniaturized RFIT (100} is attached to metals, the

reading range has no relation with the size of the material attached to the metal surface, and
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there may be no great difference. Therefore, various functions and purposes can be realized in

weak metal environments.

[0061] As mentioned above, the illustration is given by referring to the miniaturized RFIT
and the microstrip patch antenna thereof of the present invention. The detailed description of
the drawings and invention above is predictive, so the present invention will not be limited by

the embodiments and the drawings.

[0062] Those having general knowledge of the technical field have access to know many
variants and other similar embodiments can be realized through the present invention.
Therefore, the equivalent variation of the composition elements, without surpassing the
technical thought or the scope of the field of the present invention provided in the additional

Claims, also belongs to the scope of the present invention.
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CLAIMS

What is claimed is:

1. A microstrip patch antenna applied in a miniaturized radio frequency identification
tag (RFIT), comprising:

a radiation part comprising a first portion and a second portion with at least one slit
between the first and the second portions;

a power supply part formed at an edge of the first portion away from the second
portion such that the at least one slit is positioned between the power supply part
and the second portion of the radiation part, said at least one slit having at least one
continuously curved edge.

2. The microstrip patch antenna applied in the miniaturized RFIT according to claim
1, wherein the at least one slit is circular, oval or polygonal.

3. The microstrip patch antenna applied in the miniaturized RFIT according to claim
1, wherein the radiation part is circular, oval or polygonal.

4. The microstrip patch antenna applied in the miniaturized RFIT according to claim
1, wherein the radiation part and the power supply part are made of silver.

5. The microstrip patch antenna applied in the miniaturized RFIT according to claim
1, wherein a size of the at least one slit is adjustable.

6. The microstrip paich antenna applied in the miniaturized RFIT according to claim
1, wherein the power supply part is directly coupled to the radiation part such that the
power supply part is formed from a planar structure having the radiation part and the
power supply part.

7. A miniaturized radio frequency identification tag (RFIT), comprising:
a chip, a substrate and a microstrip patch antenna, wherein the microstrip patch
antenna is attached to a surface of the substrate;

the microstrip patch antenna comprises a power supply part formed at an end of a
radiation part, the power supply part; and
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the power supply part is connected with the chip through a microstrip line protruding
at least partially beyond the end of the radiation part, said chip being outside the
radiation part on a side surface of the substrate perpendicular to a surface of the
substrate having the microstrip patch antenna.

8. The miniaturized RFIT according to claim 7, wherein around the chip, a protective
coating is provided according to a height of the chip.

9. The miniaturized RFIT according to claim 8, wherein the protective coating is
ceramic or rubber.

10. The miniaturized RFIT according to claim 7, wherein the substrate is ceramic.

11. The miniaturized RFIT according to claim 7, wherein the microstrip patch
antenna further comprises a ground with a connection part, the power supply part
and the radiation patrt are placed on a surface opposite to the ground, and the power
supply part and the connection part connect to the chip on the same surface as the
power supply part, the same surface as the ground, or on the side surface where the
power supply part is connected to the ground via the connection part.

12. The miniaturized RFIT according to claim 7, wherein the microstrip patch
antenna is made of silver.

13. The miniaturized RFIT according fo claim 7, wherein there is a space between
two sides of the power supply part and the radiation part.

14. The miniaturized RFIT according to claim 7, wherein the radiation part is circular,
oval or polygonal.

15. The miniaturized RFIT according to claim 7, wherein two sides of the radiation
part are provided with at ieast one slit between the end having the power supply part
and another end of the radiation pari.
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16. The miniaturized RFIT according fo claim 15, wherein the slit is circular, oval or
polygonal.

17. The miniaturized RFIT according to claim 16, wherein a size of the slit is
adjustable.

18. The miniaturized RFIT according to claim 7, wherein the microstrip line is in a
bent configuration to connect the power supply part to the chip.

19. The production method of claim 18 further comprising:
providing a protective coating according to a height of the chip, around the chip.

20. A production method for a microstrip patch antenna, comprising:
providing a chip, a substrate and a microstrip patch antenna;

attaching the microstrip patch antenna to a surface of the substrate; and

connecting the power supply part is connected with the chip through a microstrip line
protruding at least partially beyond the end of the radiation part, said chip being
outside the radiation part on a side surface of the substrate perpendicular to a
surface of the substrate having the microstrip patch antenna.



