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SURFACE MOUNTING ANTENNA AND COMMUNICATION APPARATUS USING THE 

SAME ANTENNA 

. BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to surface mounting antennas used 

in mobile communication· apparatus, such as mobile cellular 

telephones, or in radio Local Area Networks (LAN) • The 

invention also relates to communication apparatus using the 

above type of antenna. 

2. Description of 'the Related Art 

In known types of surface mounting antennas,· the radiation 

resistance is increased or the radiation electrodes are made 

larger in order to achieve wider bandwidth. Also, in 

conventional types of surface mounting antenna units, two 

antennas are required to obtain a signal corresponding to two 

frequencies. 

However,· stripline radiation electrodes are. widened with 

a view to implementing a wider bandwidth with the result that 

downsizing of the overall antenna of the above conventional 

type is hampered. Further, the provision of two antennas for 

obtaining two frequencies requires a large area, thus enlarging 

the resulting antenna unit and accordingly increasing the size 

of a co1111Uunication apparatus provided with this type of antenna 

unit. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention to 

provide a surf ace mounting antenna in which a wider frequency 

bandwidth and a signal having a plurality of frequencies can 

be obtained without needing to enlarge the. configuration of the 

overall antenna and also to provide a communication apparatus 
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using this type of antenna. 

In order to achieve the above object, according to one 

form of the present invention, there is provided a surface 

mounting antenna comprising: a substrate formed of at least one 

a dielectric material and a magnetic material; at least two 

radiation electrodes for producing different resonant 

frequencies, disposed on a first main surface of the substrate; 

a feeding electrode disposed on the first main surface of the 

substrate; and a ground electrode disposed on a second main 

surface of the substrate, wherein the radiation electrodes are 

each open at one end and connected at the other end to the 

ground electrode, and the feeding electrode and the open ends 

of the radiation electrodes are electromagnetically coupled to 

each other via capacitances. 

In the above type of antenna, the distance between the two 

radiation electrodes maybe equal to three times or larger than 

the width of the electrodes. Also, opposite-directional 

currents may be caused to flow in the radiation electrodes. 

According to another form of the present invention, there 

is provided a communication apparatus having the above type of 

· surface mounting antenna. 

In this manner, at least two radiation electrodes for 

producing different resonant frequencies are disposed on a 

single substrate. With the use of this single substrate, an 

antenna can be constructed through which signals having a 

plurality of frequencies can be transmitted and received, like 

an antenna sharing apparatus. Also, a plurality of frequencies 

can be brought close to each other, so that a wider-band 

antenna, like a stagger tuning circuit, can be obtained. 

Moreover, the distance between the plurality of radiation 

electrodes is determined as equal to three times or larger than 

the electrode width, which can suppress coupling between the 
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radiation electrodes, thereby reducing loss. Additionally, 

opposite-directional currents are caused to flow in the 

plurality of radiation electrodes, thereby inhibiting 

electromagnetic coupling between the radiation electrodes. 

Further, a communication apparatus having the above. type 

·of antenna can off er advantages similar to those achieved by 

the antenna. Thus, a wider-band, higher-gain and downsized 

communication apparatus can be attained. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view of a surface mounting antenna 

according to a first embodiment of the present invention; 

Fig. 2 is a diagram illustrating an electrical equivalent 

circuit of the surface mounting antenna shown in Fig. 1; 

Fig. 3 illustrates the frequency characteristics of the 

surface mounting antenna shown in Fig. 1; 

Fig. 4 is a perspective'. view· of a surface mounting antenna 

according to a second embodiment.of.the.present invention; 

Fig. 5 illustrates the frequency characteristics of the 

surface mounting antenna shown in Fig. 4; 

Fig. 6 is a perspective view of a surface mounting antenna 

according to a third embodiment of the present invention; 

Fig. 7 illustrates the frequency characteristics of the 

surface mounting antenna shown in Fig. 6; 

Fig. 8 is a perspective view of a surface mounting antenna 

according to a fourth embodiment of the present invention; 

Fig. 9 is a perspective view of a surface mounting antenna 

according to a fifth embodiment of the present invention; and 

Fig. 10 is a perspective view of a communication apparatus 

provided with one of the surface mounting antennas of the 

present invention. 
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DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION 

Embodiments of the present invention will now be described 

with reference to the drawings.. Referring to a perspective 

view illustrating a first embodiment of the present invention 

shown in Fi~. 1, a surface mounting antenna generally 

designated by 10 includes a rectangular substrate 1 formed of 

a dielectric material, such as ceramic or resin, or a magnetic 

material, such as ferrite. Radiation electrodes 2 and 3 having 

a length of approximately X/4 of a predetermined frequency are 

disposed in parallel to each other at a regular interval on the 

substantially peripheral portions of the obverse surface of the 

substrate 1. Both the radiation electrodes 2 and 3 have a bent 

shape and have open ends 2a and 3a on a first edge of the 

substrate 1. The electrodes 2 and 3 are connected at their 

other ends via the edge opposedly facing the first edge and its 

adjacent lateral surface to a ground electrode indicated by the 

hatched portion shown in Fig. 1 formed on the reverse surface 

of the substrate 1. 

A feeding electrode 4 is formed between the open ends 2a 

and 3a of the radiation electrodes 2 and 3 with respective gaps 

gl and g2. This electrode 4 is guided to the reverse surface 

of the substrate 1 via the first edge of the substrate 1 and 

its adjacent surface and is electrically insulated from the 

ground electrode by virtue of the material of the substrate 1. 

The resonant frequency of the radiation electrodes 2 and 

3 can be determined by adjusting their lengths and widths, and 

the electrodes 2 and 3 can be excited by the feeding electrode 

4 through capacitances generated in the gaps gl and g2. In 

this case, a current flows in the electrodes 2 and 3 in the 

same direction. 

An electrical equivalent circuit of this embodiment can 

be represented, as illustrated in Fig. 2. In this 
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illustration, Cgl and Cg2 indicate the capacitances generated 

in the gaps gl and g2; L2 and L3 designate the radiation 

inductances of the radiation electrodes 2 and 3; and R2 and R3 

depict the radiation resistances of the electrodes 2 and 3. 

:In this manner, the lengths and widths of the radiation 

electrodes 2 and 3 can be varied to differentiate the radiation 

antenna constant and also to produce different frequencies, 

such as f2 and f3. The frequency characteristics of this 

embodiment are shown in Fig. 3~ 

According to this embodiment, two frequencies f2 and f 3 

can be obtained, as illustrated in Fig. 3, merely with the use 

of a single surface mounting antenna, and thus, this type of 

antenna is applicable to a communication system having 

different transmitting and receiving passbands. :If these 

frequencies f2 and f3 in the diagram of Fig. 3 are brought 

closer to each other, an antenna exhibiting wider bandpass 

characteristics can be implemented. 

An explanation will now be given of a second embodiment 

of the present invention while referring to Fig. 4 •. A surface 

mounting antenna generally indicated by 20 of this embodiment 

differs from the antenna 10 of the previous embodiment shown 

in Fig. 1 in that a radiation electrode 21 in a straight form 

is substituted for the bent electrode 2 so that the electrode 

length can be shortened, thereby increasing the resonant 

frequency f21. The other constructions of the antenna 20 are 

similar to those of the first embodiment, and thus, an 

explanation thereof will be omitted by designating the same 

elements by like reference numerals. The frequency 

characteristics of the second embodiment are shown in Fig. 5 

in which f3 and f21 represent the resonant frequencies of the 

radiation electrodes 3 and 21, respectively. 

A third embodiment of the present invention will now be 
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explained with reference to Fig. 6. In a surface mounting 

antenna generally represented by 30, a straight radiation 

electrode 31 is disposed between the bent radiation electrodes 

2 and 3 shown in Fig. 1 so as to attain three frequencies f2, 

£3 and f31. The rc;idiation electrodes are excited by the 

feeding electrode 4. The radiation· electrode 31 is excited by 

the feeding electrode 4 through a capacitance generated in a 

gap g3 formed between the opened end 31a of the electrode 31 

and the feeding electrode 4. The other constructions of this 

embodiment are similar to those of the first embodiment, and 

an explanation thereof will thus be omitted by designating the 

same elements by like reference numerals. The frequency 

characteristics of the third embodiment are illustrated in Fig. 

7 in which £2, £3 and f31 depict the resonant frequencies of 

the radiation electrodes 2, 3 and 31, respectively. 

A description will now be given of a fourth embodiment 

while referring to Fig. 8. A surface mounting antenna of this 

embodiment generally indicated by 40 is different from the 

antenna 20 .shown in Fig. 4 in that a straight radiation 

electrode 41 is used instead of the bent radiation electrode 

3 so that the electrode length can be shortened, thereby 

increasing the resonant frequency. In particular, in this 

embodiment, the distance d between the radiation electrodes 21 

and 41 is set equal to three times or larger than the electrode 

width w of the radiation electrode 21 (41), thereby reducing 

loss caused by reflected waves. The other constructions of 

this embodiment are similar to those of the second embodiment 

shown in Fig. 4, and an explanation thereof will thus be 

omitted by indicating the same elements by like reference 

numerals. 

A fifth embodiment of the present invention will now be 

described with reference to Fig. 9. A surface mounting antenna 
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generally designated by 50 has a rectangular . substrate 51 

formed of a dielectric material, such as ceramic or resin, or 

a magnetic material, such as ferrite. Formed on the obverse 

surface of the substrate ·51 are a bent shape 'A/4 radiation 

electrode 52 and a straight 'A/4 radiation electrode 53- with 

their open ends 52a and 53a·facing each other across a gap gl •. 

The radiation electrodes 52 and 53 are connected at their other 

ends via the corresponding lateral surfaces to a ground 

electrode indicated by the hatched portion shown in Fig. 9 

disposed on the reverse surface of the substrate 51. 

A feeding electrode 54 is formed adjacent to the opened 

ends 52a and 53a of the radiation electrodes 52 and 53 with 

gaps g2 and g3, respectively. This feeding electrode 54 is 

guided to the reverse surface of the substrate 51 via one side 

of the substrate 51 and its adjacent lateral surface, and is 

electrically insulated from the ground electrode on the reverse 

surface by virtue of the material of the substrate 51. 

The resonant frequencies of the radiation electrodes 52 

and 53 are determined by regulating the lengths and widths of 

the electrodes 52 and 53, and the electrodes 52 and 53 can be 

excited by the feeding electrode 54 through capacitances 

generated.in the gaps g2 and g3. 

In this embodiment, the feeding electrode 54 and the open 

ends 52a and 53a of the radiation electrodes 52 and 53 are 

formed at the center of the substrate 51 so that opposite­

directional currents can flow in the radiation electrodes 52 

and 53, thereby inhibiting electromagnetic coupling between the 

electrodes 52 and 53. 

An explanation will be further given of a communication 

apparatus provided with one of the af oredescribed surface 

mounting antennas 10 through 50 while referring to Fig. 10. 

One of the surface mounting antennas 10 through 50 is mounted 
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on a communication apparatus generally represented by 61 by 

soldering the feeding electrode and the ground electrode of the 

antenna to a circuit board {or its sub board) of the apparatus 

61. 

As will be clearly understood from 

description, the present invention offers 

advantages. 

the 

the 

foregoing 

following 

At least two radiation electrodes having different 

frequencies are disposed on a single substrate. By the use 

merely of this single substrate, it is possible to implement 

a surface mounting antenna through which signals having a 

plurality of frequencies can be transmitted and received. 

Also, if the plurality of frequencies are brought close to each 

other, a wider-bandwidth antenna can be constructed. 

Moreover, the distance between the plurality of radiation 

electrodes is set equal to three times or larger than the 

electrode width. This can suppress electromagnetic coupling 

occurring between the radiation electrodes, thereby reducing 

loss. Further, opposite-directional currents are caused to 

flow in the radiation electrodes, thereby inhibiting 

electromagnetic coupling between the electrodes. 

Additionally, a communication apparatus having the above 

type of surface mounting antenna has advantages similar to 

those achieved by the antenna. Hence, a wider-band,· higher­

gain and downsized communication apparatus can be achieved. 

Although preferred embodiments of the present invention 

have been described above, it should be understood that the 

present invention is not limited thereto and that other 

modifications will be apparent to those skilled in the art 

without departing from the spirit of the invention. 
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WHAT IS CLAIMED IS: 

1. A surface mounting antenna comprising: 

a substrate formed of at least one of a dielectric 

material and a magnetic material; 

at least two radiation electrodes for producing different 

resonant frequencies disposed on a first main surface of said 

substrate; 

a ground electrode disposed on a second main surface of 

said substrate; 

said radiation electrodes each being open at first ends 

thereof and connected at second ends to said ground electrode; 

a feeding electrode disposed on said substrate, said 

feeding electrode and the open ends of said radiation 

electrodes are electromagnetically coupled to each other 

through capacitances. · 

2. A surface mounting antenna of claim 1, wherein said 

feeding electrode is disposed on said first main surface of 

said substrate. 

3. The surface mounting antenna of claim 2, wherein the 

open ends of said radiation electrodes and said feeding 

electrode are formed at one edge of said first main surface of_ 

said substrate so that a current is caused to flow in each said 

radiation electrodes in the same direction. 

111111111111111111111111111111 
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4. The surface mounting antenna of claim 2, wherein the 

open ends of said radiation electrodes and said feeding 

electrode are formed substantially at the center of said first 

main surface of said substrate so that opposite-directional 

currents are caused to flow in said radiation electrodes. 

5. The surface mounting antenna of claim 2, wherein the 

radiation electrodes have a distance therebetween, the distance 

between said radiation electrodes being equal to at least three 

times the width of said radiation electrodes. 

6. The surface mounting antenna of claim 3, wherein the 

radiation electrodes have a distance therebetween, the distance 

between said radiation electrodes being equal to at least three 

times the width of said radiation electrodes. 

7 • The surface mounting antenna of claim 4, wherein the 

radiation electrodes have a distance therebetween, the distance 

between said radiation electrodes being equal to at least three 

times the width of said radiation electrodes. 

8. The surface mounting antenna of claim 2, wherein at 

least one of said radiation electrodes has a bent shape. 

9. The surface mounting antenna of claim 2, wherein at 

least one of said radiation electrodes has a straight line 

shape. 

10. The surface mounting antenna of claim 2, wherein the 

radiation electrodes each having a iength approximately one 

quarter wavelength a predetermined frequency. 

I If Ill~ 1111~ 11~1111!1 II If II 
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11. The surface mounting antenna of claim 2, further 

compri'sing a third radiation electrode disposed between the two 

radiation electrodes. 

12. The surface mounting antenna of claim 2, wherein the 

capacitances comprise respective gaps between the feeding 

electrode and the open ends of the radiation electrodes. 

13. The surface mounting antenna of claim 11, wherein the 

third radiation electrode is coupled to the feeding electrode 

via a capacitance. 

14. The surface mounting antenna of claim 2, wherein the 

surface mounting antenna has a radiation characteristic 

comprising a resonant frequency corresponding to each radiation 

electrode. 

15. The surface mounting antenna of claim 14, wherein the 

resonant frequencies are arranged close to each other so that 

the surface mounting antenna has a wider bandwidth. 

16. The surface mounting antenna of claim 4, wherein the 

opposite directional currents inhibit electromagnetic coupling 

between the radiation electrodes. 

17. The surface mounting antenna of claim2, wherein the 

substrate is ceramic resin. 

18. The surface mounting antenna of claim 2, wherein the 

substrate is ferrite. 

1111111111111111111 1111111 1111 
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19. A communication apparatus having a surface mounting 

antenna comprising: 

a substrate formed of at least one of a dielectric 

material and a magnetic material; 

at least two radiation electrodes for producing different 

resonant frequencies disposed .on a first main surface of said 

substrate; 

a feeding electrode disposed on said first main surface 

of said substrate; and 

a ground electrode disposed on a second main surface of 

said substrate; 

said radiation electrodes each being open at first ends 

thereof and being connected at second ends to said ground 

electrode, s·aid feeding electrode and the open ends of said 

radiation electrodes being electromagnetically coupled to each 

other through capacitances. 

20. The communication apparatus of claim 19, wherein the 

open ends of said radiation electrodes and said feeding 

electrode are formed at one edge of said first main surf ace of 

said substrate so that a current is caused to flow in each of 

said radiation electrodes in the same direction. 

21. The communication apparatus of claim 19, wherein the 

open ends of said radiation electrodes and said feeding 

electrode are formed substantially at the center of said first 

main surface of said ~ubstrate so that opposite-directional 

currents are caused to flow in said radiation electrodes. 

111111111111111111111111111111 
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22. The communication apparatus of claim 19, wherein the 

radiation electrodes have a distance therebetween, the distance 

between said radiation electrodes being equal to at least three 

times the width of said radiation electrodes. 

23. The communication apparatus of claim 20, wherein the 

radiation electrodes have a distance therebetween, the distance 

between said radiation electrodes being equal to at least three 

times the width of said radiation electrodes. 

24. The communication apparatus of claim 21, wherein the 

radiation electrodes have a distance therebetween, the distance 

between said radiation electrodes being equal to at least three 

time the width of said radiation electrodes. 

25. The communication apparatus of claim 19, wherein at 

least one of said radiation electrodes has a bent shape. 

26. The surface mounting antenna of claim 19, wherein at 

least one of said radiation electrodes has a straight line 

shape. 

27. The communication apparatus of claim 19, wherein the 

radiation electrodes each have a length approximately one 

quarter wavelength a predetermined frequency. 

28. The communication apparatus of claim 19, further 

comprising a third radiation electrode disposed between the two 

radiation electrodes. 

111111111111111111111111111111 
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29. The communication apparatus of claim 19, wherein the 

capacitances comprise respective gaps between the feeding 

electrode and the open ends of the radiation electrodes. 

30. The communication apparatus of claim 28, wherein the 

third radiation electrode is coupled to the feeding electrode 

via a capacitance. 

31. The communication apparatus of claim 19, wherein the 

antenna has a radiation characteristic comprising a resonant 

frequency corresponding to each radiation electrode. 

32. The communication apparatus of claim 31, wherein the 

resonant frequencies are arranged close to each other so that 

the antenna has a wider bandwidth. 

33. The communication apparatus of claim 21, wherein the 

opposite directional currents inhibit electromagnetic coupling 

between the radiation electrodes. 

34. The communication apparatus of claim 19, wherein the 

substrate is ceramic resin. 

35. The communication apparatus of claim 19, wherein the 

substrate is ferrite. 
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