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cuit and multi-frequency duplexer circuit. The tri-frequency
duplexer circuit comprises a microsttip line circuit, two first
mushrooms, two second mushrooms and two third mush-
rooms. The microstrip line circuit comprises a first Input/
Output (I/O) port, a second I/O port, a third 1/O port and a
fourth 1/O port. The two first mushrooms are respectively
disposed at transmission line paths between the first /O port
and the second 1/O port and between the first I/O port and the
third I/O port. The two second mushrooms are respectively
disposed at transmission line paths between the first /O port
and the second 1/O port and between the first I/O port and the
fourth I/O port. The two third mushrooms are respectively
disposed at transmission line paths between the first I/O port
and the third I/O port and between the first I/O port and the
fourth /O port.
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TRI-FREQUENCY DUPLEXER CIRCUIT AND
MULTI-FREQUENCY DUPLEXER CIRCUIT

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a tri-frequency duplexer
circuit and multi-frequency duplexer circuit; in particular, the
present invention relates to a tri-frequency duplexer circuit
and multi-frequency duplexer circuit utilizing mushroom
Electromagnetic Band Gap (EBG) frequency designs.

2. Description of Related Art

At present, system integration technologies have made
huge contributions to the advancement of the wireless sys-
tem, and wireless communication systems capable of inte-
grating a variety of communication frequency specifications
have especially become the focused issue recently as well.
Therefore, the circuit design at the system integration end
whose circuits enable good integration of various functions in
accordance with different communication specifications is
definitely one of the best technologies in such type of focused
application fields.

Common circuit designs may include the duplexer, the
diplexer and the triplexer. F1G. 1-a shows a duplexer, FIG. 1-5
shows a diplexer, and FIG. 1-¢ shows a triplexer. Though
conventional technologies can integrate different communi-
cation specifications, including the bi-directional communi-
cation in the duplexer 100, as well as the frequency classifi-
cation function in the diplexer 101 and the triplexer 102,
current microwave circuit at the integration end can neverthe-
less only achieve either bi-direction communication or fre-
quency classification function. In other word, a bi-directional
communication circuit is incapable of providing frequency
classification function, while the circuit having frequency
classification function does not provide bi-directional com-
munication. The reasons for this dilemma found in the present
microwave circuit lie in limitation of prior art design and use
of non-comprehensive matching network. Consequently,
seeking alternative design solutions to allow the microwave
circuit at the integration end to simultaneously have bi-direc-
tional communication and frequency classification function
will be helpful for the construction of future integrated com-
munication systems.

SUMMARY OF THE INVENTION

In view of the aforementioned issues found in prior art, the
objective of the present invention is to provide a tri-frequency
duplexer circuit and multi-frequency duplexer circuit which
simultaneously provides the bi-directional communication of
a duplexer and the frequency classification function of a tri-
plexer, so as to integrate signal reception and transfer opera-
tions of a communication system, enabling mutual data trans-
missions between different systems.

According to the objective of the present invention, herein
a tri-frequency duplexer circuit is proposed, comprising a
microstrip line circuit, two first mushrooms, two second
mushrooms and two third mushrooms. The microstrip line
circuit comprises a first Input/Output (1/O) port, a second /O
port, a third I/O port and a fourth I/O port. The two first
mushrooms are respectively disposed at a transmission line
path between the first I/O port and the second I/O port and a
transmission line path between the first I/O port and the third
I/O port. The two second mushrooms are respectively dis-
posed at the transmission line path between the first /O port
and the second I/O port and a transmission line path between
the first /O port and the fourth I/O port. The two third mush-
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2

rooms are respectively disposed at the transmission line path
between the first [/O port and the third /O port and the
transmission line path between the first I/O port and the fourth
IO port.

Herein the Electromagnetic Band Gap (EBG) frequencies
of the first mushroom, second mushroom and third mushroom
may differ with each other.

According to a further objective of the present invention,
herein a multi-frequency duplexer circuit is proposed. The
multi-frequency duplexer circuit can be applicable for multi-
frequency operations in N frequency bands, N being an inte-
ger greater than 1. The multi-frequency duplexer circuit com-
prises a microstrip line circuit and N mushroom sets. The
microstrip line circuit further comprises a first Input/Output
(I/O) port, N second I/O ports and N transmission line paths.
The N transmission line paths are respectively connected to
the first /O port and the N second I/O ports. Wherein, the Mth
second I/O port is used to input/output a signal of a frequency
located within the Mth frequency band, M being an integer
between | and N. For the N mushroom sets, each mushroom
set comprises N-1 mushrooms, and the EBG frequencies of
the mushrooms in the N mushroom sets respectively corre-
spond to the N frequency bands. Wherein, the mushrooms of
the Mth mushroom set are respectively disposed at the trans-
mission line paths with an exception of the Mth transmission
line path.

In summary, the tri-frequency duplexer circuit and multi-
frequency duplexer circuit according to the present invention
provides one or more following advantages:

(1) it allows to integrate simultaneously signal receptions
and transfers of multiple communication systems, thereby
enabling a mutual data transmission function among the mul-
tiple systems;

(2) it is capable of having the bi-directional communica-
tion of a duplexer and the frequency classification function of
a triplexer at the same time;

(3) it eliminates possible requirement of complicated
matching circuits by means of simple transmission line
impedance matching.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1-a is a diagram of a prior art duplexer;

FIG. 1-b is a diagram of a prior art diplexer;

FIG. 1-cis a diagram of a prior art triplexer;

FIG. 2 is a diagram of a tri-frequency duplexer circuit
according to the present invention;

FIG. 3-a is a cross-section diagram of a mushroom in the
tri-frequency duplexer circuit according to the present inven-
tion;

FIG. 3-b is an effectively equivalent circuit diagram of a
mushroom in the tri-frequency duplexer circuit according to
the present invention;

FIG. 3-¢ is an impedance diagram in the tri-frequency
duplexer circuit according to the present invention in consid-
eration of transmission line effect;

FIG. 4 is a diagram for an embodiment of the tri-frequency
duplexer circuit according to the present invention;

FIG. 5-a is a measurement diagram for the S parameter
inputted from the first /O port of the tri-frequency duplexer
circuit according to the present invention,;

FIG. 5-b is a measurement diagram for the S parameter
inputted from the second I/O port of the tri-frequency
duplexer circuit according to the present invention;

FIG. 5-¢ is a measurement diagram for the S parameter
inputted from the third /O port of the tri-frequency duplexer
circuit according to the present invention;
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FIG. 5-d is a measurement diagram for the S parameter
inputted from the fourth I/0 port of the tri-frequency duplexer
circuit according to the present invention; and

FIG. 6 is a diagram of a multi-frequency duplexer circuit
according to the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Refer now to FIG. 2, wherein a diagram of a tri-frequency
duplexer circuit according to the present invention is shown.
In this Figure, the tri-frequency duplexer circuit 200 com-
prises a microstrip line circuit, two first mushrooms 211, two
second mushrooms 212 and two third mushrooms 213. The
microstrip line circuit 210 may have a first /O port 201, a
second 1/O port 202, a third I/O port 203 and a fourth I/O port
204.

The first mushrooms 211 may be respectively placed at the
transmission line path between the first I/O port 201 and the
second I/O port 202 and the transmission line path between
the first /O port 201 and the third I/O port 203. The first
mushrooms 211 may have a first Electromagnetic Band Gap
(EBG) frequency, such that signals having the first EBG
frequency can not pass through the first mushrooms 211.

The second mushrooms 212 may be respectively placed at
the transmission line path between the first I/O port 201 and
the second 1/O port 202 and the transmission line path
between the first I/O port 201 and the fourth I/O port 204. The
second mushrooms 212 may have a second EBG frequency,
such that signals having the second EBG frequency can not
pass through the second mushrooms 212.

The third mushrooms 213 may be respectively placed at the
transmission line path between the first I/O port 201 and the
third /O port 203 and the transmission line path between the
first /O port 201 and the fourth I/O port 204. The third
mushrooms 213 may have a third EBG frequency, such that
signals having the third EBG frequency can not pass through
the third mushrooms 213.

Each of the aforementioned mushrooms may include a
meta-material. Refer next to FIG. 3-a, wherein a cross-sec-
tion diagram of a mushroom in the tri-frequency duplexer
circuit according to the present invention is shown. In the
Figure, the two circuit substrates 305 are preferably the high
frequency circuit board of Rogers RT/Duroid 5880, or the
FR4 substrate of a copper foil substrate. These two circuit
substrates 305 are respectively used as the support board and
mushroom board of the transmission line 310, in which the
mushroom may comprise a metal plate 315, a metal rod 316
and metal ground 317. An air layer 318 may exist in space
supported between the upper and lower circuit boards 305 by
a plastic gasket.

Refer now to FIG. 3-b, wherein an effectively equivalent
circuit diagram of a mushroom in the tri-frequency duplexer
circuit according to the present invention is shown. In the
Figure, Cm indicates the capacitance between the transmis-
sion line and the metal plate, and the existence of the air layer
can indeed increase the capacitance of Cm, allowing greater
couple capacity between the transmission line and the metal
plate. L1 represents the effectively equivalent inductance of
the metal rod. C1 means the capacitance between the metal
plate and the metal ground. Under such an effectively equiva-
lent circuit architecture, the mushroom forms a resonance
chamber with capacitance and inductance connected in par-
allel, thus in case the resonance frequency w=1VL1CI, the
input impedance 7 may be considered as an infinitely large
effectively equivalent open circuit. When the signal is trans-
ferred to the mushroom at this resonance frequency, the signal
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can not pass through as if encountering an open circuit, which
reflects the feature of Electromagnetic Band Gap (EBG) that
the mushroom in combination with the suspended microstrip
can have, in which such a resonance frequency can be referred
as the EBG frequency. Additionally, the mushroom itself
presents a feature of reciprocity for circuits, which means the
signal transmissions in the mushroom can be bi-directional at
the same EBG frequency.

Refer now to FIG. 3-¢, wherein an impedance diagram in
the tri-frequency duplexer circuit according to the present
invention in consideration of transmission line effect is
shown. As illustrated in the Figure, on the transmission line
from the first I/O port 301 to the third I/O port 303 there
installs a mushroom 311, the EBG frequency of the mush-
room 311 being fm. Upon input of a signal at frequency fm
from the first I/O port 301, due to the feature of the transmis-
sion line, the input impedance 7 viewed by the signal of
frequency fim at the joint 3100 toward the third /O port 303
may not be infinitely large; hence, in order to let the input
impedance 7 viewed by the signal of frequency fm at the joint
3100 toward the third /O port 303 be in an infinitely large
open circuit state, as the same case for the input impedance
Zm viewed by the signal of frequency fm from the mushroom
311, it is possible to, in terms of the EBG frequency of the
mushroom 311 and by using Smith Chart, specify the length
d of the transmission line between the joint 3100 and the
mushroom 311, so as to achieve the impedance matching
effect through simple transmission line design. The method
for achieving the impedance matching in the transmission
line designed as above is well-known by those skilled ones in
the art, and details thereof will be herein omitted for brevity.

The impedance matching enabled in the present invention
by using the features of the mushroom EBG frequency, reci-
procity for circuits and transmission line combined therewith
is comprehensive, which allows impedance matching for a
first /O port 201, the second I/O port 202, the third I/O port
203 and a fourth I/O port 204, such that the tri-frequency
duplexer circuit 200 is capable of providing both bi-direc-
tional communication and frequency classification function
at the same time.

Accordingly, upon inputting a signal of the first EBG fre-
quency at the first /O port 201, the impedance may be infi-
nitely large and considered as an open circuit when the signal
of the first EBG frequency viewing at the joint 2100 toward
the second I/O port 202 and the third I/O port 203, so the
signal of the first EBG frequency may be completely output-
ted via the fourth I/O port 204; meanwhile, upon inputting a
signal of the first EBG frequency at the fourth /O port 204,
the impedance may be also infinitely large when viewed at the
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port 203, so the signal of the first EBG frequency may be
completely outputted through the first I/O port 201. Similarly,
the signal of the second EBG frequency inputted at the first
1/O port 201 will be completely outputted from the third /O
port 203; the signal of the third EBG frequency inputted at the
first /O port 201 will be completely outputted from the sec-
ond I/O port 202. Again, the signal of the third EBG fre-
quency inputted at the second I/O port 202 will be completely
outputted from the first /O port 201; and the signal of the
second EBG frequency inputted at the third I/O port 203 will
be completely outputted from the first I/O port 201.

In practice, referring to FIG. 4, it is possible to design a first
mushroom 411 whose EBG frequency is WIMAX 3.5 GHz, a
second nushroom 412 whose EBG frequency is WikFi 2.45
GHz and a third mushroom 413 whose EBG frequency is
GSM 1800 MHz, with length al being 12.8 mm, length a2
13.7mm, length a3 51.9 mm, length b1 17.9 mm, length b2 18
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mm, length b3 21.2 mm, length c¢1 23.2 mm, length ¢2 37.6
mm, length ¢3 51.9 mm, length d1 30 mm, length d2 90 mm,
length d3 40 mm and length d4 55 mm. Herein, upon input-
ting a GSM signal at the first /O port 401, due to the EBG
feature at 1800 MHz frequency of the third mushroom 413
between the transmission lines from the first /O port 401 to
the third I/O port 403 and from the first I/O 401 to the fourth
I/O port 404, along with the impedance matching in the
transmission lines, the GSM signal will be completely out-
putted through the second I/O port 402; meanwhile, upon
inputting a GSM signal at the second I/O port 402, due to the
EBG feature of the third mushroom 413 between the trans-
mission lines toward the third I/O port 403 and the fourth I/O
port 404, along with the impedance matching in the transmis-
sion lines, the GSM signal will be completely outputted
through the first /O port 401. Again, similarly, upon inputting
a WiFi signal at the first I/O port 401, the WiFi signal will be
completely outputted through the third /O port 403; upon
inputting a WiFi signal at the third 1/O port 403, the WiFi
signal will be completely outputted through the first I/O port
401. For the same reason, once more, upon inputting a
WIMAX signal at the first /O port 401, the WiMAX signal
will be completely outputted through the fourth I/O port 404,
while upon inputting a WiMAX signal at the fourth /O port
404, the WiMAX signal will be completely outputted through
the first /O port 401.

Thus, the tri-frequency duplexer circuit according to the
present invention may be disposed at the cross-point of the
communication systems having various frequency band
specifications as the matching circuit for system integration.
For example, in terms of three types of a system like GSM
1800 MHz, WiFi 2.45 GHz and WiMAX 3.5 GHz, it is pos-
sible to connect to the integration system of GSM 1800 MHz,
WiFi 2.45 GHz and WiMAX 3.5 GHz at the first /O port 401,
to connect to the system of GSM 1800 MHz at the second I/0
port 402, to the system of WiFi 2.45 GHz at the third I/O port
403 and to the system of WIMAX 3.5 GHz at the fourth I/O
port 404; in this way, such three systems may be successfully
provided with mutual data transmission functions among
them. Same circuit concept may also be applied in other
different communication specifications, or it is even possible
1o extend such a concept to even more frequencies.

Refer now to FIG. 5-a, wherein a measurement diagram for
the S parameter inputted from the first I/O port of the tri-
frequency duplexer circuit according to the present invention
is shown. Herein FIGS. 5-a to 5-d illustrate the measurements
on the circuit shown in FIG. 4. In the Figure, the reflection
coefficients 511 for GSM 1800 MHz, WiFi 2.45 GHz and
WIMAX 3.5 GHz are small, indicating the signal of GSM
1800 MHz, WiFi 2.45 GHz and WiMAX 3.5 GHz, at the first
/O port may be completely inputted. The penetration coeffi-
cient S21 is large for GSM 1800 MHz, meaning GSM 1800
MHz may be completely outputted from the second I/O port.
The penetration coefficient S31 is large for WiFi 2.45 GHz,
that is, WiFi 2.45 GHz may be completely outputted from the
third /O port. The penetration coefficient S41 is large for
WIMAX 3.5 GHz, indicating that WiMAX 3.5 GHz may be
completely outputted from the fourth /O port. As such a
result, it illustrates that the tri-frequency duplexer circuit
according to the present invention provides the frequency
classification function of the triplexer.

Refer to FIG. 5-b, wherein a measurement diagram for the
S parameter inputted from the second I/O port of the tri-
frequency duplexer circuit according to the present invention
is shown. In the Figure, it may be seen that, as inputting the
GSM 1800 MHz signal at the second I/O port, S12 is large at
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6

1800 MHz, indicating the GSM signal may be completely
outputted via the first [/O port.

Refer next to FIG. 5-¢, wherein a measurement diagram for
the S parameter inputted from the third [/O port of the tri-
frequency duplexer circuit according to the present invention
is shown. In the Figure, it may be seen that, as inputting the
WiFi2.45 GHz signal at the third I/O port, S13 is large at 2.45
GHz, indicating the WiFi signal may be completely outputted
via the first 1/0 port.

Refer further to FIG. 5-d, wherein a measurement diagram
for the S parameter inputted from the fourth /O port of the
tri-frequency duplexer circuit according to the present inven-
tion is shown. In the Figure, it may be seen that. as inputting
the WiMAX 3.5 GHz signal at the fourth I/O port, S14 is large
at 3.5 GHz, indicating the WiMAX signal may be completely
outputted via the first /O port. From FIGS. 5-b to 5-d, it
clearly demonstrates that the tri-frequency duplexer circuit
according to the present invention indeed provides the bi-
directional communication of the duplexer.

Refer to FIG. 6, wherein a diagram of a multi-frequency
duplexer circuit according to the present invention is shown.
Herein it takes a quadri-frequency duplexer as an example.
The differences between the quadri-frequency duplexer cir-
cuit 600 and the tri-frequency duplexer circuit lie in that one
more transmission line is added to the microstrip line circuit,
and one more mushroom is placed on each ofthe transmission
lines. Thus, the quadri-frequency duplexer circuit may pro-
vide the bi-directional communication and the frequency
classification function at the same time by using the features
of EBG in three mushrooms disposed on each of the trans-
mission line paths, reciprocity for circuits and impedance
matching in the transmission lines combined therewith,
allowing the communication specifications of four frequency
bands to perform data transmission among them.

In this Figure, it takes four frequencies as an embodiment
for the multi-frequency duplexer circuit, in which the quadri-
frequency duplexer circuit 600 comprises a microstrip line
circuit, a first mushroom set, a second mushroom set, a third
mushroom set and a fourth mushroom set.

The microstrip line circuit comprises a first /O port 601, a
second I/O port (#1) 6021, a second I/O port (#2) 6022, a
second I/O port (#3) 6023, a second /O port (#4) 6024, a first
transmission line path 6101, a second transmission line path
6102, a third transmission line path 6103 and a fourth trans-
mission line path 6104.

These four transmission line paths are respectively con-
nected to the first I/O port 601 and four second I/O ports, in
which the second I/O port (#1) 6021 may output a signal of a
frequency within a first frequency band, the second I/0 port
(#2) 6022 may output a signal of a frequency within a second
frequency band, the second 1/O port (#3) 6023 may output a
signal of a frequency within a third frequency band and the
second I/0 port (#4) 6024 may output a signal of a frequency
within a fourth frequency band.

The first mushroom set comprises three mushrooms 611,
respectively placed at the transmission line paths except the
first transmission line path 6101, and the EBG frequency of
the three nmushrooms 611 in the first mushroom set corre-
sponds to the first frequency band.

The second mushroom set comprises three mushrooms
612, respectively placed at the transmission line paths except
the second transmission line path 6102, and the EBG fre-
quency of the three mushrooms 612 in the second mushroom
set corresponds to the second frequency band.

The third mushroom set comprises three mushrooms 613,
respectively placed at the transmission line paths except the
third transmission line path 6103, and the EBG frequency of
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the three mushrooms 613 in the third mushroom set corre-
sponds to the third frequency band.

The fourth mushroom set comprises three mushrooms 614,
respectively placed at the transmission line paths except the
fourth transmission line path 6104, and the EBG frequency of
the three mushrooms 614 in the fourth mushroom set corre-
sponds to the fourth frequency band.

In terms of different EBG frequencies of the first mush-
room set, the second mushroom set, the third mushroom set
and the fourth mushroom set, it is possible, by using Smith
Chart, to respectively design the transmission line lengths
between each mushroom within these first mushroom set,
second mushroom set, third mushroom set and fourth mush-
room set and the joint 6100, so as to achieve the effect of
appropriate impedance matching.

Accordingly, upon inputting a signal of the first frequency
band at the first I/O port 601, the signal of the first frequency
band will be completely outputted through the second 1/0
port (#1) 6021. Upon inputting a signal of the first frequency
band at the second I/O port (#1) 6021, the signal of the first
frequency band will be completely outputted through the first
/O port 601. A signal of the second frequency band inputted
at the first I/O port 601 will be completely outputted via the
second I/O port (#2) 6022. A signal of the third frequency
band inputted at the first I/O port 601 will be completely
outputted through the second 1/O port (#3) 6023. Similarly, a
signal of the fourth frequency band inputted at the first I/O
port 601 will be completely outputted from the second I/O
port (#4) 6024.

Conversely, a signal of the second frequency band inputted
at the second I/O port (#2) 6022 will be completely outputted
from the first IO port 601. A signal of the third frequency
band inputted at the second I/O port (#3) 6023 will be com-
pletely outputted from the first I/O port 601. A signal of the
fourth frequency band inputted at the second I/O port (#4)
6024 will be completely outputted by way of the first IO port
601.

The present invention is by no means limited to the illus-
trated tri-frequency or quadri-frequency duplexer circuit, but
the same circuit concept may be widely extended to multi-
frequency duplexer circuits, enabling bi-directional commu-
nication and frequency classification function at the same
time. For example, an N-frequency duplexer circuit may per-
form multi-frequency band operations in N frequency bands,
where N being an integer greater than 1. Such an N-frequency
duplexer circuit may comprise a microstrip line circuit and N
mushroom sets. The microstrip may comprise a first /O port,
N second I/O ports and N transmission line paths, and the N
transmission line paths are respectively connected to the first
/O port and N second I/O ports, in which the Mth second I/O
port is allowed to input/output a signal within the Mth fre-
quency band, where M being an integer between 1 and N.

Fach mushroom set comprises N-1 mushrooms, and the
mushrooms in the Nth mushroom set may respectively cor-
respond to the N frequency bands. Herein the mushrooms in
the Mth mushroom set may be respectively disposed at the
transmission line paths with an exception of the Mth trans-
mission line path.

The descriptions illustrated hereinbefore are exemplary,
but not restrictive. All effectively equivalent modifications or
changes made without departing from the spirit and scope of
the present invention are to be deemed as being encompassed
by the claims appended hereunder.
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What is claimed is:

1. A tri-frequency duplexer circuit, comprising:

a microstrip line circuit, comprising a first Input/Output
(I/O) port, a second I/O port, athird I/O port and a fourth
/O port;

two first mushrooms with a first Electromagnetic Band
Gap (EBG) frequency, respectively disposed at a trans-
mission line path between the first /O port and the
second /O port and a transmission line path between the
first I/O port and the third /O port;

two second mushrooms with a second EBG frequency,
respectively disposed at the transmission line path
between the first I/O port and the second I/O port and a
transmission line path between the first I/O port and the
fourth I/0 port;

two third mushrooms with a third EBG frequency, respec-
tively disposed at the transmission line path between the
first I/O port and the third I/O port and the transmission
line path between the first /O port and the fourth /O
port; and

a first substrate and a second substrate with an air layer
being defined between the first substrate and the second
substrate, the microstrip line circuit being disposed on
the first substrate, and the two first mushrooms, the two
second mushrooms and the two third mushrooms being
disposed within the second substrate;

wherein the first EBG frequency, the second EBG fre-
quency, and the third EBG frequency differ from each
other.

2. The tri-frequency duplexer circuit according to claim 1,
wherein the two first mushrooms, the two second mushrooms
and the two third mushrooms respectively comprise a metal
plate, a metal rod and a metal ground, the metal plate and the
metal ground are disposed correspondingly on two surface of
the second substrate, the metal rod is connected between the
metal plate and the metal ground, and the metal plate is
arranged to be exposed to the air layer.

3. The tri-frequency duplexer circuit according to claim 2,
wherein the shape of the metal plate is square, triangular,
circular or any geometric shape.

4. The tri-frequency duplexer circuit according to claim 2,
wherein the shape of the metal rod is square, triangular, cir-
cular or any geometric shape.

5. The tri-frequency duplexer circuit according to claim 2,
wherein the size of the metal plate or the metal rod determines
the first EBG frequency, the second EBG frequency and the
third EBG frequency of the mushrooms.

6. The tri-frequency duplexer circuit according to claim 1,
wherein the microstrip line circuit further comprises a joint,
and the length of the transmission line from the first mush-
rooms, the second mushrooms or the third mushrooms to the
joint is specified achieve to impedance matching.

7. A multi-frequency duplexer circuit applicable for multi-
frequency operations in N frequency bands, N being an inte-
ger greater than 1, the multi-frequency duplexer circuit com-
prising:

a microstrip line circuit, comprising a first Input/Output
(I/O) port, N second I/O ports and N transmission line
paths, the N transmission line paths being respectively
connected to the first /O port and the N second I/O ports,
wherein an Mth second I/O port is used to input/output a
signal of a frequency located within an Mth frequency
band, M being an integer between 1 and N;

N mushroom sets, being disposed at the N transmission
lines paths between the first I/O port and the N second
/O ports, each mushroom set comprising N-1 mush-
rooms, and Electromagnetic Band Gap (EBG) frequen-
cies of the mushrooms in the N mushroom sets respec-
tively corresponding to the N frequency bands; and



US 7,994,875 B2

9

a first substrate and a second substrate with an air layer
being defined between the first substrate and the second
substrate, the N transmission line paths being disposed
on the first substrate, and the mushrooms in the N mush-
room sets being disposed within the second substrate;

wherein the Mth mushroom set are disposed at a transmis-
sion line path between the first I/O port and the Mth
second 1/O port, and wherein the mushrooms of an Mth
mushroom set are respectively disposed at the transmis-
sion line paths with an exception of an Mth transmission
line path;

wherein the N frequency bands differ from each other.

8. The multi-frequency duplexer circuit according to claim

7, wherein the mushrooms in the N mushroom sets respec-
tively comprise a metal plate, a metal rod and a metal ground,
the metal plate and the metal ground are disposed correspond-
ingly on two surface of the second substrate, the metal rod is
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connected between the metal plate and the metal ground, and
the metal plate is arranged to be exposed to the air layer.

9. The tri-frequency duplexer circuit according to claim 8,
wherein the shape of the metal plate is square, triangular,
circular or any geometric shape.

10. The nwlti-frequency duplexer circuit according to
claim 8, wherein the shape of the metal rod is square, trian-
gular, circular or any geometric shape.

11. The multi-frequency duplexer circuit according to
claim 8, wherein the size of the metal plate or the metal rod
determines EBG frequencies of the mushrooms.

12. The multi-frequency duplexer circuit according to
claim 7, wherein the microstrip line circuit further comprises
ajoint, and the length of the transmission line from each of the
mushrooms to the joint is specified achieve impedance
matching,



