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COMPACT SINGLE-TO-BALANCED
BANDPASS FILTER

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to bandpass filters, and
more particularly, to a compact single-to-balanced bandpass
filter.

[0003] 2. Description of Related Art

[0004] Taiwanese Patent No. M292793 (hereinafter
referred to as citation 1), entitled Compact Multilayer Single-
to-balanced Bandpass Filter, proposes a compact multilayer
single-to-balanced bandpass filter which comprises a plural-
ity of substrates formed with at least one coupled line thereon,
wherein the coupled lines are coupled and aligned in pairs,
while a first one and a last one of the coupled lines are
equipped with one unbalanced input end and two balanced
output ends respectively for reducing signal attenuation and
coupling interference. Taiwanese Patent No. M292793 dis-
closes a structure in which three coupled lines are coupled to
one another in pairs so as to form a bandpass filter, wherein
the first one and the last one of the coupled lines are equipped
with one unbalanced input end and two balanced output ends
respectively, as shown in FIG. 1. Basically, citation 1 is real-
ized by a combination of a balun and a bandpass filter that is
configured to receive unbalanced input signals and output
balanced signals. However, effective reduction of dimensions
is unlikely to be accomplished by Taiwanese Patent No.
M292793 as the structure disclosed therein requires coupled
lines having lengths equal to half a wavelength of the oper-
ating frequency.

[0005] “A Balance Filter with DC Supply for Bluetooth
Module” (hereinafter referred to as citation 2) by Dae-Woun
YOO, Eung-Soo KIM and Sung-Wook KIM, presented in
2005 European Microwave Conference, teaches fabricating a
conventional balun and a filter concurrently on a same LTCC
substrate so as to form a new component. However, no indis-
pensable elements are spared (still using a balun and a band-
pass filter), so that the dimensions, 6.35x6.35 mm?, of the
component thus formed remain unabated.

[0006] “A laminated balance filter using LTCC technol-
ogy” (hereinafter referred to as citation 3) by Min Cheol Park,
Byoung Hwa Lee and Dong Seok Park, in Microwave Con-
ference Proceedings, 2005. APMC 2005. Asia-Pacific Con-
ference Proceedings, discloses, among others, a set of
coupled lines to be commonly used by a balun and a filter.
Nevertheless, lengths of the coupled lines have to equal
lengths of coupled lines of a conventional balun (a quarter of
the wavelength of the center frequency), thereby allowing
little downsizing.

SUMMARY OF THE INVENTION

[0007] To overcome the drawbacks of the prior art, it is a
primary objective of the present invention to provide a com-
pact single-to-balanced bandpass filter, wherein a circuit
structure of the compact single-to-balanced bandpass filter is
simplified, so as to reduce dimensions of related components
effectively and improve frequency response of the compact
single-to-balanced bandpass filter. The present invention pro-
vides two bandpass filters coupled in different directions as
major components of the compact single-to-balanced band-
pass filter and simplifies the two bandpass filters with a view
1o achieving miniaturization. The compact single-to-bal-
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anced bandpass filter is provided with three resonator, namely
a first resonator, a second resonator, and a third resonator,
wherein the first and the second resonators form an inductive
coupled-line (ICL) filter while the first and the third resona-
tors form a capacitive coupled-line (CCL) filter, in which
three coupled lines are used to implement an inductively
coupled line (ICL) and a capacitively coupled line (CCL).
The compact single-to-balanced bandpass filter further com-
prises one input end P1 and two output ends P2 and P3. An
unbalanced signal inputted to the input end P1 is coupled,
from the first resonator to the second and third resonators,
with a same coupling energy, allowing the two output ends P2
and P3 to output signals of a same magnitude (i.e., half of a
magnitude of an input energy).

[0008] Comparatively speaking, commercially available
2.4 GHz bandpass filters have dimensions of 2.0x1.2 mm or
2.5%2.0 mm and an insertion loss of approximately 2.2 dB,
whereas a balun has dimensions of 1.6x0.8 mm or 2.0x1.2
mm and an insertion loss of approximately 1 dB. On the other
hand, the compact single-to-balanced bandpass filter accord-
ing to the present invention has dimensions of 2.0x1.2 mm
and an insertion loss of 1.65 dB, wherein a balun and a
bandpass filter are integrated into a single component in the
present invention, thereby achieving component miniaturiza-
tion as well as improving frequency response of the compo-
nents. Compared with citation 1, the coupled lines provided
by the present invention have lengths far shorter than a quarter
of a wavelength of an operating frequency, thereby enabling
effective reduction of component dimensions during a fabri-
cation process. Compared with citations 2 and 3, the present
invention integrates a balun and a bandpass filter into a single
component, whose dimensions are reduced to 2.0x1.2 mm in
an embodiment of the present invention. The compact single-
to-balanced bandpass filter of the present invention is appli-
cable to any systems that comprise a balun and a bandpass
filter, such as a wireless LAN (local area network) system and
a Bluetooth system.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 is a schematic view of a conventional
embodiment of a balun and a bandpass filter;

[0010] FIG. 2(a) is a schematic view showing a circuit
structure of a compact single-to-balanced bandpass filter
according to the present invention;

[0011] FIG. 2(b) is a schematic view showing a simplified
circuit of the compact single-to-balanced bandpass filter
based on the circuit structure shown in FIG. 2(a);

[0012] FIG. 3 is a graph of simulated results, produced by
circuit simulation software, based on the circuit structure of
the compact single-to-balanced bandpass filter according to
the present invention;

[0013] FIG. d(a) is a graph of actual simulated results and
measured results of the present invention;

[0014] FIG. 4(b) is a graph of magnitude imbalance and
phase imbalance actually measured of the present invention;
[0015] FIG. 4(c) is a graph depicting transmission charac-
teristics of balanced signals and unbalanced signals of the
present invention;

[0016] FIG. 5(a) is a schematic view showing a structure of
an inductive coupled-line (ICL) bandpass filter;

[0017] FIG. 5(b)is a schematic view showing a structure of
a capacitive coupled-line (CCL) bandpass filter; and
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[0018] FIG. 5(c) is a graph of a parameter 2721 of the
inductive coupled-line (ICL) bandpass filter and the capaci-
tive coupled-line (CCL) bandpass filter.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0019] The following preferred embodiment is provided to
illustrate the present invention. Others skilled in the art can
easily understand other advantages and features of the present
invention in accordance with the specification and the accom-
panying drawings.

[0020] Referring to F1G. 1, which is a schematic view of a
conventional embodiment of abalun and a bandpass filter, the
balun and bandpass filter (enclosed by the dashed line) in the
drawing define the part of the prior art that is intended to be
replaced by a compact single-to-balanced bandpass filter
according to the present invention, in the hope of downsizing
related components and improving performance thereof.
[0021] FIGS. 2(a) and 2(5) are schematic views showing a
circuit structure and a simplified circuit of a compact single-
1o-balanced bandpass filter according to the present inven-
tion, respectively, wherein FIG. 2(a) depicts the circuit struc-
ture of the compact single-to-balanced bandpass filter of the
present invention while FIG. 2(b) depicts a simplified circuit
of the compact single-to-balanced bandpass filter based on
the circuit structure shown in FIG. 2(a). Referring to FIG.
2(a). the compact single-to-balanced bandpass filter com-
prises a complete, inductive coupled-line (ICL) bandpass
filter and a complete, capacitive coupled-line (CCL) band-
pass filter, wherein a total of four inductors and eight capaci-
tors are provided. More particularly, the two bandpass filters
coupled in different directions are composed of an inductive
coupled-line (ICL) bandpass filter and an out-of-phase
capacitive coupled-line (CCL) bandpass filter connected in
parallel. Referring to FIG. 2(b), an inductively coupled line
(ICL) and a capacitively coupled line (CCL) are implemented
by three coupled lines, wherein capacitor C,, capacitor C,,
and capacitor C,, function as DC block capacitors configured
for matching and adjustment. The compact single-to-bal-
anced bandpass filter of the present invention is provided with
three resonators, namely a first resonator formed by a capaci-
tor C, and a line SL,, a second resonator formed by a capaci-
tor Cs, and a line SL,,, and a third resonator formed by a
capacitor C; and a line SL,.

[0022] As shown in FIG. 2(a), the inductive coupled-line
(ICL) bandpass filter and the capacitive coupled-line (CCL)
bandpass filter form a single-to-balanced bandpass filter.
Referring to FIG. 2(b), the inductively coupled line (ICL) and
the capacitively coupled line (CCL) are implemented by three
coupled lines, so as to realize the single-to-balanced bandpass
filter. Referring to FIG. 2(b) again, an unbalanced signal
inputted to an input end Port P1 is coupled, from the first
resonator to the second and third resonators, with a same
coupling energy, so that two output ends Port P2 and Port P3
output signals of a same magnitude (i.e., half of a magnitude
of an input energy). Furthermore, an inductive coupled-line
(ICL) filter 1s formed by the first resonator and the second
resonator, while a capacitive coupled-line (CCL) filter is
formed by the first resonator and the third resonator, wherein
a phase imbalance between signals outputted from the output
end Port P2 and the output end Port P3 is 180°. Given the
aforesaid conditions, an unbalanced signal inputted to the
input end Port P1 which falls within a preset passband can be
converted into balanced signals outputted from the output
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ends Port P2 and Port P3, while signals outside the design
passband are filtered out, thereby providing the function of a
balun and the function of a bandpass filter simultaneously.

[0023] FIG. 3 is a graph of simulated results, produced by
circuit simulation software, of the circuit structure of the
compact single-to-balanced bandpass filter according to the
present invention. As shown in F1G. 3, the circuit exhibits, at
S21 and S31, a maximum in-band insertion loss of 3.5 dB, a
minimum in-band reflection loss of 34.4 dB, a maximum
in-band magnitude imbalance of 0.6 dB, and a maximum
in-band phase imbalance of 4°, thus meeting the characteris-
tic requirements for a single-to-balanced bandpass filter.
FIGS. 4(a), 4(b) and 4(c) illustrate a comparison between
measured results and simulated results of the simplified cir-
cuit (of FIG. 2(b)), wherein the actually measured results are
indicated by solid lines and the EM (electromagnetic) simu-
lated results are indicated by dashed line. As shown in FIG.
4(a), the measured results agree quite well with the simulated
results, wherein the measured results at S11 reveal two in-
band poles around 2.44 GHz and a minimum in-band reflec-
tion loss of 27 dB; the measured results at S21 and S31 reveal
a maximum in-band insertion loss of —-4.7 dB; and the mea-
sured results at S31 reveal a transmission zero around 3.5
GHz, as predicted by the EM simulated results. Referring to
FIG. 4(b), which is a graph of magnitude imbalance and phase
imbalance actually measured from the single-to-balanced
bandpass filter, two balanced input (output) ports are out-of-
phase before the transmission zero appears (around 3.5 GHz)
at S31 but become in-phase after the transmission zero
appears, with an in-band magnitude imbalance smaller than
0.32 dB and an in-band phase imbalance smaller than 3°. As
demonstrated by the aforesaid results, the single-to-balanced
bandpass filter exhibits excellent in-band balance. FIG. 4(c)is
a graph depicting transmission characteristics of balanced
signals and unbalanced signals of the single-to-balanced
bandpass filter. The measured results of balanced signals
reveal that the single-to-balanced bandpass filter has a maxi-
mum in-band insertion loss of 1.65 dB, while the measured
results of unbalanced signals reveal a minimum in-band
insertion loss of =24 dB. In addition, the measured results of
balanced signals reveal a transmission zero around 4.2 GHz,
and a similar result is also found from the EM simulations.
This transmission zero appears because an out-of-phase to
in-phase transition takes place at S21 and S31 around 3.5
GHz, and magnitudes become equal at S21 and S31 at 4.2
GHz. As a result, signals are offset by one another at a bal-
anced port, and the transmission zero therefore appears
around 4.2 GHz. The transmission zero inhibits harmonic
signals generated at 4.2 GHz by a 2.1 GHz local oscillator, so
that noise attenuates by at least 50 dB at that frequency point.

[0024] FIGS. 5(a), 5(b) and 5(c) provide additional infor-
mation, wherein FIG. 5(a) is a schematic view showing a
structure of an inductive coupled-line (ICL) bandpass filter,
FIG. 5(b) is a schematic view showing a structure of'a capaci-
tive coupled-line (CCL) bandpass filter, and FIG. 5(c) is a
graph of a parameter 2Z,, of the inductive coupled-line
(ICL) bandpass filter and the capacitive coupled-line (CCL)
bandpass filter. As shown in the figures, the inductive
coupled-line (ICL) bandpass filter has an in-band parameter
£ 7., of -90°, while the capacitive coupled-line (ICL) band-
pass filter has in-band 2 Z,, parameter of +90°.

[0025] The compact single-to-balanced bandpass filter of
the present invention is applicable to any systems that com-
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prise a balun and a bandpass filter, such as a wireless LAN
(local area network) system and a Bluetooth system.

What is claimed is:

1. A compact single-to-balanced bandpass filter, compris-
ing an inductive coupled-line (ICL) bandpass filter and a
capacitive coupled-line (CCL) bandpass filter, characterized
in that the compact single-to-balanced bandpass filter is pro-
vided with three resonators, namely a first resonator, a second
resonator, and a third resonator, wherein the first resonator
and the second resonator form an inductive coupled-line
(ICL) filter while the first resonator and the third resonator
form a capacitive coupled-line (CCL) filter.

2. The compact single-to-balanced bandpass filter of claim
1, wherein an inductively coupled line (ICL) and a capaci-
tively coupled line (CCL) are implemented by three coupled
lines.

3. The compact single-to-balanced bandpass filter of claim
1, further comprising an input end, a first output end and a
second output end, such that an unbalanced signal inputted to
the input end is coupled, from the first resonator to the second
and the third resonators. with a same coupling energy, so that
the first output end and the second output end output signals
having a same magnitude (i.e., half of a magnitude of an input
energy).

4. The compact single-to-balanced bandpass filter of claim
3, wherein a phase imbalance between the signals outputted
from the first and the second output ends is 180°.

5. The compact single-to-balanced bandpass filter of claim
3, wherein the unbalanced signal inputted to the input end is
converted into the balanced signals outputted from the first
and the second output ends if the unbalanced signal falls
within a preset passband, and signals outside the preset pass-
band are filtered out.

Sep. 24,2009

6. The compact single-to-balanced bandpass filter of claim
1, further comprising a DC block capacitor for providing
matching and adjustment.

7. The compact single-to-balanced bandpass filter of claim
1, wherein the first resonator is formed by a capacitor C, and
a line SL, the second resonator is formed by a capacitor C;,
and aline SL,,, and the third resonator is formed by a capaci-
tor C;_ and a line SL, _.

8. The compact single-to-balanced bandpass filter of claim
1, wherein the compact single-to-balanced bandpass filter has
dimensions of approximately 2.0x1.2 mm.

9. The compact single-to-balanced bandpass filter of claim
1, wherein the compact single-to-balanced bandpass filter has
an insertion loss of approximately 1.65 dB.

10. A single-to-balanced bandpass filter, characterized in
that two bandpass filters coupled in different directions are
used as major components forming the single-to-balanced
bandpass filter.

11. The single-to-balanced bandpass filter of claim 10,
wherein the filter comprises a complete, inductive coupled-
line (ICL) bandpass filter and a complete, capacitive coupled-
line (CCL) bandpass filter, in which at least four inductors and
eight capacitors are provided.

12. The compact single-to-balanced bandpass filter of
claim 2, wherein lengths of the coupled lines are shorter than
a quarter of a wavelength of an operating, frequency.

13. The single-to-balanced bandpass filter of claim 10,
wherein the two bandpass filters coupled in different direc-
tions are composed of an inductive coupled-line (ICL) band-
pass filter and an out-of-phase capacitive coupled-line (CCL)
bandpass filter connected in parallel.
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