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Abstract

T’wo microstrip variable band-pass filters for 6 GHz and 4 GHz bands are proposed and tested.

The pass-band width varies from 310 MHz to 1.24 GHz for the varactor-diode coupled filter, and

it varies from 380 MHZ to 2.18 GHz for the filter which is composed of low-pass and high-pass

filters connected in series. The center frequency of the both filters can be changed arbitrar-

ily.

Introduction
..

Many studies of the microwave filter using

a rectangular waveguide and coaxial line or

strip line have been reported. However, the

pass-band width of microwave filter mentioned

above is fixed and cannot be varied.

The pass-band width of the band-pass filter

can be varied mechanically or electrically.

These methods of changing the pass-band width

have been already reported’). In this paper,

the author proposes new microstrip variable

band-pass filters using varactor-diode. Two

types of the filters are considered.

The first one is the varactor-di~<e. coupled

variable band-pass filter which is comp-o’sed of

three parallel resonance circuits connected

with varactor-diodes and short transmission

lines. The pass--band width is varied by chang-

ing the capacitances of the varactor-diodes.

The second one is composed of low-pass and

high-pass filters conncted in series. The low

pass filter is constructed by mounting three

varactor-diodes in a microstrip line at a cer-

tain interval. By changing the capacitances of

the varactor-dic>des, the cut off frequency of

the low-pass filter is varied. The high-pass

filter is constructed by placing three condens-

ers on a microstrip line, and between them,

open transmissicm lines terminated by varactor

diodes are connected as inductances. The cut

off frequency of the filter is varied by chang-

ing the capacitances of the varactor-diodes.

The pass-band width of the band-pass filter

can be varied by changing the capacitances of

the varactor-diodes in both low-pass and high-

pass filters.

The experiments were carried out at the 4

GHz band. For the second filter, the pass-band
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width was varied from 380 MHz to 2.18 GHz.

Varactor-diode coupled variable

band-pass filter

The structure of the varactor-diode coupled

variable band-pass filter is show in Fig. 1.
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Fig. 1. Construction of varactor-diode coupled
variable band-pass filter

The filter is composed of the three resonance

circuits connected with the varactor-diodes

and the short transmission lines. The center

frequencies in the pass-band of the three

resonance circuits are equal, and they are

varied by changing the junction capacitance of

the D5047 varactor-diodes ZD1, ZD3, ZD5. The

lengths of the short transmission lines are

all 5mm.

The experiments were carried out at the 6

GHz band. The measured attention characteris-

tics of the filter is shown in Fig. 2. The

capacitances of varactor-diodes ZD1, ZD2 and

ZD3, ZD4, 2D5 shown in Fig. 2 will be denoted

simply as Cl, C2 and C3, C4, C5 in the follow-

ing. As shown in Fig. 2, the pass-band width

varied from 310 MHz to 1.24 GHz when the bias



voltage of the diodes ‘D2 and zD4 was Chawd are mounted in the miccostrip line. The input

from o(v) to -9.5(v) (constant bias voltage -25

(v) was applied to the diode ZD1, ZDZP ZD5).

The center frequency is 6.8 GHz. when the junc-

tion capacitances of ZD2 and ZD4 become large,

the coupling between three resonance circuits

increases. As a result, the center freqency is

shifted 45 MHz to lower frequency.
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attenuation characteristics of the filter

shown in Fig. 1.

The pass-band width varied from 140 MHz to

840 MHz when the bias voltage of the diodes

zD2 and ZD4 was changed from O(V) to -9.5 (V)

and output impedances of the low-pass filter

are 50 fl, and ZOl is 75 fl. The cut off frequen-

cy in the low-pass filter is varied by chang-

ing capacitances of the varactor-diodes.
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Fig. 3. construction of low-pass filter

The experiments were carried out from 3 GHz

to 5 GHz bands. The measured attenuation char-

acteristics of the filter is shown in Fig. .4.

The junction capacitances of varactor-diodes

ZD6, ZD7 and ZD8 shown in Fig. 4 will be

denoted simply as C6, C7 and C8 in fOl10Win9.

The cut off frequency varied from 3.25 GHz to

5.37 GHz when the bias voltage of the diodes

ZD6 and ZD7 was changed from O(V) to -25 (V) (

constant bias voltage -25(v) was applied to

the diode ZD8).
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(constant bias voltage -6.2 (V) was applied to ~ t#
khe diodes ZD1, ZD3 and ZD5) . The Center fre- ~ I
quency is 5.85 GHz. If we want to move the

center frequency of the filter to around 4 GHz,

the varactor-diodes ZD1, zD3 and ZD5 with

larger junction capacitances should be used.

The experimental results are compared with

the theoretical results Fig. 2, and good agree-

ment between them is observed. Moreoverr the

measured insertion loss in the pass-band was

less than 1 dB.

Variable band-pass filter composed of

low-pass and high-pass filters connected

in series

(1) Low-pass filter

The structure of the variable cut off fre-

quency low-pass filter is shown in Fig. 3. An

intervalj between D5047 varactor-diodes ZD6r

zD7 and ZD8 iS 6 mm, and the varactor-diodes

3 3.5 4 45 5 5.5 6

Frequency (GHZ)

Fig. 4. Variable cut off frequency low-pass
filter shown in Fig. 3.

(2) High-pass filter

The structure of the variable cut off fre-

quency high-pass filter is shown in Fig. 5.

The D5047 varactor-diodes ZD9 and ZD1O are

mounted at the ends of the open transmission

line. The characteristi.sti.cs impedance of the

open transmission line is 100 Q, and the length

was 10 mm. In order to supply the voltage to

the varactor-diodesr the transmission lines

shorted by condensers D1 and D2 are connected
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to the strip line. The condenser Ca, Cb, Cc

are. formed by_simdowich.ing mica plates between

the upper and lower plates of the microstrip.

The cut off frequency is varied by changing

capacitances of the varactor-dioeds.
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Fig. 5. Construction of high-pass filter

The experimer~ts were carried out from 3 GHz

to 5 GHz bands. The measured attenuation char-

acteristics of the filter is shown in Fig. 6.

The junction capacitances of the varactor-

diodes zD9 and ZDIO shown in Fig. 6 will be

denoted simply as C9 and C1O in the following.

The cut off frequency varied from 2.86 GHz

to 4.05 GHZ when the bias voltage of the diode

ZDIO was changed from O(V) to -25 (V) (constant

bias voltage -0.4 (V) was applied to the diode

2“9) .
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Fig. 6. Variable cut off frequency high–pass
filter shown in Fig. 5.

The measured

was less than 1

(3) Variable

low-pass

The measured

insertion loss of the filter

dB .

band-pass filter composed of

and high-pass filters

attenuation characteristics of

changed from -6.2 (V) to -9.7 (V) and 2D7 was

changed from -1.8 (V) to -9.7 (V) (constant

bias voltage O (V) was amlied to the diode

ZD8) , and .ZDIO was chanqed from -2.6 (v) -25

(V) (constant bias voltage -0.4 (V) was applied

to the diode ZD9) . The center frequency is 4,15

GHz .
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Fig. T. Variable band-pass filter COMDOsed of

low-pass and high-pass filter; connected

in series

The experimental results are compared with

the theoretical results in Fig. 7,, and good

agreement between them is observed. Moreoverr

the measured insertion loss in the pass-band

was less than 1 dB. This type of band-pass

filter has several advantages over the varactor

diode compled band-pass filter. Namely, the

center frequency of the pass-band can be se-

lected more

varied more

1) S.Toyoda

Variable

easily, and the pass-band width be

widely.
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the variable band-pass filter are shown in Fig.

7. The pass-band width varied 320 MHz to 1.805

MHz when the bias voltage of the diode ZD6 was
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