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Abstract

A microstrip variable coupling directional couplers for 4 GHz band have been proposed
and tested. By changing the junction capacitances of the varactor diodes, the coupling varies
from 4 dB to 20 dB, and the directivity varies from 16 dB to 29 dB. Available frequency range

is from 2.7 GHz to 5.3 GHz.
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varactor diodes Zpy, Zpj and fixed capaci-
These T-type circuits are
Detailed

tance Cy=1.2 pF.
separated by { in the z-direction.

structure of the circuit is shown in Fig. 1(b).

Capacitance Cy is formed by sandwiching a

mica plate between upper and lower plates of

The coupling, directivity and an inser-
4.

capacitance of the varactor diodes Zpy, Zpj

tion loss are shown in Fig. The junction
and Zp4, %ps in Fig. 3 are denoted simply as
Cir C3 and Cy, Cs in Fig. 4.
varied from 4.5 dB to 19.2 dB when the bias

The coupling

the microstrip.

The experiments were carried out at the

4 GHz band.

insertion loss are shown in Fig. 2. The

The coupling, directivity and an

junction capacitances of the varactor diodes

Zp and Zp3 in Fig. 1 are denoted simply as
Cy and C3 in Fig. 2.

The coupling varied from 4.1 dB to 19 dB

when the bias voltage of the diodes Zp; and
Zp3 was changed from -1.5 V to -25 V.

Available frequency range is from 3.9 GHz to

5 GHz. As the frequency increases from 3.9
GHz to 5 GHz, the coupling decreases about
1.5 dB.

The directivity and an insertion loss
are shown in Fig. 2(b). Fig. 2(b) indicates
that the directivity varied from 18 dB to
26 dB when the bias voltage of the varactor
diodes was changed from -~1.5 V to =25 V.

An insertion loss is between 0.1 dB and
0.5 dB. VSWR was between 1.35 and 1.5
for 4 dB coupling, while it was between
1.1 and 1.25 for 19 dB coupling.

When the bias voltage of the diodes
is zero, the coupling is so large that
the impedance matching at the input and
output terminal of the transmission line
I and II is not achieved. At the same
time, VSWR is high and directivity is not
so good. More than 4 dB coupling is
desirable for good operation of the

coupler.

Variable coupling directional coupler
with three T-type circuits

The structure of the coupler is shown
in Fig. 3. The T-type circuits shown in
Fig. 1(b) are connected between microstrip
lines I and II. Varactor diodes MA45056
are used in the T-type circuits at both
ends and, in the circuit at the center,

a varactor diode D5047 with large junction
capacitance is used in order to have twice

the coupling in the circuits at both ends.

voltage of the varactor diodes was changed

from -1.5 V to =25 V.
range is from 3.2 GHz to 5 GHz.
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Fig. 4. Characteristics of variable coupling
directional coupler with three T-type

circuits



As the frequency increases from 3.2
GHz to 5 GHz, the coupling decreases about
1.5 dB.

The directivity and an insertion loss
4(b). The directivity is
varied from 16 dB to 32 dB when the bias

are shown in Fig.

voltage of the varactor diodes was changed

Fig. 5 Variable coupling directional coupler
from -1.5 V to -25 V. using varactor diodes with four T-type
. circuits
An insertion loss is between 0.1 dB
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shown in Fig. 6. It is seen 2 N > 4—C —0 6 pF(-3.2 V)
. ) + s e~y ® —l 2 pF
that the coupling varied from 1 20 o I
p -1 TS R TITTT — = =
4 dB to 20 dB when the bias B L - — Cl S3z 0.5 PRI~ i 3 n
a e A iR Rk 4= C5 0.85 pF( )
voltage of the varactor diodes * SN C2=1.2 pF
Zp1 and Zp3 was changed from - 10q - 1—g3=g.; pggaléf V)
-1.5 V to -25 V, that of the om 1 C4=Cs= p
-+ O C2—l 2 pF
diodes %py4 and Zps was changed ¥ TR S S S SR R
from 0 V to -7.6 V. Available § § ol s s~ g5y
frequency range is 2.7 GHz to ™~ ) 3 4 5
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The directivity and an
insertion loss are shown in
6(b).
tance of the varactor diodes, the directivity

Fig. By changing the junction capaci-

is varied from 15 dB to 29 dB. An insertion
loss is between 0.15 dB and 0.5 dB. VSWR was

Frequency GHz

Fig. 6 Characteristics ofvariable coupling
directional coupler with four T-type
circuits

increasing the number of T-type circuits,
the wide-band characteristics are obtained.
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