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Abstract: A method to improve the directivity of the microstrip coupler is presented. The width of the coupler is
modified for phase velocity compensation which results in high directivity. Using this procedure, a 15 dB
coupler is designed and simulated at 0.9 GHz using SONNET software. A high directivity of 46 dB is obtained.
The validity of the design concept is verified and compared with conventional coupler by simulations.
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I. Introduction

Microstrip couplers are widely used in microwave applications such as antenna feeds, balanced mixers,
modulators, phase shifters and so on. But, they suffer from poor directivity, due to the inequality between the
odd and even mode phase velocities. Various compensation techniques have been reported to improve the
directivity. The wiggly line coupler [1] improves the directivity and suffers due to lack of design equation. The
capacitive compensation was used to improve the directivity [2]; however the capacitor has to be placed in the
narrow spacing between the coupled lines. The inductive compensation improves the isolation and needs the
iteration design process [3,4]. The coupled spur line [5], and reflected power canceller approach [6] work within
a narrow band. The Epsilon negative transmission line [7] was used but it needs more number of unit cells to
improve the accuracy, which leads to fabrication difficulty. Delay lines [8] were used, but the coupler occupies
more space than the conventional one. The Re-entrant mode structure [9], periodic metallic cylinders [10], and
metamaterial [11] were also reported to improve the isolation, where the coupler construction is complex.
Periodic floating conductors [12] were used to improve the directivity for a wide bandwidth for a maximum
directivity of 30 dB.

In this paper, the directivity of the coupler is improved, using the phase velocity compensation method.
It is obtained by modifying the width of the coupler. The phase velocity of the even and odd modes can be
varied by varying the distributed inductance and capacitance of microstrip lines of the coupler. These distributed
parameters can be varied by modifying the width of the microstrip coupler structure. In the proposed coupler,
inductance and capacitance of the microstrip lines are varied by varying the width of the microstrip lines. In one
microstrip line, the width of the microstrip line is reduced by introducing slots at one end of the microstrip line
and increased at the other end. In another microstrip line, the width of the microstrip line is kept constant. Even
though the structure becomes asymmetric, the characteristic impedance of each microstrip line is maintained to
be 50ohms by properly selecting the width of the microstrip line.

Using this method a 15dB microstrip coupler is designed, and isolation of the coupler is improved up to
64.4dB. Advantages of the proposed method are that the structure is planar, there is no special fabrication
technique needed, construction is simpler and it does not require any iteration design process.

II.  Design Of Microstrip Coupler
The dimension ratios of the microstrip coupler are calculated using the design procedure given in [13].
we assume that port impedance Zo, coupling (dB) and, the operational frequency are known parameters at
beginning of the design. The even and odd impedances, Z,. and Z,,, of the microstrip coupler can be found as
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(w/h)e. and (w/h)g, are the shape ratios for the equivalent single case corresponding to even mode and odd mode
geometry respectively and are found as

(w/h),, =(w/h) rtae @
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The corrected term (w/h)’, is given as
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Then the spacing ratio s/h can be found as
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and the physical length of the coupler is calculated using
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where €. can be calculated using (9) as given in [14]
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where, c=3*10® m/ sec and f is operational frequency in Hz and e is the effective permittivity constant of the
coupled structure and t is the thickness of the conductor.

III.  Simulated Results
Using the above design procedure a conventional 15dB microstrip coupler is designed using FR4
substrate (€,= 4.4, h = 1.6 mm) with design values are width of the microstrip line (w = 0.3 cm), spacing between
the lines (s = 0.07cm) and the length of the coupler (/ = 4.6 cm) at 0.9 GHz. The microstrip coupler structure is
simulated using the SONNET software and is shown in Fig 1. In the Fig 1, port 1, 2 indicates the input and through
port. Port 3, 4 indicates the coupled port and isolated port. The simulated results are shown in Fig 2.
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Fig. 1. Structure of simulated conventional microstrip coupler (All dimensions are in cm)
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Fig. 2. Simulated result of a conventional microstrip coupler

The simulation results show that coupling value obtained is 14.1dB with return loss of 31.1dB and
insertion loss of 0.37dB. The microstrip coupler has an isolation of 25.3dB at 0.9GHz. Thus the conventional
coupler has a directivity of 11 dB only. The directivity of the coupler can be improved using phase velocity
compensation method. In one microstrip line, the width of the microstrip line is reduced by introducing slots at one
end of the microstrip line and increased at the other end. In another microstrip line, the width of the microstrip line
is kept constant. Using this method a microstrip coupler is designed with design values are same as that of
conventional microstrip coupler in addition to that, in microstrip line 2 the dimensions of depth and width of the
slot is h1=0.28cm and w1=0.4cm and additional increase in width is ¢ = 0.9cm for a length of p=0.7cm. There
are three slots are used in the design with same slot dimensions. The period between the slots is 1 cm. All the
dimensions are shown in cm in Fig 1. The simulation is done using SONNET software. The parameters wl, hl, p
& q are optimized for higher directivity in simulation. The simulated structure of the proposed coupler is shown in
Fig 3. The simulated results of the proposed coupler are shown in Fig 4.
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Fig. 3. Structure of proposed microstrip coupler
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Fig 4. Simulated results of proposed coupler

For the proposed coupler, a maximum isolation of 64.4 dB is obtained for 0.93GHz in simulation. The
simulated coupling is 18.6 dB at 0.9GHz. A maximum directivity of 46 dB is obtained at 0.93GHz. For a
conventional coupler the isolation is 25dB only. Thus the proposed coupler improves the isolation up to 64.4 dB.
The simulated value of insertion loss and return loss are 0.24dB & 36.1dB which are better than the conventional
coupler. The comparison between the simulated results of the proposed coupler and conventional coupler are
shown in Figs 5 &6. The limitation of the coupler is its narrow bandwidth. The dimensions of the slot should be
selected properly for the required coupling otherwise the coupling will be reduced.
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IV.  Conclusion
A microstrip coupler with high directivity has been presented. The coupler width is modified to change
the pattern of the structure for phase velocity compensation. Using this procedure, 15 dB microstrip coupler is
designed and simulated at 0.9 GHz using SONNET software. A high directivity of 46 dB is obtained. The
coupler structure is planar and construction is simpler. It can be used for RFID applications.
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