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Abstract— In this paper, a wide stop-band microstrip coupler is
presented. The proposed structure consists of coupled lines and
step impedance cells, which are integrated to operate at 2.82 GHz
for wireless applications. This coupler is formed by a symmetric
structure so that the locations of the output ports relative to input
are quite similar. Accordingly, the magnitudes (also phases) of Sy
and Ss; overlap each other so that input signal can be selected
through the output ports equally. There are little differences
between the magnitudes and phases of S,; and S;; so that 0.97°
phase shift is obtained. In comparison with previous works, the
performance of the introduced coupler is improved. To get a better
isolation, return loss and harmonic attenuation the frequency
response is optimized without significant increase in circuit size.
Moreover, the first, second and third harmonics of S,; and Ss; are
well attenuated as well as a wide stop-band is obtained up to 15.1
GHz. The realized coupler is fabricated and measured. There is a
good agreement between simulated and measured results, which
confirms the design process.

Index Terms— Microstrip, coupler, isolation, wide stop-band, return loss.

I. INTRODUCTION
Hybrid couplers are important RF waveguide equipment in modern wireless communication systems.

Generally, a RF coupler separates desired radio frequencies and transmits them through two output
ports. This means that the harmonic elimination is a crucial issue. Microstrip couplers are favorite
devices due to their low cost, planar structure and easy to integrate. According to these, many RF
couplers have been introduced using various microstrip structures [1-14]. In [1] and [2] two compact
microstrip branch line couplers have been designed for operating in 2.4 GHz and 5.7 GHz WLANSs,
respectively. Both of them consist of compact closed loops, step impedance cells, low impedance and
high impedance sections. However, their frequency selections above and below passbands have not
been well performed as well as harmonics have not been attenuated adequately. Due to the importance
of harmonic attenuation, a harmonic suppression branch line coupler has been realized using a stub
loaded close loop in [3]. In [4-6] dual-band branch-line couplers have been presented for multi-band
communication systems. Stepped-impedance-stub lines [4], various stub loaded loops [5] and

composite right/left-handed transmission lines [6] have been utilized to improve the dual-band
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performance. In [7] multi-rings resonators that occupy large area, have been employed to obtain two
branch line couplers, which they cannot carry out any harmonic attenuation. A compact branch line
coupler consisting of a ring resonator loaded by radial cells has been designed in [8] to attenuate the
harmonics. Nevertheless, it does not perform the frequency selection suitably below the passband. In
[9] four complex stubs have been loaded inside a closed quadrangular to miniaturize a coupler
structure. The stubs are close together and fill the quadrangular space resulting in a complicated
structure and hard fabrication. In [10] two ring resonators have been integrated to obtain three large
microstrip branch line couplers with low performances where undesired coupling factor, isolation,
return loss and insertion loss can be seen clearly. In [11] wide passband microstrip branch-line
couplers have been designed by cascading several quadrangular loops, which take large
implementation area. A microstrip coupler with large circuit size, undesired insertion loss and large
phase shift has been offered in [12]. In [13] symmetrically and asymmetrically modified microstrip
couplers have been proposed to operate in ISM 0.433 GHz. Although, they have been miniaturized
correctly there are inappropriate insertion losses, coupling factors and phase shifts. Meanwhile, the
frequency selection has not been done reasonably. The microstrip coupler reported in [14] has been
miniaturized by substituting the quarter wave transmission lines in a conventional 90° coupler. The
designed couplers in [10-14] could not attenuate the harmonics properly.

In this paper, a microstrip coupler with wide stop-band is designed for wireless applications. Several
transmission zeros are created to improve the frequency selectivity and stop-band specifications. Due
to its symmetric structure, the phases and amplitudes of S,; and Ss; are balanced so that there are 0.97°
phase shift and 0.5 dB amplitude shift. In addition, the performance of suggested coupler is good. The

proposed structure is studied to find a method for tuning the resonance frequency.

Il. DESIGNING METHOD
Fig.1a illustrates two similar resonators that are integrated in a same input port. The vertical coupled

lines have been held in common between two resonators. The resonators are two open loops, which
are marked in Fig.1a as Resonatorl and Resonator2. The step impedance structure helps to control the
performance without size increment. In order to study the proposed structure an equivalent circuit is

presented in Fig.1b where the effect of coupling is presented by the voltages V, and Vgs.
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(b)

Fig.1. Proposed resonators (a) layout, (b) equivalent model.

Moreover, I;, Vi, |, and V, are the input current, input voltage, output current and output voltage
respectively. Since the effects of bents and step-in-widths are significant at higher than 10 GHz
frequencies we ignore them. By this approximation, the step impedance structure connected to output
port is modeled by a capacitor C (related to the wider part) and an inductor L. The inductor La is the
effect of that line which incorporates horizontal coupled line and output port.

According to the equivalent circuit of the proposed structure the output voltage V, and current I, are
calculated as follows:

joLa+2Z,

. . 1
Vo:(JG)La+ZZa)(|o_|1):(JL0)+%)|13|1:|o( )

. . 1

jola+2Z45 + jLo+——
ekt (2)

where o is the angular frequency. By substituting 11 from Equation (1) and knowing that V;=0.51,Zy,

the output-input voltage ratio is calculated as follows:

Vo__ o joLa+2Z4 YiLo+ .1 )
Vi 081iZb javoz, 4 Lot JaC
Jak 0

In order to excite the resonators both resonators may be short circuits. Under this condition, I, = -0.5I;

and V,=V; so that Equation (2) is simplified as follows:
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(jor La+2Z3)(jLoy + !

- )+ Zp(jorla+2Z4 + jLay + - ! )=0
jor C jorC (3)

where w, is the angular resonance frequency. The last equation defines the relationship between the
parameters at the resonance frequency. Therefore, we can tune the resonance frequency by changing
inductors, capacitor and couple line structures based on Equation (3). The impedances Z, and Z, are
depend on the electrical lengths of coupled lines, propagation constant and characteristic impedances

of the transmission lines so that they can be defined as follows:

. 7l fryerer
Za=])lca tan(%)

. 7l frye
Zpy = jZop tan(——1N7TE2))
150 (4)

where f, is the resonance frequency in GHz, | is the length of coupled lines in mm, Z., and Z, are the
characteristic impedances of the transmission lines and erel and &, are the effective dielectric
constants. The characteristic impedances and effective dielectric constants are depending on the width
of lines [15]. However, for a little difference of widths we can assume that €.1= €o= € and Zc;=Z,=
Z. resulting in Z,=Z,. From Equation (3), there is a high degree of freedom in selecting the
parameters. For example, we can choose the resonance frequency at 2.8 GHz, 1=10 mm, Z=50 Q,
Ee1= &e=1.7 as defaults then w,=5.6 ® and Z,=Z,~j50. By substituting these values in Equation (3),
we can select L,, L and C. According to this method and using the proposed resonators, a microstrip
coupler is designed. The layout of the proposed coupler is depicted in Fig.2. The corresponding
dimensions are presented in Fig.2 in mm. In order to create the isolation port a similar structure is
coupled to the analyzed structure. Additional optimization is carried out to improve the performance.
For an example T-shape tapped line feed structures, are added to improve the coupling factor and

insertion loss.
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Fig.2. Layout configuration of the proposed coupler.

1. SIMULATION AND MEASURMENT RESULTS
The introduced coupler is designed to operate at 2.88 GHz and simulated using the ADS full wave

EM simulator, then implemented on a RT Duroid 5880 substrate with a 2.22 dielectric constant, 31
mil-thickness and 0.0009 loss tangent. Finally, it was measured by an Agilent network analyzer
N5230A. The proposed coupler has an overall size of 0.291g x 0.264g (24.4mm x 29.1mm), where Ag
is the guided wavelength. The wide-band simulated frequency response consisting of S,;, Sa;, S4; and
Sy are demonstrated in Fig.3a. Due to the same positions of the output ports relative to the input port
S,1 is quite similar to S;;. Obviously, the wide stop bands with a minimum attenuation of -16.37 dB up
to 7 GHz for both S,; and Ss; are obtained. In order to better visibility, a narrow band frequency
response is illustrated in Fig.3b. According to the achieved data, the insertion loss (S,;) and coupling
factor (Ss;) are 3.3 dB and 2.8 dB, respectively. Fig.3c depicts the measured and simulated return loss
and isolation factor where they are 29.5 dB and 31.3 dB at the resonance frequency, respectively. The
phase of Sy and Ss; are shown in Fig.3d and the measured Sy, and Ss; are presented in Fig.3e. At the
resonance frequency the phase of S,; and Ss; are -114.75 and -113.78, respectively so that there is
0.97° phase difference between S,; and Ss;. Because of the symmetrical structure, the phase of S,; and
Sa; are overlapped relatively. The phase difference between S,; and Sz is presented in Fig.3f. A

photograph of the fabricated coupler is presented in Fig.3g
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Fig.3. (a) Wide-band simulated return loss, isolation, insertion loss and the coupling factor, (b) narrow-band simulated return
loss, insertion loss and the coupling factor, (c) simulated and measured return loss and isolation, (d) simulated phase of S,;
and Ss;, (e) measured frequency response, (f) phase difference of S,; and Sz, (g) a photograph of the fabricated structure.
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The coupler performance and its size are compared with the previous works in Table I. It is clear that
the realized coupler has relatively good performance and a compact structure. The obtained isolation
is better than 90% of the referred papers in Table I while its return loss is better than all of them.
Moreover, the obtained insertion loss and coupling factor only in [2] is better than our achievement.
Phase shift less than 1° is achieved in [1, 2, 7] and the proposed coupler. Table Il shows harmonics
suppression in comparison with the previous works. In Table II, the highest attenuated harmonics are
written for |S,,| <10dB and ‘531‘ <10dB. In the proposed coupler and [3, 8] the first, second and third

harmonics are attenuated. The first harmonics (magnitude of S,; and S;;) at 5.64 GHz (2f,) are -28.7
dB, the second harmonics at 8.46 GHz (3f,) are -13.68 dB and third harmonics at 11.28 GHz (4f,) are
-19.8 dB. Fig.4 demonstrates the harmonics of S;; and S;;. Above the passband Sy and S;; are
attenuated up to 15.1 GHz with a minimum attenuation of -10 dB approximately.

According to the comparison Tables, the proposed coupler in [1] has better isolation and phase shift
than our coupler. However, it has larger coupling factor and larger return loss without harmonic
attenuation. Only the proposed diplexers in [3], [8] and this work could suppress the 4™ harmonics.
Nevertheless, our coupler has a better coupling factor, higher isolation and lower return loss than the
designed couplers in [3] and [8]. Moreover, the introduced coupler in this work occupies smaller area
and lower phase shift.

Table 1. Comparison of the proposed coupler and previous works (*Approximated Values)

821 Sgl Sll 541 Size Fo Phase
References gy  (@B) (dB) (dB) (mm)  (GH2) Shift
I 3.3 B 214 429 1751 24 0.09 °
2] 2.3 2.6 194 204 110 5.7 0.8°
[3] 3.3 3.4 202 229 1361 1 1°
7 3* 3 20 20 1322 2 0°
8] 35 35 20 20 673 0.93
o] 311 339 26569 2 1
[10] 5 4 8 11 1553 35 10°
[12] 7.3 225 2933 215  8l9* 3 2.36°
[13] 407 439 2093 274 2218 0.433 2.14°
[14] 3.3 20 242 204 1.07 1
Thiswork 3.3 2.8 205 313 53436 282 0.97

Table 2. Harmonics suppression in comparison with previous works (*Approximated Values)

References 2" harmonic 3™ harmonic 4™ harmonic ~ ighest attenuated
harmonic
[1] No No No No
[2] No No No No
[3] Yes Yes Yes f,
[7] No No No No
[8] Yes Yes Yes 7.5fo
[9] Yes Yes No 2.5f,"
[10] No No No No
[11] No No No No
[12] No No No No
[13] No No No No
[14] No No No No
This work Yes Yes Yes 5.24f,
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Fig.4. Harmonics of S,; and S;; up to 15.1 GHz.

IV. CONCLUSION
This paper presents a microstrip hybrid coupler operated at 2.82 GHz for wireless applications. The

superiority of this coupler is creating a wide stop band up to 15.1 GHz where the first, second and
third harmonics are attenuated properly. Moreover, there are several transmission zeros to improve the
features of stop-band and selectivity. The phase curves of Sy and Ss; depicts the phase shift of 0.97°.
Furthermore, the designed coupler has not large dimensions while offers the isolation of -31.3 dB and
return loss of -29.5 dB at the resonance frequency.
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