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Abstract — A wideband coupled-line forward (co-directional)
coupler with tight coupling-level is presented. In this coupler we
loaded two coupled microstrip lines with periodic shunt stubs
that show capacitive and inductive nature in the even and odd
modes, respectively. These periodic stubs, lead to increase the
difference between the even and odd mode propagation
constants of the coupled-line coupler, and also to decrease the
structure length. Compared with the conventional forward
coupler, this symmetrical structure, achieves wider operation
bandwidth and smaller size with larger coupling level. The
designed prototype is a 0-dB microstrip coupler over a wide
bandwidth of 66% from 2GHz to 4GHz centered at 3GHz. The
length of the coupled line is nearly λg/2 and length of the stubs is
2 mm, which make it more compact than other forward couplers
have been proposed. To characterize this structure, the
equivalent circuit model is established and verified by
simulation. Moreover, we present some curves for selecting
dimension of the proposed coupler for indicated coupling-level
on FR-4 substrate.
Index Terms — Coupled-line couplers, periodic structures,
forward couplers, shunt stubs.

I. INTRODUCTION
A coupled-line coupler (CLC) is a four-port network
constituted by the combination of two unshielded
transmission lines (TLs) in close proximity to each other. Due
to this proximity, the electromagnetic fields of each line
interact with each other, which result in power exchange
between the two lines, or coupling [1].
Two types of edge-coupled coupled-line couplers are
presented. The first one is a backward coupler. In this
coupler, coupling mechanism is based on the difference
between the characteristic impedances of the even and odd
modes. In order to get a tight coupling-level in a backward
couplers, the space between the two lines must be very small
and it is very difficult to obtain due to the fabrication
constrains [1].
The second one is a forward coupler. In this type of couplers,
the coupling mechanism is based on the difference between
the phase velocities of the c and π modes. The physical
structures of these couplers are usually asymmetric, as it is
constituted of two different TLs providing arbitrarily high
coupling level (up to almost 0-dB), in addition to the broadbandwidth characteristic of typically backward CLCs [2].
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Forward-wave coupling appears between uniform
symmetrical coupled lines if the even and odd modes phase
velocities of the coupled lines are unequal and the backwardwave coupling between these lines can be reduced to a very
small value by keeping a relatively large separation between
the lines (such that the even and odd mode characteristic
impedances of the coupled lines are nearly equal). These
types of couplers can be realized by using non-TEM mode
transmission lines such as metallic waveguide, microstrip
lines and so on. However, since the difference of the
velocities is not so large, the length of the coupled-line
section becomes very long for a tight coupling, particularly
looks impractical at low microwave frequencies. For this
reason, the conventional forward couplers are often used in
optics [1, 2].
Various methods for increasing the forward coupling-level
and decreasing the size in the coupled lines have been
proposed. A size-reduced 3-dB forward coupler loaded with
periodic shunt capacitive stubs has been reported in [3].
Enhancing the forward coupling with a periodically patterned
ground plane has been also reported in [4]. But, it seems that
the coupler size is still large and it can be reduced using more
suitable structures for forward couplers.
In this paper, a novel compact tight-coupling (0-dB)
microstrip forward (co-directional) coupled-line coupler with
wide bandwidth is presented. The proposed operating and
design principle are based on increasing the difference
between the phase velocities of the even and odd modes. For
this purpose, we use periodic shunt stubs between the two
coupled-lines. These stubs exhibit capacitive and inductive
nature in the even and odd modes, respectively. Compared
with the other forward coupled-line couplers presented in [2][7], the proposed structure has more attainable compact size
and wider bandwidth.
The organization of the paper is as the following. At first,
theoretical description and principle of the proposed
microstrip forward coupled-line coupler is presented. Then,
the effect of some structure physical parameters on the
coupler specifications using equivalent circuit model is
presented. Also, a design example of a 0-dB coupler with flat
coupling based on the proposed approach is shown. Finally,
simulation results of the proposed coupler are demonstrated
by using an electromagnetic simulator (Agilent ADS).
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II. COUPLER DESCRIPTION AND PRINCIPLE
As is well-known, the forward coupling coefficient of a
conventional symmetrical coupler is given as [1]:
⎡ (β − β o )l ⎤
S 41 = sin ⎢ e
(1)
⎥
2
⎣
⎦

where even and odd mode propagation constants, i.e. βe and
βo , are equal to:

β e = ω LCe , β o = ω LCo

(2)

and
Ce = C11 = C22 , Co = C11 + 2C12
(3)
C e and C o are even and odd mode capacitances per unit
length, respectively and L is inductance per unit length of
the coupled-lines. For planar structures, C11 and C22 represent
the capacitance between one strip conductor and ground in
absence of the other strip conductor. So, if the strip
conductors of the coupled lines are identical in size and
location relative to the ground conductor, C 11 will be equal to

Fig. 1. Proposed forward coupled-line coupler structure with
periodic stubs.

C 22 or C11 = C22 . Also, C12 represents the capacitance
between the two strip conductors in the absence of the ground
conductor [1]. Considering above relations, following
inequalities hold:
(4)
C e < C o , βe < βo

(a)

The complete power transfer from the input to the coupled
port can be achieved if the length of the coupler is chosen as
[1] (shortest length which is referred to as the coherence
length):

l=

π

βe − βo

=

λ0

2 ε eff e − ε eff o

In conventional microwave coupled line structures, the
difference between the even and odd mode propagation
constants is relatively small, which would require
prohibitively long structures of several tens of wavelengths.
Now, consider a periodic structure shown in Fig. 1, where the
coupled-lines have the same width of W and periodically
stubs have been loaded between these coupled lines. In this
figure, l s and W s are the length and width of the stubs,
respectively, and d s is a period of the stubs. In this structure,
the mid plane (red line) between the coupled-lines remains
two different equivalent circuits for the even and odd modes,
because the even and odd modes are associated with a
magnetic wall (open-circuit) and with an electric wall (short
circuit), respectively. These two equivalent circuits have been
presented in Fig. 2 for one period.
In this figure, L is the inductance per unit length for a strip
with width of W and Ce , Co are the distributed capacitances
for the even and odd modes, respectively. For the proposed
structure, the even and odd modes capacitances are given by:

C e = C 11 ,

C o = C 11 + 2C 12 + 2C int

(b)

(5)

(6)

Fig. 2. (a) Even mode equivalent circuit of each coupled-line for one
period, (b) Odd mode equivalent circuit of each coupled-line for one
period.

where C11 represents the capacitance per unit length between
the half section of the circuit conductor, without loaded stubs,
and ground. From TL theory we know that its value is:
ε re Z
(7)
C11 =
c
which ε re is effective permittivity of a microstrip TL with a
strip with W width, Z is characteristic impedance of this TL
and c is the speed of light. C12 is capacitance per unit length
between the two lines without stubs and Cint is capacitance
per unit length of the interdigital capacitor formed between
the two coupled-lines. Interdigital capacitor is a multifinger
periodic structure which can be used as a series lumped
capacitor in high frequencies and its series capacitance per
unit length is equal to [8]:
ε′
K (κ ) l s
⎛ pF ⎞
Cint = re (N − 1)
(8)
⎜
⎟
K ′(κ ) l
18π
⎝ m ⎠
′ is effective permittivity of a microstrip TL with a
which ε re
K (κ )
is
strip with Ws width, N is the number of fingers and
K ′(κ )
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a constant that its value has been presented in [8].
Also, extra distributed shunt capacitance and inductance per
unit length are added to the equivalent circuits for the even
and odd modes, respectively, which are given as:
l +s
β (l + s)
1
1
Ca =
(
tan β s ( s
)) ≈ s s
(9)
ds ω Zs
2
2ω Zs ds
La =

l +s
Z β (l + s)
1 Zs
(
tan β s ( s
)) ≈ s s s
ds ω
2
2ω d s

(10)

where Z s and β s represent characteristic impedance and phase
constant of the shunt stubs, respectively. Because length of
the stubs is relatively large, the value of C12 would be very
smaller than C11 and Cint . So, (6) can be approximated as:
Co ≅ C11 + 2Cint
(11)
So, the even and odd mode propagation constants of proposed
structure ( β e p , β o p ) are equal to:

βe

p

= ω L (Ce + Ca ) , β o = LCoω − L
La
p

2

Fig. 3. Data for designing dimension of the proposed coupler on FR4 substrate ( ε r = 4.8 , h = 1.6 mm ).

(12)

βe p and
βo p in proposed structure becomes larger than βe and βo in

As seen in above equations, the difference between

conventional structure without stubs. Moreover, this
difference can be controlled by stub length, so that for a fixed
coupling-level increasing length of stubs ( l s ) results
reduction of structure length.
Fig. 3 presents some curves for selecting dimension of the
coupler for three coupling-level (0-dB, 3-dB and 6-dB) with
W s = 0.2 mm , d s = 0.6 mm and S = 0.2 mm on FR-4
substrate ( ε r = 4.8 , h = 1.6 mm ). These curves illustrate that
with increasing the coupling-level, dimension of the coupler
increases. But the interesting point is that for a fixed
coupling-level, the area of the coupler (product of the stub
length by structure length) will remain constant,
approximately.
Based on the equivalent circuit model for the proposed
structure as Fig. 2, the even mode characteristic impedance of
the coupler ( Z ce ) is similar to a conventional TL as:
Z ce =

L

(Ce + Ca )

(13)

But, the odd mode equivalent circuit for the proposed
structure is similar to the equivalent circuit of a composed
right/left handed (CRLH) structure when C L (series
capacitance) is infinite ( C L → ∞ ) [9]. According to the
derived equations for CRLH TL [9], the odd mode
characteristic impedance of the proposed structure is as:
Z co =

L ω 2 La
2

ω La Co − 1

(14)

In the coupled-line coupler, input matching condition to
termination of impedance Z c ( Z in = Z c ) is achieved under
condition is given by [1]:
Z c = Z ce Z co
(15)

III. SIMULATION RESULTS
Prototype of the forward coupler, designed by the approach
presented in this paper, is realized on the FR-4 substrate with
1.6 mm thickness and dielectric constant of 4.8. In designed
structure, the width (W s ) and period ( d s ) of the stubs are
considered as: W s = 0.2 mm , d s = 0.6 mm and space between
the stubs and TLs is 0.2 mm (i.e. S = 0.2 mm ). Also for good
matching, the width of the microstrip TLs is selected equal to
1 mm (i.e. W = 1 mm ). To have a coupling level of 0-dB,
according to the derived relations and Fig. 3, the coupled-line
(l) and stub (ls) lengths are selected equal to 26 mm and 2 mm,
respectively. Whereas the structure length is approximately
λ g / 2 at center frequency of f = 3 GHz which is smaller than
the forward couplers presented in [4]-[7]. As it was
mentioned, for the proposed structure, the coupler area is
approximately constant. It means that reduce the structure
length results width increasing, proportionally.
Fig. 4 shows the difference between the even and odd mode
propagation constants versus the frequency for designed
coupler. As seen in this figure, by decreasing the stub length,
the frequency dependence of β o p − β e p decreases and
therefore bandwidth of the S-parameters is enhanced.
Fig. 5 illustrates the even and odd modes characteristic
impedances of this structure. This figure shows that the
coupler has good matching for port impedance 50 Ω , in wide
frequency interval (1-10 GHz).
The full-wave simulator Agilent ADS is used to examine the
structure performance. The simulated S-parameters of the
proposed coupler are shown in Fig. 6. A 0-dB forward
coupled-line coupler over a bandwidth of 66% (from 2 GHz
to 4 GHz) around the design frequency f = 3 GHz is achieved
in the simulated prototype. These full-wave analysis results
show that the equivalent circuits are exact and the usefulness
of the presented relations for elements is validated. A
matching (15dB bandwidth) bandwidth of over 4 GHz and an
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IV. CONCLUSION
In this paper, we present a new structure for realizing a
compact and tight-coupling (0-dB) microstrip coupled-line
forward coupler. In this structure, we use periodic shunt stubs
between two conventional coupled-lines. The corresponding
equivalent circuits for even and odd modes are presented and
values of the circuit elements and coupler parameters are
derived and validated by full-wave simulation.
An interesting point in this coupler is that, to reach a fixed
coupling level coupler, by increasing the length of the stubs,
the coupler length decreases, proportionally. The proposed
coupler has broad bandwidth (nearly 66%) and smaller size
than the conventional forward couplers. Also, proposed
coupler exhibits a matching (15 dB) bandwidth of over 4 GHz
(1-5 GHz) and at least 15dB isolation between adjacent ports.
Moreover, it is seen that in proposed coupler by decreasing
the coupling-level, the structure size reduces and bandwidth
is enhanced.

Fig. 4. | β e − β o | for three lengths of the stubs ( ls = 2, 4 and 6 mm ).
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Fig. 5. Characteristic impedances of the even and odd modes.
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