
A Series-fed Microstrip Patch Array with
Interconnecting CRLH Transmission Lines for

WLAN Applications
Bilal Ijaz, Sayan Roy, Muhammad Mubeen Masud, Adnan Iftikhar, Sanjay Nariyal,

Irfan Ullah, Koby Asirvatham, Brian Booth and Benjamin D. Braaten
Department of Electrical and Computer Engineering

North Dakota State University
Fargo, ND, USA 58102

Email: benbraaten@ieee.org

Abstract—In this paper, a design of a series-fed microstrip ar-
ray with composite right-/left-handed transmission lines (CRLH-
TLs) is being proposed. To ensure that each element in the
array is driven with the same voltage phase, dual-band CRLH-
TLs are adopted instead of meander-line microstrip lines to
provide a compact interconnect with a zero phase-constant at the
frequency of operation. The simulation results of the proposed
array are verified by measurements done in an anechoic chamber.
A bandwidth of 24 MHz was experimentally determined with a
center frequency of 2.45 GHz. The proposed array would be
useful for 2.45 GHz WLAN applications.

Index Terms—Series-fed array; Composite right-/left-handed
transmission line

I. INTRODUCTION

Microstrip patch antenna arrays are currently used in satel-
lite communications and wireless systems for their attractive
features such as light weight, small size, low cost, improved
directivity and obtaining a desired pattern which is not achiev-
able in single element configurations [1]. In particular, series-
fed antenna arrays have the advantage of simple geometries,
compact feed networks and low feed line losses [2]-[8].
Typically a series-fed array consists of a single feed point
and the radiating elements are connected in series with a
feed network which consists of transmission lines that are a
particular factor of wavelength of the operating signal. In some
instances, this factor can be achieved using meander-lines to
excite all of the elements in the array with the same voltage
phase to achieve broadside radiation. However, the size of the
overall meander-line feed network becomes larger and more
complicated as the frequency is reduced. One way to overcome
this size problem is to incorporate composite left-/right-handed
(CRLH) transmission lines (TLs) in the feed network of the
series-fed array [9]-[13].

The objective of this work is to investigate the design
procedure of embedding the CRLH-TLs reported in [13] into
series-fed microstrip arrays. An image of the proposed series-
fed array with the CRLH-TLs interconnecting each element is
shown in Fig. 1. The role of the CRLH-TL in the array will
be introduced in the next section. This will then be followed
by simulations and measurement validations.

  CRLH-TL

  Unit Cell

{

e

f

v

j

b

gik

m n

p

ca d

h

x

y

Fig. 1. Layout of the cascaded CRLH RH series-fed array.
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Fig. 2. a) Circuit representation of a 3-element series-fed array with
conventional microstrip interconnects and b) circuit representation of a 3-
element series-fed array with interconnecting CRLH-TLs.

II. ZERO PHASE SERIES-FED ARRAY

A series fed antenna array is classified as a standing wave
array. The equivalent circuit of a series fed array is shown
in Fig. 2a) [8]. Here, the array is fed from the left and
Z1, Z2 and Z3 represent the input impedance of the radiating
elements along the length of the array. To achieve a good
match at the input port, the impedance of each antenna
element and interconnecting transmission lines must be chosen
appropriately [4]. Furthermore, to achieve broadside radiation
each element can be fed with the same voltage phase. This can
be done be either designing the length of each interconnect to
be a factor of the source wavelength or to introduce CRLH-
TLs that have a zero phase-constant at or near the operating
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Fig. 3. a) Layout of the CRLH-TL unit-cell and b) the equivalent circuit of
the CRLH-TL unit-cell (q = 11.56 mm, r = 0.1 mm, s = 1.0 mm, t = 1.0 mm,
u = 7.26 mm, finger length = 5.0 mm and the finger gap = 0.18 mm).
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Fig. 4. Layout of the CRLH-TL interconnect between the elements in the
series fend array with a length of 40.59 mm.

frequency of interest [13]. Because of the compact size, the
CRLH-TL unit-cell shown in Fig. 3a) will be used in the
interconnects between the elements in Fig. 2b).

The equivalent circuit of the CRLH-TL is also shown in Fig.
3b). It consists of a series reactance (consisting of LR and CL)
as well as a shunt reactance (consisting of LL and CR). CR

and LR denote the right-handed capacitance and inductance,
respectively. CR represents the parasitic capacitance between
the printed conductors on the top plane and the ground
(reference) plane and LR represents the parasitic inductance of
the TL supporting wave propagation. LL is introduced along
the length of the TL with shunt stubs and CL is implemented
using inter-digital capacitors (as shown in the layout in Fig.
3a)). The benefits of introducing LL and CL are many [7].
The property of interest to this work is when the reactance
of LL and CL are dominant for the frequencies of interest, a
positive phase shift will be introduced by the CRLH-TL unit-
cell of length q. This positive phase shift can then be used
in the appropriate manner to develop an interconnect with a
lower zero-phase frequency. Thus, by choosing the geometry
of the CRLH-TL appropriately, each element of the array can
be fed with the same voltage phase for broadside radiation and
the use of meander-lines is not required.

To determine the layout of the array and achieve the required
antenna impedances and interconnecting CRLH transmission
line lengths, the simulation tool Momentum in the Advanced
Design System (ADS) software [14] was used. The antenna
was simulated on a Rogers RT/Duroid 5880 substrate with
a thickness of h = 1.57mm (ϵr = 2.2, tan δ = 0.0009).
The conventional microstrip transmission line is used with the
CRLH-TL as an interconnect between the patch elements in
a manner similar to the dual-band lines reported in [13]. The
layout of the interconnect on the 5880 substrate is shown in
Fig. 4. The dimensions of the CRLH unit-cell are shown in the
caption of Fig. 3 and the S21 phase of the total interconnect
is shown in Fig. 5. The first zero-phase frequency crossing
occurs at f = 2.2 GHz, which is near our operating frequency
of interest. For comparison, a microstrip TL with the same
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Fig. 5. Simulated S12 phase of the CRLH interconnect.
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Fig. 6. Simulated S12 phase of the conventional microstrip transmission line
interconnect.

width at the CRLH-unit cell and length as the interconnect
in Fig. 4 was simulated for the same frequencies. The phase
introduced by this microstrip interconnect is shown in Fig. 6.
The first zero-phase frequency occurs at 5.39 GHz. The zero-
phase frequency of the CRLH interconnect is approximately
60 % lower than the mircorstrip interconnect. This illustrates
the usefulness of the compact CRLH interconnects.

Next, the interconnect (shown in Fig. 4) was added to the
of the series fed array show in Fig. 1. The design was again
simulated on the Rogers 5880 substrate and manufactured for
testing. The manufactured prototype array is shown in Fig. 7a)
with the dimensions outlined in the caption.

III. MEASUREMENT AND SIMULATION RESULTS

The simulated S11 and radiation pattern values for Eθ

in the x-z plane are shown in Figs. 8 and 9, respectively.
The simulated BW was determined to be 30 MHz with a
center frequency of 2.425 GHz. All of the S-parameter and
radiation pattern measurements were then performed in an
anechoic chamber. A picture of the antenna being measured
in the anechoic chamber is shown in Fig. 7b). The results in
Fig. 8 show the measured S11 values and good agreement
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Fig. 7. a) Picture of the manufactured prototype (a = 41.2 mm, b = 40.59
mm, c = 44.3 mm, d = 40.66 mm, e = 47.3 mm, f = 49.44 mm, g = 31.35
mm, h = 31.46 mm, i = 4.86 mm, j = 10.7 mm, k = 3.65 mm, m = 1.98
mm, n = 2.65 mm, p = 12.4 mm and v = 2.7 mm) and b) picture of the
manufactured prototype being measured in the anechoic chamber.
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Fig. 8. Simulated and measured S11 values.

with simulations can be observed. The measured BW was
24 MHz with a center frequency of 2.45 GHz. Next, the
radiation pattern in the x-z plane was measured and compared
to simulations. These results are shown to agree in Fig. 9
and a broadside radiation pattern can be observed. Finally,
for illustration the 3D pattern and currents on the radiating
elements were computed in the simulation tool Momentum
and are shown in Fig. 10. It is shown that at the resonant
frequency, the direction of the surface currents on the patches
are aligned indicating that the currents are the same (i.e., each
element is fed with the same voltage phase).

Fig. 9. Measured and simulated Eθ in the x-z plane at 2.45 GHz
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Fig. 10. a) Simulated 3D radiation pattern at 2.45 GHz and b) simulated
surface current direction on the radiating elements at 2.45 GHz.

IV. CONCLUSION

A design for a microstrip series-fed antenna array with
CRLH unit-cell interconnecting lines has been presented. The
array prototype was simulated in Momentum, manufactured
and tested in an anechoic chamber. The measured results agree
well with the simulated values and an impedance match can be
observed at 2.45 GHz. The radiation pattern of the array has
also been measured and agrees well with simulation results.
Finally, the surface currents were simulated and plots show
that the currents on each antenna element are in phase. Overall,
the use of CRLH unit-cells in this series-fed array results in
a compact design.

REFERENCES

[1] M. M. Alam, M. M. R. Sonchoy and M. O. Goni, “Design and perfor-
mance analysis of microstrip array antenna,” Progress in Eelctromagnetics
Research Symposium Proceedings, Moscow, Russia, Aug. 18 - 21, 2009.

[2] R. Waterhouse, Microstrip Patch Antennas: A Designer’s Guide, 1st ed.
Sringer, 2003.

[3] R. L. Haupt, Antenna Arrays: A Computational Approach, John Wiley
and Sons, Ltd., Hoboken, New Jersey, 2010.

[4] W. L. Stutzman and G. A. Thiele, Antenna Theory and Design, 2nd ed.,
John Wiley and Sons, Inc., New York, NY, 1998.

2013 7th European Conference on Antennas and Propagation (EuCAP)

2025



[5] P.L. O’Donovan and A.W. Rudge, “Adaptive control of a flexible linear
array,” Electron. Lett., vol.9, no.6, pp.121-122, Mar. 22, 1973.

[6] C. A. Balanis, Antenna Theory: Analysis and Design, 3rd ed., John Wiley
and Sons, Inc., New York, NY, 2005.

[7] C. Caloz and T. Itoh, Electromagnetic Metamaterials, Piscataway-
Hoboken, NJ: Wiley-IEEE Press, 2005.

[8] T. Yuan, N. Yuan and L. Li, “A Novel Series-Fed Taper Antenna Array
Design,” IEEE Antennas and Propagation Lettres, pp. 362 - 365, vol. 7,
2008.

[9] A. Lai, T. Itoh and C. Caloz, ‘ ‘Composite Right/Left-Handed Trans-
mission Line Metamaterials,” IEEE Microwave Magazine pp. 34 - 50,
September 2004.

[10] B. D. Braaten, S. Roy, I. Ullah, S. Nariyal, B. Ijaz, M. M. Masud,
S. A. Naqvi and A. Iftikhar, “A Cascaded Reconfigurable RH/CRLH-
Zero-Phase Microstrip Transmisison Line Unit Cell,” Proceedings of the
IEEE International Conference on Wireless Information Technology and
Systems (ICWITS), Maui, Hawaii, Nov. 11th - 16th, 2012.

[11] G. Monti, R. De Paolis and L. Tarricone, “Design of a 3-state reconfig-
urable CRLH transmission line based on MEMS switches,” Progress in
Electro. Research 95, pp. 283-297, 2009.

[12] T. Jang, S.-H. Hwang, Y.-S. Bang, J.-M. Kim, Y.-K. Kim C.-W. Baek and
S. Lim, “Switchable composite right/left-handed (S-CRLH) transmission
line using MEMS switches,”IEEE Microw. Wireless Compon. Lett., vol.
19, no. 12, pp. 804-806, Dec. 2009.

[13] M. Hashemi, N. Yuan and T. Itoh, “Dual-Band Composite Right/Left-
Handed Metamaterial Concept,” IEEE Microwave and Wireless Compo-
nents Lettres, pp. 248 - 250, vol. 22, No. 5, May 2008.

[14] Agilent Technologies, CA, “Advanced Design System-ADS,” v1.7, 2009.

2013 7th European Conference on Antennas and Propagation (EuCAP)

2026


