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ABSTRACT 

In this paper, a dual-band microstrip patch array antenna for both the Multiple Input Multiple Output (MIMO) 4G 
Long-Term Evolution (LTE) and the Wireless Local Area Network (WLAN) systems is developed. Design simulation 
and optimization processes are carried out with the aid of the Advanced Design System (ADS) electromagnetic simula-
tor that using the full-wave Method of Moment (MoM) numerical technique [1]. Rectangular microstrip patch antenna 
constructed from Multi-Walled Carbon Nanotubes (MWCNT) ink with electrical conductivity of 2.2 × 104 S/m and 
relative permittivity of 5-j1 is used as the conductor patch [2]. The patch is deposited on Rogers substrate RT-Durid 
5880 single substrate with (εr = 2.2) and thickness of 62 mil. U-shape slot is used to provide the dual-band. The pro-
posed antenna operates at 3.5 GHz for LTE and 5 GHz for WLAN. The proposed antenna parameters are compared 
with published results of copper patch [3,4] for the same application. Great enhancement in antenna size, matching, and 
frequency band width are achieved for the proposed antenna at the expense of gain and antenna efficiency compared 
with copper one. The proposed MWCNT dielectric antenna size is 18.4 mm × 27 mm compared with size of 27 mm × 
37 mm for copper one respectively. The gain is better than 7 dBi with antenna efficiency of 87.29% at 3.5 GHz for cop-
per patch antenna and is better than 1.692 dBi with antenna efficiency of 27.05% at 3.5 GHz for MWCNT respectively. 
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1. Introduction 

MIMO systems have been studied extensively during the 
recent years. It is clear from the theoretical point of view 
that the use of MIMO systems increases the capacity of 
transferred signal as compared to the use of Single Input 
Single Output (SISO) and Single Input Multiple Output 
(SIMO) systems. 4G handheld telephones, iphones, and 
other new compact cellular equipments recommend the 
use of small-scale, multi-band MIMO antennas. In this 
paper, we cover both the 4G LTE and the WLAN bands. 
It can be used in other MIMO antenna applications. 

Rapid developments of wireless communications cou-
pled with recent progress in material exploration results 
in a growing interest to apply nanostructure materials for 
microwave devices. The need for developing new mate-
rials that provide wireless devices with novel properties, 
in particular wearable microstrip antennas, is suitable for 
applications where regular conductors may fail such as 
mining, fire or chemical for biological degrading envi-
ronments. Nanoscale materials are the most promising 
candidates since they have proven to provide new pro- 

perties that were not possible for traditional bulk material. 
Electrically conductive ink based on nanoscale material 
is one such example. We have developed MWCNTs sus- 
pended in an adhesive solvent to create printable ink. 

In this paper, we present a microstrip rectangular an-
tenna constructed from MWCNT ink for wearable appli-
cations based on MoM numerical technique. 

MWCNT dries quickly, adheres homogenously, and 
possess the characteristics of a good conductor at micro-
wave frequencies. For the last several decades, conduc-
tive inks have stimulated the consideration and interest of 
many researchers due to their wide applications in mi-
croelectronics. 

Some recent studies have used various composite ma-
terials as replacements for metals for antenna applica-
tions [5-8]. In [5], a conducting-polymer patch antenna is 
proposed. Silver nanoparticle ink [6] anmetallo-organic 
conductive ink [7] have been used to prepare a highly- 
conductive antenna. In [8]. 

Metals such as copper and aluminum are extensively 
used in aerospace and many other industrial applications. 
The high value of the conductivity of metal provides high 
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shielding effectiveness and low loss in antennas and their 
associated ground planes. Some disadvantages of metals 
are their high weight, manufacturing cost and poor cor-
rosion resistance. In some applications designers have 
sought a good alternative material to metals. For this pur- 
pose, many kinds of “composite” materials have been 
proposed [9-11]. Due to the low weight, ease of fabric- 
cation, low cost, high stiffness, high thermal and electri- 
cal conductivity, carbon fiber composite (CFC) is one of 
the most desirable materials in the aerospace, electronic, 
and infrastructure industry [12]. 

MoM is one of the hardest to implement because it 
involves careful evaluation of Green’s functions and EM 
coupling integrals. Maxwell’s equations are transformed 
into integral equations yielding the coupling matrix equa-
tion of the structure via discretization. The advantage of 
this transform is that the current distributions on the 
metal surfaces emerge as the core unknowns. This is in 
contrast to other techniques which typically have the 
electric and/or magnetic fields (present everywhere in the 
solution space) as the core unknowns. Only the surfaces 
of the metals, where the currents flow, need to be taken 
into account in the meshing. Hence the number of un-
knowns (or the size of the matrix) is much smaller. This 
results in a very efficient simulation technique, which is 
able to handle very complex structures. 

2. Single Element Design and Simulation 

Figure 1 shows the optimize geometry of the rectangular 
copper patch antenna with dimensions of 27 mm × 37 
mm and dimensions of 18.4 mm × 27 mm for MWCNT 
patch antenna respectively. More than 1.4% reduction in 
size is archived for the proposed MWCNT dielectric 
patch antenna over the copper one. Rogers substrate RT- 
Durid 5880 single substrate with (εr = 2.2) and thickness 
of 62 mil. U-shape slot is used to provide the dual-band 
for both the LTE and WLAN applications. The MWCNT 
possess an electrical conductivity of 2.2 × 104 S/m and a 
relative permittivity of 5-j1. 
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Figure 1. Geometry of copper and MWCNT patch anten-
nas. 

Figure 2 shows that the copper patch reflection coeffi- 
cient S11 equals to –23.798 dB at 3.5 GHz with frequency 
bandwidth of 75 MHz for LTE, and equals to –20.871 dB 
with a frequency bandwidth of 80 MHz at 5 GHz for 
WLAN. The MWCNT patch reflection coefficient equals 
to –26.041 dB at 3.5 GHz with a frequency bandwidth of 
150 MHz for LTE and equals to –27.941 dB with a fre-
quency bandwidth of 350 MHz at 5 GHz for WLAN. The 
S11 values for the MWCNT antenna are better than the 
copper one, this ensures better matching. More than twice 
the bandwidth is archived for the proposed MWCNT di-
electric patch antenna over the copper one. 

Figure 3 shows the meandering of the surface current 
on the radiating U-slotted patch these results in an in-
crease of the length of the equivalent surface current 
path. 

Figures 4 and 5 show that the gain is better than 7 dBi 
with antenna efficiency of 87.29% at 3.5 GHz for copper 
patch antenna and is better than 1.692 dBi with antenna 
efficiency of 27.05% at 3.5 GHz for MWCNT patch an-
tenna respectively. The reduction in antenna gain and 
efficiency for MWCNT dielectric patch antenna is ex-
pected compared to the copper one due to the reduced 
conductivity value of the MWCNT patch antenna and the 
corresponding reduction in conduction current value. 
 

S11 

 

Figure 2. Reflection coefficient S11. 
 

 

Figure 3. Meandering of surface current on the radiating 
surface. 
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Figure 4. Gain 7.2 dBi for copper and 1.692 dBi for MW- 
CNT. 
 

 

Figure 5. Antenna efficiency of 87.92% for copper patch 
antenna and 27.05% for MWCNT patch antenna. 

3. 1 × 2 Array Antenna Design and 
Simulation 

1 × 2 linear array antenna with element separation of λ/4 
is showing in Figure 6 for both copper and MWCNT 
patches. 

Figure 7 ensures good matching for the 1 × 2 array for 
both copper and MWCNT patches. 

Figures 8 and 9 show that the gain is enhanced to be 
better than 7 dBi with antenna efficiency of 87.29% at 
3.5 GHz for copper patch antenna and is better than 
1.692 dBi with antenna efficiency of 27.05% at 3.5 GHz 
for WMCNT patch antenna. 

4. 1 × 4 Array Antenna Design and 
Simulation  

1 × 4 linear array antenna with element separation of λ/4 
is showing in Figure 10 for both copper and MWCNT 
patches. 

Figure 11 ensures good matching for the 1 × 4 array 
for both copper and MWCNT patches. 
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Figure 6. Geometry of 1 × 2 array antenna for copper and 
MWCNT patch antennas. 
 

 

Figure 7. Reflection coefficient S11, S22 for copper and MW- 
CNT. 
 

 

Figure 8. Gain 9.551 dBi for copper and 3.869 dBi for MW- 
CNT. 
 Figures 12 and 13 show that the gain is enhanced to 

be better than 7 dBi with antenna efficiency of 87.29% at 
3.5 GHz for copper patch antenna and is better than 
1.692 dBi with antenna efficiency of 27.05% at 3.5 GHz 

for MWCNT patch antenna. Figure 14 shows the cou-
pling coefficient among S12, S13, S14, S23 and S24 which 
ensures good results. 
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Figure 9. Antenna efficiency of 98.031% for copper and 
37.834% for MWCNT. 
 

129mm 

88.3mm  

Figure 10. Geometry of 1 × 4 array antenna for copper and 
MWCNT patch antennas. 
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Figure 11. Reflection coefficient S11, S22, S33, S44. 

5. Concolusion 

Dual-band dielectric patch antenna for both the MIMO 
4G Long-Term Evolution (LTE) and the Wireless Local 
Area Network (WLAN) systems is developed. The patch 
antenna is constructed from Multi-Walled Carbon Nano-
tubes (MWCNT) ink with electrical conductivity of 2.2 × 

 

Figure 12. Gain 12.33 dBi for copper and 6.424 dBi for 
MWCNT. 
 

 

Figure 13. Antenna efficiency of 98.45% for copper and 
42.42% for MWCNT. 
 

 

Figure 14. Coupling coefficient for S12, S13, S14, S23, S24. 
 
104 S/m and relative permittivity of 5-j1. Design simu- 
lation and optimization processes are carried out using 
ADS simulator by MoM numerical technique. The patch 
is deposited on Rogers substrate RT-Duroid 5880 single 
substrate with dielectric constant εr = 2.2 and thickness of 
62 mil. Optimized U-shape slot is used to provide the 
dual-band. The proposed antenna operates at 3.5 GHz for 
LTE and 5 GHz for WLAN systems. The proposed an-
tenna simulation results are compared with published 
results from the same authors, with copper patch, for the 
same application. The proposed MWCNT dielectric an-
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tenna shows more than 1.4% reduction in size, better val-
ues of S11 parameter that ensures better matching, and 
more than twice the frequency bandwidth compared to 
the copper one. Reduction in antenna gain and efficiency 
compared to the copper one is expected due to the reduc-
tion in metal conductivity and conduction current values. 
Linear sub-arrays with dimensions of 1 × 2 and 1 × 4 of 
the proposed MWCNT dielectric antenna are designed 
and optimized. The proposed array antenna is suitable for 
MIMO LTE and WLAN applications. 
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