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1. Introduction

CST Microwave Studio is a powerful electromagnetic
field simulation software. In this design project, I built a
2 X2 antenna array with cooper and FR-4 materials, then
tune the parameters and test the model to achieve a quite
good performance at my assigned frequency(2.7411GHz).

2. Background

Directional property of an antenna is defined in term of
‘directive gain’. Directive gain is ratio of the normalised
power intensity in a particular direction to the average
normalised power intensity such as from an isotropic
radiator '"?. Directivity is the maximum of directive
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Patch antennas are small in size and suitable for microwave transmission,
so they are widely used in small portable wireless devices. Multiple patch
antennas are connected together to form an array antenna. Compared with
the patch antenna, the array antenna has a higher directivity gain and can
achieve better transmission performance. In this project, I will test the
single patch antenna first, and then move to 2x1 antenna array. Finally,
built a 2x2 antenna array, test and record their performance respectively.

gain = directivity times efficiency: G=eD_ . The
R

rad r

})md + pdiss B Rr +Rl

antenna efficiency is defined as: 77 =

, where R ;is loss resistance, R is radiation resistance.
The total efficiency of an antenna is the radiation
efficiency multiplied by the impedance mismatch loss of
the antenna, when connected to a transmission line or
receiver (radio or transmitter). The E-plane and H-plane
are reference planes for linearly polarized waveguides,
antennas and other microwave devices ™.

For a linearly-polarized antenna, E-plane is the plane
containing the electric field vector and the direction
of maximum radiation. The electric field or “E” plane
determines the polarization or orientation of the radio
wave >°. H-plane is the plane containing the magnetic
field vector and the direction of maximum radiation . In
a radio antenna’s radiation pattern, the main lobe is the
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lobe containing the higher power. This is the lobe that
exhibits greater field strength ™. The beamwidth of the
antenna is the width of the main lobe, usually specified
by the half power beam width (HPBW), the angle
encompassed between the points on the side of the lobe
where the power has fallen to half (-3 dB) of its maximum
value . The antenna bandwidth is defined as the band
of frequency over which the performance of the antenna
remains within an acceptable limit. Reflection coefficient
S11 is a ratio of the reflected power and incident power
(519 Through return loss in dB, we can calculate S11 by

. _ K
using: Sllf10 0 % 100%" The greater value of S11, the

worse transmission performance.

3. Simulation Results
3.1 Patch Antenna Design

3.1.1 Initial Parameter Setting

Before built the model, we need set the value of all
parameter we will use. First, calculating the value of
necessary parameters should do first. MATLAB code is

shown in Figure 1, and all of the parameters are setting as

shown in Table 1 ',
e_r = 4.3;

tan_sig = 0.019;

h = 1.6e-3;

e0 = 8.854e-12;

mu0 = 4#pix(107-7);
f_test = 2.4711e9;

z0 = 50;

[
|

o v e w

W_patch = (L/(2%f_testxsart (e0%mu0)))*sart (2/(e_r+1));

e_reff = (((e_r+1)/2) + (e_r-1)#(1+ (12#%h/W_patch))” (-1/2)/2);

det_L = h#0. 412% ((e_ref£+0. 3) % (W_patch/h+0. 264)) / ((e_reff-0. 258) * (W_patch/h+0. 8)) ;
L patch = (1/(2%f_test*sart(e_reff)*sart (e0#mu0))) - (2%det L);

A = ((z0/60) *sart ((e_r+1)/2)) + (((e_r-1)/(e_r+1))*(0.23 + (0.11/e_r)));
B = (377#pi)/ (2#z0%sart(e_r));

e = log(B-1) + 0.39 - (0.61/e_r);

el = ((e_r-1)/(2%e_r))*e;

SmallRatio = ((8%exp(A))/(exp(2%A)-2));

BigRatio = (2/pi)*(B -1 - log((2%B)-1) + el);

21 — if SmallRatio <= 2

22 — W_line = SmallRatio*h;
23 — else

24 — W_line = BigRatioh;
25 — end

Figure 1. MATLAB code for calculate parameters

Table 1. Initial parameters

Parameter Value (mm)
Board Width (BW) 55
Board Length (BL) 55

Copper Thickness (t) 0.017
Substrate Thickness (h) 1.6
Patch Width (PW) 37.3
Patch Length (PL) 28.9
Feed Line Width (FW) 3.14
Slot Length (yO:%PL) 9.63

Free space Wavelength (4,) 121.4
ad 0.7
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3.1.2 Optimize S,,

First we should use parameter sweep to step change
the y0 to change the S,,, make sure S,, is better than -30
dB around 2.4711 GHz. Then we fix the value of y0, and
tune the PL value to shift the peak of S,; plot at resonant
frequency. The finally goal in this stage is to achieve that
the S,, at resonant frequency is greater than -30 dB '
Bl My S,, result is -44.015 dB and shown in Figure 2.
The final value of slot length is y,=8.03, the patch length
is PL=28.2mm and achieve the S11 is -44.015dB at
frequency is 2.4764GHz. Also, the directivity is 6.384dBi
which was improved by optimizing the slot length and
patch length, and better than 6dBi ""*'*. The far field result
is shown in Figure 3. The Polar result of 90 degree and 0

degree are shown in Figure 4 and Figure 5 respectively.
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Figure 2. Patch antenna S, result by tuning y0 and PL

farfield (f=2.4711) [11

Type Farfield
Approximation enabled (kR >> 1)
Component  Abs

Output Directivity
Frequency 2.4711 GHz

Rad. Effic. -3.393 dB

Tot. Effic. -3.397 dB

Dir. 6.384 dBi

Figure 3. Patch antenna Directivity result in farfield

Farfield Drectivity Abs (Phi=90)
0

phi=90 30 30 Phi=270

Theta / Degree vs. dBi

Figure 4. Farfield Directivity (Phi=90)
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Farfield Directivity Abs (Phi=0)
0

Theta / Degree vs. dBi

Figure 5. Farfield Directivity (Phi=0)

3.2 2x1 Antenna Array Design

At beginning of this part, a 3dB power divider should
be constructed. First set the ground plane and substrate
length as d=ad X wavelength to make sure the size
of power divider will match the 2X 1 Antenna array
size. Through the Macros function in CST to calculate
the 70.7Q transmission line width and length!". The
transmission line width is 1.64mm and line length is
17.279mm. Then, use one and two 50Q line connected
with the transmission line as input line and output line
respectively. The plot of S-parameters is shown in Figure 6.

After built the power divider, connected it with 2 X
1 antenna array and repeat the step of tuning as previous
part. Through my optimizing, the Directivity of the 2X 1
antenna array is 9.705dBi, which is better than 9dBi ">
and shown in Figure 7. The S,, is -49.207dB at 2.4742GHz
and the Realized Gain is 5.579dBi (better than 5dB)

shown in Figure 8 and Figure 9 respectively.

S-Parameters. lannmq‘; n d8]
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Figure 6. S-parameters plot of Power Divider

Distributed under creative commons license 4.0

Figure 7. Two Patch Antenna Directivity result in far-field
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Figure 8. 2 X 1 Antenna array S11 result

Figure 9. 2 X 1 Antenna array Realized Gain result in far-
field

3.3 2x2 Antenna Array Final Integration

This is the final part of designing, and I have built a
completed 2 X 1 Antenna array, to integrate a 2 X2 Antenna
array, translate and copy the 2X 1 Antenna array with a
distance (0.7 ﬂo [l first, then copy the Power Divider and
add it. Also, antenna tuning is necessary to ensure the S11
is better than -30dB at resonant frequency(2.4711GHz +
10MHz) and achieve the Realized Gain is greater than
7dB. The tuning results of S11 are -41.402dB at 2.472GHz,
which is shown in Figure 10. Meanwhile, the Realized
Gain is 8.013dBi and shown in Figure 11.

S-Parameters [Magntude i d8]
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Figure 10. 2 X2 Antenna array S11 result in far-field
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farfield (£=2.4711) [1]

Figure 11. 2 X2 Antenna array Realized Gain result in
farfield

For final integration, delete the upper labelled
transmission line in the Y direction, construct a meandered
transmission line, and the dimensions should be defined
as Figure 12 shows. Finally, observing the far-field Polar
plot of Directivity at Phi=90 when altering the phase shift
as 22.5°, 45° and 90° in this case. The result is shown
in Figure 13. All the simulation parts are finished at this
point.

(i) (b)

f () |@

(b) 4*5012 line width

(c) 5042 line width

(d) Variable phase shift [e.g. ps)
+5042 line width

Figure 12. Parameters of meandered line setting

Farfield Directivity Abs (Phi=90)

—— (Directivity,Phi=90,ps=22.5)
—— (Directivity,Phi=90, ps=45)
— (Directivity,Phi=90, ps=90)

180
Theta / Degree vs. dBi

Figure 13. Farfield result with phase shift =22.5°, 45°
and 90°
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4. Measured Results

In this part, measured S,, and antenna gain of a
2-element array and a 4-element array antenna with
MiniVNA equipment. The measurement of antenna gain
is calculated by Friis Transmission Equation. Figure 14
shows when connect with DET, and S,, is -24.44 dB at
2.4333 GHz. Figure 15 illustrates connect with DUT,
S, is -25.27 dB at 2.4327 GHz. Figure 16 shows S,, of
2-element antenna array is -15.15 dB at 2.4474 GHz.

Figure 14. S, vs Frequency connect with DET

Figure 15. S|, vs Frequency connect with DUT

o el

Figure 16. S,, vs Frequency of 2-elements antenna array

The gain of the 2X 1 antenna array is calculated

(aB)=1
using the Friis Transmission Equation 3
(32.45+20log,,2.4474 + 201og,, 0.2~ 15.15+ 1.5} g 2973

dB

Now I measure the return loss and transmission loss

[e] G
b

Array

of Power Divider and 4-elements antenna array with
power divider. Figure 17 shows the plot of return loss
with frequency of power divider, and at 2.4305GHz, S,,=
-18.60dB, Figure 18 shows the return loss of 4-element
array with power divider is -15.69 dB at 2.3599GHz.
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Figure 17. S|, vs Frequency of power divider
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Figure 18. S, vs Frequency of 4-element array with

power divider
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Figure 19. S,, vs frequency of 4-clement array with power

divider

The gain of the 4-element antenna array with power

divider is calculated using the Friis Transmission Equation

1
(161 G, ,(dB)= 3 {32.45+20l0g,,2.3599 + 201og,, 0.2~ 14.72 + 1.5

1.5} =6.3542 dB
The radiation pattern of antenna array is measured by
rotating 5°every time between -90° and 90° to obtain the

value of S,, for both E-plane and H-plane.
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Figure 20. E-plane radiation pattern
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Figure 21. H-plane radiation pattern

5. Conclusions

Overall, the slot length and patch length are the
critically important parameters which have a significant
effect on antenna performance. With the increase of
the number of patch antennas, we can see that the gain
and directivity of antennas is increasing. Therefore,
increasing the number of patch antennas can achieve
better transmission performance, and achieving more
usages in our life. In my design, I also achieve the 2% 2
antenna array has benefits over the single patch antenna
as theory. From the observation of transmission loss and
realized gain both in simulation results and measured
results, the 2 X 2 antenna array has a higher gain and lesser
transmission loss.

It is also clear that, for the 2 X2 antenna array design,
we can find the simulation result on CST platform is
better than the measured result on MiniVNA. Probably,
the reason is in practical, there are more loss exist, and
also the microstrip patch antennas generally have quite
narrow bandwidth which result in very sensitive to the
environment setting and the accuracy of placement. In
CST platform, the line loss is constant and materials are
all have a uniform density, which is an ideal situation
for antenna, so the result is better. When measuring the
transmission loss of the antenna array, the requirements
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for frequency matching are very high, because the antenna
bandwidth we use is very narrow, and the same frequency
must be ensured to achieve 100% signal transmission.
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