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Abstract  Present paper describes the effects of temperature variations on the performances of rectangular patch antenna 
exposed to different temperatures. The antenna is designed at room temperature 300 0K with operating frequency 2.45 GHz 
and bandwidth 0.0518 GHz, return loss -21.83 dB and impedance 50 ohms are observed. When the temperature is decreased 
the value of frequency, bandwidth and impedance reduce up to 2.01 GHz, 0.0272 GHz and 35.95 ohm respectively and return 
loss of antenna is increased up to -13.46 dB. However if temperature is increased the value of frequency, bandwidth and 
impedance of antenna reduce up to 1.96 GHz, 0.0272 GHz, and 35.05 ohm respectively and return loss of antenna is increase 
up to -12.61 dB. Bandwidth of the antenna shows a negligib le change while impedance reduces when temperature rise. 
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1. Introduction 
In recent years the researchers are highly interested in the 

field of microstrip patch antennas due to its low cost, easy 
fabrication and conformability. But the poor stability of 
such antennas under different meteorological conditions; 
temperature change, limits its uses in many applicat ions. 
This is because; during a year the environment temperature 
depending on the geographical position varies in the range 
from-50℃  to+50 ℃ . And under the influence of solar 
radiation the upper limit for the antenna heating temperature 
can reach much larger values, hence may affect the antenna 
performances. The significant research has been made in this 
direction, and shown that temperature has a great effect on 
the antenna performances[1]. 

In general a microstrip antenna is required to operate in an 
environment condition that is close to what is defined as 
room or standard conditions. However, in many applications 
antennas also have to funct ion in harsh env ironments 
characterized by  temperatu re variations. In th is case, the 
antenna substrate propert ies suffer from some variat ions 
caus ing deterio rat ion in  the overall perfo rmance o f a 
microstrip  antenna. Thus for the microstrip  antennas fixed on 
a projectile  that fly for a long duration, the temperature will 
be an issue for the performance of that antenna. Th is is 
because the temperature variat ion, changes the dielect ric  
constant of the substrate, causing expansion in the material 
length. 

Therefore the main purpose o f present research is to   
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examine the effects of temperature variat ions on the 
characteristics of rectangular patch antenna. Accordingly a 
rectangular patch antenna has been designed and exposed to 
different temperatures, and responses have been studies 
using HFSS (High Frequency Structure Simulator). It  has 
been observed that as the temperature increases, the effective 
dielectric constant of the substrate increases, on the other 
hand, the resonance frequency decreases with increasing 
temperature. While VSW R (Voltage Standing Wave Ratio) 
and return loss decreases with increase the temperature.  

2. Temperature's Effect on an Antenna  
It has been reported that antenna temperature and the 

temperature of its environment correlates to its radiation 
resistance. According to "Antenna and Wave Propagation", 
[2] the noise temperature of a loss-less antenna is equal to the 
sky temperature and not the physical temperature, and higher 
temperatures equal a  higher radiation resistance. This 
increases the signal loss of the antenna and interferes with 
the performance of the antenna. While according to 
"Distributed Sensor Networks" when the dew point (or frost 
point) is reached antenna surface, this effect ively can raise 
antenna height. Since the ground plane of the antenna helps 
in amplifying the antenna's signal, the dew and frost thus 
nullifies the effect of the ground plane[3-4]. If the 
temperature of an antenna's material is high enough, the 
antenna's dielectric  constant falls. This interferes with the 
antenna's ability to receive signals well. High temperatures 
can also cause degradation of the antenna's materials. If the 
ground plane begins to fall apart, it will not function well. 

Mickeen has proposed a linear thermal expansion which 
represents relation between the ratio of 𝛿𝛿𝛿𝛿 thermal and  𝑙𝑙, 
and temp as follows[5] 
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∆𝑙𝑙𝑡𝑡ℎ
𝑙𝑙

= 7.2 × 10−8𝑇𝑇3 + 3.5 × 10−8𝑇𝑇2 + 0.013𝑇𝑇 − 0.26 (1) 
In addition, the measured relationship between 

temperature and 𝜀𝜀𝑟𝑟  is given by 
𝜀𝜀𝑟𝑟 = 0.00072  𝑇𝑇 + 𝜀𝜀𝑟𝑟 ( at T = 27o C)     (2) 

As a result new length/width of the microstrip antenna[5] 
will be calculated by 

𝐿𝐿 = 𝑙𝑙0 + ∆𝑙𝑙 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓   + ∆𝑙𝑙𝑡𝑡ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒      (3) 
Hence the resonant frequency of RMSA can be obtained 

using[8] 
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c = velocity of light 
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The width of the patch is not critical it can be calculated 
using 
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The relat ive-frequency change for small dimensional 
changes may be expressed in terms of linear dimensions in 
terms of temperature changes as follows[4]; 

𝛿𝛿𝛿𝛿
𝑓𝑓0

= − 𝛿𝛿𝛿𝛿
𝑙𝑙

= −𝛼𝛼𝑡𝑡𝛿𝛿𝛿𝛿             (7) 

Where 
δf = change in resonant frequency 
δL = change in effect ive resonant dimensions 
αt = thermal expansion coefficient  
δT = temperature change in℃. 
Which may also relates 
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= − 1
2
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                 (8) 

Where 
𝛼𝛼𝑡𝑡 = thermal expression coefficient 
𝛿𝛿ɛ𝑟𝑟 = change in relat ive dielectric constant 
𝑙𝑙 =  frequency determining length of the microstrip  

antenna 
f0 = resonant frequency of a microstrip antenna 
𝛼𝛼𝑡𝑡 = 50 × 10−6/0𝐶𝐶  at 100℃. 
However it  turns out that changes in linear dimensions of 

patch antenna due to thermal expression tend to compensate 
the effect of a  changing dielectric  constant. Hence, 
combin ing equation (4) and (5) we get 

𝛿𝛿𝛿𝛿
𝑓𝑓0

= �−𝛼𝛼𝑟𝑟 + 1
2
𝛼𝛼𝐸𝐸�𝛿𝛿𝛿𝛿            (9) 

Thus, with proper selection of materials, it is possible to 
almost eliminate temperature effects on the resonant 
frequency of microstrip patch antenna.  

3. Design Specifications 
A basic rectangular patch antenna at room temperature is 

designed with the help of HFSS using design parameters 

given in table 1. However the basic geometry of patch 
antenna is shown in figure 1. 

Table 1.  Antenna design parameters 

Parameter of Antenna 
Length 28.6 mm 
Width 37.26 mm 

Feed Location 9 mm 
Substrate FR-4, εr =4.4,  h =0.8mm 
Frequency 2.45 GHz 

 
Figure 1.  Basic geometry of a rectangular MSA 

4. Effect of Temperature on the RMSA 

 

Figure 2.  Variation in return loss with change in temperature 

 
Figure 3.  Variation in Antenna impedance with change in temperature 

-25

-20

-15

-10

-5

0

1.5 2 2.5 3

R
et

ur
n 

lo
ss

(d
B

)

Frequency(GHz)

return loss24
return loss25
return loss26
return loss27
return loss 28
return loss 29
return loss 30

0
10
20
30
40
50
60

1 1.5 2 2.5 3

Im
pe

da
nc

e(
oh

m
)

Frequency(GHz)

mag 24
mag25
mag26
mag 27
mag 28
mag 29
mag 30

L 

W 



 International Journal of Networks and Communications 2013, 3(1): 21-24 23 
 

 

Table 2.  Analysis at different values of temperature 

S. No Temperature 
(0K) 

Length 
(mm) 

Frequency 
(GHz) 

Bandwidth 
(GHz) Return Loss(dB) Impedance 

(Ω) 
1 296 30.1 2.09 0.0395 -16.6 40.74 
2 297 30.48 2.09 0.0296 -13.75 35.95 
3 298 30.85 2.01 0.0323 -14.38 36.96 
4 299 31.83 2.05 0.0272 -13.46 36.27 
5 300 28.6 2.46 0.0518 -21.83 50 
6 301 31.98 2.15 0.0444 -20.52 44.08 
7 302 32.36 2.01 0.0321 -14.31 36.6 
8 303 32.74 1.99 0.0294 -13.68 35.27 
9 304 33.12 1.96 0.0272 -12.61 35.05 

 

  

Figure 4.  Variation in length with change in temperature 

 

Figure 5.  Variation in frequency with change in temperature 

 

Figure 6.  Variation in bandwidth with change in temperature 

The resonant frequency of a MSA is sensitive to 
temperature variations[6-7]. Hence the effect of temperature 
on a resonance frequency, input impedance, VSWR, 
bandwidth and return loss on the performance of a 
rectangular microstrip antenna (RMSA) are  demonstrated 
during studying. Figure 1 shows the effect of temperature on 
the expansion of the length of the RMSA. Due to the 
expansion in the length of the RMSA its electrical size 
increases then the resonant frequency of the patch antenna 
decreases. Other parameter such as return loss, impedance 
and are also decreased due to change in length of the antenna 
as shown in the Figure 1 & 2. The bandwidth curves for 
RMSA was similar in their dependence on temperature to 
resonant frequency curves. The bandwidth of RMSA 
decreases with increase in temperature (Figures 3-5), 
however the overall performance of the antenna under the 
influence of temperature changes is maintained in Tab le 2. 

5. Results and Discussions 
The proposed antenna is designed at room temperature 

300 0K and frequency 2.45 GHz, and temperature changes 
are analyzed using HFSS. From the obtained results, it is 
found that the length of the antenna ranges from 30.1 mm at 
23℃  (5% change) to 33.12 mm at 31℃  (15% change). 
Bandwidth of the antenna shows a negligible change while 
impedance reduces when temperature rise. When the 
temperature is decreased the value of frequency, bandwidth 
and impedance reduce up to 2.01 GHz, 0.0272 GHz and 
35.95 ohm respectively and return loss of antenna is 
increased up to -13.46 dB. On the hand when temperature is 
increased the value of frequency, bandwidth and impedance 
of antenna reduce up to 1.96 GHz, 0.0272 GHz, and 35.05 
ohm respectively and return loss of antenna is increase up to 
-12.61dB. These results degrade the performance of antenna.  

Hence designing of antenna must be done in such a 
manner that these effects will be compensated. This 
compensation can be done by choosing specific material so 
that it will neutralize or reduces the effects and this can be 
further used as universal antenna.  
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