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Analysis of notch loaded rectangular patch antenna for dual-band operation has been proposed, in which dual frequency 

behaviour is obtained by notch loading. The theoretical analysis is based on modal expansion cavity model. The resonance 

frequency changes with the variation in the length and width of the notch. Thus the input impedance, VSWR, return loss and 

bandwidth are calculated. The obtained resonance frequency ratio is variable from 1.17 to 1.77 with the length and width of 

the notch. 
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1 Introduction 

Microstrip antennas are popular for their attractive 

features such as low profile, light weight, low cost, 

ease of fabrication and integration with RF devices1-2. 

In the recent years, radar and communication system, 

such as global positioning system (GPS), synthetic 

aperture radar (SAR), often require dual frequency 

patch antennas to avoid the use of two different 

antennas. An ideal dual frequency antenna should 

have a similar performance in both operating modes, 

in terms of radiation properties and matching. In 

general, three techniques have been mentioned in the 

literature3 to obtain dual frequency behaviour. These 

are identified as: 

(i) Orthogonal mode of polarization 

(ii) Multi-resonator antennas and 

(iii) Reactively loaded antennas 

Among these, the reactive loaded antennas are one 

of the most popular techniques to obtain the dual 

frequency behaviour. In this case, dual resonance is 

obtained by introducing the slots parallel to radiating 

edges of the patch4, co-axial5 or microstrip stubs6 at 

the radiating edges of the patch. This does not allow a 

frequency ratio higher than 1.2. The higher frequency 

ratio can be obtained by using two lumped capacitors 

connected from patch to the ground plane7. The 

frequency ratio from 1.3 to 3 has also been obtained 

by the simultaneous use of slots and short circuit8. 

Another kind of reactive loading can be introduced to 

get higher ratio by cutting a notch in the patch parallel 

to the current lines. The notch loading allows one to 

obtain two resonant frequencies due to strong 

interaction between the main patch and the notch 

resonant frequency9. Notch loading is also a good 

solution to minimize and enhance the impedance 

mismatch and bandwidth10, respectively. Almost 

similar radiation patterns for the rectangular and 

notch-loaded patch antennas confirm that the current 

distributions are not much affected by the notch cut in 

the patch9. 

In the present paper the analysis of notch-loaded 

rectangular microstrip patch antenna has been carried 

out using the concept of equivalent circuit theory. In 

the present work the study of effect of notch length 

and width on the resonance frequencies has been 

investigated. It is found that the frequency ratio of 

two resonances can be varied from 1.18 to 1.77 with 

the notch dimensions.  

2 Theoretical considerations 

The proposed antenna geometry is shown in Fig. 1. 

The patch is fed by a co-axial probe.  

The feed position is calculated by using modal 

expansion cavity model theory11, for a 50 Ω co-axial 

cable. The notch has been cut along the patch width in 

such a way that it lies at a symmetrical distance from 

both length edges of the patch. According to the 

cavity model theory12, a normal microstrip patch 



INDIAN J RADIO & SPACE PHYS,  DECEMBER 2006 

 

 

 

436

antenna can be modeled as parallel RLC circuit. The 

current flows from the feeding point to the top and 

bottom edges of the patch. Values of L and C are 

determined by the currents path length. When a notch 

is incorporated into the patch, the resonance feature 

changes. In this case, two current’s flow in the 

patch13; one is the normal current which flows into the 

patch as shown in Fig. 1(a). It represents the initial 

RLC resonant circuit and resonates at the designed 

frequency of the patch as shown in Fig. 2(a). 

However, the other current flows around the notch as 

shown in Fig. 1(b) and hence the length of the current 

path increases. In this case, both electric and magnetic 

field discontinuities occur across the notch. So the 

effect of the notch will be both capacitive and 

inductive. These effects are modeled14 as additional 

series inductance LΔ  and series15-16 capacitance CΔ  

to the initial resonant circuit as shown in Fig. 2(b). 

Therefore, the proposed antenna behaves as a dual 

resonant circuit. 

2.1 Equivalent circuit 

The equivalent circuit corresponding to this current 

flowing on the patch is shown in Fig. 2(a), where C1, 

L1 and R1 are the capacitance, inductance and 

radiation resistance of the patch, respectively and are 

given by12 
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Fig. 1 — Geometry of (a) rectangular and (b) notched microstrip 

patch antenna 

Fig. 2 — Equivalent circuit of (a) rectangular microstrip patch 

antenna, (b) that corresponding to the current flowing around the 

notch, i.e. due to notch effect on the patch and (c) simplified 

circuit of (b) 
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and 
1

1 ω
=

C

Q
R     …(3) 

where Q  and rω are the quality factor and resonance 

frequency of the patch, respectively. The quality 

factor Q  is given by12 
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where c = velocity of light in free space and rf  = 

resonance frequency of the patch. 

The input impedance of the resonant circuit shown 

in Fig. 2(a) is calculated by 
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The other current is flowing around the notch on 

the patch. The equivalent circuit corresponding to this 

current is shown in Fig. 2(b), where C1, L1, and R1 

have their usual meaning. Additional series 

inductance LΔ  and capacitance CΔ  due to notch 

effect are calculated14,15, respectively as 
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The term Cs = gap capacitance and is given by 

Meshram and Vishvakarma16. 

The input impedance of the resonant circuit shown 

in Fig. 2(b) can be computed from the simplified 

circuit shown in Fig. 2(c) as 
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As already mentioned these two resonant circuits 

are coupled together and form a dual resonant circuit 

for dual band operation as shown in Fig. 3. Here both 

the inductive and capacitive coupling has been 

considered. 

The coupling coefficient between these two 

resonators is given by17 

21.

1

QQ
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where 1Q = quality factor of the resonant circuit due 

to normal current 
1

1ω
R
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and 2Q = quality factor of the resonant circuit due to 

notch effect 
1

2ω
R

L
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The mutual inductance (Lm) and mutual 

capacitance (Cm) between two resonant circuits are 

given by17 
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Fig. 3 — Equivalent circuit of notched rectangular patch antenna
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Now the input impedance of the notched 

rectangular microstrip patch antenna can be computed 

from the simplified circuit shown in Fig. 3, as 

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛

+
+=

mpatch

mpatch

notchin
ZZ

ZZ
ZZ             …(11) 

where 

m

mm ω
1ω
Cj

LjZ +=  

Using Eq. (11), the reflection coefficient, VSWR, 

return loss and bandwidth can be computed by18 

Reflection coefficient = 
in0

in0
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where 0Z  = characteristic impedance of the co-axial 

feed (50 Ω) 

 VSWR = S = 
Γ1

Γ1

−

+
            …(13) 

 Bandwidth = 
SQ

S 1−
            …(14) 

and Return loss = Γlog20             …(15) 

3 Designed parameters 

For designing the notched rectangular microstrip 

patch antenna, following parameters were used 

Design frequency = 3.0 GHz 

Free space wavelength (λ ) = 100 mm  

Dielectric constant (R-T Duroid) = 2.2 

Loss tangent = tanδ =  0.0013 

The thickness of the substrate (h) = 0.016 λ  

Length of the patch (L) = 0.329λ  

Width of the patch (W) = 0.395λ  

Location of feed point (x, y) = (19.75, 9.85) mm 

4 Calculations 

The input impedance of the notch loaded patch is 

calculated using Eq. (11) for different notch length 

and width. The data thus obtained are shown in Figs 4 

and 5. The variation of lower and upper resonance 

frequencies  with  notch  length  and  width  are  

shown in Figs 6[(a)-(c)], and 7[(a)-(c)], respectively. 

The variation of difference of upper and lower 

resonance frequencies with notch length and width are 

shown in Figs 8(a) and 8(b), respectively. The value 

of VSWR and return loss are calculated using 

Eqs (13)  and  (15),  for  different  values  of  notch 

length and  width.  The  resulting  data  are  presented  

in Figs 9-10 and Figs 11-12. The bandwidth is 

calculated using Eq. (14) for different notch length 

and width. The resulting data are presented in 

Tables 1 and 2. 

5 Discussion of result 

The variation of input impedance with frequency 

for different notch length for a given notch width are 

shown in Fig. 4. It is observed that the notch loaded 

antenna shows dual resonance, in which lower 

resonance frequency increases with increasing notch 

length, whereas upper resonance frequency decreases 

with notch length. This indicates that difference 

between two resonances is large at small notch length 

and it decreases with increasing notch length. This is 

also indicated by Fig. 6[(a)-(c)]. 

The variation of input impedance with frequency 

for different notch widths for a given notch length are 

shown in Fig. 5. It is observed that lower and upper 

resonance frequencies remain almost constant with 

the notch width up to 0.08λ for a given notch length; 

thereafter it decreases. This is also observed from 

Fig. 7[(a)-(c)]. 

It is further noted that the ratio of upper to lower 

resonance frequency (f2/f1) decreases with increasing 

notch length for all the notch width as shown in 

Table 3. In this case the frequency ratio varies from 

1.17 to 1.77, with the notch length from 0.02 λ to 

0.14 λ, whereas the ratio remains almost constant 

with the notch width for all notch length as shown in 

Table 4. From Fig. 8(a) it is observed that the 

difference between two resonances decreases with 

notch length for a given notch width. Whereas this 

difference remains almost constant with the notch 

width up to 0.08 λ for a given notch length, thereafter 

it decreases as shown in Fig. 8 (b). 
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Fig. 4 — Variation  of  input  impedance  with  frequency  for

different notch length for a given notch width 

 

 

Fig. 6 — Variation of lower and upper resonance frequencies with

notch length for a given notch width (a) 0.02 λ, (b) 0.06 λ, and (c) 

0.10 λ 

Fig. 5 — Variation  of  input  impedance  with  frequency  for 

different notch width for a given notch length 

 

 

Fig. 7 — Variation of lower and upper resonance frequencies with 

notch width for a given notch length (a) 0.02 λ, (b) 0.06λ, and (c) 

0.10 λ 
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Fig. 8 — Variation of difference of upper and lower resonance

frequency with (a) notch length for a given notch width and (b)

notch width for a given notch length 

 

Fig. 9 — Variation of VSWR with frequency for different notch

length for a given notch width = 0.06 λ 

Fig. 10 — Variation of return loss with frequency for different 

notch length for a given notch width = 0.06 λ 

 

 

Fig. 11 — Variation of VSWR with frequency for different notch 

width for a given notch length = 0.06 λ 

 

 

Fig. 12 — Variation of return loss with frequency for different 

notch width for a given notch length = 0.06 λ 



SHIVNARAYAN & VISHVAKARMA: NOTCH-LOADED PATCH FOR DUAL-BAND OPERATION 

 

 

 

441

The variation of VSWR with frequency for different 

notch length for a given notch   width are shown in 

Fig. 9. It is observed that the value of VSWR remains 

almost constant (1.23) with notch length 

corresponding to lower resonance frequency, whereas 

it decreases from 1.46 to 1.10 with notch length 

corresponding to upper resonance frequency. This 

indicates that matching condition improves with the 

increase in notch length corresponding to upper 

resonance frequency. Therefore the bandwidth of 

upper resonance frequency is greater than that of 

lower resonance frequency as shown in Table 1. This 

is also corroborated from return loss data shown in 

Fig. 10 for different notch length for a given notch 

width. 

The variation of VSWR with frequency for 

different notch width for a given notch length are 

shown in Fig. 11. It is observed that the value of 

VSWR remains almost constant with the notch width 

up to 0.06 λ for a given notch length corresponding to 

both lower and upper resonance frequency. Thereafter 

it increases (from 1.23 to 1.55) for lower resonance 

frequency, while it decreases (from 1.34 to 1.24) for 

upper resonance frequency. This indicates that 

matching condition decreases for lower resonance 

frequency, whereas it increases for upper resonance 

frequency  after  0.06 λ  notch  width.  Therefore 

bandwidth remains almost constant up to 0.06 λ notch 

width for a given notch length corresponding to both 

lower and upper resonance frequency; thereafter it 

decreases for band-1 while it increases for band-2 as 

shown in Table 2. This is also corroborated from 

return loss data shown in Fig. 12 for different notch 

width for a given notch length. The optimum design 

for maximum bandwidth is found to be; length of the 

notch = 0.14 λ and width = 0.10 λ. This is also 

obvious from Table 1. Similar observations were also 

made by Palit and Hamadi9. 

6 Conclusions 

It is observed that the properly designed notched 

patch antenna exhibited dual frequency operation. The 

resonance frequency ratio can be varied from 1.17 to 

1.77 with the notch dimension. The bandwidth can 

also be changed from 2.70% to 4.29% for band 1 and 

from 4.67% to 8.59% for band 2, with the notch 

length for a given notch width. Therefore the 

proposed antenna can be used for mobile 

communications. 
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Table 1 — Variation of % Bandwidth with notch length for a 

given notch width 

Notch width, mm 

2.0 6.0 10.0 

Notch 

length, 

mm 

Band 1 Band 2 Band 1 Band 2 Band 1 Band 2

2 2.74 5.65 2.78 5.57 2.70 4.67 

6 2.84 6.29 2.80 6.27 2.73 5.77 

10 2.95 7.55 2.95 7.24 2.94 6.77 

14 3.52 8.55 3.52 8.46 4.29 8.59 

Table 2 — Variation of % bandwidth with notch width for a 

given notch length 

Notch length, mm 

2.0 6.0 10.0 14.0 

Notch 

width, 

mm 

Band 1 Band 2 Band 1 Band 2 Band 1 Band 2 Band 1 Band 2

2 2.78 5.09 2.99 6.24 2.95 7.22 3.51 8.43 

6 2.78 5.07 2.99 6.24 2.95 7.22 3.51 8.43 

10 2.58 5.68 2.76 6.75 2.87 7.77 3.35 8.96 

Table 3 — Variation of frequency ratio (f2/f1) with notch length 

for a given notch width 

Notch width, mm Notch length 

(mm) 
2.0 6.0 10 

2 1.77576 1.771598 1.733135 

6 1.622419 1.621313 1.61226 

10 1.400219 1.399489 1.393939 

14 1.179598 1.179662 1.174335 

Table 4 — Variation of frequency ratio (f2/f1) with notch width 

for a given notch length 

Notch length, mm Notch width, 

mm 
2.0 6.0 10.0 14.0 

2 1.77576 1.622419 1.400219 1.179598 

6 1.775389 1.622419 1.400219 1.179598 

10 1.771598 1.621313 1.399489 1.179662 
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