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Design a rectangular microstrip antenna to operate at a frequency of 2 GHz on a Montoya 
Corporation substrate with a relative permittivity of 2.2 and dielectric thickness of 0.064” 
= 64 mils, 0.5 oz. copper cladding (17 µm), and tan(δ) = 0.003.  The antenna is to be 
matched to a 50 Ω microstrip transmission line on this substrate using an inset feed.  
Discuss and justify design choices.  Accurately sketch a top view of the final design (all 
dimensions in mm).  EE 583 only- Include a fully-labeled Smith chart showing the 
normalized admittances y1 = y2 and y2t (i.e., y2 translated across length L + ∆L of microstrip 
antenna) and discuss results. 
****************************************************************** 
Design Procedure (All calculations done using to full precision of/on MathCad) 

1) Specify εr and h of substrate, the desired resonant frequency fr , and the impedance Zc,feed 
of the feeding transmission line. 

 εr = 2.2,   h = 0.064 in(25.4 mm/in) = 1.6256 mm,  fr = 2 GHz,  &  Zc,feed = 50 Ω 

2) Calculate width of patch using  (14-6)  
8

9
2 2.9979 10 2

2 1 2(2 10 ) 2.2 1r r

cW
f ε

×
= =

+ × +
   ⇒   W = 59.2517 mm  

3) Calculate effective relative permittivity using (14-1)  
0.5 0.5

r,eff
1 1 2.2 1 2.2 1 1.62561 12 1 12

2 2 2 2 59.2517
r r h

W
ε εε

− −+ − + −   = + + = + +      
⇒  εr,eff = 2.12042 

4) Calculate fringing length using (14-2) 

( )

( )

( )

( )
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r,eff
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1.62560.412 0.412(1.6256)
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hL h
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   + + + +   
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⇒  ∆L = 0.8579 mm 

5) Calculate the effective length (14-5) and guided wavelength λ.  
8

eff 9
r,eff

2.9979 10
2 2(2 10 ) 2.1204r

cL
f ε

×
= =

×
   ⇒  Leff = 51.4695 mm 

and 

λ = 2Leff = 2(51.4695)   ⇒  λ = 102.9390 mm 
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6) Calculate the patch length L (14-7) and L/λ.  Then, calculate and check that W/L < 2.  
L = Leff – 2∆L = 51.4695 – 2(0.8579)  ⇒  L = 49.7537 mm 

L/λ = 51.4695/102.939   ⇒  L/λ = 0.48333 
W/L = 59.2517/49.7537   ⇒  W/L = 1.191 (should be OK as it’s < 2)  

7) Calculate G1 ≈ G2 and B1 ≈ B2.  

( )

( )

2
1,est 0

0 0

1,est 0
0 0

1 11          for  (14 8a)
120 24 10

11 0.636ln   for  (14 8b)
120 10

W hG k h

W hB k h

λ λ

λ λ

 = − < −  

 = − < − 

 

where  
λ0 = c/fr =2.9979×108/ 2×109    ⇒    λ0 = 149.8962 mm,   

h/λ0 = 1.6256/149.8962   ⇒            h/λ0 = 0.0065,  
and k0 = 2π/λ0 = 2π/0.14989   ⇒   k0 = 41.9169 rad/m, 

( )23
1,est

59.2517 11 41.9169*1.6256*10    
120(149.896) 24

G − = −  
   ⇒  G1,est = 3.2934 mS 

( )3
1,est

59.2517 1 0.636ln 41.9169*1.6256*10
120(149.896)

B − = −     ⇒  B1,est = 8.9216 mS 

numerically integrate (notes & 14-12a)- 
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∫

∫

      ⇒   G1 = 1.5735 mS 

(notes) 1
1 1,est

1,est

1.5735 8.9216
3.2934

GB B
G

   = =       
       ⇒   B1 = 4.2626 mS. 

Therefore, Y1 = Y2 = G1 + j B1   ⇒   Y1 = Y2 = 1.5735 + j 4.2626 mS 
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8) Calculate the TL characteristic impedance Zc,ant (14-19a) and admittance Yc,ant for the 
rectangular microstrip antenna.  

r,eff

,ant 0

r,eff

60 8ln 1
4

1
1.393 0.667ln 1.444

c

h W W
W h h

Z W
hW W

h h

ε

η

ε

  + ≤   = 
>    + + +     

  

here W/h = 59.2517/1.6256 = 36.4491 and 

( ),ant
376.73

2.1402 36.449 1.393 0.667ln 36.449 1.444cZ =
+ + +  

      ⇒    Zc,ant = 6.4251 Ω 

and  

,ant
,ant

1 1
6.4251c

c

Y
Z

= =        ⇒   Yc,ant = 0.1556 S 

9) (EE 583) Use Smith chart or direct calculation to verify *
2 2 2 1 1 1Y G jB G jB Y= + ≈ − =  .  

     On Smith chart (next page), plot y2 = Y2/Yc,ant = (1.5735 + j 4.2626)10-3(6.4251)  

⇒ y2 = 0.0101 + j0.0274 S/S. 

Move (L+∆L)/λ =(49.7537+0.8579)/102.939 = 0.4917 WAVELENGTHS TOWARD 
GENERATOR on arc of constant |Γ|. 

On Smith chart, read off  ⇒ y2t = 0.0101 - j0.0245 S/S. 

We approximately (~10.6% error for susceptance) meet the condition that-   

y2t = 0.0101 - j0.0245 S/S ≈ y1* = 0.0101 - j0.0274 S/S 
 

10) Numerically calculate the mutual conductance G12 (14-18a) between the slots  

( )

( )
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∫

∫

   

   ⇒  G12 = 0.46513 mS 



EE 483/583 Antennas …, Rect_patch_er22_64mils_2GHz_design.docx                   4 / 6 

 
(EE 583) 

 
 

11) Calculate Rin, use plus (+) sign in (14-17) equation.  

( ) ( )in in 3
1 12

1 1
2 2 1.5735 0.46513 10

Z R
G G −= = =

+ +
     ⇒     Zin = Rin = 245.2603 Ω 

  

Simple Smith Chart

0.1 0 .2 0.3 0 .4 0.5 0.6 0.7 0.8 0.9 1.0 1 .2 1 .4 1 .6 1.8 2 .0 3 .0 4 .0 5.0 10 20
0.1

0.1

0.2

0.2

0.3

0.3

0.4

0.4

0.5
0 .5

0.6
0. 6

0.7
0.7

0.8
0 .8

0.9
0 .9

1.0
1.0

1 .2
1.2

1. 4
1.4

1. 6
1.6

1.8
1.8

2.0
2.0

3 .0

3.0

4.0

4.0

5.0

5.0

10

10

20

20

50

50

50

0.2

0.2

0.2

0.2

0.4

0.4

0.4

0.4

0.6

0.6

0.6

0.6

0.8

0.8

0.8

0.8

1.0

1.0

1.0
1.0

20
-20

3 0
-30

40
-40

50

-50

60

-60

70

-70

80

-80

90

-90

100

-100

110

-110

120

-120

130

-13
0

14
0

-14
0

15
0

-15
0

16
0

-1
60

1 7
0

-1
70

18
0

±

0.0
4

0.0
4

0.0
5

0.0
5

0.0
6

0.0
6

0.07

0.07

0.08

0. 08

0.09

0.09

0.1

0.1

0.11

0.11

0.12

0.12

0.13

0.13

0.14

0.14

0.15

0.15

0.16

0.16

0.17

0.17

0.18

0.1 8

0.19
0.19

0.2
0.2

0.21
0.21

0.22
0.22

0.23

0. 23
0.24

0 .24
0.25

0.25

0. 26

0.26

0. 2 7

0.27

0. 28

0.28

0.29

0.29

0.3
0.3

0.31

0.31

0.32

0.32

0.33

0.33

0.34

0.34

0.35

0.35

0.36

0.36

0.37

0.37

0.38

0.38

0.39

0.39

0.4

0.4

0.41

0.41

0.42

0.42

0.4 3

0.43

0.4
4

0.4
4

0.4
5

0.4
5

0.4
6

0.4
6

0. 4
7

0.4
7

0 .
4 8

0.4
8

0 .4
9

0.4
9

0.00.0

 
 

 
 

AN
GL E O

F R EFL ECT ION
CO

EFFICIEN
T IN DEGREES

 W
A V

E L
EN

G T
H

S T
OW

A R
D

G E
N

E R
AT

OR
 

W
AV

EL
EN

GT
H

S T
OW

A
RD

 L
OA

D
 

IN
D

UC
TI

VE
 R

EA
CT

AN
CE

 C
OM

PO
NEN

T (
+jX

/Zo
) , O

R CAPACITIVE SUSCEPTANCE (+jB/Yo)

CAPACITIVE REACTANCE COMPONENT (-j

X/Z
o),

OR I
NDUC

TI
VE S

US
CE

PT
AN

CE
(-jB

/Y
o)

RESISTANCE COMPONENT (R/Zo), OR CONDUCTANCE COMPONENT (G/Yo)

RADIALLY SCALED PARAMETERS

1.11.21.41.61.822.5345102040100

SWR (VSWR) 1∞

12345681015203040

SWR (dB) 0∞ REFL. C
OEFF, P

REFL. C
OEFF, V

 or
 I

0.01 0.05 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 10
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 10

CENTER

| |Γ

Zc,ant = 6.4251 Ω
 = 2 GHzf
 = 102.939 mmλ

y = j2 0.0101+ 0.0274 S/S
0.0044λ

y = j2,t    0.0101- 0.0245S/S

L L/+ =0.4917∆ λ  

0.4961λ



EE 483/583 Antennas …, Rect_patch_er22_64mils_2GHz_design.docx                   5 / 6 

 

12) Since an inset microstrip feed is required (i.e., Rin ≠ Zc,feed), calculate length y0 of the 
inset needed to match the rectangular patch to the feeding transmission line. When 
G1/Yc,feed << 1 and B1/Yc,feed << 1, a good starting point is 

,feed1
0

in

cos cZLy
Rπ

−
 

≈   
 

 (14-20a). 

Here, G1/Yc,feed = 0.0015735/0.02 = 0.0787 << 1 (OK),  

but  B1/Yc,feed = 0.0042626/0.02 = 0.213 << 1 (so-so). 

So, we will estimate 1
0,est

0.04975 50cos
245.26

y
π

−  
≈  

 
       ⇒     y0,est = 17.458 mm 

Check this estimate using (14-20a)- 

( )
2 2

2 20 0 01 1 1
in 0 2

1 12 ,feed ,feed

2 2
2 20 0 0

2

21( ) cos sin sin
2

20.00157 0.00423 0.00423245.26 cos sin sin
0.0498 0.02 0.0498 0.02 0.0498

c c

y y yG B BR y
G G L Y L Y L

y y y

π π π

π π π

 +     + −      +        
 +     + −      

      





 

⇒  Rin(y0,est = 17.458 mm) = 17.961 Ω 

Since Rin(y0,est) is too low, iteratively adjust inset length y0 using above equation-  
⇒ Rin (y0 = 14.3816 mm) = 50 Ω = Zc,feed.  

13) Determine the width W0 of the feeding microstrip transmission line. 

Method 2:  Iteratively guess the width W0 of the feeding transmission line using-  
0.5

r,eff
0

1 1 1 12
2 2

r r h
W

ε εε
−

 + −
= + + 

 
 (14-1) 

and (14-19b) 
0 0

,feed
0 0

r,eff

1
1.393 0.667ln 1.444

c
WZ
hW W

h h

η

ε
= >

  + + +    

.  

to get Zc,feed = 50 Ω and εr,eff = 1.872, when W0 = 3.10368 h         ⇒    W0 = 5.0453 mm. 

14) Select the notch width n in the range 0.2W0 < n < 0.5W0 (notes).  
Arbitrarily select n ≈ 0.2W0    ⇒    n = 1 mm. 
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15) Draw the resulting design. 

 
 

W0 =5.0453mm

W =59.2517mm

L =49.7537mm

y0 =14.3816mm

Top View

n

n= 1mm
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