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EE 481/581 Microwave Engineering Examination #3 (Fall 2025) 
Name  ____KEY____ 

Instructions:  Place answers in indicated spaces, use notation as given in class, and show/explain all work for 
full/partial credit.  Design graphs/tables used should be annotated with relevant problem # and show 
all markings/work with values labeled as needed.  Turn-in equation sheet(s) with exam. 

 

1) You have been tasked with designing a quadrature hybrid coupler for use in a 75 Ω system at 920 MHz.  
It is to be implemented using stripline on a board where the ground planes are separated by 4 mm with 
a dielectric (εr = 2.25, µ0).  Fill out the table provided with the design values of the quantities labeled 
on the top view picture.  Give all lengths/widths in millimeters (mm). 
 
 

 

From problem statement, Figure 7.21, and top view picture, Z0 = ZLR = 75 Ω. 

From problem statement, b = 4 mm, & εr = 2.25. 

Per (3.176), 8/ 2.9979 10 / 2.25p rv c ε= = ×         ⇒   vp = 1.9986 × 108 m/s. 

λ = vp / f = 1.9986×108 / 920×106 = 0.217239 m ⇒ TB = LR = λ / 4 = 54.31 mm. 
 
Z0 = ZLR = 75 Ω 

Per (3.180a), 0

0

                        for 120

0.85 0.6   for 120
r

r

x ZW
b x Z

ε

ε

 < Ω= 
− − > Ω

 where (3.180b) 
0

30 0.441
r

x
Z
π

ε
= − . 

Here, 0 2.25 (75)r Zε =  = 112.5 Ω < 120 Ω and 30 0.441 0.39675804
2.25 (75)

x π
= − = . 

Using the top equation of (3.180a), W/b = x = 0.396758.  Therefore, the land 
width for Z0 = 75 Ω is W0 = (x) b = (0.396758) 4   ⇒   W0 = 1.5870 mm. 
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From problem statement, Figure 7.21, and top view picture-  
     Z0 /√2 = ZTB = 75 /√2 Ω                                                      ⇒  ZTB = 53.033 Ω. 

Per (3.180a), 0

0

                        for 120

0.85 0.6   for 120
r

r

x ZW
b x Z

ε

ε

 < Ω= 
− − > Ω

  

where (3.180b) 
0

30 0.441
r

x
Z
π

ε
= − . 

Here, 2.25 (53.033)r TBZε =  = 79.55 Ω < 120 Ω and 30 0.441 0.74377
79.55

x π
= − = . 

Using the top equation of (3.180a), W/b = x = 0.74377.  Therefore, the land width 
for ZTB = 53.033 Ω is WTB = (x) b = (0.74377) 4             ⇒   WTB = 2.9751 mm. 
 

 
 

 

 
 

Z0 = 75 Ω W0 = 1.5870 mm  

ZTB = 53.03 Ω WTB = 2.9751 mm 
TB = 54.31 mm 

ZLR = 75 Ω WLR = 1.5870 mm 
LR = 54.31 mm 
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2) Design a Butterworth high-pass filter (HPF) where the desired cutoff frequency is 3 GHz with an 
attenuation of at least 30 dB at 1 GHz in a 50 Ω system.  To begin, find the order N and immittances 
(g0 to gN+1) for a low-pass filter (LPF) prototype using the capacitor-first architecture (Fig. 8.25a).  
Sketch the LPF prototype in the box provided with all components fully labeled.  Then, do the 
calculations necessary to impedance and frequency scale as well as transform the LPF prototype to the 
desired HPF.  Sketch the HPF in the box provided with all components fully labeled. 

 

Since ω is at ωc / 3 for the HPF, calculate normalized frequency for LPF 
prototype at 3ωc, i.e., |ω /ωc | - 1 = |3ωc

 /ωc | - 1 = 2.  From Figure 8.26, we 
see that an LP prototype filter of order N = 4_ is needed to meet the 30 dB 
attenuation specification. 

From Table 8.3, we get the immittances:   

g0 = g5 = 1,   g1 = g4 = 0.7654,   and   g2 = g3 = 1.8478. 

Considering Fig. 8.25a, draw the LPF protype with the following component 
values- 

g0 = Rs = 1 Ω,     g1 = C1 = 0.7654 F,     g2 = L2 = 1.8478 H,      

g3 = C3 = 1.8478 F,    g4 = L4 = 0.7654 H,   and   g5 = RL = 1 Ω. 
 
 
 
 
 
 
 

N =  4_       immittances  g0 = 1,  g1 = 0.7654,  g2 = 1.8478,  g3 = 1.8478,  g4 = 0.7654, & g5 = 1 

LPF prototype 

 

Vs
+
-

Rs   =1 Ω

C1  = F0.7654 RL  =1 Ω

L2 = H1.8478 L4 = H0.7654

C3  = F1.8478
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Use the immittances & equations (8.64cd), & (8.70ab) to get the necessary scaled 
and transformed shunt inductances and series capacitances when R0 = 50 Ω and 
fc = 3 GHz : 

Per (8.64c),   '
0 0 50(1)SR R g= =                                                       ⇒    Rs’ = 50 Ω. 

Per (8.70b), ' 0 0
1 9

1 1

50
(2 ) 3 10 (0.7654)c c

R RL
C gω ω π

= = =
×

               ⇒   L1’ = 3.4656 nH. 

Per (8.70a), '
2 9

0 2 0 2

1 1 1
50(2 ) 3 10 (1.8478)c c

C
R L R gω ω π

= = =
×

    ⇒   C2’= 0.5742 pF. 

Per (8.70b), ' 0 0
3 9

3 3

50
(2 ) 3 10 (1.8478)c c

R RL
C gω ω π

= = =
×

               ⇒  L3’ = 1.4355 nH. 

Per (8.70a), '
4 9

0 4 0 4

1 1 1
50(2 ) 3 10 (0.7654)c c

C
R L R gω ω π

= = =
×

     ⇒  C2’= 1.3862 pF. 

Per (8.64d), '
0 0 5 50(1)L LR R R R g= = =                                            ⇒     RL’ = 50 Ω. 

 
 
 
 
 
 
 
 
 
 
 
 
 
HPF 

 

Vs
+
-

Rs   =50 Ω

L1   = nH3.466 RL =50Ω

C2   = pF0.574 C4  = pF1.386

L3   = nH1.436
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3) Design a coupled-line directional coupler with a coupling factor of 18.06 dB for use in a 39 Ω system 
at 1.25 GHz.  It is to be implemented using edge-coupled striplines on a board where the ground planes 
are separated by 3 mm with a dielectric (εr = 2.89, µ0).  First, determine the unitless coupling factor C 
as well as the even-mode Z0e and odd-mode Z0o impedances.  Next, find the width WCL, spacing SCL, 
and length CL of the coupled lines.  Also, find the width W0 of the input/output feeding striplines.  Add 

these values to the top view picture of the coupler.  Give all lengths/widths in millimeters (mm). 

 

Per (7.20a), C = 10-CdB/20 = 10-18.06/20                      ⇒ C = 0.125026 

Per (7.87a), 0 0
1 1 0.12502639
1 1 0.125026e

CZ Z
C

+ +
= =

− −
                ⇒ Z0e = 44.223 Ω 

Per (7.87a), 0 0
1 1 0.12502639
1 1 0.125026o

CZ Z
C

− −
= =

+ +
               ⇒ Z0o = 34.394 Ω 

To use edge-coupled stripline graph (Figure 7.29), we need  

0 2.89 (44.223)r eZε = = 75.18 Ω   and  0 2.89 (34.394)r oZε = = 58.47 Ω. 
 

From Figure 7.29), we get S/b = 0.23 and W/b = 0.87 

 SCL = S/b (b) = 0.23 (3)                ⇒   SCL = 0.69 mm 

WCL = W/b (b) = 0.87 (3)             ⇒   WCL = 2.61 mm 
 

From problem statement, b = 3 mm, & εr = 2.89. 

Per (3.176), 8/ 2.9979 10 / 2.89p rv c ε= = ×      ⇒  vp = 1.7635 × 108 m/s. 

λ = vp / f = 1.7635×108 / 1.25×109 = 0.14107765 m ⇒ CL = λ / 4 = 35.27 mm 
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Z0 = 39 Ω    
From problem statement, b = 3 mm, & εr = 2.89. 

Per (3.180a), 0

0

                        for 120

0.85 0.6   for 120
r

r

x ZW
b x Z

ε

ε

 < Ω= 
− − > Ω

  

where (3.180b) 
0

30 0.441
r

x
Z
π

ε
= − . 

Here, 0 2.89 (39)r Zε =  = 66.3 Ω < 120 Ω & 30 0.441 0.980535
2.89 (39)

x π
= − = . 

Using the top equation of (3.180a), W/b = x = 0.980535.  Therefore, the land 
width for Z0 = 39 Ω is W0 = (x) b = (0.980535 ) 3     ⇒   W0 = 2.942 mm. 

 
 
 
 
 

C = 0.125026          Z0e = 44.223 Ω          Z0o = 34.394 Ω 

WCL = 2.61 mm         SCL = 0.69 mm         CL = 35.27 mm        W0 = 2.94 mm 

 

SCL = 0.69 mm
WCL = 2.61 mm W 0 =

 2.
94 

mm

WCL = 2.61 mm

CL = 35.27 mm

Input Through

Coupled Isolated

W 0
 = 

2.9
4 m

m W
0  = 2.94 mm

W
0  = 2.94 mm

1 2

3 4

Top View
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58.47 Ω

75.18 Ω

W/b = 0.87

S/b = 0.23

Problem 3
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Problem 2

30 dB

2

Problem 2
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