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In this paper, several geometries of a class of 
grounded coplanar waveguide (GCPW) are investigated 
using the finite difference time domain (FDTD) method, 
and their losses are computed. A uniform grounded 
coplanar waveguide (GCPW) structure is used as a 
reference case for the other non-uniform geometries. 
First, four geometries are proposed to study the 
transmission and loss effect of replacing parts of the 
dielectric substrate with free space. Afterwards, two 
new geometries are simulated to study the effect of 
introducing a neck and a gap in the microstrip feeding 
line, with and without a bridge that connects the two 
parts of the microstrip feeding line separated with the 
gap. The effect of adding a PEC cap above the 
microstrip feeding line, and connecting the two side 
ground planes, is also studied. The conductor 
attenuation, the relative power losses, and the feed line 
impedance are computed and presented.  
 

I. INTRODUCTION 
 

Coplanar waveguide (CPW) structures offer an 
attractive alternative to conventional microstrip lines in 
high frequency applications due to many appealing 
properties. These include low dispersion, high flexibility 
in the design of characteristic impedance, and ease of 
connecting shunt lumped elements, or devices without 
using via holes [1,2]. In addition to these advantages, a 
GCPW structure provides superior mechanical strength 
and heat sinking capabilities in comparison with CPWs. 
Moreover, the conductor backing is particularly useful 
for multi-layered integrated circuits for beam forming 
phased array antennas [3], because it provides the 
required electrical isolation between the different circuit 
levels.  

 
On the other hand, the presence of conductor backing 

causes leakage of the power in the transverse direction 
due to the excitation of parallel plate modes supported 
by the infinitely extended parallel plates [4]. This type 
of leakage may produce unwanted crosstalk between 
neighboring parts of a circuit and unexpected package 
resonance effects, jeopardizing the use of GCPW as a 
transmission line [5].  

 

Thus, different structures of GCPW are simulated, 
using the FDTD numerical method, to study the effect 
of modifying the basic GCPW configuration on the 
reflection and transmission properties. A uniform 
coplanar waveguide structure [6] is used as a reference 
case for all other non-uniform geometries to produce the 
incident voltage and current, which are used for 
calculating the return losses. The preliminary results are 
verified by a comparison with those presented in [5]. 
 

II. PROBLEM FORMULATION 
 
2-1 Basic FDTD Equations 
 

Starting from Maxwell’s equations in a 3D domain, 
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the FDTD technique approximates the derivatives in 
Maxwell’s equations using the second order accurate 
central difference scheme, 
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Then, Maxwell’s equations are transferred into six 

time updating equations for the electric and magnetic 
fields, in x, y, and z directions. The general FDTD 
equations are then given by: 
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where, u is x, y or z, and (m) is a representation of a cell 
indices (i, j, k). All the coefficients, Ceue, Ceuh, Ceus, Chuh, 
Chue and Chus, are obtained from [7]. The solution for 
E and H is obtained in a gridded computational 
domain. The computational domain is bounded by an 
absorbing boundary condition based on the Liao 
absorbing boundary condition [8]. 
 
2-2 Feeding Parameters 

 
The GCPW is fed with a Guassian pulse waveform 

g(t). The feeding structure, shown in Fig. 1, offers a 
uniform distribution of the voltage between the strip and 
the ground planes. The total voltage between the feed 
line strip and the ground planes is 1 Volt, and the 
resistance of the sources between the strip and the 
ground planes is chosen to be 90Ω for the basic GCPW 
configuration. 
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Fig. 1. Mechanism for a GCPW structure. 

 
The parameters of the Guassian pulse are calculated 

such that its time domain width is 5% of its maximum 
value, the turn-on value is e-20 of its maximum, while its 
maximum usable frequency is at 10% of the peak 
frequency response, and the minimum wavelength 
corresponding to this frequency contains nc spatial cells 
[7], i.e. 
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where ∆smax represents the maximum spatial increment, 
and nc is chosen to be 25. The maximum frequency is 
calculated to be 132 GHz. For this geometry, the 
feeding point is 5 cells away from the absorbing 
boundary. The input voltage and current are captured at 
10 cells away from the source to avoid any disturbance 
effects from the source placement in the FDTD grid. 

The output voltage and current are captured at 50 cells 
away from the source and 55 cells away from the 
absorbing boundary at the end of the GCPW along the z 
direction, as shown in Fig. 2. 
 
2-3 Parameters of the Structure 
 

The dimensions of the basic structure [5] are 
illustrated in Fig. 3. In this simulation, 15 cells of free 
space above the waveguide plane are used. To guarantee 
stability of the numerical solution, the ratios between 
dx, dy, and dz must not exceed 1.5, and dt must satisfy 
the Courant-Friedrichs-Lewy (CFL) condition: 
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The sampling voltage and current are calculated by 

integrating the electric and magnetic fields, respectively, 
with respect to space increment, such that  

 
V E dl E= − ⋅ ≈ − ∆∑∫ l  and 

.I H dl H l= ⋅ ≈ ∆∑∫  (9) 

 

 
Fig. 2. Feeding and testing points. 
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Fig. 3. Basic or reference structure – Case A. 
 

The reflection and transmission, which are 
represented in terms of the S-parameters S11 and S21, 
respectively, are calculated using the power ratio 
procedure [7], 

 
( )**

1011 log10 incincreflrefl IVIVS =  (10) 

( )**
1021 log10 incincLoadload IVIVS =  (11) 

ELDEK, ELSHERBENI, SMITH: TRANSMISSION AND REFLECTION FROM MODIFIED WAVEGUIDE STRUCTURES 159



   

where Vinc and Iinc are voltage and current quantities that 
are calculated at the input point of the reference case, 
while Vrefl and Irefl are the differences between the input 
voltage and current of the current case, and Vinc and Iinc. 
The (*) indicates complex conjugate. Finally, the 
impedance at any point is calculated as 
 

( ) ( ) ( )Z f V f I f= . (12) 
 
2-4 Conductor Loss 
 

The power lost per unit length at high frequencies, 
due to finite strip conductivity is 
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where Zs is the strip surface impedance of the 
conductor, C is the integration contour that encloses the 
perimeter of the guide strip, dl is ∆y in our case, as 
shown in Fig. 3, and σ is the conductivity of the 
conductor, which is assumed to be copper 
[5.813×107 (1/mΩ)]. There are surface currents on both 
the guide strip and the three ground planes, and the 
power lost can be computed with the above formula for 
all conducting surfaces. With a finite conductivity, a 
surface current density flow on the conducting plane is 
defined as follows: 
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where Hy and Hz are calculated at the z constant planes 
defined by the output point shown in Fig. 4. In the 
frequency domain, the integral in equation (13) is 
approximated as follows: 
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where Hy and Hz are the magnetic fields at the guide 
strip and HyGround and HzGround are the magnetic fields at 
the ground planes. The integer m is the summation 
index for the magnetic field components associated with 
the closed contour surrounding the conductors. 
 
 

2-5 Dielectric Loss 
 

Attenuation in a transmission line or waveguide can 
be caused by dielectric loss similar to the conductor 
loss. If αd is the attenuation constant due to dielectric 
loss, and αc is the attenuation constant due to the 
conductor loss, then the total attenuation constant is α = 
αc +αd. The attenuation due to lossy dielectric can be 
calculated from the absorbed power within the lossy 
material such as, 
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where v denotes the volume containing the lossy 
material and σx, σy, and σz are the electric conductivities 
in the x, y, and z directions, respectively. 
 
2-6 Power Losses 
 

In order to study the behavior of the transmission of 
power, along the strip line, the output power is 
calculated at several points, ZL1, ZL2, ZL3, ZL4 and ZL5, 
which are shown in Fig.4. The power loss is calculated 
as a difference between the real part of the input power 
and that of the output power. The relative power loss is 
the ratio between the power loss and the real part of 
input power, which is the same as the transmission loss 
factor. 
 
 z
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Fig. 4. Points for output power calculations. 
 

The power flow through the cross-section is 
calculated from the voltage and current at the input 
point (Fig. 2), such that all resistive losses are 
disregarded and the disturbances of the source are 
avoided. The pure input power is then defined as 
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The attenuation constant due to conductor and 
dielectric losses can then be computed as [9]: 

 
( ) inldlcdc PPP 2+=+= ααα , (19) 

 
and then attenuation per unit length is 

. mdBe /log20 α−−
 

III. NUMERICAL RESULTS 
 

The geometries used in this paper are shown in Fig. 3 
and 5. The transmission coefficient of the reference case 
A is calculated and compared with the results reported 
in [5] for verification. A good match is found between 
the computed and reported results. Afterwards, the other 
geometries are simulated. The numerical results of the 
uniform structures, in time domain, show that the 
voltage and the current attenuate linearly in the direction 
of z. However, this attenuation decreases with larger 
free space area in the substrate, as shown in Fig. 6 to 9. 
The maximum of the input voltage of these structures 
increases with the increases in the free space area in the 
substrate, which leads to the increase of input 
impedance, in general, as shown in Fig. 10(a). 

 
The frequency domain results show that the input and 

output impedances increase with the introduction of a 
free space area in the substrate, as shown in Fig 10. The 
relative power losses increase with frequency, and by 
increasing the free space areas in the substrate, the 
relative power losses decrease strongly as shown in Fig. 
11(a). The conductor attenuation decreases strongly 
with free space under the feed line, as shown in Fig. 
11(b). The transmission coefficient decreases with 
frequency, but increases with the increase in the 
substrate free space area, as shown in Fig. 12(a). Adding 
a PEC CAP to the reference case also improves 
transmission, as shown in Fig. 12(b).  

 
Relative to the reference case, the NECK case has 

almost the same transmission coefficient; however, that 
of the GAP case behaves like an open circuit at low 
frequencies and gap coupling improves with increasing 
frequency, as shown in Fig. 12(c). As expected, the 
NECK case has smaller reflection than the GAP case, 
specially at lower frequencies as shown in Fig. 12(d). 
When adding a bridge, both transmission and reflection 
coefficients improve, as shown in Fig. 12(e) and (f) for 
frequencies up to 80 GHz for this GCPW parameter. 
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Fig. 5. GCPW configurations. 
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Fig. 6. Input and output voltage for case A. 
 

 
 

Fig. 7. Input and output voltage for case B. 
 

 
 

Fig. 8. Input and output voltage for case C. 

 
 

Fig. 9. Input and output voltage for case D. 
 

 
(a) 

 

 
(b) 

Fig. 10. (a) Input impedance. (b) Output impedance. 
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(a)      

 
(b) 

 
Fig. 11. (a) Relative power losses (b) Conductor attenuation. 
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Fig. 12. S11 and S21 comparisons. 
(a) S21 for cases A to D (b) S21 for cases A and CAP 
(c) S21 for cases A, NECK and GAP (d) S11 for cases NECK and 
GAP 
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(e) 

 

 
(f) 

 
Fig. 12. S11 and S21 comparisons. 

 (e) S21 for cases BRIDGE and GAP (f) S11 for cases BRIDGE and 
GAP 
 

IV. CONCLUSION 
 

Different configurations of GCPW are proposed and 
simulated to study the effect of changing the 
geometrical parameters on the device losses and input 
impedance. Four geometries are used to study the effect 
of replacing parts of the dielectric substrate with free 
space. It is seen that the transmission coefficient and 
power losses improve, and both input and output 
impedances increase when increasing the free space 
area. The conductor attenuation decreases with free 
space under the feed line. Adding a PEC cap over the 
feed line improves the transmission. In the gapped feed 
line, adding a bridge improves both transmission and 
reflection. These GCPW configurations have been 
investigated primarily for use in low-loss power 
combiners and dividers for use in phased array antenna 
applications. Other related applications include the 

design of hybrid RFIC and MMIC systems on 
semiconductor chips. 
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