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9.1 What You Will Learn 

In this tutorial you will learn how to construct coplanar 
waveguide (CPW) transmission line structures with 
different termination types. You will learn about 
lumped devices like linear resistors and nonlinear 
diodes. You will examine temporal waveforms of 
different types for exciting your CPW structure and 
will investigate the transient response of your circuit. 
You will also learn how to parameterize geometric 
objects using independent and dependent variables. 

 

EM.Tempo Manual: 

 

EM. Tempo Tutorial Gateway: 

 

Download projects related to this tutorial lesson: 

 

9.2 Getting Started 

Start a new project with the following attributes: 

 

Starting Parameters 

Name EMTempo_Lesson9 

Length Units Millimeters 

Frequency Units GHz 

Center Frequency 6GHz 

Bandwidth 11GHz 

 

A coplanar waveguide with a slot width of w = 1mm and center metal strip width of s = 2mm on a dielectric 
substrate of thickness h = 1.5mm and ‐  2.2 has a characteristic impedance of ὤ  99.18ɋ and effective 

permittivity of ‐  1.48. At an operating frequency of Ὢ  6GHz, the free-space and guide wavelengths 

are ‗  50mm and ‗ ‗ ‐ϳ  41.13mm, respectively.  

Tutorial Project: Modeling Coplanar 
Waveguide Structures And Lumped 

Devices 

 

Objective: In this project, coplanar waveguide 
(CPW) transmission line segments with different 
types of termination are examined. 
  

Concepts/Features: 
 

¶ CPW Port Source 

¶ Lumped Device 

¶ Resistor 

¶ Diode 

¶ Variable 

¶ Field Probe 

¶ S-Parameter 

¶ Z-Parameter 

 

Minimum Version Required: All versions 

 

http://www.emagtech.com/wiki/index.php/EM.Te

mpo 

http://www.emagtech.com/wiki/index.php/EM.Cu

be#EM.Tempo_Documentation 

http://www.emagtech.com/downloads/ProjectRep

o/EMTempo_Lesson9.zip 
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You can verify these results using the CPW Transmission Line Calculator tool in the Device Manager 
of RF.Spice A/D. RF.Spice A/D is a powerful visual simulation environment for analysis and design of 
analog, digital, RF and mixed-signal circuits and systems. The line calculators take the substrate properties 
and the physical dimensions of a line types and calculate its characteristic impedance ὤ  and effective 

permittivity ‐ . The Line Calculator dialog also has an operational frequency input with a default 
frequency of 1GHz, which is used to calculate the guide wavelength of the transmission line at that 
frequency. In many practical applications, you need quarter-wavelength line segments. In that case, you 

must first calculate the guide wavelength of the transmission line as defined by ‗ ‗ ‐ϳ , where ‗

ὧὪϳ  is the free space wavelength at the operational frequency. 

 
To access the Transmission Line Calculator, select the menu item Tools Ÿ RF.Spice A/D Device 
Manager (Figure 1) or use the keyboard shortcut Ctrl+Shift +V. The RF.Spice A/D Device Manager dialog 
opens up as indicated in Figure 2. If a warning message appears stating: "You must now locate the parts 
database ..." it indicates that EM.Cube does not point to the correct folder \Documents\EMAG\RFSpice. 
Therefore, use the Open File dialog to locate the parts database (parts.mdb), i.e., 
\Documents\EMAG\RFSpice\parts.mdb. 
 
 

 

Figure 1. Accessing the RF.Spice A/D Device Manager in EM.Cube. 

 

http://www.emagtech.com/wiki/index.php/RF.Spice_A/D
http://www.emagtech.com/wiki/index.php/RF.Spice_A/D
http://www.emagtech.com/wiki/index.php/RF.Spice_A/D
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Next, select the menu item Tools Ÿ Transmission Line Calculators Ÿ Coplanar Waveguide (CPW) in 
the RF.Spice A/D Device Manager dialog (see Figure 2). 

 

 

 Figure 2. The RF.Spice A/D Data Manager. 

 

In the CPW Calculator dialog, set the Operational Frequency (fc) to 6GHz and change the values of 
Thickness (h) and Permittivity to 1.5mm and 2.2, respectively. Finally, set the Slot Width (w) to 1mm in 
the CPW Properties section of the dialog and click the Compute button. You will see that Z0 and Eff. 
Permittivity ‐  are calculated to be 99.1848 and 1.4776, respectively (see Figure 3). 

 

http://www.emagtech.com/wiki/index.php/RF.Spice_A/D
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Figure 3. The coplanar waveguide calculator tool of RF.Spice A/D. 

 

9.3 Building the CPW Geometry 
 

Click on the CPW Wizard  button of the Wizard Toolbar (Figure 4) or select the menu item Tools Ÿ 
Transmission Line Wizards Ÿ Coplanar Waveguide. 
 

 

Figure 4. EM.Tempo's Object Toolbar. 

 
A one-port CPW structure is created in the project workspace (Figure 5). The transmission line segment is 
fed from the right edge of the substrate using a "Coplanar Waveguide Port Source" called "CPW_1". The 
two lateral ground planes "Ground_1" and "Ground_2" extend to the entire length of the substrate. The 
center metal strip is terminated in an open end at x = -25mm. The open-ended center strip itself consists of 
two rectangle strip objects called "ANCHOR" and "Feed". 
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Figure 5. The geometry of the original one-port CPW structure created by the wizard. 

 

First, open the Variables dialog and change the definitions of a number of variables according to the table 
below: 

 

Variable Name Original Definition New Definition 

h 0.0015*to_meters 1.5 

sub_len 0.1*to_meters 100 

sub_wid 0.05*to_meters 50 

center_len 0.05*to_meters 50 

feed_wid 0.002*to_meters 2 

center_wid 0.002*to_meters 2 

slot_wid 0.002*to_meters 1 

 

Note that most of the changes above were done to express the dimension variables directly in the project 
units just for convenience. The slot width of the CPW line was the only variable that effectively changed the 
geometry of your CPW structure. 
 
Now add three new variables, one independent and two dependents, according to the table below: 

 

Variable Name Original Definition New Definition 

gap N/A 8 

rect_len N/A sub_len-center_len-feed_len-gap 

rect_x N/A -sub_len/2+rect_len/2 
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The Variables dialog should now look like Figure 6. 

 

 

Figure 6. The variables dialog after making all the changes and adding the new variables. 

 

Next, make sure the PEC group "CONDUCTOR" is the active material group in the navigation tree. Then, 
add a PEC rectangle strip according to the table below (Figure 7): 

 

Part Object Type Material Type Dimensions Coordinates Rotation Angles 

Rect1 Rectangle Strip PEC rect_len × 4mm (rect_x, 0, 1.5mm) (0°, 0°, 0°) 
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Figure 7. The property dialog of the new rectangle strip object called "Rect1" using the new variables. 

 

 

Also, open the domain settings dialog and 
change the domain offset parameters 
according to Figure 8 as shown below: 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. EM.Tempo's Domain Settings 
dialog. 
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In this case, all the domain box faces are still PML walls. But the ±Z wall have been brought closer to the 
substrate as the structure does not radiate. The lateral ±Y now touch the substrate and model a laterally 
infinite substrate and ground along the ±Y directions. The geometry of your physical structure should now 
look like Figure 9 as shown below: 

 

 

Figure 9. The geometry of the one-port CPW structure with an open-ended center strip and shrunken 
domain box. 

 

A CPW source consists of a pair of special distributed sources that are associated with a PEC rectangle 
strip object (Figure 10). They are placed at one edge of the strip and extend out in opposite directions. 
The Spacing parameter of the CPW source is set equal to the slot width of the CPW transmission line. The 
name refers to the spacing between the strip and the two lateral ground plane objects. A CPW source is 
automatically set to launch the odd mode of a CPW transmission line. Open the property dialog of "CPW_1" 
from the navigation tree and examine its parameters. Change the internal source Resistance to 100ɋ. 
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Figure 10. The CPW port/source dialog. 

 
 

The wizard created the CPW source and automatically added a port definition to the navigation tree. Open 
the Port Definition dialog, select/highlight "PORT_1", and using the dialog's Edit button, set the value 
of Reference Impedance to 100ɋ (Figure 11). 
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Figure 11. Setting the port reference impedance in the Port Definition dialog. 
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9.4 Defining the Observables and Simulating the CPW 
Structure 

 
For this project, you will define a Temporal Field Probe and three near-field sensor observables according 
to the specifications below: 

 

Field Probe Coordinates 

Probe_1 (25, 1.5mm, 1.5mm) 

 
 

Field Sensor Direction Coordinates Plot Type Max. Size Cone Length Ratio Cone Radius Ratio 

Sensor_1 Z (-25mm, 1.5mm, 1.5mm) Vector 0.5 0.5 0.25 

Sensor_2 X (25mm, 1.5mm, 1.5mm) Vector 0.5 0.5 0.25 

Sensor_3 Y (-25mm, 1.5mm, 1.5mm) Intensity - - - 

 
 
Note that the coordinates of the field probe and field sensors have been chosen to measure the field at the 
center of the positive slot line (Figure 12).  
 

 

Figure 12. The CPW structure with all objects in freeze mode and two field probes and three orthogonal 
field sensor planes. 
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Before you run an FDTD simulation of your CPW structure, do the following: 
 

¶ Open the Mesh Settings dialog, click the button labeled High Precision Mesh Settings, and change 
the mesh density to 40 Cells/ɚeff (see Figure 13). 

 

 

Figure 13. EM.Tempo's mesh settings dialog. 
 
 

¶ Open the Engine Settings dialog. In the section titled Termination Criterion, select the second radio 
button labeled Specify End Time and change the value of No. Time Steps to 2500. 
 

Run an FDTD simulation of your transmission line circuit and visualize its field distributions. Figure 14 shows 

the electric field distribution on a horizontal plane at z = 1.5mm, i.e. the surface of the CPW line. The E-

field is almost zero everywhere except on the two slots. The fields are uniform longitudinally along the two 

slot lines, meaning that a decent impedance match has been accomplished and there is little wave reflection 

that would cause a standing wave pattern. Note that the electric field at the open end is at its maximum 

while the magnetic field is at its minimum at that location. You can also clearly see the standing wave 

pattern of the fields along the transmission line (Figures 14-19). 
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Figure 14. The vector plot of the electric field distribution on the horizontal plane at Z = 1.5mm 
(EMagTotal). 

 

 

Figure 15. The vector plot of the magnetic field distribution on the horizontal plane at Z = 1.5mm 

(HMagTotal). 
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Figure 16. The vector plot of the electric field distribution on the vertical plane at the center strip's open 
termination at X = -25mm. 

 

 

Figure 17. The vector plot of the magnetic field distribution on the vertical plane at the center strip's open 
termination at X = -25mm. 
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Figure 18. The intensity plot of the electric field distribution on the vertical plane at Y = 1.5mm. 

 

Figure 19. The intensity plot of the magnetic field distribution on the vertical plane at Y = 1.5mm. 
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The distance between two consecutive field minima or maxima is equal to the half guide wavelength. This 
can easily be verified from the 2D graphs of field distributions. Open the Data Manager and plot the data 
file "Sensor_1_X_ETotal.DAT" (Figure 20). Similar to the tutorial lesson 6, measure the distance between 
two field peaks in the graph. The figure below shows a spacing of 20.4mm. Alternatively, you can open 
"Sensor_1_X_ETotal.DAT" in spreadsheet using the View button (Figure 21). According to RF.Spice A/D, 

half the guide wavelength for this CPW line is ‗ ςϳ  = 41.132/2 = 20.57mm (see Figure 3).  

 

 

Figure 20. Measuring the spacing between to field maxima in 2D field graph. 

 

http://www.emagtech.com/wiki/index.php/RF.Spice_A/D
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Figure 21. The contents of the data file "Sensor_1_X_ETotal.DAT" shown in data manager's 
spreadsheet. 
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9.5   Examining the Temporal Waveforms on the CWP Line 

The excitation source in a FDTD simulation pumps up energy into the computational domain and sets the 
initial conditions of the boundary value problem. By default, EM.Tempo uses modulated Gaussian 
waveform to excite all the sources. The default waveform starts after a short delay from ὸ  0, oscillates 
over a certain amount of time determined by the project bandwidth, reaches a maximum value in this interval 
and gradually decays to zero as ὸO Њ. In the CPW Por/Source dialog and all other source dialogs, you 
can click the Waveform... button to open the Excitation Waveform dialog (Figures 22 and 23). In the 
Excitation Waveform dialog, click the Plot button to see a graph of the excitation waveform along with its 
mathematical expression and parameters in this dialog (Figure 24). 

 

 

Figure 22. EM.Tempo's Coplanar Waveguide (CPW) Port/Source dialog. 

 

 

 

 

 

http://www.emagtech.com/wiki/index.php/EM.Tempo
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Figure 23. The graph of the excitation waveform. 
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Figure 24. EM.Tempo's Excitation Waveform dialog. 

 

Open the Data Manager and plot the data file "Probe_1_Y_E_Time.DAT". This graph represents the 
temporal waveform at the locations of "Probe_1" at x = 25mm (Figure 25). You can see two pulses in the 
graph. The first one represents the incident wave and the second one represents the reflected wave after 
hitting the open-end discontinuity. You can measure the time interval between the peaks of the two pulses. 
It is about 0.42ns. 
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Figure 25. Temporal waveform at the location of the field probe. 

 

Next, you will verify this result using the fact that ‗ ‗ ‐ϳ . According to Figure 18, ‗ ς ςπȢυ

τρÍÍ (the distance between two consecutive field minima or maxima is equal to the half guide wavelength). 

Therefore, ‐  (50/41)2 = 1.487, which is the same as calculated by RF.Spice A/D. The round-trip 

distance between the location of "Probe_1" and the open-end discontinuity is Ὠ  100mm. The phase 

velocity of the propagation mode is ὺ ὧ ‐ϳ . We can now calculate the round-trip time as: 

ɝὸ
Ὠ

ὺ

Ὠ

ὧ
‐ πȢτρÎÓȢ 

 

 


