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Abstract 


The objective of the lab was to view the difference between impedance matching techniques, and how they are able to match the source impedance to the load impedance. During the prelab lab there were six impedance matching problems to be solved. Each problem was set up so that a different type of network topology must be used to get accurate results. The final problem was a stub matching technique where the board must be laid out in Layout well enough that the board could be produced from Gerber files. After each problem was solved the impedance matching solution was laid out in Microwave Office and simulated. From the output Smith Chart plot the output impedance could be viewed at the specified frequency. The final problem was a stub matching technique. Using Smith chart paper the electrical length and physical length of each line could be calculated. The design was simulated to verify proper operability, and then designed in Layout. The overall result of the lab was very helpful when observing how the impedance was matched and how the individual components interacted together. Using Layout the stub matching technique will be observed in later labs when measurements are made of the final board.
Purpose of Activity

The purpose of this activity was to view the different methods for impedance matching, and also use practical methods of stub matching to make the load impedance appear the same as the source impedance. This is an important concept when designing circuits so that you have maximum power transfer and no energy is lost in the process. Design procedures learned in class for each type of network layout, L-network, T-network, Pi-network, absorption, and resonance were used for calculating the component values at specified frequencies. Skills previously learned using Microwave Office were used extensively in this lab with laying out the circuit and plotting the results on Smith chart. Layout techniques which had been taught in previous courses were used with laying out the stub matching portion of the lab. New techniques in layout were learned when laying out the stub matching network such as making the stub slightly longer than normal so that it could be etched away to get better results.
Procedure1


For the first procedure of the lab a new project was opened in Microwave office. The low pass L-network which had been designed for prelab was built using the software. Figure1 shows the low pass L-network schematic.

[image: image1.emf]LOAD

ID=Z1

Z=200 Ohm

IND

ID=L1

L=13.7 nH

CAP

ID=C1

C=1.37 pF

PORT

P=1

Z=50 Ohm


Figure1: Low pass L-network schematic*

A port was used to represent the source resistance, and a load component was used for the load. The projects frequency range was set from 0Hz to 1Ghz in 10MHz steps. A simulation was done of the low pass L-network circuit and a measurement of S11 was plotted on Smith chart. S11 represents the reflection coefficient of the input. Using the tuning tool the minimum value of the capacitor and inductor were set to zero, and the maximum was the value calculated for prelab. The series element was initially set to zero and the shunt component was set to its calculated value. The results from the shunt component in the circuit could be viewed on the Smith chart plot. Figure2 shows the result of the shut element in the circuit with no series element. From the figure we can see how the shunt component lies on the admittance grid and the affect is has on the circuit increases as the frequency increases.
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Figure2: Low pass L-network shunt element effects*

The shunt capacitor was then set to a value of zero, and the series inductor was set to its prelab calculated value. The circuit was simulated and the results of the series inductor in the circuit could be viewed. Figure3 shows the results of the series inductor in the low pass L-network. “Q” is the term commonly used to represent of the reactive magnitude to the real magnitude.
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Figure3: Low pass L-network series inductor results*

Using the tuning tool both the series and shunt components were set to their prelab calculated values. The results of each component and the final output impedance at 1GHz could be viewed on the output Smith chart plot. Figure4 shows the low pass L-network plot with a matched source and load impedance.
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Figure4: Low pass L-network with a matched load to source impedance*

The final value of S11 is 50Ω and the solution works. Figure1 shows the schematic of the low pass L-network with tuned results.


Following the same procedures as the low pass L-network, the high pass L-network was simulated and an output Smith chart was produced.
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Figure6: High Pass L-network configuration*

Using the tuning tool the series and shunt components were set to an initial value of zero. First the shunt component was added to the circuit so that the effects could be viewed on the output Smith chart plot. Figure7 shows the effects of the shunt component. 
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Figure7: High pass shunt inductor results*

The shunt components value was then set back to zero, and the series capacitor value was increased to the prelab calculated value. The effects of this could be viewed on the output Smith chart. Figure8 shows the effects of the series capacitor in the high pass L-network.
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Figure8: High pass L-network series capacitor results*

Finally, both component values were tuned to their prelab calculated values and the output was viewed. The final output impedance was 50Ω which matched our source and verified proper operation. Figure9 shows the high pass L-network circuit with matched impedances.
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Figure9: High pass L-network with matched impedances*
Procedure2:

The next procedure of the lab involved using absorption techniques to match a complex load to a real source impedance. A new schematic was created in Microwave office of just the initial circuit with no impedance matching components. A simulation was run of the circuit to plot the initial conditions on Smith chart. Figure10 shows the initial absorption circuit simulation. 
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Figure10: Initial absorption circuit simulation*

The shunt component was then added to the absorption circuit and an output plot was produced on Smith chart of the results. Figure11 shows the absorption circuit with the additional shunt component.
[image: image10.emf]LOAD

ID=Z1

Z=150 Ohm

CAP

ID=C1

C=1 pF

CAP

ID=C2

C=0.5 pF

PORT

P=1

Z=50 Ohm


Figure11:  Absorption circuit with additional shunt component*

An output plot was created using Microwave office with the addition of the shunt component in the absorption circuit. Figure12 shows the output results with the additional shunt capacitor.
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Figure12: Absorption circuit with additional shunt capacitor*


The shunt capacitor was then removed from the circuit and the series inductor was added. Figure13 shows the absorption circuit with the series inductor added.
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Figure13: Absorption circuit with additional series inductor*

The circuit was simulated and a new output plot was produced. Figure14 shows the output of the absorption circuit with only the series inductor.
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Figure14: Absorption circuit containing only the series inductor*

Once observations had been made with the absorption circuit containing only the series or shunt components, both components were added together so the results could be viewed. The tuning tool was configured so the effects of each component could be viewed as its value was increased or decreased. Figure15 displays the absorption circuit with the series and shunt components added. Figure16 shows the output simulation with matched the appropriate matched impedance.
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Figure15: Absorption circuit with series and shunt components added*
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Figure16: Absorption circuit with matched impedances*

The L-network solution is very similar to the absorption method, they are similar because the shunt components are the same and can be added together. The differences between the two approaches primarily the math calculations used when calculating the component values since the additional shunt component must be accounted for.
Procedure3:


The next procedure in the lab used the resonance technique to match a complex load to a real source impedance. A new Microwave Office project was created and the circuit designed for prelab was constructed. Figure17 shows the initial resonance circuit with no impedance matching components added.
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Figure17: Resonance circuit with no impedance matching components*


The circuit was simulated with no impedance matching components so that the initial conditions could be viewed. Figure18 shows the Microwave Office output plot of the initial resonance circuit.
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Figure18: Initial output plot of the resonance circuit.*


The shunt component of the impedance matching network was added to the circuit. Figure19 shows the resonance circuit with only the shunt component added.
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Figure19: Shunt component added to the resonance circuit*

The circuit was simulated with the additional shunt component added to see the new results. Figure20 shows the simulated resonance circuit with the additional shunt component.
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Figure20: Resonance circuit with additional shunt component*

The shunt component was removed from the circuit and the series component was added to the resonant circuit. Figure21 shows the resonance circuit with only the series impedance matching component added.
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Figure21: Resonance circuit with only the series impedance matching component*


The circuit was simulated to observe the results of adding the series capacitor. Figure22 shows the output results of the additional series component.
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Figure22: Resonance circuit simulation with only the series component*

Finally both components were added to the resonance circuit together so the final output could be viewed. The tuning tool was added to each component so the values could be adjusted in real time and the changes noted. Figure23 shows the complete resonance circuit.
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Figure23: Completed resonance circuit
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Figure24: Resonance circuit with matched impedances

The L-network and resonance solutions are similar because there is still only two additional impedance matching components added to the circuit in order to match the two impedances. The two solutions are different because the complex load impedance must be accounted for in the solution which changes the values of the two impedance matching components.
Two-element Matching solutions

The values of “Q” for each of the three simulations methods were a preset value that could not be adjusted. There is an observable trend with two element solutions with the fact as the frequency increases some component values get so small they cannot be manufactured.

Procedure5


A new project was created for the T-network circuit which had been designed for prelab. Using the techniques from previous procedures the initial circuit was first built in Microwave Office using the virtual resistor as the load, the circuit was then simulated and the output results observed. Figure25 and Figure 26 show the initial T-network with the virtual resistor as the load.
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Figure25: Initial T-network circuit with the virtual resistor as the load*
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Figure26: Simulated initial T-network circuit*

Each impedance matching component was then added to the circuit individually and simulations run to view the effects it had on the circuit. 
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Figure27: T-network with additional shunt component*
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Figure28: T-network with additional shunt component simulation*
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Figure29: T-network with additional series component*
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Figure30: T-network with additional series component simulation*

Both impedance matching components were added together for the first half of the T-network and the output was plotted using Smith chart.
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Figure31: Completed first half of T-network*
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Figure32: Completed first half of T-network simulation*

The second half of the T-network circuit was created in Microwave Office and simulated.
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Figure33: Completed Second half of the T-network circuit*
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Figure34: Completed second half of the T-network simulation*

The two portions of the T-network were connected together and simulated. The tuning tool was used so that the component values could be adjusted in real time so the most accurate result could be obtained.
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Figure35: Combined T-network circuit*
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Figure36: Combined T-network simulation results*

The first value of “Q” was given for calculating the virtual resistance. Once the virtual resistance value had been calculated the second value of “Q” had to be calculated. The final value of “Q” for the T-network circuit was the same as the worst value of “Q” for one of the L-networks.
Procedure6

Following the same procedures as the T-network the initial Pi-network was broken into two L-networks and each individually simulated. Unlike the T-network the Pi-Network is analyzed from the load to the source. Starting with the load L-network half of the Pi-network, the circuit was laid out and simulation run.
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Figure37: Load half of Pi-network*
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Figure38: Load half of Pi-network simulation*


The source L-network half of the Pi-network was laid out and simulated to verify its operation.
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Figure39:  Source half of Pi-network*
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Figure40: Source half of Pi-network simulation*

Once both individual L-networks had been simulated they were combined into a single Pi-network configuration and another simulation was run to verify matching impedances.
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Figure41: Completed Pi-network schematic*
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Figure42: Completed Pi-network simulation with matching impedances*
Procedure7

During the prelab the electrical line lengths were calculated on Smith chart paper in order to match a load impedance to the source impedance with a stub. These results could be simulated in Microwave Office to verify correct calculations. A new schematic was opened in Microwave Office and the project frequency range was set at 1GHz. The substrate was defined as FR-4 and all our calculations used the predefined Microwave Office values for that substrate. A port was used as the source impedance and a load element was used as the load. A Smith chart graph was created measuring S11 and a simulation was run. Stubs were added to the line in order to match the load and source impedances. Using the tuning tool each line length was set to a range from zero, to 2x its calculated value. This would allow us to tune the line lengths and allow compensation for error in the calculations. 
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Figure43: Stub matching schematic*
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Figure44: Stub matching simulation*

The simulation was run the lines adjusted so that a perfect match was made. There were errors in our simulated and calculated values because we used the relative permittivity in our calculations and Microwave Office used the effective permittivity. The arbitrary line length had no effect on the stub matching technique. The final arbitrary line length was set to 1 inch so that it would fit on the board to be laid out in the next procedure.

Procedure8


The final procedure of the lab involved laying out the stub matching design previously simulated in layout and producing Gerber files so the board could be created. A SMT resistor with the 1206 footprint was used as the load and a SMA connector was used for the source. The substrate to be used is FR-4 and an additional quarter wavelength was added to the stub to allow for running. Gerber files were created of the layout design and checked to make sure there were no errors. The gerber files were emailed to the instructor so they could be created. Measurements using these boards would be done in later lab exercises. Attached are printouts of the layout design.
Conclusion


For almost all impedance matching solutions a L-network is used. Calculations used for calculating component values are basically identical for each solution type. The T-network and Pi-network solutions were nothing more than two L-networks connected with different topologies. When performing the stub matching procedures of the lab the calculated physical lengths were not the same as the simulated lengths. There was a small error in these values because of environmental affects, and also because the relative permittivity was used in our calculations and the effective was used in the simulated calculations.  
Suggestion/Recommendations


The lab was very redundant with a lot of material. The lab could have probably been reduced to a single week if most of the repeated stuff was eliminated.
*All figures provided by Andrew Watkins and his group.
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