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Design Project #2: Coupled Line Couplers
Project Scope

Design a coupled-line coupler with the following specifications:

Number of sections

5

Center frequency


3 GHz

Coupling



12 dB

Port impedance


50 
Frequency response

Maximally Flat

Project Tasks:
1) Determine the odd and even mode impedances for each of the 5 sections.  Implement this design in ADS.
The coupling coefficients for each section of this multi-section coupler are:
	c1=
	

	c2=
	

	c3=
	

	c4=
	

	c5=
	


The odd and even mode impedances of each section are thus:
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The design synthesis and detailed calculations for these numeric results can be found in Appendix 1. 
2)  Plot |S11|2, |S21|2, |S31|2 and |S41|2 (in decibels) from 0 to 6 GHz, using a vertical scale from -50 dB to 0 dB.  
(Insert figures here)

Q1: Do these results indicate that your design is correct? Explain why you think so.  Give specific numerical examples from each plot.
(Provide your specific, detailed answer here)

3)  Use the markers to determine the bandwidth of your design, given that the coupling must be numerically less than 15 dB to satisfy specifications(i.e., a 3 dB bandwidth). 

The bandwidth of this coupler has been determined in ADS to be:

Coupler Bandwidth  =    (Insert value here)    GHz

(Attach accompanying figure(s) here)

4) Draw an exact signal flow graph of this (4-port) directional coupler. In other words, a signal flow graph of the form below, where c is the specific coupling coefficient of this coupler at the design frequency.
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(Write signal flow graph here)

5) Reduce this signal flow graph for the case where ports 2, 3, and 4 are terminated in matched loads (
[image: image3.wmf]234
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), and determine in decibels the numeric values of |S11|2, |S21|2, |S31|2 and |S41|2, at the design frequency.
The reduced signal flow graph for this coupler circuit —at the design frequency of 3 GHz— is:
(Show reduced signal flow graph here)
The details of this reduction are presented in Appendix 2.

From these results, the values of   |S11|2, |S21|2, |S31|2 and |S41|2  (at 3 GHz) were determined to be (in decibels):
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Q2: Do these values precisely match those provided by the ADS analysis?  Why or why not?  
(Give your explicit, detailed answer here)
6) Now “attach” a short circuit (
[image: image8.wmf]4
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) to port 4 of the coupler signal flow graph (with ports 2 and 3 again terminated in matched loads).  Reduce this graph and determine in decibels the numeric values of |S11|2, |S21|2, |S31|2, at the design frequency.
The reduced signal flow graph for this coupler circuit —at the design frequency of 3 GHz— is:

(Show reduced signal flow graph here)

The details of this reduction are presented in Appendix 3.

From these results, the values of   |S11|2, |S21|2  and |S31|2  (at 3 GHz) were determined to be (in decibels):
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7)  Likewise place a short circuit on port 4 of your ADS design—you now have a 3-port device! Replot |S11|2, |S21|2, |S31|2 (in dB) from 0 to 6 GHz, using the same vertical scale as before.  Note you should not plot |S41|2!
(Attach accompanying figure(s) here)

Q3:  How do these new results compare to the case where port 4 is terminated in a matched load (i.e., tasks 2 and 5)? Use your knowledge of the physical behavior of coupled-line couplers—including any physical insight provided by the signal flow graph of task 6—to explain why you get this result. What physically happens to a wave incident on port 1, once it is inside the coupler?  
(Provide your specific, detailed answer here)

8) Now “attach” a short circuit (
[image: image12.wmf]4
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) to port 2 of the coupler signal flow graph (with ports 2 and 4 terminated in matched loads).  Reduce this graph and determine in decibels the numeric values of |S11|2, |S31|2, |S41|2, at the design frequency.

The reduced signal flow graph for this coupler circuit —at the design frequency of 3 GHz— is:

(Show reduced signal flow graph here)

The details of this reduction are presented in Appendix 4.

From these results, the values of   |S11|2, |S31|2  and |S41|2  (at 3 GHz) were determined to be (in decibels):
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9)  Likewise place a short circuit on port 2 of your ADS design—you now have a 3-port device! Replot |S11|2, |S31|2, |S41|2 (in dB) from 0 to 6 GHz, using the same vertical scale as before.  Note you should not plot |S21|2!
(Attach accompanying figure(s) here)
Q4:  How do these new results compare to the case where port 2  is terminated in a matched load (i.e., tasks 2 and 5)? Use your knowledge of the physical behavior of coupled-line couplers—including any physical insight provided by the signal flow graph of task 8—to explain why you get this result. What physically happens to a wave incident on port 1, once it is inside the coupler?  
(Provide your specific, detailed answer here)
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Jim Stiles 
The University of Kansas
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