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Why Simulation? 

There is a BPF followed by a lowpass filter on all three paths. 





Towards a 77 GHz Filter 

• Based on OE9PMJ design. 

• Current build had some issues: 
• Higher than desired in band losses 

• Second passband ~60 GHz. 





What about the Spurious Resonance? 

• Matthaei, Young and Jones has the equation for a circular cylinder 
resonator. 

 

1.841 is the root  for a 
Bessel function….There 
are a bunch. 



From Mathaei, Young and Jones 

page 247 & 248 

by Chuck Clark AF8Z 

Diameter Length 

0.222 0.146 

Higher order mode frequencies 

mode n 
Bessel Function 
Root Frequency n=2 n=3 

TE11n 1 1.841 31.29992 31.85702 32.76448 

TE21 1 3.054 51.72461 52.06361 52.62377 

TE01 1 3.832 64.84942 65.12014 65.56885 

31 1 4.201 71.0774 71.32448 71.73439 

41 1 5.318 89.93683 90.13223 90.45695 

12 1 5.332 90.17325 90.36814 90.69202 

51 1 6.415 108.4644 108.6265 108.8961 

22 1 6.706 113.3799 113.5349 113.7929 

2 1 7.016 118.6164 118.7646 119.0113 

61 1 7.501 126.8095 126.9481 127.1789 

32 1 8.016 135.5098 135.6395 135.8555 

13 1 8.536 144.2949 144.4167 144.6196 

71 1 8.578 145.0045 145.1257 145.3276 

42 1 9.283 156.9155 157.0276 157.2142 

81 1 9.648 163.0825 163.1903 163.3699 

23 1 9.97 168.5229 168.6273 168.8011 

3 1 10.174 171.9697 172.072 172.2423 

TM01 1 2.405 40.78735 41.21642 41.92177 

11 1 3.832 64.84942 65.12014 65.56885 

21 1 5.136 86.86343 87.06572 87.40184 

2 1 5.52 93.34815 93.53642 93.84936 

31 1 6.3 106.522 106.687 106.9615 

12 1 7.016 118.6164 118.7646 119.0113 

41 1 7.588 128.2792 128.4163 128.6444 

22 1 8.417 142.2844 142.408 142.6137 

0.3 1 8.654 146.2885 146.4087 146.6088 

51 1 8.772 148.2821 148.4007 148.5981 

32 1 9.761 164.9917 165.0983 165.2758 

61 1 9.936 167.9485 168.0532 168.2276 

13 10.174 171.9356 172.072 172.2423 



Cavity Resonance 

• OE9PMJ didn’t use dominant mode.  The dominant mode makes the 
cavity too small to conventionally machine. 

• Like the microstrip filters we need to add second type of filter to 
reject other modes. 



Dominate Mode 

• Lowest frequency mode of the waveguide or cavity. 

• Lowest frequency mode of circular cavity varies with radius to length 
ratio. 

• In a rectangular cavity it is determined by the largest dimension. 



Waveguide Cutoff Frequency 

• Circular Waveguide  TE modes 

 

 

• Rectangular Waveguide 

• TEnm modes   



Circular Guide Simulation 

2 m=cm of 1.321 radius guide 3 cm  1.321 radius guide 



WR10 Simulation 

Internal dimensions, .140x0.090 inches 
Length  5 cm. 



Octave/openEMS Quirks…… 

• Difficult getting 2 different lines with different axis, which make the 
interpertation questionable. 

• Troubleshooting shows extreme values. 

• Turns out openEMS has difficulty below cutoff and the values are 
wrong!  Getting 50 dB S11 in a passive lossless network isn’t 
happening. 

 

 



 





Quirks cont…. 

The port(1) values can be extreme.  This is from frequencies below the cutoff 
frequency and “The end result is the energy never decays out of the system 
and the post processing results are garbage”. 
 
Getting the Time step correct changes results and simulation time…good 1 
minute 8 seconds…….bad 14 hours + 
 
Changed mes_res to fix it. 



TE10  WR10 
 



TE01  WR10 



Rectangular Waveguide for 77 GHz 

• 2.2 x 1.1 mm 

• Bad data in stopband 



Possible MMW Filter Structures 



Over-moded Rectangular Cavity 

a=2.2mm 
b=1.2mm 
d=1.2mm 



Larger Cavity, higher mode… 



How to couple cavities 

• A thin aperture very difficult to machine….think 1 mil of wall 
thickness. 

• Use 90 degrees of line to get impedance inverter. 
• Use an impedance inverter to couple like resonance resonators to get 

additional attenuation. 
• At HF often use top coupled parallel LC resonators. 
• In crystal filters often use shunt coupled series crystals. 
• 90o in air at 77 GHz….0.974mm, 38.3 mils! 

 

• Get more that you need/want to know about coupling from Matthaei, 
Young and Jones, Microwave Filters, Impedance Matching Networks 
and Coupling Structures. 

 


