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S. Krinner et al. Engineering Cryogenic Setups for 100-qubit Scale Superconducting Circuit Systems. EPJ Quantum Technology. 2019.

As the number of qubits 

continues to increase 

and/or as experiments 

require more drive lines 

(as discussed later in 

PReSPA), the number of 

filters will also need to 

increase accordingly!
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PReSPA Microwave Setup
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Gowrish Basavarajappa. Tunable Band Pass Filters for Communication Systems. 2021.

•  = Filter Order (number of resonators)
• Any filter of order       can be tuned with a constant bandwidth using                  independent tuning elements 

2013: Team From Waterloo 
Worked to See If They 

Could Reduce this 
Complexity Problem
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Gowrish Basavarajappa. Tunable Band Pass Filters for Communication Systems. 2021.

•  = Filter Order (number of resonators)
• Any filter of order       can be tuned with a constant bandwidth using                  independent tuning elements 

It is Possible!
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Gowrish Basavarajappa. Tunable Band Pass Filters for Communication Systems. 2021.

TLDR; It is Incredibly Difficult To 
Maintain Consistent BW Across a 

Wide Frequency Range With A 
Simple Tuning Element  
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• Resonance Frequency of Bare Rectangular Cavity:
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• Resonance Frequency of Bare Cylindrical Cavity:

(Electric Field)
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With Only One Tuning Element

Tunable Across ±          

Large Bandwidth (Low Q)
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Step 4: Debugging Low Coupling 
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Because the modes are radial, side entry 
with symmetric placement leads to 

extremely low coupling — thanks, Sean!
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Step 5: Debugging Low Coupling 
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Note the One Pin for the Next Set 
of Simulations (Computationally 

Simpler but Q is           x Higher)
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Which Was Precisely 
What We Predicted!
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Sticking With This 15 Degree Angle…
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This Was What We Wanted!
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Not Bad Overall For A Simple Design…
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But the Celebration Was Very Short Lived…

Why You Ask?
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Step 10: Debugging S21

80Wang Group    Department of Physics

Next, I Ensured Pins Were Symmetric
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Which Also Made Sense…
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To Sanity Check, I Switched to a Rectangular Geometry
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Step 12: Rectangular Modes
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The Math 
Matches, as 

Expected!
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Step 13: Checking S21
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This Time We Are Laser Focused on S21…
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Step 13: Checking S21
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Much Better!



Step 13: Shifting Resonance (12.58 Ghz)
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PReSPA Needs a 12.58Ghz Filter, so we 
Tweaked Some Parameters…
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Step 14: Testing Tunability Mechanism
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This is Good Just Narrower Than We 
Originally Set Out to Get
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2.0 GHz
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2.0 GHz 7.8 GHz 12.5 GHz

Same Math Yields the Following



Using a Cylindrical Design: TE101 

107Wang Group    Department of Physics

2.0 GHz 7.8 GHz 12.5 GHz

Same Issue as Rectangular as 3.4 
GHz will be Similar Story!



VI. The Actual Design
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Fabricated Device
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First Roadblock
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First Roadblock
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Spring Did Not Function As 
Expected…
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We Do Not Need a Cover
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Let’s Look at Different Types of Pins
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Long SMA

(12.56mm)
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We Still Need to Get Around This…
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Seeing This Design in Action. 
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Questions?
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