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The variable MID-band 6 filter:

a key component for the MID-band 6/multi-band receiver

(Work Package 2360)



Toward Mid6
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Sampling
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Received analog signal x(t)

        

                 

             

              

               



Architecture
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Heterodyne

Pros:

✔ Proven trusted 

✔ High performance

✔ Optimum spurious noise 

✔ High dynamic range

✔ EMI immunity

Cons&Challenges :

❌ SWaP

❌ Many filters

   

  

  

Down-Conversion/Zero IF

Pros:

✔ Maximum ADC bandwidth

✔ Simplest wideband option

Cons&Challenges:

❌ Image rejection (I/Q balance)

❌ In-band IF harmonics

❌ EMI immunity (IP2)

❌ DC and 1/f noise

❌ SWaP

Direct Sampling

Pros:

✔ Simple architecture

✔ No mixer

Cons&Challenges :

❌ ADC input bandwidth must 

be high

❌ Gain not distributed across 

frequency

❌ ADC DC power maybe high

   
  

 
  

  
 

   

   
 

  



Sampling Rate & Aliasing
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EV10AS940, one of the fastest possible ADC @ 10bit. 

Main Features:

Max Sampling frequency (Fs): 12.8 GSPS. 

BW(-3dB) 35GHz
Power 2.5W @12.8 GHz
SFDR 55dB up to 35GHz

But further below Nyquist, Aliasing occurs

Desired 

freq. Band

Sampling outcome

superimpose of

aliases



Sampling Rate & Aliasing

6

EV10AS940, one of the fastest possible ADC @ 10bit. 

Main Features:

Max Sampling frequency (Fs): 12.8 GSPS. 

BW(-3dB) 35GHz
Power 2.5W @12.8 GHz
SFDR 55dB up to 35GHz

But further below Nyquist, Aliasing occurs

Anti-aliasing filter is required!

Desired 

freq. Band

Sampling outcome

superimpose of

aliases



Sampling Rate & Aliasing
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EV10AS940, one of the fastest possible ADC @ 10bit. 

Main Features:

Max Sampling frequency (Fs): 12.8 GSPS. 

BW(-3dB) 35GHz
Power 2.5W @12.8 GHz
SFDR 55dB up to 35GHz

But further below Nyquist, Aliasing occurs

Anti-aliasing filter is required!

Desired 

freq. Band

Sampling outcome 

signal + aliases

What are         

Filter specification?

Proper Sampling rate?

Filter type? …



Frequency Plan
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Bandpass Filter, total band to cover 15…25 GHz

Divided into Sub-Bands (SB)

4 Sub-bands

      

   

        

         

      

   

        

   
 
        

            

   

    



Filter Design
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Cheby is selected.

Goals & Constraints: 
Determine

order N (odd orders are prefered)
Insertion loss IL 
Quality factor Q
... 

Python modules are developed 

2𝑓𝑢
𝑛

≤ 𝑓𝑠 ≤
2𝑓𝑙
𝑛 − 1



Insertion Loss
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Q0 is calculated using Dishal’s method

Q0>400 → CavitySurfaces+losses of moving elements

𝐼𝐿(𝑓𝑐) =
4.343𝑓𝑐
∆𝑓𝑄𝑢

෍

𝑖=1

𝑁

𝑔𝑖 dB



Specification of All SBs
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Cavity cell design
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Coax cavity (Eigenmode)
Coupled cavity (DrivenModal)



▪ Band to be covered 15-25GHz 

▪ Or better 15-30GHz=1 octave (1:2 ratio) =WIDE band!

▪ Most «tunable filters» +-5% with standard methods: adjustable to some fixed
specification

▪ ➔ we need to get back to basics and «make it move»

▪ ➔ we need an actuator

▪ ➔ fortunately we have one from a biomedical project

▪ Miniature step motor, Distance resolution ~0.1um/step! will be sufficient

▪ Lots of other technological challenges (sliding contacts at 20GHz???)
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VARIABLE Passband filtering for 

undersampling ADCs



Summary

▪ Filter requirements, type and topology are determined.

▪ Filter architecture is chosen

▪ Using a wide band & Fast ADC

▪ Tunable design(possibility to switch between SBs). 
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Cavity Coupling Studies
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Goal: How to couple cells effectively (to achieve a sufficient coupling level)


