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N-Path Filters (I)
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N-Path Filters (II)
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Desired: Harmonic Rejection FIR Filter

H z = 1+ 2z−1+z−2

Harmonic Rejection Filter
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Desired: Harmonic Rejection FIR Filter

H z = 1+ 2z−1+z−2

Direct implementation requires 

“delay” elements @ RF 

Harmonic Rejection Filter
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Block Filtering with Switch-C

◼ Ideal sensing and summation of voltages stored on BB capacitors are required.

◼ Would it be feasible to implement them using only passive elements (Switch-C)?

??
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HR via Capacitor Stacking
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Hybrid Filtering Design

◼ Charge Sharing

⚫ Precise Harmonic Rejection 

⚫ Lossy

◼ Capacitor Stacking

⚫ Poor Harmonic Rejection

⚫ Passive Gain
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System Block Diagram
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◼ Technology

⚫ 45nm SOI GlobalFoundries

◼ Silicon Area

⚫ 0.14 mm2

◼ Power Supply

⚫ 1.1V 
565 μm

2
4
5
 μ

m

Die Micrograph
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Measured Transfer Function and S11

The receiver can be tuned across 250MHz-2.25GHz 

offering excellent 3rd/5th harmonic rejection
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The NF at 750MHz is 3.4dB and 

increases with frequency

Measured Gain / HRR / NF

>46dB HRR3/HRR5 is obtained across 

operation frequency with low loss
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Measured IIP3

Out-of-Band IIP3 of 29.4dBm is achieved 

for fLO = 1GHz and Δf/(0.5*BW) = 6
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Result Summery and Comparison
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◼ A low-loss fully passive HR N-Path filter has been proposed.

◼ The proposed HR N-path filter offers high linearity, tunability, 

and high rejection of harmonic blockers while operating with 

low power in a small form factor.

◼ The circuit requires no additional circuitry beyond extra 

switches and benefits from technology scaling.

Conclusion
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