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B21IMS Harmonic Blocker Challenge
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Desired: Harmonic Rejection FIR Filter

H(z)= 1+v2z" 1+z72
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B2IMS Harmonic Rejection Filter

Desired: Harmonic Rejection FIR Filter
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B2 IMS Harmonic Rejection Filter

Desired: Harmonic Rejection FIR Filter
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[P. P. Vaidyanathan 1988]
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B |deal sensing and summation of voltages stored on BB capacitors are required.
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B2 IMS HR via Charge Sharing
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© HR is achievable with capacitor weighting.
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HR via Charge Sharing
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© HR is achievable with capacitor weighting.
® Extremely high insertion loss

15dB Loss @
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B2 IMS HR via Capacitor Stacking
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The realized FIR filter is independent of capacitor values.
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B2 IMS HR via Capacitor Stacking
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Realized FIR Filter | H(z)= 2432142272

© Passive gain achievable

® Poor HR performance
@ High susceptibility to intermediate parasitic caps
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m'MS Read-out Phase
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The receiver can be tuned across 250MHz-2.25GHz
offering excellent 39/5™" harmonic rejection
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Result Summery and Comparison
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JSSC 2015 RFIC 2016 JSSC 2011 TMTT 2014 IMS 2016 JSSC 2019 IMS 2022 This Work
Type Receiver Receiver Filter Filter Filter Filter Filter Filter
. Noise-Cancelling o e ) M2 Resonator with Center- Dual Adaptive TRZ Coupled N-Path | Rotary Clocking J Low-Loss Fully-Passive
Architecture , ] Filtering by Aliasing N-Path Filter , o ) )
Receiver with HR-TIAs Tapped Open-Stub Using N-Path Circuit Resonators N-Path Filter HR N-Path Filter
CMOS Technology 28nm 65nm 65nm PCB Rogers 4350B 65nm 65nm 65nm 45nm SOI
RF Input Differential Differential Differential Single-Ended Differential Differential Single-Ended Differential
Frequency Range [GHz] 0.1-33 0-1 0.1-1.0 0.58-0.91 0.2-1.2 0.8-1.1 0.2-0.8 0.25-2
1B Gain [dB] NR NR -2 -1.63 +21 -46~-38 +10.2 -2~+0.5
BW [MHz] 0.2-3 10,20 35 115-315 6.2 30-50 40 80
NF [dB] 1.72 32 356 1.563 456.2 5.0-8.6 3.7-6.42 3.1-6.02
+2.5 (Af/BW=1)
OOB Blocker P1dB [dBm 0 (A/BW=40 NR +2 NR +8 +9 (Af/BW=1 -1 (AIBW=2.5
[d8m] | 0 (afBW=40) (afBW=1) | -1 ) o8 [ATEVZ)
-14 (Af/lBW=0.32) +4.5 +27.8 (AfIBW=1)
IB/OOB IIP3 [dBm +11.5 +31 (Af/BW=5 +14 +13-+193 +24 (Af/BW=1
[dBm] ( ) +18 (AfIBW=7.25) ( ) +12.9 (AfIBW=2.5) +29 4 (Af/BW=2.5)
Power Consumption [mW] 36.8-62.4 8 2-16 0 30-70 80-97 5.5-38 23157
Supply Voltage [V] 1 1.2/ NR 0-285 12 1.0/2.5 NR 1.1
Active Area [mm?] 52 1.68 0.07 13386 2.2 19 0.56 0.14
27 @3fo 10 @3fLo? >46 @3flo
3fLo/5fLo HR [dB 60/607 3 @3f48 NR 22 @3fLo* NRS8
Ll R 36 @5fo 17 @5hL0* @3t @3ho >48 @50
-6.5 @3f > f
Harmonic Bias [dBm] @3fo NR NR NR NR NR NR 8 @3ho
-3 @5fo >11 @50

' Tuning of seven separate varactors is required. 2 Buffer noise contribution is de-embedded. 3 Limited to the tuning varactors. Numbers are estimated based on datasheets of the varactors.

4 Estimated from measurement plots. 5 Used for varactor tuning. 8 Estimated from fabrication plot. 7 Harmonic rejection is performed in two stages. 8 Filter is transparent around 3fo and 5fo.
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m'MS Conclusion

B A low-loss fully passive HR N-Path filter has been proposed.

B The proposed HR N-path filter offers high linearity, tunabillity,
and high rejection of harmonic blockers while operating with

low power in a small form factor.

B The circuit requires no additional circuitry beyond extra

switches and benefits from technology scaling.
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