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Time-Interleaved Multi-Stage Switched-Capacitor Approach
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Comparison to Prior Art

— Nagulu et al., Garakoui etal.,, | Mondal etal.,
155C 2021 J55C 2015 JSSC 2017
, 4 Channel
Design Delay Element SIC Receiver Delay Element
Beamformer
Architecture TI-M5 Switched-Cap Switched-Cap Gm-C Gm-C
Delay Frequency Range 0.2GHz-2GHz 0.1GHz-1GHz 1GHz-2.5GHz 0.1GHz-2GHz
3-dB Bandwidth 0.2GHz-1.1GHz" 0.1GHz-0.5GHz" 1GHz-2.5GHz 0.1GHz-2GHz
Max Delay 448.6ns” 7.75ns" 0.55ns 1.7ns
Delay per Unit Area 330ns/mm”® 37ns/mm*" 7.9ns/mm’ 5.9ns/mm’
Delay Range 175.9x 31x° 39.3x° 6.8x
Gain 24dB -19dB° 12d8 0.6dB
Moise Figure 7.1dB - 2dB 23dB
IP1dB -27dBm -21dBm -13dBm
Power 80mwW? 7.4mW° 90mwW* 364mW
Technology 45nm SO B5nm 140nm 130nm
Delay Active Area 1.36mm’ 0.21mm™ 0.07mm’ 0.29mm’

*F.=3.3GHz. "Max RF del ay element extrapolated from publication. ‘Based on delaystep. t’E.imglua Channel
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Conclusion

* Introduced a time-interleaved multi-stage switched-capacitor delay element technique

* Breaks < 8 ns programmable RF CMOS delay limit with 448.6 ns delay and state-of-the-art area
efficiency

* Enables system miniaturization through CMOS delay replacement of non-programmable SAW and
coaxial delays
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Prior RF Delay Approaches
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