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Motivation – Limited RF Time Delay
Radar return simulation in radar testers and DRFM 
devices require > 400 ns broadband programmable 
delay
• Digital approaches consume watts
• RF delay elements today limited to < 8 ns
• Full duplex will require >> 30 ns for reflections

Radar Scenario

Full-Duplex Scenario

Delay Element Implementation Measurement Results

Performance Comparison

Delay Performance at 3.3 GHz Fs

• 45 nm SOI CMOS 
• 1.36 mm2 active area
• 5x5 mm2 QFN package
• 2.55-448.6 ns delay range
• 24 dB gain, 7.1 dB NF
• 80 mW from 1V supply

• < ±4 ps 
DNL/INL

• 0.2-2 GHz 
bandwidth

Proposed time-interleaved multi-stage 
switched-capacitor approach
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Switched-Capacitor Delay Challenges
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Time-Interleaved Multi-Stage Switched-Capacitor Approach
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Circuit Implementation

LNA modified from Mak et al., IEEE JSSC 2011

• LNA has 0.0016 mm2 area with 
3.5 dB NF at 3.5 mW
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Delay Performance at 3.3 GHz Fs
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RF Performance
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Comparison to Prior Art
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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


