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Radio ChallengesRadio Challenges

Data Rate Independent, Low Energy/bit RadioData Rate Independent, Low Energy/bit Radio

Recent ISSCC Receivers
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Signaling and Frequency PlanSignaling and Frequency Plan

• Increased diversity 
• Interference robustness

• Tint set for worst channel
• Allows for duty-cycled RX

3 Band Frequency Plan
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Receiver ArchitectureReceiver Architecture

RFin LNA BitsoutA

6-Stage Adjustable 
BPFs and Gain

Tint1

Tint2

C1

C2

Offset Compensated
Preamplifiers and Latch

Av1-6

Low
Complexity

Receiver

Low
Complexity

Receiver

• Energy detection receiver
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System FunctionalitySystem Functionality

Receiving a ‘1’
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Pulse Reception
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System FunctionalitySystem Functionality

Vint1

Pulse Reception
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System FunctionalitySystem Functionality

Pulse Storage
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System FunctionalitySystem Functionality

Noise Reception
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System FunctionalitySystem Functionality

Noise Reception
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System FunctionalitySystem Functionality

Noise Reception
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System FunctionalitySystem Functionality

Vint2Noise Storage
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System FunctionalitySystem Functionality

Relative Compare
(DC offsets and path non-idealities
automatically normalized)
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System FunctionalitySystem Functionality
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0.5V0.5V--0.65V 0.65V LNALNA
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Passive SelfPassive Self--MixerMixer
No static currents;
works as voltage 
divider

Rectified incoming
RF signal
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High Speed High Speed BasebandBaseband DemodulatorDemodulator
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0.5V Integrator0.5V Integrator
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Measurement SetupMeasurement Setup
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RF FrontRF Front--end Measurementsend Measurements
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RF FrontRF Front--end Measurementsend Measurements
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Bit Error RateBit Error Rate
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InIn--band Interferenceband Interference
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OutOut--ofof--band Interferenceband Interference
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Acquisition Algorithm (FPGA)Acquisition Algorithm (FPGA)
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Chip MeasurementsChip Measurements
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Figure of MeritFigure of Merit
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ConclusionsConclusions
Realized a data rate independent 2.5nJ/bit radio. 
(over 3 orders of magnitude in data rate)

At low data rates, leakage power dominates 
energy efficiency.

Relative compare backend is a simple 
demodulator and also normalizes DC offsets and 
pre-integrator path non-idealities.

-99dBm of sensitivity for 10-3 BER at 100kb/s is 
achieved with this receiver.
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