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Motivation 
• Low-data rate, energy-constrained apps.

• Pulsed-UWB signaling inherently duty-cycled
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• PPM signaling with non-coherent receiver

• Three channel frequency plan

System Specifications
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Pulse Generation Principle
• Use a tapped variable delay line and edge 

combiner to synthesize a pulse
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Inverted pulse

Conventional PPM+BPSK

Spectrum cSarbmlgin
Randomly modulated PPM
signals have spectral lines

PPM+BPSK scrambling
eliminates tones
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Transmitter Block Diagram

Edge Selection

Feedback stage
disabled when

pulsing

Positive edge in one RF pulse out

32 stages,
digital delay

30-Edge Combiner

Mask edges
to combiner

PRBS

PRF



Digital Delay Stage
Full-swing

signals
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Choose
cap bank

Choose next
current bit
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Delay Range and Accuracy
Simulated RF Output

0 31 63 95 127 159 191 223 255
0

1

2

3

4

5

6

Digital Code

Fr
eq

ue
nc

y 
[G

H
z]

FF           TT           SS 



Delay Range and Accuracy

Calibration Accuracy
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30-Edge Combiner
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RF Pad Driver
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DB-BPSK Implementation

DB-BPSK Pulses PPM + DB-BPSK Spectrum
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Measured Spectrum
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Summary

• Energy consumed in sub-Vt leakage and CV 2

• Digital architecture practical for non-coherent RX
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