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Abstract 
The feature size improvement of nanometer CMOS technology represents an enhancement of 

speed and power consumption for digital circuits but at the expense of analog performance 

degradation. Time encoding techniques are one of the research trends in analog signal 

processing to overcome this problem and ease an accurate representation of analog signals 

within nanometer CMOS chips operating at very low voltage. In essence, time encoding 

techniques map a continuous time signal into a pulse coded signal. As long as pulse streams 

are formed of discrete events, some signal processing concepts are needed to bridge both kind 

of representations. Most time encoding techniques used so far stem from classical pulse 

modulations such as PWM, PPM and from non uniform sampling schemes. These techniques 

are known from a signal processing point of view since long ago, but its particular application 

may not be familiar to analog circuit designers.  This tutorial will explore the basics of time 

encoding techniques and especially, its application to data conversion.  

 An introductory presentation will review the signal processing concepts involved in 

time encoding techniques and its implications when applied to CMOS circuit design. A second 

presentation will discuss the design of continuous time sigma delta converters that rely on 

time encoding to replace multibit internal ADCs and DACs. This presentation will cover both 

system and circuit level aspects. Finally, we will show the recent advances in time encoded 

signal processing using mostly digital elements such as gated and voltage controlled ring 

oscillators, variable delay gates and asynchronous digital circuitry.  

 

Proposed schedule 
 

9h00 - 10h00 Introduction to Time Encoded Signal Processing (PR) 

10h00 - 11h00 Design of continuous time sigma delta modulators with time encoded 

quantizers (SP) 

11h00 - 11h30 Coffee break 

11h30 - 12h15 CMOS Circuit design for time encoded analog signal processing (EP) 

12h15 - 13h00 Time encoded signal processing using mostly digital circuitry (LH) 
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