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Abstract: The past two decades has seen proliferation of all-digital phase-locked loops (ADPLL) for RF and 

high-performance frequency synthesis due to their clear benefits of flexibility, reconfigurability, transfer 

function precision, settling speed, frequency modulation capability, and amenability to integration with digital 

baseband and application processors. When implemented in nanoscale CMOS, the ADPLL also exhibits 

advantages of better performance, lower power consumption, lower area and cost over the traditional analog-

intensive charge-pump PLL. In a typical ADPLL, a traditional VCO got directly replaced by a digitally 

controlled oscillator (DCO) for generating an output variable clock, a traditional phase/frequency detector and 

a charge pump got replaced by a time-to-digital converter (TDC) for detecting phase departures of the variable 

clock versus the frequency reference (FREF) clock, and an analog loop RC filter got replaced with a digital 

loop filter. The conversion gains of the DCO and TDC circuits are readily estimated and compensated using 

“free” but powerful digital logic. 

The first three talks covered the fundamentals of ADPLL, its loop response and gear-shifting techniques. 

This fourth talk will cover direct frequency modulation capabilities of ADPLL and DCO fundamentals. 
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aiming at building the first practical CMOS quantum computer. He is an IEEE 
Fellow and a recipient of the 2012 IEEE Circuits and Systems Industrial 
Pioneer Award. He was the TPC Chair of 2019 ESSCIRC conference in Krakow, 
Poland.  
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