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This course is for IC designers who would like to become familiar with the design of integrated circuits 
used in building high-speed low phase noise synthesizers for telecommunications applications. The first 
part of the course deals with general topics such as a review of control theory, synthesizer specification 
requirements, system level design (loop bandwidth, settling time, noise requirements), and the use of 
simulators. The second part of the course deals with detailed transistor level design of some synthesizer 
circuits, such as multi-modulus dividers, voltage-controlled oscillators (primarily CMOS LC and ring based 
designs), charge pumps and phase/frequency detectors as well as the design of Σ∆ modulators. 
 
Course Content: 
 

Synthesizer System Level Design: 
Basic design of all system level components in a synthesizer (VCO gain, charge pump current, 
range of division, loop bandwidth) to meet a set of requirements.  

 
Multi-Modulus Divider Design:  

Implementation at the transistor level using CML and ECL based circuits of a programmable 
multi-modulus divider to be used in a synthesizer. 

 
Charge pump and phase frequency detector design:  

Implementation of a PFD/CP circuit for use in the synthesizer.  
 
 Σ∆ Modulator Design: 

Implementation at the behavioral level of MASH and higher-order Σ∆ modulators used as 
controllers for the MMD in a fractional N frequency synthesizer.  

 
Voltage-Control Oscillator Design:  

Implementation of a voltage-controlled oscillator using either a CMOS based LC topology or 
ring topology for use in the synthesizer.   

 
Marks: 
 
Marks will be based on four assignments and a final exam.  The final exam will be worth 30% and each 
assignment will be worth 17.5% for a total of 100%.   
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