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VCO’s, DDS and PLLs 

1) VCO 

A VCO is a voltage controlled oscillator.  How is that realized? 

Most oscillators have an oscillation frequency or fundamental frequency inversely 
proportional to RC or the square root of LC. 

One option is to use a FET as a voltage controlled resistance to affect the R in a 
RC time constant controlled oscillator.  However, this can be problematic in an 
oscillator where the output signal goes positive and negative (body diode in a 
MOSFET, nonsymmetrical response about 0V Vgs in a jFET). 

Consider again the op amp based relaxation oscillator: 

 

V3 is a square wave output signal. The oscillation frequency is: 
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Where RC is from the integrator stage.  Consider the effect of adding a four 
quadrant multiplier into the circuit: 
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VCNT is a DC control voltage.  VOUT is a square wave. 

When VCNT is 1V, the circuit is the same as without the multiplier.  If VCNT is 
slightly greater than 1V, the output voltage from the integrator is amplified.  
Therefore, the input voltage to the positive feedback amplifier (PFA) reaches the 
trip voltage for the PFA sooner than when VCNT = 1V, thereby increasing the 
square wave oscillation frequency.  If VCNT is slightly less than 1V, the opposite 
effect occurs and the square wave oscillation frequency decreases. 

 

2) Digitally Controlled Oscillator 

A variable frequency square wave can also be created by dividing down the 
frequency of a high frequency clock: 
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Digital input range: 1 to 2n 
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This digital circuit can easily be implemented in an FPGA or similar device. 

An analog input signal could be run through an A/D to generate the digital input 
signal, thus realizing a VCO. 

 

3) Direct Digital Synthesis (DDS) 

Using a 2nxp memory, store one cycle of a sine wave: 2n samples [sin(2π/n)] with 
p-bit amplitude resolution. 

 

If input is 1, it takes 2n clk cycles to go through (read output) the entire memory.  
The frequency of the output sinewave will then be fCLK/2n.  As the input number 
increases, it takes fewer clk cycles to go through the address space of the memory, 
proportionally increasing the frequency of the output sinewave.  The LPF is needed 
to reduce high frequency noise and to smooth the output sinewave.  The output 
sinewave is directly digitally synthesized, hence the name “DDS.” 

Any waveform could be stored in the memory and run through the D/A and LPF to 
create arbitrary analog waveforms.  Traditionally, high frequency versions were 
called a DRFM, for Digital RF Memory, and were used in radar systems. 

 

4) Phase Locked Loops (PLL) 

A PLL frequency and phase locks a voltage controlled oscillator (VCO) to an input 
periodic signal (sinewave or square wave). 
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F/P comp: frequency / phase comparator – produces a signal indicating the 
frequency and/or phase difference between the two input periodic signals.  
Implementations include four quadrant multipliers, mixers, and logic circuits  

LF: loop filter, often a lowpass filter.  The output (VCNT) drives the VCO.  A LP 
may contain an integrator so that the error between fin and fo is driven to zero. 

VCO: voltage controlled oscillator.  The output, fH, may be a sinewave or a square 
wave. 

/N: divide by N -  a digital clock divider (often a synchronous counter) used to 
reduce fH to fo (with square wave signals).  This can allow multiple frequency and 
phase locked clocks at different frequencies (and even phases) to be generated.  
This stage is not required in a PLL though. 

Applications of PLLs: 

(1) As a frequency synthesizer (uses the /N stage). 
(2) FM demodulation.  FCNT is the demodulated output signal. 
(3) Clock signal generation and synchronization. 
(4) Recovering a carrier or clock signal from noise, or if occasional pulses are 

missing. 
(5) As sensor instrumentation when a measurand variable frequency oscillator is 

used as/with the sensor.  VCNT can then be proportional to the measurand. 

Implementation can be all analog, analog and digital, all logic circuit based, or s/w 
defined with A/Ds and D/A’s.  They can be built at the component level or 
purchased as a complete system.  A PLL once frequency lock is achieved can be 
modelled as a linear feedback control system to lock the phase.  Frequency locking 
a PLL is highly nonlinear.  FLLs (frequency locked loops) are similar and possibly 
a little simpler to implement.  
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