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Scope of this document: Describe the new PFD filter and its performances and limitations  

Phase Frequency Detector (PFD) 
The output stage of a PFD is composed by 2 transistors operating as current source (Iup) or current sink (Idn) as 

shown in Figure 1. The current flow is on/off but modulated (a.k.a. PWM modulation), the carrier of the 

modulation is the working frequency of the PFD. The value of Iup and Idn currents are the same, Icp (charge 

pump current) 

Example: If a phase offset of +π is detected then the PFD will modulate by 50% the Iup current source (Idn 

always off), in order to achieve an Iout of Icp/2. 

 

Figure 1 PFD and output stage 

PFD Filter 
The currently installed filter on DDS V2 PCB cannot work properly since it’s an RC filter designed to work if the 

output stage of a PFD is a voltage source. The subtle effect is that the filter acts as an integrator rather than a 

low pass filter. The operating point (bias point) of such circuit is not fixed and a very high gain in lower 

frequencies impacts on the whole PLL stability when the input clock has phase or frequency jumps. 

A new filter is proposed in Figure 2, R77 and R78 are used to establish an operating point (bias point) of half of 

the power supply voltage (P3V3_PD). C132 is used to lower the voltage swing on CP pin, acting as a reservoir 

capacitor (EMI-wise), L3 and C118 makes a low pass filter to the A/D converter. 

Since most of the noise is coming from the high frequency switching of CP pin, be careful to place C132, R77 

and R78 as close as possible to CP pin and to (carefully bypassed) power supply rails. L3 must have a self-

resonance frequency at least 3 times greater than the PFD working frequency. 

Figure 3 shows the equivalent circuit linearized (well, it’s already linear…) on its operating point, Figure 4 shows 

the AC analysis done in PSPICE. Figure 5 shows the Bode plot (gain & phase), it’s normalized to 1.25V (0dB = 

1.25V) 
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Figure 2 New PFD filter 

 

Figure 3 Equivalent circuit (current source) 

 

Phase noise considerations 
Using a charge pump current of 5mA the voltage swing on the output is from 0.4V to 2.9V. The phase to 

voltage gain is 2.5V/4π. 

 If an A/D converter wih VREF=3.3V is used (Currently V2  DDS board uses an A/D converter  with 2.5V ref 

voltage),  then the phase resolution would be 0.25mRad, or 4e-5 UI. For a 15MHz PFD working frequency this 

would mean 3ps of resolution. This noise is spreaded over the A/D bandwidth, so the PI bandwidth can filter-

out  most of the quantization noise. If a better resolution is required, increase R77 and R78 values (change 

C118 accordingly). 

Figure 6 and Figure 7 shows, respectively,  the phase noise of the reference signal (44 MHz input) and the DDS 

output (PFD working frequency of 15MHz). 
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Figure 4 Ampltitude output (AC analysis), see Figure 3

 

Figure 5 Gain & phase
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Figure 6 Phase noise of input frequency (HP33220)

 

Figure 7 Phase noise of the DDS clock output 

 



 

 

 

  


