Behavioral Modeling of PLL Using Verilog-A

Introduction

In this article, we describe practical behavioral modeling
for highly non-linear circuits using Verilog-A, which is
analog extension of Verilog-AMS. At prst, we describe
behavioral modeling techniques for phase/frequency
detectors (PFD) and voltage-controlled oscillators (VCO)
those are essential part of phase-locked loop systems
shown in Figure.l. Model parameter extraction tech-
niques are described and demonstrated later. Finally,
these models are simulated with SmartSpice and veriped
against the results of transistor circuit simulations.

Phase Detector (PD)

A well-known sequential-logic PFD shown in Figure.2(a)
is used for phase/frequency detection circuit. This PFD
produces UP and DOWN signals depending on the
phase difference between reference clock and feedback
clock (Figure.2(b)).

Phase Detector (PD)

A well-known sequential-logic PFD shown in Figure.2(a)
is used for phase/frequency detection circuit. This PFD
produces UP and DOWN signals depending on the
phase difference between reference clock and feedback
clock (Figure.2(b)).

The behavioral model of PFD can be represented as
shown in List.l. This module monitors the phase dif-
ference between the clocks. When the rising edge of
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Figure 2a. PFD circuit.
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Figure 1. PLL Block Diagram.

REF clock occurs before the rising edge of FB clock, the
module activate UP signal and then forces the VCO to
increase the oscillation frequency. In the reverse case,
the module activate DOWN signal and forces the VCO to
decrease the frequency. Note that UP and DOWN signal
are active-low and active-high respectively.

List 1. Behavioral representation of PFD in Verilog-A
module pll_pd (ref_clk, fb_clk, up_out, down_out);
inout ref_clk, fb_clk, up_out, down_out;
electrical ref_clk, fb_clk, up_out, down_out;
parameter real vdd=3.3,

ttol=10f,
ttime=0.2n ;
integer state; /I state=1 for down, -1 for up

real td_up, td_down ;

REF

]
FBf
UP—|_|

DOWN

(b)

Figure 2b. Basic operation.
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