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Abstract 

This paper investigates methods to enhance the dynamic response of Phase-Locked Loops (PLLs), which 
are critical components in telecommunications and computing for signal synchronization. Focusing on 
lock time and transient behavior, two improvements are examined: the dual-loop design and the dual-edge 
triggered phase frequency detector (PFD). The dual-loop approach utilizes a wide-bandwidth loop for 
rapid acquisition and a narrow-bandwidth loop for precise tracking, while the dual-edge triggered PFD 
doubles feedback frequency by using both rising and falling edges of input signals. Experimental data 
demonstrates that both architectures significantly reduce initial overshoot and decrease lock time 
compared to the standard design, with the dual-edge triggered PFD achieving lock two cycles faster and 
the dual-loop design six cycles faster. Future investigations will include digital-based features, more 
thorough testing metrics, and novel enhancement techniques. 

1. Introduction 

1.1 What is a Phase-Locked Loop (PLL)? 

A Phase-Locked Loop (PLL) is a feedback 
control system for the synchronization of a 
generated feedback signal with a reference 
signal. They are essential for frequency 
synthesis, clock recovery, and SERDES 
applications in telecommunications and 
computing [1]. This paper examines methods to 
improve a PLL's dynamic response, focusing on 
two architectures: the dual-loop design and the 
dual-edge triggered phase frequency detector. 

2. Literature Review and Observations 

The field of PLL design has seen continuous 
innovation aimed at improving performance 
metrics such as lock time, phase noise, and 
power consumption. Different strategies for 
improving these metrics usually involve 
targeting individual components of the 

phase-locked loop architecture [2][3]. Strategies 
for improvement have also expanded to include 
digital and software features [4][5]. To compare 
performances, the root mean square (RMS) of 
the jitter and system lock time were considered. 

2.1 Phase Locked Loop Architecture 

The basic PLL is a feedback system composed 
of a Phase Frequency Detector (PFD), a Loop 
Filter (LF), and a Voltage-Controlled Oscillator 
(VCO). 

 

Figure 1: Basic PLL Architecture [1] 

The PFD compares the phase and frequency of 
the reference signal with those of the feedback 



signal from the VCO and drives a charge pump 
with "up" and "down" pulses whose widths are 
proportional to the phase difference. The pulses 
are smoothed by the LF and applied to the VCO, 
changing the frequency accordingly. This 
feedback loop works to bring the phase 
difference to zero, at which point the PLL is 
"locked". 

2.2 Phase Locked Loop Dynamic Response 

The dynamic response of a PLL is its transient 
behavior as it acquires lock [6]. Key metrics for 
evaluating dynamic response include lock time, 
overshoot, and ripple. Lock time is the time 
from when the PLL detects a change in the 
reference frequency to when the output 
frequency settles within a specified tolerance of 
the target frequency. There is no single method 
to determine the optimal lock time, since 
varying architectures respond differently to one 
definition of locking. Overshoot and ripple refer 
to the transient fluctuations in the output 
frequency or phase during acquisition.  

2.2.1 Dual-Loop Architectures 

A “dual-loop” architecture may be interpreted in 
many different ways. Common builds either 
include two or more PFD paths or feed the 
output of one PLL into another. Such designs are 
effective when jitter, phase noise, acquisition 
speed, or a large bandwidth are the main metrics 
to be considered, particularly when multiple 
metrics are of concern [7][8][9].  

The dual-loop architecture addressed in this 
paper is the cascading type. It targets the 
trade-off between fast acquisition and stable 
tracking by employing two separate loops: a 
wide-bandwidth loop for fast initial frequency 
acquisition, and a narrow-bandwidth loop for 
fine phase tracking [10]. 

Figure 2: Skyworks’ Dual-Loop Architecture 
[10]  

2.2.2 Dual-Edge Triggered Phase Frequency 
Detector Architectures 

A standard PFD uses only the rising edges of its 
input signals to detect phase differences. A 
dual-edge triggered PFD, however, utilizes both 
the rising and falling edges of the reference and 
feedback signals. 

 

Figure 3: Dual-Edge Triggered PFD [11] 

By doubling the number of phase-error instances 
per cycle, the dual-edge triggered PFD provides 
more frequent feedback to the loop filter, 
allowing the PLL to respond more quickly to 
phase and frequency changes [12]. 

3. Procedure 

To examine these architectures and their effects 
on PLL performance, I created a simulatable 
model in LTspice and analyzed the data with 
MATLAB. 



3.1 Simulation 

The phase detector part of the model is shown in 
Figure 4a and consists of two D flip-flops. 
Figure 4b shows the charge pump, which is built 
with two voltage-controlled switches and a filter 
leading to the VCO. 

 

(a) 

 

(b) 

Figure 4 (a) first half of the PLL model and (b) 
second half of the PLL model. 

Building the model consumed more time than 
anticipated for the following reasons: 

1.​ LTspice simulates switching slowly: 

LTspice’s weakness is simulating fast switching. 
As the model grew in complexity, so did the 
simulation time. This meant that the method of 
modeling the switching components, such as the 
phase-frequency detector and charge pump, had 
to be as simple as possible, while not 
compromising detail. 

2.​ The desired model level:  

To be able to explore the PLL architecture with 
adequate detail, a model must be at a low 
enough level to access these details. However, 
more detail in a model sacrifices simulation 
time.  

Regardless of these constraints, the constructed 
model allowed me to adjust the parameters of 
interest while simulating quickly. 

3.2 Data Analysis 

To analyze the simulation data, the graph data 
was downloaded into a WAV file format and 
imported into MATLAB. I wrote MATLAB code 
to calculate and plot the jitter time for each 
variation of the phase locked loop. 

3.3 Data plots 

The following data shows clear improvement 
with both architectures mentioned above. The 
plots include two lines that mark a 50% and 10% 
error in the feedback signal from the reference 
signal. A system is defined as “locked” when it 
has reached three consecutive cycles with less 
than 10% error.

Figure 5: Data plot showing the dynamic 
responses of PLLs with a single-edge triggered 
PFD (blue) and dual-edge triggered PFD (red) 

The initial overshoot for the dual-edge triggered 
PFD system is significantly decreased compared 



to the single-edge triggered system, and it 
acquires two cycles faster. 

Figure 6: Data plot showing the dynamic 
responses of a single-loop PLL (blue) and 
dual-loop PLL (red) 

The initial overshoot for the dual-loop system is 
also significantly decreased, and it acquires six 
cycles faster than the single-loop architecture. 

4. Conclusion 

The data demonstrated that both the dual-loop 
and dual-edge triggered PFD architectures 
significantly enhance PLL dynamic response, 
with the dual-edge triggered PFD increasing 
lock time by two cycles, while the dual-loop 
design achieved a six-cycle faster lock. These 
findings demonstrate the efficacy of focusing on 
the dynamic response of a PLL for improving its 
performance. 

4.2.1 Simulating Digital Logic-Dependent 
Features 

Future work will extend the current simulation 
to incorporate digital logic-dependent features. 
This includes simulating a lock detect circuit to 
indicate when the PLL has achieved and 
maintained lock. Additionally, future research 
will implement an error-based feedback 
mechanism to dynamically adjust loop 
parameters, such as the loop filter bandwidth, 
optimizing performance in real time. 

4.2.2 Advanced Performance Evaluation 

To provide a more comprehensive analysis, 
future research will incorporate more advanced 
performance evaluation methods, such as clearer 
jitter and lock time analyses for a larger variety 
of use cases. Additionally, the phase noise of 
each architecture will be analyzed. These 
metrics are essential for assessing the overall 
quality and stability of the output signal. 

4.2.3 New Theories for Performance 
Enhancement 

Future work will explore novel theoretical 
approaches that target deeper areas of PLL 
architecture to enhance performance. The goal is 
to move beyond conventional PLL architectures 
and discover new models for achieving faster 
and more robust designs. 
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