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Abstract :  The use of both analog and digital signal is widespread in semiconductor area where most of the researchers are 

intended to create fast and accurate designs, which include both analog and digital components. Hence, verification of these 

design is very obvious and it has gained more interest in research domain. Conventional verification methods have a long 

verification time and a poor level of resilience. This paper presents a UVM verification architecture by using System Verilog for a 

digital phase-locked loop (DPLL).  The characteristics of proposed UVM architecture helps to create a reusable, robust and faster 

verification environment making faster product release in market. Cadence Incisive Enterprise Simulator was used to create and 

simulate the testbench. To achieve substantial verification efficiency benefits, the proposed verification architecture employs 

constrained-random stimulus generation, analog assertions, and coverage metrics. In comparison to standard mixed-signal or 

analog verification methods, the suggested testbench architecture demonstrated superior verification effectiveness, while 

concurrently lowering simulation time by an exponential factor. The proposed verification architecture employs limited random 

real-valued stimulus generation, analogue assertions, coverage metrics, and various test scenarios to achieve significant 

verification process improvements. 

 

IndexTerms - Digital signals, Phase Locked Loop (PLL), UVM, Power, Timing, Area. 

I. INTRODUCTION 

Modern System-on-Chip (SoC) architectures include both digital and analogue components. These mixed-signal designs might 

show a variety of difficulties all the way through the SoC manufacturing process. Acquiring high accuracy when modelling 

mixed-signal architectures is important, but it is not the only one. Another critical point to consider is the challenge of integrating 

analogue and digital parts into a single system with excellent performance. Hence, proper modelling and simulation of designs are 

critical aspects in accelerating the accurate development of such systems. For verification, the majority of mixed-signal, analog, 

or digital designs rely heavily on simulation runs. The verification goal is met by incorporating simulation data and data accuracy 

based on the design's complexity. However, in many situations, testing a mixed-signal circuit might take a lengthy time, resulting 

in a manufacturing process delay. A significant solution to this challenge is mixed-signal verification using UVM utilising 

SystemVerilog are suggested in [1-4]. The most well-known verification standard in contemporary digital circuits is UVM. 

Nonetheless, it is now widely utilised in mixed-signal applications. UVM features such as constrained-random impulse 

generation, verification planning, assumptions, and coverage metrics development are used in the digital scenario. Traditionally, 

directed testing, Monte Carlo simulations, and corner analysis have been used to verify the analog component of mixed-signal 

systems. Processes and methods like as coverage metrics and testbench automation, on the other hand, are essentially non-existent 

in current analogue solvers [1]. The combination of Real Number Modeling (RNM) with UVM is a significant approach for 

providing a rapid and repeatable verification environment for mixed-signal systems [5-10]. RNM simulates the voltage behavior 

of analogue components by using real number values. The RNM method solves the system using a digital solver, which allows 

for faster simulation than traditional analog approaches [1], [11-14]. This paper presents a UVM-based verification architecture 

for a DPLL real number model using SystemVerilog. A PLL is a negative feedback loop control system that creates an output 

signal with the same phase as an input reference signal. 

A Digital PLL contains a Phase Frequency detector, low pass filter, charge pump, oscillator and a frequency divider. Phase 

frequency detects the error between the 2 signals i.e, reference clock signal and a feedback signal. These output errors up and 

down are fed to the low pass filter. The output of the low pas filter is then fed to the oscillator to generate the voltage output. The 

proposed UVM verification offer efficient, reusable and higher coverage than FPGA verification. The paper is categorized into 

subsections like section-II (review of literature), section-III (Problem Statement), section-IV (Research Methodology), section-V 

(Results and discussion) and section-VI (Conclusion). 

II. REVIEW OF LITERATURE 

The existing works in the area verification of SoC by using UVM are described in this section. A work of Hussien et al., 2019, 

have introduced a reusable and generic UVM model to enhance the speed of verification. The UVM approach is adapted over 
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three different SoC buses and performed its performance analysis. The outcomes suggests that the proposed methodology offers 

highly reliable, reusable and faster verification [15]. A significant UVM approach with input-output interface is illustrated in 

Yashas et al., 2019. This approach generates the random test bench to get 100% code and functional coverage by running multiple 

tests [16]. The increased complexity in silicon chips has witnessed many of the verification challenges. Hence, Xu et al., 2019 

have explained UVM based AX14 stream verification and outcomes with improved verification [17]. A work of Georgoulopoulos 

and Hatzopoulos, 2019 have mentioned a system Verilog based UVM verification for DPLL [18]. The proposed verification 

model is reusable, fast and reliable in digital market as it offers high gain in verification. A serial peripheral interface (SPI) 

module for UVM based verification is introduced in Guo et al., 2020 that helps in realizing the communication between the SoC 

components. The SPI module offers 100% coverage rate and the verification model is significantly migrated over the SoC 

verification environment [19]. 

In order to ease the verification of complex SoC, a complex test bench is need to be established and it can be a difficult task. 

Hence, Goel et al., 2020 have presented a controller area network based on UVM and outcomes with efficient verification [20]. A 

generic verification environment for NoC platform is introduced in El-Ashry, 2020 that evaluates DUT and offers reusable and 

error injection solution. The approach decides compatibility as well as feasibility of few error injection techniques of NoC for 

verification [21]. A UM based single wire protocol (SWP) interface module for verification is introduced for SIM card chips 

considered in Hao et al., 2019. The study has conserved the random incentives that brings improvement in verification 

performance of interface module [22]. A Verilog based design of UART and verification of it by using UVM is described in 

Priyanka et al., 2021. The design has elaborated the complete functioning of UART and the verification using UVM reduces the 

energy consumption and reusability [23].  

A UVM approach for verification of an RTL code interconnect is proposed in Kwon et al., 2021 for memory centric 

computing. The packets generated in the proposed UVM approach are transmitted into the switch ports via virtual interfaces. The 

approach brings effective verification for memory centric computing [24]. A work of Jain and Cooperman, 2020 introduced a 

checkpoint restart architecture for fault tolerant CUDA applications using UCM and streams. The checkpoint reduces 

intercommunication overhead than existing approaches [25]. A system level verification based on UVM is presented for SRAM 

in Yan et al., 2020. The verification module generates random excitation signals which reduces development time, verification 

cycle and improved reusability [26]. In Wang et al., 2020, a verification platform of UVM is introduced for RISC-V SoC. The 

verification platform at module level generates the random stimulus for testing of module functions [27].  

III. PROBLEM STATEMENT 

Wireless communication is powered by analogue circuitry, but because analogue devices are more difficult to miniaturize, 

digital components have gradually gained hold. Radio-frequency circuits are particularly susceptible to design modifications, 

because the qualities of analogue components like as inductors do not increase as devices shrink. As a result, analogue chips lag 

behind their all-digital counterparts by a couple of manufacturing-process generations, resulting in substantially coarser details. 

Digital circuits have gradually taken over more of the analogue domain over time. Phase locked loop (PLL), a basic 

communication block constructed utilizing digital circuits, is the poster child for this approach. The fundamental benefit of any 

digital implementation is that with a modern manufacturing process, circuits become quicker and take up less space. 

 A lot of study has been done recently on the design of PLL circuits, and more research is continuously being done on this 

area. 

 The majority of studies have been undertaken in order to achieve a larger lock range PLL with reduced lock time and 

tolerable phase noise. 

 Clock production and recovery in microprocessors, networking, communication systems, and frequency synthesizers are 

the most versatile applications of the PLL. 

 In high-performance digital systems, phase locked loops (PLLs) are often utilized to provide well-timed on-chip clocks. 

Hence, verification of these design is very obvious and it has gained more interest in research domain. Conventional 

verification methods have a long verification time and a poor level of resilience. 

IV. METHODOLOGY 

Some of the existing works [19-26] have described UVM as a standard methodology to verify the SoC designs. The 

UVM uses features from System Verilog which helps to create components for verification and build communication 

among the components. Also, UVM uses library to develop universal verification components (UVC) and test bench 

modules to boost the verification portability and reusability. Also, it forms a component that can be used to drive the 

stimulus generated from test bench for the Design Under Test (DUT). A basic architecture of UVM test bench is given 

in Figure 1 and is formed by test bench module (top level) connecting the DUT and verification components. 
 

 A test represents the test cases for test bench where a test class composed of environment, configurability of 

environment etc. The sequences can be build and initiated in test to execute the test scenario. 

 The container class of UVM is environment and it links agents and scoreboard. Also, it composed of top level 

monitor, predictor and a checker. 

 An agent can be deployed in active and passive mode where it generates necessary stimulus (active mode) and drives 

the same stimulus via interfacing with DUT. A sequencer, monitor and driver are the units of an active agent along 

with the configurable object. An agent in passive mode performs the sampling of received signals from DUT and it 

composes single monitor. A monitor samples signals and converts them to transaction level activities and forwards to 

the scoreboard. 

 A sequencer is a stimulus generator and it performs the controlling of transaction flows among the driver and 

sequences. A driver is an element which continuously receives sequences from sequences and drives those sequences 

to DUT. 
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 The scoreboard forms an element to DUT functionality verification by comparing DUT responses against expected 

values (originated from predictor). The scoreboard obtains transactions from analysis of monitors. 

 A sequence item composed of information or data needed for verification process during stimulus generation. These 

sequences items are generated in sequential manner. 

 

DUT

Scoreboard

Monitor

Sequencer

Driver

if

Test

Env

Agent

 
 

Figure 1. Architecture of UVM testbench 

3.1 Design Implementation 
The UVM testbench's proposed architecture, a System Verilog-based DPLL, is utilised to validate the digital-signal 

DUT. Charge pump, phase frequency detector (PFD), 1st order derivative, voltage crystal oscillator (VCO), and six 

frequency dividers make up the proposed DPLL model. A reference crystal oscillator (RCO) is assumed to create a 

particular reference clock signal (RCS). One of the local clock signals released from the frequency divider is compared 

to the phase of RCS. VCO is used to ensure that phases are synced. Figure 2 shows the DPLL construction, which 

includes a digital-frequency divider, phase detector, charge pump, low pass filter, and VCO. The phase deviations 

between the input reference frequency and the reference crystal, as well as the divided output local clock frequency and 

the frequency received from the frequency divider, are first detected by the phase detector. To charge the pump, the 

resulting phase error signals (leading or trailing) are analysed. The leading signal becomes high during the rising edge of 

the reference clock if the reference clock is ahead of the local clock created by 6 dividers. The leading signal remains in 

the high position (1) until the local clock transitions from low to high activity. The lagging signal in this point gets high, 

and both flip-flops are reset to 0 via the asynchronous reset signal.The charge pump is a current source (bipolar switch) 

and it yields pulses (positive or negative) into the loop filter. Further, the loop filter performs the correction of control 

voltage (Vcontrol) subjected VCO based on the phase error signals received from the phase detector via charge pump. 

Then, the divider performs the division of the output frequency generated from VCO before subjecting to phase detector 

to compare with input reference frequency. 
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Figure 2. Proposed DPLL (DUT) 

 

3.2 Verification Model 

 
The proposed verification model composed of top module of DPLL where testbench declares the instances as well 

as interfaces. The testbench runs different test cases generated to verify the DUT. Every test performs the instantiates 

main of test bench architecture and verification environment. The environment exhibits single agent, predictors, 

scoreboard, monitor and essential agent configuration for agent instantiation. The agent holds the sequencer, driver, 

monitor and configuration object. The sequencer of the agent acts as controller among driver and test sequences. Every 

sequence generates the set of sequence to forward to driver. The logic variables leading, lagging (phase error) signals, 

local clock, system clock, charge pump current, Vcontrol and output frequency are exist in sequence item. 
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V. RESULTS AND ANALYSIS 

The proposed architecture of a system Verilog-based DPLL, is utilized to validate the digital-signal DUT. Charge 

pump, phase frequency detector (PFD), 1st order derivative, voltage crystal oscillator (VCO), and six frequency dividers 

make up the proposed DPLL model. The obtained outcomes with different nm technology are discussed in this section. 

Figure 3 represents the schematic diagram of DPLL designed in 45nm technology and is extracted from Cadence 

Innovus tool. 

 

 
Figure 3.  45nm DPLL Schematic Diagram 

Similarly, Figure 4 indicates the schematic diagram of DPLL designed in 180nm technology and is extracted from 

Cadence Innovus tool. 

 
Figure 4. 180nm DPLL Schematic Diagram 

Figure 5 shows the output waveform of the DPLL Design. The output signal clk_out is generated with respect to 

the input signals rst, clk_in and clk_ref. the another output signal clK_out_8x is generated w.r.t the output signal 

clk_out. The clk_out_8x signal is the ouput of the clk_out signal which is multiplied 8 times. The clk_out_8x signal has 

8times each the output of clk_out in both up and down signals. 

 

 
Figure 5. Output Waveform of DPLL 

Figure 6 is the layout of the DPLL design. The layout is extracted for the 180nm DPLL design. Based on the this 

layout, the timing constraints are obtained.  

 
Figure 6 Layout of DPLL 
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The following Figure 7 represents the simulating steps for the UVM verification. At first the system Verilog model 

of DPLL design and DPLL testbench are complied. And then UVM packages are extracted and imported to the design 

for further verification.  

 

 
Figure 7 Simulating the design 

The final verified UVM based DPLL design waveform is presented in Figure 8. UVM based architecture is 

designed for the verification of the Digital PLL design. The DPLL working results are verified with the obtained UVM 

results. 

 
Figure 8. UVM Verified DPLL Results Waveform 

The following Figure 9 gives the timing report of the DPLL design. The slack time is defined by the time 

difference between the achieved time and desired time for the design timing path. The slack time given in the timing 

report is positive, which indicates that the design is working properly. 

 
Figure 9. Timing Report for the DPLL design 

Figure 10, represents the power report the design. The power report is of leakage power in the DPLL design, and 

the dynamic power used by the DPLL design and total power used by the design. For 86 cells, the leakage power, 

dynamic power is 106.006nW, 433751.915nW and 433857.922nW respectively. 
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Figure 10.  Power Report for the DPLL design 

Figure 11 gives the report of the gates used by the digital PLL. The number of the gates and types of the gates used 

by the digital PLL is reported. The area utilization of sequential, inverter, logic and physical cell is 75.4%, 1%, 23.6% 

and 0% respectively. This indicates that sequential cell uses more area. 

 
Figure 11. Gates report for the DPLL design 

The total number of area consumed by the design is shown in the Figure 12. The cell area and total area is 

3319.747. 

 
Figure 12. Area report for the DPLL design 

 

VI. CONCLUSION 

The Digital-PLL design is implemented using Cadence Innovus tool and results are extracted according. Further for 

the verification, Questa-Sim is used for the Verification of the design. System-Verilog with UVM methodology is used 

for the design verification. The simulation waveform of the proposed verification testbench with lock reference is 

displayed in the figure. For a digital PLL, a UVM verification architecture was presented. It takes advantage of UVM's 

excellent verification efficiency, as well as SystemVerilog – RNM's mixed-signal design capabilities. In comparison to 

standard mixed-signal or analog verification methods, the suggested testbench architecture demonstrated superior 

verification effectiveness, while concurrently lowering simulation time by an exponential factor. The outcomes power 

analysis suggest that for 86 cells, the leakage power, dynamic power is 106.006nW, 433751.915nW and 433857.922nW 

respectively. The area utilization of sequential, inverter, logic and physical cell is 75.4%, 1%, 23.6% and 0% 

respectively. This indicates that sequential cell uses more area. The cell area and total area is 3319.747. 

The proposed verification architecture employs limited random real-valued stimulus generation, analogue 

assertions, coverage metrics, and various test scenarios to achieve significant verification process improvements. 

Further, the study can be extended with different nm technology. 
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