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Abstract- As the demand for high-performance computing System on Chips (SoCs) increases, the importance of full-

chip verification with both analog and digital subsystems cannot be overstated. However, current full-chip verification 

solutions focus heavily on UVM-driven digital verification testbenches, which are not feasible for analog circuits due to the 

high simulation run time of SPICE models. In this paper, we discuss the limitations of traditional full-chip verification flows 

and propose a comprehensive verification approach that includes both digital and analog functionality. We also explore 

two prevailing approaches to the modeling of analog blocks, the analog mixed-signal (AMS) approach and the digital mixed-

signal (DMS) approach, and discuss the trade-offs when using both approaches. Lastly, we propose a behavioral model 

solution to integrate analog functionality into the UVM-based chip-level verification environment, which can significantly 

reduce the risk of failure and ensure the complete functionality of the SoC. 

I.   INTRODUCTION  

Due to the rise of AI, Internet of Things (IoT), and cloud computing, demand for high-performance computing 

System on Chips (SoC) is higher than ever. To ensure the correct functionality of these complex SoCs, there is a 

plethora of digital verification solutions offered by various vendors and in-house verification teams. But in order to 

ensure first functional silicon, we need to perform full-chip verification with both the analog and digital subsystems. 

Currently, there is no standard methodology for performing full chip verification and existing functional verification 

solutions focus heavily on UVM-driven digital verification testbenches. The UVM-AMS Working Group at Accellera 

is working on standardizing the full chip verification by extending UVM’s support for analog verification [1]. Due to 

the high simulation run time of SPICE models and analog circuits, it is not feasible to run analog circuits in schematics 

along with UVM testbenches. So, it is desirable to model the functional behavior of analog circuits using a higher-

level language such as SystemVerilog, Verilog-AMS, etc., such that they provide full functional coverage and analog 

assertions to verify connectivity along with reasonable accuracy and faster simulation run times. 

There are two prevailing approaches to the modeling of analog blocks. The first one is the analog mixed-signal 

(AMS) approach, where complex circuit behaviors are modeled accurately by defining signals in electrical and discrete 

domains using Verilog-AMS or VHDL-AMS. In this approach, the analog signals are modeled as a continuous domain 

electrical signal with voltage and current disciplines. The second one is the digital mixed-signal (DMS) approach 

using Verilog-AMS WREAL or SystemVerilog, where analog electrical behavior is modeled in event-driven discrete 

form. DMS is gaining popularity for its faster simulation run time so that system-level issues can be found earlier in 

the design cycle. With AMS models, it is easier to model continuous-time behavior, and AMS models co-simulate 

with schematics more smoothly when there is complex loading behavior at the interfaces. Both approaches also have 

different ramifications at the chip level.  

In this paper, we will discuss digital-driven chip-level verification and the trade-offs when using both approaches, 

along with examples to illustrate our approach. 

 

II.   LIMITATION OF TRADITIONAL FULL-CHIP VERIFICATION FLOW 

In today's technological landscape, SoCs are becoming increasingly complex as analog and digital circuitry are 

becoming more intricate. However, the current chip-level verification flow tends to focus mainly on digital 

functionality, leaving another critical part of the SoC, which resides within the analog portion, unverified. In its 

minimal form, the analog side is responsible for powering up the chip and generating clocks for the entire SoC, making 

it essential for starting up and running operations. Moreover, for most SoCs, the interface with real-world signals, 

such as sound, light, temperature, pressure, etc., uses an analog interface to capture or transmit information. Traditional 

UVM-based chip-level verification environments often assume either analog design is functionally correct and analog 

blocks are replaced with simple digital behavioral models or analog signals are tied to either logic 1 or 0. The powerup 
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sequence is usually assumed to be working correctly and skipped. However, these assumptions can lead to 

undiscovered issues with analog-digital communication, increasing the chance of chip failure.  

Therefore, analog functionality should not be assumed or avoided during chip-level verification. It should be 

included and prioritized in the verification environment to ensure that the whole SoC operates smoothly and 

efficiently. A comprehensive verification approach that includes both digital and analog functionality can significantly 

reduce the risk of failure and ensure the complete functionality of the SoC. 

However, integrating analog functionality into the chip-level-verification environment is a critical challenge the 

semiconductor industry faces today. This is because analog schematics are developed in SPICE, which are slower to 

simulate than the digital RTL to a great extent. Integrating these slower schematics directly into the UVM environment 

poses several challenges and requires additional effort and time. Furthermore, simulation time increases significantly, 

leading to a significant impact on the overall design cycle. 

To address this challenge, researchers have devised a behavioral model solution where the behavior of the analog 

design is written using different EDA tool-supported modeling languages. These models can then be validated against 

the schematics to ensure they fully replicate the schematic behavior. These validated models are then easy to integrate 

into the UVM-based chip-level verification environment, speeding up simulation time and aiding full-chip-level 

verification. In Fig. 1, we demonstrate the contrast between a digital-only verification method where the analog blocks 

are opaque and our approach, which integrates the verified analog models into the chip-level verification environment, 

thereby illuminating the analog section. This integration enables the creation of combined digital and analog test cases 

that ensure seamless full-chip functionality. 

 
Figure 1. Chip-level verification environment with no analog models where there are only digital tests (“Before”); integration of validated analog 

models allowing for both analog and digital tests to verify the full chip (“After”) 

 

III.   DIFFERENT ANALOG MODELING APPROACHES 

Numerous industry-standard approaches are available for modeling analog behavior, each with advantages and 

limitations. Verilog-AMS and the DMS approach are two popular options for mixed-signal verification. 

The AMS approach using Verilog-AMS is a flexible option for mixed-signal systems, allowing continuous and 

discrete signals to be modeled. It is widely used in the industry and has become a standard for mixed-signal simulation, 

ensuring compatibility across different tools and platforms. However, using Verilog-AMS in a chip-level verification 

environment can be challenging, as it requires both the continuous and discrete solver, while the UVM testbench uses 

a discrete solution. This approach is more suited for finding more subtle electrical bugs, such as those that can only 

be seen in a continuous time simulation or ones involving detailed electrical interfaces. 

On the other hand, the DMS approach with real-number modeling (SV-RNM) or user-defined nettype (SV-UDN) 

in SystemVerilog provides a high level of precision for analog behavior by modeling continuous signals as real-valued 

numbers. In addition, the SV-UDN, also known as the discrete electrical approach in SystemVerilog, allows the 

creation of custom data types for electrical modeling involving voltage and current. This approach, with the help of 

the resolution function, enables the use of Ohm's law to solve for voltage and current for Thevenin and Norton 

equivalents. However, both the DMS approaches have drawbacks and limitations, especially when modeling complex 

analog behavior. They are more typically used when the emphasis is more on chip-level system functionality, where 

the details of the analog have been verified at a lower level. As such, DMS approaches focus more on finding bugs in 

the RTL and the communication between the RTL and the analog. 

 



All the AMS and DMS approaches find analog supply and bias connection bugs, interface bugs between the digital 

and the analog, basic functional bugs such as in the startup sequence, bugs in the programming of the analog, bugs in 

analog signal flow, bugs in digital/analog dataflow as well as all the bugs in a digital-only verification approach. 

 

IV.   CASE STUDY: FULL-CHIP VERIFICATION OF A SOC WITH ANALOG FUNCTIONALITY 

We will demonstrate how integrating analog functionality can enhance the verification of a simple System-on-chip 

(SoC) design. We will create behavioral models of the analog subsystem using the three previously discussed modeling 

approaches, i.e., Verilog-AMS, SV-RNM, and SV-UDN, and then integrate these models into the chip-level UVM 

verification environment. We will then perform various chip-level simulations to assess the performance and 

challenges associated with each modeling approach. 

A. Description of the SoC Design  

Due to proprietary concerns and to provide a more straightforward explanation of the different modeling 

approaches, we use an example System-on-chip (SoC) design, as shown in Fig. 2. 

The analog subsystem of the SoC contains a power management unit (PMU) and a clock management unit (CMU). 

The PMU comprises sub-blocks such as low-dropout (LDO) regulators, power-on-reset (POR), voltage reference 

blocks, and bias generators, providing power and reset for the whole SoC. On the other hand, the CMU contains 

oscillators and a programmable phase-locked loop (PLL).  

The simple digital subsystem designed using Verilog RTL mainly consists of different status and control registers 

to manage and monitor the PMU and CMU. For communication between the input/output (I/O) interface and the 

registers, we use a simple Advanced Microcontroller Bus Architecture (AMBA) Advanced High-performance Bus 

(AHB) protocol. 

 

 

 
 

Figure 2. An example SoC design to demonstrate different modeling approaches for full-chip verification. 

 

B. Modeling process of the analog subsystem 

We have created fully functional models for each analog subsystem block using AMS and DMS approaches. We 

aimed to achieve full functionality, so we considered the modeling of the supply current of each analog block. To 

speed up our work, we used the Model in Minutes (MiM) tool [2] to generate the models. The tool can generate various 

AMS and DMS models based on a text-based specification input. It also generates a Verilog-AMS testbench and the 

necessary scripts to validate the individual models against their schematics [3]. Fig. 3 shows the simple input 

specification of a voltage-controlled oscillator (VCO) used for the MiM tool to generate the models for the three 

different approaches. 

 



 
Figure 3. Specification of the PLL’s VCO used as the input to MiM 

Fig. 4 shows the three analog behavioral models generated using the specification shown in Fig. 3. The MiM-

generated SV-UDN or the discrete electrical model can either be used with its own UDN library or can utilize a 

wrapper to be used with the Cadence EEnet package [4]. To ensure the proper functionality and correctness of the 

models, we validated all the developed models against their respective schematics using the MiM-generated Verilog-

AMS testbench, which runs through a set of tests to verify that the schematics and all three of the models are 

functionally equivalent. 
 

 
  Figure 4. Analog behavioral model for a VCO in the three different modeling approaches 



C. Chip-level UVM Verification Environment with Analog Models 

We created a UVM testbench illustrated in Fig. 5 to test the SoC. The UVM testbench comprises two separate 

environments, one for handling the analog and the other for the digital side of the SoC. The analog environment has 

two agents: PMU_Agent and CMU_Agent. The PMU_Agent drives signals to the PMU to power up the SoC and 

monitors the generated subsystem supplies and resets. The CMU_Agent drives the PLL and monitors the clock 

frequency and locking. The Digital Environment has one AHB agent that reads and writes internal registers. 

 

 
 

Figure 5. UVM testbench environment used to verify the chip-level functionality of the example SoC 

 

The chip-top-level UVM test cases are designed to initiate the primary power supply. Once the SoC powers up, the 

internal control registers are written to configure the PLL. Finally, the phase lock time and the output clock frequency 

are measured once the PLL lock interrupt is detected. 

 

IV.   RESULTS AND DISCUSSION 

The models developed using each modeling approach were used individually for the analog subsystem in the UVM 

verification environment. Fig. 6 depicts the simulation waveform performed to test the PLL lock time and clock 

frequency. This waveform highlights the power-up sequence of the design, which is often avoided or assumed in 

traditional digital-focused UVM testbenches. Additionally, the results showcase the register write process using AHB 

to control the outputs of the PLL, verifying the correct interactions between analog and digital domains. Involving the 

analog functionality also enabled us to measure power consumption during each simulation phase, which is becoming 

increasingly crucial in modern systems where power efficiency is a critical design consideration. 

Overall, the simulation results suggest that incorporating analog models into the verification environment offers a 

more comprehensive and accurate approach to chip-level verification, allowing for the detection of potential design 

issues that may be overlooked in a traditional verification environment. 



 
Figure 6. Simulation results of the chip-level verification testbench with analog functionality 

 

Now that we have shown the importance of analog functionality in chip-level verification, we will discuss the trade-

offs between the AMS and DMS modeling approaches. 

A. Comparison between the modeling approaches 

The AMS approach supports analog circuitry modeling with the highest accuracy and ease. Developing models for 

complex analog circuitry, e.g., analog filters, can be easily achieved with the AMS approach by modeling the electrical 

components using the nodes and branch feature, which is unavailable in both the DMS approaches. Also, most 

Verilog-AMS system functions that are useful for performing complex mathematical operations on continuous signals 

are also unavailable in SystemVerilog DMS. 

For DMS, in such cases, models are developed using their discrete-time transfer function equations to overcome 

these limitations, which adds extra complexity and takes more time to convert the continuous time equation to its 

discrete form. Although the SV-UDN models have some ability to solve this problem, both the DMS modeling 

approaches need a faster sampling mechanism to mimic the continuous analog system. 

Fig. 7 shows the simplified circuit diagram of the PLL loop filter and its AMS and DMS models. AMS modeling is 

more straightforward as the electrical components can be easily modeled using nodes and branches. On the other hand, 

for both the DMS approaches, the low pass behavior is achieved using discrete z-transform equations and a high 

sampling rate. 

 

 
Figure 7. AMS and DMS model of the PLL loop filter 



Also, the AMS and the SV-UDN approaches can model the voltage and current of electrical nets, which is 

unavailable in SV-RNM. As a result, modeling power consumption and other details are hard to achieve using the SV-

RNM approach. 

B. Integration of the models to the UVM chip-level verification environment 

It is worth noting that integrating both SV-RNM and SV-UDN models into the UVM testbench is straightforward 

since they operate on the same discrete domain. As a result, less effort and time are required to bring them into the 

UVM environment. However, integrating the AMS models is more complex. Since these models rely on an analog 

solver to run the analog behavior, additional connect modules are necessary to convert signals between the electrical 

and discrete domains. Additionally, the AMS models require conversion wrappers to access voltages and currents 

directly from the UVM testbench. Fig. 8 illustrates a simplified version of the wrapper utilized for the AMS models 

of the PMU subsystem. The figure demonstrates how the analog signals are driven using signals originating from 

UVM and how the analog values are read and converted to the real-number values supported by the testbench.  

 

 
Figure 8. Verilog-AMS wrapper used for the AMS models of the PMU 

 

C. Performance at the UVM chip-level verification environment 

To determine the model performance of each approach, we measured the simulation time each took to run the PLL 

lock test. Table 1 shows the comparison between the simulation time each approach took. The performance of both 

the DMS approaches was quite similar, with only a slight difference in simulation time, taking a few minutes to 

complete. On the other hand, the AMS models took significantly longer, clocking in at around 20 minutes to complete 

the simulation. However, even this slowest AMS approach proved better than the SPICE level simulation, which took 

us several hours to run the standalone PLL design. 

 
TABLE I 

SIMULATION PERFORMANCE COMPARISON 

Modeling Approach Total Simulation Time 

Real Number Models (SV-RNM) ~2 minutes 

Discrete Electrical Models (SV-UDN) ~2 minutes 

AMS Models ~20 minutes 



IV. CONCLUSION 

In conclusion, it is evident that full-chip verification, including both analog and digital subsystems, is crucial for 

ensuring the proper functioning of complex SoCs. The conventional chip-level verification flow that concentrates 

solely on digital functionality is insufficient since it ignores the analog portion, resulting in potential issues with 

analog-to-digital communication and increasing the risk of chip failure. We have explored two leading approaches to 

analog modeling, AMS and DMS, and discussed their advantages and disadvantages. While AMS models provide 

accurate analog functionality modeling, they perform poorly in the chip-level verification environment. On the other 

hand, SV-RNM models demonstrate high performance in the chip-level verification environment but have limitations 

in detailed functional modeling. Finally, SV-UDN models exhibit excellent performance at the chip level and can 

overcome most of the drawbacks of SV-RNM. However, they entail a steeper learning curve than traditional hardware 

description languages. Finally, our analysis suggests that a hybrid approach employing AMS and DMS models can 

overcome their limitations and achieve better chip-level verification outcomes. 
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