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Abstract: development of Verification IPs (VIPs) tailored for Ethernet 

protocols, with a specific focus on integrating the AXI interface, 

within the context of contemporary communication systems. 

Emphasizing the critical role of functional verification in digital 

design, VIPs offer pre-validated, protocol-specific modules that 

simulate interfaces or functionalities, expediting verification while 

ensuring compliance with industry standards and fostering 

interoperability. By enabling comprehensive testing under diverse 

conditions, VIPs enhance the accuracy and reliability of Ethernet-

based systems while facilitating efficient issue identification and 

resolution through built-in debugging features. The integration of 

Ethernet into chip design is explored, highlighting its pivotal role in 

enabling standardized networking and efficient data transfer across 

interconnected devices. Addressing the evolving verification 

landscape, the paper advocates for guidelines and best practices to 

ensure successful VIP development, proposing a comprehensive 

verification environment to test Ethernet IP with various interfaces, 

leveraging System Verilog for reusability and Mentor Graphics 

Questasim for simulation. 
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1.INTRODUCTION 
Ethernet, a cornerstone technology for local and wide area 

networks, plays a vital role in connecting devices across various 

applications. Its ability to handle data transfer rates from 

megabits to gigabits per second makes it a preferred choice for 

modern networking demands. However, as Ethernet integration 

within System-on-Chip (SoC) designs becomes increasingly 

complex, ensuring the system's functionality and reliability 

becomes paramount. 

This is where Verification Intellectual Property (VIP) comes 

into play. VIP acts as a pre-defined functional block that can be 

seamlessly integrated into a testbench environment. It simulates 

the actual design, mimicking the behavior of an Ethernet 

module connected to a processor through an internal bus. This 

allows for efficient verification of the Ethernet functionality, 

guaranteeing its proper operation within the SoC design. 

Developing a VIP for Ethernet protocols using the AXI 

interface offers significant advantages. AXI, the Advanced 

eXtensible Interface, facilitates high-speed data exchange 

within SoCs. By leveraging VIPs and the AXI interface, 

engineers can establish a robust and efficient verification 

methodology for their Ethernet-based SoC designs. This 

approach not only streamlines the verification process but also 

ensures the overall reliability and performance of the system. 

 

2.VIP Development of Ethernet for Open POWER 

Processor Based Fabless SoC 

Verification IPs (VIPs) are integral to the verification process 

of complex system-on-chip (SoC) designs, particularly in 

ensuring protocol compliance and robust performance under 

varied conditions. VIPs are reusable verification components 

that simulate and validate the Design Under Test (DUT) by 

generating stimuli, monitoring responses, and checking for 

protocol adherence. They emulate master or slave devices, 

interacting with the DUT to uncover potential errors by 

triggering diverse scenarios. This document delves into the VIP 

development for an Ethernet interface with an AXI bus in the 

context of an Open POWER processor-based fabless SoC, 

detailing the methodology and considerations for creating a 

comprehensive verification environment using UVM 

(Universal Verification Methodology). 

2.1 VIPs for Ethernet with AXI Interface 
When developing VIPs for an Ethernet interface integrated with 

an AXI bus for data transfer, it is crucial to understand the 

intricacies of both protocols. Here's a detailed breakdown: 

2.1.1 Ethernet Protocol Expertise 
The Ethernet VIP must be proficient in generating valid 

Ethernet packets. This includes adhering to frame formats, 

addressing schemes, and error handling mechanisms as defined 

by the IEEE 802.3 standard. The key considerations are: 

Frame Formats: Understanding Ethernet frame structures, 

including preamble, destination and source MAC addresses, 

Ethertype, payload, and Frame Check Sequence (FCS). 

Addressing Schemes: Correctly implementing unicast, 

multicast, and broadcast addressing. 

Error Handling: Ensuring proper handling of errors like CRC 

errors and alignment errors. 

 
 2.1.2 AXI Interface Knowledge 
The VIP must also be adept with AXI (Advanced eXtensible 

Interface) transactions, which are pivotal for high-performance 

data transfer between the processor and peripherals. Key 

elements include: 

Read/Write Operations: Understanding how to initiate and 

complete read and write transactions. 

Burst Transfers: Handling different burst types (fixed, 

incrementing, and wrapping). 

Error Signalling: Managing error responses and signalling 

mechanisms within the AXI protocol. 

Handshake Mechanism: Implementing the AXI handshake 

process, including VALID/READY signals for data and address 

phases. 

2.1.3 Configurable Behaviour 

To effectively test the DUT, the VIP must be highly 

configurable. This includes: 

Ethernet Traffic Patterns: Generating various traffic patterns 

to simulate real-world network conditions. 

Packet Sizes: Creating packets of different sizes, from 

minimum to maximum Ethernet frame sizes. 
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Error Injection: Introducing errors deliberately to test the 

DUT's error handling capabilities. 

Network Conditions: Simulating diverse network scenarios 

like congestion, varying latencies, and packet loss. 

2.2 UVM for VIP Development 
Universal Verification Methodology (UVM) is widely adopted 

for creating reusable and scalable verification environments. 

UVM provides a structured approach with modular components 

that facilitate the development of VIPs. The key components 

are: 

2.2.1 Driver 
The driver generates AXI transactions and Ethernet packets 

based on user-defined configurations. It translates high-level 

test sequences into low-level protocol-specific operations, 

ensuring that all aspects of the AXI and Ethernet protocols are 

exercised. 

2.2.2 Sequencer 

The sequencer controls the sequence of transactions and 

packets sent by the driver. It ensures that the VIP can generate 

a wide range of scenarios, from typical operating conditions to 

edge cases, thereby thoroughly testing the DUT. 

2.2.3 Monitor 
The monitor captures responses from the DUT on the AXI and 

Ethernet interfaces and verifies their correctness against 

protocol specifications. It checks for compliance with IEEE 

802.3 and AXI standards, ensuring that all responses are valid. 

2.2.4 Scoreboard 
The scoreboard tracks the overall verification progress, 

monitoring coverage of different functionalities and reporting 

any errors or discrepancies. It provides a centralized location 

for collecting and analyzing verification results, ensuring 

comprehensive coverage. 

2.3 VIP Development Process 
Developing a robust VIP involves a methodical approach to 

ensure that all protocol and functional aspects are covered. 

2.3.1 Protocol Understanding 
A thorough understanding of Ethernet and AXI protocols is 

essential. This requires referencing the respective standards 

documents: IEEE 802.3 for Ethernet and AMBA specifications 

for AXI. Familiarity with these protocols ensures that the VIP 

can accurately generate and interpret transactions. 

2.3.2 VIP Architecture Definition 
Define the VIP's components and their functionalities using 

UVM concepts like sequencer, driver, monitor, and scoreboard. 

This modularity allows for flexible and reusable verification 

components. 

2.3.3 AXI Interface Integration 
Integrate the AXI interface within the driver and monitor 

components. This involves implementing the logic to handle 

AXI transactions, including the VALID/READY handshake, 

address decoding, data transfer, and error signaling. 

2.3.4 Ethernet Packet Generation 
Develop functionalities for generating valid Ethernet packets. 

This includes: 

Payload Size: Configuring different payload sizes to test the 

DUT's handling of small and large frames. 

Frame Type: Generating various Ethernet frame types, 

including standard frames, VLAN-tagged frames, and Jumbo 

frames. 

Address Fields: Configuring source and destination MAC 

addresses to test addressing logic and filtering mechanisms. 

2.3.5 Verification Sequence Development 
Create a hierarchy of sequences using the UVM sequencer. 

These sequences should represent different traffic patterns, 

error injection scenarios, and corner-case testing. Examples 

include: 

 

Random Traffic: Generating random Ethernet packets to 

simulate unpredictable network traffic. 

Error Scenarios: Introducing errors such as CRC errors, 

misaligned frames, and invalid addresses. 

Corner Cases: Testing scenarios that push the limits of the 

DUT, such as maximum frame size, minimum inter-frame gap, 

and burst transfers. 

2.3.6 Scoreboard and Coverage 
Implement a scoreboard to track verification progress. The 

scoreboard should monitor the coverage of various 

functionalities and detect errors or protocol violations. This 

involves: 

Functional Coverage: Tracking the execution of different test 

scenarios to ensure that all aspects of the protocol are tested. 

Error Detection: Identifying and reporting discrepancies 

between expected and actual DUT responses. 

Coverage Metrics: Providing metrics to quantify the 

completeness of the verification effort. 

 
Developing a VIP for an Ethernet interface with an AXI bus in 

an Open POWER processor-based fabless SoC involves 

understanding the intricacies of both protocols and employing 

a structured UVM-based approach. By ensuring protocol 

compliance, configurable behavior, and comprehensive 

coverage, the VIP can robustly validate the DUT under a variety 

of scenarios, ultimately leading to a more reliable and 

performant SoC design. This detailed methodology not only 

ensures thorough verification but also promotes the reuse and 

scalability of verification components across different projects 

and design iterations. 

 

Table 1: Key Considerations for VIP Development 
 

Feature Description 

Protocol 

Expertise 

Deep understanding of both Ethernet and 

AXI protocols 

Configurability Ability to configure traffic patterns, 

packet sizes, and error injection 

Reusability Designed for use in various Ethernet and 

AXI-based verification environments 

Scalability Adaptable to handle different traffic 

loads and design complexities 

UVM 

Compliance 

Leverages UVM components for 

modularity and scalability 

 

3. UNDERSTANDING VIP DEVELOPMENT ON 

ETHERNET PROTOCOL 

Verification IP (VIP) development plays a pivotal role in the 

design and verification process of complex system-on-chip 

(SoC) architectures. Particularly in Ethernet protocol, VIPs 

ensure that the design complies with industry standards and 

operates reliably in diverse networking environments. In the 

context of an Open POWER processor-based fabless SoC, VIP 

development involves creating robust, reusable components 

that emulate the behaviour of Ethernet interfaces, integrating 

seamlessly with the Advanced eXtensible Interface (AXI) for 

enhanced performance and scalability. 

3.1. What is VIP Development? 

VIP development refers to the creation of reusable verification 

components that simulate the behavior of specific hardware 

components or protocols. These components are integrated into 

the design verification process to test the functionality and 

compliance of the design with established standards. For 

Ethernet, VIP development involves creating detailed models 
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that represent the various aspects of the Ethernet protocol, 

including frame formats, addressing, and error handling. 

The primary objective of VIP development is to simulate real-

world scenarios and identify potential issues early in the design 

phase, thereby reducing the risk of costly errors during 

implementation. By using VIPs, engineers can verify that the 

design adheres to the required specifications and performs as 

expected under different conditions. 

3.2 Significance of Ethernet Protocol 

Ethernet is a ubiquitous networking protocol used extensively 

in local area networks (LANs) and wide area networks 

(WANs). Governed by the IEEE 802.3 standard, Ethernet 

ensures the reliable and efficient transmission of data packets 

between devices. The protocol's robustness and scalability 

make it a preferred choice for various applications, from home 

networking to enterprise and data center environments. 

 
Ethernet's significance in SoC design lies in its ability to 

provide high-speed, reliable communication between different 

components of the system. By ensuring compliance with 

Ethernet standards, designers can guarantee that their SoC will 

interoperate seamlessly with other networked devices. 

3.3. Leveraging the AXI Interface 

The AXI interface, a part of the ARM Advanced 

Microcontroller Bus Architecture (AMBA), is a high-

performance, scalable interconnect standard used in SoC 

designs. AXI facilitates efficient communication between IP 

cores, enabling high data throughput and low latency. 

 In the context of VIP development for Ethernet, utilizing the 

AXI interface provides several benefits: 

Enhanced Performance: AXI's high throughput and efficient 

data handling capabilities ensure that the Ethernet VIP can 

simulate and verify high-speed data transfers accurately. 

Flexibility: AXI's configurable nature allows it to support a 

wide range of data widths and burst lengths, making it 

adaptable to different Ethernet implementations. 

Ease of Integration: AXI's standardization and widespread use 

in SoC designs facilitate easy integration of the Ethernet VIP 

with other IP blocks, streamlining the verification process. 

3.4. VIP Development for Ethernet Protocols 

VIPs for Ethernet are software modules designed to simulate 

and verify the behavior of Ethernet interfaces. These modules 

are crucial for testing the compliance of Ethernet 

implementations with the IEEE 802.3 standard. Key 

functionalities that an Ethernet VIP must cover include: 

Frame Transmission and Reception: Ensuring that Ethernet 

frames are transmitted and received correctly, adhering to the 

specified frame formats. 

Addressing Schemes: Verifying that the VIP correctly handles 

unicast, multicast, and broadcast addresses. 

Error Handling: Simulating and detecting various error 

conditions, such as CRC errors and alignment errors, to ensure 

robust error handling in the design. 

By developing comprehensive VIPs, designers can perform 

extensive testing of the Ethernet protocol, covering typical use 

cases as well as edge cases and error scenarios. This thorough 

testing helps in identifying and rectifying potential issues 

before the design moves to the implementation stage. 

3.5. Integration of AXI Interface in VIP Development 

Integrating the AXI interface into VIP development for 

Ethernet protocols offers numerous advantages. The AXI 

interface's high performance and scalability make it an ideal 

choice for connecting IP blocks within an SoC. Key benefits of 

integrating AXI with Ethernet VIP development include: 

Improved Scalability: AXI's flexible architecture allows the 

VIP to scale with the complexity and performance requirements 

of the SoC. 

Reusability: AXI-based VIPs can be reused across different 

projects and designs, reducing development time and cost. 

Ease of Integration: AXI's standard interface simplifies the 

integration of the Ethernet VIP with other IP blocks, enabling 

seamless communication and synchronization. 

 

By leveraging the AXI protocol, VIPs can efficiently interface 

with other components of the SoC, ensuring that data transfers 

are handled smoothly and reliably. This integration is crucial 

for maintaining the overall performance and reliability of the 

SoC. 

3.6. Methodologies for VIP Development with AXI 

Interface 

Developing VIPs for Ethernet with AXI interface involves 

several key steps: 

3.6.1 Protocol Specification 

The first step in VIP development is defining the behavior and 

functionalities of the Ethernet protocol. This includes: 

Frame Formats: Specifying the structure of Ethernet frames, 

including preamble, MAC addresses, Ethertype, payload, and 

Frame Check Sequence (FCS). 

Addressing Schemes: Defining how unicast, multicast, and 

broadcast addresses are handled. 

Error Handling Mechanisms: Outlining how various errors, 

such as CRC errors and alignment errors, are detected and 

managed. 

3.6.2 Model Architecture Design 

The next step is designing the architecture of the VIP modules 

according to the AXI interface standard. This involves 

structuring the VIP components to ensure compatibility and 

interoperability with other IP blocks. Key components include: 

Driver: Generates AXI transactions and Ethernet packets based 

on the defined protocol specifications. 

Sequencer: Controls the sequence of transactions and packets 

sent by the driver, ensuring comprehensive testing of the DUT. 

Monitor: Captures responses from the DUT on the AXI and 

Ethernet interfaces, verifying their correctness against protocol 

specifications. 
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Scoreboard: Tracks the overall verification progress, 

monitoring coverage of different functionalities and reporting 

any errors or discrepancies. 

3.6.3 Implementation 

The implementation phase involves coding the VIP 

components according to the defined architecture and protocol 

specifications. This includes writing the necessary code to 

simulate Ethernet frame transmission and reception, handle 

AXI transactions, and detect and manage errors. 

3.6.4 Verification 

The final step in VIP development is verifying that the VIP 

components function correctly and comply with the specified 

protocols. This involves running various test scenarios to 

ensure that the VIP accurately simulates the behavior of the 

Ethernet interface and interacts correctly with other IP blocks 

via the AXI interface. Key activities include: 

Functional Testing: Ensuring that all defined functionalities, 

such as frame transmission, addressing, and error handling, are 

correctly implemented. 

Coverage Analysis: Monitoring the coverage of different test 

scenarios to ensure that all aspects of the protocol are tested. 

Debugging and Validation: Identifying and fixing any issues 

or discrepancies detected during testing, validating the VIP's 

accuracy and reliability. 

 

The development of Verification IPs for Ethernet in an Open 

POWER processor-based fabless SoC is a critical process that 

ensures protocol compliance and robust performance. By 

leveraging the AXI interface, designers can create scalable, 

reusable VIPs that integrate seamlessly with other IP blocks, 

enabling efficient data transfer and synchronization. The 

methodology for VIP development involves detailed protocol 

specification, model architecture design, implementation, and 

comprehensive verification, ensuring that the Ethernet interface 

operates reliably under diverse conditions. This structured 

approach not only enhances the quality and reliability of the 

SoC design but also reduces development time and costs, 

contributing to the overall success of the project. 

 

4. COMPONENTS OF VIP DEVELOPMENT ON 

ETHERNET PROTOCOL USING AXI INTERFACE 

The development of Verification IP (VIP) for Ethernet 

protocols in an Open POWER processor-based fabless SoC 

involves several key components. These components ensure 

that the Ethernet protocol implementation adheres to industry 

standards and performs reliably in diverse scenarios. This 

section elaborates on the essential components, including VIP 

modules, testbenches, stimulus generation, and compliance 

testing. 

4.1. Verification IP Modules 

Verification IP modules are pre-designed components that 

emulate the behavior of specific protocols, such as Ethernet, 

within a verification environment. These modules are integral 

to the verification process as they provide a detailed and 

accurate representation of the protocol, ensuring that the Design 

Under Test (DUT) behaves as expected. 

Key VIP Modules for Ethernet Protocol: 

Transmitter (Tx): The transmitter module generates Ethernet 

frames according to the IEEE 802.3 standard. It ensures that the 

frames include correct preamble, MAC addresses, Ethertype, 

payload, and Frame Check Sequence (FCS). This module is 

responsible for simulating various transmission scenarios, 

including unicast, multicast, and broadcast frames. 

Receiver (Rx): The receiver module captures Ethernet frames 

from the DUT and verifies their integrity and correctness. It 

checks for errors such as CRC errors, alignment errors, and 

ensures that the frames adhere to the expected formats and 

addressing schemes. 

Protocol Checkers: Protocol checkers are crucial for ensuring 

that the DUT adheres to the Ethernet protocol specifications. 

They monitor the communication between the transmitter and 

receiver, validating the correctness of frames, error handling 

mechanisms, and overall protocol compliance. 

Monitors: Monitors capture and log data from the DUT, 

providing visibility into the communication process. They help 

in analyzing the DUT's behaviour, identifying anomalies, and 

debugging issues. 

These modules collectively validate the communication 

process and data integrity, ensuring that the DUT meets the 

required Ethernet protocol standards. 

4.2. Testbenches and Stimulus Generation 

Testbenches are simulation environments designed to stimulate 

the DUT with various scenarios and stimuli to evaluate its 

functionality. A well-constructed testbench is essential for 

comprehensive verification, enabling the testing of different 

aspects of the Ethernet protocol implementation. 

Components of a Testbench: 

Environment Setup: The testbench environment includes the 

configuration of the DUT, VIP modules, and the interconnects 

(such as AXI interface). It sets up the initial conditions for the 

simulation. 

 
Stimulus Generation: Stimulus generation involves creating 

data patterns, traffic loads, and error injections to 

comprehensively verify the Ethernet protocol implementation. 

Techniques used for stimulus generation include: 

  Random Data Patterns: Generating random Ethernet frames 

to simulate real-world network traffic and stress-test the DUT. 

  Traffic Loads: Simulating different network conditions, such 

as high traffic, low traffic, and burst traffic, to evaluate the 

DUT's performance and robustness. 

  Error Injections: Introducing errors such as CRC errors, 

alignment errors, and invalid frames to test the DUT's error 

detection and handling capabilities. 

Verification Sequences: These sequences define the order and 

types of stimuli applied to the DUT. They ensure that various 

scenarios, including edge cases, are tested systematically. 

The testbench, along with stimulus generation techniques, 

provides a controlled environment for evaluating the DUT's 

adherence to the Ethernet protocol under diverse conditions. 

4.3. Compliance Testing 

Compliance testing is a critical aspect of VIP development, 

ensuring that the Ethernet protocol implementation adheres to 

industry standards and specifications set forth by organizations 
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such as the IEEE (Institute of Electrical and Electronics 

Engineers). For Ethernet, compliance with the IEEE 802.3 

standard is essential for interoperability and reliable network 

performance. 

Key Aspects of Compliance Testing: 

Protocol Adherence: Verifying that the DUT complies with 

the Ethernet protocol specifications, including frame formats, 

addressing schemes, and error handling mechanisms. 

Performance Metrics: Evaluating the DUT's performance 

against defined metrics such as throughput, latency, and jitter. 

Ensuring that the DUT meets the performance requirements for 

Ethernet communication. 

Interoperability: Testing the DUT's ability to interoperate 

with other network devices and IP blocks. Ensuring that it can 

communicate correctly in a multi-vendor environment. 

VIP development on Ethernet protocol using the AXI interface 

facilitates compliance testing through comprehensive 

verification features. By integrating the AXI interface, the VIP 

modules can simulate and validate high-speed data transfers, 

ensuring that the DUT performs reliably in real-world 

scenarios. 

 

The development of VIP for Ethernet protocols in an Open 

POWER processor-based fabless SoC involves creating 

detailed and accurate verification components that ensure 

compliance with industry standards. Key components include 

VIP modules that emulate protocol behaviour, testbenches that 

provide a controlled environment for evaluation, and stimulus 

generation techniques that test the DUT under various 

scenarios. Compliance testing ensures that the DUT adheres to 

IEEE 802.3 standards, guaranteeing reliable and interoperable 

Ethernet communication. By leveraging the AXI interface, VIP 

development achieves enhanced performance, flexibility, and 

ease of integration, contributing to the overall reliability and 

success of the SoC design. 

 

5. BENEFITS OF VIP DEVELOPMENT ON ETHERNET 

PROTOCOL 

Developing Verification IP (VIP) for Ethernet protocols in an 

Open POWER processor-based fabless system-on-chip (SoC) 

environment offers a multitude of advantages. These benefits 

enhance the overall design and verification process, ensuring a 

robust and reliable implementation. The key benefits include 

enhanced verification efficiency, scalability and reusability, 

and improved system reliability. 

5.1. Enhanced Verification Efficiency 

One of the primary advantages of VIP development is the 

significant boost in verification efficiency. VIP modules are 

pre-designed components that are specifically tailored for 

Ethernet protocol verification. They streamline the verification 

process by providing ready-to-use components, which 

significantly reduce development time and effort. 

Time Savings: With VIP modules already designed to simulate 

Ethernet protocols accurately, engineers can avoid the time-

consuming process of creating verification components from 

scratch. This allows them to focus more on testing and 

optimizing the design rather than on the verification setup itself. 

Comprehensive Testing: VIPs come with built-in 

functionalities that cover a wide range of test scenarios, 

including edge cases and error conditions. This comprehensive 

testing ensures that the design is thoroughly verified against the 

Ethernet protocol standards, leaving no stone unturned. 

Consistency: Using standardized VIP modules ensures a 

consistent approach to verification across different projects. 

This consistency is crucial for maintaining high quality and 

reliability in the verification process. 

In the context of an Open POWER processor-based fabless 

SoC, these efficiencies are particularly valuable. The 

complexity of such systems necessitates rigorous verification to 

ensure that all components interact correctly and that the overall 

system meets performance and reliability standards. 

5.2. Scalability and Reusability 

The modular nature of VIP components makes them highly 

scalable and reusable, which are critical attributes in the 

dynamic field of SoC design and verification. 

Modular Design: VIP modules are designed in a modular 

fashion, allowing them to be easily adapted and extended for 

different projects and designs. This modularity supports 

scalability, enabling the VIPs to handle increasing levels of 

complexity as the SoC design evolves. 

Reusable Components: Once a VIP for Ethernet protocol is 

developed, it can be reused across multiple projects. This 

reusability not only saves significant time and resources but 

also ensures that the verification process leverages proven and 

reliable components. 

Cost Efficiency: By reusing VIP components, companies can 

reduce the overall cost associated with the verification phase. 

This is particularly beneficial for fabless companies that need 

to optimize their resources and maintain a competitive edge. 

In the case of an Open POWER processor-based SoC, the 

ability to scale and reuse verification components ensures that 

the design process remains efficient and cost-effective, even as 

the design complexity increases. 

5.3. Improved System Reliability 

Thorough testing of the Ethernet protocol implementation using 

VIP development is crucial for enhancing the reliability and 

robustness of the system. The integration of the AXI interface 

further ensures seamless communication between VIP modules 

and the design. 

Robust Testing: VIP development enables exhaustive testing 

of the Ethernet protocol implementation, covering all possible 

scenarios including normal operation, edge cases, and error 

conditions. This robust testing helps in identifying and 

rectifying issues early in the design phase, significantly 

improving the reliability of the final product. 

AXI Interface Integration: The integration of the AXI 

interface ensures efficient data transfer and synchronization 

between VIP modules and the SoC design. This seamless 

communication is essential for maintaining high performance 

and avoiding bottlenecks that could degrade system reliability. 

Protocol Compliance: VIPs are designed to ensure that the 

implementation adheres to the Ethernet protocol standards, 

such as IEEE 802.3. Compliance with these standards is critical 

for ensuring that the SoC can interoperate with other networked 

devices and perform reliably in real-world environments. 

For an Open POWER processor-based fabless SoC, improved 

system reliability translates into a more robust and dependable 

product. This reliability is crucial for maintaining customer 

satisfaction and trust, especially in applications where 

performance and uptime are critical. 

 

VIP development for Ethernet protocols in an Open POWER 

processor-based fabless SoC offers substantial benefits that 

enhance the verification process, ensure scalability and 

reusability, and improve system reliability. By leveraging pre-
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designed, modular VIP components, engineers can streamline 

verification efforts, reuse proven components across projects, 

and thoroughly test the implementation to ensure robust 

performance. The integration of the AXI interface further 

enhances these benefits by enabling efficient communication 

and data transfer, contributing to the overall reliability and 

success of the SoC design. As a result, VIP development is a 

key strategy for achieving high-quality, compliant, and reliable 

Ethernet implementations in complex SoC environments. 

 

6. TESTBENCH ARCHITECTURE 

 
Fig: block diagram of a test bench architecture for an 

Ethernet verification IP (VIP). 

 

6.1 Let's break down the different components and how 

they interact: 

In the development of Ethernet Verification IP (VIP) for an 

Open POWER processor-based fabless SoC, a well-structured 

testbench architecture is essential. The diagram provided 

illustrates the various components and their interactions within 

the testbench environment. Each component plays a critical role 

in verifying the functionality, compliance, and performance of 

the Ethernet MAC (Media Access Control) layer within the 

design. Below, we will explore each element of the testbench 

in detail and how they contribute to a robust verification 

environment. 

6.1.1. AXI VIP 
The AXI VIP component represents the Advanced eXtensible 

Interface, a protocol used for high-performance and high-speed 

data transfers within SoCs. In this testbench architecture, the 

AXI VIP generates transactions that simulate real-world data 

transfers and interactions with the Ethernet MAC, the Design 

Under Test (DUT). 

Role and Functionality: The AXI VIP initiates read and write 

transactions to the DUT, simulating the behavior of system 

components that interact with the Ethernet MAC over the AXI 

bus. This includes generating various traffic patterns, handling 

burst transfers, and injecting errors to test the robustness of the 

DUT. 

6.1.2. Ethernet MAC (DUT) 

The Ethernet MAC is the core component under verification. It 

is responsible for handling the data link layer tasks of the 

Ethernet protocol, including frame generation, frame reception, 

error detection, and media access control. 

Role and Functionality: The DUT processes the data received 

from the AXI VIP and communicates with other components in 

the testbench. It performs critical functions such as frame 

encapsulation, transmission, and reception. The DUT's 

performance and compliance with Ethernet standards are the 

primary focus of the verification process. 

 

6.1.3. MII Slave VIP 

The Media Independent Interface (MII) slave VIP simulates the 

physical layer's behaviour of an Ethernet interface. It interacts 

with the Ethernet MAC to provide a realistic simulation of the 

Ethernet PHY (Physical Layer). 

Role and Functionality: The MII slave VIP generates and 

receives Ethernet frames, providing a controlled environment 

for testing the MAC layer's interactions with the physical layer. 

It ensures that the MAC can correctly handle the physical layer 

signals and timing requirements. 

6.1.4. PHY Tx Slave VIP and PHY Rx Master VIP 
These VIP components simulate the physical transceiver 

operations for transmission (Tx) and reception (Rx) of Ethernet 

frames. 

PHY Tx Slave VIP: Emulates the behavior of the Ethernet 

transceiver in transmitting data frames. It provides stimuli to 

the DUT for testing the MAC's transmit functionality. 

PHY Rx Master VIP: Emulates the receiving end of the 

Ethernet transceiver. It captures frames transmitted by the DUT 

and verifies their correctness and compliance with Ethernet 

standards. 

6.1.5. Monitor 
The Monitor is a crucial component that captures and logs data 

from the DUT and other VIP components. It provides visibility 

into the communication process and helps in identifying issues 

and verifying protocol compliance. 

Role and Functionality: The Monitor observes the 

transactions between the DUT and other components, capturing 

data such as transmitted and received frames, error conditions, 

and protocol-specific signals. It ensures that the DUT behaves 

as expected under various test scenarios. 

6.1.6. External Memory 
External memory in the testbench architecture is used to store 

data and configuration information required for the verification 

process. 

Role and Functionality: It interacts with the DUT via the AXI 

VIP, providing a source and sink for data during the verification 

process. This helps in simulating real-world data storage and 

retrieval scenarios, ensuring that the DUT can handle external 

memory operations correctly. 

6.1.7. Reference Model 

The reference model serves as a golden standard against which 

the DUT's behaviour is compared. It is an ideal implementation 

of the Ethernet MAC that adheres to all protocol specifications 

and standards. 

Role and Functionality: The reference model generates 

expected results for various test cases, which are then compared 

with the DUT's outputs. This comparison helps in identifying 

discrepancies and ensuring that the DUT conforms to the 

Ethernet protocol standards. 

6.1.8. Scoreboard 
The Scoreboard is a critical component for tracking the overall 

verification progress and outcomes. It collects data from the 

reference model and the DUT, comparing them to identify 

errors and protocol violations. 

Role and Functionality: It aggregates results from various test 

scenarios, monitors coverage of different functionalities, and 

reports any discrepancies. The Scoreboard provides a 

comprehensive overview of the DUT's compliance and 

performance, ensuring that all aspects of the Ethernet protocol 

are thoroughly tested. 

6.2. Detailed Flow of the Testbench Architecture 

6.2.1.Transaction Initiation: 
  The AXI VIP initiates transactions, simulating read and write 

operations to the Ethernet MAC (DUT). These transactions 

represent typical data transfers that occur within an SoC. 
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6.2.2.Data Processing: 
 The Ethernet MAC processes the incoming data, performing 

necessary protocol-specific operations such as frame 

encapsulation, error checking, and media access control. 

6.2.3.Physical Layer Simulation: 
The MII slave VIP, along with the PHY Tx and Rx VIPs, 

simulate the physical layer interactions, providing a realistic 

environment for the MAC layer to operate. They generate and 

capture Ethernet frames, ensuring proper timing and signal 

integrity. 

6.2.4.Monitoring and Logging: 
 The Monitor captures data from the interactions between the 

DUT and other components, logging information such as frame 

contents, error conditions, and protocol-specific events. This 

data is crucial for debugging and analysis. 

6.2.5.Reference Model Comparison: 
 The reference model generates expected outputs for the given 

test scenarios. The Monitor and Scoreboard compare these 

outputs with the actual outputs from the DUT, identifying any 

discrepancies or errors. 

6.2.6.Compliance and Performance Tracking: 
 The Scoreboard aggregates the results from various tests, 

tracking the DUT's compliance with the Ethernet protocol 

standards and its overall performance. It provides detailed 

reports on coverage, identifying any areas that require further 

testing or optimization. 

 

The testbench architecture for VIP development of Ethernet for 

an Open POWER processor-based fabless SoC is a 

comprehensive and robust environment designed to ensure 

thorough verification of the Ethernet MAC implementation. By 

leveraging various VIP components, including AXI VIP, MII 

slave VIP, PHY VIPs, Monitor, External Memory, Reference 

Model, and Scoreboard, the architecture provides a detailed and 

realistic simulation of the Ethernet protocol. This allows for 

extensive testing, ensuring that the DUT meets all required 

standards and performs reliably in real-world scenarios. The 

modularity and reusability of the VIP components further 

enhance the efficiency and effectiveness of the verification 

process, making it an indispensable tool in the development of 

high-quality SoC designs. 

 

7. RESULTS  
This Ethernet MAC IP receives input data via the wishbone 

interface's WDATA channel. Depending on the mode and 

speed, the gearbox and reception are then controlled in line with 

the predefined frame. Lastly, the output is viewed via the AXI 

interface's RDATA channel.   

.               Fig 1: Axi Response Signals 

 

 

 
 

Fig 2 : Packet Trasnmission and Reception 

 

8. CONCLUSION 

In conclusion, the development of Verification IP (VIP) for 

Ethernet protocols using the AXI interface signifies a 

significant leap forward in networking protocol verification. By 

seamlessly integrating VIP components with the AXI interface, 

engineers ensure the seamless operation of Ethernet protocols 

across diverse networking environments. Through systematic 

methodologies, such as testbenches and compliance testing, 

VIP development not only enhances verification efficiency but 

also fosters scalability, reusability, and system reliability in 

modern networking designs. As networking technologies 

evolve, this collaboration between Ethernet protocol and the 

AXI interface promises further innovation and efficiency, 

driving the optimization of Ethernet implementations and 

facilitating seamless communication across interconnected 

devices. 
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