
Introduction

To design and build a Analogue to Digital
Converter (ADC) on a Field Programmable
Gate Array (FPGA) to be used for an audio
application. The Project includes:

- Finding suitable ADC implementable
FPGA.

- Program the FPGA purely using VHDL

- Develop and simulate ADC in Vivado.

- Test analogue components.

- Test system practically against the IEEE
1241-2010 standard for testing ADCs.

Development Methodology

The development methodology of this project
was based around the IEEE Standard 1076-
2019 for synthesis compatible VHDL and the
IEEE Standard 1241-2010 for Terminology
and Test Methods for Analog-to-Digital
Converters. Stages included:

- Project Requirements.

- System Architecture & Block Level Design.

- VHDL Development & Best Practices.

- Simulation and Validation.

- Hardware Integration & Testing.

- Practical Performance Testing.

- Final Review.

Final Review

Not able to test practically against IEEE 1241-2010 
standard however, 

Full FPGA system working in Vivado with post-
implementation simulation and reports showing a 
good working system.

Sample and Hold showed to be working practically 
however, not optimised.

Future work would be focused on testing the FPGA 
system in conjunction with the S&H to determine 
system performance against IEEE 1241-2010.

Also, this will lead to investigation into the DAC 
module which up to this point has not been 
thoroughly tested as full system integration was 
required.
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VHDL Development

VHDL is a Hardware Description Language (HDL) used to configure 
FPGAs. The script to the right describes the successive approximation 
register of the ADC. 

Generated separate VHDL modules for different roles (e.g. DAC) and 
combine in a hierarchal structure (see left) using VHDL’s port mapping 
technique.

VHDL structure consisted of the SAR modules and the UART modules 
which were used to transmit the SAR output to an external device.

Testbench VHDL scripts used to run simulation of the synthesisable ADC 
modules. 

Simulation & Validation

Design and Implementation

System Architecture 

The Successive Approximation Register (SAR) ADC was 
selected due to the ability to meet application requirements and 
the amount of modules that were FPGA implementable.

Works through successive approximation, working from most 
significant bit to least significant bit and comparing the 
corresponding output from the DAC with the comparator to 
determine which is greater. This then determines if it is a ‘1’ or 
‘0’.

Cannot be a purely FPGA system with components such as the 
Sample and Hold (S&H) and the comparator needing to be 
analogue. The DAC can be produced though a digital PWM 
pulse tied to a RC low pass filter.

Hardware Integration & Testing

Practical Performance Testing
Practical ADC testing against the IEEE 1241-2010 std 
was not able to take place instead the Vivado post 
implementation design reports were used to gage the 
FPGAs performance.

Below shows the power report showing low power 
consumption and low junction temperature resulting 
in no risk of overheating or leakage current.

VHDL 
Hierarchal 
Structure

S&H circuit tested 
both in simulation 
using Proteus and 
practically to show the 
circuit working.

To the right the yellow 
analogue signal 
shows the input signal  
and the blue signal is 
the S&H recreation. 

Three Types of Vivado Simulation:

- Behavioural: Direct translation of VHDL code to 
Register Transistor Logic (RTL) with no timing 
constraints

- Post-Synthesis/Implementation:

- Functional: Simulates the translation of RTL 
onto the FPGA configurable logic blocks (CLB) 
after synthesis and/or implementation. This 
synthesis process can sometimes alter the 
systems behaviour if VHDL is not robust enough

- Timing: Simulates the FPGA components with 
real world timing constraints in place.
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