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Analogue to Digital Converters (ADCs) [1] are used extensively in embedded system as a means to convert analogue signals into a digital format which is readable by the rest of the embedded system. An example of ADCs being used is a part the signal processing stage of a radio architecture. As electronic systems have evolved so has the demand for ADCs which can compute large binary numbers at very high frequency. 
The purpose of this project is to design a variety of ADCs [1] in VHDL ((Very High-Speed Integrated Circuit) Hardware Description Language) [2] using design tools such as Advanced Micro Devices (AMD) Vivado [3]. The designs will be initially tested in simulation using the Vivado environment. Once the designs are proved to be working in simulation they will be implemented onto a suitable Field Programmable Gate Array (FPGA), which is an Integrated Circuit (IC) where internal hardware can be re-configured using HDLs such as VHDL [2]. These then implemented FPGAs will be practically tested using measuring devices such as function generators and oscilloscopes to understand their performance up against industry standard parameters such as ‘static performance’ [4]. 
[bookmark: _GoBack]The underpinning aims of this project is to gather an understanding and compare the performance of the different ADC designs to establish the strengths and limitation of each design. The minimum this project will set out to achieve is to implement at least one working ADC onto a FPGA. The desired aim however, is to have at least two types where performances can be compared.
As FPGA architectures have matured, increased capability now exists to allow for a wider range of applications to be implemented in software. This project will be purely be undertaken using VHDL as a method to further develop a comprehensive understanding of the HDL. Using tools such as MatLab [5]are helpful when designing large systems to be implemented in VHDL however, the high-level abstraction means very little interaction of lower level VHDL which actually defines hardware. Therefore, using VHDL will offer the opportunity to optimise hardware aiming to show a wide-ranging competency in advanced hardware concepts such as Finite State Machines (FSM).
In terms of the specific comparison and ADC designs to discuss, the following types will be considered and a minimum of one but ideally two for comparison purposes, will be physically designed [1]:
· Flash,
· Single-Slope
· Dual-Slope,
· Successive-Approximation,
· Sigma-Delta,
· Pipeline.
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The literature review focused on finding types of ADC’s and applications already being used within industry. ADCs are used in numerous in embedded systems so finding an application was not difficult. For this project the following applications will be considered [6]: 
· Embedded Control System
· Mobile Wireless telecommunications i.e. 5G.
· Defence applications such as Radar.
· Audio signals
· Medical i.e. Electroencephalogram (EEG) machines.
· Robotics
· Automotive applications i.e. Engine Control Units (ECUs)
The literature review highlighted several ADCs in use that could potentially be used:
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Figure 1: Flash ADC [7]
The Flash ADC is a very high speed and large bandwidth being able to output a digital value within one clock pulse. The Flash works by comparing in the analogous voltage against a reference voltage using comparators.  Voltages greater than the reference output a high. However, the expense of speed is size. The Flash requires 2^n-1 comparators and 2^n resistors where ‘n’ is the size in bits of the ADC. This means for higher bit applications this ADC is not viable. Further disadvantages include sparkle code and higher power consumption [1] [4]. 
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Figure 2: SAR ADC [7]
The SAR ADC is one of the most widely used ADC which can perform at low power consumption, low latency and high-speed conversion however, not as fast as the Flash. Figure 2 shows a schematic of a SAR whereby an analogous signal is compared with a DAC where each bit is compared on each clock cycle starting with the most significant bit (MSB) [1] [4]. 
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Figure 4: Sigma Delta ADC [8]
This ADC is used widely in telecommunications that use audio signals. It works by using the delta modulation [8] where the difference of between two successive samples is then quantized. This method is different from the previous ADCs whereby input signals are compared against an absolute value. The Sigma Delta is a high resolution, low noise ADC but has a high latency [1] [8].
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Figure 5: Pipeline ADC [7]
The Pipeline ADC is strong performer for processing high speed signals at a high resolution with a high throughput however, due to requirement that a single bit of data takes one clock cycle results in this ADC having high latency. The latency is greater than the SAR as each bit is processed by a sample and hold circuit. This therefore results in a higher power consumption requirement for the Pipeline  [1] [7].
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Figure 5: Integrator ADC [7]
The integrator type has high resolution but is slow and requires more power consumption compared to previous ADCs. In laymen terms the ADC works by finding how long the analogue signal takes to be integrated. This ADC comes in two forms Single and Dual slope [4] [7].
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As mentioned previously the ADCs for this project will be designed in VHDL which is a HDL for Adaptive System on Chip (SoC) devices such as FPGAs. FPGAs is a type of programmable logic containing configurable logic blocks (CLBs) and programmable interconnects that allow the user to join logic blocks to create hardware logic to perform a multitude of logic tasks. VHDL is an IEEE industry standard language for programming FPGAs [2]. 
Vivado [3] is a design software for FPGAs designed by AMD [3] which offers an environment to design logic from a vast library of FPGA types in HDLs such as VHDL. Vivado [3]also offers test benching in the form of synthesis, verification/simulation and implementation tools, all of which are important to ensure the FPGA is programmed properly and efficiently. The simulation tool can offer an insight to the performance of the design offering an array of reports such a timing, power as well as a schematic to see the logic blocks and Look-up-tables (LUTs) being used. Furthermore, Vivado [3] can generate bitstreams which enables the FPGA to be programmed.
Once the design is implemented onto an FPGA it will be tested practically. The IEEE standard 1241 -2010 [6] provides terminology and test methods for ADCs. However, the standard only applies to clocked ADCs (i.e. does not apply to the Flash). Nevertheless, it will provide a great resource to ensure compliance with industry standards but also use as a reference to configure a practical test setup to test the ADCs. The standard also outlines critical ADC parameters for different ADC applications which is will be a fundamental basis to determine the ADCs success. For example: a critical parameter outlined for telecommunications is bit error rate (BER) which is something that will needed to be tested for if this application is selected [6].
As well as parameters outlined in the standard the following parameters were also found from a multitude of scientific/ engineering papers  [4] [6] [7] [9] [10]:
· Latency
· Power Consumption
· Bandwidth
· Precision
· DC -Static Performance
· Input Voltage range
· Offset Error
· Gain error
· Differential Non-linearity
· Integral non-linearity
· Total Unadjusted error (TUE)
· AC – Dynamic Performance
· Total Harmonic Distortion (THD)
· Signal-to-Ratio (SNR)
· Signal-to-Noise and distortion (SINAD)
· Spurious & free dynamic range (SFDR)
· Spurious Free Dynamic Range (SFDR)
· Multi-tone Intermodulation Distortion (Multi-Tone IMD)
· Voltage Standing Wave Ratio (VSWR)
· Effective Number of Bits (ENOB)
· Clock Jitter 
Unfortunately, not all these parameters will be able to be tested however, once an application is selected with aid of the IEEE Standard [6] the most important parameters appropriate to the application has be measured.
Some test equipment identified to be apart of the practical set up is included below. Like the test once an application is select so shall the best suited measuring devices [6] [9].
· Signal Generators
· Analogue verification
· Freq response
· Harmonic distortion characteristics of ADCs
· Can generate arbitrary waveforms
· Oscilloscope
· Analogue verification
· Digital waveform analysis
· Trig and time measurements 
· Spectrum Analysers
· Harmonic distortion
· Noise analysis
· Spurious Response 
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This project aims to loosely follow the FPGA programming steps outlined by MathWorks. MathWorks [5] outlines 7 steps to program FPGA:
1. Hardware Architecture Design.
2. Design.
3. Verification.
4. Synthesis.
5. Integration.
6. Implementation
7. Lab Testing and debugging
Figure 6 shows the initial time resource plan for the project. This will likely change as the project progresses and progress in some areas may be slower or quicker than predicted. The aim is to review this fortnightly and adjust timing resource plan, the ghant chart, monthly. This plan focuses on the engineering tasks and so does not include time for report writing, this however, will be done throughout the project. 
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Figure 6: Ghant Chart Showing Project Time Planning outline
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Independent Project Plan

Start Date	Fundimental ADC understanding	Identification FPGA types suitable for application 	Look at VHDL Test Benching as a method to improve simulation phase	Research Potenital Applications	Decide on two types of ADC to implement 	Research Practical Test set ups 	&	 source instruments required	Decide on application	Look at building ADC on breadboard to prove concept	Start VHDL coding building and testing in simulation components such as:	Start work buliding first ADC type	Test bench first ADC type	Start work on second ADC type	Test Bench second ADC type	Design Practical Test set-up 	Implement first design on FPGA	Test first design	Implement Second design on FPGA	Test second design	Collate results 	identify improvements of design and testing setup 	Identify areas to improve design for application if required	Select FPGA to implement on	Test in simulation to check performance 	Adjust Test set-up necessary	Implement first design on FPGA	Practically Test 1st ADC	Implement Second design on FPGA	Practically Test 2nd ADC	Collate results 	45594	45595	45596	45597	45598	45599	45626	45625	45601	45618	0	45624	45646	45641	45662	45663	45664	45665	45662	45686	45672	45672	45687	45682	45703	45704	45713	45714	45704	Duration	Fundimental ADC understanding	Identification FPGA types suitable for application 	Look at VHDL Test Benching as a method to improve simulation phase	Research Potenital Applications	Decide on two types of ADC to implement 	Research Practical Test set ups 	&	 source instruments required	Decide on application	Look at building ADC on breadboard to prove concept	Start VHDL coding building and testing in simulation components such as:	Start work buliding first ADC type	Test bench first ADC type	Start work on second ADC type	Test Bench second ADC type	Design Practical Test set-up 	Implement first design on FPGA	Test first design	Implement Second design on FPGA	Test second design	Collate results 	identify improvements of design and testing setup 	Identify areas to improve design for application if required	Select FPGA to implement on	Test in simulation to check performance 	Adjust Test set-up necessary	Implement first design on FPGA	Practically Test 1st ADC	Implement Second design on FPGA	Practically Test 2nd ADC	Collate results 	31	31	31	31	33	61	2	11	26	33	39	24	31	21	24	23	22	21	24	3	27	14	15	20	19	49	9	39	59	End Date	Fundimental ADC understanding	Identification FPGA types suitable for application 	Look at VHDL Test Benching as a method to improve simulation phase	Research Potenital Applications	Decide on two types of ADC to implement 	Research Practical Test set ups 	&	 source instruments required	Decide on application	Look at building ADC on breadboard to prove concept	Start VHDL coding building and testing in simulation components such as:	Start work buliding first ADC type	Test bench first ADC type	Start work on second ADC type	Test Bench second ADC type	Design Practical Test set-up 	Implement first design on FPGA	Test first design	Implement Second design on FPGA	Test second design	Collate results 	identify improvements of design and testing setup 	Identify areas to improve design for application if required	Select FPGA to implement on	Test in simulation to check performance 	Adjust Test set-up necessary	Implement first design on FPGA	Practically Test 1st ADC	Implement Second design on FPGA	Practically Test 2nd ADC	Collate results 	45625	45625	45320	45625	45627	45655	45627	45636	45627	45651	45677	45648	45677	45662	45686	45686	45686	46051	46416	45690	45698	45686	45703	45721	45721	45752	45721	45752	45762	



image3.png




image4.png




image5.png
Rest
e
Integrator {— |
Closkin comer
Vuar [ s
) L Heowal— [ [
> g Latch
st comparaor

DuiDer D:D\Dy
Digial o





image1.png
Digial
ipit





image2.png
Clockin o W] 5 ba
B .‘L ‘LEM lB; Ed{ﬁ»
san
D»ml \LDAH \LDiDiD'
Ve wwpac

Vour [

viv—{ sl 2

Comparator output




