Volume 9, Issue 10, October — 2024
ISSN No:-2456-2165

International Journal of Innovative Science and Research Technology

https://doi.org/10.38124/ijisrt/l1JISRT240CT451

Comparative Study and Simulation of
ADC Using MATLAB/SIMULINK

Youssef. N. Amhamad!; ALMUKHTAR AHMED?
'Faculty of Technical Sciences, Sebha — Libya
2Electrical &Electronics Department Faculty of Engineering Sabratha, Sabratha University, Sabratha- Libya

Abstract:- Digital systems play an important role in
science and engineering field due to high noise
immunity,high accuracy and required less space for data
storage. And since all physical quantities are available in
analog form so we need device which convert these
guantities into digital one this device is called analog to
digital converter (ADC).In this paper we present and
simulate model for ADC using MATLAB/SIMULINK .
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l. INTRODUCTION

The majority of physical variables that are encountered
in daily life are analog in nature and can have any value
within a continuous range, such as temperature, pressure,
light intensity, audio signals, etc[1,5]. All internal operations
of digital systems are, however, carried out by digital
circuitry; any data that has to be entered into a digital system
must first be transformed into a digital format, and outputs are
always in digital format [2]. It is therefore necessary to
transfer the data from one form to another in order to interface
the analog and digital systems. Four steps must be taken in
order to convert an analog signal to a digital format:
sampling, holding, quantizing, and encoding as shown in
Figl. In this case, a sample and hold circuit (S/H) is used to
sample and hold concurrently [6]. Using a circuit known as
an analog to digital converter, the quantization and encoding
procedures are carried out concurrently.
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Fig 1. ADC Interface

A. Types of A to D Converters:

» Digital Ramp.The Schematic Diagram is Shown in Fig2
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Fig 2: Digital Ramp ADC
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Fig 3: Successive Approximation A/D
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o Slope(Integrating Type ) A to D Converter.The Schematic e Tracking Type
Diagram is Shown in Fig4
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Fig 4: Slope Type ADC S
e Delta__ Sigma A to D Converter. The Schematic Fig 7: Tracking Type ADC

Diagram is Shown Un Fig5 .
B. ADC Selection;

e The number of bits (higher number of bits better is the
resolution)

e Accuracy.

e Speed of conversion.

e Range of the input signal.

C. ADC Characteristics:

e Resolution which is the maximum number of digital
Output output codes.
e Conversion time which is the total time required to
convert the analog input signal into corresponding digital
XN output.
e Quantization error the digital output is not always the
J,- accurate representation of the analog input for instance
any input voltage between 1/8 to 2/8 of full scale will be
Fig 5: Delta__ Sigma A to D Converter converted to a digital word of 001 this approximation
process is called as quantization and the error due to the

e Flash Type.The Schematic Diag Is Shown In Fig6 guantization process is called as quantization error as
shown in fig8.

A1)
Sif

: CDutpul

H Bt !
S e frinisd = J

B-line to | Lsg S N X i
=5 o F s y= A5

R Ly |
: 1 ! =
E | = a— 3
- [P [ § __i
A ¥ h"-.._._,_;"/l I-‘l S &
i
Fig 6: Flash Type ADC Fig 8: Quantization
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e Sample and Hold Circuit

Maintaining a consistent analog input voltage during the
conversion process is essential for efficient analog to digital
conversion. The digital output code has an error if the analog
input voltage varies by more than + or - LSB. We employ a
sample and hold (S/H) circuit because it is vital to maintain
the analog input voltage value throughout the conversion
process in order to reduce the possibility of these errors. As
seen in Figure 7, the sample and hold circuit samples the input
signal value in response to the sampling command and holds
it at the output until the next instruction is received [5]. It
takes extremely little time to sample an analog input voltage.
The response of the input and output of (S/H) ) circuit is

shown in Fig 9.
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Fig 9: Sample and Hold Circuit

D. Summary of Different ADC Types Ranked From Best to Worst are Shown In Table 1:

Table 1 Summary of Different ADC Types

Rank Speed Resolution Step recovery
1 Flash Single Slpoe Flash
2 Tracking Dual slope Successive approxi.
3 Successive approxi. Counter Single Slope
4 Single slope & Counter Tracking Dual slope &Counter
5 Dual slope Successive approxi. Tracking
6 Flash

» Developed Model

e The Model is Developed using MATLAB/SIMULINK is

Shown in Fig 10:

1. SIMULATION RESULTS

The model is simulated with sampling time 0.2s and

Quantization levels 0.2,0.15,0.13 respectively and then with

sampling time 0.3s and Quantization levels 0.2,0.15,0.13
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Fig 10: ADC Model

» Sampling time 0.2S, Quantization level (0.2,0.15,0.13) Encoder al.

respectively and the results are shown below:
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Fig 11: Input Sampled Signal(0.2s)
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Fig 14: Quantizer Output (0.15)
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Fig 17: Encoder Output (1)(0.13 Qant.)
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» Sampling Time 0.3S, Quantization Level (0.2,0.15,0.13) Encoder Peak Value 1.

Fig 20: Encoder Output (1)(0.2 Qant.)
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Fig 23: Quantization Output (0.13)
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Fig 24: Encoder Output (1)(0.13)

» Sampling Time 0.3s, Quantization Level (0.2,0.15,0.13) Encoder Peak Value 2.

Fig 26: Quantization Output (0.3)
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Fig 27: Encoder Output
[71.
8].

M. SUMMARY AND CONCLUSION

In this paper study and simulation of ADC is presented.
At first define and characteristics of ADC are presented, then
different types of ADCS are compared in terms of speed,
accuracy and resolution. And then model for ADC is
developed with MATLAB/SIMULINK. Finally, this model is
simulated at different sampling rate, Quantization level
Encoder amplitude in order to show effect of change of these
parameters on output results, the output results are
outstanding and this model can be useful in teaching purpose
in order to give clear picture on operation of ADC and short
the gap between the theoretical class and practical field.
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