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Analog to Digital Conversion

An analog-to-digital converter (ADC) is a device that converts continuous signals (analog voltage) into discrete digital values that are proportional to the magnitude of the continuous signals. The ADC is usually available as an integrated circuit. Figure 2.1 shows the electrical symbol for an analog-to-digital converter (ADC).
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Fig.2.1 – Electrical Symbol for Analog-to-Digital Converter (ADC)

The operations of an ADC can be divided into two processes, which are sampling and quantization. Sampling is done by a sample and hold circuit that will produce values at a predefined sampling interval for digitization. Quantization is a process where the analog values at discrete time intervals are converted into discrete binary values. During the quantization process, the ADC uses an integer value from a predefined and finite list of values in order to represent each of the analog samples. Each of the integer value in the list represents a fraction of the full-scale voltage range of the ADC. 

The resolution of an ADC refers to the smallest change in voltage that the ADC able to detect. It also refers to the voltage that is represented by one least significant bit (LSB) in the converted digital value. Since the ADC generates a binary output that corresponds to a fraction of its full-scale voltage range, VFSR, the full-scale voltage range will depend on the reference voltage, Vref supplied to the ADC. For bipolar operation, the VFSR will depend on two reference voltage pins on the ADC, which are Vref+ and Vref–. However, for single-ended operation, there is only one reference voltage pin on the ADC, which is Vref , while Vref– is grounded internally. Therefore, the full scale voltage is as follows:

Bipolar Operation:

VFSR = Vref+ – Vref–

Single-Ended Operation:
VFSR = Vref

Another element that determines the resolution of an ADC will be the number of bits, N for an ADC. An N-bit ADC can product 2N possible output combinations, with 2N – 1 intervals between two successive values. These values are in the range of M from 0 to 2N – 1 (unsigned integer). Therefore, the resolution of an N-bit ADC is as follows: 
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where

Q is the resolution in volts per step



VFSR is the full-scale voltage range



N is the number of bits for an ADC

For example, a 3-bit ADC with VFSR = 8 V can convert an analog input to one in eight different levels with seven intervals; the ADC voltage resolution is 8 V/8 Steps = 1000 mV/step. The converted digital output value can be interpreted by multiplying the voltage resolution with the ADC digital output value,
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The ADC digital output value refers to the Mth step of the digital signal. By referring back to the previous example, we can determine the converted voltage on the 5th step (Mth step) = 1000 mV/step X 5 = 5000 mV. This means that at the 5th step (in digital form as 101), the converted voltage at that particular level is 5 V.
Figure 2.2 shows the Analog-to-Digital Conversion module on the ME3200 Electronic Instrumentation Kit. This module consists of three main portions, which are the 8-bit ADC (ADC0804LCN), D-Type Flip-Flops/Latches (74HCT373N), and also the Digital Signal Display.
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Fig. 2.2 – Analog to Digital Conversion Module on the ME3200 Electronic Instrumentation Kit
The 8-Bit ADC converts the analog input, and outputs it as 8 bits digital signal. The D-
Type Flip-Flops latch the 8 bits data and sends the data to the LED display driver (ULN2803APG) in order to display the digital signal through the LEDs.

The LED D0 and LED D7 represent the least significant bit (LSB) and most significant bit (MSB) of the converted digital signal respectively. The LEDs are turned on (set to high) to display the particular bits for the digital signal. Figure 4.2 shows that the D-type Flip-Flops latch the converted digital signal 1101 0011, and LEDs D0, D1, D3, D6, and D7 are turned on in order to represent the digital signal.
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1. The ME3200 Electronic Instrumentation Kit requires two power supplies (+5 V and +9 V) in order to operate.

2. Turn on the power supply unit. Set the dual channel output voltages to exactly +5 V and +9 V, respectively. Set both current limits to 1.0 A. After the power supply is configured, disable all the power supply outputs. Next, connect the power supply to the ME3200 Electronic Instrumentation Kit as shown in 2.4.
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Fig. 2.4 – Connections Between the Power Supply and the ME3200 Electronic Instrumentation Kit

3. Connect the +9V of the power supply output to test points TP1 and GND to TP3 of the ME3200 Electronic Instrumentation Kit respectively.

4. Connect the +5V of the power supply output to the test points TP2 and GND to TP3 of the ME3200 Electronic Instrumentation Kit respectively.

5. Make sure that the polarities of the terminals are correctly connected. Refer to Table 2.1 to verify your connections.

Table 2.1 – Connection Between the Power Supply and the ME3200
 Electronic Instrumentation Kit

	ME3200 Electronic Instrumentation Kit
	Power Supply Unit

	+9 V Terminal, TP1
	+9V Terminal

	GND Terminal, TP3
	GND Terminal

	+5 V Terminal, TP2
	+5V Terminal

	GND Terminal, TP3
	GND Terminal


6. After the connections are verified, enable the power supply outputs. The annunciators on the display panel of the power supply should be turned on. This indicates that the power supply is providing a constant voltage supply to the ME3200 Electronic Instrumentation Kit. 

7. If the CC annunciator is on, disable the power supply output. Check if this is due to the current limit setting or a faulty connection. Refer to your lab instructor for verification.


OBS: Sinal digital mostrado pelo leds podem permanecer todos acessados ou todos apagados. Caso isso ocorra, desligar a fonte de alimentação e realimentar o circuito novamente. 

Measurement of the Digital Signal

1. Figure 4.5 shows the 8-Bit ADC (U3) and D-Type Flip-Flops/Latches (U4) on the ME3200 Electronic Instrumentation Kit. An analog input signal is fed into the input of ADC in order to perform analog to digital conversion. The converted digital signal is latched by the D-Type Flip-Flops/Latches. The signal can be latched either manually (by pressing the push button, PB2) or automatically, according to the position of the jumper J28. The latched digital signal is displayed by the LEDs as shown in Figure 2.5. The ADC can be reset by pressing the push button, PB1.
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Fig. 2.5 – ADC and D-Type Flip-Flops/Latches on the ME3200 Electronic Instrumentation Kit

2. Connect the jumper J28 to positions 1 and 2 as shown in Figure 2.6. This will allow you to latch the converted digital signal manually by pressing the push button PB2.
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Fig. 2.6 – Position of the Jumper J27

3. Connect all jumpers from J20 to J27 as shown in Figure 7 if they are not yet connected. This will allow the converted digital signal to be latched by the D-Type Flip-Flops/Latches.

4. Enable the power supply outputs.

5. Connect the red probe and black probe of function generator to the IN8 terminal (TP33) and the GND terminal (TP34) respectively as shown in Figure 2.7.
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Fig. 2.7 – Connections Between the Function Generator and the ADC

6. From the function generator, you can select the DC Volts feature and set the desired constant dc voltage as an analog signal to the ADC.

7. Calculate the voltage resolution, Q (Volt/Step) of the ADC if it is a single-ended operation with the Vref = 5 V and it is an 8-bit ADC. Record the calculated value in the appendix.

8. Press the push button, PB2 on the D-Type Flip-Flops/Latches in order to latch the digital signal and output it to the LEDs.

9. Observe and record the display of LEDs in Table 2.2. This is the converted digital signal.
10.
Complete Table 2.
Table 2.2 – Results of Measurements
	Mth  Step
	Converted Voltage, VADC (V)

(Voltage Resolution × Mth  Step)
	Converted Voltage, VADC (V)

measured In the output of the Function Generator (V)


	Displayed Digital Signal on LEDs

	
	
	
	D7
	D6
	D5
	D4
	D3
	D2
	D1
	D0

	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	1
	0.0196
	
	0
	0
	0
	0
	0
	0
	0
	1

	2
	0,0392
	
	
	
	
	
	
	
	
	

	3
	0.0588
	
	
	
	
	
	
	
	
	

	4
	0.0784
	
	
	
	
	
	
	
	
	

	5
	0.0980
	
	
	
	
	
	
	
	
	

	6
	0.1176
	
	
	
	
	
	
	
	
	

	7
	0,1372
	
	
	
	
	
	
	
	
	

	8
	0.1568
	
	
	
	
	
	
	
	
	

	9
	0,1764
	
	
	
	
	
	
	
	
	

	10
	0.1960
	
	
	
	
	
	
	
	
	

	11
	0.2156
	
	
	
	
	
	
	
	
	

	12
	0.2352
	
	
	
	
	
	
	
	
	

	13
	0.2548
	
	
	
	
	
	
	
	
	

	14
	0.2744
	
	
	
	
	
	
	
	
	

	15
	0.2940
	
	
	
	
	
	
	
	
	

	16
	0.3136
	
	
	
	
	
	
	
	
	

	32
	0.6272
	
	
	
	
	
	
	
	
	

	64
	1.2544
	
	
	
	
	
	
	
	
	

	128
	2.5098
	
	
	
	
	
	
	
	
	

	255
	4.9980
	
	
	
	
	
	
	
	
	


On (High) = 1
Off (Low) = 0



In this experiment, we will learn how to use a non-inverting gain amplifier to amplify the analog output signal from a centigrade temperature sensor (Fig. 2.8). The temperature sensor LM35 used in the ME3200 Electronic Instrumentation Kit has full-scale temperature sensitivity from 0 to 100°C and a resolution , of 10 mV per degree Celsius. In other words, the analog output voltage ranges from 0 to 1 V for temperatures between 0 and 100°C. To digitize the analog output signal using an 8-bit analog-to-digital converter with 0 to 5 V input resolution, the analog output voltage from the temperature sensor LM35 must first be scaled to five times larger than the original magnitude.
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Fig. 2.8 - Circuit Connections for the Centigrade Temperature Sensor Test

1. Connect both jumpers J1 and J2 to positions 2 and 3 to disable the Fan and the Heater.
2. Turn on the power supply unit. Set the power supply output voltage to +9 V and the current limit to 1.0 A.
3. Connect the +9V terminal of the power supply output to test points TP1 and GND to TP3 of the ME3200 Electronic Instrumentation Kit. Refer to Figure 8 for the connection diagram.
4. Set the other output voltage channel to +1 V and the current limit to 1.0 A.
5. Connect the +1V terminal of the power supply output to test points IN7 (TP28) and GND (TP29) of the ME3200 Electronic Instrumentation Kit. Refer to Figure 2.9 for the connection diagram.
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Fig. 2.9 - Non-inverting Gain Amplifier Connection

6. Adjust the potentiometer (VR2) knob to the fully clockwise position so that VR2 becomes 0 Ω, and hence, the gain factor of the amplifier becomes unity.
7. Set the digital multimeter to the voltage measurement mode. Measure the voltage at test point OUT9 (TP31). The voltage should be equal to the input voltage at IN7 (TP28), which is 1 V.
8. Slowly adjust the potentiometer (VR2) knob in counter-clockwise direction until the voltage reading at test point OUT9 (TP31) becomes 5 V. Measure the resistance of VR2 through TP27 and TP30. It should be approximately 40 kΩ.
9. Disconnect the (+) and (–) terminals of the power supply output from test point IN7 (TP28) and GND (TP29).
10. Set the voltage of the +1 V supply to +5 V and the current limit to 1.0 A.
11. Connect the (+) and (–) terminals of the +5 V power supply output to test points TP2 and TP3.
12. Connect both jumpers J1 and J2 to positions 2 and 3 to disable the Fan and the Heater.
13. Connect test point OUT5 (TP15) to test point IN7 (TP28), and test point OUT9 (TP31) to test point IN8 (TP33).

14. Connect the jumper J28 to positions 2 and 3 to enable the auto sampling mode.

15. Connect the jumper J2 to positions 1 and 2 to enable the Heater.
16. The analog output voltage from the temperature sensor LM35 is now amplified and converted to the 8-bit binary format displayed on the LEDs (D0 to D7).

17. Which LED indicates the Least Significant Bit (LSB) and the Most Significant Bit (MSB)?
18. The temperature of the Heater will keep rising and eventually saturate at a maximum level. Find its binary value and convert it to Celsius.
19. Connect the jumper J1 to the positions 1 and 2 to enable the Fan.
20. What is the temperature difference between the maximum saturated temperature with and without the Fan enabled?



In this experiment, we will extend the application of the temperature sensor LM35 to form a temperature alarm system by combining the temperature sensor with the voltage comparator and the sound buzzer (Fig. 2.10). In order to improve the sensitivity of the voltage comparator, and also to maintain the digital display of the temperature reading, the analog output voltage from the temperature sensor must first be amplified five times before it is input to the voltage comparator. The voltage comparator will trigger the buzzer circuit once the sensing temperature exceeds the preset temperature threshold.

1. Repeat the same procedure (step 1 to step 14) in Section 2.4 to set up the digital temperature sensor.

Fig. 2.10 – Temperature Alarm System
2. Disconnect the (+) and (com) terminals of the +9 V power supply output from test points TP1 and TP3.
3. Set the voltage of the +9 V supply to +3 V and the current limit to 1.0 A.
4. Connect the (+) and (com) terminals of the +3 V power supply output to test points IN9 (TP38) and GND (TP39).
5. Adjust the potentiometer (VR3) knob to the fully clockwise position.
6. Set the digital multimeter to the voltage measurement mode. Measure the voltage at test point OUT10 (TP41). The voltage at OUT10 (TP41) should be near to 0 V.
7. Slowly adjust the potentiometer (VR3) knob in the counter-clockwise direction until a sudden change of voltage reading at test point OUT10 (TP41) from 0 V to 5 V. It is recommended to repeat this step to confirm the accurate position of the potentiometer (VR3) knob.
8. Connect test point OUT10 (TP41) to IN11 (TP47). The buzzer will sound immediately.
9. Disconnect the (+) and (com) terminals of the +3 V power supply output from test points IN9 (TP38) and GND (TP39).
10. Connect the (+) and (com) terminals of the +9 V power supply output to test points TP1 and TP3.
11. Connect test point IN8 (TP33) to test point IN9 (TP38).

12. Connect the jumper J2 to the positions 1 and 2 to enable the Heater.
13. Observe the temperature reading from the LEDs (D0 to D7). The buzzer will trigger once the temperature reaches a limit. Find its binary value and convert it to Celsius.

Hint: 
You may connect jumper J1 to positions 1 and 2 to enable the Fan to cool the temperature sensor and to deactivate the buzzer.


1. Briefly explain the operation of analog to digital conversion.

2. What is the function of the D-Type Flip-Flops?

3. Explain the function of the digital output circuit and its resolution. Give two examples of a digital output circuit on the ME3200 Electronic Instrumentation Kit.

4. Suggest an application for the digital output circuit on the ME3200 Electronic Instrumentation Kit based on the observation of the experiment in Section 2.2
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