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ME3200 Electronic Instrumentation and Measurement
Lab 5
Analog Signal Conditioning
This courseware product contains scholarly and technical information and is protected by copyright laws and international treaties. No part of this publication may be reproduced by any means, be it transmitted, transcribed, photocopied, stored in a retrieval system, or translated into any language in any form, without the prior written permission of Acehub Vista Sdn. Bhd.
The use of the courseware product and all other products developed and/or distributed by Acehub Vista Sdn. Bhd. are subject to the applicable License Agreement.
For further information, see the Courseware Product License Agreement.
Objectives

i) To study the operation of a bridge current amplifier 

ii) To study the operation of a non-inverting gain amplifier

iii) To study the operation of a voltage comparator
Equipment Required
i) ME3200 Electronic Instrumentation Kit

ii) Digital Multimeter, recommendation : Agilent 34405A or U2741A

iii) 50 MHz Oscilloscope or equivalent, recommendation : Agilent DSO1002A 60 MHz or U2701A

iv) 10 MHz Function Generator or equivalent, recommendation : Agilent 33220A or U2761A

v) Dual Output (+/- 12V, 0.5A) DC Power Supply, recommendation : Agilent E3631A

Note: setup instruction and basic operation of U2741A, U2761A and U2701A are provided in the appendix.

Accessories Required

i) 4 x Power supply cable with banana-to-grabber clips
ii) 1 x BNC(m)-to-grabber clips coaxial cable
iii) 5 x Jumper cable with grabber clips
iv) 1 x Antistatic wrist strap
Caution
An electrostatic discharge generated by a person or an object coming in contact with electrical components may damage or destroy the training kit. To avoid the risk of electrostatic discharge, please wear the antistatic wrist strap and observe the handling precautions and recommendations contained in the EN100015-1 standard. Do not connect or disconnect the device while it is being energized.
1. Introduction

Bridge Circuit
Resistive sensors such as resistance temperature detectors (RTD) and strain gages produce small percentage changes in resistance in response to a change in a physical variable such as temperature or force. One technique for measuring resistance is to force a constant current through the resistive sensor and measure the voltage output. This requires both an accurate current source and an accurate means of measuring the voltage.

Bridges offer an attractive alternative for measuring small resistance changes accurately. The basic Wheatstone bridge (actually developed by S. H. Christie in 1833) is shown in Figure 1. It consists of four resistors connected to form a quadrilateral, a source of excitation (voltage or current) connected across one of the diagonals, and a voltage detector connected across the other diagonal. The detector measures the difference between the outputs of two voltage dividers connected across the excitation.
[image: image1.emf]
Figure 1 – Wheatstone Bridge
A bridge measures resistance indirectly by comparison with a similar resistance. The two principal ways of operating a bridge are as a null detector or as a device that reads a difference directly as voltage.

When R1/R4 = R2/R3, the resistance bridge is at a null, irrespective of the mode of excitation (current or voltage, AC or DC), the magnitude of excitation, the mode of readout (current or voltage), or the impedance of the detector. Therefore, if the ratio of R2/R3 is fixed at K, a null is achieved when 
R1 = K·R4. If R1 is unknown and R4 is an accurately determined variable resistance, the magnitude of R1 can be found by adjusting R4 until a null is achieved. Conversely, in sensor-type measurements, R4 may be a fixed reference, and a null occurs when the magnitude of the external variable (strain, temperature, etc.) is such that R1 = K·R4.
Null measurements are principally used in feedback systems involving electromechanical, human elements, or both. Such systems seek to force the active element (strain gage, RTD, thermistor, etc.) to balance the bridge by influencing the parameter being measured.

For the majority of sensor applications employing bridges, however, the deviation of one or more resistors in a bridge, from an initial value, is measured as an indication of the magnitude (or a change) in the measured variable. In this case, the output voltage change is an indication of the resistance change. Because very small resistance changes are common, the output voltage change may be as small as tens of millivolts, even with VB = 10 V (a typical excitation voltage for a load cell application).

Amplifying Bridge Outputs

The output of a single-element varying bridge may be amplified by a single precision op-amp connected in the inverting mode as shown in Figure 2. This circuit, although simple, has poor gain accuracy and also unbalances the bridge due to loading from RF and the op-amp bias current. The RF resistors must be carefully chosen and matched to maximize the common-mode rejection (CMR). In addition, the output is nonlinear. The key redeeming feature of the circuit is that it is capable of single supply operation and requires a single op-amp. The RF resistor connected to the non-inverting input is returned to VS/2 (rather than ground) so that both positive and negative values of (R can be accommodated, and the op-amp output is referenced to VS/2.
[image: image2.emf]
Figure 2 – Using a Single Op-Amp as a Bridge for a Single-Element Varying Bridge
Non-inverting Amplifier

One of the basic configurations of an operational amplifier circuit is that of a Non-Inverting Amplifier, as shown in Figure 3. In this configuration, the input voltage signal, (Vin) is applied directly to the non-inverting (+) input terminal. This means that the output gain of the amplifier becomes "Positive" in value in contrast to the "Inverting Amplifier" circuit whose output gain is negative in value. Feedback control of the non-inverting amplifier is achieved by applying a small part of the output voltage signal back to the inverting (–) input terminal via a Rf – R2 voltage divider network; again, producing negative feedback.

[image: image3.png]



Figure 3 – Non-inverting Amplifier
This produces a Non-Inverting Amplifier circuit with very good stability, very high input impedance, Rin approaching infinity (as no current flows into the positive input terminal), and a low output impedance, Rout as shown below.
Since almost "no current flows into the input" of the amplifier, and that "V1 equals V2" because the junction of the input and feedback signal (V1) are at the same potential, the junction is a "virtual earth" summing point. Hence, the resistors, Rf and R2 form a simple voltage divider network across the amplifier and the voltage gain of the circuit is determined by the ratios of R2 and Rf, as shown in Figure 4.
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Figure 4 – Equivalent Voltage Divider Network of a Non-Inverting Amplifier
The output voltage gain of the Non-Inverting Amplifier can be summarized as follows.
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Voltage Comparator

A standard op-amp operating in an open-loop configuration (without negative feedback) can be used as a comparator, as shown in Figure 5. When the non-inverting input (V+) is at a higher voltage than the inverting input (V–), the high gain of the op-amp causes it to output the most positive voltage it can produce. When the non-inverting input (V+) drops below the inverting input (V–), the op-amp outputs the most negative voltage it can produce. Since the output voltage is limited by the supply voltage, for an op-amp that uses a balanced, split supply (powered by ± VS), this action can be written as follows:
[image: image6.png]_[Vsr Vi>V;
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where Vs is the supply voltage and the op-amp is powered by +Vs and −Vs.
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Figure 5 – Voltage Comparator
2. Bridge Current Amplifier
2.1 Photo-Resistor Measurement  

In this experiment, we will learn how to use a bridge current amplifier to measure the change of resistance in the photo-resistor (LDR1). Figure 6 shows a typical example of a bridge current amplifier, in which the resistance of the photo-resistor (LDR1) can be determined from the output voltage (VOUT) through the relationship of the known parameters in the circuit.


[image: image8]
1. Power on the ME3200 Electronic Instrumentation Kit by supplying +9 V and +5 V from the power supply unit to test points TP1 and TP2, respectively. Ensure that both current limits are set to 
1.0 A.
2. Connect test point OUT2 (TP10) to test point IN5 (TP22) with a resistor jumper, and connect test point OUT4 (TP12) to test point IN6 (TP23) with a jumper cable. Both connections are shown in Figure 7.
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3. Adjust the potentiometer (VR1) knob to the fully clockwise position. The white LED (D10) will light up in full brightness.

4. Set the digital multimeter to voltage mode. Measure and record the voltage at test point OUT8 (TP25). The voltage reading should be near to 0 V.

5. Slowly adjust the potentiometer (VR1) knob in the counter-clockwise direction until the voltage reading at test point OUT8 (TP25) increases to 0.5 V.
6. Remove both wire connections from test point OUT2 (TP10) to test point IN5 (TP22) and test point OUT4 (TP12) to test point IN6 (TP23).
7. Set the digital multimeter to the resistance measurement mode. Measure and record the resistance across the photo-resistor (LDR1).

8. Calculate the output voltage VOUT using the formula in Figure 1. Given that R11, R12, and R13 are 10 kΩ, R14 and R15 are 100 kΩ, and Vref is 5 V.
9. Compare the calculated output voltage VOUT from the measured voltage reading in step 5. Comment on their differences.

10. Repeat the same procedures (steps 5 to 9) for 1.0 V, 1.5 V, 2.0 V, 2.5 V, and 3.0 V.

11. Comment on the accuracy of measurements when the output voltage VOUT increases.

2.2 Light Detection Circuit
In this experiment, we will learn how to use the bridge current amplifier together with the voltage comparator to detect a luminance threshold by triggering a relay circuit.
1. Power on the ME3200 Electronic Instrumentation Kit by supplying +9 V and +5 V from the power supply unit to test points TP1 and TP2, respectively. Ensure both current limits are set to 1.0 A.
2. Repeat the same procedures (step 3 to step 5) in Section 2.1 to obtain the output voltage VOUT equal to 2.5 V at test point OUT8 (TP25).
3. Connect test point OUT8 (TP25) to test point IN9 (TP38).
4. Adjust the potentiometer (VR3) knob to the fully clockwise position.
5. 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.
6. Slowly adjust the potentiometer (VR3) knob in 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.
7. Observe the LED status at D8 and D9. The LED (D8) indicates the Normally Opened condition of the Relay (RL1), while the LED (D9) indicates the Normally Closed condition. The LED (D9) should be always ON when there is no voltage supply to test point IN10 (TP43).

8. Connect test point OUT10 (TP41) to IN10 (TP43). The LED (D8) will immediately turn ON, and the LED (D9) turns OFF. This is because the Relay (RL1) is triggered due to appearance of the 
5 V voltage source at test point IN10 (TP43) that originates from the voltage comparator output.
9. Slowly adjust the potentiometer (VR1) knob forward and backward from the current set position in either the clockwise or the counter-clockwise direction. It could be observed that the LED at D8 and D9 toggle between each other.
10. Comment on the above circuit behavior and explain to the lab instructor.
11. Repeat the same the procedure (step 2 to step 9) for an output voltage VOUT equal to 1.0 V, and demonstrate to the lab instructor.
3. Non-Inverting Gain Amplifier
3.1 Digital Temperature Sensor

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. 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.
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 8 for the connection diagram.
[image: image15.jpg]
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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. Find the maximum saturated temperature in 8-bit binary value and convert it to Celsius.
21. What is the temperature difference between the maximum saturated temperature with and without the Fan enabled?
3.2 Temperature Alarm System
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. 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 3.1 to set up the digital temperature sensor.

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 +9 V (3V ???) 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 +9 V (3V ???) 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.
3.3 Measurement of Signal Gain, Amplitude, and Bandwidth
In this experiment, we will use a function generator and an oscilloscope in order to verify the input and output signals of the non-inverting gain amplifier in the ME3200 Electronic Instrumentation Kit. Throughout the measurement of the signals, we should be able to observe that the output signal from the non-inverting amplifier is amplified according to the desired gain factor that we set.
1. Maintain the same position and direction for the potentiometer (VR2) as adjusted in Section 3.1 so that the gain factor of the non-inverting amplifier remains at 5.
2. Turn on the power supply unit. Set the voltage of the power supply to +9 V and the current limit to 1.0 A.
3. Complete the connections as shown in Figure 9.

[image: image10]
Figure 9 – Non-inverting Gain Amplifier Connection
4. Connect the (+) and (com) terminals of the +9 V power supply output to test points TP1 and TP3 respectively, of the ME3200 Electronic Instrumentation Kit.
5. Connect the red probe and black probe of the Agilent 33220A Function Generator to the IN7 terminal (TP28) and the GND terminal (TP29) respectively.
6. From the function generator, set the output signal as sine wave by pressing the Sine button. Set the amplitude and frequency to 1 V and 100 Hz respectively. Enable the signal from function generator.
7. Use an oscilloscope and connect Channel 1 and Channel 2 to IN7 terminal (TP28) and OUT9 terminal (TP31) respectively. Measure and compare the input signal and output signal of the non-inverting amplifier. Slowly increase the amplitude of the function generator from 1 V to 2 V with 0.2 V steps.
8. Sketch the graphs from the oscilloscope and record your observation.
Figure � SEQ Figure \* ARABIC �6� – Typical Bridge Current Amplifier Circuit
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Figure � SEQ Figure \* ARABIC �7� – Voltage Measurement of Photo-Resistor (LDR1) through�the Bridge Current Amplifier at OUT8
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Figure � SEQ Figure \* ARABIC �8� – Non-inverting Gain Amplifier Connection
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