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PRACTICAL EXERCISE #6
“OPERATIONAL AMPLIFIERS I”

EE331

Fall 2012
Student A: _______________
Section: _________
Date: __________ 
Student B: _______________


Motivational Design Problem: As an engineer, you will frequently encounter situations where you must couple a sensor (measuring speed, temperature, pressure, etc.) to a processing agent (microcontroller, Digital Signal Processing board, Programmable-Logic Controller, etc.) as shown in Figure 1.  Oftentimes the output of the sensor is not optimal for direct application to your processing agent so we insert a Signal Conditioning Circuit in between.  This circuit is required, for instance, when the range of 
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 is too small or too large, or if there is an unwanted offset, or if we wish to filter out unwanted noise, or if we wish to protect the microcontroller input from an unwanted over-voltage. 

[image: image2.emf]V

Sensor

+

-

V

Cond

+

-

SENSOR

SIGNAL

CONDITIONING

CIRCUIT

MICRO-

CONTROLLER


Figure 1: Illustration of Requirement for Signal Conditioning
Let’s suppose that our problem is one of increasing the voltage range of the sensor: for example, the range of 
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 is 0-1V and we desire 0-10V at the microcontroller.  This is an “amplifier” problem which we can view in terms of establishing a given gain between input and output while satisfying the coupling requirements between elements (such as input resistance) as shown in Figure 2.  Certainly power consumption, noise, size, weight, and cost may also figure into our design considerations.
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Figure 2: Typical Signal Conditioning Circuit Problems: (a) Establishing the Required Gain; (b) Establishing the Appropriate Circuit Resistances

The operational amplifier (op-amp) offers an ideal solution to the problem (and there are many different circuit topologies, depending on your particular needs). We will investigate the LM741 op-amp whose pin out and circuit symbol are shown in Figure 3. Pin 1 is always located directly to the left of the notch in the chip or will be indicated by a dot on the top of the Dual In-line Package (DIP).
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Figure 3: 741 Op-Amp (a) Integrated Circuit Pin out and (b) Circuit Symbol

Note the 741 op-amp requires a positive and a negative DC power supply.  Typically, we use +15V and -15V.  These supplies will bias the internal transistors so that the op-amp behaves as advertised.
Problem:  Assume that we have a sensor whose output ranges from 0 to +1V and whose Thevenin output resistance is negligible. The specification for the Signal Conditioning Circuit is that its corresponding output must range between 0 and -10V, it must draw no more than 1mA of current from the sensor, and the op-amp power supplies should supply no more than 30mW of power each.  The circuit should be designed with standard 1/4W resistors (though the ones we have mounted are generally larger than that).
So, the desired circuit must be an inverting amplifier with a gain of -10 as shown in Figure 4.  The sensor current limitation will place a requirement on 
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.  The power supply specification will be explored by experimentation. 
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Figure 4: Inverting Amplifier Circuit (Including Op-Amp Power Supplies)
Step 1A: Since 
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 is the input resistance looking into the inverting amplifier configuration, calculate the smallest permissible value that will satisfy the sensor current-draw constraint (Hint: the sensor voltage ranges from 0V to 1V).  Choose the closest standard value of resistance.

STANDARD RESISTOR VALUES
(Multiply by Powers of Ten)
10
11
12
13
15
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Step 1B:  Establish the feedback resistor 
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 to achieve the required gain. Find the closest standard resistor value.  

Next we need to consider how to represent our sensor.  We need to produce a voltage source that can vary between 0V and 1V.  Unfortunately, we will be using both channels of our power supply to energize the op-amp.  Fortunately we have a +5V supply on the proto-board.  To make a variable 0-1V source, consider the circuit shown in Figure 5.  Note we have essentially created a “voltage divider” to synthesize VIN.  If RX and RY are much smaller than Ri, then the inverting amplifier will not appreciably “load” the divider circuit.
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Figure 5: Implementing the 0-1V Source with a Voltage Divider

Step 1C:  Determine a value for 
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Suppose that the inverting amplifier is disconnected from the voltage divider for a moment to simplify our analysis.  Assume that we want 
[image: image14.wmf]X

R

 to be a standard 1/4W resistor value and that we want to operate it at half of its rated power.  The worst case voltage across 
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 occurs when 
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 is set to zero.  Determine the closest standard resistor value that will work for
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.
Step 1D:  Determine the maximum setting for 
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Assuming the value of 
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 determined above and no “loading” on the divider (meaning that you may continue to treat it as a series circuit), determine the value of 
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 that will yield 1V across it. 

Step 1E:  With 
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 set to the value found above, determine the Thevenin Equivalent of the divider circuit looking back from the inverting amplifier circuit of Figure 5.  That is, looking back to the left of
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.  Note: the actual Thevenin model will change as 
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 is adjusted.
Step 1F: Is the Thevenin resistance found above at least a factor of 20 times smaller than the resistance value found for 
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?
(YES     NO)  This constraint ensures that there is no loading effect on the input circuit and it will continue to act like a purely series circuit.
If it is not, we will need to iterate the design by choosing a larger value of 
[image: image25.wmf]i

R

.  In reality, since the divider circuit is simply mimicking a constant voltage source, we can simply adjust the value of 
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 to achieve the required value of 
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 while the circuits are interconnected.

Step 2: Devise the experiment (don’t build anything yet)
· We will build the circuit on the quad board (more to follow on this) using mounted components and a variable resistor box to implement 
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· We will vary 
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 to achieve values of 
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 ranging from 0V to 1V.
· We will measure and record the corresponding output voltages to verify that the proper gain has been achieved.
· We will measure the worst-case input current and the corresponding power supply currents.
· Make any design change recommendations.
Step 3: Measure any components before assembling the circuit and note the ratings

· Measure and record the resistors that you calculated in Step 1.
· Set channels V1 and V2 of the power supply both to 15V (use the DMM)

	Component
	Nominal Value
	Measured Value
	Power or Current Rating
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Have the Instructor or Lab Tech verify your values: _________________

Step 4:  Build the Circuit on the quad board.  Some helpful notes:

· Use one node on the board as your ground.  Make sure that everything that needs to be grounded is hooked up to that node.

· In order to create + and – 15V power supplies, you need to connect the – terminal of one supply (say V1) to ground (the + terminal will then be +15V) and the + terminal of the other supply (V2) to ground (the – terminal of that supply will then be -15V).  You can also hook the + terminal of one to the – terminal of the other and then run one wire from the combo to ground.
· Pay careful attention to the mounted op-amp terminals.  Specifically, note the inverting and non-inverting input terminal locations.  In order for the inverting amplifier to work, the non-inverting input must be grounded and the sensor voltage input (from your voltage divider, going through Ri) must be connected to the inverting input.
· Use the +5V supply on the proto-board for the sensor circuit.  Make sure the ground of the proto-board is also connected to your ground node.  The proto-board power switch must be “on” to get +5V out of it.

· Make sure your voltage divider (which is modeling the sensor) is hooked up to the same ground as everything else as shown in Figure 5.

Have the Instructor or Lab Tech verify your setup: _________________

Step 5A (Student B perform, Student A verify): Perform the experiment

· Set 
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 to the nominal value that will produce an input voltage of 1V.
· Energize the bench-top power supply.  Ensure that the over-current light is not on for either channel.  If either one is on, turn the supply OFF and notify the lab tech or instructor.
· Energize the Digi-Designer Proto-Board (this turns on the +5V).
· Connect the “-” plug of the DMM (measuring DC voltage) to your ground node. With the “+” plug, confirm that the proto-board is supplying +5V, and that the bench-top power supplies are supplying +15V and -15V.  Notify the lab tech or instructor if this is not so.
· Place one DMM to measure the voltage VIN in Figure 5 and place the second DMM to measure the voltage VOUT in Figure 5.
· Re-adjust 
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 as necessary to establish 
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 precisely equal to 1.0V (as close as you can get it).  Record output voltage for this VIN in the table on the next page.
· Use the output voltage DMM to measure the voltages across 
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 and 
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 and record these in the table as well.  Note the polarities specified in Figure 5.
· Repeat the process for the remaining values of VIN as indicated in the table. Calculate the GAIN and the input current (using the measured resistance value and voltage).
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Step 5B (Student A perform, Student B verify):
· Re-set 
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; de-energize the proto-board; de-energize the power supply.
· Move the DMM used to measure the voltages above to measure the current coming out of the channel V1 power supply.  To do this, route the cable that is connecting the power supply to +Vcc on the op-amp to the “+” input of the ammeter, then connect a second cable from the “-” output of the ammeter (“LO”) to +Vcc on the op-amp.  Configure the DMM to measure DC current.
· Energize the power supply, then energize the proto-board; record the power supply current:
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· De-energize the proto-board; de-energize the power supply.
· Measure the current coming out of the channel V2 power supply.  To do this reconnect the V1 power supply as before (without running it through the ammeter).  Then route the cable that is connecting the V2 power supply to -Vcc on the op-amp to the “+” input of the ammeter, then connect a second cable from the “-” output of the ammeter (“LO”) to -Vcc on the op-amp.  Configure the DMM to measure DC current.

· Energize the power supply, then energize the proto-board; record the power supply current
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Have the Instructor verify your values: _________________

· De-Energize the proto-board and the bench-top power supply.
Step 6 (Students A and B perform together): Make any data calculations and answer follow-up questions

· Calculate the actual power delivered by each channel of the bench-top power supply (show your work):
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· If we assume that the currents into the non-inverting and inverting terminals of the op-amp are effectively zero, based on your measured power supply currents and the calculated current through 
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, show that KCL is satisfied for the condition 
[image: image53.wmf]V

V

IN

00

.

1

=

.  Use the op-amp itself as the node for the KCL equation.
· Do we satisfy the power supply constraint to supply no more than 30mW each?  If we wanted to reduce the power drawn from the power supplies even more, how could we modify our design to accomplish this without changing the amplifier gain?
Step 7: Disassemble the circuit and organize your workstation. Hand in the assignment as directed by your instructor.
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