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Name _____________________
Class ______________
Date _________


Activity SL31: Transistor Lab 3 – Common-Emitter Amplifier 
(Voltage Sensor)

Concept
DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

Semiconductors
SLP50 Common Emitter.DS
(See Appendix)
(See Appendix)

Equipment Needed
Qty
From AC/DC Electronics Lab (EM8656)
Qty

Voltage Sensor (CI-6503)
2
Capacitor, 1 microfarad (µF)
1

Function Generator (PI-9587C)
1
Capacitor, 10 microfarad (µF)
1

Patch Cord (SE-9750)
4
Resistor, 1 kΩ (brown-black-red)
4

Power Supply, 5 V DC, (SE-9720)
1
Resistor, 10 kΩ (brown-black-orange)
1



Resistor, 22 kΩ (red-red-orange)
2



Transistor, 2N 3904
1



Wire lead, 10 inch
1



Wire lead, 5 inch
4

What Do You Think?

[image: image1.wmf]Is it possible for a small semiconductor device to produce a larger output signal than the input signal supplied to it?

Take time to write an answer to this question in the Lab Report section.

The purpose of this activity is to investigate the voltage and current amplification characteristics of the npn transistor in a common-emitter amplifier circuit. 

Background
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In the npn transistor, the current flow to the base is much smaller than the current flow to the collector. This allows the transistor to be used as an amplifier. The transistor can amplify current and voltage.

If the input voltage is small enough so that it is much smaller than the forward bias on the emitter connection, the input current will encounter small impedance. The input voltage will not need to be large in order to produce sizeable currents. 

Additionally, since the output voltage across the load resistor RL is the product of the output current (collector current) and the value of RL, the output voltage can also be made large. As a result, the output voltage can be much larger than the input voltage.

The common-emitter amplifier derives its name from the fact that the base wire of the transistor and the collector wire of the transistor meet at the emitter wire; they have the emitter wire in common.

Each section of the common-emitter amplifier circuit performs a specific function. In Section 1, the Input Coupling Circuit keeps DC voltages from changing the bias circuit. The function of Section 2, the Bias Circuit, is to provide a voltage that keeps the transistor in its active region. Section 3 is the Amplifier circuit. Section 4, the Output Coupling Circuit, allows only the AC signal from the transistor to reach the load resistor so that the load resistance doesn’t affect the [image: image6..pict]operating voltage.

SAFETY REMINDERS
· Follow directions for using the equipment.
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For You To Do

Use the function generator to supply an AC voltage to the base of the npn transistor. Use the DC power supply to supply voltage to the collector of the same transistor. Use one of the Voltage Sensors to measure the voltage drop (potential difference) across the 22 kΩ resistor in the Output Coupling Circuit, which is connected to the collector of the transistor. Use the other Voltage Sensor to measure the output voltage from the function generator.

Use DataStudio or ScienceWorkshop to record and display the voltage across the resistor in the Output Coupling Circuit as well as the output voltage from the function generator. Measure the voltage going to the base of the transistor and the voltage from the collector in order to calculate the output voltage. Compare the actual output voltage to the theoretical output voltage. 

PART I: Computer Setup
1.
Connect the interface to the computer, turn on the interface, and turn on the computer. 

[image: image7..pict]2.
Connect one Voltage Sensor to Analog Channel A. Connect the other Voltage Sensor to Analog Channel B.

3.
Open the document titled as shown:


DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

SLP50 Common Emitter.DS
(See appendix)
(See appendix)

· The DataStudio document has a Workbook display. Read the instructions in the Workbook. 

· The data sampling rate is set to 10,000 Hz.

PART II: Sensor Calibration and Equipment Setup
· You do not need to calibrate the Voltage Sensors. You will need the following components:

Item
Quantity
Item
Quantity

1 kΩ resistor (brown-black-red)
4
10 µF capacitor
1

10 kΩ resistor (brown-black-orange)
1
wire lead, five inch
4

22 kΩ resistor (red-red-orange)
2
wire lead, ten inch
1

1 µF capacitor
1
2N3904 transistor
1

[image: image8..pict]1.
Insert the 2N3904 transistor into the socket on the AC/DC Electronics Lab circuit board. The transistor has a half-cylinder shape with one flat side. The socket has three holes labeled “E” (emitter), “B” (base) and “C” (collector). When held so the flat side of the transistor faces you and the wire leads point down, the left lead is the emitter, the middle lead is the base, and the right lead is the collector.

2.
Connect one five-inch wire lead from the component spring at the base terminal of the transistor to the component spring below the base terminal of the transistor. 

[image: image9..pict]3.
Connect one 1 kΩ resistor from the component spring at the bottom end of the wire lead coming from the base terminal of the transistor, to the component spring directly below (at the bottom edge of the AC/DC lab board). 

4.
Connect the wire at the negative end of the 1-µF capacitor to the same component spring at the bottom edge of the AC/DC lab board. Do not connect the other wire lead of the capacitor to anything.

•
NOTE: The negative end of the 1-µF capacitor has a small round bump.
[image: image2.wmf]

5.
Connect one five inch wire lead from the component spring next to the emitter terminal of the transistor to the component spring at the top left corner of the component area of the AC/DC Electronics Lab circuit board. 

6.
Connect one 1 kΩ resistor from the component spring at the top left corner of the component area and the component spring directly below.

7.
Connect one five-inch wire lead from the component spring next to the collector terminal of the transistor to the component spring to the right and slightly below. 

8.
Connect one 1-kΩ resistor from the component spring at the end of the wire lead from the collector terminal, to the component spring below and slightly to the right of the component spring at the end of the wire lead from the collector terminal.

9.
Connect one 1 kΩ resistor from the component sprint to the right of the top banana jack, to the component spring directly to the left of the first component spring.

10.
Connect a red banana plug patch cord from the positive (+) terminal of the DC power supply to the top banana jack on the AC/DC lab board.

11.
Connect a black banana plug patch cord from the negative (-) terminal of the DC power supply to the bottom banana jack on the AC/DC lab board.

12.
Connect the ten inch wire lead from the component spring next to the bottom banana jack to the component spring at the bottom end of the 1 kΩ resistor that is connected to the emitter terminal of the transistor.

13.
Find the component spring at the end of the wire lead that is connected to the component spring at the base terminal of the transistor. Connect the 10-kΩ resistor from the component spring at the end of the wire lead to a component spring at the bottom left corner of the board.

•
NOTE: You can connect one end of the 10 kΩ resistor to the same component spring that holds one end of the ten inch wire lead.

14.
Return to the component spring that is at the end of the wire lead connected to the base terminal of the transistor. Connect one 22 kΩ resistor from the component spring at the end of the wire lead to the component spring that is to the right and below (at the edge of the AC/DC lab board).

15.
Connect one five-inch wire lead from the component spring at the end of the 22-kΩ resistor to a component spring next to the top banana jack. 

16.
Put an alligator clip on one end of a red banana plug patch cord. Connect the alligator clip to the wire at the end of the 1 µF capacitor. Connect the other end of the patch cord to the positive (+) terminal of the function generator.

17.
Connect a black banana plug patch cord from the ground terminal of the function generator to the negative terminal of the DC power supply.

18.
Put alligator clips on the banana plugs of the Voltage Sensor. Connect the alligator clip of the black wire of the Voltage Sensor to the component spring next to the bottom banana jack at the lower right corner of the AC/DC board. 

19.
Twist the wire from the negative end of the 10-µF capacitor together with the wire at one end of one 22-kΩ resistor.

•
NOTE: The negative end of the 10-µF capacitor has a slight bump. The positive end has an indentation around it. There is a band on the side of the capacitor with arrows that point to the negative end.
[image: image3.wmf]

20.
Connect the wire from the positive end of the 10-µF capacitor to the component spring at one end of the wire lead connected to the collector terminal of the transistor. Connect the wire from the 22-kΩ resistor to a component spring next to the bottom banana jack at the lower right corner of the AC/DC lab board.

21.
Carefully connect the alligator clip of the red wire of the Voltage Sensor to the twisted wires of the 10-µF capacitor and the 22-kΩ resistor.

PART III: Data Recording
1. Start monitoring data. (Hint: In DataStudio, click the ‘Start’ button ([image: image4.png]


). In ScienceWorkshop, click the ‘MON’ button to begin monitoring data.)

2.
Turn on the function generator. Set the frequency to 300 Hz. Set the waveform to “sine”. Increase the output voltage (amplitude) until the trace of voltage on the Scope display shows an amplitude of 0.20 volts.

3.
Turn on the DC power supply and adjust its voltage output to exactly +5 volts.

· [image: image10.png]@ -
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Observe the trace of voltage going to the base terminal of the transistor from the function generator (the trace for Channel B). Compare this trace to the trace of voltage measured by the Voltage Sensor connected to Channel A.

4. Measure the voltages. Use the built-in analysis tools in the Scope display. (Hint: In DataStudio, click the ‘Smart Tool’ button. In ScienceWorkshop, click the ‘Smart Cursor’ button. This will stop data monitoring temporarily.)
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Move the analysis tool (‘Smart Tool’ or ‘Smart Cursor’) to the first peak of the trace for the voltage from the function generator (Channel B). Record the voltage value for the peak. (Hint: In DataStudio, the voltage is the second number in the ordered pair. In ScienceWorkshop, the voltage is displayed next to the sensitivity controls (v/div)).
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Move the cursor/cross-hair to the first peak of the trace for the voltage for Channel A (directly below the peak of the Channel B trace). Record the voltage value for the peak.

5.
Click the ‘STOP’ button to end data monitoring.

6.
Turn off the function generator. Turn off the DC power supply.

Record your results in the Lab Report section.

Lab Report - Activity SL31: Transistor Lab 3 – Common-Emitter Amplifier

What Do You Think?

Is it possible for a small semiconductor device to produce a larger output signal than the input signal supplied to it?

Data

Voltage (peak) of B
= ________ V

Voltage (peak) of A
= ________ V

Analyzing the Data
1.
Use the values you recorded to calculate the ratio of input voltage (Voltage of B) to output voltage (Voltage of A).



 = ___________

2.
Calculate the theoretical output voltage as follows:



 = ____________

where RC is the value of the resistor in series with the collector terminal (2 kΩ), and RE is the value of the resistor in series with the emitter terminal (1 kΩ). Calculate the theoretical output voltage for the common-emitter amplifier.

Questions

1.
What is the phase relationship between the input signal and the output signal?

2. How does the actual output voltage compare to the theoretical value? 
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 Appendix for ScienceWorkshop Experiment Setup

1.
Start the ScienceWorkshop program.

2.
Set up the Voltage Sensors. In the Experiment Setup window, click and drag the analog sensor plug icon to Analog Channel A. Select Voltage Sensor from the list of sensors and click OK. Repeat the process. Click and drag the plug icon to Analog Channel B and select Voltage Sensor. Click OK.

[image: image16..pict]3.
Set up a Scope display. In the Experiment Setup window, click and drag the Scope display icon to the Voltage Sensor icon under Channel B. (NOTE: This allows the Scope to “trigger” on the output from the function generator.)

· Minimize the Experiment Setup window so it is out of the way.

4.
Set the second input for the Scope display. Click the Input Menu button for the middle trace. Select Analog A from the Input Menu.

[image: image17..pict]5.
Set the sweep speed for the Scope display. Click the right Sweep Speed button to adjust the sweep speed to 1.00 ms/div (10000 samp/s). 

· [image: image18..pict]Set the sensitivity for the Scope display. Click the top V/div button to adjust the sensitivity to 0.200 V/div for both Channel B and Channel A.
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