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SL30: Transistor Lab 1 - Digital Switch
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Name _____________________
Class ______________
Date _________


Activity SL30: Transistor Lab 1 – The NPN Transistor as a Digital Switch (Voltage Sensor)

Concept
DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

Semiconductors
SLP48 Digital Switch.DS
(See appendix)
(See appendix)

Equipment Needed
Qty
From AC/DC Electronics Lab (EM-8656)
Qty

Voltage Sensor (CI-6503)
2
Light-emitting diode (LED), red
1

Function Generator (PI-9587C)
1
Resistor, 330 Ω (orange-orange-black)
1

Patch Cord (SE-9750)
4
Resistor, 22 kΩ (red-red-orange)
1

Power Supply, 5 V DC (SE-9720)
1
Transistor, 2N 3904
1



Wire lead, 5 inch 
2

What Do You Think?

[image: image1.wmf]Using your library or the Internet, explore the following: What key aspects of the transistor aided in revitalizing Japan’s economy after WWII?

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

The purpose of this activity is to investigate how the npn transistor operates as a digital switch.

Background

The transistor is the essential ingredient of every electronic circuit, from the simplest amplifier or oscillator to the most elaborate digital computer. Integrated circuits (IC’s) which have largely replaced circuits constructed from individual transistors, are actually arrays of transistors and other components built from a single wafer-thin piece or “chip” of semiconductor material.

The transistor is a semiconductor device that includes two p-n junctions in a sandwich configuration which may be either p-n-p or, as in this activity, n-p-n. The three regions are usually called the emitter, base, and collector. 
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In a transistor circuit, the current to the base controls the current through the collector “loop”. 

The collector voltage can be considerably larger than the base voltage. Therefore, the power dissipated by the resistor may be much larger than the power supplied to the base by its voltage source. The device functions as a power amplifier (as compared to a step-up transformer, for example, which is a voltage amplifier but not a power amplifier). The output signal can have more power in it than the input signal. The extra power comes from an external source (the power supply). A transistor circuit can amplify current or voltage. The circuit can be a constant current source or a constant voltage source. 

A transistor circuit can serve as a ‘digitial’ electric switch. In a mechanical electric switch, a small amount of power is required to ‘switch on’ an electrical device (e.g., a motor) that can deliver a large amount of power. In a ‘digital’ transistor circuit, a small amount of power supplied to the base is used to “switch on” a much larger amount of power from the collector.

Here is some general information. A transistor is a three-terminal device. Voltage at a transistor terminal relative to ground is indicated by a single subscript. For example, VC is the collector voltage. Voltage between two terminals is indicated by a double subscript: VBE is the base-to-emitter voltage drop, for instance. If the same letter is repeated, it means a power-supply voltage: VCC is the positive power-supply voltage associated with the collector. 

A typical npn transistor follows these rules:

1.
The collector must be more positive than the emitter.

2.
The base-to-emitter and base-to-collector circuits behave like diodes. The base-emitter diode is normally conducting if the base is more positive than the emitter by 0.6 to 0.8 volts (the typical forward “turn on” voltage for a diode). The base-collector diode is reverse-biased.

3.
The transistor has maximum values of IC, IB, and VCE and other limits such as power dissipation (ICVCE) and temperature.

4. If rules 1 – 3 are obeyed, the current gain (or amplification) is the ratio of the collector current, IC, to the base current, IB. A small current flowing into the base controls a much larger current flowing into the collector. The ratio, called “beta”, is typically around 100. 

SAFETY REMINDERS
· Follow directions for using the equipment.


[image: image4.wmf]


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 a voltage to the collector of the transistor. Use one Voltage Sensor to measure the voltage drop (potential difference) across a resistor in series with the power supply and the collector of the transistor. Use the other Voltage Sensor to measure the output voltage from the function generator to the base of the transistor. 

Use DataStudio or ScienceWorkshop to record and display the output voltage to the base of the transistor (Vbase) and the voltage drop across the resistor in series with the collector (Vcollector). Find the value of Vbase that causes the value of Vcollector to increase from zero. In other words, determine the voltage at which the transistor ‘switches on’.

[image: image7.wmf]PART I: Computer Setup
1.
Connect the interface to the computer, turn on the interface, and turn on the computer. 

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)

SLP48 Digital Switch.DS
(See appendix)
(See appendix)

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

· Data recording is set at 200 Hz with a Start Condition for Channel, Analog B at 0.01 V and a Stop Condition at Time equal 1 second (200 samples). 

PART II: Sensor Calibration and Equipment Setup
•
You do not need to calibrate the Voltage Sensors.
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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 the 22-kΩ resistor (red, red, orange) vertically between the component springs at the left edge of the component area. 

3.
Connect the 330-Ω resistor (orange, orange, black) horizontally between the component springs to the left of top banana jack. 

4.
Carefully bend the wire leads of the red light-emitting diode (LED) so it can be mounted between component springs. Connect the LED between the component springs to the left of the 330-Ω resistor. Arrange the LED so its cathode (short lead) is to the left (away from the resistor).

5.
Connect a wire lead from the component spring at the base terminal of the transistor to the component spring at the top of the 22-kΩ resistor. 

6.
Connect another wire lead from the component spring at the collector terminal of the transistor to the component spring at the left end of the LED. 

7.
Connect a red banana plug patch cord from the positive (+) terminal of the DC power supply to the top input jack on the edge of the circuit board.

8.
Connect a black banana plug patch cord from the negative (-) terminal of the DC power supply to the component spring of the emitter terminal of the transistor

9.
Connect a red banana plug patch cord from the positive (+) output jack of the function generator to the component spring below the 22 kΩ resistor on the circuit board.[image: image10..pict]
10. Connect a black banana plug patch cord from the ground terminal of the function generator to the negative (-) terminal of the DC power supply.

11. [image: image11..pict]Put alligator clips on the banana plugs of the Channel A Voltage Sensor. Connect the red lead of the sensor to the component spring at the right end of the 330-Ω resistor and the black lead to the left end of the resistor. 

12. Connect the banana plugs of the Channel B Voltage Sensor into the output terminals of the function generator. 

PART III: Data Recording
1.
Turn on the function generator and set it to output ±1.60 V, sine waveform, at 1 Hz. 

2.
Turn on the DC power supply and adjust its voltage output to exactly +5 Volts.

3. Start recording data. 

· Hint: In DataStudio, click the Start button ([image: image5.png]


). In ScienceWorkshop, click the ‘REC’ button

· Observe the behavior of the LED. Write a description of what you observe. Recording will stop automatically at 1 second.

4.
Turn off the function generator. Turn off the DC power supply.

Analyzing the Data
•
Optional: Save your data. If a printer is available, print the Graph display.

· Remember, the Channel A voltage is Vcollector and the Channel B voltage (from the function generator) is Vbase.

1. Set up your Graph display so it fits the data.

· Hint: In DataStudio, click the ‘Scale to Fit’ button in the Graph toolbar. In ScienceWorkshop, click the ‘Autoscales button ([image: image6.png]


) to rescale the Graph. 

2. Use the Graph’s built-in analysis tool to measure the voltage to the base (Vbase) when the voltage to the collector (Vcollector) first begins to increase above zero.

· Hint: In DataStudio, click the ‘Smart Tool’. The Smart Tool is a large cross hair with an ordered pair of numbers that show the X-value and Y-value of its position. Place the Smart Tool at the point on Vbase (Voltage, ChB) that matches the point where Vcollector (Voltage, ChA) first increases above zero.
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[image: image15..pict][image: image16..pict][image: image17..pict]Hint: In ScienceWorkshop, click the ‘Smart Cursor’ button. The cursor changes to a cross hair when you move it into the display area. The X-coordinate of the cursor/cross-hair is displayed under the horizontal axis. The Y-coordinate of the cursor/cross-hair is displayed next to the vertical axis. Put the cursor at the point on the plot of Vcollector (Channel A) where the voltage first begins to increase above zero. Hold down the Shift key. While holding the Shift key, move the cursor/cross-hair vertically along the dashed line until you reach the point on the plot of Vbase (Channel B) that corresponds to the same point on the plot of Vcollector. 

3. Record the Y-coordinate of that point on the plot of Vbase.

Voltage = _________ (V)

Record your results in the Lab Report section.

Lab Report - Activity SL30: Transistor Lab 1 – The NPN Transistor as a Digital Switch

What Do You Think?

Using your library or the Internet, explore the following: What key aspects of the transistor aided in revitalizing Japan’s economy after WWII?

Data

Voltage = ________V

Questions

1. What is the behavior of the LED when the circuit is active?

2. How does the general shape of the plot for the Vbase compare to the plot of Vcollector for the transistor?

3. What is the voltage on the Vbase plot when the LED turns on (that is, when the Vcollector voltage begins to rise above zero – the ‘switch on’ voltage)? 

4. What is the relationship between the behavior of the LED and the point on the plot of Vcollector when the voltage begins to rise above zero?

Appendix for ScienceWorkshop Experiment Setup

1.
Start the ScienceWorkshop program.

2. Set up the two 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.

3. Set up a Graph display. In the Experiment Setup window, click and drag the Graph display icon to the Voltage Sensor icon under Channel A. Next, click the Add-A-Plot menu button. Select Analog B, Voltage from the menu. 

•
The Graph display should now have two plots; one for the voltage measured by the sensor in Channel A, and one for the voltage measured by the sensor in Channel B.

4.
Set the Sampling Options. Click the Sampling Options button in the Experiment Setup window to open the Sampling Options window. Set the Periodic Samples to Fast at 200 Hz. Set up a Start Condition for Channel, Analog B at 0.01 V. Set up a Stop Condition for Samples at 200. 
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Match these two points.
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