EET-225 Homework #3

Sr. Professor Wheeler

Instructions: This homework must be turned in within a flat 3-tab paper folder (no three-ring binders will be accepted). Answers must be written very neatly or typed. Use complete sentences when answering all questions. Where a problem involves a circuit, you must redraw the circuit as part of the solution, showing all indicated voltages and currents on the circuit diagram. Box or underline all final answers and show all work (see syllabus for example of homework standards).

1. Draw a diagram illustrating the construction of a bipolar junction transistor (BJT). Clearly label the electrode names. What are the two types (polarities) of BJTs?

2. Describe the function of each of the three electrodes of a BJT.

3. Explain each of the following BJT ratings. If a formula is associated with the rating, state it.

a) (DC (hFE)

b) (DC

c) VCEO

d) IC(MAX)
e) PD
f) (


g) VCE(SAT)
h) FT
4. Look up the following ratings and information for a 2N3904 NPN transistor using a databook or manufacturer's web site. Fairchild semiconductor is one manufacturer of this device (http://www.fairchildsemi.com).

a) Pin-out -- Sketch the device and show how to locate the three electrodes
b) The possible range of values for (DC (hFE) for IC = 10 mA
c) VCE(SAT)
d) IC(MAX)
e) PD
5. The circuit below uses a variable resistor to vary the base "drive" level to a NPN transistor with a (DC (hFE) of 150. Calculate the collector current that will flow for the following three conditions and plot the load line for the collector-emitter circuit.

a) R1 at minimum value

b) R1 at maximum value
c) R1 at mid value
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6. The circuit below uses a 2N3904 to switch on a small DC motor (REQUIV = 50 ( ) when momentary-contact switch S1 is depressed. Assume that hFE = 100. Diode D1 protects the transistor from the inductive transient that results when the motor is switched off, and can be ignored for this analysis.
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Note that the transistor allows a 12 volt motor to be switched by a lower voltage (5V) circuit.

a) Calculate all voltages and currents in the circuit when S1 is open (not pressed).
b) Calculate all voltages and currents when S1 is depressed.
c) What is the purpose of resistors R1 and R2?
d) Draw the load line for the collector-emitter circuit.

7. The circuit below is a solar-activated "alarm clock." Resistor R1 is a CdS photocell -- a special device with a resistance dependent upon the amount of light striking it. Q1 is a 2N3906 device with a (DC (hFE) of 100.
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The operation of the circuit is quite straightforward. Under dark conditions, R1 has a resistance of 10 M(, and transistor Q1 is kept off by R2. When sunlight strikes R1, its resistance falls to about 1K (, and a base current can then flow in Q1 through R1, which turns Q1 on, in turn supplying power to the buzzer (REQUIV = 100 Ohms).

a) Calculate all voltages and currents under both "dark" and "light" conditions.
b) Draw the load line for the collector-emitter circuit.

8. By cascading transistor stages we can get a circuit of very high sensitivity. The touch-plate in the circuit below presents an open circuit until it is touched by a finger, where it then presents a resistance between 2K and 50K( (depending on the user) to the circuit.
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The current from the touch-plate is amplified by Q1, then passed to Q2. If Q1 and Q2 both have (DC (hFE) of 100, calculate the load voltage and current if the device is touched by a person with a skin resistance of 40 K(.

9. Design a circuit utilizing a 2N3904 to switch a 12V lamp ON when the input voltage supplied to the circuit is a TTL "1" (VOH of TTL logic is 2.4 V). The lamp draws 20 mA. Assume that (DC minimum is 100, and make sure that the transistor is fully saturated.

