Transistor Switch Example

	The switch is open.

Close the switch

	[image: image1.png]+10V





	There is no current to the base, so the transistor is in the cut off condition with no collector current. All the voltage drop is accoss the transistor.


Transistor Switch Example

	The switch is closed.

Open the switch
The base resistor is chosen small enough so that the base current drives the transistor into saturation. 

In this example the mechanical switch is used to produce the base current to close the transistor switch to show the principles. In practice, any voltage on the base sufficient to drive the transistor to saturation will close the switch and light the bulb. 
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Transistor Operation 

A transistor in a circuit will be in one of three conditions 

1. Cut off (no collector current), useful for switch operation. 

2. In the active region (some collector current, more than a few tenths of a volt above the emitter), useful for amplifier applications 

3. In saturation (collector a few tenths of a volt above emitter), large current useful for "switch on" applications. 
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Transistor Load Line

(Approximate for 2N2222)
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Transistor Characteristic Curves

(Approximate for 2N2222)
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Collector Current Determination 

The base-emitter voltage [image: image6.png]


can be considered to be the controlling variable in determining transistor action. The collector current is related to this voltage by the Ebers-Moll relationship (sometimes labeled the Shockley equation): 
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	where 

· T = absolute temperature 

· k = Boltzmann's constant 

· e = electron charge


The saturation current is characteristic of the particular transistor (a parameter which itself has a temperature dependence). This relationship is stable over a wide range of voltages and currents. A further useful relationship is 
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	where [image: image9.png]


can be called the current gain. The value of [image: image10.png]


is not highly dependable since it depends on [image: image11.png]


, [image: image12.png]


 and the temperature. </TD< tr>


Base-Emitter Junction Details 

Some useful "rules of thumb" which help in understanding transistor action are (from Horowitz & Hill): 

1. A base emitter voltage [image: image13.png]


 of about 0.6 v will "turn on" the base-emitter diode and that voltage changes very little, < +/- 0.1v throughout the active range of the transistor which may change base current by a factor of 10 or more. 

2. An increase in base-emitter voltage [image: image14.png]


 by about 60 mV will increase the collector current [image: image15.png]


 by about a factor of 10. 

3. The effective AC series resistance of the emitter is about 25/[image: image16.png]


 ohms. 

4. The base-emitter voltage [image: image17.png]


is temperature dependent, decreasing about 2.1 mV/C 

5. The base-emitter voltage [image: image18.png]


varies slightly with the collector-emitter voltage [image: image19.png]


at constant collector current [image: image20.png]
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. 
Transistor Action 
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More about transistor regions 

[image: image23.png]region is by far the - provide abundant majority carriers. In
ket

- . Jeonector.

[FFe Ease region 5 very thin, perhaps
tenth of  wavelength ofTighi,
Jenhancng the probability that
[tectrons will be swept across it into
e the camector.

COLLECTOR b





Collector Current 

Normal transistor action results in a collector-to-emitter current which is about 99% of the total current. The usual symbols used to express the transistor current relationships are shown. 
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The proportionality [image: image25.png]


can take values in the range 20 to 200 and is not a constant even for a given transistor. It increases for larger emitter currents because the larger number of electrons injected into the base exceeds the available holes for recombination so the fraction which recombine to produce base current delines even further.

Use of the Current Gain 

Any circuit that depends on a specific value of the current gain [image: image26.png]


is a bad circuit because that value varies for a given transistor as well as between different transistors of the same type. 
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The current gain is useful for: 

	Design of the biasing circuits
	Common Emitter
	Common Collector

	Calculation of impedances
	Common Emitter
	Common Collector


NPN Common Emitter Amplifier

This is an active graphic. Click on any component for a discussion of how its value is designed. 
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NPN Common Emitter Amplifier
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	The common emitter configuration lends itself to voltage amplification and is the most common configuration for transistor amplifiers. 


NPN Common Emitter Amplifier

This is an active graphic. Click on any component for a discussion of how its value is designed. 
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NPN Common Emitter Amplifier

This is an active graphic. Click on any component for a discussion of how its value is designed. 
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Current Source

	Once the bias is set, this circuit will supply a constant current to the load resistor RL so long as operation is withing the linear range of the transistor. 
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NPN Common Collector Amplifier

	[image: image39.png]



	NPN

	


	PNP

	


	Menu

	


	Common Emitter

	[image: image43.png]



	Common Collector

	


	Common Base


	
	[image: image45.png]



	The common collector amplifier, often called an emitter follower since its output is taken from the emitter resistor, is useful as an impedance matching device since its input impedance is much higher than its output impedance. It is also termed a "buffer" for this reason and is used in digital circuits with basic gates. 


Emitter Follower Discussion

	The common collector junction transistor amplifier is commonly called an emitter follower. The voltage gain of an emitter follower is just a little less than one since the emitter voltage is constrained at the diode drop of about 0.6 volts below the base . Its function is not voltage gain but current or power gain and impedance matching. It's input impedance is much higher than its output impedance so that a signal source does not have to work so hard. This can be seen from the fact that the base current in on the order of 100 times less that the emitter current. The low output impedance of the emitter follower matches a low impedance load and buffers the signal source from that low impedance. 
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Feedback in the Emitter Follower

The emitter follower can be seen to be an example of negative feedback when the relationship 
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is put in the form 
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which when compared to
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shows that B=1. The gain with feedback is 
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The gain of 1 can be seen as a result of all the output being fed back to the input.
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Feedback in the Common Emitter

	The input/output relationships:
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can be combined in the form
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which when compared to the form
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gives 
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	The application of negative feedback in this case with the value of B shown leads to an amplification
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which corresponds to the approximate voltage gain obtained by other approaches:
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NPN Common Collector Amplifier
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NPN Common Collector Design
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NPN Common Collector Design
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NPN Common Base Amplifier
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	This configuration is used for high frequency applications because the base separates the input and output, minimizing oscillations at high frequency. It has a high voltage gain, relatively low input impedance and high output impedance compared to the common collector. 


NPN Common Emitter Switch

	For switching currents less than an ampere, the transistor switch can be used. Instead of a mechanical switch in the base circuit, an op-amp could be used. When the switch is open, no current flows in the base so the collector current is cut off. The resistor RC must be small enough to drive the transistor to saturation so that most of the voltage Vcc appears across the load. 

In a configuration where the output is taken below the load resistor, this kind of switch can function as an inverting buffer in digital circuits. 
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NPN Emitter Follower Switch

	Though more commonly in the common emitter configuration, the emitter follower can also be used for switching. The resistor RC must be small enough to drive the transistor to saturation so that most of the voltage Vcc appears across the load. 
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