









Section 4:
Zener Diodes, Emitter Followers, and Push-Pull Outputs




Zener Diodes:

A Zener diode is a useful component for obtaining a constant, known voltage in a circuit where the supply voltage might be unknown, changing over time, or both.

The following are the circuit symbols for a Zener diode (both are used in diagrams):
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They are similar to the symbol for a regular diode, except with extra lines added to suggest a “Z” (presumably for “Zener”).

The cathode of a Zener diode is marked in the same way as the cathode of a regular diode.

Zener diodes are similar to regular diodes in a number of respects.  The difference is when the diode is reverse biased.  When a regular diode is reverse biased, it will not conduct current.  If the reverse bias voltage gets high enough, eventually it will start conducting (this is called “breakdown”).  With a regular diode, this voltage is usually high, and when breakdown occurs, it can damage the part.  With Zener diodes, the part is designed to work in the breakdown region, and moreover, the breakdown voltage is specified with the part (i.e., you might buy a 7.2 volt Zener diode, or a 12 volt Zener diode—these are the breakdown voltages).

Because Zener diodes are useful for their breakdown characteristics, they’re usually reverse-biased when used.

The following circuit shows a typical use of a Zener diode as a provider of a fixed voltage:

[image: ]
This is similar to a voltage divider like in Section 1, but the key difference is that while the voltage produced by a voltage divider is dependent on the supply voltage, the voltage across the Zener diode is relatively independent of the supply.

To do:
· Build the Zener diode circuit above with R1=330Ω.  Know what the breakdown voltage is of your Zener diode.  Adjust the voltage supply above and below this voltage, and measure the voltage across the Zener.  Note that the voltage across the Zener diode should follow the supply voltage when the supply is below the Zener voltage, but it should be constant once the supply voltage exceeds the Zener voltage.
· Using the fact that the Zener diodes in the lab are rated at ½ Watt, figure out the maximum voltage that can be applied to the circuit.

If a circuit requires a voltage that is not an exact Zener voltage, this can be done by adding a voltage divider to the circuit:
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To do:
· Using a 6.0V or 7.2V Zener diode, choose values of R1, R2 and R3 such to obtain an output voltage of 3.0 volts, with a margin of 0.2 volts.  
· Based on your resistor choices, figure out the maximum input voltage that your circuit can work with. (Hint: the limiting factor will probably be the ½ Watt power dissipation rating of the Zener diode)
· Based on your resistor choices, figure out the minimum voltage required for your circuit to work with. (i.e., how low can the voltage go without causing the output voltage to sag?)
· Build the circuit, if you haven’t already.


Emitter Followers:

The emitter follower is a transistor topology useful for creating a current buffer.  It’s also called a “common collector” topology (other significant topologies are “common emitter” and “common base”—all of these have articles on Wikipedia).

An emitter follower is typically used when a low power, low current portion of a circuit needs to trigger the delivery of a relatively high current to some other portion of the circuit.  This is what the emitter follower was used for in Section 1.

The following diagram shows the basic NPN emitter follower circuit:
 [image: ]
The collector, base and emitter have been labeled with C, B and E for convenience.

The connection of a transistor as an emitter follower is straightforward: in the NPN case, the collector is connected to supply, the base is connected to the output of whatever is supplying the controlling signal, and the emitter is connected to the load.  As long as the input voltage Vin is less than the supply voltage Vss, the output voltage Vout will be only slightly less than the voltage Vin, but most of the current delivered by the emitter will come from the collector, and only a small fraction will come from the base.  The following diagram illustrates:

[image: ]
In the above diagram, the emitter follower is providing current to the load.  With an NPN emitter follower, the follower can only provide current, it cannot sink it.  So the following circuit would not work:

[image: ]

In order to provide a current sink, a PNP transistor must be used.  The following diagram shows the right circuit for this:
[image: ]

A PNP transistor is similar to the NPN variety, but everything is reversed; the collector is connected to ground instead of supply, current flows into the emitter instead of out, and the emitter voltage is higher than the base voltage instead of lower.  Note that with the PNP transistor, the circuit connected to the base of the transistor needs to sink current instead of source it.


The current gain of a typical transistor is somewhere in the range of 60-150.  To get higher current gain, two transistors can be used:
[image: ]
Pairs of transistors are often connected together this way to get higher gain, even in other transistor topologies.  A pair of transistors connected this way is called a Darlington pair.

To do:
· Build a circuit that is capable of running a 2.5V 0.3A light bulb from a 5 volt source.  Use a voltage divider, and a Darlington pair of NPN transistors.  The second (connected to light bulb) transistor should be medium power.  Assume the voltage drops from the bases to the emitters of the transistors to be in the 0.5V to 0.7V range (you can measure this with a voltmeter).
· Assuming that all of the current running through it is the collector-emitter current (a good approximation), compute the power dissipated in the second transistor (that is, that connected to the light bulb). (Hint: find the collector-emitter voltage)
· Redesign the circuit so that it uses PNP transistors instead of NPN ones.



The Push-Pull Output:

An NPN emitter follower can only provide a source of current to a load, and a PNP emitter follower can only sink current from a load.  Frequently it’s desirable to have an output that can either sink or source current.  In fact, the outputs of both the 741 op amp and the 555 timer can do this.  This kind of output is called a push-pull output (supposedly because you can imagine it both pushing charge out and pulling it in).

The following diagram shows a basic push-pull output stage:
[image: ]
The push-pull output is essentially a symmetrical combination of an NPN and PNP emitter follower.  The features to notice are that the two transistors’ emitters are connected to form the output, the bases are connected to form the input, and the collectors of the NPN and PNP transistor are connected to supply and ground respectively.

To do:
· Build a light-controlled circuit with a photoresistor, an electric motor, two push-pull outputs and two 741 op-amps that is capable of turning a motor clockwise when the light levels are high, and counterclockwise when the light levels are low.  



We’ll now turn to the problem of building an audio amp capable of driving a loudspeaker.

To do:
· Get an audio frequency generator and a loudspeaker.  Connect the output of the signal generator to the terminals of the loudspeaker, and turn it on.  Confirm that even at the signal generator’s maximum amplitude, the sound that comes from the speaker is barely audible.

The signal generator can’t drive the speaker; the reason is that it can’t output enough current.  The solution is to use a push-pull output stage.  The following is a schematic of what the circuit should look like:
[image: ]


The resistors R1 and R2 are used to “bias” the signal, so that the signal oscillates around the midpoint of the supply.  In this schematic, they form a voltage divider.  C1 is a “coupling” capacitor; it filters out the DC component of the push-pull output but transmits the time variant portion to the speaker.

To do:
· Build the above circuit, filling in the blocks with the appropriate circuit parts.  Use 1kΩ for R1 and R2, and choose a large value for C1 (i.e., something like 1000µF or more).  Can you hear a tone at the speaker?
· Connect an oscilloscope to the output of the push-pull portion and observe the waveform.  Experiment with changing the amplitude of the waveform generator.  Compare this to the waveform at other parts of the circuit (e.g., before the push-pull output)

What you should observe with the oscilloscope is that the waveform put out by the push-pull output isn’t quite sinusoidal, but is somewhat compressed near zero volts.  The reason for this is the difference between the voltage at the base of an emitter follower and its emitter; when the NPN transistor is active, the output is 0.5-0.7 volts lower than the input; when the PNP transistor is active, the output is 0.5-0.7 volts higher than the input.  At zero volts, one of the transistors is becoming inactive and the other is becoming active, and part of the signal is lost.  This is called crossover distortion.

It’s possible to fix the crossover distortion by adding an op-amp with feedback.  The following circuit illustrates this:
[image: ]

Here the input comes in to the non-inverting input of the op amp, and the output of the op amp is fed to the push-pull output.  The output of the push-pull is fed into the input of the op amp.

The effect is that the op amp always outputs the correct voltage to keep Vout equal to Vin.  If Vout is lower than Vin, the op amp output voltage will tend to rise until the two are equal.  If Vout is greater than Vin, the op amp output voltage will tend to fall until the two are equal.  So the op amp feedback keeps Vin and Vout the same.

To do:
· Modify the audio amp circuit built earlier, adding an op amp to the push pull amplifier.  Observe the output, and observe that the crossover distortion has gone away.
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