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Objective
The objective of this activity is to investigate the output stages (class B and 
AB) of a simple push-pull amplifier.

Background
The role of an output stage is to provide power gain. It should have high input 
impedance and low output impedance. An obvious choice for this stage is the 
emitter follower. However, in order to provide both current sourcing and sinking 
capabilities, two complementary followers are needed: an NPN type to source 
and a PNP type to sink current. The result is known as the push-pull configura-
tion—Figure 1 shows a simple example. Here R1 and R2 are used to sense the 
collector currents of Q1 and Q2, as well as to limit these currents in case of 
output overloading.

Materials
	X ADALM2000 Active Learning Module
	X Solderless breadboard
	X Jumper wires
	X Two 100 Ω resistors
	X One 2.2 kΩ resistor
	X Two 10 kΩ resistors
	X Two small signal NPN transistors (SSM2212 with matching VBE preferred)

	X Two small signal PNP transistors (SSM2220 with matching VBE preferred)

Directions
Before starting, make sure the power supplies on the ADALM2000 are turned 
off. The circuit and the connections to the lab hardware are as indicated in 
Figure 1. Oscilloscope Input 1 should be connected to the junction of Q1 and  
Q2 bases. Oscilloscope Input 2 should be connected to the junction of Q1  
and Q2 emitters.
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Figure 1. A push-pull output stage.

Hardware Setup
Channel 1 of the oscilloscope should be connected to display the output of the 
first generator, and both channels (1 and 2) should be set to display 1 V per divi-
sion. The breadboard connections are shown in Figure 2.

Procedure
The waveform generator, W1, should be configured for a 1 kHz sine wave with 
approximately 6 V amplitude peak-to-peak and 0 offset. Set the positive power 
supply (Vp) to +5 V and the negative power supply (Vn) to –5 V. Use Oscilloscope 
Channel 1 to observe the input at W1 and Oscilloscope Channel 2 to observe the 
output of the amplifier at RL. A Scopy plot example is presented in Figure 3.

https://www.analog.com
https://www.analog.com
https://www.analog.com/en/design-center/evaluation-hardware-and-software/evaluation-boards-kits/ADALM2000.html
https://ez.analog.com
https://www.youtube.com/user/AnalogDevicesInc
https://twitter.com/adi_news
https://www.linkedin.com/company/analog-devices
https://www.facebook.com/AnalogDevicesInc
https://flipboard.com/@AnalogDevices


2  StudentZone—ADALM2000 Activity: Amplifier Output Stages  

Figure 3. Push-pull output stage waveforms.

Next, apply power and adjust the waveform generator so that W1 is a 100 Hz 
triangle wave with 0 V offset and 3 V amplitude peak-to-peak. Use the oscil-
loscope in x-y mode to observe the voltage-transfer curve of the circuit.  
A Scopy XY plot example is presented in Figure 4.

Figure 4. Voltage-transfer curve.

Reducing Output Distortion 
The large amount of distortion at the zero-crossings in the basic push-pull 
stage of Figure 1 is a result of a dead zone when both the NPN and PNP emitter 
followers are off. The waveform’s dead zone at the zero-crossings is dramatically 
reduced if we pre-bias the BJTs with two VBE drops, as shown in Figure 5. Here,  
the pre-bias function is provided by diode connected NPN Q1 and PNP Q3. 
Resistors R1 and R2 provide bias current and set the idle current that flows in  
the output devices Q2 and Q4.

Directions
With the power turned off, assemble the circuit of Figure 5, keeping leads as 
short and neat as possible. NPN transistors Q1 and Q2 and PNP transistors Q3 and 
Q4 should be selected from the available devices with the best matching of VBE. 
Transistors fabricated in the same package, such as the SSM2212 or the CA3046, 
tend to match much better than individual devices.
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Figure 5. The push-pull output stage with zero-crossing distortion elimination.

If we examine, in Figure 5, the loop formed by the base emitter voltages of Q1, Q2, 
Q3, and Q4, we know that the voltage drops around the loop must sum to zero. 
Thus, if Q1 is identical to Q2 and Q3 is identical to Q4, the voltage around the loop 
will be zero only when the current in Q1 is identical to the current in Q2 and the 
current in Q3 is identical to the current in Q4. When the output is at zero volts—
that is, there is no current in RL—the input must also be at zero volts. 

Hardware Setup
Channel 1 of the oscilloscope should be connected to display the output of the 
first generator, and both channels (1 and 2) should be set to display 1 V per divi-
sion. The breadboard connections are shown in Figure 6.
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Figure 2. A push-pull output stage breadboard circuit.
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Procedure
The waveform generator, W1, should be configured for a 1 kHz sine wave with 
approximately 6.0 V amplitude peak-to-peak and 0 offset. Use Oscilloscope 
Channel 1 to observe the input at W1 and Oscilloscope Channel 2 to observe the 
output of the amplifier at RL. 

Figure 7. The push-pull output stage with zero-crossing distortion elimination waveforms.

Another Configuration 
Remembering the loop formed by the base emitter voltages of Q1, Q2, Q3, and 
Q4, we also know that the order of the voltage drops around the loop can be 
interchanged. So, if we interchange the VBE values of NPN Q1 and PNP Q3, we get 
the configuration shown in Figure 8. Some of you may recognize the combina-
tion of Q3 and Q2 as the low offset follower we discussed in the April article, 
“ADALM2000 Activity: The Emitter Follower (BJT).” The circuit uses the VBE shift-up 
of a PNP emitter follower to partially cancel the VBE shift-down of an NPN emit-
ter follower. Transistors Q1 and Q4 are simply the complement of Q3 and Q2.
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Figure 8. Emitter follower zero-crossing distortion elimination.

Hardware Setup
Channel 1 of the oscilloscope should be connected to display the output of the 
first generator, and both oscilloscope channels (1 and 2) should be set to display 
1 V per division. The breadboard connections are shown in Figure 9.

Procedure
The waveform generator, W1, should be configured for a 1 kHz sine wave with 
approximately 6 V amplitude peak-to-peak and 0 offset. Use Oscilloscope 
Channel 1 to observe the input at W1 and Oscilloscope Channel 2 to observe the 
output of the amplifier at RL. 
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Figure 6. The push-pull output stage with a zero-crossing distortion elimination breadboard circuit.
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Figure 10. Emitter follower zero-crossing distortion elimination waveforms.

Question:
	X For the circuits in Figure 5 (push-pull output stage with zero-crossing 

distortion elimination) and Figure 8 (emitter follower zero-crossing distortion 
elimination), simulate and plot the input/output transfer curve. How do they 
compare to the circuit in Figure 1?
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Figure 9. Emitter follower zero-crossing distortion elimination breadboard circuit.
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