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CROSSOVER DISTORTION IN PUSH-PULL POWER AMPLIFIERS 
                                                                           

Engr. Barth. N. Chiwetalu 
 
Abstract 

Power amplifiers are required to furnish appreciable signal power to their 
loads such as loudspeakers, antennas, positioning devices, and so on. 
Because of this relatively high power level in power amplifiers, distortion 
becomes a problem due to the fact that the amplifying device parameters 
vary appreciably over the signal cycle. The paper discusses distortion, 
various causes of distortion in power amplifiers and different types of 
distortion. The basic amplification theory and principles of power amplifiers 
were explained. A brief discussion on a special type of power amplifiers (i.e. 
push- pull power amplifiers) was made. The dangerous phenomena of 
crossover distortion in push-pull power amplifiers were explained using its 
effects on unbiased push-pull power amplifiers. How crossover distortion 
can be eliminated, was given. The paper concludes by urging push-pull 
power amplifier designers to always incorporate basic circuitry in their 
power amplifier circuits so as to checkmate the ugly phenomena of 
crossover distortion. 

 
Introduction 
                 Distortion is the non-faithful reproduction of the input signal at the output of amplifiers. It 
arises as a result of non-linear characteristics of the amplifying device, and also if any attempt is made 
to obtain an excessive output from amplifiers (Chiwetalu, 2008). Because of the fact that the 
characteristics of the bipolar junction transistors (BJTs) and junction field-effect transistors (JFETs) 
are not strictly linear, the output of an amplifier contains frequencies that were not present in the input 
signals. For example, 1kHz input of sine wave, referred to as the fundamental frequency, the output 
will contain, in addition to the 1kHz, integrally related frequencies of 2,3,4,…. kHz.  These 
frequencies are called harmonics (i.e. 2kHz is second harmonic; 3kHz is the third harmonic, and so 
on). 
            Other causes of distortion in amplifiers can be from inadvertent application of positive 
feedback through wrong connection of basing resistors. This is confirmed by the positive feedback 
equation, thus: 
 
d     =    D/ ( 1-Aβ) …………………………………………….. (1) 
                                 
where: 

A= amplifier gain;  

β=feedback factor; 

d = distortion with feedback; and 

D = distortion without feedback                          

Equation (1) shows that distortion will not only occur; but will be on the increase if the 
denominator tends to zero. Also, drift, which is the shifting of Q-points with changes in temperature, 
causes distortion in amplifiers’ output waveform (Schuler, 1984). Some types of distortion, besides 
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crossover distortion, include the harmonic distortion; which is defined as the ratio of the amplitude of 
the harmonic complement to the amplitude of the fundamental frequency. For example, if the 
fundamental frequency of 1kHz has an amplitude of 10V, and the second harmonic frequency of 
2kHz has an amplitude of 0.5V; then the second harmonic distortion (D2) is (0.5) / (10) is 0.5, which 
is 5%. Another type of distortion is the intermodulation distortion. Assuming that a 1000Hz  and a 
400Hz signals are fed into an amplifier.  The output in addition to the 1000Hz and 400Hz signals, will 
contain frequencies equal to the difference (1000-400=600Hz) and to their sum  (1000+400=1400Hz). 
The sum and difference frequencies are the result of intermodulation distortion in amplifier (Kaufman 
& Seideman, 1990). The next is the amplitude distortion which is when the output waveform is 
somewhat distorted amplitude-wise with respect to the input waveform. For example, sine wave 
clipped by amplifier nonlinearities at positive and negative peaks. 

In comparison with other animals and the forces of nature, human beings are weak physically. 
However, intelligence has led to the development of device which can harness energy so that every 
little physical ability is needed to perform difficult tasks. Having the right equipment or tools, the 
average person can achieve fingertip control of an ocean liner, a large aircraft, or a speeding land 
vehicle. A tool   called an amplifier is used to augment the physical ability of human being. Such a 
device accepts an input signal and draws on an external power source to produce and output signal 
which is a desired function of the input signal. The signal maybe a voltage, a current, or some non 
electrical quantity such as pressure or velocity. The amplifying device can be a transistor, gyroscope, 
relay, or even a large electric generator (Evans, 2005). 
 

Power Source 
 
  
                                                                                                    
        
 
 
            Excitation Signal    Power output 
                       
                                                                   
                             Fig.1. Block Diagram of Power Amplifying Device 

Alley & Atwood (2001) state that the power gain of an amplifier is the ratio of the power 
delivered to the load to the power delivered to the amplifier input. An amplifier designed specifically 
for power amplification is known as power amplifier. The power amplifier usually the last stage of 
amplification in a servomechanism and is used to drive a servomotor. The power amplifier is the last 
stage of amplification in a public address system and is used to drive the voice coil 
(www.searchamplifiers.com).  

A power amplifier may use either capacitors or transformers to provide for ac coupling. 
Transformers are used more often because they block dc quiescent currents and also allow a fixed 
load impedance to be matched to that of the amplifying device. The final load of a power 
amplification system such as a motor, voice coil, or solenoid, is a very low impedance device. This 
device must be carefully matched to the amplifying device so that it will operate properly. The 
impedance matching properties of a transformer can be quantitatively given thus: 
           

Amplifying  
   Device  
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        Z2 = n2 Z1 ………………………………………………(2)            
 
where: 

        Z1= Primary   winding impedance 

        Z2= Secondary winding impedance 

        n = Transformer turns ratio 

For power amplifiers, the load resistance generally is much smaller than the dynamic 
resistance of the amplifying device. If the dynamic resistance of the amplifying device is much larger 
than the load resistance, the output voltage is very low. As a result there is a limitation on the power 
that can be delivered to the load. If the load resistance is much higher than the dynamic resistance of 
the amplifying device the output current is very low. Again, the power that can be delivered to the 
load is limited. The load must receive adequate voltage and current to deliver power. The maximum 
power that can be delivered to the load occurs when the two resistances are equal. For this reason, a 
transformer primary winding used as a load for a power amplifier must be selected so that it presents a 
load impedance that is nearly equal to the dynamic impedance of the amplifier. The transformer must 
also have a turns ratio that allows the secondary winding impedance to be similarly matched to the 
load impedance connected to the secondary. The resistive component of impedance (rather than the 
reactive component) is needed to transfer power. This means that the maximum power is delivered 
when the load resistance connected across the transformer secondary is equal to the dynamic 
resistance of the amplifying device and connected biasing resistors. 

This means that from equation (2), the transformer turns ratio(n) can be specified so that 
maximum power is transferred to the load. This occurs when  
                                                                                                        
                                             
  
 
 n        =             Rl  / Rl

/  ………………………………………….(3) 
 
where: 

RL = the actual load resistance; and  

RL
/ = the resistance needed to load the amplifying device (i.e. optimum load) so that maximum power 

is transferred. 

Two factors that are so important for other types of amplifier are used to describe the 
performance of power amplifiers: (i) power conversion efficiency and (ii) power gain or power 
output. Power gain is the output power divided by the input power. The power that is measured or 
calculated is the average ac signal power, not the dc power. In many cases, the output power is the 
only criteria specified because the input signal power is such a small amount compared to the total 
power transferred by the amplifier. Most of the power transferred comes from the dc bias supply. For 
this reason, power conversion efficiency is a more useful index of performance than the power gain. 

The power conversion efficiency (n) measures the ability of an amplifying device to convert 
the dc power of the bias supply (i.e. Vcc) into the ac power delivered to an external load. 
Mathematically, 
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n  =   (average ac signal power delivered to load) /  (dc power supply to  
                    the  amplifier) X 100% ………………………………(4)   
                                                                                                                                                     
Push-pull Power Amplifiers 

These are amplifiers that achieve amplification by ‘push-pull operation’. Push-pull operation 
is a means of developing more power output and reducing even order harmonic distortion in power 
amplifiers. This push-pull operation is achieved basically by using or connecting two transistors in 
one amplifier stage instead of one transistor in a stage. Push-pull operation is usually used in audio 
frequency power amplifiers where the main considerations are output power and conversion 
efficiency. The push-pull amplifier circuits can be transformer-coupled at input and output or 
transformerless. The transformer-couple push-pull amplifiers can be operated in the class A mode, 
class B mode, or class C mode, where the transformerless type are usually operated in the class B 
mode as complementary symmetry push-pull amplifier(Lurch, 1981). 

Since Push-pull amplifiers are a class of power amplifiers and thermal conduction and 
thermal runaway are critical factors in power amplifiers generally, then these factors  must be briefly 
discussed. Small-signal transistors rely on air convention and connecting lead conduction to remove 
heat from the transistor to the surrounding atmosphere. Therefore, heat dissipation rating based on the 
ambient temperature, usually25%c, must be reduced as the ambient temperature is increased above 
the reference temperature.                                                                  
        Power transistors (including the push-pull power transistor amplifiers) are usually 
fastened securely to a larger metal plate  or chassis which serves as a heatsink. The collect of the 
power transistor is usually connected electrically and mechanically to the transistor case. Maximum 
thermal conductivity is obtained when the transistor case is electrically and mechanically fastened to 
the heat sink. However, an insulator is usually required to electrically isolate the collector from the 
heatsink. 
  Every transistor has a maximum permissible junction temperature (Tjmax) which ranges from 
abut 85    oC  to 110   oC for germanium and about 130     oC   to 175  oC      for silicon. Thermal 
resistance OT is defined as the ratio of temperature in degrees centigrade(or Kelvin) to the power 
conducted in watts. Therefore, the junction temperature can be related to the power being dissipated,  
Pd , the thermal resistance OT and the ambient temperature ,Ta , by the following equation: 
 
 
      Tj                    =       OT Pd          +    Ta      …………………………………   (5 )                   
 

The thermal resistance OT consists of three parts, viz: (i) thermal resistance between the 
collector and the transistor case Ojc; (ii) thermal resistance between the transistor case and the heat 
sink Ocs; and (iii) thermal resistance between the heat sink and the ambient surrounding Osa. 
 Morirs (2004) observed that heat conduction  is comparable to electrical conduction. This 
means that thermal relationships exist between the transistor and its heat sink; and  thermal 
capacitance of the three parts in the thermal equivalent circuit. The thermal capacitance Cj of the 
collector junction is very small because of the mass of the transistor chip, and hence its heat capacity, 
is very small. Therefore, the thermal constant (Ojc Cj) is of the order of milliseconds. The significance 
of this time constant is that the load line can pass through the area  above the maximum dissipation 
curve provided the excessive dissipation does not continue for more than a few milliseconds. 
 The next aspect of power amplifiers that is worth giving a brief discussion is the 
troubleshooting of amplifiers. The amplifier is the basic circuit of linear electronics. Very few types of 
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electronic equipment exist that do not have at least one stage of again. It is very important for a 
technician to be skilled in amplifier troubleshooting and repair (Schuler, 1984). 
 There are many types of amplifiers. Some of the names used to describe them are dc 
amplifiers, audio amplifiers, push-pull power amplifiers, video amplifiers, RF amplifier, and 
operational amplifiers. Most of the skills and techniques used in amplifier troubleshooting are the 
same for all amplifier types. It has been found that a technician can often troubleshoot an unfamiliar 
circuit by using basic skills  developed for other circuits. When troubleshooting, remember the word 
“GOAL”, which means 
 Good troubleshooting involves 
 Observing the symptoms 
 Analyzing the possible causes: and 
 Limiting the possibilities. 
Observing the symptoms must include preliminary check of all control settings, proper connections, 
and power-supply operations. Always check the obvious as this saves precious time. Many television 
technicians have entered a customer’s home to find the set unplugged and no other difficulty. Check 
the front and rear panels to ensure that plugs are in the right jacks, speakers in the correct terminals 
and so on. If all the external preliminary checks have been made  and the unit is still not working, 
them an internal inspection must be made. Use the proper tools and follow the manufacturers’ 
procedure as spelt out in the equipment manuals.  
 
Phenomenon of Crossover Distortion and Method of  Eliminating IT 

Crossover Distortion is a phenomenon in the output voltage waveform of an unbiased push-
pull amplifier during which the waveform collapses to zero just before and after the end of a half-
cycle, thereby resulting in the distortion of output signal. This distortion occurs because there is a 
stage when the input signal voltage (which is same as bias voltage), because of its alternating nature, 
will be less than VBE which is responsible for the conduction of Q1 and Q2 transistors. Recall that this 
biased voltage (driving voltage) must never be less than VBE or else the transistor will cut-off. This 
problem can be solved by making sure that Q1 and Q2 transistors are always slightly above cut-off by 
using suitable biasing circuit arrangements (e.g. voltage-divider bias; or input coupling R-C network). 
The dangerous effect of this phenomenon on electronic systems is that the systems malfunction since 
the signal power that furnishes such devices is distorted. In fact, the systems exhibit distorted 
performances.  
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               - Fig.2. Crossover distortion in output voltage of unbiased push-pull amplifier 
Conclusion 
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  Crossover distortion has been identified as one of the major problems of push-pull power 
amplifiers. This dangerous phenomenon has been explained and ways of eliminating quite a bit of this 
distortion in push-pull circuits were stated. Its effect on electronic systems was also shown.    
  The concept of push-pull operation of amplifiers was discussed. An advantage of push-pull 
over single- ended operation is that, assuming identical transistors, all even order harmonics of 
distortion are cancelled. If the transistortors are operated as class B, conversion efficiencies as high as 
78.4% are realized. Furthermore, when the amplifier is idling, the collector dissipation in zero. 
           Push-pull amplifier circuit designers should make adequate provisions in their circuits to solve 
the problems of crossover distortion and efficiency, which are peculiar to push-pull amplifiers. 
Finally, a valuable clue when troubleshooting push-pull circuits is to use small amplitude signal since 
crossover distortion is very noticeable when the amplitude of   signal is very small. 
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