
Low Distortion Design ï3  
TIPL 1323
TI Precision Labs ïOp Amps

Presented by Collin Wells

Prepared by John Caldwell

Prerequisites:  Noise 1 ï3

(TIPL1311 ïTIPL1313)

Hello, and welcome to part 3 of the TI Precision Labs series on designing low 

distortion op amp circuitry.  This video will focus on sources of distortion from the 

op ampôs internal output stage.  Specifically we will look at how different internal 

topologies affect distortion, as well as how loading and clipping introduce 

distortion.
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Output Stage Topologies

ÅMost op amps use a Class-AB output 

stage configuration

ïClassic emitter follower configuration (top), 

gain = 1.

ïRail-to-rail output (bottom), gain depends on 

load resistor. 
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Output stage distortion originates in the final output block of the op amp, 

highlighted in red in this diagram.  Output stages can be categorized into two 

main configurations.  Thereôs the classic class-AB output stage, or emitter 

follower output stage, shown here in the upper right hand side.  Thereôs also the 

rail-to-rail, or common collector configuration, shown on the lower right hand 

side. 

The classic emitter follower configuration is not a rail-to-rail output stage.  The 

output stage gain in the signal path for this topology is one.  There will be a 

circuit that biases the transistors into class-AB.  The top transistor, shown in red, 

sources current into the load on the positive half cycle, and the bottom transistor, 

shown in green, sinks current during the negative half cycle.  

The function is similar for the rail to rail, common collector, output stage.  

Although now instead of the emitters being connected to the load, the transistors 

are flipped and the collectors are connected to the load.  The result is that the 

rail-to-rail output has gain that depends on the load impedance.  
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Output Stage Transfer Function
ÅThe transfer function of the output 

stage shows 3 distinct regions:

ïLarge Signal Regions (Orange)

ÅA single device conducts current from 

the power supply to the load.

ïClipping Region (Red)

ÅInsufficent VCE (VDS) drop on output 

devices to sustain load current

ïCrossover Region (Blue)

ÅBoth or neither output device 

conducting current to the load

ÅAll 3 regions will produce some type of 

distortion
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Self, D., Audio Power Amplifier Design, 6th Edition, 

Focal Press, 2013, ISBN-13: 978-0240526133

Since the output stage has its own gain, we can plot the gain versus output 

voltage.  We can use this to understand the different regions of output stage 

operation and how they each produce their own unique type of distortion.  The 

plot shown at right is typically call a wing spread plot.  These plots were 

popularized by the author Douglas Self, see the reference for more information.

The plot shown in this example is a classic emitter follower output.  The gain is 

plotted versus the output voltage of an amplifier on +/-15V supplies.  We have 

three different regions denoted by different colors.  First are the large signal 

regions shown in orange.  In each of the orange regions, only a single device, 

either the top transistor or the bottom transistor is conducting current to the load.  

The next region is the region near either supply and is shown in red.  This is the 

clipping region.  In this region there is insufficient collector to emitter voltage to 

sustain the load current.  We can see that the output stage gain starts to 

decrease in the clipping region.  

The last region is called the crossover region and is shown in blue.  In this 

region, either both, or temporarily neither, of the output transistors are 

conducting current to the load. We can see that this creates a discontinuity in 

the gain of the output stage near the zero crossing point.  So, all three of these 

regions can create some form of distortion.  In the next slide we will zoom in on 
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the large signal region, so that we can see the nonlinearity of this part of the 

curve.  The new y-axis range will go from 0.998 to 0.999 instead of 0.95 to 1.05 

as is shown here.
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Large Signal Non-Linearity
ÅMagnified Transfer Function

ÅNonlinearity from dissimilar output 

devices

ïNPN / PNP different transfer functions
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Letôs firststart with what is commonly called ñlarge signal nonlinearityò.  Here 

weôve zoomed in on the previous plot to take a closer look at the gain 

characteristic in the orange colored large signal region.  Now we can see that 

the two different large signal regions are actually quite different and are not 

symmetrical.  This is because the NPN and PNP devices are not matched and 

each device will have itôs own transfer function.  This will cause the positive half 

cycle and negative half cycle to be non-symmetrical.  This type of distortion will 

show up as an even harmonic.  Consequently, large signal nonlinearity from the 

output stage of an op amp typically generates even harmonics. 
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Identifying Large Signal Non-Linearity

ÅLarge signal non-linearity dominates 

at large output voltages

ïEven-order distortion (2nd, 4th, 6th, etc)

ï2nd Harmonic is largest

ÅFFT

ïOPA1652

ïGain: +1

ï+/-15V Supplies

ïVOUT: 8.1VRMS

ï2nd Harmonic: -128dB
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This plot shows a measured FFT plot for an OPA1652 with +/-15V supplies in a 

gain of +1.  The output signal is fairly large at 8.1Vrms, or 11.5Vpk.  Examining 

the FFT of the output, you can see that the second harmonic is by far the 

largest.  This type of result is indicative of large signal output stage distortion.  In 

general, the second harmonic will be the largest, although you may see other 

even order harmonics.
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