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Summary 
The 1kHz square wave is a test to investigate quickly the performance in the 
frequency domain of audio electronics, it is so convenient that makes it very widely 
used and well know by everyone in this passion. A signal that changes abruptly 
from low to high is injected at the input of an amplifier or preamplifier under test and 
the output compared to the input; undershoots, resonances and other anomalies 
can be easily detected and traced back to the frequency behaviour of the piece of 
equipment. The maths behind the relationship between the square wave (a time 
dependent phenomenon) and the frequency response are not so straightforward, for 
the sake of this short discussion let’s only remember that a 1kHz (or any other 
frequency) square wave is actually a sum of infinite harmonics so any imperfection 
in the frequency domain of the device under test will be reflected in the square wave 
test. The square wave test very quick and revealing of imperfections of the audio 
device and can be performed with cheap and basic instruments (an oscilloscope 
and a signal generator). Somehow it can also give quantitative indications of the 
quality of the audio device under test. 
 
A very nice looking square wave from a real amplifier 
TheSMA is a two stages direct coupled design capable of a very wide bandwidth 
from DC to 1MHz with no resonances and low distortion even into low impedances. 
When stressed with a 100kHz square wave the circuit, theSMA delivers a nice and 
sharp square wave as in the following figure. 
 

 
Fig. 1 A clean 100kHz square wave from the power buffer of theSMA. The very extended bandwidth 
allows for sharp rise and fall with no resonances. 
 
 

Square wave testing 
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The limits at high frequency 
Stray capacitance coupled with the driving resistance of preceding stage can limit 
the high frequency response. Historical, a loss of 3dB at 20kHz (signal is reduced 
by 30%) is considered the minimum requirement for high fidelity; the relevant 
frequency plot of such a device would be like the one in fig. 2.  
 

 
Fig. 2 Frequency response of a device with a 3dB loss at 20kHz (and perfectly flat low frequency 
behaviour) 
 
Interestingly enough, the correspondent square wave will appear with the rising and 
falling edges smeared off and rounded as the device is unable to handle correctly 
the signal over a certain frequency (20kHz): all the higher frequencies will be 
progressively damped and the square wave cannot be reconstructed correctly at the 
output. 
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Fig. 3 Square wave response of a device with bandwidth limited at 20kHz (-3dB) 
Audio devices can now easily outperform the 20kHz bandwidth and it is pretty 
common to see -3dB at 100kHz: a nearly perfect square wave will be reconstructed 
and its sharp edges will testify the extended bandwidth. 
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Fig. 4 and 5 A much sharper square wave of a 100kHz capable device. Only a minor round off can 
be noticed at the edges. 
 
On the other hand, a seriously impaired device with a frequency response limited to 
only 10kHz will be very quickly identified under the square wave test: such a device 
cannot be defined high fidelity. 
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Fig. 6 and 7 The unacceptable square wave from a device whose bandwidth is limited to only 10kHz 
 
Anomalies at high frequency 
A wide frequency response brings benefits but it must be handled with care. The 
device is capable to amplify quick signals and the stray inductance and capacitance 
of printed circuited boards and mosfet/transistors can generate resonances. Similar 
phonomena may appear in the output transformers of tube amplifiers, even thou 
they are tipically less severe and are not descrutive as in mosfet amplifiers. In figure 
8, the device has a +24dB resonance at 100kHz: the input signal is erroneously 
amplified by 16 times (24dB) due to imperfections of the components or design. 
This can be considered a serious resonance. Mosfet amplifiers may exhibit 
resonances at much higher frequencies and even if they are far from the audio band 
these can actually destroy the device. Such anomalies must be investigated and 
fixed. 
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Fig. 8 A severe resonance at 100kHz amplifies the signal by 16times (+24dB) at the specific 
frequency of 100kHz. 
 
The square wave test will excite the resonance and at the output we can notice 
undershoots and overshoots at the rising and falling edges 
 

 
Fig. 9 A severe resonance at 100kHz appears as a large disturbance at the edges of the square 
wave 
 
A smaller resonance will exhibit lower oscillations in the square wave as per figure 
10 and 11. 
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Fig. 10 and 11 A small +6dB resonance at 100kHz will generate lower oscillations at the edges of the 
square wave 
 
Moreover, zooming into the oscillations at the output will reveal the nature of the 
anomalies: the oscillation is happening at the resonance frequency of 100kHz 

 
Fig. 12 Zoom of the previous square wave, the oscillation on the rising (and falling) edge is at 
100kHz 
 
The limits at low frequency 
A limited low frequency response of the amplifier will tilt and deform the square 
wave: a -3dB loss at 100Hz (a low fidelity device) can be easily spotted as the flat 
region of the square wave will be tilted clockwise. Figure 13 and 14 are an example. 
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Fig. 13 and 14 square wave response of a device with low frequency response limited at 100Hz, the 
square wave is not flat and tilted 
 
A resonance at low frequency will tilt the wave couterclockwise. When the -3dB 
point moves down to 20Hz or even lower for high performance devices the square 
wave appears much flatter. 
 
Combining low and high frequency anomalies 
In the real world, audio devices are limited at both low and high frequencies and 
may have resonances. Solid state amplifiers and opamps typically have extended 
bandwidth (and potential ultrasonic resonances must be cured) while tube amplifiers 
are more severely limited by the output transformer. The following figure 15 is an 
example of a very decent amplifier with a -3dB loss at 20Hz and +0.5dB at 20kHz 
with a small +3dB resonance at 50kHz: this is common in tube amplifiers as said. 
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Fig. 15 and 16 typical frequency response and square wave of a tube amplifier with -3dB loss at 
20Hz and a +3dB resonance at 50kHz due to the output transformer 
 
The square wave will be tilted clockwise, the rising and falling edges will be rounded 
and an oscillation will appear as predicted in the prevous paragraphs. 
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