
FIGURE 1. Low Distortion Sine Wave.

Many signals are digitally generated or transmitted as square
waves. It is often desirable to convert these signals into sine
waves. For example, the 350Hz, 440Hz, 480Hz, and 620Hz
telephone supervisory tones transmitted over fiber-optics
may appear at curb-side as square waves. To be used in
telephone equipment it is desirable to convert the square
waves into low-distortion sine waves. This can be done with
a simple filter.

According to its Fourier series, a 50% duty-cycle square
wave consists of odd order harmonic sine waves with the
fundamental at the same frequency as the square wave.

square wave. This is because the fundamental has an ampli-
tude of 4/π times that of the square wave as shown by the
Fourier series. The bandpass filter will also filter out any DC
component of the square wave input as shown in Figure 1B.

The circuit for a “tuned-circuit” bandpass filter using a Burr-
Brown UAF42 universal active filter chip is shown in Figure
2. The UAF42 contains op amps, gain-set resistors, and on-
chip precision (0.5%) 1000pF capacitors to form a time
continuous filter, free from the anomalies and switching
noise associated with switched-capacitor filters. The only
external components required are three 1% resistors to set
center frequency and Q. In this example, resistors are se-
lected to produce a “tuned-circuit” bandpass filter simulat-
ing a tuned-circuit response with 350Hz center frequency
and Q = 10. A computer-aided design program, FilterPro, is
available free of charge from Burr-Brown to make it easy to
design all kinds of active filters using the UAF42.

To design a “tuned-circuit” bandpass filter with Q = 10: load
FilterPro FILTER42, select Bandpass filter response, select
Order n = 2, set the desired center frequency (fCENTER), and
set the bandwidth to 1/10 the center frequency. You can plot
the filter response and print out component values.

A fourth, auxiliary, op amp in the UAF42 is available for use
in other circuitry. If the auxiliary op amp is not used, connect
it as a unity-gain follower with the input to ground (connect
–IN to VOUT and +IN to ground).

  

Fourier Series for a Square Wave
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where k = peak amplitude of the square wave

A sine wave with the same frequency as the square wave can
be gleaned by filtering out the harmonics above the funda-
mental. A “tuned-circuit” bandpass filter with a Q of 10
attenuates signals at three times the bandpass frequency by
28.4dB. Since the amplitude of the third harmonic is 1/3 that
of the fundamental, the total attenuation of the third har-
monic compared to the fundamental is nearly 40dB. The
result is a low distortion sine wave as shown in Figure 1A.
Notice that although the filter has unity gain, the amplitude
of the sine wave output signal is greater than that of the
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1b. DC components of a square wave passed through
bandpass filter are eliminated to produce a low distortion
sine wave.

1a. A square wave passed through a simple “tuned-
circuit” bandpass filter produces a low distortion sine
wave.
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FIGURE 3. Measured Sine Wave Output THD and Normalized Gain Error vs Mismatch between Filter Center Frequency and
Square Wave Input Frequency for the “Tuned-Circuit” Bandpass Filter Shown in Figure 2.
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Mismatches between the frequency of the input square wave
and the center frequency of the bandpass filter will affect the
sine wave output. Figure 3 shows measured sine wave output
total harmonic distortion (THD) and gain variation for mis-
matches from 0 to ±5%. A typical mismatch of 1% gives less
than 1.5% THD and less than 2% gain deviation.

Variations of the square-wave duty cycle from 50% will
also increase distortion due to second-order harmonic con-
tent. In applications with a pulse train or other non-50%
duty cycle square wave, it may be desirable to place an
inexpensive divide by two digital flip-flop ahead of the
filter to assure a 50% duty cycle square-wave input.

FIGURE 2. A Simple 350kHz, Q = 10, “Tuned-Circuit” Bandpass Filter Built with the UAF42 Requires Only Three External
Components.

CENTER FREQUENCY RF1, RF2 RQ

(Hz) (Ω) (Ω)

350 453k 2.8k
440 365k 2.8k
480 332k 2.8k
620 255k 2.8k

Component values for selected Q = 10 “tuned-circuit” bandpass filters.

A1 A2 A3

C2
1000pF

C1
1000pF

R2
50kΩ

R3
50kΩ

R4
50kΩ

RF1
453kΩ
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2.8kΩ
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