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1. Introduction

To make electronic sinus wave generators with good properties is not a very easy task.
Different methods to avoid distortion from higher order harmonics exist, and also methods to
reduce noise of order 100 Hz from the surroundings and possibly also the power supply.

In this report two sinus wave generators are described, one designed by K. Johansson
(modified Wien bridge) and one based on the integrated circuit ICL 8038. Circuit layouts are
available with the authors comments and changes. An evaluation of the spectral properties of
the generatorsis also present including oscilloscope views of signals and spectrum.

The modified generator by K. Johansson has a very low THD (Tota Harmonic Distortion) of
less than 0.05 % in the frequency range 300 Hz to 30 kHz and has very small even high order
harmonics. It is somewhat sensitive to cooling of the lamp in the Wien bridge which makes
distortion high at frequencies less than 300 Hz.

The ICL 8038 generator has relatively high high order harmonics and has a THD of about
1 % in the frequency range 300 Hz to 10 kHz and somewhat higher outside this range.

The results show that the modified sinus generator by K. Johansson has much better spectral
properties than the ICL 8038 generator in the range 300 Hz to 30 kHz. On the other hand the
ICL 8038 generator can also produce triangle and square wave signals and it is also able to
produce signals at very low frequencies below 1 Hz.

2. Disclaimer

The author makes no warranties that this document is free of error (text or figures). This
document shall not, partly or as a whole, participate in a process, whose outcome can result in
injury to a person or loss of property. It is solely designed for analytical work. Permission to
use, copy and distribute this document is hereby granted without fee, provided that no
changes have been made without permission from the author.

Please report comments, errors and suggestions to improvements to:

Email: stefans@astro.lu.se



3. Circuit information

3.1 Comments and changes by the author

The circuits of these sinus generators (Fig. 1, 2, 3 and 4) are relatively simple and can easily
be built on a standard experimental board.

The main change due to the author is that the generator circuits were powered from + 30 V
DC, not +/- 15 V with ground. A virtual ground for the generator output (i.e. at +15 V) was
obtained by an extra operational amplifier that follow the +15 V voltage achieved by equally
splitting +30 V by two 10 kOhm resistors. These resistors should have a resistance accuracy
of 1 %. Some filtering capacitors were aso added to the output of the operationa amplifier.
This technique to achieve output ground works well if the output current of the generator is
low enough (i.e. lessthan 2 mA) to not overload the operational amplifier.

Another change was an extra operational amplifier that follows the signal from the generator
circuit and works as buffered output. This works well if the output current is low enough (i.e.
less than 2 mA) to not overload the operational amplifier.

It is best to use high quality components in the sinus generators. I.e. use metallic film resistors
with an accuracy of 1 % and ceramic capacitors. To be able to fine tune the frequency it is
good to use alinear thread-winded potentiometer with 10 revolutions.

According to K. Johansson it is very important to build the sinus generator in an aluminum
box and to connect the signal ground to that box to avoid noise in the signal (especialy 100
Hz noise).

3.2 Sinus generator by K. Johansson

The original circuit layout of the sinus generator made by K. Johansson is found in Fig. 1.
One advantage with the generator is that the modified Wien bridge makes it possible to avoid
stereo potentiometers, whose resistance layers are never identical. On the other hand the
generator requires the connection of two equal capacitors for each frequency interval. Thus
each capacitor pair should be connected by a dual connection miniature switch.

The author found that the large 1 MOhm potentiometer in Fig. 1 makes the circuit sensitive to
100 Hz noise. The first attempt to solve this problem was to make the potentiometer smaller
to 250 kOhm (Fig. 2). By changing the potentiometer further to 20 kOhm and replacing the 10
kOhm resistors by 1 kOhm the noise was much reduced (Fig. 3). To make distortion as low as
possible it is also better to adjust the resistance of the potentiometer as low as possible and
select the capacitor C as large as possible for the suitable frequency range. Furthermore, by
replacing the small lamp by 3 similar lamps in series the THD was reduced from about 0.2 %
to well below 0.1 %. Then the 56 Ohm resistor must be replaced with one at 180 Ohm. See
Figures 1 and 3. With these modifications the sinus generator in Fig. 3 has the best properties
tested by the author.



3.3 Lamp data for sinusgenerator by K. Johansson

The miniature lamp in the Wien bridge of Johansson’'s generator works as amplitude
stabilizer. When the frequency is low (i.e. less than 300 Hz) the lamp has time to cool down
somewhat during the oscillations. This gives a significant distortion of the sinus wave at low
frequency. Data for a suitable lamp is found in Fig. 1. Such a lamp can be bought from the
Swedish electronics component company ELFA (article number 33-538-10).

According to K. Johansson specia glass covered PTC or NTC resistors that works as
amplitude stabilizer in sinus generators are available. These resistors have better properties
than a lamp, especidly in the low frequency range. They are however not so common and it
can be hard to find shops where to buy them.

3.4 Sinus generator based on |CL 8038

The sinus generator based on ICL 8038 (Fig. 4) is quite straight forward to build. Due to the
manufacturer a distortion less than 1 % could be achieved by fine tuning the 10 kOhm (10
rev) resistors. The author also found that this was possible to achieve in the frequency range
300 Hz to 10 kHz. Also for this sinus generator it is best to choose the value of the frequency
potentiometer as low as possible and select the capacitor C as large as possible for the suitable
frequency range. According to the data papers for the ICL 8038 circuit the lowest distortion
could be achieved when the circuit is running at +30 V. However the author’s circuit was
burned when running at this voltage so it was changed to +24 V.

3.5 Power supply

The +30 V DC power supply (Fig. 5) was based on the integrated circuit LM 723 with an
external power Darlington transistor. The sinus generator by K. Johansson requires a current
of less than 70 mA why a small transformer of only 8 VA (2 x 15V, max 250 mA) was used.
The voltage can be fine adjusted with the potentiometer. By making the transformer larger
and putting a cooling wing on the power transistor this power supply can be used for higher
currents.

The ICL 8038 sinus generator also requires a very small current. But here asimple +/- 12 V
DC power supply based on the voltage regulators 7812 and 7912 was used, although the
ground between the regulators was not used. No circuit layout is available of this power
supply. As an aternative the power supply mentioned above (Fig. 5) can be used aso with
this sinus generator but adjusted to +24 V.

To reduce 100 Hz ripple two capacitors (1000 uF and 100 nF) were connected in parallel
between the power supply and the sinus generator circuits. These capacitors are not present in
Figures1- 5.



4. Freguency ranges
4.1 Sinus generator by K. Johansson modified version 3 by the author

Each capacitor pair has it's own dua miniature switch, thus more than one capacitor pair can
be connected at the same time. If for example capacitor value is 330 nF + 100 nF the
frequency range will be 83 Hz to 383 Hz. To make distortion as low as possible use a high
capacitor value and a low resistor value of the potentiometer. The frequency f (in Hz) can
approximately be calculated by the formulaf = k / (C * sgrt(R + 1000)) where C is given in
Farad (F) and R in Ohm and the value of the constant k ~ 0.005. The sinus generator must be
switched on for about 1 hour before the frequency is thermally stabilized. At 1 kHz the total
frequency drift due to temperature variationsis less than 15 Hz.

Nr C(nF)| Fi(Hz2)| F2(H2)
1 330 108 501
2 100 357 1.66 k
3 33 1.07k 4.97 k
4 10 3.48 k 16.1k
5 3.3 10.1k 45.2 k
6 1.0 33.2k 143 k

4.2 Sinus generator based on ICL 8038

Here only one capacitor can be selected at one time. To make distortion as low as possible use
a high capacitor value and alow resistor value of the potentiometer. The sinus generator must
be switched on for about 20 minutes before the frequency is thermally stabilized. At 1 kHz
the total frequency drift due to temperature variations is less than 10 Hz.

Nr| CmF)] Fi(H?)| F2(H2)
1| 33000 - 19
2| 10000 - 5.6
3 3300 0.99 16.0
4 1000 3.22 51.9
5 330 9.61 155
6 100 31.9 513
7 33.0 978 157k
8 10.0 324 519k
9 3.30 936| 145k

10 100| 324k| 512K

11 033| 854k| 137k




5. Distortion and spectral properties
5.1 Sinus generator by K. Johansson modified version 3 by the author

Frequency range: 100 Hz — 140 kHz (6 ranges)
Output voltage: 2.40 V
Max output current: 2 mA

M easur ement situation:

The load of the sinus generator was a resistor of 2 kOhm. This gives a current of
approximately 1 mA. The spectrum was measured by a Pico Technology ADC-212 12-bit
digital oscilloscope for PC with PicoScope version 5.07.3 software. The signal was averaged
100 samples before measurement.

Distortion:
In the table below the distortion is given in percent. THD means Total Harmonic Distortion

and the numbers 2, 3, 4 and 5 refer to the high order harmonics. Oscilloscope images and
spectrum can be found in the Figures 6ato 13a.

Tone C(nF)| THDw| THD 1 2 3 4 5
noise

100Hz| 330+ 100 0.597| 0.148| 100.000| 0.006| 0.148| 0.002| 0.002

300Hz| 330+ 100 0.285| 0.030| 100.000/ 0.004| 0.030| 0.002| 0.002

1kHz| 100+ 33 0.271| 0.038| 100.000f 0.008| 0.037| 0.001| 0.001

3kHz 33+10 0.323| 0.044| 100.000| 0.013| 0.042| 0.001| 0.001

10 kHz 10+ 3.3 0.251| 0.032| 100.000f 0.008| 0.031| 0.001| 0.001

30kHz| 33+1.0 0.177| 0.037| 100.000| 0.029| 0.022| 0.004| 0.006

100 kHz 1.0 0.323| 0.091| 100.000f 0.080| 0.041| 0.003| 0.009




5.2 Sinus generator based on |CL 8038

Frequency range: 1 Hz — 140 kHz (11 ranges)
Output voltage: 1.70 V
Max output current: 2 mA

M easur ement situation:

The load of the sinus generator was a resistor of 2 kOhm. This gives a current of
approximately 1 mA. The spectrum was measured by a Pico Technology ADC-212 12-bit
digital oscilloscope for PC with PicoScope version 5.07.3 software. The signal was averaged

100 samples before measurement.

Distortion:

In the table below the distortion is given in percent. THD means Total Harmonic Distortion
and the numbers 2, 3, 4 and 5 refer to the high order harmonics. Oscilloscope images and

spectrum can be found in the Figures 6b to 13b.

Tone| C(nF)| THDw/| THD 1 2 3 4 5
noise
100 Hz 100 2.215| 1.149| 100.000f 1.060| 0.423| 0.061| 0.061
300 Hz 33.0 2.077| 1.028| 100.000f 0.951| 0.389| 0.047| 0.038
1kHz 10.0 1.939| 0.894| 100.000| 0.855| 0.257| 0.028| 0.016
3kHz 3.30 1.599| 1.048| 100.000| 1.032| 0.136| 0.086| 0.090
10kHz 1.00 1.694| 0.985| 100.000f 0.965| 0.183| 0.049| 0.046
30kHz 0.33 1.879| 1.289| 100.000| 1.249| 0.307| 0.074| 0.038
100 kHz 0.33 3.441| 1.573| 100.000f 1.515| 0.421| 0.020| 0.005




6. Summary

The circuits of the sinus generators described here are relatively simple and can easily be built
on astandard experimental board. High quality components should be used.

The modified generator by K. Johansson (version 3) has a very low THD of less than 0.05 %
in the frequency range 300 Hz to 30 kHz and has very small even high order harmonics. It is
somewhat sensitive to cooling of the lamp in the Wien bridge which makes distortion high at
frequencies less than 300 Hz.

The ICL 8038 generator has relatively high high order harmonics and has a THD of about
1 % in the range 300 Hz to 10 kHz and somewhat higher outside this range.

To make distortion as low as possible the frequency capacitor value must be selected as large
as possible and the potentiometer resistance value as low as possible. The sinus generators
must also be switched on for several minutes before being used to avoid frequency drift due to
temperature variations.

The results show that the modified sinus generator by K. Johansson has much better spectral
properties than the ICL 8038 generator in the range 300 Hz to 30 kHz. On the other hand the
ICL 8038 generator can also produce triangle and square wave signals and it is also able to
produce signals at very low frequencies below 1 Hz. The ICL 8038 generator also has
somewhat smaller frequency drift due to temperature variations than the generator by K.
Johansson.
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8. Appendix

8.1 Definition of THD

Total Harmonic Distortion (THD) isthe ratio of the harmonic power to the power at the
measured peek. In the following equation, v1 isthe RMS value at the peek frequency and
v2,V3, ..., vn are RMS values at the harmonics.

THD =ggrt (v2/"2+v3'2 + ... +vn'2) /vl

8.2 Definition of THD with noise

Total Harmonic Distorsion + Noise (THD + N) istheratio of the harmonic power plus noise
to the power of the measured peek. THD + N values will almost always be greater than the
THD values for the same signal.

THD + N = sgrt (sum of squares of RM S values excluding measured peek) /

(RMS value of measured peek)
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10. Figures

Figure 1. Sinusgenerator by K. Johansson, original circuit layout:
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Figure 2. Sinusgenerator by K. Johansson, modified version 2 by the author:
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Figure 3. Sinus generator by K. Johansson, modified version 3 by the author:
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Figure 4. Sinus generator based on | CL 8038:
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Figure5. Power supply +30 V DC, max 250 mA, by the author:
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Figure6a. K. Johansson (author version 3), oscilloscope view of signal 1 kHz:
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Figure6b. | CL 8038, oscilloscope view of signal 1 kHz:
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Figure 7a. K. Johansson (author version 3), spectrum 100 Hz:
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Figure 7b. 1CL 8038, spectrum 100 Hz:
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Figure8a. K. Johansson (author version 3), spectrum 300 Hz:
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Figure8b. ICL 8038, spectrum 300 Hz:
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Figure9a. K. Johansson (author version 3), spectrum 1 kHz:
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Figure9b. ICL 8038, spectrum 1 kHz:
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Figure 10a. K. Johansson (author version 3), spectrum 3 kHz:
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Figure 10b. ICL 8038, spectrum 3 kHz:
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Figure 11a. K. Johansson (author version 3), spectrum 10 kHz:
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Figure 11b. ICL 8038, spectrum 10 kHz:
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Figure 12a. K. Johansson (author version 3), spectrum 30 kHz:
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Figure 12b. ICL 8038, spectrum 30 kHz:
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Figure 13a. K. Johansson (author version 3), spectrum 100 kHz:
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Figure 13b. ICL 8038, spectrum 100 kHz:
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