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i
CIRCUIT FOR DISTORTING AN AUDIO SIGNAL

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to preamplifiers for use with
musical instruments, and more particularly to such pre-
amplifiers having circuitry for simulating a vacuum
tube amplifier including the distortion produced by
such amplifiers.

2. Background Art

Musical instrument amplifiers, traditionally incorpo-
rating vacuum tube devices, have been used with vari-
ous instruments for quite some time: Electric guitars, for
example, which generate essentially a “clean” or undis-
torted sinewave, were among the first instruments to
rely heavily on vacuum tube amplification. Such ampli-
fication was typlcally faithful to the sound generated by
the guitar, which was thus faithfully reproduced on an
associated speaker.

Because vacuum tubes are mherently forglvmg de-
vices, operable in almost any circuit design, various
inexpensive and amateruish design techniques began to
be used with the vacuum tube amplifiers. The use of
poor designs, marginal components such as cheap trans-
formers, and the like led to a proliferation of amplifiers
providing distortion caused by poor gain balancing and
restricted ranges of linear operatlon As a result, prema-
turé cllppmg or overdriving of various stages within the
amplifier took ‘place. The transformers similarly pro-
vided their own.distortion to the output signal, due to
saturation, for example.

The distorted output of such vacuum tube amplifiers,
however, became appreciated and desired, particularly
for rock 'n roll music of the later 1960s.

Thus it was that the guitar became, effectively, an
inexpensive synthesizer wherein the sine waves gener-
ated by the guitar were transformed into square waves
by amplifier clipping. The amplifier’s overload, equal-
ization, damping factor and loudspeaker response char-
acteristics ultimately determined the output sound.
Such output sound differed from the conventional clean
guitar heard in early rock’n roll, country, surﬁng music,
and the like. Rather, a reedy quality was produced,
resembling, for example, the reedy sound of a wood-
wind instrument such as a clarinet in response to inser-
tion of a single sustained note into the amplifier.

In the past one to two decades, the above described
output sound has become identified with a “good” elec-
trical guitar sound, and several attempts have been
made to reproduce this sound with transistorized cir-
cuits.

Moog U.S. Pat. No. 4,180,707, for example, discloses
a “fuzz box” for producing four types of clipping. Only
two clipping levels are provided, however, defined
therein as “soft” and *“hard” clipping. Further, with no
attempt at changing the frequency characteristic of the
amplifier, the disclosed circuit cannot truly simulate a
vacuum tube amplifier.

Jahns U.S. Pat. No. 3,973,461 discloses a vacuum tube
circuit for providing varying degrees of distortion, and
an essentially identical solid state circuit for replacing
the tube. The circuit fails to provide compensation for
increased gajn by variation of frequem,y response, and
generally does not combine gain, frequency response
variation and distortion.

Laub U.S. Pat. No. 3,825,409 discloses an ampliﬁer
for use with electric guitars for introducing crossover
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distortion proportional to the amplitude of the input
signal, otherwise suffering from the same defects of the
prior art.

SUMMARY AND OBJECTS OF THE
INVENTION

It is accordingly an object of the present invention to
overcome the deficiencies of the prior art and to pro-
vide a circuit for introducing gain, overload character-
istics, and frequency response modification into a musi-
cal instrument amplifier.

It is a further object of the invention to provide a
single control for substantially simultaneous variation of
gain and clipping characteristics of a distortion circuit.

It is yet another object of the invention to provide a
single control for substantially simultaneous variation of
gain and frequency response of a distortion circuit.

Still another object of the invention is the provision
of a circuit for distorting an applied audio signal to a
preselected degree, and including a separate control for
removing or inserting the preselected degree of distor-
tion. -

The present invention accordingly provides a distor-
tion geénerating ciréuit, including a high gain opera-
tional amplifier having a variable, controlled feedback
network for varying the gain and frequency response
thereof. Additionally, a specific distortion circuit, com-
prising a pair of oppositely poled, anti-parallel diodes, is
provided for clipping the output signal of the amplifier.
A first control is provided in the feedback network for
controlling gain and frequency response of the ampli-
fier. A second control is provided for mixing the output
of the amplifier with that of the clipping circuit in vari-
able proportions. The two controls are preferably
ganged, to provide appropriate tracking between the
amount of gain and clipping, as well as frequency re-
sponse modification.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, features and advan-
tages of the invention will become more readily appar-
ent upon reference to the following detailed description
of the preferred embodiment, when taken in conjunc-
tion with the accompanymg drawing in which like
numbers refer to like parts.

FIG. 1 shows the inventive circuit:

FIGS. 2-5 are schematic representations of various
portions of the circuit in FIG. 1;

FIG. 6 shows a volume control circuit for use with
the circuit of FIG. 1; and

FIG. 7 shows a brightness circuit for use with the
circuit of FIG. 1.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Referring now to the drawings, the circuit according
to the invention is shown in FIG. 1. Therein it is seen
that a high gain operational amplifier 10 receives at its
non inverting input terminal 11 an audio input signal
from input jack 12. The audio signal is typically gener-
ated by an electric guitar, although the circuit may, of
course, be used with other sources of input signals. The
input signal is coupled from jack 12 to terminal 11 by a
conventional RC circuit, comprising a capacitor C1 and
a resistor R1. Capacitor C1 is connected at one terminal
to Jack 12; and at its other terminal to input terminal 11.
Resistor R1is connecled between the junction of capac-
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itor C1 and terminal 11, on the one hand, and ground on
the other, to provide a D.C. ground reference for the
input terminal 11.

The output of amplifier 10 is provided at an output
terminal 13. A feedback network 20 couples the output
of operational amplifier 10 from its output terminal 13
to an inverting input terminal 22,

Feedback network 20 includes a capacitor C2 con-
nected directly between output terminal 13 and input
terminal 22. A series circuit, including a resistor R2 in
series with a parallel combination of a potentiometer RS
and a capacitor C5, is connected across capacitor C2.
The potentiometer R5 is connected as a straightforward
variable resistance across capacitor C8, having its wiper
24 shorted to one of its terminal 26 in such a manner that
complete counterclockwise rotation of the wiper will
fully short circuit capacitor C5. The junction between
capacitor C5 and resistor R2 is connected through
points B and C to a further capacitor C4 in series with
a resistor R4, connected to a point A. As shown in the
Figure, points B and C are connected to the wiper 24
and terminal 26 of the potenuometer R5, respectwely

Inverting mput terminal 22 is connected to a seriés
circuit comprlsmg a capacitor C3 and a resistor R3,
which is, in turn, grounded. C3 and R3 provide a pxede-
termined low-frequency roll off for the frequency re-
sponse characteristic of the operational amplifier, while
capacitor C2 is used to determine high-frequency roll-
off, as described below. The junction between capacitor
C3 and resistor R3 is labelled D, and will be referenced
in connection with FIG. 7.

Point A of the feedback network, at the termmal of
R4, may be grounded or may flpat, depending on the
condition of a footswitch 28.

The output of amplifier 10 is coupled through capaci- 3

tor C6 to a mixing potentiometer R6, connected:to
provide the circuit output at its wiper 30. Terminals 31
and 32 of the potentiometer R6 are connected so that
full counterclockwise rotation of the wiper connects
wiper 30 to coupling capacitor C6.

A distortion generating circuit, for clipping the signal
outut from amplifier 10, is generally shown at 40. The
present circuit generates clipping distortion by use of
anti-parallel diodes D1 and D2. One terminal of circuit
40 is connected to terminal 32 of potentiometer R6, and
the other is connected to point A.

'In view of the previously described arrangement for
potentiometer R6, it is seen that when wiper 30 is ro-
tated fully clockwise, it is connected directly to the
distortion generating circuit 40.

General operation of the circuit may be appreciated
with reference to FIG. 2, showing a portion of FIG. 1
for ease of comprehension.

As is known in the art, silicon diodes typically pro-
vide a forward voltage drop of 0.6 volt when in the
conducting mode. Accordingly, when amplifier 10 pro-
vides an output voltage which is sinusoidal, such as
shown illustratively in FIG. 2, that output sinusoid will
be clipped by distortion circuit 40. That is, the signal at
terminal 32 of potentiometer R6 will not exceed a 1.2
volt peak to peak excursion.

Thus, where signals having greater excursions are
output by amplifier 10, clipping will take place. The
greater the amplitude of the output of amplifier 10, the
greater will be the degree of clipping of the waveform
by circuit 40. For example, where a 2 V RMS (5.6 V
peak-to-peak) sinusoid is output by amplifier 10, a 1.2
volt clipped sinusoid, shown in FIG. 2, will be observed
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at terminal 32 of R6. It is thus seen that by adjusting the
location of wiper 30, the user can obtain at the circuit
output (wiper 30) 2 mix of any ratio of the sinusoid
output by amplifier 10 and the clipped waveform output
by circuit 40. The ratio may, of course, include only the
pure sinusoid or only the clipped waveform, as desired,

Referring once again to FIG. 1, specifically with
empbhasis on feedback network 20, it is seen that potenti-
ometer R5 can substantially alter the effect of that net-
work.

As is apparent from FIG. 1, when R5 is in its full
counterclockwise setting, capacitor C5 is shorted out,
and capacitor C4 and resistor R4 are no longer con-
nected in a feedback path, but rather are directly con-
nected from output terminal 13 of amplifier 10 to point
A.

The resulting circuit is shown in FIG. 4, and is recog-
nized as being a standard broadband amplifier with
feedback resistor R2 and shunt resistor R3. The gain of

this circuit is known to be given by the equation.

providing a typical gain A,=38 for values of R2=33
Kohm, and R3=4.7 Kohm.

The frequency response of the amplifier is provided
by capacitors C2 and C3, with capacitor C2 providing
high-frequency roll off at a frequency determined by

7R —
h="gIB(RICD

Capacitor C3 provides low frequency roll-off at a 3 db
frequency given by '
1
fi=Fmmsen

For typical capacitive values contemplated for use in
the present circuit, C2=100 pF and C3=2 uF, it is seen
that f| is approximately 16 Hz and fj; is approximately 50
KHz, typical frequency response for sound amplifica-
tion.

Placing potentiometer R5 in the full clockwise posi-
tion results in introduction of the full resistance value
RS into the circuit, shown in FIG. 3 for the case of point
A being grounded. That circuit may be roughly consid-
ered as equivalent to a combination of the two circuits
shown in FIGS. 4 and 5. Thus, a further series feedback
resistor R5, and a further shunt resistor R4, are added to
the circuit of FIG. 4, resulting in a change in the gain of
the amplifier 10.

As one rough estimate of the change in gain, the
following equation, applying the typical gain equation
to the circuit of FIG. 5, shows

%— = 22 for RS = 10K. R4 = 470.

Ay =1+
In addition to introducing gain for the circuit of am-
plifier 10, however, rotation of potentiometer RS to its
full clockwise position also introduces reactive imped-
ances C4 and CS into the circuit, which affect both the
low end and the high end of the frequency response
characteristic of the amplifier.
For example, with a capacitor C4=0.47 uF, the R4
C4 combination provides the added gain at a lower 3 db
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frequency of approximately 700 Hz. Similarly, with
C5=0.0068 uF, an upper 3 db frequency is provided by
the R5 C5 combination approximately at 2 KHz.

It is thus seen that the added gain is within a narrow
bandwidth, providing a combined frequency character-
istio having a so-called *‘bell-shaped curve” centered at
approximately 1.3 KHz for the present example. More-
over, the added capacitances interact with the capaci-
tances of FIG. 4 to provide a lowered upper 3 db fre-
quency and a raised lower 3 db frequency for the entire
circuit.

This feature of the present invention is highty desir-
able in order to simulate the “vacuum-tube™ distortion
of guitar amplifiers.

With saturation of the tube amplifjer output trans-
formers, low frequency response is reduced. Accord-
ingly, by inserting R4 and C4 in the feedback circuit,
such a reduction in the lower end of the frequency
response of the circuit as previously described simulates
the desired effect. Moreover, since most guitar amplifi-
ers presently available have a high-frequency preem-
phasis built in, it is necessary to eliminate that preem-
phasis proportionally with increased gain.

The present circuit, by prov1dmg CS5in combmanon
with R with increasing gam, achigves preusely this
desired result.

As is also seen in FIG. 1, potentlometers RS5 and R6
are ganged, so that at full counterclockwise rotation no
gain is added and no change in frequency is provided by
R5, and no distortion is provided to the output signal by
R6. Increasing clockwise rotation provides for in-
creased gain by insertion of RS, changes in the fre-
quency response as previously described, and an in-
crease in the ratio of clipped to pure waveforms pro-
vided to the output, exactly as desired.

As previously mentioned, point A is controllably
caonnected to ground by footswitch 28. As is apparent
from FIG. 1, when point A is left floating, neither the
diode clipping circuit nor the resistive added gain cir-
cuit of R§8-R4 is connected to ground, so that neither
clipping nor added gain will be provided. That is, by
ungrounding point A, the tube-simulation circuitry is
defeated, and the circuit is operated in its normal, wide
bandwidth low gain condition. A slight increase in gain
is retained by action of resistor R5 in conjunction with
R2 on resistor R3. However, with R5 and R4 chosen
substantlally lower than R2 and R3 respectively, such
an increase is negligible.

When footswitch 28 grounds point A, however, oper-
ation will be as previously described, including gain
adjustment, frequency response modification, and dis-
tortion addition. Having preset the potentiometer R5 to
some desired value, it is seen that the setting need not be
destroyed to remove the distortion. Rather, simple acti-
vation or deactivation of the footswitch 28, possibly
from a remote location, is sufficient to defeat the effect
or to provide the distortion at precisely the desired
levels.

Referring now to FIGS. 6 and 7, additional circuits
are shown for inclusion with the circuit of FIG. 1 to
provide additional effects.

A broad bandwidth volume control for the entire
circuit is shown in FIG. 6, and is obtained by taking the
output across a portjon of a potentiometer R7 instead of
directly from wiper 30 of potentiometer R6. To provide
the volume control, resistor R3 is connected to one
terminal of R7, rather than to ground, and an added
resistor R8 is provided between wiper 30 of R6 and the
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other terminal of R7. The system output is taken at the
junction between resistors R8 and R7. As will be appre-
ciated, when the wiper of R7, which is grounded, is
fully in the clockwise position (grounding R3), full
output is obtained from wiper 30 by a voltage divider
circuit comprising R7 and R8. However, when the
wiper of R8 grounds the output terminal of FIG. 6, in
the full counterclockwise position, no output is ob-
tained. Varying output levels are obtained for varying
settings of potentiometer R7.

FIG. 7 shows a brightness circuit for optional use
with the present circuit. This circuit provides optional
high frequency boost effects to change the overall tone
structure of the instrument sound amplified by the in-
ventive circuit.

Other variations not shown, useful for altering the
overall frequency response and potentiometer action of
the present circuit, include the possible addition of a 1.5
K-ohm resistor between points B and C of FIG. 1, and
a shunting 2.7 K-ohm resistor between point C and
ground.

Typical values of components used in the circuit of
FIG. 1 are shown in the following table.

COMPONENT VALUE
R1 220 K
R2 33K
R3* 330

R4 470

RS 10 K
R6 1 K
R7 10 K
] 27 K
2 100 pF
c3 2 pF
c4 0.47 uF
cs 0.0068 uF
Cé 22 uF

*For example, instead of single diodes D1 and D2. two diodes in series can be
inserted in each leg of the anti-parallel configuration. This doubles the cffective
signal output of the distortion generating circuit.

The preceeding specification describes the preferred
embodiment of the invention as an illustration and not a
limitation thereof. It is appreciated that equivalent vari-
ations and modifications of the invention will occur to
those skilled in the art. Such modifications, variations
and equivalents are within the scope of the invention as
recited with greater particularity in the appended
claims, when interpreted to obtain the benefits of all
equivalents to which the invention is fairly and legally
entitled.

What is claimed is:

1. A circuit for distorting an input signal comprising

(a) amplifier means for receiving said input signal and
producing an output signal,

(b) distortion means having one terminal connected
to said output signal for distorting said output sig-
nal, and another terminal connected to a switch for
selectively connecting said another terminal to a
ground voltage or to voltage which substantially
equals said output signal,

(c) whereby said distortion means distorts said output
signal when said another terminal is connected to
ground and does not distort said output signal
when said another terminal is connected to said
voltage which substantially equals said output sig-
nal.

2. The circuit of claim 1 wherein said distortion

means comprises at least one diode.
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3. A circuit for providing a distorted signal compris-
ing

(a) amplifier means for receiving an undistorted mpqL
signal and for providing an output signal, et

(b) first means for providing broad-band gain of sald,
amplifier,

(c) second means for selectlvely controlling the gam
of said amplifier, comprising means for providing a,
larger gain for selected frequencies in said broad
band and a lesser gain for other frequencies, .

(d) distortion means connected to said output signal
for providing a selective amount of distortion to
said output signal, and

(e) control means for simultaneously controlling said
second means and said distortion means to increase
said gain for said selected frequencies and to in-
crease said distortion.

4. The circuit of claim 3 wherein said control means
includes first and second variable resistors ganged to-
gether for simultaneous operation.

5. The circuit of claim 4 wherein said selected fre-
quencies are in the center of said broad band so.that said
second means provides a bell-shaped gain function.

6. The circuit of claim 5 wherein said second means
comprises a parallel combination of said first variable
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resistor and a first capacitor, and a series combination of
a second capacitor and a second resistor.

7. The circuit of claim 6 wherein one end terminal of
said series combination is connected to said parallel
combination, and the other end terminal is connected to
a switch which allows said other terminal to be con-
nected to ground or to have a floating voltage, whereby
said increased gain may be quickly eliminated by acti-
vating said switch to allow said voltage to float.

8. The circuit of claim 7 wherein one terminal of said
distortion means is connected to said output signal and
a second terminal is connected to said.switch whereby
said, second terminal may be selectively connected to a
ground voltage or a floating voltage substantially equal
to the output voltage of said amplifier.

9. The circuit of claim 8 wherein said distortion
means comprises a parallel combination of at least two
inversely-poled diodes, and said one terminal is con-
nected to said second variable resistor.

10. A circuit for dlstortmg an audio signal- as recxted
in claim 9 further comprising volume control means for
wide bandwidth gain adjustment of said circuit for dis-
tortmg, thereby permitting adJustment of the overall

gain of the system.
* X * * * &
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