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TUBE OVERDRIVE PEDAL OPERABLE USING
LOW VOLTAGE DC BATTERY ELMINATOR

BACKGROUND AND SUMMARY OF THE
INVENTION

The present invention relates generally to electronic
musical instruments. More particularly, the invention
relates to a signal processing device for altering the
spectral content and sustain characteristics of electronic
musical instruments such as electric guitars and the like.

The popularity of electric guitars and other elec-
tronic musical instruments has created quite a demand
for signal processing devices to change the timber,
overtones, coloration, sustain and other musical proper-
ties of the instrument. Today electronic musical instru-
ments are played through amplifiers, audio mixing con-
soles and even portable headphone amplifiers. Regard-
less of the final output device, be it amplified speakers,
mixing console or headphones, many musicians prefer
using standalone signal processing devices to enhance
their sound.

One type of signal processing device is the distortion
booster which produces a fuzz-like tone by overdriving
cascaded amplifier stages. There are many popular
overdrive units on the market, many of them being
transistorized battery-powered circuits housed in small
foot pedal boxes. Occasionally, these transistorized
distortion pedals have a jack for connection to an exter-
nal “battery eliminator” power supply. These power
supplies typically comprise a transformer and rectifier
circuit in a self-contained module intended to be
plugged directly into household AC current. Battery
eliminators of this type typically supply either 6 or 9
volt DC output.

When several amplifier stages are cascaded together
and biased to overdrive, nonlinearity results. Transistor
circuits are used in foot pedal distortion booster circuits
because they are economical and can be operated on
jow DC voltages. When driven into the nonlinear re-
gime, transistor circuits tend to produce tonal harmon-
ics which are odd multiples of the original or fundamen-
tal tone. This is what produces the distortion or fuzz-
like sound. For some types of music, such sound is
considered by some to be desirable.

However, many mausicians find that the addition of

odd harmonics to the fundamental tone lacks musical”

aesthetic qualities. It has been found that the even har-
monics are more pleasing to many and would be pre-
ferred over the odd harmonics produced by transistor
circuitry. Since naturally occurring musical tones and
the scales and chords upon which modern music are
based all employ even harmonics, it is advantageous to
accentuate these harmonics by signal processing.
Although virtually replaced by transistor and semi-
conductor devices, vacuum tubes naturally provide the
beneficial quality of generating even harmonics when
overdriven to the point of distortion. There are some
musical instrument amplifiers on the market today
which use vacuum tube circuitry to gain this advantage.
However, because of packaging and power supply con-
straints, there has not heretofore been a stand-alone
distortion pedal operable by battery eliminator DC
power supplies which use vacuum tubes. Indeed, the
classical vacuum tube bias circuit often employs volt-
ages in the range of ninety to several hundred volts for
the plate supply, with 6 volt and 12 volt filament heater
voltages being common. Thus traditional vacuum tube

5

20

35

40

45

60

65

2

circuits simply are not designed to work with a 9 volt
battery eliminator power supply of the type commonly
used with transistorized distortion pedals. Of the very
few distortion pedals which use vacuum tubes, all have
110 volt AC power cords like lamps, toasters and other
household appliances.

Several problems arise when AC power is used in this
conventional fashion. First, distortion pedals employing
conventional AC power cords require step down trans-
formers and rectification circuitry to be built into the
foot pedal housing. Placement of the transformer in
close proximity to the vacuum tube creates a significant
problem with electromagnetically induced hum, an
extremely undesirable quality in the musical instrument
industry. In addition, because these devices operate at
full line current, the components are more expensive
and require Underwriter’s Laboratories’ approval. Asa
result, AC powered distortion pedals tend to cost ap-
proximately twice what the transistorized pedal costs.

Furthermore, the requirement of needing a separate
AC outlet to operate a distortion pedal can be a signifi-
cant drawback to the studio musician or performing
musician. In the studio and on stage, there is often a
shortage of AC outlets and also often quite a tangle of
cables and wires leading between the instruments, mi-
crophones, amplifiers, mixing consoles and the like. The
proximity of AC power cords to high impedance, high
gain circuitry found in this equipment can induce un-
wanted hum. Also the AC power cord of a distortion
pedal can create ground loop problems as well.

The present invention provides a unique and novel
vacuum tube overdrive distortion pedal which is capa-
ble of operating from a low voltage “battery elimina-
tor” DC power supply. The presently preferred em-
bodiment employs a 12 AX7A vacuum tube (filament
heater requirement 12 volts) and a 9 volt DC battery
eliminator serves as the power supply. The invention
provides a rich, warm distortion emphasizing even har-
monics. The invention thus rivals the sound qualities of
the finest AC powered tube distortion circuits, without
any of the power supply problems described above.

The invention is preferably packaged in a small foot
pedal with jack on the rear into which the conventional
battery eliminator low voltage conductors are plugged.
The foot pedal conforms to the size, shape and power
requirements of popular transistorized effects devices.
Thus the invention can be connected together with
other effects devices to a common battery eliminator
supply. There are effects pedal carrying cases on the
market today which accommodate several intercon-
nected effects pedals and which supply the pedals with
the proper DC operating voltage. The distortion pedal
of the invention will operate with such carrying cases,
making it popular with traveling musicians.

The signal processing device of the invention em-
ploys a unique biasing circuit with pull-up circuitry
which references the vacuum tube grid to the B+ sup-
ply voltage, rather than to ground as is the conventional
practice. This gives the circuit a desirable high input
impedance, increases nondistorted headroom substan-
tially and lowers output impedance of the device. Al-
though not fully understood, it is believed that the cir-
cuit also produces a secondary emission from the grid
by pulling it slightly positive, allowing electrons from
the cathode to move more freely toward the plate.
Notably, the power supply voltage is also lower than
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the conventional requirements for filament heater oper-
ation.

For a more complete understanding of the invention,
its objects and advantages, reference may be had to the
following specification and to the accompanying draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of the presently pre-
ferred embodiment of distortion pedal in accordance
with the invention;

FIG. 2 is a rear perspective view illustrating the bat-
tery eliminator DC power supply;

FIG. 3 is a schematic diagram of the presently pre-
ferred embodiment;

FIGS. 4A-4C illustrate some of the advantages of the
pull-up resistor bias circuit.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring to FIG. 1, the distortion pedal of the inven-
tion is illustrated generally at 10. The pedal is disposed
in a metal housing 12 which preferably comprises a pair
of interfitting generally U-shaped upper and lower com-
ponents 14 and 16. The upper component defines an
inclined top face on which a foot actuated push button
18 is mounted. Also mounted on the upper component
of the housing are the output level adjustment knob 20,
the equalization adjustment knob 22 and the, overdrive
adjustment knob 24. Preferably the lower component 16
includes nonskid rubber feet 26 and air vent louvers 28.

Referring to FIG. 2, the rear of upper component 14
has an input port 30 and an output port 32. Preferably
the input and output ports are female phone jacks to
accommodate the standard electric guitar cord. In use,
a shielded cable is connected between input port 30 and
the electronic instrument and a second cable is con-
nected between output port 32 and the input of the
musical instrument amplifier, mixing console or the like.
Some musical instrument amplifiers and mixing con-
soles have provision for an effect loop comprising an
effect send output and an effect receive input. Regard-
less of the specific method of connection, the input and
output ports 30 and 32 are used to place the distortion
pedal circuitry, yet to be discussed, in the audio signal
path.

A DC power jack 34 is provided at the rear of hous-
ing 12 preferably generally between the input and out-
put ports. This jack is adapted to receive the conven-
tional plug 36 of a low voltage DC “battery eliminator”
power supply 38. As illustrated, power supply 38 is
housed in a self-contained case 40 which includes a pair
of prongs 42 which plug directly into the AC house
current. The presently preferred embodiment uses a 9
volt DC battery eliminator of conventional construc-
tion. Housed within case 40 is a step down transformer
and rectifier circuit of conventional design.

Referring now to FIG. 3, the electronic circuit of the
presently preferred embodiment is illustrated. The foot
switch push button, comprising a double pole, double
throw switch is illustrated at 18. Input port 30 and out-
put port 32 are also illustrated as is DC power jack 34.
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Referring first to the power supply conditioning sec- -

tion illustrated generally at 44, DC power jack 34 com-
prises a ring or sleeve 46 and a tip 48. Ring or sleeve 46
is connected to the positive side of the 9 volt DC sup-
ply, while tip 48 is connected to the negative side.
Diode 50, which may be a IN4001, is connected be-
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tween tip and ring with a polarity serving to short the
tip and ring in the event the positive and negative
power supply leads are incorrectly connected at a re-
verse polarity. This prevents damage to the circuitry.
The negative side of the power supply, as at tip 48 is
connected to circuit ground 54. For convenience, cir-
cuit ground is schematically illustrated by an inverted
triangle symbol which is to be distinguished from the
encircled inverted triangle symbol comprising the float-
ing reference 56.

At node 52 of the power supply conditioning section
44, the vacuum tube filament heaters 58 are connected.
Node 52 is nominally at 9 volts DC. Also connected at
node 52 is a light-emitting diode 60 which receives
power from a voltage divider circuit comprising resis-
tor 62 and zener diode 64 which limits swing in voltage
from pull-up resistor 62 to reduce audible pop which
may be induced in the audio circuit. The light-emitting
diode 60 is switched on and off by connection to termi-
nal 3 of push button foot switch 18. As illustrated, this
foot switch selectively makes and breaks contact be-
tween terminals 2 and 3, with terminal 2 being con-
nected to circuit ground 54. The light-emitting diode 60
is used to indicate when the distortion circuit is en-
gaged.

Following a resistor/capacitor power conditioning
filtration stage 66, node 68 provides DC power to the
remaining active electronic circuitry. Node 68 is nomi-
nally at 8.5 volts. Node 68 is connected directly through
biasing resistors 70 to vacuum tube 72. The additional

filtration and voltage divider stage 74 is used to further

condition the DC voltage and to provide the floating
reference 56 denoted by the encircled inverted triangle
symbol. The operational amplifiers are powered by
connecting the positive and negative supply terminals
to node 68 and ground 54 respectively. The floating
reference 56 is used to bias the input signal at the mid-
point (approximately 4.2 volts) between the 8.5 volt and
0 volt supply rails.

Referring now to input port 30, the input signal is
coupled through input impedance network 78 to a semi-
conductor operational amplifier 80 which is configured
as a unity gain buffer to increase the input impedance of
the circuit. The output of operational amplifier 80 is
coupled through a resistive/capacitive impedance net-
work 82 to a second semiconductor operational ampli-
fier 84 which is configured as a preamplifier stage capa-
ble of overdriving vacuum tube 72. Operational ampli-
fier 84 includes a potentiometer 86 in its feedback loop.
Potentiometer 86 is connected to the overdrive adjust-
ment knob 24 and i$ used to adjust the gain of opera-
tional amplifier 84.

The output of operational amplifier 84 is resistively
and capacitively coupled through impedance network
88 to the grid 90 of vacuum tube 72. Vacuum tube 72 is
preferably a 12AX7A vacuum tube device, which is a
pair of triodes in a single package. As illustrated, these
triodes are cascaded together in series, with the plate 92
of the first stage being connected to the grid 96 of the
second stage. The cathodes 94 and 100 of both vacuum

tube stages are connected to circuit ground 54. The

plates 92 and 98 are both biased by the positive node 68
which may be considered as the B-+. Grid 90 of the first
stage is biased toward ground through pull-down resis-
tor 102. Notably, grid 96 of the second stage is biased
toward the B+ through pullup resistor 104. The output
of vacuum tube 72 on plate 98 is resistively and capaci-
tively coupled through equalization potentiometer 106
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and output level potentiometer 108, As illustrated, the
equalization potentiometer includes a capacitor 110
permitting this potentiometer to serve as a variable high
pass filter in the nature of a treble cut tone control.
Potentiometer 106 is operated by the equalization ad-
justment knob 22 which potentiometer 108 is operated
by the output level adjustment knob 20.

The output of potentiometer 108 is connected to
terminal 6 of the foot switch push button 18. As illus-
trated, terminal 5 of push button 18 may be selectively
connected to terminal 6 which connects the output of
potentiometer 108 to the output port 32. In the opposite
position, push button 18 connects the input port 30, via
terminal 4, to the output port 32. In this position, the
distortion circuitry is bypassed and the input signal is
fed directly to the output port.

Push button 18 is configured so that when terminals 4
and 5 are connected together, directly coupling input
port 30 with output port 32, terminals 2 and 3 are also
connected together. This effectively grounds node 112,
preventing an input signal from entering the preampli-
fier and vacuum tube stages. When the switch 18 is in
the opposite position, the direct connection between
input and output ports is broken and the output port 32
is instead fed with a modified (distorted) signal from
potentiometer 108 by the connection of switch termi-
nals 5 and 6. Switch terminals 1 and 2 are also con-
nected in this position, permitting power to flow
through light-emitting diode 60. Light-emitting diode
60 is visible on the front panel of the upper housing
component 14. Illumination of this diode indicates that
the distortion circuitry is engaged.

From the foregoing it is seen that the present inven-
tion is able to operate a vacuum tube circuit employing
a 12AX7A vacuum tube device. This device normally
requires a 12 volt heater current and considerably
higher plate voltages to operate in conventional fashion.
The present circuitry produces highly desirable and
musical qualities not found in transistorized distortion
pedals. The invention rivals more expensive AC pow-
ered vacuum tube distortion pedals, without the associ-
ated hum and ground loop problems found with such
AC powered pedals.

While the reasons for these advantageous results are
not fully understood, some of the benefits are believed
to be attributable to the bias circuit in which the grid 96
of the second stage is biased towards B+ through pull-
up resistor 104. In contrast to the conventional practice
of biasing the grid towards ground. To confirm this, an
experiment was conducted in which the circuits of
FIGS. 4A and 4B were compared and the results re-
corded in the chart of FIG. 4C. Comparing the circuits
of FIGS. 4A and 4B, it is seen that the principal differ-
ence is that in FIG. 4A the grid is biased through a 6K
resistor to ground, in conventional fashion. In FIG. 4B
the grid is biased through a 100K resistor to the B+ rail.
Referring to FIG. 4C, it is seen that the enhanced cir-
cuit of FIG. 4B provides a much higher input impe-
dance, a desirable property in this application. The
output impedance of both circuits remains substantially
the same. For an input sinusoidal waveform of 0.3 volts
RMS. the output of conventional or normal circuit of
FIG. %A produced a 0.7 volt RMS output with clipping.
The enhanced circuit of FIG. 4B produced a 1.2 volt
RMS output signal without clipping. Representative
waveforms are illustrated in FIG. 4C.

The foregoing experiment demonstrates that the
pullup resistor biasing of the grid has the benefit of
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producing a much higher input impedance, comparable
output impedance and much improved nondistorted
headroom. With increased headroom, the circuit can be
driven in the nonlinear regime with more subtle control
and at higher output levels, if desired. Increased head-
room gives greater output which allows the equaliza-
tion circuit to be implemented with lower impedance
components. This reduces output impedance to thereby
reduce output hum which can otherwise be induced by
stray electromagnetic signals. Controlled distortion is
provided over a wide range before serious, nonmusical
clipping occurs. This results in a product with gives the
musician a great deal of tonal control over the sound as
well as very good control of sustain. These are highly
desirable properties, sought by electric guitar players
and other electronic musical instrument players.

While the invention has been described in connection
with the presently preferred embodiment, the principles
of the invention are capable of modification and change
without departing from the spirit of the invention as set
forth in the appended claims.

What is claimed is:

1. A signal processing device for electronic musical
instruments comprising:

a signal processing circuit having a vacuum tube
device having a filament heater, at least one plate,
at least one cathode and at least one grid and being
capable of operation in a nonlinear regime;

said signal processing circuit including bias circuit
means coupled to said vacuum tube device for
causing said vacuum tube device to operate in a
nonlinear regime;

said signal processing circuit being disposed in a
housing;

a direct current power supply means packaged sepa-
rately from and external to said housing and cou-
pled to said bias circuit means for supplying a sin-
gle polarity DC voltage and a DC ground for oper-
ating said signal processing circuit;

said signal processing circuit having input port for
coupling to said musical instrument and having an
output port, whereby signals applied to said input
port are processed nonlinearly by said signal pro-
cessing circuit and provided to said output port;

said vacuum tube device being coupled to said power
supply through said bias circuit whereby said cath-
ode is referenced to said DC ground; said plate is
referenced to said single polarity DC voltage and
said filament heater is supplied by said DC voltage;

said bias circuit including pull up circuit coupled to
said grid whereby said grid is referenced to said
DC voltage. :

2. The device of claim 1 further comprising foot
actuable switching means disposed on said housing for
controlling the operation of said signal processing cir-
cuit.

3. The device of claim 1 wherein said power supply
means comprises a self-contained transformer and recti-
fier.circuit for direct plug in connection to household
alternating current.

4. The device of claim 1 wherein said vacuum tube
device includes a filament heater circuit of predefined
voltage requirement and wherein said single polarity
DC voltage is lower than said predefined voltage.

5. The device of claim 1 wherein said single polarity
DC voltage is below 48 volts DC.

6. The device of claim 1 wherein said single polarity
DC voltage is below 24 volts DC.
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7. The device of claim 1 wherein said single polarity
DC voltage is below 12 volts DC.

8. The device of claim 1 wherein said single polarity
DC voltage is nominally 9 voits DC.

9. The device of claim 1 wherein said single polarity
DC voltage is below 9 volts DC.

10. The device of claim 4 wherein said predefined
filament heater voltage is 12 volts and said power single
polarity DC voltage is' nominally 9 volts DC.

11. The device of claim 1 wherein said power supply
means defines a positive B+ voltage and a ground and
wherein said vacuum tube device has a grid, a cathode
and a plate and wherein said bias circuit includes a
means for referencing said cathode to ground, a means
for referencing said plate to B+ and a pull up circuit for
referencing said grid to B+.

12. The device of claim 1 wherein said signal process-
ing circuit includes signal switching means coupled
between said input port and said output port for selec-
tively coupling said signal applied to said input port
directly to said output port, thereby bypassing the non-
linear processing by said vacuum tube device.

13. The device of claim 12 wherein said signal switch-
ing means includes a foot actuable switch disposed on
said housing.

14. The device of claim 1 wherein said signal process-
ing circuit includes adjustable gain preamplifier means
coupled to said vacuum tube device for altering the
degree of nonlinearity of said signal processing circuit.

15. The device of claim 1 wherein said signal process-
ing circuit includes adjustable output level control
means coupled to said output port for altering the am-
plitude of the signal provided to said output port.

16. The device of claim 1 wherein said signal process-
ing circuit includes tone control circuit for altering the
frequency content of the signal provided to said output
port.

17. In an electrical musical instrument sound modifi-
cation device comprising:
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a case having a footpedal disposed thereon;

an electronic signal modification circuit disposed in
said case and operably coupled to said footpedal;

said electronic signal modification circuit comprising
at least one vacuum tube device having a biasing
circuit coupled thereto;

said biasing circuit being coupled to a jack disposed
on said case;

a DC power supply disposed in a package separate
from said case and having a plug for detachable
insertion in said jack for supplying DC power to
said biasing circuit;

said vacuum tube device having a filament heater for
operating said filament a predetermined heater
voltage and wherein said DC power supply deliv-
ers current to said biasing means at a voltage not
substantially greater than sald predetermined
heater voltage. '

18. The device of claim 17 wherein said biasing cir-

cuit is transformerless.

19. The device of claim 17 wherein said DC power
supply has at least two AC current prongs adapted to be
plugged directly into a source of AC line current.

20. The device of claim 17 wherein said DC power
supply delivers current to said biasing means at a volt-
age substantially less than ninety (90) volts.

21. The device of claim 17 wherein said DC power
supply delivers current to said biasing means at a volt-
age substantially less than thirty-six (36) volts.

22. The device of claim 17 wherein said DC power
supply delivers current to said biasing means at a volt-
age substantially less than twenty-four (24) volts. _

23. The device of claim 17 wherein said DC power
supply delivers current to said biasing means at a volt-
age substantially less than twelve (12) volts.

24. The device of claim 17 wherein said DC power
supply delivers current to said biasing means at a volt-

age substantially equal to nine (9) volts.
* * * * *
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