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Universal preamplifier and distortioner for electrical guitar or violin

Petre Tzv. Petrov

Sofia, Bulgaria

Introduction

Sometimes it is necessary to amplify and to add some distortions to the signal coming from guitar or violin pickup. There are many ways to do that and it is matter of personal preference to select the appropriate circuit, volume of the signal and the type and quantity of the distortions. Many nonlinear devices can change the signal and to produce more or less noticeable sound effect.
This paper is describing simple, inexpensive device used to buffer, amplify and if it is selected to distort the signal from a pickup in at least…. 512 ways! So there is a place for a lot of experiments in search of the perfect sound.
Description of the circuit
The circuit on Figure 1 is built with four operational amplifiers (OAs) and has the following main goals:
* To adapt the signal from the pick up. The input resistance of the circuit could have any value between 50 kOhm and 10 MOhm depending mainly on the resistor R3 and capacitor C1. This is making the input appropriate to practically any pick up on the market. In order to have less noise level the capacitor C1 should be non polarized capacitor for at least 63V.
* To amplify the signal from guitar and violin pickup from around 2 to 52 times depending of the position of the potentiometer P1. The higher value of the gain is producing heavy distortions and almost rectangular signal is observed on the output of the operational amplifier (OA) ICA.
* To add selectable and combinable distortions to the amplified signal. The distortions are selected with the switches S1 to S9. Any combinations of ON and OFF switches is possible.  In total there are 512 possible combinations of open and closed switches.
* Buffering all of the output signals with followers in order to drive several meters long cable.

Distortions

The device has nine sources of distortions apart from overloading the OA ICA with higher gain trough the potentiometer P1. These sources are selected with the switches S1 to S9 and could limit the amplified signal symmetrically or non symmetrically. The degree of the distortions could be changed with the potentiometer P2. 
Any combination of open and closed switches is possible but some of the combinations do not make noticeable difference. In total there are 512 combinations of open and closed switches.

Usage of the switches and sources of the distortions are as follows:

* S1 and S2 are connecting or disconnecting Shottky diodes D1 and D2 as BAT42. In fact any high frequency Shottky diodes could be used. The type of the diodes will affect to some degree the distortions.

* S3 and S4 are connecting or disconnecting the diodes D3 and D4 which are high frequency diodes as 1N4148 or 1N914. Any high frequency germanium and silicon diodes could be used. The diodes could be from the same or different type. The type of the diodes will affect to some degree the distortions.
* S5 and S6 are connecting or disconnecting diodes D5 and D6 which are low frequency rectifying diodes as 1N4001. Any low frequency silicon diodes could be used but the type of the diodes will affect to some degree the distortions.

* S7 and S8 are connecting or disconnecting diodes D7 and D8 which are low current LED diodes. Any low current LEDs could be used. 
* S9 is connecting two back-to-back connected Zener diodes with stabilization voltage between 2.4 and 4.7V according to the preferred level of limitation of the signal.

The number of the switches S1 – S9 could be increased easily to 15 or more but this is giving too many combinations to be noted, recorded and evaluated. All types of nonlinear devices could be connected using that method: diodes, LEDs, opto-couplers, junctions of base-emitter of transistors, etc. It is important that the voltage and the current provided by the OA ICA is enough to make the selected device functioning. That may require the increasing the power supply to the possible maximum and reducing the values of R7 and P2 to 1 kOhm.
In order to make the distortions from some source less noticeable a series resistor from 10 to 430 Ohm could be connected in series to the corresponding switch S1 – S9. R10 – R18 are for that purpose. These resistors are not obligatory and could be omitted.
The output buffers
The device has three output buffers-followers implemented with OAs ICB, ICC and ICD and the associated elements. 
The circuit has three outputs giving the possibility to record three different sounds during the same performance and after that to select the most appropriate or to make combinations from them. Consequently new musical works could be created without requesting the musician to play again. The three outputs are as follows:

CON2 is the buffered output for the signal from the electrical instruments. Practically, the signal is the same as the applied on the connector CON1. Added noise and THD could be neglected if OAs as TL074 or TL084 or better is used.

CON3 is the buffered output for the amplified signal from the electrical instruments. The signal is amplified from 2 to 52 times depending of the position of the potentiometer P1. The added noise could be neglected but the distortions could be very heavy if the selected gain is putting the OA into limiting the output signal. If R7>= 2kOhm  the position of the switches S1-S9 will not affect the output signal on CON3.
CON4 is the buffered output for the signal which could be distorted with closing any combination of switches S1 to S9.

The three outputs could drive 2 kOhm loads but the preferred loads are above 10 kOhm, mainly to reduce the consumption from the 9V batteries. 
The output levels on CON2, CON3 and CON4 are not adjustable because the following signal processing equipment has input potentiometers for volume control.

If needed the resistors R7, R9 and R20 could be replaced with 10 kOhm potentiometers and the regulated output could be connected to the regulation borne of the potentiometers.

The signals on CON2, CON3 and CON4 could be put in a single connector with eight wires.

When all switches S1 – S9 are open the circuit could work well as a microphone preamplifier due to the low noise and low THD. The signal from the microphone cannot overload ICA eve at the highest gain of 52.
The operational amplifiers
The device is built around the OA with JFET inputs as TL074, TL084, TL064 and similar. It is preferably but not obligatory to use low noise OA and OA which could drive 600 Ohm load. 
The JFET OAs have very low input currents and could have paralleled inputs without noticeable effect for that application.

The maximal non-distorted amplitude of the output signal depends on the power supply voltage, the load and the OA.
The power supply of the unit is the full power supply range of the OA. The capacitors should have working voltages higher than the power supply and than any voltage which could be applied to the circuit.
The power consumption from +-9V power supply is typically 9 mA and maximally around 14 mA with TL074, without input signal, all switches for the distortions open and no load at the outputs. The current of 2.5 mA through the LED D11 is included.
Conclusion

Single channel buffer, preamplifier and distortioner for guitar and violin pickup is presented. 

The device is very good platform to evaluate the distortions introduced by two-pole non linear elements as diodes, LED, photo diodes, Zener diodes, the junctions of base-emitter of bipolar transistors, etc.

The described circuit is versatile and could be adapted to wide variety of pickups and applications. 

The circuit needs simple tests with sinusoidal signal generator and electrical guitar and no adjustments to operate properly. 
Figure in the text

Figure 1. Schematic diagram of the universal preamplifier and distortioner for guitar or violin pickup.

Tables in the text

Table 1. Components in the universal preamplifier and distortioner for guitar or violin pickup.

Table 1

Components in the universal preamplifier for guitar or violin pickup plus combinable distortions
	Component
	Value
	
	Component
	Value

	R1
	1k Ohm

(0.51 – 2.2 kOhm)
	
	C1
	0.1 uF/63V

(0.1 -1uF/63V)

	R2
	10 kOhm 
( 1.0 kOm – 15 kOhm)
	
	C2
	100 pF/63V

(68pF – 1000 pF/63V)

	R3
	1MOhm

(50 kOhm  – 10 MOhm)
	
	C3*
	100 pF/63V

	R4 = R5
	2 kOhm
	
	C4, C5
	22 uF/25V

(22 – 100uF/25V)

	R6, R8, R19
	100 Ohm

(56  – 220 Ohm)
	
	C6, C7
	22 uF/25V

(22 – 100uF/25V)

	R7
	2 kOhm

(1.2 – 3.3 kOhm)


	
	C8, C9
	22 uF/25V

(22 – 100uF/25V)

	R9, R20, R21
	68 kOhm 

(43- 100 kOhm)


	
	C10, C11
	22 uF/25V

(22 – 100uF/25V)

	R10 – R18
	100 Ohm, (0 – 330 Ohm), could be whit different values depending on the diodes D1 – D10
	
	C12, C14
	0.33 uF/63V

(0.1uF  - 0.68uF/63V) 

	R22
	5.6 kOhm


	
	C13, C15
	1000 uF/25V

(330 uF  - 1000 uF/25V) 

	CON1, CON2, CON3, CON4,

CON5
	Any appropriate connector.

All connectors could be regrouped in a single connector.
	
	D1, D2
	 Any small low power Shottky diodes, e.g. BAT42, 1N5819, etc.

	IC
	 TL074, TL084, TL064, LF444C or better
	
	D3, D4
	1N4148, 1N914 or similar

	S1, S2, S3, S4, S5, S6, S7, S8, S9
	Any appropriate switch with two positions
	
	D5, D6
	1N4001-1N4007 or similar

	P1
	100 kOhm, 
(potentiometers, linear or logarithmitic)
	
	D7, D8, D11
	Any LED with any color under the condition that they are working at low current as 0.5 – 2 mA. But the distortions depend on the used LEDs.

	P2
	10 kOhm, 

(potentiometers, linear or logarithmitic)
	
	D9, D10
	 Any 0.3W – 1 W Zener diode for 2.4 to 4.7 V, e.g. 0.5W

BZX55C2V4,BZX55C2V7, 

BZX55C3V0, etc


Note:  (*) – The component may be omitted

All resistors are +-5% and 0.25W unless otherwise noted.

