Customizable Audio Amplifier Muting Circuit


Applications

Eliminate turn-on thump and turn-off thump in automotive audio applications

Allow all speaker outputs to be enabled at the same time in multiple amplifier applications

Muting circuit for DIY amplifier builders/modifiers
(Should be easy to modify for other projects)
Introduction
So, you just spent the last couple of days building a speaker box, completely dismantling the interior of your automobile, snaking wires and interconnect cables throughout, and installing several kW worth of amplifiers.  You’re covered in all forms of automotive grime, your muscles ache, and your knuckles are going to need a couple of weeks to heal.  Then there’s that golden moment when you snap to the conclusion that it’s time to fire it up.  So you connect the power to the system, get in the drivers seat, and turn on the stereo.  The glow of the amplifier power LEDs turning on makes your heart rate increase, then BOOM! – the woofers unexpectedly jump out for one filling-loosening bass note.  Just great, you have turn on thump.  
Maybe it wasn’t the best idea to buy that 1600W amp that was NIB for just $129.  Or, maybe you bought an “old school” amp that either never had a muting circuit or has one that has failed open-circuit.  Either way, something must be done.  

Now, if you have a amp that has muting circuitry that isn’t working, you could spend all day taking it apart, following traces on both sides of the board, and eventually finding the bad component.  Most of the time, this will be a transistor for which there is no available exact replacement.  So you will have to risk taking the amp apart and putting it back together just to put in a transistor that “should work”.  That doesn’t seem worth it.
If your amp never had a muting circuit, you don’t have to go out and buy one that does.  Also, you don’t have to just get used to it, like watching a horror movie enough times so that the cat jumping from behind the garbage can doesn’t make you jump any more.
This document provides instructions for building a circuit that can be connected externally to any car audio amplifier to eliminate turn-on and turn-off thump.  The circuit can be easily modified for the desired time delay or current handling capabilities.

Or, if your only problem is that you have a mismatched set of amplifiers, and you are tired of audio coming out of one before the other – this circuit is for you.

Overview

The circuit provided in Figure 1 prevents turn-on thump by keeping the speakers disconnected from the amplifier until the amplifier has completely powered up.  All relays are driven by a Darlington array with diode protection, so no external or internal relay coil protection is necessary, and there are no worries about contact bounce.  An RC network and single supply comparator are implemented to provide a seven second delay between when the remote voltage is supplied and when the relays connect the speakers to the amplifier.

The Darlington array has more than enough current sinking capability (up to 500mA) to control multiple relays.  Relays can be added to the circuit by simply connecting the coils in parallel or using more channels on the Darlington array.  This circuit is not limited for use with only two speakers!!

Theory of Operation

The 12V remote input from the automotive head unit (REMOTE) is used to switch a relay that switches power (PWR) to the timer circuit and accessory output (12V Out).  Power can be connected to any 12V source capable of delivering the desired current.  The Darlington array will not draw enough current to worry about connecting it directly to battery power.  The accessory output should be connected to the REMOTE inputs of all amplifiers.  Therefore, very little current will be drawn from the head unit’s remote line, thus protecting the head unit in cases where multiple amplifiers and accessories may create too much of a draw.  Some older amplifiers are bad about this.

Once the power is switched to the delay circuit, the voltage at the node between R2 and C1 starts to ramp up.  The single supply comparator (U2) is set up as a non-inverting comparator.  It compares the voltage from the RC network to a reference voltage created by a voltage divider made up of R3 and R4.  The values of R3 and R4 have been selected to set a reference of about 2-2.5V depending on battery voltage.  Once the RC network voltage exceeds the reference voltage, the comparator output (U2-2) will turn on.  This output is pulled up by R7, scaled by R9, and input into the Darlington array.  The Darlington array will activate the relay, switching the contacts to connect the common to the normally open.  Note: the normally closed contacts on all relays can be left floating.
When the stereo is turned off, the capacitor discharges through R1 so the RC network voltage will be at 0V for the next time the stereo is turned on.  A general purpose diode (D1) prevents the capacitor from discharging until the circuit power is disabled.  Also, when the stereo is turned off, VCC is removed from U2, so the output goes low very quickly, and the Darlington array switches the relay back to the original position before the amp can power down.  This prevents turn-off thump.

An optional circuit is shown consisting of U3, C2, C3, R10, and R11.  This circuit can be used to create a regulated voltage capable of delivering up to 5A.  This could be handy if the desired relays for use have 5V coils, if 6V fans are used, or if it is desirable to add TTL level circuitry for other accessories.  If 5V relays are to be used, an additional ULN2001A is needed.  Don’t forget to put the regulator on a heat sink!
Instructions
1) Create the circuit shown in Figure 1 on a protoboard.  Use appropriate sized wire to make connections!  Use 18AWG or bigger for power and ground.  If the traces on the protoboard can’t handle the required current, drill the board and connect with wires.  Use 22AWG to 28AWG hook up wire for signal lines.  If the relays are mounted to the board use large wire for the speaker connections.  It may be easier to mount them on sockets or mount them sideways and use female disconnect terminals. 
a) Determine the time delay that will be needed to eliminate the problem, and adjust the values of R2 and C1 accordingly.  A variable resistor can be substituted for R2 to provide adjustable delay.  The circuit in Figure 1 provides an approximately seven second delay.
b) Determine the size of relays to use.  For the power enable relay, pick a relay that will handle the total current needed to drive all amplifier remotes and any add on accessories.  For the speaker out relays, pick a relay based on actual amplifier output power.  For example, a typical name brand amplifier rated at 250Watts RMS per channel will require a relay that will handle >8A at 35V.  For really big amps, both sets of contacts on a DPDT relay may need to be used for a single channel.  Note: If the amplifier is used for midrange or tweeters, the relays will not have to handle much current and PCB mount relays could probably be used.
c) Determine all current draws and change fuse sizes if desired.  Part numbers are given for through-hole, PCB mount type fuses.  Glass fuses on fuse holders or in-line fuse holders could alternatively be used.
2) Connect the speakers to the amplifier as shown in Figure 1.

3) Connect the circuit ground (GND) to the vehicle chassis or common point ground of the amplifiers.

4) Connect the remote turn on lead from the head unit (usually the blue wire) to the remote input of the circuit (REMOTE).
5) Connect all amplifier remote inputs to the accessory output (12V Out) of the circuit.

6) Connect the power input to the circuit (PWR) to battery power or to the automobile’s fuse box.  Always remember to fuse all power lines at the battery, so the car doesn’t catch fire if the wire gets cut and touches metal!

7) Dress it up with some LEDs, neons, and Lexan®.  Then, crank it up!
Parts List

	Required Parts (Using Parts Available at Allied Electronics)
Note: Please Verify Relays are Properly Sized for Your Needs

	Part Number
	Description
	Stock Number 

	ULN2001A
	Darlington Driver Array
	248-2007

	MC3302P
	Single Supply Quad Comparator
	568-4666

	1N4004
	General Purpose Diode
	568-0144

	SEK470M025ST
	Capacitor 47uF, 25V, 20%
	852-7078

	RN55D1002F
	Resistor 10K
	895-0355

	RN55D3832F
	Resistor 38.3K
	895-1159

	RN55D7501F
	Resistor 7.5K
	895-0833

	RN55D1004F
	Resistor 1M
	895-1141

	RN55D6813F
	Resistor 681K
	895-1108

	781XAXML-12D
	Relay, SPDT, 12VDC Coil, 15A Contacts
	850-0205

	W78RCSX-7
	Relay, DPDT, 12VDC Coil, 15A Contacts
	850-0410

	251005
	Fuse 5A, PCB Mount
	846-2014

	251.125
	Fuse .125A, PCB Mount
	846-2002

	Optional Parts

	Part Number
	Description
	Stock Number 

	110-13-314-41-001
	14-pin DIP socket
	900-0702

	110-13-316-41-001
	16-pin DIP socket
	900-0704

	RN55D90R9F
	Resistor 90.9
	895-1029

	SEK100M025ST
	Capacitor 10uF, 25V, 20%
	852-7023

	SEK101M025ST
	Capacitor 100uF, 25V, 20%
	852-7029

	3006P-501
	Variable Resistor 500 Ohms
	754-1051

	LT1084
	Adjustable Voltage Regulator, 5A
	?
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