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Purpose:


This project is intended to provide an inexpensive method of converting a speaker-level audio signal into a line-level audio signal for automotive sound systems.  It is designed to prevent noise from being introduced into the signal.  It is also designed to prevent large transients from occurring during the "power on" and "power off" process.  These transients result in a loud "pop" when the stereo is turned on or off.





There are products commercially available to convert speaker level to line level.  They are usually overpriced and, in many circumstances, induce noise and the "pop" described above.  These shortcomings render the device practically unuseable at any price.








Commercial designs:


A typical application is when an existing radio/cassette/cd player feeds audio to an amplifier or equalizer that was added later.  The converter is needed when the radio only has speaker-level outputs and the amplifier only has line-level inputs.  Generally speaking, the device is simply reducing the amplitude of the signal.  However, there are a few complications.  





D.c. blocking is required in case the radio or the amp has a d.c. reference voltage applied to one or both terminals.  Without the blocking, a  d.c. current may possibly damage one of the devices.  Typically, coupling capacitors are employed to provide the blocking.  This generally works in operation, but during the "power on" and "power off" transitions, any d.c. voltage that exists, charges (and  discharges) through the capacitors.  This causes a large transient "pop" or "boom".  Besides being disturbing, sometimes it is loud enough to damage speakers.  





Another problem is noise.  This usually results from the mishandling of grounds, usually resulting in unwanted ground loops.  Many commercially available converters use ground as a reference for the signal.  The negative side of the output is often tied to ground (for both left and right channels).  This is not necessarily a problem as long as the radio and amp are both using the same ground as a reference for their signals.  Often, however, one of the devices won't reference it's signals to ground and this causes a problem.  If one device is using a balanced (or differential) type of signal, referencing the negative side to ground will eliminate the noise rejection characteristics of a balanced signal.  (It is no longer balanced because one side is grounded.)  The noise which would have existed on both lines, and thus cancelled out, now only exists on one line and is now part of the audio signal.  Typically this will result in alternator induced whining noise.  





Capacitor coupling does nothing to eliminate this noise.  Also, eliminating the ground connection on the converter will not do much good since the amplifier or equalizer may have its own internal reference to ground on its input.








Solution:


In an ideal design, the input and output would have no affect on each other in terms of grounding or d.c. offset.  A simple way to achieve this is to use an audio output transformer.  The transformer does not pass any steady or transient voltage applied equally to both terminals of the transformer.  Therefore, the output has clean audio regardless of being referenced to ground or not.  This simultaneously eliminates the d.c. "pop" at "power up" and the ground loop noise.








Circuit:


Transformers have limitations which must be taken into account when designing the circuit.





First, they are inductive devices and behave as such.  This means they have limits to their frequency responses (as do capacitors).  By keeping impedances in mind, this circuit should easily handle the entire audio spectrum.  The transformer chosen is an audio output transformer, but it is not really being used as intended.  Because of this, the observed frequency response is far better than its advertised response.  





The transformer is available at Radio Shack as part number 273-1380.  It claims a response from 300 Hz to 10,000 Hz at plus or minus 3 dB.  In this circuit, it has a response from below 25 Hz to above 18,000 Hz at plus or minus 3 dB.  This is because its high impedance input (1K ohm) is being driven by a low impedance source (speaker level output is less than 100 ohms).  Then, its low impedance output (8 ohm) is driving a very high impedance input (line level input of an amp or eq. is typically 10,000 ohm).  These favorable conditions are possible because power loss (insertion loss) due to the impedance mismatch is actually desired.  Normally, in a typical output transformer circuit, power loss is minimized to maximize volume.  In this circuit, the main purpose is to reduce volume.   





For these same reasons, the phase distortion is very low.  In fact, it was almost unmeasurable.    





One problem with transformers is that they can be overloaded and cause distortion.  The iron core has a limit to the amount of magnetic flux it can contain.  Because of this, at low frequencies, it is important for the input voltage to remain below the saturation point.  This limit was found experimentally for this transformer.  At 35 Hz, the input voltage should not exceed 10v peak to peak.





A typical low-powered radio can attain 20v peak to peak.  This is the reason for the voltage divider.  The resistors R1 and R2 load down the radio and cut the voltage to the transformer.  The more powerful the radio is, the larger R1 should be.  20 to 50 ohms and 5 watts or greater should work satisfactorily for most applications.  If the output signal is too weak, a smaller resistance can be used for R1.  However, R1 should always be 5 watt or greater.  





For the best audio quality, non-inductive resistors could be used, but cheap power resistors from Radio Shack seem to work just fine.


