This is a draft proposal for a magazine article.


I have been operating PSK-32 on my Ham radio for about eight years now.  All of my interfaces between the radio and my PC have been “home brew.”  I am now on my third generation interface and believe that it will probably be my last.  So far I have not been tempted to use any of the newer digital audio interfaces since I still like analog control of volume/level.

The device described in this article is both a 4:1 Audio Mixer and a 1:4 Distribution System.  Each of the input and output channels has its own volume control.  One Mixer channel and one Distribution channel are used for the interface to my transceiver and I have also installed a Transmit/Receive switch on the front panel.  One other distribution channel drives the powered speakers of my PC.

Although I am using this system with my PC, any audio system which needs to expand its line level input and/or output capability can easily make use of it.  The system is built using separate circuit boards for the Mixer and Distribution systems so that you need only implement the part your system requires.

Circuit Descriptions

In the following discussions only the Left channel operation will be described since the Right channel is identical in every case.  In the case of the Distribution and Mixer Blocks the component references are to the first block.  Each circuit description contains a simplified schematic.  Complete schematics can be found at the end of the article and on my web site - WWW.QSL.NET

 HYPERLINK "WWW.QSL.NET/K3PTO"
\K3PTO.  My website also contains assembly files showing placement of all components.  I have also posted the Gerber PCB files in case anyone wants to have their circuit boards made elsewhere.

Distribution Amplifier

The Distribution Amplifier is a “follower with gain” circuit (Figure 1) which multiplies the input signal by a factor of approximately 6 and is defined by the formula R2/R1 + 1.  The purpose of R3 is to keep the positive input of the dual op-amp from floating and to insure that it is biased to ground when there is no input connected.  The purpose of R4 is to isolate the output of the amplifier from the gain controls of the four Distribution Blocks (see Figure 2).  Since each Distribution Block has a potentiometer of 5K the total parallel resistance “seen” by each channel is about 1.25K.  This causes the total gain of the amplifier, from the input to the top of the potentiometer, to be about 3.3.
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Figure 1

Distribution Blocks

The circuit for the Distribution Block is another “follower with gain” circuit (Figure 2).  The gain is set to 2 by the formula of R2/R1 + 1.  This makes up for the gain reduction due to the potentiometers in parallel (see full schematic).

The output header (H2) of the Distribution Amp and the input headers (H3, etc) of the Distribution Blocks allow you to implement a switch between them if desired (see block diagram at end of article).  The traces on the circuit board connect all of the Left channel inputs to the Left channel output of the Distribution Amplifier.  The Right channel is wired identically.  It is not difficult to cut those traces with either an ExactoTM knife or a DremelTM tool.  Using all four Distribution Blocks you would need a two-pole four-position switch.
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Figure 2

Mixer Blocks

The Mixer Blocks (Fig. 3) are also “followers with gain.”  The gain is approximately 6 and is set by the formula R2/R1 + 1.  R3 is there to equalize the offset voltage as well as to provide some protection for the input.  R4 is to keep the input from floating when there is no input connected.
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Figure 3

Mixer Amplifier

Both channels of the Mixer Amplifier have four inputs (one input shown) consisting of four  potentiometers (5K) and four sets of 10K resistors and is a typical inverting amplifier circuit..  The gain of the Mixer Amplifier is about -1 and is set by the formula -R1/R2.  The mixer sums (and inverts) each of the four inputs.  There is going to be some interaction between the position of the wiper on the pot and the 10K resistor since they are roughly the same magnitude.  For practical purposes that interaction can be ignored.

I chose an op-amp inverter for this circuit because it enables each of the summing resistors (R2, etc) to work into a virtual ground.  This gives complete isolation among the four volume controls used on the Mixer Blocks.

The main reason why the potentiometer is part of the Mixer Amplifier rather than the Mixer Blocks is that if a switch is used I did not want the low level output of the potentiometer to be switched.  This wiring allows the high level signal to be switched instead.
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Figure 4

In the same way as the Distribution Blocks, the Mixer Blocks are wired to the inputs of the Mixer Amplifier.  They can be be cut and a switch inserted if desired.  Also, if you have a signal with a high enough level, and can tolerate a 5K load, you can bypass the Mixer Block altogether and connect directly to the top of the potentiometer.

General note for each of the above systems – you can customize the gain values per channel if your application would benefit simply by changing the resistor ratios.  I would change the resistor connected between the op-amp output and its input.  Also, there is a practical limit before the circuit will become unstable.  I suggest that the gain NOT be increased enough to handle microphones.  Most mics have outputs in the range of about -60dbm (about 1mv at 600 ohms).  This is quite a low level signal and more care needs to be exercised in order to amplify this level than I  have taken with this implementation.

Power Supply

The Power Supply I implemented is powered by a 20VAC “wall-wart.”  I strongly recommend the use of a wall-wart or external transformer in order to keep AC mains outside of the box.  The supply circuit I built  consists of two half wave rectifiers and 12 volt regulators.  There is provision on the board for a full wave rectifier if you use a transformer with a center tap.  The value of the two series resistors, 10 ohms on my board, should be selected based on the voltage source.  Just make sure that their power rating is sufficient.  Ideally, the resistors should drop enough voltage so that the regulators are presented with about 5 volts above their output voltage.  This will help minimize the regulators' power dissipation as well as provide better filtering of the rectified AC input.  The two audio boards draw a total of about 100ma.  Due to the symmetry of the system the same current flows through both the positive and negative supplies.  I used 12 volt regulators simply because I have a number of them on hand.  I believe that either 9 or 15 volt regulators would work equally well.

Assembly

The case I purchased (see BOM) has fairly soft aluminum so I had to be careful drilling it in order to not bend it out of shape.  I also mounted a rectangular piece of wood, 1/2” x 1/2” x 5”, to the top of the inside cover so that the back surface has some bracing when inserting connectors.  Most of the connectors are standard stereo 1/8”.  The ones I used are isolated types, except the ones to and from the PC, but that is not really necessary.  Since one input and output channel goes to my Ham Radio transceiver I decided to use a single, 7 pin, connector for its interface.  Obviously, you can use whatever connectors are appropriate for your application.

I used 0.1” single row connectors for making the various connections.  Each connector housing needs to be cut to length.  This is easily done with a utility knife.  The cost of using this method is about $.15 per connection.  I believe that the added cost is well worth the flexibility it provides.  I can completely disconnect any of the subsystems without having to unsolder wires.

The hardest part of using the connectors is that each of the wires is terminated with a crimp pin.  I happen to have access to a hand crimper tool that made it relatively easy for me.  However, I have hand crimped many of them in previous projects.  For hand crimping, I would work under a lighted magnifying lens and use a pair of small, curved nose, needle-nose pliers.  One hint for hand crimping – leave the pin on the strip while crimping the wire.

One minor problem I encountered was with the knobs for the pots.  The  pots have 1/4” shafts and the knobs were supposed to be for 1/4” shafts.  However, they turned out to be for fluted shafts (probably my mistake).  I had to partially drill out the fluting in the knobs to make them fit.  I suggest you try to find knobs with set screws.

Both the Mixer and Distribution boards are mounted to the front of the case using only the pot shafts.  This seems to be quite adequate.  The Power Supply board is mounted using a single 4-40 bolt through the bottom of the case with spacers between the inside surface and the bottom of the board.  There is a copper ring around the hole for this bolt which is used to ground the board to the case.

A few comments about the circuit boards: I typically get my circuit boards made by FAR Circuits.  They do not have plated-through holes so the leads of some components are used to connect the top side and bottom side traces.  I strongly suggest you use a soldering iron with a fairly fine tip and small diameter solder so you do not wind up heating two or more pins of the SMD op-amps at one time.  I also find it helpful to work using a magnifying lens with a lamp.  Mine is 3X but there are times I wished it was 5X.

Block Diagrams

I have included two block diagrams showing possible implementations of the Audio Center.  Keep in mind that, although I am using this with my PC, the system can be used with any sound system desiring this type of expansion.

Distribution Schematic
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Mixer Schematic
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Power Supply Schematic
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Block Diagram with Selector Switch
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