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The Vcontrol PCB provides a means to adjust the output levels of the DCX2496. The Vcontrol PCB can be placed inside the DCX chassis. All connections are made with the DCX’s ribbon cable assemblies. No need to cut traces or modify anything on the DCX PCBs’. Electrically, the control circuit is connected between the DAC ( DSP PCB) and the op-amp output circuit (analog IO section PCB) of the DCX. The output level is controlled using 100 step digital potentiometers. The digital pots are effectively passive devices with little to no impact on the signal quality. 12 digital pots are ganged so that all the channels are changed simultaneously. The pots are AC coupled by using 10uF AL capacitors; there is provision for bypassing the AL caps with .1uF polypropylene capacitors for lower distortion, higher performance. Alternatively, high performance caps like Black Gate’s may be used (smoke them if you’ve got them, they have been discontinued). The pots have a linier taper, which is not ideal, but in use this is not very noticeable. The key thing is that the level can be adjusted to the desired point without sacrificing sound quality. Something Behringer did not provide.

All PCB’s are constructed using double sided FR4 laminate with plated through holes, solder mask and silk screen (better quality than what is in the DCX). Careful attention to proper grounding, filtering and circuit isolation was made during the design. Separate analog and digital grounds were used to prevent any noise caused by the digital circuit ground currents.  Most of the design incorporates SMD components. The resistors and ceramic capacitors are 0805 package size. I have over 20 years of analog circuit, digital circuit, and PCB design experience so you can expect a professional design throughout.

Construction time for the Vcontrol PCB: I timed myself start to finish in 1hr 20min for the Vcontrol PCB. I did have all the parts in front of me and I am very experienced with this type of assembly, so your time may vary. I did not rush the job; this never pays off particularly with SMD parts. Also add another hour for cable assembly and the final connections. Add a few more hours if you are planning to build and house the optional digital level display, rotary control… in a fancy chassis.

I provide a component layout drawing, schematic, and parts list with all major components listed with sources to buy them. I also provide some pictures and construction hints on a CD to help you. The below list of options may overwhelm you and might sound confusing but the documentation supplied with the boards will help straighten this all out for you. You will need some schematic reading and soldering skills for this project. But I think most folks can do I if they try.

The Vcontrol PCB was designed to be custom configured and used with different optional functions. There are notes on the schematic to help you with the custom configurations.

1) Volume level adjust using an on board infrared remote control receiver. Yes! Volume adjustment from your couch, call me lazy but I love it. The receiver will decode signals using any universal IR remote control. It accepts several different Sony device codes. If this function is not desired, do not place and solder U2, R132, R89, R17 and C70. The infrared photodiode needs to have a visible (optical) view of the listening room. The easiest and cleanest implementation is to run a small short wire out the memory card slot of the DCX. You can use a small piece of double-sided tape to attach the photodiode to the front of the unit. If you don’t use the memory card slot, you can position the diode in the card slot and make the diode almost invisible. The receiver IC and photodiode will cost about $10.  This is a very low cost solution and I am sure you already have a coffee table full of remotes that will work with this, no need to but yet another one. 

2) Volume level adjustment using a digital rotary encoded switch. This is a device you have use many times but may not be familiar with. Behringer uses one on the front control panel of the DCX unit for example. The controller is basically two switches that make and brake contact at different times when the knob is rotated. These devices are not very expensive, around $3.00 but the poor quality ones have long switch bounce times and can cause problems. Use the one listed in my parts list and you will not have any problems. The three leads of the device can be connected to the Molex connector on the Vcontrol PCB. You would then run your cable to the location where you want to mount the control. If you are really skilled, you can connect the three wires to the unused network connector pins on the back of the DCX.  I did this on my first implementation of the design. Another way to make the connection is to use my small optional PCB. See below.

3) Volume level adjustment using a push up or push down level buttons via momentary switches. This is the lowest cost solution and not very user friendly. Many new car radios use this type of control. I get frustrated with these since the rate of change is fixed. The switches are connected to a 3-pin Molex connector located on the Vcontrol PCB. Again you would run the wires to the location out side the DCX to where you want to mount the switches.

               Note: any combination or all three of the above level controls may be used in your system.

4) Digital level display option: This function is not absolutely needed but it is convenient. It provides a visual indication of the current volume level setting. The Vcontrol PCB provides a 0 to 1.00V signal that tracks the audio output signal level. The 0-1V signal can be connected to an off the shelf digital panel meter (DPM). These are available from many places even the Rat Shack sells them. You can pay as low as $5 or as high as $100 for this meter, shop around! You should buy one that is capable of measuring a signal from a common power supply, look at the specs for the meter. The Vcontrol PCB has a +5V regulator that can power the meter but you should find a meter with a current draw less that about 60mA. The LCD type will consume lower power than the LED type. There is a potentiometer on the Vcontrol PCB that is used to precisely set the max level to 1.00V. This will provide a 0 to 100 level indication on the display when using a DPM with a 0-2V scale. The above pot is the only adjustment need for this project and no equipment is needed; you will use the DPM display for the adjustment. Just set the volume control to max and tweak the pot for a display of 100. Bam you are done. To get this function, place and solder U19 and surrounding components. U19 is basically another digital pot. Once again, there is a Molex connector on the Vcontrol PCB that will provide the +5V, GND and 0-1V signal. You would make your own cable and mount the display outside the DCX.  My small optional; PCB can also help you with this see below.

5) Optical digital input option. If you always wanted to connect your DCX to your CD player’s SPDIF optical output, well now you can. The Vcontrol PCB is designed to add this function. An optical receiver about $2.50 can be soldered directly on the Vcontrol PCB and run the optical cable outside the DCX through a small hole or you can drill and file a hole in the back of the DCX and mount the optical receiver professionally to the back of the DCX chassis. I did this on my system next to the A input. Look hard at the pictures for this one. To get this function, you will not place and solder J3 and J4. You will place and solder the o-receiver U21, C85, C86, R29 and L1.  Your AES input function on the A input of the DCX will no longer work if you decide on the optical option. Only your new optical input will work. The A and B analog inputs will still work. In fact you can connect live analog and live optical digital signals simultaneously. You then select the desired input from the from control panel of the DCX. I use the analog inputs for my front home theater channels when watching a movie and the optical digital in for CD audio only. 

6) I know you are tired of reading this but, there is still more options. Subwoofer volume control option. There are 4 extra digital pot channels laid out on the PCB. I use one of them for a separate subwoofer channel level control.  You can use them for whatever you like or not at all.  The extra channels all track the levels of the other DCX output signals. Place and solder U16, 17,18 or29 for these channels. I will not go into detail on all the possible ways to utilize these extra channels; you will have to use your imagination and circuit skills here. Study the schematic for this one.

7) Optional control and display housing. If you plan on incorporating the rotary control and digital display in a separate housing, then I suggest you buy my small PCB that makes for an easy clean solution. The PCB has a 10pin ribbon connector on it and a mating 10pin on the Vcontrol PCB. You then sneak the thin ribbon cable out between the DCX chassis base and cover. Just do not over tighten the screws on the cover. This PCB also has a place for an IR receiver if you want to mount your photodiode in your custom housing. In this case, you would not place and solder U2 on the Vcontrol PCB.

8)
If you are still with me, take a sip of coffee; I’m not done with the options. Optional Op-amp PCB.  If you are not happy with the Behringers balanced to unbalance to servo-balanced output circuit that takes a total of 24 op-am stages, I have designed a simpler combined LPF amp stage using one op-amp per channel. I developed the circuits using simulation software and then built and tested the designs under different loads…. I have two versions of the op-amp boards (yea more options) a Balanced output with using new XLR connectors or unbalanced using RCA connectors.  Both boards are designed to use the DCX original output chassis holes or could be mounted in a separate housing. The boards are laid out for a standard dual op-amp SOIC 08 package so several op-amps can be used. Call me old fashioned but I like the 5532 op-amp in this application. The balanced board schematic calls out values that will provide the pro (25Vpp max) signal levels and the unbalanced board call out values for consumer (5Vpp max) signal levels. The resistor values can be easily changed to provide signal levels anywhere in between.  I have output frequency response plots for those who are interested. <.1db from DC to 20KHz , yes the op amp board is DC coupled. The coupling caps on the input to the Vcontrol board strip out the DC on the DAC outputs.
Well I hope the coffee helped you get through this, I now have carpel tunnel syndrome so I will stop here. I hope this answers all you questions.

Bill
