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A Two-Channel VCA Level (Volume) Control Circuit

The dual-channel voltage-controlied amplifier (VCA) level control
circuit describes a useful application of the SSM-2122 dual
VCA, SSM-2134 low noise op amp, and PMI's OP-2158BP JFET/
bipolar op amp. This circuit is very handy when extremely ciose
gain matching of a stereo audio source is desired, such as in
ON-AIR and production audio consoles.

The design features a balanced input buffer amplifier and VCA
driven by a level shifting amplifier which is controlled by a single
10kQ linear potentiometer. Additionally, there are fully adjust-
able and independent gain limit and maximum attenuation trim
controls. The VCA circuit has a nominal attenuation range
greater than 95dB and has input overdrive protection. The
signal-to-noise ratio exceeds 100dB with a gain of 10dB, and
headroom of 32dB. The amplitude varies less than +0.1dB over
the frequency range 20Hz to 20kHz. Typical THD and IMD are
less than 0.005% and 0.02%, respectively.

As shown, the circuit includes two line-level inputs designed for
a -10dBu input signal level. The SSM-2134 (U, and U,) input
buffer amplifiers can be connected for balanced or unbalanced
inputs with inverting or noninverting inputs. The input loading I
impedance is 10kQ unbalanced and 20kQ balanced. The input
buffer amplifier also limits step function slewing voltages from
entering following stages. Other input levels can be accommo-
dated by adjusting the feedback resistor R,. For example: for
anominal input level of 0dBu, R, should be changedto 3.16kQ,
or for a nominal input level of +10dBu, R, changed to 1k to
provide the optimal current drive to the VCA. C, should also be
changed to 68pF and 220pF, respectively, for both U, and U,.

For other input levels, R, can be calculated:
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FIGURE 1: Two-Channel VCA Level Control
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The SSM-2122 has a current-in and current-out structure. The
input current is set by resistor R, and the virtual ground input of
the SSM-2122. Similarly the transsmpedance amplifier at the
output converts the output current into a voltage. All devices in
this design operate on +15V . power supply rails. The 37.4kQ
VCA input and output reswtors optimize its dynamic range and
minimize distortion. The SSM-2122 is a monolithic device, so
the VCA gains remain uniform over a wide change in ambient
temperature.

The SSM-2122 has two gain control ports that have a sensitivity
of -6mV/dB. 0.0 volts at the gain control ports will yield 0dB
overall gain; +60mV produces +10dB gain and —0.513V corre-
sponds to a —85dB attenuation. The feedthrough trim nuil
controls R, are notimperative for most applications. However,
forvery hlgh performance requirements they will reduce attenu-
ation control voitage feedthrough to less than 750uV. To adjust
the null trim controls R, inject a 100Hz sinewave into the
control port through a 1kn roslstor and a 100uF, 10V capacitor,
and set the signal generator to 0.5 V.. The control ports of U
are pins 3 and13. Adjust the level control Ry, (fader) for Odﬁ
gain, with the signal inputs shorted, then ad|usTh for minimum
100Hz signal at the outputs.

The output amplifier(s) U, and U, are virtual ground connected
current-to-voltage converters. T?\e 37.4kQ2 feedback resistors
set the circuit voltage gain to 0dB with zero volts applied to the
VCA control ports. Variable resistor Ry, is used to balance the
signal path gain of the two audio caroutts With the circuit gain
set to 0dB and a test signal applied to the inputs, Ry, is ad-
justed for equal output levels.

The VCA provides 10dB of additional gain at maximum level
setting (+60mV at the VCA controi ports). The THD is extremely
low within the characteristic gain range of +10dB to ~20dB.

The VCA control circuit is designed around U,, the high input
impedance OP-215 dual op amp. One half of U, is used to
develop the 5V reference voitage for the level control element.
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This is a fail-safe design — with no voitage applied or an open
connection at terminal V., , the gain will descend to —85dB.

Level control trimming is as o||ows with the fader control set to
minimum (0V), the trim control R_g, is adjusted for maximum
attenuation of -85dB or —0.513V,. atpin t of U,. Then with the
fader set to its maximum (5V), trim control R_, , is adjusted for
maximum circuit gain of +10dB or +60mV. Since there is no
interaction when adjusting R, , for +10dB gain, the setting for
R_gg will remain unaffected. 6!?1“ max-attenuation values can
be used. R_,, has an attenuation range of -45dB(270mV) to -
93dB (560mV).

TABLE 1: Circuit Performance Specifications

Input Voltage

(Nominat for —10dBu Out) -10dBu or 245mV
Input impedance, Unbalanced 10kQ
Imput Impedance, Balanced 20kQ
Headroom (Nominal for —10dBu In &Out) 32dB
Feedthrough, Trimmed <750uV
Gain Control Range (Nominat) +10dB to -85d8
Gain Control Volitage (+10dB to —85dB) 5V 10 0V
Frequency Response (20Hz to 20kHz) +0.1dB
S/N Ratio @ 10dB Gain 100dB
THO + Noise (20Hz to 20kHz, +22dBu) 0.005%
IMD (SMPTE 60Hz & 4kHz, 4:1, +22dBu) 0.02%
Output Voitage Slew Rate 6Vius
Output Voltage (1kQ Load) +22dBu or 10V o
Output impedance <10Q




