Diode-Based VCASs: real-time,

explicit, nonlinear models using
the Wright Omega function
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* Voltage-Controlled Amplifiers (VCAs) are : o ' \ o
fundamental building blocks of signal processing R
I Selected Topological Variation
* Digital VCAs are usually perfect multipliers 1

* Many analog VCA implementations exist, each

with unique distortion and dynamics
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* Diode-based VCAs have distinctive sonic @) » 8 Lo(8)
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qualities due to their nonlinearity J
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* Did not find any prior literature analyzing or 5 (8
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The paper presents digital models of three
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distinct diode-based VCA topologies, which were Ca=w0 =
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2. Derive an implicit equation relating the input = Ry e i [:
sighal, gain control parameter, and output signal — o 60 48 36 24 12 0
using Kirchhoffs circuit laws and the Shockley [dB]
diode equation Ll
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3. Use the erght omega function to convert A [dB]
the implicit equation into an explicit function Relative magnitudes of each harmonic generated when * Additional circuit topologies
4. Reparameterize the equation to decouple the applied to a sinusoidal input signal for different gains e Diode-based VCA as a subcomponent of a
model from physical component values, using larger system (e.g. compressor, ring
separate parameters for bias and sharpness modulator, dynamic filter)
5. Compute the small-signal gain expression by * Family of bias-controlled VCAs:
taking the partial derivative of the output signal * Distortion dependent on gain parameter: THD inversely y(x) =a ' flax+ 8) —a 1 f(B)
with regard to the input signal proportional; odd and even harmonics clustered in lobes 5
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6. Invert the small-signal gain expression to * Response nearly indistinguishable from SPICE simulation a0 O = f(P)
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parameterize the model’s gain * No iterative algorithms; suitable for real-time evaluation B(A) =f"] (4)
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