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Why ultra-pure sine waves matter
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Traditional measurement limitation RHe=
Generator distortion ~+ ADC distortion = Measurement limit
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[ \/ Typical workaround: analog notch filters J




Key idea of this work
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Result:

Digitally programmable ultra-pure sine wave metrology
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Why DAC sine waves are not perfectly clean -o=
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[ @ Typical performance: -110 to -130 dBc ]




Principle of DAC harmonic cancellation

Add small correction harmonics

Fundamental + correction = clean output
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Automated optimization workflow A
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Measure harmonic Generate three sine Measure cancellation Cosine interpolation Compute optimal Apply correction
amplitudes waveforms with phase response — optimal phases correction (vectors) and verify
(notch spectrum) shifted harmonics (residual harmonic amplitudes)
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For our results we used Audio Precision APx555
(notch filter technique). Other instrumentation can be
used if it provides a notch filter technique.

Execution time = 30 seconds
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Practical properties of the DAC method
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Why ADC distortion still matters

ADC distortion
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Principle of ADC harmonic correction

Harmonic level
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Building the ADC error surface RHe=

Scan by amplitudes and frequencies Measured harmonic level 2D interpolation model
> Sine input at many amplitudes at each (amplitude, frequency) s (harmonic fingerprint)
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ADC correction results
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Combined system capability

DAC

L. Palafox, R. Lapuh, ,Ultra Low Distortion Sine Waves from
Digital to Analog Converters,” CPEM 2026

ADC

R. Lapuh, L. Palafox, ,Ultra Low Distortion Sine Wave
Sampling,” CPEM 2026



Outlook and future developments

Other Wider
converters bandwidths

1.000 000 kHz
1.000 V RMS

Today
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