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Using an FPGA as both Mixer 
and a Virtual Controller Chip
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Steady Clock



Clock Types

Word Clock

• Equals the current sample rate (48 kHz etc.)
• Simple square wave
• Needs to be multiplied for further usage

Digital audio embedded clock

• Embedded in SPDIF/AES, ADAT and MADI
• Needs to be extracted from the complete data stream
• Usually in the range of 3 - 4 MHz
• Needs to be multiplied for further usage



Timing (Clock) Errors

Old Style Errors (Wow & Flutter)

• Wow: Slowly changing clock (LFO)
• Flutter: Fast changing clock (above 5 Hz)
• Fast Flutter: Frequency modulation (distortion)

New digital errors

• Absolute frequency error in ppm (< 20)
• Very slow temperature related drifts (< 20 ppm)
• Frequency modulation from DC to radio frequencies ( RF)
• Frequency modulation is called ‘Jitter‘



How to measure Jitter – DSO
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How to measure Jitter – A to D Conversion

• Feed clean 10 kHz sine
giving near 0 dBFS level

• Perform hi-resolution FFT
of the digital output data

• Jitter is displayed as
sidebands to the 10 kHz
sine





Methods to remove Jitter

Reclocking using a PLL

• The PLL (Phase Lock Loop) follows the incoming freq uency
• A low-pass filter characteristic removes fast frequ ency changes
• Usual circuitry only removes RF-style jitter
• Jitter below 20 kHz stays unchanged

Techniques for audio-band low pass filters in a PLL

• Use of a VCXO instead of a standard quartz
• Use of ceramic filters instead of a standard quartz
• Use of digitally controlled frequency generation (D DS)



SteadyClock – how to guarantee best sound quality

RME Solutions – Technical Background

DDS – Direct Digital Synthesizer

Problems when using DDS in digital audio devices

• DDS jitters by design due to the limited clock reso lution
• The measurement of the input frequency has limited accuracy
• Custom DDS chips are expensive and have limited spe ed
• Custom DDS chips need expensive and cumbersome filt ering



DDS – Direct Digital Synthesizer

The RME solution - SteadyClock

• DDS performed directly within the FPGA
• Unrivaled accuracy when measuring the input frequen cy
(100 MHz sampling)

• Digital averaging of 1024 input samples improves in put
frequency measurement and reduces audio band jitter

• Unrivaled speed of 200 MHz for the frequency synthe sizer
• Completely digital PLL design
• Corner frequency 20 Hz, > 30 dB reduction at 2.4 kH z
• Analog hi-speed PLL removes all remaining DDS jitte r



SteadyClock – how to guarantee best sound quality

RME Solutions – Technical Background

SteadyClock in the HDSP 9632

• Feed clean 10 kHz sine
giving near 0 dBFS level

• Internal clock jitter < 1 ns
• Perform hi-resolution FFT
of the digital output data

• Jitter is displayed as
sidebands to the 10 kHz
sine

• No jitter artefacts visible
• Full SNR and THD as
expected



SteadyClock in the HDSP 9632

• Feed clean 10 kHz sine
giving near 0 dBFS level

• External clock jitter 40 ns
• Perform hi-resolution FFT
of the digital output data

• Jitter is displayed as
sidebands to the 10 kHz
sine

• No jitter artefacts visible
• Full SNR and THD as
with internal clock





SteadyClock in the HDSP 9632

• Move the trigger point
400 µs to the left

• Internal clock jitter < 1 ns
• Measured at word clock
output



SteadyClock in the HDSP 9632

• Feed external clock jitter
with 40 ns, modulation
2.4 kHz

• Clock jitter 1 ns
• Measured at word clock
output



Comparison input signal to output signal



Summary

SteadyClock

• is a very cost-efficient solution
• outperforms other solutions based on special DDS ch ips
• effectively reduces clock jitter
• guarantees best AD/DA conversion = best sound
• locks fast and accurate as old-style analog PLL cir cuits
• can be controlled digitally
• generates any desired frequency / sample rate (< 1 Hz)
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