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4.  Measurement of Supply Sensitivity

Benchmarking the system performance can be as difficult as building in ripple rejection. Two common challenges
are universally present. First, power supplies have low impedance in order to maintain constant voltage regardless
of the load and, second, jitter/phase noise test equipment usually only supports "single-ended" analog signals
instead of differential and/or rail-to-rail signals associated with high-performance timing circuits. To properly
evaluate the jitter performance, accounting for the low impedance supply rails and the signaling requirements is
necessary.

Having a low impedance network to analyze implies that high current will be necessary to achieve the desired
ripple voltage (e.g., 100 mVpp), and high current signal sources are not common. To place a constant voltage
ripple signal on a node that has a low impedance requires the ripple source to have a high drive strength. An easy
way to achieve sufficient dc current for device operation and sufficient ac current for ripple generation is to source
these requirements from separate supplies. This separation can be achieved by using a standard power supply
and ac couple in parallel with a sinusoidal signal source (ripple source). The ripple source will need high
impedance at dc to avoid sinking significant current from the power supply and potentially damaging the ripple
source. Low impedance is also nebulous as a description since impedance is a function of frequency (see
Figure 4).

Figure 4. Magnitude Response (MHz) of the PCB and IC Power to Ground Impedance

Consequently, the ripple source must be adjusted for each interference frequency to achieve a constant ripple
voltage. The phase of the ripple signal is often ignored since it does not provide actionable data (i.e., the goal is to
limit the magnitude of the ripple response; therefore, focus on the magnitude response).

To overcome a single-ended analyzer input, use a differential amplifier or limiting amplifier. The phase noise (i.e.,
jitter) is convoluted with amplitude noise and must be separated. A limiting amplifier rejects the common-mode
interference so that a spectrum will only report the phase response.

Figure 5 shows a typical PSRR setup for timing products. The setup includes a power supply, ripple source
(function generator), oscilloscope, device under test, limiting amplifier, and spectrum analyzer. Together, this
equipment forms the basis for measuring the ripple sensitivity of a timing IC.
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Figure 5. PSRR Setup

The primary measurement is the relative power of the side-band tones (spurs) induced by the ripple source shown
in Figure 6.

Figure 6. Sideband Spurious Measurement Example

Relative power is expressed in decibels (dB) relative to the output frequency (carrier) with units expressed as dBc
(decibels relative to the carrier power). Because the limiting amplifier removes most of the amplitude noise and
interference, it can be assumed that the measured side-band spurs can be attributed entirely to phase jitter. This
allows a direct measurement of the RMS jitter induced by the ripple source. Equation 1 shows the relationship
between side-band relative power and RMS jitter. The spurs are measured across a desired frequency range after
setting the ripple voltage to a desired level (e.g., 100 mVpp).
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Equation 1. RMS Jitter Calculated for Phase-Induced Spurious Signals

4.1.  Example
A common scenario to consider is the jitter resulting from 100 mVpp sinusoidal ripple across the 10 kHz to 30 MHz
range. Such a comparison was made with Silicon Labs' Si530 XO products and a competing product (see
Figure 7).

Figure 7. Additive RMS Jitter Comparison at 155.52 MHz with 100 mVpp Supply Ripple

5.  Conclusion

Power supply ripple rejection performance is dependent on the internal power supply filtering and architectural
choices within timing ICs. Designers can evaluate timing ICs through a simple frequency sweep and compare
devices for a constant ripple voltage. Such comparisons can help designers select the best device for their system,
which is especially important when differences in performance are dramatic (e.g., 10x worse for crystal oscillators).
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NOTES:
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