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This paper introduces the extended A@ method for measuring
period jitter and cycle-to-cycle period jitter in PLL outputs. The
theoretical basis for this method is derived from the limited
condition for the average period and analytic signal theory.
Sinusoidal jitter measurements verify the relationship between
cycle-to-cycle period jitter, period jitter and timing jitter. To
validate the method, experimental data from jitter measurements
on a prototype Motorola microprocessor implementing the
PowerPC instruction set architecture, is analyzed in the frequency
domain. Comparisons of phase quantization errors are made
between the extended Ag@ method and the conventional zero-
crossing method.
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(d) Cycle-to-cycle period jitter.
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Fig.3 Period jitter estimation. (a) Timing jitter sequence. (b) Period jitter sequence.
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Fig.4 Cycle-to-cycle period jitter estimation. (a) Period jitter sequence.

(b) Cycle-to-cycle period jitter sequence.
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Fig.5 Effect of amplitude noise on estimated jitter histograms.

(a) Jittery waveform with amplitude noise.
(b) Expected jitter histogram. (c) Spiky jitter histogram due to AM
components in the tested signal.
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Fig.6 Jitter histograms measured by the proposed method.
(a) Timing jitter. (b) Period jitter. (c) Cycle-to-cycle period jitter.
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Fig.8 Peak-to-peak jitter comparison for various K, values
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Fig.9 Die photo of the prototype microprocessor
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Fig.10 Digital oscilloscope experimental setup
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Fig.11 Waveforms of clock signals in the "quiet" mode (upper plot)
and the "noisy" mode (lower plot).
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Fig.12 Spectra of clock signals in the "quiet” mode (upper plot)
and the "noisy" mode (lower plot).
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Fig.13 Jitter histogram of the "noisy" clock measured by TIA method.

120

100

80

601

Events

40

20

2480 2500 2540

J,[n] [psec]

2520

D o]
2422 2440 2460

014 AeQODOOODOO"Noisy'DOODOOOOODODDOOODODO
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J J
Operating RMs PP
mode
TIA Ad difference TIA Ao difference
Quiet 7.72 ps | 7.41 ps 4.0 % 48.2 ps | 44.7 ps 72%
Noisy 15.7ps | 15.2 ps 32% 119ps 110ps 7.6 %
Number
of 10,000 4,525 55 % 10,000 4,525 55 %
Events
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Tablel Comparison between A method and TIA method.
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Fig.19 Agn], J[n] and Jc[n] of the "quiet” clock estimated by Ag method.
(a) Timing jitter. (b) Period jitter. (c) Cycle-to-cycle period jitter.
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(a) Timing jitter. (b) Period jitter. (c) Cycle-to-cycle period jitter.
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Table2 Comparison between Ag method and interpolating filter

method for period jitter and cycle-to-cycle period jitter.
The peak-to-peak values indicated are the values for event 4525.
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Fig.21 Spectra of phase noise, period jitter and cycle-to-cycle period jitter
in the "quiet" state.
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Fig.22 Spectra of phase noise, period jitter and cycle-to-cycle period jitter
in the "noisy" state.
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Fig.23 Jitter histograms of J[n] and J.c[n] estimated by interpolating filter
method. (a) Period jitter. (b) Cycle-to-cycle period jitter.
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Fig.25 Measured jitter values as a function of the number of bits of the instantaneous

phase quantizer. (a) RMS values of cycle-to-cycle period jitter. (b) Peak-to-peak
value of cycle-to-cycle period jitter.
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Fig.24  Configuration for examining phase quantization effects in
measuring jitters.
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