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BY GARY GIUST, PHD

SIGNAL INTEGRITY

Jitter peaking and PLLs

y audiophile brother prizes his tube transistors and vinyl-
record collection. It doesn’t bother him that every pass
of the metal needle on vinyl creates friction that slowly
degrades his records’ fidelity. Engineers creating clock
trees by cascadingseveral PLL (phase-locked-loop) chips
may relate to this situation. Jitter peaking with each PLL

acts as a “needle” that degrades the timing of the input signal, or “record.”
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Figure 1 Cascading three identical PLLs

amplifies jitter peaking (a). Avoid this problem
by selecting overdamped PLLs (b), three dif-
ferent PLLs (c), the lowest bandwidth for the

last PLL (d), or an alternative clock tree (e).
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As this signal passes through sub-
sequent PLLs, jitter peaking can
accumulate to cause instability or
timing failures. Figure 1la shows
a worst-case scenario in which a
chosen PLL with significant peak-
ing connects three times in series,
causing this peaking to accumu-
late. The first question to ask in
this situation may be surprising: Is
jitter peaking really a problem?
Just because jitter peaking ex-
ists doesn’t mean there is a prob-
lem. First, consider the applica-
tion. Most PLLs exhibit some de-
gree of peaking—typically, 3 dB—
and not all applications require
the tightest timing margins. At
the other extreme, architectures
based on cascaded regenerators
cannot permit jitter peaking to ac-
cumulate unbounded. For exam-
ple, SONET (synchronous-opti-
cal network) specifies less-than-
0.1-dB peaking. Another way to
analyze this issue is to ask: What
signals and noise are present in
the system? If there is no frequen-
cy content in which jitter peaking
occurs, then this peaking has little
impact on system performance, as-
suming that the PLL is stable. In
other words, if the needle wears
a groove in the “vinyl” that you
cannot hear or, in my brother’s
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case, feel, then there is little impact.

What if jitter peaking is a prob-
lem? One approach cascades only
PLLs having overdamped loops com-
mon in applications such as SONET
(Figure 1b). However, this approach
increases cost and limits chips selec-
tion. Figure 1c shows an approach
that avoids using identical PLLs more
than once in any clock-tree path. Be-
cause each PLL has a different band-
width, the frequencies at which peak-
ing occurs are staggered, making it
difficult for peaking to compound. If
multiple vendors act as second sourc-
es for the same chip, use each vendor’s
chip once rather than the same ven-
dor’s chip many times, because each
company uses different process tech-
nologies and design approaches, caus-
ing the peaking to occur at different
frequencies. When using spread-spec-
trum clocking to reduce EMI (elec-
tromagnetic interference), make sure
each PLLs bandwidth is wide enough
to pass the spread modulation.

Another approach doesn’t restrict
how you cascade PLLs, except that
the last PLL has the lowest bandwidth
of all devices in its path. Figure 1d
shows that jitter attenuator PLL 3 fil-
ters any peaking that accumulates in
the tree. However, because PLL 3 is
averaging—not tracking—the input-
phase error from this peaking, make
sure that the PLL can tolerate any
worst-case expected phase errors so
that it remains locked at all times.

The simplest approach avoids cas-
cading PLLs altogether, in which jitter
peaking in any path depends on on-
ly one device (Figure 1e). When this
approach is impossible, request jit-
ter peaking data in decibels and hertz
from potential vendors to help under-
stand the impact of cascading their
devices and in choosing your available
options.
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