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CHAPTER 16

 

Clock Distribution

 

Clocks are inherently critical pieces of a digital system. Reliable operation requires the distribution
of electrically clean, well timed clocks to all synchronous components in the system. Clocking prob-
lems are one of the last bugs that an engineer wants to have in a system, because everything else is
built on the assumption of nearly ideal clocks. This chapter concentrates on the means of distributing
low-skew and low-jitter clocks in a system. Most systems require the design of a 

 

clock tree—

 

a cir-
cuit that uses an oscillator of some type to create a clock and then distributes that clock to multiple
loads, akin to branches in a tree. Simple clock trees may have a single level of hierarchy in which the
oscillator directly drives a few loads. More complex trees have several levels of buffers and other
components when tens of loads are present.

Basic information on crystal oscillators is presented first to assist in the selection of a suitable
time base from which to begin a clock tree. Once a master clock has been produced, low-skew buff-
ers are the common means of replicating that clock to several loads. These buffers are explained with
examples incorporating length matching for low-skew and termination resistors for signal integrity.
Buffers are followed up with a discussion of phase-locked loops, commonly used to implement
“zero-delay” buffers in clock trees. These devices become important when a system contains multi-
ple boards and when there are special clocking sources other than a stand-alone oscillator. Low-skew
and zero-delay buffers form the basis for most clock tree designs.

The second portion of the chapter discusses more advanced clocking concepts beginning with fre-
quency synthesis. Originally conceived for analog and RF applications, frequency synthesis is an
important part of many high-performance digital systems. It allows multiple clocks to be derived
from a single time base and is how a leading-edge microprocessor operates many times faster inter-
nally than it does externally. Frequency synthesis can also be important when processing data be-
tween multiple interfaces that run at different frequencies.

Next, delay-locked loop technology is presented, because it can accomplish the same basic func-
tion as a phase-locked loop in many cases but is a purely digital circuit with resultant implementa-
tion advantages. The chapter concludes with a brief discussion of source-synchronous interfaces as a
necessary alternative to conventional synchronous design when dealing with very high frequencies.

 

16.1 CRYSTAL OSCILLATORS AND CERAMIC RESONATORS

 

An electronic clock consists of an amplifier with a passive time-base element coupled into its feed-
back loop. It has previously been shown that a simple oscillator can be formed with just an RC time
base and an inverter that serves as an amplifier. Simpler yet is connecting the output of the inverter
directly to its input via a piece of wire sized to provide a certain time delay. While simple, neither of
these approaches yields a sufficiently accurate clock source in most applications. Accurate time-
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