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Termination Recommendationsfor SiTime Single-
ended Oscillators

Printed Circuit Boards (PCB) are the most common transmisson medium
used for mounting oscillatorsand routing clock signalsin a system level board
design. PCB land patterns above a certain frequency however stop acting like
simplewire connections and start behaving like complex transmission lines. The
consequence of thisbehavior resultsin thedistortion of the clock signal. Typical
manifestations of thisdistortion areringing, overshoot, and under shoot of the clock
signal. Thelength of the PCB tracein relation to the highest frequency component
of the clock signal deter mines when a land pattern stops behaving asa simple
connection and starts behaving like a complex transmission line. A square wave
contains energy at the fundamental clock frequency and also at the higher
harmonics. It isthisenergy contained in the higher harmonicsthat must be
examined. To accurately reproduce a clock signal at theinput to thereceiving
circuitry without distortion, the connecting PCB land pattern must passall of the
energy contained in theoriginal clock signal without distortion. A 10 MHz clock
pulse with a InsRise Timeisjust asproneto exhibiting poor signal integrity asa
125 M Hz clock signal with a InsRise Time.

A basicrule of thumb isthat when the propagation delay (Tgp) of the clock signal
traveling through the trace startsto approach the Rise Time (Tg) of the clock signal
then thelength of thelineiscritical and the PCB trace will begin to behavelike a
transmission line. Thisisexpressed in Equation 1.
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Equation 1
L =Line(trace) Length
Tr =Rise Time
Tpp = Propagation Delay per unit length

Thelonger the PCB trace the more likely that it will behave like a transmission line.
Reflections occur on a transmission linewhen there isa mismatch between the
characteristic impedance of the line and the source and load impedance. It isthese
signal (voltage) reflectionsthat add and subtract totheoriginal (incident) wavethat
cause distortion in the clock signal normally seen asringing, overshoot, and
undershoot. Thereisdebatein theliterature asto when thelinelength presentsa
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problem with signal integrity. PCB design and signal integrity smulation software
should be employed to analyze and solve this problem.

SiTime recommendsthat thetrace length be kept short so that transmission line
effects do not occur and distort the signal integrity of the clock signal. On a system
level board PCB traces and ground planestypically takethe form of Microstrip
Transmission Lines (Figure 2), and Stripline Transmission Lines (Figure 3). Both of
these transmisson line structures are unbalanced lines, when a scope probeis
connected to the signal and ground lands of these linesthen both sides of the scope
probe connections should be kept as short as possible. Do not use a long pig tail
ground connection for the probe asthiswill add length to theline and reflections
will occur resulting in ringing, overshoot, and undershoot.

If longer traces have to be employed then the transmission line Application circuit
(Figure 1), can be employed.
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The output impedance of most CM OS clock oscillatorsislow therefore a resistor
ingtalled as closeto the output PIN as possible can be used to match the output
impedance of the clock generator to the transmission line. The typical output
impedance for the SiTime SiT8002 clock generator is 30 €. Therefore a customer
driving atransmission line with characteristic impedance Zo of 50 Q would place a
20 Q high quality SM D resistor on the output of the clock generator asclose to the
output PIN as physically possible. It isalso desirable but not always practical to

SiT8002_2008-02-08
(408)328-4400 www.sitime.com
SiTime Corporation - 990 Almanor Avenue - Suite 200 - Sunnyvale, CA 94085


http://www.sitime.com

KiTime

It’s about time
match theload impedance to thelineimpedance. Typical load impedancesare

usually high resulting in areflected wave that is sent back to the sourcewhere the
subsequent use of a seriestermination resistor will prevent the reflection of the wave
that wasreflected back from theload. The addition of the seriestermination resistor
isa“compromise solution” and will result in a degradation of the Rise Time and
absolute voltage levels. Thistechniqueisnot recommended for driving multiple
loads. A fan-out buffer should be used for driving multiple loads and theinput to
the buffer should be placed as close to the clock oscillator as possible.
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Figure2 Microstrip
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Conclusion

The exact value of the seriestermination resstor should be found initially by
simulation and finally arrived at through empirical trial and error by testing on the
prototype system board. SiTime does not recommend the use of viasand or internal
tracesto route clock signals.

Proper measuring techniques should be employed. Land patterns and traces should
be kept asshort as possible. A 0.1pF decoupling capacitor should be placed as close
as physically possible to the S'T8002 and should be connected between the PIN 4
VDD (power supply) and PIN 2 (ground) to ensure data sheet performance.
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