
Introduction
As clock speeds increase and
timing margins continue to
decrease, engineers in the
communications and semi-
conductor industries have a
greater need to measure jitter
in their systems. Excessive
jitter can increase the BER
(bit error rate) of a communi-
cations signal by incorrectly
transmitting a data bit stream.
Jitter in a digital system can
violate timing margins, caus-
ing circuits to behave
improperly. Careful charac-
terization of jitter will deter-
mine the robustness of a sys-
tem and how close it is to
failing. 

Measurement System Jitter
The oscilloscope test system
can add jitter to the device
under test. These error
parameters include amplifier
vertical noise, sample clock

jitter, quantization error, trig-
ger jitter, and interpolation
error. Figure 1 shows a
TDS 784D measurement of a
single rising edge. The stan-
dard deviation (sigma) of the
jitter shown by the histogram
is 5.7 ps. The scope measure-

ment also shows that 100%
of the points fall within ±3
sigma of the mean. This
statistic is further supported
by the peak-to-peak jitter
measurement of 32 ps. 

Statistical confidence in mea-
surements increases with
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The DPO can show the extent of edge jitter, then present a histogram quantifying the distribution of the signal.

Figure 1. Oscilloscope system jitter.



sample points collected. In
this example, 79,732 acquisi-
tions were acquired, provid-
ing 2,039 data points to deter-
mine the statistics. The
TDS 784D Digital Phosphor
Oscilloscope with the 3D
Database can collect statisti-
cal information at a rate of
25 million samples/second,
considerably improving the
confidence of a statistical
measurement.

Cycle-Cycle Jitter
After the jitter performance of
the oscilloscope is under-
stood, jitter measurements
can be made with the oscillo-
scope. Cycle-to-cycle jitter is
commonly defined to be the
deviation of one rising (or
falling) clock edge to the next
rising (or falling) edge. Figure
2 shows a TDS 784D per-
forming a cycle-to-cycle jitter
measurement. The standard
deviation (sigma) is 12 ps.
Assuming a Gaussian distri-
bution, Table 1 shows the

confidence for various values
of sigma from a probability
table. 

Table 1. Probability Table
Sigma Probabilities (double-sided)

1 68.26%

2 95.45%

3 99.73%

4 100% – 6.334 x 10–3% = 
99.993666%

6 100% – 1.973 x 10–7%

8 100% – 1.244 x 10–13%

10 100% – 1.524 x 10–21%

We have a 4 sigma or
99.993666% confidence level
at ±12 * 4 ps = ±48 ps. For a
10 sigma confidence level,
the jitter performance can be
specified to 12 * 10 =
±120 ps.

Assuming random sources of
jitter: 

J i t t e r C y c l e - t o - C y c l e = 

J i t t e r M e a s
2 – JitterS c o p e 2

Long-Term Jitter 
Another common jitter mea-
surement is accumulated or
long-term jitter. This is
defined to be the deviation of
a rising (or falling) edge “n”
cycles after the first rising (or
falling) edge. Figure 3 shows
a TDS 784D measuring the n
= 100th cycle of a 10 kHz
clock. The scope is set to
delay by 10 ms (n * period of
10 kHz clock). This is the
long-term jitter performance
of the 10 kHz clock over 100
cycles or 10 ms. If the jitter
spec is ±1.5 ns, the measured
peak-to-peak jitter of 1.92 ns
handily meets the spec. How-
ever, this limit is approxi-
mately 3 sigma from the
mean and has a 0.27%
chance that the clock will fail
the jitter spec on every edge.
This translates into a failure
every 370th edge of the clock. 

Figure 2. Cycle-cycle jitter Figure 3. Long-term jitter.



Edge-to-Edge Jitter
Figure 4 shows a typical
edge-to-edge jitter measure-
ment. This could be a set-up
and hold measurement or a
skew jitter measurement
between two synchronous
outputs of a microprocessor;

assume that this is a
data-to-clock set-up
time measurement.
The minimum set-up
time of 1 ns is shown
between the two ver-
tical cursors. The
standard deviation of
the data signal is
measured to be 65 ps,
with a mean of
–1.201 ns. For a 6
sigma confidence, the
mean of the data sig-
nal would need to be
at –1.39 ns (–1 ns – 6
* 65 ps). There’s only
approximately 3
sigma between the

mean of the data signal and
the minimum set-up time
(dotted vertical cursor). This
is inadequate margin to
always guarantee that the set-
up time will not be violated.
Even at 6 sigma, a 1 GHz sig-
nal would fail every 500 ms.

Conclusion
Jitter measurements are criti-
cal in characterizing the
robustness of your system.
Before making any jitter mea-
surement, determine the
inherent jitter in your mea-
suring device by using a very
stable reference oscillator.

Jitter measurements are also
statistical in nature. As a
result, peak-peak measure-
ments are sometimes not as
effective as using statistical
techniques to predict jitter.
The 3-D Database DPO (Digi-
tal Phosphor Oscilloscope)
rapidly accumulates wave-
forms and generates greater
confidence in the peak-peak
measurement. Couple this
with the statistical analysis
capabilities of the DPO oscil-
loscope, and you have a very
effective jitter analysis tool.

Figure 4. Edge-to-edge jitter.
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