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This application note describes basic jitter terminology and 
the aspects pertaining to the SYSCLK clock design 
requirements, when designing with the PowerQUICC™ III 
processors.

1 Introduction to Jitter
Jitter is a time deviation of a signal transition from its ideal 
position in time. It can be caused by many different factors, 
including PLL loop noise, thermal noise, cross talk, power 
supply ripply. It can be characterized by using multiple 
terminology. 

The jitters—cycle-to-cycle (short-term jitter), and 
period (long-term jitter)—are the most common and familiar 
specifications. 

This application note provides a brief overview of basic 
terminology and is not intended to provide a comprehensive 
overview of jitter.
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Introduction to Jitter

1.1 Cycle-to-Cycle Jitter
Cycle-to-cycle jitter is defined as the maximum difference between any two adjacent clock periods. It is 
is always specified as an absolute magnitude and not by positive or negative value. Figure 1 shows the 
cycle-to-cycle jitter.

.

Figure 1. Cycle-to-Cycle Jitter

Cycle-to-cycle jitter is important for specifying the performance of PLL however, it does not establish a 
relationship between non-adjacent clocks. Specifically, it does not address frequency drift over time.

For example, the clock shown in Figure 2 meets 100 ps of cycle-to-cycle jitter specifications. However, 
over the time, frequency of the clock has drifted significantly.

Figure 2. Cycle-to-Cycle Jitter with Frequency Drift
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Introduction to Jitter

1.2 Period Jitter
Period jitter is defined as the maximum deviation of any clock period from its mean clock period. It 
compares the length of each period to the average period of an ideal clock at a long-term average frequency 
of the signal. 

Period jitter is typically specified over a set number of clock cycles. Jedec Specification, JESD65B, 
suggests, measuring jitter over 10,000 cycles when the clock is in a range of 10 to 100 MHz. However, if 
clock cycles are not specified, it is recommended to measure period jitter over 100,000 cycles to better 
represent jitter over an “infinite” time span. 

For example, the clock shown in Figure 3 can be specified as a comparison of n periods to the ideal period. 
In practice, it is difficult to quantify an ideal period, thus average period is used. Therefore, compare n 
periods to the reference “average period.”

Figure 3. Period Jitter

This describes jitter over time, and ensures that the clock does not drift.

1.3 Time Interval Error Jitter
Time Interval Error (TIE) is the difference between observed clock edge time and expected clock edge 
time for each clock edge present. It is measured by subtracting the actual clock edge from the ideal clock 
edge. It is important to note that TIE refers to clock edges, while period jitter refers to clock period.
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Figure 4 shows an example of actual clock compared to an ideal clock and is derived per cycle jitter of an 
actual clock. 

Figure 4. TIE as Related to Cycle-to-Cycle and Period Jitter

In Figure 4, the period of an ideal clock is assumed as 10 ns and jitter is always +/–1 ns deviated from an 
ideal clock. From first to second cycle, short-term (cycle-to-cycle) jitter is –1 ns. This equates to a period 
jitter of Tm – 1 ns (where Tm is the ideal or mean clock period).

From 2nd to 3rd cycle, short-term jitter is 1 ns (this is a measurement of change in two adjacent clock 
cycles of non-ideal clock). Rounding to the nearest ns, the equation for period jitter over the course of two 
cycles becomes Tm – [(T1 + T2) / 2] = Tm – 1. TIE compares the actual signal to ideal clock, and thus is 
equal to –1 for the 2nd cycle.

TIE is related to both cycle-to-cycle and period jitter. In fact, cycle-to-cycle jitter and period jitter can be 
calculated from TIE.

1.4 Random Versus Deterministic Jitter
Jitter (total jitter) is typically composed of a random jitter (RJ) component and a deterministic jitter (DJ) 
component. Deterministic jitter is caused by impedance mismatch, power supply ripple, crosstalk, ground 
bounce, intersymbol interferenc, ringing, and reference clock feed through. It is an artifact of board design 
and is typically controllable. DJ can be reduced by proper board design or IC selection.

The remaining components of jitter are random. Random jitter is caused by factors like thermal 
oscillations, thermal noise that result in levels of jitter and cannot be predicted on a cycle-by-cycle basis. 
It is not bounded. The longer you observe, wider the period variation appears; therefore, RJ is best 
described as a Gaussian distribution. The tails of a Guassian distribution extends indefinitely on either side 
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of the mean. This implies that it is impossible to specify a peak-to-peak jitter range that bounds RJ 100% 
of the time. Instead, bound a range that contains the jitter for x percent of the time. Typically, long-haul 
optical systems specify jitter in terms of RMS over N cycles, or peak-to-peak cycle-to-cycle jitter over N 
cycles (N can be 200,000–300,000 cycles). SONET is specified at 14 × RMS, which equates to 10–12 bit 
error rate (BER). Figure 5 shows the Gaussian distribution.

Figure 5. Gaussian Distribution

For example, one standard deviation is a point from the mean that contains 68.26% of all measurements 
(standard deviation is same as RMS). 

Table 1 shows time to outlier clock for various standard deviation, considering a 100-MHz clock.

Table 1. Standard Deviation and BER for 100-MHz Clock

Standard 
Deviation 

(+/–)
% of Total Population Time to Outlier for 100-MHz Clock Bit Error Rate

1 68.270000000000000% 32 ns 0.16

2 95.450000000000000% 220 ns 2.28 × 10–2

3 99.730000000000000% 3.7 μs 1.35 × 10–3

4 99.993666000000000% 157 μs 0.32 × 10–4

5 99.999942670000000% 17 ms 2.87 × 0–7

6 99.999999802700000% 5.1 sec 0.98 × 10–9

7 99.999999999744000% 65 min 1.28 × 10–12

8 99.999999999987600% ~22 hours 0.62 × 10–15

P = 68 %

P = 95 %
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Total jitter (TJ) is the sum effect of RJ and DJ over a number of cycles.Since RJ is a Gaussian distribution, 
and there are no bounds, the calculation is not simply an addition of RJ and DJ. Total jitter can be specified 
as follows:

TJ = (σ x RJ) + DJ Eqn. 1

Figure 6 shows probability outside of peak-to-peak approximation.

Figure 6. Probability Outside of Peak-to-Peak Approximation

In order to bound TIE over a number of cycles, statistically meaningful number of clock cycles are 
required (for example, 1012 or an approximation of it). Assuming that all RJ on a board is Gaussian, and 
there is a finite probability that any independent sample would be outside an approximated peak-to-peak 
value, a peak-to-peak total jitter can be extrapolated. Probability decreases as the number of standard 
deviations used to aproximate the peak-to-peak value increases, and in the end, a total jitter calculation 
becomes a statistical calculation.

For this example of a BER equal to 1012 cycles, TJ = (14.262 × RJ) + DJ. It is interesting to note that RJ 
plays a much more significant role in the total jitter than DJ; in this case 14.262 times more.

2 SYSCLK Specification on PowerQUICC III Processors
For example, on MPC8548 microcontroller, SYSCLK jitter is specified as 150 ps of total jitter. This is a 
TIE jitter specification, from which cycle-to-cycle and period jitter requirements can be calculated. It is 
recommended to measure TIE over at least 100,000 cycles and the thumb rule is to measure over 1012 
cycles. However, as per Table 1, this measurement can take some time. On some oscilloscopes, it may be 
easier to measure TJ. TIE over n cycles is the equivalent measurement to TJ, as σ is proportinal to the 
number of cycles.
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Table 2 provides the system clock (SYSCLK) AC timing specifications.

Since the SYSCLK input is not used for long-haul transmission of large data packets to a device running 
on a separate clock domain, a measurement like BER is not really applicable. SYSCLK impacts internal 
timing budgets, and the ability of internal PLL to track the clock. The PCB designer’s main concern is to 
ensure that jitter on SYSCLK is such that it is outside the bandwidth in which the PowerQUICC III PLL 
can amplify it. 

In Table 2, note 5 specifies the internal PLL’s closed loop jitter. This specification further narrows down 
the jitter requirement for SYSCLK and specifies 500 kHz to 10 MHz as the range at which the gain curve 
of the internal PLL is positive and has a peak (this means jitter can be amplified). At lower frequencies, 
PLL tracks precisely and at higher frequencies PLL response is damped and jitter is attenuated. Therefore, 
spread spectrum clock inputs (~30 kHz) work as SYSCLK inputs. 

3 Phase Jitter on PowerQUICC III Processors
Period jitter and phase jitter are often confused. Phase jitter, as specified on PowerQUICC III products, is 
a deviation in edge location with respect to mean edge location.Table 3 lists the AC requirements for the 
PCI Express SerDes clocks.

Table 2. SYSCLK Timing Specifications
(At recommended operating conditions with OVDD = 3.3 V ± 165 mV.)

Parameter/Condition Symbol Min Typical Max. Unit Notes

SYSCLK frequency fSYSCLK 16 — 133 MHz 1, 6

SYSCLK cycle time tSYSCLK 7.5 — 60 ns 6

SYSCLK rise and fall time tKH, TKL 0.6 1.0 1.2 ns 2

SYSCLK duty cycle tKHK/tSYSCLK 40 — 60 % 3

SYSCLK jitter — — — +150 ps 4. 5

Notes:
1. Caution: The CCB clock to SYSCLK ratio and e500 core to CCB clock ratio settings must be chosen such 

that the resulting SYSCLK frequency, e500 (core) frequency, and CCB clock frequency do not exceed their 
respective maximum or minimum operating frequencies.

2. Rise and fall times for SYSCLK are measured at 0.6 and 2.7 V.
3. Timing is guaranteed by design and characterization.
4. This represents the total input jitter—short-term and long-term—and is guaranteed by design.
5. The SYSCLK driver’s closed loop jitter bandwidth should be <500 KHz at –20 dB. The bandwidth must be 

set low to allow cascade-connected PLL-based devices to track SYSCLK drivers with the specified jitter.
6. This parameter has been adjusted slower according to the workaround for device erratum GEN 13.

Table 3. SD_REF_CLK and SD_REF_CLK AC Requirements

Symbol Parameter Descripton Min Typ Max Unit Notes

tREF REFCLK cycle time — 10 — ns 1

tREFCJ REFCLK cycle-to-cycle jitter. Difference in the period of any two adjacent 
REFCLK cycles.

— — 100 ps —

tREFPJ Phase jitter, Deviation in edge location with respect to mean edge location. –50 — 50 ps —
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So, phase jitter as specified is a TIE or TJ measurement over 100,000 cycles.

4 References
• http://www.lecroy.com/tm/Library/WhitePapers/PDF/WP_TechBrief_Dif_Ref_Jit.pdf

• http://pdfserv.maxim-ic.com/arpdf/AppNotes/3hfan402.pdf

5 Revision History
Table 4 provides a revision history for this application note. 

Table 4. Document Revision History

Rev.
Number

Date Substantive Change(s)

1 02/19/2010 Updated Figure 3 in Section 1.2, “Period Jitter.”
Removed Equation from the Section 1.2, “Period Jitter.”
Revised Figure 4 in Section 1.3, “Time Interval Error Jitter.”
Added Equation 1 in Section 1.4, “Random Versus Deterministic Jitter” and updated content 
accordingly.
Added Figure 6 Probability Outside of Peak-to-Peak Approximation Section 1.4, “Random Versus 
Deterministic Jitter.”
Updated Section 2, “SYSCLK Specification on PowerQUICC III Processors.”
Updated Section 3, “Phase Jitter on PowerQUICC III Processors,” regarding phase jitter as TIE 
specification.

0 01/20/2010 Initial Release.
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