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1. Introduction

A frequency offset issue in a small percentage of Si534x devices’ frequency plans can result in an offset between <1 and
10,000 parts-per-trillion (ppt). This frequency offset issue can affect any of the following base ordering part numbers (OPNSs),
or custom ordering part numbers:

e Si5342
e Si5344
e Si5345
e Si5346
e Si5347

This Applications Notice describes the frequency offset issue and how to use CBPro to update a frequency plan to eliminate
the offsets.
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2. Parts-per-trillion Frequency Offset Description

Referring to Figures 1-5, in some frequency plans, where either the Px or Mx values are not integers, a small output
frequency offset is created. The total offset is always less than 10,000 ppt, and typically less than 1 ppt. This offset is caused
by an underlying issue in the device’s design of how it manipulates the fractional part of the quotient. Frequency offsets of
this small magnitude are difficult to measure and in many systems will not cause any deleterious behavior.

Internally, the quotient is represented as an integer portion plus a numerator and a denominator and a remainder. The
numerator and denominators are represented by 32-bit registers, with both left shifted as much as possible to maximize the
representation. Due to processing errors, the last bit can be incorrectly modulated, resulting in a very small error. This
processing error is in the Px and Mx dividers and is active only when they are not integers.

If the M divider is used? for the finc/fdec feature of the device to adjust the output frequency, the M divider is likely to use a
value that triggers this frequency offset issue. Since using finc/fdec causes the M values to change, there is no single
frequency plan that will prevent this from happening. Generally, applications that use finc/fdec are adjusting the frequency
to match an external clock and the offset caused by this error will be unnoticeable since the finc/fdec adjustments are orders
of magnitude greater than the offset caused by the error.

1 The M divider is commonly used in the Si5346/Si5347 for finc/fdec.
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Figure 1 — Si5344 Affected Dividers
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Figure 2 — Si5344 Affected Dividers
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Figure 3 — Si5345 Affected Dividers
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Figure 4 — Si5346 Affected Dividers
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Figure 5 — Si5347 Affected Dividers
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3. Workarounds

Recent CBPro enhancements address this frequency offset issue. Please download version 1.9 or later. Users are strongly advised to
update all copies of CBPro to the latest version. Earlier versions of CBPro do not address this issue and using earlier versions may result
in a plan that has a frequency offset. Always open a CBPro project file with the version that created it or later.

After opening an existing project file, CBPro will analyze the frequency plan for this frequency offset issue and re-calculate the entire
frequency plan to use the latest CBPro algorithms. There are three possible outcomes at this point (See Figure 7 for the suggested
workflow for using CBPro to address this is issue).

3.1 No Problem Found
No problem found and the frequency plan is up to date: CBPro opens as usual. There is no special notification.
3.2 Frequency Offset Problem Found, but the frequency plan needs to be updated

No problem found (Figure X), but the analyzed plan was created by an earlier version of CBPro and needs to be updated with the latest
algorithms from CBPro.

o ™y
[ Frequency Plan Updated E@g
0 Frequency Plan Updated

Due to an update in the ClockBuilder Pro frequency planning algorithm,
a new frequency plan has been calculated for your design.

ClockBuilder Pro has created a new project file for your design with the
updated plan. You must save this new project file to continue editing.

When you click the Save Project As button, you will be prompted for a
filename to save the new project to. You can overwrite your existing
project file or save to a new filename.

[ View Changes ... H Save Project As .. H Cancel J

e A

Figure 6 — Frequency Plan Update is Required, Plan Does Not Exhibit Offset Issue

3.3 There is a frequency offset problem with this plan

The project file is affected by the frequency offset issue (See Error! Reference source not found.). This dialog has a few new buttons
for users.
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Figure 7 — User Steps to Investigating Frequency Offset Issue
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@ 515345 Revision B Frequency Offset Notice E‘_‘ﬂ

o 5i5345 Revision B Frequency Offset Notice
ClockBuilder Pro has detected potential problems with your existing frequency plan and/or
register settings, which requires updating your CBPro project file.

The change is recommended to optimize for zero ppm frequency offset. Please review
Si534x Applications Motice: Part-Per-Trillion Freguency Offset for more information and
contact Silicon Labs if you need assistance..

ClockBuilder Pro needs to save a new project file for your design. Click the View Report
button to review a custom report for your design, and then click one of the Save buttons
below.

After saving your project, you can enable/disable the non-zero ppm frequency offset
optimization within the ClockBuilder Pro wizard at any time. See the Opfimize plan for zero
ppm frequency offset checkbox on the Clock Outputs page of the wizard.

Mote: even if you decide to save the plan with non-zero ppm frequency offset, your
frequency plan may still differ from what CBPro previously calculated for your design, due
to other improvements in the ClockBuilder Pro frequency plan algorithm.

[ View Report J [ Save Project with Zero PPM Frequency Offset (Recommended) I

[ Save Project that Allows Mon-Zero Frequency Offset I [ Cancel Open I

Figure 8 - Existing Frequency Plan Exhibits the Offset Issue

3.3.1 View Report

Provides a before and after comparison of the frequency plans, including the estimated maximum frequency offset (typically, the offset is
much less than the listed maximum). The report shows three plans:

e CBPro vx.x Plan+Settings: The first is the current plan that has the frequency offset problem. The other two
columns will show in yellow any variations from the current plan. Included in this column is the maximum
offset on an output-by-output basis.

e CBPro vx.x Plan+Settings, Allow Non-Zero PPM Offset: CBPro provides an option to use its updated
algorithms and allow frequency offset solutions. This is not the recommended plan, but there are applications
that can tolerate the offset. This plan will generally be closer to the original frequency plan.

e CBPro vx.x Plan+Settings, Require Zero PPM Offset (Recommended): This frequency plan has no
frequency offset. In general, this is the preferred plan, since it eliminates the offset. Inspect the plan for its
suitability in terms of the other changes made by CBPro, such as bandwidth and meeting the frequency
requirements for hitless switching.

Review the results for any impact on your application and select which plan best fits your needs. If you elect to keep the current plan, you
must hit “Cancel Open.” It is not possible to continue using CBPro on this plan without selecting one of the other plans.

3.3.2 Save Project that allows Non-Zero Frequency Offset

Updates the project file with frequency offsets per the column labeled “CBPro vx.x Plan+Settings, Allow Non-Zero PPM Offset.” After
saving the project, the CBPro program is opened and changes can be made.

3.3.3 Save Project with Zero PPM Frequency Offset (Recommended)

Updates the project file to eliminate all offsets per the column labeled “CB CBPro vx.x Plan+Settings, Require Zero PPM Offset
(Recommended).” After saving the project, the CBPro program is opened and changes can be made.
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4. Impacts without Workarounds

On those outputs that CBPro identifies as being affected, the nominal output frequency is very slightly off. Using the
Si5345 as an example, Equation 1 and Figure 9 illustrate the expected frequency relationship between the inputs and
outputs and a simplified signal flow through the part. Note that the dividers M and N are internally represented as a
numerator over a denominator (Mn/Md or Pn/Pd).

M

= .k — i
Four = Fin PINR Equation 1
Input Output
Cross Cross
Connect Connect
. Pn o
Fin —>—:ﬁ o s » PD » LPF » VCO » =N P === =p » R P Fout
3
 Mn |
“rd |

Figure 9 — Si5345 PLL Block Diagram

In cases where M or P are not integers, there is a design error in how the device processes fractional M and P values.
Use CBPro to calculate the maximum value of this offset in your frequency plan. If the settings of the device and the
frequency plan are not changed, this offset will always be present. In many systems, this offset is acceptable.

Figure 10 illustrates the time required to observe a full period slip, depending on the clock frequency and the offset. In
many systems, FIFOs are typically in the data path and the time to observe a FIFO overflow/underflow will take
considerably longer. Every application is different: in some systems offsets of this magnitude will have no negative effect;
and in other systems it may cause data corruption. You will need to examine the requirements of your system in light of
very small frequency offsets in the output of the device. If the offsets are acceptable, no further action is required.
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Figure 10 — Time to one clock period slip vs frequency offset

5. Using CBPro to Calculate a New Project File

Continuing with the example of the Si5345, when the values of P and M are fully represented by fractions (see Equation
2), by modifying the values of Mn, Md, Pn, and Pd, the desired end value of M+P can be preserved. CBPro will try to find
a new frequency plan that preserves all of the Fin and Fout requirements of the existing frequency plan in ways that will

bypass the frequency offset issue.
Fout = Fin » —2Pd__ Equation 2
Md* PnxN+R
One effect of these changes is that the internal frequencies used at various points in the signal stream within the device
will change. Users should review the CBPro suggested plan for possible issues:

e Loop Bandwidth: The new loop bandwidth selections are likely to be different.

o Hitless switching: If the new plan uses a fractional P value and the corresponding input frequency is < 300 MHz,
then the hitless switching will no longer be compliant to ITU-T G.8262 recommendations.

e Fractional P and M dividers use slightly more power than when in integer mode.

6. Modify CBPro Frequency Plan Settings

If the suggested frequency plan from CBPro is not acceptable, it is possible in CBPro to allow the small frequency offset
and generate a new project file (See Figure 11). This will result in a DRC warning. Other approaches are to examine the
inputs to the multiplexer feeding into a DSPLL. It is possible that some inputs need not be precise and their values can be
slightly adjusted to allow different frequency plan solutions to be found.
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Figure 11 — Output Clock Selection

Issue

Cause

Possible Approaches to Work
Around

meets ITU-T G.8262

Hitless switching no longer

The associated input P divider
became fractional and the input
is < 300 MHz.

If the frequency offset is
acceptable, choose the option to
allow a frequency offset. This will
restore the hitless switching
performance.

acceptable

Loop bandwidth is not

There are multiple possible
signal paths the Phase Detector
(PD), to eliminate the Frequency
Offset issue, a lower PD
frequency was required.

If the frequency offset is
acceptable, choose the option to
allow a frequency offset. This will
restore the hitless switching
performance.
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7.

10.

For Users Who Don’t Use CBPro

If your application does not use CBPro, please contact Silicon Labs’ Applications Engineers directly (See Section 9).

Resolution

For applications that cannot tolerate the residual frequency offset issue, ClockBuilder Pro, beginning with v2.0,
provides customers with an optional solution to the frequency offset issue. A future silicon revision will address the
offset issue natively in silicon.

For Further Assistance

Contact the following Silicon Labs technical support for additional device-specific applications assistance.

Document Change List

Rev 1.3to 1.4:
o Reformatted document (no other changes)

Rev1.2t01.3:
e Updated Figure 8

Rev1.1t01.2:
e Section 3 has been re-written to improve the description of the options presented by CBPro

Rev 1.0 to Rev 1.1:
e Page 4: Fixed graphics offset
e Page 11 & 12, Corrected Figure 11 and Equations 1 and 2 by adding the missing “N” divider
e Page 14: Updated the contact information
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Disclaimer

Silicon Laboratories intends to provide customers with the latest, accurate, and in-depth documentation of all peripherals and modules available for system and software implementers
using or intending to use the Silicon Laboratories products. Characterization data, available modules and peripherals, memory sizes and memory addresses refer to each specific device,
and "Typical" parameters provided can and do vary in different applications. Application examples described herein are for illustrative purposes only. Silicon Laboratories reserves the right
to make changes without further notice and limitation to product information, specifications, and descriptions herein, and does not give warranties as to the accuracy or completeness of
the included information. Silicon Laboratories shall have no liability for the consequences of use of the information supplied herein. This document does not imply or express copyright
licenses granted hereunder to design or fabricate any integrated circuits. The products must not be used within any Life Support System without the specific written consent of Silicon
Laboratories. A "Life Support System" is any product or system intended to support or sustain life and/or health, which, if it fails, can be reasonably expected to result in significant personal
injury or death. Silicon Laboratories products are generally not intended for military applications. Silicon Laboratories products shall under no circumstances be used in weapons of mass
destruction including (but not limited to) nuclear, biological or chemical weapons, or missiles capable of delivering such weapons.

Trademark Information

Silicon Laboratories Inc., Silicon Laboratories, Silicon Labs, SiLabs and the Silicon Labs logo, CMEMS®, EFM, EFM32, EFR, Energy Micro, Energy Micro logo and combinations thereof,
"the world’s most energy friendly microcontrollers", Ember®, EZLink®, EZMac®, EZRadio®, EZRadioPRO®, DSPLL®, ISOmodem ®, Precision32®, ProSLIC®, SiPHY®, USBXpress®
and others are trademarks or registered trademarks of Silicon Laboratories Inc. ARM, CORTEX, Cortex-M3 and THUMB are trademarks or registered trademarks of ARM Holdings. Keil is
a registered trademark of ARM Limited. All other products or brand names mentioned herein are trademarks of their respective holders.

& Silicon Laboratories Inc.

400 West Cesar Chavez
Austin, TX 78701
USA
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