





The ONT has the ability to both analyze error distributions and patterns across a whole sequence and track the
error profile on a per PAM-4 symbol basis.

Dynamic skew variation is a power tool to stress and validate QSFP-DD modules. It can be used to validate
compliance to IEEE 802.3 as well as general stability of the DSP and associated firmware. This is especially
important in DR4 modules where individual electrical and optical lane pairs could be on completely different

clock domains!
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The above screen shot shows the dynamic skew application for PAM-4. The ability to precisely control the relative
timing of transmitted lanes to a fraction of a Ul and still retain 'hitless’ phase shifting is key to resolving challenging
problems including crosstalk and DSP based firmware timing issues.

Dynamic skew (or skew variation) is a critical test for any parallel lane communication system. It has application in

signal integrity testing and validation (crosstalk) and can also be used to stress and validate the performance of the
FIFO & CDR inside the PAM-4 SERDES.

Varying rates of skew can also be used to investigate issues with signal integrity and crosstalk, which has wide
applications with H/W and SI teams. The lane timing can be adjusted to ensure that the aggressor lane transitions
occur in the middle of the victim lane's PAM-4 eye.

PAM-4 signaling (because of the lower signal margin) is far more susceptible to crosstalk than classic NRZ. In the
closely packed confines of a QSFP-DD (especially around the host connector) high speed PAM-4 lanes are routed
in close proximity and unless care is taken issues may occur with signal crosstalk. Normally BER test sets run the
parallel lanes with a fixed phase so it may be that ‘worst case’ alignment does not occur for Sl stressing. With
dynamic skew the aggressor lane can be swept in relative phase to fully validate that issues do not occur, even
under worst case phase shift. The end user simply needs to observe if errors occur at a particular phase offset
(typically when the aggressor lane has a level transition in the middle of the victim ‘eye’).

Modern SERDES use a range of FIFO buffers to re-time and re-align signals before further processing within the IC
fabric. The realignment uses a series of FIFO buffers that are re-clocked from a master clock source (often a master
lane via a CDR).
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If the system is not correctly designed or implemented it can be that phase variation and change between the
master (CDR reference lane) and other lanes causes misalignment or even a slip in the FIFO. This would manifest
itself as a bit slip, which the ONT advanced error analysis could track as a bit slip rather than an error burst as it
would be seen by conventional test equipment. With the dynamic skew application, the ONT can deliberately
stress the performance of the CDR/FIFO in the SERDES and try to force failure by skew (range and rate). This,
combined with the ONT advanced error analysis, makes for a very powerful and complete test system for SERDES
test AND can be used to quickly resolve the very challenging issues which cause occasional bit slips in 400GE links.
The ONT PAM-4 dynamic skew can force these errors to help diagnosis and root cause resolution.

General QSFP-DD control screen

Module management has evolved over time from a very basic register-based system SFF 8636 to CMIS 4.0, which
is a comprehensive and stateful module management system designed for the needs of more complex modules at
400GE and above.

The tight interaction between the module via the I>C control interface, the power and control pins and the data
path is critical for robust and stable module operation. The greater complexity of the module, especially around
the data path equalization in the module DSP, requires a far more comprehensive insight into the control set up
and execution between the host and module. The correct order of commands, operations and the slot behavior
must be closely orchestrated under CMIS 4.0. Without care a module may seem to operate in one host slot without
issue but another (with subtle differences in timing around the commands, power and data path) may operate
erratically. Or worse still, have an increased error rate with rare and difficult to resolve issues, likely bit slips. Tools
such as the ONT which integrate the CMIS commands over the I1°C, as well as the module power control and

data path state, are very helpful, not only to debug and resolve issues, but also to stress and validate a module's
robustness in different hosts.
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The above screen shows the memory dump of the first page of memory. This can quickly check if the correct
values have been stored in the QSFP-DD EEPROM. Blank or random data may indicate a device has not yet been
initialized.
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Some of the more advanced applications in the module management application allow precise and exact control of
the module electrical parameters in a clear and unambiguous manner.

Summary

The QSFP-DD module is a marvel of electronic, photonic, mechanical and thermal engineering held together
with complex firmware. A healthy multi-vendor QSFP-DD ecosystem is critical to the widespread deployment of
the 400G network technologies. It represents both an evolution and revolution in technology over legacy 100G
modules, with new challenges posed by PAM-4 signaling, both electrical and optical, the use of FEC for link error
control and the new complexity of CMIS 4.0

What makes these challenges greater is the baked in price expectations driven by the scale and deployment needs
of hyperscale users. Production must meet the volume and throughput to meet price expectations and yet have
the coverage and analysis to meet the new challenges of PAM-4.

The VIAVI ONT family has over two decades of module validation and test applications in its DNA. It quickly
established itself as the reference for development, validation and deployment of 400G optics through the
pedigree of classic 100G applications like advanced error analysis and dynamic skew coupled with recent VIAVI
innovations such as CMIS 4.0 debug and PAM-4 symbol analysis.

When seeking complete coverage for all the challenges of 400G QSFP-DD, whether the needs of classic client
interfaces or the emerging novel coherent interfaces, the ONT has the right applications.
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PAM-4 is still an emerging signaling for both 50Gbps channels, and for single-lambda 100G Ethernet. Use of

the mature and low cost NRZ for 10Gbps and 25Gbps channels certainly will not disappear overnight. But the
maturation of PAM-4 technology (analog and digital instantiations) has placed the new signaling method at the
forefront of the newest higher-speed Ethernet implementations. In fact, the Institute of Electrical and Electronics
Engineers (IEEE) has approved PAM-4 as the preferred signaling for all 50Gbit, 100Gbit, 200Gbit and 400Gbit
Ethernet standards within the umbrella 802.3bs, 802.3cd and 802.3ck standards. Additionally, MSAs such as the
100G per Lambda group are organizing to fill out PAM-4 signaling for the entire data center ecosystem.
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