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About This Manual
This manual explains the basic procedures for using serial data trigger and decode software options for Teledyne
LeCroy oscilloscopes. There are also sections pertaining to the measure, graph and eye diagram capabilities of
TDME options. It is assumed that you have a basic understanding of the serial data physical layer specifications, and
how to use the oscilloscope on which the option is installed. Only features specific to this product are explained in
this manual.

While some images may not exactly match what is on your oscilloscope display—or may show an example taken
from another standard—be assured that the functionality is identical. Product-specific exceptions will be noted in the
text.

Some capabilities described may only be available with the latest version of our MAUI® software. Updates are
available from the software download page at teledynelecroy.com under Oscilloscope Downloads > Firmware
Upgrades.
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Setup for using protocol analyzer with TF-USB-C-HS to trigger the oscilloscope on SB signals.

LabMaster oscilloscopes do not support any software serial triggers, such as the USB4-SB triggers. If you are using
a LabMaster, you will have to use an external trigger from either a protocol analyzer or another oscilloscope that
supports the USB4-SB triggers. When using LabMaster for PHY validation testing, use the Voyager M4x to trigger on
either SB register states or LTP to get a reasonable length of record at full sample rate for looking at the Symbol
Locked Eye Diagram.

To use an external trigger, connect the trigger out pulse to the (acquiring) oscilloscope Ext input, and set an Edge
trigger on the Ext source.

You always have the option to use an Edge trigger on a signal from the device under test.
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Serial Decode

Start of Acquisition
The USB4 decoder assumes that some type of precoding has been applied to the signal and deploys its descrambler
algorithms depending on the type and other user-defined settings. It is therefore critical to a correct decoding that
you acquire at least from the START-RS-FEC prior to the first TS1 scrambled bits, so that the decoder knows when
the scramble started.

If there is sufficient memory, it is good practice to acquire from the Sync Lock (symbol locked) ordered sets that
precede TS1 to ensure START-RS-FEC is captured. TS1 is where the HS to PHY link training begins negotiation over
TX1/TX2 and RX1/RX2.

USB4 decoding shows the SLOS preceding the START-RS-FEC and the TS1 ordered set.
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Serial Decode

USB4 Decoder Settings
These subdialogs appear when you select Protocol USB4-Gen2Gen3.

USB4 Gen2-Gen3 Subdialog

Choose the Generation of specification used to calculate the bit rate of the signal:

l Gen2 Legacy and Gen3 Legacy use the original Thunderbolt specifications of 10.325 and 20.625 Gbps
respectively.

l Gen2 Rounded and Gen3 Rounded round down these values to 10 and 20 Gbps respectively.

Make a Probe Selection matching your physical setup, Differential or Single Ended, then enter the input channel for
each probe on the Decode Setup dialog.

The decoder assumes some precoding has been applied to the signal and factors that into the decoding. For the
most part, the default Auto setting will determine how to best handle the precoding removal, based on the type of
scramber in use. However, if you find that Auto is producing decoder errors, it may be best for you to manually set
how the decoder handles the Precoding Removal:

l Remove always removes precoding

l Keep always retains precoding

Levels Subdialog

Enter the High-Low threshold Level as either percent amplitude or absolute voltage. Optionally, you can also set a
Hysteresis to prevent false determinations.
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Options Subdialog

Decoding options can be used to remove certain types of decoding from the waveform annotations and result table,
leaving a simplified set of data on display, which is highly recommended for long acquisitions.

Group by Type stacks contiguous transmissions of the same type, similar to how it is done in a protocol analyzer.
The total number of rows stacked is shown in the table Count column.

Ignore Frames removes frame decoding, leaving only the electrical signal display where they occur. This can not only
make the table shorter, it can make the annotations easier to read.

Ignore Idles removes idle decoding, leaving only the electrical signal display where they occur. This greatly reduces
the length of the result table.

TS ordered set frame with frame decoding.

TS ordered set without frame decoding. The important information is still visible.

With no options selected, this result table is nearly 18,000 rows long, showing nothing but SLOS for over 200 rows.

By selecting all options, the entire result table is only nine rows of critical information.
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Serial Decode

Initial decoding of USB4 waveform. At this resolution, very little information is visible on the overlay.

Zoom of RS-FEC Frame. Much more annotation detail is visible.
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Serial Decode

Initial decoding of USB4 sideband waveform. At this resolution, very little information is visible on the overlay.

Zoom of single index. Much more annotation detail is visible.
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Linking Trigger and Decoder
A quick way to set up a serial trigger is to link it to a decoder by checking the Link to Trigger ("On") box on the Serial
Decode dialog. Linking trigger and decoder allows you to configure the trigger with the exact same values that are
used for decoding the signal (in particular the bit rate), saving the extra effort needed to re-enter values on the serial
trigger set up dialogs.

While the decoder and the trigger have distinct sets of controls, when the link is active, a change to the bit rate in the
decoder will immediately propagate to the trigger and vice-versa.

Using the Decoder with the Trigger
A key feature of Teledyne LeCroy trigger and decode options is the integration of the decoder functionality with the
trigger. While you may not be interested in the decoded data per se, using the decoded waveform can help with
understanding and tuning the trigger.

Stop and Look
Decoding with repetitive triggers can be very dynamic. Stop the acquisition and use the decoder tools such as
Search, or oscilloscope tools such as TriggerScan, to inspect the waveform for events of interest. Touch and drag
the paused trace to show time pre- or post-trigger.

Optimize the Grid
The initial decoding may be very compressed and impossible to read. Try the following:

l Increase the height of the trace by decreasing the gain setting (V/Div) of the decoder source channel. This
causes the trace to occupy more of the available grid.

l Change your Display settings to turn off unnecessary grids. The Auto Grid feature automatically closes unused
grids. On many oscilloscopes, you can manually move traces to consolidate grids.

l Close setup dialogs.

Use Zoom
The default trigger point is at zero (center), marked by a small triangle of the same color as the input channel at the
bottom of the grid. Zoom small areas around the trigger point. The zoom will automatically expand to fit the width of
the screen on a new grid. This will help you to see that your trigger is occurring on the bits you specified.

If you drag a trace too far left or right of the trigger point, the message decoding may disappear from the grid. You
can prevent "losing" the decode by creating a zoom of whatever portion of the decode interests you. The zoom trace
will not disappear when dragged and will showmuch more detail.
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Measure/Graph

Graphing Measurements
The Measure/Graph package include simplified methods for plotting measurement values as:

l Histogram - a bar chart of the number of data points that fall into statistically significant intervals or bins. Bar
height relates to the frequency at which data points fall into each interval/bin. Histogram is helpful to
understand the modality of a parameter and to debug excessive variation.

l Trend - a plot of the evolution of a parameter over time. The graph's vertical axis is the value of the parameter;
its horizontal axis is the order in which the values were acquired. Trending data can be accumulated over many
acquisitions. It is analogous to a chart recorder.

l Track - a time-correlated accumulation of values for a single acquisition. Tracks are time synchronous and
clear with each new acquisition. Track can be used to plot data values and compare them to a corresponding
analog signal, or to observe changes in timing. A parameter tracked over a long acquisition could provide
information about the modulation of the parameter.

To graph a measurement, just select the plot type from the Measure/Graph dialog when setting up the
measurement. All plots are Math functions that open along side the deocoding in a separate grid.

Measure/Graph Setup Dialog
Use the Measure/Graph Setup dialog to select the parameter to apply to the decoded waveform while
simultaneously graphing the results.

1. Select the Measurement to apply and the Destination parameter (Pn) to which to assign it.

2. The active decoder is preselected in Source 1, indicating the measurement will be applied to the decoder
results; change it if necessary. If the measurement requires it, also select an appropriate Source 2 (such as an
analog waveform for comparison).

3. Optionally:

l Touch Graph to select a plot type. Also select a Destination function (Fn) for the plot.

l Touch Apply & Configure to set a filter, gate or other qualifiers on the measurement.
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USB4-SB Physical Layer Testing

USB4-SB PHY measurements applied to the entire decoded signal.

USB4-SB PHY measurements applied to only the Zoom region (yellow rows) of the decoding.
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