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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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Introducing 10Base-T1S TD and TDME Options
Automotive Ethernet enables faster data communication to meet the demands of today’s vehicles and the
connected vehicles of the future. Automotive Ethernet can be used to refer to any Ethernet-based network for in-
vehicle electrical systems. It encompasses 10Base-T1S, as well as several other variants/speeds of Automotive
Ethernet (e.g., 100Base-T1, 1000Base-T1).

The 10Base-T1S decoder applies software algorithms to extract Ethernet control and payload data from 10Base-
T1S signals measured on your oscilloscope. When displayed on oscilloscopes or in MAUI® Studio remote
oscilloscope software, the extracted information overlays the actual physical layer waveforms, color-coded to
provide fast, intuitive understanding of the relationship between message frames and other time-synchronous
events.

The trigger and decode (-TD) option enables you to trigger the oscilloscope upon finding beacon packets, commit
packets, ESDs, packets containing an individual node ID or node ID plus data pattern, or protocol errors.

The Measure/Graph and Eye Diagram option (-TDME/-DME) adds a set of measurements designed for serial data
analysis and protocol-specific eye diagram tests to the standard trigger and decoder capabilities. See Measuring for
instructions on using the measure and graphing capabilities. See Eye Diagram Tests for instructions on using the
eye diagram tests.
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Basic Subdialog

Select the Signal Type, Differential or Single Ended.

When using single-ended inputs, you can check View Differential to generate a differential trace of the inputs. Enter
the math function slot to use for the Differential trace (Fn).

If you choose to generate the differential trace, the decoding will be applied to your selected math functions, rather
than the single-ended channel inputs. Also, all levels and measurements will be referenced to the differential levels,
even if the math trace is not displayed on the screen.

Select how you would like to view payload data, in Binary or Hex(adecimal) code.

The decoder will learn the ID numbers of nodes based on their Source Address. Select Reset Node ID to clear the
mappings when there is a change to the addresses of nodes on the bus.

Levels Subdialog

The default Auto Level selection will analyze the input signal to determine the logic high and and low levels that
produce the best Differential Manchester decoding. For most applications, this will be sufficient, and we
recommending leaving it selected.

If the Auto Level selection does not produce a satisfactory decoding, deselect the checkbox and enter the logic
threshold Level. Optionally, you can also set a Hysteresis to prevent false determinations. You may need to tune
these settings until a satisfactory decoding appears following acquisition.
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Serial Decode

Reading Waveform Annotations
When a decoder has operated successfully on a valid acquisition, an annotated waveform appears on the
oscilloscope display, allowing you to quickly see the relationship between the protocol decoding and the physical
layer. A colored overlay marks significant bit-sequences in the source signal: Header/ID, Address, Labels, Data
Length Codes, Data, CRC, Parity Bits, Start Bits, Stop Bits, Delimiters, Idle segments, etc. Annotations are customized
to the protocol or encoding scheme.

The amount of information shown on an annotation is affected by the width of the rectangles in the overlay, which is
determined by the magnification (scale) of the trace and the length of the acquisition. Zooming a portion of the
decoded trace by clicking a line in the table will reveal the detailed annotations.

10Base-T1S Waveform Annotations
These overlays appear on a decoded 10Base-T1S waveform:

Annotation Overlay Color (1) Text (2)

Protocol Error Bright Red Error

Inter-transmission Silence Dark Purple Silence

Beacon Charcoal Beacon

Commit Brown COMMIT

Packet Dark Blue (behind SSD through
ESD)

Packet Dest. Address= <hex code>

Start-of-Stream Delimiter Dark Red (behind SYNC Bytes) SSD

SYNC Bytes (4) Gold SYNC1, SYNC2, SSD1, SSD2

Preamble Charcoal Preamble=<hex code>

Start Frame Delimiter Gold SFD=<hex code>

Destination Address Dark Red Dest_Address=<binary | hex code> (3)

Source Address Lavender-Gray Src_Address=<binary | hex code>

Data Type and Length Gold Type_Len=<type code>

Payload Data Aqua Blue Data=<binary | hex code>

Frame Check Sequence Royal Blue FCS=<hex code>

End-of-Stream Delimiter Dark Red ESD

1. Combined overlays affect the appearance of colors. Box outline shows true color.
2. Text in brackets < > is variable. The amount of text shown depends on your zoom factors.
3. Viewing setting determines format of data shown, binary or hexadecimal.
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Initial 10Base-T1S decoding. At this resolution, very little information is visible on the overlay.

Zoom of packet showing annotations details.
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Example filtered decoder table.

On summary tables, only the Time, Protocol, and Status columns can be filtered.

If you apply filters to a single decoder table, the annotation is applied to only that portion of the waveform
corresponding to the filtered results, so you can quickly see where those results occurred. Annotations are not
affected when a summary table is filtered.

Also, eye diagrams are modified to represent only the filtered results, which can help to identify exactly which indices
of data are the cause of signal integrity problems.

View Details
When viewing a summary table, touch the Index number in the first column to drop-in the detailed decoding of that
record. Touch the Index cell again to hide the details.

If there is more data than can be displayed in a cell, the cell is marked with a white triangle in the lower-right corner.
Touch this to open a pop-up showing the full decoding.

Navigate
In a single decoder table, touch the Index column header (top, left-most cell of the table) to open the Decode Setup
dialog. This is especially helpful for adjusting the decoder during initial tuning.

When in a summary table, the Index column header cell opens the Serial Decode dialog, where you can
enable/disable all the decoders. Touch the Protocol cell to open the Decode Setup dialog for the decoder that
produced that index of data.
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Beacon Trigger

Select Beacon to trigger on the next packet sent from the Beacon (node ID0).

COMMIT/SYNC Trigger

Select COMMIT/SYNC to trigger on the next commit packet sent from any node.

ESD Trigger

Select ESD to trigger on any of three End of Stream Delimiter conditions:

l ESDOK triggers on the next good ESD symbol.

l ESDERR triggers on the next ESD error.

l ESDJAB triggers on the next ESD Jabber symbol.

Select ESD and the trigger condition.

ID Trigger

ID is used to trigger on the next packet from either a specific node ID or any value relative to a reference ID (e.g.,
greater than x).
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Serial Trigger

Setup Format
Choose to enter trigger values in Binary or Hex(adecimal) format.

Node ID Setup

1. Choose the ID Condition (Boolean operator) that describes the relationship to the Node ID value that will fire
the trigger. To use a range of values, choose In Range or Out Range.

2. Enter the Node ID value. When setting a range, also enter the stop value in To Node ID.

ID + Data Trigger

In addition to defining the node ID fields (above), create a condition statement that describes the Data field pattern
upon which to trigger. This condition is added to the ID condition.

1. Choose the Data Condition (Boolean operator) that describes the relationship to the reference Data Value. To
use a range of values, choose In Range or Out Range.

2. Use At Position, Byte Pos. and Length to define the location and length of the value to be found in the
message data field.

l An At Positionof Don't Care will trigger upon finding the pattern anywhere in the data field. Choose Value
to mark a specific Byte Pos(ition) in the Data field the matching Data Value must occupy.

l The Byte Pos. is the byte number at which the pattern starts.

l The total Length of the pattern can be from 1 to 12 bytes.

3. Enter the reference Data Value to appear at the specified location. When using a range, enter the start Data
Value. For Hexadecimal format values, if desired, you can precede the ID value with 0x, but this is not
necessary.

When using a range, enter the stop value in Data Value To.

Error Trigger

Choose Error to trigger on the next protocol error detected. Check CRC error to include | limit the trigger to Cyclic
Redundancy Check errors.
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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 apply serial data measurement parameters to the decoded waveform and
simultaneously graph the results. This dialog appears behind the Decode Setup dialog and is active when
measurements are supported.

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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l If you are filtering by ID, enter the desired ID on the ID subdialog.

l On the Value subdialog, enter the Data to Extract and any Conversion to be made.

Follow these steps to define the values to extract:

1. Under Data to Extract, begin by entering the Start position and the # Bits to extract.

2. Choose the Encoding type if the signal uses encoding, otherwise leave it Unsigned.

3. Under Conversion, enter the a. Coefficient and b. Term that satisfy the formula:
Value = Coefficient * Raw Value + Term.

4. Optionally, enter a Unit for the extracted decimal value.

View Serial Encoded Data as Analog Waveform
This is an alternative set up method for Message to Value, which preselects for the Track graph. You can add filters
the same as for Message to Value by clicking Apply and Configure.
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Eye Diagram Setup Dialog

Create Eye Diagram
Open the Eye Diagram Setup dialog and select the Decode for which to create an eye diagram.

Under Eye, check Enable to display the eye diagram.

Check Apply to Zoom to eye diagram only the zoomed section of the source decode waveform. Eye measurements
will also reflect only this zoomed section.

The Bitrate is automatically read from the decoder setup. This value is linked to the decoder bit rate setting, and
changing it in either place will update both settings.

The Upsample factor increases the number of sample points used to compose the eye diagram. Increase from 1 to
a higher number (e.g. 5) to fill in gaps. Gaps can occur when the bitrate is extremely close to a submultiple of the
sampling rate, such that the sampling of the waveform does not move throughout the entire unit interval. Gaps can
also occur when using a record length that does not sample a sufficiently large number of unit intervals.

Choose to display the Eye Height or Eye Width measurement parameters. These are added to the Measure table in
the first open parameter slots.

Check Auto Scale to rescale the eye diagram to fit the entire grid.

The Eye Style may utilize color-graded or analog persistence:

l

With color-graded persistence , pixels are given a color based on the pixel's relative population and the
selected Eye Saturation. The color palette ranges from violet to red.

l

With analog persistence , the color used mimicks the relative intensity that would be seen on an analog
oscilloscope.

Use the Eye Saturation slider to adjust the color grading or intensity. Slide to the left to reduce the threshold required
to reach saturation.

Eye Mask Test
Under Mask, check Enable to turn on eye mask testing.

Select to use either a Standard or Custommask, then either select the Standard Mask or Browse to and select your
customMask File.

28










