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Welcome

Thank you for purchasing a Teledyne LeCroy WaveSurfer Oscilloscope. We're certain you'll be pleased with
the detailed features unique to our instruments.

The manual is arranged in the following manner:
« Safety contains important precautions and information relating to power and cooling.

« The sections from Start Up through Maintenance cover everything you need to know about the
operation and care of the oscilloscope.

Documentation for software options is available from the Teledyne LeCroy website at teledynelecroy.com.
Our website maintains the most current product specifications and should be checked for frequent updates.

Remember...

When your product is delivered, verify that all items on the packing list or invoice copy have been shipped to
you. Contact your nearest Teledyne LeCroy customer service center or national distributor if anything is
missing or damaged. We can only be responsible for replacement if you contact us immediately.

Thank You

We truly hope you enjoy using Teledyne LeCroy's fine products.

Sincerely,

David C. Graef

Teledyne LeCroy
Vice President and Chief Technology Officer
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Preprocessing Symbols on Descriptor Boxes

Pre-Processing Type Long Form Short Form
Sin X Interpolation SINX S

Averaging AVG A

Inversion INV |

Deskew DsSQ DQ

Coupling DC50,DC1Mor AC1M D50, D1, or A1
Ground GND G

Bandwidth Limiting BWL B

Other Trace Descriptor Boxes

Similar descriptor boxes appear for math, zoom (Zx), and memory (Mx) traces. These descriptor boxes show
any Horizontal scaling that differs from the signal Timebase. Units will be automatically adjusted for the
type of trace.

Math  FFT(C1)] Z1 zoom(C1)] M1
20.0 dB/div 200 mvidiv 200 mvidiv

5.00 MHz 100 psidiv 1.00 msidiv
1# B.757 I 4.922 |

NOTE: On WaveSurfer 10 oscilloscopes with the WS10-ADT option installed, there will be two math functions,
labeled F1 and F2 on the descriptor boxes and on the Math setup dialogs.

Timebase and Trigger Descriptor Box
The Timebase descriptor box shows: (clockwise from top right) Trigger Delay (position), Time/div, Sample
Rate, Number of Samples, and Sampling Mode (blank when in real-time mode).

Trigger descriptor box shows: (clockwise from top right) Trigger Source and Coupling, Trigger Level (V),
Slope, Trigger Type, Trigger Mode.

Setup information for Horizontal cursors, including the time between cursors and the frequency, is shown
beneath the TimeBase and Trigger descriptor boxes. See the Cursors section for more information.

11
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Var. checkbox enables variable zooming in increments finer than the default 1, 2, 5, 10 step
increments. When checked, each touch of the zoom control buttons changes the degree of
magnification by a single increment.

Horizontal Scale/div sets the amount of time represented by each horizontal division of the grid. It is
the equivalent of Time/div, only unlike the Timebase setting, it may be set differently for each zoom,
math function, or memory trace.

Vertical Scale/div sets the voltage level represented by each vertical division of the grid; it's the
equivalent of V/div used for channel settings.

Horizontal/Vertical Center sets the voltage or time that is to be at the center of the screen on the zoom
trace. The horizontal center is the same for all zoom traces.

Reset Zoom returns the zoom to x1 magnification.

23
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1. Choose Timebase > History Mode.
2. Press the front panel History Mode button, or choose Timebase > History Mode.

3. Select View History to enable the history display, and View Table to display the index of records.
Optionally, select to show Relative Times on the table.

B File = ¥ Vertical 4 Timebase [ Trigger & Display # Cursors El Measure @ Math b Analysis X Utilities @ Help

Acq. Time |
1312:09.348

24
:12:09.945

L

Timebase 0.00 msf Trigger
1.00msfdiv Stop 500 mYy

\
-502.0 mV/ 5.00MS 500MSis Edge  Positive
141 mV X1= 741864 s A¥=  -T41.740ps

983.3 mv] XK= 124ns M= -1.348181 kHz
969.2 mV,

History € cLose

Waveform History Navigation History Table
To Past To Present
View Table Usage Level

» _ High

Memory Usage
View History

Clear History
Relative Times
60f6

waveforms .
avaiable Using 228 MB

L

4. Choose a single acquisition to view by entering its Index number on the dialog or selecting it from the
table of acquisitions.

OR
Use the Navigation buttons to "scroll” the history of acquisitions.

« The top row of buttons scrolls continuously and are (left to right): Fast Backward, Slow Backward,
Pause, Slow Forward, Fast Forward.

« The bottom row of buttons steps one record at a time and are (left to right): Back to Start, Back
One, Go to Index (#), Forward One, Forward to End.

5. Entering History Mode automatically stops new acquisitions. To leave History Mode, restart acquisition
by pressing one of the front panel Trigger Mode buttons.

33
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Edge Trigger

Edge triggers upon a achieving a certain voltage level in the positive or negative slope of the waveform. It is
the default trigger selection on standard oscilloscopes.

NOTE: Alternatively, you may choose a Slope of Window and enter the Upper Level and Lower Level voltage
that define the window. The trigger fires when the signal leaves the widow.

On the Trigger dialog, select Edge trigger type to display the controls.

Trigger Holdo ff

I

-

Trigger on
positive edge:

1. Choose the Source signal input.
2. Enter the voltage Level upon which to trigger.
The Find Level button sets the Level to the signal mean.
3. Choose the Slope (edge) of the wave on which to trigger.
4. Choose the type of signal Coupling at the input. Choices are:

« DC- All the signal’s frequency components are coupled to the trigger circuit for high frequency
bursts or where the use of AC coupling would shift the effective trigger level.

« AC-The signal is capacitively coupled. DC levels are rejected, and frequencies below 50 Hz are
attenuated.

« LFREJ - The signal is coupled through a capacitive high-pass filter network, DC is rejected and
signal frequencies below 50 kHz are attenuated. For stable triggering on medium to high frequency
signals.

« HFREJ - Signals are DC coupled to the trigger circuit, and a low-pass filter network attenuates
frequencies above 50 kHz (used for triggering on low frequencies).

37
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Width Trigger

Width triggers upon finding a positive- or negative-going pulse width when measured at the specified voltage
level.

On the Trigger dialog, select Width trigger type to display the controls.

Trigger

1. Choose the Source input.
2. Choose the type of signal Coupling at the input. Choices are:

« DC - All the signal’s frequency components are coupled to the trigger circuit for high frequency
bursts or where the use of AC coupling would shift the effective trigger level.

« AC-The signal is capacitively coupled. DC levels are rejected, and frequencies below 50 Hz are
attenuated.

« LFREJ - The signal is coupled through a capacitive high-pass filter network, DC is rejected and
signal frequencies below 50 kHz are attenuated. Best used for stable triggering on medium to high
frequency signals.

« HFREJ - Signals are DC coupled to the trigger circuit, and a low-pass filter network attenuates
frequencies above 50 kHz. Best used for triggering on low frequencies.

3. Choose the Polarity at which to measure pulse width.

4. Enter the voltage Level at which to measure pulse width. The Find Level button sets the level to the
signal mean.

5. Use Width Condition is settings to create an expression describing the triggering pulse width. This may
be:

« Any width Less Than an Upper Value.

« Any width Greater Than a Lower Value.

« Any width In Range or Out Range of values. You may describe the range using either:
« Limits, an absolute Upper Value and Lower Value.

« Delta, any Nominal width plus or minus a Delta width.

38
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Qualified Trigger

Qualified arms the trigger on the A event, then fires on the B event. In Normal trigger mode, it automatically
resets after the B event. The options for the B event depend on the type of A event. You may apply additional
Holdoff by time or number of events.

On the Trigger dialog, select Qualified trigger type to display the controls.

Trigger Event ‘A’ Pattern rent ‘B’ Edge

Arm trigger on Event "A’ Then trigger on Event ‘B

ﬁ Events

Any Time

is gatizfied once.

Besides an Edge or Pattern trigger, two special conditions may be selected as the arming ("A") event:
« State, any voltage measured above or below a threshold Level.

. PatState, a pattern that persists over a user-defined number of events or time. Like Pattern triggers,
PatState events may be analog voltage patterns, digital logic patterns, or a mix of both, depending on
the oscilloscope’s capabilities.

NOTE: On a standard oscilloscope, Pattern and PatState events will default to the analog pattern setup
dialog. On a Mixed-Signal oscilloscope, Pattern and PatState events will default to the digital pattern setup
dialog.

Once you've selected the A and B events on the Qualified dialog, set up the conditions on the respective sub-
dialogs exactly as you would a single-stage trigger.

39
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Pattern Trigger
Pattern is the default trigger when the Mixed Signal option is connected to the oscilloscope, as these users
generally wish to find and trigger upon digital logic patterns.

However, a Pattern trigger can also be set on a user-defined pattern of High or Low voltage levels in analog
channels (including the External Trigger input), or a combination of digital and analog patterns when Mixed
Signal capabilities are available.

See the MS-250 Operator's Manual or MS-500 Operator's Manual delivered with your Mixed Signal option for
instructions on setting up a digital pattern trigger.

To set up an analog pattern trigger, on the Trigger dialog, select Pattern trigger type.

The standard dialog for setting up an analog Pattern trigger includes all the controls for setting the pattern
and the voltage threshold on the same dialog.

Trigger Holdoff

Operator

Don't Care

1. Select the Boolean Operator (AND, NAND, OR, or NOR) that describes the relationship among analog
inputs (e.g., C1 must be High NAND C2 must be Low).

2. For each input to be included in the trigger pattern, and select what State it must be in (High, Low, or
Don't Care) compared to the threshold Level you will set. Leave "Don't Care” selected for any input you
wish to exclude.

3. For each input included in the trigger, enter the voltage threshold Level.

4. If you've included EXTERNAL as an input, open the Ext tab and enter the Attenuation.

40
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TV Trigger
TV triggers on a specified line and field in standard (PAL, SECAM, NTSC, HDTV) or custom composite video

signals.
On the Trigger dialog, select TV trigger type to display the controls.

Trigger

Trigger On

TV Trigger
on Negative Edge

1. Choose the Source signal input.
2. Choose the signal TV Standard. To use a custom signal, also enter the:
- Frame Rate
« # of Fields per line
« # of Lines
« Interlace ratio

3. Choose the Line and Field upon which to trigger.

1
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Glitch Trigger

Glitch triggers upon finding a pulse-width that is less than a specified time or within a specified range of
times.

On the Trigger dialog, select Smart trigger type, then Glitch to display the controls.

Glitch Condition is

<

Less Than

1. Choose the Source signal input.
2. Choose the type of signal Coupling at the input. Choices are:

« DC - All the signal’s frequency components are coupled to the trigger circuit for high frequency
bursts or where the use of AC coupling would shift the effective trigger level.

« AC- The signal is capacitively coupled. DC levels are rejected, and frequencies below 50 Hz are
attenuated.

« LFREJ - The signal is coupled through a capacitive high-pass filter network, DC is rejected and
signal frequencies below 50 kHz are attenuated. For stable triggering on medium to high frequency
signals.

« HFREJ - Signals are DC coupled to the trigger circuit, and a low-pass filter network attenuates
frequencies above 50 kHz (used for triggering on low frequencies).

3. Choose the Polarity on which to trigger.
4. Enter the voltage Level at which to measure. The Find Level button sets the Level to the signal mean.
5. Use Glitch Condition is settings to create an expression describing the glitch width. This may be:

« Any width Less Than an Upper Value.

« Any width In Range of values marked by the specified Upper Value and Lower Value.
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Interval Trigger

Interval triggers upon finding a specific interval, the time (period) between two consecutive edges of the
same polarity: positive to positive or negative to negative. Use the interval trigger to capture intervals that
fall short of, or exceed, a specified range.

On the Trigger dialog, select Smart trigger type, then Interval to display the controls.

Trigger

Less Than

Level edges iz less than the
specified interval.

-50.0 mv

1. Choose the Source input.
2. Choose the type of signal Coupling at the input. Choices are:

« DC - All the signal’s frequency components are coupled to the trigger circuit for high frequency
bursts or where the use of AC coupling would shift the effective trigger level.

« AC-The signal is capacitively coupled. DC levels are rejected, and frequencies below 50 Hz are
attenuated.

« LFREJ - The signal is coupled through a capacitive high-pass filter network, DC is rejected and
signal frequencies below 50 kHz are attenuated. For stable triggering on medium to high frequency
signals.

« HFREJ - Signals are DC coupled to the trigger circuit, and a low-pass filter network attenuates
frequencies above 50 kHz (used for triggering on low frequencies).

3. Choose the Slope (edge) from which to measure.

4. Enter the voltage Level at which to measure interval width. Where available, the Find Level button sets
the level to the signal mean.

5. Use Interval Condition is settings to create an expression describing the triggering interval. This may be:
« Any width Less Than an Upper Value.
« Any width Greater Than a Lower Value.
« Any width In Range or Out Range of values. You may describe the range using either:
« Limits, an absolute Upper Value and Lower Value.

« Delta, any Nominal width plus or minus a Delta width.
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Dropout Trigger

Dropout triggers when a signal loss is detected. The trigger is generated at the end of the timeout period
following the last edge transition that meets the trigger conditions. It is used primarily in single-shot
applications with a pre-trigger delay.

On the Trigger dialog, select Smart trigger type, then Dropout to display the controls.

Trigger

Dropout Condition is

Trigger when signal

disappears for longer than
Dropout value. lgnore last rising
Edge

50,0 mvV

1. Choose the Source signal input.
2. Choose the type of signal Coupling at the input. Choices are:

« DC - All the signal’s frequency components are coupled to the trigger circuit for high frequency
bursts or where the use of AC coupling would shift the effective trigger level.

« AC-The signal is capacitively coupled. DC levels are rejected, and frequencies below 50 Hz are
attenuated.

« LFREJ - The signal is coupled through a capacitive high-pass filter network, DC is rejected and
signal frequencies below 50 kHz are attenuated. For stable triggering on medium to high frequency
signals.

« HFREJ - Signals are DC coupled to the trigger circuit, and a low-pass filter network attenuates
frequencies above 50 kHz (used for triggering on low frequencies).

3. Choose the Slope (edge) and enter the voltage Level to watch for transitions. Where available, the Find
Level button sets the Level to the signal mean.

4. Under Dropout Condition is..., enter the time interval after which to trigger if no transition occurs at that
Slope and Level.

44
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Runt Trigger

Runt triggers when a pulse crosses a first threshold, but fails to cross a second threshold before re-crossing
the first. Other defining conditions for this trigger are the polarity and runt interval (width).

On the Trigger dialog, select Smart trigger type, then choose Runt to display the controls.

Trigger €) cLose

Time Condition is

SIEERES M

Less Than 4

Trigger when a pos. pulse
crosses the 1st threshold
but not the 2nd
before recrossing the 1st

1. Choose the Source input.
2. Choose the type of signal Coupling at the input. Choices are:

« DC - All the signal’s frequency components are coupled to the trigger circuit for high frequency
bursts or where the use of AC coupling would shift the effective trigger level.

« AC-The signal is capacitively coupled. DC levels are rejected, and frequencies below 50 Hz are
attenuated.

« LFREJ - The signal is coupled through a capacitive high-pass filter network, DC is rejected and
signal frequencies below 50 kHz are attenuated. For stable triggering on medium to high frequency
signals.

« HFREJ - Signals are DC coupled to the trigger circuit, and a low-pass filter network attenuates
frequencies above 50 kHz (used for triggering on low frequencies).

3. Choose the Polarity on which to measure.

4. Enter the voltage crossing Upper Level and Lower Level. Where available, the Find Level button sets the
levels to the positive and negative signal mean.

5. Use Time Condition is settings to create an expression describing the runt interval (width). This condition
is in addition to (AND) the voltage crossing levels. The interval may be:

« Any width Less Than an Upper Interval.

« Any width Greater Than a Lower Interval.

« Any width In Range or Out Range of values. You may describe the range using either:
« Limits, an absolute Upper Interval and Lower Interval.

« Delta, any Nominal width plus or minus a Delta width.

45


https://www.manualsplus.com/

WaveSurfer 10 Oscilloscopes

SlewRate Trigger

SlewRate triggers when the rising or falling edge of a pulse crosses an upper and a lower level. The pulse
edge must cross the thresholds faster or slower than a selected period of time.

On the Trigger dialog, select Smart trigger type, then Slew Rate to display the controls.

Trigger

Time Condition is

Ll
< || > || 3£ —

vl
= -
n

In Range:

Trigger when a rising edge
crosses two thresholds
inside or outside
a selected time range

1. Choose the Source input.
2. Choose the type of signal Coupling at the input. Choices are:

« DC - All the signal’s frequency components are coupled to the trigger circuit for high frequency
bursts or where the use of AC coupling would shift the effective trigger level.

« AC-The signal is capacitively coupled. DC levels are rejected, and frequencies below 50 Hz are
attenuated.

« LFREJ - The signal is coupled through a capacitive high-pass filter network, DC is rejected and
signal frequencies below 50 kHz are attenuated. For stable triggering on medium to high frequency
signals.

« HFREJ - Signals are DC coupled to the trigger circuit, and a low-pass filter network attenuates
frequencies above 50 kHz (used for triggering on low frequencies).

3. Choose the Slope (edge) from which to measure.

4. Enter the voltage crossing Upper Level and Lower Level. Where available, the Find Level button sets the
level to the positive and negative signal mean.

5. Use Time Condition is settings to create an expression describing the interval within which both levels
must be crossed. This may be:

« Any time Less Than an Upper Value.

« Any time Greater Than a Lower Value.

« Any time In Range or Out Range of values. You may describe the range using either:
« Limits, an absolute Upper Value and Lower Value.

« Delta, any Nominal width plus or minus a Delta width.
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In the figure below, the bold edges on the trigger source indicate that a positive slope has been selected. The
broken, upward-pointing arrows indicate potential triggers, while the bold ones show where triggers actually
occur after the holdoff expires.

Trigger Source: Positive Slope

Trigges Event Event Trigger Event Ewvent Trigges

Event # 42 Event #1 #2 Event
r -
i I
Trigger can occur !\ \\
— N L
] Pl
! ,
- Hold-off by 2 events - 1] b Hold-off by 2 events —m !
I I
I | —
Generated Trigger \.\ .,\
Trigger
4 4 e 4 4 h initiates
! ! Trigger initiates I ' hold-off
X ! hoid-off timer | ' timer

Edge trigger with holdoff by events.

Holdoff Settings

To access the Trigger Holdoff dialog, choose Triggers > Trigger Setup from the menu bar or press the front
panel Trigger Setup button, then touch the Holdoff tab.

Trigger Holdoff

Holdoff by Starts Holdoff

Sy,
None “ Events

Counter on :

Time Acquisition Start
Time

1ns ; Trigger on
positive edge

Last Trigger time with Holdoff by Time

Choose to Holdoff by Time (clock) or Event. None disables Holdoff.

« If using Holdoff by Time, enter the Time in S to wait before triggering.

« If using Holdoff by Events, enter the number of Events to count before triggering.
Choose to Start Holdoff Counter On either:

« Acquisition Start, best for single-shot acquisitions.

« Last Trigger Time, best for acquiring repetitive waveforms.
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example, down at the noise level) could be of greater interest to you than the rest. The Analog persistence
view highlights the distribution of data so that you can examine it in detail.

Color Mode persistence works on the same principle as Analog persistence, but
instead uses the entire color spectrum to map signal intensity: violet for minimum
population, red for maximum population. In this mode, all traces use all colors, which
is helpful for comparing amplitudes by seeking like colors among the traces.

Other Persistence Settings

Besides the different modes, you can select a Saturation level as a percentage of the maximum population.
All populations above the saturation population are then assigned the highest color intensity: that is, they are
saturated. At the same time, all populations below the saturation level are assigned the remaining
intensities. Data populations are dynamically updated as data from new acquisitions is accumulated. A
saturation level of 100% spreads the intensity variation across the entire distribution; at lower saturation
levels the intensity will saturate (become brighter) at the percentage value specified. Lowering this
percentage causes the pixels to be saturated at a lower population and makes visible those events rarely
seen at higher saturation levels.

Persistence Time is the duration of time (in seconds) after which persistence data is erased from the
display.

Choose to superimpose the last waveform over the persistence display by selecting Show Last Trace .
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4. For each input required by the measurement, touch Source and select the waveform to be measured.

5. Optionally, set a measurement gate by entering the Gate Start and Stop divisions or dragging the gate
posts from the far left and right edges of the grid to reposition them.

6. Choose to display Statistics or Histicons (WS10-ADT only) on the measurement readout table.

Gating Measurements

By using gates, you can narrow the span of the waveform on which to perform parameter measurements,
allowing you to focus on the area of greatest interest. For example, if you "gate” five rising edges of the
waveform, the parameter calculations for rise time are performed only on the five pulses bounded by the
gate posts.

The default starting positions of the gate posts are 0 div and 10 div, which coincide with the left and right
ends of the grid. The gate, therefore, initially encloses the entire waveform.

The quickest way to set a gate is to drag the gate posts located at the far left and right of the grid to the
desired positions. You can refine this setting by specifying a position down to hundredths of a division in the
Gate Start and Stop fields on the Measure dialog dialog. All parameters share the same gate.

Touch the Default button to return gates to the width of the trace.

Viewing Statistics

You can add the statistical measures value(last), mean, min., max., sdev, and num(ber of measurements
computed) to the measurement parameter readout table by checking Statistics On. You can also choose
Measure > Statistics from the menu bar.

The num statistic is the number of measurements computed. For any parameter that computes on an entire
waveform (like amplitude, mean, minimum, maximum, etc.) the value displayed represents the number of
sweeps.

For any parameter that computes on every event, the value displayed is equal to the number of events per
acquired waveform. If x waveforms were acquired, the value represents x times the number of cycles per
waveform. The value(last) statistic is equal to the measurement of the last cycle on the last acquisition.

To reset the statistics counter, touch Clear Sweeps on the display or front panel.

Viewing Histicons
The histicon capability is available on WaveSurfer 10 oscilloscopes with the WS10-ADT option installed.

Histicons are miniature histograms of measurement parameters that appear on the measurement table.
These thumbnail histograms let you see at a glance the statistical distribution of each parameter. Select the
Histicons checkbox to turn on histicons.
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Measurement Description

Period

The time between every other pair of 50% crossings. Starting with first transition after left measurement gate,
period is measured for each transition pair, with values averaged to give final result.

Phase

Phase difference between signal analyzed and signal used as reference. Both signals are measured from the
50% point of their rising edges.

Rise 20-80%
(rise2080)

Duration of pulse waveform's rising transition from 20% to 80% of the amplitude averaged for all rising
transitions between the measurement gates. On signals not having two major levels (triangle or saw-tooth
waves, for example), top and base can default to maximum and minimum, giving less predictable results.

Rise Time

Duration of pulse waveform's rising transition from 10% to 90% of the amplitude averaged for all rising
transitions between the measurement gates. On signals not having two major levels (triangle or saw-tooth
waves, for example), top and base can default to maximum and minimum, giving less predictable results.

RMS

Y
| 2
— > vy)
4 J=1
Root Mean Square of data between the measure gates calculated using the formula: B

Where: vi denotes measured sample values, and N = number of data points within the periods found up to
maximum of 100 periods.

Skew

Time of clock1 edge minus time of nearest clock2 edge. Both signals are measured from the 50% point of their
rising edges.

Std Dev
(sdev)

Standard deviation of the data between the measure gates using the formula:

Al
1—2 (v, - mean )?
l|'|"II|'-1

Where: vi denotes measured sample values, and N = number of data points within the periods found up to
maximum of 100 periods. This is equivalent to the rms for a zero-mean waveform. Also referred to as AC RMS

Top

Higher of two most probable states (base is lower). Measures higher level in two-level signals. Differs from
max in that noise, overshoot, undershoot, and ringing do not affect measurement. On signals not having two
maijor levels (such as triangle or saw-tooth waves), the amplitude parameter returns the same value as
minimum.

Width

Width of cyclic signal determined by examining 50% crossings in data input. If first transition after left cursor is
a rising edge, waveform is considered to consist of positive pulses and width the time between adjacent rising
and falling edges. Conversely, if falling edge, pulses are considered negative and width the time between
adjacent falling and rising edges. For both cases, widths of all waveform pulses are averaged for the final
result.

WidthN
(widn)

Time of cyclic signal determined by examining 50% crossings in data input. The widthN is measured from
falling edge to rising edge.
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Where Mr is the number of leading edges found, Mf the number of trailing edges found, T'/" the time when

;
rising edge i crosses the x% level, 7 and the time when falling edge i crosses the x% level.

Determining Time Parameters

Time parameter measurements such as width, period and delay are carried out with respect to the mesial
reference level, located halfway (50%) between the top and base reference lines.

delay '

o,
(Mesial)

________________________________________________________________

firs : last

e PERIOD—»+—— PERIOD—+

freg = iperod duty = width/period I

-+ TWO FULL PERIODS: cycles =2 —»,

i ! i
|

TRIGGER
POINT

LEFT GATE RIGHT GATE
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Choosing a Window

The choice of a spectral window is dictated by the signal’'s characteristics. Weighting functions control the
filter response shape, and affect noise bandwidth as well as side lobe levels. Ideally, the main lobe should be
as narrow and flat as possible to effectively discriminate all spectral components, while all side lobes
should be infinitely attenuated. The window type defines the bandwidth and shape of the equivalent filter to
be used in the FFT processing.

Rectangular windows provide the highest frequency resolution and are useful for estimating the type of
harmonics present in the signal. Because the rectangular window decays as a (sinx)/x function in the
spectral domain, slight attenuation will be induced. Functions with less attenuation (Flat Top and Blackman-
Harris) provide maximum amplitude at the expense of frequency resolution, whereas Hamming and Von Hann
are good for general purpose use with continuous waveforms.

Window Type Applications and Limitations

Rectangular These are normally used when the signal is transient (completely contained in the time-domain window)
or known to have a fundamental frequency component thatis an integer multiple of the fundamental
frequency of the window. Signals other than these types will show varying amounts of spectral leakage
and scallop loss, which can be corrected by selecting another type of window.

Hanning (Von Hann) These reduce leakage and improve amplitude accuracy. However, frequency resolution is also reduced.

Hamming These reduce leakage and improve amplitude accuracy. However, frequency resolution is also reduced.

Flat Top This window provides excellent amplitude accuracy with moderate reduction of leakage, but with reduced
frequency resolution.

Blackman-Harris It reduces the leakage to a minimum, but with reduced frequency resolution.

FFT Window Filter Parameters

Window Type Highest Side Lobe (dB) | Scallop Loss (dB) ENBW (bins) Coherent Gain (dB)

Rectangular -13 3.92 1.0 0.0

Von Hann -32 142 15 -6.02
Hamming -43 1.78 1.37 -5.35
Flat Top -44 0.01 343 -11.05
Blackman-Harris -67 1.13 1.71 -7.53
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How the Instrument Enhances Resolution

The instrument’s enhanced resolution feature improves vertical resolution by a fixed amount for each filter.
This real increase in resolution occurs whether or not the signal is noisy, or your signal is single-shot or
repetitive. The signal-to-noise ratio (SNR) improvement you gain is dependent on the form of the noise in the
original signal. The enhanced resolution filtering decreases the bandwidth of the signal, filtering out some of
the noise.

The instrument's constant phase finite impulse response (FIR) filters provide fast computation, excellent
step response in 0.5 bit steps, and minimum bandwidth reduction for resolution improvements of between
0.5 and 3 bits. Each step corresponds to a bandwidth reduction factor of two, allowing easy control of the
bandwidth resolution trade-off. The parameters of the six filters are given in the following table.

Resolution increased by ~EL ERRET G Filter Length
(x Nyquist) (Samples)
0.5 0.5 2
1.0 0.241 5
15 0.121 10
2.0 0.058 24
25 0.029 51
3.0 0.016 117

With low-pass filters, the actual SNR increase obtained in any particular situation depends on the power
spectral density of the noise on the signal.

The improvement in SNR corresponds to the improvement in resolution if the noise in the signal is white
(evenly distributed across the frequency spectrum). If the noise power is biased towards high frequencies,
the SNR improvement will be better than the resolution improvement.

The opposite may be true if the noise is mostly at lower frequencies. SNR improvement due to the removal
of coherent noise signals - feed-through of clock signals, for example - is determined by the fall of the
dominant frequency components of the signal in the passband. This is easily ascertained using spectral
analysis. The filters have a precisely constant zero-phase response. This has two benefits. First, the filters
do not distort the relative position of different events in the waveform, even if the events’ frequency content
is different. Second, because the waveforms are stored, the delay normally associated with filtering
(between the input and output waveforms) can be exactly compensated during the computation of the
filtered waveform.

The filters have been given exact unity gain at low frequency. Enhanced resolution should therefore not
cause overflow if the source data is not overflowed. If part of the source trace were to overflow, filtering
would be allowed, but the results in the vicinity of the overflowed data - the filter impulse response length -
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would be incorrect. This is because in some circumstances an overflow may be a spike of only one or two
samples, and the energy in this spike may not be enough to significantly affect the results. It would then be
undesirable to disallow the whole trace.

Example ERes Applications
The following examples illustrate how you might use the instrument’s enhanced resolution function.

Graph Function

In low-pass filtering: The spectrum of a square signal before (left top) and after (left
bottom) enhanced resolution processing. The result clearly illustrates how the filter rejects
high-frequency components from the signal. The higher the bit enhancement, the lower the
‘ || |resulting bandwidth.

M ..

e B P e
| Q\ A
ff ‘k\ i /}‘ ‘\_ To increase vertical resolution: In the example at left, the lower (inner) trace has been
{({_‘ i # significantly enhanced by a three-bit enhanced resolution function.
W i
[\ il
P
|
To reduce noise: The example at left shows enhanced resolution of a noisy signal. The

original trace (left top) has been processed by a 2-bit enhanced resolution filter. The result
(left bottom) shows a smooth trace, where most of the noise has been eliminated.

NOTE: While enhanced resolution can only improve the resolution of a trace, it cannot improve the accuracy
or linearity of the original quantization. The pass-band causes signal attenuation for signals near the cut-off
frequency. The highest frequencies passed may be slightly attenuated. Perform the filtering on finite record
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Abbreviated Units of Measure

Abbreviation Measure Abbreviation Measure
(blank) No units N Newton

A Ampere OHM Ohm

C Coulomb PAL Pascal

CYCLE Cycles PCT Percent

DB Decibel POISE Poise

DBC Decibel referred to carrier PPM Parts per million
DBM Decibel Milliwatt RAD Radian

DBV Decibel Volts DEG Degree (of arc)
DBUZ Decibel Microamp MNT Minute (of arc)
DEC Decade SAMPLE Sample

DIV Divisions SWEEP Sweeps

Event Events SEC Second (of arc)
F Farad S Second

G Gram SIE Siemens

H Henry T Tesla

HZ Hertz ul Unit interval

J Joule Vv Volt

K Degree Kelvin VA Voltamps
CEL Degree Celsius w Watt

FAR Degree Fahrenheit wB Weber

L Liter MIN Min

M Meter HOUR Hour

FT Foot DAY Day

IN Inch WEEK Week

YARD Yard

MILE Mile
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Zoom view works exactly as it does elsewhere in the oscilloscope software, opening a close-up of the
source trace in a new grid that you can adjust vertically and horizontally. A Zx tab appears by default when
you launch WaveScan; see Zoom Controls for an explanation of the remainder of the controls found on this
dialog.

A unique feature of the WaveScan Zoom is that you can automatically zoom the events captured from the
source trace by touching the Prev/Next buttons on the Zx dialog. You can also select the event from the
Table display, and you are automatically relocated to that event on the zoom trace.

Setting Up WaveScan

This procedure explains how to set up WaveScan to search an acquisition for events of interest. Set up your
source channel and triggers before setting up the scan.

WaveScan

Enable Source1 Edge Settings

c1
f - o Slope

Pos

A

Percent level Level is

Action on Features Found 50 %
7 : - L
Zoom Times Trigger Action
. None Hysteresis is fixed at 0.5 divisions
)L ] |

A Percent

1. Press the front panel Stop button to stop acquisition.
2. Choose Analysis > WaveScan.

3. Check Enable.

4. Choose the Source waveform.

5

. Choose the Scan Mode and enter values for any additional settings that appear at the right of the dialog
based on your selection.

6. If you're using Measurement Mode, set up the filter in one of the following ways:
« Touch Filter and choose an operator, then enter the Filter Limit.

« Touch Filter Wizard and choose one of the pre-set filters. The Filter and Filter Limit are
automatically set based on your selection.

7. Select each Scan View in which you wish to display results by checking the box at the bottom of the
dialog. Each view selected is displayed simultaneously.

8. Optionally, choose an Action to trigger when an event that meets your scan criteria is found.
9. Restart acquisition.

10. When using the Zoom view, use the Zx tab to adjust the zoom.
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2. If desired, enter a new Destination File Name and path, or touch Browse and select a previous file to
overwrite. The file name should end with the .msk extension.

3. Touch the Ver Delta and Hor Delta fields and enter boundary values using the pop-up numeric keypad or
the front panel Adjust knob.

4. Touch Make from Trace.

Load Mask
Use this procedure in lieu of Make Mask if you have a pre-defined mask file, or wish to recall a mask you
previously created and saved.

1. Touch the Load Mask tab to display the dialog.

Test Load Msk More € cLOSE

Actual Mask : Mask0001.msk

View Mask

2. To use a saved .msk file, touch File and select the mask.

3. Check View Mask to display the mask over the trace.

Set Gates
Optionally, set gates to limit the portion of the waveform that is compared to the mask.

1. Touch More to display the Gate tab, then open the Gate dialog.

Make Msk Gate More  €) CLOSE

Gate to limit horizontal range
of data tested against the mask

Start Stop

, 0.00 div 4 10.00div

2. Enter the Start and Stop horizontal divisions that mark the segment of the waveform to be tested with
this mask. This can be a whole division or a fraction of a division. Divisions are numbered 1-n left to
right.

Tip: A quick way to position the gate is to drag the gate posts initially placed at the extreme left and right
ends of the grid to the desired points.
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Define Test
1. Touch More to display the Test tab, then open the Test dialog.

Gate Test More Q CLOSE

Test of waveform against mask.
Test is True When: Show Markers

I || Fi
All In All Out
Fa Pt

Anyln  Any Out

2. Select one of the conditions that, when True (yes), result in a Pass.

3. Optionally, turn Off/On markers. Markers visually indicate where on the waveform mask violations have
occurred.

Run Test
1. On the main Pass/Fail dialog, select the Source trace to test.

2. Select any additional actions for the oscilloscope to take in the event of a Pass or Fail.

Save the waveform to a file.

Stop the test.

Sound an Alarm.

Send a Pulse via the Aux Out connector.

Capture the screen and process it according to your Hardcopy setting (print, email, or save it to file).
3. Select the Testing checkbox to start the test.

A test counter showing the number of sweeps and the number that Passed or Failed appears below the
grid area. If you have turned on markers, the source waveform samples that Failed the mask test are
overlaid in red on the grid; the samples that Passed the test are overlaid in green.

Removing a Mask from the Display
1. Access the Pass Fail dialogs.

2. Touch the Delete Mask button.
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Set Up Remote Control

1. From the menu bar, choose Utilities > Utilities Setup, then touch the Remote tab.
2. On the Remote dialog, make a Control From selection.
3. If using TCPIP or LXI, touch the Net Connections button and select a network from the pop-up.

4. If using TCPIP and wish to restrict control of the oscilloscope to specific network clients, touch Yes.
Enter the IP addresses or DNS names of the authorized controllers in a comma-delimited list.

Configure the Remote Control Assistant Event Log

The Remote Control Assistant monitors communication between the controller and oscilloscope when you
are operating the instrument remotely. You can log all events or errors only. The log can be output to an
ASCII file and is invaluable when you are creating and debugging remote control programs.

1. From the menu bar, choose Utilities > Utilities Setup, then touch the Remote tab.
2. Under Remote Control Assistant, touch Log Mode and choose Off, Errors Only, or Full Dialog.

3. To always clear the log at startup, check Reset to Errors Only and clear at startup.

Export Contents of the Event Log
1. From the menu bar, choose Utilities > Utilities Setup, then touch the Remote tab.

2. Touch the Show Remote Control Log button. The Event Logs pop-up is shown.
3. Enter a log file name in DestFilename, or touch Browse and navigate to an existing file.
NOTE: New contents will overwrite the existing content; it is not appended.

4. Touch Export to Text File.
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PRINT SETUP

1.
2.

3.
4.
5.

On the Hardcopy dialog, choose Printer.

Touch Select Printer and choose a printer from the list. If you don't see the printer you want, first follow
steps to Add Printer.

Choose a page Orientation: portrait or landscape.
Optionally, choose a color scheme and hardcopy (print) area.

Optionally, touch Properties to open the Windows print dialog and adjust printer properties.

Print to File

Image files can be saved to any folder on the oscilloscope hard drive, or to an external drive connected to a
USB port.

1.
2.
3.

5.

On the Hardcopy dialog, choose File.
Choose the output File Format.
Enter a File Name. This will form the basis of all print filenames, until you change it.

NOTE: Numbers at the end of the filename will be truncated, as the instrument appends numbers to this

name with each new file. If you wish to add your own identifying numbers, place them at the front of the
name.

Optionally, enter the path to a new save Directory, or touch the Browse button and navigate to the folder.

NOTE: The default print folder is C:\...\XStream\Hardcopy. Other types of files that may be saved using
other oscilloscope functions, such as masks and scripts, have their own XStream subfolders.

Optionally, choose a color scheme and hardcopy (print) area.

Copy to Clipboard

This procedure copies the screen to the clipboard so you can paste it into another application (Microsoft
Word, for example).

1.
2.
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Send to E-Mail

Follow this procedure to e-mail capture files to a preset address. The e-mail connection is set up in Utilities
> Preferences Setup > E-Mail.

1.
2.
3.

4.
5.

On the Hardcopy dialog, choose E-Mail.
Choose the output File Format.

If you wish to be able to include messages with the files as they are sent, check Prompt for message to
send with mail.

Optionally, choose a color scheme and hardcopy (print) area.

To go on and set up the e-mail connection, touch Configure E-Mail Server and recipient.

Choose Print Color Scheme
To change the color of your print output, touch the Color button on the Hardcopy dialog and choose from:

« Standard(default) - prints objects on a black background, as they appear on the display.
« Print - prints objects on a white background using your chosen colors. This option saves ink.

« Black & White - prints objects in grayscale.

Set Print Area

To limit which part of the touch screen is captured, touch Hardcopy Area on the Hardcopy dialog and choose
from:

« Grid Area Only - omits dialogs and menus and prints only the grids.
« DSO Window - prints the dialogs with the grids.

« Full Screen - prints the entire touch screen.
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Recalling Oscilloscope Setups
Choose File > Recall Setup... from the menu bar.

Save Waveform Recall Waveform Save Table Save Setup Recall Setup Disk Utilties

Recall From Internal Setup Recall From File

Setup1 17-Jul-2014 13:35:47 Setup4 - Empty Recall Panel From File

Panel Paneld DSOSetup.lss

Setup2 - Empty Setup5 - Empty
Panel2 PanelS

Setup3 - Empty Setup6 - Empty
Panel3 Panel6

RECALL SETUP FROM MEMORY

Touch one of the six Recall buttons under Recall From Internal Setup....

NOTE: If a setup has been stored to a location, it is labeled with the save date/time. Otherwise, the slot is
labeled Empty.

RECALL SETUP FROM FILE

1. In Recall panel from file, touch Browse and navigate to the desired folder.
2. Select the setup file and touch OK.
3. On the Recall Setups dialog, touch Recall Now!
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number to each file. Place numbers at the beginning, or place an alpha character after the
number (e.g., XYZ32a).

4. Touch Data Format and select a file format:

Binary, Teledyne LeCroy's binary file format (.trc). Binary results in the smallest possible file size,
and is necessary for recalling waveforms to Teledyne LeCroy instruments.

NOTE: Binary files can be converted to ASCII using Teledye LeCroy utilities such as ScopeExplorer
or WaveStudio.

ASCII text file (.txt extension).
MATLAB text file (.dat extension).
Excel text file (.csv extension).
MathCad text file (.prn extension).

Audio .wav file.

5. Depending on your file format selection, you may also need to specify a SubFormat:

98

Word (Binary) represents samples in the output file with 16 bits. Always use this options unless
Byte mode is "pre.”

Byte (Binary) represents samples in the output file with 8 bits. This option can result in a loss of
output file resolution.

Auto (Binary) looks at the data and automatically selects either Word or Byte subformat.
Amplitude only (Text) includes amplitude data for each sample, but not time data.
Time and Amplitude (Text) includes both types of data for each sample.

With Header (Text) includes a file header with scaling information.

If you selected ASCII format, also touch Delimiter and select a delimiter character from the pop-up menu.

In Save Files in Directory, touch Browse and navigate to the desired location. Touch OK.

NOTE: If the oscilloscope is networked, you can touch on Save Files in Directory and enter the full
Windows network address of another location in which to save the file. The oscilloscope must have
access to this directory.

On the Save Waveform dialog, touch Save Now!
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Select the desired entries and touch the View button. Use the scrollbar that appears on the LabNotebook
window to navigate the report.

Edit Notebook Entries
1. Select the notebook from the My Notebooks list.

2. Select the entry from the My Notebook Entries list.
3. Go to the second tab labeled with the entry name.
Labhotebook descriptive title Preferences Advanced

11292014 1:41:30 PM Print Report to
a Local or Network Printer
Title:
descriptive title 4

Description: i«
Scribble Annotate the Screen Image

longer description of entry

. i Save Save Setup & Waveforms
= | DataTo into a Folder

4. Modify the Title or Description.
5. To add markup to the entry, touch the Scribble button and use the Drawing Toolbar.

Email Notebook Entries

Choose E-Mail to send selected Notebook Entries to the default address specified in the oscilloscope
Preferences. To use the E-Mail button, the instrument must have an active network connection and you must
first configure the email address and server.

If you have not yet configured email, or if you wish to change the recipient address before sending, open the
LabNotebook Preferences tab, then touch the Configure E-Mail button.

Also select whether or not to Attach Setup & Waveform files to the email with the LabNotebook files.

Print Notebook Entries

To print multiple entries, select them on the main LabNotebook dialog, then touch the Print button on the
same dialog.

To print a single entry, select it on the main LabNotebook dialog, then go to the second tab and touch the
Print button.

Delete Notebook Entries

Use the Delete button to remove selected Notebook Entries, or Delete All to clear the entire My Notebook
Entries.

NOTE: Unless you have previously backed up the notebook, deleted entries cannot be restored.
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6. Under Recovery Method, select Recover whole disks and partitions, then click Next.
7. Under What to Recover, select NTFS (SYSTEM) (C:), then click Next.

8. Under Settings of Partition C, in the top section, Partition location (required), select New Location.The
Partition Destination window opens.

9. Under New Partition Location, select NTFS (SYSTEM) (D:), then click Accept. This returns you to the
Settings of Partition C step. Click Next.

10. A summary window is displayed indicating that Acronis True Image is ready to proceed with recovering
partition C -> D. Click Proceed to start the recovery process.

NOTE: Recovery takes approximately 4 to 15 minutes depending on the version of operating system that
is being restored. The progress is displayed on the screen.

11. When recovery is complete, you will see the message "Recover operation succeeded.” Click OK.

12. Click the close button to exit the Acronis window. The oscilloscope will restart and begin installing the
required software.

NOTE: If prompted to restart Windows, select Restart Later.

Reinstall the Oscilloscope Application
1. When the X-Stream DSO Setup Wizard appears, click Next.

2. Onthe License Agreement page, select | Agree.
3. On the Choose Components page, select the default (installation) and click Install.

NOTE: You may see a Windows Security message indicating that Windows can't verify the publisher of
the driver software. Choose "Install this driver software anyway" and click Install.

4. When the X-Stream installation is complete, choose to Reboot now and click Finish.

5. When prompted, enter your Windows Product Key number to re-activate Windows.

Reactivate the F11 Startup Utility

In order for the system recovery wizard to be accessed again from the boot menu, you must reactivate the
F11 startup utility. It is critical to complete these steps after your oscilloscope has restarted.

1. From the Windows Start Menu choose All Programs > Acronis > Acronis True Image Home.

2. On the Acronis True Image Home window, towards the top right, click Tools & Utilities.

3. Onthe Tools & Utilities page, beneath Protection Tools, click Acronis Startup Recovery Manager.

4. On the Acronis Startup Recovery Manager window, click Activate. F11 boot time recovery is now enabled.

NOTE: The process "Searching for Acronis Secure Zone..." may take several minutes.
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